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I. INTRODUCTION AND CREDITS 

This review is an updating through mid-June 

1970 of our previous review [ 11. 

In this version of the text we concentrate on 
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topics that are either new or essential._ For 
comPlementary information on our standard pro- 
cedures the reader is referred to the 1969 and 
1970 articles [ 1,2]. 

- The result comes from a preprint or confer- 
ence report and has not been verified by its au- 
thors. 

We remind the reader that it is inappropriate 
to make reference to this compilation instead of 
to an original work. In our data card listings we 
provide references to all original data quoted by 
US. 

- It involves some assumptions that we do not 
wish to incorporate. 
- It is of poor quality, e.g., bad signal-to-noise 

ratio. 
- Two experiments give contradictory results, 

so that it is senseless to average the data. 
The responsibilities of the authors of this When the data for a particle have received 

compilation (who prefer to be quoted as the special treatment or when they present special 
‘Particle Data Group’) can roughly be broken problems, this is noted in a mini-review in the 
down as follows: data card listings. 

Stable particles (excluding eta meson): A. Bar- 
baro-Galtieri and N. Barash-Schmidt. Our con- 
sultants: 1 decays, S. E. Derenzo; K form fac- 
tors, C. Y. Chien. 

Eta meson: L. R. Price. 
Meson resonances: M. Roes, A. H. Rosenfeld, 

P. Soding. Our specialist on bumps near thresh- 
old (Al, Q, A3, L) is C. Y. Chien. 

Baryon resonances: A. Barbaro-Galtieri, C. 
Bricman, T. Lasinski, C. G. Wohl. 

General: A. H. Rosenfeld, A. Rittenberg, L. R. 
Price. 

The tables represent the output of weighted 
averages and some critical judgment. The extent 
to which ‘blind’ averaging has been tempered 
with judgment is explained in footnotes to the ta- 
bles. In general, however, the footnotes are less 
complete than is the collection of notes and mini- 
reviews in the data card listings. The reader is 
therefore encouraged to familiarize himself with 
the data card listings, and ultimately with the 
original experiments. 

The usefulness of this compilation depends to 
a large part on the interaction between the users 
and the authors. We appreciate comments, crit- 
icisms, and suggestions for improvements of all 
stages of data retrieval, processing, and pres- 
entation. 

Further details about our selection of data 
can be found in the text of the 1969 edition [2], 
Section III. 

III. CRITERIA FOR RESONANCES 

II. SELECTION AND ORGANIZATION OF DATA 

All particles are considered to fall into one of 
the three groups: 

An experimentalist who finds some evidence 
for a peak in a mass spectrum will of course 
want to know what has been seen in that region in 
the past; hence, we strive to have the data card 
listings serve as an archive for any substantial 
claim or evidence for a new state. 

(i) Stable particles, immune to decay via the 
strong interaction. 

(ii) Meson resonances. 
(iii) Baryon resonances. 
This division is maintained within the two 

main parts of the compilation: 
1) Tables of particle properties. 
2) Data card listings. 
The data card listings contain the original in- 

formation (data, references, etc.), weighted av- 
erages, comments and ‘mini-reviews’. Immedi- 
ately preceding the data card listings is an illus- 
trated key thereto. Data that have not been used 
in the averages are set off in parentheses; our 
reasoning is then often given in a footnote below 
the data. If the reason is not given, it is one of 
the following: 
- The quantity was presented with no error 

stated. 

For the tables, on the other hand, we wish to 
be more conservative, and to include only those 
peaks or resonances that have a2 90% chance of 
survival. The odds for survival are of course 
completely subjective; they are influenced main- 
ly by the amount of information available (such 
as partial-wave analyses) and somewhat by the 
degree of controversy over interpretation and 
how long it will be before more information is 
available. 

More details on our acceptance criteria are 
as follows. 

1) Consider, first, peaks where there is no 
partial-wave information: 

la) Most mesons and E* peaks, plus N* and 
Y* peaks above 2200 MeV. Unless the peak is 
experimentally shaky, we put it in the table. 

lb) Peaks not far above some threshold, e.g., 
Al -pn or A3 -+f~, and their K* counterparts Q 
and L. These are at least partly explained by the 

ii 
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‘Deck effect’, or its more modern version ‘dou- 
ble-Regge-pole (DRP) exchange’. But the notion 
of duality tells us that ‘to explain is not to ex- 
plain away’, i.e., the ‘explanation of a peak’ with 
the DRP model need not contradict its interpre- 
tation as an s-channel resonance. So we put 
these four peaks on the meson table, but add 
comments like ‘Al interpretation not clear; 160 
MeV above pi threshold’. For more discussion 
of this problem, see the Al mini-review in the 
listings. 

2) Consider, next, peaks for which there a?ze 
partial-wave analyses. We can then check that 
the Argand plot follows roughly a left-hand cir- 
cle, and that the ‘speed’ of the amplitude also 
shows a maximum at the resonance energy; fur- 
ther, there should be data above the resonance, 
showing that the speed again decreases. Indeed 
proper behavior of the partial-wave amplitude 
will accredit a resonance even if its elasticity is 
too small to make a noticeable peak. 

Of course, even if Argand plots are available, 
it may still be a matter of opinion as to what be- 
havior constitutes a resonance. Such an example 
is the @p peak (near KA threshold) called 
ZI(1900), which is discussed in a mini-review in 
the listings. Kp PI3 Argand plots are displayed 
there, and most suggest a resonance; however, 
there is disagreement between the various anal- 
yses as to the speed of the amplitude, i.e., as to 
whether it has a Breit-Wigner type of behavior. 
In addition the errors on the amplitudes are still 
large, and we prefer to wait a bit longer before 
we put ZI on the table. 

Approximate Breit-Wigner behavior of a par- 
tial-wave amplitude appears to us to be the most 
satisfactory test for a resonance, since after all 
a Breit-Wigner amplitude is the Fourier trans- 
form of an exponential decay of a state with a fi- 
nite lifetime. We are aware that this approxi- 
mate Breit-Wigner behavior could be accidental, 
but can only hope that such an accident is im- 
probable. 

We now ask ‘How likely is it that peaks of 
class 1 above (no way to check them with partial- 
wave analysis) will eventually be confirmed as 
resonances’? We know of no experimentally con- 
vincing peak that has been shown to have nothing 
to do with a resonance. Bbt be warned that broad 
peaks may be misleading: they may contain sev- 
eral resonances, or they may include a reso- 
nance narrower than the peak, plus some other 
complications; for example: 

Before 1966 we might have tabulated the sp 
bumps at 1512 and 1688 MeV as single reso- 
nances, whereas partial-wave analysis shows 
that each contains several resonances. 

- Abrams et al. have reported broad peaks in 
the NN total cross section at 2190, 2345, and 
2380 MeV. One of these indeed overlaps our tab- 
ulated U(2375) meson, whose width is given as 
30 MeV. But pp s-channel experiments, which 
can study all the final states formed at c.m. en- 
ergies near 2345 MeV, show that the rest of the 
pp(2345) peak, which is 140-MeV wide, must be 
attributed to a jumble of many different, unre- 
solved effects. So we do not accept as a single 
resonance the whole NN(2345) peak, whose width 
is measured as 140 MeV. 

Despite these cases where a resonance has 
turned out to be narrower than a bump, and only 
partly to explain the bump, most baryon en- 
hancements have been confirmed by partial-wave 
analysis. A relevant example is the following: 

- Before the N*(14’70, Pll) was confirmed in 
partial-wave analyses, it was seen as a missing 
mass or pn~ peak produced peripherally in high- 
energy pp collisions, and (like Al, Q, A3, and L) 
was partly explained by the Deck effect and later 
by double-Regge-pole exchange. Thus nowadays 
we say that the s-channel resonance confirms 
the production peak, and that this supports one’s 
confidence in duality. 

In summary, we enter onto the tables experi- 
mentally convincing peaks unless there is con- 
tradictory information; and we expect that most 
of these peaks wiIl eventually be confirmed as 
one or more resonances. 

IV. CONVENTIONS 

A. Quantum numbers 
The symbols ZG(JP) C represent: 

Z = isospin , 

G = G-parity, 

J= spin, 

P = space parity, 

C = charge conjugation parity. 

The charge conjugation operator C turns par- 
ticle into antiparticle and has eigenvalues *l on- 
ly for neutral states; so it is useful to define an 
extension G which has eigenvalues for charged 
states too. It is usually % defined by 

G =C exp(isZy) . (1) 

$ Most texts define it as in eq. (1); see, e.g., Gasio- 
rowicz [3]; however, sometimes the rotation is taken 
about I,. The difference between the two conventions 
is mentioned in a footnote in KXllBn [4]. 

. . . 
111 
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Table I. IG(JP) of mesons from qq model. For the distinction between abnormal 
JP and abnormal C, see text. I= 1/2 states share the same values of Jp as 
the I = 0 and 1 states shown, but are not eigenstates of G. The middle column, 
which gathers together (JP) CP. is a redundent intermediate step intended 
to make the table easier to 
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A neutral non-strange state is an eigenstate both share the same spins, masses, and mean 
of exp(irZy) with eigenvalue (-l)Z. Then we can lives. Whenever there is a particularly interest- 
write the eigenvalue equation for the whole mul- ing test of CPT invariance we include it in the 
tiplet as stable particles table. 

G = C,(-1)’ , (2) B. Particle names 

where C, (n for neutral) is the eigenvalue C 
would have if applied to the neutral member of 
the multiplet. Thus, for a no, C has the eigen- 
value +l, and since I= 1, G=-1. For the charged 
pion there are no eigenvalues corresponding to C 
and to the isospin rotation, but eqs. (1) and (2) 
still give G = - 1. 

If a meson has a well-accepted colloquial 
name, we use it. If not, we name it by a single 
symbol which specifies its atomic mass number 
A (= 0 for mesons), its hypercharge Y, its iso- 
spin I, and, for a non-strange meson, its G par- 
ity. We choose 

Consider a meson as a bound state of fermion- 
antifermion, e.g., qq, with orbital angular mo- 
mentum 1, and with the two quark spins coupling to 
give a spin S. Then one can show that the charge- 
conjugation eigenvalue (defined in eq. (2)) is 

z=o ; q if G is even, $J if it is odd; 

Z=l; p if G is even, 7~ if it is odd; 

1 . I=2 , K; 

z=; ; L (if ever established) - 

c, = (-l)Z+S . 

Eqs. (2) and (3) combine to give 

(3) 

G = (-l)z+s+z . (4) 

The parity is 

P = -(-1)l . (5) 

To crowd even more information onto the 
symbol, we add a subscript giving Jp. Thus 
no+(1070). If Jp is not known, but must be ‘nor- 
mal’ (0+, l’, 2+, . . . ), e.g., because Kn decays 
are seen, we use the subscript N. Thus 
KN(1420). If such modes are not seen (and are 
not otherwise forbidden), we guess that it is be- 
cause J is ‘abnormal’, and we write, for exam- 
ple, KA( 1320). 

For baryons no attempt has been made to at- 
tach a subscript about J and P. The symbols are 

Eqs. (3) and (5) combine to give 

C,P = -(-1)s , 

so all singlets (ISO, lP1,. . .) have C,P = -1, and 
all triplets (3Sl , . . .) have C,P = +l. 

If, instead of qq, we consider the meson as a 
state of boson-antiboson (e.g., A2 - KK), it 
turns out that some signs cancel, and eqs. (3) 
and (4) (not (5)!) apply unchanged. Of course the 
mesons are usually spinless and S is zero, but 
the equations are more general. Eqs. (3) and (4) 
can be considered as selection rules forbidding 
many decays. 

For proofs see our 1969 text [2], and appen- 
dix by C. Zemach. We repeat here the summary 
table I that we used in 1969 as table II. 

Well-established quantum numbers are un- 
derlined (except for stable particles, where 
most of the quantum numbers are established). 
We have used flimsy evidence to guess many of 
the remaining ones, and we have indicated with 
‘?I the ones for which there is almost no evi- 
dence. 

zI for Y=2, z=o, 1 ; 

N for Y=l , I=+ ; 

A for Y=l , I=; ; 

A for Y=O , z=o ; 

c for Y=O , Z=l; 

z for Y=-1, Z=f ; 

iI for Y=-2, z=o . 
For stable baryons of each Y and Z we use the 
symbol standing alone; for resonances, the 
mass is in parentheses (i.e., N(1688), h(1405), 
X(1765), etc.). The JP assignment is reported 
in the table as L+ 2 , $-, :+, etc., and also by the 
symbols Pll, D13, Fl5, which refer to the par- 
tial-wave amplitude where the resonant state oc- 
curs (the first subscript refers to the isospin 
state). 

As is customary, we define antiparticles as 
the result of operating with CPT on particles, so 

When two mesons or baryons have identical 
quantum numbers we warn the reader by adding 
a prime to the symbol for the heavier one, e.g., 
n, 7’; f, f’; p, N’(1470,$+). In the case of baryon 
resonances described by Argand diagrams which 
exhibit more than one resonance, we use one 

V 
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prime for the first, two for the second,. . . ; thus 
the series of which the proton is the stable mem- 
ber becomes p, N’(1470,$+), N”(1780,$+). 

If there is only one resonance on an Argand 
plot, and thus no need for distinctions, we use 
no primes. 

C. Masses and widths 
In the tables, columns are headed Mass M, 

and WidthI. We speak loosely of M as the posi- 
tion of a resonant peak, and of P as its full width 
at half maximum. We now want to make these 
statements more precise. Values of M and P are 
extracted from data via models, and we cannot 
average these values if the models are dissimi- 
lar. In the next few paragraphs we discuss this 
point in slightly more detail, using the example 
of an s-channel resonance. 

An elastic non-relativistic Breit-Wigner T- 
matrix element is usually written 

Tll = 
$r 

M-m-*ir’ 

Here P(m) is the width for decay into the channel 
(1)) with angular momentum 2. It contains bar- 
rier-penetration factors which can vary rapidly 
with energy; near threshold, I’(m) should start 
up as q2I+l, and then level off. Various m-de- 
pendences are used, mostly variants of the gen- 
eral form 

For a choice of forms, see Jackson [5], Pisut 
and Roos [6], and Barbaro-Galtieri [7]. Of 
course the detailed shape of the amplitude will 
depend on the form chosen. So, although I’ is 
related to the full width, it is best measured in 
terms of the behaviour of T at resonance. It is 
easy to show [8] that the relation is 

‘Speed’(res) = IgIres =$ , 

where the elasticity, xe = Fe/I’, is introduced 
next. 

For an inelastic resonance feeding into chan- 
nel P, 

T 
$qFj +r 

lP=jp~_,_$r =Jxlxp M- m-$ir 
where 

N 
r=Cr 

1 p’ 
x8 =rp/r, 

and xl (called the elasticity) is often written xe. 
The channel cross section alp for the reac- 

tion 1 -f p is 

016 = 4nX2(J++) ( Tip 1 2 . (6) 

Resonances seen in production are even more 
complicated. m disappears from T, and must 
be replaced with some model-dependent param- 
etrization of the production process. 

In conclusion, we have seen that because of 
the energy dependence of l? even the amplitude T 
for a resonance does not have a full-width at 
half-maximum equal to l? (but it does peak at or 
near hf). Then kinematic factors enter into the 
cross section for formation (eq. (6)) or produc- 
tion, and displace the observed peak away from 
M. For quantitative examples, see Barbaro- 
Galtieri [‘7]. 

Most of the useful information on the N, A, A, 
and C baryon resonances with M < 2000 MeV has 
come from partial-wave analysis. Masses and 
widths of most of these states are dependent on 
the model, as well as on the data used by the 
different groups that performed these analyses; 
therefore, the masses in the main baryon tables 
are not averages, but plausible guesses, and the 
errors are ‘external errors’ based on the con- 
sistency among different analyses. For the pro- 
cedures adopted, different from resonance to 
resonance, see the appropriate mini-review in 
the data card listings. 

Resolzances with mass M > 2000 MeV have 
been detected primarily in total-cross-section 
experiments. 

We can use eq. (6) to relate the height of the 
peak at resonance ares to the elasticity x,. At 
resonance the channel cross section is 

ares( 1 - P) = 47rX2(J+3XeXp 

and the total cross section is 

(7) 

a,,,(total) = 47rX2(J++)xe . (8) 

If J is known, we can solve for x,. If J is not 
known, the product (J+B)x, is given in the bary- 
on table. 

D. Muon-decay parameters 
The n-decay parameters describe the mo- 

mentum spectrum (p and q), the asymmetry (C; 
and 6), and the helicity (h) of the electron in the 
process I** - e* + u + V. Assuming a local and 
lepton-conserving interaction, the matrix ele- 
ment may be written as 

vi 
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C(eIril~)(VIri(Ci+CIYg) 1’)) 
i 

where the summation is taken over i = S, V, T, 
A, P. Using the definitions and sign conventions 
of Kinoshita and Sirlin [9], we have 

P = [3g;+2&+6g;]/B , 

22 2 
77 = [gS-gp+2gA -2&D , 

5 = [+6ggp cos $sp- ‘gAi?V ‘OS +AV 

+ 14.g; cos @TT1/B , 

6 = [-6gAgv cos +Av + 6g; ~0s @,,]/‘ot , 

h = f[2gsgp cos @‘sp- ‘gAgv cos @AV 

- 6& COS GTT]/D 7 

where 

22 2 2 2 
D = gSfgp+4gA+4gV+6gT , 

and 

COS @ij = Re (CTC; + C;C;) . 

The quantities gi are defined to be real non-neg- 
ative numbers, and the $ij are phase angles be- 
tween the i-type and j-type interactions. Under 
the assumption that Ci = -Ci and Ci = -Cj (two- 
component neutrinos), the S, P, and T terms 
vanish, and $AV is the phase angle between CA 
and CV in the complex plane. 

By using the above equations and the experi- 
mental values of p, 17, 5, 6, and h we can place 
limits on gS /gV, gA /gV, gT /gV, gp /gV, and 
(6AV. Note that most experiments study only the 
upper end of the spectrum where p and 77 are 
highly correlated, so they can only report p for 
n=Oandqforp=a. Thevaluesforpandtlwe 
use here were obtained by combining measure- 
ments of both upper and lower ends of the spec- 
trum and are nearly uncorrelated. 

We have defined a x2 that indicates how sig- 
nificantly p, 77, 5, 6, and h deviate from their ex- 
perimental values po, vo, &,, ho, and ho in units 
of their experimental uncertainties up, url, at, 
06, and oh: 

X2 = [(P - Po)2/o;l + [(77 - 710)2/o;l 

+ [(t; - [o)2/u;] + [(6 - ao)2/o;] + [(h - ho)2/o;l . 

The standard-error matrix techniques have not 
been used here because the x2 contours are far 
from elliptical in shape. For example, gA/gV 
versus $AV has a x2 contour that resembles the 
letter V, and the best-fit values are at the apex. 
Accordingly we have determined limits for gs/gv, 
gA /gV, gT /gV, gp /gV, and +AV as the largest 
and smallest values within the Xmin’ + 1 hyper- 
surface. The results, listed in the data cards, 
assume neither two- component neutrinos nor 
time-reversal invariance. If, however, two- 
component neutrinos are assumed, then sin @AV 
is the amplitude of time-reversal violation. 

The radiative corrections are unambiguous 
only when gS = gT = gp = 0. The same limits on 
gA/gV and @AV are obtained, however, as when 
gS, gT, andgP are left free. 

E. K-decay parameters 
CP violation in Ko decays. Parameters of 

current interest are 

q+_ =A(KI,‘~+~-)/A(I(S -r+r-) = Iv+_ I exp (W+_) , 

77 oo=A~K~~~oso~/A(~~~o~o~= \voo\ exp(i~oo~. 

The phases @+_ and $oo have been measured di- 
rectly, whereas the magnitudes ) q+_ ( and 1 qoo 1 
are derived parameters. We have used, as far 
as we could, the directly measured uantities as 
input and have calculated 1 q+_ ( and 4 no0 1 from 
the values given by our constrained fits. There- 
fore, if one looks at the data card listings, most 
of the 1 q 1 measurements appear in the form of 
branching ratios, with appropriate components. 

AS = AQ mcle in Ko decays. The relative 
amount of AS f AQ component present is meas- 
ured by the parameter x, defined as 

x =A(liO- a-Z+v)/A(K’- r- E+v) . 

We list Re {x} and Im{x}. 

Form factors in. KQQ leptonic decays 
Assuming that only the vector current con- 

tributes to these decays, we write the matrix 
element as 

(r I+ IK) a [f+(q2)(PK+p,)h +f_(q2)(PK- Pn)~] , 

where PK and P, are the four momenta of K and 
‘II mesons; f+ and f_ are dimensionless form 

vii 
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factors which can depend only on q2 = (+- Pn)2, 
the square of the momentum transfer to the lep- 
tons. The parameters we list are h*, the energy 
dependence of the f*(q2) form factor, 

f*(q2) = f*(O) [ I+ X*(9/m,)2] ; 

and t;, the ratio of the two form factors, 

5 =f’-/f+ - 

The quantity 5 can be determined in different 
ways : 

1) by measuring the Kp3/Ke3 branching ratio 
and comparing it with the theoretical ratio as 
given in terms of t(O) = f-(0)/f+(O). 
17K@3)/I’(Ke3) = 0.6457 +O. 1269 Re 4 + 0.0193 15 I2 
+ 1.390h++0.476k1 Re 5 (see CABIBBO 66 in e 
card listings). Note that the first constant has 
been changed to 0.6457; the previous value was 
a misprint t which we copied from CABIBBO 66. 

2) by measuring the 71 or lepton momentum 
spectra and comparing them with the predicted 
spectra, which are functions of 5 (see, for ex- 
ample, BRFXE 61 in the ti card listings). 

3) by measuring the muon polarization in KCL3 
decay. In the rest frame of the K the I_L is ex- 
pected to be polarized in the direction A with 
P = A/I A 1 , where A is given (CABIBBO 64 in 
K+ card listings) by 

A = @l(t) PIJ.- Q2(5){(P@#Q- En) 

+ (P77 * P/D/L - m/J/ I PIJ. I 2)1 +p7rl 

+ mp Im5(q2)(Pr X P,) . 

If time-reversal invariance holds, 5 is real, and 
thus there is no polarization perpendicular to the 
K-decay plane. See the note in the listings, after 
K+ decays, for discussions of experimental re- 
sults. 

F. Baryon-decay parameters 
A/V ratio for baryon leptonic decays. The 

baryon part of the matrix element for these de- 
cays may be written as 

(Bf I Y~@V ‘gAY5) I Bi) 7 

where Bi and Bf represent initial and final bary- 
ons, and gA and gv the axial and vector coupling 
constants. Here the Pauli representation is used 
for the y matrices. The definition of gA/gV is 

t We thank Drs. H. W. Fearing and J. Smith for calling 
to our attention this mistake. 

. . . 
Vlll 

where 6 = 0 + rz7r if time-reversal invariance 
holds (see JACKSON 57 in neutron card listings). 

In neutron beta decay the measurements are 
consistent with time reversal, so gA /gV there- 
fore is nearly real and has been considered to be 
such in all the baryon leptonic decays. Notice 
that by using the above definition of the matrix 
element with the Pauli representations, the val- 
ue of gA/gV in neutron beta decay is negative. 

We compile the ratio gA /gV with its sign, for 
those decays for which it has been measured. 
For the neutron beta decay we compile also the 
phase 6. 

Asymmetry parameters in non-leptokc hy- 
peron decays. The transition matrix for the hy- 
peron decay may be written as 

M = s+P(a-q) ) (9) 
where s andp are the parity-changing and the 
parity-conserving amplitudes, respectively, 0 
is the Pauli spin operator, and q is a unit vector 
along the direction of the decay baryon in the hy- 
peron rest frame. 

The asymmetry parameters are defined by 
the relations 

a = 2 Re @*PI/( I s / 2 + IP I 2, , 

P = 2 Im (s*P)/( I s I 2 + IP I 2, , 

Y= (Js12- lP12)/(ls12+ IPI * 

With the transition matrix (9), the angular 
distribution of the decay baryon, in the hyperon 
rest system, is of the form 

I= 1+aPy.q, 

where Py = (Yl (~1 Y> is the hyperon polarization. 
The polarization PB of the decay baryon is% 

PB = 
(a+ PyWQ+PWy xQ)+Yq x (Py xq) 

- 7 

where Pg is defined in that rest system of the 
baryon obtained by a Lorentz transformation 
along q from the hyperon rest system in which q 
and Py are defined. Note that (Y is the helicity of 
the decay baryon for unpolarized hyperons. 

p Lee and Yang [lo]. Note that ref. [lo] contains a 
misprint. The minus sign in the definition of /3 
should be replaced by a 2. In addition, our unit vec- 
tor q is the direction of the baryon, whereas their 
unit vector p is the direction of the pion. 
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The three parameters cy, P, and y satisfy the 
relation 

o2+p2+y2 = 1 . 

It is then convenient to describe hyperon non- 
leptonic decays in terms of the two independent 
Parameters cy and the angle 4 defined by 

i-3 = (1-02)+ sin+ 9 

y = (1- .2,+ cos Q, , 

which has a more nearly Gaussian distribution 
than P or y. Evidently 

- $71< $-‘&l for r’0, 

-t&l< + < +7T for y<o. 

In discussing time-reversal invariance, the 
quantity of interest is A, defined by 

e = 2]si1P\ ~osA/(/s/~+ lPi2) , 

P = -2].9jlPl sinA/(ls(2+ lP12) ; 

that is, A is the phase angle of s relative to $. 
Evidently 

Under the assumption of time-reversal invari- 
ance, the angle A must satisfy the relation 

A = 6,- 6p, 

modulo rr, where 6, and BP are the pion-baryon 
scattering phase shifts at the appropriate energy 
and for the appropriate isospin state. For R de- 
cay, assuming the validity of the IAIl = $ rule, 

A = 6, - 6p = (6.8 f 2.0) deg.1 

On the data cards we list (Y and 4 for each decay 
since they are the most closely related to the 
experiments and are essentially uncorrelated. 
Whenever necessary we have changed the signs 
of the reported values, so as to agree with our 
conventions. In the stable particles table we give 
cz, 4, and A with errors; and for convenience we 
also give the central value of y, without an er- 
ror. 

1 This value for 6s -6p is derived from the phase-shift 
analyses by Roper et al. [ll]. The error is our esti- 
mation of the uncertainty. 

V. STATISTICAL PROCEDURES 

This section is a much abbreviated version of 
sect. M in the text of the previous edition [l], to 
which the reader is referred for details. See al- 
so the mini-review on K* masses and mass dif- 
ferences in the data card listings. 

A. Confidence levels and em-ors 
Quoted errors represent one standard devia- 

tion (a). Upper and lower limits represent 68.3% 
confidence bounds (la), unless otherwise stated. 

The errors in the tables and the errors of the 
averages in the listings often include a scale 
factor S; see sect. V.B below. 

Quantities that have changed more than 1~ 
since our 1969 edition [2] are italicized in the 
tables. For a discussion see sect. V.B in the 
text of the previous edition [ 11. 

B. Unconstrained averaging. scale factors 
In the absence of constraints, we calculate a 

weighted average 

’ * 6x = (C WiXi/C Wi) f [l/(C Wi)~l ; 

wi = [ 1/(6xi)2] 9 (10) 

where the sums run over N experiments. We al- 
so calculate x2 and compare it with its expecta- 
tion value of N- 1. 

If x2 > N- 1, we increase the error 63t in eq. 
(10) by a factor 

S = [x2,‘(N- I)]+ . (11) 

It is easy to design statistical tests for deter- 
mining whether one experiment (or a group of 
experiments) is consistent with the other exper- 
ments. However, statistics does not tell us who 
is wrong in case of contradictions. When S >> 1, 
one can conclude either that 

1) some (or all) experiments are wrong or 
2) some (or all) experiments have underesti- 

mated their errors, or 
3) the experiments do not measure the same 

quantity (systematic errors). 
We do our best to resolve these cases. If we 

cannot, we assume that all experimentalists un- 
derestimated their errors by the same scale 
factor. If we scale up all input errors by this 
factor, x2 returns to N- 1, and of course the 
output error scales up by the same factor. 

If all the experiments have errors of about 
the same size, the above procedure is straight- 
forward. If, however, there are both precise 

ix 
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and imprecise (large errors) measurements of a 
particular quantity, one must be very careful not 
to permit the imprecise ones to ‘dilute’ the scale 
factor. See our previous edition [l] for the pre- 
scription we use to handle this effect. 

We often plot an ideogram to guide the reader 
in deciding which data he might reject before 
making his own selected average. 

For further discussions of ideograms and 
scale factors, we refer the reader to sect. IX in 
the text of the previous edition [ 11. 

C. Constrained fits 
The information on partial-decay fractions Pi 

and partial widths Wi = Pi rtot is often given by 
branching fractions l$, say, R1 = Pl/(Pl+ pZ), 
R2 = p2/pS, R3 = Pl/P2, R4 = P3/(Pl+P2+P3), 
etc.9 

The number of experimental inputs Rj is often 
greater than the number of decay modes i. 

In these cases we fit all available information 
on the Pi, Wi, and Rj subject to the constraint 
CPi = 1. When, in addition, the input Rjare con- 
tradicting so that scale factors may have to be 
introduced, one has to resort to iterative proce- 
dures. 

The data card listings give the values of the 
fitted Rj, Pi, and Wi, together with the error 
matrices of the Pi and of the Wi. For details 
about this procedure the reader is referred to 
the text of the previous edition [ 11, sect. 1V.B. 

VI. PARTICLE DATA GROUP PUBLICATIONS 

A. Pocket-sized particle data booklet 
In addition to the present version of the Re- 

view of Particle Properties available from 
CERN and LRL, a pocket booklet is available. 
This contains the tables only, plus some addi- 
tional useful information, selected for high-en- 
ergy physicists. The complete pocket version 
comprises the data booklet, a 16-month diary, a 
mini-atlas, and a plastic cover. If you are on 
our mailing list, any of these items which you 
have requested will automatically be sent to you. 
If you wish to order them in bulk we must charge 
25 cents (US) for each of the pocket-sized items. 
Please note that there are no wallet sheets for 
this edition. 

B. Other compilations 
The following reports of the Particle Data 

0 We are also able to fit products of rates from forma- 
tion experiments as given in eq. (7). 

X 

Group and of the CERN HERA Group are avail- 
able from both CERN and LRL: 

1. 

2. 

Cross sections 
#N Elastic Scattering Data, G.Giacomelli, P. 
Pini and R.Stagni, CERN/HERA 69- 1. 
K+N Reactions, Particle Data Group (L. R. 
Price, N. Barash-Schmidt, 0. Benary, R. W. 
Bland, A. H. Rosenfeld and C. G. Wohl), UCRL- 
20 000 K+N (1969). 
YN Reactions, Particle Data Group (0. Benary, 
N. Barash-Schmidt, L..R. Price, A. H. Rosen- 
feld and G. Alexander), UCRL-20000 YN (1970). 
NN Reactions, Particle Data Group (0. Benary, 
L. R. Price and G. Alexander), UCRL-20 000 
NN (1970). 
Elastic Scattering Data, G. C. Fox and C.Quigg, 
UCRL-20001 (1970). 
pp into Hyperon-Antihyperon, B. Sadoulet, 
CERN/HERA 69-2. 

Partial-wave amplitudes 
TN, Particle Data Group (D. J. Herndon, A. 
Barbaro-Galtieri and A. H. Rosenfeld), UCRL- 
20 030 (1970). 
Each of these reports in turn lists relevant 

references. A further list of references can be 
found in: ‘Compilation of coupling constants and 
low-energy parameters’ by G. Ebel, H. Pilkuhn 
and F.Steiner, Nucl. Phys. B1’7 (19’70) 1. 
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(Closing date for data: July i, 1970) 

S t a b l e  P a r t i c l e s  

Quantities in italics bare changed by more than one (old) standard deviation since January I970. 

Name IG(jP)C 
, Deca~,s x ~  

Mass Mean life Partial Fraction a E ~, 

(MeV) (sec) mode ~ :~ 
Mass2 
(GeV)2 c,r(cm) 

u ,  

Y 0, i(i-)- 0(<'Z. )I0 -21 stable stable 

Y 
v e J = ½ 0 ( < 6 0  eV) s t a b l e  s t a b l e  
v~ 0 (< t . 6 )  

j = I 0.5110041 stable stable 
e ±.0000016 (> 2XiOZly) 

1 
J = ~ 105.6599 2.1983XI0 -6 ev~ 

±.0014 ±.0008 e~'f 
m Z= 0.0112 c7=6.592Xi04 3e 

F rn -rn + =-33.919 e~ 
~ q-. 0 t 4  

4- i-(0-) 139. 579 2.6024XI0-8 ~v 
"/F ~:. 014 -4-.0024 ev 

2 m = 0.0195 cT=781 ~v~ 
(7+_,r-)/'~" = (0.05±0.07)o~o ~rOev 

(test of GPT) ew/ 

lO0 
( < 1.6 )iO -5 
( < 1.3 )i0-7 
( < 2 )i0-8 

1 o o  % 
( t . z 4 ± o . o 3 ) i o  -4  

c( i . z 4 ± o . z 5 ) i o _  4 
( 1.02±0.07)i0 -8 

c( 3,0 ±0.5 )iO -8 

53 
53 
53 
53 

30 
70 
30 
5 

70 

.FrO i-(o-) + i34.975 0.76XI0-16 ~ 
• .15, S=z.o~ ~e+e- 

m 2= 0.0177 cT=2.Z8XI0 -6 
m ~_-mw0 = 4.6041 e+e-e+e - 

4-.0037 

( 98 .83~0.04)% 
( t . 17~0 .04)% 
( < 5 ) t 0 - 6  

d( 3.47 ) t 0 - 5  

67 
67 
67 
67 



Name IG(jP) C 

STABLE PARTICLES 

Mass Mean life 
(MeV) (see) 
Mass2 

(GeV)2 c 7-(cm) 

Partial 
mode 

, Decals 

Fraction a 

÷ 

K- 

K ° 

K ° S 

K ° L 

½(0-) 493.82 1.235XI0 -8 
4-0.11 4-.004 S=1.8" 

m 2= 0.244 cr=370 
(r+-r-)/7 = (.00+.15)% 

(test of CPT) 
S : 1 . 6 "  

mK4--mKo = - 3.94 
4- 0. t3  

tJ.V 
1T, 1T 0 
rr-~+ 

TrTr ° 1-r 0 
Ij..n- 0v 
er °v 
w~ T e4-v 
r r+e :Fv  
~r:F]~ 4- v 
~rw4-1 ~:F v 
e V  

r ~ ° y  
ww+r -y  
r e  vy 
r e+e  - 
~+~- 

wyy 

½(0-) 497.76 50% K S h o r t '  50% K Long 
+0.16 

½(0-) S= t .5*  0 .862×t0  - t 0  = + r -  
4-.006 S = t . 2 "  ~o o 

m2= 0.248 cT = 2.59 ~+~- 
e+e - 
~ + r - y  

0 0 0 ½(0-) 5.38Xt0 -8 r r w 
4-0.19 w+r-r ° 

c~r = t 6 t 4  w~v 
S = 1.6" trey 

- =- 0.469X t ~+~- 
m K s  m K L  4- 0.015 ~'X "n°'rr° 

w + r - y  
(Ks->r+r-w°)  < 0.45 YY 

e~ 
p (K L- r % - ~  ° ) ~%_ 
(test of C1 °) 

e e 

C 

C 

C, 

63.774-0.29)% S=I.  1" 
20.934-0.30)% S = t . 2 "  

5.574-0.04)% S = t . 2 "  
i. 70±0.05 )% 
3. t 84-0. t i)% S=2.0" 
4.854-0.07)% S = t . 2 "  
3.3 4-0.3 10 -5 

<7 
0.9 *0.4  

<3  
t .2  4-0.3 

<1 .9  
t0 +4 

6 4-4 
<0 .4  
< 2 . 4  
< t . t  
<1 .2  

t 0 - 7  
t 0 - 5  
t 0 - 6  
t 0 - 5  
t 0 - 4  
t 0 - 5  
10-4  

)1o-6 
)1o-6 
)10-4  
)10-6 

236 
205 
126 
i33 
215 
228 
2O3 
203 
151 
151 
247 
205 
126 
227 
227 
172 
227 
227 

( 68.7 +0.5 )% S - t , 3 "  206 
( 31.3 )% ~- 209 
( < .7 ) t0  -D 225 

249 
c( 2.3 4-0.8 )i0-3 206 

( 2 t . 5  4-0.7 )% S=1.2" t39  
( t2 .6  4-0.3 )% t33 
( 26.8 4-0.7 )% S=l.2~i I 216 
( 38.8 4-0.8 )% s=1.2" 229 
( 0.t574-.005)% 206 
( 0.t21+.029)% S = t . 5 "  209 

c( < 0 . 4  ) t0  -B 206 
( 5.2 +0.5 )lO-~S=l.6 * 249 
( < 0.6 )10 -5 238 
( <2.2 )i0-_ 7 225 
( <1.6  ) t0  -7 249 

r/ 

P 
n 

0+(0-) + 5"48.8 F =(2.7 *±.67)keV 
±0.6 Neutral decays 

m2= 0.301 72.2% 

1(1+~ 2,2 , 938.2592 
4-0.0052 

m 2= 0.880 
11!+~ 2',2 / 939.5527 

4-0.0052 
m 2= 0.882 

m -m = - 1. 2935 
p n 4- 0 .000i  

Charged decays 
27.8% 

stable 
(> 2×i028y)  

el 37.5 +1.6 I% I 274 
4.7 4-2.4 )% S=1.5" 258 

~r ~ ( 3o.0 4-2.2 )% i79 
w+r-w ° ( 23 . t  4-1.0 )% S=1.2" 174 
w+w-y ( 4.7 ±0.2 )% 236 
r ° e + e  - ( < 0 . 0 i  )% 258 
r + r - e + e  - ( 0. t 4-0.1 )% 236 

e(0.932+0.014)i03 pe-v 
cT=2.8OXlO 13 

ioo % i 



Name 

A 

E 
+ 

~0 

E- 

S T A B L E  P A R T I C L E S  

IG(JP)c Mass 
(MeV} 
Mass2 

(GeV)2 

Mean life 
(sec) 

c~cm) 

o(½% 1115.60 2 .5 t×t0  - l °  pw- 
:50.08 +.03 S=i.3* nw ° 

S =t .3  "° c T  = 7.54 p e r  
m2= t . 2 4 5  p~v 

i(½ +) t t 8 9 . 4 0  
+0.19 

S =1.7' 
m Z = 1.412 

0.802×10 -I0 pw ° 
+.007 nw + 
c T  = 2.41 py 

nw+y 

P arli a l 
mode 

, Deca)'s x =  
Fraction a =E 

( 65.3 + t . 3  )% S = t . i *  t 00  
( 34.7 )% 104 
( 0 . 8 0 + 0 . 0 6 ) t 0  -3 t63  
( 1.35+0.60)i0 -4 lBi 

)% i89 
( 51.7:50.8 185 
( 48.3 )%-3 225 
I t .  t 6 . 0 .  t7 )10  S = t . 4 *  

c 1.3 +0,3 )I0 -4 185 
( 2.02+0.47)I0 -5 72 
( <2.3 )10 -5 202 
( < I. I )10 -5 224 

rn~,~-m E_= -7.92 
±.13 

1192.46 
1 (½%- :50. I 2 

S =i.2" 
m2= 1.422 

t(½+) i197.32 
:50. ii 

S =1.3' 
m 2 = 1.434 

mE0-m E_= 4.86 
+.07 

A e+w 

P(E+  o37 1nC  
/ n e - v  

P(E--+ ~-nv) 

-14 
< 1.0Xl0 A~ 100 % 75 
cT<3XI0-4 Ae+e - d( 5.45 ~I0 -3 

e -10 
i. 49X i 0 nw - 
+,03 S=2.1* n e - v  
cT = 4.47 n~-v 

ne-v 
nIT -%~ 

( 
( 
( 

c( 

too % 
1.06+0.05 i0 -3 
0.45.:50.04 I0 -3 
0.60:50.06 10 -4 
t . 0  +0.2 t0  -4 

t93  
230 
2 t 0  

79 
t93  

,-,0 
I-..4 

*--4 

½(½+)f t 3 t 4 . 7  3 .03Xt0  -10 
±0.7 :5.18 

2 
m = 1.728 c~- = 9.10 

m~o~ -m~._ = 6.6 
:5.7 

111+~f 5~X , i321.25 1.66Xi0 -I0 
2 ±0.18 4-.04 S=I.I* 

m = 1.746 CT = 4.98 

~ r  o 
pw- 
pe-%' 
E + e - v  
E - e+v  
E + ~ - v  
E - ~t+v 
p~- v 

I00 % 135 
<0.9 )I0 -3 299 
<1.3 )i0 -3 323 
<1.5 )i0 -3 li9 
< t . 5  )I0 -3 I12 

<1.5 )i0 -3 64 
< 1.5 )I0-3 49 
< 1.3 )i0-3 309 

Aw-  t00  
A e - v  g( 0.67.4-0.23 
~ ° e - v  ( <0 .5  
Ap,-v ( <1 .3  
E°~-v ( <0 .5  
nw-  ( < 1 . t  
n e - v  ( < t . 0  

)%0_3 139 
190 

)10 -3 122 
)I0 -3 i63 
)% 70 
)i0 -3 303 
)% 327 

a- 3+)f 1672.5±.5 +0.4 ~0 ] 1.3_0.3 XI0-10 w- Total of 
0(y m 2= 2.797 ~-w° I 28 events 

cT =3.9 
AK- seen 

293 
289 
210 

j2 
"'S = Scale factor = X /(N-I), where N~ number of experiments. S should 
be ~ i. If S > i, we have enlarged the error of the mean, 8x, i.e. , 8x~SSx. 
This convention is still inadequate, since if S >> I, the experiments are 
probably inconsistent, and therefore the real uncertainty is probably even 
greater than S6x. See text and ideogram in data card listings. 

a. Quoted upper limits correspond to a 90% confidence level. 
b. In decays with more than two bodies, Pmax is the maximum momentum that 
any particle can have. 

c. See data card listings for energy limits used in measuring this branching ratio. 
d. Theoretical value; see also data card" listings. 
e. See note in data card listings. 
f. Predicted from SU~). 0 
g. Assumes rate for ~--~52 e-v small compared with ~--~Ae-v. 



4 Addendum £o S T A B L E  P A R T I C L E S  

Magnetic moment 

e 

tz 

/ 
t . 0 0 1  159 557 e~ l 
4-.000 000 030 2meC ] p -Decay p a r a m e t e r s  a 

t . 0 0 t  t 6 6  t6  et5 p = 0.7524-0.003 ~] = - 0. t2  4-0.21 
4-.000 000 3 t  2 m  c ~ = 0 .9724.0 .0 i3  6 = 0.7554-0.009 h = t .004-0.13 F~ 

i g A / g  v }  ^ ^ . + 0 . 3 3  = U ' b b _ 0 . t  I ~ = t 8 0  @ 4-15 ° 

K 

O 
Ks 

K ° L 

W 

M o d e  Partial rate ( s e c  - i  ) 

t~v (51 .544-0 .30) t06  S=1.3" 
ww ° (16.954.0.25)10 °. S = t . Z *  
ww+~ - ( 4 . 5 t 4 . 0 . 0 3 ) t 0 6  S = t . l *  
wlT°w ° ( 1.384-0.04)106 
~tw-v ( 2. 584.0.09)i06 S=2.0" 
e w ° v  ( 3.934.0.06)106 S = t . 2 "  

+ - (0 .7974 . .008) t0  t0  S = t , 2 :  IT 1T 
W0W o (0 .3634- .006) t0  ~ S = t . 3  ' 

W 0 IT 0 IT 0 

wlJ.V 
1Te~) 
1T+W- 
Tr 0 W 0 

Mode 
+ - 0 ~+~_~ 

( 3.99 -~0.20)i0, 6 S = t . 3 *  
( 2.35 4-0. i 0 ) i 0  b. S = t . 4 "  
( 4 .98  4 .0 .22) t06  S = i . 5 *  
( 7.22 4-0.29)106 S = t . 5 *  
( 0.0294-.001H06 s=f.2* 
( 0.0234-.006)10 ° S=i.5* 

A s y m m e t r y  parameter 

(Lz4-o.5)% 
(t.2~t.21% 

Magnetic 
moment 

p 2.792782 
4. ,0000t7  

n -1.913148 
4..000066 

A -0.73 
±.16 
S=i. 2* 

El- 2.57 
±.52 

M e a s u r e d  

1 
AI = 2 rule 

See Appendix I 

Form factors 

See l i s t i n g s  for k, 

CP violation parameters 

+ - 
A(K ~ ~r° ~r ° i~+_ 

l ~ + _ = ~  = I ~ + _ l e  oo 

oo A(Ks ~lTOTrO) o 0 

n~ 1=(1.924-0.05) t 0 - 3 ,  6. =(444.5) ° 
T- S = t . 4 "  T- 

I] ]=(Z.54.0.8 10 -3 , %0=(234-32) ° 
oo S=1.5" 

Decay parameters b 

Derived 

¢ ( d e g r e e )  "{ A ( d e g r e e )  

AS=-AQ 
Re x = .0214-.036S=f.7* 
Imx =-.0994..047 

Form factors 

See listings 
for k, 

g A / g V  b 

pe v 

I pw- 
I nit o 
pev 

I pwO 

-i.231±0.010 
[6 =(176.14.6.4) °] 

0.6454-0 .0 t6  (-6.34-3.5) ° 0.76 ( 7;54.3.9) ° 
0.6494-0.046 

+ 
nTr 

-0 .83  4-0. i 8 

g v / g  A b 

p,/ 

- 0 . 9 9 t 4 - 0 . 0 t 9  ( 2 Z 4 . 9 0 )  ° 0. f2 t 83  + t t  
- i Z  

+0 .0684.0 .0 t6  (1674-20) ° - 0 .97  _ 7 3 + f 3 3  
- - 1 0  + 52 

-1 .03  144 

w B1T 

7 ne v 
A e - v  

~ . o 0  Aw ° -0.35"0.08 (Z5*Zf) ° 0.85 (229+f4~ 
~:~ S=l.3* -381 

m 
Aw- -0 .414.0 .04 (-34.9) ° 0.90 ( t 7 2 4 . t 8 f  

S=1.3" 

:: + t 4  - 0 . 0 7 8 ± 0 . 0 2 0  ( t 0 " 1 5 )  ° 0 .98 ( 2 4 6 _ t 0 8 ) °  
S = t . 7 "  0.25 *0.  i t  

S = t . 3 "  

0, 35±0, f 8 

*S = scale factor. Quoted error includes scale factor; see footnote to main 
Stable Particles Table for definition. 

a. IgA/g v] definedby gA2 = IcAIZ+Ic'A 12' gV2=]Cv]Z+IC'vI2 ' and 

E< eIl~i I&> < V I F i ( C i + C  ' i-/5 ) Iv> ; 

defined by cos q5 = - Re(C~C,v+C,AC4v)/gAgv [ for more details, see text]. 

b. The definition of these quantities is as follows [ for more details on sign convention, 
see text] : 

I s ] 2+ p P I 2 ; ~ = gA/gv defined by 

= -z Is I I p l s i n A  (B f  IYX (gv-ga-%)1B i > ; 
I l Z + I p I  z ~/ = J f - ° ~ Z c ° s 4 )  " 
s 5 defined by 

gA/gV = I gA/g vle is 
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Quantities in italics have changed by more than one (old) standard deviation since January, 1969 

5 

Partial decay modes 

Name IG(Jp)C ” Mass Width *a 

H estrb. (~:v) (ML 
Mode Fraclion ;z 

‘3 
?= guess y. B - 

-3 

iTf(140) i-(0-)+ 139.58 0.0 0.019483 rO(i35) 134.97 7.2 ev 0.018217 See Stable Particles Table 

3 *:1.2 eV 

ti549) O+(O-)t 548.8 2.70 keV 0.301 All neutral 72 See Stable 
l 0.6 *.67 keV i.000 r+n-r” t n+a-y 28 Particles Table 

r70t(700) o+(o+)+ -700 >+ioo =0.5 lrlr 100 -320 
or E ho0 seems to stay near 90” from 650 to 900 MeV; see note in listings 

~(765) i+(i-)- 765 
~ *io(c) 

= 100 356 
.0060+.0008(d) 382 
.0067i.O012 (d) 368 

upper limits, see footnote (e) 

4784) O-(1-)- 783.7 11.9 0.614 t - TT T-2 89.7zt4.0 328 
l 0.4 

s= 1.7* 
+1.3 
s=t.i* 

+.009 Tr+lT 1.0+0.25 (f) 366 
VOY.. 9.4i 1.2 380 
e+e 0.0066a.0017,5=1.4' 392 
For upper limits, see footnote (g) 

r1’(958) 
or X0 

&o-)& 957.7 <4 0.917 n"a Fs5.7*4.0 231 

JP 
ztO.8 x.004 

= 2- not excluded (see note Y”Y ‘[note (h) I 
29.6k2.6, S= 1.2+ 173 
4.7*2.9 479 

in listings) For upper limits see footnote (i) 

6(966\ 211 1 966 <5 0.933 na DOSSiblv seen 308 
.  .  .  I  .  

s] 
These two could be related, see listings 

N 
*’ } <-oo5 K*K” ’ &(o+)t 1016 =25ifres 1.032 Only mode seen 111 

-KR *10 '~025 m <80 342 
Resonance, virtual bound state, or antibound state, still not distinguished 

d?(1019) o-(1-)- 1018.8 4.0 1.039 K+K- 46.9*2.3 
34.8k2.3, S= 1.1' 

125 
kO.5 

s= 1.9* 
io.2 *.004 KL% 108 

r+*-nO (incl. p IT) 18.3sc2.6 461 
e+e 0.034+.002 509 

A- o.035+.035 
-.018 

498 

For upper limits see footnote (j) 

qot(1060) O+(O+)+ 1060 see (k) 1.13 <65 513 
or S * +20 § zt.09 z >35 190 

if resonance 
Resonance and scattering length both possible 

A%( 1070) &(I')& 1070 
§ l 95§ 35 

1.14 3a [see note (I ) on pr] = 100 488 
+20 l .10 KR < 0.25 201 

JP = 2- not excluded [G = (-1)’ +I forbids KI( for J = 41 
Resonance interoretation sliehtlv in doubt: onlv 160 MeV above DW threshold. See note It). 

B( 1235) ,I&+)- 1235$ 102 8 1.53 WlT = 100 350 
+15 i-20 *.13 irlT < 

KR 
30 Absence sug- 602 

< 2 I gests JP ‘Abn. 371 
For other upper limits see footnote (m) 

f( 1260) O+(Z+)+ 1264$ 150 1.60 WT = 100 616 
+10 l 25 I *.19 2rr+2lr- c 4 553 

KK indic. seen = 3 389 
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Name iG4jP)Cn MaSSM Widthv -+r M~a~ 
I eslab, (MeV) (MeV) (GeV)" 

?= guess 
Mode 

Partial decay modes 
~G 

Fraction ~.~ 
% 

D(IZ85) ~+(A)+ IZ88 33 1.66 
±7 , :5 , ±.04 

S=2.3 =1.1 
JP = 0-, 1 +, 2", with I + favored 

AZL(1280) 11-(2+)+ 1 1280 20 1.64 
-+3 ~-3 ±.028 

S = 1 .5"  

A2H(1320 ) iI-(2+)+ l 1323 20 1.74 
• +5 ±3 ± .028 

S=2.7" 

KK~ [mainly WN(1016)] Seen 307 
IrwD Possibly large 485 
64966)w Possibly seen 25 
wwp N o t  seen ,~54, 

Inwp-~pAZ, splitAZ-(-~p ow-, K0K -) seeninCERN 
BosonSpectr. expts., butno convincing split seenin 
AZ ÷ expts. Probably two interfering resonances are 
pw needed to explain all the data. 409 
z~ Branching fractions are obvious- 420 
~w ly affected by this complication. 523 
~'4958)~ See data card listings. 271  

E41422) bQ•(0-)• 1422 69 2.02 50±10 153 K*K + K*K 
±4 ±8 ±.I0 wN/1016)w 50± 10 326 

JP = I + not excluded ~w~ < 60 568 
See note in listings ~rp Not seen 457 

f'(1514) 0+42+)+ 1514 73 Z.Z9 KK 72 ± 12 570 
±5 ±23 . ±.Ii K*K + K*K 10~= 10 See 294 

S = I. 8 =w < 14 744 
qww 1 8 ±  10 note (n) 624 
~ < 40 521 

~/p41540) ~(A) 1540 40 2.37 K*K+K*K Only mode seen 321 
or F 1 ±5 ±15 ±.06 

Evidence based on only one experiment 

q;A 4 1640) i~A)~ 1642 108 2.67 fw Dominant 310 
±7 ±19 ±.15 3~ Pos sibly observed 792 or A3 * 

S = 1.3 ~ Possibly observed 597 
JP = Z- preferred 

Resonance interpretation in doubt; only 240 MeV above f~ threshold, see note 4t) 

p N(1670) ;(N)~ 1670(~ °) 167o Z.77 2w Dominant 823 
±20 ° +-30 ~ ±.28 KK 8 + 8 670 

or g (JP = I", 3", . . ..with 3- favored) Nearby peaks in 4'11" modes ~a3ve been grouped 
under p41700) below. This does not imply that PN41670) and p41700) are different resonances. 

TJ oT 17oo. 2.90 4 ,o + _ o  + _ o  
4= 4-20 ~ ±25 § ±.Zl #[~.~.Az4-~ ~ = )/all4w w ~r ~ 40±20] 330 

t[w= a~-~+w'w°)/all(zre w+w'~ ° ) 25± I0] 661 

;~,pO±q)/ f'IrO~ "I" - 0 Seen ] 371 See n o t e  under p N 41670) above. ~[ ± w + < 11 532 

~r 2~ 2~-w /w ~ w w <15 698 
~[~r~p Seen ] 644 

See note 4P) for states grouped as R41750), S(1930), p42100), T(Z200), p(2275~ andNN(2345). 

u4237%) 1+4 )- 2370 30 5.62 
±8 ±Z0 § ±.07 

. . -- @ 

Seen in w o-~pU and~p-~KK w=, and 
~p~K~K~co, K~K~nw°), last 2 modes--~C=-1, 
I = l .  

S e e  N o t e  (q)  f o r  h e a v i e r  s t a t e s .  
i 

K+(494) 1/2(0-) 493.82 0.244 
K°(498) 497.76 0.248 

See Stable Particles Table 

K*(892) 1/2(1-7 892.1 50.6 0.796 K~ 
+-0.4 -,-0.7 9=.045 Kww 

(Charged mode; m 0 -m :h = 8~-3) 

100 288 
0.2 216 



Name 

M ESONS 

IG(jP)Cn M a s s  Width M 2 
M F ~V M(a~ ) 

) ) e s t a b .  (MeV) (MeV) (GeV)" 
?~ guess 

Partial decay modes 

Mode Fraction =~ 

KA(1240) 
or C 

0 
i KA ( 1250 to 

1400) 

1/Z(1 +) 1247 40=130 t . 5 4  
" 8 ,  (q) * . o 8  | 

I/Z(1 +) 1280to See no te  | 
1360 (t) | 

J R  = Z-  no t  c o m p l e t e l y  r u l e d  ou t  ] 

Resonance interpretation unclear; only 270 MeV 
above K*w t/areshold; see notes (r) and (t) 

Kww Only  m o d e  s e e n  
~'[K*w L a r g e  ] 
~[Kp S e e n  ] 

KN(14Z$%) I/2(2 +) 1412.7 96 1.985 K~ 49.2 ± 3.4 609 
+-4.4 +-7 ±.135 K*~ 36.3_+3.1 I S = 1.5" 406 

o r  K S=1.2" S=1.3" Kp 8 . 0 ± 3 . 5  S = t . 6 :  3 1 t  
See  no t e  ( s ) .  K~o 4 . 2 ±  t ,3  S 1.1 291 

JP = 3- still possible K~ 2.2±1.6 S 1.4" 474 

KA(1775  ) 1 /2 (A)  1773 S e e n o t e  3 .15  Kww Only m o d e  s e e n  
o r  L j p  = ±9 (t) ± .14  [K*(t4Z0)w L a r g e ;  in K+p e x p e r i - ]  

1 +, Z- favored ments dominantJ 
Resonance interpretation unclear; only 215 MeV above KN(1420)= threshold; see note (t). 

~--~ The  f o l l o w i n g  b u m p s ,  e x c l u d e d  a b o v e ,  a r e  l i s t e d  a m o n g  the  d a t a  c a r d s :  a (410) ;  H(990}; 
~?y( t080) ;  A t . 5 ( t t 7 0 ) ;  p p ( t 4 i 0 ) ;  K s K s ( t 4 4 0 ) ;  ~(1650) ;  R ( t 7 5 0 ) ;  W o r  p ( t 8 3 0 )  ~ 4w; ~ o r  
~1830) -* coww; S(1930)_; p(2100); T(2200); p_(2275); NNI=1(2345); NNI=0(2380); X-(2500); 
X-(Z620); X-(Z800); X'(Z880); X-(3030); X-(3075); X'(3145); X'(3475); X'(3535); 
KN( I080-1260); KA( i=3/2)( I175); KA(I=3/Z)( 1265); KN( 1660); K*(2240) -~YN. (See note(q).) 

* Quoted error includes scale factor S = ~/X2] (N-l). See footnote to Stable Particles 
Table. 

T Square brackets indicate a subreaction of the previous (unbracketed) decay mode. 
§ -This is only an educated guess; the error given is larger than the error of the average 

of the published values (see listings for the latter). 
(a) i~M is approximately the half-width of the resonance when plotted against M 2. 
(b) For decay modes into ---- 3 particles, Pm~ is the maximum momentum that any of the 

particles in the final state can have. T~e momenta have been calculated by using the 
averaged central mass values, without taking into account the widths of the resonances. 

(c) M (MeV) F(MeV)  The  v a l u e s  g i v e n  f o r  M(p)  
and  F(p) a n d  t h e i r  e r r o r s  
a r e  no t  a v e r a g e  v a l u e s  
f r o m  v a r i o u s  e x p e r i -  
m e n t s ,  bu t  r a t h e r  a r e  i n -  
t e n d e d  to g i ve  the  r a n g h  
w h e r e  we b e l i e v e  t he  
a c t u a l  v a l u e s  a r e  m o s t  
l i k e l y  to f a l l .  C o n t r a s t  
the  r e s u l t s  t a b u l a t e d  in  
t h i s  n o t e  ( r e f e r e n c e s  in  
the  l i s t i n g s ) :  

pO 774±5 
pO 768~I0 

p- 764±2 
po 775~3 
pS 768±2 

759±7 

+ - + - h 
111~-5 F r o m  e e ~ w , f i t t e d  to G o u n a r i s -  
140~-14~ S a k u r a  f o r m u l a .  

147±4 ~ F r o m  p h y s i c a l  r e g i o n  f i t s  to wN~wwN, 
wid th .  e n e r g y - d e p e n d e n t  145~-9 I u s i n g  

132± t3  

110±9 ~ F r o m  po l e  e x t r a p o l a t i o n  in  
I19±20J wN-~wwN 

Energy-independent width Is a narrow-resonance approximation which tends to give 
lower mass and width. -~ _ . . + - + - 

(d) The e e branchlng rails is from e e ~w w experiments only. The cop interference 
is then due to cop mixing only, and is expected to be small. See note in listings. The 
~+~- branching ratio is compiled from 3 experiments; each possibly with substantial 
cop interference. The error reflects this uncertainty; see notes in listings. If e~t 
universality holds, F(pO ~ ~+ -) = p(pO -. e+e-)Xphase space correction. 

(e) Empirical limits on fractions for other decay modes of p(765) are w~-y < 0,2%, 
~±~ < 0.8%, ~ + ~ + ~ - l r - <  0. t5%~ Ir±w+w-~r ° < 0.2%. 

(f) D e p e n d s  m a i n l y  on  one  e x p e r i m e n t ,  yC -~ ~+w-C. U n c e r t a i n t i e s  a b o u t  p s h a p e  a n d  
p r o d u c t i o n  m e c h a n i s m  c o u l d  i n c r e a s e  e r r o r .  

(g) E m p i r i c a l  l i m i t s  on  f r a c t i o n s  fo r  o t h e r  d e c a y  m o d e s  of. co(784) a r e  w + - ~ ~/< 5%, 
wowoy < 0.7%, n + n e u t r a l ( s )  < 1.5%, g+~-  < 0.02%, ~r°~*~ - <  0.2%. 

(h) T h i s  ~ ' - ~ y y  v a l u e  i s  f r o m  a c o n s t r a i n e d  f i t  u n d e r  t he  a s s u m p t i o n  t h a t  ~ww, pOy, and  yy  
a r e  t he  on ly  e x i s t i n g  d e c a y  m o d e s .  No te  t h a t  d i r e c t  m e a s u r e m e n t  of t h e l l ' ~ y y  b r a n c h i n g  
f r a c t i o n  g a v e  t he  s l i g h t l y  d i f f e r e n t  r e s u l t  of (5.5+_~:60) % . 

T + (i) E m p i r i c a l  l i m i t s  on  f r a c t i o n s  f o r  o t h e r  d e c a y  m o d e s  of E (958): ~r w- < 2% , w*~r-w°< 5% , 
w+~r%w'Tr-< t% , W+W+W-W-IT ° < t% , 6W < t% , ~+w-e+e  - < 0.6% , w°e+e  - < 1.3% , 
He+e - < t . 1 % ,  w°p ° < 4%,  z°¢o < 8%.  
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(j) E m p i r i c a l  l i m i t s  on  f r a c t i o n s  f o r  o t h e r  d e c a y  m o d e s  of ~ ( t019)  a r e  lr+w" < 590 , ~]~ < 890 , 
~ + n e u t r a l s  < t 3 % ,  ir+Ir-y < 490, coy < 5"/0, py < 2%,  lr°y < 0 . 3 5 % .  

(k) W i d t h  o£ ~ o + ( i 0 6 0 ) ~ K s K ~ :  A v e r a g e  v a l u e  f r o m  t h r e e  b u b b l e  c h a m b e r  e x p e r i m e n t s  i s  
F = 654- i t  MeV, w h e r ~ a ~  two  s p a r k  c h a m b e r  e x p e r i m e n t s  g i v e  F > t 0 0  MeV. T h e  
l a t t e r  a l s o  a l l o w  a s c a t t e r i n g - l e n g t h  f i t .  

( l )  p~ f r a c t i o n  of 31r m o d e  d i f f i c u l t  to  d i s t i n g u i s h  b e c a u s e  p b a n d s  c o v e r  m o s t  of  t he  D a l i t z  
p lo t .  

(m) E m p i r i c a l  l i m i t s  on f r a c t i o n s  f o r  d e c a y  m o d e s  of B ( i 2 3 5 ) :  ww < 30% , KK < 2% , 
4~ < 50%, 4,r < 1.590, nw < 2590, (KK)~'w ° < 8%, KsK S v± < 290, KsKL~± < 67o. 

(n) There is only a weak__indication for a K*K + K~K mode of the f' (1514). " If this mode 
d o e s  n o t  e x i s t ,  t h e  K K  b r a n c h i n g  f r a c t i o n  w i l l  h a v e  to  be  r e p o r t e d  a s  80±i3% ( r a t h e r  
than 72±t29o as givenin the table), and ~ww as 2 0 ± 1 3 9 o .  

(O) See B. French's compilation (Proc. t 4 t h  International Conf. High Energy Physics, 
Vienna, 1968, p. 91) for possibl4 mass difference of charged and neutral pN(1660): 
M = 1640±20 MeV,F = 120±30 MeV for pN ±, M = 1680~-15 MeV, F= Z00±50 MeV for pN °. 

(p) We t a b u l a t e  h e r e  Y = 0 b u m p s  w i t h  M > ~ t 7 0 0  MeV, f o r  w h i c h  no  s a t i s f a c t o r y  g r o u p i n g  
i n to  p a r t i c l e s  i s  y e t  p o s s i b l e .  See  l i s t i n g s .  

N a m e  I G (JP) M(MeV) 1 ~ (MeV) 
R2(1700) 1,2 1700±15 ~<30 

KK(1740) t 1740 = t 2 0  
R5(1750) l,Z 1748e15 ~<58 

p(1900) I + ,Z + 1900±40 216~-105 
N N ( t 9 2 5 )  0, t t925 = t 0  
S(1929) 1, 2 1929±14  ~<35 
N N ( t 9 4 5 )  0, t t 9 4 5  =22 
p~rlr(t985) t;~,,Z +, 3 + t 9 8 5  = t 0 0  

X - ( 2 0 8 6 )  t , 2  2086±38  = t 5 0  
p(2120) I + 3-(?) 2t20 <249 

NN(2190) t -  2190 20-80 
t 2 t 90~ : t 0  =85 

T(2195) t ,  2 2t95=%t5 ~ 1 3  
3~r(2207) ~<3- 2207=%13 62±52 
4~(2200) i +,2+,3 + 2200 ~I~ 
KK¢~(2176) 0-, I + 2176=% 5 . 

X ' ( 2 2 6 0 )  t , 2  2260±18  ~<25 
p(2290) t + 5-(?) 2290 < 1 6 5  

NN(2345) I 2345±10 =140 
NN(Z380) 0 2380±10 = t 4 0  

U(2375) t + Included on the 

X-(2500) 1,2 2500-~32 =87  
X-(2620) t ,  2 2620~-20 85=%30 

X-(2800) I , Z  2800=%20 46=%10 
X-(2880) t , 2  2880=%20 ~<15 
X-(3030) 1 , 2  3025=%20 =25 
X-(3075) 1,2 3075=%20 =25 
X'(3145) 1,2 3145±20 ~<10 
X-(3475) t , Z  3475=%20 =30 
X-(3535) 1, 2 3535±Z0 =30 

D e c a y  m o d e s  o b s e r v e d  
(MM)- -~  t / 3 / >  3 c h a r g ,  p a r t . = 4 3 / 5 6 / t  

K ° K  ± 
(MM)- -~  t / 3 / >  3 c h a r g ,  p a r t .  > t 4 / <  8 0 / i f  
+ o  

S t r u c t u r e  in  ~p  b a c k w a r d  el .  s c a t t e r i n g  
(MM)--* 3 c h a r g e d  p a r t i c l e s  = 92°/o 
Structure in pp backward el. scattering 
p-w+w- 
( M M ) -  b a c k w a r d  
7r+Tr-, PP 

pO pO wo, PP 
S t r u c t u r e  i n  NN t o t a l  
( M M ) - - * 3  c h a r g e d  p a r t i c l e s  = 9490 
Tr+~-TO 
p "7r+~r 

(MM)"  b a c k w a r d  
Tt'blr -, ~p 

Structure in NN total G 
Structure in ~ total (T 

m a i n  M e s o n  T a b l e ,  a n d  s u m m a r i z e d  i n  l i s t i n g s  

( M M ) -  b a c k w a r d  
( M M ) -  

( M M ) -  
( M M ) -  
( MM)-  
( M M ) -  
(MM) 
( M M ) "  
( M M ) "  

T e n t a t i v e  
g r o u p i n g  

p ( i 7$0 )  

R(1750) 

S r e g i o n  

Seems to 
require>l 
resonance 

9(2100) 

T r e g i o n  

S e e m s  to  
r e q u i r e > t  
r e s o n a n c e  

9(22751 

(q) Wid t h  o f  K A ( l Z 4 0 )  d e p e n d s  on  e x p e r i m e n t .  
( r )  See Q - r e g i o n  no t e  in  l i s t i n g s .  S o m e  i n v e s t i g a t o r s  s e e  a b r o a d  e n h a n c e m e n t  i n  m a s s  

(Klrw) f r o m  t 2 5 0 - t 4 0 0  M e V ( t h e  Q r e g i o n ) ,  a n d  o t h e r s  s e e  s t r u c t u r e .  O n l y  t h e  K A ( t 2 4 0 )  
o r  C s e e m s  w e l l  e s t a b l i s h e d ,  w h e r e a s  t he  s t r u c t u r e s  f r o m  t 2 8 0  to t 3 6 0  MeV c a n n o t  be  
d i s e n t a n g l e d .  F o r  t h e  w h o l e  Q r e g i o n  t he  d e c a y  r a t e  in to  K*(892)~  i s  l a r g e ,  a n d  a K 9 
d e c a y  is  s e e n .  T h e  Kt], K¢0, a n d  K~r a r e  l e s s  t h a n  a f ew p e r c e n t .  

( s )  T h e  m a s s  c o m e s  o n l y  f r o m  c h a r g e d  K N ( t 4 Z 0  ) ~ Kw m e a s u r e m e n t s ,  s i n c e  i t  i s  n o t  w e l l  
d e t e r m i n e d  in t he  K~rlr s y s t e m  wi th  Q e f f e c t  p r e s e n t ;  s e e  t y p e d  no t e  u n d e r  K*(892)  m a s s  
in  l i s t i n g s .  

(t) F o u r  b u m p s  ( A t ,  A3,  Q, L) a p p e a r ,  in  m a s s  s p e c t r a ,  a s  b r o a d  e n h a n c e m e n t s  ( 2 0 0 -  
400 MeV wide)  c e n t e r e d  a b o u t  200 MeV a b o v e  t h r e s h o l d ;  t h e y  c a n  be  i n t e r p r e t e d  a s  
e i t h e r  r e s o n a n c e s  o r  k i n e m a t i c  e f f e c t s .  W i d t h s  a n d  b r a n c h i n g  r a t i o s  a r e  p u b l i s h e d ,  
a n d  c o m p i l e d  in  t h e  l i s t i n g ,  bu t  in  s o m e  c a s e s  we do n o t  a v e r a g e  t h e m  b e c a u s e  t h e y  
a r e  v e r y  s e n s i t i v e  to d i f f i c u l t  b a c k g r o u n d  s u b t r a c t i o n s .  F o r  m o r e  d i s c u s s i o n ,  s e e  
n o t e s  in  d a t a  c a r d  l i s t i n g s .  

nun | m m n m  m m m l  m m m I m  m l  m n n  m m | | n i l  m n  m | u n  n m  m u m  I m  m | n | m n u  u a l  | m m n  | n m  a m  u m  nun a n  a m  r 

M i x i n g  A n g l e s  f r o m  Q u a d r a t i c  SU(3)  M a s s  F o r m u l a :  

JP = 0- Possible Nonet [w, K, U;U'] 8 = 10.4"0.2 ° Of the two iso-singlets, the 
= 0- Alternative Nonet [w, K, r};E] 0 = 6.2±0,1 ° "mainly-octet" one is written 
= I-[p(765~-10), K*, ¢5;¢0] @ = 39.6±0.7 ° first, followed by a semicolon. 

Z + [AZ(1300~-Z0), KN(14Z0), f';f] 0 = 32.0±2.5 ° 
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August t970 

[ S e e  n o t e s  on N ' s  and A ' s ,  on  p o s s i b l e  Z ' s ,  and o n Y ' s  at  the  b e g i n n i n g  of t h o s e  s e c t i o n s  in 
the  data  l i s t i n g s ;  a l s o  s e e  n o t e s  on i n d i v i d u a l  r e s o n a n c e s  in  the l i s t i n g s . ]  

7r or K Beam -a 
T(GeV) Decay modes x 

p(GeV/c) Partial Fraction E 
Particleor I (JP) o-=47rX-2 (mb) Mass b F b M 2 + F M  c mode ~. :E 
resonancea (MeV) (MeV) (GeV 2) % ocL -- 

p I /Z( I /Z +) 938.3 0.880 
n 939.6 0.883 

See Stable Particles 

N' (1470) I/2(i/2+) P'll T=0.53~rp 1435 to 200 to 2.16 N~ 60 420 
p =0.66 1505 400 ±0.36 Nvlr 40 368 
Cr =27.8 

N'(i520) I/2(3/2-) D~3 T=0.61 1510 to I05 to 2.31 N= 50 456 
p=0.74 1540 150 ±0.18 N== 50 410 
=Z3.5 N~ ~ 0.6 150 

N'(1535) 1/2(I/2") S'll T=0.64 1500 to 50 to 2.36 N= 34 467 
p=0.76 1600 160 ±0.18 Nq 66 18Z 
G =22.5 N1rlr small 422 

N(1670) i I/Z(5/Z-) DI5 T=0.87 1655 to 105 to 2.79 N~ 42 560 
p =I.00 1680 175 ±0.24 N== 58 525 
¢ =15.6 [A( t236)=] e [44] e 357 

AK <. t .  J 200 
N~ < 1 j 368 

N(1688)i 1/Z(5/2 +) F15 T=0.90 1680 to 105 to Z.85 N,r 60 572 
p =1.03 1692 180 ±0.Z 1 N~ 40 538 
O=14.9 [&(t236)+=] e [2612 371 

AK <. 19 231 
Nn <. 5 J 388 

N 

N" (1700) i 1/2(1/2-) S'~l T=0.92 1665 to I00 to 2.89 Nit 70 580 
p=l.05 1765 400 ±0.44 AK 5 250 
(T=14.3 N~] 340 

N"(1780)i I/2(i/2+) P'ii T=I.07 1750 to 270 to 3.17 N= 34 633 
p=l.Z0 1860 450 ±0.62 AK ~ I. 353 
G=IZ.Z N~ ~I0 J 476 

N(1860) 1 /2 (3 /2+)  P13 T=1.22 1840 to 310 to 3.46 N~r 27 685 
p=1 .36  1900 450 +0.62 N~v 657 
( r= t0 .4  A K  <16 437 

Nq 545 

N(1990) t / 2 ( 7 / 2  +) F i T  T=1.49 1980 to 220 to 3.96 N= 11 766 
p = t . 6 3  Z000 250 ±0.47 N ~  743 
~=8 .34  

N ' " (2040)  ' "  T=I .60  2030 to 240 to 4.16 Nit 17 797 i/z(3/z-) DI3 
p=I.73 2060 290 ±0.56 N1rlr 775 
G=7.70 

N(2190) 1 / 2 ( 7 / 2 " )  G17 T=1.94 2000 to ~300 4.80 Nv 35 888 
p=2 .07  2260 ±0.65 N ~  868 
~=6.21 

N(2650) 1 / 2 ( ? - )  T=3. t2  2650 360 7.02 Nv ( J + t / Z ) x  t t 5 4  
p=3 .26  +0.95 N~rv =0.45 £ t140 
a=3 .67  

N(3030) t / 2 (  ? ) T=4.27 3030 400 9.18 NTr ( J + t / Z ) x  t366 
p =4 .4 t  ± t .21  Nlr~ =0.05 f t354  
G=Z.6Z 

A (t236) 3 / 2 ( 3 / 2 + )  P33 T=0.195 (++)1236.0 120 1.53 N~r 99.4 23 t  
p=0 .304  ±0.6 ±2 ±0.15 N~+v - 0 89 
(r =9 t .8  m ~ . m _  =.45±.85 Ny - 0 . 6  Z62 

U T T  
m_ -m++= 7.9±6.8 

Z1(t650) 3 / 2 ( t / 2 - )  S 3 i  T=0.83 t620 to t30  to 2.72 N~r 27 547 
p=0 .96  t695 250 ~-0.25 N~v 73 5 i t  
~ = t 6 . 4  



t 0  

Particle or 
resonancea 

B A R Y O N S  

7r or K Beam "o 
T(GeV) Decay modes x 

p(GeV/c) Partial Fraction E 
I (JP) o -=47rk2  (mb) Mass b F b M 2 + F M  c mode =. =E 

(MeV) (MeV) (G eV2 ) % m.° 

& (1670) 3/2(3/2-) D33 T=0.87 1650 to 175 to 2.79 Nw 13 560 
p=i.00 1690 300 ±0.40 Nww 525 
=15.6 

Z~ (i890) 3 / 2 ( 5 / 2  +) F35 T = i . 2 8  i840  to 135 to 3.57 Nw 17 704 
p = i .42  t 9 t 0  380 ±0.52 N1vvr 677 
~=9.88 

A ( i g i 0 )  

& 
3/2(I/2+) P3i T=1.33 i835 to 230to 5.65 Nw 25 716 

p=1.46 1935 420 ±0.62 Nww 691 
(~ =9.54 

++ 

(1950) 3/2(7/2 + ) F37 T=i.41 i935 to 140 to 3.80 Nw 45 74i 
p =1.54 1980 220 ±0.39 A (1236)w =50 57l 
(~=8.90 ~K 2.4 460 

(1385)K 1.4 232 
A (1236)p seen 

(2420) 3/2(II/Z +) T=2.50 2420 310 5.86 N~ li I023 
-- p=2.64 ±0.75 N~w >20 I006 

=4.68 

(2850) 3/2( ?+ T=3.71 2850 400 8.12 Nw (J+i/2)x 1266 
p=3 .85  ± 1 . i 4  Nww =0.25 f t254  
G=3.05 

(3230) 3/2( ? T=4.94 3230' 440 i0.4 Nw (J+i/2)x 1475 
p=5.08 ±1.4 Nww =0.05f 1464 
=2.25 

Evidence for states with hypercharge 2 is controversial. See listings for 
discussion and display of data. 

Z *  

A 0(I/2 +) i i t 5 . 6  i . z 4  See Stable Particles 

A ( t405) 0 ( t / 2 - )  S0t  p<0  K - p  t405 40 t . 97  ~w t00  t42  
±5 g ±I0 g ±0.06 

A'(1520) 0(3/2-) D~3 p=0.389 1518 16 2.30 NK 46±I 237 
( ;=84.5 ±2 g ±2 g ±0.02 Z ~  4 t ± t  260 

A~w 9.6±.6 252 
Ay .8±.2 351 
~ ww I. 0±. Z 144 

A 

' p =0.74 1670 15 to 2,79 NI~ 20 410 
A' (1670) 0(I/2") S01 (~ =28.5 38 ±0.04 A~] 35 66 

~w 45 393 

A " ( i 6 9 0 )  0 ( 3 / 2 - )  " p =0.78 i690 27 to 2.86 NI~ 30 h 429 
D03 409 (r =26. t  85 0.09 ~w 40 

A1vlr 20 415 
~ i0 352 

p=l.05 1820 64 to 3.30 NK 64 537 
A ( t8 t5 )  0(5/2+) F05 g = t6 .7  ±5 g t00 ±0 . t 5  ~ v  i t  504 

(1385)Tr t7 358 

A (t830) 0 ( 5 / 2 - )  D05 p = t . 0 9  1835 66 to 3.37 NK t0  550 
~ = t5 .8  t50 *0 .20  ~w 30 5 i 5  

p =1,68 2100 60 to 4.41 NK 25 748 
A (2100) 0(7/2-) G07 ff =8.68 145 ±0.22 ~,~ ~ I 699 

A~] < 3 6 t 7  
XK 483 
Aco < t0 443 

A(2350) 0( ? ) p=2 .29  2350 t 4 0 t o  5.52 NK ( J + t / 2 ) x  9 t3  
- -  it=5.85 324 *0.55 = 0 . ' f  



Particle or 
resonancea 

~r or K Beam 

BARYONS 

T(GeV) 
p(GeV/c) Partial 

I (JP) o-=4~Tk2 (mb) Mass b r b M 2 ± F M  c mode 
(MeV) (MeV) (G eV2) 

Decay modes 

Fraction 
% 

11 
-o 

o 

i(1/2 +) (+)I189.4 1.41 
(0)1192.5 1.42 
(-)1197.3 1.43 

See S t a b l e  P a r t i c l e s  

.-> 

---> 

~(1385~ i(3/Z+) P13 p<OK-p (+)1383~i (+)36±3 1.92 A~ 
S=l.3;r S=1.9" ±0.05 Z w 
(-)1386mZ (-)36±6 
S=2.2" S=3.5"°! 

90±3 208 
I0±3 117 

S=i.4 ~ 

(1670) k i(3/2-) D13 p =0,74 1670 50 2.79 NK 9 
(; =28.5 ±0.08 ~,n 

Mass, width and elasticity are the values obtained Aw 
in partial wave analyses for a D13 resonance. For ~ww 
more results see the listings and footnote k. [/k(i405)w] e 

A ww 

410 
387 
447 
326 
207 
397 

Z (1750) i(i/2-) Sil p=0.91 1750 50 to 3.06 NK ~15 483 
ff =20.7 80 ~0.iI A n  seen 507 

~ seen 55 

p=0.94 1765 ~120 3.12 NK 44 496 
Z (1765) I(5/2-) D15 (~=i9.6 ~5 g ~-0.21 An 14 518 

A (1520)w 15 187 
Z (1385)~T 13 315 
~ n  ~ t  4 6 t  

~(i910) i I(5/2 + ) F15 p=I.25 1905 70 3.65 NI~ 11 613 
(~=13.0 ±0.13 Aw 7 619 

~Ir 4 568 

~(2030) I(7/2 + ) FI7 p=1.52 2030 I00 to 4.12 NIT~ I0to27 700 
G=9.93 170 ±0.27 A~T 14to 38 700 

~w Ito 3 652 
K < 2 4 t 2  

~(zz50) i( ? ) p=Z.04 2250 zoo 5.06 Ng (J+I/Z)x 849 
-- ff=6.76 ±0.45 =0.3 ~ 

(2455) I( ? ) p=2.57 2455 I00 6.03 NIT~ (J+l/Z)x 979 
-- ff=5.09 ±0.25 =0.2 f 

Z(2595) I (  ? ) p=2.95 2595 -140 6.73 NI~ (J+i/2)x 1064 
'÷ -- (7 =4, 30 ±0, 36 =0.3~ 

~. R i/z (I/z +) (0)i 3 1 4 . 7  i .  73 
(-)132i.3 1.75 

(1530)~ i/z(3/z+) (0)1528.9~i.1 7.3 2.34 ~n 
(-)1533.8~1.9 ±1.7 ±0.01 

p -wave 

See Stable Particles 

I 0 0  144 

0-..4 

t 

(1820) ~ I/2( ? ) 1795 to IZ to 3.31 
1870 99 ±0.10 

All four decay modes have 
been seen. BraDching ratios not quoted because 
there may be more than one state here. 

A K  

(1530)~ 
ZK 

396 
413 
234 
306 

-~ (1930)~ 1/21 ? ) 1894 to 42 to 3.72 ~w 
1964 140 ~-0.18 ~( 1530)w 

Seen in both final states; not 
clear if one, or more, states present. 

499 
336 

~- 0(3/2 -~) 1672.4 2.80 See Stable Particles 



1Z BARYONS 

* Q u o t e d  e r r o r  i n c l u d e s  a n  S ( s c a l e )  f a c t o r .  S e e  f o o t n o t e  t o  S t a b l e  P a r t i c l e s  T a b l e .  
+ An arrow at the left of the Table indicates a candidate that has been omitted because the 

evidence for the existence of the effect and (or) for its interpretation as a resonance is 
open to considerable question. See listings for information on the following: N(1700) D13, 
N(3245), N(3690), N(3755), A(1690)P33, /'(1960)D35, ~(Zi60)P33, Z0(1780), Z0(1865), 
ZI(1900), A(1330), A(1750)P01, A(1860)F07, A(2010)D03, A(2015)F07, ~(1440), ~(~480), 
~(16Z0) Pll' ~(1660) D4~, ~.(1690), Z(1880) Pll, ~(1940) D43, ~(Z080) P13, 
~(Z130) G17, ~(3000), ~(1630),~(2030), ~(2250), ~(2500). 

a. For the baryon states, the name [such as Ni(1470) ] contains the mas s, which may be different 
for each new analysis. The value chosen is the rounded average from Table II of the note 
on N's and A's in the baryon listings. For Y*'s and ~*'s, the mass is an educated guess 
obtained by looking at the reported values. The convention for using primes in the names 
is as follows: when there is more than one resonance on a given Argand diagram, the first 
has been designated with a prime, the second with a double prime, etc. The name (col. I) 
is the same as can be found in large print in the listings. 

b. See note on N's and Zi's in baryon listings. For M and For most baryons we report here an 
interval instead of an average. Averages are appropriate if each result is based on inde- 
pendent measurements, but inappropriate here where the spread in parameters arises 
because different models or procedures have been applied to a common set of data. Where 
only one value is given it is either because only one experiment reports that state or 
because the various experiments agree. An error is quoted only when the various experi- 
ments averaged have taken into account the systematic errors. 

c. For this column M is the rounded average which also appears in the name column. For the 
N's and A's, 1 ~ is the average quoted on Table II of the N's and A's note in the baryonlistings; 
for the Y*'s and ~*'s, F is taken as the center of the interval given in the columnlabeled "P'. 

d. For decay modes into>3 particles Pmax is the maximum momentum that any of the particles 
in the final state can have. The momenta have been calculated using the averaged central 
mass values, without taking into account the widths of the resonances. 

e. Square brackets indicate a sub-reaction of the previous unbraeketed decay mode. 
f. This state has been seen only in total cross sections. J is not known; x is l~el/l ". 
g. This is only an educated guess; the error given is larger than the error of the average of 

the published values (see listings for the latter). 
h. Reported values of elasticity range from .18 to .34, each with a small error; x=.30 is only 

a guess. All the other branching fractions are dependent upon this choice. The reported 
values of x. x e for the other channels favor the large value of x. An x=. 25 or lower would 
violate unitarity. 

i. Only information coming from partial-wave analyses has been used here. For the produc- 
tion experiments results see the listings. 

j. Value obtained in an energy-dependent partial-wave analysis which uses a t-channel-poles- 
plus-resonance parametrization. The values of the couplings obtained for the resonances 
may be affected by double counting. 

k. in this energy region the situation is still confused. Formation experiments suggest two 
states: P11(16Z0) decaying mainly into ~w, and DI3(1670) with branching fractions ~(40%), 
A~ 10%), ~ITIT(< 14%). Production experiments report four states: ~(~[6Z0) seen only in the 
A~r mode, ~i (1660) with appreciable AIT and ~Ir modes, ~Z(1660) with main decay mode 
A(1405)+w(that is, ~ir~), and ~(~690) seen in the A~ mode. Of these four, Z 1 and ~Z seem 
to be on firmer ground than the other two and both seem to have JP = 3/Z- like the D13(1670) 
seen in formation experiments. Two resonances of the same spin and parity have been 
hypothesized as the origin of much of the complexity observed in production experiments. 
With the addition of the Pli(16Z0), there are three candidates that eventually might be 
required to clarify the situation. 

t. Only ~(1530) is firmly established; information on the other states comes from experiments 
that have poor statistics due to the fact that the cross sections for S=-Z states are very low. 
For ~ states, because of the meager statistics, we lower our standards and tabulate reso- 
nant effects if they have at least a four-standard-deviation statistical significance and if 
they are seen by more than one group. So ~(Z030), with main decay mode ~K, reported as 
a 3.5-standard-deviation effect, is not tabulated. See the listings for the other states. 



GENERAL ATOMIC AND NUCLEAR CONSTANTS* 

N = 6.02Z169(40)XlO23mole -I ( b a s e d  on  A C 1 2  = tZ )  

× i 0 1 0  c = Z .9979250( t0 )  c m  s e c  1 

e = 4.803250(21))<10 -10 esu= 1.60ZI917(70)XIO -19 coulomb 

1 MeV = 1.6021917(70)XI0 -6 erg 

= 6 . 5 8 2 1 8 3 ( Z Z ) X t 0  -ZZ MeV  sec  

= t . 0 5 4 5 9 1 9 ( 8 0 ) ) < t 0  - 2 7  e r g  sec  

~c = 1.9732891(66)XIO -11 MeV em= 197.32891(66) MeV fermi 

= eZ/~c = 1/137.03602(21) 

kBoltzman n = 1.3806ZZ(59)XIO -16ergK -I 

= 8.61708(37)X10 -ll MeVK -I = I eV/l1604.85(49)K 

m = 0.5110041(16) MeV = 9.109558(54) X 1 0 - 3 1 k g  
e 

= 938.2592(52)MeV=1836.109(ll)m =6. TZZll(63)m ± 
mp e I 

= 1 . 0 0 7 2 7 6 6 1 ( 8 ) m 4 ( w h e r e  m 4 = l  amu=~-~m~12=931.481Z(5Z)MeV) 
. . . . .  13 

r = e 2 / m  c z = 2 .817939(13)  f e r m i  (1 f e r m i  = I 0 -  cm)  
e e I ×I 0-I I 

k = i%/m c = r ~- = 3.86159Z(12) cm 
e i%2/ e 2 e -Z t O - 8 c m  

a Bohr = m e = rea = 0.52917715(81)A (1A = ) 

81rr z e 0,665Z453(61)X10_Z4cmZ = 0.665Z453(61) barns 
(7 Thomson = ~ e = 
}~Bohr = efn/ZmeC = 0"5788381(18)XI0-14 MeV gauss -1 

-i 
~nucleon = e~/ZmpC = 3.152526(ZI)X10 -18 MeV gauss 

½¢o e = e/Zm c = 8.794014(ZT)Xi06radsec -Ig auss-i 
cyclotron e - I 

I p = e/Zm c = 4.789484(Z7)XI03radsec -Igauss 
a ~ cyclotron p 
Hydrogen-like atom (nonrelativistic, M = reduced mass): 

Z = n2i52 
V = ze = 
[)rms ~ ; En = 2 ~ v2 ~zZe4 ; an Z 

Z(ni%) 2 ~ze 

e4/2~% 2 = m cZ~2/2 = 13.605826(45) eV (Rydberg) 
Roo = me e 
pc = 0.3 Hp(MeV, kilogauss, cm); 0.3 (which is lo-llc) enters because there 

are = 300 "volts"/esu volt. 

1 year (sidereal) = 365.256 days = 3.1557X107sec(=~Xi07 see) 

density of dry a i r  = 1.205 mg cm-3(at 20°C, 760 ram) 

acceleration by gravity = 980.62 cm sec-Z(sea level, 45 °) 

6.6732(31)XI0-8 3 -I -Z g r a v i t a t i o n a l  c o n s t a n t  = cm g sec 

I c a l o r i e  ( t h e r m o c h e m i c a l )  = 4.184 j o u l e s  
-2  

t atmosphere = 1033.2275 g c m  

I eV per particle = li604.85(49)°K (from E = kT) 

13 

N U M E R I C A L  C O N S T A N T S  

= 3 .1415927 I r a d  = 57.Z957795 deg  

e = 2.7i82818 I/e = 0.3678794 

in2 = 0.6931472 InlO = 2.3025851 

log102 = 0.3010300 lOglOe = 0.4342945 

* C o m p i l e d  by S t a n l e y  J.  B r o d s k y ,  b a s e d  m a i n l y  on the  a d j u s t m e n t  of the 

f u n d a m e n t a l  p h y s i c a l  c o n s t a n t s  by  B. N. T a y l o r ,  W. H. P a r k e r ,  and D. N. 

Langenberg, Rev. Mod, Phys. 4_~i, 375 (1969). The figures in parentheses 

correspond to the I standard deviation uncertainty in the last digits of the main 

n u m b  e r .  
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1/2,, 1/2 
I÷~/z+Wz( 110 o L 

I+l/z -i/,z 1/z 1Lz I i I 
| - l /z  +l/zll lz -l/Zll-l| 

I - i / z - l / z l  l l  

l>< 1/2  . . . . . .  

C L E B S C H - G O R D A N  C O E F F I C I E N T S  A N D  SP 
Note: A Q- is to be understood over ever), coefficient; e. I 

Y1 [ = - - ~  sinO e i~ 

ix I 

yz1 =-- 1~ sinO cosO 

, Y/= ~ ~ 5 sinzSe 

3 Z 
+i +l 

. #A 

' 3j 

T" 
0 

( j i jz  mt mz ]jljz5 M) [ 

J "J~ "Jz 
=(-I) " (j2jl m2 rnl]J2 J15 M 

Caption for SU(3) Isoscalar Coefficient Tables (next pase) 

Starting Jan. 1970 we have relabeled the 81<8 table (and changed the 8×I0 tablel to conform 

with the convention that the first particle shall be a baryon, the second a meson. This con- 

vention is advocated by R. Levi Setti in his report to the 1969 Lund Conference, and our co- 

efficients now agree with Levi Setti's Table If. 

The cl~nges that have been made, and their motivation, are as follows: The deSwart table 

of 8X8 is merely labeled with symbols like (I i = I/2, Yi = i, I 2 = 3, Y2 = 0), which can be read 

either as (N~) or (K~.). Since there are no decuplet mesons, his 8Xl0 table is unambiguous; 

it must be read with the meson first. Accordingly, before 3970 we labeled the meson first on 

both tables. 

We now realize that this old convention violates the other convention that the N, Nw coupling 

shall be D + F (as opposed to -D + F). To get D + F we must use the first line of the 'iN" table, 

which reads ... 3 J~/301SD> + 3/ZlSF> as opposed to .... 3JT/301sD> + 3/ZlSF>. The 

first line must then be labeled NIT rather than K~, i.e. , with the baryon first. 

Levi Setti further advocates the convention of writing the baryon first for SU(2) as well as 

SU(3). For example, the sign of the amplitudes as plotted on his and our Argand plots comes 

from using our SU(Z) Clebsch-Gordan coefficients (Condon Shortley notation) and writing the 

baryon first. To make it easier to abide by this universal convention we have changed 

deSwart's 8Xi0 SU(3) table to 10X8, with the help of his Eq. (34.3): 

I1+I 2 -I 

< ~z~3 1 ~> -- ~ 3 (-~) < ~i~z I~> 



Changed to Baryon-First  convention,  Jan  1970. See caption on previous page. i 5  

SU(3) ISOSCALAR FACTORS, adapted from J.J. de Swart, Rev, Mod. Phys. 35, 916 (1963). 
I m i i • 

8 x 8  , , p-'---m--- '~, '¢=Z ' 
~ r . . ~ O , . ! /  ' b ~  a ne~[ative c o e f f i c i e n t ,  i . e .  ( . ~ ] ~ o * )  = - ~ .  

- - - , - -  r = l  z = ~  N ~ r = l  

--~/--/;fX?~-~--~-\/ 0 - ~i" :~+?' 3v~_6'IO+SD 1/28F -I/2 I ~I2.'I ~-- 2+? 
-I N~ ~ / 1 0  N~ V~/2 

-3~5/10 1/2 -1/2 | XK ~ / 2  ~ ~ ~ ~ , ,  ~ ~;Io  
Nn -v'5/lO 1/2 1/2 / 
AK 3v~/q0 -~/5/10 -1/2 -1/21 

18} @ IS} = 127I • {I0l • lIO'} • lSl, • {81, • 111. 
l u 

Five s n g l e - c o e f f i c i e n t  tab les  are omi t ted.  The one i n v o l v i n g  a t l O  ~} has 
The others,  i n v o l v i n g  I 2 7 }  and 

M u l t i p l i c i t y  of 27; 

o = l ,  X = 2 , A - - 3  

z = t  
io 

A { 1 0 ~ .  are a l l  + 1 .  

~ Y " 0 1 [ 0 A ~ r ] O I ~ I X 

NR 
~K 
An 

_ _  ,+ io 

,~ ,,~/~ - ~ / 1 o - " - ~ ' °  ~ ' °  ~ ; ~ l  
z.~ o .,~-° 5 v613 v'~l~ Z 
z~ "v~/10 0 1/2 112 I 
A ~ ~0/10  0 -1/2 -1/2 J 

The Phase Factor ~I = +~' frorn de Swart's Table I, 

enters in his symmetry formula (14.3): 

I I +12 -I  

_N;lo ~;Io 1,2 
- v~o/2o - v~J~ 
3 ~ / 2 o  - - @ t / 4  

¢ y I - - 1  I . t ~ ~ Y 1 - 1  I , - |  

2g 
%1-~/10 -3v/_5/10 1/2 1/2 

~'I ~ / I 0  3,~Zi~/10 -1/2 1/2] "7-,- 4 ; 2 - . ~ / 2  I I 
A'~ I 3%/5/10 -V~/10 -1/2 1121 Z~, v'212 I 

3x/5/10 - v/3/10 1/2 -1/2J 

This factor is irrelevant if you are doing your own self-conslstent calculations; it enters when 
you try to check someone else who chose ~2 ~ ~tl instead of ~i ~ ~2" 

i 

{10} ® lSJ = 1351 • 1271 ¢ 1101 • {Sl. 

• Four s i ng le  c o e f f i c i e n t  tab les  are omi t ted ,  only the 127} is -1;  the three wi th  {351 are + 1 .  

' 1 
~ - v~5/5 - 2 v ~ / s  
~K -2v'5/5 ~/5/5 

~i~ I 35 27 I%/.i~144 
A~r 1/4 - ~ / 4  
A'Q . ~ / 4  3/4 
ZK v'lO/4 --v~/4 -- 1/2 

I .-- r = o  1 - o A  ~ r - o  , - 1  Y 
~i ~ 27 ~ 3+5 2 7 " t 0  +8 

~Tr x,~/6 - 3 ~ / 1 0  V~/3 - ~ /1 .~  
~K - ~n v~_/2 v~_O/lO 0 -MS/.~ 

~K ~_/3 -- v~5/5 --v~_/3 v~O/l~ 
8 x I0 • , 7,E ~ / 6  v~5/lo v~/3 ~ 2v~O/15 

/ ~ _  - Z T ~  .%~,Z ' , Y - - 1  I - ,  ~ - 

' , ' o --.o 1 / ,  - 7 ~ / ~ o  
. . . . o  

v~/4 -3~/~J20 --.v~/4_ 1/2 
~ 1/2 V~/IO v~/2 v~/5 ] 

~ - " ~  - 3 "  I = ' "  = -2 z = o ~" 
35 tO ~~ + - 

M u l t i p l i c i t y  of 35; 
~n v~_/2 -v~_/2 • = I ,  X ffi 2 ~R vt2/2 Vf2/2 

4w- Y - - 0  I = 2  

h ~ 3+5 2 2 ] 

I A'Z 1/2 ~ / 2  

Y - - 1  1 - !  

v~ /2  ,~ /21  

Y=- -2 1 - 1  

gt ~ 35+ 27 ] 

°~ ~ -~2 
~.I~ /2  
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CONFIDENCE L E V E L  VS. X 2 FOR n D DEGREES OF FREEDOM 
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- -  h F  

! Io X 2 ~ ; ; . . . : . .  , 
- - C L ~ = J 2 7 r  . Iv e x p  ( - - ~ - ) d x ~  \ \ ~  ~% I', l '.". I '.II'.III,,,,,,,~ 

I t l l l  I I I  l lY1  
" "  4 '  ~ ~ % i I I ~ I  il It 

- -  - - U  I li I I , Ill~ 
- - w i t h  y = J 2 X  2 - J 2 n , , - I  ~ ~ ~l  / ~ I I I | l l l  I I I I  

- i i I i l i l i l i 'P i l i l i l l  I l l l l l l l l l l l lL 
I 2 ;3 4 5 6 8 I0 20 ~0 40 5060 80100 

X a 

Atomic  ~ d  N u c l e a r  P r o p e r t i e s  of M a t e r l a l e  

M~teri~ Z A 

H z 

D z 
He 

L i  
Se  

C 

NZ 
Ne 

AI 

Fe  
Cu 

Sn 

W 
Pb  
U 

Cross Section Coi1£sion r~_6nsth Mi=dm~ 
o a LCOII - ¢ ~ / d x c  

ha,n, ~ c m  -z  c m  MeV i~ - t  cmz  MeV om " t  

t t . 01  0,063 Z6.5 374 4.13 0.29Z 

t 2 . 0 t  0 , t 00  33.4 202 2.07 0.34Z 

2 4 .00 0.16 42.0 3~6 1.94 0.Z42 

3 6.94 O.Z3 50.4 94.3 i . 6 9  0.902 

4 %01 O,Z8 55,0 Z9.9 t . 60  z,96 

6 12.01 0.33 60.4 ~ 1.78 f 
7 14.0t  0.36 63.6 78.9  i . 8 i  1.46 
io zO.t8 0.465 7Z+1 60.i i.73 2.08 

i 5  26.98 0.57 79.2 29.3 1.6Z 4 ,37 

Z6 58.85 0.92 t01,z tz.8 t.48 1 t . 6  
29 63.54 ~.00 105.4 l t .8  1,44 12.9 

50 I18.69 1.55 129.7 i~.B 1.28 9.4 " 
74 183.85 2.02 150.8 7.80 1.17 22.6 
82 a07.i9 2.Z0 t56.Z t3.8 i.13 12.8 
92 238.03 Z.4Z 163.6 28.63 1.09 =20.6 

64.6 53620 I .gt  0.O0ZZ 
s7.1 ~58.0 1.52 =Z.3 
26.$ 44z  4 . t 3  0,248 

9 6 . t  i . 8 3  L28 
97.Z 2.03 2.03 
Z7.O 5.49 

Z4,Z 1.69 4.46 
4Z,8  i.91 Z.64 

3Z.4 i.~z 4,84 

~55.S Z.09 =l,qz 
~2.3 2.03 ~Z, t4  

11%3 Z.Z8 0.9~5 

A£z 
F r e o n  (CF~Br) 
H z (bubble c h ~ b e r ,  R7~K) 
H-Ne m i ~ u r  e (bubble chamber )J 67.3 
H20 57.2 
n~ord Em,l,lon ~03.0 

L i F  63.8 

Mylaz  (C5H4Oz) 59.1 
I~aI t 19 .0  

PolTethyle  ne  (CH2) 51.0 
Polystyrene (CH} [*] 54.9 
Propane  (C3H~,bubble chamber}  48.9 

a. ff = Gnatura I = =(~/m c) Z x A 2/3 = 62.8 rob# x A 2/3 
b. Lco l l  = A/(Nff~turad) = Z6.5 g cm -2 X A 1/3 

Radiati°ndLeng th Den.it 7 
Lrad 

cm-2 P -3 cm ~ cm 
58,0 8 t9  0.0708 e 

i16 70~ 0. t65 e 

85.4 68~ 0 . i25  e 

78.7 t48 0,534 

6~.7 ~ . 7  i . 848  

42.4 I[ =1.55 £ 
37.8 46.7 0.808 e 
z 9 . t  I Z4.Z~ i. ZO0 e'k 
Z4.0 a.9 Z.70 
13.9 1.8 7.87 
t z .o  1.34 8.96 

8.89 t.ZZ 7.~t 
6.89 0.36 19.s 

6.5Z 0.58 1 ~ . . 3 5  

6.13 =0.3Z =t8.95 

36.5 30290 0.001Z05 ~ 

58.0 970 =0.060 h 
29.8 ~ 4z.S i .70 

35,7 35.7 t.00 
t t . 2  Z.91 3.8~5 

39.0 14.8 Z.64 
~9.6 28.7 t J 8  
9.58 2.61 3.67 
44.1 =48 =0mgZ 
43.4 =4t .~  =1.05 
44.6  i09 0 . 4 t  

c. F r o m  w.  H. B a r k s .  and M. J .  B e r g . r .  Tab le s  of E n e r g y  Losses  and  R~n~es of Heav~ Char~ed  P a r t i c l e s ,  
NASA SP-3013 (1964) 

d* l~inly from [4i tSn h Energy ~d Nuoleaz Ph./sics Dat~ ~mdhook. W. Galbraith and W. S. C. Williams, Ed. 
(N.I.R.N.S., Kuther ford  Lab., Cb)/ton, Didcot,  Berks.} 1964 

e. Liquid p%~se at I am. and boiling temi~rsture . £. density variable g. at Z0"C 
h. ~ . y  Vary by ab~t e3~o. depending on operation conditions 
i. Fro~ F. I%. Huson, Ionization Loss. Range. Stras~lln ~ and Mu]ti~le Soattezin~. B~L ~4386 (1967) 
~. 53.7 atomic pe rcen t  Ne.  

k. Density of gas at STP = 0.900XI0 -3 g nm "3, i.e. 0.75X10 "3 times the den=/ty (l.Z001 of the boiling liquid. 
['I Typica l  s c in t i l l a toz ,  e . g .  PILOT B has  H / C  = 1. t .  
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2 2 
For anynn, (X ~ =nn, 6( x )= Z~r~. For 
large nD,~xZ'be~ome~ normally distributed 
about z~. Thus in the notation of the box in the 
figure, - 

yl = (xZ-n)/ %/ Zn D has unit s. d. 

A better approximation, due to Fisher, $ is that 
X, n----o-t X 2, is normally distributed, spec~icaUy 

y2 = ~r~X 2 - Z ~ r ~  has unit s.d. 

One sees then that 74 underestir ~nates small 

C,L.Is. Thus forn~- 50 andx~ = 80, yi= 3.0 

and C.L. -- 0.13~o vs YZ = 2.7, C.L. = 0.35%. 

tR. A. Fisher, "Statistical Methods for Re- 

search Workers, " Oliver and Boyd, Edinburgh. 

GA US\ IANLIKE DIST1%IBUTIONS 

For n > -f but not necessarily integral: 

['} S /  x 2 n + t  e x p  - ~ d~l:= znn,G2n+2;(½), =~'qY'~/p 

P . e l a t i o n  b e t w e e n  s t a n d a r d  d e v i a t i o n  O" a n d  m e a n  
d e v i a t i o n  ~ : 

Z ( r Z  = ~ Z  cr = t . 4 8 2 6  p r o b a b l e  e r r o r  

O d d s  a g a i n s t  e x c e e d i n g  o n e  s t a n d a r d  d e v i a t i o n  = 2 . t 5 : t ;  
two, 21:1; three, 370:1; four, 16,000:I; 
five, 1,700,000:f. 

MULTIPLE COULOMB SCATTERING b 

The rms projected angle 0 due to multiple Coulomb 
scattering (only) of a particle of charge z, 
momentum P, velocity V is 

15(MeV) ~ -  L 
0proj = z PV(MeV) ~4 L(rad ) (I + E} radians; 

where L = length in scatterer. 
For L >~ f/10 L(rad) • is generally < 1/10. The 

distribution of 0 is not truly Gaussian. c The rms 
projected displacement y on traversing an absorber 
of thickness L is Yrms = LSproj/~/~ 

R-~DIOAGTIVIT Y 

i curie = 3.7 X 10 I0 dlsintegrations/see 
t 1% = 87.8 ergs/g a i r  = 5.49Xi07 MeV/E a i r  

Fluxes (per cm Z) to liberate I I% in carbon: 
3X 107 minimum ionizing singly charged particles 
0.9XI09 photons o5 i MeV energy. 
(These £1uxes are actually correct to v~thin a factor 
of two ~or all materials. ) 

I 1% of radiation, particularly for neutrons, may produce 
up to ~ 10 "rem" (1% equivalent for man), even Z0 
"zero" for ~ and other heavy ions. 

Natural background: t20 ~ f 30 rnillrem/year 
divided as follows: 

c o s m i c  r a d i a t i o n  - c h a r g e d  p a r t .  + n e u t r o n s  ~ Z 5  m i l i r e r n / y r  

" " --~ ~ 25 
Rock and air - N - 73 " " 

The permissible occupational dose for the whole body: 
100 milirem/week, but I.Z5 rem per calendar quarter. 

b .  M a i n l y  f r o m  G .  Z .  M D / i ~ r e ,  N a t u r f o r s c h .  _3 ( a ) ,  
7 8  ( i 9 4 8 ) .  

c .  S e e ,  f o r  e x a m p l e ,  t h e  e x p e r i m e n t a l  w o r k  o f  
A. B. Hans,n, L. H. Lanzl, E. M. Lyrnan and 
M. B. Scott, Phys. Rev. 84, 634 (195i). 
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ILLUSTRATED KEY 

FOR DATA CARD LISTINGS 
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Particle code (for 
in te rna l  use only). 

Particle name and quantum 
numbers (if knov~n). 

General comments on particle, par t ic le  omitted from : 
table. - .................................................... 

Quantity tabulated below. 74 /XX{12O0I MASS (MEV~ 

~ D a t e  this r e su l t  punched 
1216. II. MERRILL 66 HBC O 3.2 K-P and used. 

Code for quantity tabu- M t 550(1592.| (16.) LYNCH 67 HBC +- 2.7 PI-P 
fated (M=mass, ~V=width, t LYNCH DATA HAS QUESTIONABLE BACKGROUND SUBTRACTION 916~ {Asterisk lndicates this 
etc. ) 5198. PIERCE 68 ASPK + 2, I K-P ~ result added or changed 

FENNER 69 MaC 0 6. Z PI+R 9 / 6 9 "  • . -  s~nce last edition. 
Symbols used to key together M 69 MMS - B.5 PI-P 1016 

data card and related M SUPERSEDES EARLIER RESULT 
M " " " " " * " " " -_.__._~ Error - field blank £f 

comments. 5.1/ AVERAGE (ERROR INCLUDES SCALE FACTOR OF 5.0) ~ error symmetric). 

Number of events above ............................................................ 
background. 

/ 50* 7~ XX(12881 WIDTH (MEVI !Abbreviated reference 
for this result (see list 

10* /PIERCE 68/ASRK + 2.1 K-P 9•68 | of references below). 
M ...... d values (p . . . . .  / W / . . . . . . .  ~60[}_ 0 LESS SMITH 69 - ~ . 5  RI-R 10169" 

th . . . .  thdicate ~al~e ~ ~ ~  ~ M  . . . . . . . . .  ttoehni~ue (oeo 
not used in average), y ---~ abbreviations beSow. ) 

74 ×X(I2OD) PARTIAL DECAY MOOES 

DECAY MASSES 
Average value (and error) P1 XX(IZO0} INTO 3Pl 139+ 139+ 139 

of quantity measured. P2 XX (12001 INTO K KBAR 693+ 4-93 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

74- XX(120O) BRANCHING RATIOS 
__________~ Re action produei*~cPar t ie le  

RI XX(1200) INTO 3PIITOTAL (PlIITOTAL (here, 3.2 GeV K'p), or 
R1 *66 .02 MERRILL 66 HBC , _ _ 0 ~  7166 ~ comments. 
R5 L ( .68 I  ( .03I  LYNCH 67 HBC +L~ 2°T PI-P 616T 6 
81 L LYNCH DATA HAS QUESTIONABLE BACKGROUND SUBTRACTION ~Charge(s )  of particle de- 
RI . . . . . . . . . ~ tected. 
RI PIT /0.675 0 .012 /  VALUE FROM CONSTRAINED ~IT / 

R2 ~ O O )  INTO KKBAR/TDTAL (R2IITOTAL 
Value (and error) of quan- R, R2 / .3B .05 PIERCE 68 ASPK + 2 . 1  K-P 9168 

R2 R in terms of the P above. tlty measured, as deter . . . . .  , ....... 17 ~ /  1 l 
mined from constrained /0.325 0.0 !2  / VALUE FROM CONSTRAINED F 
f i t  (using a11 measured 
branching ratios for this ~ ~ XX(5200) INTO KKBARI3PI / ( P B ) / ( P I ) /  
particle). I R 3 ~  .50 .03 FENN~R 69 HBC 0 4-.2 PI+P 9/69* 

R3 ......... -- ~SCALE > t indicates some in- 
R3 AVG 0.4-68 0.04-3 AVERAGE {ERROR INCLUDES SCALE FACTOR OF ~ eonsistenc in measure- 

0°4-80 0.026/ VALUE FROM CONSTRAINED FIT ments (se~Ytext). 

References listed by year, ~ REFERENCES FOR XX! 5200) 
then author. ~ ~ 

AY+ R Institution(s) of author(s) MERRILL 66 ~RL 16 543 A. MERRILL /(SACL CE N /~-~----J 
Abbreviated reference form LYNCH 67 PR 155 610 8. LYNCH 8N [see borer ~I ne 

page h RLI used on ds.ta cards above. /PIERCE 68!DL 27B B30 N. PIERCE 
FENNER 69 NC 6lB 378 /D° FENNER~B. BEANS/ E+AMEX)+AM 

. . . . .  I ,  report proprtht, L SMIT. 6,,RRL 29 l ~ ,  d .  gN.TH % " '  
etc. (see abbreviations Author(s) 

ABBREVIATIONS 

Jburnals  

ADVP Advances in Phys ic s  
AMP Annals of Physics 
A/~NS Annual Reviews of Nuclear Science 
BAPS Bulletin of the American Physical Society 
JETP English Translation of Soviet Physics JETP 
LNC Letters to Nuovo Cimento 
NC NUOVO Cimento 
NP Nuclear Physics 
PL Physics Letters 
PPSL Proceedings of the Physical Society of London 
PR Physical Review 
PRL Physical Review Letters 
PRSL Proceedings of the Royal Society of London 
aMP Reviews of Modern Physics 
ZPHY Zeitsehri~t f(ir Physik 

M e a s u r e m e n t  techniques 

A S P K  Automat ic  spark  chambers  
CC Cloud chamber  
CNTR Counters ,  e l ec t ron ics  
DBC D e u t e r i u m  bubble chamber  
DPWA Energy-dependent partial wave analysis 
EMUL Emulsions 
HBC Hydrogen bubble chamber 
HEBC Hel ium bubble chamber  
HLBC Heavy l iquid bubble chamber  
IPWA Energy-independent partial wave analysis 
MMS Missing mass spectrometer 
MPWA Model-depender~ partial wave analysis 
OSPK Optical spark chambers 
RVUE Revlew of previous experimental data 

Conferences  

Conferences  a re  r e f e r r e d  to by the loca t ion  in which they were  held (e. g . ,  DUBNA, BOULDER, LUND, etc.  ) 



,Z0.  ABBREVIATIONS (CONT'D) 

Institutions 

Since ffanu~ry ~969, when we have had to abbreviate an institutional name 
the following (which is the llst used by the HER.A group at CERN): 

AACH TECHNISCHE UNIV. AACHEN, AACHEN, GERMANY 
AERE ATOMIC EN. RES. ESTAB., HARNELLt BERKS.~ ENGLAND 
AMES IOWA STATE UNIV., AMES~ IOWA, USA 
ANL ARGONNE NAT. LAB., ARGONNE~ ILL.,  USA 
ANNA UNIV. OF MICHIGAN, ANN ARBOR, RICH., USA 
ARIZ UNIV. OF ARIZONA, TUSCONt ARIZ.~ USA 
ATEN NUCLEAR RES. CENTRE OEMOKRITOS~ ATHENS, GREECE 
ATHO OHIO UNIV., ATHENS, OHIO, USA 
BARI UNIV° DEGLI STUDI DI BARI~ BART, ITALY 
BELG INST.  INTERUNIV. DES SCI. NUC., BRUXELLES~ BELGIUM 
BERG FYSISK INSTITUTTt BERGEN, NORWAY 
BERK UNIV. OF CALIFORNIA~ 8ERKELEY~ CALIF., USA 
BERL INST.  HOCHENERGIEPHYS. DAWt ZEUTHEN/BERLIN~ DDR 
BERN UNIV. BERN~ BERN, SWITZERLAND 
BGNA UNIV. DI BOLOGNA~ BOLOGNA, ITALY 
BIRM BIRMINGHAM UNIV.~ BIRMINGHAM, ENGLAND 
BNL BROOKHAVEN NAT. LAB., UPTON, L . I . ,  N. Y.t USA 
BOHR NIELS BOHR INSTITUTE~ COPENHAGEN, DENMARK 
BONN UNIV. BONN~ BONN, GERMANY 
BRAN BRANDEIS UNIV.~ WALTHAM, MASS.~ USA 
BROW BROWN UNIV. t PROVIDENCE~ R. I . ,  USA 
BRUX UNIV. LIBRE DE BRUXELLES, BRUXELLES~ BELGIUM 
BUCH BUCHAREST STATE UNIV. tBUCHAREST~ROMANIA 
BUFF ST. UNIV. OF NEW YORK AT BFLO, BUFFALO~ N.Y., USA 
CAEN LAB. DE PHYS. CORPUSCULAIRE, CAEN, FRANCE 
CALT CALIF. INSTITUTE OF TECH., PASADENA~ CALIF . ,  USA 
CARL CARLTON UNIVERSITY~ OTTAWAt CANADA 
CARN CARNEGIE-MELLON UNIV.~ PITTSBURGH, PA.t  USA 
CASE CASE WESTERN RESERVE UNIV, CLEVELAND~ OHIO, USA 
CAVE CAVENOISH LAB., CANB. UNIV., CAMBRIDGE, ENGLAND 
CCNY CITY COLLEGE OF NEW YORK, NEW YORK, N. Y., USA 
CDEF COLLEGE DE FRANCE~ PARIS, FRANCE 
CEA CAMBRIDGE ELECTRON ACCEL.~ CAMBRIDGE, MASS°, USA 
CERN EUROPEAN ORG. FOR NUC. RES., GENEVA~ SWITZERLAND 
CHIC UNIV. OF CHICAGO, CHICAGO, ILL.~ USA 
COLD UNIV. OF COLORADO, BOULDER, COLO., USA 
COLU COLUMBIA UNIV., NEW YORK, N. Y-t USA 
CORN CORNELL UNIV.~ ITHACAt N. Y., USA 
CWM COL. OF WILLIAM AND MARY, WILLIAMSBURG, VA., USA 
DARE DARESBURY NUC. PHYS. LAB., DARESBURY, ENGLAND 
DART DARTMOUTH COLLEGE, HANOVER, NEW HAMPSHIRE 
OESY OEUTSCHES ELEKTRONEN'-SYNCH., HAMBURG, GERMANY 
DUKE DUKE UNIVERSITY, DURHAM~ N.C. ,  USA 
DURH UNIV° OF DURHAM, DURHAM, ENGLAND 
EFIN ENRICO FERMI INST. FOR NUC= STU. v CHICAGO,ILL.~USA 
EPOL ECOLE POLYTECHNIQUE~ PARIS, FRANCE 
ETHZ EIDENOSSISCHE TECH. HOCH., ZURICH, SWITZERLAND 
FIRZ UNIV. OI FIRENZE~ FIRENZE~ ITALY 
FLAS FLORIDA STATE UNIV., TALLAHASSEEt FLA., USA 
FLOR UNIV. OF FLORIDA, GAINSVILLE, FLA. ,  USA 
FRAS LAB. NAZIONALI DEL SINCROTRDNE, FRASCATI~ ITALY 
GENO UNIV. OI GENOVA, GENOVAt ITALY 
GEVA UNIV. DE GENEVE~ GENEVA, SWITZERLAND 
GLAS UNIV. OF GLASGOW~ GLASGOW, SCOTLAND 
GRAZ UNIV. GRAZ, GRAZ, AUSTRIA 
HAMB UNIV. HAMBURG, HAMBURG~ GERMANY 
HARV HARVARD UNIV., CAMBRIDGE~ MASS., USA 
HAWA UNIV. OF HAWAII, HONOLULU, HAWAII, USA 
HEID UNIV. HEIDELBERG, HEIDELBERG, GERMANY 
HELS HELSINGIN YLIOPISTO, HELSINKI~ FINLAND 
l IT  ILLINOIS INSTo OF TECH., CHICAGO ILL.~ USA 
ILL UNIV. OF ILLINOIS, URBANA~ ILL.~ USA 
IND UNIV. OF INDIANA, 8LOOMINGTON~ IND., USA 
INRC INST.  FOR NUCLEAR RESEARCH~ CRACOW~ POLAND 
INRW INST.  FOR NUCLEAR RESEARCH~ WARSAW, POLAND 
IOWA UNIV. OF IOWA, IOWA CITY~ IOWA, USA 
IRN INST. OE PHYS. NUCLEAIREt ORSAY, FRANCE 
IPNP INSTITUT DE PHYSIQUE NUCLEAIRE, PARIS, FRANCE 
IPPG INSTITUTE OF PHYSICSt CSAV~ PRAGUE, CZECHOSLOVAKIA 
IRAD INSTITUTE DU RADIUM, PARIS, FRANCE 
IRVN UNIV. OF CALIFORNIA, IRVINEt CALIF.~ USA 
ITEP INST, FOR TEOR. AND EXP. PHYS. t MOSCOW, USSR 
JHOP JOHNS HOPKINS UNIV.~ BALTIMORE~ MD., USA 
JINR JOINT INST. FOR NUCL. RESEARCH~ DUBNA, USSR 
KANS UNIV. OF KANSAS, LAWRENCE, KANSAS, USA 
KARL TECHNISCHE UNIV. KARLSRUHE~ KARLSRUHE~ GERMANY 
KRAK JAGELLONIAN UNIV., KRAKOW, POLAND 
LANC LANCASTER UNIV. ,  LANCASTER~ ENGLAND 
LASL U.C. LOS ALAMOS SCIENTIFIC LAB., LOS ALAMOS, N.M. 
LEBD LEBEDEV PHYSICS INST.~ MOSCOW, USSR 
LEHI LEHIGH UNIVERSITY, BETHLEHEM, PA.~ USA 
LEIO INST.  LDRENTZ, LEIDEN~ NETHERLANDS 
LHEB LAB. DES HAUTES ENERGIES, BRUXELLES, BELGIUM 
LIVP LIVERPOOL UNIV. ,  LIVERPOOL, ENGLAND 
LJCP LABORATOIRE JOLIDT-CURIEt PARIS~ FRANCE 
LOIC IMPERIAL COL. OF SCI.  AND TECH., LONDON, ENGLAND 
LOUC UNIVERSITY COLLEGE, LONDON, ENGLAND 
LOUI LOUISIANA STATE UNIV.~ BATON ROUGE, LA°,  USA 
LRL U.Co LAWRENCE RAD. LAB., BERKELEY~ CAL IF . ,  USA 
LUND UNIV. I LUND, LUND, SWEDEN 
MADR JUNTA DE ENERGIA NUCLEAR, MADRIDt SPAIN 

on the data cards, we have used 

NANH MANHATTAN COLLEGE, NEW YORK~ N. Y- t  USA 
MANZ UNIV. MAINZ, MAINZ, GERMANY 
MASS UNIV. OF MASSACHUSETTS, AMHERSTt MASS.f USA 
MCGI ME GILL UNIV., MONTREAL, CANADA 
NCHS UNIV. MANCHESTERt MANCHESTER, ENGLAND 
MICH MICHIGAN STATE UNIV., EAST LANSING, MICH.~ USA 
MILA UNIV. DI MILANO, MILANOt ITALY 
MINN UNIV. OF MINNESOTA, MINNEAPOLIS~ MINN., USA 
MIT MASSACHUSETTS INST. OF TECH.v CAMBRIDGE,MASS., USA 
MODE ISTITUTO DI FISICA DELLA UNIVERSITAt MODENA~ITALY 
MPIM NAX-PLANCK-INST. FUR PHYS.-ASTROPHYS.~MUNICH, GERM. 
NSNA INS. DI FISICA DELL UNIV., MESSINA, ITALY 
MUOX MIAMI UNIVERSITY, OXFORD, OHIO, USA 
NAGO NAGOYA UNIVERSITY, NAGOYA, JAPAN 
NAL NATIONAL ACCELERATOR LAB.~ BATAVIA, ILLINOIS 
NAPL UNIV. DI NAPOLIy NAPOLI, ITALY 
NASA LEWIS RES. CNTR., NASA, CLEVELAND, OHIO 
NOAM UNIV. OF NOTRE DAME, NOTRE DAME, INDIANA~ USA 
NEAS NORTHEASTERN UNIV., BOSTON, MASS., USA 
NEVI NEVIS LAB., IRVINGTON-ON-HUDSONt NEW YORK, USA 
NIJM R . K .  UNIV* NIJMEGEN, NIJMEGENp NETHERLANDS 
NORO NORDISK INS. FOR TEOR. ATDMFYS.~COPENHAGENtDENMARK 
NOVO INST.  OF NUCL. PHYS., NOVOSIBIRSK, USSR 
NWES NORTHWESTERN UNIV.~ EVANSTON, ILL.,  USA 
NYU NEW YORK UNIV.~ NEW YORK~ N. Y-t USA 
OHIO OHIO STATE UNIV.~ COLUMBUS, OHIOp USA 
OREG UNIVERSITY OF OREGON, EUGENE, ORE.t USA 
ORNL OAK RIDGE NATIONAL LAB.~ OAK RIDGE~ TENN., USA 
ORSA UNIV. DE PARIS, FAC. DES SCI., ORSAY, FRANCE 
ORUC UNION CARBIDE NUCL. DIV., OAK RIDGE~ TENN., USA 
OSLO OSLO UNIV.~ OSLOt NORWAY 
OTTA NATIONAL RESEARCH COUNCIL, OTTAWA~ CANADA 
OXF OXFORD UNIV., OXFORD, ENGLAND 
PADO UNIV. OF PADOVA, PADOVA~ ITALY 
PENN UNIV. OF PENNSYLVANIA, PHILADELPHIA, PA., USA 
PISA UNIV. DI PISA~ PISAt ITALY 
PITH PHYSIK. INST. DER TECH. HOCHSCHULE~AACHENtGERMANY 
PITT UNIV. OF PITTSBURGH, PITTSBURGH~ PA., USA 
PPL PALMER PHYS. LAB., PRINCETON UNIV. ,  PRINCETON, N.J 
PPPA PRINCETON-PENN. PROTON ACCEL.t PRINCETON, N.J.~USA 
PRAG HIGH TECHNICAL SCHOOL~ PRAGUE~ CZECHOSLOVAKIA 
PRIN PRINCETON UNIV. t PRINCETON~ N. J . ,  USA 
PSEH STAATSINST. FUR EXPERIMENTALPHYSIK,HAMBURG~GERMANY 
PURD PURDUE UNIV., LAFAYETTE, IND., USA 
QMCL QUEEN MARY COLLEGE, LONDON, ENGLAND 
REHO WEIZMANN INST. OF SCI., REHOVOTHt ISRAEL 
RHEL RUTHERFORD HIGH EN. LAB., CHILTON,DID.BERK.ENGLANO 
RISO RESEARCH ESTAB. RISD, ROSKILOE, DENMARK 
RIVS UNIV. OF CALIFORNIA~ RIVERSIDE, CALIF., USA 
ROCH UNIV. OF ROCHESTER~ ROCHESTER, N. Y., USA 
ROMA UNIV. DEGLI STUDI DI ROMA, ROME, ITALY 
RUTG RUTGERS UNIV., NEW BRUNSWICK~ N. J.~ USA 
SACL CNTR. D'ETUDES NUC. SACLAY~ GIF-SUR-YVETTE, FRANCE 
SERP INST.  OF HIGH EN. PHYS., SERPUKOVt USSR 
SHAM UNIV. OF SOUTHAMPTON, SOUTHAMPTON~ ENGLAND 
SLAC STANFORD LINEAR ACCEL. CNTR. I STANFORD~CALIF., USA 
SOFT BULGARIAN ACAD. OF SCI.~ SOFIA, BULGARIA 
SPC SEATTLE PACIFIC COLLEGE, SEATTLE~ WASH., USA 
STAN STANFORD UNIV., STANFORD, CALIF.v USA 
STEV STEVENS INST. OF TECH., HOBOKEN, N. J. ,  USA 
STLO WASHINGTON UNIV., ST. LOUIS, MO.~ USA 
STOH STOCKHOLMS UNIV., STOCKHOLM, SWEDEN 
STON STATE U. OF N.Y., STONY BRODKv L . h ,  NEW YORk, JSA 
STRB CENTRE DES RES. NUCLEAIRES, STRASBOURGy FRANCE 
SUSS SUSSEX UNIV., SUSSEX, ENGLAND / 
SYR SYRACUSE UNIV. ,  SYRACUSE, No Y . ,  USA 
TELA UNIVERSITY OF TEL-AVIV, TEL-~VIV~ ISRAEL 
TENN UNIV. OF TENNESSEE, KNOXVILLE, TENN., USA 
TNTO UNIV. OF TORONTO, TORONTO, CANADA 
TORI UNIV. OI TORINO, TORINOt ITALY 
TRST UNIV. OF TRIESTE, TRIESTE, ITALY 
TUFT TUFTS UNIV., MEDFORDt MASS., USA 
UCLA UNIV. OF CALIFo, LOS ANGELES~ CALIF., USA 
UCND UNION CARBIDE NUCL* DIV.t OAK RIDGE, TENN. 
UCSB UNIV. OF CALIFORNIA, SANTA BARBARA, CALIF., USA 
UCSC UNIV. OF CALIFDRNIA~ SANTA CRUZ, CALIF., USA 
UCSD UNIV. OF CALIF AT SAN DIEGO~ LA JOLLA, CALIF., USA 
UMD UNIV. OF MARYLAND, COLLEGE PARK~ MD.~ USA 
UPNJ UPSALA COLLEGE, EAST ORANGE~ NEW JERSEY, USA 
UTAH UNIV. OF UTAH, SALT LAKE CITY~ UT., USA 
UVC UNIV. OF VIRGINIA, CHARLOTTESVILLE, VA.~ USA 
VAND VANDERBILT UNIV., NASHVILLE~ TENN., USA 
VPI VIRGINIA POLYTECHNIC INST., BLACKSBURG~ VA.~ USA 
WARS UNIV. OF WARSAN~ WARSAW~ POLAND 
WASH UNIV. OF WASHINGTON, SEATTLE, WASH., USA 
WIEN UNIV. WIEN~ WIEN, AUSTRIA 
WISC UNIV. OF WISCONSIN, MADISON, WISC.t USA 
WPLB H.H.WILLS PHYS. LAB./ U. OF BRISTOL, BRISTOL, ENG. 
YALE YALE UNIV., NEW HAVEN~ CONN., USA 
ZEEM ZEEMAN LAB. UNIV. OF AMSTERDAM, AMSTERDAM, NETH. 



DATA CARD LISTINGS 

STABLE PARTICLES 

I .E.  IMMUNE TO S T R O N G  D E C A Y  

See the illustrated key preceding the data card listings 
Data in parentheses have not been included in our averages. 

CDOE EVEHTS QUANTITY ERROR+ ERROR- REFERENCE YR TEEN SIGN COMMENTS DATE 
ABOVE PUNCHED 

BACKGROUNC 

r ~  o GDHMA (OtJ~l) 

0 GAMMA MASS (IN UNITS OF I0"*-21 MEV) 

( 6 . )  OR LESS PATEL 65 SATELLITE DATA lOlBg 
P (6.) OR LESS GINTSBURG B4 SATELLITE DATA 10 /69  
M (2.3) DR LESS GOLC~ABER EB SATELL ITE  OATA 10/69 

****** ********* *****~*** ********~ ~*~***** ***~****~ ********* ******** 

REFEREkCES 

O GAPMA 

GINTSBUR B4 SOV. ASTR.AJT 5~6 M.  A. GINTSBbRG (ACAO SCI~USSR) 
PATEL 65 PL I4 105 V . I .  PATEL (OURHAM) 
GOLCHABE 68 PRL 21 567 A .  GCLOEABER~M. N[ETO (STONY BROOK) 

****** ********* ********* ********* ****~**** ***~**$** ********* ******** 
*~*~** ~*~***** ********~ *~******~ ~******** ***~***** ********* ******** 

F ~  1 E-NEUTRINO (O,J=llB) 

I E-NEUTRIND MASS (KEV)  

v LESS ThAN 0,25 LANGER 52 CNTR 
e LESS THAN 0.15 HAMILTON 53 CNTR 
M LESS THAN 0.55 +DR- O.BB FRIECMAN 58 CNTR 

LESS THAN 0.06 BERGKVIET 6g  CNTR EL.STATIC.MAG.SP 11/69 

~**~** ~*~***~** *****~*** ****~**** **~****** ********= ********* ******** 

REFERENCES 

[ E-RELTRINE  (O ,J= l / 2 )  

LANGER 52 PR 88 689 L P LANOER,R J 0 MOFFAT (INDIANA) 
hAMILTON 53 PR 92 IS2I 0 HAM[LION,W P ALFOROtL  GROSS (PRINCETON) 
FRIEDMAN BB PR tO9 2214 LEWIS FRIEDMANrLINCOLN G SMITH (RNL) 
BERGKVIS 60 CERN 69-7 91 KARL-ERIK BERGKVIST (UNIV STOCKHOLM) 

****** ***~***** ~******** ********~ **~*~*** ********* ******~** **~***** 

F ~ I  2 RU-NEUTRI~O (O,J=II2) 

2 RU-NEUTRINO MASS (REV) 

M (3.5) OR LESS BARKAS 56 EMUL 
M (4.03 OR LESS BUOZIAK 59 CNTR 
M (3.6I OR LESS FEINEERG 63 RVUE 
M (3.0) DR LESS ALLCCCK 65 RVUE 
v ( 2 .B I  CR LESS BAROCH 65 ASPK 
N (2 . I )  DR LESS SHAFER 65 CNTR 
M (1.5) OR LESS BOOTH 67 CNTR 

(2.21 OR LESS,EL=0.90 HYMAE 67 HEBE 
M (0 .461  (0.6~) (C .4E )  FRANK 68 CNTR 

7 /66  
7166  

CGNF LEV = 6BPCT 7166  
90  PERCNT O .L .  3168  
O. K- HE ll/AT 

C.L .=0 .67  g /68  

BJRK~S 56 PR fOE 770 
CUOZIRM 59 PR 114 336 
FEINBERG 63 ARNS 13 R31 
ALLCOCK 66 PPSL B5 87E 
BAROON E5 PRL [ 4  449  

SHAFER 65 PRL i4 923  
BOOTH 67 PL 260 39  
HYMAN 67 PL 25 B 376 
FRANK 68 VIENNA ABE. 

REFERENCES 
B MU-MEUTRINO (O,J=I/2) 

w H BARKAS,W BIRNBAUH,E N SMITH (LRLI 
N F DUEZIAK,R SAG~NEtJ VEOOER (LRLI 
0 PEIkBERG, L M LEOERMAN (COLUMBIA) 
G R ALLCOCK (LIVERPOOL) 
BAROO~KORTOBtPEEPLES + (COLUM+STONY BROOKI 

R E ShAPER,CRONE,JENKINS (LRL) 
BOOTH,JCHNSONtWILLIARStWORMALD (LIVERPOOL) 
+LOKENtPEWITTtMCKENZIEIKEYES+(ARG+CARN+NWU) 

365 FRANK,DA~ET,LAKI~ (SHAR+L[VP+STANI 

e l  B ELECTRON (0.5,J=I /2)  

3 ELECTRON MASS (MEV) 

(0.511006M0.000023 COHEN 65 RVUE 
M .StlO041.00000t6 T~YLOR 69 RVUE USING NEW E/H  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

3 ELECTRON LIFETIME (UN ITS  10 " ' 21  YR) 

T OVER 2.0 MOE 65 CNTR 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

6 /66  

3 ELECTRON MAGNETIC MEMENT(E/ZME) 

MM (I.OGII60gQ( .00000243 SCHUPP 61 CNTR - 
MM R (i.001L596223 +-(273"10"*-9 WILKINSON 63 CNTR - 
MM ( l .  OD l168 )  (.00001L) RICH 66  CNTR + POSITRON 
MM ( l . 001159557 )  + - ( 30 ] ' 10~ -9  R ICH E8 CNTR 
MM R RICH 68 IS REEVALUATION OF WILKINSON 63 
HM (1 .001159664 )  + - ( 7 ) *  lO * * -9  WESLEY 70 CNTR - ~EW MEAS. 

8 /66  
8 /66  
6 /6B  

6170 "  

REFERENCES 
3 ELECTRON (O.5,J=I/2) 

SCHUPP 6l PR 121 i A A SCHLPP,R W PIOC,H R CRANE (MICHIGAN) 
WILKINSG 63 RR 130 852 0 T WILKIMSOK,H R CRANE (MICHIGAN) 
COHEN 65 RMP 37 531 E R COHENv J W M OUMCNO (NAASC+CALTECHI 
HOE 65 PR I60 E 992 M K MEE~F REINES (CASE INST TECHNOLOGY) 
RICH 66 PRL L7 271 A RICH, H R CRANE (MICHIGAN) 
RICH 68  PRL 20 961 A RICE  (RICHIGAN) 
TAYLOR 69 RMP 41 375 +PARKER~LANGENBEGG (PRIN+UCI÷PENN) 
WESLEY 70 PRL 24 L320 J.C. WESLEY~A.RICH IANNA) 

F~ l  A RUON ( z06 t J= l /Z l  

MUCN MASS (MEVI  

P ( 105 .659 )  ( 0 . 002 )  FEINBERO 63 RVUE 
M EOB.6599  .OO l4  TAYLCR 6g RVUE USING MEN E /H  7170 "  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

4 MUON L IFET IME (UN ITS  10~* -6 )  

T 2 .198  O .COI  O. BC1 FARLEY 62 CNTR 
T 2.203 O.OOA LUNDY 62 CNTR CONLEV=.9E 11/67 
T 2.202 O.OOE 0 . 0 0 3  EEKHAUSE 63 CNTR 
T 2.197 0.002 0.0C2 MEYER 63 CNTR 
T 2 .198  0 .002  0 .002  MEYER 63 CNTR - ? / 66  
T . . . . . . . . .  
T AVE 2.1983 0 .0008  0.0008 AVERAGE (ERROR INCLUDES SCALE FACTOR OF [ .0]  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

4 RATIO CF LIFETIME CF MU+ TO MU- 

OT l .  O00 O .OOI  MEYER 63 ENTR L IFET IME MU+/MU-  7 /66  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

4 MUON PARTIAL OECAY MODES 

DECAY MASSES 
Pl MUCH INTO E (E-NEU) (MU-HEUI .5+ C÷ 0 
P2 MOON INTO E 2GAMMA .5+ O+ 0 
P3 ~UON INTO BELECTRONS .5+  . 5+  . 5  
P4 PUCN IKTO E GAMMA .5+ O 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

4 MUON BRANCHING RATIOS 

RI HUON INTO E+2GAMMA (IN UNIIS OF 10"*-5) (P2)I(Pl)  
R1 (I.630R LESS C.L.= .90 FRANKELI 63 OSPM 

R2 MUON INTO 3E (IN UNITS OF i05"-73 (PB)l(P[) 
R2 F (5.O)OR LESS C.L.= .90 PARKER 62 CNTR 
R2 P (I.3)OR LESS C.L .=  .QO ALIKHANOV 62 OSPK 
R2 F (I.5)OR LESS C.L.= .90 FRANKEL2 63 CNTR 
R2 F (1.25)0G LESS C.L. = .90 BABAEV 63  OSPK 
R2 F FOUR ABOVE EXPERIMENTS EVALUATED UPPER LIMITS ASSUMING A SECOND ORDER 
R2 V-A NEUTRINO LOOP DIAGRAM. LIMITS NOT SIGNIFICANTLY CHANGED BY 
R2 ASSUMING A CONSTANF MATRIX ELEMEAT. 

R3 MOON INTO E+GAMMA (IN UNITS OF 10 " * -81  (PA)/(PI) 
R3 (A .B )OM LESS C.L.= .90 FRANKEL I  63  OSPK 
R3 (2.2)0R LESS G.L.= .90 PARKER 64 OSPK 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

4 PUEN ANOMALOUS MAGH. MCNENT ( IO* * -A tE / (Z *MUON MASS)) 

HM 1162 .0  5 .0  CHARPAK B2 CNTR + 
MM B (I165.753 (0.713 EAILEY 68 DNTR + STEM. RINGS 5/69 
MM B (II66.25) (0.24) BAILEY 68 CNTR -STCM. RINGS 5/69 
HM E ERRORS STATISTICAL. VALUES COMBINED TO GIVE MU*- VALUE BELOW 5169 
MM 1166 .16  O .B I  BAILEY 68 ONTR + -  STOR. RINGS 5 /69  
PH . . . . . . . . .  
MM AVG 1166.I4 O.BI AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

6 MUON OECAY PARAMETERS 

RHO RHE PARAMETER (V -A  THEORY PREDICTS RHO=O.TSI 
RHO C (O .T4 l )  ( 0 . 0271  OUDZIAK 50 CNTR + 20 -53  MEV E÷ 10 /69  
RHOP 9213  0 .745  0 .025  PLAHE EO HBE + WHOLE SPECTRUM 10169  
RF~P TWO PARAMETER FIT TO RHO AND ETA 
RHO C 2276  (0 .751 }  ( 0 . 036 )  BLOCK 62  HEBC-  WHOLE SPECTRUM lO /b9  
RHO D (0.64i (0.0~) BARTON 64 CNTR WHOLE SPECTRUM i 0169  
BHO 0 ( 0 .66 [ (  ( 0 . 016 (  BARLOW 64  CNTR + WHOLE SPECTRUM IO IAN  
RNO 0 (O .B6T )  ( 0 . 035 l  PONTECOGV 64  CC - 10169  
RHO O RESULTS IN  DOUBT 10169  



-ZZ- 
See the illustrated key  preceding the data card listings. 

Data in parentheses have not  been included in our averages. 

PH~ C 8CON (0.7508) (0.0026) PEOPLES 66 ASPK + 20-53 NEV E+ 10469 
REO C 28OK (0.760) (D.COg] SHERWCDD 67 ASPK + 25-53 MEV E+ 10/69 
REO C ITOK (O.76Z) (O.OOBI FRYBERGER 68 ASPK + 25-58 MEV E+ 10168 
RHO C ETA CONSTRAINED =0. THESE VALUES INCGRPGRATEO INTO A TWO 10/69 
RHO C PARAMETER FIT TO RHO AND EIA BY DERENZO 69, 
RHO 0.7518 0.0026 DEREHZO 69 RVUE 10/69 
RHO 
RHO AVO " "0.7517''" " "''0.0026 AVERAGE (ERROR INCLUDES SCALE FACTOR OF I.O) 

ETA ETA PARAHETER {V-A THEORY PREDICTS ETA=O) 
ETA P 9213 ( - 2 . 0 )  ( 0 . 9 I  PLANC 60 HBC + WHOLE SPECTRUM 10/69 
ETA P TWO PARAMETER FIT TO RHO AND ETA- PLANU 60 OISCCUNTS VALUE FOR ETA 10469 
ETA C 800K (0 ,05 )  (O .5 l  PEOPLES 66 ASPK + 20-53 NEV E+ 10169 
ETA C Z8GK (-0.7) {0.6) SHERWDCD 67 ASPK + 25-53 MEV E÷ 10469 
ETA C L70K ( -O. l )  (0.5) FRYBERGER 68 ASPK + 25-53 MEV E÷ 10/69 
ETA C RHO CCNSTR~INEC =0.75 
ETA 63~E - 0 . 1 2  0.21 DERENZO 69 HBC + 1 . 6 - 6 . B  HEV E+ 10/69 

XSI XSI PARAMETER (V-A THEORY PREDICTS XSI=I) 
XSI 9K 0.97 0.05 BARDCN 59 CNTR BRGMGFORM TARGET 10/69 
XSI 8354 0.93 0.06 PLANC 60 HEC ÷ 8.8 KGAUSS 10469 
XS] A (0.903) (0.C27)  RLI-ZAOE 61 FMUL ÷ 27 KGAUSS 10469 
XSl A DEPOLARIZATICN BY MECIUN NET KNCWN SUFFICIENTLY WELL 10/69 
XSI G B6K (D.975) (O.O30) GUREVICH 66 EMUL 140 KGAUSS 10/69 
xsI 0.975 0.018 GUREVICH 67 EMUL 10/69 
XSI G GUREVICH 67 SUPERCEEBS GUREVICF 64 10/69 
XSI . . . . . . . . .  
xsl AVG 0.972 0.013 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0) 

DEL DELTA PARAMETER (V-A THEORY PREDICTS OELTA=O.TS] 
DEL 8354 0 .78 0.05 PLANC 60 HBC + WHOLE SPECTRUM 10/69 
EEL G.782 0,031 KRUGER 61 ' 10/69 
OEL ~9OK 0.752 O.GO9 FRYBERGER EB ASPK + 25-53 MEV E+ 10/69 
DEL VOSSLER 69 HAS MEASURES THE ASYMMETRY BELOW 10 MEV 11169 
OEL . . . . . . . . .  
DEL AVG 0.7551 0.0085 AVERAGE ]ERROR INCLUDES SCALE FACTOP DF 1.01 

HEL HELIGITY OF OEEAY ELECTRCN 
EEL (V-A THEORY PREDICTS HELICITY=+-I FEN E+-~ RESPECIVELYI 
HEL WE HAVE FLIPPED THE SIGN FCR E- SG OUR PROGRAMS CAN AVERAGE 
HEL C (0*28) (0.16) DICK 63 CNTR + ANNIHILATION LD/69 
HELD IN DOUBT- PDSITROBS FDSSleLY CEPCLARIZED IN @E MCCERATOR 10/69 
HEL 1.05 0 .30 BUHLER 63 CNTR • ANNIHILATION L G 1 6 9  

HEL 0.94 G,38 BLDGM B4 CNTR + BREMS TRANSMISS IC/69 
HEL 1.04 G.I8 DUCLCS 84 CNTR RHAEHA SGATT 10/69 
PEL 29K 0.89 0.28 SCHWARTZ 67 OSPR MOLLER SCATT 1D/69 
HEL 
EEL AVG " "1.00'' " " "'0.1~" AVERAGE (ERRER INCLUDES SCALE FACTOR CF 1.0) 

GS SCALAR COUPLING CONSTANT IE MUC~ DECAY (IN UNITS EF GV) 
GS ( 0 , 3 3 )  OR LESS UERENZO 69 RVUE 10460 

EA AXIALVEGTOR COUPLING CONSTANT IA MUGN OEGAV (IM UNITS OF GVl 
GA 0.86 O.33 0.11 DERENZD 69 RVUE 10469 

FAV PHASE BETWEEN VECTCR AND AXIALVECTOR COUPLINGS (DEGREES] 
FAV 180. 15. DERENZO 69 RVUE 10/69 

GT TENSCR COUPLING CCBSTANT IN MUON BECAY (IN UNITS OF GV) 
GT (0 .28 )  OR LESS DERENZO 69 RVUE 10469 

GP PSEUDOSCALAR COUPLING CONSTANT IN MUON OECAY (IN UNITS OF GV) 
GP (Do33) OR LESS DEREBZO 69 RVUE 10469 

REFEREBEES 
A MUCN ( l O A t J = I / 2 )  

BAROON $9 PRL 2 56 M BARBER, O BERLGY, L LEOERMAN (COLUMBIA) 
CUDZIAK 59 PR 114 336 W DUDZIAK,R SAGANE~ J VEDDER (LRL) 
PLANO 60 PR I19 1800 R J PLANO (COLUMBIA) 
~LI-ZADE 61 JETP 40 452 ALI-ZACE,GUREVIEH,NIKOLEKI IUSSB) 
KRUGER 61UCRL-93E2 (UNPUB) H KBUGER [LRLI 

A I ALIKHANOV,A BABAEV + {ITEP MOSCOW) 
BLGCK,FICRINI,KIKUCHI+(DUKEtBOLOGNA~MILANQI 
G CHARPAK~F J M FARLEV~R L GABWIN t (CERN) 
FARLEY~RA$SAM,MULLEB~EICHICHI {CERN) 
RICHARE A tUbBY (EFINS) 
S EARNER,S PENMAN (EFINS) 

BABAEV,BALATS,KAFTANCV,LANCSEERG • (ITEP) 
• EABIEBC~FIOECARO~MASSAN~MULLER÷ (BERN) 
O1CK,FEUVRAIS~SPIGHEL (BERN) 
M ECKHALSE~T A FILIPPAS • {CARNEGIE) 
S FRANKELtW FRATI~J HALPERN + (PENNA) 

FRANKELIW FRATI~J HALPERN + (PENNA) 
L REYER~NDERSON~BLESER,LEOERMAN÷ (CGLUM) 

+BOOTH,CARROL~COURT~CAVIES~EDBARDS+ (LIVE) 
+CICK,FEUVRAIS~HENRY~MACQtSPIGHEL (BERN) 
+HEINTZE~DE RUJULAvSEERGEL (BERN) 
GUREVICE~MAKARIYNA~ (KURCHATOV~MOSCOW) 
PCBTECORVO,SULYAEV (MOSCOW} 
S PARKER~H L ANOERSON,C REY (EFINS) 

ALIKHANO 62 BERN CONF 623 
BLOCK 62 NC 23 1118 
CHARPAK E2 PL 1 16 
FARLEY 62 BERN CONF 615 
LUNOY 02 PR 12E 1686 
PARKER 62 NC 28 A85 

EABAEV 63 JETP 16 1387 
BUHLER 63 PL T 368 
DICK E3 PL 7 lSO 
ECKEAUSE 63 PR 132 822 
FRANKEL1 63 NC 27 894 
FRANKEL2 63 PR 13D 39I 
MEYER 63 PR 13E 2693 

BARTON 64 PPS 84 239 
RLDCM 64 PL E 87 
~UCLOS E4 PL 5 62 
GUREVICH 64 PL 11 1BE 
PONTECGR 64 DUBNA CDNF 
PARKER E4 PR 1338 768 

PEOPLES E6 NEVIS-IR7 (UNPUB) J PEOPLES {GGLUMBIAI 
GUREVICH 67 IRE 1297 GUREVICF,NAKARIYNA,MISHAKOVA~ (KURCHATOV) 
SCHWARTZ 67 PR 16R 1306 0 M SCHWARTZ {EFINSI 
ShEBWCDD E7 PR 156 1475 8 A SHERWCOD {SPINS) 
EAILEY 68 PL 288 287 ÷~ARTL~VON BECHMANN~BROWN~FARLEY÷ (CERNI 
FRVBERGE 88 PR [66 137E O FRYEERGER (EFINS) 
CERENZD 69 PR 181 1858 S DERENZO (EFINS) 
TAYLOR 69 RMp 41 375 ÷PARKER~LANGENBERD (PRIN+UCI÷PENNI 
VGSSLER 89 NC b3A 423 G VOSSLER (EFINS) 

PAPERS NOT REFERRED TO IN DATA CAROS 

FISHER,LEONTIC,LUNOBY,MEUNIER,STROQT (BEEN} 
ASTBURY~HATTERSLEY,HUSSAIN ÷ ILIVERPOOL) 
DEVONS,GIOAL~LEDERMAN~SHAPIPO (COLUMBIA) 
J LATHFCP~R A LUNDY,V L TELEGDI • (EFINS) 
J LAT~RCP,R A LUND¥~E PENMAN + (EFIf lS) 
BEITER,RCMANOWSKI~SUTTDN • (CARNEGIE} 
V L TELEGDI (BERN{ 
CHARPAK~FARLEY~GARWIN~MULLEB~SENS + (EERN) 
D P HUTCHINSON,J HENES + (COLUMBIA) 
G SHAPIRD~L M LEDERMAN (COLUMBIA} 
GERALD FEINBERG~ L M LEOERMAN (COLUMBIA) 
FAIRLBY~BAILEY~BRCWN.GIESCH ÷ (CERN) 

FISHER 59 PRL 3 3A9 
ASTBURY 60 ROCH CONF 60 542 
EEVDNS 60 PBl 5 830 
LATHROP 60 NC 1T 109 
LATEROP 60 NC 17 11~ 
PELTER 60 PRL 8 22 
TELEG~I 60 ROCH CONF 60 713 
CHABPAK 6I PRL 6 128 
HUTCHINS 61PRL 7 I29 
SEAPIRO 62 PR 125 1022 
FEINBERG 63 ARNS 13 431 
FAIRLEY Eb HC ~SA 281 

STABLE PARTICLES 

8 CHARGE~ PION (I40,JPG=O--) I=I 

8 CHABGEE Pl MASS (MEV) 

M 189.37 0.20 CBEWE 54 CNTR - 
M 189.68 0.18 BARKAS 56  EMUL + 
M 139.577 0.013 SBAFER 6T CNTB MESONIC ATOMS 6768 
M . . . . . . . . .  
M AVG 1 3 9 . 5 7 7  0 . 0 1 3  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0) 
M FIT I39.578 0.013 VALUE FRCM CONSTRAINED FIT 6/68 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
8 PI+ NU÷ MASS EIFFERERCE (MEV) 

D 34.00 O.OT6 BARKAS 56 EMUL 
O 33°89 OoOTE BARKAS 56 EMUL 

. . . .  , • • . * 

AVG 33o8A5 C.OS5 AVERAGE (ERROR INCLUDES SCALE FACTOR DF 1.0( 
O FIT 33.920 0.013 VALUE FRCM CONSTRAINED FIT 6168 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

8 ((PASS PIe)-(MASS PI-I(/AVERAGE (PERCENT) 

DM O.02 0.05 GREENEERG 69 CNTR 5470* 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

8 CHAR.P{ LIFETIME (UNITS IG**-Rl 

25.6  0 .5  C,5 CRONE 57 RVUE 
25.6 O.B O.B ANDERSON BO CNTB 

T 8BOG 29.AB 0.32 0.32 ASHKIN 60 CNTR 
MERRISON 82 RVUE 

26.0E 0.04 EGKHAUSE 65 CNTR ÷ 9166 
T 25.6 0 .3  BARDER 66 CNTR 6166 
T 25.9 0 ,3  DUNAITSEV 66 CNTR 6168 
T N {26 .40 )  ( 0 . 0 8 )  KINSEY 66 DNTR ÷ 6/66 
T N SYSTEMATIC ERRORS IN CALIBR.IN THIS EXP° DISCUSSED BY NORUBERG 67 8 / 6 T  
T 26.67 0 .24 LDBROWICZ 66 CNTB S/66 
T (2E.6) (0.2) AYRES 57 CNTR OLD,RETRACTED 11169 
T 26.04 0.05 NORDBERG 87 CNTR ÷ 8/67 

26.02 0.04 GREENEERG 69 CNTB 5270* 

T AVG 26.028 B . 0 2 8  0.024 AVERAGE {ERROR INCLUDES SCALE FACTOR OF I.O 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

8 MEANLIFE CIFFERENCE~(*)-(-)IAVGE. (PERCENT( 

DT N THIS QUANTITY IS A MEASURE CF CPT INVARIANCE IN W.h 

BT 0.23 0.40 LOBKOWICZ 86 CNTR SEE NOTE L 9466 
OT L ABOVE IS THE MOST CONSERVATIVE VALUE QUOTED BY AUTHORS eZ66 
DT 0 .4  0 .7  BAREON 66 CNTR 7/66 
OT (0.5G) { 0 . 2 8 )  AYRES 6T CNTR OLD,RETRACTED 10166 
DT - 0 . 1 8  0.29 PETRUKHIM 68 CNTR 8/68 
DT 0.055 0o071 AVRES 60 CNTR NEW EXPT 10/69 
OT . . . . . . . . .  
OT AVG 0.053 0.068 AVERAGE (ERROR INCLUDES SCALE FACTOR OF l.O) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

8 CHARGER PION PARTIAL DECAY POOES 

OECAY MASSES 
Pi  CHAR.PION INTO MU (HU-NEU( lOSe O 
P2 CHAR.FIDN INTO E (E-NEU) °5+ D 
P3 CHAR.FION INTO MU {H~-NEU) GAMMA 105. B+ 0 
P4 CHAR.PIGN INTO PID E (E-MEU) I84+ .5+ 0 
P5 CHAR.PICN INTO E NEU GAMMA .5+ O+ D 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

8 CHARGED PIUN EgANCHIBG RA710S 

R1 CHAR.PION INTO MU NEU GAMMA {UNITS 10~-8) (P3)/(Pl)  
RI 26 1.24 0.25 GASTAGNOL 58 EMUL E(MU).LT.  8. BB MY 

R2 CMAR.PION INTO E NEU (LNITS 10$ t -6 )  ( P 2 I / ( P I )  
RE 1.21 0.07 ANDERSON EO CNTR 
R2 1.247 C.G2B OI CAPUA 64 CNTR 
R2 . . . . . . . . .  

R2 AVG 1.242 0.026 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 .0 )  

R3 CHAR.PION INTC PIO E NEU (UNITS 1 0 * * - 8 }  ( P A ) / ( P I )  
R3 3E 0.97 0.20 BABTLETT 6R OSPK 
R3 38 l.OT 0.21 BACASTOW 65 OSPK + 
83 1.10 0 .26 BERTRAM 65 OSPK 6/66 
R3 43 I . t  0 .2  DUNAITSEV 65 CNTR 7/66 
R3 332 1.00 0.08 D. LD DEPOMMIER 68 CNTR 3/68 
RE 
R3 AVG 1.023 0.069 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0) 

RA CHAR.PION INTOoE5NEU GAMMA {LN)TS I0"*-8) ( P H I l ( E L l  
R 4  143 3 .0  . DEPOMMIER 63 CNTR GAM KE 50-90 NEV 6/66 

REFERENCES 
8 CHARGES PICN ( IAOtJPG=O- - ) I= I  

C R O N E  84 PR 96 870 K M CREWE~R k PHILLIPS (LRL) 
BARKAS 56 PR LOI 778 W H BARKASwW BIBNBAUMtF M SMITH (LRLI 
CRONE 57 NC 5 $41 K M CRDBE (STANFORD HEPL1 
CASTAGNO SB PR 112 17T9 C CASTAONOLItH MUCHNIK (ROME I F) 

ANDERSON 60 PR 119 2050 H L ANCERSONtT FUJII~R H MILLER + (EFINS) 
ASHKIN 60 NC 16 890 ASHKIBvFA~ZIhlyFIOECARORLIPMAN ~ (BERN) 
HERR{SON 62 ACVP 11 I A W MERRISON (LIVERPOOL) 
OEPDMMIE 63 PL 7 285 P OEPEMMIER,HEINTZEwRUBBIA~SOERGEL (BERN) 
BARTLETT 64 PR 1388 1 4 5 2  BARTLETTtOEVQNStMEYEB~RCSEN (COLUMBIA) 
DI CAPUA 64 PR 1338 1333 DI CAPUAtGARLANO~PONDRUMISTRELZGFF (COLUM) 

BACASTOW E5 PR 139 B A D ?  ~GHESQUIERE~WIEGANOtLABSEN (LRL÷SLAG| 
8ERTRAH 65 PR 139 B 6L7 BERTRAMyMEYER~CARRIGAN+ (MICH~CARNEGIE) 
DUNAITSE 65 JETP 20 58 OUNAITSEVtPETRORHINtPRBKUSHKIR ÷ (BUENA] 
ECKNAUSE 65 PL 19 348 ECKHAUSE~HARRIS~SHLLER~ (WILLIAM AND wARy) 

BARCON 66 PRL [6  775 BARDONsGORE,OCRFAN,KBIEGEB • (EELUMDIA( 
BUNAITSE 66 PL 23 283 ÷KGTYINtPROKOSHKIN~RASUVAEVJSIMONOV (BUENA) 
KINSEY 66 PR 14R 1 1 3 2  KINSEYtLOEKCWIC/tNORCOERG (ROCHESTER UNIV| 
LOBKOWIC 66 PRL 17 548 LOBKUWICZ,NELISSINDStNAGASHIMA÷ (RCCH~BNL) 



STABLE PARTICLES 

See the illustrated key preceding the data card listings. 

Data in parentheses have not been included in our averages. 

AYRES 67 PL 24~ 4 8 3  D S AYRES,CALOWELL,GREENBERG,KURZ~ (LRL) 
ALSO 67 PR 157 128B AYRES,CALOWELL,GREENBERGtKENNEY,KURZ+ (LRL) 

NOROBERG 67 PL 248 594 NOROBERG,LCBKDWICZtEURMAN (ROCHESTER UNIV1 
SPADER 67 PR 16~ 1451 ROEERI E. SHAFER (LRL) 

SEE ALSO PAL 14 923 SHAFER,CRONE,JENKINS (LRL) 

DEPOMMIE 68 NUC PHYS B4 189 OEPOMMIER,DUCLOS,HEINTZE~KLEINKNECHT+(CERN) 
PETRUKHI 68 JINR-Pl-3862 PETRUKHIN,RYKALIN,KHAZINS,CISEK (DUBNA) 
AYRES 69 UCRL-IB36g DAVID S AYRES (THESIS) ILRL) 
ALSO 68 PAL 21 261 AYRESpCORMACKtGREENBERG,RENNEY~ [LRL,UCSB) 

GREENBEE 69 PAL 2 3  1267 ÷AYRES,CORMACKtKENNEY,CALDWELL÷T (LRL,UCSBI 

PAPERS KCT FEFERREETO IN CATA CARDS 

SHAPIRO 62 PR 125 1022 G SHAPIRO,L M LEDERMAN (COLUMBIA) 
CZIRR 6 3  PR 130 341 JEHN E CZIRR (LRLI 

F ~  9 NEUTRAL PION (135,JPG=O-- I  I=I 

9 PI  MASS CIFFERENCE (p I+m) - iF IO I (MEVI  

D (E .37)  ( I . 0 )  PANDFSKY 51 CNTR - 
0 4.50 0.31 CHINOWSKY 54 CNTR 
0 4.6E 0.05 HADDOCK 59 CNTR - 
0 4.60 0.04 HILLMAR 5g C~TR 
0 6.55 0 .07 CASSELS 59 CNTR 
0 4.6056 0.0055 CZIRR 63 CNTR 
D 4.59 0.03 PETRUKHIN 63 CNTR - 
0 4 . 6 0 3 4  0.0052 VASILEVSK 66 CNTR - 
0 . . . . . . . . .  
0 AVG 4.6041 0.0037 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

9/66 

g PIO LIFETIME (UNITS I0"*-16I 

N 76 ( l . 9 )  ( 0 . 5 )  ( 0 . 5 )  GLASSER 61EPUL 
N 45 ( 2 . 3 )  ( l .  I I  ( l , C )  TIETGE 62 EHUL 

T N 88 (Z.BI  ( 0 . 9 )  (0 .91  ROLLER 63 EMUL SEE SEAMER 66 
T 1.05 0°18 0.18 VCM GARDE 63 CNTR 
T N 75 (1.7) ( 0 . 5 )  SHWE 6 4  EMUL 
T 0.730 0°I05 BELLETTIN 65 CNTR 6/66 
T N 6 7  (1o6) (O°6 l  (0.5) EVANS 65 EMUL 6166 
T N OLE EMULSION MEASUREMENTS NOT USED BECAUSE OF POSSIBLE SYSTEMATIC 
T N SHIFT TO LARGER LIFETIME VALUES 
T g 232 1.0 O.E STAGER 66 EMUL 8/67 
T K INCLUDES EVENTS CF KELLER 63 B/67 
T 10.6)  ( 0 . 2 )  (O. OBI 8RAUNSCHW 68 C N T R  PRIMAKOFF EFF. 9/68 
T 0.56 0=06 BELLETTIN 70 CNTR PRIM.EFF. ON NUC 7/70~ 
7 . . . . . . . . .  
T AVG 0.76 0.15 0.13 AVERAGE (ERROR INCLUDES SCALE FACTOR ~F 2.3 

ISEE IDEOGRAM BELOW ) 

WEIGHTED AVERAGE = 1 . 3 2  * 0 . 2 4  

ERROR SCALED B Y  2 . 3  

0 1 

CHISQ 

. . . .  BELLETTIH 7 0  C N T R  E . B  

" ~  . . . .  STAMER 6 6  EMUL 

l . . . .  \ . . . .  B E L L E T T I H  6 5  CHTR 0 . 1  

DARDE 63 CNTR 4 . B  

1 0 . 6  

i [COHLEU 
2 3 = O . O O S )  

NEUTRAL PI DECAY RATE(UNITS 1 0 m ~ 1 6 S E C - 1 }  

9 NEUTRAL PION PARTIAL DECAY HOOES 

CECAY MASSES 
Pl PIO INTO 2GAMMA O÷ 0 
P2 PIO INTO E÷ E m GAMMA .5* .E÷ 0 
P3 FIB INTO 4ELECTRONS . 5 .  . 5 *  .5+ .5 
P4 PIO 1NTO 3 GAMMA O+ O÷ 0 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

g NEUTRAL FICN EFANCHIND RATIOS 

RI PIO INTO (GAMMA E÷ E-)I(2GAMNAI I P 2 1 / ( P l l  
RI (O.OLIg61THEORETICAL CALC.JDSEPH 60 QUANTUM ELECT. 9/66 
RI 27 O . O t l 7  0.0015 BUDAGOV 00 HBC 
RI 3071 0.01166 0.00047 SAMIGS 6 1 H B C  PI-P TO PIO N 
RI S SANTOS VALUE USES PANOFSKY RATIO © 1.62 
RI . . . . . . . . .  
RI AVG 0.0117 C.0004 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 .0 )  

R2 PIC INTO (3 GAMSAII(2 GAMMA) (UNITS 10 .~ -6 I  ( P 4 ) / ( P I I  
R2 0 I5.0IOR LESS OUCLCS 65 CNTR EL=g0 PERCENT 6•66 
R2 (5.0| OR LESS KUTIN 65 CNTR 50 PERCNT C.L. 3168 

R3 PlO INTO ( E + E + E - E - ) / ( 2  GAMMA) IUNllS IO* * -B )  ( P 3 I / I P L )  
R3 (3 .47 )  THEORETICAL CAL° KRDLL 55 QUANTUM ELECT. 9166 
R3 146 3.18 0.30 SAMIOS 62 HBC SEE NOTE N BELOW 6 1 6 6  
R3 N ABOVE VALUE USES PANOFSKY RATIO=I.62 

-13- 

PANEFSKY 51 PR 81 565 
CHIROWSK 54 PR 93 586 

KROLL 55 PR 98 13E5 
CASSELS 59 PPS 74 92 
HADDOCK 59 PRL 3 478 
HILLMAN E9 NC 14 887 

BUOAGOV 60 JETP 11 755 
JDSEPH 60 NC 16 997 
GLASSER 6 1 P R  123 1014 
SAMIOS 6 1 P R  121 275 
SAMIOS 62 RE 126 I B 4 6  
TIETGE 62 PR L27 1324 

CZIBR 63 PR 130 041 
ROLLER 63 NC 27 1405 

REFERENCES 
9 NEUTRAL PICN I 1 S E , J P g = O - - I I = l  

W K H FANGFSKYtR L AAMDCT,J HADLEY (LRLI 
w CHINOWSRYtJ STEINBEBGER )COLUMBIA) 
N RRULL ,W W A O A  (COLUNBIJ*NRLW) 
CASSELS,JONE$,SURPHY,O.NEILL )LIVERPOOL) 
HA00GCK,ABASHIAN,CROWE,CZIRR (LRL) 
HILLPAR,MIDDELKOOPtYAMAGATA,ZAVATTINIICERN) 

BUOAGE~,VIKTOR,OZHELEPCVtERHDLOV ÷ (J INRI 
O W JOSEPH lEFT) 
R G GLASSER,N SEENAN,S STILLER (NRLI 
N P SANTOS (COLUMBIA*BNL) 
SAMIOS,FLANO~PRODELL ÷ (COLUMBIA+BNLI 
J TIETGEtW PUESCHEL (PAX PLANCK INST) 

JOHN B CZIRR (LRL) 
E L KELLERtS TAYLOR,T HUETTER (STEVENS] 

KELLER 63 SEE ALSO STAMER 66 
PETRUKHI 63 SIENA CONF 208 v I PETRUKHINvYU D PROKOSHKIN (JINR) 
VON DARD 63 PL 4 51 VON OARCEL,OEKKERS,MERMOD,VAN PUTTEN*(CERN) 

:SMWE 64 PR 1366 1839 H SHWEtF M SMITHjW H BARKAS ILRL) 
BELLETTI 65 NC 40 A 1 1 3 9  BELLETTINI,BEMPORAO,BRACCINI÷IPISA+FIRENZE) 
OUCLDS 65 PL 19 253 DUCLOS,FREYTAG,HEINTZE + (CERN+HEIOELEERGI 
EVANS E5 PR 13g B 982 0 A EVANS (OXFORD) 
KUTIN 65 JETP LETT 2 243 KUTIN,PETRUKHIN,PROKESHKIN IJINRI 

STAMER 66 PR 151 1108 STAMER,TAYLER,KDLLER,HUETTER÷ (STEVENS) 
VASILEVS 66 PL 23 281 VASILEVSKY,VISHNYAKOV,DUNAITSEV + [OUBNA) 

BRAUNSgE 68 VIENNA ABE° 297 BRAUNECHWEIG,HUSMANN,LUBELENEYER* (BONfil 
BELLETTI 70 NC 66A 243 BELLETTINI,BEMPORAE,LUEELSMEY÷ (PISA÷BONN) 

I 

I0 CHARGED K MASS [NEVI 

M 493.9 O.Z COHER 57 RVUE * 
P 4g3.7 0.3 OARRAS E3 EMUL - 
M 493,7B 0.  L7 GREINER 65 EMUL * VIA TAU DECAY 7•66 

. . . . . . .  , , M 
M AVG 493.81 O.IZ AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1°0) 
g FIT 493.82 O°L1 VALUE FROM CONSTRAINEO FIT 6 /68 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

10 CHAR.K LIFfTIPE (URITS EO**-B) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

CHARGEC K CCNSTBAINED FIT 
OVERALL FIT OF LIFETIME, WIOTFS AND BRANCHING 
RATIOS USES 46 DATA PCINTS TO DETERMINE SEVEN 
QUANTITIES. OVERALL FIT HAS OH)SO=74. MAIN 
CONTRIBUTION l i B . ? )  CERES FREP RI9 OF EICHTEN 
68 (WE SEE NO REASON TO REJECT THIS EXPERIMENT 
AT THIS TIME) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

CHAR. K LIFETIME 
0.95 0.36 0.25 ILOFF 56 ENUL 

52 1.60 0 .3  0 .3  EISENBERG E8 EMUL 
1.21 0.06 0.06 BURROWES 59 C NTR 

33 1*38 0.24 0.2A FREDEN 60 EMUL 
1.25 0.22 0.17 8ARKAS 61 EMUL 

Bl I.27 0m36 0.23 BNOWPIK 61ERUL 
293 1.31 0.08 0.08 NORDIN 6I HBC - 

{ I .24) I0o07| NCRDIN 61 RVUE 
1.2El O.Oil O.Oll BOYAgSKI 62 CNTR * 
1.2443 0.0038 FITCE 65 CNTR ÷ 6/66 
1.2265 0.0036 LDBKOWICZ 66 CNTR ÷ 9/66 
1.221 0.011 FORD 67 CNTR ÷ -  B/67 

G (1 .244 )  (O.O05J GIACDPELL 6T CNTR * 8 /67 
G GIACCMELLE 67 VALUE JUST A CHECK DN APPARATUS 

AVG 1.2343 0.0052 0.0E52 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 2. 
FIT lm2349 0.0043 VALUE FRGM CONSTRAINED FIT 

(SEE IOECGRAP BELOW I 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

WEIGHTED AVERAGE = O . B i O 2  • 0 . 0 0 3 4  

ERROR SCALED BY 2 . 1  

Values above DE weighted aver- 
age, scale, etc. for readers 
convenience. The data were 
a c t u a l l y  p r o c e s s e d  b y  p r o g r a m  
AHR, which calculates its o ~  
values of SCALE, 3, and SIx) 
(which are diEferent from the 
values shown here), 

............ FDRD 67 CNTR 

............ LOBKOWICZ GG CNTR 

............ FITCH 65 CNTR 

. . . . . . . . . . . .  BDYARSKI 02 CHTR 

-'~ . . . . . . . . . . . .  NDRDIN 61 HBC 

- -  -BHDUMIK 6i EMUL 

-BARK, S 61 EMUL 

-FREDEN SO EMUL 

-BURRDUES 59 CNTR 

.~-L-- - - - - .  -EISENBERG SB EMUL 

' "ILDFF SG EMUL 

0 • 4 D, B I .'2 1 .'~ 

CHARGED K DECAY RATE (UNITS iO ImB S E E - i )  

CHISQ 

1 . 4  

4 . 7  

7 , 0  

O , i  

1 3 . 2  

(COHLEU 
= 0 . 0 0 4 )  



STABLE PARTICLES 

- 2 4 -  
See the illustrated key preceding the data card listings. 

Data in parentheses have not been included in our averages. 

1o LIFETIME OIFFERBNCE,(e)-(-)/AVGE. (PERCENT) 

OTN  THIE QUANTITY IS A PEAEURE OF OPT INVARIANCE IN W.I .  

CT -0.049 0.097 LCBKCWICZ 66 CNTR SEE NOTE L q166 
OT L ABOVE IS THE MOST CONEERVATINE VALUE GUGTRD BY AUTHORE 9166  

0 .47  0 .30  FORD 67 CNTR B /67  QT 
~T . . . . . . . . .  
DT AVG 0.00 0.15 AVERAGE (ERROR INCLbDES ECALE FACTOR DF 1.63 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

10 OECAY RATES O IFF . , (~ ) - ( - ) /AV .  (PERCENT) 

Ol DIRFERENCE IN K MU2 ROTEE ( (N I+ ) - iW I - I ) IW I  
C I  -0.54 C.41 FORD 67 CNTR 8 /67  

C2 DIFFERENCE IN TAL RATES I (~2+ I - (N2 - ) I /W2  
D2 -0.04 0121 FORD G7 CNTR 8167 
D2 - 0 . 5 0  C . 9 0  FLETCHER 67 OSPK 8 / 6 7  
D2 . . . . . . . . .  
02 AVG -0.06 0.20 AVERAGE tERROR INCLUDES SCALE FACTOR OF l .O}  

D3 ~IFEERENCE IN T~U PRIME RATES ((WA÷)-(HA-)IIAVERAGE 
08 LED2 - 1 . 1  1.8 HERZC 69 OSPK 

D4 CIFFERENCE IN K FIB R~TES ((W2+)-{W2-))IJVERAGE 
D4 O.B 1.2 HERZC 69 OSPK 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

10 CHARGED g PART IAL  EECAY MODES 

5 /70 *  

5 /T0 .  

DECAY MASSES 
Pl CHAR. K INTO MU[NEU} K MU2 105+ 0 
P2 CHAR. K INTO PI RIO K PI2 139+ I84 
P3 CHAR. K INTO PI P I+  Pl- TAU 1390 139+ 139 
P4 CHAR. g INTO P( 2RiO TAD PRIME 139+ 134+ 134 
P5 CHAR. g INTO HUPIO NED K MU3 105+ 134+ O 
P6 CHAR. g INTO E PlO NEU K E3 .5" 134+ 0 
PT POEIT.R INTO FI+ P I -  E+NEU KEe 4 139+ 139+ .5+ O 
P8 POSIT.K INTO PI *  Pl÷ E-NED K E-  4 139+ 139+ .E+ 0 
P9 PDSIT .K  INTO AT+ P I -  MU+ NED K+MU+ 4 139+ 139+ 105+ 0 
PlO POSIT.K INTO Ale Pl+ MU- NEU K+MU- 4 139+ 139. 105+ 0 
PIT CHAR. K INTO E NEU K E 2 .5+  8 
Pl2 CFAR. K INTO MU NEU GAMMA K MU RAO 105+ O+ 0 
PI3 CHAR. K INTO PI P lO GAMMA g Pl RAD 139+ 134+ 0 
PI4 CHAR. K INTO PI PI+ PI -  GAMMA IAU RAD 139+ 139+ 139+ 0 
Pl5 CHAR. K INTO Pg E* E- P IE  E 1390 .5+ .5 
PIE CHAR. K IKTD PI MUe MU- PI MU MU 139+ lOS+ 105 
P17 CHAR. K INTO PI GAMMA GAMMA Pl GAR OAR 139~ O+ 0 
P18 CHAR. K INTO P( E NEUTRINO GAMMA P( E NDU GAM 139, .5+ O+ 0 
P19 MEG. K INTO P I+  E -  E -  R ICE-E -  139 "  . 5+  . 5  
P20 CHAR. g INTO PINEU NEU P( NED NEU 139+ 0+ O 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

I0  CH~RGEE K CECAY RATES 

Wl ChaR. K INTO MU NEU Ig MUI (UN. 1 0 " ' 6  EEC-1I (PIT 
h l  51 .Z  E.B FORD 67 CNTR + -  
W1 . . . . . . . . .  
hi  FIT 51.64 0.30 VALUE FROM CONSTRAINEE FIT 

N2 CFARG. K INTO Pl PI+ P I -  (TAL )  (UN .  I0**6 EEC-II (P31 
W2 4 . 6 9 6  0 . 0 3 0  FCRO 67 CNTR +- 
~2 . . . . . . . . .  
h2 FIT 4 .513  0 .029  VALUE FROM CONETRAINEO FIT  

h3 DE~R. K INTO (TAU) -  (TAU PRIME) (UNITE 10"~6 SEC-II (P3-PA) 
W3 USED FOR DELTA I=112 TEET 
W3 . . . . . . . . .  
~3 F IT  3 .135  D .C49  VALUE FRCM CONSTRAINED FIT 

W4 CHAR. g INTO (MU RIO NED) • (E  PIE NED) (UNITE 10*'6 SEC-I) (PS+PE} 
h4 LSED FOR DELTA I=I12 TEST 
~4 . . . . . . . . .  
h4 FIT 6.50 0.12 VALUE FROM CONSTRAINED FIT 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

/ 
4 .5  S .O  

CHARGED K TAU 

lO  CHARGED K 8RAECHING RATICE 

R 0 OLD OATA EXCLbDED 

RI CHAR. K INTO MU NEU (MU2I (UNITS I0"~-2}  (PIIITDTAL 
RI 0 (58.5) (3.03 81RGE 56 EMUL + 
R1 E (56.9} (2.63 ALEXANDER 57 EMUL * 
RI 
RI FIT 63 .77  0.29 VALUE FREM CONSTRJINED FIT 

R2 CHAR. K INTO Pl RIO (PIZ} (UN ITS  1 0 , * - 2 )  (P211TCT~L 
R2 0 (B7 .7 )  ( 2 . 71  61RGE 56 EMUL • 
R2 0 (23.21 (2 .2 I  ~LEXANOER 5T EMUL + 
R2 (21.0} (0.6) CALLAHAN 65 HLEC SEE R17 
R2 i21.63 (0.6}  TRILLING 15 RVUE 6 / 6 6  
R2 . . . . . . . . .  
R2 FIT 20.93 0 . 2 9  VALUE FRCM CONSTRAINED FIT 

R3 CHAR. K INTO Pl Pl+ PI-(TAU} IUNITE I 0 . * - 2 l  (P3)ITOTAL 
R3 O (5.6)  (0.4) DIRGE 56 EMUL + 
R3 0 (6.8) (0 .4 I  ALEXARDER 57 EMUL + 
R3 D (S.2) CO.31 TAYLOR 59 E~UL + 
R3 5.7 0.3 ROE 61 HLBC + 9166 
R3 2332 5.5~ C.12  CALLAHAN 64 HLBC • 
R3 540  5 . 1  0 . 2  SHARLEE 64 HLBC + 9 / 9 6  
R3 5.71 0.15 DE M~RCO 65 HBC 6166 
R3 44 6.0 0.4 YOUNG 65 EMUL + 6166 
R3 
R3 AVG 5.55 O. l l  AVERAGE (ERROR INOLUDES ECALE FACTOR OF 1.43 
R3 F IT  5.574 0.C35 VALUE FROM CONETRAINED F IT  

(SEE ICECCRAM BELOW ) 

R4 CHAR. K INTO PI 2RiO (TAD PRIMEI(UNITS 10 . * -2 I  (P4 ) /TDTAL  
R4 o ( 2 . 1 }  (0.5) BIRGE 56 EPUL ÷ 
R4 0 (2.8) (0.4} ALEXANDER 57 EMDL + 
R4 C (1.53 (0.8) TAYLER 59 EMDL * 
R4 I .T  0.2 ROE 61HLBC + 11167  
R4 108 1.8 0.2 SHAKLEE 64 HLBC + 11167 
R4 . . . . . . . . .  
R4 AVG 1.75 0.14 AVERAGE tERROR [NCLUDEE SCALE FACTOR OF I .O} 
;~  FIT 1.712 O.OGB VALLE FROM CDNETRAINED FIT 

WEIGHTED AUERAGE = S.SS i 0.11 

ERROR SCALED BY 1 .4  

V a l u e s  a b o v e  o£ w e i g h t e d  
a v e r a g e ,  s c a l e ,  e t c .  Eor 
r e a d e r s  c o n v e n i e n c e .  The  
d a t a  w e r e  act~ l ly  p r o c -  
e s s e d  by program AHK, 
which calculates its o~ 
values of SCALE, ~, and 
E(x) (which are different 
Erom the values shown here). 

\ CHISQ 

\ ,  " . y n u N G  6 5  Er lUL  

---~" . . . . . .  DE MARCO G5 HBC 1 .2  

• - . ~  . . . . . .  SHAKLEE G4  HLBC 5 .0  

. . . .  ~ . . . . .  CALLAHAH G4 HLBC O.O 

- - -F - - - -  -~. L . . . .  ROE 61 HLSC 0 .3  

.S 6 .0  6 .S  7 .O  =0.102] 

.F. pI+PI-PIO (UN 1D~ ! -2 ]  

R9 
R9 

RIO 
RIO 

RI I  
E l i  
RI I  
R l l  
Rl1 

R12 
R12 

RI3 
R13 
R13 
R13 

RIG 
R14 

R15 
R15 
R15 
RIg 

R[6 
R16 
R16 

R17 
R17 
R17 
RI? 
R17 
RIT 

R18 
R 18 
R18 
R18 
R18 
RI8 

R19 
R19 
R19 
RIO 
R19 

I R19 
R19 

R5 CHAR. R INTO MU PlO NEU (MU31 (UNITS 10"*-21 (P5IlTOTAL 
R5 0 {g.8) (1.OI BIRGE 56 EMUL + 
R5 0 (5.9}  (1.3| ALEXANDER 57 EMUL ÷ 
R5 0 (2.81 (0.g) TAYLER 59 EMUL + 
R5 . . . . . . . . .  
RE FIT 3.18 0.11 VALUE FROM CCNSTRAINEO FIT 

R6 CHAR. K INTO E PIO NEU (13} (OMITS 1 0 * * - 2 }  (P6IITOTAL 
R6 0 (3.2) I I . 33  BIRGE 56 EMUL + 
R6 0 (E.1) (1.33 ALEXANDER 57 EPUL + 
R6 5 .0  0 .5  ROE 61 HLBD ÷ 11 /67  
R6 429 4.7 0.3 SHAKLEE 6A HLBC ÷ 11167 
R6 
R6 AVG g.78 0.26 AVERAGE {ERROR INCLUDES SCALE FACTOR OF I .O) 
R6 FIT 9.84? 0 °O72  VALUE FROM CONETRAINED FIT 

R7 CHAR. K INTO (Pl2 ÷ MU3JI[TETAL) (P2+P5IITOTAL 11167 
R7 WE CGHBINE THESE TWO MODES FOR EXPTS MEASURING THEM IN XENON BC 
R7 BECAUSE OF DIFFICULTIES OF SEPARATING THEM THERE 
R? 23.4 I . i  ROE 61 HLBC + I1/67 
R7 886  25 .A  C .9  SHAKLEE 64  HLBC + 11167  
RT . . . . . . . . .  
R7 AVG 26.60 O.9D AVERAGE tERROR INCLUDEE ECALE FACTOR OF 1.AT 
R7 FIT 24 .11  0.29 VALUE FROM CONSTRAINED FIT 

R8 POSIT.K INTO PI+  PI+ E- NEU (DNITS 10" * -7 )  (PB)ITOTAL 
R8 (20.}  OR LESS BIROE E5 FBC + 95 PER CT CONF 8/66 
R8 0 (6.93 OR LESE £1Y 69 HLDC + 55 PER CT CONF 10165 

PDEIT.K INTO PI+ Pl -  MU+ NED (UNITS 101.-5) (POIITOTAL 
I 0 . 7 7  0 . 5 4  0 . 5 0  CLINE 65 FBC • 8 / 6 6  

POSIT.K IRTE Ple PI+ MU- NED (UNITE i 0 " * - 6 I  (PlOT/TOTAL 
0 (3.01DR LESS BIRGE 65 FBC ÷ 95 PER CT CONF 8 /66  

CHAR. K INTO E NEU (UNITS I 0 . # -5 )  (P1131TOTAL 
(160.0] OR LEES BORREAN{ 64 HBC * CONLEV=0.95 11/67 

4 2.1 1.8 1.3 BOREN 67 OSPK + 8 /67  
80WEN RESULT SHOULD BE CORRECTED TC 1.9(+I.7,-1.2) BECAUSE OF 
K+ TO E* NEU GAMMA DECAYS BEFCRE COMPARING WITH gOTTERIEL 67 R28 

CHAR. K INTO PI GAMMA GAMMA/TCTALILNITE I05 . -4 )  (PIT}ITOTAL 
( I . 11  OR LEEE CHEN 68 OSPK * 5 / 6 8  

CHAR. g INTO PI PIO GAMFA (UNITS 10'*-41 (PI3)ITOTAL 
18 (Z.2] (O.7} CLINE 64 FEE + Ple KE 55-80 MEV 8166 
C ( I . 91  OR LESS EMMERSCN 69 OEPK PI÷ 95-80 MEV 10169 

90 PER CENT CONFIDENCE 10169 

CHAR. K INTO Pl PI+ P l -  GAMMA(UNITS I0 * * -4 }  (P14IITETAL 
1.0 0.4 STAMER 65 EMUL + 9166 

CHAR. K IHTO PI Ee E- (UNITE E0*~-6( (PI5IITCTAL 
I { I . 13  OR LESS CAMERINI 66 FBC ÷ 8/86 

(O.A} OR LESS CLINE 67 FBE + IL167 
(9.g)  OR LESS DIE( 67 DEC • 90 PER DT CONF 11167 

CHAR. K INTO P( MU+ MU- (UNITE IO**-6)  (PI6)ITOTAL 
(3.0J DR LEES CAMERINI 65 FSC + 90 PER CT CONF 8/66 
(2.A} OR LESS 81EI 67 DEC + 90 PER ET CONF 11167 

CHAR. K INTO (Pi PIDIITAU [P2) l (P3I  
194 3.24 0.34 YOUNG 65 EMUL * 8/66 

1045 3.96 0.15 CALLAHAN 66 FBC + 9/66 

AVG B.B4 0.87 AVERAGE (ERROR TNCLLDES ECALE FACTOR CF 1.93 
FIT 3.755 0.061 VALUE FRE¥ CONSTRAINED FIT 

CHAR. K INTO (PI 2PIC)ITAO H÷HL (PAIl(R31+ 
2027  0.303 O.O05 BIS[ 05 

YOUNG 65 EMUL + 17 0.393 o. Ggg 

AVG 0.3037 0.0090 AIERADE (ERROR INCLUDES SCALE FACTOR OF 1.0] 
FIT 0.5054 0.0085 VALUE FREM CONSTRAINED FIT 

C~ARI K INTO (MU PIG NEUIITAU H+HL(P5)I(P3)+ 
2175 0.632 0.035 GIST 65 

38  0.90 0.16 YODRG 65 EMUL + 
1505 0 .510  0 .017  EICHTEN 68 HLBC + 

AVG 0.537 0.098 AVERAGE (ERROR INELDDES SCALE FACTOR OF 3.11 
FIT 0.571 0.021 VALUE FROM CONETRAINED FIT 

(EEE IDEOGRAM EELOM | 

8/66 
8/66 

8166 
8166 

11168  



STABLE PARTICLES 

2 5  
• See the i l lustrated key  preced ing  the data card listings. 

Data in parentheses have not  been included in our averages. 

M32 CHAR. K INTO P l  NEU NEU/  TOTAL (UN ITS  10 " * -61  (PZOI /TOTAL  
R32 C [100.0) CR LESS CARERINI 69 HLBC + TEST NEUTR.CURR. 5/70* 

WEIGHTED AUERAGE = 0 . 5 3 7  ± 0 . 0 4 B  R}E C 90 PERCENT CONFICE~CE 
RS2 K (1.2)0R LESS KLEMS 78 OSPK 5170* 

ERROR SCALED BY 3 . 1  R32 K ASSURES PI+ SPECTRUM SAME AS FIO SPECTRUM IN KE30ECAY 

R33 CHAR. K INTO (TAUI/ITAU PRIME) (P3/P4) 
R33 USED FOR DELTA I= l /Z TEST 
R33 . . . . . . . . .  
RS]  F IT  3 .275  0 .091  VALUE FRCM CONSTRAINED F IT  

Values above of w e i g h t e d  
average, scale, etc for ................................................................... 
readers convenience. The Fitted Pm~ial Decay Mode  Bzaneh~ Fractions 
data were actually proc- %/--~> 
essed by program AHR, Diagonal elements are Pl ~ SP.;z gP'z = ~ . Off-d~go~l elements are 

which calculates its o~ cozrelzctlon coefficients = <SPIgPj> / (gP.. gP~), 
values of SCALE, ~. and % 
6Ix) (which a r e  different 
from the values sho~ here). P I P 2 P 3 P 4 P 5 P 6 

; 2, .g3E.-.oc3 
-.831 .209+-.003 

P S - . 167  - . 084  . 056+ - .ODE 
P 4 -.149 -.062 .204 .CI7+-.CGO 
P 5 -.26T -.194 .09g .O08 .032+-.001 
P 6 --.246 --.208 .185 .~21 .~8 .048+--.00~ 

C H I ~ ~ Fitt¢d iDal~ia~ Deea Z Rate s 

9.9 W I W2 W3 wg g 5  W6 

" [CDNLEU ~ I .51E+-.003 
0.2. 0~ l.'D I.'4 = 0 . 0 0 2 1  ~ Z - . 4Z l  . les+-.o03 

CHARGED K INFO {MU PID N E U ] / ( T A U ]  w 3 - . 086  - . oz7  . 045+ - . 000  
W 4 -.C88 -.039 .191 .O14e , - . 000  
W 5 -.163 -.160 leg7 .009 .026,-.001 
W E -.cae -. lgO . 1D3  .OgZ .502 .039+-.001 

RZO CHAR. K INTO (E PIO NEUI/TAD IPS)/IPSI . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
RED 230 0.90 0.06 BORREAH [ 64 HBC + 8 /66  
REO 37 0.90 0.16 YOUNG 65 EMUL + 8/66 
R20 854 O.g4  c . cg  BELLCTT2 67 HLBC 1L /67  
REO .m385 0 . 8 4 6  0.021 EICHIEN 68 HLRC + 11168 
F(20 . . . . . . . . .  
R20 AV{; 0.857 0 . 0 1 9  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0) 
REO FIT 0.870 0 . 0 1 3  VALUE FROM CONSTRAINEO FIT 

RE1 PCSIT.K INTO (PI+ PI- E+ NEUI/TAUILNITS IO*e-gIIPTI/(PSI K + 
R21 6~ 6 .7  1 . 5  BIRGE A5 F,,C + 8,66 N o t e  o n  a n d  g ° F o r m  F a c t o r s  
R21 26S 5.83 0.63 ELY 69 HLBC 11168 
RSI . . . . . . . . .  
REI AV(; 5.96 0.58 AVERAGE (ERRCR INCLUCEE SCALE FACTOR OF 1.0) T h e  d e f i n i t i o n  of a l l  t he  v a r i a b l e s  l i s t e d  
R22 PCSIT.K INTO (PI+ PI- MU+ HEUI/TAUIUNITS [O*$-4)(Pgl/IPS) 

R22 l (Z.5) nFPROX GREIBER 64 EMUL + R166 in this section can be found in the text. As in R22 7 2.57 1.55 gIST 67 DBC + 11267 

R23 CHAR. K INT0 ~E PIO NEUI/(RL2+PI21(UNIT$ 10**-2IIP6]/IPl+PZJ the as% keep f~ as obtained in 
R23 ]El9 5.89 0.21 CESTER E60SPK + 8/67 p we the values o 
R23 5[IC 6.16 0.22 gSCHSTRUT 68 OSPK + 3/68 

. . . . . . . . . . . .  ( ~ B )  RE3 AVU 6.02 0.L5 AVERAGE (ERROR INCtUDES SCALE FACTOR OF i.0} ~ polarization measurements separated 
R23 FIT 5.723 0 . 0 9 2  VALUE FROM CONSTRAINED FIT 

R24 CHAR. K INTO IPl PIC#IIMD NEU] OSPKI~211IPII f r o m  t h e  v a l u e s  o b t a i n e d  f r o m  branching 
R24 0 .3253  0 .0065  AUERBACH 67 8167 
824 1 6 0 0  0.305 0.018 ZELLER 69 ASPK + 10269 
. . . . . . . . . . . .  r a t i o s  a n d  s p e c t r a  (~A). 
R24 AVG 0.3230 0.0065 AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1.1I 
R24 Fl ]  0.3282 0 .0059  VALUE FROM CONSTRAINED FIT M a n y  appro~mations are usually made to 
R25 CI=AR. K INTO (EP IC  NEU) / (RL  AEUI  (P61 / IP I )  
R25 472 0 .C797  C .0054  ~UERSACN 67 OSPK + 8 /67  
825 THE VALUE .0705*-.0025 GIVEN IN THE ABOVE REF IS  AN AVERAGE OF extract these parameters from the experimen- 
R25 AUERffACH 67  R;!~ AND CESTER 66 R23. 
R25 $6C . 8775  . 0033  8CTTERI I  68 ASPK + 5 /68  
R2S 561 0.069 0.006 GARLAND 6E OSPK + 4268 t a l  d a t a :  
R25 ~50 0.069 0.006 ZELLER 69 ASPK + I0260 

Rss . . . . . . . . .  i) Scalar and tensor currents. There is no R25 AV(; 0.0753 0.0025 AVERAGE (ERROR INCLUDES SEAtE FACTOR OF I.I) 
RZ5 FIT 0.0760 0 .0012  VALUE FREM CONSTRAINED FIT 

R26 C~AR. K INTO IMU PlO REU)II~U ~EUI (P5II(PI) evidence for scalar or tensor currents so pure 
R26 31C 0.0602 0.0046 AUERBACH 67 OSPK ÷ 8267  
R26 424 0.055 0.004 GARLAND 68 OSPK + 4 /68  l ly 
R26 24C 0 . 0 5 4  O.COg ZELLER 69 ASPK + I0169 vector current is usua assumed. 
R26 . . . . . . . . .  

~26R26 AVOFi1 0.04990"0560 0.00190"0029 AVERAGEvALUE FRcR(ERBORcoNSTRAINEDINCLUOES FITSCALE FACTOR OF 1.0} 2 )  I m  ~ s o  f a r  i s  c o n s i s t e n t  w i t h  0 a n d  t h i s  

~27 CHAR. K INTD (MU NEU)/(TAU) EMuL IP I I / IPS I ,  
RZ7 R 427 lI0.381 (0.82) YCUNG E5 W66 is usually assumed in most of the experiments. 
R27 R DELETE~ FROM 0%rEnAtL FIT BECAUSE YCUNG 65 CONSTRAINS HIS RESULTS 
R27 R TO Ago UP TO I .  ONLY YCUNG MEASURER RUE DIRECTLY. ~ 
RE, ......... _, k --The data are very sensitive t o  k , 
R27 F IT  11 .~4  C . lO  VALUE FRCM COHSTRAINED FIT 

Rz8  C~AR. K ,~T~ ~ ,EUI/(MU EEU* IUNITS lO**-SI IP11,,IPII which is quite dependent on other parameters. 
R28 1O 1 .9  0.7 0 .5  BCTTERILL 67 ASPK + 11/67 
R28 8 1.8 0.8 0.6 RACER 69 ASPK + 4269 
RE8 . . . . . . . . .  A.t t h e  p r e s e n t  t i m e  t h e r e  i s  no  e v i d e n c e  f o r  a n  
R28 AVG 1.86 0*46 AVERAGE (ERROR INCLUDES SCALE FACTER OF (.Of 

R39 CHAR. K INTO (RU ri0 NEU,~(E PIO NEUI IPS,/IP61 energy dependence of f , but the data are not 
R29 ElSOg 0.703 0.056 CALLAHAI 66 HLRC 6168 
R29 A 1398 (0.604) (0.022) RICHTER 68 HLRC 10/68 
R29 5601 0.667 0.017 BOTTERI2 68 ASRK + 6168 inconsistent with a large k (see GROIN-IN 68, 
R20 COMMENTS 
R29 A ONLY INDIVIDUAL RATIOS INCLUDED I~ FIT--SEE RI9 AND R20-- 11168 
R29 C FROM THIS EXPIRIMENT WE USE ONLY THE MUS/E3 RATIO AND 00 NOT who uses k = -0.14). 
RE9 C I~CLUOE IN THI FIT THE RATIOS NU31TAU AND E3/TAU, SINCE THEY 
R29 C SHOW LARGE DISAGREEMENTS WITH THE REST OF THE DATA. 

RZ . . . . . . . . . .  4) k+ i s  s m a l l  a n d  m a n y  e x p e r i m e n t s  a s -  
RE9 AVO 0.6?E C.Ol6 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.01 
R29 FIT 0.656 0 . 0 2 3  VALUE FROM CONSTRAINED FIT 

s u m e  i t  t o  b e  z e r o .  RIO CHAR. K INTO PIE  ~EU GAMMA/hi E NED (PIEIIIP61 
RIO 8 0.012 0.008 8ELLCTTI 67 HLBC ÷ II167 
~30 B SAMRA ENERGY GREATER THAN 30 MEV However, k+ and ~ are very highly 
RBL K- INTO Pl* £- E-/TOTAL (UNITS 1 0 * $ - 5 )  (PIgI/TOTAL 
~31 TEST OF LEP]CN NURSER CENSERVATICI ' ,  correlated. For example, using the relation 
R31 (1 .5 )  OR LESS CHANG 68 HBC - EL = 3 /68  



STABLE PARTICLES 

.Z6- 

for the I~ 3/Ke3 branching rat io  g iven  in the  

text ,  the contr ibut ion  of  the k+ t e r m  (taking 

k+= 0.03) is A~ = (-1.39X0.03)/0.127=-0.33. 

For th is  r e a s o n  we have  not a v e r a g e d  the 

va lues  of  ~A that w e r e  obtained f r o m  branch-  

ing ra t ios  b e c a u s e  di f ferent  va lues  of  k+ w e r e  

used  to d e r i v e  ~. On the other  hand the Dal i tz  

plot d i s tr ibut ion  of  the Ke3 d e c a y  i s  ess ient ia l ly  

dependent  on ly  upon the k+ p a r a m e t e r  and in-  

dependent from ~, therefore the values of k+ 
obtained from Ke3 data can be directly av- 

eraged. 

5) Radiative corrections are not serious; 

they change k+ by about 0.005 {GIIqSBERG 67 

and 70). 

In addition to the commonest correlation 

b e tween  ~ and k+, there  are  m a n y  e x p e r -  

i m e n t a l  d i f f i cu l t i es .  For  example ,  in the  

Dal i tz  plot both ~ and k+ are  m o s t  s e n s i t i v e  to 

the low E r e g i o n  which  happens  to be the  l eas t  Tr 
populated area ,  hence ,  the p a r a m e t e r s  are  

d e t e r m i n e d  with a v e r y  s m a l l  f rac t ion  of  the 

data. Many e x p e r i m e n t s  are  s e n s i t i v e  to only 

part  of  the Dal i tz  plot,  o thers  fit on ly  one pro-  

j ec t ion  of  it. 

As  for the ~ p o l a r i z a t i o n  m e a s u r e m e n t s ,  
Z 

the value of  ~ is  l e s s  s e n s i t i v e  to the q 

dependence;  in fact, the p o l a r i z a t i o n  depends  

on ly  on ~ and not on k +. 

In conc lus ion ,  due to v a r i o u s  e x p e r i m e n t a l  

d i f f i cu l t i es  and i n h o m o g e n e o u s  t r e a t m e n t  of  the 

data by the var ious  exper iment s ,  in this  edit ion,  

as  a lways  done in the past ,  we  do not quote av-  

e r a g e  va lues  and l imi t  this  r e v i e w  to a l i s t ing  

of  e x p e r i m e n t a l  data. Again,  as in the  past ,  

the table  wi l l  not inc lude any va lues  for k and 

We point out that the only  publ i shed e x p e r -  

i m e n t  (the X 2 co l laborat ion)  that d e t e r m i n e s  

f r o m  al l  the three  m e t h o d s  m e n t i o n e d  in the 

text  ( see  HAIDT-Z 69) shows  no d i s a g r e e m e n t  

See the illustrated key preceding the data card listings. 

Data in parentheses have not been included in our averages. 

at all. The overall fit of the data of this ex- 

periment gives ~(5.0) = -0.58~-0.13, for 

k+ = +0.029 and k_ = -0.13. 

For a recent review on K~3 form factors, 

see Gaillard and Chounet. ~ 

Reference 

1. M. K. Gaillard and L. M. Chounet, K~3 

Form Factors, CERN 70-14 (May 1970). 

XIA 
XIA 
XlA 
XIA 
XIA 
XIA 
XIA 

XIA 
XIA 
XIA 
XIA 
XIA 
XIA 
XIA 
XIA 
XIA 
XIA 
XIA 
XIA 
XIA 
XIA 
XIA 
XIA 
XIA 
XIA 
XIA 
XIA 
XIA 
XIA 
XIA 
XIA 

XIB 

XIB 
XIB 

XIB 
XI5 
XIB 
X18 
XIB 
XIB 
XIB 
XIB 

RXI 
RXI 
BXl 
RXI 
RXI 
RXI 
RXl 
RXI 
RXI 
RXI 
EXE 
RXI 
RXI 
RXI 
RXI 
RXl 
BXI 
RXI 
RXE 

IO CHARGED K FORM FACTORS 

F÷ AND F- ARE FORM FACTDRS FOR THE VECTOR MATRIX ELEMENT 
FS AND FT REFER TO THE SCALAR ANO TENSOR TERM 

XIA  = F-IF+ [OETERMINEE FROM SPECTRA AND KME3/RE3) . . . . . . . . . . . . . . .  

UNLESS OTHERWISE NOTED, THE EXFERIHENTS BELOW EVALUATE 
XI ASSUMING THAT IT IS INDEPENDENT CF NDPE~TUM TRANSFER, 
I .E .  THEY SET LH+=LN-=O AND REPORT THEIR RESULT AS XI AT T=O. 
IN REALITY, HOWEVER, THEY HAVE MEASURED XI OVER SOME 
REGION WHERE T IS NCT ZERO 

76 +1.8 1.6 BROWN 62 XEBC + MU+,PIO SPECTRA 8•67 
BT +0 .7  0 .5  GIAEEPELL 64 EMUL RU+ SPECTRUM 8 /67  

o0 .1  0 .7  JENSEN E4 XEBC MU+,PlO SPECTRN 8167 
L (-0.17) (0 .75 )  (O.gg) SHAKLEE 6R XEBC + KMU3/KE3 8 /67  
L (+0.6) (0.5) BISI I 65 HBC + KHU3/KES 8167 

BThN +0.2 AND +I .4  CUTTS 65 OSPK + MU+ SPECTRUM 8167 
l 1509 (+O.N) ( 0 . 4 )  CALLAHAL 66 FRBC + KMU3/KE3 B/67 

2648 0.0 1.1 0.9 CALLAHA1 66 FRBC + MU+ SPECTRUM 8/67 
NAN +0.22 0.80 CALLAEAL 66 F-BE + P+O SPEC,FIX MU 8167 

LE1398 (+0 ,75 )  (0mS0) AUERBACH ET OSPK + XRU3/KE3 8 /67  
-0.60 0 .20  EIEHTEN 66 HLB6 + KMUS/KE3 T=4. I0168 

B 5601 ( -O.OB)  ( 0 . 15 )  EOTTERIL2 68 ASPK + KR3/KE3,LM+=.OEO 6Zb8 
78 -0 .5  0.9 EISLER 68 HLBC + PIG SPECTpLM÷-=O 616B 

L 916 (+L,O)  (0 .61  GARLAND 68 OSPK + KMU3/KEBeLM+-=D 4Z68 
B -0 .35  D.22 80TTERIL 7E OSPK KM3/KE3tLP+=.OA5 lO /6E  
H3240 O. 2 .  HAIDT 1 Eg HLBC + DAL. PLOT T=O 10169 
H3240 - O . 36  0 .24  

8167 

HAIDT I 69 HLBC + DAL. PLOT T=6.8 10/69 
0.91 0.82 ZELLER E8 ASPK + NM3/RE3 NOTE Z 10169 

B T=O BCTTERIL 69 IS REEVALUATION OF BOTTERILE 68 WITH OIFF.LM+ 10169 
E T=4 ASSUMES LH+=O.O23÷-O.CC8 INSENSITIVE TO LM- 

H HAIDT 69 ASSUMES LM+=.OBg-VALUES AT T=D, T=6.8 ARE UNCORRELATEO 
L LM+ ANO LM- ASSUMED TO BE ZERO - NET AVERAGED 
Z T=O ZELLER 69 ASSUMES LM+=O.023, LM-=O 

xIB = F - IF+  (DETERMINED FROM RU POLARIZATION IN KMU3) . . . . . . . . . . .  

MEAS OF XI USING POLARIZATION IS LESS SENSITIVE TO FORM FACTOR 
VARIATIONS. 

2100 +1 .2  2 .4  1.B BOBREANI 65 HLBC • POLARIZATION 8 /67  
897 -1 .4  l .B CALLAHA1 66 F-BE + TOTAL PDLA-. 8167 

2950 -0o7 0.9 3.3 CALLAHA1 66 FRBC + LONG. POLAR. 8167 
8600D -0 .6  1.1 BETTELS 68 FRBC + TOTAL PCL, T=O Z t l 6g  
86000 - l .O  0 .3  BETTELS 6B FRBC + TOTAL PCL. T=4.9 11168 

3133 -D .95  0 .3  CUTTS 68 OSPK + TOTAL POL. T=3 6Z68 
B BETTELS 68 VALUES AT T=C AND T=4.g ARE UNCCRRELATEC 

REAL PART OF XI (COMB[NEE XIA ARE XIB) 
76 + I .8  1.6 BROWN 62 XEBC + 
B? +0.7 0.5 GIACEMELL 64 EMUL + 

-0.1 0.7 JENSEN E4 XEBC 
2648 C.O 1.1 E.9 CALLAHAI 6E RRBC ÷ 
446 +0.72 0.37 CALLAFAN E6 FREE + 

1398 -O.6O G.20 EICHTEN 68 HLBC + 
78 -0 .5  0 .9  EJSLEP 68 HLBC + 

8 - 0 . 35  0 .22  BOTTERIL TO OSPK KM3/KEBILM+=.065 10169 
H32QO -C .36  0 .24  HAIDT 1 69 HLBC + 
H32AO O. 2. HAIOT I E9 HLBC + 

0.91 0.82 ZELLER 69 ASPK + 
ZlO0 +1.2 2 .4  1.8 BORREANI 65 HLBC + 

39) -1.4 1.8 CALEAFAN 66 FRBC + 
2950 -C .7  C.9 3 .3  CALLAHAh 66 FREE + 

86000 -1 .0  0 .3  BETTELS 68 FRBC + 
E6OOB -0 .6  1.1 BETTELS 68 FRBC + 

3133 -0 .95  0.3 CUTTE EB OSPK + 

(SEE IOEOGRAM BELOW ) 

IX I  IMAGINARY PART OF Xl (TEST OF T REVERSAL) . . . . . . . . . . . . . . . . . . .  
IXI  O . l  0.4 0.3 BETTELS 68 HLBC POLARIZATION 10/69 

FS FS/F+ RATIO OF SCALAR TO F+ COUPLINGS (ABE. VALUE) . . . . . . . . . . . .  

FS ( . 18 )  ER LESS BELLETTE 67 ~LBC gO PERt.  CONFLEV 10 /69  
FS ( . 30 }  OR LESS KALMES 67 HLBC + 95 PERC. CONFLEV [0 /69  
FS (0.23) DR LESS BOTTERIL1 68 ASPK EL=g0 PERCENT 8106 

FT FT/F+ RATIO OF TENSOR TC F+ CEUPLIhGS (ABE. VALUE) . . . . . . . . . . . . .  

FT ( . 5B I  OR LESS BELLOTTE 67 HLBE gO PERC. CDNFLEV 10 /69  
FT (1 .1 l  OR LESS KALMLS 67 HLBC + 95 PERC. CUNFLEV 1C469 
FT (0 .583  OR LESS BOTTER[L1 68 ASPK CL=gO PERCENT 8166 

LM+ LAMBDA + (LINEAR ENERGY DEPENDENCE OF F+ IN KE3 OECAYI . . . . . . . . .  
LM+ FOR RAG. CORR. TO THE OALITZ PLOTt SEE GINSBERG 67. 
LM+ FOB RAG. CORR. TO DALITZ PLCT OF KMU3 SEE GINSBEBG 70 
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See the illustrated ke 7 preceding the data card listings. 
Data in parentheses have not  been included in our averages. 

CHISQ 

3 .4  

0 .0  

4 .0  

WEIGHTED RUERQGE = -0 .40  • 0 . IS  

ERROR SCPLED BY 1 .S  

- - } - J  . . . . . . . . . . .  CUTTS 6B  OSPK 

l l  . . . . . . . . .  BETTELS  6B  FRBC 

~ . . . . . . . . . . .  BETTELS  GB  FRBC 

- - -  t l l  . . . . . . .  CALLRH~N 66  FRBC 

' - - ~ -~ - -  . . . . . . . . . .  C~LL~H~N 6G  FRBC 

I [ I  i . .BORREANI  6S  HLBC 

I l l  l . . . . . .  ZELLER 69  QSPK 

/ [~  . . . . . .  H " IOT  ~ 69  HLSC 

/~-~ ........... HQIDT  ~ G9  HLBC 

/ 1~  . . . . . . . . . . .  BOTTERIL  69  BSPK 

. . . . . . . . . .  EISLER 68 HLBC 

I I I ~  . . . . . . . .  o ~  ~ o  

/ - - ~ . \  . . . . . . . .  JENSEN XEBC 

,/ I xE.c  
- 2  0 2 4 6 

COMBINE[) F - /F+  US ING BOTH X IR  ~ND L IB  

2 .S  

0.0 

0 .0  

0,0 

i.O 

9 .1  

0 . 2  

0 .2  

4 .B  

2S .4  

[CONLEU 
={3.00B] 

LM+ 217 +0 .038  .O4B BROW~ 62 XEBC + PIO SPECfNO R.C. 
iN+ 40T -O.OlO .029 JEMSEN 64 XEBC RIO SPEC~NO E l l .  816T 

BCRREANI 6A HBC E+ SPEE~NO RoD. 81~7 LM+ 230 mO.06 .05 
LM+ B 457 (+0 .0251  ( . 018 )  BELLCTTI E6 FBG ÷ SEE NOTE B BELOW 8 /67  
LM+ 654 0 .045  0 .017  0 .018  BELLCTTE 67 FEE SEE NOTE B BELOW 11767 
LN+ B DELLOTT2 67 REPLACES BELLCTTI 66°USES DALITZ PLCT WITH RAD. CCR. 11/67 
LM+ 1393  *O.O]b . 016  IMLAY 67 OSPK + DLTZ PLT,NQ R.C°  8 /67  
LM+ 51B +0.026 .OlD oOL4 KALMUS 67 FOE • E,PI SPED,NO RoD° 8767 
LM+ 960 (.06) (=0~) BDTTERILI BB ASPK ÷ E SPEC USES R°C. 6/68 
LM+ 90 -0.02 0*08 0.12 EISLER 68 HLBC + PIO SPED,NO R.O.  6/68 
LM+ 1458 .04S .015 BOTTERIL 70 OSPK RIO SPECTRUM RE 10169 
LM+ 13~7  (0.053) )0.026) (O.021)HAIOT I 69 HLBC KMUS OALITZ PLOT 11159 
LM+ N HAIDT I 69 NOT AVERAGED BECAUSE OF CORRELATIONS BETWEEN LM+ AND 
LB+ N X/ • ONLY KEB DEC~Y VALUES HAVE BEEN USED 
LM÷ . . . . . . . . .  
LM+ AVG 0.0E86 0°0074 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

10 CHARGED K ENERGY DEPENDENCE OF OALITZ PLOT 

MATRIX ELEMENT S~UARED = 1 + B (SB-SOI/(MPI+*~E} 

GT+ LINEAR ENERGY DEPENDENCE (G I  FCR TAU DECAYS CHARGED K INTO PI PI+PI- 
GT+ 5428  -0 .22  0.02~ ZIBCHENKO 67 HBC + ALSO DEC lO /6g  
GT+ 9gg~ -0.21B 0 .016  BETLER 6B HBC + 10/6g 
GT+ 17BOB -0.196 0.012 GRAUMAN BB HLBC + EMULS DATA ADDED 10/69 
GT~ . . . . . . . . . .  
ET÷ AVG - ' 0 .E061  O.DOBg AVERAGE (ERROR (NCLLDES SCALE FACTOR CF I.O) 

UT- LINEAR ENERGY DEPENDENCE (G) FOR TAU DECAYS CHARGED K INTO PI P[+PI- 
GT- 1347  I-~0.220) )0.035) FERRC-LUZ 61HBC - NO RAD CORR 10/69 
GT- 5778  -*O. lgO 0.023 NOSCCBO 68 HOD -- ALSO OBC 10169 
GT- 80919 -0 .19~  0 .007  PAST 69 HBC - 10 /69  
G ] -  • . . . . . . . .  
GT- AVG .-0.I937 0o0C67 AVERAGE (ERRCR INCLUDES SCALE PACTDR OF 1 .0 )  

GTP LINEAR E~AERGY DEPENDENCE (G) FCB TAU PRIME CECAY CHAoK INTO PI  PIOPIO 
GTP L7g2 0.48 0.04 KALMUE 64 HLBC + 10/69 
GTP 18T4  0.5B6 0.0g8 BISI 1 B5 HLBC + ALSO HBC 1D/6g  
GTP 4048 0o516  C.020  DAVISCN 69 HLBC ALSO EMUL EO/6g 
GTP . . . . . . . . .  
GTP AVG 0 .511  0 .018  AVERAGE (ERROR INCLUDES SCALE FACTOR GF E.O)  

REFERENCES 
io CHARDED K )49A ,JP=O- I I = l / 2  

DIRGE,PERKINS*PETEBSDN,STORK~WHITEHEA (LRL) 
ILOFF,GCLDHABER~LANNUTTI~GILBERT ÷ (LRL) 
ALEXABCER,JCHNSTUN~OCEALLAIGH IEUBLIN INST) 
E R CDHE~,K M CRGWE,J DUMOND (AI+LRL*CIT) 
EISENBERG~KOCH,LOHRMANN, NIKOLIO + )BERN) 
BURRGWEEtCALDWELLtFRISCH~HILL + (NIT) 
S TAYLOR*HARRIS,OREAR,LEE~BAUMEL (COLUMBIA( 

S CFRBCEN,F  C GILBERT,R B WHITE ) ta l l  
BARKABtCYBR,MASON,NDRR[B~NICKOLS~SMIT (LRL] 
B BHO~PlK,P C JAIR,P C MBTHUR (DELNI  UNIV) 
FERRO-LLZZI,BILLER,MURRA¥,EOBENPELD÷ (LRL)  
PAUL NCFDIN JR [ LRL }  
RGE~SINCLA)ReDRCWNeGLASER + (MICH÷LRL) 
BOYARSKI~LOH,NIERELA~RITBON (MIT) 
6RCWN~K~EYK~TRILL)NG~POE÷ (LRLIMIGH) 

W P BARKAS~J N DYER,H H HECKMAN (LRL) 
0 BORREANI,G RINAUOO,A WERBROUCN (TURIN} 
A CALLAEAN,~ MARCH,R STARK (WISCONSIN) 
U~ERINI,CLI~E,FRY,PCWELL )WISCONSIN+LOLl 
0 CLINE, W F FRY [WISCONSIN) 
GEACGMELLI,MCNTI,QUARENI+ (ROLOENA~MUNICHI 
O GREINER, W OSBORNE, W BARKAS (LRL) 
JENSEB,EHAKLEE~RDE,SINCLA[R (MICNIGAN) 
÷KERNAN,PU,PGWELL~DDWD (LRL~WISC) 
SHAKLEB~JENSEN,ROE,SINCLAIR (MICHIGANI 

OIRGEtELT,GIDAL~GAVERINI~DL)NE & (LRL+WIS) 
BISEtBDRREANErCESTER~FERRARC + )TURIN) 
81SI,MARZARI-CHIESA~RINAUO0 ITURINO,INFN) 
BCRREANI,GIOAL,R)NAUDO,CAFO~IO÷(BARI,TURIN) 
A CALLAPAN~O CLINE (WISCONSIN) 
CA~ERINI,CLINE,GIDAL,KAL~US,KERNAN(WIB÷LRL) 
A CLINE,W F FRY (WISCONSIN) 
CUTTS,ELIOFF,STIENING (LRL) 

BIROE 56 NC 4 B34 
ILOFF 56 PR 102 927  
ALEXANDE 57 NC 6 178 
COHEN 57 FUND.CONE.PHYS. 
EISENBER 5B NC B 663 
BURRC~ES 59 Pal 2 l i t  
TAYLOR 59 PR ll~ 359 

EREDEN 60 PR l lB  56Q 
BARKAS ~1 PR 12~ 120q 
BHOWMIK 61 hid 20 857 
FERRD-LU 61NC 22 1087 
NCRDIN 61 FIR 123 2166 
ROE 61P'RL 7 3~6 
BOYARSKI 62 PR L28 2398 
BROWN E2 PRL B ~50 

BARKAS 63 RRL I I  26 
~DRREANI 6~ PL [E 123 
CALLAHAN 6~ PR 136 B I~b3 
CAMERIN] B~ PRL 13 3~B 
CLINE 6~ PRL I~  101 
BIACCMEL 64 NC 36 1134 
GREINER 64 PRL 13 284 
JENSEN 64 RB 136 BE431 
KALMUS 64 PRL LS 99 
SPAKLEE 6~ PR I36  B 1423 

DIRGE E5 PR 139 B 16GC 
BISE 6E NC 3B 768 
BISI l ~5 PR IBg B 1068 
EORREANI 65 PR 1~0 BEADS 
EALLAHAN ~5 Pal 15 129 
CAMERINI 65 NO 37 1795 
CLIME AS PL 15 293 
CUTTS E5 I~R IB8 B969 

.Z7- 

DE MARCO 
ALSO 

FITCH 
GREINER 
STARER 
TRILLING 
TRILLING 
YOUNG 

ALSO 

BELLOTTI 
CALLANAE 
DALLAHAN 
CESTER 
CESIER 
LOBKOHIC 

ALSC 

AUERBACE 
BELLDTTI 
BELLGTT2 
B )S I  
BOTTERIL 
BOTTERIL 
BOWER 

CLINE 
FLETCHER 
FORD 
GIACDMEL 
GINSBERG 
IML~Y 
KALMU$ 
ZINCHENK 

BETTELB 
BOTTERIL 
BDTTERII 
BOTTERI2 
BUTLER 
CHANG 

CHEN 
CUTTS 

ALSO 
EICHTEN 
EISLBR 
ESCHSTRU 
GARLAND 
~OSCDSO 

CAMERINI 
CUTTE 
CAVISON 
ElY 
EVMERBDN 
GRAUMAN 

HAIOT 1 
HAIOT 2 
HERZO 
MACEK 
MAST 
LOBKCWIC 
ZELLER 

BOTTERIL 
GINSBERG 
KLEMS 

65 PR I~O B IABO DE MARCC,GRDSSO,RINAUDD (TURINE÷CERN) 
SB PR I69 1045 SAYER~BEALL~CEVLIN~SHEPHARD÷)MD÷PPA~PALMER) 
65 PR I~0 B iOBB FITCH~CUARLES~WILKINS [PRINCETON+MT HOLYK) 
65 BRNE I5 67 QUOTED BY BARKAS )LRL) 
65 PR E38 B 4~0 STEMER,EUETTER~KCLLEP,TAYLER~GRAUMAN )STEV) 
65 UCRL 164E3 GEORGE H TRILL ING (ERE) 
65 IS  UPCATEO FROM 1965 ARBONNE CDNF, PAGE 5 
6E UCRL 16362 POH-S~IEN YOUNG (THESIStBERKELEY) (LRL) 
67 PR 156 1~6~ P-S YCURG,W.Z.OSBORNE,W.H.BARKAS [LRL )  

66 PL 20 690 BBLLOTT I ,F IOB IN I ,PULL IA~  (MILAN} 
66 PR E50 1153  CALLAHAN,CAMERINI÷(WISC~LRLtRIVERSIDE,BARII 
66 NC 46A 90 A C CALEAHAN (WISCONSIN) 
66 PL 21 3A3 CEETER~ESCHSTRUTN~ONEILL~ (PRINCETON-PENNI 
66 SEE ALSO FOOTNOTE i OF ~UERBACH 67 
66 PRL L7 $68 LOBKOWICZ~MELISSINCS~NAGASHIMA+ IRDCH÷BNL) 
69 PR 185 1676 

67 PR /55 1505 +COBBB,MANN?MCFARLANE,WHITE÷ (PENN,PRIN} 
67 HEIDELBERG CONF BELLOTTI~PULLIA (MILAN} 
67 NO 52A 1287 BELLOTT I~F ICR IN I ,PULL IA  (R ILAN)  
67 PL 258 572 BISI,CESTER~CHIESA*VIGDNE (TORINOI 
67 PRI 19 982 BOTTERILL~BRCWN,CDBBETT,CULLIGAN + (OXFORD) 
67 SEE ALSO BOTTERILL 68 
67 PR 15A I3L~ 

67 HEIDELBERG CONP 
ST PRL 19 98 
67 Pa l  18 121A 
67 BNL IEOSb 
67 PR E62 1570 
67  PR 160 120B 
67 PR l eg  E187 
67 RUTGERS(THESIS) 

68 NC S6A I106 
68 PR EEl  1402 
68 PR 17~ lACE 
68 Pa l  21 766 
68 UCRL-I8~20 
66 PRL 20 510 

68 PRL 20 73 
68 PRL 20 955 
69 PR IS4  1380 
68 PL 27B 586 
68 PR 169 I 090  
68 PR 16S lAST 
68 PR 167 1225 
68 THESIS 

69 PRL 23 32A 
69 PR I 8~  1380 
6~ PR IBO 1333 
69 PR 180 1319 
69 PRL Z3 393 
69 PRL 23 7S7 

69 PL 2gB 6gI 
69 PL 2BB 696 
69 PR 186 IAOB 
69 PRL 22 32 
09 PR i83  1200 
Bg PB IB5 lbTb 
69 PR I 82  3~20 

TO PL 31B 325 
7O PR D1 229 
70 Pal 2~ I 086  

BOWEN,M~NNtMCFARLANE,MUGNES÷(PENN-PRINCETOI 

CLINE,H~GGERIYtSINGLETON,FPY+ (WISCONSIN) 
ELETGHERTBEIERtECWRADSt~ ( I LL INOIS )  
+LEMONICK~NAUENBERG~EIROUE (PRINCETON) 
GIACOPELLI~KYCIA,LI,TEIGER (BNL) 
EDWARD B GINSBERG (u .  MASS BOSTON) 
IMLAYtESCHBTRUTH,FRANKL)N+ (PRINCETON) 
KALMUS,KERNAB (LRL }  
ZINCHBNKO (RDTGERB) 

AACHEN-BAR)-EERGSN-CERN-EP-NIJMEGEN-ORSAY~ 
80TTERIEL*BRCWN,CORBETT,CULLIGAN+ (OXFORD) 
BOTTERILL~BRCWN,CLEGG~CORBETT~+ (OXFORD) 
BOTTERILL,BREWN~CLEGG~CCRBETT + (OXFORD) 
+BLANE~GOLDHABER~GOLOHABER,HIRATA÷ (LRL) 
CHANG,YCDOIEHRLICH,PLANO+(HARYLAND~RUTGERS) 

CPEN~C~]TS,KIJEWSRI,STIENING ÷ (LRL~MIT) 
C~TTS,STIENIhG,WIEGANO,DEUTSC~ (LRL,MIT) 
+STIENING,WIEGANO,OEUTSCH (LRLtMIT} 
AADHEN-BARI-CERN-EP-ORBAY-PADDVA-VALENCIA 
EISLER,FU~G,MARATECK~MEYEB~PLAND (RUTOERBI 
ESCHSTRUTN~FRANKLIN~HUGHES÷(PR)NDETON~PENNI 
÷TBIPIS,DEVCNS,BOSEN+ (COLUMBIA~RUTG~WISC) 
M l VCSCGSO (UNIV PARIS OESAY) 

+LJUNG,SHEAFF~CLINE (WISCONSIN) 
÷STIENING~WIEGAND~OEUTSDH (LRL,MITI 
+BACASTDW,BARKAS~EVAhS~FUNG,PDRTER+ (RIVE} 
EL¥~GIDAL,HAGOPIAN,KAL~US* [UCL,WIS~LRL) 
EMMERSON,QUIRK )OXFORD) 
+TAYLCR~KELLEB,PANDDULAS÷ (STEV~SETDN.LEHI )  

+(AACE~BARI,CERNtEPOL~NIJM,ORSAY~PADO~TORI) 
+STETN+iAACH+BARI+CEBN+EPDL+NIJM+GRS+PA÷TD) 
+BANNER,BEIEB~OBRTRAM,EOWARDS + ) I LL )  
MACEK~NABNIMC FARLANE~ROBERTS+(PENN~TEMPLEI 
+GERSHWIN~ALSTON-GARNJOBTtBANGERTER+ (LRL) 
+NELISB]N~S~N~GAEHIPA~TE~KSBURY+ (ROCH~BNL) 
ZELLER~FADODCK~HELLABD~PAHL÷ )UCLA~LRL] 

+BRDWh~CLEGG,OORBETT,CULLIGAN* (OXF) 
E S GINSBERG ) l I T  HAIFA) 
+kILDEBRAND,STIE~ING )LRL~CHIE) 

OUANTUM NUMBER DETERMINATIONS NOT REFERRED TO IN THE DATA CARDS 

62 CERN CONF 371 BLOCK,LENDINARA,MONABI INWU÷BOLCGNA] 

PAPERE NDT REFERRED TO IN DATA CBROB 

ERENE B[ HP 22 SS]  BRENEtEBARDTyDVIST (NDRD) 
BIRDE 6S PAL 11 85 BIRGE,ELY~GIDALIDAMERINI * (LRL+WIS+BARII 
ADAIR 64 PL 12 67 (YALE,BNL} ADAIRtLEIPUNER 
CABIBBO 64 PLg  B5E CABIBBD,MAKSYMOWICZ (CERN( 

ALSO 64 PL i l  360 CABIBBO,MAKBYMOW]C2 (CERN) 
ALSO 65 PL 14 72 CABIBBE*PAKSYMOWIG2 (CERNI 

CABIEBO 66 BERKELEY CONF 38 CABEBflC (CERN) 
WILLIS 67 HEIDELBERG 273 W J WILLIS -RAPPDRTEUR TALK (YALEI 
CRONIN 68 VIENNA CONF 24 I  RAEPCgTEUR TREK (PRINCETON) 

11 NEUTRAL K (JF=O - ) I= I12 

11 KO MASS (MEV) 

49B . I  0 . 6  CHRISTENS E40SPK 
497.64 0.33 RIB 65 HBC KO FROM PBAR P 6166 
498.9 O.E BALTAY A6 HBE KO PROP PEAR P 6766 

M 497 .44  0 .50  FITCF 67 OSPK E l167  
M . . . . . . . . .  
M AVG 697.87 0.32 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.5} 
M F IT  697 .T6  0 .16  VALUE FROM CONSTRAINED F IT  6 /68  

(SEE IDEOGRAP BELOW ) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

11 KO-K C~. MABB DIFFERENCE (~EV) 

D 3 .9  0 .6  ROSENPELD E9 HBC -- 
O 5.4 I .L  CRAWFORD 59 HBC + 
C g 3.90 0.25 BURNEIEIN 6E HOE - 

T 3 .7 [  0 . 35  K IN 65 HBC - K -  P TO KO N 6 /68  
ACT 3 .95  C .2 I  H ILL  68 DEC + K+D TD KOPP 3768 

O . . . . . . . . .  
D AVG 3 ,92  0 . I¢  AVERAGE (ERROR INCLUDES SCALE FACTOR OF I.D) 
D FIT 3.94 0.13 VALUE FROM CONSTRAINED FIT 6/68 

REFERENCES 
I I  NEUTRAL K (JP=O-)I=112 

CRAWFORD 59 PRL 2 I12 CRAWFORC,CRESTI,GGEDtSTEVENSENtTICHO (LRL) 
RCSENFEL 59 PRL 2 I lO  A H RGSENFELD,F SOLMITZ,R D TRIPP (LRL I  
CHRISTEN 84 PRL 13 L38 CHRISTEBSCNICRONIN~FITCHITURLAY (PRINCETON) 
BURNSTEI BS PR 133 B 895 R A BURNSTEIBtH A RUDIN (MARYLAND) 
KIM 6S PR 140 B 133R J K KIN~L KIRSCHID MILLER )0010MBIA) 
BALTAY 66 PR E~2 93Z BALTAY~SANDWEISS,STO~EHILL + (YALE+BNLI 
FITCH 67 PR I bq  17EL FITCHtRCTH~R~SS~VERNON )PRINCETON) 
HILL 68 PR 168 IS3~  HILLtROBINSCktSAKITT,OANTER (BNL,CARNEGIE) 

M 
M 2223 
M 4800 



4 9 6  .S 

W E I G H T E D  AUERQGE = 4 9 7 . 8 7  • 0 . 3 2  

ERROR S C A L E D  BY 1 . 5  

?-8 

NEUTRAL K MRSS ( r lEU]  

STABLE PARTICLES 

See the illustrated key preceding the data card listings. 
Data in parentheses have no t  been included in our averages. 

WEIGHTED A U E R A G E  = 0 . 3 1 6  ± 0 . 0 1 4  

ERROR SCALED BY 1 . 3  

V a l u e s  above oI w e i g h t e d  
a v e r a g e ,  s c a l e ,  e tc .  Eor 
readers convenience The 
data wer~ actually proc- 
essed by program AHR, 
which calculates i t s  o ~  
values DE SCALE, X, and 
B(x) (which are diEEerent 
Erom the values sho%~ here). 

CHISQ 

• • - -N~ . . . . .  FITCH 6 7  OSPK 0 . 7  

. . . .  BALTAY 6 6  HBC 4 . 3  

. . . . . . . .  k ' "  K i t 1  6S HBC 1 . 7  

I . . . . .  ~ , : " - C H R I S T E N S  6 4  DSPK 0 . 3  

" - ~  ;TO 
2 : (CONLEU 

497.S 49B .5 499 .E 500 .S = 0 . 0 7 2 )  

J 

O . i S  O.2S 0 . 3 S  

K SHORT B . F .  INTO 2 P I O  / T O T A L  

iZ SHORT-LIVER NEUTRAL K lAgS, JP=O-) I=l/B 

12 KOS LIFETIME (UNITS IO**-lOI 
T 0 90 (l.07] (D*13) (0.13) g0LOT 58 CC 
T 512 0.94 0.05 0.05 CRANFCRG 59 HBC 
T 0 63 [1.055 {0.18) (O.15) EONEN EO CC 
T 0 OLD EXPTS hITH LOW STATISIICS ~OT INCLUDED IN AVERAGE. 6/60 
T 378 O.9A 0.05 0.05 BERTANZA E2 HBC 
T 503 0.87 0.05 CHRETIEN 6B HLBC 
T 545 0.86 o.og KREISLER 6A OSPK 
T 0.866 0.016 ALFF-STEI 66 GSPK 5/66 
T 572 0.90 C.06 0.05 AUERgACH 66 DSPK 8/67 
T A500 0.92 O.OA 8ALTAV E6 HBC 6/66 
T 8 (0.90~} (O.OZA) BGTT-BCDE 66 OSPK g/66 
T B KOS LIEETI~E NOT THE PRIMARY QUANTITY MEASURED IN THIS EXPT. E168 
T 5000 0.BA3 0.013 KIRSCH 66 HBC 6/66 
T IgR9R 0°856 O.0OE DONALD 68 HEC 6/68 
T Z0O00 0.865 0.009 HILL 60 0BC 6/68 
T H HILL 68 GIVES A DETAILED DIBCLSSIUN OF SYSEEMATICS ENCOUNTERED IN 
T ~ IN THIS TYPE OF EXPERIMENT. 
T . . . . . . . . .  
T AVG O.B61g 0 .0062 0.0E62 AVERAGE [ERROR INCLUDES SCALE FACTOR GE 1.2 
T FIT 0.8619 0 .0058  VALUE FROM CONSTRAINED FIT 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

[2 KOS PARTIAL EECAY MODES 

DECAY MASSES 
PI KOS INTO PI+ El- 139÷ 139 
P2 KOS INTO PlO PIO 135+ 134 
P3 KCS INTO NL+ MU- 105+ 105 
PA KOS INTO E+ E- .5+ .E 
P5 KOS INTO PI÷ PI- GAMMA 139+ ~3g+ C 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

12 KOS BRANCHING RATIOS 

RI KOS INTO (PI+ PI-)/TOTAL (PI)ITDTAL 
RI 0.68 0.04 CRAWFORD 59 HBC 
RI D.7C D.O8 COLUMBEA 60 HBC 
RE U (O.IAO) (0.0265 ANOERSON 62 HBC 
R1 U UNPUDLISHEC,NOT AVERAGED 
R1 . . . . . . . . .  
R1 AVG 0.684 0.036 AVERAGE (ERROR INCLUDES SCALE FACTOR OF l .O) 
R1 FIT 0.686E 0 .0049  VALUE PRER CONSTRAINEC FIT 

R2 KOS INTO (PIO PIO)/TOTAL [P2)/TOTAL 
R2 0.21 G.l l  CRA~FERO 59 HBC 
R2 0.26 0.06 8AGLIN 60 HLBC 
R2 0.30 0,038 8gcw~ 61HLBC 
R2 1066 0.335 0.01~ BRCN~ 63 HLBC 

198 0 . 2 8 8  0.021 CHRETIEN 63 HLBC R2 
R2 . . . . . . . . .  
R2 AVG 0.316 O .01A  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.3) 
P2 FIT 0.3133 0 .0049  VALUE FROM CONSTRAINED FIT 

(SEE IDEOGRAM EELCW l 

R3 KCS INT0 [PI+ PI-I/IEIO Pig) (P I /PZ)  
R3 267 Z.i2 0,17 BOZOKI 65 HLDE 5/70s 
R~ 5016 Z.285 0.055 GOBBI 69 OSPK K+N TO KOR 5/69 
R3 ~7CC Z.iO 0.06 MBRFIN 69 HLEC K+N TO KOP 10/69 
R3 . . . . . . . . .  
R3 AVG 2.196 0 . 0 6 5  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 .6 l  
R3 FIT 2.192 0.050 VALUE FREN EDNSTRAINED FIT 

R4 (KOS INTO Pl÷ PI- PIOII(KOL INTO PI+ Pl-  PIG) 
R~ CPT ASSUMED TO BE GOOD - C~LY (IM AT*t2 QUOTED HERE 
R4 [ 3 . 8 )  OR LESS ANDERSEN 65 HBC 90 PERCENT CL 10/69 
RA (0.45)0R LESS 8EHR 66 HLBC go PER CT CONF 8/66 
R~ (g.0) OR LESS BERLEY 69 HOE gO PERCENT CL 10/6g 
R4 ( l - f )  CR LESS WEBBER I 69 HBC 90 PERCENT CL IO/6g 
R4 C (0.85 OR LESS WEBBER 1 Eg HBC 90 PERCENT CL 10/69 
R~ C TEIS IS THE COR8INE6 RESULT OF ~NDERSON 6S AND NERBER I 65 

R5 KOS INTO IMU+ MU-)/CHARGEC (UNITS [ 0 " * - 5 I  (PEI / |RE}  
R5 ( 10 .01  CR LESS BOTT-BDDE 57 OSPK gO PER CT CONF 8/67 
R5 { 1 . 0 7 }  OR LESS HYAMB 69 OSPK 90 PER CT CCNF 10/69 
R5 S (~2 .6 )  ~R LESS STUTZKE 69 OSPK gO PER CT CONF 5/65 
R5 S VALUE CALCULATED BY LS,USI~G 2.3 INSTEAD GF 1EVENTe g0 PERC.CL 10169 

R6 ROE INTO (PI÷ El- GAMMA)/(PI~ PI-I (UN.ID**-3) [P5)IIPlI  
Rb 27 NO RATIO GIVEN 8ELLCTTI 66 HBC PG GT 50 NEV/C 10169 
Rb 16 3.3 1.2 WEBEER 69 HBC PG GT 50 MEV/C 10/69 

Values above oE weighted 
average, scale, etc. for 
readers convenience. The 
data were ac~IIy proc- 
essed by  p r o g r a m  AHR 
~hich calculates lt_s own 
values of SCALE, x, and 
G(X) (which a~e dLfEerent 
f r o m  the  values shown h e r e ) .  

C H I S g  

. . . . . .  C H R E T I E N  6 3  H L B C  1 . B  

. . . . . .  BRDIJN 6 3  H L B C  1 . B  

. . . . . .  BROWN S I  HLBC 0 . 2  

~ - B A G L I N  6 0  H L B C  0 . 9  

.CRAWFORD S9 HBC 

4 . ?  

0 . 4 S  D.SS ( CONLEU 
= 0 . 1 9 S ]  

REFERENCES 
12 SHERT-LIVEC NEUTRAL K (698,  JP=O-) I = t / 2  

BDLDT 58 PRL i 150 E 80LDT,D G CALDNELL,¥ PAL {MITT 
CRAWFERE 59 PRL 2 266 CRAWFORE,CRESTI¢DOUGLASStGOOO~TICHD + (Late 

BAGLIN 60 NC tB lOAD BAGLINtBLOCH,BRISSON,HENNESSY + (PARIS EP) 
BOWEN 6O PR 119 g030 BONEN,EARGY,REYNCLDS,SUN,MOORE+IPRENCE+BNLI 
COLUMBIA 60 ROCH CONF 757 M SCHkARTE + ICOLUMBIA) 

BROWN 61NC ]9 1 1 5 5  BROWN,ERYANT,BUPNSTEIN,GLASER,KAOYK* iMICH) 
ANDERSON 62 CERN CONE 836 J A ANOERSQN~E S CRAWFORD ÷ (LgL) 
BERTANZA 62 EREPRINT DI05 BERTANZA,CCNNDLL¥,EULWICK~EESLER + (BNLI 

(BERTANZA UNPUBLISHEO~BUT RECERTIFIEO BY AUTHORSIAUGUST 66) 

BROWN 63 PR E30 769 8ROWNtRAOYK,TRILLING,ROE + ICRL~NICHIGAN) 
CERETIEN 63 PR 131 Z 2 0 8  CHRETIEg+ (BRANDEIS+BROWN+HARVARD+ MIT) 
KREISLER 6~ PR E36 E [OTA M KREISLER,O OVERSETH,J CRONIN (PRINCETON) 
ANDERSON 65 Pal 1R 575 ÷CRAWFCE,GOLDEN, STER~,BINFORQ ÷ (LRL+WESCI 

ALFF-STE 66 PL 21 595 ALFF-STEINRERGER,HEUER~KLEENKNECHT +(CERN) 
AUERBACE 66 PR IRE 1 0 5 2  AUERBACEtDODBS~LANDE~MANNeSCIULLI÷ (PENNI 

SEE ALSO AUERBACH 65 
BALTAY 66 PR 1~2 932 BALTAY~SANDWEISS,STENEHILL ÷ IYALE+BNLI 
BEHR 66 PL 22 5~0 
BELLCTTI 66 NC A5A 737 
80TT-BO0 66 PL gS 277 
KIRSCH 66 PR 1~7 93g 
BOTT-800 6T PL gAB [94 

OENALD 68 EL 278 58 
HILL 68 PR 171 1418 
BERLEV 69 GERM 6g-7 339 
BOZOKI 69 PL 300 ~98 
GOBBI 69 PRL 22 682 
HYANS 6g PL 298 521 
MORFIN 69 RRL Z8 66C  
STUTEKE 69 PR E7~ 2009 

BEHR,BRISSON,FETIAU+ (EP,MILAN,PADUA,ORSAY} 
+PULLIAtBALDE-CEOLIN + (NILAN+PADUAI 
BOTT-BOOENHAESEN,DE BOUARD + [CERNI 
L RIRSCF~R SCHMIDT (COLUMBIA) 
BETT-EO~ENHAUSEN~DE BOUARO~CASSEL+ ICERNI 

ECNALE~EOWARGS~NIS~R+ILIVERPOOL~CERN~PARISI 
HILL,RCBINSON,SARITT + (gNLtCARNEGIE) 
+YAMIN,KOFLER,RANN+ (BNL+MASS+YALE) 
+FENY~E$~GCMBGSI,NAGY,SURANY[+ BUDAPEST 
GOBBI,GREEN,HAKEL,MOFEETT,RGSEH+IROCHESTER) 
*ROCH,PCTTER,VON L[NEERN,LORENZ~ EERNIMPIM) 
MERFIN,SINCLAIR IANN ARBOR( 
~ABAS~EAN,JONES,MANTSCH~ORR~SMITH(ILLINOISI 

NEBBER 60 UCRL 19226 THESIS B R WEEEER (LRL) 
WEBBER 1 61 UCRL 1 9 3 9 6  WEBBERpCRABFCRO + (LRL) 

PAPERS NOT REFERRED TO IN DATA CARDS 

DIRGE 60 ROEH CENF 601 R W BIRGEeP P ELY ÷ (LRLeNISCOHSIN| 
FULLER 60 ERE 4 AID MULLER,BIRGE,FOWLERwGOOO~PICCIDMI+ILRL+BNLI 
FITCH 61NC 22 1160 V FITCh,P RIROUE,R PERKINS (PRINCE+LASL) 
GOOD 6t  PR Egg 1 2 2 3  GOOD,RATSEN,MULLER,PICCICNI + ILRLI 
CRAWEORE 62 CERN EONF E27 F B CRAWFORD (LRL; 
~UEREACN 65 PRL 14 192 AUEREACH,LA~CE,NANN, ECIULLI,UTO • (PENN~ 
TRILLING a5 UCRL 16AT3 GEERGE H TRILLING (LRLI 
TRILLING 65 IS UPDATED FROM 1965 ARGONNE CONF, PAGE 115 

F ~  1~ LONG-LIVED NEUTRAL K (~98~ JP=O-I I=E/2 

15 KGL-KOS MASS DIFFERENCE 
[UNITS ARE INVERSE KOS LIFETIME) 

(E.9) (0.3) FITCF 61CNTR 
0.8~ 0.29 0.21 GOOD 61 HLRC 
0.88 o.go CAMERINI 62 HLBC SEE NOTE C BELOW 8/67 

C VALUE CHANGED FREM 1.5 ISEE 7AELE LEF CAFERINI 66) 8/67 
0 .47  O.2Z AUBERT 65 HLBC 6/66 
0.26 0 .36 0 .26 SALEC-CED 65 H L B C  ASS*CP CONS. 
0 .55 O . l  CHRISTENS 65 OSPK 6 / 6 6  

IO.60l  OR LESS EITCF 65 OSPK CF. MEISNER 66 7/66 
v 180 I O . B g I  (0.1A) VISHNEVSK 65 OSPK CU AND AL REGEN 8/67 
V VISHNEVSKY 65 NOT CORRECTEO FOR INTERFERENCE EFFECTS 3168  

0.4A5 O.O~A gLFF-STEI 66 OSPK 6/66 
8~ 0 .86 0 .21 O.EL 8ALOC-CEO 66 HLBC KO÷N INTO HYPER. 8/67 

0.~80 0°02~ gOTT-BODE 66 OSPR 9/66 
77 O.gO 0.15 CAMERINI 66 HBC, EBC KO~N INTC HYPER 8/67 

N 72 I+ 0 .54 |  l O . I S I  CANTER 66 DEC KO SCATTER IN 02 11/66 
N ERROR IGNORES UNCERTAINTY EF PHASE SHIFTS 

9E O.SA E.00 O.ER CHANG 66 HBC KO~P INTO HYPER. 8/67 
0.72 0.15 EUJII  66 OSPK IRON REGENERATOR 9/66 

C Eg (0 .62 I  IO.E6) HILL 66 DEC KO÷D INTO HYPER. 9/&6 
59 0 .65 0.30 MEISNER1 66 HBC SEE NOTE ME 6/66 



STABLE PARTICLES 

0 M] + SIGA FAVORED 
D 136 + 0.55 C.I6 
0 +0.35 0.15 
0 0.57 O.IO 
0 590 0 . 5 3  0 . 1 2  
I~ 0e4~5 0.038 

+0.~2 0.O4 
0 0.491 0.033 
C . . . . . . . . .  
0 A%0 0.473 0.014 

See the illustrated key preceding the data card listings. 
Data in parentheses have no t  been included in our averages. 

MEISNER2 66 HBC 9 / 6 6  
CANTER 67 DEC KO÷D INTO HYPER. 11167 
JOVANDVIC 66 OSPK C+URANIUM REGEN. 1Z/66 
MISCFKE 67 OSPK 11267 
BALAIZ 68 OSPK AL REGENERATOR 3/68 
CARNEGIE 68 HBC GAP METHOD 3168 
MELHDP 68 OSPK ST.STEEL REGEN 6168 
FAISSNER E9 ASPK REGEN IN CU 10/69  

AVERAGE (ERROR INCLUOES SCALE FACTOR DE I .O) 
(SEE IDEOGRAM BELOW ) 

WEIGHTED RUERAGE = 0 .463  * 0 . 020  

ERROR SCALED BY 0 .9  

CHISQ 

. . . . . . . .  FAISSNER 6 9  ASPK 0.7 

~ 4 ~ - -  I . . . . . . . .  M E L H O P  6 8  O S P K  1 . 2  

/ - 4 1 -  " /  . . . . . . . .  C A R N E G I E  g B  H B C  0 . 2  

I ~ .... BQLATZ GB OSPK 0 . 3  

I - - - ~  . . . .  , ZSCHKE 67 OSPK 1 . C  

--------~-~-'~--, -~ . . . . . .  J O U ~ N O U I C  6G OSPK O.G 

" ~ N T E R  6 ?  D B C  4 . ~  

{CONLEU 
0 . 1  0 , '3  0 . 5  0 , '7  O . 9  = 0 . 5 3 2 )  

I I ~ S S  D I F F ( I C O L - K O S ) ~ K O S  L I F E T I M E  

~EUTRAL K CONSTRAINED FIT 
OVERALL FIT OF LIFETIME. WIDTHS AND BRANCHING 
RATIOS USES 52 EATA PCIETS TC DETERMINE SEVEN 
QUANTIFITES. O~ERALL FIT HAS CHISG=51. 
VALUES OF BRANCFI~G RATIOS CFANGED MAINLY BE- 
CAUSE OF NEW MEASUREMENT OF RlO (EVANS 6 9 h  
WB ANO WB ARE RESPONSIBLE FOB THE LARGE SCALE 
FACTOR IN WIDTHS AND LIFETIME.  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

[3 KOL LIFETIME (NICR~SEC) 

T ASSUMED DS=D~ AND DELTA I=I12 ERANFCRD 59 HBC 
T 36 0.081 0 . 0 3 2  0.024 BAROCN 58 CC 
T 15 0.05[ 0.024 0.013 OARMCN 62 FBC 
T 0.053 0.006 FUJI/ 64 OSPK 8 /67  

LTEO O.O6I 0 .015  0 . 0 1 2  ASTBURYg E5 CC 8 /67  
0 .0515  0.0014 DEVLIN 67 CNTR 8167 

T L (0.050] ( 0 , 0 0 5 }  LOWYS 67 HLBC SEE NOTE t BELOW 8 /67  
T L SUM OF PARTIAL DECAY ~ATES 
T . . . . . . . . .  
T AVG 0.0520 0.0014 O. OOI3 AVERAGE (ERROR INCLUDES SCALE FACTOR DF I .  
T FIT 0.0538 0.0019 VALUE FROM CONSTRAINED FIT 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

DECAY MASSES 
P1 KOL INTO 3PIO 134+ 134+ 134 
P2 KOL INTO Pl÷ PC- PlO 139+ 139+ IB4 
P3 KOL INTO PI MJ NEUTRINO 139+ lOB+ o 
P4 KOL INTO PIE NEUTRINO I39~ .5+  0 
P5 KOL INTO PC+ P l -  139+ 139 
P6 KOL INTO NO+ 4U- tOE* I05 
P7 K0L INTO E+ E- .5÷ .5 
P8 KCL INTO E MU .5~  105 
P9 KOL INTO TWO ;AMMAS O+ 0 
PlO KOL INTO PI+ ~I -  GAMMA 139+ 139+ 0 
P i t  KOL INTO PlO ~IO I36+ 134 

13 ROL DECAY RATES 

KOL INTO PIO RIO RIO IUNITS ] 0 " ' 6  SEE-IS (P I I  
55 5.22 1.03 6.84 8EHR 66 HLBC ASSUMES CP 

wl . . . . . . . . .  
WI FIF 3.99 0.20 

H2 KOL INTO PI÷ =I-  PO 
~2 tE 3 .26  0.77 
W2 14 1.4 0.4 
~2 136 2,62 0.28 
wz 2 .5~  C.~3 
W2 . . . . . . . . .  
W2 AV; 2.36 0 . 3 2  

VALUE FRCM CCNSTRAINEE FIT 

(UNITS 10" '6 SEE-IT (P2 I  
ANDERSON 65 HBC 8/66  
FRANZINI 65 HBC 616b 

0.27 BEHR 66 HLBC ASSUMES CP 8 /66  
HILL  66 OBC 9 / 6 6  

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.7) 
W2 FIF 2.348  0 . 0 9 9  VALLE FROM CONSTRAINED FIT 

(SEE IDEOGRAM EELOW ) 

W3 KOL INTO PC E NEUTRINO CUBITS 10~ '6  SEE-IS IF4) 
w3 7.52 0.85 0.72 AUBERT 65 HLBC DS=DO.CP ASSUMED 8167 
W3 . . . . . . . . .  
W3 FIF 7.22 0.29 VALUE FROM CONSTRAINED FIT 

W4 KOL INTO CHARSEO (3-800Y) (UhITS 108*E SEE- I )  {P2+P3+PA) 
w# 98 15.1 1.9 AUERB~CH 66 OSPK 8 /67  
w~ . . . . . . . . .  
~4 F i r  14.55 0.53 VALUE FROM CONSTRAINED FIT 

-zg- 

WEIGHTED AUERQGE = 2 .36  ± 0 .32  

ERROR SCALED BY 1 . 7  

Values above of weighted 
average, scale, ere, for 
readers convenience. The 
data were actually proc- 
essed by program AHR, 
whlc~ calculates its ovzn 
values DE SCALE, ~, and 
8(x) (whlch aze different 
Iro~the values sho~here). 

2 

K LONE R~TE INTO P I+P I -P IO  ( 9 - 0 ~ = 6  SEE- iS  

. C H I S Q  

. . . . .  H I L L  6 6  D B C  0 , 2  

. . . . .  8 E H R  6 6  H L B C  0 . 9  

~ - - -  FRANZIN I  69 HBC S .?  

~ SON G5 HBC 1 . 4  

B . 2  

' : ( C O N L E U  
4 6 = 0 . 0 4 2 )  

w5 KOL INTO LEPTDNIC (KMUB+BEBI (UNITS 10"'6 SEE-IS (P3+PAI 
W5 tO~ 9.4 1.3 FRA~ZINI 65 HBC 6/66 
W5 54 I I . 8  1.9 GOLDEN 66 HBC g/s6 
k5 335 10.3 O.B HILL 67 DBC K÷N TO KO P 8/67 
W5 . . . . . . . . .  
WS AVG I0.19 0 . 6 4  AVERAGE (ERROR INCLLDES SCALE FACTOR OF I .O I  
WB FIT 12.20 0.45 VALUE FROM CONSTRAINED FIT  

W6 KOL INTO PC MU NEUTRINO UNITS 10" '6 SEE-l) (PB} 
W6 Ig  4.54 1.24 I.OS LONYS 67 HLBC 8167 
W6 . . . . . . . . .  
W6 FIT  4.98 0.22 VALUE FROM CONSTRAINED FIT 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

R1 

R1 
R1 

R/ 

R2 

R2 
R2 

R2 

R2 

R3 

:I 

R4 

RB 
R5 

X 
R6 
R6 

R8 

13 KOL BRANCHING RATIOS 

KOL INTO IFIO PIO PIO)ICHARGED lPt)/(Pg+P3+Pg) 
24 0.24 0.08 ANIKINA 64 CC 6166 

O.BI 0.06 NULYUKINA 66 CC 9•66 
549 0.251 0.014 BOOAGOV 68 HLBC ORSAY MEASUR. 10168 
446 0.277 0.021 BUDAGOV 68 HLBC EC. PDLYTEC.MEAS 10/68 

AVG O.2BO 0.011 RVERAEE (ERROR INCLUDES SCALE FACTOR OF I.O) 
FIT 0.275 0.011 VALUE FROM CONSTRAINED FIT 

KOL INTO (Fie P l -  PIO)/CHRRGEO (PE)I(PB+P3+PA) 
59 0 . 1 8 5  0 . 0 3 8  ASTIER 6 1 C C  8 /66  
79 0.151 0.020 ADAIR 64 HBC 8 /66  
75 0 . I 5 7  0 .03  0 .08  LUERS 64 HBC 8 /66  
66 0 . 1 8  0 .03  0 .04  ASTBURY1 65 CC 8 / 6 6  

326 0.159 8.015 ASTBURVB 65 CC 6/66 
556 0 . 1 7 8  O.OlT GU[OONI 65 HBC 6 / 6 6  

1729 (0.144) (0.004) HOPKINS 65 HBC SEE HOPKINS 67 6166 
126 0.162 0.018 HAWKINS 66 HBC 6166 
180 0 . 1 7  0.03 KULYUKINA 66 CC 9166 

O.161 0 .005  HDFKINS 67 HBC 8 / 6 7  
558 0 . 1 5 T  O.OLO EVANS 69 HLBC 10 /69  

AVG 0.1611 0.0038 AVERAGE tERROR INCLUDES SCALE FACTOR OF 1.0) 
FIT 0.1612 0.0037 VALUE FROM CONSTRAINED FIT 

KCL INTO [Pl MU NEUTRINO)/CHARGED (PB)IIF2+P3÷P6) 
C 251 [0.356) (0.07) LUERS 66 HBC 
C 172 (0.39) (O.OB) CO. I t )  ASTEURYI 65 CC 

330 (0.32l (0.07} KULYbKINA E6 CC 
THIS MODE NOT MEASURER INDEPENDENTLY FEDM R2 AND R4 

FIT 0.3423 0.0083 VALLE FROM CONSTRAINED FIT 

KOL INTO {Pl E NEUTRINOS/CHARGED (Pg)/(F2+PB+FA) 
153 0 . 4 8 7  0.05 LUERS 64 HBC 
202 0.46 0.08 O.IC ASTBURYI 65 EC 
500 0.51 O.0E KULYUKINA 66 DE 

AVG 0.491 0.035 AVERAGE (ERROR INCLEDES SCALE FACTOR OF 1 .0 I  
PIT 0 ,4965  O.OOB4 VALUE FROM CONSTRAINED FIT 

KOL INIO (P IE  NEU)/I IPI E NEU)~(PI MU NEU) )  (PAl/IPB+PA) 
3ZC 0.415 0.120 ASTIER 61 CC 

FIT  0.5919 0.0097 VALUE FROM CONSTRAINED FIT 

KOL INTO(PI+ P I -  PIO)ITOTAL (PB)/TOTAL 

FIT 0.1261 0.0D29 VALUE FROM CONSTRAINED FIT 

KOL INTO(LEPTON Pl NEUTRINO)ITOTAL (PB+PA)ITQTAL 

FIT 0.6863 0 .0069  VALUE FROM CONSTRAINED FIT 

KOL INTO {2 GAMMA)ITDTAL 
C 

C 

AVG 

7166 
9166 

7166 
9/66 

32 
33 

(ON. 1 0 . * - 4 I  (Pg| /TOTAL 
( 1 . 3 )  ( 0 . 6 )  CR[EGEE 6b OSPK 8166 
6.7 Z.E TOUOROFF 67 DSPK REPL.  CRIEGEE66 I I168 
7.4 1.6 CRONIN 1 67 DSPK 11167 

CRIEGEE 66 REPLACED EY TDOERDFF 6T I l iAD 

T.2 1.3 AVERAGE tERROR INCLUDES SCALE FACTOR OF 1.0) 



STABLE PARTICLES 

- 3 0 -  See the illustrated key preceding the data card listings. 
Data in parentheses have not  been included in our averages. 

KOL INTO (PIE P[-I/CHARGEE (UNIT IC**-B) (PSI/{PZ+PB÷P4I 
45 Z.O 0.4 CHRISTENS 64 OSPR ETA +- = 1.94 
54 Z.CB 0.35 GALBRAITH 65 OSPK ETA + - . =  2.02 

1.9B 0.26 BASILE E6 0SPK ETA +- = 1.86 g/66 
1.995 O.O80 ~0TT-BOOE 66 0SPK ETA +- = 1.935 9/66 

ADAIR B4 HBC 6166 
OEBOUARO 67 OSPK SEE NOTE N BELOW II/6T 

8/6T 
0 . 8 I  0.08 8167 

(0.6251 (0 .041  BABILEI 68 OSPK 10/BB 
770 0.71 0.0B BUEAGOV E8 HLBC 10/68 

BEILLIERE 69 HLBC 10169 

1 0 1 6 9  

~g . . . . . . . . .  
R9 ~G 1.992 0 . 0 7 3  AVERAGE (ERRCR INCLUDES SCALE FACTOR OF 1.01 
R9 FIT 2.001 0 . 0 6 3  VALUE FRCP CCNSTRAINEC FIT 

RIO KOL INTO (PI MU kEUI/(RI E ~EUI (PBII(P4) 
RIO G.Bt 0.19 
RIO 0.82 0.10 
RIO 2TO 0.7 0.2 HAWKINS 6T HBC 
RIO HOPKINS 67 HBC 
RIO 
RIO 
R10 (0.71) (0.04) 
RIO 8 REILLIERE 69 IS A SCANNING EXPT USING SANE EXPOSURE AS BUOAGOV 68 
RIO 1 3 0 g  0.048 O.CBO EVANS 69 HLBC 
RIO . . . . . . . . .  
PIO AVG 0.688 0.033 AVERAGE (ERRCR INCLUDES SCALE FACTOR OF l . ~ l  
RIO FIT 0.669 0 . 0 2 8  VALLE FRCM CONSTRAINED FIT 

(SEE IGECGRAM EELEW I 

V a l u e s  above of  w e i g h t e d  
a v e r ~ B e ,  scale,  etc. f o r  
r e a d e r s  c o n v e n i e n c e .  T h e  
d a ~  w e r e  a c t u a l l y  p r o c -  
e s s e d  by program AHR, 
w h i c h  calculate~ its own 
values DE SCALE, x, and 
E(~) (which are different 
Erorn the vaIues shown here), 

UEIGHTED A U E R A G E  = O . 6 B B  ± 0 . 0 3 3  

E R R O R  S C A L E D  BY 1 . 4  

WEIGHTED AUERAGE = 0 . $ 3  ± 0 . 1 7  

ERROR SCALEO BY 1 . 9  

O , 0 0 • S 

K D L  I N T O  

V a l u e s  a b o v e  o f  w e i g h t e d  
a v e r a g o ,  scale, etc for 
readers convenience. The 
data ~ere actually proc- 
essed by program AHR, 
which ealculztes its o~ 
values ol SCALE, x. and 
6(x) (~hieh ~re difEerent 
fro~he values sbo%v~here). 

CHISQ 

~Z. 
- C E N C E  6 9  O S P K  6 . 3  

I J 8 U O A G O U 1  6 B  H L B C  0 . 2  

• B A N N E R 2  6 B  D S P K  0 . 4  

S . 9  

( C O N L E U  
1 . ' 0  1 . 'S 2 . 0  2 .'S =O . 0 3 1 1  

{ 2 P I D ]  / [3PIO] 

RZO KOL INTO ( P [ *  P I - I / ( K E 3  + KMU3) (UNITS I O ~ - E I  I P S ) / I P 3 ÷ P 4 }  
REO 309 2.51 0.23 OEBOUARD 67 OSPK ~/68 
R2O 525 2.30 0.19 EITCb 67 OSPK ETA+-=I.BI+-.OE 6168 

S ,  

0 . 4  0 . 6  

K D L  I N T O  ( P I  

.•. C H I S Q  

. . . . . . . . .  E U A N S  6 9  H L B C  1 . B  

- ~  . . . . . . . . .  B U D A G O U  6 8  H L B C  0 . 2  
% 

. . . . .  H O P K I N S  67 HBC 2 . 3  

. . . . .  H A U K I N S  6 7  H B C  

. . . . .  D E B O U A R D  6 7  D S P K  1 . 7  

I ~, " " A D I ~ I R  6 4  H B C  

, ~  6 , 0  

' . ~ C O N L E U  
O . B  1.0 1 . 2  = O . 1 1 O ]  

MU N E U ] / { P I  E N E U ]  

Rll KOL INTO IRU+MU-)ICHARCEE (UNITS 10.*-61 (P61/IP2+P3+P4) 
RII (ICO.O)OR LESS ANIKINA 65 CC 6/b6 
~II (50.0) OR LESS ABASEIAN 66 OSPK ~O PER CT CONF 8/66 
RIL (250 .01  DR LESS ALFF-STEI 66 OSPK 0.90 CONF, LEVEL g /66  
RLI 12.0} OR LESS BGTT-BODE 67 OSPK go PER CT CONF 8167 
R[I (35.0} OR LESS FITCH 67 OSPK go PER CT CONF 3160 

RI2 KOL INTO (PIE PI- GAMMA)/TOTAL (UNITS 1 C * * - 3 )  (PIEI/TO7AL 
RIZ II5.0)OR LESS ANIKINA 65 CC 6 / 6 6  
RIg O (B.0] OR LESS BELLOTTI 16 HLBC GAP KE 40-130 MV 8/67 
R[2 i (3.O)OR LESS NEFKENS 66 OSPK GAM KE 120 ~EV 6166 
RI2 (G.4)OR LESS THATCHER 68 OSPK 90 PER CT CONF 10 /68  

R13 KOL INTO (E÷ E-I.CHARGED IU~ITS I 0 ~ * - 6 )  (PT)/(P2+P3+P4I 
RIB [IO00.O)OR lESS ANIRINA 65 CC 6/66 
RI3 (SO.G) OR LESS ABASHIAN 66 OSPK 90 PRCT CONF 6 / 6 6  
EIS (200.0) OR LESS ALFF-STEI 66 OSPK 90 PACT CONF 6166 
RIB (23.0I OR LESS BOTT-BDDE 67 CSPK 90 PER CT CONF 8/6T 

R14 KOL INTO (E NUI/CHARGEC (UNITS 10"#-4] (PB ) / (PE*P3÷P4 ]  
R[4 ( I0.0} OR LESS ANIRINA 6E CC 6/66 
RI4 ( l . O )  DR LESS CARPENTER 66 OSPK gO PER CT CONF B166 
R14 (O.IO7]OR LESS BCTT-BODE 67 OSPK 90 PER CT CC~F 8 /6T 
RI4 (0.08) DR LESS FITCH 67 OSPK 90 PER CT CONF 3/68 

RIB KOl INTO(E~ PI- NEU)/(E- PI* kEUI 
RIB 0 $7 (o.gol (0.181 NEAGU 6I CC 
RIB 0 ( i .01]  (0.16) LUERS 6g HBC 8 / 6 6  
~15 0 8~4 (O.g91 (0.023) KULYUKINA 66 CC g/66 
RI5 O [BEE (l.Cb} { 0 . 0 5 )  VERHEY 66 DSPK 8 /67  

R20 . . . . . . . . .  
R20 AVO 2.01 0.15 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.Of 
R20 FIT 2.086 O.OTE VALUE PREP CONSTRAINED FIT 

R21 (Z GAMMAI/13 PIO) (UNITS XO*W,-BI (PgI/ IPl)  
R21 16 Z.B 0.7 ARNOLD 68 HLBC VACUUM CECAY 11/68  
R21 115 2.24 0.28 BANNER! EE OSPR SEE NOTE E 11168 
R21 B THIS IS NEW EXPER. -NCT TE BE CCNF. NITH R8 OF CRONINI 67- 11/68 
R21 . . . . . . . . .  
R21 AVG 2.28 0.26 AVERAGE tERROR INCLUDES SCALE FACTOR OF [.OI 

022 ROL INTO (MU+MU-II(PI*PI-) (UNITS IO**-RI (Phil(PSI 
R22 { 1 . 4 )  OR LESS FOETH 6g ASPK 5 / 7 0 *  

RZ3 KOL INTO (E* E- I I {PI÷PI- I  (UNITS 10~*-4I IPT)/(P51 
RZ3 ( 1 . 0 )  OR LESS FOETP 69 ASPK 5170 .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Fi~ed Par~ial Deca 7 Mode Branchln B Fractions 

Di agonal elelnents a~e P. * BP-; EP. = ~ > ,  Of(.dlagoD~l eler~ents are 
x * z I Z 

correlation eoefflcients = <~PiEPj> / (6P i. 6Pj). 

P I P 2 P 3 P 4 P 5 P 6 

P 21 .21B÷-°0O7 
P -.228 .IE6+-.003 
P 3 -.$75 -.Ggo .260+-. 007 
P 4 -°486 -.089 -.552 .388+-. 00B 
P 5 - . 2 7 6  .028  .107 .1B8 .002+ -o000  
P 6 .124, - .OR3 - . C 6 !  -.OEO - . 0 6 6  .OOl+-.OOO 

Fitted Partial Decay Rates 

Diagor~1 elements a r e  W l =~ 6Wi; W I = ~total Pi I EWi = %/ <EWiEWi> . Off.diagonal 

elements are co~zelaEion coef~iclents = <EWIEWj> / (E W i, BW]).' 

W 1 w 2 k 3 W4 W B W B 

w 1 3,':;g+- . 20  
W 2 .55B 2.3B*- .iO 
w 3 .471  °646 4°g14- .22 
w 4 .511 .TCB .54S 7°22.- .29 
W 5 °435 .6Z2 .EBB .EL6 . czg~-.O01 
k 6 .201  .LlO .OgB .I01 .0~6 .023+-.005 

13 KOL FORM FACTORS 

FOR CISCUSSION OF FORM FACTORS SEE NOTE PRECEDING K+ FORM FACTORS 
BIB 0 LCW PRECISION EXPTS NOT AVERAEEO. FOR MORE PRECISE VALUE. 
RI5 0 SEE S[3A2 (BENNETT 70, FARX 70) 

R16 KDL INTO(MUD PI- NEU)/(PU- PI~ NEU] 
RE6 3200 1.02 O.Og ABASHIAN 66 OSPK 8/66 
RI6 i 0~6  l.OOBl 0.002T OORF~N 67 OSPK IL/6T 

PL . . . . . . . . . . . . . . . .  /T . . . . .  ~ I ~  ~O'*;~IosPK (Pll)/TOTAL 
RI7 C 7 ( I .2 )  ( l .B )  ( I .Z )  E 7 /66  
RITC 6RIEGEE EXPT NOT CESIGNED TC ~EASURE 2 PIG DECAY MODE 
RL7 189 2 . 5  O.B GAILLARO 69 O S P K  E 0 0 = 3 , 6 ~ 0 . 6  5/69 
RI7 . . . . . . . . .  
RIT FIT 1.2I O.SO VALUE FRCM CONSTRAINED FIT 

R18 KOL INTO (BPIOI/(PI+PI-PIOI IPIII(P2) 
Rt8 188 2.0 0.6 ALEKSANYA 64 FBC 9166 
RIB IOlO 1.BO 0.13 BUOAGDV 68 HLBC 10168 
R 18 . . . . . . . . .  
R18 AVG 1.81 O.13 AVERAGE (ERROR INCLUDES SCALE FACTCR OF I.O) 
RIB FIT 1.708 0 . 0 7 5  VALLE FRCM CONSTRAINED FIT 

Rig KOL INTO (2PIO)/(BPIO} (UNITS I0~*-2) [PI1) / (PI)  
RIg C I09 (1.8g) [0.31} CRONIK L 67 OSPK ETAOO=4.9*-0.5 8/67 
RI9 C (1.36) (0.181 CRONIN Z 67 OSPK ETAOO~B.92+-0.3 11/67 
RIg C CRONINE IS FbRTHER ANALYSIS EF CRONINI ,NOW BOTH WITHDRAWN I1160 
RIg 58 0.46 O.I1 8ANNERB 18 OSPK ETAO0=2.3÷-0.3 10/68 
R19 24 0.05 0.18 BUOAGOV1 68 HLBC ETAO0=2.2+-0.4 10/69 
RIg NC EVENTS SEEN BARTLETT 58 OSPK SEE EO0 BELCR 11168 
R]9 133 I.BI 0.31 CENCE 69 OSPK ETA00~3.?+-O.5 10169 
R 19 . . . . . . . . .  
R19 AVG 0.50 0.17 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.91 
Rig FIT 0 . 5 6  0.14 VALUE FROM CGNSTRAINEG FIT 

(SEF [OECGRAR EELGW I 

X[A XIA = F-IF+ (OETERMINEC FROM SPECTRA AND KMLB/KE3I . . . . . . . . . . . . . . .  
XIA 
XIA U~LESS OTHERWISE NOTED, THE EXPERIMENTS BELOW EVALUATE 
XIA X( ASSUMING THAT IT IS INDEPENDENT OF MOMENTUM TRANSFER, 
XIA I .E. THEY SET LM+=LN-=O ANE REPERT THEIR RESULT AS XI AT T=O. 
XIA IN REALITY, HOWEVER, THEY NAVE MEASURED X( OVER SERE 
XIA REGION WHERE T IS NCT ZERO 

XIA L 38g TEL.l) (0.9) ( l . 3 l  ADAIR 64 HBC KMUBIKE3 8267 
XIA L (+0.66) 10.9l (1.3) LUERS 64 HEC KMU3/KE3 8167 
XIA 1371 (+1.2I I0.8) CARPENTER 66 OSPR MU,PI SPECTRA 8167 
XIA CIB7i -0.82 0.6 CARPENTER 66 OSPK MU,PI SPECTRA.G. B/67 
XIA C ZND CARPENTER VALUE ALLOWS ENERGY CEP OF F÷fF- 
XIA -0.2 1.0 I.T KULYLKINA 66 CC ~UtPI SPECTRA 8/67 
XIA (-3.9) TO.IT BASILEI 08 OSPK + OALITZ PLOT 10168 
XIA ( - 0 . 4 )  (G.31 BASILE1 EB OSPK * KMU3/KE3 I0168 
XIA TTO ÷0.3 *0.4 BUDAGOV 60 HL8¢ KM3/KEB,LM÷=.DBB 11/68 
XIA 1309 -0.22 0.30 EVANS 69 HLBC KM3/KD3,LM+=.OB 10169 
XIA L LM÷ AND LM- ASSUMED TO BE ZERO - ~07 AVERAGED 
XIA . . . . . . . . .  

XIB XIB = F-IF÷ (DETERMINES FRER PU PCLARIZATION IN KMU31 . . . . . . . . . . . .  
XIB MEAS OF X( USING POLARIZATION IS LEES SENSIIIVE TO FERM FACTOR 
XIB VARIATIONS. 

XIB 2608  -1.2 0.5 AUERBACH 66 OSPK POLARIZATION 81bT 
XIB 638 - I . 6  O.B ABRAMS 68 DSPK POLARIZATION 516g 
RIB -1.81 0.50 0.26 LONGC 69 CNTR POL. T=2.65 11169 
XIB . . . . . . . . .  



STABLE PARTICLES 

REAL PART ]F Xl (COMBINE( RX[ 
;XI 1371 { ÷ l . 2 l  10.8) 
RXI 1371 - 0 .82  0.6 
RXI -0 .2  
RXI { -3 .9)  10.11 
RXI { -0 .4 ]  {0.3) 
RXI 1TO *0.3 ÷C,~ 
RXI 1309 -O.Z2 0.30 
RXI 26C8 - [ . 2  
RXI 638 -1.6 0.5 
RXI - i *81 0.50 0.26 
RXI . . . . . . . . .  

See the illustrated hey preceding the data card listings. 
Data in parentheses have not been included in our averages. 

xza ANt; XIBI UEIGHTED AUERflGE = 0 . 0 2 1  i :  0 . 0 3 6  
CARPENTER 66 GSPK ERROR SCALED BY 1 .7  
CARPENTER 66 OSPK 

1.0 1.7 KULYbKINA 66 CC 
BASILEI 68 OSPN + 
BASlLE[ 68 OSPK + 
BUDAGCV 68 HLBC 
EVANS 69 HLBC 

C.5 AUERBACH 66 OSPK 
ABRAMS 68 OSPR 
LONGC 69 CNTR 

(SEE IDECGRAP EELGW ] 

tJEIEHTED AUERAGE = -0.7S ± 0.3S 

ERROR SCALED BY 2 .1  

'\ 

. . . .  I 

- ' 3  - 1  

~ .  C H I S g  

. . . . .  L O N G O  6 9  C N T R  7 . B  

. . . . .  ~ . . . . .  A B R A H S  6 8  O S P K  2 . 9  

. . . . . . .  \ . . . . .  A U E R B A C H  GG OSPK O . B  

- - + - - - - . \  . . . . .  E U A N S  6 9  H L B C  3 . 1  

- - - - 4 - - - \  . . . .  BUOAGOU GB H L B C  6 . 9  

= \ K U L Y U K I N A  6 6  CC 

. . . .  ~ P E N T E R  6 6  O S P K  21.S0"0 

[ C O N L E U  

COMBINED F - / F +  UEIN6 B O T H  XIA AND XIB  

[TEST OF T REVERSAL) . . . . . . . . . . . . . . . . . . . .  
ABRAMS 68 OSPK NU POLARIZATION 10169 

IX l  IMAGINAR~ PaRT OF Xl 
IX I  -0 .2  0.6 
IX l  -O.OE 0.08 LGNGG 69 CNTR PaL. T=2.65 11169 
IX( . . . . . . . . .  
IX[ ,~VG -0.02!; 0.079 AVERAGE (ERROR INCLUDES SCALE FACTOR OF l .O)  

FS FSIF+ RATIO OF SCALAR TO F÷ COUPLINGS IABS. VALUE) . . . . . . . . . . . . .  
FS (0.15 OR LESS KULYUKINA 67 CC 68 PERCENT CO.LE 10169 

FT FTIF÷ RATIO GF TENSOR TC P+ CEUPLINGS (ABE. VALUE) . . . . . . . . . . . . .  
FT I I . O )  CR LESS KULYUKINA 67 OC 68 PERCENT CO.Lb [0169 

tR+ L~MEDA + LINEAR ENERGY DEPEflEENCE OF F+ IN KO 03 DECAY) . . . . . .  
LM÷ FCR FAD. CI]RR. TO T~E OALITZ FLDT OF KE3~ SEE G[NSBEBG 67. 
LM+ FCRRAO. CORR. TO DALITZ PLOT DF KPU3 SEE GIMSBERG TO 

LM+ 153 ÷0.07 .0b LUERS 64 OtTZ PLT,NO RAE CORR 
tM+ 577 +0.i5 .08 FISHER 65 OSPKDLTZ PLT,NC RAG CGBR 8167 
L~+ 362 - o . o [  .02 FIRESTONE 67 HBC OLTE PLTtNO RAG CORR 8/67 
LM+ 531 +0.01 . 0 [ 5  KADYK 67 HBC ErP! SPEC,NO RAO CGR 8•67 
tat Z40 ÷0.08 . [ 0  .08 LOWYS 67 FBC P! SPEC, RAD CURB 8/67 
LM+ [000 0.02 0 . 0 [ 3  ARCNEDN 68 OSPK PI SPECTRUM 5169 
LM+ 4800  +0.02~ 0.012 BASILE 68 OSPK DLTZ PLT,NC RAG CUR 3168 
LM÷ . . . . . . . . .  
LM+ ~VG 0.0172 O.COTE AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0} 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

[3 NEUTRAL K ENERGY DEPENCENCE OF DALITZ FLGT 

MATRIX ELEMENT SQUARED = [ + G (S3 -SO] / (EP I+ *~2 ]  

GTO LINEAR ENERGY OEPENCENCE {G) FOR TAU CECAYS KLDNG INTO RIO PI+PI- 

GTO 1350 (0.651] (0.084) HOPKINS 67 HEC 
GTO llgB 0.43E 0.057 NEFKENS E7 OSPK 
GTO Z446 0.38~ 0.040 OAEILE2 68 OSPK 
GTO . . . . . . . . .  
GTO AVG 0°403 0.033 AVERAGE [ERROR INCLUDES SCALE FACTOP OF 1o0) 

10169 
10169 
10169 

13 X =(CS=-CQ AMPLITUDE IDS=+DG AMPLITUDE) 

REX REAL PART OF X 

REX C 152 0.06 0.18 0.44 BALOE-CE 65 HLEC K÷ CHARGE EXCHNG 11167 
RE~ 196 D*CI35 0-11 0.13 ROBERT 65 HLBC K+ CHARGE EXCHNG 11167 
RE~: F iC9 -0°08 0.16 0.28 FRANZINI 65 HBC PBAR P L1/67 
RE~ 335 0.],7 O.[O HILL 67 DEC R+D YIELDS KOPP I I167 
RE~ 116 0.].7 0.16 0 .35 FELOMAN 67 OSPK P[°P TO KO LMBOA 11/67 
RE~ B 10.031 (0.E8) BENNETT1 68 CNTR 7•68 
RE~ [21 0.0~ 0.07 0.09 JAMES 68 HBC PEAR P 5169 
RE): B -0.020 0.025 BENNETT 69 CNTR CHAR ASYM÷ CU RE IOlEG 
RE~: 686 O.Og 0.14 0.16 LITTENBER 69 OEPK K~N TC ROB 4/69 
RED 262 0.25 .07 .Og WEBBER 69 HBC R-P TO KBAR N 10169 
REX B BENNETT 69 IS A REANALYSIS CF BENNETT! 68 
RE); C BALO0-CE 65 GIVES X AND THETA.CONVERTED BY US TO REX AND IMX [ i167 
RE): F FRINZINI 65 GIVES X ANU THETA.FOR REX ANO IMX SEE SCHMIDT 67 11167 
RE) ;  . . . . . . . . .  
RE); AVG 0.021 0.036 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 .7 )  

(SEE IDEOGRAM EELCW | 

IMX IMAGINARY PART CF X (ASSUMES V(KL)-M(KS| PCSITIVE - -  SEE S130) 

[M)[ C 152 -0.4~ O.3Z O.L9 BALOO-CE 65 HLBC K+ CHARGE EXCHNG 3•68 
IM)[ [96 -0 .2 ]  0.11 0.15 AUBERT 65 HLBC K+ CHARGE EXCHNG 3168 
IN)[ F 109 +0.2 = 0.40 0.30 FRANZINI EE HBC PEAR P 3168 

i ! !  OEBER 9HBC 
- L I T T E H B E R  6 9  O S P K  

- B E N N E T T  6 9  C N T R  

- J A M E S  6 8  HBC 

. . . .  F E L D M A H  G? D S P K  

. . . .  H I L L  6 7  DBC 

. . . .  FRANZIN I  GS HBC 

. . . .  AUBERT 65 HLBC 

. . . . . .  CE 6S HLBC 

-0 .4  0 . 0  0 .4  O . B  

R E A L  P A R T  OF X 

31 

C H I S Q  

B . 2  

0 . 2  

2 . 7  

0 . ?  

I )  CP VICLATIC~ PARAMETERS 

ETA*- = A(KL TO P I *P I - l lA lRS TC PC÷P(-) 
ETAOO A(KL TO PIOPIO}IA(KS TO PIOPIOI 

THE MAGNITUDES OF ETA~- AND OF EJAOO ARE DERIVED FREMBR. RATIOS. 
FOR THE QUANTITIES MEASURED BY ThE INEIVIGUAL EXPERIMENTS SEE LISTINGS 
OF $13R9 AND SI3R2 (ETA÷-) AND OF $13R17 AND SL3Rtg (ETAOO). 
FOR THE REACER'S CONVENIENCE WE LIST MERE TEE DERIVED QUANTITIES ETA÷- 
(E+-) AND (ETAOO)*~2 ,CALLED EOS 

EOS (ETAOO)**2 = (A(KL TG 2PIO) /AIKS TO 2PIO) )~*2  (UNITS 1 0 " * - 6 )  - - -  
EOS 58 5 .06  1.4 BANNER2 68 OSPK 1016q 
EDS C -2.  7.0 BARTLETT 08 OSPK 10/6~ 

5.05 1.9 EOS 24 6UDAGGVL 68 HLBE [0 /6~  
EOS [80 13o 6. GAILLARD 69 OSPK 10169 
EOS 133 1 A . l  3 .A CENCE 69 OSPK IO/6B 
EOS 10.3 A*5 CHGLLET 69 DSPK CU REG.~4 GAMMAS 10169 
EOS . . . . . . . . .  
EOS AVG 6 .4  1.5 AVERAGE IERRDR INCLUDES SCALE FACTOR CF [ . 5 )  

(SEE IDEOGRAM BELOW ) 

U E I B H T E D  A U E R A B E  = 6 . 4  * 1 . S  

ERROR S C A L E D  BY 1 . S  

A 

- 10  0 

ET~001~2  

CHISQ 

I . . . . .  C H O L L E T  6 9  O S P K  0 . 7  

. . . .  C E H C E  6 9  O S P K  5 . 1  

. . . .  6 A I L L A R D  6 9  O S P K  2 , 7  

k -./;.-'-.~ . . . . .  BUOAGOU1 68  HLBC O .S  

. 7  . . .N~  . . . .  B A R T L E T T  GB O S P K  1 . S  

. . . . . .  ~ B A H H E R 2  6 B  O S P K  11.$1"0 

, , i , (CONLEU 
1 0  2 0  3 0  = 0 . 0 4 3 )  

E*- ETA*- = A(KL TO PI÷PI- ] IA(KS TO PI+PI-)  EMITS 10.*-3 . . . . . . . . . . . . .  
E+- 45 11.94) CHRISTENS 64 OSPK [0169 
E+- 54 (2 .02)  GALBRAETH 65 OSPK [GfB9 
E*-  ( [ . 861  BASILE 66 OSPK [0 /69  
E+- 11,985) 8OTT-BODE 66 OSPK 10/69 
E* -  525 1 . E l  .06 FITCH 67 OSPK [ 0 / 6 9  

[MX l I E  O.O 0.25 FELEPAN 67 OSPK PI -P TO KO LMBGA 1[167 
IMX E 335 - 0 . 2 0  0.10 HILL 67 DBC K+O YIELDS KOPP 11/67 
IMX 121 +0.22 0.37 0.29 JAMES EB HBC PEAR P 5/69 
IRX 686 -O . l l  O.lO 0.11 LITTENBEB 69 OSPK K÷N TC KOP 4169 
IMX 262 O.O .08 WEBBER ES HBC K-P TO KEARN 10/69 
INX C BALDO-CE 65 GIVES X AND THETA.CGNVEBTEG BY US TO REX AND INX i [167 
IMX F FRANZINI 69 GIVES X AND THETA.FOR REX AND EMX SEE SCHPIDT 67 11167 
INX H FTNOTE LO OF HILL 67 SPOULD READ ÷0.58~ NOT -0.58 (PRIV COMH) 3168 
IMX . . . . . . . . .  
IMX AVG -0.099 0.047 AVERAGE (ERROR INCLUDES SCALE FACTOR OF L.Ol 

2 . 2  

0 .0  

1 4 . 1  

[CONLEU 
= 0 . 0 1 E 1  



F~" 
F *  
F+- SEE SECTION O OF KOL LISTINGS FOR LATEST VALUE 

F+- ~5.0 5C.0 FITCH 65 OSEK EE REGEN 11 /67  
F+- 30.0 ~5.E FIRESTONE 66 HBC 11/67 
F+- 70.0 ZI.O BOTT-BOOE 67 OSPK C REGEN 11167 
F+- 2B.0 3 5 . 0  MISCHKE 67 OSPK CU REGEN 716B 
F÷- N (51.01 (11.0) BENNETT2 68 CNTR CU REG. USES 8/68 
F+- C 3~.9 I0.0 BENNETT 69 CNTR CU REGEN 11/69 
F+- E ~1° 15. BDHN 69 OSPK VACUUM REGEN 11/69 
F+- F 49 .3  B.5 FAISSNER 69 ASPK EU REEEN l l / 6g  
F÷- J 40.0 12.5 JENSEN EQ ASPK VACUUM REGEN 11/69 
P+- COMMENTS 
F+- B ~M DEPENDENCE CF BOHM 6g IS BSb*(OM-O.GBA) BEG II169 
F+- C BENNETT 69 USES MEASUREMENT OF (F+-)-(PHIF) OF ALFF-STEINBERGER66 
F+- C DM DOPENEENEE DF BENNETT 69 IS 80~(0H-0.469) BEG I I / 69  
F*- F EAISSNER 69 ERROR ENLARGED TO INCLUGE ERROR IN REGENERATOR PHASE 11 /69  
F+- F CM DEPENDENCE OF FAISSNER 69 IS 238*(DM-O*Q78)  OEG L I / E 9  
F+- j O~ DEPENDENCE OF JE~SGN 69 IS 636,(0M-0.46~) DEG 11/69 
F+- N EENNETT 6g IS A REEVALUATICN OF BENNETT2 68 11169 
F÷- ERRORS FOR BENNETT 69,  ECHR 69,  FAISSNER 60, AND JENSEN 69 II169 
F+- INCLUDE ERROR FROM UNEERTAIBT¥ OF 0~ 
F÷- . . . . . . .  . . 
F+- AVG 43.5 5.1 AVERAGE (ERROR INCLUDES SCALE FACTOR OF I°O) 

FO0 PHASE oP ETA O0 (GEGREES) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
FOO 23.0 32.0 CHOLLET 69 OSPK CU REG.,6 GAMMAS 10/69 
FO0 FIRST GUAERANT PREFERRED GOBBI Eg OSPK 11/69 

13 ASYMMETRY PARA~ETERE 

A DECAY ASYMMETRY PARAMETER FOR PI t  PI- RIO . . . . . . . . . . . . . . . . . . . . . . . .  
A THIS PARAMETER TESTS THE VALIDITY OF BOTH THE DELTA-I = 112 RULE 
A AND T~E CP-INVARIANCE IN KUL - RI+ FI- PIO. 
A .UOI .00~ BLANPIED 68 CNTR 11 /60  

13 CHARGE ASYMMETRY IN LEPTCNIC DEC~YS (PERCENTI 
SUCH ASVMNETRY VIOLATES EP • IT IS RELATED TO REAI(EPSILON). 

A1 KOL INTO (MU+PI-NU)-(MU-PI+NU)/(RU+PI-~U)+(MU-PI+NU) 
A1 LO*~6 D . 0 0 3  0o13~ OORFAN 67 OSPK DERIVED FROM R16 11/67 

A2 KOL INTO IE+PI-NU)-(E-PI+HU)2(E+PI-NG)+{E-PI+NUI 
~2 1 0 " . 7  0.124 0 .036  BENNETT 67 CNTR 11/67 
A2 10 " ' 7  0 . 224  0 .036  BENNETT 67 CNTR ELO ~RETRACTEO 7 /70 *  
A2 10 . . 7  0 . 246  O.B5D BENNETT 7B CNTR QUOTED BY MARX ?0 717B* 
A2 0.341 0.037 MARX 70 CNTR 7 /7D*  

STABLE PARTICLES 

.3?.- 
See the illustrated key preceding the data card listings. 

Data in parentheses have not  been included in our averages. 

PHASE OF ETa +- (DEGREES) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  BENAETT 67 PgL 19 993 BENNETTINYGREN~SAAL,STEINBERGER +(COLUMBIA} 
DM IS KOL-KOS MASS DIFFERENCE IA UNITS EF INVERSE KOS LIFETIME BDTT-BOD 67 PL EBB 194 BOTT-BODENHAUSEN,DEBEUARDtCASSEL + (CERN) 

13 

PARDON 58 ANP 5 156 
CRAWFERC 59 RRL E 361 
~STIER 61AIX CONF i 227 
FITCE 61NC 22 1160 
GOUO 6 1 P k  12R 1223 
NEAGU El PRL 6 B52 

CAMERINI 62 PR 128 362 
CARMON 62 PL 3 57 

ADAIR 64 PL i2 67 
ALEKSANY 6G EUBNA 2 lO2 

SEE ALSC JBTP 19 1010 
A~IRINA ~G JBTP 19 42 
CHRISTEN 6A PRL 13 L3~ 
FUJI) 60 DOBNA 2 146 
LUERS 6~ PR 133 B 1276 

ANIKINA 65 JINR P 2~B8 
ANDERSON 65 PRL 1~ ~75 
ASTBURY1 65 PL 16 BO 
~STBURYL 65 SEE ALSO M PEPIN 
ASTBURY2 65 PL 18 175 
~STDURY3 65 PL 18 i78 
AUBERT 6B PL 17 59 

REFERENCES 
LGNG-LIVEE NEUTRAL K I~9B, JR=O-) I=112 

M BARDQ~K LANDE,L 1ECERMAN (COLUNBIA÷BNL) 
CRAWPCRD,CRESTI~OOUGLASS~GOOD * (LRL) 
ASTIER,BLASKOVIC~RIVET,SIAUD + (PARIS+EP) 
V FITCH~P PIROUE~R PERKINS (PRINCETON) 
GOOD~MATSEN,MULLER,PICCIONI~PUWELL + ILRL) 
NEAGU~OKENOV~RETRCV~PESANOVA,RUSAKOV (JINR) 

CAPERINI~FRY~GAIDOS,BIRGE,ELY * (WISC+LRL) 
J DARNOK~A ROUSSET,J SIX IPARIS+EP) 

R K AEAIR,L E LEIPGBER IYALE+BNL) 
ALEKSANYAN~ALIKHANYAN~VARTAZARYAN+ (EREVAN) 
ALEKSAhYAN+ (LEBEDEV+MOS ENG PHYS+EREVAN) 
AHIKINA~ZHURAVLEVA* (GEORG ACAD SEI+ DUBNA) 
CERISTE~SON~CRONIN,FITCHITURLAY IPRINCETNI 
FUJII,JCVANCiICH~TURKOT+ (8NL~MARYLAND~MIT) 
LUERS,RITTRA~WILLI$~YAMAMOTC (BHL) 

ANIKI~AtVARDENGA,2HURAVLEVA~KOTLYA÷ (DUBNA) 
ANDERSON~CRAWFORD~GOLDEN,STERN + (LRL+WISC) 
ASTBURY,FINOCEHIARO~EEUSCH + (CERN+2URICH) 
HELV.PEYS. ACTA 3S 523 

ASTBURY~MICHELINItBEUSCH ~ (CERN÷ZURICHI 
ASTOURY~MICHELINI~BEGSCH + (CERN+ZUBICH) 
AUBERT~EEHR~CANAVAN,CHOUNET+ (PARIS+ORSAY) 

ROBERT 6B SEE ALSO LUWYS 67 
EALCO-EE 65 NC 38 680 BALDO-CEOLIN,CALIRANI~CIANPOLILLE + (RAEVA) 

CHRISTEN 6B PR 140 B 7~ CHRISTENSOH~CRONIN~FITCH~TURLAY (PRINCETON) 
(CHRISTENSON 65 HAS BEEN CORRECTED EOR INTERFERENCE BY FITCH 6S~ FOOTNOTE) 

FISHER 65 ANL 7L3B 83 FISHER,ABASHIAN,ABRAMStCARPENTER* (ILLINOIS) 
FITCE 65 pRL 15 73 
FRANZINI 65 PR I#0 B 127 
GALBRAIT 65 PRL iq 383 
GUIDONI 65 ARGONNE CONF qG 
HOPKINS 65 ARGONNE CONF 67 
VISHNEVS 65 PL 18 339 

ABASHIAN 66 BERKELEY 2B 
ALFP-STE 66 PL 21 595 
AUERBACH 66 pRL 17 980 
AUERB~CH 66 PR 149 1052 
AUER~C~ 66 SEE ALSO PRL 1~ 
BALO0-CE 66 NC 45A 733 
EASILE 66 BALATON CONF 

BEHR 66 PL 22 540 
BELLCTTI 66 NC ~5A 737 
BOTT-BOD 66 PL 23 277 
CAMERINI 66 PR 150 1148 
CANTER 66 PRL L7 gO2 
CARPENTE 66 PR 1~2 871 
CHANG 66 PL 23 702 

CRIEGEE 66 PRL L? 150 
FIRESTON 66 PRL 1E BB6 
FIRESTON 66 pRL IT  116 
FUJI) 66 PRL 13 253 

(FUJ[I 66 IS THE CORRECTED 
GOLEEN 66 BERKELEY 2B 
EAWKI~S 66 PL 21 23B 
ALSO 67 PR 156 I~A 

HILL ~6 BNL 10608 
JCVANGVI 66 pRL 17 1075 
KULYUKIN 66 BERKELEY 2B 
~EISNERI E6 PRL 16 278 
MEISNER2 6b PRL IT ~92 
NEFKENS 66 PL 19 706 
VERHEY 66 PRL 17 669  

FITCH,RETHeRLSS~VERNON (PRINCETON) 
FRANZINI,KIRSEH~PLAND + (COLUMBIA+RUTGERE) 
GALBRAITH~MANNING~JONES + (AERE÷BRIST+RHEL) 
*EARNES~FOELSCHE~EERBEL~FIRESTD~ (BNL+YALE) 
H W K ECPKINS~BACON,EISLER (VAND*RUTGERS) 
VISHHE~EKY~GALANINA~SE~ENQV + (MOSCOW) 

ABASHIA~tAERAMS~VEBHEY+ (URBANA) 
ALFF-STEINGERGER,HEUER~RUBBIA + (CERN) 
AUERBACF~MANhIMCFARL~NE~SCIULLI (PENN) 
AUERBAC~DOBBS,LANDE~NANNtSEIULLI+ (PENNI 
IS2 
BALDC-CEOLIN~CALIMANI,CIAMFOLILLO÷ (PADUA) 
8ASItE,CRONIN,THEVENET + (SACLAY) 

BRHRtBRISSCN~BALDD-OEOLIN,AUBERT÷[PACUA,ER) 
BELLOTTI,PULLIA,BALOO-EEOLIN+ (RILAN,PADUA) 
BOTT-BOEENHAUSEN,DE BOUARD,CASBEL+ (CERN) 
CARERINI,CLINE~ENGLISH~FISCHOEIN+WISCONSIN 
+CHO~ENGLER,FISK,HILL • (CARNEGIE÷BNL) 
CARPENTER~ABASHAN~ABRAMS~FISHER (ILLINOIS) 
CHANG~BASSANO,KIKUCHItOODD+ (SYRACUSE,BNL) 

*FCX,PRAUENFELEER~HANSON,ROSCAT* (ILLINOIS) 
FIRESTONE,KIM~LACH,SANONEISS+ (YALE,BNL) 
FIRESTONE,KIM,LAC~,SANDREISS÷ (YALE,BNL) 
FUJII~JCVANOVICH,TURKOT~ZORN (BNL*HARYLANO) 

VALUE GINEN BY JEVANOVICH+ 661 
R.GOLDER~F.CRAWFORC~E. STERN (LRL} 
O J B hAWKINS (YALE) 
C J B HAWKINS (YALE) 

HILL,ROBINSDN,SAKITT,CANTER+ (BNL~CARNEGIE) 
JOVANUVICH~FUJII,TUPROT~ZORN ÷ IBNL+MO+MIT) 
KDLYUKINA,MESTVIRISHVILI~NEAGU~PETR* (JINRI 
G w MEISNERtE B CRAWFORO~F CRANFORO (LRL I  
G MEISNER~B CRANFORD~F CRAWFORO (LRL) 
NEPKENStABASHIAN~ABRAMS~CARPENTER÷ (ILL) 
VERHEY~hEFKENS~ABASHIAN+ (URBANAI 

BDTT-MOEENHAbSEN,DEBOUARD~DEKKERS÷ (CERN) 
BOTT-BEEENHAUSENIDEBOUARB~OASSEL+ (CERN) 
BOTT-BOEENHAUSEN,OEBOUARO,CASSEL+ (CERN) 
CANTER~CPO, DRALLE~ENELER~ (CARNEGIE~BNL) 
+KUNZ~RISK~WHEELER (PRINCETON} 
+KUNZ~RISK~WHEELER (PRINCETON) 
DEBOUARQ~DEKKERS~JOREAN~MERMOB + (CERN) 
DE BOUARO~OEKKERS,SCHARFF÷ (CERN+ORSAY÷MPII 

DEVLIk~SOLENON,SHEPARD,BEALL÷ IPRINC+MARY.) 
DORFAN,ENSTROM~RAYNOND,GCHWARTZ +(SLAC+LRL) 
FELDMAH~FRANKEL,HIGHLAND~SLOAN IU OF PENN) 
FIRESTONE~K)R,LACH,SANOWEISS~÷ (YALE,BNL) 
FITCE,RCTH~RUSS~VERNON (PRIHCETON) 
EOWARE S GINSBERG (U. MASS BOSTONI 
C J B HAWKINS (VALE) 
HILL,LUERS~REBINSDNtCANTER+ (BNL,CARNEGIE) 

HOPKINStBACDN,EISLER (BHL) 
KADYK,CHAN~ERIJARD~OREN,SHELDON {LRLI 
KULYUKIRA+MESTVIRISHVILI÷NEAGU + (JINR} 
LOWYS,AUBERT~CHOUNETtPASCAUO+ (BP,ORSAY) 
MISCHBE~ABASEIAN~ABRAMS+ (ILLINOIS) 
+ABASEI~N,ABRAMS~CARPENTER~FISHER+ ( I LL )  
P. SC~RIDT (COLUMBIA) 
JOHN A TOOOROFF (ILLINOIS) 

+ABASHIAN~HISCHKEtkEFKENS~SMITH~ (ILLINOISI 
ARNOLO~BUDAGOVtCUNDYtAUBERT+ (CERN+ORSAY) 
S.H.ARONSON~ K.W.CHEN IPRINCETONI 
S H AROASCN~ K W CHEN (PRINCETGNI 
BALATZ~EEREZIN~VISHNEVSKY~GALANINA+IMOSCOW) 
BANNER~CRDHIN,LIV~PILCHER (PRI~CETONI 

BANNER~CRCNIh~LIV~FILCHER (PRINCETON) 

BARTLETT~CARNEGIE~FITCH÷ (PRINCETON) 
BASILE~CRONIN~THEVEHET,TURLAY÷ (SACLAYt 
BASILE,CRONIN,THEVENET~TURLAY + (SACLAY) 
+ERONIN~THEVENET,TURLAY~ZYLBERAJCH~(SACLAY) 
BENNETT,NYGREN~STEINBERGER+ (COLUMBIA÷CERH) 

BENNETTtNYORBN~STEINBERGER+ (COLUMEIA+CERN) 
BLANPIED~LEVIT~ENOELS+ (CASE+HARV÷MCGI) 
BUEAGOV,RURMEISTER~CUNDY÷(CERN,QRSAY,PARIS) 
+CUNDY~RYATT~NEZRI6K* ICERN~ORSAY~ER) 
CARNEGIE~FITCHtKAMAE~ROTH~RUSS+ (PRINCETONI 
F JAMES~ H BRIAND (PARIS~CERN) 
HELLAND~LONOD~YOUNG (UCLA~NICHIGAN) 
MELHOP RURTV BOWLEStBURNETT÷ (LA JCLLA) 
THATCHER~ABASHIAN,ABRAMSeCARPENTER + (ILL) 

BANNER~CRCNIN~LID~PILCHER (PRINCETON) 
BEILLIERE~BOGTANG,LIMON (EPOL) 
+NVGREN~SAAL~STEINBERGER÷ (CEEU~BNL) 
+OARRIULAT~GROSSOmKAFTANDV+ (CERN) 
BOEM~OARRIULAT,GROSSO~KAFTANOV (CERNI 
CENCE~JENES~PETERSCN~STENGER+ (HAWAII~LRL) 

+GAILLARO~JAkE~R~TCLIFFE,REPELLIN + (CERN) 
EVANS~GOLDEN~MUIRtPEACH~ (EDINBURGH~CERN) 
+FOETE,STAUOE,TITTEL÷ (AACH~CERN,TORI) 
*HBLDER~RADERMACHFR ÷ (AACHEN~CERN,TORINO) 
÷GALBRAITH,HUSSRI,JANE÷ (CERN~RUTH,AACHEN) 
~KRIEHEh~GALBRAITH,H~SSRI* (CERN÷RUTH+AACH) 
+GREEN~FAKEL~MOFFETT~ROSENtGOI~ (RCCH+PUTG) 

JENSEN~ARONSDN~EHRLICH~FRVBERGER+IEFIN,ILL) 
LITTENBENGtEIELD~PICCIONI~MEHLHOR+ (USED) 
M J LCNGO~K K YOUNG~J A HELLAND (ANNA,UCLAI 

BETT-BDD 67 PL 24B ~38 
ALSO 66 PC 20 212 
ALSO 66 PL 23 277 

CANTER 67 PRL I7 B42 
CRONIN 1 67 PRL 18 25 
CROBIN 2 67 PRINC CDNF(11/671 
DEBOUARO 67 NO 52A 662 

ALSO 65 PL 15 58 

DEVLIN 67 PRL 18 54 
OCREAN 67 PRL 19 DE7 
FELDMAN 67 PR 155 1611 
FIRESTON 67 PRL 18 I 76  
FITCH 67 PR L6A 1? lL  
GINSBERG 67 PR 162 1570 
HAWKINS 67 PR 156 1444 
HILL 67 PRL 19 668 

HOPKINS 67 PRL 19 L85 
KADYK 67 PRL 19 BB? 
KULYUK(N 67 PREPRINT 
LOWYS 67 PL 24B 7B 
NISCHKE 67 PRL IB 138 
NEFKENS 67 PR 157 1233 
SCHMIDT 67 NEVIS 160(THOSISI  
TCDOROEF 67 THESIS 

ABRAMS 68 PR 176 1603 
ARNOLD 68 PL ZBB 56 
ARONSON 6B PRL 20 287 

ALSO 69 FR 1T5 17BB 
PALATE 68 PL 26B 320 
BANNERI 68 PRL 21 1103 

BANNER2 68 PRL 21 1107 
ALSC E9 PR 188 2033 

BARTLETT 68 PRL 21 558 
BASILE 68 PL 260 562 
BASILEI 68 VIENNA ABS. 175 
BASILE2 E8 PL 288 58 
BENNETT1 68 PL 27B 244 

BENNETT2 68 PL 27B 268 
BLANPIED 68 PRL B1 1650 
BUOAGOV 68 NC 57A 182 
~UOAOOV1 6B PL 28B 215 
CARNEGIE 68 BARS 13 16 
JAMES 68 NP B8 365  

ALSO 68 PRL 21 657 
RELHOP 68 PR 172 I 6 1 3  
TEATEHER 68 PR 17B 167~ 

BANNER 69 PR 188 2033 
BEILLIER 69 PL 30B 202 
BENNETT E9 PL EBB 317 
BBHM 69 NP B9 605  

ALSO 68 PL 27B 321 
CENCE 69 PRL 22 1210 

CHOLLET 6g OERN 69 -7  309 
BVANS 6g PRL 23 427 
FAISSNER 69 PL 3DE 204 
FOETH 6g PL 3DE 282 
GAILLARO 69 NC 59A 453 

ALSO 67 RRL L8 20 
GOBBI 69 PRL 22 685 

JENSEN 69 PRL 23 615 
LITTENBE &9 PRL 22 65~ 
LDNGE 69 RR 181 L808 
WEBEER 69 UCRL 19266-THESIS B R WEBBER ILRL) 

ALSE 68 PRL 21 498 NEBBER,SOLMITZtCRAWFDRD,ALSTONGARNJDSTILRL) 
GINSBERG 70 PR 01 229 E S GINSBERG ( l IT HAIFA} 
~ARX 70 THESISvNEVIS IT9 

PAPERS 

ALEXANDE 62 PRL g 6g 
JOVANOVI 63 BNL CONF 62 
STERN 64 PRL 12 459 
BEHR B5 ARGONNE CONF $9 
MESTVIRI 65 JINR P 2A49 
TRILLING 65 UCRL 16473 
TRILLING 65 IS UPEATED EROM 
RUBEIA 67 PL 24B 531 

ALSO 1 66 PL 20 207 
ALSO 2 66 PL 21 595 

JAV RARX (COLUMBIA} 

NET REFERRED TD IN DATA CARDS 

G ALEXANDER,S ALMEIOA,F CRAWFORO (LRLI 
JCVANONID,PISCHER,BUPRIS + (BNL+MARYLANOJ 
STERN,BINFORD,LINEtANDERSON + (HISC+LRL) 
BEHR~BRISSDN,BELLOTTI÷ (EP~MILANO+PADOVAI 
MESTVIRISHVILI,NYAGU~PETROVBRUSAKCV+ (JI~R) 
GEORGE F TRILLING (LRL) 
1BGS ARGONNE CONF, PAGE l IB  
C.RUBBIAtJ.STEINBERGER (6ERN+COL) 
ALFE-STEINBERGER~HEUERtKLEINKNEEHT+ (CERN) 
ALFE-STEINBERGER~HEUER~KLEINKNECHT+ (FERN) 

ALSO 3 66 PL 23 I 67  C.RUBEIA~J.STEINBERGER (CERN+COL) 
CRONIN 6B VIENNA CDNF Po281CRONIH,RAFPORTEURS T A L K  (PRINCETON) 

I4 ETA (549 tJPO=O-~)  I:O 

F ~  FOR C. BALTAYS REVIEW DP THE ETA MESONt SEE PROC. UNIV.nF PENN. 
CONF. ON MESON SPECTROSCOPY (W.AoBENJAMINy N.Y.t 19681 

14 ETA PASS (MEVI 

M B3 5~9.0 1.2 BASTIEN 62 HBC 
M 35 566.G A.O PICKUP 62 HBC 
M DI  5B8.0  1 .0  ALFF E2 HBC 
M 5RB.3 2.D OELCDURT 63 CNTR 
M 148 54g.O 0°7 FOELSCHE E4 HBC 
M 325 552 .0  3°g  KRAEMER 6~ DEC 
H BBB°2 0°65  FOSTER3 65 HBC 
M 250 555,B Z.O JAMES 66 HBC 
M . . . . . . . . .  
M AVG 568 .82  0o56 AVERAGE (ERRQR INCLUDES SCALP FACTOR OF 1 ,6 (  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

14 ETA WIDTH (HEV) 

W 91 (tO.Of OR LESS ALFF 62 HBC 
w 148 (10 .01  OR L6SS FEELSCHE 6~ HBC 
W 31 (12 .O )  OR LESS JAMES 66 HBC 
W (4.0} OR LESS PALTRY 66 DBD 
W ( .9)  OR LESS JONES 66 CNTR .95 CONF. LEVEL 

ALSO SEE BTA CECAY RATES (BELOW). 

7 /66  
6 /66  

6 /66  
7166 
8167 



S T A B L E  P A R T I C L E S  

• See the illustrated key preceding the data card listings. 

Data in parentheses have not  been included in our averages. 

14 ETA PJ~RTIAL CECAY ~DOES 

EECAY MASSES 
P[ ETA INTO 2GAMMA 0~ D 
P2 ETA INTO 3PIO 134* 134, 134 
P3 =TA INTO PI+ El -  PlO 139÷ 139~ 136 
P4 ETA INTO El+ Pl -  G~M~A 13g+ 13g+ O 
P5 ETA INTO E÷E-PIO VIOLATES C IN E.M. I .  134+ .5÷ .5 
P6 ETA INTO E÷E-PI+PI- 139e 139+ .5+ ,5 
P7 ETA INtO PIO 2GAMMA 134~ O+ 0 
P6 ETA INTO E+E-GAMMA .5+ .5÷ O 
P9 ETA INTO 2PIO GAMMA VIOLATES C 13A~ 134+ O 
PIO ETA INTO EI*PI-PIO GANMA 139+ 139÷ 134÷ 0 
P11 ETA INTO PI *P I -  2GAMMA 13g* [39+ O+ O 
P12 ETA INTO MO+~U- 105+ 105 
P13 ETA INTO MU+MU-GAMMA I05+ 105+ 0 
El4 ETA INTO PU+MU-PIO 105+ 105+ 13 

14 ETA CECAY RATES 

wt ETA INTO 2GAMMA (UNITS KEV} (PI)  
W1 lO.g3) (0.21 8EMPCRAO 67 CNTR PRIMAKOFF EFFECT 11167 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

The above value for I ~ assumes that 

%~/l~tota I = 31.4%. However, the results of 

that e x p e r i m e n t  m a y  be s ta ted  m o r e  g e n e r a l l y  

than is  g iven  in the paper ,  as  

F 
X--~= 0.3804-0.083 keV 

1 ~  r to ta  1 

(private communication from C. Bemporad). 

Thus our new value of 

would give 

and 

~/rtota I : 3v .sA-  1.6% 

1 ~ : 1.014-0.Z3 keV 
Y~ 

Ftota I = 2.704-0.67 keV. 

ETA DECAY INTO IkTEUTI~ALS 

As is well l~own, there are great incon- 

sistencies among the various experiments that 

report eras decaying into neutrals. The con- 

troversy is over whether the mode N-~ ~ 0 y 

is = 0 (as some experiments indicate) or >20% 

(as other experiments indicate). 

The discrepancies are displayed in the 

ideogram below, in which all eight relevant ex- 

periments have been converted to a common 

ratio, 0~(/%,y. Also upper limits, < x, have 

been converted to 0 4- x. The confidence level 

for consistency of all eight is ~ i0-5! 

-33 

In our last couple of editions we were able 

to point out that it was the older experiments 

which gave the >20% values, whereas the more 

recent experiments had been giving "~ 0. How- 

ever, the recent experiment of COX 70 gives 

about 254-{0%, so the controversy is not yet 

settled. 

We feel that we should consider all eight 

experiments on an a priori equal basis, and 

WEIGHTED AUERAGE = 0 . i 43  ± O.OBG 

ERROR SCALED BY 2 .3  

. . . . . . . . . . .  7 o . . c  
E ~ 

. . . . . . . . . . . .  BQLTAY i  6? DBC 

I -~ 7-~ . . . . . . . . . .  BUNIQTnU 67 nSPK 

I [ ~ . . . . . . . . .  FELOMAN G7 BSpK 

~ "  " ~ . . . . . . . . .  WAHLIG 6 6  nSPK 

I 1 I \ . . . . .  GRUNHAUS 66 OSPK 
• . .  I U G N n  6 6  CNTR 

- 0  .S 0 . 0  . .S i . 0  i .S 2 . 0  

ETA B.R .  INTO (P IO  25QMMQ) / (26AMMA)  

CHISQ 

I , I  

5,7 

1 ,0  

I . I  

7,7 

0 ,2  

1 4 . 3  
3 1 , 2  

( C B N L E U  
=0.000} 

then follow the prescription of deleting large 
2 X experiments until the confidence level rises 

to some reasonable value. If we remove the 
2 

Feldman and DiGiugno experiments, X de- 

creases from 31 (for all eight) to about 6 (for 

the remaining 6). Accordingly we have re- 

moved these experiments and used the remain- 

ing six experiments in our overall fit. 

14 ETA ERANCPING RATIOS 

(P9) IS ASSUMED = O IN ALL RATIOS 

R1 ETA INTO NEUTRALS/CHARGED (PI+P2÷PT}/IP3+PA) 
RI N I0  (2 .9 I  ( I .D )  PICKUP 62 HBC 
R1 N 53 I3.201 ( l . 2b }  8ASPIEN 62 HBC 
RI N (2.7} (O.81 SHARER 62 HBC 
R[ 2.6 .9 BUSC~BEEK 63 HBO 
R1 N 280 14.51 IT.O) JAMES 66 HOD 
RI N THESE EXPERIMENTS HAVE NOT 8EEN USED IN COMPUTING THE AVERAGES 
R1 N AS THEY WERE UNABLE TC CLEARLY SEPARATE PARTIAL POOLS (BI AND (41 
RI R FROM EACH OTHER. THE REPORTED VALUES THUS PROBABLY CO,PAIN 
RI ~ SOME (UNKKCWK) ~RACT[CN EF FDCE (4 | .  
RI 2.64 0.23 BALTAY2 67 DBC 
R1 . . . . . . . . .  
RI AVG 2.64 C.22 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0) 
RI FIT 2.60 0.15 VALUE FRCM CONSTRAINED FIT 

R2 ETA INTO 2GAMMA/CHARGED IPI)/(P3÷P4) 
R2 O.gg 0.48 CRAWFORO 63 HBC 
R2 . . . . . . . . .  
R2 FIT 1.351 0.092 VALUE FRCM CONSTRAINED FIT 

7/66 
6/66 



83 
83 
83 
R3 
R3 
83 
R3 
83 

R4 
84 
84 
R4 
RA 
84 
R4 
84 
R4 
84 
84 
84 
84 
R4 

3 4  
See the illustrated key preceding the data card listings. 

Data in parentheses have not  been included in our averages. 

ETA INTO (RIO 2GAMMA)/NEUTRALS (P/)IIPI+P2+PT) 
S (0*375(  (O.OTB) OIG]UGNO 66 CNTR ERROR OOUBLEO 

THE ERRCRS OF OIGIUG~O+ 66 HAVE BEEN INCREASED BY A FACTOR 
CF TBC, TD TAKE INTO ACCOUNT PCSSIBLE SYSTEMATIC ERRORS, AS 
SUGGESTED BY THE ALTHORS. 

.27 . lO GRUNHAUS 66 DSPK 
5 ( . 2 4 4 )  ( . 0 5 )  FELDMAN 67 OSPK 
S SEE THE NOTE ON ETA DECAY INTC NEUTRALS ABOVE. 

• 028 .044 8UNIATOV 87 OSPK 
(.06) QR LESS SHAPIRO 68 CSPK 

• 1 2 2  .C52 .D44 COX 70 HBC 

AVG 0.090 0.052 AVERAGE [ERROR INCLUDES SCALE FACTOR OF I°7) 
FIT 0.065 0.032 VALUE FRfiM CONSTRAINED FIT 

ETA INTO {PI+ PI- GAMMA)lIP[÷ EI- PIC) {P4 I I IP3 I  
O.14 O.Og FOELSCHE 64 HBC 

N PAULI 64 DEC 
M 
M 

6/66 

8167 
8•67 

11/67 
9/69 
6 /70*  

24 (0.73) (0.25( 
THIS EXPERIMENT HAS NOT BE£N INCLUDED IN THE AVERAGES SINCE 

IT IS NOT CLEAR THAT THEIR CLASS B EVENTS ARE ACTUALLY FREM ETAE. 
0.30 0.C6 CBAWFORD 66 HBC 6 / 6 6  

• TO .10 XRAENER 64 OBC 7/66 
. l ~ 6  .041 FOSTER3 65 HBC 7/66 
.25 .OB5 LITCHFIEL 67 DEC 8167 

0.28 0.04 8ALIAY2 67 CBC 11/67 
• 20I .006 GORMLEY 70 ASPK 617D* 

0°2041 0.0079 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.4} 
0,2041 0 .0074  VALUE FRCM CONSTRAINED FIT 

(SEE [CECGRAM BELOW I 

U E I E H T E D  A U E R A G E  = 0 . 2 0 4 1  :~ 0 . 0 0 7 9  

ERROR S C A L E D  BY 1 , 4  

Values above DE w e i g h t e d  
~verage, scale, etc, Eor 
readers convenience. The 
d a t a  were actually proc- 
essed b y  program AHR, 
w h i c h  c a l c u l a t e s  i t ~  o ~  
v a l u e s  o f  S C A L E ,  x ,  a n d  
g(~) (which are difEerent 
EYomthe values sho%vnhere), 

CHISQ 

0 . 3  

3 . 6  

1 . 7  

0.0 

7257 

AVG 
FIT 

5.6 

(CONLEU 
= 0 . 1 3 1 )  

. . . . . . . .  G O R M L E Y  7 0  A S P K  

I . . . . .  BALTQY2 6 7  DBC 

] . . . . . .  L I T C H F I E L  6 7  OBC 

. . . . . . . . . . . .  F O S T E R 3  6 5  HBC 

' . . . . . . . .  K R A E M E R  6 4  OBC 

I • ' ' C R A U F O R D  6 6  HBC 

i . . . . . . . .  F O E L S C H E  6 4  HBC 

| 

- 0 . I  0.I 0 . 3  O.E 

ETQ INTO (PI+ PI- GQMMQ)/(PI+ PI- PIO) 

STABLE PARTICLES 

R[3 ETA INTO 8PIOINEUTRALS (P2)I(PI+PZ+PI} 
RIB S (0.209I (0.D54)  OIGIUGNO 66 CNTR ERROR DOUBLED 6/66 
RIB 8 ( . 2 9 )  (.lOT GRUNHAUS 86 OSPK 8/67 
RIB S ( . 1 7 7 )  | . 0 3 5 I  FELDPAH 87 OSPK 8/67 
813 S SEE TFE NOTE ON ETA DECAY INTO NEUTRALS ABOVE. 
Rl3 R ( . 4 I I  ( . 0 3 3 l  8UNIATOV 67 OSPK 11167 
RI3 R REDUNDANT INFORNATICN FROM THIS EXPERIMENT 
R13 .392 .042 COX TO HBC 6170" 

0.416 O.031 VALUE FRCM CONSTRBINED FIT 

ETA INTO PIG (2GAMMAIIZGAMMA (P7)/(PI) 
( .5)  OR LESS WAHLIG 66 SPRK .9 CONF LEVL 7166 
0 .0  0.14 BALTAYI 67 DBC 11167 

(0.05) (0.04) BONANY 67 SRRX PRELIMINARY RESULT 11167 
(0.30) (0.52) STRUGALSK EB HLBC CONFERENCE REPORT ii168 

0.125 0.063 VALUE FRCM CONSTRAINED FIT 

ETA INTO (E+E-PIO}ITCTAL (UNITS I0.*-2) (P5IITDTAL 
(0.7}DR LESS RITTENBER 65 HBC 6/66 
i0,084)08 LESS BAEIH 68 CEC .g CONF LEVL 6/68 

ETA INTO 2GAMMA/(3PIC • PIE 2GAMMA) (P I ) / (PB+P7)  
OJaO 125 8ACCI 63 CNTR 7/66 

1.081 0.093 VALUE FR£M CONSTRAINED FIT 

ETA INTO IP I *P I -P IO  GANMA)/(PI÷PI-PIO) IPLO) t (PB)  
(.07] OR LEES FLATTE 67 HEC 8167 
(.OOgIOR LESS PRICE 67 HBC 8•67 
(.016}08 LESS 8ALTAY8 67 DBC .95 CONF LEVL 11167 

Rt7 [0*01710R LEES ARNOLD 68 HLBC .9 CDNF LEVEL 9/68 

RIB ETA INTO (PI+PI- gGANMAII(FI*PI-PIO) (P l l ) / (P3)  
RIB [.oog)oR LESS PRICE 67 HBC 8f6T 
818 [ .016 )0R LESS 8ALTAY2 67 DBC .95 CONE LEVL 1 [ / 6 7  

RIg ETA INTO 3P IOI (P [÷  P I -  RIO) ( P 2 I / ( P 3 )  
Rlg L.3 ,4 BAOLIN2 67 HLBC 8/6T 
R[9 1.47 0,20 D. IT BULLOCK 68 HLBC 8/68 
RIg 198 1.50 .15 .29 8AGLIN 69 HLBC 7168 
R 19 . . . . . . . . .  
R19 AVG 1.46 0.13 AVERAGE (ERROR INCLUDES SCALE FACTOR OF (.Of 
R19 FIT 1.30 O, l l  VALUE FRCM CCNSTRAINEC FIT 

R2O ETA INTO 2GAMMA/([3PIOI+g/BIPIO 8GAMMAII ( P I l / I P Z ~ Z / 3 P 7 )  
820 1,1O C.E MULLER 63 OBC 7/66 
820 . . . . . . . . .  
R20 FIT 1.132 0.093 VALUE FRCM CONSTRAINED FIT 

Rgl ETA INTO NEUTRALS/TOTAL (PI+Pg+P7)/TOTAL 
R21 .78 .G8 8UNIATOV 67 OSPK I1 /67  
R21 . . . . . . . . .  
821 FIT 0,721 0 . 0 1 2  VALUE FREM CONSTRAINED FIT 

R22 ETA INTO (RIZRO 2GAMMAIITOTAL (P71/TOTAL 
R22 ( . [ 2 (  OR LESS JACCUET 68 NLBC .98 CONF.LEVEL 6/7D* 
R28 . . . . . . . . .  
R2E FIT 0.047 O o O Z 3  VALUE FRCM CONSTRAINED FIT 

823 ETA INTO HU+MU-/TOTAL (UNITS IO##-E) (PIgI /TOTAL 
823 C ( 2 . )  OR LESS WEHMRNN 65 OSPK .98 CONF.LEVEL 4/68 

RE4 ETA INTO MU+MU-PIO/TETAL (UNIIS 10~* -4 )  (PIR)/TOTAL 
R2A [5o)  OR LESS WEHMARN 68 OSPK 4168 

828 ETA INTO Mb+MU-12GAMMA (U6ITS lOft-S) P I 1 Z ) / ( P I )  
825 5.g 2.2 HYAMS 69 OSPK 7/69 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

14 ETA C-NORCENSERVING CECAY PARAMETER 

A DECAY ASYMMETRY PARAMETER FCR FI* El- PIO [UNITS 10~-2( 
A I351 7.2 2.8 8ALTAY 66 GBC 8166 
A 705 -6.1 4.0 LARRIBE 66 HBC 8•67 
A 10668 0 .3  1.0 CNEFS 66 OSPK 8/67 
A 130O 8.8 3.4 CLPWY 66 HBC 8/66 
A 86800 1.5 .8 GORMLEY3 BB ASPK 6/68 
A 107E8 .3  I. 1 MULLER 60 OSFR 8/6~ 
A 1138 -1.8 8° CARPENTR 70 HBC 6 / 7 0 *  
A . . . . . . . . .  
A AVG 1.20 0°84 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.3) 

(SEE IDECGRAM BELOW ) 

RI3 
R13 FIT 

814 
R14 
RIB 
RI4 P 
R14 C 
R 14 
814 FIT 

R15 
R15 
R15 

R16 
R16 
816 
R16 FIT 

R17 
R1T 
RE7 
RIT 

85 ETA INTO 13RIO)+ B/3(PIO 2GAMMA}/ PI+PI-PIO (P2+gI3PT)/P3 
RE 0.88 0,82 CRAWFORD 63 HBC ?/66 
R5 2.0 I .o FDELSCHE 64 HDC 7166 
R5 C.gE C.2R FDSTERI 65 HBC 7/66 
RS . . . . . . . . .  
B5 AVG 0.9[ 0.19 AVERAGE (ERRCR INCLUDES SCALE FACTOR DF 1.0) 
85 FIT 1.44 0.10 VALUE FRCM CONSTRAINED FIT 

R6 ETA INTO 3PIGIBOAMMA (Bg I I (PL ]  
R6 (.got OR MORE CHRETIEN 62 PBC 
R6 0.88 0,16 BALTAVI 67 08C 1fIAT 
86 ] . I  0.2 CENCE 67 OSPK 1168 
R6 C (1.06} (0.81) STRUGALSK 68 HLBC CONFERENCE REPORT 11/68 
R6 . . . . . . . . .  
86 AVG 0.97 0.12 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0) 
86 FiT 0.800 0.078 VAL~E FREM CONSTRAINED FIT 

87 ETA INTO 2GAMMAIIPI÷ PI- POT I P I I / I P 3 I  
R7 1.61 G.39 FOSTER1 65 HBC 
B7 AOi 1.72 .25 8AGLIN 69 HLBC 7169 
87 . . . . . . . . .  
R7 AVG 1.69 0 .21  AVERAGE (ERROR INCLUOES SCALE FACTOR OF 1,0) 
R7 FIT 1.68 O . [ I  VALUE FRCM CONSTRAINED FIT 

88 ETA INTO NEUTRAL/(PI+ P I -  PIC) IP I+Pg÷PTI / IR3)  
B8 2BC 8.6 0.8 KRAEMER 64 DBC 
88 ] .8 1,1 PAULE 64 DBC 7/66 
RB 2.89 0.86 ALFF-STEI 66 HBC 8166 
RB 244 3 .6  0.6 FLATTE2 67 HBC 1168 
88 
88 AVG 3.35 0.35 AVERAGE (ERROR INCLUDES SCALE FACTOR OF [ .O )  
88 FIT 3.13 0,18 VALUE PRCM CONSTRAINED FIT 

Rg ETA INTO (E+B-PIOIIIPI+PI-PIO) (UNITS 10 , * -21  (PS) / IPB)  
89 ( 1 . i )  UR LESS PRICE 68 HBC 
Rg O (0,77) 08 LESS FOSTERg 65 HBC 
R9 (.42) OR LESS BAGLINI 67 HLBC .g CDNF,LEVEL 8167 
89 0 (.16I DR LESS BILLING 67 HLBC .g CONF.LEVffL I I /67 

RIO ETA INTO (E+E-PI÷PI-)/TGTAL (UNITS I0"*-2I (PbIITOTAL 
RIO (0.7)DR LESS RITTENBER 65 HBC 6/66 

RII ETA INTO (E+E-PI+PI-|IIPI+PI-GAHMB) [ P 6 I / ( P 4 I  
RIL I O .OZ6  0.026 GROSSMAN 66 HBC 6/66 

RIB ETA INTO 2 GAMMA/NEUTRALS (P I ) / (P I+PB+PT)  
R I Z S  (0.416) (0.044I DIGIUOND 66 CNTR ERROR DOUBLED 6/66 
RIg .44 .07 GRUNHALS 66 OEPK 8/67 
R12 S ( . 579 I  { .DE2} FELOMAN 67 OSPK 8167 
RiB S SEE THE NOTE ON ETA DECAY INTO NEUTRALS ABOVE. 
RIg T (0 .39 )  ( 0 .06 )  JONES 66 CNTR 8/67 
R12 T THIS RESULT FRCM CCMBINIhG CROSS-SECTIONS FROM TWO DIFFERENT EXPTS. 
R12 .59 .033 BONIATOV 67 OSPK 11167 
R12 .486 .036 COX 70 HBC 6/7B~ 
R12 . . . . . . . . .  
RIB AVG 0.531 0 , 0 4 1  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 .8 l  
R12 FIT 0.519 O . O B I  VALUE FREM CONSTRAINED FIT 

WEIGHTED RUERRGE = 1 . 2 0  ± 0 . $ 4  

ERROR SCALED BY 1 . 3  

I . . . . . . . .  C A R P E N T R  

~ . . . . . . . .  MULLER 

I ~I . . . . . . . .  GORMLEY3 

I I ~ ' ' C L P U Y  

I~'V . . . . . .  c . o P s  
I ~ ' - - - - - t  "1"~" . . . . . .  LARRIBE 

ALTAY 

- 1 S  - 5  S 1S 

ETA INTO P I + P I - P I O  ASYMMETRY PARAMETER 

C H I S O  

7 0  HBC 0 . 7  

6 9  OSPK 0 . 7  

6 B  A S P K  0 . 4  

G6 HBC 

6 6  OSPK O . B  

6 6  HBC 

6 6  OBC 4 . 6  

7 . 2  

(CONLEU 
2S = 0 . 1 2 7 ]  



STABLE PARTICLES 

See the illustrated key preceding the data card listings. 
Data in parentheses have not  been included in our averages. 

B EECAY ASYMMETRY PARAMETER FOR P[+ PI- GAMMA (UNTIE tO**-2) 
B 33 - 2 .  17, CRANFORO 66 HBC 11/66 
B I62C 1.5 2.5 BOWEh 67 OSPK 8/67 

N ABOVE EXPERIMENT IS SENSITIVE C~LY TE UPPER .4 OF GAMMA-RAY SPECTRUM B 
B -4.  B. LITCHFIEL 67 DBC 8167 
B [62E 1.5 2*5 MULLER E90SPK g/GO 
B 7257 1.22 I.Sb GORMLEY 70 ASPK 6/70~ 
B . . . . . . . . .  
B AVG 1.2 1 . 2  AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1.0) 

H. Yuta  and S. Okubo [ P h y s .  Rev .  L e t t e r s  Zt ,  

781 ( t 9 6 8 ) ]  h a v e  p o i n t e d  out  that  an a s y m m e t r y  

in  the  d e c a y  ~] _~ ~r+~T-~r0 of about  2% n e e d  not  

i m p l y  a b r e a k d o w n  of C i n v a r i a n c e ,  s i n c e  an  

a s y m m e t r y  of t h i s  a m o u n t  c o u l d  be  c a u s e d  b y  

an i n t e r f e r e n c e  b e t w e e n  the  ~ and the 3~r b a c k -  

ground .  G o r m l e y  et al .  [ P h y s .  R e v .  L e t t e r s  

ZZ, 108 ( t 9 6 9 ) ] ,  h o w e v e r ,  b e l i e v e  that  t h i s  

e f f e c t  c a n  a c c o u n t  f o r  o n l y  ----0.23% in  t h e i r  

e x p e r i m e n t  (above) .  A l s o  s e e :  A. F r e n k e l  

and G. V e s z t e r g o m b i ,  " C - V i o l a t i o n i n  ~ l -De-  

c a y , "  N u c l .  P h y s .  B15 ,  4 2 9  (1970) .  

Fitted Part~l Decay Mode Branching Fractions 

DE.goal ele~enEs are Pi ± BPE; EPi = ~ P I  > " Off-dSagonzI elements abe 

correl~tion coefllcients = <5PiBP~> / (EPi° BP~). 

P 1 P 2 P 3 P 4 P 7 

P t .375+--.CI6 
P 2 -.3lg .300+- .02B 
P 3 - . 2 9 2  - . O l A  . 2 3 [ ~ - . O [ O  
P 4 -.23q -.032 .708 .047+-.GO2 
P 7 - . A 3 [  -.S76 -°254 -.[90 .047+-, 02[ 

PEVSNER 61 PRL 7 421 

ALFF 62 PRLg 322 
BASTIEN 62 PRL B [ I ~  
CPEETIEN E2 PRO 9 127 
PICKUP 62 PRL 8 329 
SNAFER 62 CORN CONF 307 

E~CCI 63 PRL i[ 37 
EUSCHBEC E3 SIENA CONF I LoG 
C~ANFCRB 63 PRL IO 5~6 

AND PRL 1G 907 
CELCOURT 63 P L T  2L5 
MULLER 63 SIENA CONF g9 

FOELSC~E 64 PR I3~ 8 1138 
KRAEMBR E~ PR [36 B ~9b 
PAULI 6~ PC [3 35 [  

FOSTERL 65 PR [~6 B 652 
FOSTER2 65 ATHENS 
FOSTERS 65 THESIS 
PRICE 65 PRL 15 [23 
RITTENB~ ~5 PRL L5 556 

~LFF-STE 66 PR I~5 i072 
BALTAY 66 PRL [b 1224 
CRAWFORD 66 PBL [6 333 
GIGIUG~G b6 PRL 16 767 
GROSBEAk 66 PR LAb 993 
CRUNHAUS 66 THESIS 
J~ES b6 PR 142 B96 
JONES 6e PL 23 597 
WA~LIG 66 PRL iT 221 

~AGLINt 67 PL 24B 637 
)AGLIN2 67 BARS 12 567 
BALT~YI 67 PRL Lg 1%95 
B~LTAY2 b7 PRL 19 1~98 
EEMpORAD 57 PL 25B 380 

REFERENCES 
[4 ETA(fi~g~JFG=O-÷II =O 

PEVSNER,KRAEPER~NUSSEAUM,RICHARDSON + (JHU) 

ALFF~BE~LEY,EOLLEY,BRUGGER + [CCL+RUTGERS) 
ERSTIEN~BERGB,OAFL~FERRO-LUZZI ~ (LRLI 
CHRETIEN# (BRAND÷DREWN÷HARVARD+MIT~PAEOVA) 
E PICKUP,RODINSON,SALhNT (NRC+CAN÷BNL) 
J SHAFEB,FERBC-LUZZI,MURRAY • (UC+LRL) 

BACCI~PENSO~SALVINI + (ROME ~+CNEN FRASCAI 
BUSCHBECK-CZAPP~CCCRER + (VIENNAaCE~NaANSI 
F S CRABFORD,LLGVDeFOWLER {LRL+EUKE) 
F S CRAWFORD~L LLCYO~E FOWLER ILRL~DUKE) 
DELCCLRT~LEFRANCCIS~PEREZ Y JOBEA+ (ORSAY) 
~ULLEB,PAULI ÷ (LFCFE+SACLAY IF+RDME+INFN) 

W FCELSCHE~H L KRAVBILL {YALE) 
RRAEMER~MACANSKY~FIELDS + {JHU÷NW U÷WOOD) 
E PAbLI,A P U L L E R  (LPCHE+SACLAY) 

FESTER~FETERS,MEER~LCEFFLER ÷ )WISE+PURDUE) 
FOSTER,GOOD,BEER (WISCONSINI 
M.E.FESTER {WISCONSIN) 
L.R.PRIEE~F.S.CRAHFORG (LRL) 
RITTENBERG,KALOFLEISCH (LML÷BNL) 

ALFF-STEINEERGERtRERLEY~ )COLUMBIA+RUTGERS) 
+FR~NZINI~KIM,KIRSCH+(COLUMBIAeSTONY BROOK) 
F.S.CRANFDRO~L.P.PRICE ILRL} 
OIGIUENE~GIGRGI~SICVESFRI• (NAP÷TRST+FRASC) 
R GRESSHAN~L PRICE~F CRAHFORD (LRL) 
J.GRUNHAOS )COLUMBIA) 
F E JAMEStH L KRAYEILL (YALE÷OWL) 
JCNES,BINNIE,DUAkE,HCRSEY,M~SON,*(ICL÷RUTH) 
NAHLIG~SHIBATA,MANNELLI (MIT+PISA| 

BAGLIN,BEZAGbET~OEGRANGE~+ IE.ROLY÷UC) 
BAGLIN,BEZAGbET,DECRANGF,* (E.PELY÷UC) 
BALTAY,FRANZINI,KIM,NEWMAN÷ (COLUM÷BRAND) 
OALTAY,FRANZ[NI,KIM,NEWMAN÷(COLUM÷STCNY BK) 
BEMPORAD,BRACCINI,FDA,LUBELSMEY÷(PISA,BONNI 

AND PRIVATE COMMUNICATICN 
BILLIhG 67 PL 25B 435 BILLIG,EULLGCK,ESTEN~GOVAN,~ (UCL~OXF) 
BONAMY 67 HEIDELBERG CONE. BCNAMY,SCNCEREGGER (SACLAY) 
BUNIATOV ~7 PL EBB Re0 BUNIATOV~ZAVATTINIeDEINET~+ (CERN,~ARLS) 
CENCE 67 PRL Ig [393 GENCE~PETERSUN,STENGER~CH|U+ (HANAIItLRLI 
FELDPAN 67 PRL [8 868 FELDMAN,FRATI,GLEESCh~HALPEBN~+ (PENNi 
FLhTTE 67 PRL [B 976 S.M.FLATTE ILRL) 
~LATTEE 67 PR iG3 L 4 4 [  S.M*FLATTE A~D C*G.WCHL (LRL) 
L)TC~FIE 67 PL 24B ROb LITCHFIELD~RANGAN,SEGARISMITH÷IRUTH÷SAELAYI 
PRICE 67 PRL 18 [ 2 0 7  L.R°PRICE~F.S.ERAWFOBD (LRLI 
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ARNOLD 68 PL 27B 486 +PATYtBAGLIN,BINOHAN~ I$TRB+MACR•EPOL+BERK) 
BAZIN 6B PRLZO 895 BAZIN~E~SHAW*ZACHER~* (PRINCETON,QUEENS) 
BULLOCK 68 PL 27B ~02 ÷ESTEN,FLEMIAG~G~VAN~HENDERSDN,OWEN+ (LOUC) 
GTRUGALS 68 VIENNA ABG. 112 STRUGALSKI,CEUVILO~IVANOVSKAJ~+ [OUBNA) 
WEHRANN 6B PRL 20 748 WEhMANN~ENGELSI+IHARV+CASE~SLAC÷CER+MCGILL) 

BAGLIN 69 PL 29B A~5 BBGLIN,BEZAGUET~÷ (EPQL~BERK~MA~RtSTRB) 
NYAMS 69 PL 29B 128 HYAMS,RCCHtPCTTERtVON LINOERN,~ (CERN~PIM) 
JAC~UET 69 NC 5B 743 JAEQbET~NGUYEN-KHAC~HAATUFT~ (EPOL,BERG) 
SHAPIRO 69 NEVIS LTA(THESIS) STEPHEN SHAPIRO (COLU) 

COX 70 PRL 2A 534 CCX~FORTNEY~EOLSGN )DUKE) 
GORNLEY 70 NEVIS [EL(THESIS) MICHAEL GERMLEY (COLU) 

QUANTUM NUMBER OETEBBIBATICNS NUT REFERRER TO IN TNE DATA CARDS 

BASTIEN 62 PRL 8 i I ~  BASTIEN~BERGE,DAHL~FERRO-LUZZI~MILLER~(LRL) 
CARNONY 62 PRL 8 XZT D CARMC~Y~A RESENFELD,VAN DE WALLE (LRL} 
RCSENFEL GE PRL B 293 A ROSENFELD,C CARMONV~VAN DE NALLE (LRL) 

REFERENCES ON ETA ASYNMEIRY PARAMETERS 

BALTAY 66 PRL L6 [224 
CNOPS 66 PL 2Z 5~b 
:RAWFORO 66 PRL L6 333 

CARR[BE 66 PC 23 600 
CLPWY 66 PR Lq9 [ o ~  

BOWEN 67 PC 2~D 206 
LITCNFIE 67 PL 24E ~86 
GORMCEY3 E8 PRL 2Z ~02 
MULLEB 69 THESIS 
CARPENTR 7C PR[O) [ 1303 

BALTAY,FRANZINI~KIF~KiRSCH+(COLUMeSTCNY EKI 
CNOPS~FINOCCHIARSILASSALLE~+(CERN÷ZUR÷SACL) 
F.S.CRAWFORD~L.R.PRICE (LRL) 
LARRIBE,LEVE~OE~MULLER,PAULI,~ ISACL+RUTH) 
CGLUMBIR,LRL~PUROUE~NISCONSIN~YALE 

BOWEN,CEOPS ~FINDCCHIARO,÷ (EERN*BUR÷SACL) 
CITChFIELD,R~NGAN~SEOAR~SMITH+(RUTH~SAELAY) 
GORMLEY,NYMAh,LEE,NASH~PECPLES+ (CDLU+BNL) 
ARMANC MULLER (STRB) 
CARPEhTER~ BINKLEY~CHAPMAN,COX,DAGAN÷(OUKE) 

F P l  16 PROTEN (938~J=I12) I = [ / 2  

16 PROTON MASS (MEVI 

M (936°256) (0 .005 )  COHEN 65 RVUE 7/66 
M 9BB.259B °0052 TAYLOR 69 RVUE USING NEW E/H 7/TOe 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

16 PROTON LIFETIME (UNITS lOe*26 YR) 

T OVER LOt~EO YRS GOLDHABER 54 TH 232 FIBS.MODE INOEPEN 
T OVER 2.0  • 10.*23 YRS FLEROV 57 TH 232 FIBS.NODE INDEPEN 
T OVER [ . 5  EACKENSTO bO CNTR 
T OVER EO.D KROPP 65 CNTR 6/66 
T NREPP AN~ EACKENSTOSS SENSITIVE TC PARTICULAR DECAY MODES OF PROT 
T OVER 2C0.0 GURR 67 CNTR CEP. ON DECAY MODE 6168 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

[6 PROTON M~GNET, M~MENTIEIZMPI 

NM (2.T92763IO.OOOO30) COHEN 65 RVUE 
MM 2.792~B2 .OOOO[7 TAYLOR 69 RVUE USING NEW E/H 7170* 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

16 PROTON ELECTRIC DIPOLE MOMENT DIN UNITS OF IO~*-2B E CMI 
NENZER~ VALUE IMPLIES VIOLATION OF T ~NC P IN EM INTERACTION 

EOM 10.~9 700. gOO. HARRISON 69 MBR IO/69 

REFERENCES 
L6 PROTEN ( g 3 B , J = l / 2 )  I=L/2  

GOLCHABER 5A PR g6 [157 FNOTE2 M GOLCHADERtE REINES+ (LCS ALAMGSvBNL) 
FLEBOV 57 SOV PHYS DOK 3 78 FLEROVtRLEEHKOV,SKOBKIN,TERENTEV (USSR) 
BACKENST 60 NC 16 74g BACKENSTOSS~FRAUENFELDER,HYAMS • ICERN) 
COHEN 65 RMP BT 537 E R COHENv J k N DUNOND (NAASC~CALTECH) 
KROPF OB PR L37 B 740 W R KROPP~F REINES (CASE INST TECHNOLOGY) 
GURR 6T PR IBB I32 [  GURRtgREPPeREIhESpNEYER [CASE[JOHANNESBURG) 
HARRISON 69 PRL Z2 I 2 6 3  HARRISOh)SANDARS,WRIGHT (CLARENDON EXFDRD] 
TAYLOR 69 RNP 41 375 ÷PARKERtLANGENBERU {PRIN÷UCI÷PENN) 

r ~  17 NEUTRON ( 9 3 R , J = [ / 2 )  )=1 /2  

[7 NEUTRCN MASS {MEVI 

M T 939.5527 .0052 TAYLOR 6g RVUE USING NEW EIN FIFO* 
M T TAYLCR DETERMINATION OF hEUTECN NABS NOT INDEPENDENT OF 
M T NEUTRON-PROTON MASS DIFFERENCE MEASUREMENTS BELOW 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

[7 NEUTRCN-PROTO~ MASS DIF.(MEV) 

[ .2gBg 0.0004 BONCELID 60 CNTE 
L.ZR3B O.OOOI SALGC 6~ CNTR 

C . . . . . . . . .  
O AUG 1o2933 O.O00[ AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.5) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

IT NEUTRON PAGNETIC MOMEN7 IMAGNETONS~938.Z WEV) 
MM - [ .9131~80.OOOO6& COHEN 56 RVUE 7/66 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

[7  NECTRON ELECTRIC CIRCLE FOMENT ( IN UNITS OF L0"~-23 E CM) 
TEST OF C VIOLATION IN THE EM INTERACTION 

EOH (5. I  OR LESS BAIRD 69 MBR I0169 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

iT NEUTRON LIFETIME (UNITS tO~3 SECT 

THE MEASUREMENT OF THE NEUTRON LIFETIME BY SESNOVSKII 59 HAS 
BEEN DISCARDED SINCE 1. IT CISAEREES WITH THE BETTER AND MORE 
RECENT RESULT OF CHRISTENSEN 67. 2. THE VALUE OF GAIGV DE- 
RIVED FROM THE NEW VALUE CF THE LIFETIME AGREES WELL WITH THE 
GA/GV VALUE OBTAINED FROM THE FREE NEUTRON DATA. 



STABLE PARTICLES 

36 
See the il lustrated key  preced ing  the data card listings. 

Data in parentheses  have no t  been included in our averages. 

T ( 1 . 0 1 2 ]  (0,021) SCSNCVSKI 59 PILE SEE NOTE E 7 /68  
E ERROR CHANGED BECAUSE ERROR IN CROSS SECTION FOR NEUTRGN ABSORPTION 
E Ik GOLD Has BEEN REDUCED 

T 0.932 O.DI4 CHRISTENS 67 PILE 3 / 6 8  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

17 BETA CECAY COLPLING CONSTANTS 

AV GA/GV [SEE TEXT FOR SIGN CONVENTION) 
AV B ( - I .18)  (0.02I 8HALLA 66 RVUE l l / 6 T  
AV -I.250 O.C~4 CCNFCRTD 67 RVUE SEE NOTE C BELOW 
AV -I.2B O.Ol CHRISTENS 87 CNTR SEE NOTE E BELOW 11168 
AV 0 THIS VALUE NOT USED SINCE CCRRESPCNCING LIFETIME HAS BEEN OISCAROE 
AV C CONFORTO VALUE COMBINES ALL FREE NEUTRON DECAY DATA 
AV 0 CHRISTENSCN MEASUREMENT NET SENSITIVE TO SIGN OF GAIGV 
AV . . . . . . . . .  
~ V  AVG -1.2310 0.C090 AVERAGE (ERROR INCLUDES SCALE FACTOR OF l .D) 

F PHASE ANGLE OF GA RELATIVE TC GV (DEGREES) 
C VALUE DERIVED FROM FREE 8EUTRON DECAY ONlY 

F C (176.II 86.4) CCKFCRTO 67 RVUE 11168 
F S {178.7) ( I .3 )  ERCZCLIMS 68 CNTR POLAR. NETRON I0169 
F S CNLY STATISTICAL ERROR GUCTEC 

REFERENCES 
17 NEUTRON ( S B g , J = I / 2 )  [=112 

CCHEN 56 PR LOg 283 V W CEHEN, CCRNGELOl RAMSEV (BNL+HARVARD) 
SCSNCVSK 59 JETP 9 71l SDSNOVSKII,SPIVAK,PROKOFEV + ( IAE  MOSCOW) 
BCNDELIO 60 PR 120 887 BDNDELIC,BUTLERrKENNEDY * (USNRL+CATH UNIV) 
SALEG 64 NR 53 45? R SALGOt STAbB, klNKLER~ ZAMBDNI (ZURICH) 

BPALLA 86 PL lG 691 C P BHALLA [ALABAMAP 
CHRISTEN 67 PL 268 11 ÷NIELSEN,BAHNSEN,8RONN,RUSTAD(RISD-DENMARK) 
CENFORTO 87 AGTA PHYS ACAO 

HUNGARICA 22 15 G. CENFORTO (CERN| 
EROZELIM 68 PL 2TO 557 EBOZOLIMSKY,BONOARENKO + (KURC IN MOSCOW) 
BAIRD 69 PR [19 1 2 8 8  +MILLER,DRESS,RAMSEY (DRNLIHARV) 
TAYLER 69 RMP 41 375 +PARKERtLANGENBERG (PRIN~UCI~PENNI 

PAPERS NOT REFERRED TO IN DATA CARES 

JACKSON 57 PR i06 51l JACKSCNyTREIPAN,WYLO (PRINCETON) 
COHEN 65 RMP 37 537 E R CGHENtDUMOND (NAASC÷CAL INST TECH) 

• *~*** ****~**** ********* ********* ~****~*** ********* ********* ******** 

F ~  18 LAMBDA (I I I5,JP=I/2÷) I=D 

18 LAMBOA MASS {MEVI 

N SINCE OUR FINAL VALUES FOR THE SIGMA AND LAMEDA MASSES COME FROM 
N DOING AN OVERALL FIT TO ALL MEASURED MASSES AND MASS DIFFERENCES, 
N WE HAVE USED THE UNCORRELATEE MEAGUBEMENTS FROM SCHNIOT 88 RATHER 

P N THAN THE ONES COMING FROM THE OVERALL FIT REPORTED IN THAT PAPER. 
M N SINCE THERE SEEMS TO BE ND CONVINCING ARGUMENT AS TO WHY ONE SHOULD 
M N IGNORE DATA USING RANGE FEASUREBENTS, WE HAVE INCLUDED HERE VALUES 
R N DEPENDING ON PROTON AND PlOW RZNGES. 

M 1115.44 C.I2 BHOWRIK 63 RVUE + SEE NOTE l BELOW 
L ABOVE LAMBOA MASS HAS BEEN RAISED 35 KEV TO ACCOUNT FOR 46 K E V  

m L INCREASE IN PROTON MASS AND I i  KEV CECREASE IN CHARGED PION MASS° 
M S 635(ii15.86) (0.09) BALTAY 65 HBC ERROR IS STATIS.  b / 6 6  
w 48B 1115.63 O.OT SCH~IDT 65 HRC SEE NOTE N 6168 
M S I i4? ( I l l 5 .Tg)  (C.Og) CHIEk 66 HRC 6.9 PBAR P 9/67 
M S 972(II15.6SI {0.05) CHIEW 66 HBC 6.9 PBAR PANTIL g167 
M I l lS .  6 0 . 4  LONOCN 66 HBC 6•66 
M ( l l l 6 . O )  (0.2l GAOLER 67 HBC 2.4 PBAR P~LLBAR 8•67 

l g5  1115.39 0 . 1 2  MAYE~R 87 E~UL 11167 
S ERROR PURELY STATISTICAL 

M . . . . . . . . .  
M AVG 1115.544 C . 0 7 5  AVERAGE (ERRCR INCLUDES SCALE FACTOR DF 1.4) 

LIT I l lS.60 0.08 VALUE FROM CCNSTRAINED FIT 6 / 6 8  
(SEE IDEOGRAM BELOW ) 

WEIGHTED R U E R Q G E  = 1 1 1 5 . 5 4 4  ± 0 . 0 7 5  

E R R O R  S C R L E O  BY 1 . 4  

1 1 1 S  . 0  1 1 1 S  . 4  

LRMBOR MRSS fHEU} 

V a l u e s  a b o v e  o f  w e i g h t e d  
a v e r a g e ,  scale, e~c, f o r  
r e a d e r s  c o n v e n i e n c e .  T h e  
d a t a  w e r e  a c t u a l l y  p r o c -  
e s s e d  by program AHR, 
w h i c h  calculates i t ~  own 
v a l u e s  of S C A L E ,  x ,  a n d  
5(x) ( w h i c h  a r e  d i f f e r e n t  
f r o m  t h e  v a l u e s  s h o ~ h e r e ) ,  

CHISQ 

l . . . . . .  H A Y E U R  67 E H U L  1 . 6  

L O N D O N  6 6  HBC 

. . . . .  S C H r I I O T  6 S  H B C  1 . S  

I K  6 3  R U U E  O . B  

3 . 9  

' ( C O N L E U  
1 1 1 S  . B  1 1 1 6 . 2  = 0 , 1 4 2 )  

IB LAMDA - ANTILAMEOA MASS CIFFERENCE (MEV) 
~ 0.05 0.06 C~IEN 86 HBC 6.9 PBAR P 
DM 0.29 0.I5 BADIER 67 HBC 2.4 PBAR P 
D~ . . . . . . . . .  
o~; AVG 8.083 G.OB3 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.5) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

9167 
B167 

10 LAMBDA lIFETIME (UNITS IC**-lO) 

T 188 2.63 0.21 0 . 2 1  
T 825 2.72 0.16 0.16 
T 140 2.72 0.29 0.27 

186 2 . 6 0  0.28 0.20 
799 2.69 0 . I I  Doll 

2239 Z.36 0.06 0.06 
706 2.T6 0.20 

T 794 2 . 5 9  0 . 0 9  
226C 2 . 3 1  0 . 1 0  
1378 2.SO O.OT 

635 2.St 0.16 
2534 2.6 0.1 

T 916 2 . 3 5  0.09 
T S I 147  (2.00) (0.14) 
T S 972 (2.7C) (0.20) 

2213 2.452 0 .056  0 .054  
585 2 . 6 8  D. IB O. l l  

T 2.44 G. 15 
T 
T G 8342 
T g6DO 
T 
T ~ 
T 
T AVG 

BOLDT 58 CC 
ERAWFCRD 59 HBC 
8DWEN 60 CC 
CHANG 62 HBC 
HUMPHREY 62 HBC 
BLOCK 83 HEBC 
CHRETIEN 63 HLBC 
HUBBARD 64 HOE 
KREISLER 64 OSPK 
SCHRARTZ 64 HBC 
BALTAY 65 HBC 6166 
HILL 65 OSPK 
BURAN 66 HLBC 6/66 
CHIEh 66 HBC 6.9 PBAR P 9167 
CHIE~ 66 HBC 6.g PEAR P,ANTI  9167 
ENGELMANN 66 HBC 9 / 6 6  
AUERBACH 67 OSPK 8 /67  
8ADIER 87 HBC 2.4 PBAR P 6/68 
BADIER 67 NBC 2 . 4  PBAR P,ANTIL 6 / 6 8  2 . 5 5  0 . 1 5  

(2.535) 80.C35) GRIWF 68 HBC 6/68 
2.47 0 . 0 8  HEPP 88 HBC 8/68 

ERROR PURELY STATISTICAL 
TEMPORARELY NOT AVERAGED SINCE ERRORS ARE ONLY STAIISTICAL 11168 

2.514 C . 0 3 0  0 . 0 2 9  AVERAGE (ERROR 18CLUDES SCALE FACTOR DF 1.3 
(SEE IDEOGRAM BELOW ) 

WEIGHTED A U E R Q G E  = 0 . 3 9 ? 9  • 0 . 0 0 4 7  

E R R O R  S C Q L E D  B Y  1 , 3  

= 

' ' ' ' ' ' ' H E P P  6B HBC 

. . . . .  BQDIER G? HBC 

. . . . .  BRDIER 67 HBC 

. . . . .  R U E R B A C H  6 7  O S P K  

. . . . .  E N G E L M A N N  6 6  H B C  

. . . . .  B U R A N  6 6  H L B C  

. . . . .  H I L L  6B OSPK 

. . . . .  B A L T R Y  GS H B C  

. . . .  S C H U R R T Z  6 4  H B C  

. . . .  K R E I S L E R  6 4  O S P K  

. . . .  H U B B A R D  6 4  H B C  

. . . .  C H R E T I E N  6 3  H L B C  

. . . .  B L O C K  6 3  H E B C  

. . . .  HUMPHREY 62 H B C  

. . . .  C H A N G  62 H B C  

. . . .  B O W E N  6 0  CC 

" ' C R A W F O R D  5 B  H B C  
BOLDT .BB CC 

0 . 3 0  0 , 3 5  0 . 4 0  0 . 4 5  O . S O  O . S S  

L R M B D R  D E C R Y  R Q T E  ( U N I T S  1 0 ~ = 1 0  S E C  - 1 )  

C H I S Q  

0 . 3  
O . l  

0 . 2  
2 . 2  

1 . 2  

2 . 9  
O . B  
0 . 0  

1 . 2  
3 . 5  
O . B  

t . B  
S . B  

2 . 9  

0 , 1  
0 . 6  

1 . 9  
0 . 3  

2 6  . ?  

( C O N L E U  
=O . 0 6 2 }  

18 LIFETIME DIFFERENCE,(LAMBOA-ANTIIAMDA)/AVERAGE 

BT 0.044 G.CB5 BAOIER 67 HBC 2.4 PBAR P 8/67 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

iB  LAMBER MAGNETIC MOMENT (MAGMETONS,g38.28 MEV) 

HM - I , 5  0.5 COOL 82 OSPK 
MM 0.0 0.6 KERNAN 63 EC 
M8 8553 - 1 . 3 9  D.72 ANDERSON 64 HBC 
MF 151 -0.5 0.28 CHARRIERE 85 EMUL 
MM -0.77 0 . 2 7  HILL 65 OSPK g / 6 6  

MM AVG -0.73 0.20 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.2) 
(SEE IDEOGRAM BELOW ) 

WEIGHTED AUERQGE = - 0 . 7 3  ± 0 . 2 0  

ERROR SCALED BY i . 2  

. . . . . .  H I L L  

/ I + - ~  . . . . . .  CHR, 
- - - - - / ~  "V . . . . .  .No, 
/ I ~  " ' ' K E R I  

-a - i  -£ ; £ 
LRMBDA "AGNETIC "O"ENT 

GS DSPK 

-CHQRRIERE 6S EMUL 

• ANDERSON 64 HBC 

-KERNRN 63 CC 

-COOL 62 OSPK 

CHISQ 

O.O 

0 . 7  

O.B 

I . S  

2 . 4  

S . 4  

(CONLEU 
= 0 . 2 S 0 )  



STABLE PARTICLES 

See the illustrated key preceding the data card listings. 
Data in parentheses have not  been included in our averages. 

18 LAMBBA PBRTIAL CECAY MODES 

DECAY MASSES 
930.  139 Pl LAPBDA INTO PRCTCN P1- 

P2 LAPEDA INTO NEUTRON PIC 939+ 134 
P3 LAMBDA INTO PROTON MU- NEUTRINC 938~ 105+ 0 
P# LAMBDA INTO PROTON E- NELTRINO 938+ .5+ 0 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

RI 
RI 
RL 
RI 
RL 
RI 
R1 
RI 
Rt 

R2 
RZ 

RZ 

R3 

R3 
R3 
R3 

R4 
R4 L.B O . l  

1.5 1.2 R4 
B4 . . . . . . . . .  
R4 AVG 1.35 O.6O 

L8 LAMBOa BRANCHING RATIOS 

LAVBDA INTO (P P I - ) / ( (P  PI-)+(k PIO)) (PLl l IPl*P2l 
0.627 0.001 CRAWFDRO 59 HBC 
0.65 C.05 COLUMBIA 60 HBC 

U (0.685) (O.OLTI ANDERSON 62 HBC 
D UNPUBLISHED ,NOT AVERAGED . 

90B 0.643 O.OL6 )UNPhRBY 62 HBC 

AVG 0.640 0.0L4 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0) 
FIT 0.653 O.OLB VALUE FRCN CONSTRAINED FIT 

LAMBOA INTO IN PIO)/((P PI-I+(N PlO)) (PZll(Pl÷P2) 
0.23 0.09 EISLER 57 HLBC 
0.43 0.14 CRAWFCRD 5g HBC 
0.28 0.08 BAGLIN 60 HLBC 
0.35 0.05 BRCNh 63 HLBC 

75 0.291 0.03B ChRETIEN 63 HLBC 

AVG O.30B ~ . 0 2 5  AVERAGE tERROR INCLUDES SCALE FACTOR OF L.Ol 
FIT 0.347 0 . 0 1 3  VALUE FREE CONSTRAINED FIT 

LAMBCA INTO (P E- NEUIITDTAL (UNITS tO**-3) (P~)/(PI*P21 
O 15 (2.0) 10.5) hUMPhREY 6t MVUE 
o 8 (2.9) I i . 5 )  (L.2) AUBEBT ~2 FBC 

ISO 0.82 O.LZ O.I3 ELY 65 FBC 
0 2C ( L . 5 5 1  (0.34) LIND 64 HDC 

I02 O.TB 0.12 8AGLIN 64 FBC 
IB3 OoBO 0.08 MALONEY 69 HBC 

D LOW STATISTICS EXPERIMENTS . NOT AVERAGED 

AVG 0.800 0.059 AVERAGE {ERROR INCLUDES 

LAMBDA INTO (P MU- NEU)/TOTAL (UNITS I0"*-4) 
I (0.2} OR GREATER GOOD 62HBC 
I ( l .O) OR LESS ALSTCN 63 HBC 
2 (1.0) OR LESS KERNAk 66 FRO 

B~TWEEN L.3 AND 6.0 LI~D 64 HBC 

2 

SCALE FACTOR OF 1,0)  

IPB)IIPI*PB) 

LIND 6A RVUE 
RCNNE 6A FOC 

AVERAGE (ERROR INCLUDES SCALE FACTOR OF l .  OI 

3 7  

E0169 
7170" 

18 LAMBCA DECAY PARAMETERS 

A- ALPHA LAMBBA- (LAMBDA INTO BI- PRCTCNI 
A- LLS~ 0.62 0.C7 CRONIN 60 CNTR LAMBDA FROM PI-P 8/67 
A- (0.663) (0.022) BERGE 66 RVUE INCLUDES ABOVE 9/66 
A- lO130 0.645 8.017 DVEREETH 67 OSPK LANBDA FROM PI-P 5167 
A- M 2529 10.707)  (0.086) MERRILL 68 HBC REEL BY DAUBER 68 6/68 
A- 3520 0.67 0.06 DAUBER 69 HOE FMDM xI DECAY 6/68 
A- . . . . . . . . .  
A- AVG 0°645 0 . 0 1 6  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1°0I 

AC ALPHAO /ALPHA- FOR LAMEDA IL INTO PIO NIL INTO PI- P) 
AO l°IO 0.27 CORK 60 CNTR 
AO 0 4 / b C  1 . O 0 0  8.068 OLSEN TO OSPK PI*N TO K* LAMBDA 5/?D* 
AC 000NE BY COMPARING PROT OISTRIE WITH k DISTRIB FROM LAMBDA DECAY 
AO . . . . . . . . .  
AG AVG 1.006 0 . 0 6 6  AVERBGE (ERROR INCLUDES SCALE FACTCR OF L.O) 

F- PHI ANGLE (SIN(PhII/COS(PHII=EETA/GANMA( (DEGREES) 
F- 1156 IB.O 17.0 CRONIN 63 OSPK LAMBOA FROM PI-P 11167 
F- 10130 -8.0 6.0 OVERSETH 67 OSPK LAMBDA FROM PI -P  11/67 
c -  7377 ( - 9 . 2 )  ( 5 . 2 I  CLELAND 67 OSPK REP BY ANDERSSON IE /68  
F- - 6 . 7  ~.5 ANDERSSDN 68 OSPK 11/68 
E- . . . . . . . . .  
F- AVG -6.3 5.5 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0) 

AL ASYMMETRY PAR~METER IN ELECTRON - LAMBDASPIN CORRELATION 
AL 0.06 0.19 BARLCW 68 OSPK 7166 

Av GA/GV FOR LAMBDB BETA DECAY (SEE TBXT FOR SIGN CONVENTION) 
AV C 22 (-1.G3) LIND 64 HBC 6•68 
AV C I02 ABS VALUE GREATER THAN 0.6 BAGLIN 65 HLBC 6168 
AV C BETW O. AND - I . l  BARLOH 65 OSPK ~168 
AV C I02 ABE VALUE GREATER THAN B.T ELY 65 HLBC 98 POT CDNF LEV 6/68 

-L.14 0.23 G.BB CONFDRTO 65 RVUE 11/67 AV 
aV C EXPTS INCLUDED IN CCNFCRTD 65, RVUE 6/68 
AV BO (-0.23) (0.20) [C.33) CHU 68 OSPK PRELIM[NABY 11/68 
AV M 148 -0.72 0.14 0.19 NALONEY 69 HBC I0169 
A9 M ~ALONEV 69 MEASURES THE ABSOLUTE VALUE CF AIV 
AV . . . . . . . . .  
~ V  AVG -0.83 0 . I 8  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.3) 

EISLBR B7 NC B ITO0 
BDLOT 58 PRL 1 148 
CRAWFCRC 5q PRL 2 266 

BAGLIN 60 NC I8 1043 
ROWEN 60 PR El9 3030 
CORK 60 PR L20 1000 
COLUMBI~ 60 RDCM CONF 726 
hUMPHREY 61 PRL 6 ~78 

ANDERSON 62 CORN CONF 832 
AUOERT 62 NC 25 479 
CHANG 62 THESIS DUKB 
CCOL 62 PR LBT 222~ 
GOOD 62 PRL 9 BIB 
hUMPHREY 62 PR 12T [J05 

ALSTON 63 UCRL 10926 
8POWMIK 63 NC 281494  
9LOCK 63 PR 130 766 
~RONN 63 PR 130 769 

REFERENCES 
18 LAMBEA I k L I E e J P = I / 2 * )  I=O 

EISLER,PLANO,SAMIOS,SCHWARTZ * (COLDM÷BNL) 
E BOLDT,D C CALDWELL,Y PAL IMIT) 
CRAWFCRC,CRESTI,DOUGLASS,GOOD • ILRLI 

BAGLI~,BLDCH,BRISSCN,HENNESSY * (PARIS-EP) 
BO~EN,HARBY,REYNCLBSeSUN + (PRINCETONI 
CORK~KERTH,WENZEL,CRCNEN,CODL (LRL÷PR÷BNL) 
M SCHWARTZ @ (CCLURBIAI 
HUMPHREY~KIRZ,ROSENFELO~RHEE + (LRL*SYMAG) 

ANDERSCN,CBAWFORD,GOLDEN~LLOYD + (LRLI 
AUBERT~BRISSCN,HENNESSY~GIX + (PARIS-EP) 
CHUEN ChUEN CHANG (OUKEI 
CDOL,HILLtM~RSHALL ÷ (BNL+MIT+NYU+ANL) 
M L GCDDeV G LIND (flISEONSINI 
w E HLMFHREY~R R ROSS (LRLI 

ALSTCNtKIREekEUFELO,SOLMITBvWOHLMUT (LNL) 
D BHOWMIK~G P GOYAL (DELHI) 
BLECK,GESSARCLI,RATTI,KIKUCHI * (NW*DLGNA} 
BROWN,KADYK,TRILLING,ROE * (LRL+MIDHIGANI 

CERETIEN 63 PR I 3 I  Z Z C B  CFRETIEN,CRDUCH+ )8RANE+BROWN+HARVARD÷NIT) 
CRONIN 63 PR L2g 1795 J W CROAIN,C E O~ERSETH (RRINCETONI 
ELY 63 PR 131 868 ELY,GIOAL,KALMUS~DSWALDfPCW£LL + (LRLI 
KERNAN 63 PR 129 870 KERNAheEOVEYtNARSHAW~WATTENBERG (AWL+ILL| 

ANDERSON 6~ PBL 13 I6T J A ANDERSEN~F S CRANFORD (LRL) 
BAGLIN 64 NC 35 97T BAGLIK,B(NGHAF+ (EP*CERN+UC LCND+RHEL+BERG) 
HUDBARO 6A PR 135 B 183 HUBBARD~BERGE~KALBFLEISCM,SHAFER ÷ (LRL) 
KERNAN 64 PR 130 B LZT1 KERNAK~FCWELL~SANDLER + (LML~UN-COLL-LGNOI 
KRE1SLEB 6~ PR 136 B 1074 M N KREISLEReD OVERSETMIJ EKCNIN (PRINCE) 
LIND 64 PR LOS B t483 LIND,BINFORO,GOODtSTEMN (WISCONSIN) 
RDNNE 64 PL I1 357 R C N N E ÷  (CERN~EP÷UCOL-LENCCN*UN[V.EERGEN) 
SCHWARTZ 64 UCRL EL360 THESIS JOSEP~ ADAM SCHWARTZ (LRL} 

DAGLIN 65 NC 3S 977 BAGLIN ~ (EP~CERN,UC LONDCN,RUTH,BERGENI 
BALTAY 65 PR 140 B 1027 BALTAV,SANDNEISStCDLWECK,KOPP ÷ (YALE÷~NLI 
BARLDW 65 PL 18 6N J BARLOk,ELAIR,CEAFORTO* (CEBN+RUT~*PENNA) 
GHARRIER 65 PL 15 66 CHARRIERE~GIBSON+ (EPUL*ORIST*CERN~MPI) 

ALSO NC 46A 205 CHARRIERE,G)BSON + (EPUL~BRIST,CERN~ MPI) 
CCNFORTO 65 EC [NT HERZEGNOVI G CONFOBTO (CERN) 
ELY 65 PR LET 81302 ELV,OIDAL,KALMUS,POWELL f (LRLtUD LONDON) 
HILL 65 PRL E5 BE D A HILLtK K LI,JENKINS (BNL+MIT) 
SCHMIOT 65 PR |40 O 1328 P SCHMICT (COLUMB|AI 

BERGE 66 BERKELEY A6 BERGE~CABIBBC (RyUE) 
EURAN 66 Pt 20 BI8 BURANeEIVINO$ONISKJEGGESTADtTOFTE * IOSLO) 
CHIEN 66 PR 152 1 1 7 [  +LACH,SANDNEISStTAFT,YEHvOREN * (YALE÷BNL) 
ENGELMAN 66 NC 45A L038 ENGELNAhNIFILIHUTH,ALEXANOER+(HEIOBG÷HEIZM) 
LONDON 66 PR 143 103A LDNDCN,BAU,GCLEBERE~LICNTMAN÷ (BNL÷SYRACUSI 

AUEREACh 67 NC ATA 19 AUERBACP,BDWEN,OODBS,LANOE,RANN÷ (U OF PA) 
BABIER 67 PL 25B L52 *BDNNET,BRIANCETtSADOULET (EP (PARIS||  
MAYEUN 67 U.LIBM.DRUX.BULO2 CoMAYEUR~E.TCMPAtJ.WICKENS IUL°BRUK÷UC°LGN) 
CLELAND 67 PL 258 45 CLELAhB,BIEHLEIN,CONFORTO* (CERNjGVAvLUND) 
OVERSETH 67 PRL |9 Egl 0 E OVERSETH~ R F MOTH (MICHIGAN*PRINCETON) 

ANDEBSSO 68 VIENNA ABE. 270 ANOERSSEktBIENLEINtCLELANC +(CERNtGVA~LUND) 
C ~  68 VIENNA POSTDEADLN ChUtPFILLIPSt + (ARGCNNE,CHIGAGD,OHICvWASH( 
GRIMM 68 NO 54A 187 H.-J.GRIMM (HEIDELBERG) 

"HEPP 68 ZPHYS 21A 71 VoHEPPeH. SCHLEICH (~EIDELBERG} 
MERRILL 68 PR 167 1202 MERRILL,SHAFER (LRLI 
DAUBER 69 PR 179 1262 +BERGEthUBOARD~MERRILLeMILLER (LRL) 
MALONEY 69 PRL 23 ~BB MALONEVeSEEHI-ZORN (UNIV MARYLAND) 
OLSEN 70 PRL 24 843 *POHDROff~HANDLEReLIMONvSMITH + [WISC~ANNA] 

PAPERS NCT REFERRED TO IN DATA C A R D S  

ARMENTER 62 GERM CONF 236 ARMENTE~OSeICERN*EP÷LONDCN*BIRM*CEN-SACLAY) 
BALTAY 62 CORN CONF 233 BALTAY,FOWLER,SANOWEISS,CULWICK+ (YALE*BNLI 
SERGE 63 THESIS (BERKELEYI J PETER SERGE (LBL) 

19 SIGMA* (l180,JP=I/2+)' I=l 

F ~  L9 SIGMBI MASS (REV) 

M N SEE NOTE PRECEOING LANBOA MASS LISTINGS 

N IQ8 1189.38 0.15 BARKAS 63 EMUL ÷ SEE NOTE S BE(ON 
M 58 1189.~8 C°22 BHONRIK 64 EMUL + SEE NOTE S BELOW 
M E ABOVE SIGMA* MASSES HAVE BEEN RAISED 38 BEY TO ACCOUNT FOR 46 KEV 
M S INCREASE IN PROTON MASS AND 2E MEN EECREASE IN PION MASS 
M ~20E 1109.68 0.10 SCH~IOT 65 HBC SEE NOTE N 
M 1189.I6 0°12 HYMAN 67 HEBC 
M . . . . . . . . .  
M AVG 1189.45 0 .13 AVERAGE (ERROR INCLUDES SCALE FACTOR CF 1 .9 )  
M PIT 1189°~0 0.19 VALUE FROM CONSTRAINED FIT 

[SEE IDEOGRAM BELOW ) 

6/68 
6/6B 

6/68 

WEIGHTED RUERRGE = 1 1 B 9 . 4 S  e 0 . 1 3  

ERROR SCALED BY 1 . 9  

I 

1 1 B B . B  t 1 8 9 . 2  1 1 8 9 . 6  

SIGMA + MASS (MEU) 

CHISQ 

- - - H Y M A N  G7 HEBC S . 9  

- - - S C H M I D T  65 HBC 5.2 

" -BHO~MIK 64 EMUL O.O 

RKAS . G3 EMUL II.40"2 

[CONLEU 
1 1 9 0 . 0  1 1 9 0 . 4  = 0 . 0 1 0 1  

R- 
Note on ~ Lifetime Errors 

When combining lifetimes, we first con- 

vert mean lives ? to decay rates F , since for 

small numbers of events the F are more 



STABLE PARTICLES 

38. 
See the illustrated key preceding the data card listings. 

Data in parentheses have not  been included in our averages. 

n e a r l y  G a u s s i a n  d i s t r i b u t e d .  H o w e v e r ,  i n  

c h e c k i n g  i n p u t  d a t a  i t  i s  u s e f u l  to  b e a r  i n  

m i n d  t h e  t h e o r e t i c a l  m i n i m u m  s t a t i s t i c a l  

e r r o r  5 m i n ( T  ) i n  t h e  m e a n  l i f e  i t s e l f .  T h i s  

i s  
T 5 

m i n  ~ / N e f f  
(l) 

Neff =NIl -x2 e--X" ] 
(e x _ t )  2 ' 

w h e r e  N = n u m b e r  of d e c a y s  s e e n  o v e r  t h e  

t i m e  i n t e r v a l  A t  a n d  x = A t / ~ .  

C o n s i d e r  t h e  ~ " m e a n  l i f e  of C H A N G  66 : 

t . 6 7 ± 0 . 0 2 6 X t 0  - ~ 0  s e c . ,  b a s e d  o n  3267  e v e n t s .  

T h e  ~ - w e r e  p r o d u c e d  b y  K -  s t o p p i n g  i n  a 

hydrogen b u b b l e  c h a m b e r .  S i n c e  s t o p p i n g  

w e r e  n o t  i n c l u d e d  i n  t h e  a n a l y s i s ,  t h e  d e c a y s  

w e r e  o b s e r v e d  f o r  o n l y  Z . 7 X t 0  - t 0  s e c .  T h e n  

x = t . 6 2 ,  a n d  N e f  f i s  a b o u t  N / 5 .  E q u a t i o n  (1) 

t h e n  g i v e s  5 m i  n = 0 . 0 6 5 ,  o r  2 .5  t i m e s  

l a r g e r  t h a n  t h a t  q u o t e d  b y  C H A N G  66.  

In  o r d e r  to  e v a l u a t e  t h e  a c t u a l  e r r o r  we  
2 

h a v e  r e d o n e  t h e  X m i n i m i z a t i o n  d e s c r i b e d  

b y  C H A N G  66,  u s i n g  h i s  p u b l i s h e d  d a t a ,  a n d  

f i n d  6Iv)  to  b e  0 . 0 7 5 .  

We f i n d  h i s  ~,+ l i f e t i m e  e r r o r  a l s o  to  b e  

t o o  s m a l l ,  a n d  h a v e  r e d o n e  h i s  a n a l y s i s  to  

g i v e  ± 0 . 0 3 2 .  

19 SIGMA+ LIFETIME (UNITS l O * * - l O l  

T GLASER BE RVUE 
T L2T O.gE 0.16 0 .12 PUSCNEL 60 EMUL 
T 41 0.82 0.34 C.EO EVANS 60 EMUL 
T 117 O.GE 0.14 0.11 FREOEN 60 EMUL 
T 54 0.80 O°lG 0.06T KAPLCN 60 EMUL 
T 23 0.76 0,22 C°~R EHIESA 61 ENUL 
T 49 0,7E 0.13 0.C9 BERTHELOT 61HLEC 
T 140 0.R2 0.1D O*OE BARKAS 61 EMUL 
T 192 0.749 0.056 0°052 GRARD 62 HBC 
l 656 0.765 0.04 0.E~ HUMPHREY 62 HBC 
T 203 O.R4 0,12 O.C8 BHONMIK 64 EMUL 
T 181 0.8A O.Oe 8ALTAY 65 HBC 6/6N 
T 900 0.76 0.03 CARAYAN 65 HBC b/66 

C E3GO 0.83 0.032 CHANG 66 HBC 6•66 
C CHANG ERROR 0.018 RAISEE BY US .SEE NOTE PRECEDING SIGMA- LIST, 111M9 

T S 125 ( 0 . 8 6 )  IO.151 CHIEN 66 HBC + 6 .9  PBAR P 9167 
T S 117 I I . IOI (0.24) CHIEN 66 MBC - 6 .9  PEAR PLANT{ 9467 
T 381 0.8C O.ET ODOR 66 OSPK 7/66 
T 1 0 6 6 4  0.803 0.008 BARLCUTAU 69 HBC K-P . 6 - 1 . 2  GEVIO 11169 
T S ERROR PURELY STATISTICAL 

AVG 0.8020 0 .0072  0.0071 AVERAGE (ERROR INCLUDES SCALE FACTOR EF 1.01 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

19 SIGMa+ MAGNETIC MOMENT IMAGNETONSt938.26 MEVI 
HM 381 1.5 1.1 COOM 68 OSPK 7/66 
VM 52 3 .5  1.5 KOTELCHUC 67 EMUL K-P AT I . IEBEV/E 8/67 
MM 51 8.0 1.2 SULLIVAN 87 EMUL PHCTOPROOUCTIDN 816T 
MM 69 3.5 1.2 CDNRE 6R ENUL 10168 
MR 29333 2.1 l . C  MAST 68 HGC N-P AT .4 GEVIC 6168 
M~ . . . . . . . . .  
MM AVG E.57 0.52 AVERAGE (ERROR INCLUOES SCALE FACTOR OF I°O| 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

DECAY MASSES 
BE SIGMA + INTO PROTON PIG 938+ 134 
R2 SIGMA + INTO NEUTRON PI+ 939+ E39 
P3 SIGMA + INTO NEUTRON PI+ GAMMA 939+ 139+ 0 
P4 SIENA + INTO LA~BDA E+ NEU 1115+ .5+ 0 
P5 SIENA + INTO PROTON GAMMA 938+ 0 
P6 SIEMA• IMTC NEUTRON FU+ NEUTRINO 939+ 105+ C 
PT SIGMA + INTO NEUTRGN E* NEUTRINO 939+ ,5+ G 
R8 SIGMA + INTO PROTON E+ E- 938+ .5+ .5 

Ig SIGMA+ BRA~ERIMG RRTIOS 

RI SIGMA+ INTO (NEUTRON FI+)I(MUCLEON PI)  (PE)IIPI+PE) 
R1 30E O . A D O  0.024 HUMPHREY 62 HBC 
RI 534 0 .46 g°OZ CHANG 66 HBC 6/66 
R( 1331 0 . 4 8 8  0.010 BARLEUTAU 69 HBC K-P .6-1.2 OEVIC 11168 
RL . . . . . . . . .  
RE AVG 0.6839 0°0084 RVERAGE {ERROR INCLUDES SCALE FACTOR OF 1.0) 

R2 SIENA+ INTO INEUT PI+ OAM)I(BI~NI (UNITS ID**-3} IP3I/(R2) 
RE ABOUT 1.8 EAZIN2 65 HBC PI+ LT 116 MEVIC 8•67 
R2 2g 0.27 0.05 ANG 69 HRC PI+ LT 110 MEVIC 11168 

R3 SIGMA+ INTO (LAMBDA E+ NEUIIIOTAL {UNIT 1C**-S)  IPAI/TOTAL 
R3 N 6 (3°3 I  ( 1 . 7 )  WILLIS 64 HBC STOP. K- 9166 
R3 W EVENTS FBEM THIS EXPERIMENTJINCLUDED IN EISELEI 69 11/69 
R3 6 2 .0  O.B 5ARASH 67 HBC STOP K- 8/67 
R3 5 1 .6  O.T BALTAY 69 HBC STOP K- 11169 
R3 10 2 .9  1.0 EISELEI 69 NBC STEP K- 10169 
R3 
R3 AVG 2.02 0.47 AVERAGE (EBGOR INCLUDES SCALE FACTOR OF 1.0) 

R4 SIGMA+ INTO IR GAMMA)lIP PIDI (UNITS I0*#-2} (PEIIIPII 
R6 1 (0.681 OR LESS CARRARA 64 HBC 
R6 24 0.37 O.OE BAZI~ 65 HBC 
R4 R ( O . l T I  QUARENI 65 EMUL 6166 
RA 49 0.21 0.03 ANG 69 HRC STEP K- 10169 
R4 31 0.276 0.051 GERSHWIN 69 HRC ID169 
R4 . . . . . . . . .  
R4 AVG 0.240 0.035 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.41 

(SEE IDEOGRAM BELOW ) 

WEIGHTED A U E R A G E  : 0 . 2 4 0  ± 0 . 0 3 S  

ERROR S C A L E D  BY 1 . 4  

/ 

0 . 2  o . 4  o . s  

SIGMA+ INTO (P G O r l r I A ] / ( P  PIO)  

C H I S Q  

6 9  HBC O , S  

6 9  HBC 1 . 0  

6 5  HBC 2 . 6  

4 , 1  

( C O N L E U  
= 0 . 1 2 S ]  

M5 
R5 

R5 
R$ 
R5 
1 5  

R6 
R6 
R6 

R6 
R6 
R6 

l i t  
R7 
RT 
G7 
RT 

RIO 
M lO 

SIGMA+ INTO (N E+ NEU)I IN PI+ I  (UNITS l O * * - E )  ( P 7 ) I I P 2 I  
O II6220)EFFECTIVE DEEOM. COURANT 64 HRC SEE NOTE E 11167 

[2TEO)EFFEOTIVE DENDM, MURPHY 66 HBO SEE MOTE E 11167 
196ROIEFFECTIVE DENOM. NAUENBERO 64 HEC SEE NOTE E 6/68 

EFFECTIVE OENOM. TAKEE FROM EISELE 6T 11/67 
ISEAO61EFFECTIVE DEMON. BIERNAN 68 HOG 616R 
(804001EFFECTIVE DEMON° EISELE2 69 HBC 6/68 

l ISO00OIEFFECTIVE OENOR. NORTON 69 HBC 11169 
EFFECTIVE OENCM. CALCULATED BY US 

2 IO,T ]  OR LESS C.L=.9O OUR AVERAGE USING ALL ABEVE 11169 

SIGMA+ INTO (N MU+ MEUI/ IPI+N)  (UNITS EOt=-5 l  IP61/(R21 
1 .(12BIANALYSEO EVENTS GALTIERI 62 EMUL NO RATIO QUOTED 11167 
0 (IO|50)EFFECTIVE DEMON. COURANT EA HOD SEE NOTE E 11167 

(ITLOIEFFECTIVE DEECM. NAUEMEERG 64 HBC SEE NOTE E 11167 
(GEOO0)EFFECTIVE OE~ON. EISELEE 69 HBC 6/68 

O (33800)EFFECTIVE DEMON. BAGGETT 69 HBC 11168 
3 TO.D1 OR LESS C.L=.gG OUR AVERAGE USING ALL ABOVE 11169 

SEE NOTES ACCOMPANYING RE 

SIGMA+ INTO LEPTONS / SIGFA- IMTO LEPT~NS 
E (O.OEI OUR AVERAGE 6/68 

AVERAGE OF ALL DATA IN RE AND RM UP TO BIERMRN 68.  6 /68 
(0.034)0R LESS BAGGETT 67 HBO 6168 
( 0 . 0 8 )  OR LESS MORTEN M9 HEC 10189 

SIGMA+ INTO (PROTON E+ E - I /  TGTAL (UNIT 10$ t -6 )  IP8I/TOTAL 
(T.OI  OR LESS ANG A9 HOE STEP K- 10169 

ANG 69 FOUND 3 E+E- EVENTS IM AGREEMENT WITH GAMMA CONVERSION OF 
PROTON GAMMA DECAY -L IMIT  GIVEN HERE IS FOR NEUTRAL CURRENT 

SIGMA+ INTO IN MU+ NUll SIGMA- INTO (N MU- MUI 
2 0.06 0.045 0.03 EISELEE 69 HBC +- STOP K- 10169 

SIGMA+ INTO IN E+ N U ) /  SIGMA- INTO IM E- MOT 
O (O.Dgl  OR LESS EISELEZ 69 HRC +- STOP K- 10169 



STABLE PARTICLES 

See the illustrated key preceding the data card listings. 
Data in parentheses have not been included in our averages. 

19 SIGMA+ DECAY PARAMETEPS 

A+O ALPHh+,rALPHAO FOR SIGPA+ (GIG÷ TO PI+ N)I ISIG÷ TO PIO P)  
A+O +0.04 O. l I  CORK 60 CNTR GIG* FREM Pl+P 
A+O (+0.20) (0.24) TRIPP 62 HBC + REPLAC.BY BANGER 
A~O D 3500  (-.DE4) )0.052) BANGERTER 66 HBC +SIG+ FROM K-P g/66 
A+O 0 2600  (- .047) (.C7) BERLEY 66 HBC + GIG÷ FROM K-P 9 /66  
A+O G OLO RESULTS*NAVE BEEN REPLACED . SEE BELOW - 

A+ ALPFA SIGMA++(SIG÷ TO PI÷ NI 
A~ 35000  0.069 0.017 DANGERTER 69 HBC K-P  AT 400  MEV/C I1169 
A* 0.062 0.046 BEPLEY 69  HBC K-P AT 400 MEV/C 11169  
A+ . . . . . . . . .  
A+ AVO 0.068 0 .016  AVERAGE )ERROR INCLUDES SCALE FACTOR OF L.O) 

AO ALPHA SIGMAO ISIG÷ INTO PZO PROTON) 
AO -O.BC 0.16 BEALL 62 CNTR 
AO (-0.90} (0.25) TRIPP 62 HBC REPLAC* BY BANGE 
AO D 5200 (-0.9868 (0.0728 BANOERTER 66 HOE K-P TO GIG* E I -  7 / 6 6  

AO 32000  -C.099 0.022 BANGERTER 69 HBC I0 /69  
~O H 1335  -0 .98  0.05 0.02 HARRIS 70 OSPK PI+P  TO SIG¢ K+ 5 /70 "  
AO h DECAY PROTONS SCATTERED OFF C~REON 
AO . . . . . . . . .  
AO AVG -0.991 0.019 AVER~OE (ERROR INCLUDES SCALE FACTOR OF 1.08 

F+ PHI+ ANGLE (SIG* INTO N PIT SINIPHIDICDS(RHII=BETAIGAMMA (DEGREE) 
F+ O 3TC (180.) (50.)  OERLEY 86  HBC + NEUTRON RESCATT. 9/66 
P~ C 18~. 24. BERLEV 69 HBC K-P AT 400 MEVIC I [169 
P+ C CHANGEC FROM 176 TO i04 TD AGREE NITH SIGN CON 
F+ 560 143. 29. EANGERTI 69  HBC 10169  
F+ . . . . . . . . .  
F+ AVG 16T.3 20.1 AVERAGE {ERRCR INCLUDES SCALE FACTOR OF I*I) 

AG ALPHA SIGMAG (SIG+ [hID PROTON GAMMA) 
AG 6I  - i . 03  0.52 0 .42  GERSHhIN 69 HBC K-P TO SIG PI 11/69 

EO PHIO ANGLE iSIG* INTO FIO PROTON) SIN(PHIIICOSIPHII=BETAIGAMMA (DEGI 
FO H 22,0 90.0 HARRIS 70 OSPK PI+P TO GIG+ K* 5170" 
FDP DECAY PRUTDNS SCAETEREC DFF CARBON 

REFERENCES 
19 SELMA + {1189 ,3P= I / 2+ I  [= I  

EVANS 60 NC 15 @75 BRIST+BRUSS*IAS-U.COL-DUBLIN~LO~MILAN+PAD 
FREOEN 60 NC 16 611 S FREDENtH KORNBLUM,R WHITE (LRL) 
KAPLON 60 A~P 9 139 M KAPLE~ ,A  PELISSINOS,YAMANOUCHI (RGCHESI 
CDRK 60 PR 120 lOOO CORKpKERTH,WENZEL,CRDNIN,COQL ( LRL+PRI+BNL)  
PLSCHEL 60 NE 20 254 W PUSCHEL (MAX PLANCK INST) 

BARKAS 61 PR 124 1209  BARKAS,OYER,MASON,NICHOLS,SMITH (LRLI 
BERTHELO 6l NC 21 683 BERTHELET,DAUCIN,GCUSSU ÷ (SACLAY÷ORSAYI 
CHIESA bl NC 19 1171  CHIESA,QUASSIATI,RINAUDD IINFN-TURIN} 

BEALL 62 PRL E 75 BEALL,CCRR,KEEFE,NURPHY,WENZEL (LRL) 
GRAPE 62 PR 127 607 F GRARD,G A SMITH (LRL) 
GALTIERI 62 PRL 9 26 GALTIERI,BARKAStHECRPAN,PATRICKtSMITH (LRL) 
PUMP~REY 62 PR 127 1305 ~ E HUMPHREYrR R ROSS (LRL) 
TRIPP 6Z PRL 9 B6 R C TRIPP~M B WATSGN~M FERRO-LUZZI [LRL) 

BARKAS 65 PRL i I  26 W H BARRAS~J N DYER,H H HECKMANN (LRL) 
ALSO 61 UCRL 9450 3EHN DYER (TEESIS, BERKELEY} ( LRL )  

BHOWFIK 64 NP 53 22 B EHOWMIK~P JAIN~P MATHUR~LAKSHMI (DELHI( 
:ARRARA 64 PL 12 72 CARRARAtCRESTI~GRIGOLETTC~PERUZZO+ IPAGOVAI  
CCURANT 64 PR 136 B 1791  COURANTeFILTEUTH+ (CERNeHEIDLB+MOeNRL +BNLI 
~URPHY 64 PR 134 B I88 C THORNTON MURPHY (WISCONSIN) 
NAUENBER 64 PRL 12 679  NAUENBERG,MARATECR~BLUMENFELD÷ {CCL*RUT+PRI 
WILLIS 64 PRL 13 E91 WILLIS,COURANT~ENGELMAN+ (BNL+CERN+HEID*MO) 

~ALTAY 65 PR 140 B 1017  BALTAY,EARDWEISS,CULWICK~KOPP ÷ [YALE+BNLI 
EAZIN 65 PRL 14 154 BAZIN,BLUNENFELD~NAUENBERG + (PRINOE~COLUM} 
BAZIN2 68 PR 140 BI35E BAZIS~PLANC,SCHMIDT+ (PRINCE,RUTG~CGLUMI 
CARAYAN 65 PR 1~8 B 433 CARAYANNOPOULOS,TAUTFEST~WILLMANN IPURDUE) 
QUARENI 65 NC 40 A 928 CUARENI,CARTACCI • (BOL*FIP+GEN+PARMA) 
SCHMIOT 65 PR 140 6 1328 P SCHPIDT (COLUPBIAI 

~ANGERTE 66 ERL I?  495  BANGERTER,GALTIERI,BERGE,RURRAY+ (LRL I  
BERLEY 66 PRL 17 ~071  ÷HERZBACH,KOFLER,YAMAMOTO + (BNL+MASS÷VALEI 
:HANG 66 PR 15I 1081 CHUNG YLN CHANG ICOLUNBIA) 

ALSO 65 NEVIS i45 THESIS CPUNG YUN CHANG (COLUMBIA) 
:MIEN 66 PR 152 1171 +LACH~SANOWEISS,TAFT,YEH~OREN + (YALE+BNLI 
3DDK 66 PRL 17 223 V COOR,EWART,PASEK,CRR~PLATRER (WASHINGTON) 

~ARASH 67 PRL 19 181 BARASH,EAY,GLASSER,KEHOE~KNOP + (MARYLANDI 
EISELE 67 ZPHYS 205 409 ÷ENGELMANN~FILTHUTH~FDLISH~HEPP+ (HEIDELB.I 
~YNAN 67 PL 25 B 376 +LOKEN,PEWITTtMCKENZIE~KEYES÷iARG~CARNeNWU) 
<OTELCHU 67 PRL 18 1166  KOTELCHUCK~GEZA~SULLIVAN~ROSS (VANDERBILT] 
~ULLIVAN 67 PRL 18 I163 SULLIVANtMCINTUREF~KETELCHUCH (VANDERBILT) 

ALSO 64 PRL 13 Z46 A D MCI~TURFF~O E RODS (VANDERBILT) 

~AOG5TT 68 VIENNA ADS. 374  BAGGETT~KEHOE [MARYLAND( 
ALSO 67 PRL 19 1458 BACGETT,DAY,GLASSER,KEHOE~KNDP+ (MARYLAND) 
ALSC 68 PRIVATE COHMUNICATICN FROM N.  EAGGETT (MARYLAND) 

~IERMAN 68 PRL 20 145g  BIERMAN,KCUNCSU,NAUENBERG + (PRINCETON) 
]OMBE 68 NC 57A 54 CERN-ERISTCL-LAUSANNE-MUNIOH-RCME-CELLACR 
4AST 68 PRL 20 1312 MAST~EERSF~IN,ALSTON-GARNJOST + (LRLI 

~NO 69 ZPHYS 228 151 +EBENEOP,EISELE,ENOELMANN~FILTHUTH÷ (HEIDI 
~AGGETT bg MDDP-TR-975 N v BADGETT (THESIS) (MD) 
~ALTAY 69 PRL 02 615 BALTAY,FRANZINI,NEW~N~NOPTON+ (COLU,STONI  
]ANGEBTE 69 UCRL-19244 ROGER 000LL EANGERTER ITHESl8) (LRL) 
~ANGERTI 69 PR 187 18E I  BANGERTER,GARNJDST~G~LTIERI,GERSHWIN* {LRL )  
~ARLGUTA 69 NP B14 153 B~RLObTAUD,BELLEFONtGRANET+[SACL+CERN*HEIDI 
~ERLEY 69 PR TO BE PUBLISH. +KCFLER, YAPAMDTO,WILLIS ÷ 
~ISELE1 69 ZPHYS 22I 1 +ENGELMANN,FILTHUTH,FOHLISCHtHEPP÷ (HEID) 
EISELE2 69 ZPHYS 221 401 +ENGELMANN,FILTHUTHtFOHLISCH,HEPP* (HEIO) 
;ERSHWIN 69 PR 185 2077  +ALSTDN-GARNJDST,BANEERTER + ( LRL I  

SEE ALSO UCRL 19246 THESIS LAWRENCE K GERSHkIN (LRL) 
qORTCN 69 NEVIS 175 (THESIS) FERBERT NQRTON (COLUMBIAI 

~ARRIS 70 PRL 24 165 +CVERSEIH,PONCROM~DETTMANN IANNA~WISC) 

QUANTU~ MJMEER DETERMINATIENS NOT REFERRED TO IN THE DATA CARDS 

FRIPP 62 PRL 8 175 R IRIPP,M ~ATSCN~M FERRC-LUEZI (LRLI 
~LFF 63 SIENA CONF I 205 ALFF/,~AUENEERG~KIRSCH,EERLEY*{COLU*RUT÷BNL) 

ALSO 65 PR i}7 E l iD5  ALFF~GELFANOIBRUGGERIBERLEY+ICDLUM÷RUT*~NLI 
:OURANT 63 SIENA CONFi 73 CCURANT~FILTHUTH~EURNSTEIN~DAY* (CERN+MARYI 

PAPERE NOT REFERRED TC IN DATA EARLS 

;LASER 58 CEEh CGNF 2lO GLASER,EODO,MCRRISCN (MIOH+LRL) 

20 SIGMA- ( l l g8 ,3P= l / 2÷ )  

20 SIGMA- MASS (MEV) 

39 

I = I  

M N SEE NOTE PRECEDING LAMBOA MASS LISTINGS 

M 3000 [IST.BT O . l l  SCHMIOT 65 HBC SEE NOTE N 6 /68  

M FIT 1197.32 G . l l  VALOE PROM CONSTRAINED FIT 6168  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

20 SIGMA- MASS DIFFER. { - ) - ( + ) (PEV)  

O E7 8 .25  0 .40  PARKAS 63 EMUL - 
0 2500 B.BE 0.25 DOSOH 65 HBC 
D . . . . . . . . .  
D AVE 8.25 O.21  AVERAGE (ERROR INCLUDES SCALE PACTER OF l .O ]  
D FIT 7.92 0.18 VALUE FREM CONSTRAINED FIT 6268 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

20 (SIGNA-I - (LAMBDAI MASS DIFFERENCE (MEV) 

0L N SEE NCTE PRECEDING LAPBOA MASS LISTINGS. 

DL 8 l ,TO  O . I 9  BURNSTEIN 64 HBC 9 /66  
DL 85 El.80 0.24 SCHMIOT 65 HBC SEE NOTE N 6/68 
DL 2219  81 .6~  0 .09  HEPP 68 HBC 8168  
CL . . . . . . . . .  
DL AVG 81 .666  0.077 AVERAGE (E~ROR INCLGOES SCALE FACTOR OF I .O I  
DL FIT Bl.  TE 0.09 VALUE FREM CCNSTRAINED FIT 6 /68  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

ZO SIGMA- LIFETIME (UNITS IC*t-IC) 

I .GT  9.40 0.28 BROWN 5B HLBC 
1.89 0.33 0.25 EISLER 58 HLBC 

T 45 I .S5 0 .32  G.I7 CHIESA 61 EMUL 
T 41 1.T5 0 .39  0.30 PARKAS El EMUL 
T E208  1 .58  G .06  0 .06  HUPPPREY 62 HBC STOP. W- 
T O 8267  1 .666  0 .075  CHANG 66 HBC STOP* K -  6 / 66  
T C CHANG ERRCR 0.026 RAISEC BY US. SEE NOTE PRECEDING SIGMA+ LIST* 11169 
T S 61 (2.08) (O.ZZI CHIE6 66 HBC - 6.9 PBAR P 9 / 6 7  

T S 64  ( 1 . 46 )  00 .818  CHIEN 66 HBC 6 .9  PBAR P ,ANT I  g / 67  
T S ERROR PURELY STAT IST ICAL  
T 506  1 .38  0 .07  WHITESIOE 68  HBC STOP. K -  6 / 68  
T 10253  1 .472  0o016  BARLOUTAU 69 HBC K -P  . 4 -1 .2  GEVIC 11169  
T . . . . . . . . .  
T AVG 1.490 0.031 0.030 AVERAGE )ERROR INCLUDES SCALE FACTOR OF 2. 

(SEE IDEOGRAM BELCH ) 

WEIGHTED AUERAGE = O .S? l  ± 0 .014  

ERROR SCALED BY  2 .1  

I 

CHISQ 

. . . . . . .  BARLDUTAU 69  HBC 1 .3  

I . . . . .  WHITES IOE  68  HBC 2 .1  

. . . . . . .  CHANG 66  HBC e .B  

. . . . . . .  HUMPHREY 62  HBC 2 .S  

. . . . . . .  BQRKQS e l  EMUL  

i ' 'CH IESA  G l  EMUL  

. . . . . . .  E ISLER SB  HLBC 

. . . . . . .  BROWN SB HLBC 

- ~  12 .7  

(CONLEU 
0 . ' 9  1 . ' l  =O .OOS}  0.3 0 .S  . 7  

S IGMA - DECAY RATE  (UN ITS  101m iO  SEE  -18  

20 61GMA- PARTIAL DECAY MODES 

DECAY MOSSES 
PI 5IEMA - INTO NEUTRON PI~ 039+ 13g 
P2 SIGMA INTO NEUTRDk PI-  GAMMA 959+ 130* 0 
PO SIGMA - INTO NEUTRON RU- NEUTRIND 939+ 105+ 0 
P4 SIGMA - IkTC NEUTRON E- NEUTRINO 939+ .5+ 0 
P5 SIGMA - INTO LAMBDA E-  NEUIRIkD I l l S *  .5 .  0 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

BO 5IGM=- ERA~CFING RATIOS 

RI SIGMA - INTO {N MU- NEUII(N P[ - I  (UNITS I0 .* -31 (P31/(PI(  
R[ 22 0.66 0,15 CQURANT 64 HEC 
81 11 0.56 0.20 BAZIN 65 HBC FROM STOP. K- 6166 
R1 56 0,43 0.09 BAGGETT 69 HBC STOP. K-  /G /69  
R1 T2 0 .43  G.C6 ANG l 69  HBC STOP K -  10169  
R1 13 0.58 0.13 NORTON 69 HBC STOP. K- 10169 
R1 . . . . . . . . .  
RI AVG 0.450 0.043 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0) 

R2 SIGMA - INTO (N E- NEU)IIN P I - )  )UNITS 10~*-3) (P I ) / (P1)  
R2 9 1.0 0.4 O.S MURPHY 64 HLBC 
R 2  16 1.87 0.34 NAUENBERG 64 HBC 
R2 16 1.15 0.4 MILLER 64 FOE 
R2 31 1 .4  0=3 COURANT 64 H80 
R2 180 ( . I T  0.09 BIEMMAN 68 HBC 6 /6B  



4 0  
See the illustrated key preceding the data card listings. 

Data in parentheses have not  been included in our averages. 

R2 ( l . l l )  (O.15I SECHIZER 68 HBC PRELIMINARY 
~2 331 1.02 0.C8 AMG 1 69 HBC STEP R- 
R2 5B 0.97 0.13 NCRTEN 69 HBC 
R2 . . . . . . . . .  
R2 AVG l.ObB 0.052 AVERAGE (ERROR INCLGOES SCALE FACTOR GF I .O) 

R3 SIGMA - INTO (LAMBDA E- NEUII(~ P I - I  (UNITS IO* * -B ] (P5 ) I (P I )  
R3 I I  0 .75  D.28 COURANT 64 HBC STOP. K- 
R3 35 O .6B  C.12 BARASH 67 HBC STCP K- 8 /67  
R3 31 0.69 0 .12  EISSLEI 69 HBC STOP K- lO/6g 
R3 31 0.52 C.G9 BALTAY E9 HBC STCP K- 4160 
R3 . . . . . . . . .  
R3 AVG 0 .604  0.060 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.OI 

R4 SIGNA- INTU (N PI -  GAMMA(/(NP)-) (bNITS 1C* * -31 IP2 ) / (P1 }  
R4 ABOUT i . i  BAZIN 65 HOG BI -  LT 166 BEV/C 8167 
R4 23 . iC .02 ANG 69 HBC PIP{-)  LT l lO 10169 

20 SIGMA- OECAY PARAMETERS 

A- ALPHA SIGBA- 
A- ( -O. i6 (  (0.21] TRIPF 62 HBC RSPL.BY BANGERTE 
A- 8 6500 (-O.O[O) [O.O~B) BANGERTER 66 HBC K-P TO SIC- PI+ 7•66 
A- 0 OLD RESULTS,HAVE BEEN REFLACEE . SEE ELLEN - 
A- 0 6068 ( - 0 . i 04 )  (0.04) BERLE¥ 67  HEC K-P TO SIC- PI÷ 11167 
A- 51000  -O.OSI O.OlE BANGERTER 69 HBC 10169 
A- -0.134 0.038 BERLEY 69 HBC K-P  AT BOO MEVIC I I / 69  
A- . . . . . . . . .  
A- AVG -0.078 0.020 AVERAGE (ERROR INCLUDES SCALE FACTOR OF I . ? )  

F- PHI ANGLE (SIN(PFI)ICDS(PHI)=ESTA/GAMMA) (DEGREES} 
F- 0 1006 (÷22. l  (BO.) BBRLEY 67  HBC K-P TO SIC- PI+ 1 [ / 67  
F- 1385 14. lg. BANGERTI 69 HBC 10/69 
F- C + 5* 23. GERLEY 69  HBC NEUTRON RESCAET. 11/69 
F- C CHANGED FROM -5  TO +5 TO AGREE WITH SIGN CCN 
F- • . . . . . . . .  
F- AVG 10.B i~ .6  ~VERAGE (ERROR INCLUDES SCALE FACTOR CF E.O(  

AV GV/GA FOR SIGMA TG LAMBER BETA DECRY [SEE lEXT FOP SIGN CONVENTION) 
AV PRECICTED TO BE ZERO BY CENSEPVED ~ECTOR CURRENT THEORY 
AV B @5 0 .31  O.BO BARASH 67 HBC 11167  
AV B BARASH 67 MEASURED ABSOLUTE VALUE 
AV S 81 +0.22 0 .28  E ISBLE I  69 HBC IO/6B 
~V S 51 0.7 0.4 BALTAY 69 HBC USING SIC+- 4169 
AV S SIG~ CHANGED TO AGREE WITH OUR CDNVENTIEN 
AV 
~V AVG 0.35 0.18 AVERAGE IERRCR INCLLDES SCALE FACTOR OF 1.D} 

AVI GA/GV FOR SIGMA TO NEUTREN BETA DECAY (SEE TEXT FOR SIGN CONVENTIO) 
AVI 5E IO .O5 )  (0.23) (0.32I  GERSHWIN 68 HBC REPLACED BY GER.69 6168 
AVI C 49 0.23 0.16 COLLERAIN e9 HBC NEUTRON SCATTER. 10 /69  
AVI C 33 O.3T E.Z6 0 .19  EISELE2 69 HBC NEUTRON SCATTER. 10169  
AVI C CELLERAINE AND EISEEE MEASURE THE ABSELUTE VALUE OF GA/GV 11168 
AM1 6 I  cO°IS 0.20 0.17 GERSHWIN 69 HBC POLARIZED SIGMAS 10/69 

~V l  . . . . . . . . .  
AV I  AVG 0.25 0 . I I  AVERAOS (ERROR INCLUDES SCALE FACTOR OF I .O) 

REFERENCES 

20 SIGM~-(I IBB,JP=II2+)I=I  

BROWN,GLASER~GRA~SS,FERL,CRCNIN + ( ~ [CH I  
EISLER,ffASSI,CDNVERSI * (CDL+BNL÷BOL+PISA} 

BARKAE~CYER~MASON,NICROLS,EMIIH (LRL) 
A M CHIESA,B QUASSIATI,G R[NAUDG {TURIN) 

E HLMPHREY,R R ROSS (LRL )  
R D TRIPP,M WATSCN,M FERRO-LUZZI (LRLI 

W H BARKAS,J N DVER,H H HECKMAN (LRL] 
BURNSTEIN,GAY,KEFOE,SECHI ZORN,SNOW (MARY( 
COURANT,FILTEUTH÷ (CERN+HEIGLB*MD+NRL+BNL) 
MILLER,ETANNARD,BEZAGUET+ ILONO*RARIS+BERG) 
C 7HOR~ION MURPHY {WISCONSIN) 
NAUENOERG~SCHMIDT,BADATECK+ (COL÷RUT*PRINCI 

BAZIN,PLANO,SCHBIDT ÷ (9RINC÷RUTG*CCLUMI 
OOSCH,ENGELMANN,FILTNUTH,HEPP,ELUGE+ (HEID) 
CHUNG YUN CHANG (COLUMBIA) 
P SCNMICT (COLUMBIA) 
DANGERTER,GALTIERI,BSRGE,MURRAY* (ERE]  
CHUNG YUN CHANG (COLUBBIA) 
+LACH,SANDHEISS~TAFT~YEH~OREN + (YALE+BNL) 

BARASE,SAY,GLASSER,KEHOE,KNOP + (MARYLAND) 
BERLEY,FERTZ~ACH,KCFLER ÷ (BNL,MASS,YALE) 

B[ERMAN,KOLNDSU,NAUENBERG ÷ (PRINCETON{ 
GSRS~WI~,ALSTON-GARNJOST,BANOERTER÷ ~LRL) 
V.HSPP,F. SCHLEICH (HEIDELBERG) 
DAY,GLASSER,KNOP÷ NIENNA 375 [MARYLAND) 
H. WHITESIDE,J. GOLLUB (OBERLIN) 

+EBENHER,EISELE,ENGELMANN,FILTHUTH+ IHEID) 
+EISELE,EAGELMANN,FILTHUTH,FOHLISCH÷ (HE{O) 
BAGGETT,KEHOE,SNOW (UNIV MARYLAND) 
BALTAY~FRANZINhNEWPAN,NDRFON÷ (COLU, STON) 
ROGER ODELL BANGERTER (THESIS) (LRL) 
BANGERTER~GAPNJOST,GALT]ERI,GERSHWIN÷ (LRL) 

BROWN 58 CERN CONF 27D 
BISLER 5B NC SERIO 10 150 

BARKRS 61 PR 124 1209 
CHIESA 6 1 N C  I9  1171 
~UHPhREY 62 PR 127 1305 
TRIPP 62 PRL g 66 

BARKAS 63 PRL I1 26 
BURNSTBI 64 PRL 13 66 
CCURANT 64 PR IB6  B 1791 
~ILLER 64 PL 11 262 
MURPHY 64 PR 134  BIBE 
NAUENBER 64 PRL 12 679  

BAZIN 65 PR 16O B IB5E  
DOSCH 65 PL 14 23g  

ALSO 66 PR 151 lOBE 
SCHMIDT 65 PR [ 4 0  B 1328 
BABGERTE 66 PRL 17 495  
CHANG 66 PR 151 1081 
CHIEN 66 PR 152 1171 

BARASH 67 PRL ig 181 
~ERLEY 61 PRU 19 979  

EIERMAN 68 PRL 20 145B 
BERSHWIN 68 PRL 20 1270  
HEPP 68 ZEIT.PHYS. 218 71 
SECHLZDR 68 TO BE PUBL* 
~HITESID 68 NC 56A 537  

ANG 6~ ZRHY 228 151 
ANG 1 bg ZPHY 228 151 
BAGOETT 69 PRL 28 249 
BALTAY 6B PRL 22 615 
BANGERTE 69 UCRL-19244 
BANGERTI 69  PR 187 1821 

STABLE PARTICLES 

BAPLOUTA 69  NP BI4 158 BARLOLTAUO,BELLEFONtGRANET÷(SACL÷CSRN+~EIDI 
BERLEY 69 PR TO RE PUBLISH. ÷KOFLERr YAMAMOTO,WILLIS + 
CCLLERAI 69 PRL 23 l q8  CGLLERA[NE,DAY,GLASSER,KNOP~(UNIV MARYLAND) 
EISELEI 69 ZPHY 221 1 *ENGELMANN~FILTHUTH,FOHL[SEH,HSPP÷ (HEID) 
EISELE2 69 ZPHY 223 487 EISELE,ENGELMANN,FILTHUTH,FGHLISCH* IHEIDI 
GERSHWIN 69  UCRL-19246 LAWREBEE KENBSTH GERSHHI6 {THESIS) (LRL) 
NORTON 69  HEVIS 175 (THESIS] hERBERT NORTON (COLUMBIA) 

PAPERS NET REFERRED TE IN DATA G~RGS 

BPOWN 57 PRIOB 1036 J BREbN, D GEYSER, M PEgL (BICHIGAN * BNLI 

10168 F ~  
10/69 
10169 

GI N 

DI 
D{ 
DI 
01 
01 AVG 
01 LIT 

21 SIGBA C ( I IBB ,JP= I I2 * )  I = l  

21 (SIGBA-) - (SIGMAO) NABS DIFFERENCE (MEV) 
SEE NOTE PRECEDING LAMBDA MASS LISTINGS. 

18 4.75 O.l BURNSTEIN 6R HBC 
57 4 ,87  0.12 DESCH 65 HBC 
12 4.BB 0.13 SCHBIDT 65 HBC SEE NOTE N 

B*849 O.CbD AVERAGE (ERROR [NCLUOES SCALS FACTOR DF {.Of 
4.86 0.07 VALUE FRED CONSTRAINED FIT 

21 {SIGMA O} - (LAMBCAI MASS GIFFERENCE (HEY) 

6168 

6168 

DL N SEE NOTE PRECEDING LABBDA MAE~ LISTINGS. 

OL 208 76.68 0.28 SCHMIDT 65 HBC SEE NOTE N E/68 
CL 
DL FIT 76.86 0.00 VALUE FROM CONSTRAINED FIT 6/68 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

21 SIGBAC LIFETIME (UNITS lO*e--IA) 

T 1.0 OR LESS DAVIS 62 EBUL 

21 SIGBA C PARTIAL DECAY MODES 

DECAY MASSES 
PI SIGMA 0 [NTC LAMBDA GAMMA EllS+ C 
P2 SIGMA 0 INTO LAMBDA E+ S- I i15+ .S+ .5 

R1 SIGMA O INTC(LAMBDA E÷ 'E - I /TD~AL  (FE}IIPI÷P2) 

R1 (0.0054) THEGRET. CAL. FEINBERG 5B QUANTUM ELECT. g/66 

REFERENCES 

21 SIGMA O( I I 93 , JP : I / 2÷ ( I= I  

FEINBSRG 58 PR 109 I019 G.FEINBERG (BNL) 
DAVIS 62  PR 127 ED5 0 DAVIS,R SETTI,P RAYMGND,G TDMASIN (CHII 
BURNSTEI 64 PRL 18 66  BURNSTEINtDAY,KEHGS,SECHI ZORN,SNOW (MARY] 
DESCH 65 PL 14 239 GGSCH,ENGELMANN,FILTHUTH,HEPP,KLUGE+ (HEED) 
SCHMIOT 65 PR 140 B 1328 P SCHRIET {COLUMBIA) 

QUANTUB NUMBER DETERPIBATICNS NET RSFERREC TO IN THE DATA CAROS 

ALFF 65 PR 137 81105  ALFF~GELFAND,NAUENBERG* (COLUNBIA+RUTG*BMLIP 

PAPERS NET REFERRED TO IN DATA CARDS 

CCURANT 65 PRL 10 409 CEURANT,FILTHUTH,FRANEINI÷ (CERN÷UBO*USNRL; 

F ~  22 XI- (1321,JP=112) I=I/2 

22 X l -  PASS (~EV)  

H 11(1817o0) (2.21 WANG 61 HLBC 
H 18(1817.9) (1.9) FEWLER 61 HLBC 

N H TOLD DATA AND LOW STATISTICS DROPPED ON SUGGESTION OF J R HURBARD) 
M i i1822.0)  IT.B) DROWN E2 HBC ANTI-X{- 7/66 
B 51] 1321.4 0.6 JAUNEAU 63 FBC 

62  1321 ,1  0 .65  SCHNEIDER 63 HBC 
241 1321ol O.B BADIERI ER HBC 

M ALL BASSES ABOVE WERE RAISED O*Og MEV BECAUSE LAMBDA BASS RAISED 
M 149 1321.B 0.4 PJERRCU 65 HBC 11/67 

5 1320.69 o*g3 CHIEA 66 HBC + 6.9 PBAR P,ANTI 9167 
E I321.67 0.52 CHIS~ 66 HBC - 6.9 PBAR P 9/67 

M 209  1321.4 1.1 LONGCN 66 HBC 6166 
M S 12(1321.71 (0.6) SHIN 67 HBC ANTI-X{- 10/67 
M S TFE ERROR IS STATISTICAL ONLY 
B . . . . . . . . .  
M AVG 1321.26 O*iB AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0) 
M FIT 1321.2~ 0.18 VALbE FRDB CONSTRAINED FIT 6/68 

22 MASS GIFFERENCEr(XI-)-(ANTI-XI-) IN MEV 

DB l .O 1.1 CHIEN 66 HBC 6.9 PBAR P B/67 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

22 X [ -  LIFETIME (UNITS 10**-10) 

T H I I  (B.5) (3 .4 l  I1.23) WANG 61 HLBC 
T H 1B (1 .28 )  ( 0 . 411  (O .ES I  FOWLER 61HLBC 
T H (OLD DATA AND LOW STATISTICS CROPPED EN SUGGEST{ON OF J R HUBBARD) 
T 517 1.86 0 .15  C.1R JAUNEAU 63 FBC 
T 62 1 .55  0 .31  D .31  SCHNEIDER 6B HBC 

556  ( l .  TT) (O.12I CARMCHY 64 HBC RIP BY FJERROU 65  
784 1.60 0.07 HUBBARD 64 HBC 

T 286 1.70 0.12 PJERRCU 65 HBC 11 /67  
T S 6 ( l .B7(  (0.511 CHIEN 66 HOG - 6.g PBAR P glGT 
T S B (1.51) (0.55) CHIEN 66 HBC ÷ 6 .g  PBAR P,ANTI B167 
T 299  1 .80  0 .16  LONOEN 66 HBC 6166  
T S 12 ( l . g )  (0.7) ID.5) SNSN 67 HBC ANTI-XI- i0/67 
T 261C 1.6 l  O.O~ DAUBER 69 HBC 6768  
T S THE ERROR IS STATISTICAL ONLY 
T 
T AVG 1 .660  0.037 0.035 AVERAGE (ERROR INCLUDES SCALE FACTOR OF i . ]  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

22 X l -  PARTIAL DECAY MODES 

DECAY MASSES 
Pl X l -  INTO LABBDA P I -  1115+ IBB 
P2 X l -  INTO LAMBDA E- NEUTRINO 1115. .S* O 
PB x I -  INTO NEUTRON PI-- 939+ 139 
P4 X I -  INTO LAMBDABU- NEUTRINO 1115 .  105+ O 
P5 x I -  INTO SIGMAO E- NEUTRINO 1192+ .5+ 0 
P6 XI -  IRTO SIGMAO BU- NEUTRINO 1192+ 105+ O 
P7 X I -  INTO NEUTRON E -  NE~TRING BBB~ . 5+  O 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  



STABLE PARTICLES 

See the illustrated key preceding the data card listings. 

Data in parentheses have not  been included in our averages. 

~ × I -  BRANCHING RAIIDS 

IT X I -  INTO (LAM~DA E- NEUII(LAMBDA PI- )  (UNITS lO~-B)  (PZ) / IP I )  
I l II55)~':FECTIVE OENOM. CARBDNY B3 HBC t1167 
:L O (260)~FFECTIVE DEMUR. JAUNEAU 63 HBC 11167 
~I 0 (ZBO)~FECTIVE DENOM° BERGE 66 HBC 11167 
Ll I (1551~FFECTIVE DEROM. LONDON 66 HBC I1167 
~1 0 (717)~FFECTIVE DENOM. TRIPPE 67 HBC 11167 
~I 2 (Ig761EFFECT[VB DEMON. HUBBARD 68 HBC 6168 
~I ~ 1.15 0.90 O,5B HUBBARD 68 RVUE 
~I hUBBARE 08 (RVUE) INCLUDES ~LL ABOVE EVENTS 6168 

~2 X I -  INTO (NEUTRON PI-)/(LAMBDA P I - )  (UNITS IO~-31 ( P 3 I / ( P I )  
r2 (5.0) 01~ LESS FEBRC-LUZ 63 HBC 6 / 6 8  
~2 { i . I )  GR LESS DAUBER 6g HBC 6/68 

~3 X)- INTO {LAR~OA MU- NEUTRINEIITDTAL IUNITS IO**-BI (PBIITCTAL 
~3 (12*0) DR LESS DIRGE 16 HBC 61B8 
[3 (1.3)  OR LESS DAUBER Eg HBC 6/68 

~4 XI-  INTO (S[GMAO E- NELTRINOI/TDTAL (UNITS I0 t~-3)  (P5I/TOT~L 
~4 I 3 . 0 )  Oq LESS BERGE 66 HBC E/6B 
[4 (0.5) OR LESS DAUBER 69 HBC 6•68 

~5 I X l -  INTO (SIOMAO MU- NEUTRINCIITOTAL (P6)ITOTAL 
~5 (O.DOS) DR LESS BERGE 66 HBC 7•66 

~6 X l -  INTO (N E- NEUTRINO) I (L~MEDA P I - I  (P I l l (P IT  
~6 (O.Ol) OR LESS BINGHAM 65 RVUE CONF°LIMIT O.g g166 

~7 X I -  INTO (SIGMAO E NEU + LAMEDA E NEUIITCTAL (10"*-3) (P2 +P5)ITOTAL 
~7 14 0.B2 0,20 0,30 OUCLDS E80SPK PREL.SEE NOTE O I0168 
~7 P THIS EXPERIMENT CANNET UISTIRGUISN SIGMAO FROM LAMBDA° TNE CABIBBD 
~7 D THBORY EXPECT SIGMAO RATE ABOUT A FACTOR B SMALLER THAN THE LANBDA 
~T D TO GET A VALUE EUR TEE TABLE R7 HAS BEEN AVERAGED WITH RI - 

22 IX-  CEDAR PARAMETERS 

ALPHA XI-  
0 (-0.~4) (0.12) JAUNEAU 68 FBC SEE NOTE O BELOW 6168 
0 12 (-0.73) (O°2B) SCHNEIDER 63 HBC SEE NOTE O BELOW 6168 

240 -O.B 0.88 BADIERI 64 HBC SEE NOTE O BELOW 6168 
356 -0.62 0.13 CARMCNY 64 HOE SEE NOTE D BELCH 6168 

1004 -0.365 O*ObB BERGE 66 HBC SEE NOTE O BELOW 0168 
L 364 - 0 . 4 7  O.IS LONDON 66 flBC SEE NOTE D BELOW 6/68 

(-0.391) (0.032) BERGE 2 66 RVUE INCLUDES ALL ABOVE 9166 
M 252~ ( - 0 . 3 7 0 )  (O.OBi) MERRILL 68 HBC 6168 

2781 -o .3gL  0.045 DAUBER 6g HBC SEE NOTE A BELCW 
A USED ALPHALAMBDA = 0.647 PLUS GR MINUS O.O2O 
O ERRORS MULTIPLIED BY I . I  DUE TO APPROXIMATIONS USED FOR x I  
D POLARIZATION. (SEE CAUBER 6R FOR DETAILED DISCUSSION) 6/68 

L LONDON 86 USES ALPHA-LAMBDA = 0.62 
M DATA CF MERRILL 68 INCLUDED IN DAUBER 68. 
C CLD DATA NOT INCLUDED IN AVERAGE. 

AVG -0.40? 0.037 AVERAGE (ERROR INCLUDES SCALE FACTOR GE 1.1) 

PHI ANGLE (SINIPHI)ICOSIPHII=EETAIGAPMA) (DEGREES) 
O (-16.0}  (45.0) JAUNEAU 13 FBC SEE NOTE D BELOW 6168 
0 12 lOS.C) (36.0) SCHNEIDER 6~ HBC SEE NOTE O BELOW 6168 

356 54.0 30.0 CARMCNY 64 HBC SEE NOTE D BELCW 6168 
ICON O. 12. BEPGE 66 HBC SEE NOTE D BELOW 6168 

L M 36~ 0.0 20.4 LONDEN 66 HBC SEE NOTE D BELCH 6168 
252~ (9.8) (11.6) MERRILL EB HBC 6168 
2781 - I ~ .  11. DAUBER 69 HBC SEE NOTE A BELOW 

A USED ALPHALAMBDA = O.EBT PLLS OR MINUS 0.020 
U ERRORS MULTIPLIED BY 1.2 DUE TC APPROKIMATIONS USED FOR Xl 
O POLARIZATION. (SEE DAUBER 68 FOR DETAILED DISCUSSION) 

L LENODN 66 USES ALPHA-LAMBDA = 0.62 
M DATA OF MERRILL 68 INCLUDED IR DAUBER 68.  
O OLD DATA NOT INCLUDED IN AVERAGE. 

AVG -3.0 9 . I  AVERAGE (ERROR INCLUDES SCALE FACTCR CF 1.3) 
(SEE IDEOGRAM BELOW I 

U E I G H T E D  RUERAGE = - 3 . 0  ± 9 . 1  

ERROR S C R L E D  BY 1 . 3  

- ~ . "  1 "  C H I S Q  
. . . . . . . .  D R U B E R  $ 9  HBC 1 , 0  

" - - ' ~ - - ~  " ....... LONDON $6 HBC O.O 

" V  . . . . . . .  SERGE ~;G HBC O . i  

• L_" 1S0 [ C O N L E U  SO ~-~'o =o . ~ . ~  

X I -  

/ 

-100 -SO (~ 

PHI  RNGLE (DEGREES) 

REFERENCES 

22 XI - (IB2I,JP=I/E) I = I / B  

:EWLER 11PRL 6 ~3~ FCWLEP~BIRGE~EBERHARD,ELY~GOODtPOWELL÷(LRL| 
~ANG 61JETP 13 512 K WANG~T WANG~VIRYASDV~TINGvSOLOVEV* IJINR) 
!~O~N 62 PRL 8 255 BRCWN,CULWICK,FOWLER~GAILLOUD ÷ (BNL*YALE) 

41 

EARMENY 63 RRL IO 581 CARMCNY,PJERROU (UCLAI 
FERRO-LU 63 PR iBO L568 FERRG-LUZZI,ALSTCN,RDSENFELB,WGJCICKI (LRLI 
JAUNEAU 63 SIENA COME 4 JAUNEAU* (PARIS÷CERN~LGND+RUTH~BERGEN} 

ALSC B3 PL 5 25I JAUNEAU,NORELLET4 (EP,CERN,LDN,RUTH,BERGEN) 
~CHNEIDE 63 PL 4 360 H SCHNEIDER (CERN) 

CARBDNY 84 PRL I2 482 CARMCNYtPJERBEUtSCHLEIN,SLATERtSTORK*IUCLA) 
BADIERI 64 OUBNA CONF I 593 BABIERtDEMCULINrBARLEUTAUO~ qPARIStSAC+ZEEI 
HUBBARD 64 PR I35 8 IB3 HUEBARD.EERGE,KALBFLEISCH,SHAFER + (LRL) 
BINOHAM 65 PRSL 285 202 H H BINGHAM (CERN) 
PJERRCU 65 PRL 14 2T5 * SCHLEIN,SLATERrSMITHtSTORK,TICHO (UCLA) 
PJERRCU 65 THESIS G M PJERROU (UCLA) 

BERGE 66 PR 167 945 BERGE,EEERHARE,HUBBARD,MERRILL • (LRLI 
BERGE 2 66 BERKELEY CONF 46 BERGE~CABIBBE (RVUE) 
LONDON 66 PR I4S 1034  LONDONtRAUtGCLCBERGvLICHTMAN+ (BNL÷SYRACUS) 
CHIEN 66 PR 152 I l T l  ~LAOHISANOWEISS,TAFTtYEH~OREN + (YALE*BNLI 
SHIN 67 PL 25 B 4N3 6.C. SHEK,A.FIRESTONE,G.GOLDHABER (UCB*LRL) 
TRIPPE 67 PRIV. COMM. T. TRIPPE [UCLA) 
DUCLDS 68 TO BE PUBLo  DUCLCS,FREYTAG+ VIENNA 253[CERN,NEIDELBERGI 
FUBEARC 68 PRL ZO 465 HUBBARO~BERGE,DAUBER (LRL) 
MERRILL 68 PR L67 IB02 MERRILL,SHAFER (LRL)J 
EAUBER 69 PR 179 1272 eEERGE~EUBBAROpMERRILL~MILLER {LRLIJ 

QUANTUM NUMBER GETERMINATIENS NET REFERREE TO IN THE DATA CARDS 

CARMCkY 64 PRL 12 4B2 CAnMCRY~PJERRCUrSCHLEIN~SLATERtSTORK+(UCLA) d 

F ~  23 Xl O IE3IB~JP=I /2  ) ( = l i e  

23 x I  O MASS (MEVI 

P I 1313.4 1.8 PALMER 68 HOE 3168 
M 
M FIT 1318.6B O.7O VALLE FREM CONSTRAINED FIT 6168 

23 Xl MASS EIFFERENCE (-)- (O)(PEVI 

D 23 6°B 1,6 JAUNEAU B3 PBC 
D ~5 (6.1) ( I . 6 )  CARMCRY 64 HBC REP BY PJEMRCU 65 
D 88 6 .L  D.B PJERROU 65 HBC 11/67 
D BB 6.9 2,2 LONCEN 66 HBC 6/66 
D 
D AVG 6,34 0.74 AVERAGE (ERROR INCLUDES SCALE FACTOR OF L.OI 
D FIT 6.56 C.68 VALLE FREM CGNSTBAINED FIT blAB 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

23 Xl O LIFETIME (UNITS 10.*-10) 

T 24 B,g I , B  O.8O JAUNEAU 63 FBC 
T 45 ( 3 . 5 )  (1.O) (O.BI  CARMONY 64 HBC REP BY PJERROU 65 

iOl  2.5 D.4 0,8 HUBBARD 6B HBC T 
T 80 3.0 O.5 PJERRCU 65 HBC 11167 
T 840 3.07 0.22 D.20 DAUBER 69 HBC 6/68 
T 
T AVG 3.OB O*tB 0*16 AVERAGE (ERROR INCLUDES SCALE FACTOR OF I°~ 

................................................................... 

23 Xl O PARTIAL DECAY MODES 

DECAY MASSES 
Pl Xl O INTO LAMBDA PIO 1115÷ I34 
P2 XI 0 INTO PROTON P I -  938~ 139 
PS XI O INTO PROTON E- NEU BE8÷ . 5 .  D 
PR Xl O INTO SIGMA+ E- NEU IIBg÷ .5+ 0 
P5 X( 0 INTO SIGMA- E~ NEU liD7+ °5* 0 

P 6  XI 0 INTO SIGMA+ MU- NEUTRINO (lOOt L05* 0 
P7 XI  O INTO SIGMA- BUt NEUTR[NC 1t97+ 105+ O 
P8 X( 0 INTO PROTON NO- NEUTRINO g~85 lOS+ O 

........................................................................... 

2S Xl 0 BRANCHING RATIOS 

RI  XIO INTO (PROTON PI-IIILAMBDA PlOT (UNITS l O * * - B I  ( P E ) / I P I I  
RL (Z7.O) OR LESS TICHE 63 HBC 6•68 
RI (5 °0 |  OR LESS HUBBARD 66 HBC 6/6B 
RI ( 0 . 9 )  OR LESS DAUBER 69 HBC 6/68 

R2 XIG INTO (PROTON E- NEUIIILANBCA PlO) (UNITS IO**-B) (PS| / (PI )  
R2 (BT.O) OR LESS FICHE 63 HBC 6/68 
R2 (6o0) OR LESS HUBBARD 66 HBC 6168 
R2 IT*3) OR LESS DAUBED 69 HEC 6168 

R3 KID INTO (SIGMA* E- NEU)I(LAMEDA PIE) (UNITS 10"$-3) (PB l l (P I )  
R3 (13.0I  OR LESS TICHE 63 HBC 6168 

R 3  ( 7 , 0 )  OR LESS MUBEARD 68 HBC 6168 
R~ (1.51 OR LESS DAUBER 69 HBC 6168 

R4  KID INTO (SIGMA- E+ NEU)I(LAMBCA RIB) ILNITS I0 * * -3 )  (PS) / (PI )  
R4 (6.0) OR LESS HUBBARD 66 HBC 6•68 
R4 ( I . 5 )  DR LESS DAUBER EB HBC 6188 

R5 xIC INTO (SIGMA~ MU- NEU)/TOTAL lUCITE 10"*-3)  (P611TOTAL 
RB ( 7 . 0 )  OR LESS HUEBARD 66 HBC 6168 
R5 ( 1 . 5 )  OR LESS CAUBER 69 HBC 6/68 

R6 XIO INTO (SIGMA- MU÷ NEUIITDTAL (UNITS 10**-0) IP7)ITOTAL 
R6 (6.0) OR LESS HUBBARD 66 HBC 6•68 
R6 IT.B( OR LESS DAUBER Eg HBC 6168 

R7 XlO INTO (PROTON MU- NEU)/TOTAL (UNITS IC~*-BI IPBI/TOTAL 
R7 (6.0) OR LESS ~UBBARD 66 HOD 6168 
R7 ( 1 . 3 )  OR LESS DAUBER 69 HBC 6•68 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

23 XI O DECAY PARAMETER 

A ALPHA XI o 
A -O°Og 0 .~6 PJERROU 68 HBC SEE NOTE D BELOW 6/68 
A 146 -0.13 O.IT BERGE 66 HOD SEE NOTE O BELOW 6168 
A L ~6 -0 .2  0.4 LONDCN ~6 OBC SEE NOTE O BELOW 6168 
A M 490 I-O.3Bl (B . I I I  MERRILL 66 HBC SEE NETE O BELOW 6168 
A A 73g -0°43  0.09 DAUBER 6g SEE NOTE A BELCH 
A A USED ALPHALAMBDA = 0.647 PLUS CR MINUS 0.020 
A D ERRORS MULTIPLIED BY I ° I  DUE TC APPROXIMATIONS USED FOR X( 
A O PDLRRIZATION. [SEE DAUBER 69 FOR DETAILED DISCUSSION) 
A L LONDON 66 USES ALPHA-LAMBDA = 0.62 
A M MERRILL b6 REPLACED BY EAUBER 69 

A . . . . . . . . .  
A AVG -0.351 B.077 AVERAGE IERROR INCLUDES SCALE FACTOR OF l .O)  



STABLE PARTICLES 

4Z 
See the illustrated key preceding the data card listings. 

Data in parentheses have not been included in our averages. 

F PHI ANGLE (SINIPHIIIC~S(PHII=EETA/EAPMA) IOEGREESI 
F L~6 - 8 .  30.  BERGE 66 HBC SEE NDTE D 8ELDW 6 / 6 8  
F H ~90 (lOT.Of (A6.O) MERRILL 66 HOE SEE NOTE D BELOW 6/68 
F A 735 38 .  19. DAUBER 69 HBC SEE NOTE A BELOW 
F A E USED ALPHALAMBOA = 0.64"/  PLUS OR MINUS O.O20 
F ERRORS MULTIPLIED BY 1.2 DUE TO APPROXIMATIONS USED FOR X( 
F O POLARIZATION. (SEE DAUBER 65 FGR OETAILEB CISCUSSIONI 
F M MERRILL 66 REPLACED EY GAUGER 89 

AVG 2~.8  20 .8  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ° 3 )  
[SEE IDEOGRAM EELDN ( 

WEIGHTED RUERAGE = 2 4 . B  • 2 0 . 8  

ERROR ;CALED BY 1 . 3  

/ 
I . . , D A U B E R  

- ~ 8 E R G E  , 

- 1 0 0  - 5 0  0 5 0  100 150 

F I  A N G L E  f D E G R E E 5 ]  X~ 

6 9  H B C  

5 5  H B C  

CHISQ 

- .O.S 

1 . ?  

[ C D H L E U  
= 0 . 1 9 5 )  

REFERENCES 

23 XI E ( 1 3 1 ~ J P = l / 2 ( I = I / B  

ALVAREZ 59 PRL 2 Z18 ALVAREZtEBEREARD~GCOC~GBAZIAND~TICHBe (LRL|  
JAUREAU 63 SIENA CONE 1 1 JAUNEAU+ (PARISeCERN~LONDeRUTHeBERGENI 

ALSO 63 EL 4 49 
TECHO EB 8ME CENF 610 

CARMONY 66 PRL I2  482 
HUBEARO 64 PR 135 B I83  
PJERREU 65 PRL 14 ZT8 
PJERRCU 65 THESIS 

EERGE 66 PR 147 8~5 
HUBBAE8 66 UCRL 11810 
LCNEON 66 P8 163 1034 
MERRILL 66 BERKELEY CENF 

OF. 66 UCRL 16455 

PALMER 68 PL 268 323 
EAUEER 69 PR 179 1262 

JAUNEAU~ (PARISeCEBN+LOND+RUTH+BERGENI 
HAROLD R TICHO IUCLAI 

CARMCNY~PJERRGU~SCHLEIN,SLATER~STORK+IUCLA) 
HUBBARD~BERGE~KALBFLEISCH~SHAFER • (LRL) 
+ SEHLEINt$LATER~SMITHtSTORK~TICHO (UCLA) 
G M PJERREU (UCLA) 

8ERGEtEBERHARO~HUBBARD~MERRILL ÷ (LRL( 
J RICHARD HUB8ARO (THESIS~BERKELEY) (LRL) 
LONDONtRAU~GDLCBERG~LICHTNAN÷ (BNL*SVRACUS) 
MEBRILL~SHAFERtBERGE (LRL) 
OEANE MERRILL (THESI8~ 8ERKELEYI (LRL) 

PALNEReRAECJICICtRAU~RIGNARGSONe (8NLtSYR]  
÷EERGEtEUBBAPO~MERRILL~M|LLER (LRL( 

F ~  24 OMEGA- (1675~JP=312÷) I=G 

QLANTUM NUMBERS ASSIERED FRGN SUB 

THERE ARE 28 REPCRTEC CMEGA- EVENTS 
SEE PREVIDLS EDITION (RMP 41109) FCR MDRE DETAILS 

M 
M 
M 
N 
M 
M 
M 
M AVG 

26 OMEGA- MASS (MEVI 

1 ( [ 6 2 0 . 0 )  ( 2 8 . 0 }  ( IO.O}  EISENBERG 54 EPUL 
1 1673°0 8°0  ABRAP8 64 HBC INTO Xl- PIG 
3 1 6 7 3 * B  1 . 0  PALMER 6 8  HBO K-P 4 ° 6 1 5 .  GEVIC 11/6R 
3 1671o8 0°8  SCHULTZ 68 HBC K Ip  5 . 5  GEV/C 11 /69  
5 1674o2 1.6  SCOTTER 68 HBC R-P 6 .  GEV/C 11 /69  
E 1671o9 1°2 SPETH 69 HBC R-P 10 .  GEV/C 11 /69  

1672 .49  0 .52  AVERAGE (ERRGR INCLUDES SCALE FACTOR OF 1.O) 
(SEE IDEOGRAM EELOW ( 

2 4  OMEGA- LIFETIME (UNITS l O ~ ' - l O  SEC| 

T A 1 { 1 ,63  ) ABRAMS 6~t HBC ~/66 
T A 1 (0°71  BARNES 1 66 HBC 7166 
T A [ ( I . # )  BARNES 2 66 HBC 7 / 6 6  

1 ( 1 . 8 5 )  CDLLEY 65 HBC "/166 T A 
T A 1 ( 1 . 5 )  RICHARDSO 65 HOE 7•66 
T A L ( 0 . 9 3 )  ABCLV COL 68 HBC 11167 
T 6 1 ( 2 . 6 )  ABCLV COL 68 HBC 11167 
T A l (1.61 ABCLV COL 68 HBO 11167 

WEIGHTED AUERAGE = 1 6 7 2 . 4 9  ± 0 . 5 2  

ERRDR SCALED BY 1 . 0  

i l S P E T H  " 5 C D T T E R  

" 5 C H U L T Z  

" P A L N E R  

- A B R A M S  

1 6 6 5  1 6 7 0  1 6 7 5  1 6 B 0  1 6 B 5  

OMEGA- M A S S  

C H I S Q  

6 9  H B C  0 . 2  

5 B  H B C  1 . 1  

6 8  H B C  0 . 7  

6 8  H B C  0 , 7  

6 4  H B C  

2 . B  

[ C D N L E U  
= 0 . 4 2 6 ]  

1 ( O . Z I (  ABCLV COL 68 HBC 11167 
I ( I . E O )  SCHULTZ 68 HBC 11 /67  

i T A 1 ( 0 . 0 6 )  $CHULTZ 68 HBO 11 /67  
T A 1 ( 0 . 6 3 ]  SCHULTZ 68 HBC l I I 6 T  

: 1 i o . z s )  SCOTTER 68 HBC 6/68 
i 1 ( 0 . 3 0 )  SCATTER 68 HBC 6 / 6 8  

A 1 ( 0 . 7 1 I  SCCTTER 68 HBC 6 / 6 8  
A 1 ( 0 . 0 8 )  8COTTER 68 HBC 6 / 6 8  

T A 1 ( 1 . 0 4 )  8COTTER 68 HBC 6 / 6 8  
T A 1 ( 2 . 3 8 I  SCCTTEB 68 HBC 6 / 6 8  
T A ALLISON INCLUDES ALL ABOVE * 3 MBRE ENL EVENTSI UNPUBLISHED. 6168 
T E I  1 .31  0 . 3 7  0 . 8 4  ALLISEN 68 RVUE 6 / 6 8  
T Z (2°51 SPETH 69 HBC 10 /69  

: T  1 (O .31 I  SPETH 69 HBC I 0 / 6 9  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

26 OMEGA- PARTIAL DECAY REDES 

CECAY ~ASSES 
PZ ENEGA- INTO LANBDA K-  9 3 8 ~  1gE~ B 
P2 CNEGA- INTO Xl O PI- 988÷ ICS+ 8 
P3 OMEGA- INTO I X -  PI O 938+ 105+ O 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

24 CMEGA- BRANCHING RATIOS 

27 EXAMPLES OF OMEGA - CECAYS HAVE BEEN REPORTED. 16 HAVE 
DECAYED INTO LANBDA K-~ R INTO XIO P I - *  2 INTO X I -  PIO, AND ONE IS 
AMBIGUOUS BETWEEN LAMBDA E- AND XIO PI-. 
1 B N L  EVENT HAS NOT BEEN EEECRIBEE. 

R I  OMEGA- INTO LANGDA R- PI  
R1 E EVENTS PALMER 68 HBC 11169 
R1 3 EVENTS SCHULTZ 68 HBC 11169 
G1 5 EVENTS 1 ARBIG° XIO P I -  SCOTTER 68 HBC 11169 
RI  6 EVENTS SPETH 69 HBC 11 /69  

RE ~MEGA- INTO XIO PI- P2 
82 1 EVENTS ABRAMS 66 HBC 11169 
82 A EVENTS PALMER 68 HBC l I I 6 g  
R2 B EVENTS SCOTTER 68 HBC 11169 
82 1 EVENT SPETH 69 HBC 11169 

RB CMEGA- INTO X I -  PIE R3 
R3 1 EVENT PALMER 68 HBC 11 /68  
R3 1 EVENT SCETTER 68 HBC [1169  

REFERENCES 
Z4 CMEGA-(16TBtJP=B/Z÷( I=O 

EISENBER 5B PR 96 541 Y EISENEERG (CQRNELLI 
ABRAPS 64 EEL I8  670 + BURNSTEINtGLASEER * (MARYLAND~USNRL) 
EARNES 1 64 PRL 12 ZO~ V E BARNES~CONNOLLY~CBENNELL~CULBICK+ (8NLI 
BARNES 2 66 PL 1E 138 V E EARRES~CCNNELLY~CRENNELLfGULWIGX+ (BNL) 
COLLEY 65 EL 19 152 COLLEYvDODD + (BIR+GLA÷IE÷RUN÷OXF~PHEL( 
RICHAROS 68 BARS 10 I15 RICHARCSOHtBARNES~CRENNEL~ (BNL÷SYRACUSE( 
SARIOS 65 ARGONNE CDNF 189 N P SAMIOS ((RVUEI 8NL) 

AOCLV CO 68 NUC PHYS 84 326 AACHEB+BERLIR+EERNeLONDEN IMP.COLL.*VIENNA 
ALLISEN 68 PRIV.  COMM. JOHN ALLISON (LANCASTERI 
PALMER 68 PL Z6B 323 PALMERtBAOOJICICtRAU~RICHAROSONe (BNLvSYR) 
8CHULTZ 68 PB 168 1509 8CHULTZ÷ (ILL,APGCNNE~N~RTHWESTERB~WISC) 
8COTTER 68 PL 268 474 SCDTTER+(EIRMtGLASGEW,IE LONDONtNUNICNtOXF) 
SPETH 69 PL 298 252 SPETH+ (AACHEN~BEPLINtCERN,LONEONtVIENNA) 



CODE EVENTS QUANTITY ERROR+ 
ABOVE 

BACKGROUND 

M ESONS 
See the illustrated key preceding the data card listings. 

Data in parentheses have not been included in our averages. 

ERROR- REFERENCE YR TEEN SIGN COMMENTS DATE 
PUNCHED 

F ~ l  Pl MESON (JPG=O--) I=I 

SEE LISTING OF STABLE PARTICLES 

Io'( ZO)l ....... E ............... , o 

NO EVIDENCE FOR RESONANCE 
OMITTED FROM TABLE, 
SEE NOTE ON ETA O+1700) 

REFERENCES ON SIGMA 

+BACHMAN,LEA÷ IBNL+CCNY+CO+KY) 

BLOKHINTSEVA,GREIBINNIK,ZHUKOV + (DUBNA) 
+ AOASHIAN (LRL) 
+SCHWARTZ +TRIPR I LRL)  

BARISH,KURZ,PEREZ-MENDEZ,SOLOMON ILRL) 
+GROSSMAN,LLOYD, PR(CE,FOWLER (LRL) 
GEL FABRO~DE PRETIS,JONES+ (FRASCATII 
*KERNAN,PU,POWELL~DOWD (LRL+WISEONSINI 

+ELY+GIDAL+KALMUS÷CAMERINI+ ILRL+WISC) 
BROWN+FAIER (NORTHWESTERN) 

+SELOVE (LRL) 
+ALLEN,GOODEN,MARSHALL ÷ (COLORADO+IOWA) 
LOVELACE~HEINZ~DONNACHIE ICERN) 

+FUKUI+KESSLER+ IOHIC+ANL+OTT+MCGILL+QMC) 
+OAMER~LL+~IODLEMAS+NEWTON (OXP+RUTHERF) 
E.MALAMUD + P.E.SCHLEIN IUCLA) 
+CARROLL,GARFINKEL,OH (WISCONSINi 

M. BANDER, G.L. SHAW, J.R. FULCD (UCI+UCSB) 
+CASDN,JOHNSON,RENNEY,POIRIER+ (NOTRE DAME) 
EISENHANDLER,MISTRY,MOSTEK + (CORNELL) 
+GAVILLET+LABR~SSE*MONTANET+ (CERN÷PARIS) 
+CALDWELL+ZACHAROV+HARTING+BLEULER+ ICERN) 
+HAGOPI~N,÷ (PENN+LRL+COLO+PURO÷TNTO+WISC) 

+BACASTOW,BARRAS,+ (RIVS+BERK) 
+GIDAL,HAGOPIAN~÷ (BERK+LOUC+WISC) 
+CARNONY,CSONKA, LOEFFLER,MEIERE (PURDUE) 
+MURRAY,RIDDIFORO (BIRMINGHAM) 
R.G. ROBERTS, F. WAGNER (CERN) 

+GROVESIVANBERG, MAGLIC+IPENN+RUTG~UPNJ+ANL) 

SAMIDS 62 PRL 9 139 

BLOKHINT 63 JETP iT BO 
BOOTH 63 PR 132 231A 
KIRZ 6~ PR 130 BABl 

BARISH 64 PR 135 B 416 
CRAWFORO 64 PPL iB ~21 
OCt ~ABR 64 PRL 12 6 7 ~  
KALMUS 6~ PRL 13 99 

DIRGE 65 PR iB9 R 1600 
BROWN 65 CORAL GABLES 219 

JACDBS 66 PRL 16 669 
KOPRLMAN 66 PL 22 l i b  
LOVELACE 66 PL 22 3~2 

ANDERSON 67 PRL 18 89 
CORBETT 67 PR 156 CA51 
MALAMUO 67 PRL 19 1056 
WALKER 67 PRL 18 6BO 

BANDER 6B PR 168 1679 
BISWAS 68 PL 27 B 513 
EISENH~N 6~ PRL 20 758 
~OSTER 6B NP B 6 I07 
JON~S 6B PR 166 1405 
MARATECK 68 PRL 21 1613 

DAVISON 6g PR 180 13~3 
ELY 69 PR 180 1319 
GUTAy 69 NP ~ IE 31 
HALL 69 NP B 12 5~3 
ROBERTS 69 PL 29 B 368 

BRODY 70 D~L 2A 948 

r ~ l  ETA 15~9, JPG=O-+) I:O 

SEE LISTINGS OF STABLE PARTICLES 

Information about the ~ system in the 

I = 0 S-wave comes mainly from phase-shift 
+ - 

analyses of the reactions ~-p-~ ~ ~ n (BATON 

65, GUTAY 67, JOHNSON 67, WALKER 67, 

BISWAS 68, h~kRATECK 68, kIALAMUD 69, 

SCHARENGUIVEL 69). Although no method of 

w w  phase-shift analysis used is free from 

serious objections, the fact that ali analysts 

find the S-wave phase shift 60 to be near w/2 
O, 

in the region 650 to 900 IVIeV is quite impres- 

sive. 

43 

Further support is lent by studies of the 

~TOw ° system (DEINET 69, and others with less 

statistics), annihilation into 3~ and 4~, studies 

of ~+~- in other reactions, and dispersion- 

relation calculations. Below we list the more 

important references. 

Since there is yet l itt le in(ormation on 6 ° 
0 

above 900 MeV, all that can be said about the 

width is that it is apparently well over I00 MeV. 

REFERENCES 

BATON BS NC 36 IIA9 
OURAND 65 PRL 1~ 329 
LOVELACE 66 PL 22 332 

£LEGG 67 PR 163 1664 
CORBETT 67 PR 156 145~ 
GUTAY 57 PRL iB IA2 
JOHNSON 67 PR 163 i~97 
WALKER 67 PRL 1B B~O 
WALKER 67 RHP 39 E95 

BANNER 68 PR 168 1679 
BISWAS 68 PL 27 B 513 
BRAUN 68 PRL 21 1275 
DUTTA-RO 6B PR 169 1357 
FOSTER 68 NP B 6 107 
JONES bB PR 166 1405 
JOHNSON 68 PR 176 Zb51 
LOVELACE 68 PL 2B B E6~ 
MARATECR 68 PRL 21 1613 

DEINET 69 PL 30 B 359 
FELOMAN 69 PRL 22 B16 
GUTAY 69 NR B 12 31 
HOPKINSO 69 NC 59 A IB~ 
MORGAN 69 NP B 10 261 
ROBERTS 69 PL E9 B 366 
SCHARENI 69 ARGONNE CONY.DO6 
SCHAREN2 69 PR 186 I~87 
SMITH 69 PRL 23 335 
STRUGALS 69 PL 2g B 5~8 
WAGNER 6g NC BA A 189 

DIAZ 7D NP B 16 239 

J.P.BATGN, J.REGNIER (SACLAY) 
L° DURAND ANn Y.T. CHIU [YALE) 
LDVELACE~HEINZtDGNNAEHIE (CERN) 

A.B.CLEGG (LANCASTER) 
+DAMERELL+MIODLEMAS÷NEWTON (OXFtRUTHERF) 
+JOHNSON+LOEFFLER+MCILWAIN+ (PUROUE+UCRL) 
+GUTAYIEISNER~KLEIN~PETERS~SAHNItYEN+APUPD) 
+CARROLL,GARFINKELIOH (WISCONSIN) 
W.D.WALKER )WISCONSINI 

+SHAW~FULCO (UC IRVINE+S.BARBAPAI 
+CASON,JOHNSDNvKENNEY,POIRIER* (NOAM) 
BRAUNvCLINE,SCHERER (WISCONSIN) 
B. DUTTA-ROY, I.E. LAPIOUS IHOBOREN,NJ) 
+GAVILLET+LABROSBE~MONTANET+ iCERN+PARIS) 
+CALDWELL+ZACHAROV+HART4NG*BLEULER+ ICERN} 
*POIRIERtBISWAS,GUTAY,OERADO+(ND+RURO+SLAC) 
C.LOVELACE ICERN) 
*HAGORIAN,+ (PENN+LRL+COLO+PURD*TNTO+WISC) 

÷NENZIONE,MULLERpSTAUDENNAIER~÷ iNARL+CERNJ 
+FRATIyGLEESONpHALPERN,NUSSBAUMt÷ (PENN} 
+CARMONY,CSONKA~LOEFFLER,MEIERE (PURDUE) 
J.HOPRINSON, R.G.ROBERTS (CERNI 
O.MORGAN~G.SHAW IRH~L) 
R.G. ROBERTS~ ~. WAGNER (CERNI 
SEHARENGUIVEL (PURDUE) 
SCHARENGUIVELIPURO+LRL+GERN÷GOLO+PENNeTNTO) 
G.A.SMITH~ R.J.MANNING (MICH÷LRL) 
+CHUVILO,FENYVES~+ iWARS+JINR+BUDA) 
F.WAGNER ICERN) 

+GAVILLET,LABROSSE,~ONTANET+ (CERN+CDEF) 

I . --~! 

9 R H O i  . . . .  J P O = l  t = ,  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

9 RHO MASS (MEV) 

THERE ARE WIDE FLUCTUATIONS IN THE MEASURED VALUES FOR MASS AND WIDTH OF 
THE RHO OUE TO DIFFERENCES 1N PRODUCTION MECHANISM, BACKGROUND, METHOD 
OF ANALYSIS AND PARAMETRIZATION. UNCERTAINTIES IN THEORY GIVE RISE TO 
SYSTEMATIC ERRORS OF ABOUT 20 MEV IN MASS AND WIDTH. 

THE FOLLOWING ENTRIES ARE THE MOST SIGNIFICANT ONES. THEY ILLUSTRATE 
THE DISCREPANCIES, AND ARE ALSO REPEATED IN FOOTNOTE IC) DF THE MESON 
tABLE. 

BATON 67 IRHO - PROM POLE EXTRAPOLATION) 
HYAMS 68 IRHO 0 FROM PHYSICAL REGION PITS) 

B MARATECK 68 (RHO 0 FROM POLE EXTRAPOLATIONI 
4 PISUT 68 (RHO-O FROM PHYSICAL REGION FITS} 
5 AUGUSTINE 69 IRHO 0 INTERFERING WITH OMEGAtFROM E+E- COLL.BEAMSl 
6 AUSLENDER 69 IRHO O FROM E- E~ COLLIDING BEAMS) 
7 ~ALAMUD 69 IRHO 0 FROM PHYSICAL REGION FITS) 
BROOS 69 ICOMPILATION OF RHO 0 FROM E+ E- COLLIDING BEAMSI 
9 SCHARENGUIVEL 69 IRHO O FROM POLE EXTRAPOLATION) 

M+ CHARGE PLUS ONLY 
M+ R 1760.0) (9.0) CARMONY 6A HBC + 3.5 PI+PyTCUT A 
M+ 7AO. IO. ARMENISE 65 HBC + 2.8 PI+P 
M+ R (765.0) (5.0l ALFF-STEI 66 HBC + 2-B PI+ P 6166 
M+ R (783.0) (B°OI JAMES BB HBG ÷ 2.1 PI+ P 6 /66  
W~ E (758 ,0 )  I lO .O )  JAMES 66 HBC Z° l  P I+ tTCUT2,5  B/66 
M~ 77T.0 7.Q ABE COLL. 68 HBC ÷ B PI+P TO F+BPl 5Z68 
M÷ . . . . . . . . .  

M+ CHARGE PLUS AND MINUS 
M+ S ITBO.Ol (3.OI BALTAY 66 HBC ÷- 0.0 PBAR P 6 / 6 6  
M+ 755.  10,  ALLES-BOR 67 HBC 5 .7  PBAR P 12 /66  
M+ 730. i f .  BARLOW 67 HBC +- 1.2 PBAR P i i / 6 6  
M+ 782. 5. FOSTER 68 HBC +- PBAR P AT REST 5Z68 
M+ . . . . . . . . .  

M- CHARGE MINOS ONLY 
M- { 748 .0 )  RENNEY 62 HBC - 1*2 P I -P  
M- 130 I 775 .0 )  GUIRAGOSS BB HBC 3*5 P I -P  
M- R )768.0} (5.0) BLIEDEN 55 MMSP - B-S HI- P 6166 
M- 772.0 1g.0 FIDECARO 56 OSPK Z.5 PI-tT CUTIB 11166 
M- R {760.0) (5.0) HAGOPIANI 66 HBC - B.O PI-- P 6166 
M- R 1770 .0 )  ( 5 . 0 }  HAGOPIAN2 66 HBC - 2.LA PI -P  9167 
M- R 4765 .0 )  IS ,D )  HAGOPIAN2 66 HBC 2 .1~  P I -~TCUTI2  9Z87 
M- R 6OIA (757 .6 )  (B .B )  JACOBS 66 HBC - 2 -BP I -  6 / 68  
M- R 2775 I 753 .5 )  ( 10 .5 )  JACOBS 66 NBC Z -BP I -~T  CUT 20 6168 
M-- R 4749.0) IS.O) WEST 66 HBC - 2.1 PI- P 10166 
M- 752 ,0  14°0 BANNER 67 MMS - ( .B  P I -P t  P+M~ 9167 
M-- C | 755 ,0 )  (S .O)  3BATON 67 HBC 2 .8  Pl-- P 10Z67 
M- 751. 5. CLEAR 67 HBO B HI- P 7/67 



M E S O N S  

4 4  ¸ See the illustrated key preceding the data card listings 
Data in parentheses have not been included in our averages. 

M- 764. 4. EISNER 67 HBC - A.2 PI-P 9 /67  
~- R (777.01 (b.O) MILLER 6T HBC 2.7 PI-,T CUT 5 9/66 
H- ~ (7?S.OI (5.0) MILLER 67 HBC - 2 .7  PI-.T CUTIO 9/66 
M- R [768.0) (5°0) MILLER 67 HOC - 2.7 PI-,T CUTEO 9/66 
M- R (773.0) (2.0) BATON 68 HBC 2.8 PI-,T CUT13 7/69 
u -  12773 764.3 1.9 1.B 6RISUT 68 RVUE 1.7-3oEPI - fCTIO 6/68 
~-  A12773 {764°3) [19.23 [3.3) 6PISUT 68 R V U E  Io7-3 .2P[ -~CT10 6/68 
M- A ERRORS ARE 2 STD AND INCLUDE SYSTERRTIC UNCERTAINTIES FROM THEORY 
M- 776.0 4 .0  REYNOLDS 69 HBC - 2.26 P I -  P 5/70* 

SANIOS 62 HBC 0 4.? PI-P 
ABOLINE 63 HBC 0 3.5 PI+P 
GUIR6GOSS 6S HBC 0 So~PI-P 
GOLDHAOER 68 HBC 0 3o7 PI+P 
AtYEA 65 DEC 0 2o2 K- P 6 /66 
CLARK 65 OSPK 0 1.5 PI--P 
GUTAY 6E HBC 0 2°0 E l -  P 6 /66 
ACCENSI 66 HBC 0 5o7 PBARP 6/66 
ALFF-STEI 66 HBC 0 2-3 FI+ P 6/66 
8ALTAY 66 HBC 0 0.0 RBARP 6/66 
C6MBRIDGE 66 HBC 0 1.0"6.0 GAMMA P 10/66 
CASON 66 HBC 0 7o0 P1- P 9/66 
HAGOPIAN1 66 HBC 0 3.0 PI- P 6/66 
HAGOPIAN2 66 HBC 0 2.14 PI-P 9/67 
HAGOPIAN2 66 HBC 0 2 . 1 P I - , T C U T  I2 2/67 
JACOBS 66 HBC 0 2-3PI- 6/68 
J6COES 66 HBC 0 2 -3PI -~T CUT 20 6 /68 
JAPES 66 HBC 0 2 .1PI÷  P 6/66 
WEST 66 HBC 0 2.1PI- P 10/66 
ASBURY 2 67 CNTR 0 GAMMA + PB 8/67 
BACON 67 HBC 0 1o7 PI-P 9/67 
RARLON 67 HBC 0 [o2 PEAR P 11/66 
OANYSZ 67 HBC 0 3o0 PB P,6 P[ 7/6T 
DANYSZ 67 HBC 0 3.0 PB P,7 P) 6/68 

HUWE 67 HBC 0 2*4 PI- P 7/67 
MILLER 67 HBC 0 E.? PI-,T CUT20 9/66 
POIRIER 67 HBC 0 8,0  PI- P 11/67 
ARC COLL. 68 HBC 0 8 RI+P TO P+3PI E/68 
ARMENISE 68 00C 0 5ol  PI+D 6~68 
BLECHSCHN 68 HBC 0 GAMMA P (BREMS) 6/68 
DONALD 68 HBC 0 1o2 PB PI4 PR. 9/68 
FOSTER 68 HRC 0 PBAR P AT REST 6/68 
HYAME 68 OSPK 011.2 PI- P 9/68 
JONES b80SPK 0 1EPI-~ T LT E.S 5 /68 
JONES 68 OSPK 0 18PI - ,  T LT 2.5 5/68 
JONES 68 OSPK 0 18P I - ,T2 .5  TO 5 5/68 
JONES 68 OSPK 0 I Z P I - , T  E TO 10 5/68 
JONES 68 OSPK 0 18P I - ,T  5 TO lO 5/68 
JONES 68 OSPK 0 12PI-,T10 TO 15 5/68 
JONES 68 GSPK 0 18PI-~TIO TO 15 5/68 
KEY 68 HBC 0 3,0 P I -  P B/68 
LAMSA 68 HBC 0 B.O PI-P 11/67 
LANZEROTT 68 CNTR 0 GAMM6 P(BREMSI 10/66 
AUGUSTII 69 OSPK 0 E+E- COLL*BEANS 4/69 

773.5 5o4 1AUOUSTIE 69 OSPK 0 E+E- COLLoBEAMS 8/69 
AUGOSTIN 2 TAKES ACCOUNT oF RHO-OMEGA INTERFERENCE~ AND 
INCLUDES DATA DF AUOUSTIN 1. 

17S~.O) { 9 . 0 t  AUSIENOER 69 OSPK 0 E+E- COLL.BEAMS 6/68 
SEE ALSO HAISSINSKI 69~ WHO FITS AUSLENDER 69 DATA 

(768.) ( i 0 . )  HA[SS[NSK 69 RVUE 0 E+E- COLL.BEANS 9/69 
HAISSINSKI 69 IS FIT TO AUSLENOER 68 DATA 
768.6 2.4 N6LAMUD 69 RVUE 0 2-4 PI-P 5/70* 

(755 .0 }  ( 1 5 . 0 )  MOTT 69 HEC 0 9 . 1 - 5 . 5  K- P 7/69 
7TI.0 3.O REYNOLDS 69 HBC 0 2.E6 PI- P B/70* 
770.0 5.8 7ROOS 69 ~VUE D E+E- COLL.8EAMS 9169 

(759*0)  { 7 . 0 )  SCHAREN 69 HBC 0 2-4 P I -  P B/70~ 
765*0 10o0 ALVENStEB 70 CNTR 0 GAMMA A(BREM$1 B/70* 
765°0 3o0 BINGHAM 7C HBC 0 2.8 GAMMA P B/TOt 
?60.0 3.D BINGHAM 70 HBC 0 A.7 GAMMA P B/70~ 
767.7 1.9 BIGGS 70 CNTR OPHOTOPRODUCTION 6 / 7 0 *  

MO NEUTRAL ONLY 
MO 190 f 750.0) (~0*03 
~0 R 300 (760.0} (10.03 
MD 160 { 77B.0) 
NO R SO0 (770.03 tlO.OI 
MO (735 .0 )  (IO.O) 
MO (7S0.0) 
MO S { 750.03 {15.01 
MO 768.0 14.0 
MO R (750.0) IS.Of 
MO S {751.1 {6.) 
MO P {T2B°OI ( 8 . 0 ]  
" °  o ~ {7, .o{ ,1~.o) 

1775.01 15.01 
MO R { 770.0)  IS .E l  
MO R (770.) (5.)  
MO R 7760 (763.3) (6*Of 
~0 R t.207 (758.0I (7.51 
MO R (765.03 IS.O} 
RO R (760.0) (3*0) 
~O 765, B. 
MO P 1768.0) ( 2 . 0 )  
~O 745. 9. 
MO 327 750. I0. 
MO 0 240 (T52. I [ I 0 . )  
NO 0 SELECTION ON OMEGA. 
MO R [ 7 6 1 . )  (3.) 
MO R 1770.0] (4*O) 
~40 ( 7T7.0; (B.O) 
~0 770*0 3.0 
RO R (775 .0 )  ( 2 , 0 )  
RO 763° 15. 
NO 745.0 5.O 
MO 776. 5. 
MO 775.0 3.0 
NO S (765o01 (6.01 
: o  ° ~ (9.s.o{ [13.o) 

(760.01 19.03 
NO S (789.01 (5°0)  
NO S (761 .0 )  16.0)  
MO S {750.0) 18.03 
RO S 17BO.O} {10.03 
MO S I 760o03 (5.0) 
MO 766. 4o 
,0 P (7~0o0) (10.01 
MO E (970.01 (4.01 
MD 
~0 
MO 
~D E 
MO 
MO E 
~0 
~0 
~0 S 
HO 
MO 
ME C 
MO 
~0 
MO 
~0 
MO 

,LITT, 68 .PC -D 1.6 PI-P 
CHADWICK 63 HBC ÷--0 O.O PRAR P 
FRENCH 67 HBC +-O 3-A PEAR P 6167 
JOHNSON 68 HBC --O 3.7-4. E P I -  P 7/69 

M WIXFO CFAROES 
240 (752.03 

M E90 (755.03 
M 749. 9.  
M 775.0 2.0 
M . . . . . . . . .  

M . . . . . . . . . .  MUTES . . . . . . . . . .  

M C FROR POLE EXTRAPOLATION 
E INCLUDED IN RODS 69 RVUE 

M P PHOTOPRDDUCTION~UNCORRECTEO FOR PRODUCTION E:DEPENOENCE 
OR B6CKGROUND INTERFERENCE 

R INCLUDED IN PlSUT 6B RVUE 
R S S-WAVE B~EIT-WIGNER FIT, CANNOT BE COMBINED WITH OTHER VALUES 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

9 RHO(O] -- RHO(+-I MASS DIFFERENCE IMEVI 

D E.4 2*I PISUT 68 RVUE P I N  TO RHO N 6/68 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

g RHO WIDTH (MBV) 

w SEE NOTE ON R~O MASS ABOVE 

w+ CHARGE PLUS ONLY 
w+ 90,0 lO.O SAOLAY 63 HBC + 2.8 PI+P 
w+ R (IT.O) (20°0( CARMONY 69 HBC + 3.5 PI÷P~TCUT 9 
W÷ 160. I0. ARMENISE 6B HBC + 2.8 PI+P 
w+ P 1100.0I ALFF-STE1 66 HBC + 2-3 PI+ P 6 /66 
w+ R 4177.O) ( 1 5 . 0 )  JAMES 66 HBC + 2. I  PI+ P 7/66 
w+ R (147.0) (19°0) JAPES 66 HBC + 2.1 PI+,TCUTE.B 8/66 
~+ 149.0 22.0 AOC COLL. 68 HOG + 8 PIeP TO P+3Pl 5 /68 
W+ . . . . . . . . .  

BALT6Y 66 HBC +- O.O PBARP 6/66 
BALTAY 66 HBC 0.0 PBARP 6/66 
ALLES-BOR 67 HBC +- 5°7 PEAR P 12/66 
BARLOW 67 HBC +-  1.2 PBAR P 11/66 
FOSTER 68 HBC +- PEAR P AT REST 6168 

w+ CHARGE PLUS ANO ~INUS 
w+ S {150.01 (30.0{ 
w+ S (150.03 (30.0{ 
w+ 1A6* 31. 
w+ 130. 25. 
w+ 145* I0. 
W+ . . . . . . . . .  

w- OHARG E MINUS ONLY 
N- 130 (125.0I 
N- 9E (180.01 
w- R (127.0} ( 5 . 0 l  
W- R (150.0) (20.0} 
W- R (130°0) (2O.O) 
W- R {135.01 (20.0) 
W- R 6014 (139.5l II5°OI 
~ R 277E (137.I] { 2 0 . 0 I  

R ( 1 4 9 * 0 1  (13.0] 
W- lO0.O 30.0 
W- C (liD°O) (9.03 
W- 133. l l -  
W- R (137 .0 l  ( 17 .0 )  
W- R (145.0I (12°0) 
W- R (153 .0 }  II3.O) 
W- R (150 .0 )  (5.0) 
W- 1277S 147o3 4.0 
W- 151.0 10,0 
W- . . . . . . . . .  

UO NEUTRAL ONLY 
WO 190 (150 .0 )  ( 20 .0 )  
WOR 300 (go.of (lO.O) 
WO 160 (178.0) 
WO g 500 {130.03 
NO 110.0 20.0 
WO {130.0) 

GUIRAGDSS 63 HBC - 3 .3  PI-P 
BONBAR 64 HBC ~ . i  PI-P 
BLIEOEN 66 RNSP -- 3-5 P l -  P 6166 
HAGOPIANI 66 HRC 3.0 P I -  P 6 /66 
HAGOPIAN2 66 HBC 2.14 PI-P 9/67 
HAOOPIANE 66 HRC E°I4 PI-vTCUT12 9/67 
JAC00S 66 HBC - 2 - 3 P I -  6/6B 
JACOBS 66 HBC 2-SPI-~T CUT 20 6/68 
WEST 66 HBC -- 2.1 PI- P LD/66 
BANNER 67 MRS 1.8 PI-P, P+MM 9167 

3BATON 67 HBC - 2.8 Pl- P I0/67 
EISNER 67 HBC 4.2 PI-P 9/67 
MILLER 67 HBC - Z,7 El- iT CUT 5 9/66 
MILLER 67 HBC 2.7  P I - vT  CUT IO 9/66 
MILLER 67 HBC - 2.7 PI-~T C~20 9/66 
BATON 68 HBC - 2°8 PI- P 7169 

3.9 ~ I S U T  68 R V U E  I ° 7 - 3 ° 2 P I - t E T I O  6/68 
REYNOLDS 69 HBC 2°26 P~- P 5 /70 "  

S6UlOS 62 HBC 0 4.7 PI-P 
ABOLINS 63 HBE 0 3.5 PI+P 
GUIRAGOSS 63 HBC 0 3.3 PI-P 
GOLDHABER 6B HBC 0 3.7 PI+P 
ALYEA 65 DEC 0 2.2  K- P 
CLARK 65 OSPK O 1.5 PI-P 

6/66 

WO S {SO.O) (15.0) GUTAY 65 HBC 0 2.0 PI- P 6166 
WO 7Z.O ]O.O ACCENSI 66 HBC 0 B.7 PBARP 6/66 
wO R rEDO.O) ALFF-STEI 66 HBC O 2-3 PI+ P 6/66 
NO S I174.) (BI.)  BALTAY 66 HBC 0 0.0 PBARP 6166 
WO P (175.0) CAMBRIDGE 86 HBC O 5-6 GAM P 9/66 
wO S (B7.O( (25.0) (15°03 CASON 66 HBC 0 7.8 PI- P 9/66 
WO P (IEO.O) (I0.03 HAGOPIANI 66 HBC O 3.0 El-  P 6166 
WOR II3O.O) (20.0) HAGOPIAN2 66 HBC O 2.[4 PI-P 9167 

(135°0) (EO.O) HAGOPIAN2 66 HBC 0 E.14 PI-PILOW T 9/67 WOR 
W O R  7760 I136°4l (1Z.O) JACOBS 66 HBC 0 2 - 3 P I -  6168 

JRCOBS 66 HBC 0 E - 3 P I - t T  CUT 20 6168 wO R 4207 (122o23 (15.0) 
WOR I I 0 3 . 0 )  t I E . O f  
WOR (173.01 ( I S . O )  
WO 130. 5. 
WOR (148.0] (8.0) 
wO 92. BED 
WO 327 135. 25. 
WOO 2BO ( 8 0 ° )  ( 3 0 . 1  
WO 0 SELECTION ON OMEGA 
WOR ( l f i 2 . )  I15.) 
WOR (160.OI  ( IB .O)  
WO (135.0) (10.03 
WO 165.0 10.0 
WOR It67.O) I6.0) 
WO 126 .  EO° 
WO 1 5 0 . 0  1 3 . 0  
WO 132. 10° 
WO I65.0 9 . 0  
WD S 1 1 2 9 . 0 )  (19.03 

WO S (169.0) (41.03 
WO S (175.03 (30.0) 
WO S ( 1 5 7 ° 0 )  ( 1 6 . 0 )  
wo S IIB7.O) (19°0) 
WO S I102.0~ IZS.01 
WO S (157.03 (31.03 
WO S (L13 .0 )  (16°0I 
WO Ill* B. 
WO S (160 ,0 )  ( 10 .0 )  

JAMES 66 HBC 0 2°1PI+ P 6166 
WEST 66 HBC 0 2. I  Pl -  P 10/66 
ASBURY 2 67 CNTR 0 GAMMA + PB 8/67 
BACON 67 HBC 0 1°7 PI-P 9 /67 
BARTON 67 HBC 0 1.2 PBAR P 11166 
OANYSZ 67 HBC O 3 .0  P8 Pt6 PI 7/67 
nANYSZ 69 HBC O 3 .0  PB Pt7 PI 6168 

HUWE 67 HBC 0 2.4 PI- P 7/67 
MILLER 67 HBC 0 E°? PZ-rT CUTEO 9166 
POIRIER 67 HBC 0 B.O P l -  P 11167 
ARC COLL. 68 HBC 0 8 PI+P TO P+3PI B/6B 
ARMENISE 68 DBC 0 5.1PI+O 6168 
BLECHSCHN 68 HBC O GAMMA P (BREMSI 6168 
DONALD 68 H8C O i°2 PB P14 PR. 9168 
FOSTER 68 HBC D PBAR P AT REST 6/68 
HYAMS 68 OSPK 011.2 P I -  P 9 / 6 8  
JONES 68 OSPK O 12PI-~ T LT E°5 5/69 

JONES 68 OSPK O 18PI - ,  T LT 2.5 5/68 
JONES 68 OSPK 0 t 8 P [ - , T 2 . 5  TO 5 5168 
JONES 68 OSPN 0 12PI-pT E TO 10 BI68 
JONES 68 OSPN D 1RPI- ,T  5 TO lO 5/68 
JONES 68 OSPK 0 LZEI-~TlO TO 15 5168 
JONES 68 OSPK O 18PI - ,T IO TO 15 B/68 
KEY 68 HBC 0 3.0 P I -  P 5/68 
L6MSA BB HBC 0 0.0 FI--P l l / 6 9  
LANZERDTT 68 CNTR O GRMNA P 5/6S 

wo C1489o (IO5.0) IXS°OI 5MARATECN 68 HBC 0 1.9-3.0 El-  P q/68 
Wo L22.0 7.0 6 .0  7ROOS 69 RVUE 0 ErE- COLL.BE6MS 9 /69  
WOE ( l l l . D )  [6.0} AUGUST)1 69 OSPK O E+E- COLL.OEANS 4/69 
WO l l O . T  5.3 1AUGUST[2 69 OSPK 0 E+E- COLL.BEAMS 0/69 
WO AUGUSTIN 2 TAKES ACCOUNT OF RHO-OMEGA INTERFERENCEp AND 
WO 
W O E  
WO 
W O E  
WO H 
WO 
uO S 
WO 
wo C 
WO 
WO 
wo 
wo 
WO 

INCLUDES DATA OF AUGUSTIN I° 
(105o03 (20.03 AUSLENOER 69 OSPK 0 E+E -COLL. BEAMS 6/68 

SEE ALSO HAISSINSKI 69, WHO FITS AUSLENDER 69 DATA 
(lAD.) (14.) HAI$SINSK 69 RVUE 0 EeE- COLt°BEAMS 9/69 

ABOVE VALUE FROM FIT TO AUSLENDER 68 DATA 
132.0 13.0 MALAMUO 69 RVUE O 2-4 PI-P 5/70~ 

(LSO.8I (40.0I MDTT 69 HBC 0 4.1-5.5 K- P 7/69 
5 /70*  127.0 7.0 REYNOLDS 69 HBC 0 2.26 P I -  P 

(119.03 ( 2 0 . 0 )  SCHAREN 69 HBC 0 2-4 El-  P 5/705 
140.0 5.0 ALVENSLEB 70 CNTR O GAMMA A(BREMS) 5170, 
132.0 6°0 BINGHAM 70 HBC 0 2.8 GAMMA P 5t70~ 
I61.0 S.O BINOH6M TO HBC 0 Ao7 GAMMA P fl/70* 
166ol E.9 81GGS TO CNTR OPHOTOPRODUCTION 6170- 

. . . . .  . . o o 

W MIXED CNARGES 
W 290 (110.01 
W 98. 30. 
W L54.0 6 .0  
N . . . . . . . . .  

CHADWICK 63 HBC ~-O 0.0 PRAR P 
FRENCH 67 HBC +-0 3-B PEAR P 6/67 
JOHNSON 68 HBC -O 3.7-4.2 PI- P 7169 

W . . . . . . . . . .  NOTES . . . . . . .  

W C FROM POLE EXTRAPOLATION 
w E INCLUDED IN RODS 69 RVUE 

R INcLuOEO IN PISUT 68 RVUE N 
W P PHOTOPRODUCTIONt UNCORRECTED (SEE NOTE P UNDER RHO MASS{ 
W S S-WAVE BREIT-WIGNER PIT, CANNOT BE COMBINED WITH OTHER VALUES 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

9 RHO PARTIAL DECAY MODES 

DECAY MASSES 
PI RHO INTO EPI 189+ 139 
P2 RHO INTO 4PI 139+ 1B9+ 139+ IB9 
PS RHO INTO PI GAMMA LB9+ O 
P6 RHO INTO E~ E -  .5+ .5 
P5 RHO INTO P) ETR (VIOLATES GI 139+ 568 
P6 RHO INTO MUf MU- 105+ 1DE 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  



M ESONS 

9 RHO 8RANCHING RATIOS 

45 
See the illustrated key preceding the data card listings. 

Data in parentheses have not been included in our averages. 

ACCENSI 66 PL 20  557  ACCENSI,ALLES-BORELLI,FRENCH,FRIEK÷ (CERN} 
ALFF-STE 66 PR 145 1072  ALFF-STEINBERGER,BERLEY,ERUGGER+ (COL÷RUTG) 
8ALTAY 66 PR 145 1103  +FRANZINI,LUTJENS,SEVERINS,TYCKB÷(COLUMBIA) 

RI RHO INT~ 4PII2PI 

RI RHO÷- INTO {P l t -  El+ PI-  PIO) / IP I÷ -  PIO) 
RI (O.C268~R LESS BLIEDEN $6 MMSP - 3 -5  E l -  P 6166  
RI (O.OI)OR LESS DEUTSCHMA 66 HBC * 8.0 PI~ P 6166 
R1 (O.O02)OR LESS FEPBEL B6 HBC +-  P I * -  P ABOVE 2.5 I0/66 
RI 0 .0035  3.004 JAMES 66 HBC + 2.1 PI+P 11166 

RI  RHO 0 INTO (PI+ P I -  pie PI - )  / IP I÷ Pl - )  
RI (E.OOBIOR LESS JAMES 56 HBC 0 2.1PI+P 6 /66  
R I  (O.O02)DR LESS CHUNG 66 HBC D 3 *B~4 .2  PI-P 7/67 
RI (0.0015} OR LESS~CL=O.90 GERMAN CO D9 HBC 0 2.5-5°8 GAMMA P 10/67 

R2 RHO INTO ol GAMMA/EPI 
R2 M (O.02)OR LESS LANZEROTT 65 CNTR GAMMA P(BREMS) 11/66 
R2 (0.005)0R LESS FIOECARO 66 OSPK - 0 .97  CONE LEV 10166 
R2 (O.OOT)OR LESS HUSON 66 HLBC - 15 PI-PB 6 /66  
R2 ~ {D.OD21OR LESStCL=D.90 GERMAN CO 69 HBC - 3.5-B.5 GAMMA P 9169 
R2 M ONE PION EXCHANGE MODEL USED IN THIS ESTIMATION 

n3 RHO INTDIE+  E - ) / (P I+R I - )  IUN ITS  10 " * -41  

O + - • 
Extraction of a rate for p - ~  e e xs corn- 

p l i c a t e d  b y  i n t e r f e r e n c e  w i t h  0~ ° d e c a y .  In  
+ - 

p h o t o p r o d u c t i o n ,  y A  - ~  e e A ,  t h e r e  i s  s u b s t a n -  

t i a l  i n t e r f e r e n c e  b e t w e e n  t h e  a l l o w e d  (p0, c~)-~ e+e - 

d e c a y s .  T h e  i n t e r f e r e n c e  i n  t h e  c o l l i d i n g - b e a m  
+ - + - . 

r e a c t i o n  e e -~ ~r v ~s d u e  to  G p a r i t y  v i o l a -  

t i n g  m i x i n g  o f  t h e  o v e r l a p p i n g  p0 a n d  ~ r e s -  

o n a n c e s ;  i t  a l t e r s  t h e  r e s u l t s  f o r  t h e  r a t e  

F ( p  ° -~  e + e  - )  o n l y  b y  a s m a l l  a m o u n t .  T h e r e -  

f o r e  w e  u s e  at  p r e s e n t ,  for t h e  a v e r a g e ,  o n l y  
+ - + - 

t h e  v a l u e s  f r o m  t h e  e e -~ ~ ~ e x p e r i m e n t s .  

94 (0.65) 10.148 ASBURY I 67 CNTR PHOTORRODUOIION 9167 
POSSIBLY LARGE RHO-OMEGA INTERFERENCE 

(0°~58 ( I ° i )  }0.5) HERTZBACH 67 OSPK ASSUME SUI3I+MIXING 10 /66  
NOT SEPARATED FROM OHEGA OEEAY. 

BE (0*88t (0.11I ASTVADATU 68 OSPK ASSUME SU{B)*MIXING 6168 
NOT SEPARATED FROM OMEGA DECAY. ERROR STATISTICAL ONLY. 
0 .663  0.085 AUGUSTII 69 OSPK E+E- COLLID.BEAN 4 /69  
A8SUMING RHO WIDTH IIIMEV 
O.SO O.lO AUSLENDER 69 OSPK E÷E- COLLIO.BEA4 9 /68  

(0.49l (0.12} (D.15) BIDGS 70 CNTR PHOTOPRODUCTION 6/70" 
ASSDM[NG RHO WIDTH 140 NEV. ERROR STATISTICAL ONLY. 

0.595 O .D80  AVERAGE (ERROR INCLUDES SCALE FACTOR OF I . 2 )  

RHO INTO (Pl ETAI/(2RI) 
(O.03)OR LESS DEUTSCHMA 66 HBC + B.O pI+ P 6166 
(O.OD8) OR LESS FERBEL 66 HBC P I * -  P ABOVE 2.5 11166  

RHO INTO (MU÷ MU-)/(PI~ P I - }  (UN I0"#-4)  

SEE N~TE UNDER RHO INTO E÷E- ABOVE 

0.97 O.3I 0.33 HYA~S 67 OSPK I I  PI -  LI H B167 
HYAMS MASS RESOL. IS 20 MEV. THE OMEGA REGION WAS EXCLUDED. 
0.82 0.16 0.36 ROTHWELL 69 CNTR PHOTOPROOUCTION 4 /70¢  
POSSIBLY LARGE RHO--OMEGA INTERFERENCE ,LEADS US TO INCREASE 
ERROR 
0.56 0.15 WEHMANN 69 OSPK 12 P I -  ON C,EE T /69  
RESULT CONTAINS (11  ÷ -  111 PER CENT CORRECTION USING SU(3 )  
EOR CENTRAL VALUE. THE ERROR ON THE CORRECTION TAKES ACCOUNT 
OF POSSIBLE RHO--DMEGA INTERFERENCE AND THE UPPER l IMIT  AGREES 
WITH THE UPPER LIMIT OF (O~EGA INTO MU÷ NU-) EROM THIS EXPT. 

0.57 0.12 AVERAGE }ERROR INCLUDES SCALE FACTOR OF 1.0) 

R3 P 
R3 P 
R3 H 
P8 H 
RE A 
R3 A 
RB E 
83 E 
R3 
R3 F 
R3 F 
83 
R3 AVO 

R4 
R4 
R4 

R8 
R5 
R5 
R5 
P8 H 
R5 H 
85 R 
R5 R 
R8 R 
R5 
R5 W 
R8 W 
R3 W 
RS W 
R8 
R5 AVG 

ANDERS~N bi PFL 5 368 ANDERSGN,BANG,BURKE, CARMDNY,SCHMITZ (LRLI 
KENNEY 6E PR IE6 7E6 V P KENNEY,W D SHEPHARO,G D GALL }KENTUCKY) 
SA~IOS 62 PRL 9 139 SANIOS,BACHMAN~LEA+ (BNL~CCNY÷COLUM÷KENT) 
XDONG 62 PR 128 1849 NGUYEN HUU XUONG~GERALD R LYNCH (LRL) 

ABOLINS 68 PRL 11 381 ABOLINS~LANOER~MEHLHOP,NGUYEN~YAGER (UCSDI 
ALITTI 63 NC 29  515 ALITTI~BATON,ARMENISE+(SAE÷ORSAY~BARI+BOLGI 
CHADWICK 63 PRL 10 6Z EHAOWICK~OAVIES,DERRICK,CRESTI • (DXF~PAD)  
GUIRAGDS 68 PRL i i  68 ZAVEN GUIRAGOSSIAN (LRL) 
SACLAY 63 SIENA CONF 1 2Bq SAELAY÷DRSAY÷BARI • BOLOGNA- COLLABORATION 

BON~AR 64 NC 31 729 BONOAR÷ (AACHEN÷BIRM+BONN~DESY+IMP-COL+~PI) 
CARMONY 64 BUENA CON~ 1 486 CARHONY,HOA~LANOER,NG.H.XUONG,YAGER (UCSO) 
GOLOHABE 54 PRL 12 836 GOLDHABER,BROWN~KADYK,SHEN,TRILLING{LRL÷UC) 

4LYEA 65 PL 15 82 ALYEA,CRITTENOEN*MARTIN,RHODE + (INOIANA) 
ARMENISE 65 NC 37 ~E1 SACLAY~ORSAY÷BARI÷BOLDGNA COLLABORATION 
BLIE~EN 55 PL 19 444 CERN MISSING MASS SPECTROMETER GROUP (CERN) 
CLARK 65 PR 139 B 1556 A CLARK,CHRISTENSON, CRONINtTURLAY(PR[NCETD) 
~UTAY 65 NC 89 ~81 GUTAY,LANNUTTI,TULI (FLORIDA( 
LANZEROT 65 PRL 15 210 LANZEROTTI,BLUNENTHAL,EHN,FAISSLER ÷(HARVO) 
EOANI8 65 PRL 14 721 ZDRNIS~NADANSKYtKRAEMER + IJHU÷BNL) 

BLIEOEN 6& 
CAMBRIDG 66 
CASON 66 
DEUTSCNM 66 
FERBEL 66 

FIDECARO 66 PL 23 iBB  
HAGOPIA1 65  PR 14E 1128  
HAGOPIA2 66  PR ISR I 183  
HUSDN 66 PL 2D 91 
JACOBS 66 UCRL-16877 
JAMES 66 PR 142 8gE 
WEST 66 PR 149 1089  

ALLES-BO 67 NC 50 A 776 
ASBURY 1 67 PRL 19 86g 
ASBURY 2 E? PRL 19 865 
BACON 67 PR 187 I2E~ 
BANNER 67 EL 25 B 300 
PARLOR 67 NE 50A 701 
EATON 67 PL 25 B 419 

ALSO 67 NP B 3 349 
CLEAR 67 NC 49A E99 
DANYSZ 67 NC 51A  BOl 
EISNER 67 PR 164 log9 

NC 43 71 CEPN MISSING MASS SPECTROMETER GROUP (GERM) 
RE 146 994 CAMBRIDGE BUBBLE CHAMBER GROUP [MIT÷HARV÷) 
PR 148 1282  N M CASON (WISCONSIN) 
PL 20 82 DEUTSCHMANN,STEINBERG • (AACH~BERLIN* KERN) 
PL 21 111 FERBEL 

(ROCHESTER) V 9 
G÷M FIOECARO,J POIRIER~P SEHIAVON (CERN) 
HAGOPlAN,SELOVE,ALITTI,BATDN÷ (PENN÷SACLAY) 
HAGOPIAN,PAN (PENNSYLVANIA,LRL-BERKELEY) 
HUSON,ALLARD,DRIJARD,NENNESSY ÷ (ORSAY+EP) 
L.D.JACODS (LRL) 
E E JA~ES ,KRAYBILL  (yALE~BRDOKHAVENI 
WEST,BOYD,ERWIN~WALKER }WISCONSIN} 

ALLES-GORELLI,ERENCH,FRISK,÷ (CERN÷BONNt 
÷BECKER÷BERTRAM~JOOS÷JORDAN+TING*(OESY÷COLt 
*BECKER+BERTRAM~JODS*JORDAN÷TING+IDESY*COL) 
+FICKINGER,HILL,HOPKINS,ROBINSON+ (BNL) 
÷FAYOUX,HAMEL~ZSENBERYtOHEZE÷ (SACLAY÷CAENI 
+LILLESTOL÷MDNTANET÷(CERN~CDF÷IR+LIVERPOOLI 
J.BATON,G.LAURENS~J.REIGNIER ISAOLAYI 
J.BATON,G.LAURONS~J.REIGNIER (SACLAY) 
+JOHNSTON÷COOPER+MANNER+WALKER+(TG+ANL+WISI 
DANYSZ÷FRENCHeSIMAK (CERN) 
÷JOHNSON÷KLEIN+PETERS÷SAHNI÷YEN~ (PURDUE) 

FRENCH ET NC 82A 442 
HERTZBAG bT PR 155 1401 

(SEE ALSO ZDANIS 658 
HUNK 67 EL 24B 282 
HYAMS 67 PL 24B 534 
MILLER &7 PR 156 1423 
POIRI~R 67 PR 166 1462 

ABG DOLL 68 NP 64 501 
aRNENISE 68 ND 54A 999 
ASTVACAT 68  PL 27 B 45 
BATON E8 PR 176 157~ 
BLECHSCH 68 NC 53 A IDAE 

(SEE ALSO NC 82 A 1348 ) 
CHUNG 68 PR 165 149~ 
DONALD 68 NP B 6 174 
FOSTER 68 NP B 6 107 
NYAMS 58 NP B 7 1 
JONES 68 PR 166 1405 
JOHNSON 68  PR 176 IbEl 
KEY 58 PR 166 1430  
LANSA 68  PR l EG  1395 
LANZEROT 68 PR 166 I~65 
MARATECK 68 PRL 21 I613 
PISUT 58 NP B 6 325 

AUGUSTII 69  PL 2E B 508  
AUGUST(2 59  LNC 2 214 
AUSLENOE 69  SJNP 9 69  
GERMAN C 69 PR 188 2ObO 
HAISSINS B9 ARGONNE CONF. 373 
JUHALA 69 PR 184 1461 
MALAMUD 69  ARGONNE CONF.P.93 
MILLER 69 PR 178  2061 
MDTT 69  PR 177 1966 
REYNOLDS 69 PR 184 1424 
RODS 6q NP B lO  563 
ROTHWELL 69  PRL 23 1521 
SCHAREN 69 ARGONNE CDNF.3OB 
WEHMANN 69 PR 178 2098 

tKINSON÷MCDDNALD÷RIDDIEORDt (CERN~BIRM) 
HERTZBACH~KRAEMER,MADANSKI~ZDAN[S÷(JHU*BNL) 

~MARQUIT÷OPPENHEIMER*SCHULTZ÷WILSON IDOL) 
+KOCH÷PELLETT~POTTER+VONLINDERN~ ICERN+MUR) 
MILLERrGUTAY,JOHNSDN~LOEFFLER ~ (PURDUE) 
÷BISWAS,CASON,DERADO,KENNEY~ (NDTRDAM~PENH) 

AAEHENeBERLIN+CERN COLLABORATION 
÷GHIDINI,RORINO+ (BARI÷BOLOGN÷FIRENZ+ORSAY) 
ASTVACATUROVtAZIMOV,BALOIN÷ IJINR÷MOSDDW) 
J.P. BATONt G. LAURENS (SACLAYI 
BLECHSCHMIDT,DOWD,ELSNER,* (DESY÷MANCH) 

S.U.CHUNG,O.I.DAHL,J.KIRZ,D.H.MILLER (LRL) 
+EDWAROS,FROOESEN,BETTINI+ (LIVP÷OSLO+PADD} 
+GAVILLET÷LABRDSSE÷NONTANET~ (CERN*PARIS) 
*KOCH,~OTTER,WILSON,VON LINDERN+(CERN÷NPIMI 
+8LEULER,CALDWELL,ELSNER,HARTING+ (CERNI 
+POIRIER,EISWAS,GUTAY,DERADO+(ND÷PURD÷SLAC) 
~PRENTICEeCODPER÷MANNER~WALKER÷{TO÷ANL+WIS) 
÷CASDN+BISWAS÷DERADO+GROVES+ (NOTREDAME) 
LANZEROTTI,BLUMENTHAL,EHN,FAISSLER ~(HARVD) 
*HAGDPIANt÷ (PENN~LRL÷COLO+PURD~TNTD*WISC) 
3.PISUT,M.ROOS (CERNI 

~BIZOT÷BUON~HAISSINSKI÷LALANNE÷ (ORSAYI 
+LEFRANCOIS,LEHMANNtMARINt* (ORSAY| 
AUSLENDEReBUDKERfPANTUSDVA~PESTOV* (NOVOI 
GERMAN BUBBLE CHAMBER COLL.  (DESY)  
J.HAISSINSKI (ORSAYI 
+LEACQCK~RHODE,KEBELBAN,LIBEY,+ (AMES÷COLD) 
E.MALAMUD~ P.SCHLEIN (UCLA) 
R.MILLER,LICHTMAN~WILLMANN (PURDUE) 
÷ANMAR,OAVIS,KROPAD,SLATE,~AGAN* (NWES÷ANLI 
÷ALBRIGHT,BRADLEYpBRUCKER,NARMS~ IFLAS) 
M.ROOS,J.PISUT (CERN*BRATISLAVA) 
÷CHASE,EARLES,GETTNER,GLASS,WEINSTEI÷(NEAS) 
SCHARENGUIVEL (PURDUE} 
~ENGELS,WILSON,÷ (HARV÷CASE÷SLAC+CORN~MCGII 

ALVENSLE TO PRL 24 786 ALVENSLEBEN, BEGKER,BERTRAM,EHEN,CDMEN(OESY) 
BIGGS 70 PRL 24 1197  ~BFABEN~CLIPFT,GABATHULER,KITCHING~ (DARE) 
GINGHAM 70 ERL 24 955 +PRETTER,MOFFEIT,BALLAM+ (LRL+SEAC+TUFT) 

i ,  1 D N E O A ( , B A , J P O - I - - ,  ,=o 

............................................................... 

1 OMEGA MASS (MEV) 

M 400 7BZ.O I . 0  ALFF 62 HBC 2.3-2.9 PI+E 
N 64 779o4 1.4 ARMENTERO 62 HBC 0.0 P~AR P 

34 764.0 1.0 ARMENTERO 63 HBC O.O PEAR P 
220 761.0 2.0 RRAEMER 64 DBD 1.2 PI+D 

M 785°6 1.2 MILLER O 65 HBC SEEN WITH K+K- 
m EKE 7Bb. O 1.0 JAMES 66 HBC 2.1PI+P 6/66 
M 2198 783.4 0.7 BALTAY 67 HBC 0.0 PBAR P 9166 
N 155 ?79.8 1.8 BARASH 67 HBC O PEAR TD KIKION 11766 
M 764.8 I . I  KEY 68 HBC B PI-P liED7 
M 2400 762°4 0°5 BIZZARRI 69 HBC 0 PEAR P 9169 
M 250 784. I .  DANBURG 69 OBC 1.2 PI+ D 9169 
M 500 786. I .  DANBURG 69  OBC I . 4  El÷ D 9169 
M 60D 764. 1. DANBURG 69 DEE 1.7 PI÷ O 9169 
M CO0 786° 1. OANBURG 69  OBC 1.9 Ple D 9169 
M 400 785. I .  DANBURG 69 DBC 2 . I  PI÷ D 9f59 

200 785. 2. OANBURG 69 DEC 2.3 PI÷ D 9169 
750 784o l  1.2 ABRAMOVIC 70 NBC 3.9 E I -  P 6170, 

784.0 0.7 ATHERTON 70 HBC 3.6 PBAR Pt 7 P( 5170. 
783.2 1.6 BIGGS 70 CNTR PHOTOPRODUCTION 6170. 

AVO 783.70 0.38 AVERAGE }ERROR INCLUDES SCALE FACTOR 0~ l .T)  
ISEE IDEOGRAM BELOW ) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

I OMEGA FULL WIDTH IMEV) 

34 9.0 B.D ARMENTERO 63 HEC O.O PBAR P 
13.4 2.0 MILLER D 68 HBC SEEN WITH K÷ K- 

666 {20.08 OR LESS JAMES 66 HBC 2.1PI+P 6166 
155 [12.88 (2.0) BARASH 67 HBC SEEN WITH K( K( 6/66 

16.2 3.2 AUGUSTII 69 GSPK E÷ E- COLE.BEAMS 4/69 
780 8.8 3.0 ABRAMDVIC ?D HBE 3.9 PI-- P 6170" 

IE.2 2.7 ATHERTDN TO HBC 3.6 PEAR P, 7 Pl 5170, 

AVG 11.9 1.3 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.1) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  



4 6  
See the illustrated key preceding the data card listings. 

Data in parentheses have not been included in our averages. 

W E I G H T E D  QUERAGE = 7 B 3 . 7 0  • 0 . 3 8  

ERROR S C A L E D  BY 1 . 7  

M ESO NS 

- -  ~ ' -  . . . . . . .  BIDES 70 
. . . . . . .  ATHERTDN 70 

" + ~  . . . . . .  ABRAHOUIC 7 0  
. . . .  DANBURG 6 9  

t 

- - - ~  . . . . . .  OANBURG 6 9  
. . . .  DRNBURG 6 9  

4-- - -  . . . . .  D R N B U R G  6 9  
• " ' D A N B U R G  6 9  

4 - -  . . . . .  D A N B U R G  6 9  
. . . . . .  B I Z Z A R R I  6 9  

" " ' K E Y  68 
. . . . . .  BARRSH 67 
. . . . . .  BALTQY 67 

• " • J A M E S  66 
. . . .  HILLER O 6S 

. . . . .  KRAEMER 6 4  
" . A R H E N T E R ~  6 3  

' ' "  t "  "ARMENTERr l  6 2  
• - ~RLFF 6 2  

776  700  704  7BB 792  

OMEGA MESnN MASS (MEU} 

I OMEGA PARTIAL DECAY MODES 

OMEGA INTO PI+ PI- RIO 
OMEGA INTO Pl+ Pl- (VIOLATES G) 
OMEGA INTO PIO GAMMA (ONLY NEUTRAL INPUT TD FIT} 
O~EGA INTO PI+ P l -  GAMMA 
OMEGA INTO 2RIO GAMMA 
OPEGA INTO ETA GAMMA 
OMEGA INTO E+ E- 
OMEGA INTO MU+ MU- 

CHISQ 
CNTR O . i  
HBC 0 . 2  
HBC O . i  
OBC 0 . 4  
DBC 1 . 7  
OBC 5 . 3  
DBC O . i  
DBC 6 . 3  
DBC O.i 
HBC 6 . B  
HBC i . O  
HBC 7 , 9  
HBC 0 . 2  
HBC S . 3  
HBC 2 , S  
OBC i . B  
HBC 0 . I  
HBC 9 . 5  
HBC 2 , 9  

E l , l  

(CDNLEU 
= o , 0 0 0 3  

DECAY MASSES 
Pl 139+ 13D+ 134 
PE 139+ 139 
P3 134+ O 
P4 139+ 139+ 0 
P5 134+ 134+ 0 
P6 548+ 0 
P7 .5+ .5 
P8 105+ 105 

548+ 134 P9 OMEGA INTO ETA RIO (VIOLATES C) 
RIO ~MEGA INTO 3 GAMMA O+ O+ O 
Pl l  OMEGA INTO RiO MU* MU- 134+ 105+ 105 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

i OMEGA BRANCHING RATIOS 

Note, O n the branching ratios ofco,(784) 

N o t e  t h a t  t h e  e r r o r s  of t h e  d e c a y  b r a n c h i n g  

r a t i o s  i n  t h e  M e s o n  T a b l e  a r e  s l i g h t l y  d i f f e r e n t  

f r o m  t h e i r  v a l u e s  b e l o w  ( u n d e r  (' V A L U E  F R O M  

C O N S T R A I N E D  F I T  ' ( ) ,  t h e  t a b l e  v a l u e s  b e i n g  

m o r e  c o n s e r v a t i v e .  T h e  C O N S T R A I N E D  F I T  

o n l y  t a k e s  i n t o  a c c o u n t  t h e  d e c a y  m o d e s  
+ - o + - 

w w w , w w ,and neutrals, the latter defined as 

~r0y. In  t h e  M e  s o n  T a b l e  we h a v e  a l s o  t a k e n  i n t o  

a c c o u n t  t h e  u p p e r  l i m i t s ,  L i ( o n e - s t a n d a r d -  

d e v i a t i o n  v a l u e s ) ,  o n  t h e  fly, w+w-y,  a n d  "n'0~0y 

d e c a y s  b y  t r e a t i n g  t h e m  a s  i f  t h e y  w e r e  m e a s -  

u r e m e n t  r e s u l t s  of v a l u e  0 4- L . .  
t 

RI OMEGA INTO NEUTRALIIPI÷ PI- PlO} 
RI 0.17 0.04 ARMENTERO 63 HBC 0.0 PBAR R 
RI BO 0.11 0.02 BUSCHBECK 60 HBC 1.5 K-P 
RI 35 O.OB 0.03 KRAEMER 64 DEC 1.2 PI+O 
ql 65 O.IO 0.04 ALFF-STEI 66 HBC CORK.BY SCHULTZ(COL) 9766 
El 850 0.134 0.026 OIGIUGNO 66 CNTR 1.4 PI-P 9166 
RI 340 0.092 0*016 FLATTE 66 HBC 1.8 K-P 9166 
RZ 0.06 0.05 0.02 JAMES 66 HBE 2.1PI~P 6/66 
R1 19 0.10 0.03 BARASE 6T HBC 0.0  PBAR P 7/67 

~I AVE 0.1043 0.0091 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0) 
R1 FIT 0.1050 0 .0072  VALUE FROM CONSTRAINED FIT 

R2 OMEGA INTO (PI* PI - l / {PI+ Pl-  PIOl. SEE ALSO R15 
R2 F (.O02)OR MORE,C.L.=0.9 ELATTE 70 HBC l.R K- P 8/6g 
R2 {O.OII)OR MOREtE.L.=Oo95 ABRAMOVIC 20 HBC 3.g Pl-  P 6170" 
RR (0.023)OR MORE,C.L.=0.95 CHAPMAN 70 HBC 1.6-2.Z P PBAR 6120" 

R2 F FLATTE 70 SEES NO SIGNAL AT 1.7, E . l ,  2.6 GEVIC. 
RE R (0.03610R LESStC.L.=O.95 BIZZARRI 70 ODC PBAR N AT REST 6170.  
R2 R 0.022 0.009 O.OI ROOS 70 RVUE 6/70* 
R2 R COMBINED FROM B[ZZARR[ 70 AND ABRAMOVICH TO 61TO* 
R2 . . . . . . . . .  
Q2 FIT O.OIO~ 0 .0028 VALUE FROM CONSTRAINED FIT 
q3 OMEGA INTO (OlD GAM~AI I (PI+ PI- PIO) 
R3 (0.125) (O.025}OR GRTR. BARMIN 64 PXBC 2.8 PI-P 
R3 0.10 0.04 JACQUET 69 HLBC 10/67 
R3 . . . . . . . . .  
R3 FIT 0.i050 0.0B72 VALUE FROM CONSTRAINED FIT 

RA OMEGA INTO IN}+ Pl-  GAMMA(I{P[÷ Pl- PIO} 
R4 [0.05) OR LESS FLATTE 66 HBC 1.B K-P 9166 

R6 OMEGA INTO (MU* MU-)IIPI÷ Pl- RIOI(UNITS i0"*-31 
R6 ( [ .E)  OR LEGS GALTIERI 65 HBC 2.7 K-P 
R6 (I.T)OR LESS FLATTE 66 HBC 1.8 K-P 9166 
R6 (O.B) OR LESS WILSON 69 OSPK 12 Pl- ON C,FE 9/6D 

R7 OMEGA INTO IEPIO GAMM)/(PIO GAMMA) 
R7 { 0 . i )  OR LESS BARMIN 64 PXBC 1.3-2.8 PI-P 
R7 (0.45) (0.333 STPUGALSK 69 HLBC 2.34 PI+ N B/Eg 

RB OMEGA INTO{ETA RIO +ETA GAMII(PI+PI-PIO) 
R8 {0 .017)  OR LESS FLATTE 66 HBC 1.8 K~P g/66 
R8 (0 .045)0R LESS JACQUET 69 H L B C  CL=O.95 6170, 

RB OMEGA INTO (NEUTRALS} /(EHARGEO} 
R9 0.124 O.O21 FELOMAN 67 OSPK 1.2 Pl- P 3167 
R9 . . . . . . . . .  
B9 FIT O.lOS9 0.0071 VALUE FROM CONSTRAINED FIT 

RIO OMEGA INTO (ZPIO GAMMA)I(PI+PI-PIO) 
RIO {0.083 OR LESS JACQUET 69 HLBC CL=O.O5 4/70" 

RII OMEGA INTO [ETA GAMMA)I{PIO GAMMA} 
RII (0.581 00.30} STRUGALGK 69 HLBC 2.34 PI&N 6169 

RIB OMEGA INTO (RIO MU* MU-J / TOTAL (UNITS 10"*-33 
RIZ ( 2 . )  OR LESS WEHMANN 58 OSPK IZ Pl- FE 6/68 

RIB OMEGA INTO IE+ E-)ITOTAL (UNITS IO**-AI 
RI~ 3 2. 1.2 BINNIE 65 OSPK PI-P NEAR THLD. 6166 
R13 B MASS RESOLUTION OF BINNIE 65 IS ABOUT 15 MEV. 
RIB H If.Of [1.73 I0.75) HERTZBACH 67 OSPK ASSUME SU(BI÷MIXING 10166 
RIB H NOT RESOLVED FROM RHO DECAY. 
RIB A 33 (0.55) (0.13] ASTVACATU 68 OSPK ASSUME SU(BI+MIXING 6168 
RIB A NOT RESOLVED FROM RHO DECAY. ERROR STATISTICAL ONLY. 
R13 0 .40 O.2L BOLLINI 1 68 C N T R  1.7PI-P~NOTE Z 9158 
RI~ Z MASS RESOLUTION OF BOLLINI i IS +-10 MEV.HIS ERROR IS +-.15 
RI3 Z WITHOUT RHO-OMEGA INTERFERENCE. COMPLETE INTERFERENCE WOULD 
R13 Z CHANGE VALUE BY +-35 PER CENT. THEREFORE WE INCREASED ERROR. 
R13 0 .76 0.14 AUGUSTII 69 OSPR SEE NOTE E 9 /68 
RIB E FROM E+ E- COLLIDING BEAMSp ASSUMING OMEGA WIDTH 12.2÷-L.3 MEV 4/69 
RIB . . . . . . . . .  
Rl3 AVG 0.66 0.17 AVERAGE (ERROR INCLUDES SCALE FACTOR OF i .  AI 

(SEE IDEOGRAM BELOW ) 

RI@ OMEGA INTO NEUTRALS / TOTAL 
RI4 O.OB4 O.Ol5 BOLLINI 68 ENTR 2 . 1 P l -  P 6168 
RI4 O.07g 0.019 DEINET 69 OSPR 1.5 PI- P 9/69 

RI4 . . . . . . . . .  
RI4 AVG 0.082 0 . 0 1 2  AVERAGE (ERROR INCLUDES SCALE FACTOR OF l.O) 
RI4 FIT 0.0941 0 .0059  VALUE FROM CONSTRAINED FIT 

AlE OMEGA INTO IPI R I l l ( T O T A L ) .  SEE ALSO R2 
RI5 0.032 O.OEB 0.019 AUOUSTI2 69 DSPK E+E- COLL.BEAMS 8169 
RI5 (O.O03(OR MOREyC.L.=0.95 GOLDHABER 69 HBC 3.7-A.0 PI+P 11/69 
RI5 (O.014)GR MORE,C.L.=O.O5 ALLISON 70 HGC 1.3--1.7 PBAR P 6/70* 
R15 0.0080 0 .0028 O.OOEZBIGGS 70 CNTR PHOTOPRODUETION 6170* 
RIB . . . . . . . . .  
RIG AVG O.OOB3 0.0025 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.03 

FOR COMPILATIONS~ SEE GOLDHABER 70 AND RODS 70 
RI5 . . . . . . . . .  
RIG FIT 0.0093 0 .0025  VALUE FROM CONSTRAINED FIT 

R16 OMEGA INTO IETA GAMMA} I IALL NEUTRALS) 
RIG I0.24I OR LESS (CL=O.O) DEINET 69 OSPK 9169 

RI? OMEGA INTO I2 PlO GAMMAI I (ALL NEUTRALS) 
hi7 ( O . l g )  OR LESS (CL=O.9) DEINET 69 OSPK 9/69 

RI8 OMEGA INTO (PIO GAMMA) I IALL NEUTRALS) 
R18 ( O . B l )  OR GREATERiEL=O.DIDEINET 69 OSPN 9/69 

WEIGHTED AUERAGE = 0 . 6 6  ± 0.17 
ERROR SCALED BY 1 . 4  

I 

, i 

OMEGA MESON INTO (NEUTRALS) / (CHARGED) 

. . . . . . . . . . .  A U G U S T I 1  6 9  OSPK 

. . . . . . . . . .  B O L L I N I  i 6 8  CNTR 

BINNIE 6 5  OSPK 

CHISQ 
O.S 

1 . 6  

2 . 0  
[CONLEU 
=0 . I S 3 )  



MESONS 

See the illustrated key  preceding the data card listings. 

Data in parentheses have not  been included in our averages. 

47 

~i~ed Partial Decay Mode Branchin~ Fractions 

Diagonal elements ar~ P, ± EP.; El ~- = ~ >  • C~-dlagorml elements are 

correl~t~n coef~icienEs = <EPiEP~> / (6P i. 6Pj)o 

P 1 P 2 P 3 

P 1 .EO?+-.OOB 
o 2 -.374 .009+-.003 
P ~ -.gI~ -.ORS .004+- =006 

CAGLIC 61PRL 7 178 
PEVSNER 01PRL  7 421 
XUONG 61PRL T 327 

~LFF 6Z PRL 9 325 
ARMENTER 62 CERN CONF 90 
STEVENSO b2 PR 125 687 

~RMENTER 63 SIENA CONF i 296 
EAR~IN 63 SIENA CBNF l 207 
BERTHELO 63 SIENA CONF 2 60 
BUSCHGEC 63 SIENA CONF 1 166 
GELFAND 69 PRL 11 436 
MURRAY 63 Pt 7 358 

BARMIN E~ JETP 18 1289 
BEZAGUET 64 PL 12 70 
KRAE~ER 54 PR 196 B 496 

MINNIE 65 PL I 8  348 
GALTIERI 65 PRL 14 279 
~ILLER 9 65 CU-237(NEVIS 1311 

REFERENCES ~OR OMEGA 

B MAGLIC~ALVAPEE~ROSENFELD~STEVENSON {L~LI 
PEVSNER,KRAEMER,NUSSBAUM,RICHARD÷ (JHU+NW) 
NGUYEN HUU XUONG,GERALD R LYNCH (tEL) 

ALFF,BEFLEY,COLLEY,GELFANO + (COLU+RUTGERS) 
R ARMENTEROS,R BUDOE + (CERN*COLL+FRANGE) 
STEVENSON,ALVAREZ,MAGLIC,ROSENFELD ILRL( 

ARMEN]EROS,EOWAROS,JACOBSEN* IEERN~PARISI 
BARMIN,DOLGCLENKO,KRESTNIKOV+ (ITEPI 
A BERTHELGT (CEN-SACLAYI 
BUSCHBECK,CZARP+ [VIENNA+CERN+AMSTEDDAM) 
GELFANO, NILLER,NUSSBAUN,RATAU+ (COLUM+RUTG) 
MURRAY,~ERROLtJZZI~HUNE,SHAFER,SOLMITZ+[1RLI 

BAR~IN,OOLGOLENKO,KRESTNIKOV + ( I TEP I  
BEZAGUET,NGUYEN KHAC,ROUSSET* (PAR+BERG+LOI 
KRAEMER~AOANSKY,~EER~FIELOS÷ (JHUeNW+WOOD[ 

BINNIE,OUANE,JANE,W JONES+ (IC-LDND+MANCHS} 
A BARBARO GALTIERI,R 0 TRIPP (LRLI 
DAVID C MILLER (THESISI [COLUMBIA] 

MILLER 65 INCLUDES DATA OF 
ZnANIS 65 PRL 14 721 

ALPF-STE 66 PR 145 1072 
DIGIUGNO 66 NC 44A ~272 
~LATTE 66 PR 145 1050 
JA~BS 66 PR 142 896 

9ALTAY 67 PRL 18 95 
BARASH BT PR 156 13go 
FFLOMAN 67 PR 159 12lg 
HERTEBAC 67 PR 195, 1461 

ISEE ALSn ZOANIS 65) 

ASTVACAT 60 PL 2T B 45 
8OLLINI 68 NC 56 A 531 
BDLLINII 6B NC 57 A 40A 
KEY 68 PR 166 1430 
PISUT 68 NP B 6 325 
WEHMA~!N 68 PEL ED 7AB 

AUGUSTI1Bq PL 28 B 513 
AUGUSTI2 69 LNC 2 214 
BIZEARRI 69 NP R 14 I 69  
OANDURG 69 UERL-Ig275 
OEINET 69 PL 50 B 428 
ERWIN 89 NP B g 364 
GOLDHARE 69 PRL 23,1351 
JACDUET 69 NC 63 A 743 
JUHALA 69 PR 184 1461 
MILLER 69 PE 178 2061 
STPUGALS 89 PL Z9 B 532 

WILSON Bg PRIVATE COMM. 

ALLISON 70 PRL 24 618 
ABRAMOVI 70 NP B 
ATHERTDN 70 NP B IB  221 
BIGOS TO PRL 24 1201 
BIZZARRI 70 PRIV. COMM. 
PLATTE 70 PRD 1 
CHAPMAN 70 RRIV.COHM. 
ROOS 70 PRIV.COMM. 

GELFAND 63 ABOVE 
Z~ANIS,MAOANSNV,KRAEMER~MERTZBACU+(JHU+BNL) 

ALFF-STEI~BERGER,BERLEY,BRUGGER* (COL+BUTB[ 
D{ GIUGNO,PERUZZI,TROISE* (NAPL+FRAS+TRST{ 
*HUWE,MURRAY~BUTTEN-SHAFER,SOLMITZ* (LRLI 
F E JAMES,KRAYBILL (YALE+BRODKHAVEN) 

*FRANZINI,SEVERIENS,YEH,ZANELLO (COLUMBIA} 
BARASH~KIRSCH, MILLER,TAN {COLUMBIA) 
÷FRATI,GLEESON~HALPERN~NUSSBAUM+ IPENNA) 
HERTZBACH,KRAEMER,MADANSKI,ZOANIS+(JHU+BNL] 

ASTVACATURDV,AZIMOV,BALDIN* {JINR+MOSCOW) 
+BUHLER,DALRIAZ,MASSAM+ (CERN+BGNA+STRB] 
+BUHLER,DALPIAZtMASSAM+ (CERN~BGNA+STRBI 
+PRENTICE÷COOPER÷MANNER+WALKERe(TO+ANL+WIS) 
J.PISUT,M.ROOS (CERfl} 
+ENGELS* (HARVARD+CASE+SLAC÷CORNELLeMCGILLI 

÷BENAKSAS,BUON,GRACEGtHAISSINSKI,* (ORSAY) 
+LEFRANEDIS,LEHMANN,NARIN,÷ (ORSAY{ 
+FOSTER,GAVILLET,MONTANET,* ICERN+CDF) 
JEROME S. DANBURG, THESIS (LRL) 
• MENZIONE,MULLER,BUNIATUV+ (KARL+CERNI 
+WALNEM,GOSHAW,BEINBERG (WISC~FRIN*VANOI 
÷BUTLER~COYNE~HALL,MACNAUGHTON,TRILINGILRLI 
*NGUYEN-KHAC,HAATUFT,HALSTEINSLI(EFOL÷BERG) 
+LEACOCX,RHOOE~KOPELMAN,LIBBY~+ (AMES+COLO) 
R.MILLER,LICHTMANtWILLMANN IPUROUEI 
• CHUVILO~FENYVES~+ (WARS+JINR÷BUDA) 

RICHARD WILSON (SEE ALSO PR 178 EOOBI(HARV) 

• CGOPER,FIELDS~RHINES (ANL) 
ABRAMOVIEH,BLUMENFELD,BRUYANT,÷ (CERN) 
+BLAIR,CEL~IKER,DOMINGO~FRENCH+ (CERN+IFN[ 
÷CLIFFT,GABATHULER,KITEHING,RAND (OAREI 
+CIAFETTI,CORE,OASPERO,LAAKSO+ {ROMA*SYR( 
STANLEY M. FLATTE {LEE) 
+OAVIDSON,GREEN,LYS,ROE,VANOER VELDE IMICH) 

/CERN 
GOLOHABE 70 PROC.pHILA° CONF. GERSON GOLOHABER,REVIEW [L~L) 

In'(9 8)1 E T A P R M E ( 9  . . . . . . . .  i i=o 
| l 

KNOWN ALSO AS XO 
(JR = E- NOT YET EXELUDEDv) 
(SEE NOTE GN OUANTUU NUMBERS AT END OF ETA 
PRIME LISTINGSI 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

2 ETA PRIME MASS (~EV) 

85 (95T.0) DAUBER 64 HBC 1.95 K-P 
K {q5B.OI [ 1 . 0 )  KALBFLEIS 64 MBC 2.7 R-P 

M K NALBFLEISCH 64 SUPERSEDED BY RITTENBERG &9 
H 957.0 5.0 BAOIER 65 HEC 5 .0  K-P 
M 8 960.0 2.0 TRILLING 69 NBC 3.65 PI+ P 9/66 
M 7 955 .0  lO.O COHN 66 DEC 3 .3  PI+O 6 /66  
M 959.0 5.0 LONDON 66 HBC 2.2 K-E &166 
M 960.0 5.0 MOTT 69 NBE 4ol-5.5 K- P 7 /69  
q 957 .  t° RITTENBER 69 HBC 1.7-2.7 K- P 9/69 

AVG 957.70 0.81 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0) 

2 ETA PRIME WIUTH (MEVI 

W 85 (4°O)OR LESS DAUBER 64 HRC 1.95 K-P 
w K (7.O)OR LESS KALBFLEIS 64 HBC 2 .7  K-F 
W K KALBFLEISCH 64 SUPERSEDED BY RITTENBERG 69 

(OO.O)OR LESS BADIER 65 HBC 3 .0  K-P 
W (15 .0 )DR  LESS LONDON 66 HBC 2 .2  K-P 
W ( l b . )  OR LESS RITTENRER 69 HBC 1 .7 -2 .7  K- P 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

2 ETA PRIME PARTIAL OECAY MODES 

Pl ETA PRIME INTO PI+ PI- ETA 
PI(NI ETAS DECAY INTO ALL NEUTRALS 
P l (C )  ETAS DECAY CHARGED 

P2 ETA PRIME INTO PlO RIO ETA 
REIN) ETAS DECAY INTO ALL NEUTRALS 
PEIC) ETAS DECAY CHARGED 

PB ETA PRIME INTO El+ PI- GAMMA 
(INCLUDING RHO GAMMA) 

P4 ETA PRIME INTO GAMMA GAMMA 
P6 ETA PRIME INTO RHO0 GAMMA 
PlO ETA PRI~E INTO PI+ PI- E+ F- 
PII ETA PRIME INTO 2 P{ 
PI2 ETA PRIME INTO 3 PI  
PI3 ETA PRIME INTO 4 Pl 
P l4  ETA PRIME INTO & P1 
Pi5 ETA PRIME INTO RIO GAMMA GAMMA 
PI6  ETA PRIME INTO PIO E+ E- (VIOLATES C IN 

BORN APPPOX.I 
P17 ETA PRIME INTO ETA E+ E- {VIOLATES C IN 

BORN APPROX.) 
P18 ETA PRIME INTO PIO RHO 0 {VIOLATES C] 194+ 765 
P19 ETA PRIME INTO PIO OMEGA {VIOLATES C( 194+ 783 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

2 ETA PRIME BRANCHING RATIOS 

In our  c a l c u l a t i o n  of the c o n s t r a i n e d  

branching fractions of the ~l' (958) we assume 

the f o l l o w i n g  decay modes: 

(a) ~rTr (including ~ 0 O, 71% of the ~]i s 

neutr al), 

(b) ROy, 
( c )  yy. 

Note that the ~D( value measured by BOLLINI 
. + 3 . 6 ~  68 (5.b_3.0~/o) i s  s l i g h t l y  d i f f e r e n t  f r o m  the  

result of the overall fit (4.7± 2..9% ) because 

of independent measurements of (~' -~ all 

neutrals)/(ll'-~ total). In the fit we do not 

use the constraint 

R=F(~I-~+~-)/F(~'-~ ~]~0 O) = 2 

from I-spin conservation. The result of 

the  f i t  i s  in  a g r e e m e n t  w i t h  i t ,  R = Z .0±0 .4 .  

DECAY MASSES 
139+ 139+ 548 

134+ 134+ 548 

199+ 199* 0 

O+ 7Bg 0+ 
199+ 199+ °5+ °B 
139+ 199 
139+ 139 "  134 
139+ 139+ 139+ 139 
139+ 13g* 139+ 139 
134+ O+ 0 
134+ . 5+  . 5  

548+ .5+  . 5  

6/66 

6 1 6 6  
9 /59  

RI ETA PRIME INTO (PI+ PI- ETA INEUTRAL DEC.IIITOTAL 
RI K 68 (0.36) (0.05] KALBFLEIS 64 HBC 2.7 K-P i0166 
R1 K KALBFLEISCH 64 SUPERSEDED BY RITTENBERG b9 
R1 281 0.314 O. OE6 RITTENBER 69 HBC i .7-2.T K-P 9/69 
R1 . . . . . . . . .  

RI FIT 0.312 0.017 VALUE FROM CONSTRAINED FIT 

R2 ETA PRIME INTO IF{+ PI- NEUTRALSI I TOTAL 
R2 39 0.35 O.O& BADIER 65 HDC 3 .0  K-P 
R2 39 0 .4  0 .1  LONDON 66 HBC 2°2 K-P 
R2 . . . . . . . . .  
RE AVG 0.363 0o051 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0) 

10166 
10166 

R2 FIT 0 .375  0 .016  VALUE FROM CONSTRAINED FIT 

R3 ETA PRIME INTO (P I+  P l -  ETA (CHRGO.OECAYI(/TOTAL 
R3 K 94 ( 0 . 121  { 0 .02 )  KALBFLEIS 66 HBC 2 .7  K-P 10 /66  
R3 K KALBFLEISCH 64 SUPERSEOEO BY RITTENBERG 69 
R3 T 0 .07  0 .04  RAPIER 65 HBC 3 .0  K-P 10 t66  
RS 10 0 .1  0 .04  LONOON 66 HBE 2 .2  K-P lO /6b  
R3 107 0 .123  0 .019  RITTENBER 69 HBC 1 .7 -2 .T  K-P g/6g 
R3 . . . . . . . . .  
R9 AVG 0o116 0.013 AVERAGE (ERROR INCLUDES SCALE FACTOR OF l.OI 
RB FIT 0.1242 0 .0067  VALUE FROM CONSTRAINED FIT 

RA ETA PRIME INTO IF{+ PI- NEUTRALS (EXCLUDING 
R4 PI+ P I -  ETA (NEUTR.OEC. I ) )  I TOTAL 
R4 K 10 [O.OE) IO.DA) KALBFLEIS 6A HBC 2.7 K-P 10156 
R4 K KALBFLEISCH 64 SUOERSEDEO BY RITTENBERG 69 
M4 4R 0 ° 0 4 5  0°029  RITTENBER 69 HBC 1.7-2.7 K-P 9169 
R4 . . . . . . . . .  
R4 FIT 0 .063  0 .012  VALUE FROM CONSTRAINEO FIT 
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RS ETA PRIME INTO (NEUTRALS) / TOTAL 
PF K 54 (0.251 (0.05) KALBFLEIS 64 HEC 2.? K-P 
R5 K RALBFLOISCH 64 SUPERSEDED BY RITTENBERG 69 
R5 16 0.24 0.17 BADIER 65 HBC 3.0 K--P 
R5 32 0.3 O.l LnNOON 66 HBC 2.2 K~P 

RITTENBER 69 Hog 1 . 7 - 2 . 7  K-P RB 123 0.~8~ 0.026 
RE . . . . . . . . .  
RB AVG 0.197 0.027 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.I f  
R5 FIT 0.205 0 . 0 2 1  VALUE FROM CONSTRAINED FIT 

R6 ~TA PRIME INTO (PI+ ° I -  GAMMA (INCLUDING RHO GAMMAII/TOTAL 
RA K 42 I0.221 (0.04) KALBFLEIS 64 HOG 2.T K-P 
R6 K KALB~LEISCE 64 SUPERSEDED BY RITTENBERG 69 
R6 8 9E (0.341 (0.00) 8ADIER 65 HBC 3.0  K-P 
Rb B CONTROVERSIAL BACKGROUND SUBTRACTION 
R6 20 0°2 0.l LONDON 66 HBC 2.2 g-P 
R6 298 0 . 3 2 9  0.033 RITTENBER 69 HBC l . 7 - 2 . l  K-P 
R6 . . . . . . . . .  
Ro AVG 0.316 0 . 0 3 8  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.2I 
R6 FIT 0,296 O.OZ6 VALUE FROM CONSTRAINED FIT 

(SEE IDEOGRAM BELOW I 

See the illustrated key  preceding the data card listings. 

Data in parentheses have not  been included in our averages. 

L0466 Fitted Partial Decay Mode Bran.chln ~ Fractions 
10/66 Diagonal elements are Pf =% 8P~; 5P$ = ~ • O~-diago~l elements are 
10166 correla.tlon coefficfenfs = <SP£SPj> / (CPF 5P~), 
9169 

CHISQ 

(CONLEU 
= 0 . 2 2 1 1  

RiO 
RIO 

W E I G H T E D  A U E R A G E  = 0 , 3 t 6  ± 0 . 0 3 8  

ERROR S C A L E D  BY 1 . 2  

Values above o~ weighted 
average, scale, etc, for 
readers convenience, The 
d~ta were act~I1y proc- 
essed by program AHI%, 
which calculates its. o~ 
values o£ SCALE, x, and 
~(X) (which a r e  dlfferent 
from the values sho~ here). 

/ / ~ , / ~  .~"" : "RITTENSER 89 HSC O , l  

• L O N D O N  G6 HBC 1 . 4  

l . S  

0 . 0  0 . 2  0 . 4  0 / 6  

ETQ PRIME INTO [ P I + P I - G Q M M R ] / [ T D T A L )  

R i l  

RII 

RI2 
RI2 

RIB 
RIF 

R14 
RI4 

RIB 
R'I5 

RI6 

R 18 
RIB 

RIB FIT 

R19 
R19 
RIg 
Rig FIT 

REO 
REO 

RE1 
REI 

R22 
R22 

R23 

R24 
R24 

i0/66 

10/66 

10166 
9/69 

ETA PRIME INTO (PI+ PI- GAMMA IINCLUOING RHO OANMAII/IBI PI ETAI 
0.25 0 .14 DAUBER 64 HBC 1.95 K-P L0/66 

0.451 0.060 VALUE FROM CONSTRAINED FIT 

ETA PRIME INTO {PIO E+ E-I/TOTAL 
10.013) OR LESS RITTENBER 65 HBC 2°7 K-P 10166 

ETA PRI~E INTO IETA E+ E-I/TOTAL 
(O.Oll) OR LESS RITTSNOER 65 HBC 2.7 K-P 10166 

ETA PRIME INTO IPIO RHOO)/TDTAL 
(0.04) OR LESS RITTENBER 65 HBC 2.7 K-P [0•66 

ETA PRIME INTO (RIO OMEGA) / TOTAL 

(O.OB) OR LESS RITTENBER 6E HBC 2.7 K-P 10166 

ETA PRIME INTO (PI+ PI- E{ E-I/TOTAL 
(0.006} OR LESS RITTENBER 65 HBC 2-7 K-P I0166 

ETA PRIME INTO (2 PIJ/TOTAL 
lO.OTI OR LESS COMP.BY LONDON 66 HBC 10166 

ETA PRIME INTO (3 PI)ITOTAL 
I0,07} OR LESS CONP.BY LONDON 66 HBC 10/66 

ETA PRIME INTO (4 PI)ITOTAL 
(O.OiI OR LESS COMP.BY LONDON 66 HBC 10166 

ETA PRIME INTO I& PI)/TOTAL 
(0.0l) OR LESS COMP.BY LONDON 66 HBC 10166 

ETA PRIME INTO (RHO0 GAMMAIIIPl Pl ETA) 
0.31 0.19 DAVIS 68 HBC E.E K- P 9/68 

0o451 0 . 0 0 0  VALUE FROM CONSTRAINED FIT 

ETA PRIME INTO (2 GAMMAI/TOTAL 
S 0.055 0.036 0.030 BOLLINI ~8 CNTR 1.9 P I -  P 9168 

0.047 0.031 VALUE FROM CONSTRAINED FIT 

ETA PRIME INTO (RI*PI-)ITOTAL 
(O .OZ I  OR LESS RITTENBER 69 HBC 1 . 7 - 2 . 7  K-P 9 /69  

ETA PRI~E INTO (PIePI-PIOI /TOTAL 
(O.OBI OR LESS RITTENBER 69 HBC l .T-2.7  K-P 9169 

ETA PRIME INTO (P I+DI÷PI -R I - I /TOTAL 
(0°01I OR LESS RITTENBER 69 HBC 1.7-2°7 K-P 9169 

ETA PRIWE INTO (PI+PI*PI-RI-PIO)ITOTAL 
(0.011 OR LESS RITTENEER 69 HBC I .7-2.? K-P 9t69 

ETA PRIME INTO (PI÷PIfPI-Pl- NEUTRALEIITOTAL 
[ 0 . 01 )  OR LESS RITTENBER 69 HBC 1o7-2 .7  K-P 9169 

P l  P 2 P 3 1 ,4  

p 21 o436~.023 
P -.455 .221+-.043 
P 3 -°386 -.34E °296+-°026 
P 4 o154 -°/06 -.004 .047÷-. 029 

U N C E R T A I N T Y  IN THE J P  
ASSIGNMENT OF ~]' (958) 

F o r  the d o m i n a n t  (66%)wwN d e c a y  m o d e  

of the ~]' , s i n c e  the D a l i t z  p lot  popula t ion  is  

r a t h e r  f la t  (DAUBER 64,  LONDON 66,  

R I T T E N B E R G  69,  D U F E Y  69) ,  and in p a r t i c u -  

l a r  does  n o t  v a n i s h  at the e d g e s  of the plot ,  

the J P= N o r m a l  s e r i e s  m a y  be lValed out. 

w+ 

q or V ~ - -  / ....... 

b 
IT 

By the notation of the sketch, any Normal 

matrix element would have a factor sin@ and 

would thus go to zero at the edge of the Dalitz 

plot [ C. Zemach, Phys. Roy. 133, B1201 

(1964)]. 

This leaves the Abnormal series 0-, i +, 

2 , • • • In the discussion below, the con- 

fidence levels are values from RITTENBERG 

69, based on fits of 278 =%'~]neut decays 

(see ~ 300 more in the compilation by 

LONDON 66): 

JP = 0-: The simplest matrix element M is 

constant; confidence level = 7%. 

I+: M = k. This simply does not fit 

(confidence level < 10-10). Of course 

a strong ww final-state interaction 

could help, but it seems unlikely that 

it could make the fit acceptable. 

Z-: M = akk + bpp, where a and b 

are arbitrary. Here, according to 

London et al. , llV[l 2 gives a good 

fit to the data with b = 3a. According 

"to Rittenberg, it gives a confidence 

level of 0.6% , also with b = 36. 
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See the illustrated key  preceding the data card listings. 

Data in parentheses have not  been included in our averages. 

A r e c e n t  s p a r k  c h a m b e r  e x p e r i m e n t  a t  

CERN ( D U F E Y  69), b a s e d  on the D a l i t z  p lo t  

+ " de cays, d i s t r i b u t i o n  of about  300 ~T w ~lneu t 

l e a d s  to the f o l l o w i n g  s i m i l a r  c o n c l u s i o n s :  

J P  = 0 - :  This  f i t s  w e l l  (if one a l l ows  the 

m a t r i x  e l e m e n t  to v a r y  l i n e a r l y  wi th  

the ~l k i n e t i c  e n e r g y ) .  

i+ :  E x c l u d e d  (un less  one a s s u m e s  v e r y  

d r a s t i c  f o r m  f a c t o r s ) .  

Z-:  Cannot  be e x c l u d e d .  The  s i m p l e s t  

m a t r i x  e l e m e n t  ( see  above)  g i v e s  a 

p o o r  f i t  (3% , wi th  I b / a l  = 4), but  i t  

can  e a s i l y  be i m p r o v e d  w i t h  a s l i g h t l y  

m o r e  c o m p l i c a t e d  m a t r i x  e l e m e n t .  

H e n c e ,  to r u l e  out J P  = Z-,  one t u r n s  to 

the 30% m o d e  ~l' ~ ~r+w-y, and the u s u a l  J P  

a s s i g n m e n t  is b a s e d  h e a v i l y  on th i s  D a l i t z  

plot .  The p lo t  by R i t t e n b e r g ,  wi th  i3Z e v e n t s ,  

shows tha t  the d e c a y  i s  m a i n l y  p0N, and the 

6~ d i s t r i b u t i o n  shows  a s t r o n g  p r e f e r e n c e  f o r  

e q u a t o r i a l  d e c a y s  : 

JF P = 0- :  F i t s  we l l .  The  only  m a t r i x  e l e m e n t  

is  m a g n e t i c  d ipo l e ,  M i .  IM i ]Z p r e -  

d ic t s  dff/d0~ o~ s in20 ,  and the c o n f i -  

dence  l e v e l  is  47%. 

i+: Does  not  f i t  ( con f idence  l e v e l  

= 0.00Z% ). The m a t r i x  e l e m e n t  y i e l d s  

a i + cosZo d i s t r i b u t i o n .  

2- :  F i t s  we l l .  A g a i n  the  s i m p l e s t  t r a n -  

s i t i o n  is  IV[ l , and th is  t i m e  the p r e -  

d i c t e d  d i s t r i b u t i o n  is  6 + s inZ0,  w i th  

a c o n f i d e n c e  l e v e l  of ~ i % .  

We should  w a r n  tha t  the ~=~ d e c a y  has  a v e r y  

h igh  Q v a l u e  (0 < k < 460 MeV), wi th  the a v e r -  

age  va lue  of k about  ZOO MeV. H e n c e  we 

m u s t  not  be too qu i ck  to c o n s i d e r  only  the 

s m a l l e s t  p o w e r s  of k / M 1 ,  in  m a t r i x  e l e m e n t s .  

, gpec i f i ca l ly  th is  w a r n i n g  m e a n s  the fo l lowing .  

We in th is  note  h a v e  c o n s i d e r e d  only the l o w e s t  

p o s s i b l e  m u l t i p o l e  t r a n s i t i o n .  Thus  the i i %  

c o n f i d e n c e  l e v e l  quo ted  a b o v e  f o r  the  Z h y -  

p o t h e s i s  was b a s e d  on an M i  m a t r i x  e l e m e n t .  

But  of c o u r s e  E2 is  a l s o  p o s s i b l e ,  and has  an 

indeper~dent coup l ing  tha t  cou ld  be  l a r g e .  It  

can  i n t e r f e r e  wi th  M4 to g ive  a l m o s t  any d i s t r i -  

but ion .  R i t t e n b e r g  f inds  a c o n f i d e n c e  l e v e l  of 

460/0 f o r  J P  = 2-  when  a v a r i a b l e  a m o u n t  of E 2 

i s  i n c l u d e d  in the m a t r i x  e l e m e n t .  The i + f i t  

can  a l s o  be  i m p r o v e d  by add ing  h i g h e r - o r d e r  

m a t r i x  e l e m e n t s .  So the w~r~/ m o d e  is  l i k e l y  to 

be  s o m e w h a t  u n r e l i a b l e .  We want  to thank  

V. I .  O g i e v e t s k y  and W. T y b o r  f o r  po in t ing  

th is  out  to us .  {See Z a s l a v s k y ,  O g i e v e t s k y ,  

and T y b o r ,  SINR P r e p r i n t  E 2 - 4 0 6 1 ,  Dubna,  

C968). 

So a l l  a v a i l a b l e  D a l i t z  p lo t  da ta  f o r  bo th  

m o d e s  s e e m  to p e r m i t  S P = ~- .  London  et  al .  

have  a q u a l i t a t i v e  r e m a r k  tha t  the Z- h y p o t h e -  

s i s  is  i n c o n s i s t e n t  wi th  t h e i r  o b s e r v e d  ~3:1 

r a t i o  of ~r~l:w~y, and R i t t e n b e r g  f inds  no c o r -  

r e l a t i o n s  b e t w e e n  the d e c a y  p lane  of the ~l' 

and the p r o d u c t i o n  c o o r d i n a t e  s y s t e m ,  bu t  

n e i t h e r  of t h e s e  o b s e r v a t i o n s ,  a l t hough  a d d i n g  

w e i g h t  a g a i n s t  Z-,  r u l e s  i t  out.  

F i n a l l y ,  we note  tha t ,  s i n c e  a S = i 

p a r t i c l e  canno t  d e c a y  into  yy ,  an  o b s e r v a t i o n  

of a yy d e c a y  e x c l u d e s  5 P = i +. B O L L I N I  68 

o b s e r v e d  f ive  e v e n t s  of th is  k ind o v e r  a b a c k -  

g round  of only  about  one even t .  The p r o b a b i l i t y  

tha t  th i s  is  due to a s t a t i s t i c a l  f l u c t u a t i o n  of 

the b a c k g r o u n d  is  l e s s  than  i% ~ h e n c e  at  the 

s a m e  l e v e l  of c o n f i d e n c e ,  O "P = i + can  be e x -  

c luded .  

REFERENCES ~OR ETA PRIME 

DAUBER 64 PRL LB 449 
ALSO 64 DUBNA CONF i 418 

RALBFLEI 64 PRL 13 349 

BADIER 65 PL 17 337 
KIENZLE 65 PL ig 438 
RITTENBE 65 ERL 15 S~B 
TRILLING 65 PL Ig 427 

COHN 66 Pt 21 347 
LONDON 66 PR 14B 1034 

BOLLINI 6B NC 58 A 289 
DAVIS BB PL 27 B 532 

MOTT 59 PR 177 1966 
RITTENBE 69 UCRL-18863 

DAUBER,SLATER,SMITH,STORR,TICHO IUCLAIJP 
DAUBER,SLATER~L T SMITH,STDRK,TICHO IUCLAI 
G.R.NALflFLEISCH~O*DAHL~A.RITTENBERG (LRLIJP 

BADIER~OEMOULIN~BARLDUTAUD +(PAR+SAC+ZEEMAI 
KIENZLE,MAGLtC,LEVRAT,LE~EBVRES • iCERNI 
RITTENBERGtRALBFLE[SCH ILRL+BNLI 
÷BRONN,GDLDHABERS,KADYK,SCANIO ILRL) 

COHN~MCCULLOCH~BUGG~CONDO IORNL+TENN+UNEARI 
LONDON~RAU,SAMIDS,GOLDBERG + IBNL+SYRACUSEIIJP 

+BUNLER,DALPIAZ,MASSAM+ ICERN+BGNA+STRB) 
*AMMARtMOTT~DAGAN~DERRIC~F[ELDS INWES+ANL) 

+AMMAR~DAVIB~KROPAC,SLATE,DAGAN+ INNES+ANLI 
ALAN RITTENBERG {THESIS] (LRLII=O 

OUANTUM NUMBER DETERMINATIONS NOT REFERRED TO IN THE DATA CARDS 

MARTIN 66 PL 22,352 MARTINtCRITTENDEN,SCHROEDER [INDIANA UII 
BARBARO- 68 PRL 20 ~49 BARBARD-GALT IERIrMATISON,RITTENBERG÷ (LRLII=O 
8ARLOUTA 68 PL 26 B 674 BARLOUTAUD+ (SACLAY~AMSTD+BDLDG+WEIZM*E.P.H=O 
DUFEY 6g PL 29 B 605 +GDBBI,POUCHDNtCNOPS~ (ETHZ*CERN+SACLiIJP 
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Note on 5(966) 

The 6-(966) was originally seen with the 

CERNMMS, KIENZLE 65. Other missing- 

mass spectrometers (OOSTENS 66, BANNER-I 

67, BANNER-2 67) have added nothing conclu- 

sive to this evidence. 

A claim in the 2w system (ALLEN 66) has 

been contradicted (EACOBS 66, WEST 66, 

CLEAR 67, ROOS 67), and claims in the 3w 

system (ALLISON 67, JUHALA 68) likewise 

(SAM_lOS 68, KRUSE 69). For discussion, see 

SAMIOS 68 and MAGLIC 69. 

Recent support comes from BARNES 69 

and AMM_AR 70, who see apeak in the Ew sys- 

tem, and who claim that it cannot be explained 

by the kinematic effect discussed below under 

2a. 

The following references have possible 

relevance to the existence of the 6(966): 

l) The WN(~016 ) may be interpreted as a 

virtual bound state in the KK channel. It would 

then correspond to a narrow resonance at about 

975 +45 MeV (ASTIER 67) in open channels, 
-I0 

e . g .  , Ew o r  5w. 

2) F u r t h e r  EW e n c h a n c e m e n t s  have  b e e n  

r e p o r t e d  a t  m a s s e s  in  the  960 -980  MeV r e g i o n .  

As  e v i d e n c e s  for  a r e s o n a n c e  t h e y  a r e  how-  

e v e r  no t  ye t  c o n v i n c i n g ,  b e c a u s e  t h e r e  a r e  

kinematic effects that can produce Ew peaks in 

that mass region: 

a) In the reactions K-n -~ Aw-(MM) and 

K-p -~Aw+w-(MM) (studied by CRENNELL 69, 

MILLER 69) with selection of the missing mass 

(MM) in the E(549) region, a spurious 6(966) 

peak can arise from contamination with Ap-w j 

final states. This has been pointed out by 

CRENNELL 69. 

b) In final s t a t e s  containing many pions 

[e.g., 2w+Zw-w °, (3w)±w°], and with the ¢0 

c o p i o u s l y  p r o d u c e d ,  the  c o n s t r a i n t  of  at  l e a s t  

one  ~] c o m b i n a t i o n  i n  the  w~'-w+w-w ° m a s s  

" f a k e s "  a b u m p  i n  the  m a s s  r e g i o n  a r o u n d  960 

MeV, due  to r e f l e c t i o n s  f r o m t h e  ¢0, T h i s  r e -  

m a r k  (by N E L L E N  69) m a y  a p p l y  to t he  

o b s e r v a t i o n s  of  D E F O I X  68, C A M P B E L L  69, 

a nd  O T W I N O W S K I  69. 

I f  we a c c e p t  6 -~w~ by  s t r o n g  d e c a y ,  t h e n  

I G = t - ;  n o n o b s e r v a t i o n  of 3w d e c a y  c a n  be 

e x p l a i n e d  b y  c h o o s i n g  EP = 0 +, o r  s i m p l y  by  

s a y i n g  t h a t  3w b a c k g r o u n d  i s  too l a r g e  to p e r -  

m i t  d e t e c t i o n .  T h e s e  q u a n t u m  n u m b e r s  t - ( 0  +) 

a r e  t h e n  the  s a m e  as  t h o s e  m o s t  l i k e l y  for  

WN(t0 t6) ,  w h i c h  cou ld  be  j u s t  t he  KK d e c a y  

m o d e  of  5(966). 

A n  u n a t t r a c t i v e  a l t e r n a t i v e  i s  to b e l i e v e  

t h a t  5 is  r e a l l y  v e r y  n a r r o w ,  and  g u e s s  t h a t  

i t s  wE d e c a y  i s  G - v i o l a t i n g  e l e c t r o m a g n e t i c .  

(It i s  not  c l e a r  w h e t h e r  t h e r e  w ou l d  be c o m p e -  

t i t i o n  f r o m  ww E d e c a y ,  w h i c h  i s  s t r o n g  bu t  h a s  

m u c h  s m a l l e r  p h a s e  s p a c e .  ) H o w e v e r ,  i n  t h i s  

e l e c t r o m a g n e t i c  (era) c a s e ,  one  w o u l d  a l s o  e x -  

pec t  s l i g h t l y  f a s t e r  d e c a y  in to  ww, a n d  we a r e  

no t  s u r e  w h e t h e r  t h i s  m o d e  s h o u l d  h a v e  b e e n  

d e t e c t e d .  To see  why  we e x p e c t  ww d e c a y ,  

no te  t h a t  t h e s e  e m  d e c a y s  i n to  w-w ° or  w- E i n -  

vo lve  e m i s s i o n  a nd  r e a b s o r p t i o n  of a pho ton ,  

w i t h * r a t e s  p r o p o r t i o n a l  to e 4 ( a l so  ww h a s  

s l i g h t l y  l a r g e r  p h a s e  s p a c e  t h a n  wE). N e u t r a l  

e m  d e c a y s  (as  i n  the  f a m i l i a r  E ° -~ 3w) h a v e  

s e l e c t i o n  r u l e s  e i t h e r  

~ G  = Yes ,  A III = l ,  

o r  
AG = No, A III = 2, 

but charged decays (6- -* w-w ° or w-l]) have no 

s u c h  r u l e s  ( e x c e p t  A ]II ~<Z). 
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~6 DELTA MESON MASS )MEV) 

962 .0  5 °0  RIENZLE 65 MMS - 3 -5  P l -  P 9166 
NOTE THAT BANNER i AT l.B PI-P GOES NOT SEE I T .  

( 965 .01  16 ,01  OOSTENS 66 MMS + 3 .8  PP TO 0 + MM 9#66 
FOR A CONTRAOICTORY RESULT SEE BANNER2 67 3.8 PP TO O ÷ MM 1LBB7 

(980.) 110.) AMMAR 68 HBE ~- 5.5 K- P,ETA P2 g /68  
AMMAR 68 SUPERSEOEO BY AMMAR 70 

(960 . )  APPROX. CHUNG S 68 HBC - 3 . 2  P I -P  5170 "  
1975 .0 )  DEPOIX 68 HBC 1 .2  PB P ,ETA Pl  3169 

970 .0  15.0 BARNES 69 HBC -- 4 -5  K -P tP ) -ETA  9169 
{9B0.05 (10.0) MILLER 69 HBC 4 .5  K-N~ETA Pl 7 /6g  

See the illustrated key preceding the data card listings. 

Data in parentheses have not  been included in our averages. 

AMMAR 68 PRL 21 1832 
CHUNG S 68 PR 165 L491 
OEFOIX 68 PL 28 B 355 
GALT IER I  68 PRE 20 349 
JHHALA 68 PL 27 B 257 
SABRE CO 68 PL 26  B 674  

BARNES 6g PRL 23 610 
CAMPBELL 69 PRL 22 1204 
CRENNELL 69 PRL 26 1398 
JUHALA 69 PR 184 1461 
KRUSE 69 PR 177 1951 
MILLER 6g PL 29 B 255 

22 (948.05 (6°0) OFWINOWSK 69 HBC +-  B PI+P,P O0 Pl 11169 
~ASS÷WIDTH OF THIS PEAK MAKE IDENTIFICATION WITH DELTA DUBIOUS. 11169 
DTWINOWSKI SUGGESTS OO(13295--DELTA(g48IPI--ETA ST+ P I -  11169 

980.0 10.0 AMMAR 70 HBC +- 4. IeB.BK-~ETA PI 51TO* 

966.0 5.0 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 .21  
{SEE IDEOGRAM BELOW ) 

51 

+OAVIS,KROPAC,MOTT,SLATE~WERNER* (NNES+ANLI 
+O.DAHL~ J. KIRZ~ D.H.MILLER (LRL) 

*R2VET,SIAUD~CONFORTO~SHIVELY(COF÷IPE÷CERN) 
BARBARO-GALTIERI,MATISON,RITTENBERG* (LRL} 
÷LEACOCK,RHODE*KOBELNAN,LIBBY÷ {IOWA÷COLD) 
BARLOUTAUG÷ (SACL*AMST+BGNA~REHO÷EPOL) 

÷CHUNG,EISNER,BASSANO,GOLDBERG÷ (BNL÷SYRI 
J.H.CAMPBELL,LICHTMAN,LOEEELER~+ (PUROUEI 
+KARSHON~KWAN WU LA I , *  (BNL*NYU) 
÷LEACOCN~RHODE~KCPELMAN~LIBDY~+ (AMES÷COLO] 
KRUSEtLOOS,GOLDWASSEB (ILLINOIS) 
D.H*MILLER,S°L.KRAMER,D.D.CARMONY,+(PURDUE} 

NELLEN 6q PRIVATE COHM. B.NELLEN (BONN*CERN) 
OTWINONS 69 PL 29 B 529 S.OTWIN~WSKI (WARSAW) 

AMMAR 70 BR +KROPAC,DAVIS~DERRIC~÷ (KANS÷NWEG÷ANL*WISC) 

****** ********* ********* **~****** ********* ********* ********* ******** 
****** ~******** ********* ********* ********* ********* ********* ****~*** 

H(990)1 .................. 

WEIGHTED AVERAGE = 966 .0  ± 5 .0  

ERRDR 6CALED BY  1 .2  

. . . .  A~AR ?0  HBC 

I ~ -~ . . . .  BARNES 69  HBC 

I . . . .  KZENZLE  66  MMS , .... , 

DELTA(966 )  MASS (MEU)  

CH ISQ 

2 .0  

0 .1  

0 .6  

2 .7  

(CDNLEU 
=0 .263 )  

I T  IS SHOWN BY BARBARC-GALTIERI 68 THAT THE PRE-I968 
H ENHANCEMEMF IS COWPATIBLE WITH BEING ENTIRELY DUE 
TO MISIOENTIFIED RHOO-GAMMA DECAYS OF ETA PRIHEI958). 
HOWEVER, GGLDHABER 69 REPORT A NEW (P I+P I -P IO I  
ENHANCEMENT AT ABOUT THE SAME MASS, M=IOO0 MEV~ 
SEEN UNDER CONDITIONS DIFFERENT FROM THOSE OF THE 
EARLIER OBSERVATIONS. OMITTED FROM TABLE. 

REFERENCES ON H MESON 

8ABTSCH 64 PL 11 167 AACHEN-ZEUTHEN-BIRM-BON~HAMB-MUNCHEN COLL 
GOLOHABE 65 CORAL GABLES P 76 G. GOLOHABER (LRL I  
BENSON 66 PRL 17 1234 eMARQUIT,ROE~SINCLAIR,VANDER VELDE IMICH.I IJB 
COHN 67 NP D1 57 +ME CULLOCH, BUGG,CONDO (OAK R .eUNIV .TENNI  
RDSENFEL 67 RMB 39 IeAPPENDIX  ROSENFELO~BARBARO-GALTIERI÷{LRL~ERN÷YAL6)  
ARNENISE 68 PL 26B 336 +GHIDINI,FORINO÷ (BARI÷BOLOGN+FIRENZ~,ORSAY) 
BARBARD- 6S PHILAD.CONF°B°IB7 A.BARBARO-GALTIE~I,P.SDDING ILRL )  
FUNG 68 PRL 21 47 +JACKSON÷PU÷BROWN÷GIOAL (U.C.RIVERS÷LRLI 
GOLDHABE 69 LUNG CONF.P.2?I G,GOLDHABER QUOTED BY B,MAGLIC (LRL) 
CHAUDHAR 70 PREPRINT B.EHAUDHARY~E.MARGUIT (MINNESOTA) 

****** ********* ********* ********* ********* ********* ********* ******** 

 .(lol6) l,,.,,._ . . . . . . . . . . . . . . . . . . . . .  
~T~T~  STILL NOT DECIDED WHETHER (K KBAR) RESONANCE, VIRTUAL 

BOUND STATE OR ANTIBOUNO STATE. MAY BE RELATED 
TO THE DELTA [956) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

M 243(1003.35 7.O+SYSTEMATIC RGSENFELD 65 BVUE +-  8 /6&  
M SCAT. LENGTH 2 TO 6 FERMIS.BALTAY 66 HBC 3.7 PBAR P 8 t66  
M A I00( I016.1  (LO.I ASTIER 67 HBC +- 0 PBAR P 7167 
M A SCATT.LENGTH ALSO PITS, SEE BELOW 
M SCATT.LENGTH +2.5 ÷ - i .  FERMI ASTIER 67 HBC ÷- 0 - I , 2  PBAR P 7167 
M OR CMPLX, RE PART=-6.3 F . . . . . . . . . . . . . . . . . . . . . . .  ?IN? 
M IM PART=,5F OR LESS . . . . . . . . . . . . . . . . . . . . . . .  7 / 67  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

36  DELTA MESON WIDTH (MEV) 

W 262 (5.03 OR LESS RIENZLE 65 ~MS - 3-5 P l -  P 
A {BO.l (30. )  AMMAR 68 HBC 5.5 K- PIETA Pl 
A A~AR 68 SUOERSEDED BY AM~AR 70 

W (25.0 l  OEFOIX 6B HBC ~- I ° 2  PB B,ETA PI 
(50,0) OR LESS BARNES 69 HBC ~-5 K-P~PI-ETA 

w (DO.Of (30.0) MILLER 69 HBC - 4.E K-N~ETA Pl 
80.0 30.0 AMMAR 70 HBC +- ~.I~5.5K-,ETA Pl 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

~6 DELTA MESON PARTIAL OECAY MODES 

P2 ~ELTA MESON INTO 3 PI 154+ 13~÷ 134 
PB DELTA MESON INTO 4 P[ 134+ 234+ 134+ 134 
P5 DELTA MESON INTO ETA ~ I  548+ 13~ 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

$6 OELTA ~ESON BRANCHING RATIOS 

RI CHARGED OELTA INTO ( i  CHARGEO) / 13 OR MORE CHARGED) 
R( 1.3 0.9 0.7 KIENZLE 65 MMS -- 3-5 Pl-- P 

g2 DELTA MESON INTO ETA PI 
R2 SEEN BARNES 69 HBC - 4-5 K--P,PI-ETA 

R3 DELTA INTO (RHO P I I / IETA Pl)  
R3 (O°2550R LESS,C°L*=D,7 AMMAR 70 HBC 

R4 DELTA INTO (K KBAR)IIETA PI) 
R4 (0.2)OR LESS,C°L.=O.T AM~AR 70 HBC 

REFERENCES ON DELTA MESON 

TURKOT 63 SIENNA CONF 1 661 +COLLINS,FUJII,KEMP÷ (BNL+BITTSBURGHI 
KIENZLE 65 PL 19 438 + HAGLIEtLEVRAT,LEFEBVRES + ICERN) 
ALLEN O 66 PC 22 545 +GP FISHER,G GOUDEN, L MARSHALL,SEARS (COLOIG=+ 
FOCACCI 66 PRL 17 BOO * K IENZLE ,LEVRAT ,NAGL IE ,MART IN  (EERNI 
JACOBS 66 UCRL 1687T-THESIS ÷O,DAHL, J .  RIRZ~ O°H.WILLER (LRL) 
OOSTBNS 66 PL 22 708 +EHAVANON~CROZON,TOEQUEVILLE (SACLAY~CF) I=Z 
WEST 66 PR 149 1089 WEST,BOYO,ERWIN,WALKER (WISCONSINI 

ALLISON 67 PL 259 619  +CRUZ+ (OXF+MUN÷BIRM÷RUTH÷GLASG÷LONfICI) 
BANNER i 67 PL 25 B 300 +FAYOUX~HANEL~ESE~BERY,CHEZE÷ (SACLAY÷CAEN) 
BANNER 2 67 PL 25 B 569 +CHEZE~HAMEL,MARELtT61GERtCRDZON+(CDF~SACLI 
CLEAR 67 NC 4gA 3gO +JOHNSTON~PILCHBR~COOPER÷(TORONTO+ANL÷WISCI 
RODS ~7 NP B 2 615 M. ROOS (CBRN) 

9166 
9l~B 

3169 
9169 
7169 
5/70* 

9/66 

9 /~9  

÷ -  4.1~5.SK-,ETA P( 5170" 

÷- 4.1,5.5K-,ETA Pl 5170" 

16 P I ( IO IB I  WIDTH {~EV) 

w 143 (57 .o }  13.O÷SYSTEMATIC ROSENFELO 65 RVUE ÷ -  8 / 66  
w A 100 (25 . }  APBROXo ASTIER 67 HBC +- SEE NOTE A ABOVE 9167 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

16 PI(1026) PARTIAL OECAY MODES 

DECAY MASSES 
P2 PI(2016) INTO K KBAR 493* 497 
P2 P I ( IO lB)  INTO ETA B( 548*  139 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

16 PI(1016) BRANCHING RATIOS 

RL P2(10165 INTO (ETA PI) / (K KBAR] 
RI (5.Ol  OR LESS ASTIER 67 HBC O. PBAR P 9/67 

REFERENCES FOR PI(101B) 

ARMENTER 65 PL 17 ]44 ARMENTEROS,EOWARDS,JACOBSEN • (CERN÷PARISI 
BARASH 65 PR 139 B 165g +FRANZINI,KIRSCH,MILLER,STEINBERGER+(COLUM) 
ROSENFEL 65 OXFORD CONF 58 A H RQSENFELD ILRL - -RVUE)  

BALTAY 66 PR 142 B 932 ÷LACH,SANOWEISS,TAFT,YEH,STDNEHILL÷ (YALE) 

ASTIER 67 PL 25 B 29~ +MONTANETrBAUBILLIER,DUBOC÷ (EOF÷CERN+IOR) 
ASTIER bT INCLUDES DATA OF BARLOW 67,CONFORTO 671ARMENTEROS 85. 

BAILLON bT NC BOA 595 +EOWARDS÷D,ANDLAU~ASTIERe (CERN*CDF ÷IN) 
BARLOW 67 NC 50 A 701 +MDNTANETrD-ANDLAU~(CERN+CDF*IDR÷LIVERPDGL) 
CONFORTO 6T NP B3 4&9 CONFORTO,MABECEAL~MONTANET+(CBRNePARIS÷LIVI 

SCHROEDE 69 PR 188 2081 SCHROEDER,KERNAN,FISHER,LIBBY,÷ {AMES~CDLOI 

|  (loz9) I .... , ......... 
i 

............................................................ 

4 PHI MASS (MBV) 

I017.0 2.0 ARMENTERO 68 HBC O.O PBAR P 
1019.0 2.0 SCHLEIN a3 HBC 2.0 K-- P 
IOL8°6 0.5 MILLER O 65 HBC 0°0 PBAR P Bl&6 
1020 .0  2 .0  LONDON 66 HBD 2 .2  K-P 6166 
2021 .5  0 .8  ABRAMS 67 HBC 4 .2  K -  P 11 /67  

M 1019o 3 .  BARLOW 67 HBC 1.2 PBAR P 11/66 



5Z 

I021.0 4.0 RAHL 67 HBC 1-4 P l -  P 
165 I022. 1.5 MDSTEK 68 OSPK I*8 GAMMA ÷ C 

M 1018. 0.5 0.35 HYAMS 70 DSPR 1L. PI-  P 
M . . . . . . . . .  

AVG 1018.84 0.53  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.91 
(SEE IDEOGRAM BELOW ; 

See the illustrated key preceding the data card listings. 
Data in parentheses have no t  been included in our averages. 

9 /66  
6 / 6 8  
6170.  

WEIGHTED AUERAGE = 101B .B4  ± 0 .53  

ERROR SCRLEO BY 1 .9  

C H I S Q  

- ~  . . . . . . .  H Y A M S  ? 0 0 S P K  3 . 9  

I . . . .  N O S T E K  6 5  O S P K  4 . 4  

L ' ' D R H L  6 7  H B C  

- - . B R R L D U  6 7  H B C  

. . . . .  R B R Q M S  6 7  H B C  1 1 . 1  

• L O N D O N  6 6  H B C  0 , 3  

" M I L L E R  D 6S H B C  0 . 2  

• S C H L E I N  6 3  H B C  0 , 0  

6 3  H B C  O , B  

2 0 , B  R R M E N T E R O .  { C O N L E U  

1010  101S I 020  1 0 2 5  1 0 3 0  = 0 . 0 0 2 ]  

P H I  M R S S  ( M E U )  

4 PHI WIDTH IMEVI 

W 3.4 1.7 ARMENTERO 63 HOE 0 . 0  PBAR P 
w 34 ) 5 , 0 )  OR LESS SCHLEIN 69 HBC 2.0 K-P 
W 3 .5  1 .0  MILLER D 65 HBC 0 . 0  PBAR P B /66  
w 6 . 0  4 . 0  LONOON 66 HBC 2 . 2  N-P 6166 
w 1.8 3°0 1o5 ABRAMS 67 HBC 4.E K- P 1L167 
w (10.)  OR LESS BARLOW 67 HBC I . 2  PBAR P 11/66 
W 165 (4.55 ( 3 * 0 )  ( 2 , 0 )  MOSTEK 68 DSRK 1.8 GAMMA ÷ C 6 / 6 8  

BIZOT 70 DSPK E÷  E -  COLt.BEAMS 6/70* w 4.09 0.29 
W 4.1 O.g BALAKIN 69 OSPK E÷ E-  COLL. BEAMS 9169 
g 3 .3  1 .5  0°9  HYANS 70 OSPK 11. P I -  P 6170~ 
W . . . . . . . . .  
W AVG 4.q0 0.23 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

4 PHI PARTIAL DECAY MODES 

DECAY MASSES 
Pl PHI INTO K+ K- 493+ 493 
P2 PHI INTO KO1 KOE 497+ 497 
P3 PHI INTO Pl+ PI-  PIO (INCLUDING RHO PI) 139+ 139+ 134 
P4 PHI INTO PI@ PI -  (VIOLATES GI 139+ 139 
PE PHI INTO E+ E- .E *  .5  
P6 PHI INTO MU+ MU- 105÷ 105 
P7 PHI INTO RIO GAMMA 134÷ 0 
P8 PHI INTO ETA GAMMA 548+ O 
P9 PHI INTO PI÷PI-GAMMA 139+ 139+ 0 
PlO PHI INTO OMEGA GAMMA (VIOLATES C) 783+ 0 
P l l  PHI INTO ETA RIO (VIOLATES E) 548+ 134 
PL2 PHI INTO RHD GAMMA (VIOLATES C) 765* 0 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

4 PHI BRANCHING RATIOS 

R1 PHI INTO IK÷ K- ) /TDTAL 
~i  E 27 (0°26)  (0.061 BAOIER 65 HBC [SEE NOTE B BELOW] 10166 
RI 252 0.48 0.04 LINDSEY 66 HBC 2.7,K-P 10166 
RI 0.493 0.044 BIZOT 70 OSPK E÷ E- CDLL°BEAMS 6g70= 
RI . . . . . . . . .  
ql  AVG 0.486 0.030 AVERAGE (ERROR INCLUDES SCALE FACTOR OF l .O) 
RI FIT 0.469 0 .023  VALUE FROM CONSTRAINED FIT  

P2 PHI INTO ( K 1 K Z ) / T O T A L  
R2 B 25 (0.23) (0.06l BAOIER 65 HBC (SEE NOTE B BELOWI I0166 
R2 167 0 . 4 0  0 . 0 4  LINOSEY 66 HBC 2.1 K-R I0166 
R2 0.301 0.041 BIZOT 70 OSPK E+ E- COLL.BEAMS 6170~ 
R2 . . . . . . . . .  
R2 AVG 0.352 0.049 AVERAGE (ERROR INCLUDES SCALE FACTOR OF [ .7 )  
~2 FIT 0*348  0.023 VALUE FROM CDNSTRAINED FIT 

2 .7  K-P 10 /66  
E+ E-  COLL. BEAMS 6 / 7 0 *  

10 /66  
11167 
10266 

(SEE IOEOGRAM BELOW ) 

R3 PHI INTO (PI÷ PI -  RIO (INCL.RHO Pl))ITOTAL 
R3 ~O 0 , 1 2  0 . 0 8  LINDSEY 66 HBC 

0.206 0.036 BIZOT 70 OSPK Rt 
R3 . . . . . . . . .  
R5 AVE 0. [g2 0.033 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.05 
~3 FIT 0.185 O .Q25  VALUE FROM CONSTRAINED FIT 

R5 PHI INTO iK1K2) I (K  KBAR) 
R5 10 0.40 O.IO SCHLEIN 6g HBC 2.0 K-P 
R5 52 0.48 O.OT BADIER 65 HBC B.O K-P 
R5 0.44 O.O7 LONDON 66 HBC 2.2 K-P 
RB . . . . . . . . .  
RE AVG 0.448 0.044 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.05 
~5 FIT 0.426 0.024 VALUE FROM CONSTRAINED FIT  

P6 PHI INTO (Pl+ PI-- PlO (INCL.RHO PZII/(R KBAR) 
R6 0.30 0.15 LONDON 66 HBC 2=2 K-P 
R6 . . . . . . . . .  
R6 FIT 0.22~ O .OBB VALUE FROM CONSTRAINED FIT 

R7 
E7 
R7 
R7 

R8 
R8 

R9 
R9 

RIO 
RIO 
RIO 
RLO 

R l l  
R l l  
R I I  

Rl2 
~12 

RIB 
Rig 

R14 
R14 

R15 
R15 

Rlg 
R16 
R16 
RI6 
R16 
R16 
R16 
R16 

MESONS 

WEIGHTED RUERRGE = 0 .3S2  • 0 . 049  

ERROR SCRLED BY 1 .7  

0 • 2 0 . ' 3  

P H I  I N T O  

Values above of weighted 
average ,  sca le ,  etc.  {or 
r e ade r s  convenience.  The 
data were ac tua l ly  p roc -  
e s s ed  by p r o g r a m  AHK, 
which calculates its own 
values of SCALE, ~, and 
6Ix) (which are different 
from £he values sho~ here). 

C N I S O  

. . . . . . . .  \ "  " B I Z O T  70 O S P K  1.5 
% 

I ~ ~ ' L I N D S E Y  6 6  H B C  1 . S  " ~  
: ( C D N L E U  

O . 4  0 . S  0 , 6  = 0 , 0 5 4 5  

{ K 1  K 2 ]  / ( T O T A L )  

PHI INTO (PI+ PI -  PlO (INCL.RHO P I ) I I IK I  KEg 
(0.3)  OR LESS BERLEY 65 HBC 2.9 PI+P 

0.526 0.097 VALUE FROM CONSTRAINED FIT 

PHI INTO (PI~ P I - I / (K  KBAR) 
( 0 . 2 5  OR LESS LONDON 66 HBC 2 . 2  K-P 

PHI INTO (E÷ E - I / ( K e  K- )  (UNITS 1 0 " * - 4 )  (SEE ALSO RIG) 
6oi I°7 PECKER 68 CNTR GAMMA C 

PHI INTO (NO+ MU-)ITOTAL (UNITS 10**-45 
GALTIERI 65 HBC 2.7 K- P 

6 l  CNTR PHOTOPRO0. 
68 OSPK 12 K -  C 

IO/E6 

[0166 

9/66 

( 5 3 . )  OR LESS I0166 
(7.45 OR LESS CHASE 6168 
3.5 3.5 1.8 WEHRANN 6168 

PHI INTO (ETA GAMMA)/TOTAL 
I O . 2 )  OR LESS 8AOIER 65 HBC g.o K-P 10/66  
(O.OB) OR LESS LINDSEY 66 HBC 2 . 7  K-P 10/66 

[ 0 . 0 5 )  OR LESS LINDSEY 65 HBC 2 . 7  K-P L0266 
PHI INTO iPI+ P I -  GAMMA)/IK ROAR) 

PHI INTO (ETA NEUTRALS)/IK KBAR) 
( O . I S )  OR LESS LINDSEY 66 HBC 2 .7  K-P 10166 

PHI INTO (OMEGA GAMMA( / TOTAL 
(0.05) OR LESS LINDSEY 66 HBC 2.7 K-P 10166 

PHI INTO (RHO GAMMA) / TOTAL 
(0°02) OR LESS LINOSEY 66 HBC 2.7 K-P I0166 

PHI INTO (E+ E- I /TOTAL IUN ITS  I 0 " * - 4 )  ISEE ALSO ROI 
5 I6.65 (4.4) (2.8) ASTVACATU 68 DSPK 4 PI-  P 6•68 
ERROR O~ ASTVACATUROV G8 DOES NOT INCLUDE SIGMA(PHIl UNCERTAINTY. 6 / 6 8  

27 7°2 3.9 BINNIE 68 OSPK 1.6 El -  P 6 / 6 8  
9 6.1 2.6 BOLLINI 68 CNTR i . 9  PI-  P 9/68 

B.g 0.4 BALAKIN 69 OSPK E* E- COLL.BEAMS g / 6 9  
3 .45  0 , 2 7  BIZOT 70 CSPK E+ E-  DOLLoBEAMS 6170"  

RI6 AVG 3.47 O.ZE AVERAGE (ERROR INCLUDES SCALE FACTOR OF l.O) 

RL7 PHI INTO (PIO GAMMA)I(TOTALI 
R17 (.O03510R LESS BEMPORAD 69 CNTR 5 .5  GAMMA N 7 / 6 9  

RL8 PHI INTO (PI÷ PI-|/(TOTAL) 
918 tO,DO) OR LESS LINDSEV2 65 HBC 1.7- -2 .7  K-P 11169 

Fi t t ed  P a z t i a t  Decay  Mode Branch ing  F r a c t i o n s  

D i a g o ~ l  elemez~ts a r e  P i  ± gPl ;  6Pi  = ~ " O f f - d l a g o ~ l  e l e m e n t s  a r e  

c o r r e l a t i o n  coe~ i c l en t s  = <6PIEPj> / (EP£. 6P~). 

P 1 P 2 P B 

P 1 .469÷-.023 
P -.396 • E48+-.OEB 
P 5 -.538 -.564 .IBB+- .026 

* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

REFERENCES FOR PHI 

BERTANZA 62 PRL 9 180 BERTANZA,BRISSON,CQNNOLLY,HART + (BNL*SYR) 
ARMENTER 63 SIENA CONF 2 70 ARMENTEROS,EOWAROStASTIER÷ (CERN÷CDF-PARISI 
GELEAND 63 PRL 11 458 GELFANDtMILLER,NUSSBAUM,KIRSCH* (COLU*RUTG) 

GELFAND 63 DATA INCLUDED IN MILLER 65 BELOW 
SCHLEIN 63 PRL 10 368 SCHLEIN, SLATER,SMITH,STORK,TICHO (UCLA] 

BADIER 65 PL 17 337 BADIERtDEMOOLINtBARLOUTAUD+ [PAR÷LPCHE+ZEEI 

BERLEY 65 PR 139 B 1097 O BERLEY~N GELEAND (BNL~COLUMBIAI 
GALTIERI 65 PRL 14 279 A BARBARD GALTIERItR O TRIPP (LRL) 
LINDSEY 65 PRL 15 221 JAMES S LINDSEYtGERALD A SMITH (LRL) 

LINDSEY 65 DATA INCLUDED IN LINDSEY 66 BELOW 
LINDSEY2 65 UCRL 16526 JAMES 5. LINDSEY (THESISI (LRL) 
MILLER D 65 CU-237(NEVIS 13L) DAVID C MILLER (THESIS) (COLUMBIA) 
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53 
See the illustrated key preceding the data card listings. 

Data in parentheses have not been included in our averages. 

GRA~, L 66 PRL 17 501 +HAGERTY,BIZZARRI~CIAPETTI + (SYR+RONE)JPG 
LIN:$EY 66 PR 147 q13 JAMES S LIF~OSEY~ GEgALD A SMITH (LRL) 
LINBSEYL 66 PL 20 95 J.S.LINUGEY~ G.A.SMITH (LRLI 

.INOBEY [ 66 DATA INCLUDED IN LINOSEY 66 ABOVE 
LONTON b& PR 1~-5 1034 LDNOOHvRAU~SAMIOS~GOLDBERG + (BNL~SYRACUSEI 

~BP~S ~7 rO TECH REP 720 GERALD ABRAMS , THESIS (MARYLANO} 
BAR.CW 67 NC 50A TOE +LILLESTOL+MONTANET+(CERN÷CDF+IR~LIVERPOOL} 
CHA~E 67 PRL 18 710 R.C.CHASE,P.ROTHWELL~R.WEINSTEINICEA~NEASTI 
OAHL &7 PR 163 1 3 7 7  +HARDY+HESS+KIRZ÷RILLEP (LRLI 
HERIZBAC 67 PR 155 ~ 4 6 1  HERTZBACHeKRAEMER~MAr)ANSKIeZDANIB+(JHU+BNL) W W KHA:HATU AT PL 24B 34q KHACHATURYAN+AZI~OV÷BALOIN+BELOUSDV*(DUBNA) 

W 
W ABF~S 68 PR 175 1 6 9 7  +GLASSEReKEHOEtSECHI-ZORN,WOLBKY IHARYLANO| u u 

ASTVACAT 6B PL 27 B 45 ASTVACATUROVtAEIMOVtBALOIN÷ (JINR÷MOSCOW) ~ ',,' 
ALSO 67 EEL 19 869 RSBURY~BECKER~BERTPABtTING~- IDESY÷COLUMBIA) W H 

BEC(ER 6B P~L El 1504 +BERTRAB,BINKLEY~JDROAN~KNASEL* (OESY'I-MITI W H 
BIN~IE 60 PL BIB LOb +DUANE+FARUr~I÷HORSEY÷ (I.C.LDN+RUTHERFI W B 
BDLLINI 68 NC S& A [ [ T i  +BUHLER,OALPIAZ,qASSAW+ (CERN+BGNA÷BTRB} W B 
MOS/EK 68 PRL 2D 1 0 5 7  +EISENHANOLER~MCCLELLAN~NISTRY~ (CORNELLI W B 
WEH~ANN b8 PRLBO 748 ÷ENGELS+ [NARVARO+CASE+SLAC+CORNELL÷MCGILLI H 

W ( l l  
W t e l  
W (3 (  
W 
w AVG 

BALAKIN 69 IYAF 327 TRAMS *BUDKER,KORSHUNOV,MISHNEV~BIDOROV÷ (MOVE) 
SEE ALSO SIDOROV 6q 

BE~ROPAD 60 PL 29 B 363 +BRACCINI~CASTALDI~LUBELSMEVER~÷(PISAeBONNI 
SCOTTER 69 NC 62 A LOS? ÷ERSKINE~ALER~* (BIRH+OLAS+LOIC÷MPIM÷OXFI 
SIOBRDV 69 LIVERPOOL SVMP.ON ELECTRONS+PHDTONSIP.ZZ7, SIDOROV (NOVO) 

BIZ]T TO PRIV.CO~. ÷BUON, CHATELOS, JEANJE AN, LALONNE ~ ÷ (ORSA) 
SEE ALSO PEREZ-Y-JORBA, LIVERPOOL SYNP.69 

HYA~4S 70 PRIV.CDNN. +ROCHe POTTER i V .L  INDRN t LORENZ t LUT JENS {CERNI 

No+( ooo)l 
~ " / O I ~  S *  ~ . . . .  (1060,JPG , I=O . . . .  
I I N ~ E D  S'~ BY ORENNELL &6* 

REVIEWED AT PHILA.CDHF.~SEE BEU$CH TD 
THE DISAGREEMENT BETWEEN SOME OF THE OBSERVED WIDTHS IS 

R~LATEO TO AN A~RIGUITY IN INTERPRETATION OF THIS KS KS PEAK EITHER AS A 
RESONANCE ABOVE THRESHOLD OR AS A SCATTERING LENGTH EFFECT. FOR POSSIBLE 
2 PI MODE, SEE ETA V (I080}. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

3 ETA (10601 HASB (HEV) 

M (1000.DI APPROX RINGHAH 62 HLBC 6 - 1 8  PI-N 
[1000.0) APPROX EIGI 62 HBC IO.O P I - P  

M (i000.0( ERHIN 6E HBC E*lO PI-P 10166 j 
M 30(I030°0) APPROX. BALTAY 64̀ HBC 3 .T  PEAR P / H {1025.G) APPROX. BAr,IN 6& HLBC B.B P I - P  6166 
M 20 IOBB*O 10.0 CRENNELL 56 HBC 6.0 P I -  P 6166 

120 SCATT.LENGTH FITS BETTER. HESS 66 HBE t . 6 - A . 2  P I I  P 10166 
u 730 i079.0 6.0 S.O BEUSCH 67 OSPK 5~Tel~ PI-P 9167 
m 54` 1030.  10. ALITTI 68 HBCtOBC 3 , 6 - 5 . 0  K- N 7 / 6 9  
M T.O O , 7 ~ I . E  PBAR P T/69  i046.0 AGUI LAB- 69 HBC 
M AGUILAR 63 SEES INDICATION OF D-WAVE IN ETAIIOBOI REGION. 
M H (IO7D.) (SEE NOTE I1)) HOANG 69 OSPK 4̀ PI-P~KB KS N SI7O* 
M H ( l O 4 D . )  (SEE NOTE ( 2 ) )  HOANG 69 OSPK 4, PI-P~KS KS N E l?O* 

H { i030.) (S~E NOTE ( 3 ) )  HDANG 69 DSPK 4  ̀ P I -P tKS  KS N 5/TOt  
H SCATTERING LENGTH FITS EDUALLY WELL. VALUES ARE t i n  F) S/TOt 

M H +-(1.2 ÷D.5/-D.4`)~NO SIGNIFICANT IN ParT (FOR 4 GEV/C DATA} 517D~" 
M H +-(1.0 +--0.3 I~ND SIGNIFICANT IM PART (FOR 5 GEVIC DATA) SI7Dt 

B (1112.) (SEE NOTE (1)) BEUSCH TO OSPK 4t6 PI-P 51?D* 
m B ( I 0 5 3 . )  (SEE NOTE ( 2 l )  BEUSCH TO OSPK 4`~6 P I - P  5 / 7 0 *  
M B SCATTERING LENGTH FITS ONLY WITH EFFECTIVE RANGE. VALUE (FI IS SI?D~" 

B * - ( L . 3  + 0 . 3 5  '~ I ) ,  WITH ERR.RANGE = 1.4` F.(NOTE THAT SCATT* 5170"  
m LENGTH pLUS EFFECTIVE RANGE TERM ALWAYS SIMULATE RESONANCE IF 

RELATIVE SIGN CHOSEN NEGATIVE. I 
M 
u I 1 l  BIT ASSU~ING BRANCHING RATIO (2 PI I / iK  KBARI OF O° 5170" 
M (2) FIT ASSUHING BRANCHING RATIO (2 E l } I lK KERR) OF I .  SITO* 
M (31 FIT ASSUMING BRANCHING RATIO (2 PIIIIK KBARI OF 2. 5170. 

AVG lOCI.? IO.7 AVERAGE tERROR INCLUDES SCALE FACTOR OF 2 .9 )  
(SEE IDEOGRAM BELOW I 

UEIBHTED RUERIqBE = 1 0 6 1 . 7  ± 1 0 . 7  

ERROR SCRLED BY 2 . 9  

1 0 0 0  1 0 4 0  l O e O  

E T R ( 1 0 6 0 )  M ~ S S  ( H E U )  

• . A L I T T ' r  

• - B E U S C H  

• C R E N N E L L  

1 1 2 0  

C H I S Q  

6 9  H B C  5 . 0  

6 B  H B C ,  1 0 . 0  

6 7  D S P K  9 . 9  

6 6  H B C  0 . 4  

2 S . 4  

( C O H L E U  
= 0 . 0 0 0 )  

3 ETA (1060)  WIDTH (MEVI 

EO BO.O L5.O CRENNELL 66 HBC 6 . 0  P I -P  BI66  
168 .0  2 [ . 0  1U.D BEUSCH 67 OSPK 5 t T , 1 2  PI -P  9167 

BEUSCH 67 ASSUME NO S WAVE SCATTERING LENGTH. WITH S WAVE THE WIDTH 
BECOMES NARROWER THAN QUOTED ABOVE. 

54 65 ,D 3 5 . 0  15 .0  AL ITT I  6B HBCIDBC 9 . 6 - S , O  K- N 7 / 6 9  
4 0 . 0  2 0 . 0  AGUILAR- 69 HBC O . T e l . 2  PBAR P T169 

(BO0 . l  ISLE NOTE ( I l l  HOANG 69 OSPK 4  ̀ p I I p I R s  KS N E/TO t 
( 1 6 0 . )  (SEE NOTE ( 2 ) l  HOANG 69 OSPK 4 PI-PpMS KS N S/TOt 
( 1 5 0 . )  (SEE NOTE ( B I )  HOANG 69 OSPK 4 P I -P IKS  KS N S/TOt 
SCATTERING LENGTH FITS EQUALLY WELL. SEE UNOER MASS ABOVE. 5170"  

( 3 6 1 , )  ISEE NOTE ( 1 I )  BEUSCH 7D OSPK 4`o6 P [ - P  5170"  
[EO8.1 (SEE NOTE ( 2 | )  BEUSCH 70 OSPK 4`~6 P [ - P  5/TO~ 

SCATT. LENGTH WITH EFFECTIVE RANGE ALSO F I T S .  SEE UNDER ~ASS. 517Ot 

FIT ASSUHINO BRANCHING RATIO (2 E l ) I lK KBARI DF O. 5170~ 
FIT ASSUMING BRANCHING RATIO (2 PIII(K KBARI OF L. 5/70* 
FIT ASSUMING BRANCHING RATIO (Z ~II I (K KBARI DF 2. 5170. 

8 5 . 8  27.4` AVERAGE (BRROR INCLUDES SCALE FACTOR OF 2.91 
(SEE IDEOGRAM BELOW ) 

W E I G H T E D  ~ U E R g G E  = B S . B  i 2 7 . 4  

E R R O R  S C g L E D  BY 2 . 9  

. ~  C H I S g  

I I I • " - R 6 U I L R R -  6 9  H B C  5 . 2  

" I  ~-- . - \ - . - R L Z T T I  6 B  H B C ,  2 . ?  

/ - - - - t ~ - \ . . B E U S C H  6 7  D S P K  1 S . 9  
t 

. . . . . .  , ~ E N N E L L  6 6  H B C  24.90"1 

a a ( C D H L E U  
0 1 0 0  2 0 0  3 0 0  =O.OOOl 

E T R ( I O G O )  W I D T H  ( M E W )  

3 ETA 110601 PARTIAL DECAY MODES 

DECAY MASSES 
PL ETA [10601 INTO KKBAR 493# 4`9T 
P2 ETA (1060)  INTO P IP I  139+ 134` 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

3 ETA (1060) BRANCHING RATIOS 

R[ ETA (IO60I INTO (PI PIII(K KBARI 
R[ (2.El OR LESS CRENNELL 66 HBC 90 PET CONF LEV 7166 
R[ 1 ,0  0 . 6  0 . 3  LAI  68 HBC 6 P I -  P 11168 

REFERENCES FOR ETA(~O6D) 

WANG 6 [  JETP 13 323 
BIG} 62 CERN CONF Zà ? 
BINOHAM 62 CERN CONF 24̀0 
ERWIN 62 PRL 9 34 

8ALTAY 64 OOBNA CONE I 4`09 
BARMIN 64` DUBNA DONF 1 A33 

CRENNELL 66 PRL 16 1025 
HESS 66 PRL LT 1109 

UARLON 67 NC 5OR 701 
BEUSCH 67 Pt 25 B 357 
DAHL 67 PR 163 1377 

AL ITT I  68 PRL 21 1705 
LAI 68 PHILAD.CONF.P.3O3 
PHELAN 68 THESIS 

ALSO B8 PRL 2 1 S [ 6  

WANG TSU-TSENGtVEKSLERtVRANAp÷ ( J INR)  
A BIG}IS BRANOT~ r CARRArA • (CERNI 
H H BINGHA~tM BLOCH ÷ (PARIS~EC PGLY+CERN( 
ERWINtHDYER,MARCHpWALREReWANGLER (WIS÷BNL) 

UALTAYvLACH,CRENNELLvOREN~STUMP ÷(YALE*BNLI  
BARNIN~OOLOOLENKCIYEROFEEV~KRESTNI÷ l I T E R )  

CRENNELLtKALBFLEISCHtLAI~SCARRtSCHU÷ (UNL) 
+OAHL+HARDY÷KIRZ+MILLER [LRLI  

+LILLESTOL+MDNTANET+ICERN+CDF+IR÷LIVERPDOLI 
÷FISCHER~GOBBItASTBURY.MICHELINI÷(ETH+CERNI 
+HARDY+HESS÷KIRZ÷NILLER (LRL) 

÷BARNEStERENNELL,FLAMINIO~GOLOBERG~÷ (BNLI 
KHAN WU LAI  (BNLI  
JAMES J .  PHELAN (ANL+ST.LOUIS UNIVI  
HOM4GtEARTLYtPHELANwROBERTS~(ANL÷CHIC*NDANI 

AGUILAR- 69 PL 2q O 24`1 M.AGUILAR-BENITEZ,J.BARLOW,~ (CERN÷CDF) 
ALSO BARLOW 67 
ALSO 69 NP B 14` 195 N.AGUILAR-BENITEZ~J.BARLDWt+ |CERN~CDFI 

HOANG 69 NC 61 A 3 IS  T.F.HOANG (ANLI 
HOANG 69 PR 184 Z363 +EARTLYtPHELAN,ROBErTSv+ (ANL+ILL(CHI+NDAMI 

BEUSCH 70 PHILAD.CONF. IETH~CERNI 

* 
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The Threshold Enhancements 
At, A3, Q, and L 

We present here first some general re- 

marks about these four related peaks; second, 

some remarks specifically about A1. 

The four peaks under study generally arise 

from a reaction of the form 

M + T - *  M +w+T (4) 

I .  M + w ,  

w h e r e  T i s  t h e  t a r g e t  ( p r o t o n  o r  d e u t e r o n ) ,  M 
# 

t h e  b e a m  p a r t i c l e ,  a n d  M a r e s o n a n c e  in  t h e  

Mw s y s t e m .  T h e  r e l e v a n t  q u a n t i t i e s  f o r  e a c h  

o f  t h e  e n h a n c e m e n t s  a r e  g i v e n  b e l o w :  

# 
M w M a s s  

e n h a n c e m e n t s  threshold 
m a s s  i n  M ' a n d  w 

M M_ M * ( J  P)  (MeV) (MeV) 

z p ( t - )  A t (  ~ t 070 )  920 

~r fo (2 +) A 3 ( ~  t640 )  t 4 0 0  

K K " 8 9 0 ( 1 - )  KA(~ t300)  o r  O t030  

K K~4Z0(2 +) KA(~ t780)  o r  L t 5 6 0  

T h e s e  e n h a n c e m e n t s  s h a r e  t h e  f o l l o w i n g  

f e a t u r e s :  

t )  L a r g e  w i d t h s  ( t 5 0  to  400 M e V ) ,  w i t h  l i t t l e  

s t r u c t u r e  e x c e p t  fo r  c o m p i l a t i o n s  d i s c u s s e d  i n  

t h e  n o t e  o n  t h e  Q p e a k .  

2) M a s s  a b o u t  200 M e V  a b o v e  M*w t h r e s -  

h o l d .  

3) T h e y  a r e  no t  p r o d u c e d  s t r o n g l y  e x c e p t  i n  

d i f f r a c t i v e  p r o c e s s e s  [ r e a c t i o n  ( t ) ]  ; e x c e p t i o n s  

a r e  d i s c u s s e d  in  p o i n t  7 b e l o w .  

4) E a c h  e n h a n c e m e n t  h a s  o n e  p r e d o m i n a n t  

d e c a y  m o d e ,  d e s c r i b e d  i n  r e a c t i o n  ( t ) ,  a l -  

t h o u g h  t h e  Q, w h i c h  i s  j u s t  a b o v e  Kp t h r e s h o l d ,  

c a n  h a r d l y  a v o i d  s h o w i n g  s o m e  Kp s i g n a l .  

5) A s  w o u l d  be  r e q u i r e d  of  a r e s o n a n c e ,  t h e  

e n h a n c e m e n t  s e e m s  to  a p p e a r  i n  a s i n g l e  p a r -  

t i a l  w a v e .  I n  f a c t  fo r  a l l  f o u r  p e a k s ,  p r e l i m -  

i n a r y  a n a l y s e s  f a v o r  a r e l a t i v e  s - w a v e  f o r  t h e  

M w s y s t e m .  

6) T h e  p r o d u c t i o n s  of  t h e s e  e n h a n c e m e n t s  

[ r e a c t i o n  (1)] a r e  ' h r e a s o n a b l y "  w e l l  d e s c r i b e d  

b y  t h e  R e g g e i z e d  D e c k  m o d e l ,  w h i c h  d o e s  not  

i n v o k e  r e s o n a n c e  p r o d u c t i o n  in  t h e  M*w s y s -  

t e m .  H o w e v e r ,  t h e  d u a l i t y  h y p o t h e s i s  m a k e s  

t h e  m e a n i n g  of  t h e s e  f i t s  u n c l e a r .  

7) T h e r e  h a v e  b e e n  s o m e  r e p o r t s  o f  t h e s e  

e n h a n c e m e n t s  p r o d u c e d  in  " n o n d i f f r a c t i v e "  

p r o c e s s e s  [ i . e . ,  o t h e r  t h a n  r e a c t i o n  (1)] 

( e . g . ,  O i n w p - * A K S w ,  A1 i n K p - ~  K p p w ,  e t c . )  

S o m e t i m e s  t h i s  i s  t a k e n  a s  e v i d e n c e  s u p p o r t i n g  

t h e  r e s o n a n c e  i n t e r p r e t a t i o n ,  s i n c e  t h e  p r o d u c -  

t i o n  m e c h a n i s m s  a r e  d i f f e r e n t .  H o w e v e r ,  

t h e r e  a r e  m u l t i - R e g g e  m o d e l s  t h a t  c a n  p r o d u c e  

l o w - m a s s  e n h a n c e m e n t s  j u s t  a s  t h e  d o u b l e -  

R e g g e  m o d e l s  do .  T h i s  w a r n i n g  w a s  v o i c e d b y  

B E R L I N G H I E R I  69 ( f o o t n o t e  5) a s  a w a r n i n g  

a g a i n s t  t h e i r  own A1 p e a k  p r o d u c e d  " n o n d i f -  

f r a c t i v e l y "  b y  K + m e s o n s .  See  a l s o  d i s c u s s i o n  

o f  CASO 70 b e l o w .  

8) T h e r e  h a s  b e e n  a c o n s i d e r a b l e  a m o u n t  o f  

c o n f u s i o n  r e l a t e d  to  t h e s e  e n h a n c e m e n t s .  

U s u a l l y  t h e  d a t a  f r o m  d i f f e r e n t  e x p e r i m e n t s  

a r e  q u i t e  s i m i l a r  e x c e p t  t h a t  t h e  m a s s  d i s t r i -  

b u t i o n  f r o m  one  e x p e r i m e n t  m a y  b e  a s m o o t h  

b r o a d  p e a k ,  w h i l e  o t h e r s  m a y  h a v e  o n e  o r  

m o r e  s m a l l  p e a k ( s )  on  t o p  o f  i t .  I n  t h e  f o r m e r  

c a s e  i t  i s  n a t u r a l  to  a t t r i b u t e  t h e  w h o l e  er~- 

h a n c e m e n t  to  one  e f f e c t ,  r e s u l t i n g  in  b r o a d  

w i d t h  and  m a i n l y  one  d e c a y  m o d e .  I n  t h e  

l a t t e r  c a s e  one  t e n d s  to  p e r f o r m  a b a c k g r o u n d  

s u b t r a c t i o n  a n d  v a r i o u s  c u t s  to  r e m o v e  t h e  

b r o a d  e n h a n c e m e n t ,  w h i c h  r e s u l t s  in  n a r r o w  

r e s o n a n c e s  w i t h  s e v e r a l  d e c a y  m o d e s .  The  

w i d t h ,  c r o s s  s e c t i o n ,  a n d  b r a n c h i n g  r a t i o  a r e  

t h e r e f o r e  v e r y  s e n s i t i v e  to  t h e  a s s u m e d  b a c k -  

g r o u n d  s i n c e  i t  i s  h i g h  and  r a p i d l y  v a r y i n g .  

T h i s  p r o b a b l y  e x p l a i n s  w h y  two  g r o u p s  s o m e -  

t i m e s  s t a t e  v e r y  d i f f e r e n t  c o n c l u s i o n s  w h i l e  

t h e i r  d a t a  a r e  a c t u a l l y  v e r y  s i m i l a r .  

We h a v e  a l r e a d y  m e n t i o n e d  in  t h e  t e x t  

(Sec .  III)  and  u n d e r  p o i n t  6 a b o v e  t h a t  f o r  t h e s e  

f o u r  p e a k s  i t  i s  not  y e t  p o s s i b l e  to  d i s t i n g u i s h  
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b e t w e e n  two d i f f e r e n t  i n t e r p r e t a t i o n s  ( t h r e s -  

ho ld  e n h a n c e m e n t  vs  r e s o n a n c e )  w h i c h  a r e  

l i n k e d  by  the  n o t i o n  of d u a l i t y .  O u r  p r o c e d u r e  

i s  to e n t e r  a l l  four  o n  the  M e s o n  T a b l e ,  w i t h  
a w a r n i n g  a b o u t  t he  i n t e r p r e t a t i o n .  

Note on Nondiffractive A1 Production 

V e r y  m a n y  a u t h o r s  h a v e  s h o w n  t h a t  A1 

p r o d u c t i o n  a c c o r d i n g  to r e a c t i o n  (1) a b o v e  

(~rp -~ p A t )  c a n  be d e s c r i b e d  by  a R e g g e i z e d  

D e c k  m o d e l .  (Two r e c e n t  p a p e r s  a r e  

B R A N D E N B U R G  70 and  C H I E N - t  70, ) H e n c e  

i t  i s  p a r t i c u l a r l y  i n t e r e s t i n g  to s ee  i f  A1 i s  

a l s o  p r o d u c e d  i n  o t h e r  r e a c t i o n s  t h a t  a r e  f r e e  

f r o m  t h i s  c o m p l i c a t i o n .  

• A N D E R S O N  69 r e p o r t e d  A t  p r o d u c t i o n  

i n  v - p  -~ p A t -  i n  t he  b a c k w a r d  d i r e c t i o n .  The  

A t  so p r o d u c e d  h a s  m u c h  s t e e p e r  u d e p e n d e n c e  

t h a n  e x h i b i t e d  b y  the  o t h e r  w e l l - k n o w n  r e s -  

o n a n c e s  a l s o  p r o d u c e d  i n  t h e  s a m e  e x p e r i m e n t ,  

and  t h i s  s t e e p  d ~ / d u  ha s  no s i m p l e  t h e o r e t i c a l  

e x p l a n a t i o n .  H e n c e  we  s t i l l  a c c e p t  t h i s  r e s u l t  

w i t h  s o m e  r e s e r v a t i o n .  

• DANYSZ 67 and  F R I D M A N  68 r e p o r t e d  

A t  i n  ~p  -* 3 ~ + 3 z - v  °. H o w e v e r ,  t he  e v i d e n c e  

i s  not  o v e r w h e l m i n g  b e c a u s e  of low s t a t i s t i c s  

and  h i g h  b a c k g r o u n d .  The  f u r t h e r  f a c t s  t h a t  

A I  i s  n e i t h e r  o b s e r v e d  i n  s i m p l e r  f i n a l  s t a t e s  

(e. g. , PP -* 2 ~ + 2 z - ~ ° )  i n  the  s a m e  e x p e r i m e n t s ,  

n o r  o b s e r v e d  i n  o t h e r  p p  e x p e r i m e n t s ,  m a k e  

the  c a s e  for  A t  p r o d u c t i o n  i n  pp r e a c t i o n s  

qu i t e  d u b i o u s .  

• A L L A B Y  69 m e a s u r e d  the  d e u t e r o n  m o -  

m e n t u m  s p e c t r a  f r o m  the  r e a c t i o n  p p - * d  + M M  

at 2 t . 1  G e V / c .  B r o a d  p e a k s  w e r e  o b s e r v e d  

w i t h  MM at  t t 0 0  and  1300 MeV.  H o w e v e r ,  i n  

t h e s e  m e a s u r e m e n t s  the  MM s y s t e m  w a s  no t  

o b s e r v e d  h e n c e  i t  i s  not  c l e a r  i f  t h e s e  p e a k s  

w e r e  i n d e e d  p r o d u c e d  i n  p~ s y s t e m .  A l s o  

SHIH 70 ha s  s h o w n  t h a t  a d o u b l e - R e g g e - p o l e  

m o d e l  p r o d u c e s  a b r o a d  A t - l i k e  e n h a n c e m e n t  

i n  r e a c t i o n s  i n  w h i c h  b a r y o n  e x c h a n g e  d o m -  

i n a t e s  and  a pw s y s t e m  e x i s t s  i n  the  f i n a l  s t a t e .  

i n  v - p  r e a c t i o n s  a t  11.2 G e V / c :  

(1) Ir-p -> p~r-klr ° , 

CASO 70 s t u d y  the  f o l l o w i n g  f i n a l  s t a t e s  

(2) p~ w ~ , 

(3) pw+w- w- T °, 

(4) pw+w- 1T- kw ° , 

(5) nw+~r+Tr- ~ - , 

(6) pTr + w +IT - Ir - ,r - 

(7) n~+w+w- ~r- k~T 0 

k>~2, 

k>~2, 

k>~1.  

R e a c t i o n s  (2) a nd  m u c h  of (1) a r e  of  c o u r s e  the  

c l a s s i c a l  D e c k  e x a m p l e s  w h i c h  we a r e  t r y i n g  

to a v o i d  i n  t h i s  no t e .  But  the  r e m a i n i n g  r e -  

a c t i o n s  e a c h  d o  show an  A I  peak ,  and  w h e n  

t h e y  a r e  a l l  added ,  t h e  peak  shows  up qu i t e  

w e l l .  H o w e v e r ,  we m u s t  r e s t a t e  h e r e  m o r e  

p r e c i s e l y  o u r  r e s e r v a t i o n  g i v e n  i n  po i n t  7 

a b o v e .  F i g u r e  A l ( a )  shows  a d o u b l e - R e g g e -  

l r r - -  

P P 
t 7r- M 2 

AI (o) Reaction(2) 7r-p--~p ~r-pO, 
double Regge 

111"-- ~ p O  

I ~  pO 

T--.j 

M I 

M2 

Al(b) Reoction(6)~r-p , pT-pOpO, 
triple Regge 
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AI(c) N~k interpretofion of reoction(6) 

MESONS 

po le  d i a g r a m  tha t  c o n t r i b u t e s  to r e a c t i o n  2. 

The  m a t r i x  e l e m e n t  is  c a l l e d  M 2, and  we know 

t h a t  i t  m o r e - o r - l e s s  e x p l a i n s  t he  A t  peak .  

F i g u r e  A l ( b )  shows  how the  D R P  d i a g r a m  m u s t  

be  m o d i f i e d  to e x p l a i n  r e a c t i o n  (6) w h i c h  i n -  

v o l v e s  two m o r e  p i o n s .  O n e  c a n  s i m p l y  add 

one  m o r e  l i n k  to the  c h a i n ,  and  put  a p at  t he  

n e w  v e r t e x .  The  t r i p l e - R e g g e - p o l e  m a t r i x  

e l e m e n t  M 3 c a n  t h e n  be  w r i t t e n  M 3 = M 2 M t ,  

w h e r e  M 2 a l r e a d y  c o n t a i n s  the  A t  peak ,  and  

M t j u s t  i n v o l v e s  a n o t h e r  p r o p a g a t o r ,  We do 

not  s ee  why  the  e x t r a  f a c t o r  M t s h o u l d  d e s t r o y  

the  A1 peak .  T h e n  how c a n  we s a y  t h a t  r e -  

a c t i o n  6 i s  n e w  e v i d e n c e  for  a r e s o n a n t  i n t e r -  

p r e t a t i o n  of the AI peak? 

Another way to draw this reaction 6 is 

sketched in Fig. Al(c). M~ might have much 

the same shape as M 2. 

One can look for new evidence where there 

is charge-exchange at the lower vertex, so 

that !Pomeron exchange is forbidden. M2(n ) 

should then simulate the A1 peak less well 

than M2(p). Unfortunately their charge- 

exchange reaction (7) does not show a very 

good AI signal. We conclude that it is hard to 

find an independent "nondiffractive" example 

of Ai production. 

e BERLINGIIIERI 69 reported AI produc- 

tion in K+p interactions at 12.6 GeV/c while 

RABIN 70 reported evidence against it. How- 

ever, after a careful re-examination of both 

experiments, we conclude that--contrary to 

what we said in January i970--both exper- 

iments are consistent with one another. There 

is some indication of A1 in BERLINGHIERI 69, 

a n d  no s t r o n g  e v i d e n c e  i n  R A B I N  70 a g a i n s t  i t .  

( F o r  d e t a i l s ,  s e e  C H I E N  70 . )  The  d i f f e r e n c e  

i n  p o i n t  of  v i e w  of t he  two p a p e r s  i s  p e r h a p s  a 

good e x a m p l e  of the  a m b i g u i t y  d i s c u s s e d  i n  

p o i n t  8 a b o v e .  A L E X A N D E R  69 a l s o  r e p o r t e d  

A t  p r o d u c t i o n  i n  K+p r e a c t i o n s ,  bu t  the  s i g n a l  

i s  not  v e r y  c l e a r  i n  a n y  s i n g l e  r e a c t i o n  ( s ee  

A t  r e v i e w  i n  o u r  J a n u a r y  i 970  e d i t i o n s ) .  

I n  s u m m a r y ,  r e p o r t s  on  A t  p r o d u c t i o n  i n  

" n o n d i f f r a c t i v e "  r e a c t i o n s  (i, e, , o t h e r  t h a n  

± p0 +p) b e c o m e  i n c r e a s i n g l y  a b u n d a n t .  ~r p - +  

( F o r  d e t a i l s ,  s e e  G A R E L I C K  70. ) But  the  

m o s t  s t r i k i n g  e x a m p l e  i s  s t i l l  t h a t  of A N D E R -  

SON 69, and  e v e n  h e r e  we h a v e  s t a t e d  s o m e  

r e s e r v a t i o n s .  CASO 70 a l s o  looks  qu i t e  c o n -  

v i n c i n g .  In  g e n e r a l  c o n t r a r y  to the  o v e r w h e l m -  

ing  e v i d e n c e  of A t  p r o d u c t i o n  i n  lr±p -> p0 ± p  
+ 

r e a c t i o n s  r e p o r t e d  i n  e v e r y  v p e x p e r i m e n t ,  

A I  p r o d u c t i o n  i n  " n o n d i f f r a c t i v e "  r e a c t i o n s  ha s  

b e e n  r e p o r t e d  i n  v e r y  few e x p e r i m e n t s  w i th  

m u c h  l o w e r  s t a t i s t i c s .  M o r e  e x p e r i m e n t s  and  

r e -  e x a m i n a t i o n  of the  " n o n -  r e p o r t i n g "  e x p e r -  

i m e n t s  a r e  n e e d e d ;  e. g. , i t  i s  i m p o r t a n t  to 

e x a m i n e  o t h e r  h i g h - e n e r g y  wp e x p e r i m e n t s  for  

r e a c t i o n s  I to 7 to c o m p a r e  w i th  CASO 70. 

10 AX MESON MASS (MEVI 

M MASS AND WIDTH ~IGHT HAVE LARGE SYSTEMATIC 
M ERRORS RUE TO COMPLICATED BEHAVIOR OF BACKGROUND. 

M PRODUCED BY RIONS I RESONANCE INTERP. CONFUSED BY DECK EFFECT 
H 
M PRODUCED BY PI ÷ 
M (1080.0)  AOERHDLZ 64 HEC 4.0 PI÷P 
M ' IOBO. I  APPROX. BOESEBECK 6 8  HBC • 8 Pl+ P 6168 
H 
M PRODUCED BY PI - 
M (1060. I AECOLI 68 HBC 
M 1089.0 1 2 . 0  BALLAH 68 HBC 
M C (IOEO.) APPRDX, CASO 68 HBC 
M C CASO 68 SUPERSEDED BY CASO 70 
M ( lOgO.|  APPRDX* CHUNG 68 HDC 
M 1055.0 6.0 JUNKMANN 68 HBC 
M S I1119.  I ( 30 . )  KEY 6 8  HDC 
M S SHOULDER ON AZ ONLY 
M 1 0 6 9 . 0  7 . 0  CASD 7D HBC 
R ( I 120 .0 )  CRENNELL 70 HBC 
M 
M PRODUCED BY PIONStEACKWARDS SCATT. NO DECK EFFECT. 
M "1115.0 20.0 ANDERSON 69 MMS 
M 
M PRODUCED BY PRARS~ SEE TYPED N O T E .  
M ( 1 0 5 4 . ,  ( 7 . 1  DANYSZ 67 NBC 
M ' 1042 . )  ( 21 . )  FRIDMAN 68 HBC 
M 
M PRODUCED BY K-~ SEE TYPED NOTE. 
M I I i i .  IO.  ALLISON 6 7  HBC 
M 1117. 80. ALLISON 67 HDC 
N 1060. 1 5 .  J U H A L A  6 7  HBC 
M 
M PRODUCED BY K+, SEE TYPED M O T E .  
M K+ (iO6O.O) (20 .0)  ALEXANDER 69 HBC ~ 9 K+P g/6g 
M R* (iOSO.Ol 12O.Ol BERLINGHI 69 HBC + O 12.7 K+ P 9/59 
M K+ FOR CONTRADICTORY EVIDENCE SEE RADIN TO AND TYPED NOTE. 
M 
M 
M AVG 1078. I  9 . Z  AVERAGE (ERROR INCLUOES SCALE FACTOR DE 2.5) 

- O  5 P I - P  6 / 6 8  
- 1 6 . 0  P I -  P 9 1 6 8  
- 11  P I -  P 6 / 6 8  

5 / 7 0 .  
- 3 . 2 , 4 . 2  P I - P  2167 
- 1 6 .  P I -  P~ BP I  9 / 6 9  
- 3 P I - P  9 / 6 8  

- l l . 2P I -P  5 / 7 0 "  
6 .  P I -  P , F  P I  5 / 7 0 *  

- 16  P I -  P s B A C K N 9  8 1 6 9  

÷ -  3 , 3 . 6  PEAR P 7 / 6 7  
÷ -  5 . 7  PEAR P 6 / 6 8  

• 6 K - P , L A M  +5  P I  1 1 6 8  
+ 6 K - P , L A M  + 4  P l  Z / 6 8  

O 4 . 6 - 5  K - P , S B O D Y  1 / 6 8  

, S E E  IDEOGRAM BELOW # 
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See the illustrated key preceding the data card listings. 

Data in parentheses have not  been included in our averages. 

IB A1 PARTIAL ~ECAY mODES 

DECAY MASSES 
WEIGHTED AUERREE = 1073 .1  ± 8 . 2  P1 AI INTO RHO Pl 765* 139 

ERROR SCALED BY 2 .S  pz AL INTO KBAR K 493+ 497 
P3 AI INTO ETA Pl 548+ 139 
P4 AI INTO ETA PRIHE PI 9 5 7 +  1 3 9  
PB AI INTO B Pl LB9+ 1 3 9 +  139 

10 A1 BRANCHING RATIOS 

AI INTO (RBAR K)IIRHD El) 

I . J - - - - ~  . . RL (G.OOZSIDR LESS DAHL 67 HBC - 4.0 PI- P 
RI AI INTO (KBAR KJI(RHO PI] 

CHISO 

I ........... JUHALA 67 HBC 0 .B ,***** ********* ,,,****** ********* ,,=****** ********* ********* .,,***** 

z~, ' "RLLISOH 6 7  HBC 
• - " A L L I S O N  6 7  HBC 1 4 . 4  REFERENCES FOR AI 

- - ~  .ANDERSON 69 MRS 4 .4  AOERHOLZ 64 PL IO 226 AACH÷BERL+BIRM÷BONN*DESY+HAMB+IMP.COL÷ MPl 
OEUTSCHM &6 PL 20 82 OEUTSCH~ANN,STEINBERG + IAACH+BERLIN+CERN) 

--I '- . . . .  " ~-  . . . .  C R S D  7 0  H B C  0 . 3  
- ~  . . . . .  . . . . . .  ~~JUNKMRNH 68 HBC 9 .1  ALLISON 57 PL 25B 619 +CRUZ+ (OXF*NUN+BIRM+RUTH*GLASG÷LON(IC)| 

: : ; ,  oA . . . . . . . . . .  , . . . . . . . . . . .  ss . . . . . . .  , . . . .  , L L  
. . . . . . . .  ~ m 6B HSC 1 .B  DANYSZ 67 NC 51A 801 OANYSZ+FRENCH+SIMAK (CERNI 

3 0 . 7  JUHALA 67 PRL 19 1355 +LEACOCK~RHOOE*ROPELMAN÷ ([OWA+COLO) 

( C B N L E U  ASCOLI 68 PRL 21 113 +CRAWLEYtKRUSEtHORTARA~SCHAFERI+ (ILLINOIS) 
1020  10 0 1100  1140  11S0 = 0 . 0 0 0 I  BALLAM 64 PRL 21 934 *BRODY,CHADWICK,FRIES,GUIRAGOSSIAN+ (SLACIJP 

BOESEBEC 69 NP B 4 501 BOESEBECK,DEUTSCHMANN~*(AACHEN+BERLIN+CERN| 
" 1  ( 10~0 )  M"SS ( ~ E U )  CASO 6B NC BA A 983 *CONTE+COROS÷DIAZ÷ (GENOVA+HA~B*MIL+SACL) 

CHUNG 68 PR 165 1491  S.U.CHUNGtO*DAHL,J.KIRZ,D.H.MILLER (LRL) 
FRIDNAN 68 RR 157 1268 +MAURER,~ICHALON,OUOET+IHEIOELB~STRASBOURG) 
JUNKMANN 6B NP 88 471 ÷COCCDNI+ (AACH÷BERL+BONN~CERN+WARS) 
KEY 68 PR l&S 1430 +PRENTICE÷COOPER+MANNER*WALKER+(TO+ANL+WISI 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ALEXANOE 69 PR 183 L168  GoALEXANDERtA.PIRESTONEtG.GOLOHABEE ILRL) 
ALL&BY 69 PL 298 LDB +BINON*OIDOENS+OUTEIL+KLOVNING*... (CERN) 

i0 A1MESDN WIDTH (MEV) ANOERSON 69 PRL 22 1B90  *COLLINS,+ (BNL÷CARNI 
6ERLINDH 69 PRL 23 42 BERLINOHIERI~FARBER,+ IROCH) 

SEE NOTE UNDER AI MESON MASS. JUHALA 69 PR 184 1461  +LEACOCK~RHODE,KEPELMAN,LIBBY,~ (AMES+COLO) 

PROOUCED BY PIONS t RESONANCE INTERP. CONFUSED BY DECK EFFECT CASO 70 LNC 3 707 *COROS,COSTA,DARO*(GB~O,DESY,HAMrMILApSACL) 
V[O 

PRODUCED BY Pl * CRENNELL 70 PRL 24 781 *KARSHON,LAS,SCARR,SI~$ (8NL) 
(80.0) ADERHOLZ 64 HBC 4.0 PI÷R RABIN 70 PRL 24 925 +GALTIERIpOERENEO,FLATTE,FRIEDMAN+ (LRL) 

(130.) APPROX. BOESEBECK 68 HBC + B PI+ P 6168 SHIH 70 BNL 140SD-REV +YOUNG (BNL} 

PRODUCED BY PI - PAPERS NOT REFERRED TO IN DATA CARDS 
140.0 31.0 BALLAM 68 HBC - 16.0 El-  P 9168 

C (100.) APPROX. CASO 68 HBC 11P l -  P 6168 BELLINI 53 NC 29 896 BELLINIrFIDRINI~HERZ,NEGRI,RATT[ {MILANI 
C CASO 68 SUPERSEDED BY CASD 70 5Z70* GDLOHABE 64 PRL 1B 386 GOLDHABER,BROWNvKAOYK,BHEN,TRILLING(LRL+UCI 

[125.) APPROX. CHUNG 68 HBC - B.2,4.2 PI-P Z167 LANDER 64 PRL 13 346 A LANDER,ABOLINS,GARMONY,HENDRICKS ÷ IUCSD) JP 
77.0 17.0 JUNKMANN EB HBC 15. PI-  P~ 5Pl 9169  ABOLINS 65 ATHENS(OHIOICONF. +CARMONY,LANDERtXUONGtYAGER [LA JOLLA)I=I 

K {Tb.) (45.) KEY 66 HBC - B.O PI- P 11167 ALITTI 65 PL 15 69 ALITTI,BATGN,DELER,CRUSSARD~ (SAC+BOL) 
K SHOULDER ON AZ ONLY ALLARD 66 NC 46A 737 +DRIJARD÷HENNESSY* (ORSAY+MILAN+SAC*BERKD 

99.O 15.0 CASO 70 HBC - I I*BPI-P 5170" HESS 66 UCRL-Z683E R I HESS (THESIS, BERKELEYI (LRL) 
SLATTERY 67 NC EOAB??  ÷KRAYBILL+FCRMAN+FERBEL (YALE+ROCH) JP 

PROOUC~D BY PION$.BACKW~RDS SCATT. NO DECK EFCECT. ARMENISE 68 PL E6 B BBS ÷FORINO~EARTACCI~ (BARI+BOL+FIR÷ORSAYi 
98.0 45.0 20.0 ANDERSON 69 MRS - 16 Pl-  P,BACKWg 8169  CNOPS 68 PRL Zl 1609  +HOUGH,COHN,BUGG~ [BNL*ORNL+ORUC+TENN~RENN| 

DONALD 6 9  NP B I I  551 +EOWARDS,BURANvBETTINh÷ (LIVP*OSLO*PADO} 
PRODUCED BY ROARS, SEE TYPED NOTE. ~AYOLLE 69 NP B 13 40 +DE MONTAIGNAC,NORANB~STRACHNAN÷ (PARISI 

(33.) (19.) DANYSZ 67 HBC *-  3,3.6 PBAR P 7167 KENYON 69 PRL 23 146 +KINSON~SCARR~+ (BNL*ORUC+ORNLI 
{1GO.) APPROX. FRIDMAN 68 HBC 5°7 PEAR P 6168 CHIENZ 70 JHU 7011 C.Y.CHIEN (JOHNS HOPKINS) 

CHIENI 70 TORONTO PREPRINT +CHAO,JOHNSTON,PRENTICE,WALKER (TOR+WISC) 
PRODUCED BY K-f SEE TYPED NOTE. BRANOENB 70 NP 816 369 ÷BRENNERIIDFFREOOtJOHNSGN~KIN* (HARVARDI 

50. 50. ALLISON 67 NBC + 6 K-P~LA~ +4 PI 1168  GARELICK 70 PROC.PHILA.CONF° O.A.GARELICK~REVIEW (NORTHEASTERN) 
50. 25. ALLISON 67 HBC ÷ 6 K-P, LAM .5 PI I168 

• ***** ********* ********* ********* ********* ********* ********* ******** 

PRODUCED BY K÷,  SEE TYPED NOTE. 
(160.01 (EO.O) ALEXANDER 69 HBC + 9 K+P 9169 

B {iBO.O) (30.0) BERLINGHI 69 HBC 12.7 K+ P 8169 
K+ FOR CGNTRADICTqRV EVIDENCE SEE RABIN 70 A~O TYPED NOTE. 

( I  . . . . . .  2 . . . . .  E . . . . . .  I . . . . . . . .  ' . . . . . . . . .  I'n , ,  ( l O B O ) '  

I AVO 96.6 10.1 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.3} I - ~ T ~ I "  
[SEE IDEOGRAM BELOW ) BO ETA V (lOBO~ JPG=V +I l=O J GREATER THAN i 

OMITTED FROM TABLE 

WEIGHTED AUER"BE = 96 .6  ± 10 .1  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

E R R O R  S C A L E D  BY 1 . 3  30 ETA V MASS {NEVI 

N iBBO.O 15.0 MILLER 68 HBC 4 .0  P I -  P 9168 
7o 1o85.0 lO .0  WHITEHEAD 68 ASPK 3 . 1 - 3 . 6  PI-P 10167 

NOTE THAT IN A COMPILATION OF Pl N HBC DATA WITH TWICE THE STATISTICS 
M OF WHITEHEADS COMPILATIONt NO Pit  PI- PEAK IS SEEN. IP.SCHLEIN 68| 
M 1120.0 iOO.O 40.0 OH 69 HBC 7.PI -  P,PI+ O 9169 
N (lOGO.O) DIAZ 70 HGC O. PBAR P, 4 Pl 5/70*  

M AVG 1077o9 11o5 AVERAGE (ERROR INCLUDES SCALE FACTOR OF i .~)  
[SEE IDEOGRAM BELOW ) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

30 ETA V WIDTH (MEVI 

CHISO w (70 .0 )  OR LESS MILLER 68 HBC 4.0 PI-  P 915B 
. . . . .  JUH"LA  67 HBC 2 .4  w (25.oi OR LESS WHITEHEAD 68 A S P K  3.1--3.5 PI-P 10/67 

. . . . .  " L L I S O N  6 7  H B C  3 . S  ~ . . . . . . . . . . . . . .  g;AZ ~ ~X~ . . . . . . . . . . . . . . .  (GO.O) o. PBAR P, 4 PI 5170" 

. . . . .  A L L I S O N  S 7  H B C  0 . 9  

. . . . .  , N D E R S O N  S 9  MMS 0 . 0  

~ - . . . .  C A S D  7 0  H B C  0 . 0  

~ ' "  " "JUHKMRHH SB H B C  1 . 3  ****** ********* ~******** ********* ********* ********* ****~**** ******** 

, LL ,M  88 HBC 2 .0  REFERENCES FOR ETA V 

1 0 . 1  MILLER 68 PRL 21 1489 +GUTAY,JOHNSON~KENNEY* (PUROUE+NDAME+SLAC} 
, : ( C O N L E U  BCHLEIN 68 PRIV. COMM.  P.SCHLEIN (UCLA) 

- 5 0  50 1 5 0  2 5 0  = 0 . 1 2 t )  WHITEH~A 68 NC R3 A B l7  C°WHITEHEAD + (HARWELL+STHAMRT+U.C.LON) 
ON &g PRL 23 331 +WALKER,C~RROLL,FIREBAUGH,+ (WISC*TNTOI 

A1 ( 1 0 7 0 )  W I D T H  [ M E V )  OIAZ 70 NR B 1B 239 +GAVILLET,LABROSSE.WONTBNET~ [CERN+COEFI 

• * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  
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W E I G H T E D  A U E R A G E  = 1 0 7 7 . 9  ± 1 1 . 5  

E R R O R  S C A L E D  BY 1 , 4  

9 5 0  

/ 
1050  

See the illustrated key preceding the data card listings. 

Data in parentheses have not  been included in our averages. 

~ E I G H T E D  A U E R Q G E  = 1235 .5  ± 1 0 , 5  

ERROR SCALED BY 1 .3  

CHISQ 

1 
' " O H  6 9  H B C  

. . . . . . . .  W H I T E H E A D  6 B  A S P K  O . S  

. . . . . . . .  M I L L E R  6 B  H B C  1 . 4  

1 . 9  

( C O N L E U  
l I ED  1 2 5 0  = O . 1 6 S I  

E T A ( I O B O )  M A S S  ( M E U )  

MESONS 

A t .5  (1170, JPG= - |  I=1 

THIS ENTRY LISTS REFERENCES TO PEAKS OF LOW STATISTI- 
CAL SIGNIFICANCE IN THE B PI SYSTEM BETWEEN THE At AND 
THE A2. OMITTED FROM TABLE. 

REFERENCES ON A 1 .5  I117OI 

BUTTCRWO 67 HEIDELB.CONF°P.28 REVIEW TALK ON MESONS AT HEIDELBERG CONF. 
CASON 67 PRL 18 B80 +LAMSA~BISWAEfOERADG,GROVES~+ INOTREDAME| 
ASCOLI 58 PRL 21 113 +CRAWLEY,KRUSE,MORTARAISCHAFER,+ [ILLINOIS) 
DONALD 68 PL 26 B 327 +FRODESEN~BETTINI~+ [LIVERPOOL~OSLO~PADUA) 
VCN KROG 68 PL 27B 253 +MIYASHITA~KDPELMAN,~RRSHALL LIBBY {COLG) 

/ 

/ 
1 1 5 0  1 2 0 0  

B M A S S  ( M E U ]  

JUNKMANN 6B NP BB 471 +COCCDNI+ {AACH+BERL+BONN÷CERN÷WARSI 
ARMENISE 6q LNC 2 501 ÷GHIOINI,~ORINO,DARTACCI+ (BARI+BGNA+FIR21 

I I 
ASCOLI E8 FIND JP EITHER =l+e OR = 2+,3-~... 
BIZZARRI 69 GET GOOD FIT ONLY FOR JP=I+ OR I - .  
THE SERIES J P = 3 - , 5 - , . * . B E E ~ S  UNLIKELY BECAUSE 2PI ANO 
K KBAR DECAYS ARE NOT OBSERVED. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

II B MESON MASS (~EVI 

M 6011220.O) ABOLINS 63 HBC + 3.5 PI+P 
M (122G.OI GOLDHABER 65 HBC 3.7 PI+~PI-P 
M 376 1200. CO. BALTAY 67 HBC ~- O.O PBAR P 2/67 
M E5(1250.) ESTIMATED LEE 67 HBC 3 . 6  PI- P 1/68 

1259.0 27.0 BDESEBECK 68 HBC ÷ 8.0 PI+ P 10167 
M C (1250. I APPROX. DASO 68 HBC - I I  P l -  P 6/6B 

C CASO 68 SUPERSEDED BY CASD 70 5/70" 
M 1220. 20. CHUNG 68 HBC 3.2e4.2 Pl -  P 9167 
M IN THE 3-~  PI-P DATA,THE B ENHANCEMENT NAY BE DECK EFFECT (CHUNG 68I 
N 300 1245. 10. BIZZAERI 69 HBC ÷- 0 PBAR P 9 / 6 9  
H B OVERLAPPING B-~ESON BANDS TAKEN INTO ACCOUNT BY BIZZARRI 
M 4511277 .0 I  117 .0 )  CASO 70 HBC - l l . 2 P I - P  5 /70$  

M AVG 1235.5 10.5 AVERAGE (ERROR INCLUDES SCALE FACTOR OF l .B I  
(SEE IOEOGRAM BELOW I 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Ii B MESON WIOTH {MEV) 

W bO IOO.O 20.0 ABOLINS 63 HBC + 3.5 PI+P 
W {SO.Of GOLDHABER 65 HBC 3.7 P I + , P I - P  
w 376 I00. 30. BALTAY 67 HBC ~ 0.0 PBAR P 2167 
w 25 ( l O 0 . 1  ESTIMATED LEE 67 HBC - 3 . 6  P I -  P 1168 
w 203. 75. BOESEBECK 68 HBC + 8. PI+ P 11/~7 
w 150.  20 .  CHUNG 68 HBC - 3 . 2 , $ . 2  P I -  P 9267 
w 3D0 B3. 12. BIZEARRI 69 HBC ¢-- O PBAR P 9/69 
W B OVERLAPPING B-MESON BANDS TAKEN INTO ACCOUNT BY BIZZARRI 
W (COO.O) CASO 70 HBC - l l . 2 P I - P  5/70$ 
W . . . . . . . . .  
W AVG 101.9 14.4 AVERAGE (ERROR INCLUOES SCALE FACTOR OF 1.71 

ISEE IOEOGRAN BELOW ) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

ii B MESON PARTIAL DECAY MOORS 

DECAY MASSES 
Pl B MESON INTO O~EGA+PI 783+ IS9 
P2 B ~ESDN INTO 2PI+ ZPI- IBO÷ 139+ 139+ 139 
P3 B MESON INTO K KBAR ~93÷ 493 
P4 B MESON INTO Pl Pl 139+ 139 
P5 B MESON INTO PI PHI I34+IOiB 
P6 B MESON INTO ETA Pl (FORBIDDEN BY G) 548+ 139 
P7 B MESON INTO K KBAR PI 493+ 493+ 139 

- - I - -  

12~o 

C H I S Q  

B I Z Z A R R I  6 9  H B C  0 . 9  

. -  . C H U N G  6 B  H B C  0 . 6  

" - ' B D E S E B E C K  6 B  H B C  O . B  

. . . . .  B A L T A Y  6 7  H B C  3 . 1  

" ~  5 . 4  

' ( C D N L E U  
1 3 0 0  1 3 5 0  = 0 . 1 4 4 1  

WEIGHTED AUERAGE = 101 ,9  ± 14 .4  

ERROR SCALED BY 1 .7  

AT 
t 

• C H U N G  6 B  H B C  

• B D E S E B E C K  6 B  H B C  

• B A L T A Y  6 7  H B C  

/ _ ~  . R B O L I N S  6 3  H B C  

o lOO 2;o 300 4;0 
B W I D T H ( M E U )  

CHISQ 

2 .S  

5 .B  

0 . 0  

0 . 0  

B . 3  

( C D N L E U  
= 0 . 0 4 1 Y  

11 B MESON BRANCHING RATIOS 

R| B INTO 4PI/(OMEGA Pl( 
R1 (0.5) OR LESS ABOLINS 63 HBC + 3.5 PI+P 

RE B MESON INTO IK KBAR)/(OMEGA Pl# 
R2 I0.021 OR LESS DAHL 67 HBC - 1.6-4.2 PI-  P 10166 
RE (O*IOl OR LESS ICE 90I BALTAY 67 HBC O.O PBAR P 2167 
R2 (O.O8) OR LESS {CL 95) BIZZARRI 69 HBC O FBAR P 9169 

R3 B mESON INTO (PI P I ) I IP I  O~EGAI 
R3 ( 0 . 3 I  OR LESS AOERHDL2 6~ HBC 4 . 0  PI+P 7 / 6 6  

R4 B MESON INTO (PI PHIl / (PI OMEGA) 
R4 IO.OISIOR LESS DAHL 67 HBC 1.6-4.2 El -  P I0166 
R4 (0.04) OR LESS {CL 95) BIZZARRI 69 HBC +- O PBAR P 9 / 6 9  

R5 B MESON INTO IETA PI) I (PI OMEGA) 
R5 (O.251 OR LESS ICL 9Ol BALTAY 67 HBC + -  O.O PBAR P 2167 

R6 B+- INTO ((K KBAR|+-- PIOl / lPl O~EGA) 
R6 (O.OBI DR LESS ICL 90) BALTAY 67 NBC +- O.O PBAR P 2•67 

R6 B+- INTO (KS KS PI+-( I IPI OMEGA) 
R6 (O.D2( OR LESS (e l  9D) BALTAY 67 HBC e- O.O PBAR P 2267 

R6 B+- INTO (KS KL PI+- I  / (PI OMEGA) 
R6 (O.O61 DR LESS (CL 90)  BALTAY 67 HBC + -  O.O PBAR P 2 / 6 7  

REFERENCES FOR B MESON 

ABOLINS 63 PRL 11 381 ABOLINS,LANDER,MEHLHOP,XUONG,YAGER (UCSOI 
A O E R H O L Z  64 PL 10 240 AACHEN+BERLIN+BIRM+BONN+HAMBUR+IE-LOND*MPI 
GOLOHABE 65 PAL 15 118 G GbLOHABER,S GOLDHABER,KADYK, SHEN (LRLI  

BALTAY 67 PRL iB 93 ÷SEVERIENS+YEH+ZANELLO (COL+BMLI 
OAHL 67 PR 163 1377 +HARDY+HESS+KIRZ+MILLER (LRL) 
LEF 67 PR 159 1156 +MOEBS,ROE,SINCLAIR, VANOERVELDE (MICHIGAN} 



M E S O N S  

See the illustrated key preceding the data card listings. 
Data in parentheses have not  been included in our averages. 

BOE~EBEC 60 NP B 4 S01 BOESEBECK,DEUTSCHMANN,*IAACHEN*BERLIN÷CERN) 
CAS] 66 NC S~ A 983 +CONTE+CORDS+OIAZ+ (GENOVA+HAMB÷MIL+SACL) 
CHU~G 68 PR 165 1 4 9 1  S.U.CHUNG,O.OAHL~J.KIqE,O.H.MILLER (LRL) 

BIZ~ARRI 69 NP B 14 169 +FOSTER,GAVILLET,MONTANET~÷ ICERN+CEF~ 

CAS] 70 LNC +CDNTE,TOMASINI,CORDS+IGENO~HAMB+MILA÷SACL} 

PAPERS NOT REFERRED TO IN DATA CARDS 

D~N]AR 68 PL 5 209 BONDAR~DODD+ (AACHEN+BIRH~HAHB÷IC-LDND+MRI) 
CARVONY 6E PRt 12 254 CARMDNY~LANOER,RINDFLEISCH~XUDNG,YAGER (UC) JP 
BALLAM 67 HEIOBG CONE P.B3 +BRODY,CHADWICK~FRIES,GUIBAGO$SIAN+ ISLAC( 
SLATTERY 67 NC EOA 377 +KRAYBILL+FORMAN+FERBEL (YALE÷ROCH) 
aSCrLI 68 PRL 20 1411 +CRAWLEY,MORTARA,SHAPIRO IURBANA) JP 

5 F {£260,JPG=2++} I : O  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

5 F ~ASS (HEY) 

M £E50.0 25.0 SELOVE 6E 
J 511260.08 BONOAR 63 

1260.0 35.0 VEILLET 60 
5(1250.0) GUIRAGOS$ 60 

M J (1250.0) LEE 6~ 
M J (1270.0) DERADD 65 
M 12NO.O 80.0 ACCENSI 66 
M 1416 1261°0 lO.O JACOBS 66 

1275.0 25.0 WAHLIG 66 
M (1255.) (13.) BARLOW 67 

J (1271.) (9°} EISNER 67 
J t 1 2 6 4 . ;  (7.) EISNER 67 

M J INCLUDED IN JOHNSON &8 
(1262.08 (7.0) POIR[ER 67 

M S (1276.) (11.) RABIN 67 
S S-WAVE BREIT-WIGNER FIT 

HDC 8.0 PI-P 
HBC ~°0 PI-P 7169 
FBC 6 . 1 P I - P  
HBC 8.3 EI-P 
HOG 3.7 PI-P 7•69 
HBC 4*0  PI- P 7169 
HBC 5 . 7  PBAR P 6 / 6 6  
HBC 2-B P I - P , T  CUT2O 10/67 
OSPK IO.O PI-P 6 / 6 6  
HBC (KOl KOl MODE) i i / 6 6  
HBC 4 . 2  P I -P  (ALL T) 7 / 6 9  
HBC 4.2 PI-P (T  CUT CO) 7169 

HBC B.O El-  E 11167 
HBC 8 .5  El+ P 9 / 6 7  

59 

SELOVE 62 PRL 9 R72 
BONDAR 63 PL 5 153 
GUIRAGDS 63 PRL 11 85 
HAGOPIAN 63 PRL 10 563 
VEILLET 60 PRL I0 29 

M IEBI. 4. 
M 1270. 5. 

1265. B. 
M 12wl. 38. 
M 1267. 15. 

1268=0 6.0 
(1270°0) (15.0) 

161 IEBg,O 21.0 
M 1255.0 lO.O 
M (1270°08 
M . . . . . . . . .  
M AVG 1264.B 2.A 

ARMENISE 68 OBC 5 . 1 P I + N , P  El+ - 6 / 6 8  
ARMENISE 68 DBC 8 . i  PI+N,P PIO O 6/68 
BOESEBECK 68 HBC 8 PI÷ P 6/68 
FOSTER 6B HDC PBAR P AT REST 6168 
LAMSA 68 HBC 8 PI-P 10167 
JOHNSON 68 HBC 3.7-4.2 El- P 7/69 
WHITEHEAD 68 ASPK 3.2 PI-P,PI+PI-N 6168 
ARMENISE 69 DBC 5.1 PI+D~PI++- 5170~ 
DONALD 69 HB6 1.Z PB P~2PI 8169 
CASO 69 HBC 11 .  PI-- P,N2pI  8169 

AVERAGE (ERROR INCLUDES SCALE FACIOR OE 1.Oi 

S ~ WIDTH (MEVI 

W IOO.O 25.0 SELOVE 62 
W J 85 (160.08 BONOAR 68 
W (200.0) OR LESS VEILLET 68 
W J (130.0) {2O.O} LEE 64 
w J [150.0) DERADO 65 
w J INCLUDED IN JOHNSON 68 
W i02.0 46.0 ACCENSI 66 
W 1416 99.0 iO.O JACOBS 66 
w (IO0.) WAHLIG 66 
w (82.) (34.) BARLOW 67 
w J (219.) (89.l EISNER 67 
w J (173.) I B 5 . )  EISNER 67 
W (168.D) (16.08 POIRIER 67 
W S (155.) (17.) RABIN 67 

S S-WAVE BREIT-WIGNER FIT W 
W 216. 13. ARMENISE 60 
w 188. IB. AEMENISE 68 
w 128. 2~. BOESEBECK 66 
W 172. 49. FOSTER 68 

HBC B.O PI-P 
HBC 4.0 PI-P 7169 
EBC 6.1PI-P 
HBC 3.7 PI-P 7169 
HBC 4.0 El- P 7•69 

HBC 5.7 PBAR P 6 / 6 6  
HBC 2 -3  PI-P,T CUT20 10167 
OSPK lO.O P I - P  11/66 
HBC (KOl KOl MODE) 11166 
HBC 4 . 2  P I -P  IALL T)  7•69 
HRC 4.2 Pl-P (T  CUT 2Ol 7•69 
HBD B.O PI- P 11167 
HBC 8 .5  PI+ P 9 / 6 7  

DBC 5.1PI+N~P PI+ - 6168 
OBC 5.1 PI+N,P PIO 0 6/68 
HBC B PI÷ P 6168 
HBC PBAR P AT REST 6 / 6 8  

W 113. 30. LAMSA 68 HBC 8 PI-P 
W 176.0 18.O JOHNSON 60 HBC ~./-A.2 PI- P 

(160.0) (2O.O) W WHITEHEAD 68 ASPK 3 . 2  P I - P , P I + P I - N  
w t61 216.0 60.0 ARMENISE 69 DBC 5.1 PI÷D~3PI÷+- 
W (150.0) CASO 69 HBC i i .  El-- P~NEPl 
W 150.0 3O.O DONALD 69 HBC 1.2 PB P , 2 P I  

W AVG 151.N 15 .B  AVERAGE (ERROR INCLUDES SCALE FACTOR OF E.B) 
(SEE IDEOGRAM BELOW l 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

5 F PARTIAL DECAY uODES 

DECAY MASSES 
Pl F INTO El+ El- 139÷ I89 
P2 E INTO 2PI+ EPI- IS9÷ 139+ 139+ 139 
P3 F INTO K KBAR 497+ 497 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

R£ 
R1 
RI 
RI 

R2 
R 2 
R2 
R 2 
R2 
RZ 
R E 
~2 

R R 
RE 
P 0 

10/67 
7/69 
6/6@ 
5/70* 
8169 
B/69 

F INTO (2PI÷ 2PI-} I TOTAL 
0.08 0.06 BONDAR 63 HBC 4.0 PI-P 

(O.D~) OR LESS CHUNG 65 HBC 3 . 2  P I -P  
(0.07) ASCOLI 68 HBC 5 PI- P 6168 

F INTO IK KBAR}/(PI El) 
9ET£R~INATION DIFFICULT BECAUSE PROXIMITY OF A2 WHICH HAS 8ABE 
NEUTRAL (K KBAR) NODES. SINCE INTERFERENCE MAY BE CONSTRUCTIVE 
OR DESTRUCTIVE~ EVEN UPPER LIMITS ARE DUBIOUS. 

#O.09) OR LESS BARMIN 65 HLBC 2°8 El- 10/66 
(0.168 OR LESS WANGLER 65 HBC 3 . 0  PI-P 
PROBABLY SEEN BARLOW 67 HBC 1.2 PBAR P--RIKI 11/66 

(0.047~ (0.0128÷ SYST. BEUSCH 67 OSPK 5,7,12 PI-P 9167 
(O.025)OR LESS DAHL 67 HBC 1.6-4.2 PI- P 10166 
(0.031) (0°0128 ADERHOLZ 69 HBC 8 PI+ P,K+K-P£- B/69 
~+K- PEAK IS AT ABOUT 1260 MEV WHILE (KKBAR)+ PEAKS AT 1320. 
ALSO (CRBSSSECTION*BRANCHING RATIO) FOR A2 IS SMALL. 

ADERNOLZ 64 PL I0 240 
BRUYANT 64 El I0 232 
LEE 6~ PRL 12 B4E 
SODICKSO 64 PRL 12 485 

BAPMIN 65 SJNP i RBO 
BARMIN 65 SJNP 1 623 
CHUNG 65 PRL 15 325 
DERAO0 65 PRL 14 872 
GUIRAGO$ 65 PRL 11 85 
WANGLER 65 PR l~T B 414 

ACCENSI 66 PL EO 557 
JACOBS 66 UCRL-16877 
WAHLIO 66 PR 147 9~1 

BARLDW 61 NC 5OA 701 
BEUSCH 67 PL 25 B 357 
OAHL 67 PR 163 1377 
EISNER 67 PR 164 1699 
POIRIER 67 PB 163 146R 
RABIN 6T THESES 

ARMENIEE 68 NC 5~ A 999 
ASCOtl 68 PRL 21 1712 
BDESEBEC 68 NP B 4 501 
FOSTER 68 NP B 6 107 
JOHNSON 68 PR £76 1651 
LAMSA 68 PR 156 1395 
WHITEHEA 60 NC 53A 817 

ADFRHOLZ 69 NP B 11 259 
AOUILAR- 69 PL 29 B 241 
ARMENISE 69 LNC 2 501 
CASO 69 NC 62 A 785 
DONALD 69 NP B Ii 551 

D ~ S B )  I R O MESONIIE~5,J . . . .  IoO 

( J P = O - ~ l + , 2 -  WITH I+ FAVORED.I 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

8 D MESON MASS (MEV) 

M (1290.) APPROX. BARLOW 67 HBC 1.2 PBAR P~ ~PFS 5/67 
M 1283°0 S*O DAHL 67 HBC 1.6-4.2 PI- P 10/66 
M 1290. 7. D. ANOLAU 68 HBC 1.2 PBAR P~ 5-6 PFS 6/68 
M (1310.0} OEFOIX 68 HBC 1.2 P8 P~7 El 3169 
M 1270.0 lO.O CAMPBELL 69 OBC 2°7 PI+ O 8/69 
M 1285. T. LORETAD 69 HBC 0.7 PB P~ 4,5-BODY 9169 

1329.0 iO.O OTWINOWSK 69 HBC 8 PI~ P, P*6PI 9/69 M 

M AVG iEBB°l 7.3 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 2.5) 
(SEE IDEOGRAM BELOW ) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

B D MESON WIDTH (MEV) 

W 35.G IO°O OAHL 67 HBC I .~-4.2 PI- P 10/66 
N 30.  5. D.ANDLAU BB HBC 1.2 PBAR P~ 5-6 PFS 6168 

(AO.O) DEFOIX 68 HBC 1.2 PB P~T El 3169 
3 0 . 0  1 5 . 0  CAMPBELL 69 BBC 2=7 PI~ O 8 /69  

W 60 .  15 .  LGRSTAO 69 HBC 0 . 7  PB P~ R,5-BODY 9 / 6 9  
w ICE.o) (29.0) OTWINDWSK 69 HBC B El+ P~ P+CPl 9169 
W . . . . . . . . .  
W AVG 33.1 4.6 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.I)  

ISEE IDEOGRAM BELOW ) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

REFERENCES FOR F 

SELDVE,HAGOPIAN~BRODY~BAKER~LEBOY (PENNA) 
BONDAR+ (AACHEN+BIRM+BONN+DESY+IC-LGND~MPI) 
Z.G.T. GUIRAGOEBIAN ILRL) 
V HAGOPIAN,H SELOVE IP~NNA} 
VEILLET,HENNESSY,BINGHA~BLODH÷ (PAR+MILAN) 

AACHEN+BERLIN+BIRP+BONN÷HAMBUR+IC-LOND+MPI IJ 
BRUYANT,GOLDBERG,HOLDER,FLEURY,HUCICERN+PA) I 
LEE,ROE,SINCLAIR,VANOERVELOE (MICHIGAN) 
SOOICKSON,WAHLIG,MANNELLI,FRISDH* (HIT) I 

+OOLGOLENKO~ELENEKY,EROFEEV+ (ITEP MOSCOWI JP 
+DGLGOLENKB+EROFEEV+KRESTNIKOV* (ITEP MGSC) 
CHUNG,DAHL,HAROY,HEEE,JACOBS,KIRE {LRL) 
DERADO,KENNEY,POIRIER,SHEPHARD (NOTRE DARE) 
Z G T GOIRAGDSSIAN (LPL) 
T P WANGLER,A R ERWIN,W WALKER (WISCONSIN) 

ACCENSI,ALLES-BORELLI,FRENCH,FRISK+ (CERN) 
L.D.JACOBStTHESIS (LRLI  
+SHIBATA,GORDON,FRISCHtMANNELLI (MIT+PISA) J 

+LILLESTOL*MONTANET*(CERN+COF+IR+LIVERPODL) 
*FISCHER,GOBBIvASTBURY,MICHELINI+iETH+CERN) 
+HARDY+HESS+KIRZ÷RILLER (LRL) 
÷JOHNSON*KLEIN+EETERS÷SAHNI+YEN~ (PURDUE) 
+BISWASyCASDN~DERA~]~KENNEY+ (NOTR DAM+PENNI 
M. RABIN {RUTGERS) 

*FOPINO+CARTACCI+(BARI+BGLOG+FIRENZE*ORSAYI 
G.ASCOLI,H.B.CRAWLEY,D.W.MORTARAt~ (ILL} 
BOESEBECK,DEUTSCHMANN~+(AADHEN+BERLIN+CERN) 
+GAVILLET+LABROSEE*NONTANET+ (BERN+PARIS) 
+POIRIER~BISHAS,GUTAY,D£RADO+IND+PURO÷SLAC~ 
÷CASON+BISWAS+DERADO~GROVEE÷ (NOTREDA~E) 
÷MDEWENtDTT,AITKEN+ (AERE+SHAMPT+UC.LOND) 

+BARTSCH,+ (AACH*BERL+CERN+KRAK+WARSI 
M.AGUILAR-BENITEZ,J.BARLOW,+ (CERN+COF) 
+GHIDINI,FORINB,CARTACCI+ (BARI~BGNA+FIRZ) 
÷CQNTE,BENZ~ IOENO~DE$Y~HABB+MILA÷SADL) 
+EOWARDS,BURAN,BETTINI,+ ILIVP÷OSLD+P~O0) 

WEIGHTED AUERAGE = 1 6 1 . 4  ± 1 6 . 3  

ERROR SCALED BY 2 . B  

I CHISQ 

' D O N A L D  6 9  H B C  O . O  

• Q R M E N I S E  6 9  D B C  

• J O H N S O N  6 8  H B C  3 . 6  

-LAMSA 6 8  H B C  1 . 6  

~ ~  - F D S T E R 6 8 H B C O . 2  

• . - B O E S E B E C K  6 8  H B C  1 . 0  

. .  . A R M E H I S E  6 8  D B C  6 . 0  

' -  " R R M E H I S E  6 8  D B C  2 4 . ?  

. . . . . .  JQCDBS 66 HBC 2 7 . 4  

" "  " A C C E H S I  6 6  HBC 1 . 2  

~ OUE 6 2  H B C  4 . 2  

6 9 . 9  
{ C O H L E U  

O 100 200 300 400 =O.OOO) 

F WIDTH (MEU] 
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6 0  
See the illustrated ke N preceding the data card listings. 

Data in parentheses have not been included in our averages. 

CHISQ 
I . . . .  OTWINOWSK 69  HBC 1 6 . 7  

. . . . . . . . . .  LORSTQD 69  HBC 0 . 2  
. . . . . . . . .  CQMPBELL 69  DBC 3 . 3  

. . . . . . . . .  D.ANDLRU 6B HBC 0 . t  

. . . . . .  HL 67  HBC 1 . 0  

~ R  2 1 . 3  
(CONLEU 

1 3 2 0  1 3 6 0  = 0 . 0 0 0 ~  

WEIGHTED QUERQGE = 1 2 B 8 . I  • 7 . 3  

ERROR SCQLED BY 2 . 3  

1 2 4 0  i 2 B O  

O MESON MASS (MEU) 

CHISQ 
69  HBC 3 . 2  
69  DBC O.O 
6B HBC 0 . 4  
67  HBC 0 . 0  

3 . 7  
(CONLEU 

= 0 . 2 9 B ]  

WEIGHTED AUERAGE = 3 3 . 1  * 4 . 6  

ERROR SCRLEO BY 1 . 1  

~ - - - - - ' - ' - - I ~  . . . .  LORSTAO 
- - ~  . . . . . . . . . .  C A M P B E L L  

• ~ . . . . . . . .  D . A N O L A U  

40 BO 1 2 0  

MESON WIDTH (MEU] 

8 0 MESON PARTIAL OECAY MODES 

DECAY MASSES 
Pl O ~ESEN INTO K KBAR P) 497~ 497~ 134 
P2 D uESON INTO PI Pl RHO 134- 134+ 765 
p~ 0 MESON INTO ETA PI PI 548+ 154+ I34 
P4 O MESON INTO OELTA(962] Pl 966+ 134 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

B 0 NESEN BRANCHING RATIOS 

~i D MESON INTO lp l  P) RHO) / (K KBAR Pl} 
RI (2.0} OR LESS OAHL 67 HBC CHARGED PI ONLY 10166 
ql O (4.05 OR LESS DONALD 69 HBC 1,2 PBAR P,EPI 8169 
R1 D THIS IS FOR (RH00 PI+ PI- I / (K KBAR P~OI 

R2 o mESON INTO (K NBAR PIIIIETA PI PI) 
R2 (0.1245 [O.OBB) OE~OIX 68 HBC 1.2 PB P,T P) B/69 

R3 0 4ESON INTO (OELTA ~IIIIETA P) PIT 
R3 POSSIBLY SEEN AM~AR 70 HBC ~ 4.Z~5.EK-tETA B/T0* 
R3 D SEE NOTE UNOER DELTA[gOB) FOR FURTHER CLAIMS 

REFERENCES FOR 0 MESON 

BARLOW 67 NC 50 A 701 +MDNTANET,D-ANDLAU~ICERN~CBF÷IDR÷LIVERPOOL} 
OAHL 6T PR 163 13f7 +HARDY+HESS÷EIRZ+MILLER (LRLII JP 

SEE ALSO B5 P~L 14 1074 MILLEP,CHUNG,DAHL,HESSpHARDYFK~RZ+ (LRL+UCJ 
O.ANDLAU 68 NP B 5 693 ~ASTIERtBARLOW~MONTANETe (COE+CERN÷RAD~LIVII JP 
BEFOIX 68 PL 28 B 553 ÷RIVET,SIAUD,CGNFORTO,SHIVELYICO~÷IPE+CEPN) 
CAMPBELL 69 PRL 22 1 2 0 ~  ~LICHTMAN~ IPURD) 
DONALD 6g NP B I I  5~1 +EOWAROS~BURAN,BETTINI,~ ILIVP+OSLO÷PADO) 
LORSTAD 69 NP B i~ 63 B.LORSTAD~O.ANDLAU,ASTIER~+ (CDF÷CERNI JP 
DTWINOWS 69 Pl 29 B 5~9 S.OTWINOWSKI (WARSAW) 

AM~AR 70 PR ÷KROPAC,DAVIStOE PRICK÷ (KANS÷NWES+ANL~WISCI 

****** ********* ********~ ********* ********* ********* ***,***** ******** 
****** ********* ********* ********* ********* ***~***** ********* ******** 

J A 2 ( 1 3 o o )  l ,2 A2,E . . . . . . . . . . . . .  . - ,  I - ,  
I - I 

T h e r e  a r e  two  m a j o r  n e w  p r o b l e m s  w i t h  

t h e  A2 : 

t )  T h e  s p l i t t i n g  s e e m s  to  d e p e n d  on  t h e  

c h a r g e :  w h e n  p r o d u c e d  i n  ~r-p r e a c t i o n s ,  t h e  

A2 s e e m s  to  b e ' s p l i t  i n to  t w o  p e a k s ,  b u t  a 
+ 

l a r g e  v p e x p e r i m e n t  y i e l d s  o n e  b r o a d  p e a k .  

2) The  b r a n c h i n g  r a t i o s ,  b e c a u s e  o f  t h e  c o m -  

p l i c a t i o n s  i n  t h e  A2 s i g n a l ,  a r e  i n  f lux .  

T h e s e  two  p o i n t s  a r e  now r e v i e w e d  b r i e f l y .  

1. Whe n i s  t h e  A 2  s p l i t ?  

T h e  e x p e r i m e n t a l  c o n f l i c t  i s  s h o w n  in  

T a b l e  I a n d  t h e  f i g u r e ,  b o t h  o f  w h i c h  a r e  f r o m  

t h e  r e v i e w  tall< o f  A.  B a r b a r o - G a l t i e r i  a t  t h e  

P h i l a d e l p h i a  M e s o n  C o n f e r e n c e .  A d o u b l e  p e a k  

i s  s e e n  i n  a s e r i e s  o f  CER.N e x p e r i m e n t s  a l l  o f  

w h i c h  u s e d  a ~ b e a m ,  a n d  y i e l d e d  a t o t a l  of  

2645 A2 e v e n t s  a b o v e  b a c k g r o u n d .  O n l y  one  

p e a k  i s  s e e n  in  t h e  7 G e V / c  v+ e x p e r i m e n t  a t  

L R L ,  w h i c h  y i e l d e d  t 3 8 9  A2  +. T h e s e  two  p i o n  

e x p e r i m e n t s  a r e  t h e  o n e s  s h o w n  i n  t h e  f i g u r e .  

500 

~OC 

o 5 0 C  

~- ~_oc 

8 

C 

I I 

1 3 0 0  MeV 

(a) 

).2<-t <0.29 

,20o:300,400 I 
C E R N ,  M M S  I 

~ r - p ~  p X - a t  6 .7  GeV/c I 

I 
Signol 1400 I 

I I I 

1500 MeV 

1 

1200 1400 
M ( 3 ~ )  

LRL, HBC 
-m+p ~ p -m+Tr-.m+ a t  

7.0 GeV/c  

S i g n a l =  1 1 3 2  
BEck. 1 9 4 3  

I 

5O0 

400 

300  

- 200  

I00 

0 

C o m p a r i s o n  of  C E R N  and  L R L  d a t a  a t  t h e  
s a m e  i n c i d e n t  p i o n  m o m e n t u m .  (a) C E R N  
data (resolution F/2 = 16 MeV), (b) LRL 
d a t a  ( F r / Z  = 6.4 M e V ) .  
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Table I. Summary of experiments that investigated .A2 splitting. The reactlons studied are ~ p~ pA2 , 
except for the last experiment, which is pp -~ AZ±v ~ The columns "Events in peak" and "background/ 
signal" have been evaluated by this author. Po stands for "possible, consistent with the data. " 

R eaction Pbeam 

(GeV/c) 

Group 

~-p 2.6 CERN 

6, 7 CERN 

7 CERN 

w-p 6 B N L  
+ 

w p 7 LRL 

+ 
w p 5 BDNPT 

pp 0,0.7,1.2 CPL 

c Events d Bkgd. d Probability of fit ...... 
Ref. Method Decay Fr/2 b -t PP in Signal Double 2 cob. BW 

m e d e a  (MeV) peak  BW pole  

} 2 0 deg X 5.2 0.09-0.68 ii00 5.3 << 0.2% >~40% >~40% 

16 Jac. peak X 16 0.20-0.29 1400 4.0 

3 CBS K-K S I0 0.20-0.29 145 0.34 I% > 60% ]9o 

t0  HBC w- MIVI i0 0.22-0.39 100 1.5 Po e Po e Po e 

4 HBC p0 w + 6.4 > 0.Z f 833 t . 4  t4% 0.3% Po + } ~ r  8.2 a l l  f 15 t  0.23 t3% 0.3% Po 

K+Ks 3.6 all f 101 0.34 

7 HBC p0 + 5 t' >0.i 108 i.3 20% 63% Po 

8 HBC K~=Ks 5 - -- Z70 3.5 4% 65% Po 

a.  X- s t ands  for  n e g a t i v e  m i s s i n g  m a s s ,  MM s t ands  for  n e u t r a l s .  
b. ~r is the  ful l  w i d t h  of the  r e s o l u t i o n  func t ion  a t  ha l f  m a x i m u m ,  
c. tlop is the  f o u r - m o m e n t u m  t r a n s f e r  s q u a r e d  in  (Ge V/c )  Z. 
d. igvents  in p e a k  a r e  e v e n t s  a b o v e  the  b a c k g r o u n d  quoted  by  the  a u t h o r s  of  t h e  v a r i o u s  p a p e r s .  Both the  e v e n t s  in the  peak  

and t he  b a c k g r o u n d / s i g n a l  a r e  c a l c u l a t e d  in t h e  r e g i o n  i200 to t400 MeV.  
e. No probabilities quoted for this experiment. The fits of the first two columns were tried and the authors state that 

'"the two-peak fit is better, although not significantly, than the ooe~peak fit~ u 
T. 0 f. The momenta-n-transfer distribution of the A2, as seen in the K li and N w channels, goes to zero rapidly; only 7% of 

the events have -t >0.7 (GeV/c) 2. 

A smaller pp experiment shows a double peak 

(AGUILAR-I 69). 

The following few paragraphs are taken 

from Barbaro-Galtieri' s conclusion. 

"Spin analyses of A2 ± into all three chan- 

nels p0~±, ~w±, K+Ks definitely prefer the 

JP= 2 + assignment for the overall A2 enhance- 

rnent and for the two halves analyzed separately 

(for both p01r+ and p0- decays). (See also 

KRUSE 70. ) 

"The LRL experiment indicates that the 

two-parameter double-pole formula of Eq. (5) 

does not fit the data. Amore general double- 

pole formalism, as discussed by Rebbi and 

Slansky, should therefore be adopted. This 

corresponds to fitting the data with two co- 

herently produced resonances, as already done 

by the CERN group. 

"Comparison of the CERN and LRL 

experiments, which both use pion beams, 

shows that at the present time the splitting of 

the AZ peak does not seem to depend on the in- 

cident beam momentum whereas it may depend 

on the momentum transfer. A dependence on 

charge of the incident beam alone, however, 

could probably explain the effect. 

"A model that has been very popular in 

the corridors at this Conference and that will 

be discussed in Sutherland's review talk orig- 

inates from the analogy with the p-c0 interfer- 

ence model of Goldhaber et al. In this model 

two Z + mesons would be produced, one mostly 

coupled to p exchange, the other mostly cou- 

pled to f exchange. Since p and f have differ- 

ent isotopic spin, the two amplitudes would 
+ 

add in the ~r case and subtract in the ~- case. 

Of course, the detailed prediction of this model 

should be worked out and checked with the ex- 

periments. 

"Another model, suggested by Arnold and 

Uretsky, considers the possibility that one of 

the A2's is an exotic resonance, that is, an 

isospin 2 state. The two states would mix by 

virtue of electromagnetic interactions. 

"In conclusion, it seems to me that the 

double-pole structure of Eq. (5) should be 

abandoned and that models which predict two 

interfering resonances are more likely to ex- 

plain all the data. " 
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See the illustrated key preceding the data card listings. 

Data in parentheses have not  been included in our averages. 

Z. Branching Ratios WEIGHTED AVERAGE = 127B .7  ± 3 .1  

ERROR SC@LEO BY 1 . 7  

In view of the possibility that two inter- 

fering r e s o n a n c e s  a r e  r e s p o n s i b l e  f o r  t h e  

structure seen i n  some mass plots, i t  does 

not seem reasonable to us to quote branching 

fractions in the Meson Table. 
CHISQ 

quoted by DIAZ 70. _As the authors of that -- .SOCK,ANN ?0 HBC 0 . 4  
M@RTIN  70  COS S . 2  

article point out, this ratio is obtained by -DONALD 89 HBC O.S 
"AGUILRR 1 69 HBC 0 . 6  

comparing a KK signal with a mass at 
-BENZ 6B MMS 4 . 2  

M = 1280 + 12 MeV (CONFORTO 67) with their ~. 17.1 

signal in the 3w channel, which appears at a 1250 127, 1290 1310 (CnNLEU =0 .009 ]  

A 2 L  MRSS (MEU]  

mass M = 1335±15 MeV. The authors do not 

have a plausible explanation for this difference WEIGHTED AUERAGE = 1 3 2 3 . 1  • 4.3 
ERROR SCALED BY 2 .4  

in mass and warn that they m i g h t  notbe seeing 

the same object in the two channels. It is 

obvious that the value obtained for the branch- 

ing f r a c t i o n  h a s  to  b e  t a k e n  w i t h  s o m e  c a u t i o n .  

Until more understanding of the mass 
CHISQ 

p l o t s  i s  o b t a i n e d ,  w e  w i t h h o l d  v a l u e s  o f  A2 "NEF ? 0  tltlS 3 . 3  

, r l ~ R T I N  ?0  CBS O . B  
branching fractions from the Meson Table. 

BBCKMANN 70  HBC 13 .9  

-DONRLD 69  HBC 

- A B U I L A R  1 69  HBC 0 . 4  

-CRENNELL 68  HBC 2 . 6  

-BENZ 6B MMS 7 . 9  

2B . 9  
THE MASS AND WIDTH DATA ARE SEPARATED INTO 4 GROUPS ~ , 

A2L CONTAINS INFORMATION ON THE LOWER PEAK(BPI,K KBARI 1290  1310  1330  13S0  1370  {CONLEU 
= 0 . 0 0 0 )  ABH CONTAINS INFORMATION DR THE HIGHER PEAK{BPI,KBARKI 

A~K CONTAINS INFORMATION DN K KBAR(UNSPLIT,UNRESOLVED) A2H  MASS (MEU)  
A2 CONTAINS THE REMAINING INFORMATION [NO SEPARATION| 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

12 ABL MESON MASS (NEVI 12 A2 MESON MASS (MEV)~ K KBARt UNSPLIT~ UNRESOLVED 

MR NOTE THAT NEUTRAL MODE CAN INTERFERE WITH F. 
ML A (1274.}  116.) CHIKOVANI 67 NMS - 6 ,7  P I -  P 6168 MK 80 1317.0 3.0 8ARLOW 67 HBC +- 1.2 PBAR P, KK 9167 
ML A INCLUDED IN BENZ 68 FIT O~ 2 COHERENT SYMMETRIC POLES. MK 60 1333.0 13.0 BARLOW 67 HOE +- 1.2 PBAR P, KK 9167 
ML 1289. 5. BENZ 68 MRS - 2.65 P I -  P 12168 MK 1344.0 7. 6 .  BEUSCH 67 OSPK O 5-12 P I -P ,K IK I  7/67 
ML 1269.0 5.0 CRENNELL 68 HBC 6.0 PI -P~X- 6/68 MK 130 1280.0 12.0 CONFORTO 67 HBC +- O. PBAR P IN KK 9/67 
ML 1281.0 3.0 AGUILAR 1 69 HBC +- 0 -1 .2  PB P~KIK~ 5/69 MR 1317.2 4 .0  DAHL 67 HBC - 2 . 7 -4 .5  P l -  P 8/67 
ML ADUILAR 69 COMPIL. INCLUDES BARLOW 67,CONFORTO 67.TWO INCOH.BREITWIGNS MK 1315.7 I 0 . 8  DAHL 67 HBC 0 2 .7 -4 .5  P l -  P 8167 
ML 8 (1276. )  (6 . ]  BAUD 70 MMS - 7. PI-P~ P KKBAR 11/69 MR 1311.0 5 .0  CRENNELL 66 HBC 0 6.0 P I -P~KIKI  6 /68 
ML B FIT TO TWO INCOHERENT ORBIT WIGNERS MK 18[1315.0 I  ADERHOLZ 69 HBC + B PI+ R,K+KO 8/69 
ML C (1289.0)  ( iO.Oi  CR£NNELL 69 DBC - 3.9 K- N~PI-RHO 8/69 MK . . . . . . . . .  
ME C MAY BE DIFFERENT OBJECT. JP=I -  FAVORED OVER 2 + , 2 - v I + o  MK AVG 1317o9 4.4 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 2.El  
ML C NOTE THAT IGJP=I -1 -  IS EXOTIC IN THE OUARK MODEL. (SEE IDEOGRAM BELOW ) 
ML 12.0 DONALD 6g HBC +- 1.2 PB P(4 Pll 9X69 

6.0  MARTIN 70 CBS I I .P I -P ,P  ETA Pl 5/70~ ................................................................. 
12 A2 MESON MASS (MEVI,3PI,ETA Pl MODES,SPLITTING UNRESOLVED 

1268.e 
~L 35 1265.0 
4t 1275.0 6 .0  BOEKMANN 70 HBC ~ 5 .  PI+P,INCOBER. B/TO* 
ML 60 1286. 5.0 NEF 70 MMS - 7. PI -P ,  P KKBAR 11/69 
ML . . . . . . . . .  
4L AVG 1278.7 3.1 AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1.7) 

{SEE IDEOGRAM BELOW ) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

12 ASH MESON MASS (MEV) 

MH A [1320.) i16.) CHIKOVANI 67 MMS - 6,T PI -  P 6/68 
MH A INCLUDED IN BENZ 68 FIT OF 2 COHERENT SYMMETRIC POLES. 
MH ISOg. S. BENZ 68 uMS - 2.65 PI- P 12/68 
MH 1315.0 5.0 CRENNELL 68 HBC 6 .0  P I -P ,X -  6 /68 
MH 1325.0 3.0 AGUILAR 1 69 HBC +- 0 -1 .2  PB P,KIK+- 5/6g 
MH ASUILAR 69 COMPIL. INCLUDES BARLON 67~CONFORTO 67.TWO INCGH.BREITWIGNS 
MH B ( ! 323 . )  l b . )  BAUD 70 MMS - 7 .  PI--Pt P KKBAR 11X69 
MH B FIT TC TWO INCOHERENT ORBIT WIGNEBS 
4H 1324.0 25.0 DONALD 69 HBC +- 1.2 PB P(4 PI )  9 /69 
MH 1338.0 4.0 BOCKMANN 70 HBC + 5.  PI+P,INCOHER. 5/70*  
~H 35 1331.0 g.O MARTIN 70 COS - I I .P I -P ,P  ETA Pl 5170" 
UH 60 1314. 5.0 NEE TO MMS 7o P I -P ,  P KKBAB 11/69 
4H . . . . . . . . .  
~H AVG 1323.1 6.3 AVERAGE (ERROR INCLUnES SCALE FACTOR OF Z.4) 

(SEE IDEOGRAM BELOW ) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

M ( I 320 .0 }  AOERHOLZ 64 HBC 4.0 PI+P 
M ]335 .0  10.0 GOLDHABER 64 HBC +-  3 .7  PI+-  P 
M 130(1310.0 l  FORINO 65 DBC ÷ 0 4.5 PI+ O 10/68 
M 1425 1290.0 5.0 LEFEBVRES 65 MMSP - 5 .6~6.0  PI -P 6166 
M (1300.0)  SEIDLITZ 65 DBC - 3.2 RI-D 6166 
N IZgO.O I 0 . 0  BARNES 66 HBC - 6 .0  P l -P 6/66 
M 1310.0 I 0 . 0  BENSON 66 DBC 0 3.65 PI+D 6/66 
M 1800N310.0)  (IOoO) COMPoBY FERBEL 66 RVUE +- PI+-  P 10166 
M 1060 1286. 8. LEVRAT 66 BMS - 6-7 PI- P 2/6T 
M 137 1285. 20. BALTAY 67 HBC O 8.5 PI+ P 7267 
M A (1288.) I14.)  CASON 67 HBC - B PI- P 5 1 6 7  
M 4000 1SOT. 16. CHIKOVANI 67 MMS 7 PI- P 8/67 
M 1269. 9 .  DANYSZ 67 HBC +- 3 ,3 .6  PBAR P 7/67 

1311.0 6 .0  ARMENISE 68 DOE O 5.1 PI+O 9/67 
M 1282.0 15.0 BALLAM 68 HOE - 16.0 P I -  P 9168 
M 1320. 10. BOESEBECK 68 HBC O 8 PI+ P 6168 
M B I1280 . )  (10o) BOESEBECK 68 HBC + B PI+ P 6168 
M B ASSUMING A1 AND A I . 5  MESONS OF FIXED MASS AND WIDTH 
M C (13OO.I APPROX. CASO 68 HBC - I i  P I -  P 6/68 
M C CASO 68 SUPERSEDED BY CASO 70 5170, 



M E S O N S  

See the illustrated key preceding the data card listings. 

Data in parentheses have not  been included in our averages. 

- 4 - -  

1240 1280 

WEIGHTED QUERAGE = 1 2 9 9 . 2  • 3 . 2  
ERROR SCALED BY 1 . 7  

g2 MASS (MEU) ,  3 P I  Mr1DE, UNSPLZT 

CHISQ 
1 ""  "DIRZ 7r1 HBC 5 . 7  

• CASE 7r1 HBC r1•0 
. . . . . . . . . .  CRSr1 7 0  HBC 1 • 2  

- - - t - - -  . . . . . . .  BOCKMRNN 7 0  HBC 3 . 9  
1 . . . . . . .  E I S E N B E R G  6 9  HBC 0 . 6  

. . . . . . . .  ANDERSr1N 6 9  MMS 0 . 0  
. . . . . . . . .  JUNKMRNN 6r1 HBC 0• r1  

• \ . . . . . . . . .  KEY 6r1 HBC 2 . 6  
- ~  . . . . . . . .  F R I D M A N  6B HBC 2 .0  
" ~ . . . . . . . .  C R E H N E L L  6B HBC t . 5  

- ~  . . . . . .  CHUNG 6 8  HBC 0 . 3  
. . . . . .  Br1ESEBECK 6 8  HBC 4 . 3  

• . ~  . . . . . . .  BRLLRM 6B HBC 1 . 3  
--4-'--~ . . . . . . .  A R M E N I 5 E  6B DBC 3 . 9  
- -  ~ . . . . . . .  DQNYSZ 6 7  HBC 11 .2  

4 ' ~ \  . . . . . . .  C H I K r 1 U A N I  6 7  MMS 0 . 2  
- - - ~  . . . . . .  r1ALTRY 6 7  HBC r1 .5  
-- - ~ . . . . . .  L E V R A T  6 6  MM5 2 . 7  

- - I ~ ' - \  . . . . .  BEHSr1H 6 6  r18C 1 . 2  
. . . . .  ~x . . . .  BARNES 6 6  HBC O . B  
. . . . . .  ~ . -  " L E F E B U R E S  65 MMSP 3 . 4  

- - - t ' - ~ - ~ < - ' G r 1 L O H R B E R  6 4  HBC 1 2 . 8  
6 0 . 3  

132r1 1360  1400 (CONLEU 
=O.r100) 

M 1310. 20. CHUNG 68 HBC - 2•7-4.5 PI -  P 5268 
1287•0 iO.O CBENNELL 68 HBC 6•0 PI-P~X- BlGR 

M 1275. 17. FRIDMAN 68 HOE +- 5.7 PBAR P 6/68 
1280. 12• KEY 68 HBC - B PI-P 

:4 {1301.C} (8.0) VON KRDGH 68 HBC 6.7 PI -  P 9168 
M 1300.0 4•D JUNKMANN 68 HBC 16. RE- P, 5Pl 9169 

ANDERSON 69 MMS 16 PI -  P,BACKW9 8169 M 1295•0 20•0 
A 241{1299•0] (12•0} ARVENISE 69 ORE + 5 .1P I+D ,BP I~  5170" 

M 1310.0 I4 .0  EISENBERG 69 HBC * 4°B~5•3 GAMMA P 12169~ 
M 1313,0 7•0 80CKMANN 70 HBC 05. PI+P 5170~ 
~I 1288•0 10.0 GASO 70 HBC - I I .2PI -P~PI  RHO 5270~ 

1300.0 20•0 CASD 70 HBC - I I •ZPI -PvPI  ETA 51TO~ 
1335.0 15.0 DIAZ TO HBC O. PBAR Pv A P[ 5170~ 

A ANALYSIS COMPLICATED BY NEARBY PEAK {A1.5]  
M . . . . . . . . .  
M AVO 1299.2 3.2 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1•7) 

(SEE IDEOGRAM BELOW ) 

W E I G H T E D A U E R R G E  = 1 3 1 7 • 9  * 4 . 4  

ERROR SCRLED BY 2 . 2  

CHISQ 
6 B  H B C  1 . 9  

6 7  HBC 0 . 0  
6 7  HBC 0 . r 1  
6 7  HBC 1 0 . 0  
6 7  r1SPK 1 6 . 1  
6 7  HBC 1 . 3  
6 7  HBC 0 . 1  

2 9 . 5  
(CONLEU 
=r1.rlr10] 

I .  . . . . . . .  C R E N N E L L  
- - ~  . . . . . . .  r1AML 
["~ . . . . . . . .  DAHL 

I " ' ' I "  i l . . . . . . . .  CDNFr1RTr1 
I I /  --~---..OEUSCH 

, / [ . ' ~ - ' . - I ~ ' i  i i  BARLr1" 

1260 1300  1340  1380  

R2 MASS (MEU)~  K KBRR Mr1DE2 U H S P L I T  

I2  A2L MESON WIDTH IMEV) 

Wt A 12g.) (10.) CHIKDVANI 67 MMS - 6 j 7  PI -  P 6168 
WE A INCLUDEDIN BENZ 68 FIT OF 2 COHERENT SYMMETRIC POLES. 
WL 22• B. BENZ 68 MMS - 2.65 Pl -  P 12168 
WL 24.0 10.0 CRENNELL 68 HBC - 6.0 PI-PtX- 6168 
~L 22•0 10.0 7.0 AGUILAR I 69 HBC +- 0-1•2 PB PtRIK+- 5/6~ 
WL AGUILAR 6V COMPEL• INCLUDES BARLDW 67,GONFORTO 67.TWO ENCOH.BREITWIGNS 

CRENNELL 69 DBC - 3.9 K- N~PI-RHO 8269 WL C (40.0} OR LESS 
WL G MAY BE DIFFERENT OBJECT. JR=l- FAVORED OVER 2+~2-~E*• 
WL C NOTE THAT IGJP=L-1- IS EXOTIC IN THE QUARK MODEL. 
Wl 5.0 12•0 5.0 DONALD 69 HBC +- 1.2 PB RE% El) 9169 
WL 27.0 13.0 BOGKMANN 70 HBC • S. PI+P,INCOHER. 5170~ 
~L 20• IO.O NEF 70 MMS - 7. RE-P. P KRBAR 11169 
WL . . . . . . . . .  
WL AVO 19•B 3.3 AVERAGE (ERROR INCLUOES SCALE FACTOR OF 1 .0 l  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

~2 A2H MESON WIDTH (MEVI 

63 

WH A (35.)  (10.) CHIKDVANI 67 MRS - 6 t l  P l -  P 6168 
WH A INCLUDED IN 8ENZ 68 FIT OF 2 COHERENT SYMMETRIC POLES• 
WH 22. 5• BENZ 68 MMS - 2.65 P l -  P 12168 
wH 12.0 10•0 CRENNELL 68 HBC 6.0  P I -P tX-  6/68 
WH 22.0 LO•O 7•0 ABUILAR I 69 HBC 0-1•2  PB PtK1R÷- 5/69 
WH AGUILAR 69 COMPIL• INCLUDES BARLOW 67,EONFORTO 67•THO INCOH•BREITWIGNS 
WH 21.0 I0 .0  DONALD 69 HOE +- 1•2 PB RE4 PIE 9/69 
WH 17.0 5•0 80CKMANN 70 HOG ÷ 5.  FI+P,INCOEER• 5170. 
WH 30. 10°0 NEF 70 MMS -- 7. PI-P~ P KKBAR 11169 
WH . . . . . . . . .  
WH AVG 20•1 2.8 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0l 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

12 A2 MESON WIDTHIMEV), K KBAR, UNSPLIT, UNRESOLVED 

WK NOTE THAT NEUTRAL MODE CAN INTERFERE WITH F• 
WR 60 56.0 28.0 BARLOW &7 HBC ~- 1.2 PBAR P, KK 9167 
WR 80 56.0 15•0 BARLOW 67 HBC +- 1.2 RBAR P, RK 9167 
WK 88. 23° 22• BEUSCH 67 OSPK 0 5-12 PI-P,KIRI  7167 
WK 130 1DO.O) CONFOBTO 67 HBC ~- O. ROAR P IN KK 9187 
WK RE. 18. OAHt 67 HBC - 2.7-4.5 P l -  P ~167 
WK 80.5 36.5 DAHL 67 HBC 0 2.7-4.5 PI -  P 8167 
WK 21.0 10•0 6•0 CRENNELL 65 HBC - 6.0 PI-P,KIK1 6168 
WK 12 ( 3 4 . 0 l  ADERHOLZ 69 HOE + R RE+ PyR+KO 8/69 
WK . . . . . . . . .  
WK AVG 37.8 9.8 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1°6) 

ISEE IDEOGRAM BELOW ) 

N E I G H T E D  AUERAGE = 3 7 . 8  i 9 . 8  

E R R r 1 R  SCALED BY 1 . 6  

. . . . . . . . . . .  C R E N N E L L  6B HBC 
I " "  "r1AHL 6 7  HBC 

o o . .  

• BARLnW 67' HBC 
j -BARLr1N 67 HBC 

-50 o s'r1 lo'r1 15r1 20'r1 (cr1.,.Eo 
A2 WIDTH (MEU)  ~ K KBAR Mr1DE, U N S P L I T  

CHIEf1 
4 . 4  
1 . 4  
0 . 3  
S.O 
1 . S  
0 . 4  

1 2 . 9  

= r 1 . 0 2 4 )  

12 A2 MESON WIDTH (NEV),SPI,ETA Pl MOOEStSPLITTING UNRESOLVED 

W (IOO•O) A 
DERHOLZ 64 HBC 4.0 PI+P V12 
W 9O.O 10.0 GOLOHABER 64 HBC ~ 3.7 P I * -  P 
W 1425 99•0 15.0 LEFEBVRES 65 NNSP - 6.0 PI-P 61A6 
W (140.01 SEIOLITZ 65 DBC - 3.2 PI-D 6166 
W 70.0 I0•0 BARNES 66 HOE - 6•0 PI-P 6/66 
W N ( l iD.O)  IASoO) 8ENSON 66 DBC O 3.65 PI÷D 6166 
W N SUPERSEDED BY BENSON 1 66 
W 100. E5. BENSON 1 56 DBC 0 3•65 PI+D 1167 
W 1800 (80.0) ( I 0 .0 )  COMP•BY FERBEL 66 RVUE * -  PI+- P ID166 
W 1060 98. 5. LEVRAT 66 MMS - 6,7 E l -  P 2/67 
W 137 100. 25. BALTAY 67 NBC 0 8•5 P i t  P 7167 
W A (BA.I  130.I (20 . l  GABON 67 HBC 8 El -  P 5167 
W A ANALYSIS COMPLICATED BY NEARBY PEAK (A I .5 )  AT 1190 MEV 
W 4000 90. 15. CHIKOVANI 67 NNS - 7 PI -  P 8167 
W A5. 22. DANYSZ 67 HBC +-0 3v3o6 PBAR P 7167 

96.0 16.0 ARMENISE 68 DBC 5.1Pl+D 9167 
125.0 40.0 BALLAM 68 HBC - 16.0 P I -  P 9168 

W (90 , )  APPROX. BOESEBECR 68 HBC 8 PI÷ P 6108 
]W 56. 21. BOESEBECK 68 HOE 0 8 PI+ P 6168 
W C ( 8 0 , )  APPROX. EASO 66 HBC - I I  PI -  P &lOB 
W C CASO 68 SUPERSEDED BY CASO 70 5170t 
W GO. 20. CHUNG 68 HBC - 2•7-4•5 PI -  P 5168 
iW 94.0 30•0 20•0 CRENNELL 68 HOG - 6.0 RI-P,X- 6168 
!W [RO.) APPROX. FRIOMAN 68 HBC ÷- 5.7 PBAR P 6/68 
IW 91. 18• KEY 68 HBC - 3 PI-P i i / 67  
'W lAD.O) lEO.O| VON KROGH 68 HBC 6•7 E l -  P 9168 
W 52.0 16•0 JUNKMANN 68 HBC - 16• E l -  Pv 5PI 9169 
W 90•0 IO.O 50•0 ANOERSON 69 MMS 16 El -  P,BAOKW9 8169 

w AE 241 (164.0I (20.01 AR~ENISE 69 O8C + 5•1 PI+D,3PI+÷- 5170. 
W E BACKGROUND SUBTRACTION MODEL-DEPENDENT. 5170" 
W 80.0 30.0 EISENBERG 69 HBC + 4.5y5°3 GAMMA P 12169. 
w 70•0 29•0 BOCKNANN 70 HRC 05. Pl*P 5 /70 ,  
w 135.0 26.0 CABO 70 HOE - 11.2Pl-PtPl RHO 5170~ 
W (120.0) CASO 70 HBC l l •2P I -PvP l  ETA 5170. 
W 90.0 20•0 DIAZ 70 HBC ÷ 0. PBAR P, 4 Pl 5170. 
W A ANALYSIS COMPLICATED BY NEARBY PEAK (A[ .5 )  
W . . . . . . . . .  
W AVG 89•6 3•6 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 . t l  

(SEE IDEOGRAM BELOW I 



6 4  
See the illustrated key preceding the data card listings. 

Data in parentheses have not been included in our averages. 

MESONS 

0 

R2  U I O T H  ( M E U )  , 

W E I G H T E D  AUERQGE = 8 9 . 6  • 3 . 6  
ERROR SCQLED BY 1 . 1  

- ~  . . . . . . . .  D I Q Z  7 0  
• I I 1  ~ - . - C ~ S D  ~ o  

" ~  . . . . . . . . .  B O C K M A N N  7 0  
........ E I S E N B E R G  6 9  

--~-~ . . . . . . . .  R N O E R S D N  G9 
I " " ~  ~ . . . . . . . . .  J U H K M R N N  6 8  

--~- . . . . . . . . . .  KEY 60 
--  ~ . . . . . . . .  CRENNELL GB 

-- ~- . . . . . . . . . .  CHUNG 6B 
I ~ . . . . .  " . . . .  B D E S E B E C K  6B 

i I I .-.BALLQM 6B 
/ I f .  . . . . . . . .  A R " E N I S E  6B 

---+---k ~ . . . . . . . . .  o ~ . Y s z  G ~  
/ - ~-T . . . . . . . .  C H Z K O U A H I  67 

/ - ~F ........ BALTQY 6 7  
/ -~ ~ . . . . . . . .  LEUR@T 6 6  

/ h+ ~ ........ BENSON 1 6 6  
/ - - f - -  " "  ~ ....... BQRHES 6 6  

/ /  "-I- " ~ ' ~  . . . . . .  L E F E B U R E S  6 5  

SO 100 150 200 250 

3 P I  MODE, U H S P L I T  

C H I S Q  
HBC O.O 
HBC 3 . 0  
HBC O.S  
HBC 0 . 1  
MMS O.O 
HBC S . S  
HBC 0 . 0  
HBC O . O  
HBC 0 , 2  
HBC 2 . 6  
HBC O.B 
DBC 0 . 2  
HBC 4 . 1  
MMS 0 . 0  

HBC 0 . 2  
~ M S  2 . 8  
OBC O.S 
HBC 3 . 9  
MMSP 0 . 4  
HBC 0 . 0  

2 4 , ?  

( C D N L E U  
= 0 . 1 7 0 0  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  - . . . . . . . . . . . . . . . . . . . . . . . . .  

~2 A2 MESON PARTIAL DECAY MODES 

DECAY MASSES 
P~ A2 MESON INTO RMO PI 765+ 139 
P~ A2 MESON INTO KEAR R 493÷ 497 
P3 A3 MESON INTO ETA RI E@8+ 139 
P4 A2 MESON INTO ETA PRIME FI 957+ 139 
P5 A2 MESON INTO PI÷ PI -  RIO EXCL.RHO Pl .  (SMALL÷ 139÷ 139e 134 

NOT USED IN FIT) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

12 A2 MESON BRANCHING RATIOS 

~i A2 MESON INTO (K KBAR) I (RHO PI I  
RI (0.08) OR LESS LANDER 6~ HBC ÷ 3.5 PI÷P I0#66 

916T RI N (0.13) (0.03) 8EUSCH 67 0SPK O 5,l,i2 PI-÷ 
RI 11 O.Oq 0.06 0.09 ASCOLI US HBC - 5 PI-P 6/68 
R1 6188 0.022 0.008 80ESEBECK 68 HBC + 8 PI+ P 
RL 0.0S4 0.022 CHUNO 68 HBC 3m2 PI-P 1/67 
R1 0.03 0.012 DONALD 68 HEC ÷- 1.2 PBAR P 6/68 
Rl N (D.1W) (0.85) BOCKMANN 70 HflC 0 5.0 Pl÷R 9169 
RI O.Ol 0.05 BOCKMANN 70 HBC + 5.0 Pimp 9169 
R% N THE NEUTRAL MOqE CAN INTERFERE WITH F. 
R1 0.024 O.DD6 OIAE 70 HBC ÷- O. PBAR P~ 4 PI 5/70* 
RL 0.07 0.03 NEF TO MMS - ?.O P I -  P 6170" 
R1 . . . . . . . . .  
R[ AVG 0=0268 0.0044 AVERAGE (ERROR INCLUDES SCALE FACTOR OF I .O)  
R1 FIT 0.0268 0.0043 VALUE FROM CONSTRAINED FIT 

R? AB MESON INTO (ETA PT)/TOTAL 
R2 { 0 . 084 )  (0 .023 )  BOESEEECK 68 HEC ÷ 8 PI+ P 6/68 
R2 . . . . . . . . .  
R2 ~IT 0.1S7 0.0E5 VALUE FREM CONSTRAINED FIT 

R3 A2 MESON INTO (ETA PI) I (RHE PI I  
R3 0.3 0.2 ADERHOLZ 64 HEC 4.0 PI+P 

DUBOVIKOV 66 HOC - 3.3 PI-P R3 0 (0.2~) (0.08) ~i16~ 
R3 D VETLITSKY 69 IS UPDATING OF OUBOVIKDV 66 
R3 0.22 0.09 COMTE 67 HBC = l l .O  PI-P 8•67 
R5 Z2 0.2S O.OB ASCOLI 68 HBC S PI-P 6/68 
R3 0.12 0.08 CHUNG 68 HBC - 3.2 Pl-P 12/66 
RB (0.07200R LESS DONALD 68 HBC +- 1.2 PEAR ~ 6/68 
R3 0.16 0.10 KEY 68 HBC - 3 PI-P i1 /67 
R3 (0.~80 (O.O61 VETLITSKY 69 HEC 3.8 PI -  P 9/68 
R3 15 0.25 0.09 80CKMANN lO HEC + 5.0 PI+P 9/69 
R3 0.34 0.17 0.3A BOCKMANN 70 HGC 0 E.O PI÷ P 9169 
R3 . . . . . . . . .  
R3 AVG 0.202 0.038 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.00 
R3 FIT 0.202 0.038 VALUE FROM CONSTRAINED FIT 

R~ A2 MESON INTO IETA PRIME PI)  / TOTAL 
R$ IO.1) OR LESS CHUNG 65 HBC - 3.2 PI-P 
R4 (0.004) (0.006) BOESEBECR 68 HBC 8 PI+ P 6/68 
R6 . . . . . . . . .  
R4 FIT 0.0~# O .O lT  VALUE FROM C0NSTRAINED FIT 

R5 A2 MESON INTO (ETA PRIME PI)/(RHG Pl]  
R5 14 0.gT 0.03 ASCDLI 68 HEC - 5.0 PI-P 6768 
R5 0.04 D.03 0.0~ BOCKMANN 70 HBC 0 S.O PI÷ P 9169 
R5 . . . . . . . . .  
P5 AVG 0.057 0.023 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0) 
R5 FIT 0.0S6 0.022 VALUE FROM CONSTRAINED FIT 

R6 A2 ffESON INTO (PI÷  PI- PIO) I [RHO PE) 
R6 (0.170 OR LESS BENSBN 66 DBC 0 3.7 PI+D 

R7 A2 MESON INTO IETA P I I I iK  KBAR) 
RT (3 .0 l  OR LESS FOSTER 68 HBC - PBAR P,PBA REST 9169 
RT . . . . . . . . .  
R1 FIT 7.E 1.8 VALUE FROM CONSTRAINED FIT 

Fi%~ed Partlal Decay l~ode Branchin= Fr~cLions 

Diagonal elements are Pl ~ SPlJ 8PI = " <EPiSPl > • C ~ - ~ i ~ g o ~ l  elements ~ e  

co r re la t i on  coe~icLe~ts = <SPiEPj> / (SPi, 'EPj). 

P I P2 P 3 P4 

P 12 .T79e- .027  
P .080 .OZl+- .O03 
P 3 - .800 - . 1A8  • 157+-.025 
P 4 -.433 -.1L2 -.182 .044÷-.016 

REFERENCES ~OR A2 

AOEEHOLZ 64 PL 10 248 AACHEN÷BERLIN÷BIPM+BONN÷HAMB÷IC-LBNODN+~FI 
CHUNO 66 PR~ 12 621 +OAHL,HAROY,HESS,KALBFLEI$CH,KIRZ (LRL] 
GGLOHABE 64 OUG~IA CONE 1 480 O GOLDHABER,S GDLDHADER,OHALLORAN,SHBN(LPL) 
LANDER 64 PRL 13 346 ÷ABOLINStCARMONY,HENDRIKS~XUOND+ ILA JOLLA} 

ABOLINS 65 ATHENSIOHIO)CONF. ÷CARMONYrLANDER,XUONG,YAGER (LA JOLLAII=I 
CHUNG 65 FRL 15 325 ÷OAHL,HARDY,HESS,JACOBStKIRZlMILLER IL~LI 
FOR(NO 65 PL [q 68 +GESSAROLI÷LBNOINARA+IBOL+BARI÷RIReORS÷SAC) 
LEFEBVRE 65 PL 19 434 CERN HISSING MASS SPECTROMETER GROUP )CEKN| 
SEIDLITZ 65 PRL 15 217 L SEIOLITZ,O I OAHL,O H MILLER (LRL] 

BARNES 66 PEt 16 91 BARNEStEOWLERtLAI~ORENSTEIN ÷ (BNL+UENY) 
8ENSON 66 RRL 16 1177 G BENSON,LOVELLtMAFOUIT~ROE ÷ (MICHIGAN) 
BENSON 1 66 MICH C00-1112-4 G.C.BENSON, THESIS (MICHIGAN) 
OUBOVIKO 66 PL 28 716÷PRIV.C. DUBOVIKOVtGRIGORIEV,VLADIqIRSKY ÷ IITEFI 
EHRLICH 66 PR 152 119~ R. EHRLICH~W.SELOVEtH.YUTA [PENNSYLVANIAI 
FERBEL 66 PL 2L l l I  FERBEL (ROCHESTER) 
LEVRAT 66 PL 2Z 714 CERN MISSINO MASS SPECTROMETER GROUP ICERN) 

ARMENISE 67 PL 2SB 53 ARMENISE,FCRINO,÷ (BARI÷BOL+FIR*DPSAY) 
8ALTAY 67 PL EBB I60 ÷KIRSCH*KUNG~VEH÷RARIN (COLUM÷BNL+RUTGERS) 
SALLOW 67 NC 50A 701 +LILLESTOL+~ONTANET+(CERN+COF÷IR÷L[VERPODLI 
8ARTSCH 67 PL 258 48 ÷OEUTSCHMANN+GROTE+COCCONI÷(AACH+BEEL+CERN) 
BEUSCH 67 PL 25 B 357 +FISCHER,GOBBI,ASTBURY,MICHELINI÷(ETH+CERNI 
CASON 67 PRL IB 880 +LAMSAvBISWASvDERADO,GROVESt÷ (NOTREDAMEI 
CHIKOVAN 6T PL 258 44 CERN ~ISSING MASS SPECTROMETER GROUP [CERN) 
CHUNO 67 PRL 18 100 ÷DAHL~HARDY,HESStKIRZtMILLER (LRL) 

ALSO 66 UCRL-16832 RICHARD I HESS--THESIS~BERKELEY (LRL) 
OOHN 67 NP B1 57 +MCCULLOCH+BUGG+CONO0 (ORNL÷UNIV.TENN.) 
CONFORTO 67 NP B3 46g ÷MARECHAL,MDNTANET÷ ICERN÷CF+IPN÷LIVERPDOLI 
COMTE E7 NC 5l A 175 +TD~ASINI,CORDS÷ (OENOVA÷HAM÷MILANO÷SACLAY) 
OAHL 67 PR 163 1377  ÷HARDY÷HESS+KIRZ+RILLER (LRLI 
OANVSE 67 NC 5 1 A  RO[ OANYSZ÷FRENCH÷SIMAK (CERN) 

ARMENISE 68 PL 26B 336 ARMENISE,FORINO,+ (RARI~BOL~FIR÷ORSAYI 
ASGOLI 68 PRL 20 13E1  ÷CRAWLEY~MOPTARAtSHARIRO,BRIOGESe(ILLINOIS) JP 
BALLAM 68 PPL 21 93~ ÷BRODY,CHAOWICK,FRIES,GU]RAGOSSIAN÷ [SLAC) 
flENE 68 PL 28 B 233 CERN MISSIng MASS SPECTROMETER GROUP [CERNI 
80ESEBEC 68 N a 8 4 501 80ESEBECK,DEUTSCHMANNt*(AACHEN~BEALIN+CERN) 
EASO 68 NC E4 A gO3 +CONTE+CORDS*OIAZ÷ (GENEVA+HAMB÷NIL~SACLI 
CHUNG 68 PR 165 1471 S.U.CHUNG,D.OABL,J.KIRZvD.H.MILLER (LRL) 
CRENNELL 68 PRL 2O |018 *RARSHON+KWAN LAI,SCA~R,SKILLICORN (ENLI 
ODNALD 68 PL 26 B 327 ÷ERODESEN÷RETTIN[+ (LIVERPOOL*OSLO÷PADUA) 
FOSTER 68 NP 8 8 174 ÷GAVILLETILABRESSE,MONTANETf+ (CERN÷CEEFI 
FRIOMAN 68 PR 167 1268  ÷HAURERpNICHALON,DUDET÷IHEIOELE÷STRASBOURG) 
JUNRMANN 68 NP B8 471 ~COCCDNI~+  (AACH÷BERL+BDNN÷CERN÷WARS} 
KEY 68 PR 166 1430 +PRENTICE÷CODPER÷MANNER÷NALKER÷(TO÷ANL÷RIS) 
VON KROG 68 PL 27 B 250 +MIYASHITAtKOPELMAN,MARSHALL LIBBY (COLOI 

ADERHDLZ 69 NP B I i  259 ÷BARTSCHt~  (AACH÷BERL+CERN÷KRAK#NARS) 
AGUILAR 169 PL 29 B 62 ÷8ARLOW,JACOBStDELLA NEGRA÷ICERN÷COF *LIVP) 
AGUILAR 869 PL 29 B 241 N.AGUILAR-BENITEZ,J.BARLOWt+ (CERN+C~F) 
ANDERSON 69 PRL 22 1390 ÷COLLINSI÷ (BNL+CARN) 
AEMENISE 69 LNC 2 501 +GHIDINI~FGRINO~CARTACCI* (DARI+UGNA÷FI£E] 
CHIKOVAN 69 PL 28 B 526 CERN MISSING MASS SPECTROMETER GROUP (CERN} JP 
CRENNELL 69 PRL 2~ 1327  ~KARSHON~KNAN WU LAI,~ (BNLIIJF 
DONALD 69 NP B 12 325 +EONARDS~F~STER~MOORE (LIVERPOOL) 
EISENBER 69 PRL 23 1322 EISENOERG~NAEEE~EALLAM~CHADWICK÷(REHD÷SLAC) 
VETLITSK 69 SJNP 9 596 VETLITSKY~GRIGOREYEV,GRISHIN~GUZHAVIH÷IITEP) 
BAUD 70 FL 318 397 ~BENZ~BOSNJAKDVIC,BOTTERILL*OEMGAARO÷ICEFN) 
BAREARO TO PROC.PHILA.CON~. A.BARBARO-GALTIERI, REVIEB iLRL) 
ROCK'ANN ?0 NP B 16 E81 +MAJOR~POL~,÷ (BONN~DURH~NIJM÷EPOL÷TORI) 
CASO 70 LNC ÷CONTE~TOMASINI~CDRDS+IGENO÷NAHB~MILA÷SACL) 
DIAZ lO NP B 16 239 +GAVILLET,LABROSSE~MONTANET+ [CERN+CnEF)JP 
KRUSE ?D PRDC.PHILA.CCNF. U.KRUSE~ PARTIAL WAVE ANALYSIS ( I L L )  JP 
MARTIN TO PROC.PHILA.CDNF. ÷EAUD~BENZ~BOSNJAKDVI~ (CERN~OENEVA~MUNICH) 
NEF 70 PRIV.COMM. CERN DOSON SPECTROMETER GROUP (CEPN) 
SUTHERLA 70 PROC.PHILA.CONF. G.SUTHERLANO, INTERFERING RESONANCE(GLASGOW) 

PAPERS NOT RE~ERREO TO IN DATA CARDS 

CHUNG 64 PRL 12 62E ~DAHL~HARDY,HESS~KALBFLEISCH,KIRZ,÷ (LRL) 
LANDER 6A PRL 13 346 A LANDER~ABOLINS,CARMONY~HENDRICKS ÷ (UCSO) JP 
AOERHOLZ 65 PR 138 B 89T AACHEN÷BERLIN*BIR~÷BONN*HAMB*LOND+MUENCHEN 
ALITTI 65 PL 15 69 ALITTI,BATON~QELER~CRUSSARD+ (SACLAY÷BOLOG) JP 
SLATTERY 67 NC 50A 377 +KRAYBILL÷FORMAN÷FERBEL (YALE*FOCH) JR 
LAMSA 68 PP [66 139S  ÷CASON+BISWAS*OERAOO÷GROVES~ (NOTREOA~EI 

I ,7 ,=E . . . . . . . . .  

SEEN AS A BUMP IN RNO- Pl -  SPECTRUM. 
EVIDENCE NOT COMPELLING. DROPPEno 
SEE JAN. 87 EDITION. 

6 E MESON , , . E . . R O - . . )  , - O  
| | 

BAILLDN 67 FAVOR JR=O-. OAHL 67 FAVOR i÷ BUT DO NOT 
EXCLUDE 2-~ O-. LORSTAD 69 FIND O- OR 1~. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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See the illustrated ke7 preceding the data card listings. 
Data in parentheses have not been included in our averages. 

6 E ~ESON MASS (MEVI  

M i&25. 7. BAILLON 67 HBC O. PEAR P 11/66 
v 14ZD.O ~O.O DAHL 67 HBC 1.6-4.2 PI-  P I0/66 
M 1423, i0. FRENCH 67 HBC 3-4 PEAR P 6/67 
4 310 142B. 7. LORSTAD 69 HBC O.T PB P ,  4,5-BODY 9/69 

AVG 142~.5 4 .3  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

6 E MESON WIDTH (MEV) 

W DO. 10. BAILLON 67 HBC O. PBAR P 11 /66  
60.0 ~O.O DAHL 67 HBC 1.6-4.  Z P I -  P 10166 

W 45, 20. FRENCH 67 HBC 3 - 6  PDAR P 6167 
W SlO 60. 20. IORSTAD 69 HBC 0.7 PB P, 4(5-BODY 9169 
W . . . . . . . . .  

AVG 69.B 1.6  AVERAGE (ERGOR INCLUDES SCALE FACTOR OF 1 .O)  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

6 E MESON PARTIAL DECAY MODES 

DECAY MASSES 
Pl ~ = INTO K K* (890 I  493+  892  
P2 E INTO K REAR P I  497+  497+  139  
P3 E MESON INTO PI PI RHO 134÷ 13~+  765 
P~ E INTO PI( IOIGI Pl 1016+ 130 
P5 E INTO ETA PI PI  5~B÷ 139÷  139 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

6 E MESON BRANCHING RATIOS 

RI E INTO K K*(Bgo)I{(K K t )+ (P I I IO I6 )  PIT) 
R1 .50 .10  BAILLON 67 HBC O.O PEAR P 11166 

B2 E MESON INTO (Pl P[ RHO) I (K KBAR El) 
R~ (E.O) OR tESS OAHL 67 HBC 0 CHARGED PI ONLY 10166 

R3 E MESON INTO IETA 2 P I I I (K  KBAR PIT 
R3 (I.5)OR LESS (Ct=O.BB) FOSTER 68 HBC PBAR P,PBA REST 9/69 

BAILLGN 67 ~C BOA 39B 
BARASH 67 PR 156 1399 
DAHt 67 PR 16B 1377 

SEE ALSO 65 PRL 14 137~ 
FRENCH 67 NC S2A 438  
FESTER 68 NP D B 174 
BETTINI 69 NC 62 A 1038 
LDRSTAD 69 NP B 14 63 

REFERENCES FOR E MESON 

+EOWAROS+D.ANOLAU+ASTIER~ (CERN+CDF+IRI 
BARASH,KIRSCH, MILLER,TAN IODLUMBIA) 
+HARDY+HESS+KIRZ÷MILLEB (LRLII JP 
MILLER,CHUNG,DRHL,HESS,HAROY,KIRZ÷ (LRL*UC) 
+KINSON+MCDONALO+RIDDIEORD+ (CERN+BIRM) 
+GAVILLET~LABRDSSE~MONTANET~+ (CERN+CDEFI 
+CRESTI,LI~ENTANI,~ERTAUZA,BIGI+(PAOO*PISAIIC 
B.LORSTAD~D.ANDLAU,ASTIER,+ (CDF+CERN) JP 

KsKs (1440) ~0 KS~S.44O, ANO RHORHOI 410( .PG:V  * I  ' G , E O  

pp(1410) EV,DENCE NOT YET CO . . . . . .  NG .... TTE . . . . . . . . . . .  
IF RHOD RHGG AND KS KS ARE MODES BE THE SAME 
RESONANCE, THEN I -D .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

29 KSKS AND RHORHO MASS (MEV) 

. . . . . . .  RHO0 RHOO MODE . . . . . . .  
(1410.0] BETTINI 66 DEC 0 O. PBARP TO 5PR 9166 

4 . . . . . . .  KS KS MODE . . . . . . . . . .  
M B POSSIBLY SEEN ABR&MS 67 HBC ~-EB K- P 5167 

B THE AUTHORS ASSOCIATE THE PEAK ~ITH THE F PRIME, BUT BACKGROUND 
B ESTIMATION IS DIFFICULT 

1412. 2B .  BARLOW 67 HBC 1.2 PEAR P 5167 
4 1439 .0  S.O 6 .0  BEUSEH 67  OSPK 5 ,7 ,12  P I -P  9 /67  
H 
M AVG 1437.5 5°3 AVERAGE tERROR INCLUDES SCALE FACTOR OF l .O I  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

2q  KSKS AND RHORHO WIDTH (MEV} 

W . . . . . . .  RHOO RHDO MODE . . . . . . .  
W (90.0} BETTINI 66 DEC 0 O° PBAR P TO BPR B/66 

W . . . . . . .  KS KS ~OD£ . . . . . . . . . .  
W lOO. 70 .  BARLOW 67 HBC I . 2  PEAR P 5/67 
W 43 .0  IT.O IB.O BEUSCH 67 OSPK 5~7~12 PI-P 9167  
W . . . . . . . . .  
W AVG 46°4 IT°O AVERAGE (ERROR INCLUDES SCALE FACTOR OF I °O I  

REFERENCES FOR RSKS(1440) AND RHO RHOI1/elDI 

BETTINI 66 NC 424 695 ÷CRESTI~LIMENTANI~LORIA~PERUZZO~ (PAO+PISA( 
ABrAmS 67 PRL 18 620 *KEHOE,GLASSER~SECHI-ZORN~WOLSKY (MARYLAND) 
BARLDW 67 NC EO A 701 ÷MONTANET~F)-ANDLAU~ICERN÷CDF÷IDR÷LIVERPOOLI 
BEUSCH 67 ~t 25 B 357 +FISCHER,GOBBI,ASTBURY,MICHELINI+(ETH*CERN} 
OONALD ~9 NP B i i  551 +EOWAROS,BURAN~BETTINI~* ]LIVP~OSLO+PAOOI 

I . . !  

I r ( Z ~ 1 4 ) l  i . . . .  iME 1 . . . . . . . .  E--, ,=o 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

E3 F PRIMEII514I MASS (N~EV) 

14{tqBo.o) CRENNELL 66 HBC 6.0 P I -  P 
B 5(IGGO.} ( ~ O l ) ABRAMS 67 HBC 4°25 K- P 
E BACKGROUND ESTI'RATION DIFFICULT. 

u 7o0 1515.0 
M 70 1513.0 7.0 

M hVO 1514.0 ~.g 

8 /66  
5/67 
5167 

AM~AR 67 HBC 5.5 K-P 9 /67  
BARNES 67 HBC 4°G~ S .  K- P tOIGT 

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0) 

13 F PRIME(I514I WIDTH (MEV) 

W B 5 (53. )  ( IB . l  ABRAMS 67 HBC 4.25 K- p 5167 
w B BACKGROUND ESTIMATION DIFFICULT. 5 /67  
N 35 .0  25 .0  AMMAR 67 HBC 5 .5  K -P  9167 
w 70 87.0 15.0 BARNES 67 HBC 4.6,  5. K- P 10167 
W . . . . . . . . .  
W AVG 73.2 22.9 AVERAGE (ERROR INCLUDES SCALE FACTOR OF I °8 )  

(SEE IDEOGRAM BELOW I 

WETBHTED ~UERRGE = 73.2 ± 22.9 
ERRDR SCRLED BY i .B 

/ _ /  

-SO 0 SO 

-~'- 'BRRNES 
- *  -~AMM~R 

iO0 ISO 
F PRIME I~IDTH (MEU] 

CHISQ 
67 HBC O,B 
G? HBC 2.3 

3 .2  
200 (CDNLEU =0.074)  

13 F PRIME PARTIAL DECAY MODES 

DECAY MASSES 
PI E PRIME INTO El+ El -  139+ 139 
P2 E PRIME INTO K KBAR 4gT+ 4gT 
P3 F PRIME INTO K K* IBgOI  493+  BgE 
P4 F PRIME INTO ETA ETA 548+ 548 
P5 F PRIME INTO P I  P I  ETA 139+ 139+  548  
P6 F PRIME INTO P(  K KBAR 139+  497+  497  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

IB F PRIME BRANCHING RATIOS 

R1 F PRIME INTO (RE+ P I - I I (K  KBARI 
R( (0,2) OR LESS AMMAR 67 HBC B.S K-P ,CL=*67 9/67 
RI (0o18| OR LESS BARNES 67 HBC 4.6~ B.O K- P 10/67 

R3 F PRIME INTO (ETA ETA)I]K KBARI 
R3 (0.50I  OR LESS BARNES 67 HBC 4=6, B.O K- P ]0167 

R4 P PRI~E INTO (El PI ETAII(K KBARI 
R4 (0 .3 I  OR LESS AMMAR 67 HBC CL=O.67 10167 
R4 0.25 0.13 BARNES 67 HBC 4.61B.O K- P 10167 

R5 F PRIME INTO (PI K KBAR + K K* (890 I ) I IK  KBAR) 
RE (O.A} OR LESS AMMAR 67 HBC CL=O.E7 10167 
RS (0 ,1~1  OR LESS BARNES 67  HEC 4 .6 ,  B .O K -  P 10 /67  

REFERENCES FOR F PRIME 

CRENNELL 66 PRL 16 1025 • KALBFLEISCH,LAI,SEARR,SCHUMANN * IBNL)I 
ABRAMS 67 PRL IB 620 +K£HOE,GLASSER,SECHI-ZORN,WOLSKY (MARYLAND° 
AMMAR 67 PRL 19 i071 ÷DAVIS,HNANG,DAGAN,OERRICK + (NWU+ANL) JP 
~ARNES b7 PRL 19 964 +OORNAN,GOLDOERG,LEITNER + (BNL÷SYRACUSEIICJE 

4LITTI 68 PRL E1 1705  +DARNES,ERENNELL~FLAMINIO,6OLDBERGI+ (BNL) 
LORSTAD 69 NP B 14 63 B.LORSTADyD.ANDLAU~ASTIERt+ (CDF+EEGHI JP 
;COTTER B9 N6 62 A 1057  +ERSKINEtPALER,+ {BIRM+GLAS+LOIC+MPIM~OXF) 

, r / p ( x s 4 o )  147 G1,RHO,1 . . . .  ~PE . . . . .  

- -  ~1  ] NAMED FI BY AGUILAR 69 o r  
JP=2-~I+ FAVQR£D~ O- LESS PRDBABLE. 
ALSO CONTAINS PHOTOPRODUCEO BUMP AT 1550 MEV,I UNKNOWN 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

47 Pl/RHO (1540) MASS (MEV) 

M 10{1490.0) 120.Of ADERHOLZ 60 HBC ÷ 8 PI+ P~KKBARPI I I169 
M ~2  1540 .0  ~.0 AGUILAR 69 HBC O,7PBARP,KKBARPI 11169  
M D (1550.0) (40.0| DAVIER 69 STRC 04.5-1B 8REMS~4PI 11/69 
M D NO EVIDENCE ON I-SPIN, 
M O WITH STATISTICS INCREASED FOURFOLD (MAY 70), DAVIER ET AL STILL 
M D FIND A BROAD FOUR PIGN ENHANCEMENT, BUT LITTLE EVIDENCE FOR A l l  
M O STRUCTURE. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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66 
See the illustrated key preceding the data card listings. 

Data in parentheses have not been included in our averages. 

47 RIIRHO (lEAD) WIDTH (MEV) 

W 10 (B5.O) 139.0) ADERHOLZ 69 HBC + 8 PI+ P,RKBARPI 11169 
W 142 ~O.O 15 ,O  AGUILAR 69 HBC O.TPBARPtKKBAREI 11169 
W O (260.BI ( l lO.O) OAVIER 69 STRC 04.5-18 BREMStAPI 11169 
M 0 SEE NOTE UNDER MASS ABOVE. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

47  P I /RHO (1540 I  pART IAL  DECAY MODES 

DECAY MASSES 
Pl PIIRHO 11540) INTO K KBAR PI 134+ 497+  497 
P2 PIIRHO ( 1540 )  INTO K'~(B90) KBAR 892+ 497 

REFERENCES FOR PI /RHO (1540 )  

ADERHGLZ 89 NP B 11 25? +BARTSCH~+ (AACH+BERL+CERN+KRAK+WARSI 
AOUILAR 69  PL Zq B 879 +8ARLOWtJACOBS~D ANDLAUtASTIER+ (CERN+CDEF) 
AGUILARI 69 NP B 14 195 +EARLOWeJACOBS~D ANDLAU~ASTIER+ {CERNeCDEF{ 
OAVI ER 69 SLAC-PUB-6~6 +DERAO0~ FR I ES, LI U~ MOZ EEY ~ OOI AN, PARK÷ ISLAE) 

I . - - ~ i  

I x * t 1 6 4 U )  l .... ,1 .... ~ ..... i ,=, 

I or A31 
~A(t640) or  A3. T h i s  b u m p  i s  s e e n  in  the  f~r 

s p e c t r u m  in  w+p~w±~r+rr-p r e a c t i o n s .  It i s  only. 

g30 M e V  a b o v e  fw t h r e s h o l d ,  and i t s  i n t e r p r e -  

t a t i o n  i s  a m b i g u o u s .  S e e  no te  on  A t ,  Q, A3 ,  

and L in  t h e s e  l i s t i n g s ,  j u s t  b e f o r e  the  A t .  

R e c e n t l y .  CR1~NNEI~L 70 c l e a r l y ,  d e m o n -  

s t r a t e d  that  A3 i s  an s - w a v e  fw e n h a n c e m e n t .  
± 

A r e c e n t  c o m p i l a t i o n  on h i g h - e n e r g y .  ~r p data  

(CHIP.N-2  70) a l s o  s h o w s  that  fw i s  the  only" 

d o m i n a n t  m o d e .  B R A N D E N B U R G  70 and 

C H I E N - t  70 both  s h o w e d  that  A3  p r o d u c t i o n  

in  rr-p at 7, 13, and 20 G e V / c  can  be  d e s c r i b e d  

by- a R . e g g e i z e d  D e c k  m o d e l .  

A3  p r o d u c t i o n  i s  a l s o  r e p o r t e d  i n p p  and 

o t h e r  r e a c £ i o n s ,  but the  s t a t i s t i c s  a r e  r e l a t i v e l y .  

p o o r  and r e s u l t s  i n c o n c l u s i v e .  

THIS ENTRY CONTAINS G=- I  PEAKS+IN4 THE 81 PEAK. 
8ARTSCH 68 FIND BEST FIT WITH JR=Z-.NEXT BEST I+ ,0- ,3*  

34 PI (1640 )  MASS (MEV) 

M 30(IEOO.O) FORINO 65 DBC 0~.5 El+ D 10166 
R 20 1630o0 30.0 VETLITSKY 66 HBC - 4.7 PI -  P 

O (1689.) { iO. )  OANYSI 67 HBC 0 3t3.6 PEAR P 7167 
0 OBSERVED IN (OMEGA El+ E l - )  (AND POSSIBLY (OMEGA RHO(Ol)) MODE 

M 0 NOTE THAT THE WIDTH OF THIS PEAK IS SMALL 
M R (1630.) (15.} DURAL 67 MMS - 7 ,11.5,12PI-  P 7167 
M R 81 PEAK FROM CERN ~HS EXPT. DECAY MODES AND O PARITY UNKNOWN. 

R NOTE THAT THE R1 HAS SMALLER WIDTH THAN THE OTHER ENTRIES. 
M 1630. 10. BALTAY 68 HBC + T, 6.5 El+ P 6/68 
M 1660.0 16.0 8ARTSCH 68 HBC + B. PI+ PtBPl P 6169 
4 (1650.0) IOFFREDO 68 HBC - 13-20 PI-PTPI-F 9168 
M 161Ol 19. LAMSA 68 HBC -- B.O PI-Pt PI-E 11167 

~ 11620.0) 118.0) YOST 68 HBC 04.3 K-P~LMBD.BPI 9/68 
~ OBSERVED IN (OMEGA PI+ P I - I  BUT NOT IN (OMEGA RHO O) 

M p {1695.0) i2O.OI BARNES 69 HBC 0 4.6 K-P~OMEG2PI 8/69 
P DBSFRVED IN (OMEGA PI+PI-}  AND (OMEGA RHOOI MODES IN RATIO 211 

P 297  1673 ,0  40.0 ARMENISE 69  DEC + 5 .1E I~D ,BP I++ -  5 / 70 .  
1680. 20.0 CRSO 69 HBC - 11 El -  P 5170 "  

M {1660.CI 120.0) CASO 69 HBC I I  PI-P, PI-F 5170. 
1645.0 10.0 CRENNELL 70 HBC - 6. PI -  PIF Pl 5170* 

M . . . . . . . . .  
4 AVG 1641.B 7.3 AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1.3) 

{SEE IDEOGRAM BELOW I 

UEIBHTED AUERR6E = 1 6 4 1 . B  i ? . 3  
ERRDR SCALED BY 1 . 3  ;~ . . . .  . . . .  CRENNELL ?0 HBC 

I ~ . . . .  CRSD 69 HBC 
"'AR"ENZSE 59 DBC 

- - "  I'* " ~ "  . . . . .  L R " S R  6B HBC 
I ~  - .... BQRTSCH 6B HBC 
t % 

+ I  . . . . .  ~. .--BnL~nY 6e .Bc 
. . . . .  6 HBC 

1550  1600  1650 t 7 0 0  17~0 1B00 

P I ( i 6 4 0 )  nRSS (MEU} 

CHISQ 
0 . 1  
3 . ?  
0 . 6  
2 , B  
1 , 3  
1 . 4  
0 . 2  

1 0 . 0  
(CDNLEU 
=0.125~ 

34 PI (16401  WIDTH (NEVI  

w R (21 . I  OR LESS LEVRAT 66 MRS - 7~1Z PI-  R 7167 
W R 81 PEAK FROM CERN MMS EXPT. DECAY ~ODES AND G PARITY UNKNOWN. 
W BO ( i 00 . I  VETLITSKY 66 HBC - 4.7 PI-P 6166 
W 0 {38.) l i B . )  DANYSE 67 HBC 0 313.6 PBAR P 7/67 
W O OBSERVED IN {OMEGA El+ P I - I  (AND POSSIBLY {OMEGA RHO(O)II MODE 
W TO. 40. BALTAY 68 HBC + 7~ B.5 RI+ P 6 /68  
w 115.0 45.0 BARTSCH 68 HBC + 8 .  PI÷ P,3Pl P 8•69  
w 100. 50. 30. LAMER 68 HBC - 8.0 PI-P PI-F 11167 
N O [ 50 .0 )  (ZE .O)  YOST 68 HBC 0 4 . 3  K-P ,LNBO.EP I  9 / 6B  
W O OBSERVED IN (OMEGA El÷ P I - I  BUT NOT IN {OMEGA RHO OI 
N P {REDO) BARNES 69 HBC 0 4 .6  K-PlOMEGEPI 8169 
W P OBSERVED IN {OMEGA PI+PI- I  AND IOREGA RHOO) MODES IN RATIO 2 /1  
W A 297  [ 2~0 .01  ( 50 .O I  AMMENISE 69  OBC + 5 .1P I+D~3P [++ -  5170 "  
W A BACKGROUND SUBTRACTION MODEL--DEPENDENT. 5 /70=  
W ( 1 3 0 . I  C A S O  6 9  H B C  - -  11P I -  P 6 / 6 B  

W 1150.0} CASO 69 HBE 11.0 P l -P ,P I -  F 6168 
W 130 .0  30.0 CRENNELL 70 HBC - 6. El-  P,F Pl 5170. 
w . . . . . . . . .  
W AVG 107.7 18.7 AVERAGE (ERROR INCLUDES SCALE FACTOR OF I.O{ 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

34 P( (1640)  PARTIAL DECRY MODES 

DECAY MASSES 
Pl  PI11640) INTO 3 PI 134+ 1B4+ 134 
P2 PI(1640I INTO RHO Pl IBA~ 765 
P3 PI I I 640 }  INTO ETA P I  134+ 548  
P4 PI{16401 INTO 5 Pl 
P~ E l ( lEAD)  INTO K K~(BDO]  497+  892  
P6 P I (1640 )  INTO K KRAR PI 497+  ~97+  134  
P7 PI{1640) INTO K KBAR 497+ 497  
PB P I I 1640 )  INTO E P{  1264+  134  
P9 PlI164D) INTO OMEGA PI PI 783+ 184+  134  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

34 Pl (L640] BRANCHING RATIOS 

82 PI(IEAO)*- INTO {PI+- RHOO(IIALL PI+- PI+ PI - )  
R2 (O .E )  OR LESS BALTAY 68  HBC + 7 -8 .5  P I+P  5 /68  
82 TO.3) OR LESS BARTSCH 68 HBC + 8. P{+ Py3PI P 8/69 
R2 F (0.4# OR LESS FERBEL 68 RVUE +- 9168 
RE E FERBEL 68  SUPERSEOES BALTAY 68 
82 CONSISTENT WITH O.O IOFFREO0 68 HBC - 13-2D PI-P 9/68 

R3 PII1640)+- INTO {PI+- FI I IALL PI+- Pie P I - I  
83 (WITH F INTO El÷ El - )  
83 INDICATION SEEN LUBATTI 66 HLBC 16 El -  11/66 
R3 (0 .59 )FOR JP=E-  BARTSCH 6B HBC + B .  P I+  P ,BP I  P 8 t69  
R3 (D.B1)FOR JR=t+ BARTSCH 68 HBC + B. PI+ P,3PI P 8169 
RB (O .20 )FOR JP=O-  BARTSCH 68 HBC + B .  P I+  P ,3P I  E 8 /69  
R3 0 .35  0 .20  BALTAY 68 HBC + 7 -8 .5  P I+P  5168  
RE CONSISTENT WITH 1.0 CASO 68 HBC 11 El-- P 6/68 

83 
83 
R3 

R4 
R4 

R5 
R8 

R6 

RT 

~g 

SEEN IDFFREDO 68 HBC - 13 -20  P I -P lP I -F  9168  
(0 .76 I  [O .E4 l  ( 0 . 34 )  ARMENISE 69  DBC 5 .1  P I+DT3P I++ -  5170 "  
CONSISTENT WITH l.O CRENNELL 70 HBC 6. PI -  PiE Pl 5170. 

81 MESON FRACTION INTO ONE I THREE / FIVE OR MORE CHARGED TRACKS 
I0 .37 ) I  O.B9 1 0.04 FOCACCI 66 MRS - 3-12 PI-P 10166 

PIE1640) ~ -  INTO {PI+- ETA I / (ALL  PI+- P I+  P I - I  
IALL ETA DECAYSI 

(O.O9]OR LESS BALTAY 68 HBC + 7-8°3 PI+P 5168 
(0 . I0 )08  LESS CRENNELL 70 HBC - 6 .  E I -  P ,F  P( 5170. 

P I ( I640)*  - INTO (E l * -  2El+ EPI-)I(ALL El+- PI+ P I - I  
( 0 . i )  OR LESS BALTAY 68 HBC + 1,8.5 PI+ P 6168 
(O . lO IOR LESS CRENNELL 70 HBC - 6 .  E l -  P iE  Pl  5 / 70 "  

P I l l 6401  INTO (OMEGA P(  P I I / I F  P I )  
{4 . )  OR GREATER BARNES 69 HBC O 4.6 K~RtDMEG2PI 8189 
NOT CLEAR IF [OMEGA P I t a l - )  PEAK IS DECAY MODE OF PI(164D) 

PI(1640)+- INTO IRHO P I I I (F  PI )  
0.03 0.37 0.03 CASO 69 HBC I I  PI-  P 5/70* 

PI[1640I+- INTO [E l+ -  PI$ P | - ) I (F  PIT 
0.06 0.47 0.06 EASO 69 HBC 11 El-  P 5170- 



9168 
8169 

~i~RI~r~ 65 PL 19 68 
~()CACCI ES ~R{ iT 890 
L;!VP^T ~6 PL 22 714 
IUBATTT 66 THESIS BERKELEY 
~(:TLIT~K 66 PL 21 579 

f),~NYSZ 67 NO B[ A 801 
['UBAL 67 NP B3 435 

ALSO 68 THESIS I456 

~hILTAY 68 PRL ~O 887 
[h~RTSCH 68 ~P B 7 345 
(ASO 68 NO 84 A 983 
FERBEL 68 PHILA.CO~F.33~ 
]OFFFEOC 68 PRL E 1 1 ~ I B  
LANSA 6B PR 166 1395 

REFERENCES FOR PIll640) 

*GESSAROLI+LENDINARA+(BOL+BARI÷FIR+ORS+SAC| 
CORN HISSING MASS SPECTROMETER GROUP (CEFN) 
CERN MISSING MASS SPECTROMETER GROUP ICERN) 
H,J.LUBATTI (LRL)I-2- 
VETLITSKY~GUSZAVIN,KLIGER~ZOLGANOV+ (ITEPI 

DANYSZ+FRENCH+SI~AK {CERNI 
CERN MISSING MASS SPECTROMETER GROUP ICERNI 
L.DUBAL IGENEVE) 

+KUNG*YEH*FERBEL÷ (COLHB*ROCH*RUTG+YALEII=I 
+KEPPEL,KRAUS~+ (AACH+BERL*CERNI JP 
~CONTE+CDRDS+DIAZ+ (OENOVA+HAMB+MIL÷SACLI 
T,FERBEL (ROCHESTER) 
+B~ANDENBURG~DRENNER~EISENSTEIN* {HARVARD] 
+EASONeBISWAS+OERAOO÷GROVES+ (NOTREDAMEI 

67. 
See the illustrated key preceding the data card listings. 

Data in parentheses have not been included in our averages. 

I p ~ ( 1 6 ~ 0 ~ 1  IS RHo (166o ~RO . . . . . .  1 
I - " I  THIS ENTRY CONTAINS THE RI, GIE PI) AND K KBAR PEAKS. 
I or g I . . . . .  SSIBLE 4 P1 NODES SEE RHOI1715I 

ORENNELL 68 SUGGEST JP=3- FROM THE Pl Pl SCATTERING ANGLE OISTR, 
BARTSCH 70 USES ORE 40DELISUGGESTS ELASTICITY tESS THAN 1 

69 DBC 
6B DBC 

YOST 68 UHD T*R~P~RTB4q +YODH, E I NSCHLAG ~DAY, BLABBER (UMDI 

ARMENISE 69 LNC 2 501 +GHIDINI~FORINO~CARTACCI+ [BARI+BGNA+FIRZI 
BARNES 69 PAL ~3 14E +CHUNOIE[SNER,FLAMINIO,+ (BNLI 
CASO ~9 LNC 2 437 +CONTE,TONASINI,CANTORE+ (GENO+MILA+SAELI 

ALSO CASO ,~8. 

CRENNELL 70 PPL 24 78I ÷KARSHON,LAI~SCARR~SIMS (BNLI 
BRANRENB 70 NP B16 369 +BRENNER,IOFFFEDO~JOHNSON~KIM+ IHARVARDI 
CHIENI 70 TORONTO RR~PRINT +CHAO,JOHNETDN,PRENTICE~WALKER ITOR+WISCI 
CHIEN2 70 PROC.PHILA.CONF. C.Y.CHIEN, REVIEW (JOHNS HOPKINS) 

I I - - ~ P O  ~T~) OMITTED FROM TABLE 
THIS ENTRY CONTAINS NEUTRAL 3 Pl ENHANCEMENTS FOR WHICH 
A IRHO 0 Pl O) DECAY ROOE~ AND THEREFORE I=O, HAS BEEN 
SUGGESTEO. PRESENT EVIDENCE LOOKS GOOD BUT STATISTICS 
IS NOT YET SUFFICIENT TO REGARD I=O AS ESTBBLISHED. 
KENYON 69 GIVES EVIDENCE FOR J TO BE GREATER THAN O 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

45 PHI I1650l NASS (MEVI 

1636.0 20.0 ARMONISE 68 DBC 0 5.1 PI+D 
1670,0 20.0 KENYON 69 DBC 8 Pl+ O,BPI ZP 

M . . . . . . . . .  
AVG 1653.0 l ? ° O  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ,2 ]  

(SEE IDEOGRAM BELOW ) 

WEISHTED AUERA6E = 1 6 5 3 . 0  ± 1 7 . 0  

ERRDR SCALED BY 1 . 2  

- K E N Y O N  

1 7 0 0  1 7 4 0  1 5 8 0  1 6 2 0  1 6 6 0  

P H I ( 1 6 S O )  MASS ( N E U )  

C H I S Q  

0 . 7  

0 . 7  

1 . 4  
( C n N L E U  

= 0 . 2 2 9 )  

MESONS 

45 PHI I1650) WIDTH (MEV) 

w 11Z.O bO.O ARM~NISE 68 DBC 0 E, l  PI+O 9/68 
w 100.0 40.0 KENYON 69 OBG 8 PI+ OwBPI 2P 8169 
W . . . . . . . . .  
W AVG 103.7 33°3  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1°0) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

45 PHI (1680) PARTIAL DECAY MODES 

DECAY MASSES 
Pl PHI (IbRO) INTO 3 Pl I~4+ 136+ 134 
62 OH[ (1650) INTO 5 Pl 134+ 134+ 184+ 134 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

45 PHI (16BD) BRANCHING RATIOS 

R1 PHI Ii6SO) INTO IS P I ] / ( 3  PI)  
~I O.lO 0.10 KENYON 69 DBC O 8o P[ + 0 8/69 

REFERENCES FOR PHI (1650) 

AF~EP, ISE 68 PL EBB 386 ~GHIDINI~FCRINO+ (BARI+BOLOGN+FIRENE+ORSAY) 
KE~IYON ~9 PPL Z3 146 +KINBON~SCARR~+ (BNL+ORUC+ORNLi 

15 RHO (1660] NABS IMEVI 

M 1700.0 IOO.O BELLINI 65 HLBC O 6,1 PI-P 6/66 
M ( lbAO.O]  PORINO 65 OBC O 4 .5  PI+D 6 /66  
M 1670°0 3O,O GOLDBERG 65 HBC O 6 PI+Ot 8 PI-P 
M R (1630 . I  (1B°)  OUBAL 67 MNS - 7 , 1 1 . 5 , 1 2 P 1 -  P 7/67 
N R Rl PEAK FROM CORN MMS EXPT. DECAY MODES AND G PARITY UNKNOWN. 
M R NOTE THAT THE R1 HAS NUCH SMALLER WIDTH THAN THE OTHER ENTRIES. 
M I1683,l I I 3 . l  ARMENISE 68 OBC 0 5 . I  PI+ D 6/68 
M 80ESEBECK 68 HBC + B PI+ P 6/68 B {1620.) I2O°( 
M B BOESEBECK 68 SUPERSEDED BY BARTSCH TO 
M 1720.0 20.0 CRENNELL 68 HBC 0 6.0 PI- P 12168 
M 1640o0 25.0 CRENNELL 68 HBC - 6 .0  P I -  P 12/68 
M 1640.0 20.0 25.0  CRENNELL 68 HBC 6.0  PI-PvKBAR K 12/68 
N (1655,0l (I0.0) JOHNSTON 68 HBC O 7*0 P I -  P 6/68 
M 13(1650.0) ADERHOLZ 69 HBC + 8 AT÷ P,K+KO 8469 
M {1600,) BARISH 69 HBC - 8 PI- P 5170~ 
M (1750.0) CASO 69 HBC O 11. PI- P~N2PI 8469 
M 1650.0 35.0 BARTSCH 70 HBC * B PI+ P,2 Pl 5170. 
M 
H AVG 1670.5 17.4 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.6l 

(SEE IDEOGRAM BELOW I 

WEIGHTED RUERRSE = 1 6 7 0 . 5  * 1 7 . 4  

ERROR SCALED BY 1 . 6  

- - - - + -  

1550  1660 

RHO( ISTO]  

. . . . . . . . . .  B R R T S C H  ~ ~  "CRENNELL 
" C R E N N E L L  

- ~  . . . . . .  C R E N N E L L  

- 6 0 L D B E R S  

- B E L L I N I  

1750  iBSO 

MASS ( M E U )  

C H I S Q  

7 0  HBC 0 . 3  

6B HBC 1 . B  

6B HBC 1 . 5  

6 8  HBC 6 . t  

65  HBC 0 . 0  

SS H L B C  

9 , B  
( C O N L E U  
= 0 . 0 4 4 )  

18 RHO (16601 WIDTH {MEV) 

W (40.0} FORINO 65 DBC O 4.5 PI+D 6166 
W IBO.D 40.0 GOLOBERG 65 HBC 0 6 PI+D, 8 PI-P 
w R ( 2 1 . )  OR LESS LEVRAT 66 MMS - 7,12 PI-- P 7/67 
w R RI PEAK FROM CERN MMS EXPT. DECAY MODES AND G PARITY UNKNOWN. 
W ARMENISE 68 DBC O 5. I  El+ D 188. 49. 6468 
W B (108.) (40.) BOESEBECK 68 HBC + B PI* P 6168 
W B BDESEBECK 68 SUPERSEDED BY BARTSCH 70 
W 200.0 l o o . o  CRENNELL 68 HBC - 6 .0  P I -  P 12468 
W 200°0 IOO.O CRENNELL 68 HBC ÷O 6.0 El- P 12/68 
W 79.0 70.0 2B.O CRENNELL 68 HDC 6o0 PI--P,KBAR K 12168 
W (BO.O} (2O.O{ JOHNSTON 68 HBC O 7 .0  P I -  6 6 /68 
W 13 (I00°0) AOERHOLZ 69 HBC ÷ 8 PI+ P,K+RO 8469 
W (200 . I  GARISH 69 HDC - 8 PI- P 5/70* 
W (200 .0 ]  CASO 69 HBC 0 i i .  P I -  P,N2PI 8169 
W 180.0 30.0 BARTSCH 70 HGC • B PI+ P~2 PI 5170. 
W , o . , . . . . .  
W AVG 166°6 18.9 AVERAGE (ERROR INCLUDES SCALE FACTOR OF l.O) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

15 RHO (1660 )  PARTIAL DECAY MODES 

DECAY MASSES 
P1 RHO {1660) INTO PI PI 139+ 139 PB RHO (1660! INTO 4Pl 139+ 139 
P5 RHO 11660) INTO K KBAR 497+ 497 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

15 RHO (E660) BRANCHING RATIOS 
IFOR OTHER POSSIBLE MODES SEE RHOI17[5I BELOHI 

R1 RI MESON FRACTION INTO ONE / THREE / FIVE OR MORE CHARGED TRACKS 

R1 ( 0 . ] 7 I I  0.59 / 0.04 FOCACCI 66 MMS 10166 

R3 RHO(16601 INTO tK KBARI / 12 PIT 
R3 INDICATION SEEN EHRLICH 66 HBC +-0 7,9 Pl-  P 3/67 
R3 PROBABLY SEEN ABRAMS 67 HBC O 4.28 K- P 6 /67 
R3 0 .08 0.08 0 .03 CRENNELL 68 HBC 6 .0  P I -  P 12168 



M E S O N S  

68 

BELLINI 65 NC 40 A 948 
FOPINQ 65 PL i g  65 
GOLOBERG 65 PL 17 354 

EHRLICH 6 6  PR 152 i l g 4  
FOCACCI 6 6  PRL 17 ~ g o  

LEVRAT 66 PL 22 714 

ABRAMS 67 PRL 18 620 
DUEAL b7 NP B3 435 

ALSO AB THESIS 1456 

ASNENISE BB NE 5~ A 999 
BDESEBEC 68 NP B ~ 501 
CRE~INELL B8 PL 28 B 136 
JOHNSTON B@ PRL 20 1414 

aDERHOLZ 69 NP B 11 259 
BARISN 6g PR I84 1375 
CASE 6 9  NC 62 A 755 

REFERENCES FOR RNO(1660) 

BELLINI ,DI  CORATO,OUIUINO,FIDRINI (~ILANO) 
FORINO,GESSAROLI * (BOLOGNA*ORSAY+SACLAY} 
GOLDBERG+(CERN÷PARIS÷ORSAY÷NILANO+CEA-SACL) 

R. EHRLICH~W.SELOVE,H.YUTA (PENNSYLVANIA) 
CERN ~ISSING ~ASS SPECTROMETER GROUP (CERN) 
CERN MISSING MASS SPECTROMETER GROUP (CERN) 

+NEHOE+GLASSER+SECHI-ZORN+WDLSKY [MARYLAND) 
CERN MISSING MASS SPECTROMETER GROUP (CERN) 
L.DUBAL (GENEVEI 

+FORINO+CARTACCI÷IBARI÷BOLOG+FIRENZE÷ORSAYII 
BOESEBECK,OEUTSCHMANN~÷IAACHEN+BERLIN~CERN) 
÷KARSHDN,LAI,SCARR,SKILLICDRN (BNLI 
+PRENTICE,STEENBERG,YDON (TORONTO+WISCI 

+BARTSCN,+ IAACH+BERL+CERN+RRAK+WARS) 
÷SELOVE,BISWAS,CASON,~ (PENN+NDAM+EOCH) 
+CONTE,BENZ~+ {GENO+OESY+HAMB+MILA÷SACL) 

See the illustrated key preceding the data card listings. 

Data in parentheses have not been included in our averages. 

J NOT SEPARATEO FROM 2 Pl DECAY 
H 1690.0 16.0 AOERHOLZ 
N 1700.0 47.0 ANDERSON 
M I627. 12. 17. 8ARNHAN 
M 1670.0 30.0 BARTSCH 
M 1705.0 Z1.0 CASO 
N . . . . . . . . .  
M AVE 1700.7 13.6 

RARTSCH 70 CERNIO./PNYSTO-4 +KRAUS,TSANOS,GROTE,KOTZAN*IAACN÷BERL~CERN) 

**~*** ********~ ********* **.4.**~* ********* ******~** ********* ******** 

I .--),~"r~' 3B RHOII71O,JPO= ÷) I = 1 OR 2 

THIS ENTRY CONTAINS 4PI~ RHO 2PI~ 2RHO~ OMEGA P I ,  AND K'ROAR 
ENHANEEMENTS~ AND THE RE. 
DECAY RHO(I?lO) INTO 4PI MAY BE INEL.OECAYS OF G-MESON ABOVE. 
SEE BARTSCH 70. 

gO --,.. 2 ~  

g -  ..--,. 2 f t  

A ;  --,. 3'rY 

_+ 

A 3 - - .  31"t 

g-+ ~ 413 

C O N F U S I O N  IN THE R - R E G I O N  

I ,-.-,i 

i ,w 

i.-.-~ i ! 

i i 
! i 

[ 

' I 
t '1:' I 

, e l  
• ,] 

! 
• i 

i ' '~ '  I 

T" 
F~3 

I 

i 6 GeVIc 
7 GeV/c 

i B GeV/c 
11 GeVtc 

i 45 GeV/c 
51 GeV/c 
6 I GeVtc 
8 GeV/c 

i 9 GeV/c 
I 6 GeV/c 
J 

G GeVlc 
7 GeV/¢ 

I 8 GeV/c 

8 OeV/c 
45 OeV~c 

3 , 3 6  GeV/c 

4 ? GeV/c 
?, 85 GeVlc 

8, GeV/c 
8 G eVIc 
8 GeVIc 

i 11 GeV/c 
11 Gev/c 
16 G eV/c 

13 - 20 GeVlc 
a GeV/c 

7 GeV/c 
8 GeV/c 

7, 8 5 GeVIc 
8 GeV/c 

11 G eV/c 
11 G eV/c 
16 GeVlc 

2,  23 GeVIc 
3 , 3 6 GeV, Ic 

? 3,11 5 , 1 3  GeWc 
MMS 

,:i-p 
"n-p 
l l - p  
11"p 
r f ld  
ft + d 
,¢d 
ft÷d 
.n+d 
ri-p • HLBC 

~p  

Sp 
P 

~-p 

17* d 
5p 

~P  
7Fp 

• rf~p , A3 ~ f'~ 

IT-p 
~-p , A 3 ~ f ' l  ~-p 
~-p  

~-p 
~ 'p  

~-p 

n ' p  g ~ p p  
~-p 

5P, g ~ P P  
5p 

~ 'P  

1.S 1.6 1.7 1.B 1.9 

M U L T I - P I O N  E F F .  M A S S ,  G e V  

This is Fig. i from the review of BAR TSCH 

70; submitted to Nucl. Phys. 

38 ~ASS (MEV) 

u R BO 1717. 7 .  DANYSZ 67 NEE OSEE NOTE R BELOW 5/67 
R SEEN IN 2 .5 -3  PEAR P* 2El+SET-,WITH 0 ,1 ,2  P I~P l -  PAIRS IN RHOO BAND 

~ ( i 700 . )  ( 15 . )  DUBAL 67 M~S - 7 ,11 .5~12PI -  P 7167 
i~ R2 PEAK FROM CENN MMS EXPT. DECAY MODES AND G PARITY UNKNOWN. 

M K ( l l O O . )  FRENCH 67 HOG o 3,3.6 PEAR P 7267 
K OBS~RVEO IN NEUTRAL(K* KBAR) MODE (G-PARITY UNKNOWN) 

M 1720. 15. BALTAY 68 HBC + 7,  8.5 El÷ P 6/68 
M C (1720.07 CASE 68 HBC -- EI.OPI-P~RHO 2Pl 6/68 

C (1670.0)  CASO 68 HBC - 11.0 P I -P ,  6PI 616B 
C CASO 68 SUPERSEDED BY CAEO 70 5170" 
J (1675.0)  ( 10 .0 )  JOHNSTON 6B HBC - 7.0 P [ -  P 6 /68 

6g HBC + B PI÷ P,KKBARPI 8169 
B9 MRS - 16 P I -  P,OACKW 8169 
70 HBC + 10 K~ P,RHQ PIPl 6170* 
70 HBC 8 El+ P,4 P( 5 /70 "  
70 HBC - I I .ZPI-P~RHO 2El 5/70*  

AVERAGE (ERROR INCLUDES SCALE FACTOR CF 2.6)  
(SEE IOEOGRAM BELOW } 

W E I G H T E D  A U E R A 6 E  = 1 7 0 0 . 7  i t 3 . 6  

E R R O R  S C A L E D  B Y  2 . 6  

CHISQ 

. . . .  CASO 70  HBC 0 .0  

1 . . . .  BARTSCH 70  HBC 1 .0  

~ _ ~  . . . . . . . . . .  B A R N H A M  ?0  H B C  2 S . 9  
. - ' ' A N D E R S O N .  6 9  MMS 

. . . .  A D E R H O L Z  6 9  H B C  O . S  

• ' 'BALTAY 6 B  H B C  1.6 

• - . O A N Y S Z  6 7  HBC S . 4  

34 .4  

( C O N L E U  
ISSO 16SO IZSO IBSO = 0 . 0 0 0 )  

R H B ( 1 7 0 0 )  M A S S  ( M E U )  

M OMEGA Pl DECAYS 
M 1654. 24. BARNHAN 70 HBC + 10 K+ P~OMEGA PI 6 /70*  
M (1630. )  411.07 CASO 70 HBC - I I .BP I -P ,P l  OMEG 5/70*  

BB WIDTH (MEV) 

W M (30 . )  OR LESS LEVRAT 56 MMS -- 7-12 P I -  P 7/67 
W N R2 PEAK FROM CERN MMS EXPT. DECAY NOOES AND G PARITY UNKNOWN. 
W R 80 140.) [ 12 . )  DANYSZ 67 HOE OSEE NOTE R BELOW 5167 
W R SEEN IN 2 .5 -3  PBAR P. 2PI+BPI-,WITH 0 , i , 2  P I+P I -  PAIRS IN RHDO BAND 
W lOO. 35. BALTAY 68 HBC + 7,  B.5 PI+ P 6/68 
W C I i 20 .O )  CASO E8 HBC l l .O  P I -P ,  4El 6 /68 
W C {lOO.O) CASO 68 HBC - I I .OPI -PIRHO 2El 6/68 
w C CASO 68 SUPERSEDED BY CASO 70 5170" 
W J (OO*OI 420.0) JOHNSTON 68 HBC - 7.0 P I -  P 6/68 
W J NOT SEPARATED FROM 2 P( DECAY 
W 112.0 60.0 ADERHOLZ Eg HBC ÷ B El+ P,KKBARPI 8/69 
w (19E.O) ANDERSON Bg MMS 16 P I -  PwBACKW 8169 
W 72. 29. 20. BARNHAM 70 HBC ÷ 10 K~ P,RHD PIPI 6170. 
W 160.0 40.0 BARTSCH 70 HBC + 8 El÷ P,4 Pl 5170. 
W ( lEO.O# CASD 70 HBC II .BPI-PgRHO 2El 5 /70*  
W . . . . . . . . .  

W OMEGA Pl DECAYS 
W 130. 73. 43. BARNHAM 70 HBC + 10 K+ P,OMEGA PI 5170" 
W (60.0}  CASO 70 HBC - I I . 2P I -P rP I  CMEG 5/70*  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

38 RHO (1710) PARTIAL DECAY MODES 

DECAY MASSES 
Pl RHOIITIB) INTO 4 P) 139+ iSg÷ 13g+ log 
P2 RNOIl71OJ INTO A2 Pl 139+1300 
P3 RHO(I710) INTO OMEGA PI iBg+ 7BE 
P4 RHO|ITIO) INTO PHI PI 101B+ 139 
PE RHO(1710) INTO 2 RHG 765+ 765 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

38 RHD(1710) BRANCHING RATIOS 

RI R2 ~ESON FRACTION INTO ONE / THREE I FIVE OR MORE CHARGED TRACKS 
RI 10o42) I  O.EB / O.Ol FOCACCI 66 MMS - 10/66 

R2 RHO(1710)*- INTO (P I+ -  ABO}/(ALL P[÷-  PI÷ P I -  P[O) 
R2 (WITH A20 INTO (PI+ P I -  PIO)) 
RE 0.40 0.20 BALTAY 68 HBC ÷ 7p8.5 PI+P 6/68 

B2 NOT SEEN JOHNSTON 68 HBC - T PI- P 6/68 

R3 RHOIITIO)÷- INTO {PI OMEGRIIIALL E l÷ -  El÷ P I -  RIO) 
P3 IWITH OMEGA INTD(PI÷ E l -  PIO))  
R3 0.25 0.10 BALTAY 68 HBC ÷ 7-B.5 PI+P 5/68 
RB .BE 0 . i 0  JOHNSTON b8 HBC - 7.0 P I -  P 6168 
R3 . . . . . . . . .  
R3 AVG 0.25D 0.071 AVERAGE (ERROR INCLUDES SCALE PACTOR OF 1.0) 

R4 RHO(1710I~ INTO (E l  PH I I I (ALL  P I+-  PI+ E l -  PIE) 
R4 (0 . i i )  OR LESS BALTAY 68 HBC ÷ 7 ,8 .5  PI~P 6/68 

RE RHO(I710}+- INTO (RHD 2P l ) / IALL  4P I I  
R5 CONSISTENT WITH i .  CASO 68 HBE - i i  E l -  P 6/68 
R5 SEEN VETLITSKY 09 HBC 04 .7 -5 .7  P I -  P 6 /70*  

RB RHO(17IO)$- INTO (RHD+- RHOO}/|ALL RHO 2PI)  
R6 O.MB 0.16 CASO 68 NBC - i I  P I -  P 6768 



MESONS 

~7 RH](ITIO) INTO {2 RHO) I (ALL 4PII  
R7 S~EN DANYSZ 67 HBC O 3-~ PBAR P 
R7 S;EN BALTAY 6B HBC t 7e8.5 PI+  P 
c?  S, ZN JOHNSTON 68 HBC - 7 PI-P 

PB RHO(t7],O)t- INTO (PI+- 2PI+ 2Pl- PIOI/(ALL PI+- P i t  PI -  PlOI 
RB (0,15) OR LESS BALTAY 68 HBC + 7,8.5 P I+  R 

; 9  RHO(L710)t- INTO {P I+ -  PlOT / (ALL P I+ -  P i t  P I -  PlO} 
R9 D (O,OBl OR LESS BALTAY 68  HBC + 7-8.5 PI+ P 
P9 ~ USING DATA OF DEUTSCHMANN 65 ON PI+P TO P i t  PIO P 

REFERENCES FOR RHOI tTLO)  

OEUTSCHM 65 PL ]8 351 M.DEUTSCHMANN ET A1 (AACHEH~BERLINtCERNI 
FOCRCCI 66 PPL 17 890 CERN MISSING MASS SPECTROMETER GROUP (CERN) 
LEVPAT 66 PL 22 714 CERN MISSING UASS SPECTROMETER GROUP (CERN) 

DANYSZ 67  PL 24B 309  
~UBAL 67 NP 13 435  

ALSO 6B THESIS i~56 
FRENCH 67 NC 52A 442 

pALTry 63  PPL 20  887  
CaS~ ~8 NC 54 A 983 
JOHNSTON 68 PRL 20 1414  

AEEPHOLZ 69 NP E 11 259 +@ARTSCH, t  (AACH+BERL+CERNtKRAK*WARS) 
ANDERSON 69 PRL 22 1390  tCOLLINS~BLIEDENt IBNL+CARNI 
VETLITSK 69 SJNP 9 ~ 6 l  +GUZHAVIN,KLIGER~KOLGANOV,LEBEDEV+ I ITEP}  

BARNHAM 70 PRL 2R 1083  +COLLEY*JOBES,KENYON*PATHAK,RIODIFORD(BIRMI 
BARTSCM 7o CERH/O.IPHYS70-4 +KRAUS,TSANOStGROTE~KOTZAN+IAACH÷BERL+CERNI 
CASE 70 LNC +CONTE~TONASTNI,CORDS÷(GENO+HAMB+MILA÷SACL) 

. . . . . .  E . . . . .  

> 
THIS ENTRY CONTAINS I= l  PEAKS AND THE R3 PEAK 
NOT A FIRMLY ESTABLISHED RESONANEE- OMITTED FRDM TABLE 

See the illustrated key preceding the data card listings. 

Data in parentheses have not been included in our averages. 
A2 PARTIAL DECAY MODES 

5168  
6 /68  
6168 

6168 

6168 
6168 

+FRENCH+KINSON+SIMAK+ ICERN+LIVEEPEOLI 
÷FOCACCI+RIENZLE+LECHANOINE+LEVRAT+ (CERNI 
L.DUBAL (GENEVEI  
+KINSON+MCDONALD+RIgDIFERO+ (CERN+BIRM) 

+KUNG+YEH~FERREL+ (EDLMB+ROCH+RUTG+YALEII=I 
+CONTE+CORDS+DIAZ+ (GENOVA+HANB+MIL+SACU 
tPRENTICE,STEENBERG~YOON (TORONTOtWISC}IJP 

39 R (1750 )  MASS(MEVI 

M I?AB. 16. DURAL 67 MMS - 7 , I ] , .5 ,12 P I -  P 7167 
F (1740.) FRENCH 67 HBC (KO K~--) 3-4 PBAR P 7167 

M F SEE PIG. 9 OF FRENCH 67 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

39 R(1750} NIDTH (MEVI 

W {BB.l OR LESS LEVRAT 66 NMS - 7112 PI -  P 7167 
w F {120.) APPROX. FRENCH 67 HBC (KO K+-) 3-~ PBAR P 1]'169 
w F ABOVE VALUE ESTIMATED FROM F IG .  9 0~ FRENCH 67 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

39 R(I?5O) BRANCHING RATIOS 

E3 R3 ~ESON FRACTION INTO ONE / THREE I FIVE OR MORE CHARGED TRACKS 
R5 C (0°14) I  0.80 1 0.05 FDCACCI 66 MMS - 10166  
RB C FRACTION INTO ONE CHARGED PROB. LARGER THAN GIVEN ABOVE. 
R3 C CF.  DURAL 67  

REFERENCES FOR R (],750) 

FOCACCI 66 PRL 17 890 CERN MISSING MASS SPECTROMETER GROUP {CERNI 
LEVRAr 66 PL 22 714 CERN MISSING MASS SPECTROMETER GROUP (CERNI 
DURAL 67 NP 53 435  CERN HISSING MASS SPECTROMETER GROUP ICERN) 
FRFNCH 67 NC 52A G42 +KINSON+MCOONALD+RIOOIFDRD+ (CERN+BIRP} 

-~4~,K*~C T H I S  ENTRY CONTAINS ~ P l  AND K P i  KBAR AND THE 
R4 MMS PEAK. 14 IS ONLY A 3 STANDARD DEVIATION 
EFFECT. OMITTED FROM TABLE. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

42 MASS [~EV) 

I lO !832. 6. DANYSZ 67 HBC OSEE NOTE R BELOW 5167 
P SEEN IN 2°5-3. PBAR P. 2PI+2PI-,  WITH 0,1,2 P I tP l -  PAIRS 

M R IN RHOO BANS 
NI v (1830. I {],5.) DURAL 67 MMS - 7 ,11 .5 ,12 .P I -  P 6168 
M M MISSING MASS R4 PEAK,FINAL STATE UNKNOWN 
N 1820. 12. FRENCH 67 HBC OSEE NOTE K BELOW 7167 

K SEEN IN 3. -3 .6  PBAR P TO (KS KO P lO* . . ) .  G PARITY UNKNOWN 
H 
M AVE 1829.6 5.~ AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0) 

4? WIDTH (MEV) 

W i I o  42° I i .  DANYSZ 67 HBC OSEE NOTE R BELOW 5167 
R SEEN IN 2.5-3. PBAR P. 2PI+BPI-, WITH 011,2 PI+PI-  PAIRS 

W R IN RHOO BAND 
w M (30°0) OR LESS DURAL 67  MMS - 7 , 1 ] , 5112  P I -P  6168 
W ~ MISSING MASS R4 PEAK~FINAL STATE UNKNOWN 
w 50 .  23 .  FRENCH 67 HBC OSEE NOTE K BELOW 7167  
W K SEEN IN 3 . -3 .6  PBAR P TO (KS KO R IO° . . ) .  G PARITY UNKNOWN 
W . . . . . . . . .  
W AVG 43.5 9.9 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

69 

DECAY MASSES 
PI ETA OR RHO [1830 l  INT0 ~ Pl 139÷ 139÷ ]º39+ 139 
P2 ETA OR EHE (],830I INTO RHO Pl Pl 1391 1391 765 
P3 ETA OR RHO [1830) INTO RHD RHO 765+ 765 
P4 ETA OR RHO (1830) INTO K KBAR PI ].34+ 497+ 497 

REFERENCES 

OANYSZ 67  PL CAB 309  +FRENCH+KINSDN+SIMAK~ (CERN+LIVERPOOLI 
DURAL 67 NP B3 ~35  CERN HISSING NASS SPECTROMETER GROUP (CERN) 

ALSO 66 THESIS ].456 L.OUBAL (GENEVE) 
FRENCH 67 NC 52A ~42 +KINSDN÷MCDONALDtRIOPIFORD+ (CERN÷BIRM) 

****** ********* ********* ********* ********* ***~***** ********~ ******** 
****** ********* ********* ~******** ~**~***** ********* ********* ******** 

I  5 K*K I THI . . . .  . . . . . .  INS OMEGA PI PI AN . . . . .  BAR 
AND THE B4 MMS PEAK. R~ IS ONLY A 3 STANDARD 
DEVIATION EFFECT. I= [  IF {OMEGA RHOI MODE 
EXISTS .  OMITTED FROM TABLE.  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

63 MASS (MEV) 

M D (1R4B.) (11.}  OANYSZ 67 HBC O 3~3.6 PBAR P 7167 
M O OBSERVED IN (OMEGA Pl+ PI - )  (AND POSSIBLY (OMEGA RHO{OII) MODE 

K (1BZO. l ( | 3 ° I  FRENCH 67 HBC O 3 ,3 .6  PBAR P 7 t67  
K OBSERVED IN (KS KO P lO . . . l  MODE (G-PARITY UNKNOWN) 

q M {1830 ,1  ( iS . }  DUBAL 67 MMS - ? , l l . 5 , 12 .P l -  P &168  
M M MISSING MASS B~ PEAK,FINAL STATE UNKNOWN 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

43 WIDTH (MEV) 

W o (67.}  (B? , l  DANYSZ 67 HBC O 3 ,3 .6  PBAR P 7•67 
w 0 OBSERVED IN  (OMEGA PI* PI-)  (AND POSSIBLY (OMEGA RHO(O)]) MODE 
W K (50. I I20 . )  FRENCH 67 HBC O 3-~ PBAR P 7167 

W N OBSERVED IN (KS KO RIO , . . )  ~OOE (G-PARITY UNKNOWN( 
W M I 3 O . O )  OR LESS DURAL 67 MMS - -  7+I]'.5~12 PI-P 6168 
W M MISSINO MASS R~ PEAK,FINAL STATE UNKNOWN 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

~3 PARTIAL DECAY MODES 

DECAY MASSES 
PI PHI  ( 1830 (  INTO 5 PI  139+ 139+ ] .39+ 139  
PE PHI (1830} INTO OMEGA P( El 139+ 139+ 783 
P3 PHI (1830) INTO OMEGA RHO 783+ 765 
P6 PHI (IBBO] INTO K KBAR Pl 134+ 497+ 497 

REFERENCES 

DANYSZ 67 NC 5],A SOl DANYSZ÷FRENCH+SIMAK ICERN) 
DUBAL 6T NP 83 435 CERN MISSING MASS SPECTROMETER GRDUP [CERN) 

ALSO 68  THESIS  1~56  L.DUBAL {GENEVE) 
FRENCH 67 NC 52A 442 *KINSDNtMCOONALO~RIDDIFORD* (CERN+BIRM) 

****** ********* ******~** *~**~**** ********~ ********* *$******* ****$*** 

REGION THIS .......... I ..... SIDES THE S, .... I S ..... 
CHIKOVANI 66 WITH A MMS, VARIOUS OTHER PEAKS NEARBY. 
FOR REVIEWS,SEE MONTANET 69, BARISH TO 
OMITTED FROM TABLE .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

31 S [193D) MASS (MEV) 

M Ig2g.O 14.0 CHIKDVANI 66 ~NSP - 12.0 PI-P 8166 
M 1900. 40. BDESEBECK 68 HBC + 8 PI+ P,PI+ PlO 6 /68  
M (1965.0) CLINE 68 HRC .3 - . 7  PB P ELAST 9168 
M (1925.0I CIINE 68 HBC .3 - . 7  PB P ELAST 9168 
M Ig73.O 15.0 CASO 70 HBC - ll.2PI- P,NOTE C 5/70" 
M C SEEN IN RHO- P I+  P l -  (OMEGA AND ETA ANTISELECTED IN 4 PI SYSTEM) 5170. 

. . . . .  , . . . 

M AVG 1946°4 17.2 AVERAGE (ERROR INCLUDES SCALE FACTOR OF ],.7) 
(SEE IDEOGRAM BELOW ) 

................................................................ 

31 S (19BOI WIDTH (MEg) 

W (35.0} OR LESS CHIKOVANI 66 MMSP - 12.0 PI-P 8166 
W 216. 105. BOESEBECK 68 HBC + B PI+ PIP(+ RIO 6 /65  
w (22.Dl CIlNE 68 HBC .3 - . 7  PB P ELAST 9168 
W (10.0) CLINE 68 HBC .3-°7 PB PEEAST 9/68 
W {SO.O( CASO TO HBC - ] , I .ZPI -  P,NOTE C 51TO* 
W C SEEN IN RHO- PI~ PI -  {OMEGA AND ETA ANTISELECTED IN 4 P(SYSTEM) 5170. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

3]. DISIGMA)IDiT) ( MICROBARNSI(GEVIC)=*2 ) 

CS 35.0 12.0 FOCACCI 66 HMS .22 ITE T LIE .36 9166 

REFERENCES FOR ${1930) 

CHIKOVAN 66 PI 22 233 CERN MISSING MASS SPECTROMETER GROUP (CERN( 
FOCACCI 66 PRI 17 890 CERN MISSING MASS SPECTROMETER GROUP (CERN( 
BDESEBEC 68 NP B 4 50 ] ,  BOESEBECK,DEUTSCHMANN,+IAACHEN+BERLIN+CERkl 
CLINE 68  PRL 21 1268  +ENGLISHtREEDERtTERRELL~TWITTY (WISCONSIN( 
MONTANET 69  LUND CONF.ON ELEM.PART ICLES ,  P . IB9  {CERNI  
BARISH TO PROC.PHILA°CONF. B°BARISHtSEE ALSO TALK BY D. MILLERICALTECHI 
CASO 70 LNC 3 707  +CORDS,COSTA,DARO+iGENO, DESY,HAM~MILAtSACLI 



.70 

I 

WEIGHTED gUERRCE ~ 1946 .4  * 17 .2  
ERROR SCRLED BY 1 .7  

MESONS 

i 

i B50  1900 

S ( 1 9 3 0 )  ~ R S S  ( ~ E U )  

CHISg 
• - -CRSO ?0 HBC 3 . 1  

. . . . .  ~- - -BOESEBECK 6S HBC 1 ,3  

. . . . . .  ~ - C H T K D U R N Z  66 MMSP 6.01"6 

1950 2000 ' 2100 (CONLEU 20SO =0 .049 ]  

See the illustrated key preceding the data card listings. 

Data in parentheses have not been included in our averages. 
* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

REFERENCES FOR 7(2200) 

CHIKOVAN 66 PL 22 233 CERN MISSING MASS SPECTROMETER GROUP (CERR) 
FDCACCI 66 PRL 17 890 CERN MISSING MASS SPECTROMETER GROUP (CERN) 
ABRAMS 67 PRL 18 1209 +COOL+GIACOMELLI+KYCIA+LEDNTEC+LI~ (SNL} 
ALLES-BO 67 NC 50 A 776 ALLES-BORELLI,FRENCH,FRISK~÷ (CERN÷BONN)G=- 
CLAYTON 67 HEIDBG,CONF.F.S7 *MASDN~MUIRHEADtFILIFRAS÷ [LIVFOOL+ATHENS} 
COOPER 68 PRL 20 1859  +HYMAN~MANNER~USGRAVE,VOYVODIC (ANL) 

BRICMAN 69 PL 29 B 451 +FERRO-LUZZI~BIZARD~+ (CERN+CAEN+SACL) 
CASO 69 HC 62 A 755 +CONTE~BENZ~+ (GENO+DESY+HAMB+MILA*SACL) 
KALBFLEI 69 PL 29 B 259 G.KALBFLEISCH~R.STRAND~V.VANDERBURG (BNL] 
NDNTANET 69 LUND CDNF.ON ELEM.PARTICLES, P.189 (CERN) 
CASO 70 LNC +CONTE,TOMASINI,COROS+(GENO+HAMB+MILA+SACLI 

ALSO CASO 69 
KALBFLEI 70 G.KALBFLEISCH AND D.MILLER REVUES IBNL) 

[ (~2zoo) I RHO ,Eio .... o=, 1.1 
REGION ~I~7,~ ~E~;~;~; ;~- -F~MpIA~L~I~ OF 

. . . . . . . . . . . . . . .  > _ : : : : : : B : : : : _ : : : L : :  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

51 RHO (ElO0) MASS {MEV) 

M 2086.0 38.0 ANDERSON 69 ~MS - 16 P l -  P,BACNW 8/69 
M (2120.) NICHOLSON 69 CNTR 0 .7 -2 .4  PB P~2PI 9161 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

51 RHO (210Ol WIOTH [NEV) 

W (1SO.O) ANDERSON 69 MMS - 16 Pl -  P,BACKW 8169 
W N (249.) NICHOLSON 61 CNTR 0 .7-2.4 RB P~2Pl 9169 
N N THE WIDTH INCLUDES RESOLUTION, 

REFERENCES FOR RHO(2[OOI 

ANDERSON 69 PRL 22 1390 +CDLLINS,BLIEOEN+ (BNL+CARN) 
~'ICHOLSO 69 PRL E3 603 NICHOLSON,BARISH,DELORME,+ (CALT+ROCH÷BNL) 

1 I (  )T22O0 ,E T,2,00.~FG= iT=, DR. 

,R GION, TH,S ENTR .... .INS. BESIOEE THE T,2.O0, SEEN BV 
! l CHIN~VANI 66 WITH A MMS, VARIOUS DTHER PEAKS NEARBY. 

FOR REVIEWS,SEE MONTANET 69, MALBRLEISCH 70 
O~ITTEO FROM TABLE. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

32 T(22DO} MASS IMEV) 

2195.0 15.0 CHIROVANI 66 MMSP - 12.D Pl-P 8166 
t219O.l (E.) ABRAMS 67 CNTR S CHANNEL NBAR N 7167 
SEEN AS BUMP IN I= l  STATE. WIDTH MUCH LARGER THAN IN 

12166 

10167 
7/69 

E270" 
5 / 7 0 .  

8166 
7167 

12166 
7/69 

5 /70*  
5170" 

(6 . }  ABRAMS 67 CNTR S CHANNEL NBAR N 7167 
10.5) (O. l )  KALBFLEIS 6q HBC O 7169 
PBAR P 70 RHOO RHO0 RIO 7/69 

M 
B 

M B 
M B THE MMER EXPT. SEE ALSO COOPER 68 

B BRICMAN (69) SEES NO BUMP, SPIN LESS THAN 5 IS SO EXELUDEO 
2207. 13. ALLES-BOR 67 HBC O 5.7  PBAR P 

A ALLES-BDRELLI 67 SEE NEUTRAL M~OE ONLY (P I+P I -P IO ]  
2190.0 10.0 CLAYTON BT HBC ~ 2.SPBAR~A2+DMEGA 

N R (2190.0} KALBFLEIS 69 HBC 0 S-CHANNEL PBARP 
K SEEN IN PB~B P TO RHO0 RHO0 PIO. IG=I- .  

M 2207.0 22.0 CASO 70 HBC - I I . 2P I -  P,NDTE C 
M C SEEN IN RHO- PI÷ PI -  (OMEGA AND ETA ANTISELECTED IN 4 PI SYSTEM) 
M . . . . . . . . .  
M AVG 2197.0 6.7 AVERAGE (ERROR INCLUDES SCALE FACTOR OF t .OI  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

52 T(2200I WIDTH IMEVI 

w (L3.OI OR LESS CHIKOVANI 66 MMSP - 12.0 PI-P 
W B IB5 . )  ABRA~S 67 CNTR S CHANNEL NBAR N 
w 6 SEE NOTE B UNDER T(2200I  MASS ABOVE. 
W 62. 52. ALLES-BOR 67 HBC 0 5.7 PBAR P 
w K BETWEEN 20 AND BO MEV KALB~LEIS 69 HBC 0 S-CHANNEL PBARR 
W K SE~N IN PBAR P TO RHOO RHDO PIO. IG=I- ,  
w ilE0.0I CASO 70 HBC - I I . 2P I -  P,NOTE C 
N C SEEN IN RHO- PI+ PI -  (OMEGA AND ETA ANTISELECTED IN /* PI SYSTEM( 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

BE D(SIGHAI/D(T) ( MICROBARNSIIGEVIC)**2 ( 

C$ 29.0 IO,O FBCACCI 6b MMS .22 LTE T LTE .36 

............................................................... 

32 SIGMA [MS) FOR FORMATION BY NUCLEON ANTINUCLEON 

CS 
CS M 
CS R 

I / NJ 
I P t ~ 2 2 7 5 J l  EE RHB ,,,TE. JFG= -, ,.i 
' ' IREG[ON l NIC . . . . . . . .  SUGOES .... I. SDF 
~ = DIFFERENTIAL CROSS-SECTIONS FOR PBAR PI - -  2PI. 

OMITTED FROM TABLE. 

.............................................................. 

52 RHO (2275) MASS [MEV) 

M 2260.0 lB.0 ANDERSON 69 MRS - 16 Pl- P,BACKW 8/69 
N (829D.i NICHOLSON 69 CNTR O .7-2.4 PB P,EPl 9169 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

52 RHO (2275) WIDTH (MEV) 

W (25 .0 )  OR LESS ANDERSON 69 MMS - i6 P I -  PpBACKW 8/69 
W N (165.) NICHOLSON ~9 CNTR O .7-2.A PB P,2~I g169 
W N THE WIDTH INCLUDES RESOLUTION. 

REFERENCES FOR RHOIZB75) 

ANDERSON 69 PRL 22 1390  ÷COLLINE~BLIEDEN÷ (BNL+CARRI 
NICHOLSO 69 PRL 23 603 NICHDLSON,BARISH~OELORMF~+ (CALT+ROCHtBNLI 

OMITTED FROM TABLE 

.................................................................. 

58 MASS 

N B (23~5.1 ( I 0 . |  ABRAMS 67 CNTR S CHANNEL NBAR N 7•67 
M R SEEN AS BUMP IN I= l  STATE. WIDTH MUCH LARGER THAN IN MRS EXPT. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

58 WIDTH 

W B ( I~O.)  ABRAMS 67 CNTR S CHANNEL PBAR N 7/67 
W B SEEN AS BUMP IN I= I  STATE. WIDTH MUCH LARGER THAN IN MMS EXPT. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

58 SIGMA (MS) FOR FORMATION BY NUCLEON ANTINUCLEON 

CS (3 . )  ABRAMS 67 CNTR S CHANNEL NBAR N 7•67 

REFERENCES FOR N NBAR (23451 

ABRAMS 67 PRL 18 1209 +COOL+GIACONELLI÷KYCIA+LEONTIC+LI+ (BHL) 

lu(2 TS) l" 3 ....... i c=-,.,=,.s . . . . .  
:1 REGION I 

T h e  C E R N  M i s s i n g - M a s s  S p e c t r o m e t e r  

g r o u p  h a v e  r e p o r t e d  n a r r o w  p e a k s  a b o v e  1700 

M e V  c a l l e d  R,  S, T,  U,  and X - .  A l l  e x c e p t  

U ( 2 3 7 5 )  a r e  s t i l l  o m i t t e d  f r o m  t h e  M e s o n  T a b l e  

b e c a u s e  the  s u p p o r t i n g  e v i d e n c e  i s  e i t h e r  i n -  

s u f f i c i e n t  o r ,  in  t h e  R,  S, and T r e g i o n s ,  s u g -  

g e s t s  m o r e  than  o n e  r e s o n a n c e .  S e e  the  Lund 

C o n f e r e n c e  R e p o r t  o f  M O N T A N E T  69, and 

SMITH 70 (Phila.) 



M ESO NS 

71 
See the illustrated ke~ preceding the data card listings. 

Data in parentheses have not  been included in our averages. 

H o w e v e r ,  t h e  e v i d e n c e  s u p p o r t i n g  t h e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
83 DISIGMAI/DIT} { MICRDBARNS/(~EV/C)**2 ) 

o r i g i n a l ,  n a r r o w  ( IF' < 30 MeV)  U(2375)  s e e m s  cs 42.0 14.0 FOCAECI . . . .  S . 2 8  LTE T LTE . 3 6  

s u f f i c i e n t l y  c o n s i s t e n t  so t h a t  w e  h a v e  i n c l u d e d  

i t  i n  t h e  t a b l e .  T h i s  e v i d e n c e  i s  p r e s e n t e d  i n  

t h e  f i g u r e  b e l o w .  S i n c e  i t  w a s  d r a w n  ( Jan .  

t 970 )  OH 70 h a v e  p u b l i s h e d  e v i d e n c e  fo r  t h e  

m o d e  KK"I~r~r, a n d  s t a t e  t h a t  t h e  e v i d e n c e  f o r  

t h e  EKE0 m o d e  c o m p i l e d  b y  R I N G - 2  70 i s  

w e a k e n e d .  

There i s  a l s o  a p e a k  i n  the I = t ~(pp) 

r e p o r t e d  b y  A B R A M S  67, bu t  i t  i s  140 M e V  

w i d e  and  i s  no t  d r a w n .  

We t h a n k  t h e  U n i v e r s i t y  o f  M i c h i g a n  a n d  

M i c h i g a n  State U n i v e r s i t y  HBC g r o u p s  fo r  

i n f o r m i n g  u s  a s  to  t h e i r  c o m b i n e d  e v e n t s  

(p-p~ KsKsco, KsKs~r+~-~r° ,  K S K L + n e u t r a l s ) .  

2.2 2.4 2.6 
~1 ~ E ~ b i t i n g  U(237 ) peak 

I g ) ~ ~ ~  ~ ~ - p ~ p x -  " 

~1>= I00o T ,O0°/oe.~ ,ZG.V/c 
i~jl~O_._... ~ ~.  ........ ~U__our"overoge" (2575, [ '=30, 

NoT ~n 4 peok ANDERSON 69, BNL 
C~ ~, 1 it  ~ ~ttttt  . r -p - -px - ( i80  °) - b'o(~ 

-o ~_~ 2 I 16GeV/c, 
l= ~ Op = 20"26 mrod 

0 ~ ~ ~MSU o 
0.4  RING-2 69 Fig.lc~Mich= - 

Ll ~ ~p-- K~K~ (85even~ 
v~ 0.2 KO KO '~'+'w-'n 'o (5~,9) "-- 
b ~-I KOK O neutr01s (374) 

8 0  - CLAYTON 69 Liverpool ~Athens- 

.i > g ~  4 0  
~ 1 ~  m (A2~) L L L ~Ip - - A  2 -  

0 ~ 
2.2 2.4 2.6 

(GeV) 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

33 U(23751 ~ASS (MEVI 

u~ 2382.0 24.0 CHIKOVANI 66 MMSF - 12.0 PI-R 8/66 
(2380.01 (IO.O) CLAYTON 67 NBC +- 2.SPBARtA2+OMEGA ~1169 
DOES NOT AGREE WITH OTHER EXPTS COMPILED IN FIGURE C 

M 2370. 17. ANDERSON 69 ASPK -- L6 PI- BKSCAT 11269 
M 2370.0 i0.0 RING 69 HBC O S-CHANNEL PBARP ~)./69 
M 2360.0 25.0 GH 70 HOBC -OPBAR( P~ N} ~K*KERI 5/70* 

'4 AVO 2370.3 7.7 AVERAG~ {ERROR INCLUDES SCALE FACTOR OF 1.01 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

33 U{23751 WIDTH (HEV) 

(30.0) DR LESS CHIKOVANI 66 MMSP -- 12.0 PI-P B166 
157.1 ANDERSON 69 ASPK 16 PI- BKSCAT 11/69 

w )40.0) DR LESS RING 6g HBC O S-CHANNEL FGARP 11/69 
W (6O.O)OR LESS OH 70 HDBC -OPBAR(P,N),K~K2RI 5270* 

33 U MESON BRANCHING RATIOS 

RI U- MESON FRACTION INTO ONE I THREE I FIVE OR MORE CHARGED TRACKS 
RI {0.3011 O.#B I O.2S ~OEACCI 66 MMS - 

REFERENCES FOR U(237E} 

CHIKOVAN 66 PL 22 233 CERN MISSING MASS SPECTROMETER GROUP {CERHI 
FOEACCI 6& PRL 17 890 CERN MISSING MASS SPECTROMETER GROUP {CERNI 

CLAYTON 87 HEIDBG.CONF.R.57 ~HASON,MUIRHEAD,FILIRPAS+ ILIVPOOL~ATHENSI 

9166 

ANDERSON 69 PRL 22 [ B M O  +BLESER,BIRNBAUM,EDELSTEIN~÷ {BNL~CARH) 
BRICMAN 89 PL 29 B ~5[ +FERRO-LUZZhBIZARD~+ (CERN+CAEN+SACL) 
CASO 69 NC 62 A 755 +CDNTEtBENZ~+ (GENO+OESY+HAHB÷MILA+SACL) 
RING1 69 MICH FREPRINT ~CHAPMAN,CHURCB~LYS,RURPHY~VANDERVELDIANNAI 
RINGZ 69 JOINT PREPRINT COMBINES RINGZ AND OH 70 

OH TO PRL 24 1 2 5 7  ÷PARRER,EASTMAN,SMITH,SPRAFKA, MA {MICHIGAN) 
SMITH 7D G.A.SMITH (MSU) 

I . . . . . . .  ,E .... i=o 
EVIDENCE FOR RESONANCE PRELIMINARY. 
OMITTED FROM TABLE. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

41MAS~ 

M 23B0. [O. ABRAMS 67 CNTR S CHANNEL NBAR N 7467 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

~1 WIDTH 
W (140o) ABRAMS 67 CNTR S CHANNEL NBAR N 7167 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

41 SIGMA (HBl FOR FORMATION BY NUCLEON ANTINUCLEON 

CS (2.) ABRAMS 67 CNTR 7167 

REFERENCES FOR N NBAR (23801 

ABRAMS 6T PRL IB 1 2 0 9  ÷COOL+GIACOMELLI*KYCIA~LEONTIC+LI÷ (BNLI 
BRICMAN 69 PL 29 B 451 ÷FERRO-LUZZI,BIZARD,÷ ICERN÷CAEN*$ACLI 

l . . . . . . . . . . . .  o= i . . . . . .  

OMITTED FROM TABLE 

................................................................. 

46 X- (2500) MASS {HEV) 

M 2500.0 32.0 ANDERSON 69 MMS - 16 PI- P,BACKWg 8/69 

4 6  X- (2500) WIDTH (MEV) 

W ( 8 7 . 0 )  ANOERSDN 69 MRS - 16 P I -  P~BACKW9 8/69 

REFERENCES FOR X-(2500}  

ANDERSON 6M PRL 2Z 1390 +COLL1NSt+ (BNL÷CARN) 

= ~ t ~ t t  ~ t i $ # $ t i ~  t * t f $ = t * ~  ~ t $ 1 ~ l l t t  t t t i ~ $ ~ $ ~  t t t t t ~ I t t  ~ * t = t t t t t  t t ~ t t t  

Ix-(2  o)  hro gh x - ( a s a s )  I 
The figure on the next page shows the X- spec- 

trum, a s  s t u d i e d  w i t h  the  CtERN B o s o n  S p e c -  

t r o m e t e r .  T h e  b a c k g r o u n d  i s  no t  s h o w n  b u t  i s  

about ten times as large as the signal. Uncer- 

tainties i n  w h e r e  to  d r a w  t h i s  b a c k g r o u n d  m a k e  

it extremely difficult to measure the width of 

t h e s e  p e a k s ,  o r  to  j u d g e  t h e i r  s t a t i s t i c a l  s i g -  

n i f i c a n c e .  T h e  d a t a  c o m e  f r o m  B A U D  70. 



7 Z  
See the illustrated key preceding the data card listings. 

Data in parentheses have not been included in our averages. 

M E S O N S  

BOSON MASS-SPECTRUM IN ~"+p-,,..p+(BOSON)" ,. CBRN 1965-'/0 

X'(30~) x (3s~) 
p(TS~) 6(SSZ) , ( 1 .  ix'(2eeo) '~ xx,~"e9 x-(3eom R+O¢~ R~O~ 50930) T(219~) LK~B2) X(ZBZO) x(zso0) --.T 

i + +It I +' 
:3~35;455~.6C - ~0;20 KO - , , , i - . - - 1 2 + 0  ---- 'I"--  ------X25- 

~-------m/5 . . . . .  1o+5---- 
----e,9.9.1 ~ , ,  i I" i - - i  ~ 112;~ l ~ s;12-LI3;v';IsE 

l~B d? 0.B Q+ t~) Ill #2 ~L~ t4 tl~ 'l!B + I.B I~ 2~0 2.1 12 p~ 21.& 2.5 m 2+7 211 2.,9 + 3.1 3: ~ m 3,4 15 3~ 3,17 318 - 
MASS (GeV) 

I" . m ~  , ~  ,,,~-,oo (,,,ms) "l" o,,,,~moo (ms> .J 

F r o m  B a u d  et a l .  p a p e r ,  p r e s e n t e d  b y  G. D a m g a a r d ,  P r o c e e d i n g s  ~970 P h i l a d e l p h i a  C o n f e r e n c e .  

I . . . . .  , 6 , 0 , . ° .  , , . , O R ,  

OMITTED FROM TABLE 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

~B x -  ( 26Z0 )  MASS (MEV)  

BED Z62D. 20° BAUD 69 MMS - 8 . -~.0.  P I -  P 
2676 .0  2 7 . 0  CASO 70 HBC - 1 1 . 2 P I -  PINOTE C 

C SEEN IN RHO- P I+  P l -  (OMEGA AND ETA ANTISELECTED IN ~ R) SYSTEM) 

M AVG 2 6 3 9 . 8  E6.B AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 . 7 )  
(SEE IDEOGRAM BELOW ) 

NEISHTED RUERRSE = 2639.B ~= 26.B 
ERRnR SCALED BY 1 , 7  

1 ~  CRSD 70 HBC 

/ 
2~50 2600 2650 2700 2750 2B00 

X- (2620) MRSS (MEU] 

CHISG 
l . B  
t . 0  
2.B 

(CDNLEU 
=0.09S) 

48  x -  (2620)  WIDTH (MEV) 

W EEO 85.  DO. BAUD 69 MMB - B . - I O .  P I -  P 
W (150o0)  CASD 70 HBC -- I Z . B P I -  P~NOTE C 
W C SEEN IN RHO-- ~ I÷  P I -  (OMEGA AND ETA ANTIBELECTED IN 4 P) SYSTEM) 

REFERENCES FOR X- (2620 )  

BAUD 69 FL 3OB 129  +BENZ+BOSNJAKDVIC~BDTTERILL~KIENZLE,+(CERNI 
EASD 70 LNC +CONTE,TOMASINI,EORDS*(GENO÷HAMB÷MILA~BACL) 

9 /69  
5 /70 *  
5 / 70+  

9 /69  
5 /70~  
5 /70 *  

. . . . . . . . . . . .  G .  , , + L D R E  

OMITTED FROM TABLE 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

49 X- (2800)  MASS (MEV) 

N 640 2800° 20 .  BAUD 69 MMS - B . - [ O .  P I -  P 9 / 6 9  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

49 X- lBBOO) WIDTH (NEV) 

W 6 4 0  46° 10.  BAUD 69 MMS - B . - l O °  E l -  P 9•69 

REFERENCES FOR X-(BBOO) 

BAUD 69  FL 3OB 129 eBENZtBGSNJAKOVICtBOTTERILLtKIENZLE,÷ICERN| 

i IX-(eaaO) BO X- 128801JPG=  # I l l  OR 

OMITTED FROM TABLE 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

50  X- ( 2 8 8 0 I  MASS (MEVI 

W BED E880. 20° BAUD 69 MMS - B . - I D *  P I -  P D/&O 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

50 X-  (ZBBB) WIDTH (MEV) 

W B30 15 .  OR LESS BAUD 69  MMB - 8 . - 10 .  P I - -  P 9 /69  

REFERENCES FOR X - lED80 )  

BAUD 69 PL 30E 129 ÷BENZ~BOSNJAKOVIC~DOTTERILL~KIENZLE,÷ICERM) 

OMITTED FROM TABLE 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

53 X- 43030) MASS (MEVI 

M 3035 .0  25 .0  ALEXANDER 70  HEC 7 .  PBAR P ,7  P )  5170 "  
M 3025 .0  20°0  BAUD 70 MMB - I O . B - I B  P I -  P 5 / 7 0 *  
M . . . . . . . . .  
M AVG 3 0 2 8 . 9  15 .6  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.01 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  



M ESONS 

53 x -  {3030) WIDTH (MEVI  

200.0 60.0 ALEXANDER 70 HBC 
W 125.01 APPROX. BAUD 70 MMS 

See the illustrated key preceding the data card listings. 
Data in parentheses have not been included in our averages. 

- 10.5-13 Pl -  P 5 /70 "  I - -  

RE~ERENCES FOR X-130303  

AL£XANOE 70 TAUP-133-TO +8AR-NIR,DAGAN,GIDAL~GRUNHAUS* (TEL-AVIV) 
BAUD 70 PL 31 B 549 +BENZ~BOSNJAKOVIC,OOTTERILL~DAMGAARD÷(CERNI 

. . . .  ( 8 0 7 5 ,  JPG: , . 1  ORE 
I - 

"~  OMITTED FROM TABLE 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

54 X- (3075 )  MASS {MEVI 

3075 .~  20.0 BAUD 70 MRS - 10 .5 -13  P I -  P 5170. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

54 X- (30751 WIOTH (MEV) 

w (25.0) 6~PRDX. BAUD 70 MRS - i 0 .5 -13 Pl- P 5170~ 

REFERENCES FOR X -13075 )  

BAUD 70 PL 31 8 549  ÷8ENZ,BOSNJAKDVIC,BOTTERILL,DAMGAARD~(CERN) 

. . . . . .  14s,   FO= ' I ° I O R 2  

OMITTED FROM TABLE 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

55 x- (31451  MASS (MEV~ 

M 3145,0 20.0 BAUD 70 MRS - 10 .8 -15  P I -  P 5170 ,  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

55 X- {31451 WIDTH (METE 

W (10.0) 0~ LESS BAUD 70 MRS -- (0 .5- IS  PI -  P 8170~ 

REFERENCES FCR X- (31~5 )  

BAUD 70 PL 3 l  8 549  +8ENZ,BDSNJAKOVIC,BDTTERILL,DAMGAARD•(CERN) 

I ( .... ( ......... ,i .... 2 

OMITTED FROM TABLE 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

56 X- (3475 )  MASS (METE 

3475 .q  20.0 BAUD 70 HMS - 14-15.5 PI-  P 51TO~ 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

56 X~ I 3475 )  WIPTH (MEVI  

W {30.03 A~PROX. BAUD 70 MRS - 14-15.8 PI -  P 5170" 

REFERENCES FOR X -13475 )  

BAUO 70 PL 31 R 549  •BENZ~BOSNJAKOV[C~BOTTERILL,OAMGAARD÷(CERN) 

x _ ,  . . . . . . .  o= i . . . . .  2 

OMITTED FROM TABLE 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

57 x -  (35351  MASS [MEV) 

3535.C 20.0 BAUD 70 ~MS - 14-15.5 P I -  P 5170. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

57 X- (35851  WIDTH (MEV)  

W (30.0) APPROX. BAUD 70 MMS - 14-15.5 Pl -  P 5170" 

REFERENCES FOR X- (3535 I  

~A(ID 70 PL 31 B 549 ÷8ENZ,BOSHJAKOVIC~BOTTERILL~DAMGAARD•ICERNI 
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K MESON ( JP=O-  ) I=112  

SEE LISTINGS OF STABLE PARTICLES 

l ....... ,TEE. ..... 122 

I - -I 

EVIDENCE NOT COMPELLING* OMITTED FROM TABLE. 
FOR A COMPILATION, SEE APPENDIX A OF JAN 67  EDITION 
(RMP 39~ l )  OF THIS DATA SUMMARY. 

SEE ALSO ROSENFELD, PR0C.1968 UNIT.OF PENN.CONF.ON MESON SPECTROSCOPY 

[K*(B92) I 18 K*  (892,JP =1- ) I=1/2 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

18 K* (882) ~AES (~EV) 

M CHARGED ONLY. THIS IS WHAT APPEARS ON MESON TABLE 
M 898 .0  B .O CHADWICK 63 HDC • 1 . 8  K+P 
g 3870  891.0 l .O WDJCICKI 64 HAG - 1 ,7  K-P 
M 889 .5  2.5 ADELMAN 65 HBC 1.5 K-P 6/66 
M 891.0 3.0 FERRO-LUZ 65 HBC + 3.D K+P 
M 895.D 3.D GELSEMA 65 HBC - 1.5 K-P 

895 .  3 .  BOMSE 67  HBC + 2 .3  K+P 7167 
891 .  2 .  DE BAERE 67 HDC • 3 .5  K+P (KO P i t )  7/67 

M 892 .5  2 .5  DE 8AERE 67 HBC ÷ 3 .5  K+P (K •  P ID )  7 / 67  
M 898. 4. SALLSTROM 67 HBC 8. Kt P (KO PI÷) 7•67 
M 883. 5. SALLSTROM 67 HBC ÷ 3. Kt P (K+ PIO) 7 /67  
M 890. 2. 8ARLDW 67 HBC +- 1*2 PEAR P 11166 
M 889* 3. BARLOW 67 HAG ÷- 1.2 PBAR P 11166 
M 896.0 5,0 CONFDRTO 67 HBC ~- D .  PBAR P 9 /67  
M 893. ~. ADERHOLZ G8 HBC - lO  K -  P 6168 
M 891. 4. FICENECI 68 HDC 1.3 R-P (K-PIO) 8167 
M 887. B. FICENECt 68 HBC I . 3  K-P (KOPI-) 9167 
'A 890 .0  5 .0  FICENECE 68  HBC - 2 . 7  K-- P (K -P ID )  2 / 69  
8 892.D 3.0 PICENEC2 68 HBC 2.7 K- P(KOPI-I 2/69 

896.0 4 .0  SCHWEINGR 68 HBC - 4 . I  K-P 9167 
892 .0  2 .0  SCHWEINGR 68  HBC - 5 . 5  K -P  9 /67  
884 .0  5 .0  KANG 68  HBC 4 .6  K -  P 7 /69  

M 891o0 B.O CRENNELL 69 DBC 3 .9  K--N (KOPI--) 7 /6q  
M 892 .0  3 .0  ERWIN 69  HBC ÷ 3 .5  K+ P 9 /69  
M 2886  894 .  1 .  FRIEDMAN 69  HBC -- 8 . 1  K -P  (3BOY1 9 /69  
M 728  898 .  2 .  FRIEDMAN 69  HBC 2 .45  K -P  (3DDYI  9269  
M 3229  892 .  1 .  FRIEDMAN 69 HBC - 2°6 K-P (3BDYI 9269 
M 1027  892 .  1 °  FRIEDMAN 69  HBC - 2 . 7  K--P ( 3BDYI  9/69 
M 895. E .  LIND 69 HBC + 9. K+ P 9/69 

AVG 892.05 0.38 AVERAGE (ERROR INCLUDES SCALE FACTOR OF I .D I  

M MIXED-- CHARGED AND NEUTRAL. NOT TABULATED 
M ZOO 1880 .D )  ALEXANDER 62 HBC + 0 2 .2  P I -P  
M 895°0  E.O FERRO-LUZ 65 HBC b 0 3.0 R÷P 6/66 
M (885 .0 )  WANGLER 65 HBC + O 3 .D  P I -  P 6266 
M 894 .  8+  FRENCH 6T HBC * -O  3 -A  PBAR P 6 /67  
M . . . . . . . . .  
M AVG 896.9 1.9 AVERAGE (ERROR INCLUDES SCALE FACTOR OF l.O; 

M NEUTRAL ONLY. BUT WE DONT USE THIS FOR MASS DIFF. - SEE TYPED NOTE 
M 70 897.0 10.0 COLtEY 62 HBC 0 2.0 PI-P 
M 200 892 .0  2.0 KRAEMER 68 HBC O 2.3 K÷P 
R ISO (885 .01  SMITH 63 HBC 0 2.3 PI-P 
M 899 .  ~ .  DARLOW 67 HBC O 1.2 PBAR P 

897 .  4 .  
11 /66  

M BARLOW 67  HBC 0 1 .2  PBAR P 11166  
H 889 .0  5 .0  CONFORTD 67  HBC 0 O. PBAR P 9167  
H 894 .7  1 .3  DAUBER 67 HBC O 2 .D  K -  P 12166 
M 892 .0  4 .0  GEORGE 67  HBC O 5 .0  K+ P 11167  
M 893 .  3 °  DE N IT  68 OBC 0 3 .  K - D 9 /69  
M F 895. 4. FICENEC1 68 HBC D 1.3 K-P (K-PI+) 1E/69 
M F 901 .  4 .  F ICENEC2 88 HBC O 2 .7  K -  P (K -P I+ )  11 /69  
M F FICENEC ERROR RAISED SEE TYPED NOTE 
M 896 .0  4.0 SCHHEINGR 68 HBC O 4 .1K -P  9167 
M 903 .0  4 .0  SCHWEINGR 68 HBC 0 5 .5  K -P  9 /67  
M 899.0 5 .0  KANG 68 HBC O 6 .6  K- P 7169 
M IDTOO 893 .7  2.0 DAVIS 69 HBC O 12 .  K + P 9169 
M D 2000  890.0 1 .25  DE BAERE 69 HBC 0 5.0 K + P 9/69 
M 0 DE BAERE ERRORS ENLARGED BY US TO GAMMA/SORT(N). SEE TYPED NOTE. 11169  
H 4000 895°0 1.0 HABER 70 DBC O 3. K-N 51701 
M . . . . . . . . .  
M AVG 893 .98  0.73 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.3) 

{SEE IDEOGRAM BELOW I 

18 K* (O I  - K* (÷ - )  MASS D IFF .  (MEV) 

D ALL ERRDRS ENLARGED BY USI  SEE TYPED NOTE 
D 330  6 .3  6 .0  DARASH 67 HBC 0 PBAR P 
D 1400 6.5 5.0 FICENECE 68 HBC 1.3 K- P 
D 1600  9 .5  5 .0  F ICENEC2 68 HAG 2 .7  K -  P 
0 . . . . . . . . .  
D AVG 7.6 3*0 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.03 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

18 K* (8921  WIDTH (MEV) 

W CHARGED ONLY.  THIS IS  WHAT APPEARS ON MESON TABLE 

8 /67  
2169  
2169  

N 46 .D  8 .0  CHADWICK 63 HBC + 1 .5  K÷P 
N 3870  46 .0  3 .0  WOJCICKI  64 H8C - 1 . 7  K -P  
g Sl.O 3.0 ADELMAN 65 HfiC - 1 . 5  K -P  6 /66  
N AT .O  4 .0  FERRO-CUZ 65 HBC ÷ 3 .0  K+P 

8O.O 15 .0  GELSEMA 65 HBC - 1 . 5  K -P  W 

H 50 .  8 .  8OMSE 67 HBC • 2 . 3  K+P 7 /67  
w 86 .  4 . 5  DE 8AERE 67  HBC • 3 . 8  K+P (KO P I+ l  7 / 67  
W 53 .  8 .  DE BAERE 67  HBC • 3 . 5  K÷P IK+  P lO l  7 / 67  
W 68 .  [O .  SALLSTRDM 67  HDC • 3 .  K •  F (KO P I÷ l  7167  
W 47 .  10 .  SALLSTROM 67  HBC + 3 .  K+ P (K •  P lO I  7167 
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Note on K Masses and Mass Differences 

This note is divided into two discussions: 

I. Basic difficulties in determining the mass difference because of interferences and biases. 

II. Impossibly small errors reported by some experiments. We have increased some errors that 

violate the laws of statistics, and scaled up some errors that are inconsistent; but we warn that 
;I¢ 

most of the errors in our data cards are inconsistent. One cannot then obtain a K mass difference 

by calculating an average mass for K ''~'0 and for K *± and just subtracting the two. 

I. BASIC DIFFICULTIES 

There are two difficulties in meaauring u mass difference m(K ~0) - m(K *±) of ~ 7 MeV when 
.u 

the half-width F/2 of the K" is 25 MeV: 

I) Interference between the resonant amplitude and background can in general shift the peak in 

the mass spectrum by some fraction of l~/Z. 
.u 

Z) The two charges of K have different topologies; this introduces differences in the measuring 

and fitting of the events, which can al~o produce mass shifts. 

Some reactions (symmetric under reflection of I z) are immune to the first difficulty. Thus 

compare the mass of K ~:~0 produced in 

~r p -~ A ~ r - K  + 

w i t h  t h e  m a s s  of  K ~:'+ in  t h e  I - r e f l e c t e d  r e a c t i o n  
Z 

+ 
n -~A~r+K 0 . 

T h e  f i n a l - s t a t e  a m p l i t u d e s  of e a c h  w i l l  c o n t a i n  n o t  o n l y  t he  [K;'~> w i t h  I s p i n  i / 2 ,  b u t  a l s o  a n  i n t e r -  

f e r i n g  I = 3 / 2  P - w a v e ,  w h l c h  we c a n  c a l l  [K':"3J2> " But  I z s y m m e t r y  f o r c e s  ( = - p  [ A K ; ' 0 >  to 

e q u a l  ( ~ + n  [AK*+> ; a n d  s i m i l a r l y  f o r  t he  two  K ; / 2  a m p l i t u d e s ,  s o  t h a t  t h e  s h i f t i n g  of the  K* p e a k  

i s  t h e  s a m e  i n  b o t h  r e a c t i o n s .  N o b o d y  h a s  p u b l i s h e d  a m a s s  d i f f e r e n c e  e x p l o i t i n g  t h i s  f a c t .  

II. IMPOSSIBLY SMALL ERRORS 

Consider a sample of N events, with their invariant masses 

Breit-Wigner resonance: 

i.e. , P(e-eR) = (e-eR)2 + i ' 

m mR 
where 6 = T-~ ' 6R = ~ " 

termination of the central value 

m d i s t r i b u t e d  a s  a n  S - w a v e  

(i)  

One c a n  t h e n  s h o w  t h a t  t he  m i n i m u m  p o s s i b l e  e r r o r  on the  d e -  

e R i s  

• S r 6mi n (eR) = , i.e. , 5rain(mR) = ± 2 " 
(2) 

This lower limit assumes no background events. In practice, with background, the error 

will be larger, by another factor ~ = r-~. 

We illustrate errors with small and large backgrounds with a table summarizing the recent 

experiment (" Unsplit K*'s" ) by DAVIS 69. 
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Mass Errors 5m of DAVIS 69 

• Sample with 5% background/signal at peak. 
;'..- p 

Events: K (89Z), I0700 events in resonance, ~- ~ Z5 MeV. 

L o w e r  l i m i t  f r o m  Eq .  (2), 6 m i n ( m  ) = ~- = 4- 0 .35  MeV. 

T h e i r  l i k e l i h o o d  f i t  y i e l d s  two s o r t s  of e r r o r s :  

5 1 ( m  ). I g n o r e  c o r r e l a t i o n s ,  i . e . ,  k e e p  a l l  t he  p a r a m e t e r s  ( b a c k g r o u n d ,  

w id th ,  e t c .  ) f i x e d ,  v a r y  m only:  

6 t ( m  ) = ± 0 . 4 1 ,  6 t ( m ) / 6 m i n ( m  ) : t . 1 6 .  

6 z ( m  }. As  m i s  v a r i e d ,  r e o p t i m i z e  o t h e r  p a r a m e t e r s .  

52(m ) = 4-0.53, 6z(m)/6min(m ) = 1.5. 

DAVIS 69 mention 52 : 0.53, but to hedge against systematic 

effects, they quote 53 = Z MeV. We punch Z MeV. 

• Sample with 50% background/signal at peak. 

K * ( t 4 2 0 )  F Events: , ZZ00 events in resonance, ~ = 50 MeV. 

6 m i n ( m  ) : t . 6  MeV, 

5 1 ( m )  = +Z.Z  MeV, 6 t ( m ) / S m i n ( m  ) = t . 4 ,  

52(m ) = 4-2.6 MeV, 5z(m)/6min(m ) = 1.6. 

Width Errors 61 ~ of DAVIS 69 
$ ~ 2~ 

width, the equivalent of Eq. IZ)is 8min(r)--4-£  --1.12 8min(ml. For 

For convenience we neglect the factor 1.15 and use 6min(F ) ~ 6min(m ). 

5% background, K (892): 

1.6 
62(F ) = ± 1.6 iVieV, 62(F )/Smin(m) = ~ = 4.6. 

50% background, K * ( t 4 Z 0 ) :  

t 0  
6Z(P ) = + I0 MeV, 5Z(F )/Smin(m) : I.---_6" = 6.25. 

We note that 6z(m)/6min(m) does not change 

and hence conclude that it is hard to believe an error with 62/5mi n < 1,4 = X/~. 

because together with Eq. (2) it leads to the simple " realistic" result 

F F : --. (3) 

We conclude that for a sensitive subtraction like m(K *0) - m(K*'~), the experiments as liste, 

are useless, and we must either re-evaluate them all or concentrate on those two experiments 

that explicitly quote a mass difference. For a detailed discussion of how he have actually treated 

those experiments, we refer to the January 1970 edition of this note. 

The table above also allows us to concoct a criterion for "realistic" errors in width 6(r). 

We average the 5% and 50% background results (to give 6(l~)/6min(m ) of 5 to 6) and express the 

result in terms of 1 ~, in the style of Eq. 43). We then get the "realistid" test for widths: 

rapidly with background (1.5 at 5% , 1.6 at 50% 

We chose A/~ 

F 8F>4  
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W E I S H T E D  A U E R A G E  = 8 9 3 . 9 3  

E R R O R  S C A L E D  BY 1 . 3  

k . . . . . . . . . .  H R B E R  

- ' I " - - ~  . . . . . . . . . . .  DE B Q E R E  

- - I - ~ ' :  . . . . . . . .  o~uzs 
. . . . .  K R N G  

~ 1  1 " ' ' S C H " E I H B R  

" - - ~  . . . . . . . .  SCHgEINGR 

I . . . . .  F I C E N E C 2  

- -  ~ . . . . . . . .  F I C E N E C ¢  

~ -  - - V  . . . . . . . .  DE " I T  

- - I  .......... 6 E D R 6 E  

I ~ . . . . . . . . .  DRUBER 

/ ~ . . . . . . .  BARLDH 

/ - ' ~  ...... BARLOW 

/ "-4 . . . .  ~ . . . . .  KRQE~ER 

_ _ . . _ 1 . '  ' ~ - ~ _ ' C  D L  L EY  

N E U T R A L  K ~ ( B 9 2 3  M R S S  (MEU} 

M E S O N S  

See the illustrated key  preceding the data card listings. 

Data in parentheses have not  been included in our averages. 

ADELMAN 65 ATHENS 527 STUART LEE AOELMAN {CAVENOISW) 
CERRO-LU 65 NC 36 IlOl FERRO-LUZZI,GEORGE,HENRItJONGEJANS (CORN) 
FERRO-LU 65 NC 39 417 FERRO-LUZZI,GEORGE~GOLDSCHMIDT-CLER+ {CERN) 
GELSEMA 65 THESIS E.S.GEESEMA (SEE ALSO PL I0 341l  IAMSTERO) 
WANGLER 65 PR 137 B 414 WANGLER,ERWIN,WALKER (WISCONSIN) 

BARASH 67 PR 156 1399 BARASH~KIRSCH,MILLER,TAN {COLUMBIA) 
6ARLDW &T NC 50 A 701 +MONTANET,O-ANOLRU+ICERN+CDF+IOR+LIVERPOOL) 

w 04. 7. BARLOW 67 HBC 
W 43.  9. BARLOW 67 HBC 
W 53.  7 .  BARLOW 67 HBC 
w ( 4 3 . )  CONFORTO 67 HBC 
W 5B. T. AOERHOLZ 68 HBC 
w 58. 16. FICENEC1 68 HBC 

w 44. 13. FICENECI 68 HBC 
W 41.0 8.0 SCHWEINGR 68 HOG 
R 47.0 4.0 SCHWEINGR 68 HBC 
R FICENEC2 68 HBC 5 7 . 0  13.0 

48.0 9 . 9  FICENEC2 68 HBC 
H 5 2 . 0  8.0 KANG 58 HBC 
w {27.03 (8.01 (6.03 ERWIN 69 HBC 
W 53. 3. FRIEDMAN 69 HBC 
W 49. 4. FRIEDMAN E9 HRC 
w 46.  2. FRIEDMAN 69 HBC 
W 49, 3. FRIEDMAN 69 HBC 
W 50. 7.  LINO 69 HBC 
w 
W . . . . . . . . .  
W AVE ~8.98 0.92 AVERAGE (ERROR INCLUDES 

W MIXED-- CHARGED AND NEUTRAL. NOT TABULATEO 
W 200 60.9 5.0 ALEXANDER 62 HBC 
W 51.8 3.5 FERRO-LUZ 65 HBC 
W {40.0) WANGLER 65 HBC 
W 60. i0 .  FRENCH 67 HBC 
W . . . . . . . . .  
W AVG 54.9 2.8 AVERAGE (ERROR INCLUDES 

W NEUTRAL OELY. 
w 70 60.0 10.0 
w 200 50.0 5.0 
w 150 [50.91 
W 53.  13. 
W 34 .  8 .  
w ( ~ 3 . )  
w AA. ~. 
W 58.  8.  
w 52. t2. 

5 0 . 0  8 . 9  
w ~8 .0  R.O 
w 51 .0  ii.0 

53.0 II.0 
N 10790 53.2 1.6 

CDLLEY E2 HDC 
KRAEMER 65 HBC 
SMITH 63 HOD 
BARLOW 67 HBC 
BARLOW 67 HBC 
CONFORTO 67 HBE 
DAUBER 67 HBC 
DE WIT 68 ODE 
FICENECI 68 HBC 
¢ICENEC2 b8 HBC 
KANG 6R HDC 
SCHWEINGR 68 HBC 
SCHWEINGR 68 HBC 
DAVIS 69 HBC 

C H I S Q  

1 . 1  

9 . 9  

0 . 0  

1 . 0  

5 . 1  

0 . 3  

3 . 1  

0 . 1  

0 . 1  

f t . 2  

0 . 4  

l . O  

0 . 6  

t . 6  

0 . 9  

2 ~ . ~  

( C D H L E U  
= 0 . 0 3 0 ]  

± 0 . 7 3  

7 0  DBC 

6 9  H B C  

6 9  H B C  

6 0  HBC 

6 B  HBC 

6 B  HBC 

6 0  HBC 

6 B  H B C  

6 S  DBC 

6 7  H B C  

6 7  HBC 

6 7  HBC 

6 ?  H B C  

6 7  H B C  

6 3  H B C  

6 2  H B C  

* -  1.2 PBAR P II/E~ 
+- L.2 FEAR P 112(6 
~-- 1.2 PBAR P 11/65 
+- O. PBAR P 9267 

- I0 K- P 6168 
1.3  K-P (K-FIB) 9167 

- 1 .3  K-P (KOPI-) 9 / 6 7  
- ~.I K-P 9167 
- 5 .5  K-P 9 / 6 T  

2 . 7  K- F I R - F I B )  2/69 
- 2 .T  K- P(KOFI-) 2/69 

4 . 6  K-  P 7 / 6 9  
+ 3 .5  R+ P 9/6g 

- 2.1 K-P (3BOY) 9169 
- 2 .45  K-P (3BDYI 9269 

2 .6  K-P (3BDY) 9 / 5 9  
- 2 .7  K-P (3807) 9 / 6 9  

+ 9.  K+ P S/TO* 

SCALE FACTOR OF 1.03 

+ 0 2.2 PI-P 
+ 0 3 .0  K+P 6 / 6 6  
+ 0 3.0 Pl- P 6266 
+-0 3 -4  PBAR ~ 6167 

SCALE FACTOR OF l.O) 

0 2.0 PI-P 
0 2.3 K+P 
0 2.3 PI-P 
0 1.2 PBAR P 11166 
0 1.2 FEAR P It/CO 
0 0. PBAR P 9 / 6 7  
0 2 . 0  K -  P 12 /66  
O0 3.  K- O 9269 

1.3 K-P ( K - P I + I  9 / 6 7  
0 2 . 7  R- P(K-PI*) 2169 
0 4 .6  K- P 7269 
0 5.5 K-P 9 / 6 7  

4.1 K-P 9167 
12. K+ P 9 / 6 9  

0 5.0 K+ P 9/69 W 0 2000 58.0 5.0 DE BAERE B9 HOE 
W D DE BAERE ERRORS ENLARGED BY US TO 4*GAMMAISQRTIN}. SEE TYPED NOTE. 11/69 
W 4000 54.0 3.0 HARER 70 OBC 0 3. K-N 5/To~ 
W . . . . . . . . .  
w AVO 52.2 1.2 AVERAGE (ERROR INCLUDES SCALE EACTOR OF 1.0) 

................................................................... 

18 K* {8923 PARTIAL DECAY MODES 

DECAY MASSES 
Pl K~(8921 INTO K PI 493÷ 139 
P2 K~(8923 INTO (K PI PI) 493÷ 139+ 1.39 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

18 K* {8921 BRANCHING RATIOS 

RI K~(8923 INTO (K Pl PI) l {K Pll 
RI 0 {O.00230R L~SS WOJCICKI2 64 HBC - 1.7 K-P 

REFERENCES FOR K~I8923 

ALSTON 61RRL B 300 ALSTON,ALVAREZ,EDERHARO,OOOD,GRAZIANO+(LRL) 
ALEXANOF 62 FRL @ 447 ALEXANDER,KALBELEISCH,MILLER,G SMITH (LRLI 
COLLEY 62 CERN CONF 3L5 0 COLLEY~N GELFAND + (COLUMBIA*RUTOERSI 

CHADWICK 6)  PL 6 309 CHAOWICK~CRENNELL~OAVIES,BETTINI+IOXF*PAOU) 
GOLDHABE 63 ATHENS CONE 92 SULAMITH OOLOHABER (LRt) 
KPAENER 63 ATHENS CONE 130 R KRAEMER L NAOANSKY * )JOHNS HOPKINS( 
5~ITH 6~ PRL I0 lOB SNITH, SCHWARTZ,MILLER~KALBFLEISCH~HUF+(LRL) 

WCJCIC~I 64 PR 135 R 484 STANLEY G WOJCICKI (LRL) 

BOMSE 67 FR 158 I298 
CONFORTO bT NP OB 469 
OAUBER 67 PR 153 1403 
DE BAERE 67 NC 51A 401 
FRENCH 67 NC 42A ~42 
GEORGE 67 NO 49A g 
SALLSTRO 67 NC 49A 548 

ADERHOLZ 68 NP B 5 567 
DE WIT 68 THESIS 
FICENECl 68 PR 169 1034 
FICENECE 68 PR 175 1725 
RANG 68 PR 176 1587 
SCHWEING 68 PR 166 1317 

CRENNELL 69 PRL 22 487 
DAVIS 69 PRL 23 tOT1 
DE 8AERE 69 NO 6 1 A  397 
ERWIN 69 NF B 9 364 
FRIEDNAN 69 UCRL-IBREO 
JUHALA 69 PR [ 84  1461 
LIND 69 NP D 14 1 

ATHERTON TO NP B 16 41& 

+BORENSTEIN+COLE~GILLESPIE+ [JOHN HOPKINS) 
*MARECHAL,MONTANET+ (OERNeCF~TRN+LIVERPDOLI 
+SCHLEINtSLATER~TICHO {UCLA) 
÷GOLOSCHMIPT-CLERMONTtHENRI+ (9RUX÷CERN) 
tKINSON~MCOONALD*RIDDIFORO÷ (CERN~BIRM) 
~GOLOSCH~IDT-ELERMONT*HENRI÷ {CERN÷BRUX) 
SALLSTROM+OTTER+EKSFONG {STO CKHOCM) 

+DEUTSCHMANN+ IAACH+BERL~CERN+I.C.+VIENNA) 
S. DE HIT {AMSTERDAM) 
÷HULSIZER+SWANSON+TROWER (URBANA) 
FICENEC, GORDON, TROWER (ILLINOIS) 
Y.W.KANG {IOWA) 
SCHWEINGRUBER,OERRICK~FIELDS,ANMAR÷IANL÷NWI 

+RARSHON,LAI,ONEALL,SCARR (BNL/ 
+OERENZO,FLATTE,ALSTON,LYNCH,SOLMITZ (LRL) 
+GOLDSCHMIDT-CLERMONT,HENRI,+ (BELG÷CERN) 
+HALKER,GOSHAW,REINBERG (WISC+PRIN+VANO) 
J.FRIEDMAN,PH.D. THESIS (LRL) 
+LEACOCKtRHODE,KEPELMAN,LIBBY,÷ (AMES+COLOI 
+ALEXANDER,FIRESTONE~FU,GOLDHABER {LRL) 

÷FRANER,FRENCH,FRISK,BEDNAR+ (CERN+PRAG~ 

HABER 70 NP B 17 289 +SHAPIRA,ACEXANOER+ [REHO+SACL+OGNR+EPOL) 

* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

K~ ( l o 8 o - 1 2 6 o )  J . . . . .  1O.-L2OO) 
~K11" JDMITTEO FROM TABLE. 

F r o m  a s t u d y  o f  K+p -~ KwA ++, T R I P P E  

68 find that  the  I = 1 / 2  S - w a v e  p h a s e  sh i f t  i n -  

c r e a s e s  s m o o t h l y  f r o m  t h r e s h o l d  and r e a c h e s  

about  90 deg  in  the  r e g i o n  1~00 to  1200 M e V .  

If interpreted as a resonance the width is about 

400 MeV, However, there is no convincing 

e v i d e n c e  that  the  S - w a v e  p h a s e  s h i f t  c o n t i n u e s  

p a s t  90 d e g  a b o v e  1 t 0 0  to  1200 M e V ( S C H L E I N  

69). 
On the other hand, Fu, Firestone, Gold- 

haber and Trilling [Nucl. Phys. B18, 93 (1970)] 

show that OPE is valid only up to It I = 0.1 

(GeV/c) 2. TRIPPE 68 base their analysis on 

the assumption that Ol°E is valid up to It I =0.5 

(GeV/c) 2, and so their conclusion may turn out 

to need revision. 

By compiling ~ 500 K+p-* KS ~+ . p events 

produced between 3 and 3.5 GeV/c, DODD 69 

see an excess of Kw events at 1080 MeV and a 

4.6-standard deviation peak at 1260 MeV with 

I TM 70 MeW; however, CRENNELL 69 have 

3000 K-n-~ KsW-n produced at 3.9 GeV/c and 

see a 5-standard deviation peak in between, at 

M = 1160, 1 ~= 90. These effects tend to cancel, 

as shown in the separate and combined histo- 

grams below. Can one reasonably compare 
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See the illustrated key preceding the data card listings. 

Data in parentheses have not been included in our averages. 

DODD 

I emp to r  6__9 

I x ~  

L I 
I 

±00 ] I i { ~ - -  - - - -  

I 
I 

6 0 0  i O 0 0  i 4 0 0  i B D O  2 2 0 0  
M(K~) MEV 

these two histograms, for which both the ener- 

gies and the reactions are somewhat different? 

If the two spectra had been similar, one would 

take them to be positive evidence for resonances 

To this extent, then, it is always reasonable to 

compare similar spectra, and to be slightly dis- 

couraged if they are dissimilar. Further, if 

DODD 69 base their claim on agreement be- 

tween spectra at 3.0 and 3.5 GeV/c one might 

hope for agreement between 3.5 and 3.9. 

The other difference between these exper- 

iments is that one is K+p -~ w+p K °, the other 

K-n -+ w-nK ° Their t-channel diagrams are 

sketched above each histogram. The two upper 

vertices are charge conjugate (hence similar), 

but the first experiment is subject to a K°p 

final-state interference, the second.to a differ- 

ent K°n interference. These could perhaps 

explain a difference in the spectra. 

77 

REFERENCES FOR KN(IO80-12601 

DE BAERE 6E NC 51 A 901 +DEBAISIEUX,GDLDSCHMIOT-CLERM.+ (CERN+BRUXI 

TRIPPE 6B PL 28 B 20B +CHIEN,MALAMUD,MELLEMA~SCHLEIN,+ (UCLA| 

CRENNELL 69 PRL 22 487 ÷KARSNON,LAI,O.NEALL,SCARR [8NLI 
D000 69 PR 177 1994 +JOLDERG~A~PALMER,SAMIOS (BNL) 
GDLDBERG 69 PL BOB 434 SABRE OOLLABOR. {SACL+AMST+BGNA+REHO+EPBL) 
SCHLEIN 69 ARGONNE CONF. 446 P.SCHLEIN (UCLA) 

. . . . .  , , = . 2  
I I 

EVIDENCE NOT COMPELLING. OMITTED EROM TABLE. 
FOR A DISCUSSION SEE ROSENFELD 68. 

REFERENCES FOR KAB/2(11751 

WANGLER 64 PL 9 71 T P NANGLER~a R ERWIN,N D WALKER IWISBONS) 
MILLER 65 PL 15 ?A MILLER,KOVACSt~CILWAIN~PALFREY + {PURDUE) 
ROSENFEL 68 PROO. PHILA. CONF ON MESON SPECTROSCOPY. P. 655. UCRL 18266 
DOOD 69 PR 177 1 9 9 1  +JOLDERSMA, PALMER, SAMIOS {BNL} 

IKA,I=3/~(1Z65) I E .... ,, , ,  ....... , i=8,E 
I I 

EVIOENCE NOT COMPELLING. OMITTED EROM TABLE. 

) FOR A DISCUSSION SEE RGSENFEL~ 68. 

REFERENCES FOR K.3/2 (1265) 

FRENCH 67 NC B2A 442 +KINSON+MCOONALO+RIDDIFORD+ (CERN+BIRM) 
RDSENFEL 68 PROC. PHILA. CONF ON MESON SPECTROSCOPY. P. 455° UCRL 18266 

]0 REGION, K1r~r(1240-1400) l 

There is a peak in the 1<"7 spectrum cen- 

tered at about 1300 MeV, or just about 270 

MeV above 141*w threshold. The Q(-~ K w) is 

then the hypercharge = i analog of the AI(-* pw), 

and its interpretation as resonance vs thres- 

hold enhancement is ambiguous. (For more 

discussion see text Sect. III and the note on 

"AI, A3, Q, L," just before the Al in these 

l istings. ) 

However, in the case of the Q region, 

there are two additional complications: 

I) At some energies there is evidence for 

two separate peaks. 

2) The K'A(1240 } or "C '~ meson, with width 

only 420 MeV, seems to be produced nondif- 

fractively in pp capture at rest. 

The figure shows M and F for all peaks re- 

ported in this region. We list first the results 

of thepp production of the "C", and the 

~-p-+AQ° experiment, so as to separate them 

from the conventional diffractive experiments 

K±p -~ Q±p. These remaining Q reports are 

ordered by increasing mass. (This is a change 

since our last edition, where we tried to group 

the peaks into several different subpeaks.) In 
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7 8  
See the illustrated key preceding the data card listings. 

Data in parentheses have not been included in our averages. 

t he  l i s t  o f  w i d t h s  and b r a n c h i n g  r a t i o s ,  the  

m a s s  o f  the  r e l a t e d  p e a k s  i s  a l s o  g i v e n ,  to  

a v o i d  c o n f u s i o n .  N a t u r a l l y  no a v e r a g i n g  i s  

don e .  

1200 1300 1400 1500 
' ' ' ' I ' ' I ' ' ' ' ' 

• I ~ p c a p t u r e ,  ASTIER 69 

f -~ : 6 G e V / c  / T - - p ,  C R E N N E L L  6 7  

- ) 
- =  : 5 . 0  K + BASSOMPIE 6 7  

I : 

7 
¢ I I • I~ 9 , 0  K + ALEXANDER 69 

I • I 3 . 5  K + DE BAERE 6 7  

: "~ 4 . 0  K + SHEN 66 : = ', P 

I • t 2 . 7  K + F A R B E R  7 0  

', ', 2 . 0  K 4" FR IEDMAN 6 9  

-'~ : 3 . 5  K '+ ERWIN 69 

I • I 1 2 . O K  + B A R B A R O  6 9  

: : 3 - 5 K  + A L M E I D A  6 5  

-" ', 5 . 5 K  "I" B ISHOP 69 

• I I O . O K -  BARTSCH 6 8  
F IRESTONE 7 0  

I Q L  • F i r es tone  l OH Firestone IREVIE w 

i i 2 0 0 ' ' '  ' l i f O 0  ' ' ' ' l : O O '  ' ' ' I O 0  i 5  

Moss (MeV) 
Moss and widths of peaks reported in Q region 

1"/2 _ IV2 

M 

G e n e r a l  C o m m e n t s  

I n  a l l  r e p o r t e d  e x p e r i m e n t s ,  s p i n - p a r i t y  

1 + is  f a v o r e d  a l t h o u g h  2 -  is  n o t  y e t  r u l e d  ou t .  

K;;"~ is  t h e  d o m i n a n t  d e c a y  m o d e .  ~vV~ile t h e r e  

i s  Kp and i n t e r f e r e n c e  b e t w e e n  K"'rr and Kp, 

t h e r e  i s  no e v i d e n c e  for o t h e r  d e c a y  m o d e s .  

F r o m  the  c o h e r e n t  p r o d u c t i o n  o f  Q in  K - d  e x -  

p e r i m e n t s ,  I = 1 / 2  i s  e s t a b l i s h e d .  

S e v e r a l  e x p e r i m e n t s  h a v e  r e p o r t e d  the  

s u c c e s s  o f  f i t t ing  Q p r o d u c t i o n  by  a R e g g e i z e d  

D e c k  m o d e l  b e t w e e n  5 to  7 O e V / c  (e.  g. , 

C H U N G  69, C H I E N  69, and W E R N E R  69).  It 

i s  r e m a r k a b l e  that  the  m o d e l  f i t s  a l l  t h e  a n g u -  

l a r  and m a s s  d i s t r i b u t i o n s  a l t h o u g h  t h e  f i t  to  

Q m a s s  p e a k  i s  not  qu i te  a s  s h a r p  as  the  data .  

T h i s  m o d e l  s e e m s  to  f a i l  at h i g h e r  e n e r g i e s .  

R e c e n t l y  F I R E S T O N E  70 r e v i e w e d  a l l  K±p 

e x p e r i m e n t s  f r o m  2 .5  to t3  O e V / c  and c o n -  

c luded:  

15 The  Q p e a k  d o e s  not  h a v e  a s i m p l e  B r e i t -  

W i g n e r  s h a p e .  

2) T h e  Q p e a k  in  the  Kv~  m a s s  d i s t r i b u t i o n  

c a n  be  f i t t e d  to two B r e i t - W i g n e r  s h a p e s  

( 5 - p a r a m e t e r  fit)  at  a l l  e n e r g i e s  w i t h  r e a s o n -  

a b l e  X 2. (No a t t e m p t  w a s  m a d e  to f i t  d i s t r i b u -  

t i o n s  o t h e r  t h a n  the  m a s s .  ) 

3) T h e  R e g g e i z e d  D e c k  m o d e l  f i t s  e x p e r -  

i m e n t s  a r o u n d  7 G e V / c  v e r y  w e l l ,  w h i l e  the  

d o u b l e  B r e i t - W i g n e r  f i t s  h i g h e r - e n e r g y  e x p e r -  

i m e n t s .  At  h i g h  e n e r g i e s ,  th e  Q i s  c o n s i s t e n t  

w i t h  two p e a k s  w i t h M  = 1 2 5 0 ~ 4 ,  F =  t 8 2 ±  9 

MeV;  and M = t 4 0 0 ~ 6 ,  F =  2 2 0 ~ t 4  M e V .  

28 KAII240-14005 I=I12 

28 KA(1240-1400} MASS (MEV} 

M PRODUCED BY BEAMS OTHER THAN K MESONS 
1242.0 9.0 EO.O ASTIER 69 HBC 0 EBAR P 9/69 

M A THIS IS THE C MESON. 
M A ERRORS OF ASTIER 6 9  ARE STATISTICAL. TRUE UNCERTAINTY IS LARGER 
M 85(1300.) CRENNELL 67 HBC 0 6 PI- P 7E67 
M 
M PRODUCED BY g BEAMS 
M 1230.0 15.0 BABSDMPIE 67 HBC ÷ 5. K+ P 11/67 
M BASSOMPIE E7 REPORTEO THREE PEAKS IN Q AT 1230,[280 AND I820 MEV 
M A 1260.0 10.0 ALEXANDER 69 HBC 9.0 R* P 5120" 

A ALEXANDER 59 REPORTED TWO PEAKS IN ~ AT 1260 AND 1880 MEV 
M 1260. 20. FARBER 70 HBC • 12.7 K÷ P 6270* 
M A FARBER 70 SUPERSEDES BERLINGHI 67 
M (1270.) APPROX. DE BAERE 67 HBC + 3.5 K~ P 7167 
M S S (1280.) SHEN 66 HBC + O 4.E K÷P,5 BODY 11167 
M SHEN 6 6  REPORTED TWO PEAKS IN Q AT 1280 AND 1320 MEV 
M 38 1280.0 10.0 BASSOMPIE 67 HBC • 5. R÷ P 11267 
M B (E280.) (20.) BERLINGHI 67 HBC + 12.7 K~ P ?/Bl  
M B 8ERLIMGHIERI VALUE IS PROM (K* PI )  MODE. THE (K RHO| MASS 
M B PEAKS AT 1320r AN EFFECT THAT THEY ATTRIBUTE TO KINEMATICS 
M B NEAR IK RHO) THRESHOLD. 
M 1281. 7. FRIEOMAN 69 HBC - - -  2.612.7 K- P 9169 
M 21 1300.0 10.8 ERWlN 69 HBC U 3.5 K+E(K~ PI)  9169 
M 45 1301.0 1 0 . 0  BISHOP 6 9  HBC ÷ 3.5  K+P(K ~ El) 9 / 8 9  
M (130D.I APPROX. BARBARO 69 HBC ÷ 12.K+ P (K 2PI) 9/69 

12 1320.0 25.0 M ALMEIDA 6 5  HBC • 3 - 5  K~ P 8 1 6 6  
S 78 1320.0 18.0 SHEN 66 HBC + 4.6 R+ P 8/66 

N S SHEN 66 REPORTED TWO PEAKS IN 0 AT 1280 AND 1320 MEV 
M 1320.0 15 .0  BASSOMPIE 67 HBC + 5. R÷ P 11/67 
M A (1325.85 (6.U) BARTSCH 68 HBC 10. K-P~K 2PI 9/69 
M A ALREADY INCLUDED IN K NPI SAMPLE BELOW 
M 1335.0  B.O BARTSCH 68 HBC i0. K-P~g NEI 9169 
M A 1380.0 20.0 ALEXANDER 69 HBC 9.0 K+ P 5270~ 
M A ALEXANDER 69 REPORTED TWO PEAKS IN Q AT 1260 AND 1380 MEV 
M . . . . . . . . .  
M AVG 1295.7 9.8 AVERAGE (ERROR INCLUOES SCALE FACTOR OF 3.85 

28 KA(1240-1400| WIDTH (MEVI 

W PRODUCED BY BEAMS OTHER THAN K MESONS 
W 12T.U 7.0 25.0 ASTIER 69 HBC 0 PBAR P 9E68 
W A ERRORS OF ASTIER 69 ARE STATISTICAL. TRUE UNCERTAINTY IS LARGER 
W 65 {60.)  CRENNELL 67 HBC O B E l -  P 7/62 
w 
W PRODUCEO BY K BEAMS 
W M=IB)O BASSOMPIE 6? 
W 60.0 20.0 BASSOMPIE 67 
W ~=126G ALEXANDER 69 
w 60.0 10.0 ALEXANDER 69 
W R=1260 FARBER TO 
W 180. 28. EARBER 70 
W M=I270 APPRUX. DE BAERE 67 
W (20O. I APPROX. DE BAER~ 67 
W M=1280 SHEN 66 
W 100,0 20.0 SHEN 66 
w ~=E280 BASBOMPIE 67 
W 35 80.0 20.0 BASSOMPIE 67 
W M=1280 BERLINGHI 67 

i W 200 130. 15. BERLINGHI 67 
liw M=1281 FRIEDMAN 68 
I W 51. 22. FRIEDMAN 69 
i W M=1500 ERWIN 69 
I W 21 40.0 15.0 ERWIN 69 

W M=IBOI BISHOP 69 
W 45 40.0 10.0 BISHOP 69 
w M=I30G APPROX. BARBARO 69 
W 250. APPROX. BARBARO 69 

BARBARD 69 CONSIDERED 0 AS ONE OBJECT, 
M=iB2O ALMEIDA 65 

12 &o.o 20 .0  ALNEIDA 65 
M=1520 SHEN 6 6  

TO 80 .0  20 .0  SHEN 6 6  
M=i320 8ASSDNPIE 67 

60.0 20.0 BASSflMPIE 67 
M=1325 EARTSCH 68 
A (186.0| (15.0) BARTSCH 68 
A SEE NOTE UNDER ~IASS ABOVE 

1 9 6 . 0  1 6 . 0  BARTSCH 68 
M=1380 ALEXANDER 69 

120.0 20.0 ALEXANDER 69 

AVG 79.1  12.9  

HBC * 5. K+ P 11167 

HBC 9.0 K+ P 5270* 

HBC + 12.7 K+ P 5170" 

HBC + 3.5 K+ P 7/6T 

HBC + O 4.6 K÷P,5 BDOY I116T 

HBC + 5. K+ P 11/67 

HBC + 12 .7  K÷ P 7167 

HBC - 2 .6 ,2 .7  K- P ?/69 

HBC O 3.5  K+P(K* P I I  9269 

HBE + 3.5 K+P(K* Pl) 9169 

HBC ÷ 12.K÷ P (K 2El} 9/69 
NB BACKGROUND SUBTRACTIO 

HBC • 3-5 KeP 8166 

HBC ÷ 4.6 K÷P 8166 

HBC t 5. K÷ P 11167 

HBC lb .  K- PvK 2El g 1 6 9  

HBC 10. K- P,K NPl 9169 

HBE 9.0 K+ P 5/70* 

AVERAGE IERRER INCLUDES SCALE FACTOR OF 3.1| 
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See the illustrated key preceding the data card listings. 

Data in parentheses have not  been included in our averages. 

2B KA(1240-1400) PARTIAL DECAY MODES 

DECAY MASSES 
Pl KA(125C~I400) INTO K*iBRO) Pl 493+ 139÷ i~9 
PE KAII2~O-IAOOI INTO K PHO 499+ 139+ 139  
P3 KA(1240-1400} INTO K PI 493+ 139+ 139 
P4 Ka(1240-IBOO) INTO K ETA 493+ 139+ 139 
P5 KA(IZ~O~I4CO) INTO K OMEGA 693~ 139+ 13q 
P6 KA(1240-I400) INTO K Pl PI 493+ 139+ 139 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

28 KA(1240-1400) BRANCHING ~ATIOG 

PROCUCB~ BY BBAMS OTHER THAN K MESONS 
R1 KA(1240) INTO IK RHO)/T~TAL (UNITS OF 10~t-B} 
RI 75.0 IO.O ARPENT~RD 64 HBC O.O PBAR P 
R2 KA(I240) INTO (R~ PI)ITOTAL (UNITS OF I0.*-2I 
k2 25.C 10 .0  ARMENTERO 64 HBC 0 . 0  PBAR P 

6166 

6166 

R9 KA(130O) INTO (K+ PI ~) I (K+O PIO+ PI- )  
Rg (0.2)  OR LESS (CL=•901 CRENNELL 67 HBC O 6.0 PI-P 7167 
~I0 RA(1300) INTO IKO PI+ P l -  PIE) / (NED RIO+ P I - I  
RIO {0 . i )  OR LESS (CL=.RD) CRENNELL 67 HBC O 6.0 PI-P 716T 

~ROOUCED BY K BEAMS 
RI KAiI2BO PEARl INTO (K Pl) I {K*(BgOI Pl)  
RI (O.B) DR LESS SHEN 66 HBC 4*6 K+P~ 5 BODY 11/67 

KA(I~2O PEAR( INTO K~(890) Pl AND N RHB (OVERLAPPING BANDS) RI 
R) TO { l .O]  SHEN 66 HBC + 4.6 K÷P 8/66 
RE KA(1320 PEAK) INTO (K OMEGA(/(K*(89B) P l I  
F2 (0 • ! )  OR LESS SHEN 66 HBC + 4 . 6  K+P 10166 
R8 NAil320 PEARl INTO (K Pl) 1 (K*(BRO(PI) 
RB (0•30} DR LESS SHEN 66 HBC • 4 . 6  K÷P 10166 
RI A KA(1250-14001 INTO K*(BRO) El AND K RHO (OVERLAPPING BANDS) 
R1 ZOO ( I . 0 )  BERLINOHI 67 HBC • 12.7 K+ P 7 /67  
R2 A KA{1250-1400) INTO (K Pl) I TOTAL 
R2 (0.02) OR LESS BERLINGHI 6T HBC + 12.F K+ P 11167 
RB (0.02) OR LESS, C.L•=,9S ABCLV COL 68 HOE 10.0 K- P 9/E8 
R3 KA{IE50-140O) INTO (K ETA) / TOTAL 
R3 (0.02} OR LESS BERLINBHI 67 HBC + 12.T K÷ P 11187 
R4 KA(1250-LBOOI INTO (K OMEGA) / TOTAL 
~4 (0.02) OR LESS BERLINGHI 67 HBC + iZ.? K÷ P I I167 
~ 12 B.Ol 0*005 ABCLV COL 68 HBC - 10.0 K-  P 9 / 8 8  
R5 RA(1250-14001 INTO (K RHO) I (K*IBRD) Pl)  
RE 0.91 0.25 BERLINGHI 67 HBC + 12.7 K~ P 11167 
R5 701 (0.4}  (O . I )  ABCLV COL 58 HBC - 10,0 K- P 9168 
R6 KA(1250-1400) INTO (K Pl)  I (K*I890) Pl) 
R6 10•21) OR LESS BE BAERE 67 HBC + 3.5 K+ P 11166 
R7 KA(1250-IAO0) INTO (K Pl Pl) / TOTAL 
R? 201 (0.22) lO.OB) ABCLV COL 68 HBC - 10.0 K- P 9168 

REFERENCES FOR KA{I2~O-1400) 

PRODUCED BY BEAMS OTHER THAN K MESONS 

ARHENTER 6~ DUBNA CDNF i 577 ARMENTEROS,EDWARDS~D-ANDLAU + (CERN~CDF~ 
SEE ALS~ PL g~ 207 

ALSO DUBNA C~]NF 1 617 R AR~ENTEROS (RADPORTEURI 
ALSO $A PR 145 1095  BARASH~KIRSCH~NILLER~TAN (COLUMBIA) 

CREHNELL 67 PRL 19 44 +KALBFLEISCH~LAI,SCARR~SCHUMANN (BNLII 
AST]IER 5q NP B io 6fi +MARECHAL,~ONTANET,+ (COEF+CERN÷IPNP÷LIVPIIJP 
BETTINI 69 NC 62 A 1038 +CRESTI~LIMENTANI~BERTAUZA,BIGIm(PADG+PISAII 

PRODUCED BY K BEAMS 
AL,ll~IOA 6S PL 16 185 AL~EIDA~ATHERTON,BYER,DORNAN~FGRSON÷(CAMBR) 
SHEN 6~ PAL 17 726 +BUTTERWORTH, FU,GOLDHABERS~TRILLING (LRL) 

ALSO 65 (P~IVATE CQPMUN}GERSDN GOLOHABER (LRL)  
~ASSOMOI 57 PL 268 30 BASSOMPIERRE,GOLOSCHMIDT~ (CERN+BRUX+BIRMIIJP 
BEGLINGH 67 PPL IB  1087 BERLINGHIERI+FARBER÷FERBEL+FORMAN (RQCH) IJP 
DE BAERE 67 NC 49A 37~ ÷DEBAISIEUX~FAST+FILIEPAS+ (CERN+BRUXI 

AND PRIVATE COMMUNICATION BY B. JONGEJANS 
BAFTSCH 60 NP 08 9 ~CDCCDNI,+ IAACH+OERL+CERN+LOIC÷INAWI 
BOM~E 68 PRL 20 1519 
OENEORI 58 PRL 20 1194 
ALEXAHDE 6~ N ° B 13 SOB 
ANDREWS 69 PRL 22 731 
BARBARD b9 PRL ZE 1207 
COELEY 69 NO A 59 519 
WEP~!ER $9 PB 18B 2023 

÷BORENSTEIN,CALLAHAN,COLE~COX~÷ (JOHNHOPK) 1+ 
+CALLANAN÷ETTLINGER+GILLESPIE+ (JOHNHQPK) 1+ 
G.ALEXANDER~FIRESTONE~GOLDHABER~÷ (LRL) 
+LACH~LUDLAN~SANDWE[SS~BERGER~+ IYALE~LRL) 
BARBARO-GALTIERI~DAVIS~FLATTE~+ (LRL) 
+EASTWOOD,* (BIRM+GLAS+LOIC+MPIM+OXF÷RHELI 
*AMMAR~DAVIS~RROPAC~YARDER,CHO,÷ (NWES÷ANLI I÷ 

BISHOP 69 NR B 9 403 +GOSHAW,ERWIN,WALKER IN)SO) 
ERWI~ 69 NP B g 364 +WALKER~GOSHAW,WEINBERG (WISC+PRIN+VANO) 
FBIEOHAN 69 UCRL- IB860  J.FRIEOMAN~PH.D• THESIS (LRLI 
CHI~N 69 PL 2qB 4B9 +MALAMUD~MELLEMA,RUDNICR,SCHLBIN+ (UCLA) 
CHUNG 69 PR 182 1 4 4 3  +EISNER+BALI+LUER$ IBNLI 
WEP~ER 69 op 188 2023  +AMMAR~DAVIBtKRBPAC~YARGER~CHO÷ NWES+ANL 
B~HLER 70 PL 91B 318 M•G.BDWLER (OXFOROI 
FIEESTnN 70 PROC, PHILA.CDNF. A• FIRGSTOME REVIEW (LRL) 

O r  ~ 22 KN 11420,JP=2+) I = i / 2  

JP = B- IS UNLIKELY BUT NOT YET COMPLETELY RULED OUT. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

22 KN(14201 ~ASS (MEV| 

4 FOR DIFFICULTIES IN MEASURING MASS DIFFERENCE~ SEE TYPED NOTE UNDER K = 

CHARGED Oh~LY~ WITH ~INAL STATE K Pl 
1427.  I 5 . 0  DE BAERE 67 HBC + 3 .5  K+P (KO P I+ I  10166 
14~0. 24.0 40. DE BAERB 67 HOG 3.5 K+P (K+ RIO) 10166 
1~25. 21• AOERNOLZ 68 HBC 10 K- P (R Pl) 6/68 

M 1401.0 B.O SCHWEINGR &B HBC - 4.1 K- P (K Pl) 9167 
1427.0 9.0 BCHNEINGR 68 HBC - 5.5 R- P (K Pl) 9167 

M B IZB 1596• 9, BASBOMPIE 69 HRC + 5 K+P (K P I I  11169 

• 7 9  • 

/ 
1360  1 4 0 0  

CHARGED KN(1420 ]  MASS 

U E I B H T E D  A U E R A & E  = 1 4 1 2 . 7  ± 4 • 4  
ERROR S C A L E D  B Y  1 . 2  

' 1 C H I S Q  
. . . . . . . . .  L I N D  69 HBC 0 . 0  

- -  • I "  . . . . . . .  CREHNELL 69 DBC 0 .1  

- - ~  . . . . . . .  B I S H O P  69 HBC B . ?  

• ' ~  . . . . . . .  BASSOMPIE 69 HBC 3 , 4  
- - ' ~  . . . . . . .  SCHWEINGR 6B HBC 2 . S  

~--  "~  . . . . . .  S C H U E I N B R  6 8  H B C  2 . 1  

\ . . . . . .  A D E R H O L Z  6B HBC 0 . 2  
I \ " - D E  B A E R E  6 ?  H B C  0 . ?  

- ~ - - . - . D E B R E R E  6 7  HBC 0 . 9  
I O . B  

: i 
1 4 4 0  1480  1520  ( C O N L E U  

= 0 , 2 1 5 ]  

( M E U )  

M CHARGEb DNLY, WITH OTHER FINAL STATES 
N 1400.0 BO•O BADIBR 65 HBC - 3. K- P {R*PlI 10/66 
M 20 lAAO.O 20.0 DUBAL 68 MMS 11•5 K- P 6168 
M B 240 1396. B. BASSOMPIE Bg HBO + 5 K+P IK 2Pl) 11169 
M 1411• 7. FRIEDMAN 69 HBC - 2•7 K-P (K EMil 9169 
M 
N AVO 1404•0 6.2 AVERAGE (ERROR INCLUDES SCALE FACTOR OF I •4 )  

(SEE IDEOGRAM BELOW ) 

1 3 6 0  

CHAREED K N ( 1 4 2 0 )  M A S S  

W E I S H T E D  A U E R Q S E  = 1 4 0 4 . 0  i 6 . 2  
ERRDR S C A L E D  B Y  1 . 4  

4 - -  

6 9  HBC 
E 6 9  I ~ C  

BB MnS 
6 5  HBC 

i 
1400  1440  1480 1S20 

{MEU) 

C H I S Q  

1 . 0  

1 . B  

3 . 2  

0 , 0  

6 . 1  
( C O N L E U  
= 0 . 1 0 9 ]  

N CHARGED AND NEUTRAL 
M 1404.0 15.0 
M 1390.0 30.0 
M 1430.0 IO.O 
M 1423.0 7.0 
M 1420.0 10•0 
M . . . . . . . . .  
M AVG 1421.2 4.7 

M NEUTRAL ONLY 
M 

FDCARDI 65 HBC -0 B• N- P IK Pl l  10166 
SHEN 66 HBC + O 4•6 K+ P (K PI( 10166 
SHEN @B HBC + O 4.6 K+ P (K*PI) 10166 
BASSANO 6T HBC -0 5.6,  5•0 K- P 10167 
GOLDHABER 67 HBC 9.0 K+ P(K 2Pl) 10/67 

AVERAGE (ERROR INCLUDES SCALE FACTOR OF I • 0 )  

(1440•) CRENNELL 67 HBC 0 B P l -  P (K 2Pll 7167 
M 1446.0 7•9 DAHL 67 HBC 0 4*PI -  P IKPI) 10166 
M 1425.0 15•0 RANG 68 HBC 0 A.G K- P 7169 
M 1405.0 IB.0 SCHWEINGR 68 HBC O 4.1 K- P (K Pl} 9F67 
M iBgT•O 19.0 SCHWEINGR 68 HBC O 5.0 K- P (K PI) 9167 
M B AEO 1422. 5. BASSOMPIE 69 HBC 0 5 K+P (K PI(  11169 
M 8 BASSOMP• ERRORS ENLARGED BY US TO GAMMAISQRTIN(. SEE Ks TYPED NOTE. IL /69 
M 2200 1421.1 2.6 DAVIS 69 HBC O 12. K+ P(K÷PI-I 9169 M . . . . . . . . .  
M AVG 1422.7 3.8 AVERAGE (ERROR INCLUDES SCALE FACTOR 0F 1.7) 

(BEE IDEOGRAM BELOW I 

1425.0 15.0 BISHOP 69 HBC + 3.5 N+ P 9169 
1416.0 i0 .0  CRENNELL 69 DBC - 3.9 R-N IKDPI-) I169 
1 4 1 4 •  I I •  LIND 69 NBC + 9. K+ P(KO PI+I 9169 

14E2.7 4•4 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.2) 
(SEE IDEOGRAM BELOW ) 



M E S O N S  

80 
See the illustrated key  preceding the data card listings. 

Data in parentheses have not  been included in our averages. 

C H I B Q  

0 . 4  

O . O  

O . O  

B . ?  

9 . 1  

C C O N L E U  
= 0  . O 2 B ]  

W E I G H T E D  Q U E R A G E =  1 4 2 2 . 7  ± 3 . B  

E R R O R  S C A L E D  BY 1 . 7  

i 
. D R U I S  6 9  H B C  

- B R S S D M P I E  6 9  H B C  

• S C H W E I N G R  6 B  H B C  

• S C H W E I N G R  6B H B C  

• KANG 6 B  HSC 

- D A H L  6 7  H B C  

1360 1400 1440 14BO 1B20 

NEUTRAL KN(1420) MflSS (MEU) 

22 KN(1420) WIOTH (MEV) 

W CHARGED ONLY, WITH FINAL STATE K Pl 
w 90.0 28.0 BE BAERE 67 HBC + 3.5  K+ P 10166 
w 175. 57. ADERHDLZ 68 HBC - 10 K- P (K Oil 6/68 
W B 125 123. 35. 8ASSORPIE 69 HBC + 5 K÷P (K P l l  11169 
w ilO.D Z5.D BISHOP 69 HBC • 3 . 5  K÷ P 9 / 6 9  
w 43. 13. FRIEDMAN 69 HBC - 2.7 K-P IK 2PII 9169 
W 96. IB. LIND B9 HBC ÷ 9. K+ P BllO~ 

W . . . . . . . . .  
W AVG 7~.6 15.0 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.7) 

(SEE IDEOGRAM BELOW l 

C H I S Q  

1 . 2  

6 . ?  

1 . B  

1 . B  

3 . 0  

0 . 2  

1 4 . 6  

( C O H L E U  
= 0 . 0 1 2 ]  

W E I G H T E D  Q U E R A G E =  7 6 . 6  ± i E . O  

E R R D R  S C A L E D  B Y  1 . ?  

. . . . . . . .  L I N D  6 9  H B C  

- I -  - ~  . . . . . . .  F R I E D M A N  6 9  H B C  

- -  ~ . . . . . . .  B I S H O P  6 9  H B C  

. . . . . .  B A S S D M P I E  6 9  H B C  

\ 1  . Q D E R H D L Z  6 8  H B C  

- -  - ~ . . . , . D E B A E R E  6 7  H B C  

-so 5~ 1so 250 s~o 
C H A R G E D  K N ( 1 4 2 0 )  W I D T H  ( M E U )  

CHARGED ONLY, WITH OTHER FINAL STATES 
w lCS.O 3 0 . 0  BAOIER 65 HBC - 3.0 K-P 6 /B6  
w B 240 110. 25. BASSOMPIE 69 HBC + 5 K+P (K 2Pl l  11159 
W . . . . . . . . .  

AVG lOB.D 19.2 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0} 

CHARGED AND NEUTRAL 
W 9 2 . 0  lA .0  FOCARDI 65 HBC -0  3.0 K- P I K  PII  

W 75 .0  2 5 . 0  SHEN 66 HBC + 0 4 . 6  K~ P 8 / 6 6  
w 6 5 . 0  EO.O BASSANO 67 HBC -O 4 . 6 ,  S.O R- P 10167 
w 80.0 20.0 GOLDHABER 67 HBC 9.0 K+ PiR 2PlI 10167 

i07.0 20.0 SCHWEINGR 68 HBC -O 4.1+5.5 K-P 9167 W 
W . . . . . . . . .  

AVG 85.9 B.4 AVERAGE (ERROR INCLUDES SCALE FACTOR OF L.O) 

W NEUTRAL ONLY 
W 61.0 24.0 DAHL 67 HBC 0 3.B-4. Z P l -  F 9166 
N l l 6 . O  17.0 KANG 68 HBC 0 4 . 6  K- P 7169 
W B @20 I I 0 .  2 l .  BASSOMRIE 6q HBC O B K+F (K PI )  11169 
W ~ BASSOMP. ERRORS ENLARGED BY US TO @~GAMMAISQBTIN). SEE KS TYPED NOTE. 11169 
w 2200 101. 10. OAVIS 69 HBC 0 12. R+ P (K PI I  9169 
w . . . . . . . . .  
W AVG 101.2 6.4 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.1) 

(SEE IDEOGRAM BELOW ) 

WEIGHTED AUERRGE=  101 .2  ± B .4  

ERROR SCALED BY 1 .1  

. . . .  D A V I S  6 9  H B C  

/ - - - ~ \  . . . .  BASSO.PIE 6S HBC 
1 - - + - - - k - - - K ~ . 6  S. HBC 

J - -  , : | 

2 0  6 0  l O D  1 4 0  I B D  2 2 0  

K N ( t 4 2 0 )  W I D T H  ( M E W )  ( N E U T R A L  O N L Y ]  

C H I S Q  

O . O  

0 . 2  

O . B  

2 . O  

3 . ?  

( C D H L E U  
= 0 , 2 9 1 )  

22 KN (1420) PARTIAL DECAY MODES 

DECAY MASSES 
Pl RN(1920)  INTO K Pl 493+ IS9 
P2 KN(1420I INTO K~(890)  PI 892+ 139 
P3 KN(1420I  INTO K RHO 493+ 765 
P4 KN(1420I INTO N OMEGA 493+ 783 
P5 KN(1420 I  INTO K ETA 493+ 548 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

22 KNI1420;  BRANCHING RATIOS 

KN(1420)  INTO (K P I ) /TOTAL 
(0.37( (0.19} BADIER 65 HBC 3.0 K-P 

DASSANO BT HDC - 4.6,  B.O K- P 
WE CANNOT USE THIS STATISTICALLY REDUNOANT RATIO. AUTHORS 
OBTAIN IT MERELY BY SUBTRACTING FROM UNITY THEIR 

FIT 

RI 
RI R 
R1 R I0 .39 I  (0.11) 
RL R 
RI R 
RI R MEASUREMENTS OF OTHER RATIOS. 
R1 . . . . . . . . .  
RI FIT 0.492 0 .03@ VALUE FROM CONSTRAINED 

R2 KN(L420 )  INTO (K*(890) Pl)  / TOTAL 
R2 .41 0.14 GAOLER 65 HBC 

0.47 O. lO BASSANO 67 HBC R2 
RE . . . . . . . . .  
R2 AVG 0 . 4 5 0  O.OBt AVERAGE (ERROR INCLUDES 
R2 FIT 0 . 3 6 3  0 .031  VALUE FROM CONSTRAINED 

R3 RN(14201 INTO IK RHO)ITOTAL 
R3 0.14 0.05 BADIER 65 HBC 
R3 0 . 1 4  0 . 1 0  BASSANO 67 HOE 
R3 . . . . . . . . .  
R3 AVG 0.140 0.045 AVERAGE (ERROR INCLUDES 
R3 FIT 0.080 0.035 VALUE FROM CONSTRAINED 

R4 KN(1420I INTO IK GMEGAIITOTAL 
RA 0.07 0.04 BADIER 65 HBC 
R4 . . . . . . . . .  
R4 FIT 0.042 0.013 VALUE FROM CONSTRAINED 

RB KN(1420I INTO (R ETAIITDTAL 
~5 0 . 0 2  0 . 0 2  BADIER 65 HBC 
R5 . . . . . . . . .  
R5 F IT  0 , 0 2 2  0 .013  VALUE FROM CONSTRAINED 

R6 KNII@20} INTO (N'T890} P l )  / (R PIT 
R6 6 0 . 3 3  0 . 3 3  CHUNG 65 HBC 
R6 O.6B 0 . 2 0  SHEN 66 HBC 
R6 O.B3 0 . 2 0  SHEN 66 HBC 
R6 0 . 5 2  O.i8 SCHWEINGR 68 HOE 
R6 0.9 0.2 DASSOMPIE 69 HBC 
R6 84 0.93 0 . 1 1  BISHOP 69 HBC 
R6 . . . . . . . . .  
R6 AVG 0.722 O .OB7  AVERAGE [ERROR INCLUDES 
R6 FIT 0.738 0.099 VALUE FROM CONSTRA{NEO 

(SEE IDEOGRAM BELOW } 

R7 KNI I@20 )  INTO (K OMEGA} / K PI 
R7 ( 0 . 0 8 }  OR LESS SHEN 66 HBC 
R7 (O.Z) OR LESS BASSORP|E 69 HBC 
RT O.IB 0.07 BASSOMPIE 69 HBC 
R7 . . . . . . . . .  
'R7 FIT 0.086 0.029 VALUE FROM CONSTRAINED 

R8 KN(1420 )  INTO (K RHO) I IK Pl) 
R8 I o . o g l  OR LESS CHUNG 65 HBC 
R8 0.26 0.16 SCHWEINOR 68 HBC 
RB (O.21 OR LESS BASSONPIE 69 HBC 
R8 (0.3) OR LESS BASSOMPIE 69 HOE 
RB 15 0 .1 l  0.06 BISHOP 69 HDC 
R8 . . . . . . . . .  
RB AVG O.IZ8 0 . 0 5 6  AVERAGE tERROR INCLUDES 
RB FIT 0 .163  O.OlB VALUE FROM CONSTRAINED 

6 / 6 6  
10167 

3.0 K-P 6166 
- 4 . 6 ,  5 . 0  K -  P i0167 

SCALE FACTOR OF l .OI  
FIT 

3.0 K-P 6/66 
0 4.6,  5.0 K- P 10167 

SCALE FACTOR OF 1.0) 
FIT 

3 . 0  K-P 6 /66  

FIT 

S.O K-P 6166 

FIT  

+ 0 8.9-4.8 P l -  P 8166 
O N* PRODUCED 10166 

+ NO N* PRODUCED 10166 
0 4.1~5.5 K - P 10167 

+ 0 5 K+P 9 / 6 9  
3 .5  K+ P 9169 

SCALE FACTOR OF 1.31 
FIT 

4 . 6  K+P 8166 
5 K+ P 9 / 6 9  

0 5 K+ P 9169 

÷ 0 3.9-4.2 P l -  P 8166 
O 4.1~5.5 K- P 10167 

B K~ 0 9169 
0 5 K+ P 9169 

3 .5  N+ P 9169 

SCALE FACTOR OF 1.0} 
FIT 

R9 KN(14201 INTO (K RHO) / I K * ( B 9 0 ( P Z )  
RD ( 0 . 3 9 I  OR LESS BASSORPIE 67 HBC • 5.  K+ P 
09 (0 .401  OR LESS ( e l = , 9 0 1  FIELD 67 HDC - 3 . 8  K-  P 
R? . . . . . . . . .  
R9 F IT  O.BZ 0 . 1 1  VALUE FROM CONSTRAINED F IT  

9167 
616T 



MESONS 

81. 
See the illustrated key preceding the data card listings. 

Data in parentheses have not been included in our averages. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

W E I G H T E D  Q U E R R G E  = 0 . 7 2 2  ± O . O B 7  

ERROR S C Q L E D  BY i . 3  

t C H I S Q  
. . . .  B ~ S H ~ P  6 9  HBC 3 . 6  

~ . . . .  B ~ S S D ~ p T E  6 9  HBC O . S  
~ ' ' - ' S C H g E I N 6 R  6B HBC 2 . B  
~ - "  " S H E N  66 HBC 0 . 2  
i 
- ~ - ' - S H E N  66  HBC 0 . 1  

• ~ H U N 6  6S HBC 1 . 4  

9 . S  
• ( C D N L E U  

- 0  . S  0 . 0  O . S  i .O  i . 5  2 . 0  =O .iii) 

K N ( 1 4 2 0 )  I N T O  [ K ~ ( B P O )  P I )  / [ K  P I )  

RIO KN(1420) INTO {K O~EGA} / (K~(890I  P I )  
RIO 0 . i 0  0 .04 FIELD 67 HBC - 3.B K-- P 6 /67 
RIO . . . . . . . . .  
RIO ~IT 0 .116 0.038 VALUE FROM CONSTRAINEO ~IT 

R I I  KN(142C) INT~] (K ETAI I {K*(BqDI PI )  
P I I  0 .07  0 .04 FIELD 67 HBC - 3 .8  K- P 5167 
RI1 . . . . . . . . .  
R [ I  FIT 0.062 0 .036 V A L U E  F~OM CONSTRAINED FIT 

RI2 KNII4ZO] INTn (K ETA) / (K PI I  
RI2 {0 .025)0R LESS BASSOMPIE 6 9  HBC 5 .0  K+ P 9 /68 
RI2 (0 .02 }  OR LESS BISHOP 69 HBC 3 .5  K+ P 9 /69 
R~2 . . . . . . . . .  
RI2 FIT 0 .046 0 .027 VALUE FRCH CONSTRAINED FIT 

F i t t e d  p a r t i a l  D e c a y  Mode  B r a n c h h l ~  F r a c t i o n s  

Diago~l elements are P. • 5P-; 8P, = %/ <SP-SP.> • Off-dlagonal elements are 

eozrelation coefficients = <EPiSID~> / (SP I. 6P~). 

P i P Z P 3 P 4 P 5 

P i .492+- .034  
P 2 - . 5 3 0  . 3 6 3 + - . 0 3 1  

3 -.367 -.417 .080+-.035 
P 4 -.SEl -,00T -.126 .042+-.013 
P ~ -.086 -.169 -,043 -.051 .02E+-.016 

REFERENCES FOP KN(I~20) 

8A~IER ~5 PL 19 612 BADIER,OEMOULIN,G~LDBERG÷ (EP÷SABLY÷ZEEMAN) 
CHUNG 65 ORL 15 325 +OAHL, HAROY, HE SS, JACOBS,K I RZ ,HI  LLER [LRL} 
FOCAR~I 65 PL 16 351 FOCAROI,MINC~UZZI RANZI,SERRA+ IBOLOGNAeCEN) 

SHFN 66 PRL 17 726 +BUTTERHORTH, FU,GOLDHABERS ,TRILL ING |LRLI 
ALSO 66 (PRIVATE COMMUN)GERSCN GOLOHABER (LRL} 

BASSAND 67 PRL 19 968 ÷GOL DBERG, GOZ, BARNES, L~ITNER+ { BNL+SY RACUSE) 
BASSO~PI 67 PL 26B 30 BASSOMPIERRE~GOLDSCHMIDT+ ICERN+BRUX+8IR~)IJP 
CRENHPLL 6? PRL 19 4~ +KALBFLEISCH~LAI~SEARR,SCHUMANN (BNL) 
DAHL 67 PR 163 £377 +HARDY÷HES$+KIRZ+MILLER (LRL) 

ALSO 65 Pkt  14 401 HARDY,CHUNG,DAHL~HESS,KI~Z,~ILLER ILRL) 
DE BAERE *7 NC 51 A 401 +GOLOSEHMIDT-CLERMONT,HENRI+ (BRUX+CERN) 
FIELD 67 PL 24B 6~8 *HENDRICKS+PICCIONI+YAGER (LAJOLLAI 
GE]LOHABE 57 PRL 19 972 G.GOLOHABER,FIREST~NEfSHEN ILRL) 

AOERHfiLZ 68 NP B 5 567 ÷OEUTSCHMANN+ (AACH÷BERL+EERN÷I.C.~VIENNA) 
ALS8 65 PL 22 B57 BARTSCH,DEUTSCH~ANN, M~RRISCN~ (ABCLIIE)VI 

ANTICH 68 PRL 2]  184Z +CALLAHAN,CARSON,COX~DENEGRI~* (3HOPl 
DURAL 68 THESIS ~ b  L.DUBAL (GENEVEI 
KANG 68 PR 176 [58T Y.W.KANG (IDWAI 
SCHWEING ~s PR 166 1317 SCHWEINGRUBER,DERRICK~FIELDS,AMMARe{ANL+NW] 

ALS~ 57 THESIS F .L .  SCHWEI NGRUBER ( NORTHWE ST ERN, EVANSTON ) 

BASSO.~Pl 69 NP B13 189 BASSOMPIERE,GOLOSCH~IDT-CLERM.÷ ICERN+BRUXI JP 
BISHOP 69 NP B 9 ~.03 +GOSHAW, ERWIN,WALKER (WISE) 
CRENNELL 69 PRL 22 z + 8 7  +KARSHON,LAI,ONEALL,SCARR (BNLI 
DAVIS 69 PRL 23 lOTl +DERENZO,FLATTE,ALSTON,LYNCH,SOLMITZ (LRLI 
nS BAER6 69 NC 61 A 397 ÷GOLDSCHMIDT-CLERMONT,HENRI,÷ (BELB÷CERNI 

SUPE~SE~?ED BY BASSOMPIERRE 69 
wRIJO~AN 5q UCRL-IB860 J.FRIEDMAN~PH.D. THESIS (LRL} 
LINO 69 NP B 14 1 +AEEXANDER,FIRESTDNE,FUtGOLDHABER (LRLI JP 

lK,< ooo)l . . . . . . . . . . . . . . . . . . .  
EVIDENCE NOT COMPELLING, O'~ITTED FROM TABLE 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

27 KN (1650] MASS {MEVI 

M (1660,0} CARMONY 67 HBC -- 3. 8 K-PIOMEGA K II/67 
M 1660.0 i0.0 JOBES 67 HBC ÷ 5- K÷ P 11/67 
M j CLAIMED BY JOBES IN {K P l ) ,  (K~(890)  PIT ,  AN0 [K*(1420} P l )  

J MODES. J{]BES 67 SEES THE K Pl  BUMP MOSTLY IN INTERFERENCE 
M J WITH N*(I2361. 

Z7 KN (1660) WIDTH (~EV) 

W 60.0  20.0 JOBES 67 HBC + 5 .  K+ P 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

21 KN (1660) PARTIAL OECAY MOO~S 

DECAY MASSES 
PI KNEE1660) INTO K PI 493+ 139 
P2 K N * ( I 6 6 0 }  INTO K PI PI 4 9 3 +  1 3 9 +  1 5 9  
P3 KN*(1660) INTO K*{890)  PI 892+ 139 
P4 KN~II6&G} INTO KN~(I¢SO} P l  L409+ 139 

REFERENCES F~R KN(1660) 

CARMONY 67 PRL 18 615 D.CARM~NY,T.HENDRICKS,L.LANDER (LA JOLLA) 
JOBES 67 PL 26B 49 ÷BASSOMPIERRE,DE BAERE + IBIRM+CERN*BRUX) 

T h i s  peak  i s  s e e n  in  a l l  h i g h - e n e r g y  

(>  7 G e V / c )  K+p and K - d  e x p e r i m e n t s ,  w i t h  a 

d o m i n a n t  d e c a y  m o d e  into KN(t42.0) w, 215 M e V  

above  that  t h r e s h o l d .  A s  d i s c u s s e d  in  S e c t i o n  

ITT of  the  t ex t  and in  the  note  on  A t ,  A3 ,  Q, and 

L, jus t  b e f o r e  A i  in  t h e s e  l i s t i n g s ,  t h e r e  i s  at  

p r e s e n t  no w a y  to d i s t i n g u i s h  b e t w e e n  a r e s -  

onant  i n t e r p r e t a t i o n ,  a k i n e m a t i c  e x p l a n a t i o n ,  

or b o t h - - i ,  e . ,  a n a r r o w  p e a k  on a b r o a d  b a c k -  

ground.  

T h e  c l e a n e s t  L p e a k  i s  s e e n  p r o d u c e d  co -  

h e r e n t l y  in  the  K - d  e x p e r i m e n t  o f  D E N E G R I  

68. Two K - p  e x p e r i m e n t s  r e p o r t  n a r r o w  p e a k s  

in  the Kw~ m a s s  s p e c t r u m  f r o m  K - p  -~ Kwwp, 

but o n l y  a f ter  d i f f i c u l t  s u b t r a c t i o n  o f  h i g h  b a c k -  

g r o u n d s .  ( B A R T S C H  68 had ~ 3 5 0 0  event s ;  

A G U I L A R  70 h a v e  ~ 3200}. 
A h i g h - s t a t i s t i c s  K+p e x p e r i m e n t  

(BARBA_R.O-GALTIERI 69, Z7 000 e v e n t s )  and 

a r e c e n t  c o m p i l a t i o n  [CHIEN 70; 65 000 

K+p -~ K+w+w-p e v e n t s  w i t h  P ( b e a m ) >  7 G e V / c ]  

s h o w  that  a l l  the  K+p e x p e r i m e n t s  h a v e  a 

b r o a d  (250 to 400 MeV) peak  at t775  M e V  in  

the K~rw s y s t e m ,  w i t h  KN(1420  ) as  the  d o m -  

inant  m o d e .  There  m a y  be s o m e  d i r e c t  3 - b o d y  

Kww, but m o r e  d e t a i l e d  a n a l y s i s  on e a c h  e x -  

p e r i m e n t  i s  n e e d e d  to c a l c u l a t e  the  e x a c t  

a m o u n t .  T h e r e  i s  no e v i d e n c e  for K0~, K+, Kf, 
Me 

K w, and Kp m o d e s .  

T h e  I - s p i n  i s  i / 2 ,  and J t -  or 2 + = a r e  

f a v o r e d .  In s u m m a r y ,  t h e r e  are  d i f f e r e n c e s  

b e t w e e n  K + and K- e x p e r i m e n t s ,  and s o m e  

h i g h e r - s t a t i s t i c s  K - p  and K - d  e x p e r i m e n t s  

a r e  needed .  
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See the illustrated key preceding the data card listings. 

Data in parentheses have not been included in our averages. 
23 KA (1775l PARTIAL DECAY MODES 

23 KA (1775) MASS (MEV) 
PE KA INTO K PI PI 

20(1780.) BE~RLINGHI 67 HBC + 12.7 K÷P 7/67 P6 KA INTO K*(1420) P) 
1760.0 15.0 JOBES 67 HBE 5. N+ P 11167 
1785.0 12.0 BARTSCH 58 HBC 10.0 K- P 9/69 
1745,0 EO.O AGUILAR 70 HBC -~.6~K- P 6/70~ 

AVG 1769.8 I I . 3  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.3) 
ISEE IDEOGRAM BELOW ) 

g E I B H T E D  RUERQ6E = 1 7 6 9 . B  * 1 1 , 3  
ERRDR SCQLED BY 1 . 3  

. - ' R 6 U I L R R  
- - - - F ' - - - -  ~ - - ' B Q R T S C H  

. . . . . . . .  JOBES 

1 7 0 0  1 7 4 0  I?BO 1 B 2 0  1 B 6 0  

K ( ~ ( 1 7 ? S )  M;:ISS (MEU)  

C H I S Q  
? 0  HBC I . S  
6B  HBC 1 . 6  
6 7  HBC 0 . 4  

3 . 6  
(CONLEU 
= 0 . 1 6 B ]  

7/67 
11/67 
9169 
6170" 

23 KA (1775} WIDTH (MEV) 

W 20 {80.} BERLINGHI b7 HBC + E2.7 K+P 
W 60.0 20.0 JOBES 67 HBC 5, K+ P 
W 127,0 ~S.O BARTSEH 68 HBC 10.0 K-- P 
W iO0.O ~O.O AEUILAE 70 HBC -4.6~K- P 
W . . . . . . . . .  
W AVE 7B.E 18.2 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.1) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

MESONS 

497+ 134÷ 134 
134+1409 

23 KA (1775) BRANCHING RATIOS 

REFERENCES FDR KA(1775) 

BERLINGH 67 PRL IS lOST 
JOBES 67 PL 26B 49 
DEMEGRI 6B PRL 20 I I g4  
BAETSCH 6B NE BB 9 

ANDREWS 69 PRL 22 731 
BARBAROl 69 ERL 22 1207 
BARBARO2 69 LUND PAPER 89 
COLLEY 69 NC A 59 519 

AGUILAR 70 BNL 143BB-R 
CHIEN 70 FROC.PHILA.CONF 

BERLINOHIERI+FARBER~FERBEL+FORMAN+ {ROCHI 
+BASSOMPIERRE~DE BAERE + (BIRM+CERN+BRUXI 
+CALLAHAN+ETTLINGER÷GILLESPIE÷ (JBHNSHOPI 
+COCEGNI,+ IAACH+BERL+CERN+LOIC+IHAW} 

+LACH~LUDLA~,SANOWEISS~B~RGER~+ (YALE~LRL) 
BARBARCk-GALTIERI~DAVIS,FLATT~+ ILWLI 
SAME AUTHORS AS ABOVE - DATA DOUBLED (LRL) 
+EASTWOOD,+ (EIRM+GLAS÷LOIC÷MPIM+OXF÷RHEL) 

+BARNES,BASSAMO,CHUNG,EISNER,FLAMINIO*IBNL( 
C.Y.CHIEN (JOHNS HOPKINS) 

* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

" "IK*(224o)I Ao R. i.. ....... 1.1/. 

ENHANCEMENT SEEN IN (ANTIHYPERON+NUCLEONI MASS, 
EVIDENCE NOT COMPELLING, OMITTED FROM TABLE. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

AO K* (2240) MASS (MEVI 

N 15 2240. 20. ALEXANDER 68 HBC + 0 9 K+P,YBAR+N+,o 6/68 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

40 K* (2240l WIDTH (MEV) 

W 15 70. 20. ALEXANDER 6B HBC + 0 g K+P,YBAR+N+.. 6/68 

REFERENCES FOR R*(2240) 

ALEXANOE 68 PRL 20 T55 ALEXANDER,FIRESTONE,GOLDHABER~SHEN (LRL) 
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Note on Nts and A's 

There are now complete phase-shift anal- 

yses from four different groups: The Saclay- 

group (referred to as BAREYRE 68 and AYED 

70), the Berkeley group (ffOHNSON 67), the 

Glasgow group (DAVIES 68), and the CERN 

group.  

The CERN group has performed two phase- 

shift analyses, using different methods. The 

CERN I solution is published as DONNACHIE-1 

68 for both I spin 1/2 and 3/2. Their figures 

contain two sorts of results: 

I. "Experimental Phase Shifts. " i.e. , partial- 

wave amplitudes at each energy at which they 

used experimental input. These are plotted as, 

and 6 at each energy, but not as Argand plots. 

2. "Theoretical Fits" using smooth functions 

based on dispersion-relation theory. These 

are plotted both as smooth curves of ~] and 6 
l 

vs energy, and as Argand plots. Brody et al. 

have recently criticized the "Theoretical Fits" 

because it turns out that although the "exper- 

imental" amplitudes describe the data as well 

as (or better than) any other available set, the 

theoretical fits for some rapidly varying par- 

tial waves are too smooth. Because they are 

so convenient to draw and to remember, we 

continue to present these smooth Argand plots, 

having warned the reader of their limitations. 
2 

The new solution, CERN II, covers 

I = 3/2 only, and has been pub.lished only as 

Argand plots of "experimental" amplitudes. 

The most recent and extensive analysis 

comes from the Saclay group (AYED 70); it ex- 

tends up to a mass of 2.5 GeV. Only the Ar- 

gand diagrams are available for the moment; 

values of mass, width, and elasticity of res- 

onances obtained from an energy-dependent 

fit to the amplitudes should be published soon. 

We reproduce here, in Figs. I, 2, 3, most of 

the available Argand diagrams. The Berkeley 

diagrams, from which the authors do not yet 

quote resonance parameters, are reproduced 

here only for I = i/2 partial waves. 3 Table I 

is a summary of all the states claimed by the 

various groups with our evaluation of their 

significance. V~e have included in the Baryon 

Table only states listed as "good" or "fair." 
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Spread Around Resonance Parameters 

Values of masses, widths, and branching 

ratios can be obtained only from phase-shift 

analyses. In production experiments, in fact, 

it is seldom clear which of the many states at 

similar masses is being observed. We now 

have complete phase- shift analyses from four 

different groups, but we are quite far from 

having reliable masses and widths derived 

therefrom. 

The problem is that the errors on the 

phase shifts are quite large and it is thus dif- 

ficult to draw smooth curves on the Argand 

diagrams. In addition, except for the Glas- 

gow solutions, where an energy-dependent fit 

to the data and phase shifts is done, the res- 

onance parameters are just the result of an 

"eyeball" fit with the use of different methods. 

/ks a result, different authors using the same 

phade shifts often estimate different values of 

IV[, I% x. This is the case for the CERN I solu- 

tion, from which three sets of parameters have 

been reported. In order to make the reader 

aware of this problem we report here a table, 

Table If, with all the different values for M, 

l TM, x. On the main table of Baryon Resonances 

we decided not to quote a value with an error, 

but to quote a range of masses and widths in 

order to point out the large indeterminancy of 

these parameters. So the P~1 will be 

M = 1435 to 1505 MeV, F= 200 to 400 MeV, 

etc. 

F o o t n o t e s  and R e f e r e n c e s  

t .  A. D. Brody ,  D. W. G. S. Le i th ,  B. G. 

L e v i ,  B. C. Shen, D. He rndon ,  R. L o n g a c r e ,  

L. Price, A. H. Rosenfeld, and P. S6ding, 

Phys. Rev. Letters 22, 1401 (1969). 

2. The CERN II Argand plots have been re- 

ported by A. Donnachie, 14th International 

Conference on High Energy Physics, Vienna, 

1968, p. 139. 

3. For the complete set of Argand plots in- 

cluding speed versus energy, see UCRL-Z0030 

wI~ (February 1970) by D. J. Herndon, A. 

Barbaro-Galtieri, A. H. Rosenfeld. The 

AYED 70 solutions are not included, since they 

were not available at the time. 
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Table I. Our evaluation of the status of all N and Zk resonances as seen in partial-wave analyses 

D = definite, Pr = probable, Po = possible, A = ambiguous, No = not present. Notice that in the 

Glasgow fits the resonance hypothesis is built into the fit, so only the symbols D or No apply, ex- 

cept for one Pr at the upper end. 

Our 
f evalu- 

Berkeley CERN I Saclay Glasgow RBD a CERN II ation ~]n 

P~t  (t470) D D D D 

D~3 (t5Z0) D D D D 

S~t (t535) D D D D 

D~3(t700 ) Po Po Po No 

Dt5(t670) D D D D 

F t5( t688)  D D D D 

S~i (1700) D D D D 

P~i(1780) Pr Pr Pr D 

Pi3 (1860) A e A A c Pr 

F17(1990) c Pr A e 

D ~  (2040) c Pr  Po c 

GI7 (2190) c D D c 

Pr 

D 

D 

Pr 

P~3(IZ36) 

" (1650) D D D D D 
$31 

P~3 (1690) Po A Po g No A 

D33(1670) A D D D D 

F35 (1890) Pr Pr Pr D Pr 

P31 (1910) Prc Pr D D D 

D35(i960 ) c A No c Po A 

F37(1950 ) D D D D D 

P~ (2160) Po e Po No c d 

aRBD = LEA 69 (Lea et al. , Ruth, Bristol, Daresbury). 

bFor these references see DONNACHIE-2, the latter part of the article. 

CThis state is very close to or beyond their highest energy. 

dwe can ' t  say anything. 

eGlasgow A has a Gj7 s ta te ,  Glasgow B may have an F i T  

the i r  h ighes t  energy.  

fEvaluat ion  based  on new ana lys i s  (AYED 69). 

gAround 1900 MeV, however. 

KS wA pN yN 

However, this region is very close to 
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Fig. 3. New Saclay phase-sh i f t  analysis  resu l t s  (AYED 70). Theful l  anddashed 
l i nes  c o n n e c t  po in t s  o f  " m i n i m a l  pa th"  and " m i n i m a l  s u r f a c e ,  " r e s p e c t i v e l y .  

# 
Table II. Resonance parameters for N and A from phase-shift analyses, as listed by their 

authors. The P33(i236) is not included because the analyses listed start at higher energy. 

BAREYRE 68 uses two methods %o find resonance parameters: i (cross section method) - 

the energy where the total cross section is maximum; Z (speed method) - the energy where the 

speed of variation of the amplitude in the Argand plot is maximum. CERN quotes only one 

method, usually where the absorption is maximum, but three different sets of values have 

been given. The Glasgow group (DAVIES 68) uses Breit-Wigner parameterization; A and 

B differ in the starting values of the minimization (CERN I solution was used for solution B). 

For some states no parameters have been quoted by the authors. We report in the M column 

our evaluation of the status of this resonance as judged on the published Argand plots. Symbols 

are the same as on Table I. 

The " Ind. Ext. ]Error" written below the average is the " external error" of the individu- [ 
al values, i. e. , <6xi> =/--~ (xi-~). z The error x of the mean is of course smaller by another 

i 
factor i/ ~ but we avoid giving it because we feel that x, 6x have little meaning here. 
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8 8  

Table I1. (see caption on preceding page) 
Method M F x Method M F x 

P~l  li780) D33 (t670) 

I = 1/2 States I Bareyre 68 (r Pr i B a r e y r e  68 ~ Po 

Z Bareyre 68 Speed Pr Z Bareyre 68 Speed Po 
Method M 1 ~ 

• P~ t  (1470) 3 Be rke l ey  67 Pr  3 Berke ley  67 A 

i Bareyre 68 g 1470 Z55 0.68 4 Do~aehie-t 68 Abs. i751 327 0.SZ 4 Donnachie-i 68 Abs. 1691 Z69 0.14 

Z Bareyre 68 Speed 1505 205 0.68 5 Donnachie-2 68 Abs. 1750 327 0.32 5 Do~achie-2 68 Abs. 1690 269 0.i4 

3 Berkeley 67 D 6 Kirsopp 68 Abs. 1860 Z70 0.3Z 6 Kirsopp 68 Abs. 1690 300 0.13 

4 Donnachie-I 68 Abs. 1,466 211 0.658 7 Glasgow 68 A 1770 445 0.43 7 Glasgow 68 A 1649 188 0. iZ 

8 Glasgow 68 B (1867) (525) 0.30 8 Glasgow 68 B 1650 174 0.13 5 Do~chie-Z 68 Ahs. 1470 211 0.66 

6 Kit sopp 68 Abs. 1466 211 0.66 Average 1783 350 0.34 Average 1674 Z40 0,13 
• L%d, ext. error *20 ~50 ~h.01 

7 Glasgow 68 A 146Z 391 0.49 ± Ind. ext. error ±45 ±63 ±.05 

8 Glasgow 68 B 1436 224 0.46 
Average 1468 Z44 0.61 i~3 (1860) F35 (1890} 

± Ind. ext. error •19 e62 ±.09 i Bareyre 68 ~ A b I B~repre 68 ~ Po 
Z Bareyre 68 Speed /%5 2 Bareyre 68 Speed PO 

• DIS(t5Z0) 3 Berkeley 67 A b 3 Berkeley 67 P r  

i Bareyre 68 G 1510 125 0.54 4 Donnachie-I 68 Abs. 1863 296 0.207 4 Do~achie-I 68 Abs. 1913 350 0.16 

2 Bareyre 68 Speed 1515 110 0.54 5 Do~achie-Z 68 Abs. 1860 296 0.21 5 Do~achle-2 68 Abs. 1910 350 0.16 

3 Berkeley 67 1526a l14a 0"57a 6 6 l~ir s opp 68 Abs. 1910 380 0,15 Kirsopp 68 Abs. 1900 325 0.Z5 
4 Donnachie-I 68 Abs. 1541 149 0.509 7 Glasgow 68 A 1844 449 0.40 7 Glasgow 68 A 1841 136 0.Z 

5 Do~achle-2 68 Abs* 1520 114 0.57 8 Glasgow 68 B 1854 307 0.Z6 8 Glasgow 68 B 1852 150 0.19 

6 Kirs opp 68 Abs. 15Z6 115 0.57 9 Lea 69 1860 Average 1885 Z73 0.17 

7 Olasgow 68 A 151Z 106 0.45 Average 1864 335 0.27 • Ind. ext. error ±SZ •107 e,0Z 

8 Glasgow 68 B 151Z 125 0.49 
• Ind. ext.  e r r o r  ±t7 e58 ±.g7 P 3 t  (191g) 

Average IBzg 120 0.g3 

• Ind. ext. error ~g ±13 :h.g4 FI7 (1990) i Bareyre 68 g A b 

I Bareyre 68 G b Z Bareyre 68 Speed A b 
S~I (153S) Bareyre 68 Speed 5 3 Berkeley 67 pr b 

l Bareyre 68 g 1535 155 -- 3 Berkeley 67 b 4 Donnachie - 1 68 Abs, 1934 339 0,30 

2 Bareyre 68 Speed 1515 105 -- 4 Do~achie-I 68 Abs. 1983 Z25 g.128 5 Donnachle-2 68 Ahs. 1930 339 0.3 

3 Berkeley 67 1548a li6a 0'326a 5 Donnachie-2 68 Abs. -- -- -- 6 Kizsopp 68 Abs. 1930 4Z5 0.Z5 

4 Do~ac}de-1 68 Ahs. 1591 (268) 0.696 6 Kinsopp 68 Abs. 1995 Z50 0.09 7 Glasgow 68 A 1914 290 0.1S 

5 Donnachle-Z 68 Ahs. 1550 116 g.35 7 Glasgow 68 A c 8 Glasgow 68 B 1834 Z31 0.Z4 

6 Kirsopp 68 Abs. 1540 160 0.3 8 Glasgow 68 B ¢ Average 1908 325 g.z5 

7 Glasgow 68 A 15gz (36) 0.36 9 Lea 69 -2000 -- -- ± Ind. ext. error e38 ~64 e.04 

8 Glasgow 68 B 1499 53 g.35 Average 1989 ZSS 0.109 Dsg (1960) 
Average 1535 t t 8  0.39 

± ind. ext. error m6 elZ e.019 I Bareyre 68 ~ 2% 5 
• Ind. ex~ error eZ8 e35 ~.14 

D~ (204g) Z B a r e y r e  68 Speed A b 
• D~3 (170g) 3 

I Bareyre 68 G b Berkeley 67 b 

I Bareyre 68 ~ 2 Bareyre 68 Speed b 4 Donnachie-i 68 Abs. 1954 511 0.154 

2 Bareyre 68 Speed Po 3 Berke l ey  67 b 5 Do~achie-2 68 Abs. -- - -  m 

3 Berkeley 67 Po 4 Donnach~e-1 68 Abs. Z057 Z93 0.Z6 6 Kit s opp 68 Abs. 1970 400 0.1Z 

4 Donnachie-I 68 Abs, -- 5 Donnach/e-2 68 Abs. 2030 290 g.11 7 Glasgow 68 A b 

5 Donnachie-2 68 Abs. 1730 6 Kirsopp 68 Abs. zg4g Z40 0.15 S Glasgow 68 B b 

6 ~rsopp 68 Abs. 1680 7 Glasgow 68 A b 9 Lea 69 195g 

7 Glasgow 68 A No 8 Glasgow 68 B h Average  t958 356 0 . i4  

8 Glasgow 68 B No 9 Lea  69 Z030 -- -- • ind. ext. error ~9 ~44 e.02 

Average 1705 Averagz 2039 274 0.17 F37 (I 950) 

± Ind. exL e r r o r  ±Z5 ± Ind. ext.  e r r o r  ±11 •Z4 ~.06 
t B a r e y r e  68 ~ t975 180 0.57 

• DiS (1670) G t7  (2t90) 2 B a r e y r e  68 Speed tg80  t40 -- 

t B a r e y r e  68 g t680 135 0 .4 t  I B a r e y r e  68 g b 3 Be rke l ey  67 D 

Z Bareyre 68 Speed 1655 105 0.41 2 Bareyre 68 Speed b 4 Do~achin-1 68 Abs. 1946 Z21 0.386 

3 Berke l ey  67 D 3 Berkeley 67 b 5 Donnacb/e-Z 68 Abs. 1950 Z21 0.39 

4 Donnachle-1 68 Abs. 1678 173 0,391 4 Do~achie-1 68 Abs. 2265 Z98 0.349 6 Kirsopp 68 Abs. 1946 ZZ0 0.39 

5 Donnachie-Z 68 Abs. 1680 173 0.591 5 Donnachle-Z 68 Abs. zlgg 3g0 0.35 7 Glasgow 68 A 1935 Z21 g.51 
6 Kirsopp 68 Abs. 1678 175 0.391 

6 Kit sopp 68 Abs. 2Z65 300 0.35 8 Glasgow 68 B 1935 21Z 0.39 

7 Glasgow 68 A 1669 I15 0.50 7 Glasgow 68 A (i906)c (319)c (g.14)c Average 195Z zg2 0.44 

8 Glasgow 68 B 1667 115 0.43 8 Glasgow 68 B c • Ind. ex~. error e19 ±Z9 ~.g7 

Average 1672 14Z 0.42 ~ Lea 69 ~Z000 
m (zl6g) 

• Ind. ext. error el0 ±Z9 e.g4 Average 2i80 299 0.350 I=53 

o F15 (1688) • Ind. ext, error ~35 ~2 ~.g01 I B~reyre 68 G b 

I BareFre 68 ~ 1690 li0 0.64 2 Bareyre 68 Speed b 

Z Bareyre 68 Speed 168g 105 0.64 I = 3/2 States 3 Berkeley 67 Po b 

3 Berkeley 67 1692 a 13za g.68a $31 (1650) 4 Donnacl~e-1 68 Abs. 

t Bareyre 68 ~ 1695 Z50 -- 5 D o ~ c h i e  -Z 68 Abs, 4 Do~aohie-1 68 Abs. 1687 i77 0.56 

5 Do~achie-2 68 Abs. 1690 132 0.68 Z Bazeyze 68 Speed 1650 13g -- 6 Kirsopp 68 Abs. 2160 Z60 0.25 

6 9[irsopp 68 Abs. 1692 15g 0.68 3 Berkeley 67 D 7 Glasgow 68 A b 

4 Do~achie-1 68 Abe. 1635 177 0.284 8 Glasgow 68 B b 7 Glasgow 68 A 1685 Ig4 0.54 
5 Do~achin-z 68 Abs. 1640 177 0.28 Average Z160 Z60 0.Z5 8 Glasgow 68 B 1684 123 0.54 

Average 1688 127 0.62 6 Kirsopp 68 Abs. t635 18g 0.Z8 • Ind. ex~ error -- -- -- 

•Ind. ext. error ~4 eZZ ~.06 7 Glasgow 68 A 1670 141 g.28 

8 Glasgow 68 B 1625 14g g.z5 
) Values in parentheses have not been used in  the 

• S~I (1700) Average 165g 151 g.27 
averages. 

1 Bareyre 68 ~ 1710 26g -- elnd. ext. error ~Z3 •89 ~.12 

Z Bareyre 68 Speed 166g 11g -- aValnes quoted by Lovelace, rapporteur ta/k at Heidel- 

3 Berkeley 67 1709 a 30g a 0.7g6a IDa3 (169g) berg Coherence (1967), p. 109. 

4 Donnachie-i 68 Ahs. -- I Ba~eyre 68 f; A bThis state is very close to or beyond their highest 
5 Do~achle-Z 6g Abs. 171g 300 0.79 Z Bareyre 68 Speed A energy. 
6 Kirsopp 68 Abs. 1709 300 0.79 3 Berkeley 67 Po 

4 Do~achie-I 68 Abs. 1688 Zgl 0.098 CGlasgow A ]~as a GI7 state at this mass, Gl~sgow B 
7 Glasgow 68 A t766 404 0,56 
8 Glasgow 68 B 1671 IZI  g.51 5 D o ~ a c h i e - Z  68 Abs. 1690 28t  0 . t  m a y  have an F17 and a Gt7 ;  however ,  this  e n e r g y  

Average 1706 Z56 0.69 6 Kirsopp 68 Abs. 1690 z4g 0.08 region is very close ~o their highest energy. 

± Ind. ext° error e31 :egg •,13 7 Glasgow 68 A No 

8 Glasgow 6g B No 

Average 1689 Z67 0.93 

• Ind, ex~, error •2 •19 ~:.09 
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CODE ~VENTS QUANTITY 
tBOVE 

B,~IKOROUNO 

See the illustrated key preceding the data card listings. 

Data in parentheses have not  been included in our averages. 

ERROR+ ERROR- REPEREHCE YR TEEN SIGN COMMENTS DATE 
PUNCHEO 

* * * * , , ~  * * * * ~ * * * *  ~ * * * ' 1 . * * ' 1  * * ' 1 . * * ' 1 . ' 1  * * * * * * * * *  * * * * ' 1 . * * *  * * ' 1 " 1 " 1 . * * *  * * ' 1 . * * * *  
ipJ=I,ql 

SEE LISTINGS OF STABLE P A R T I C L E S  

* ' 1 "1 , * *  * * * * * * * * *  * * * . * w . * ' 1 *  " 1 , * * * * * * ' 1  * * * * * * * * *  "1 , '1 , '1 , * * '1  " 1 , * * ' 1 , , ' 1 ,  * * * * ' 1 , * *  

17  NEUTRON 1 9 3 9 ,  J = 1 1 2 1  I = I / E  

SEE LISTINGS OF STABLE PARTICLES 

61 N * 1 1 2 1 1 4 7 0 ,  J P = I / 2 + I  I = 1 1 2  

FOR DISCUSSION CONCERNING REED T S N A AME ERS~ EE NOTE 
PRECEDING NXc~/2 ( 1~.70 | .  

THE MASS AND WIDTH ARE BEST DETERMINED FROM PHASE-SHIFT ANALYSES* HE 
LIST PRODUCTION EXPERIMENTS S E P A R A T E L Y - - S E E  BELOW. 

. . . . . . . . . . . . . . . . .  61  N ~ I / 2 ( I A T O )  MASS (MEV)  . . . . . . . . . . . . . . . . . . . . . .  

II3BO.O) ROPER 65 RVUE PHASE-SHIFT ANAL 9 / 6 6  
M (13TO.Of BRANDSEN 65  RVUE PHASE-SHIFT ANAL 9 / 6 6  
M 1 [ 1 4 7 0 . 0 )  BAREYRE 6 8  RVUE P H A S E - S H I F T  ANAL 1 1 / 6 7  

1 WHERE CROSS SECTION IS GREATEST - EYEBALL FIT 
M 2 (1505.0) BAREYRE 68 RVUE PHASE-SHIFT ANAL 1 1 / 6 7  

2 WHERE SPEED I S  GREATEST - EYEBALL F I T  
M 4 [ 1 4 6 2 . 0 }  DAVIES  68  RVUE P-S  ANAL SOL A 8 1 6 0  
M E 1 1 4 3 6 . 0 I  DAVIES  6B RVUE P - S  ANAL SOL 8 8 / 6 9  

5 SOL B IS E . O  F I T  TO SAME DATA START FROM CERN I EXPER. ( 0ONNACH1 6 B )  
M 3 (1466.0) DONNACHI 68  RVUE PHASE-SHIFT ANAL 6 / 6 8  
M 3 [ 1 4 7 0 . )  DONNACH2 6 8  RVUE P H A S . S H I F T - C E R N 1  1 0 / 6 9  
M 3 ( 1 4 6 6 . )  MIRSOOP 6B RVUE PHASE SHIFT ANAl 1 0 / 6 9  

3 WHERE MAX. ABSORPTION IS -DONNACNIt 2 ~K IRSOPP EYEBALL FIT CERN 1 1 0 4 6 9  

. . . . . . . . . . . . . . . . .  61  N ' 1 1 / Z ( I ~ 7 O }  WIDTH (MEV)  . . . . . . . . . . . . . . . . . . . . . .  

w I (255.0) BAREYRE 68  RVUE 1 1 1 6 7  
w 2 ( 2 0 5 . 0 )  BAREYRE 6 a  RVUE 1 1 1 6 7  
w 4 ( B q l .  I DAVIES 6 8  RVUE P-S ANAL SOL A 8 1 6 9  
w 5 (224.)  DAVIES 6 8  RVUE P-S ANAL SOL B 8/69 
W 3 ( 2 i I . O I  OONNACHI  6B RVUE 6 / 6 8  
w 3 ( 2 1 1 . )  OONNACH2 6 8  RVUE PHAS. SHIFT-CERN1 1 0 1 6 9  
w 3 (210.)  KIRSOPP 68 RVUE PHASE SHIFT ANAL 10/69 

SEE THE NOTES ACCOMPANYING THE MASSES OUOTED.  

. . . . . . . . . . . . . . . . .  61  N* I I2 (1470 I  PARTIAL DECAY MODES . . . . . . . . . . . . .  

DECAY MASSES 
P I  N * 1 / 2 [ 1 4 7 D )  I N T D  P I N  1 3 9 +  93B 
P2 N ' 1 / 2 1 1 4 7 0 )  I N T O  N SIGMA (SIGMA MESON) 9 3 8 +  410 
P3 N * 1 / 2 [ 1 4 7 0 ]  I N T O  N ' 3 1 2 [ 1 2 ~ 6 )  P l  1 2 3 6 +  1 3 9  
P4 N * 1 / 2 ( 1 4 7 0 )  INTO N PI P) 9 3 8 ÷  I B P +  1 3 9  
P5 N ' 1 / 2 I I 4 7 0 )  I N T O  GAH~A N o+  9 ~ 8  

. . . . . . . . . . . . . . . . .  61 N*I /2 ( I#TOI  BRANCHING RATIOS . . . . . . . . . . . . . . . .  

RI N*I/2(14TO) INTO (Pl N)ITOTAL [ P I I / T D T A L  
RI 1 1 0 . 6 8 )  BAREYRE 68 RVUE 1 1 1 6 7  
R I  4 I 0 . 4 9 1  OAVIES  6 8  RVUE P - S  ANAL SOL A 8 4 6 9  
R I  S ( 0 . ~ 6 )  DAVIES 6B RVUE P-S  ANAL SOL B B 4 6 9  
R1 3 t O . E B B )  DONNACH1 6 8  RVUE 6 / 6 8  
R I  3 1 . 6 6 )  DDNNACH2 6 8  RVUE PHAS.SHIFT-CERN1 1 0 / 6 9  
R1 3 [ . 6 6 }  KIRSOPP 6 8  RVUE PHASE SHIFT ANAL I 0 t 6 9  

SEE THE NOTES ACCOMPANYING THE MASSES QUOTED. 
RL A I0.671 (O. IB l  SAXON 70 HBC AT 1600 MEV 6170" 
RI B I0 .58 )  (0.091 SAXON 70 HDC 6470,1  

A ~NO D EORRESPONO TO THE 2 BEST SOLUTIONS. ANALYSIS IS DONE ON THREE 
~ODY DECAYS, ASSUMING ONLY Pl, P2 AND P3 DECAYS PRESENT. 

RZ N*I /Z( I~7O) INTO IN  SIGMA)/TOTAL ( P E I / T O T A L  
RZ DOMINANT INELASTIC DECAY THURNAUER 65 RVUE - I 1 /67  
R2 DOMINANT I N E L A S T I C  DECAY NAMYSLOWS 66  RVUE - II/67 
R2 D~MINANT INELASTIC DECAY ROSENFELO 6 7  RVUE - 11/67 
R2 DOMINANT INELASTIC DECAY MORGAN 6B RVUE ISOBAR HODEL 6 4 6 8  
RZ A ( 0 . 5 0 1  ( 0 o 2 0 )  SAXON 70  HBC 6 / 7 0 *  
R2 B ( 0 o 2 0 )  (0.121 SAXON 70 HBC 6 / 7 0 *  

A ~ND B CORRESPOND TO THE 2 BEST SOLUTIONS, SEE NOTE IH RI .  

R3 N ' 1 / 2 ( 1 4 7 0 1  I N T O  [ N ' 3 / 2 1 1 2 3 6 )  O I ) / T D T A L  ( P 3 ) / T O T A L  
RS B (0.12}  ( 0 . i 2 }  SAXON ?0 HBC 6 / 7 0 "  
R3 A (0 .03)  I0 .20 )  SAXON TO HBC 6 E70'~ 

A ~ND B CORRESPOND TO THE 2 BEST SOLUTIONS, SEE NOTE IN R1. 
R4 N '1 /2 ( I~70)  INTO [GAMMA N} / IP I  N) ( P 5 ) / ( P l )  
R4 SOME INOICATION LO0[-RIZZ 70 OBC GAM-N TO PI-P 7/70* 

REFERENCES - -  H~1/2(1~70) 

ROPER 65 PR 13B B19D 
B~ANOSEN 6S PR 1 3 9  B1566 
THURNAUE 6S PRL 14 9BE 
NAMYSLON 65  PR l E T  1 3 2 8  
RDSENFl iL  6 7  IRVINE CONF 

BAREYRI~ 68 PR 161 1731 
DAVIES B8 VIENNA CONE.  
DONNACIA] 6B PL 26B 161  
OONNACHZ 6S VIENNA i S g  
KIRSOPP 6B THESIS 
MORGAN 68  PR 166 1731 
LODI-R[Z ?O LNC 3 697 
SAXON 7 0  PREPRINT 

LO ROPERtRM WRIGHT,BT FELD (LRL-LVMR,MITIIJP 
+ODONNELL, MOORHOUSE (OURHAM~RTHFDIIJP 
P G THURNAUER IROCH) 
NAMYSLOWSRI,RAZMI,ROBERTS (STAN,EDINB, ICI  
A H ROSENFELD, P BODING (LRLI 

P BAREYRE~ C BRICMAN, G VILLET [SACLAYIIJP 
A DAVIES,R MOORHOUSE IGLASI 
A DONNACHIEt R G KIRSOPP~ C LOVELACE [ C E R N ) I J P  
OONNACHIE RAPPORTEUR.S  TALK { G L A S l  
R G K I R S O P P  [EDIN) 
D ~ORGAN ( R T H F D )  
+FIORE,PIAZZA÷... (PAVIA*ROMAtCNEN÷NAPOLI) 
SAXON, MULVEY, CHINDWSKY (OXF,LRL) 

PAPERS NOT REFERRED TO IN DATA CARDS. 

6@ PL B 137 +BRICMAN,VALLADAS~VILLETt + (SACLAY, CAEN) IJ  
65 PL 18 342 *BRICMAN, STIRLING~ V I L L E T  (SACLAYIIJP 
65 PL 14  159 R H DALITZ, R G MOORHOUSE (OXFeRTHFO) 
6 7  U C R L - 1 7 6 8 3  T H E S I S  C H JOHNSON ( L R L )  

BAREYRI! 
BAREYRE 
OALITZ 
JOHNSOII 

89 

DONNACHI 6 9  NP lOB ~ 3 3  A DO~ACHIE~ R KIRSOPP IGLAS*EOIN) 
AYEO 70 PL 31B B98 *BAREYREtVILLET (SAGLAY) 

NEW ANALYSIS--RESONANCE PARAMETERS NOT YET AVAILABLE. SEE FIG 3 + TABLE 1 
BERARDO TO PRL 2 4  ~ l g  + H A O D O C K , N E F K E N S ~ . . , P A R S O N S e . .  ( U C L A ~ L P L )  

THE FOLLOWING ARE T H E O R E T I C A L  PAPERS CONCERNING THE N = l / 2 1 1 4 7 0 1  - -  
R E S N I C K  66  PR 1 5 0  1 2 9 2  L RESNICR ( N I E L S  BOHRI  
SCHNARZ 66 PR 1 5 2  I S 2 5  J H SCHWARZ (LRLI 
BALL  6 7  PR 1S5 1 7 2 5  JS B A L L t  GL SHAW~ OY WONG ( U C L A , U C I ~ U C S D )  
GOLOBERG 6 7  PR 15A  l E O 8  H GOLDDERG ( C O R N E L L I  

1 & 7 0  u ' E V  R E G I O N  --  P R O D U C T I O N  E X P E R I M E N T S  

6 1 N * ( 1 4 7 0 1  PRO0.  E X P .  

I T  IS  NOT CLEAR THAT THE BUMP SEEN I N  PRODUCTION EXPE-  
R I M E N T S  AT LOW INVARIANT MASS CORRESPONDS TO THE P l l  
RESONANT S T A T E .  D I F F R A C T I O N  S C A T T E R I N G  SEE~S TO BE THE 
DOMINANT FEATURE I N  T H I S  MASS R E G I O N -  SEE G E L L E R T  66~  
WALKER 6B  AND CLEGG 6B FOR DISCUSSION OF T H I S  P O I N T .  

WE LIST VALUES OF MASSES AND WIDTHS FROM THESE EXPERIMENTS FOR 
THE REAOERoS C O N V E N I E N C E -  THE L I S T  MAY NOT BE C O M P L E T E .  
THE CNTR AND SPRK EXPERIMENTS SEE A BUMP IN THE MISSING MASS 
P L O T .  THE HBC EXPERIMENTS SEE A BUMP I N  THE P P P I  MASS P L O T .  TAN 
68~ S H A P I R A  6 8  SEE A BUMP IN  P [ P  - P R O D L ~ T I O N  OF T H I S  STATE 
IN GAMMA-P OR GANMA-O IS VERY S M A L L ,  SEE A L G E R I  6 B .  

. . . . . . . . . . . . . . .  N * l / 2 ( 1 6 7 0 )  MASS (MEV)  PROD. EXPE,  - . . . . . . . . . . . . . . .  

M (1625.) APPROX 
M (1400. ]  APPROX 
M (I~BO.(  APPROX 

{ 1 A 0 0 . 1  APPROX 
I I A O E . I  ( L E . )  
( Z A L O . )  ( 1 5 . ]  

M ( 1 4 o o .  I (BO.I 

M ( 1 4 5 0 . )  I 1 7 . I  
M ( 1 4 2 0 . (  APPROX 
M 1 1 4 0 0 . )  APPROX 
M S 1 7 5 ( 1 ~ 6 6 . )  ( 1 | . )  
M S TAN 6 B ,  S H A P I R A  6B  ARE ONLY 
M S ( 1 3 9 0 . )  1 2 0 . )  
M 1 2 0 ( 1 4 4 3 . )  ( 1 5 . )  

AOELMAN 65  HOD • K - P  I . A E  GEV/C  7 / 6 6  
COCCONI  6 6  CNTR • PP 3 . 6 - 1 2  GEV/C  
ANKENBRAN 65  CNTB + PP 7 . 1  GEVIC  7 4 6 6  
B E L L E T T I N  65  SPRK PPeO 1 0 - 2 6  GEV/C 7 / 6 6  
ANDERSON 6 6  SPRK + PP~ 6 - 3 0  GEVIC  7 4 6 6  
B L A I R  6 6  CNTR PP 2 . 8 - 7 o 9  GEVIC  7 / 6 6  
FOLEY 6 7  CNTR P I ~ -  P AND PP E l / 6 7  

A L M E [ O A  6B HBC + P P - P B P l  , 1 0 G E V / C  1 0 / 6 9  
B E L L  6 8  HBC P I + -  P,  6 GEV/C  6 1 6 8  
LAMSA 6 8  HB£ P I - P  , B GEVIC  6 1 6 8  
S H A P I R A  68  DEC I N T O  P P I ~ P N  7 . 0  1 0 / 6 9  

PROOUCTION EXPERIMENT TO SEE PPI  DECAY 
TAN 6 8  HBC PP TO P I P ,  6 . 1  1 0 t 6 R  
RHODE 6 9  HBE PP 2E G E V / C  I 0 / 6 9  

. . . . . . . . . . . . . . . .  N*IIEILATOl WIDTH (MEVI PROD. EXPE. - . . . . . . . . . . . . . . .  

W ( I 0 0 . 1  BELL 6B HBC PI+- P AND PP 6 / 6 8  
w S 1 7 5  ( 1 9 B . )  1 6 o . )  S H A P I R A  6B OBC 1 0 1 6 9  
W S ( I S O .  I ( 6 0 . 1  TAN 6B HBD + 1 0 1 6 9  
M I 2 0  ( 1 0 0 . )  ( l B . }  RHODE 6 9  HBC PP 22  GEVIC I 0 / 6 9  

. . . . . . . . . . . . .  N ~ I / 2 ( E A T O )  BRANCHING R A T I O S  PROD. EXP* - . . . . . . . . . .  

R1 N * I / 2 ( I ~ 7 D )  I N T O  ( P I  P ) / T Q T A L  PROOUC. EXPER.  
R1 ( . 6 6 I  TAN 6 8  HBC PP TO P I P ,  6 . 1  1 0 1 6 9  

RE N*I I2 I IGTOI  INTO 1N~312[12S6) PII/TOTAL PRO0. EXP* 
R2 PROBABLY SEEN LANSA 6 8  HDC PI-P 8 BEVIC l l / 6 B  
RE PROBABLY SEER JESPERSEN 6 8  HBC PP ZE BEVIC  1 1 / 6 B  

* * * * ' 1 .  * * * * * ' 1 " 1 " 1 .  * * * * * * * * *  * * ' 1 . * * = * *  * * * * * * * * *  " 1 . * * * * * * *  * * * * * * * * *  * ' 1 . * * * * *  

COCCONI 64  PL B 1 3 4  
ADELMAN 65  PRL 1 4  1 0 6 3  
ANKENBRA 65  NC 3 5  l O S E  
8 E L L E T T I  65 PL 18  1 6 7  
ANDERSON 6B PRL 16  85E  
BLAIR 66 PRL 1 l  7 B 9  
GELLERT 66 PRL 17 BB4 

FOLEY 6 7  PRL 19  B97  
A L D E R )  6 8  PR 1 7 6  1 6 3 1  
A L M E I D A  68  PR 1 7 ~  1 6 3 8  
BELL 6 8  PRL 2 0  t 6 4  
CLEGG 6 8  P R E P R I N T  
JESPERSE 6B PRL 21  1 3 6 8  

LAMSA 6 8  PR 1 6 6  I 3 9 5  
S H A P I R A  6 8  PRL 2 I  1 8 3 5  
TAN 6B PL 2BB 1 9 5  
WALKER 6B PEL EO 1 3 3  

+LILLETHUN,SCANLON~STAHLBRANDT, ÷ (CERN} 
S L AOELMAN ICAMBRIDGEICERNI )  
ANKENBRANOT~CLYDE,CORK,KEEFErKERTH÷ ILRLI 
BELLETTINI,COCCONI,OIODENS + (CERN) 
+BLESER,COLLINStFUJIIt÷ (BNL~CARK) 
+TAYLOR,CHAPMANt~ IHARWELL~QUEENMARYpRHEL) 
+SMITH~VOJCICKI,COLTON,SCHLEIN + (LRL,UCLAI 

+ J O N E S , L I H O E N B A U H ~ L O V E , O Z A K I +  I B N L I  
* A P P E L , B U O N I T Z t C H E N t D U N N I N G , G O I T E I N *  ( H A R V }  
*RUSHBROOKE,SCHARENGUIVEL* ( C A V E ,  DESY) 
~CRENNELL~HOUOHtKARSHON~LAI* (BNL,CCNY) 
A B CLEGG (LANC} 
JESPERSEN~KANG,KERNAN÷ (IOWA STATE) 

÷CASON,BISWAS,DERAOO,GROVES,+ (NOTRE DAME) 
+ B E N A R Y ~ E I S E N B E R G , R O N A T t Y A F F E ~  (REHO)  

TAN,PERLwMARTIN,CHINDWSKY ÷ {SLAC+LRL÷UCI} 
*THOMPSONpROBERTSONtOH,LEE,HARTUNGw* (WISCI 

RHODE 6 9  PR I B 7  [ B 4 4  RHODE,  LEACOCKt  KERNANy JESPERSENw÷ (AMES)  
* * * * * *  * * * ' 1 . * * * *  " 1 " 1 . * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * ' 1  * * * * * * * * *  * * * * ' 1 . * *  

ENO PRODUCTION EXPERIMENTS 

N;1 
FOR DISCUSSION CONCERNING RESO A N NT PARAMETERS,SEE NOTE 
PRECEDING N* I fB I14701.  

. . . . . . . . . . . . . . . .  62 N~142(1520) MASS (MEV!  . . . . . . . . . . . . . . . . . . . . . . . .  

( 1 5 3 6 . 0 )  ROPER 65  RVUE P H A S E - S H I F T  ANAL 9 / 6 6  
( 1 5 3 0 . 0 )  BRANDSEN 6 5  RVUE P H A S E - S H I F T  ANAL 9 1 6 6  

1 (15L0.0) BAREYRE 68 RVUE PHASE-SHIFT ANAL 11/67 
I WHERE CROSS SECTION IS GREATEST - EYEBALL FIT 
2 (1515.01 8AREYRE 6 8  RVUE PHASE=SHIFT ANAL 1 1 / 6 7  

WHERE SPEED IS GREATEST - EYEBALL FIT 
I 1 5 6 1 . 0 )  DONNAEHI 6B RVUE PHASE-SHIFT ANAL 6/68 
(1520.1 DONNACH2 68 RVUE PHAS.SHIFT-CERNI 10169 
( I S B A .  I MIRSOPP 6B RVUE PHASE SHIFT ANAL 10169 

S WHERE MAX. ABSORPTION IS -DONNACHI~ Z ~KIRSOPP EYEBALL FIT CERN 1 10169 
4 ( 1 B 1 2 . 0 1  DAVIES  68  RVUE P-S  ANAL SOL A B 1 6 9  
5 ( 1 B 1 2 . 0 1  DAVIES  6 8  RVUE P - S  ANAL SOL B B / 6 9  
s sot B IS E.D FIT TO SAME DATA START FROM GERM I EXPER. (DONNACHI 68) 

. . . . . . . . . . . . . .  62  N~I/2(1520) WIDTH (MEV)  . . . . . . . . . . . . . . . . . . . . .  

W 1 (125.01 BAREYRE 68 RVUE 11167 
W 2 {11o.0) BAREYRE 6B RVUE 11/67 
W 3 ( 1 4 9 . 0 }  OONNACH1 6B RVUE 6168  
w B lLLA. I OONNACH2 68  RVUE PHAS.SHIFT-CERNI 10169 
W 3 (115.)  KIRSOPP 6 8  RVUE PHASE SHIFT ANAL 10/69 
W 4 (L06.0)  DAVIES 6B PVUE P-S ANAL SOL A 
w 5 ( 1 2 5 . 0 )  DAVIES  6 8  RVUE P - S  ANAL SDL B 8 1 6 9  

SEE THE NOTES ACCOMPANYING THE MASSES QUOTED.  
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. . . . . . . . . . . . . . . . .  62 N'112(1520) PARTIAL DECAY MODES . . . . . . . . . . . .  

DECAY MASSES 
P1 N* t / 2 (152D)  INTO PIN 139+ 938 
P2 N* l / 2 (152D)  INTO N~3 /2 (1236 )  P l  1236+ 159 
P3 N*LI2(15BD) INTO N P I  P I  938+ 139÷ 1S9 
P4 N*11211525 )+  INTO NEUTRON P I+  939+ I 39  
P5 N*II2(ISEO)+ INTO PROTON P I+  PI-  958+ 139+ 139 
P6 N* I / 2115BD)  INTO N ETA 939+ E48 
P7 N*II2(I5BDI INTO N SIGMA )SIGMA NESONI 939+ 410  

. . . . . . . . . . . . . . . .  62 N~1 /2 (1520 )  BRANCHING RATIOS 

R) N* I / 2 (15BO)  INTO (P I  N I /TOTAL (P I I / TOTAL  
R1 1 10 .54 )  BAREYRE 68 RVUE 1L /AT  
R1 B (0,509) DONNACH1 68 RVUE E/68 
RI  3 ( . 57 )  DONNACH2 68 RVUE PHAS. SH[FT-CERN1 10 /69  
R1 3 [ .ST )  KIRSOPP 68 RVUE PHASE SHIFT ANAL 10 /69  
RE 4 (0 ,~5 )  DAVIES 68 RVUE P-S ANAL SOL A 8/69 
R I  5 ( 0 . 49 )  DAVIES 68 RVUE P-S ANAL SOL B 8 /69  

SEE THE NOTES ACCOMPANYING THE MASSES QUOTED. 

ALMOST THE ENTIRE INELAST IC ITY  IS  IN  N PI  P I  (ONLY N ETA COULD COMPETE~ 
AND IT  DOESNT). THE N P I  PI  SEEMS TO 8E MAINLY N*3 /E (L2361P I~ ' IN  BOTH 
S AND O WAVES* '  

R2 N*112 (1520 )  INTO (N~B /2 (12B6 )  P I ) /TOTAL  (P4 I /TOTAL '  _ 
R2 DOMINANT INEL DECAY OLSSON 66 RVUE P IP  TO PI P IN  9166 
R2 0 .20  0 .05  K IRZ 66 HBC 0 ASSUMING Rl=OeT2 9266  

R3 N*1 /211520 )  INTO (N .312 {1236 )  P I ) / IN  Pl  P I )  (P i l l (P3 )  
R3 LARGE THURNAUER 65 RVUE - 11 /6T  
R3 LARGE NAMYSLOWS 66 RVUE - " 11 /67  
R3 LARGE ROBERTS 67 RVUE - ~116T 
R3 LARGE ROSENFELD 67 RVUE - 11 /67  
R3 LARGE MORGAN 68 RVUE ISOBAR MODEL 6 /68  

R4 N=1 /2 (1550 )  INTO IN  SIGMA) / TOTAL (PT I /TOTAL  
R4 PROBABLY PRESENT MORGAN 68 RVUE ISOBAR MODEL 6 /6B  

R5 N* I lB [ ISZOI  INTO IN  ETA) /TOTAL (P6 I /TOTAL  
RE O (0.0061 APPROX CAVIES 6T RVUE l l /AT  

DAVIES 67 GIVES SEVERAL VALUES DEPENDING ON INPUT DATA. ALL ARE SMALL 
R5 B (0.0141 BOTKE 69  HPWA T POLE+ RESON. 10 /69  
R5 B (O,OO3)  (O ,OO l )  DEANS 69 MPWA T POLE+ RESON. 5/70* 
R5 B (O.DO2)OR 0 ,004  CARRERAS 70 MPWA T POLE+ RESON. 5/TO~ 
RS B PARAMETRIZATION USED COULD BE IN  DANGER OF DOUBLE COUNTING 

* * * * * ,  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

REFERENCES - -  N ' 1 / 2 (1520 }  

SEE A PREVIOUS EDIT ION {RMP 3T~ 6351 E965 I  FOR EARLIER REFERENCES= 

BRANDSEN 65 PR 139 81566 +ODONNELL, MOORHOUSE (DURHAN~RTHFO) I J~  
ROPER 65 PR 138 5190 LD ROPER RM WRIGHT~BT FELO (LRL -LVMRtMIT ) I JP  
THURNAUE 65 PRL 14 9BE P G THURNAUER (ROCH) 
RIPE 6B PRIVATE COMN J KIRZ (LRL): 

- -  NUMBER EXTRACTED FROM DATA DISCUSSED IN  KIRZ 63 .  
NAMYSLOW 66 PR lET 1328 NAMYSLOWSKIsRAZMI~ROBERTS (STAN~EDINB~ZOI 
OLSSON 66 PR 165 1309 M G DLSSON~ G B YOOH (WISC~MD) 
DAVIES 67 NC 52A 1112 A T OAVIESt  R G MOORHOUSE IGLASGDWtRTHFOI 
ROBERTS 67 PREPRINT R G ROBERTS (DURHAM) 
RGSENFEL 67 IRV INE  CGNF A H ROSENFELDt P SODING (LRL )  

BAREYRE 68 PR 165 1731 P BAREYRE~ C BRICMANI G VILLET (SACLAY)IJP 
DAVIES 68 VIENNA CONF. A DAVIES,R MOORHOUSE (GLAS.) 
DONNAEHI 68 PL 268 161 A DONNACHIE, R G KIRSOPP~ C LOVELACE (CERNI I JP  
DONNACH2 65 VIENNA E39 OONNACHIE RAPPORTEUR.S TAL~ (GLAS) 
KIRSOPP 68 THESIS R G KIRSOPP IEOIN) 
MORGAN 68 PR 166 1731 O MORGAN IRTHFO) 
BOTKE 69  PR 180 I 4 1 7  J C BOTKE lOOSE) 
DEANS 69 PR 185 1797 S DEANS~ J WOOTEN IUN IV  S FLORIDA)  
CARRERAS 70 NP 16B 35 B CARRERAS~ A OONNACHIE (DARE*MCHS) 

PAPERS NOT REFERRED TO IN  DATA CARDS* 

K'IRZ 63 PR lEO 2B81 J K IRZ ,  J SCHWARTZ, R 0 TRIPP )CRL) 
8AREYRE 65 PL 18 342 ÷ 8RICMAN~ STIRLING~ V ILLET  ISACLAY)IJP 
CROUCH 65 DESY CONF I )  21 (BROWN,CEA,HARVARO,BIT,PADOVA,WEIEMANN) 
DERA00 65 ATHENS CONF 244 +KENNEY~LAMSA, + (NOTRE DAMEmKENTUCKY) 
~ERLO 66 P ROY SOC 259 489 J P MERLO~ G-VALLADAS (SACLAY) 

- -  THE ABOVE PAPERS DISCUSS INELASTIC CHANNELS NEAR THE RESONANCE. 
JOHNSON 67 UCRL-17685 THESIS C H JOHNSON (LRL )  
DEANS 69 PRL 177 2623 S R OEANS (FLORIDA)  

[GLAS+EDIN)  DONNACHI 69 NP lOB 433 A DONNACHIE~ R KIRSOPP 
AYED 70 PL 31B 598 +BAREYRE+VILLET (SACLAY)  

NEW ANALYSIS--RESONANCE PARAMETERS NOT YET AVAILABLE. SEE FIG 3"+ TABLE L 

* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

FOR OISCUSS1DN CONCERNING RESDN ETERS~EE NOTE 
PRECEDING N*1 /2 (1470 ) .  

. . . . . . . . . . . . . . . . . . . .  63 N* I / 21153B)  MASS (MEV) . . . . . . . . . . . . . . . . . . . . . . .  

[ 1519 .01  HENDRY 6S RVUE ETA N + $11 P/ N 9 /66  
M (1570 .0 (  MICHAEL 66 RVUE F ITS  BAREYRE $11 7 /66  

N [ 1557 ,0 )  OR 1565 .0  UCHIVAMA- 66 RVUE F ITS  N ETA DATA 9 /66  
M N FITTING GIVES TWO SOLUTIONS* PROBLEMS NATCHING P) P PHASE SHIFT 
M l ( 1535 .0 )  BAREYRE 68 RVUE PHASE-SHIFT ANAL 11 /8T  

1 WHERE CROSS SECTION IS GREATEST - EYEBALL FIT 
M Z (1E15 .01  BAREYRE 68 RVUE PHASE-SHIFT ANAL 1 1 / 6 T  

2 WHERE SPEED IS  GREATEST - EYEBALL F IT  
M B (159~*0) DONNACH1 BB RVUE PHASE-SHIFT ANAL B / 6 8  
M 3 (1550 .1  DONNACH2 68 RVUE PHAS.SHIFT-CERN1 S0 /69  
M 3 ( 1440 . }  KIRSOPP 68 RVUE PHASE SHIFT ANAL 10 /69  

3 WHBRE MAX. ABSORPTION IS -00NNACHI~  2 ~KIRSOPP EYEBALL F IT  CERN I L0 /69  
M ~ ( 1502 .0 )  DAVIES 68 RVUE P-S ANAL SOL A 8 /69  
M 5 {1499. B} DAVIES 68 RVUE P-S ANAL SOL B 8 /69  

5 SOL B IS  E.O F IT  TO SAME DATA START FROM CERN I EXPER. [DONNACH1 68 )  
w (1535 .o )  (EO.O)  DELCOURT 69 CNTR PHOTOPRODUCT. 8 /69  

. . . . . . . . . . . . . . . . .  63 N~ I / 2 (15~5 ]  WIDTH (MEV) . . . . . . . . . . . . . . . . . . . .  

W (130 .01  HENDRY 65 RVUE 9/66 
W [130 .0 )  H[CHAEL 66 RVUE T /66  
w N (156.0) OR I ~ .D  UCHIYAMA- 66 RVUE SEE NGTE ON MASS 9 /66  
w 1 (155 .01  BAREYRE 68 RVUE 11 /6T  
w 2 (105.0) BAREYRE 68 RVUE 11 /67  
W 3 ( 265 .0 )  APPROX OONNACH1 65 RVUE B /68  

See the illustrated key preceding the data card listings. 
Data in parentheses have not  been included in our averages. 

W 3 ( 116 . )  OONNACHE 68 RVUE 
w S (160 . }  KIMSOPP 68 RVUE 
w 4 ( 3B .O)  DAVIES 68 RVUE 
w B (SB .O)  DAVIES 68 RVUE 
W (120. 0 ) DELCOURT 69 CNTR 

5EL THE NOTES ACCOMPANYING THE MASSES QUOTED. 

. . . . . . . . . . . . . .  63 N~1 /2 ( I 5S5 )  MARTIAL DECAY NODES 

BARYONS 

PHAS.SHIFT-CERN1 1016~ 
PHASE SHIFT ANAL 10 /69  
P-S ANAL SCL A 8/69 
P-S ANAL SOL 8 8 /69  
PHOTOPRODUCT. 8/69 

DECAY MASSES 
P l  N * I / 2 I IE3E I  INTO P IN  1S9÷ 938 

P2  N~ I / 2 ( IE3E)  INTO N ETA 939+ S~8 
P3 N~112 (1555 )  INTO N PI  P l  938+ 139+ 139 

. . . . . . . . . . . . . . . . .  65 N=1 /2 (1535 )  BRANCHING RATIOS . . . . . . . . . . . . . .  

R1 N$1 /2 (1535 I  INTO (P I  N i /TOTAL {P1 ) tTOTAL  
R1 (0 .69 )  HENORY 65 RVUE 9 /66  
R1 (0 .32 )  MICHAEL 66 RVUE B I66  
RE N (O*T l )  OR 0 .28  UCHIVAMA- 66 RVUE SEE NOTE ON MASS 9 / 6 6  
R1 (0 ,31 )  OR 0 .43  DAVIES 67 RVUE P IP  TO N ETA~B~C 11 /6T  
R1 3 ( 0 . 696 )  DONNACHE 68 RVUE 6 /68  
R I  3 [ . 33 )  DONNACHB 68 RVUE PHAS.SHIFT-CERNI  10 /69  
R IB  (.3] KIRSOPP 68 RVUE PHASE SHIFT ANAL 10 /69  
Rt 4 (0.36) OAVIEE 68 RVUE P-S ANAL SOL A 8/59 
R I  5 ( 0 . 35 )  DAVIES 88 RVUE P-S ANAL SOL B 8169  
R1 ~ [ 3 °B3 )  DELCOURT 69 CNTR 8 /69  
R I  PARAMETERIZATION USED COULD BE I~  DANGER OF DOUBLE COUNTING 

RB N* l / 2 ) IE35 )  INTO (N ETA) /TOTAL (PB) /TOTAL  
R2 DOMINANT INEL DECAY HENDRY 65 RVUE 9/66 
R2 (0 .68 )  MICHAEL 66 RVUE 9 /66  
R2 ,  N ( 0 . 2 9 )  OR 0 .7 I  UCHIYAMA- 66 RVUE SEE NOTE ON MASS 9 /66  
R2 ~ ( 0 . 69 )  OR 0 .45  CAVIES 67 RVUE P IP  TO N ETA~B~C 11 /67  
R2 B (0 .661  DELCOURT 69 MPWA T POLE+ RESON. 8 /69  
R2 B (O .B )  ( 0 . 1 )  DEANS 69  MPWA T POLE÷ RESON. 5 /70 *  
R2 B IO ,6910R  0 .696  CARRERAS TO HPWA T POLE~ RESON. 5 /70=  
R2 B PARAMETRIZATION USEO COULD 8E IN DANGER OF DOUBLE COUNTING 

REFERENCES - -  N * I /E [ IE35 )  

HENORY 65 PL ]B  IT l  A H HENORY~ R G HOORHOUSE (RTHFO) 
- -  REVIEWS EARLY PHASE-SHIFT-ANALYSIS RESULTS AND P I -  P TO ETA N 

EXPERINENTS. WE TAKE NUMBERS FROM THE SOLUTION USING BRRNOSEN 65. 
MICHAEL 66 PL 2~ 93 C MICHAEL (OXF)  
UCHIYAMA 66 PR 149 1220  F UCH[YAMA-CAMPBELLt R R LOGAN (ILL)IJP 
DAv IEs  67  NC 52A 1112 A T DAVIES( R G MOORHOUSE (GLASGONtRTHFD) 

BAREYRE 68 PR 165 1731 P BAREYREt C 8RICMANF G VILLET {SACLAYIIJP 
DONNAEH1 68 PL 26B '161  A DONNACHIEj R G KIRSOPP~ C LOVELAGE (CERNI I JP  
OONNACH2 68 VIENNA 139 DGNNACHIE RAPPORTEUR.S TALK (GLASI  
DAVIES BB VIENNA CONF. A DAVIEStR  MOORHCUSE (GLASI  

K IREOPP 68 THESIS R G KIRSOPP (LO IN )  
OELCOURT 69 PL 295  7B DELCOURTtLEPRANCGIStPEREZ-Y-JORBA~+ (ORSAI  
DEANS 69  PR 185 1797 S OEANS~ J WOOTEN (UN IV  S FLORIDA)  
CARRERAS 70 NP 165 35 B CARRERAS, A OONNACHIE (DAREtMCHS( 

PAPERS NOT REFERRED TO IN DATA CARDS. 

BRANOSEN 65 PR 159 B1566 +ODDNNELLr ROORHOUSE (OURHAMpRTHEEIIJP 
BASIS  OF NUMBERS WE QUOTE FROM HENDRY 65 .  

BAREYRE 6B PL lB  342 + BRIGMANt STIRLING~ V ILLET  (SACLAYI I JP  
LOVEEACE 67  HEIDELBERG C,  79  C LOVELACE (CERN) I JP  
JOHNSON 6T UCRL-1768S THESIS C H JOHNSON (LRL )  
DQNNACHI 69 NP lOB 43S A OONNACHIEt R KIRSOPP (GLAS+EDINI 
AYED 70  PL 318 598 ÷BAREYRE+VILLET [SACLAY)  

NEW ANALYSIS--RESONANCE PARAMETERS NOT YET AVAILABLE. SEE PIG B + TABLE 1 

THERE IS  GETTING TO BE A WHOLE LITERATURE ON THE REACTIONS P I -  P TO 
ETA N AND GAMMA P TO ETA P NEAR THRESHOLD AND THEIR CONNECTION WITH 
THE BEHAVIOR OF THE S I I  AMPLITUDE AS DETERMINED IN  P IP  PHASE-SHIFT 
ANALYSIS .  THE READER IS INV ITED TO PERUSE THE FOLLOWING RATHER IN -  
DIGESTIBLE COLLECTION. FURTHER REFERENCES HAV BE FOUND IN THESE. 

MAINLY EXPERIBENTAL - -  
BULOS 65 PRL 1S B86 + (8ROWNvBRANDEIStHARVARD~MITwPADDVA) I 
RICHAROS 66 PRL 16 1221  eCHIU)EANDI,HELMHOLZ,KENNEY,• (LRLpHAWAII) I J  
JONES 66 PL 23 597 ÷BINNIEtDUANEtHORSEYtMASONr+ I IMPCOLtRTHFOI  
BACCI 66 NC 45A 983 +PENSOtSALVIN)tMENCUCCINI~÷ |ROHEtFRASCATIIIJp 
PREPOST 67  PRL 18 82 R PREPOST, O LUNDQUISTv D QUENN [STANFORD) 
BLOOM 68 PRL 21 ILOO ÷HEUSCH~ PRESCOTT~ ROCHESTER (CALTECHI 
8ULOS 69 PR 187 1827  +LANOUtBORDNERvBASTIEN + (BU+HAR+NIT+PAI 

MAINLY THEORETICAL - -  
DOBSON 66 PR 146 1022 P N DOBSON (HAWAII) 
MINAHI 68  PR 147 11E3 S MINAMI )OSAKA) 
8ALL 66 PR 14D 1191 J S BALL IUCLAI  
LOGAN 67 PR 1BB 1654 8 K LOGANw F UCHIYAMA-CAHPBELL ( I LL )  
MENCUCCl 6T NC 48A 579 C MENCUCOINIr A REALE (FRASCATI) 
O~ANS 67 PR L61 1466 S R DEANS~ W G HOLLADAY [VANOERBILT)  
MINAHI 6T PR E62 1619 S MINAMI (OSAKA) 
MOSS 6T PR 163 1785 T A MOSS (LSU)  
DEANS 68 PR 1BE 1886 S R DEANS~ H G HOLLADAY IVANDERBILT)  
PAL 68 PR 167 1350 B K PAL [NPL NEW DELHI )  
BALL 69 PR 177 2257 +GARGeSHAW (UCLA+UCI) 
LEFIEVRE EO NC 66A 349 +LERUSTE (COFI  

1 5 Z 0  MEV REGION -- PRODUCTION E ] C P E R I M E N . T S  

8 N~11520)  PRODUCTION EXPERIMENTS 

THIS INFORMATION REFERS TO EITHER THE D I3  OR THE E l i  
STATE SEEN AT THIS MASS 

RI  N* (1BZO)  INTO IN  P I ) /TOTAL  PRODUCTION EXPERIMENTS 
R1 0 .7B  O,E~ BAESOMPIE 6T HBG • KeP TO K * N~ 11 /68  

R2 N~ (1520 )  INTO (NEUTRON P I * I / ( P  PI+  PI-) 
R2 O.7T O.~B ALEXANDER 67 HBC + PP E.B  BEVIC 9 /65  

RB N*(SBBO) INTO IN  P I I I (N  P I  P I I  
RS 1,25 O.AR 0 .7 I  A-BORELLI 67 HBC O PBAR P 5.7 BEV/C 9/66 

R4 N* ( IB20 ]  INTO (N*B /2 )1256 (  P I ) / IN  PI  P I )  PROD, EXP.  
R4 0 .00  ~ 0 .09  A -BORELL I  ET HBC 9166 

RS N* [LSBOI  INTO (N ~ I  P I ) /TOTAL  
R5 (O.OB)  OR LESS"  BASSOMPIE 67 HBC • K+P TO K~ N t  11 /65  

R6 N= (1520 )  INTO (N ETA) /TOTAL PROD. ~XP 
R6 O,BE 0 ,14  BASSOMP[E 67 HBC K+P TO K~ N= 11 /68  

R7 N* [ / 2 (1SBO l  INTO {P I  N I / (P I  N~3 /2 (1256 ) )  
R7 (0 .52 )  OR LESS LEE 67 HBC P I -P  B .6  GEV/C 11 /67  



B A R Y O N S  

See the illustrated key preceding the data card listings. 
Data in parentheses have not been included in our averages. 

****** ********* ********* ********* ********* ********* ********* ******** 

REFERENCES -N * [ 1520 } -  PROD. EXP. 

A-BORELL 67 NC ~7 232 ALLES-BGRELLI~FRENCH~FRISK~MICHEJDA (CERN( 
ALEXANDE 07 PR 15~ 1284 ALEXANDER~BENARY~CZAPEK,+ (WEIZMANNICERN() 
BASSOMPI 67 PL 258 ~40 BASSOMPIERRE, + [CERN,BRUXELLES) 
LEE 67 RR 159 1158 *MOEBS,ROE,SINCLAIB,VANDER VELDE [MICH) 

END PRODUCTION EXPERIMENTS 

****** ********* ********* ********* ********* ********~ ********* ******** 
****** ********* ********* ********* ********* ********* ********* ******** 

FOR DISCUSSION CONCERNING RESONANT PARAHETERStSEE NOTE 
PRECEDING N*[/2[[4701, 

. . . . . . . . . . . . . . . . .  B~ N'1/2(1670).MASS (HEV} . . . . . . . . . . . . . . . . . . . . . . .  

M 11650 .0 ]  APPRDX BRANOSEN 65 RVUE PHASE-SHIFT ANAL T/6B 
M [ L674 .0 )  DUKE 68 CNTR P I -P  EL + POL 6/BB 
M I (1680.0) BAREYRE 68 RVUE PHASE-SHIFT ANAL 11 /67  

1 WHERE CROSS SECTION IS GREATEST- EYEBALL LIT 
M 2 (1655 .O I  BAREYRE 68 RVUE PHASE-SHIFT ANAL [ I l bT  

Z WHERE SPEED IS  GREATEST - EYEBALL F IT  
M 3 (1678.0l DONHACHI 68 RVUE PHASE-SHIFT ANAL B/68 
M 3 (16BO.~ DDHNACH2 68 RVUE PHAS.SHIFT-CERNI I 0 / 69  
B 3 ~1678.)  RIRSDPP 6B RVUE PHASE SHIFT ANAL 10/69 

3 WHERE MAX. ABSORPTION IS -DONNACHI~ 2 ,KIRSOPP EYEBALL FIT CERN [ I0/69 
M 4 (IB69.O) DAVIES BB RVUE P-S ANAL SDL A 8 /69  
M 5 (1667.0) DAVIES 68 RVUE P-S ANAL SOl B 8169 

5 SOL D IS E.D FIT TO SAME DATA START FROM CERN I EXPER. [DDNNACHI 68) 

. . . . . . . . . . . . . . . . .  BB N'I12(1670) WIDTH (MEV) . . . . . . . . . . . . . . . . . . . . .  

B I ( I 3S .O)  DAREYRE 68 RVUE 11 /67  
B 2 ( i05.05 BAREYRE 68 RVUE 
. ~ ,1730, 00 . . . . .  I BBRVUE 

l iT3. )  DONNACH2 68 RVUE 
W 3 I lTS. l  KI RSOPP 68 EVUE 
W 4 {II5.Ol DAVIES bE RVUE 

SEE THE NOTES ACCOMPANYING THE MASSES QUOTED, 

. . . . . . . . . . . . . . . . .  B4 N'1/2(I670) PARTIAL DECAY MODES 

Pl N.1/2(1670) INTO P( N 
P~ N*LIZ(1670) INTO N ETA 
P3 N*112 (1670 )  INTO LAMBDA K 
P4 N*I/2(1670) INTO N'312(1236) Pl 
P5 ~ * I12 (16701  INTO N El El 

. . . . . . . . . . . . . . . . .  6~ N~IIZ(L670} BRANCHING RATIOS . . . . . . . . . . . . . . . . .  

11/69 
6 /68  

PHAS.SHIFT-CERN1 [0169 
PHASE SHIFT ANAL 10/69 

SOL A AND B 81~9 

DECAY MASSES 
189+ 93B 
939~ 54B 

1115+ ~97 
1236+ 139 

938+ 139÷ 139 

(PIIITDTAL 
11/67 

6 /68  
PHAS.SHIFT-EERNI 10169 
PHASE SHIFT ANAL 10/69 
P-S ANAL SOL A 8 /69  
P-S ANAL SOL B 8169 

R1 N*II2(1670I INTO (PI N)ITOTAL 
R1 I (O.~[) BAREYRE 6E RVUE 
R1 3 ( 0 . 39 I )  DONNACHI 60 RVUE 
RI 3 [.391 DONNAEH2 68 RVUE 
RI 3 ( . 39 )  KIRSDRP 68 RVUE 
R1 4 (O.EOI DAVIES 68 RVUE 
RI 5 (0.43) DAVIES 68 RVUE 

SEE THE NOTES ACCOMPANYING THE MASSES QUOTED, 

RZ N* I /Z I IBTD)  INTO IN ETAI/TOTAL (P2) /TOTAL 
R2 {0 .0255  DR LESS TRIPE 67 RVUE B I67  
P2 E {0.018( DOTKE 69 MPWA T POLE + MESON. 10/69 
R2 B {0.0065 (0.004) DEANS 69 MESA T POLE + MESON. 5170= 
R2 B (O,OO650R 0.0[2 CARRERAS 70 MPWA T POLE +RESON, 5/70~ 
R2 B PARAHETRIZATIOH USED COULD BE IN DANGER DE DOUBLE COUNTING 

R3 N*[/2(1670) INTO (LAMBDA K)ITOTAL [P31/TDTAL 
R3 {O.OIB) DR LESS TRIPP 67 RVUE 8 /67  
R3 B {O.OOl) DR LESS RUSH 68 MPWA T POLE +RESDN. 8/69 
R3 B PARAMETRIZATION USED COULD BE IN DANGER OF ROUBLE COUNTING 

R4 N* l /E I I 6701  INTO (N .3 /2  P l ) /TDTAL  (P~I /TOTAL 
R~ i O.A4 O.OR BRDDY TO HBC PI-P--EPI NtPWA 5/TO • 

1 ASSUMES ELASTIC BRANCHING RATIO 0.42+-0.04 

SEE NOTE PRECEDING THE N*I/2[1688) INELASTIC DECAY MODE MEASUREMENTS. 

RE~ERENCES - -  N * I / 2 [ [ATO)  

BRANDSE~ 65 PL i9 420 +BOONNELL~ MOORHDUSE (OURHAN,RTHFD)IJP 
TRIPE 67 NP 83 10 + LEITH, + (LRL,SLACsCERN,HEIDEL,SACLAY) 
BAREYRE 68 PR 165 1731 P BAREYRE, C BRICHAN~ G VILLET (SACLAYIIJP 
DAVIES &8 VIENNA CONF. A DAVIES,R HOORHOUSE [GLASI 
DONNACHI 68 PL 268 161 A OONNACHIE~ R G KIRSOPP~ C LDVELACE (CERNIIJP 
DONNACH2 68 VIENNA i39 DONNACHIE RAPPDRTEUR,S TALK {GLAS) 
DUKE BB PR 166 14~R +JONES,KEHP~NURPHYtTHRESHERt + (BTHFDtOXFIIJP 

- -  INSIGHTFUL QUALITATIVE ARGUWENTS CONCERNING EXISTENCE AND IJP, 
KIRSDPP 68 THESIS R G RIRSOPP {COIN) 
RUSH 6D PR 173 1776 J E RUSH IUNIV ALAEAMAI 
BOTNE 89 PR 180 1417 J C BDTKE (UCSBI 
DEANS 69 PRIBS t797 S DEANS, J WOOTEN (UNIV S FLORIDA) 
CARRERAS 70 NP IBB 35 B CARRERASt A DONNACHIE [OAREtHCHS) 
BRDDY 70 KIEV CONF PAPER +CASHHORE+..+HERNDDN÷.. (SLAC+LRL) 

PAPER NOT REFERRED TO IN DATA CARDS, 

DUKE 6E PRL 15 468 +JONES,KEMP~HURPHY~PRENTICE~ + (RTHFD,OXF)IJP 
BAREYRE 65 PL 18 3~2 + BRICMAN* STIRLING~ V I L L E T  (SACLAY)IJP 
JOHNSON 87 UCRL-17683 THESIS C H JOHNSON ILRL) 
DEANS 69 RRL 177 2629 S R DEANS (FLORIDA) 
O~NACHI 69 NP 10B 453 A OONNACHIE~ R KIRSOPP [GLAS+EDIN) 
AYED ?O PL 3IS 598 +BAREYRE+VILLET (SACLAY) 

NEW ANALYSIS--RESONANCE PARAMETERS NOT YET AVAILABLE. SEE FIG 3 ÷ TABLE l 

91 

oo N*[12I 1 . . . .  JP=5/'÷) I ' I / '  r ~  

FDR DISCUSSION CDNCERNING RESONANT PARARETERS~SEE NDTE 
PRECEDING N~'I/E(IATO)= 

. . . . . . . . . . . . . . . . .  B5 N*112 ( I 6861  MASS (MEV) . . . . . . . . . . . . . . . . . . . .  

M ( (BED.O)  BRANDSEN 65 RVUE PHASE SHIFT ANAL T/66 
M (1682.0) DUKE 68 CNTR PI-P EL + POL 6/68 
M 1 (1690.05 BAREYRE 68 RVUE PHASE-SHIFT ANAL 1[/67 

Z WHERE CROSS SECTION IS GREATEST - EYEBALL FIT 
M 2 (E680 ,0 )  BAREYRE BB RVUE PHASE-SHIFT ANAL 11 /67  

E WHERE SPEED IS  GREATEST - EYEBALL L IT  
M 3 ( 168T .0 )  DONNAEHI 60 RVUE PHASE-SHIFT ANAL B /68  
H 3 ( IBDO. )  DDNNACHE 88 RVUE PHAS,SHIFT-CERN1 10169 
H 3 [169E.) KIRSQPP 68 RVUE PHASE SHIFT ANAL 10/69 

B WHERE MAX. ABSORPTION IS  -DDNNACH[t E ~KIRSOPP EYEBALL F IT  CERN [ 10 /69  
H 4 ( IB85 ,O(  DAVIES  68  RVUE P-S ANAL SOL A 8 /69  
H B (1684 .0 )  DAVIES 68 RVUE P-S ANAL SOL D 8169 

5 SOL B IS  E.D F IT  TO SAME DATA START FROM CERN I EXPER. (DONNACH[ 68)  

. . . . . . . . . . . . . .  65 N*II2[[6BB) WIDTH INEVI . . . . . . . . . . . . . . . . . . . .  

W 1 ( l iD .O (  BAREYRE 68 RVUE 11 /67  
w 2 ( [ 05 .0 )  BAREYRE 68 RVUE I I / 67  
w 3 (17T*O)  OONNACH[ B8 RVUE b/BB 
w 3 ( [32.)  DONNACH2 68 RVUE PHAS.SHIFT-CERN[ [0169 
W 3 (130.) KIRSDPP 68 EVUE PHASE SHIFT ANAL 10/69 
W 4 [LOA.O)  DAVIES bE RVUE P-S ANAL SOL A 8169 
W 5 (12S.0) DAVIES 68 BVUE P-S ANAL SOL 0 8 /69  

SEE THE NOTES ACCOMPANYING THE MASSES OUOTED. 

. . . . . . . . . . . . . . . .  65 N~I/EI1688| PARTIAL DECAY MODES . . . . . . . . . . . . . .  

DECAY MASSES 
PI  N=1 /2 ( I 688 )  INTO Pl N 139+ 938 
P2 N= l /Z ( [ 688 )  INTO N ETA 939+ 5A8 
P3 N~llZ(16885 INTO LAMBDA K I115+ 497 
P4 N~ I /E I16E8 )  INTO N*3 /Z I IE36 )  PI  1236+ 139 
P5 N=IIZII688) INTO N PI 938+ 139+ 139 
P6 N= I /B (16885+  INTO NEUTRON PI+ 939+ IB9 
P7 N=1 /2 (1688 )+  INTO PROTON PI+ PI- 938+ 139÷ 139 
PB N* l /Z I16881÷  INTO N*3/2(lZ3Bl+÷ PI -  1236+ 1S9 

. . . . . . . . . . . . . . . . .  6B N* [ / 2 ( [ 688 )  BRANCHING RATIOS . . . . . . . . . . . . . . . .  

RI N* [ / 2 (16881  INTO (P I  N)/TOTAL (P I ) /TDTAL  
R I  1 ( 0 . 64 )  BAREYRE 68 RVUE I L / 67  
R[ 3 (O .560 i  DONNACH1 68 RVUE 6 /68  
E [  3 ( . 68 )  DONNADHZ 68 RVUE PHAS.SHIFT-CERNZ lO169 
RI 3 4 .685 KIRSDPP 68 RVUE PHASE SHIFT ANAL 10 /69  
R( 4 (0 .54 )  DAVIES 68 RVUE SOL A AND B B/69  

SEE THE NOTES ACCOMPANYING THE MASSES QUOTED. 

MORE INFORMATIONS ON THE INELASTIC DECAY MODES OF THE 16go MEV 
BUMPy AS SEEN IN PRODUCTION EXPERIMENTS, MAY BE FOUND BELOW 

R2 N '112 (1688 }  INTO (N ETAI/TOTAL {P2) /TOTAL 
R2 (0 .0155  OR LESS TRIPE 67 RVUE BIB7 
R2 B (O.OOO4( BOTKE 69 MPHA T POLE + MESON. 10 /69  
R2 B (O.OOS) ( 0 , 002 )  DEANS 69 MPWA T POLE + MESON. 5 /70 *  
R2 B (D.OOOB)OR .OOI CARRERAS TO HPWA T POLE + MESON. 5/70= 
RE B PARAMETRIZATION USED COULD BE IN DANGER OF £OUBLE COUNTING 

R3 N* I / 2 { IB88 )  INTO {N ETA)I(PI N) IPE I I (P1 )  
R3 (O.OZTI OR LESS HEUSCH 66 RVUE + PIOw ETA PHOTO 9/BB 

R4 N~I IE [1688 I  INTO ILANBDA K)/TOTAL (E3)ITOTAL 
R4 IO,OO13) OR LESS TRIPE B7 RVUE 8 /67  
R4 B (O.O01) OR LESS RUSH 68 HPHA T POLE +RESON. S/TO~ 
R4 B RARRHETRIZATION USED COULD BE IN DANGER OF DOUBLE COUNTING 

RS N* l / 2 (16881  INTO (N~B/E PI)ITOTAL [P4 I /TOTAL 
R5 [ 0 .26  0 .06  BRODY TO HBC P [ -P - -ZP I  N/PWA BI7O= 

I ASSUMES ELASTIC BRANCHING RATIO O.62+-O.OB 

REFERENCES - -  N=1 /2 ( [ 688 (  

SEE A PREVIOUS EDITION (RNP 37,  63E, [ 965 )  FDR EARLIER REFERENCES. 

BRANOSEN BS PL [9 ~EO +ODONNELLt MODRHDUSE (OURHAHIRTHFD)IJP 
HEUSCH 66 PRL 1T [O I9  C A HEUSCH~ C Y PREECOTT, R F DASHEN IC IT )  
TRIPE 67 NP 83 [O 
BAREYRE 68 PR 165 [T31 
DAVIES 68 VIENNA CONF. 
DDNNACH1 68 PL 268 161 
DONNACH2 68 VIENNA I39  
DUKE 68 PR [ 68  14~8 
KIRSDPP 68 THESIS 
RUSH BB PR I 73  [ 776  

BOTKE 69 PR 180 IA17 
DEANS 89 PR IS5  1797 
BROOV TO KIEV CONF PAPER 
CARRERAS TO NP 16B 35 

+ LEITH[ + (LRL,SLACvCERNrHEIOEL,SACLAY( 
P BAREYREf C BRICMAN~ G VILLET (SACLAY)IJP 
A DAVIES,R HDORHOUSE IGLAS) 
A DONNACHIE, R B KIRSOPE, C LDVELACE ICERN)IJP 
DONNACHIE RAPPDRTEUR.S TALK (GLAS) 
+JDNES,REMP,MURPHY,THRESHER~ * (RTHFD,OXF)IJP 
R G KIRSDPP (COIN) 
J E RUSH (UNIV ALABAMA( 

C BOTKE (UCSBI 
DEANSp J WDDTEN {UNIV S FLORIDA) 

+CASHMORE÷..+HERNDDN+.. {SLAC~LRLI 
B CARRERAS, A DONNACHIE (DARE,MCHSI 

PAPERS NOT REFERRED TO IN DATA CARDS, 

DUKE bE PRL 15 ABE ÷JDNES~NEMPtNURPHYTPRENTICEt + (RTHFDIOXF)IJP 
CROUCH 65 DESY CDNF II 21 + IBROWNDCEA~HARVARD~MIT~PADDVAtWEIZNANN) 
DERADO 65 ATHENS CONF 2A4 +KENNEY,LAMSA~ + (NOTRE DAME~KENTUCKY) 
MERLO 66 P ROY SDC E89 489 J P MERLOt G VALLADAS (SACLAY) 
ROBERTS 67 PREPRINT R G ROBERTS (DURHAM) 
BANNER 68 PR I86 [347 +DETOEUFtFAYDUXtHAMELt + (SACLAY~CAEN) 

- -  THE ABOVE PAPERS DISCUSS INELASTIC CHANNELS NEAR THE BUMP. 
BAREYRE 65 PL 18 3AE + BRICMAN, STIRLING, V I L L E T  ISACLAY)IJE 
JOHNSON 67 UCRL-17683 THESIS C H JOHNSON (LRL( 
DEANS 69 PRL 177 2623 S R DEANS (FLORIDA) 
DONNACHI 69 NP LOB 483 A DONNACHIEI R KIRSOPP (GLAS+EDIN) 
AYES 70 PL 31B 598 +BAREYRE+VILLET (SACLAYI 

NEW ANALYSIS--RESONANCE PARAMETERS NOT YET AVAILABLE.  SEE FIG 3 ÷ TABLE L 
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91 
See the illustrated key 

Data in parentheses have 
I ' ' ' " I  

I <  oo)1 . . . . .  . ,1TO . . . . .  1 . . . .  IS ,l 
I I 

FOR DISDUSSION CONCERNING RESONANT PARAMETERS~SEE NOTE 
PRECEDING N*I/2{14705. 

. . . . . . . . . . . . . . . . .  88 N~I/211700) MASS iMEV) . . . . . . . . . . . . . . . . . . . . . . . .  

M (1695.05 6RANDSEN 68 RVUE PHASE-SHIFT ANAL 
(1700.05 MICHAEL 66 RVUE FITS BAREYRE Sl l  

H I {1710.0) 8AREYRE 68 RVUE PHASE-SHIFT ANAL 
I WHERE CROSS SECTION IS GREATEST - EYEBALL FIT 

M 2 (1C85.05 BAREYRE 68 RVUE PHASE--SHIFT ANAL 
2 WHERE SPEED IS GREATEST - EYEBALL FIT 

M 5 {1710.01 DONNACHI 68 RVUE PHASE-SHIFT ANAL 
M 5 ( 1710 . (  DONNACH2 68 RVUE PHAS. SHIFT-CERNL 
u 3 (1709.) KIRSOPP 6B 8rUE PHASE SHIFT ANAL 

WHERE MAX. ABSORPTION IS -DONNREN1, 2 ,KIRSOPP EYEBALL FIT tERN 1 
[I76B,O) OAVIES 68 RVUE P-S ANAL SOL A 

M 5 (16T| ,O)  DAVIES 6B RVUE P-S ANAL SOL B 
5 SOL B IS E.D FIT TO SAME OATA START FRON CERN I EXPER. (OONNACHI 68) 

M 6 (1705.0J (IO.O/ ORITO 89 RVUE K tAMBDA PS ANAL 

. . . . . . . . . . . . . . . . .  68 N'1/2(1708) WIDTH (MEV) . . . . . . . . . . . . . . . . . . . . . . .  

W (240 .0 )  MICHAEL 66 RVUE 
W 1 (260.0) BAREYRB 68 RVUE 
W 2 (1LO.O) BAREYRE 88 RVUE 
W 4 {404.0) DAVIES 68 RVUE P-S ANAL SOL A 
N 5 ( I 2 1 . 0 )  DAVIES 68 RVUE P-S ANAL SOL B 
W 3 (300,0) DONNACH1 66 RVUE 
W 3 (308,) DONNACH2 68 RVUE PHAS.SH[FT-CERNI 
W 3 (3O0,) KIRSOPP 68 RVUE PHABB SHIFT ANAL 
W 6 {104.05 [15.05 ORITO 69 RVUE 

SEE THE NDTES ACCOMPANYING THE MASSES QUOTED, 

. . . . . . . . . . . . . . . . . . .  68 N~I/2(1700) PARTIAL DECAY MODES . . . . . . . . . . . . . . . . .  

DECAY MASSES 
P1 N ' 1 / 2 ( 1 7 0 0 )  INTO P) N L39+ 938 
P2 N*1/Z[17005 INTO N ETA 939+ 548 
PS N*I/2(ITO0) INTO tAMBDA K 1115+ 497 
P4 N.1/2(17005 INTO N GAM~R 938+ 0 

. . . . . . . . . . . . . . . . .  8 6  N*I/2(1700) 8RANCHING RATIOS . . . . . . . . . . . . . . . . .  

R1 
81 
81 4 
81 5 
81 3 
81 3 
81 3 

82 
RB 

83 
RB 
83 

84 
84 
84 
84 
84 

R4 
85 
85 

(PIIITOTAL 
RVUE 
RVUE P-S ANAL SOL A 
RVUE P-8 ANAL SOL 8 
RVUE 
RVUE PHAS.SHIFT-CERN1 
RVUE PHASE SHIFT ANAL 

N,I /2( 17005 INTO (Pl NI /TOTAL 
I i .O) APPROX MICHAEL 66 
(0.565 OAVIES 6B 
(O.SL) DAVIES 68 
(D,79) DONNACH1 68 

( . 7 9 )  DONNACH2 68 
( . 7 9 )  KIRSOPP 68 

N*ilZl17DO) INTO (LAMBDA K)*(PI N) /TOTAL**2 (PB*P1)ITOTAL**2 
0,039 0.019 ORITO 69 RVUE 

N.1/2(1700) INTO (LAMBDA K]/TOTAL (PSI/TOTAL 
8 (O.ORBl APPROX. RUSH 68 MPWA T POLE + RESON, 
8 PARAHETR IZATION USED COULD BE IN DANCER OF DOUBLE COUNTING 

N * I / 2 ( 1 7 0 0 }  INTO {N ETA)/TOTAL {P2)/TOTAL 
B (0.01~) BOTKE 69 MPWA T POLE + RESON. 

DEANS 69 NPWA T POLE + RESON, B (O.O3) [ 0 . 0 2 )  
C (0.195 OR 0.27 CARRERAS 70 MPWA T POLE + RESON, 
8 PARA~ETRIZATION USED COULD BE IN DANGER OF DOUBLE COUNTING 

C CARRERAS TO USES REGGE POLES + RESONANCES. VALUES SUSPICIOUSLY LARG 
N*II2{LTOO} INTO (N GAMMA}/TOTAL (PERCENT) [P4)/TOTAL 

(O.OOBl ORIT02 69 CNTR K-LAW* PHOTOPRO. 

REPERENCES -- N*I/2(ITOD) 

BRANDSEN 65 PL 19 420 +OOONNELL~ MOORHOUSE (DURHAN,RTHFD)IJP 
MICHAEL 66 PL 21 93 C MICHAEL (OXF) 
BAREYRE 68 PR 168 1731 P 8AREYRE~ C BRICMAN~ G VILLET (SACLAY)IJP 
DAVIES 88 VIENNA CONF. A DAVIES,R MOORHOUSE (GLAS) 
OONNACH1 88 PL 268 181 R OONNACHIE~ R G KIRSOPP~ C LOVELACE {CERNIIJP 
DONNACH2 6 8  VIENNA 1 3 9  DONNACHIE RAPPORTEUR.S TALK (GLAS) 
KIRSOPP 68 THESIS R G KIRSOPP (EDIN} 
RUSH 68 PR 173 1776 J E RUSH IUNIV ALABAMA) 

7/66 
8169 
8f69 
8169 

10/69 
10/69 

preceding the data card listings. 
not been included in our averages. 

20 N*I1700)  PRODUCTION EXPERIMENTS 

PARTIAL NAVE ANALYSIS REOUIRES AT LEAST FOUR STATES IN THE 1670 TO 1780 
REGION (D15, F15,S11, P I l l .  08VIOUSLY DIFFERENT EXPERIMENTS ARE SEEING 

9/B6 DIFFERENT STATES, NO EFFORT WAS MADE TO SEPARATE THESE EXPERIMENTS 
7 1 6 6  ACCORDING TO JP~ SINCE NONE OF THEM IS FIRMLY ESTABLISHED. WE LIST ALL 

11/67 THE INFORMATIDN HEREI BUT WE HAVE NOT USED IT IN THE BARYON TABLE. 
. . . . . . . . . . . . . . . .  20 N* (17005 MASS (MEV) . . . . . . . . . . . . . . . . . . . . . . .  

11167 
M (1695.05 (9.05 A-BORELLI 67 HBC ÷ PBAR P B.7 BEV/C 8167 

8168 M (1734.0) (21.05 ALNEIDA 68 HBC PP 10 BEVIC 9/69 
10/69 M (1730,0) {18.0) GALLOWAY 68 HBC PI-P 6 GEVIC 8/69 
10/69 M B 190(1698. )  ( l S . )  RHODE 69 HBC PP 22 GEV/C LO/B9 
10/69 M 1 (1712.0 (  ( 6 . 0 )  BARNES 69 HBC K--P TO K-P 2PI 7 /70"  

8 /69 1 IJP CONSISTENT WITH SIL(ITOOI OR PlL(17805 IN FORMATION 
8169 M A i 1667 .0 )  (5o0) BENVENUTI 68 DBC 0 PI-D E*B6 GEV 5170" 

M A (1719*0) (6.05 MILLMANN 70 HBC + PI+P I~,  GEV 8/70~ 
8/69 A J CONSISTENT WITH 5/2 OR 712 

N B JP IS PROBABLY 5/2+ 

. . . . . . . . . . . . . . . .  20 N* [17005 WIDTH (NEV} . . . . . . . . . . . . . . . . . . . . .  
7/66 II 

11/67 i w (78.0( (20.05 A-BORELLI 67 HBC 9/69 
LI /A7  w (14O.O) [87.0) ALMEIDA 68 HBC + 9/69 

8/69 :w (BE.O) [15*0 )  GALLOWAY 68 HBC 8/69 
8/69 w 8 190 (285 . )  (BO, l  RHODE 69 HBC PP 2~ GEV/C 10/69 
8/68 W 1 (70.05 (IS.O) BARNES 69 HBC oK-P TO K--P 2PI 71TO* 

10/69 W A 105.0 16.0 8ENVENUTI 69 OBC B/ lO*  
10/69 i w , (63.0( (IZ.O) WILLMRNN 70 HBC + 5170" 

8/69 1 SEE THE NOTES ACCOMPANYING THE MASSES QUOTED 

) . . . . . . . . . . . . . . . .  BO N*(17001 BRANCHING RATIOS . . . . . . . . . . . .  

R1 N* {17005 INTO (Pl N)IIPI N*B/2(12381) PROD. EXP. 
l R1 (O.7T) OR LESS LEE 67 HBC PI-P 3.6 GEV/C 11187 
i R1 A ( 9 . 0 )  OR MORE BENVENUTI 69 DBC 0 S/7G* 

R2 N* 41700) INTO (N E T ~ ) / i N  Pl * N PI P l )  PROD. EXP* 
RE (0 .025 )  OR L E S S  KRAEMER 66 DBC + PI÷D 1.23 BEV/C 9/66 
R2 (O.042)OR LESS (95PC CL) A-BORELLI 67 HDC ÷ PBAR P 5,7 BEV/C 9 /69 

RB N* (ITO0) INTO [LAMBDA K ) / ( P  Pl+ P I - )  PROD. EXP. 
R3 (O.O3~l OR L E S S  ALEXANDER 87 HBC ÷ PP 5.S BEV/C II/BT 

84 N~ (1700) INTO (LAMBDA K)/(N P) + N Pl Pl) PROD. EXP. 
R4 (0,013]08 LESS (UBPC CL} A-BGRELLI 67 HBC + 8167 
R4 SEEN CHINOWSKY 88 HBC PP TO K+ Y N 6/68 
R4 L LIMITS 0°025 TO 0.11 BARNES 69 HBC K-P TO K-P 2Pl 7/70# 
R4 A LESS THAN 0,025 WILLMANN 70 HBC PI+P TO BPl P 6/70* 

85 N* (17005 INTO IN P I I / ( N  Pl Pl) +PROD. EXP* 
KS (I.261OR LESS (95PC CL.] A-BORELLI 67 HBC 8/67 

B/69 
R6 N* [1TOOl INTO (NCB/2{IZ36) P I ) / ( N  PI PI)  +PROD. EXP. 
R6 NO EVIDENCE A-BORELLI 67 HBC 8/67 

8 /69 SEE MERLO 86 FOR A REVIEW* 

R7 N* (1700) INTO (NEUTRON PI+)/(P PI+ PI-I PROD, EXP. 
R7 0 .67 0.40 ALEXANDER 67 HBC + PP 5.5 8EV/C 11/67 

10/69 R7 0.47 0 ,25 A-BORELLI HBC PBAR P 5.5 GEV/C T/TO~ 
8/69 R7 
5/70* R7 AVG 0.53 0.21 AVERAGE (ERROR INCLUDES SCALE FACTOR OF I,O) 

88 N* (17005 INTO {N* [1236)++ PI- I I IP PI+ P I - I  PROD. EXP. 
RB 0.74 0.14 ALEXANDER 6T HBC ~ PR S.5 BEV/C 11/67 
R8 (1 .O l  0 .3  ALMEIDA 68 HBC + PP 10 BEV/C 9 /66 

5/70* 88 (0.83) KAYRS 68 HBC PP 8.I  8EV/C 11168 
R8 I LESS THAN 0.18 BARNES 69 HBC K-P TO K-P 2PI 7/70~ 
R8 A ( 2 . 3 )  ( 1 . 6 )  WILLMANN 70 HBC PI+P TO 3PI P 6 / 7 0 *  

SEE THE NOTES ACCOMPANYING THE MASSES QUOTED 

• ***** ********* ********* ********* ****~**** ********* ****~**** ******** 

REFERENCES - -  N* IN PRODUCT EXPERIMENTS 

KRAEMER 64 PR 136 8 4 9 6  ~MADANSKY~+ (J HOPKINS,NWESTEPN~WOODSTDCK) I 
ALEXANDE 67 PR 154 1 2 8 4  ALEXANOER,BENARY~CZAPEK~÷ {WEIZMANN(CERN)) 
A-BORELL 67 NC 47 232 ALLES-BORELLI~FRENCH,FRISR~MICHEJDA (CERN) 
LEE 67 PR 1B9 1186 +MOEBSIROE~SINCLAIR~VANDER VELDE (MICH} 

ALMEIDA $8 PR L74 1638 +RUSHBROOKE, + (CAVNDSH,DESY(CERNI) 
CHINOWSK 68 PR 165 L466 CHINOWSKY,KINSEY,KLEIN, + (LRLISLACI 
RAYAS 68 NP 85 169 +GUYADER~SENE,YIDUcALITTI~÷ (ORSAY~SACLAYI 
GALLOWAY 68 PL 278 250 GALLOWAY,ALYEA,CRITTENDEN,PRICKETT~+ (IND) 
BARNES 69 PRL 23 1516 +BASSANO+CHUNG+EISNER*FLAMINTO+KINSON (BNL)IJ 
RHODE 69 PR 187 1844 RHODE~ LEACOCK, KERNANI JESPERSEN,÷ (AMES) 
8ENVENUT 69 PR 187 1 8 5 2  BENVENUTI, MAEQUIT~ OPPENHEIMER (NINN~COLO) 
WILLMANN TO PRL 24 1260 +LAMSA~GAIDOS~EZELL [PURDIIJ 

~APERS NOT REFERRED TO IN DATA CARDS 

MEREO 66 P ROY SOD 28D 489 J P MERLO~ G VALLADAS (SACLAY) 

• **~** ********* ********* ********* ********* ********* ********* ******** 

END PRODUCTION EXPERIMENTS 

• ***** ********* ********* ********* ********* ********~ ********* *******~ 
• ***** ********* ********* ********* *******~* ********~ ********* ******** 

FOR DISCUSSION CONCERNING RESONANT PARAMETERS~SEE NOTE 
PRECEDING N * 1 / 2 ( 1 4 7 D ) .  

. . . . . . . . . . . . . . . .  14 N*L/21178G) HASS (MEV) . . . . . . . . . . . . . . . . . . . . . .  

I ) III~ ~) . . . . . .  NI . . . . . . . . . .  E-SHI . . . . . . .  /69 
DONNACH2 68 RVUE PHAS.SHIFT-OERNL 10169 

M ) 11860,)  KIRSOPP 68 RVUE PHASE SHIFT ANAL 10/69 
3 WHERE NAX. ABSORPTION IS -OONNACHI~ 2 ~KIRSOPP EYEBALL FIT CERN 1 10169 

OAVIES 68 RVUE P-S ANAL SOL A B169 M 4 (1770.0 }  
! M E (1867.05 DAVIES 68 RVUE P-S ANAL SOL B 8/69 

8 SOL G IS E.O FIT TO SAME DATA START PROM CERN I EXPER. (DGNNACH1 68) 
M 6 (1640 ,0 ]  [70*0 )  ORITO 69 RVUE K LAMBDA PS ANAL 8169 

BOTKE 69 PR IBO 1417 J C 80TKE (UCSB) 
DEANS 69 PR 185 1797 S DEANS, J WOOTEN (UNIV S FLORIDA) 
DRITD 69 LNC 1 936 S ORITO~S SASAKI (TOKYO-OSAKA) 
ORITOZ 69 THESIS +DARBSBURY S ORITO (TOKYO) 
CARRERAS 70 NP 16B 35 B CARRERASv A DONNACHIB (DARE*MDHS) 

PAPERS NOT REFERRED TO IN DATA CARDS. 

BAREYRE 65 PL 18 542 + BRDOMAN, STIRLINO, V I L L E T  ISACLAY)IJP 
JOHNSON 67 UCRL-IT683 THESIS C H JOHNSON (LRL) 
DEANS sg PRL 177 262B S R DEANS (FLORIDA) 
DONNACHI 59 hiP lOB 433 A DONNACHIEt R KIRSDPP (GLAS+EDIN) 
AYED 70 PL 31B 598 +BAREYRE+VILLET (SACLAY) 

NEW ANALYSIS--BESQNANCE PARAMETERS NOT YET AVAILABLE. SEE FIG B + TABLE L 

FUR DISCUSSION CDNCERNING RESONANT PARAMBTERSeSEE NOTB 
PRECEDING N~112(14705. 

. . . . . . . . . . . . . . . .  18 N'1/2(1700l MASS (MEV) . . . . . . . . . . . . . . . . . . . . . .  

3 (I680.) KIRSOPP 68 BVUE PHASE SHIFT ANAL 10169 
M 3 (1730,) DONNACHZ 68 RVUE PHAS,SHIFT-CERN1 L0/69 

3 WHERE MAX. ABSORPTION IS -DONNACHI~ 2 ,KIRSOPP EYEBALL FIT CBRN 1 10/89 

. . . . . . . . . . . . . . . . .  18 N~I12(17005 WIDTH (MEV) . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . .  18 N*I/RIIIDO) PARTIAL DECAY MODES . . . . . . . . . . . . . . . .  

DECAY MASSES 
Pl N*II2(1700) IN70 Pl N 139+ 938 

REFERENCES - -  N*118(17005 

DONNACH2 68 VIENNA 139 OONNACHIE RAPPORTEUR.8 TALK {GLAE) 
KIRSOPP 68 THESIS R G KIRSOPP (EDIN) 



BARYONS 

See the illustrated key preceding the data card listings. 

Data in parentheses have not  been included in our averages. 

. . . . . . . . . . . . . . . . . .  14 N*112(1780) WIDTH IMEV)  . . . . . . . . . . . . . . . . . . . . .  

W 3 {327 .0 l  DONNACHI 68 RVUE 8169 
H 3 (3E7,  l ODNNACH2 68 RVUE PHAS°SHIFT-CERN1 10 /69  
H 3 (270.) KIRSOPP 68 RVUE PHASE SHIFT ANAL 10 /69  
w 6 (RA5 .0 I  DAVIES 68 BVUE SOL A 8 /89  
W 5 { 525 ,01  DAVIES 68 RVUE SOL B 8 /69  
R 6 1310.O) (50.0) ORITO 69 RVUE 8/69 

SEE THE NOTES ACCOMPANYING THE MASSES DUOTEO.P EY 

. . . . . . . . . . . . . . . . .  14 N~ l /E (1780 )  PARTIAL DECAY MODES . . . . . . . . . . . . . . .  

DECAY MASSES 
PI  N*I12(1780) INTO P IN  139+ 938 
P2 N* I IZ I IF80 )  INTO LAMBDA K 1115+ 497 
P3 N= l / 211780 )  INTO N ETA 939+ 568 
PA N=II2(17ED) INTO N GAMMA 938+ O 

. . . . . . . . . . . . . . . . .  IA N~I/2(17BOl BRANCHING RATIOS . . . . . . . . . . . . . . . . . .  

RI N *1 /2 (1780 )  INTO [Pl  NI/TDTAL (P I l I TOTAL  
RI  3 [ 0 . 32 }  DONNACH1 68 RVUE 8 /69  
Pl 3 ( .82) DONNACH2 68 RVUE PHAS.SHIFT-CERNI 10/69 
RI  3 [ .BE )  KIRSOPP 68 RVUE PHASE SHIFT ANAL 10 /69  
El ~ 10 .63 )  DAVIES BB RVUE SOL A 8 /69  
RI 5 (0 .30 )  DAVIES 68 RVUE SOL B 8169 

R2 N*I/2(1TBO) INTO (LAMBOA KI#IPI  N)ITOTAL~2 (P2tPII/TOTAL~*2 
R2 O.OU~ 0 .003  ORITO 69 RVUE 8 /69  

R3 N= I / 211TRO}  INTO {LAMBDA KIITOTAL (P2}/TUTAL 
R3 B lO .OO3ITO 0.065 RUSH 66 MPWA T POLE + RESON° 8169 
R3 B PARAMETRIZATION USED COULD BE IN DANGER 06 DOUBLE COUNTING 

R~ N~ I / 2 (17BO)  INTO (N ETA)/TOTAL (P31/TOTAL 
R4 B (O°LDI  BDTKE 6 9  MPWA T PULE + RESON. 10 /69  
R6 B (O.ODl (O.OS) DEANS 69 MPWA T POLE + RESON. 5/705 
R4 C (O.OLSIUR 0 .035  CARRERAS 70 MPWA T POLE + RESON. 5 /TO t  
R6 B PARAMETPIZAT]ON USED CUULD BE IN OANGEB OF EOUBLE COUNTING 
R4 C CARRERAS 70 USES REGGE POLES + RESON. PROBABLE DOUBLE COUNTING. 

R5 N.I/211780) INTO (N GAMMAI/TOTAL (~ERCENT) {PA)/TUTAL 
R5 (0 .03 )  ORIT02 69 CNTR K-LAMB PHUTOPRO. 

REFERENCES - -  N * I / 2117801  

nAVIES 6 8  VIENNA CONF. A DAVIES~R MOORHOUSE (GLASI 
DONNACHI 68 PL 26B I&1 A DONNACHIEe R G KIRSUPPI C LOVELACE (CERN)IJP 
DDNNACH2 68 VIENNA 139 DONNACHIE RAPPORTEUR.S TALK {GLAS) 
KIPSDPP 68 THESIS R G KIRSOPP (LOIN] 
RUSH 68 PR 173 1776 J E RUSH (UNIV ALABAMAI 
BOTKE 69 PR 180 1417 J C 80TKE iUGSB) 
DEANS 89 PR 185 179F S OEANSt J NOOTEN (UNIV S FLORIDA) 
BRITO 69 LNC 1 936 S DRITUeS SASAKI {TOKYO-OSAKA} 
ORITO2 69 THESIS+DARESBURY S ORITO (TOKYO) 
CARRERAS 70 NP IbB 35 B CARRERAS~ A DONNACHIE (DARE~MCHS) 

PAPERS NOT REFERRED TO IN  DATA CARDS 

DEANS 69 PRL 177 2623 S R DEANS (FLORIDA) 
OONNACHI 69 NP lOB 433 A OONNACHIE~ R K IRSOPP (GLAS+EDIN) 
AYED 70 PL 316 598 +BAREYRE÷VIILET (SACLAY) 

NEW ANALYSIS--RESONANCE PARAMETERS NOT YET AVAILABLE. SEE FIG 3 + TABLE I 

FOR DISCUSSION CONCERNING RESONANT PARAMETERS~SEE NOTE 
PRECEDING N~I1211470}. 

. . . . . . . . . . . . . . . . .  15 N~ I / 2 (1860 I  MASS (NEVI . . . . . . . . . . . . . . . . . . . . . .  

M 3 {~R6O.O) DONNACH[ 68 RVUE PHASE-SHIFT ANAL 6 /68  
M 3 I 1860 .  l DONNACH2 68 RVUE PHAS.SHIFT-CERN1 10 /69  
M 3 |190E.I KIRSOPR 68 BVUE PHASE SHIFT ANAL 10169 

3 WHERE ~AX. ABSURPTION IS -DONNACHIe 2 tKIRSOPP EYEBALL FIT CERN 1 10/69 
M ¢ 11846.0J DAVIES 68 RVUE P-S ANAL SOL A 8169 
M ~ (I8SA. O) DAVIES 68 RVUE P-S ANAL SOL B 8/69 

5 SOL B IS E.O FIT TO SAME DATA START FROM CERN I EXPER. )DONNACH1 68) 
(1860.0) APPRDX LEA 69 CNTR PI-P ELASTIC 8 /69  

. . . . . . . . . . . . . . . .  15 N*IIE{IBBO) WIDTH [MEV)  . . . . . . . . . . . . . . . . . . . .  

W 3 { 296 .00 )  DONNACH1 68 RVUE 8 /69  
w B (296 . )  DONNACH2 68 RVUE PHAS°SHIFT-GERN1 10 /69  
W 3 ( 325 .1  KIRSOPP 68 RVUE PHASE SHIFT ANAL 10169 
W 4 (449 .01  DAVIES 68 RVUE SOL A 8169 
w 5 1307 .0 )  DAVIES 88 RVUE SOL B 8169 

SEE THE NOTES ACCOMPANYING THE MASSES QUOTED 

. . . . . . . . . . . . . . . . .  IS N*1IEI I860I  PARTIAL DECAY MODES . . . . . . . . . . . . .  

DECAY MASSES 
Pl N~1 /2 [1860 )  INTO P IN  1S9÷ 9R8 
P2 N~L /211B6DI  INTO LAMBOA K 1115+ A97 
P3 N*I12)1860) INTO N ETA 939+ 548 
P4 N~IIEIIBBO) INTO N Pl Pl 9 3 8 ÷  139÷ 139 

. . . . . . . . . . . . . . . . .  15 N~II211860) BRANCHING RATIOS . . . . . . . . . . . . . . . .  

RI N*l/211860) INTO (Pl NIITOTAL (Pl)ITOTAL 
R( 3 (0.21) DONNACH1 68 PVUE 8 t69  
RI 3 1.21) DONNACHE 68 RVUE PHAS. SHIFT-CERN1 10/69 
R( 3 ( .25) KIRSOPP 68 RVUE PHASE SHIFT ANAL 10 /69  
RI 4 (0.40) DAVIES 68 RVUE SOL A 8169 
R1 5 10.261 DAVIES 68 RVUE SOL B 8 /69  

R2 N$1/2(IBBU) INTO (LAMBDA KI /TOTAL (P2)/TUTAL 
R2 B iO.Ol~)TD 0.16 RUSH 68 MPHA T PULE ÷ RESON. 8 /69  
R2 B PARAMETRIZATION USED COULD BE IN DANGER OF EOUBLE COUNTING 

R3 N~tlE(I860) INTO IN ETA)/TOTAL (PR)/TOTAL 
R3 B (0 .0364 )  BOTKB 69 MPWA T POLE ÷ RESON. 10469 
R3 B [0.003) (0.003) DEANS 69  MPWA T PULE + RESON. 5/70= 
R3 B (O.O30)OR 0.094 CARRERAS 70 MPWA T POLE • RBSON. 5/70~ 
R3 B PARAMETRIEATIDN USED COULD BE IN DANGER OF DOUBLE COUNTING 

93 

REFERENCES - -  N ' 1 / 211860 )  

DAVIES 68 VIENNA CONF. A OAVIEStR MOORHOUSE (GLAS) 
DONNACH1 68 PL 268 161 A DONNACHIEt R G KIRSOPPt C LOVELACE ICERNIIJP 
DONNACHE 68 VIENNA 139 DONNACHIE RAPPORTEUR.S TALK IGLAS) 
KIRSOPP 68 THESIS R G KIRSOPP IEDIN) 
RUSH 68 PR 173 1776 J E RUSH (UNIV ALABAMA) 

BOTKE 69 PR 180 1~1T J C BOTKE (UCSBI 
LEA 69 PL E9B $84 LEAeOADES~WAROtCOWAN~÷ (RHELtBRISTDLtDARE) 
DEANS 69 PR 185 1797 S OEANS~ J WUOTEN IUNIV S FLORIDA) 
CARRERAS TO NP lbB 35 B CARRERAS~ A DONNACHIE IOAREtMCNS) 

PAPERS NUT REFERRED TO IN DATA CARDS 

DEANS 69 PRL 177 Z6ZB S R DEANS (FLORIDA) 
DUNNAGHI 69 NP I0B 433 A DONNACHIE, R KIRSOPP (GLAS÷EDIN) 
AYED 70 PL 318 598 +BAREYRE~VILLET (SACLAYI 

NEW ANALYSIS--RESONANCE PARAMETERS NOT VET AVAILABLE. SEE FIG S + TABLE 1 

I N 1 1 9 9 o ) I  . . . .  11,,1 ....  F=T1,.I14  
FOR DISCUSSION CONCERNING RESONANT PARAMETERStSEE NOTE 
PRECEDING N*1 /2114701 .  

. . . . . . . . . . . . . . . . .  17 N~I/2(1990) NASS {MEVI . . . . . . . . . . . . . . . . . . . . . . .  

M 3 (1985.0} DONNACHI 68 RVUE PHASE-SHIFT ANAL 
M 3 11995.1 KIRSOPP 68 RVUE PHASE SHIFT ANAL 10/69 

3 WHERE MAX. ABSORPTION IS -DONNACHIp Z IKIRSOPP EYEBALL FIT CERN 1 10/69 
H (EUO0.O) APPROX LEA 89 CNTR P I -P  ELASTIC 8 /69  

. . . . . . . . . . . . . . . . .  17 N~ I IE (1990 )  WIDTH (MEVI . . . . . . . . . . . . . . . . . . . . . . .  

U 3 IE25 .0 )  DONNACHI 68 RVUE 8169 
w 3 (BSO.)  KIRSOPP 68 RVUE PHASE SHIFT ANAL 10 /69  

. . . . . . . . . . . . . . .  17 N~1/211990)  PARTIAL DECAY NODES . . . . . . . . . . . . . . . .  

DECAY MASSES 
P l  N~1 /211990)  INTO P IN  139÷ 888 
P2 N~1/2(1990) INTO N PI P) 988+ 139÷ 159 
P3 N~ l / 211q9o )  INTO N ETA 939+ 568 

. . . . . . . . . . . . . .  17 N=11211990I  BRANCHING RATIOS . . . . . . . . . . . . . . .  

81 N#11211990)  INTO (P I  HI /TOTAL (P l ) /TOTAL  
R( 3 ( .09) KIRSOPP 68 RVUE PHASE SHIFT ANAL 10/69 

R2 N*l/BI199D} INTO IN ETA)/TDTAL (P31/TOTAL 
RE S (D.OZl TO.DE) DEANS 69 HPWA T POLE ÷ RESON. EITO* 
R2 B PARAMETRIZATIDN USED COULD BE IN DANGER OF EOUBLE COUNTING 

REFERENCES - -  N * l /E (1990 }  

OONNACHI 68 PL EBB 161 A DDNNACHIEt R G KIRSUPRt C LOVELACE ICEBN) I JP  
KIRSOPP 68 THESIS R G KIRSOPP IEDIN) 
LEA 69 PL 298 $86 LEAtDAOES~WAROtCDWANt÷ {RHELtBRISTOL~DARE) 
DEANS 69 PR IBS  1797 S DEANS~ J WOOTEN IUNIV  S FLURIOAI 

PAPERS NOT REFERRED TO IN DATA CARDS 

DEANS 69 PRL 177 E623 S R DEANS (FLURIDAI  
AYEO 70 PL 318 $98 +BAREYRE~VILLET (SACLAY) 

NEW ANALYSIS--RESONANCE PARAMETERS NOT YET AVAILABLE.  SEE FIG R + TABLE I 

FOM DISCUSSION CONCERNING RESONANT PA SEE NOTE 
PRECEDING N~ I / 2 I IATOI .  

. . . . . . . . . . . . . . . . .  16 N*II212OAOI MASS IMEV)  . . . . . . . . . . . . . . . . . . . . .  

M 3 12057 .0 )  DONNACH1 68 RVUE PHASE-SHIFT ANAL 6 /68  
N S 12ORB.) DONNACHE 68 RVUE PHAS. SHIFT-CERN1 10469 
N 3 (2OAD. I  KIRSOPP 68 RVUE PHASE SHIFT ANAL 10/69 

3 WHERE MAX. ABSORPTION IS -OONNACH1, 2 ,KIRSOPP EYEBALL FIT CERN I 10/69 
M IZ03O.O)  APPROX LEA 69 CNTR PI-P ELASTIC B/69 

. . . . . . . . . . . . . .  16 N*I/2(2OAOI WIDTH INEV) . . . . . . . . . . . . . . . . . . . . . .  

W (93 .0  30)  DONNACH1 68 RVUE 8 /69  
W 3 ( 290 . )  OONNACHE 68 RVUE PHAS*SHIFT-CERN1 1016R 
W S 1260.) KIRSOPP 68 RVUE PHASE SHIFT ANAL 10/69 

SEE THE NOTES ACCOMPANYING THE MASSES QUOTED. 

. . . . . . . . . . . . . .  16 N*112(2060) PARTIAL DECAY MoDEs . . . . . . . . . . . . . . . . . .  

DECAY MASSES 
P l  N* I / 212O~O)  INTO Pl N 139+ 938 
P2 N~ I /E I2O40 )  INTO N PI  PI  938+ 1S9+ 139 
P3 N* I / 21E040 |  INTO N ETA 939+ 5A8 

. . . . . . . . . . . . . .  16 N'1/212040) BRANCHING RATIOS . . . . . . . . . . . . . . . . . . .  

R1 N$112(2040)  INTO (P I  N)/TOTAL (P1)/TOTAL 
R1 3 { °26 I  DDNNACM2 68 RVUE PHAS.SHIFT-CERN1 10 /69  
RI 3 (*15) KIRSOPP 68 RVUE PHASE SHIFT ANAL 10 /69  

RE N*1 /212040 I  INTO (N ETA]/TOTAL (PER/TOTAL 
RE B {0 . )  DR O.OOg OARRFRAS 70 MPWA T POLE + RESON. S/7O~ 
R2 B PARAMETRIZATION USED COULD BE IN DANGER OF DOUBLE COUNTING 

REFERENCES - -  N *1 /212040 )  

ODNNACHI 68 PL 268 161 A OONNACHIE~ R G KIRSOPP~ C LDVELACE {CERNIIJP 
DONNACH2 68 VIENNA 139 DONNACHIE RAPPORTEUR.S TALK (GLASI 
KIRSOPP 68 THESIS R G KIRSOPP (EDIN) 
LEA 69 PL 298 584 LEA,OAOES,WARD~COWAN~+ (RHEL~BRISTOLeDARE) 
CA~RERAS TO NP 1~B 35 B CARRERAS~ A BONNACHIE (OAREtMCHS) 



9 4  
See the illustrated key preceding the data card listings. 

Data in parentheses have not  been included in our averages. 
REFERENCES -- N* l / 2 (B650 )  

B A R Y O N S  

L 

M 369B.0 

w 50.O 

ALVAREZ b~ PRL 12 710 +BAR-YAM,KERN,LUCKEY,OBBDRNE, + ¢MIT,CEAI 
WAHLIG 6& PRL 13 103 *MANNELLI,SOOICKSON, FACKLER,WARD, * [M IT I  
HOHLER 6~ PL 12 1~9 G HOHLER, J GIESECKE (KABLSRUHE) I 
CITRON 66 PR 144 I i 0 1  +GALBRAITH~KYCIA,LEONTIE~PHILL[PB~ + [BN I )  I 
BARGER 66 PR 151 1123 V BARGER~ M OLSSON (WISC) 
BARGER 67 PR 1B5 1792 V BARGER, 0 CL INE [WIBCI  P 
DIKHEN 67 PRL l B  798 F N DIKNEN [MICHI 
KDRMANYO 67 PR 164 1661 KORMANYOS~ ~RISCH, OFALLON, ÷ (MICH,ARGI P 
OOLEN 68 PR 166 1768 R DOLEN, D HORNI C SCHMID (CAL TECHI 

PAPER NOT REFERRED TO IN DATA CARDS. 

BAACKE 67 NC 51A 761 J BAACKEt M Y V E R T  (KARLSBUHE,ORSAYIJ-E 
WAHLIG 6B PR 168 1515 M A WAHLIG~ I MANNELLI (MIT~PISA) 

- -  FINAL VERB/ON OF DATA USED IN WAHLIG 64.  IN CONJUNCTION WITH 
CITRON 66 TOTAL CROSS SECTIONSe THIS CHARGE EXCHANGE DATA GIVES 
COMPLEX ELASTIC SCATTERING AMPLITUDE AT O DEGREES. 

• ***** ********* ********* ********* ******.,, ********* ********* ******** 

• * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

I N ( 3 0 3 0 )  1 . . . .  , . . . . . . . . .  , ..... ~ ' _ 
. . . . . . . . . . . . . . . .  73 N 112130301 MASS (NEVI . . . . . . . . . . . . . . . . . . . . .  

N 13O8O.O) HOHLER 64 RVUE DATA + OISP REL 7 /66  
M (3OSO.O) CITRON 66 CNTR RE+- P TOTAL 7 /66  

. . . . . . . . . . . . . . . .  73 N* I I213O30)  WIDTH (MEVI . . . . . . . . . . . . . . . . . .  

W [40O.OI CITRON 66 CNTR 7 /66  

. . . . . . . . . . . . . . . . .  73 N*1 /2130301  PARTIAL OECAY MODES . . . . . . . . . . . .  

DECAY MASSES 
P l  N ' 112 [3030 }  INTO P I N  139+ 938  
PE N '1 /2 (3030 )  INTO N P I  P I  938+ iS�+ IB9  

. . . . . . . . . . . . . . . .  73 N*11213030) BRANCHING RATIOS . . . . . . . . . . . . . . . .  

R I  N*1 /2 {3030 )  INTO (P I  N I /TOTAL  (P I I / TOTAL  
R1 ONLY { J ' l / 21 * (  P I  N/TOTAL)  MEASUREDFOR THIS STATE 
R1 [ 0 . 048 I  CITRON 66 CNTR TOTAL CROS.SEC. 11 /67  
R1 B [O .O8e )  ( 0 . 0 1 6 I  BADGER 66 RVUE TOTAL + CH EXC. 11/67 
RIB  10 .121  8ARGER 67 CNTR USES KORMANYOS66 11167 

B USES REGGE ANP.+RESON. TO CALCULATE DIF.  CROSS SECTIONS AT 180 DEGRE 
B FOR CRITICISM OF THIS METHOD, SEE DOLEN 68 .  

B1 0 (O .O l6 l  OIKMEN 67 RVUE USES KORMANYDSAT 11157 
0 USES ONLY RESONANCES TO CALCULATE DIF.  CROSS SECTIONS AT IBO DEGREES 

• ***** ********* ********* ********* ********* ********* ********* ******** 

REFEBENCBS - -  N* I / 2 (B0301  

HOHLER 6~ PL 12 1~9 G HOHLER~ 3 GIESECKE (KARLSRUHEI l 
CITRON 66 PR 14% I lO l  +GALBRAITH,KYCIA~LEONTIC~PHILL IPS~ + (BNL I  i 
BARGER 66 PR 15E 1123 v BARGERt M OCSSON [WISC] 
BARGER 67 PR 155 1792 V 8ARGER, O CLIME IWISC) P 
DIKMEN 67 PRL IB  798  F N DIKMEN IM ICH)  
KORMANYO 67 PR 166 166L KORMANYO5, KRISCH~ OFALLON, + (MICH,ARG1 P 
DOLEN B8 PR 1 6 6  1768 R DOLENe 0 HORN, C SCHMID (EAL TECH) 

• ***** ********* ********* ********* ********* .******** ********* ******** 

• ***** ********* ********* ********* ********* ********* ********* ******** 

i E 

I I 

EXISTENCE NOT CONCLUSIVELY ESTABLISHED, I -SP IN  
NOT DETERMINED, BUT THE NARROW WIDTH PRECLUDES 
IOENT IF ICAT ION WITH THE N '3 /2 (3230 ) .  OMITTED 
FROM TABLE.  

. . . . . . . . . . . . . . . .  7% N*  /E (B2~S I  BASS IMEV) . . . . . . . . . . . . . . . . . . . . . . .  

M BE&5*D 10 .0  KORMANYBS 67 CNTR P I -P  180 DEG EL 6 /68  

. . . . . . . . . . . . . . . . .  7& N* 12(32451 WIDTH (MEV) . . . . . . . . . . . . . . . . . . . .  

w [B f i . o )  OR LESS KORMANYOS 87 CNTR 
86 

. . . . . . . . . . . . . . . . .  7% N* / 2 [ 3245 }  PARTIAL DECAY MODES .............. 

DECAY MASSES 
P l  N* / 2 i 32&5 ]  INTO P IN  139+ 938 

. . . . . . . . . . . . . . .  74 N* / 2 [ 3245 )  BRANCHING RATIOS ................. 

J IS NOT KNOWN. FOLLOWING IS I J+ I / 2 ) * (P I  MS/TOTAL 
R1 (0o371  RORMANYOB 67 CNTR 6 /68  

• ***** ********* **~****** ********* ********* ********* ********* ******** 

REFERENCES - -  N*  /E (3245 )  

KORMANYO &7 PR 16A 1661 KORMANYOS, KRISCH~ OFALLON, • (MICH,ARG) P 

• ***** ********* ********* ,******** ********* ********* ********* ******** 

• ***** ********* *~******* ********* ********* ******~** ********* *****=** 

I (a69o) l . . . . . . . . . . . . . . . . . . . . . .  
A BUMP SEEN IN THE INVARIANT MASS OF A VERY COMPLI- 
CATED STATE (N ÷ SEVEN P I B l ,  SO AS EVIOENCE FOR 
A NEW RESONANCE IT IS NOT CONCLUSIVE. NOT INCLUDED 
IN TABLE. 

75 N '1 /2 (3690 )  MASS IMEV) ........................ 

lO.O 8ARTKE &7 HBC ÷ P I÷P  8 PRONGS 8 /67  

75 N.1 /21S690 )  WIDTH IMEVl . . . . . . . . . . . . . . . . . . . . . . . .  

S0 .0  BARTKE 67 HBC • 8167 

7S N* I /B (3690 )  PARTIAL DECAY ~ODES . . . . . . . . . . . . . . . .  

OECAY MASSES 
P l  N* I /2136901 INTO N + 7 PIE 2250 

• ***** ********* ********* ***~***** ***~***** ********* ********* ******** 

REFERENCES - -  N ' 1 / 213690 )  

BARTKE 67 PL 2AB 118 +CZYZEWSKI,OANY$Z,+ (CRACOW,ORSAY) I 

• ***** ********* ********* ********* ********* ********* ********* ******** 
• ***** ********* ********* ********* *******~* ********* ********* ******** 

PAPERS NOT REFERRED TO IN DATA CABOS 

~ONNACHI 69 NP lOB 433 A DONNACHIE, R NIRSOPP (GLAS+EDINI 
AYED 70 PL 31B 598 +BAREYRE,VILLET (SACLAY) 

NEW ANALYSIS--RESONANCE PARAMETERS NOT YET AVAILABLB. SEE FIG ) + ?ABLE 

T,N.II 21 . . . .  7 1 2 1 , 1 2  

EOR DISCUSSION CONCERNING RESONANT PARAMETERS,SEE NOTE 
PRECEDING N* I /Z ( IA IO I .  

. . . . . . . . . . . . . . . . .  71 N*1 /2121901  MASS (MEV) . . . . . . . . . . . . . . . . . . . . . . . .  

M (2190.01 DIDDENS 63 CNTR PI+-  P TOTAL 
M (2210.0)  HOHLER 64 R V U E  OATA•  OISP REL 
M 12190.0) APPROX YOKOSAWA 66 CNTR P l -  P DSIE ÷ POL 716& 
M 3 (2265 .0 )  OONNACH1 6B RVUE PHASE-SHIFT ANAL 6 /68  
M 3 12190 .  I DONNACH2 6B RVUE PHASoSHIFT-CERNL 10 /69  

B ( 226B . )  KIRSOPP 6B RVUE PHASE SHIFT ANAL 10 /69  
3 WHERE MAX, ABSORPTION IS -DONNACHIt 2 tKIRSOPP EYEBALL FIT CERN I 10/69 

M 12000 .0 )  APPBOX LEA 69 CNTR P I -P  ELASTIC 8169 

. . . . . . . . . . . . . . . . .  71 N* I I212190)  WIDTH (MEV) . . . . . . . . . . . . . . . . . . . . . .  

w (ZOO.O) OIDDENS 63 CNTR 
w 1200 .0 I  HOHLER 6~ RVUE 71A6 
W (BED.OI  APPBOX YOKOSAWA 66 CNTR T166 
W B [298 .0 )  DONNACH1 68 RVUE 6168 
w B (SOB. )  OONNAEHZ 6B RVUE PHAS.SHIFT-OERNI  10/69 
H 3 (SOO.)  KIRSOPP 6B RVUE PHASE SHIFT ANAL 10 /69  

SEE THE NOTES ACCOMPANYING THE MASSES GUDTED.P EY 

. . . . . . . . . . . . . . . . .  71 N*1 /212190 |  PARTIAL DECAY MODES . . . . . . . . . . . . .  

DECAY MASSES 
Pl  N*L1212190) INTO P I N  139+ 938 
P2 N*I12{B1901 INTO LAMBOA K 1115 .  ~97 
P3 N*L /2 (21901  INTO N P I  P I  9 )B÷ 139+ 139 

. . . . . . . . . . . . . . . . .  71 N* l /E (219D)  BRANCHING RATIOS . . . . . . . . . . . . . . . . . .  

R I  N=1 /2121901  INTO (P l  N I /TOTAL (P1 ] /TOTAL  
R/ (O .3 l  APPROX DIOOENS 65 CNTR 7166 
R1 (0 ,3 )  APPROX YOKOSAWA 66 CNTB 7 /66  
R1 B (0 .34g )  OONNACH1 68 RVUE 6 /68  
R I  3 ( . 35 )  DONNAEHZ 6B RVUE PHAS.SHIFT-CERNI  10169  
R/ 3 ( .BB) K]RSOPR 68 R V U E  PHASE SHIFT ANAL 10169 

• ***** ********* ********* ********* ********* ********* ********* ******** 

REFERENCES -- N*112(21900 

DIDOENS 63 PRL I0 262 ~JENKINS, KYCIA, RILEY (BNL) I 
HOHLER 64 PL 12 149 G HOHLER, J GIESEERE (KARLSRUHE} i 
YOKOSAWA 66 PR1 16 716 *SUWA,HILL~ESTERLINGt B O O T H  (ARG~CHII 3P 
DONNACHI 58 PL 26B 161 A DONNACHIE, R G KIRSOPP, E LOVELACE ICERN) I JP  
DONNACH2 6B VIENNA i 39  D O N N A C H I E  RAPPORTEUR*S TALK (GLAS~ 
KIRSOPP 68 THESIS R G KIRSOPP {EDINI 
LEA 69 PL 29B BB4 LEA,OAOES,WARO,COWAN,* (RHEL~BRISTOL,DAREI 

QUANTUM NUMBER DETERMINATIONS NOT REFERRED TO IN OATA CARDS. 

CARROLL 66 PRL 16 2SB +EORBETT,DAMERELL,MIDDLEMAS, + (RTHFD,OXF IJ -L  
CARROLL 66 PRL IT  1274 +CORBETTeDAMERELl,MIOOLEMAS~ • (RTHPD,OXF)J-L 

- -  ERRATUM CHANGING THE RATHER WEAK DETERMINATION OF J-L TO +112. 
KORMANYO 56 PRL 16 709 KORMANYOS,KRISGH~OFALLONt + IMICHtARG) P 
BARGER 66 PRL 16 91S V BARGER, D CLINE (WISCI  P 
BUSZA 67 NC 52A 331 ÷OAVISIDUFF,HEYMANN, • [UNICOL,WESTEIELD) 

PAPERS NOT REFEREO TO IN  DATA CARDS 

AYED 70 PL B ib  598 +BAREYRE,VILLET (SACLAY|  
NEW ANALYSIS--RESONANCE PARAMETERS NOT YET AVAILABLE. SEE FIG 3 + TABLE I 

• ***** ********* ********* ********* ********* ****~**** ********* ******** 

M > 3 @ 0 0  M E V  - P R O D U C T I O N  AND ~TOTAL EXPERIMENTS 

• ***** ********* ********* ********* ********* ********* ********* ******** 

I - - I 

IN126 0)1 . . . . .  . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . .  72 N*K /2 (26EO)  MASS (MEVl . . . . . . . . . . . . . . . . . . . . . .  

M (2700.0)  ALVAREZ 6& CNTR P/ PHOTOPROD 
M (2600.0)  APPROX WAHLIG 6~ OSPK O PI-P CH EX 
M (2660.0)  HOHLER 6& RVUE DATA + OISP REL 
M 26R9.0 I 0 . 0  CITRON 66 GNTR P i e -  P TOTAL 7 /66  
M ( 2633 .0 }  BARGER 6A FIT TOTAL + CH EX 11167 

. . . . . . . . . . . . . . . . .  7 2  N* I /Z (2A50 )  WIDTH (MEV) . . . . . . . . . . . . . . . . . . . . .  

W ( lOB.O) ALVAREZ 6~ CNTR 
W 1200 .0 )  HDHLER 6& RVUE 7 /66  
w 360.0 20.0 CITRON 66 CNTR 7 /66  
w {A25 .01  BARGER 66 F IT  TOTAL ÷ CH EX 11 /67  

. . . . . . . . . . . . . . . .  72 N* I / 2 (26BO)  PARTIAL DECAY MODES . . . . . . . . . . . . . .  

DECAY MASSES 
PI N*1 /2 (26501  INTO PIN 139+ 938 
P2 ~ ' 1 / 2 (265D)  INTO LAMBOA K L115+ &97 
P3 N* l /E I265D)  INTO N Pl P/ 938+ 139+ 139 

. . . . . . . . . . . . . . . . .  72 N* I12 (2650)  BRANCHING RATIOS . . . . . . . . . . . . . . .  

RI N*1 /212650 )  INTO (PI  NI /TOTAL IP1 ] ITOTAL  
RI ONLY ( J + I I 2 ) * (  P l  N/TOTAL) ~EASURED FOR THIS STATE 
RE 0.4B6 0.028 CITRON 66 C N T R  TOTAL CROSS-SEE. I1167 
RIB (O.&56) (O.OIB) BARGER 66 RVUE TOTAL + CH EXC. 11167 
RI B { 0 . 3 0 ]  BARGER 67 RVUE USES KORHANYOS67 11167 

B USES REGGE A~P.tRESON. TO CALCULATE OIF. CROSS SECTIONS AT 180 OEORE 
B FOR CRITICISM OF THIS METHOD~ SEE DOLEN 6B. 

R I D  10 .2~ )  OIKMEN 67 RVUE USES KDRMANYOS66 11/67 
o USES ONLY RESONANCES TO CALCULATE DIF. CROSS SECTIONS AT 180 DEGREES 

RI (0 .06 )  RORMANYOS 67 CNTR PI -P  AT 180 BEG. 11167 

• ***** ***~**** ********* ~******** ********* ********* ********* ******** 



BARYONS; 

95 

M++ 
M++ 
M÷+ 
M++ 
M++ 
~0 

. . . . . . . . . . . . . . . . . .  Bl N*(O) - N~(++) MASS DIFFERENCE (MEV) . . . . . . . . . .  

O R (0.45) 10*85) OLSSON 66 RVUE 
n R REDUNDANT WITH DATA IN MASS LISTING. 

. . . . . . . . . . . . . . . . .  81 N* ( - I  - N* [÷÷ )  MASS DIFFERENCE (MEV) . . . . . . . . . .  

O 7 .q  6 .8  G IDAL  66 DBC 

. . . . . . . . . . . . . . . . . .  81 N~3 /2 (1236 )  WIDTH (MEV)  . . . . . . . . . . . . . . . . . . . . . . .  

120.0 2.0 OLSSON 65 RVUE ++ 
(125 .0 )  [ 30 .0 )  FERRO-LUZ 65 HBC + +  

& ( 1 2 3 8 )  PRODUCTION £XPERIMENTS 

81 N*3 /21123E)  MASS (HEY)  . . . . . . . . . . . . . . . . . . . . . . . . .  

1236.0 0.55 OLSSON 65 RVUE ++ TOTAL-SIGMA DATA 
[1232.0) (B.O) FERRO-LUZ 65 HBC ÷÷ K+P TO KO P P I+  
(1233.4) (4 .4 l  GIDAL 66 DEC ++ D D TO NN(NN) P[ 7166 
( 1236 .0 )  DEANS 66 RVUE P I÷P  TOTAL 7166  
)1224.0) (2.0} HABER 70 DBC K-D  TO ¢ BOO(P) 7/70. 

1236 .45  0 .6S  OLSSON 65 RVUE o 
( 1E41 .3 )  ( 5 . 1 (  D IDAL  66 DSC - 7 / 66  

W++ 
W~+ (124.0l ( I~ .6 )  GIOAL 
W+÷ [121.0) DEANS 
W~+ (120o0) (8.0) HABER 
WO 1 1 9 . 6  2.4 OLSSON 6S RVUE O 
W- (149.0) (18.0) GIOAL 86  DEC - 

REFERENCES - -  N *312 [12361  PROD. EXPERIMENTS 

OLSSDN 65 PRL i~ 118 M G OLSSON [WIAC) 
FBRRO- IU  6S NC 36  1101 FERRO-LUZZI~GEORGE,  + (CERN) 
DAL ITZ  6~ PR 146 1180  OALITZ~SUTHERLAND (OXFORD|  
DEANS 66 PREPR(N7 S R DEANS, W C HOLLADAY (VANBERBILT )  
GIDAL 6 6  PR l~L  1261  G GIDAL, A KERNAN~ SK IM  (LRL )  
HABER 70 NP 176 ZB9 +SHAPIRA,MERRILLtMDNARI~÷ )SABRE DOLL)  

* * * + + *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * = * *  

66 DBC e÷ 7 /66  
66 RVUE ++ 7166 
70  DBC K-D TO 4 BOO(P)  7170 "  

7 / 66  

. . . . . . . . . . . . . . . . .  7 6  Nt  / 2 {375E)  NABS (MEV) . . . . . . . . . . . . . . . . . . . . . . . . .  

M 3755.0 8.0 EHRLICH 68 HBC ÷ PI÷ P P PBAR 

. . . . . . . . . . . . . . . . .  76 N*  / 2 (3755 )  WIDTH (MEV)  . . . . . . . . . . . . . . . . . . . . . .  

w 40.0 Eo.o EHRLICH 68 HBC + 

. . . . . . . . . . . . . . . . .  76 N* /2(37551 PARTIAL DECAY NODES . . . . . . . . . . . . .  

DECAY MASSES 
Pl N* 12(3755l INTO El+ P P PBAR 

REFERENCES - -  N*  / 2 (3755 }  

EHRLIC~ 68 PRL 20 686 R EHRI_ICH,R J PLANO~J B WHITTAKER (RUTGERS) 

END PRODUCTION EXPERIMENTS 

33 N ' k3 /2112361  MASS (MEV) 

N (1234 .1  ROPER E5 OPWA D++ PHASE SHIFT AN.  

. . . . . . . . . . . . . . . . .  33 N'3/2(1236) WIDTH (MEV) . . . . . . . . . . . . . . . . . . . . . . .  

W (120.) ROPER 65 DPWA O÷+ PHASE SHIFT AN. 

. . . . . . . . . . . . . . . . .  33 N.3/2(1236} PARTIAL DECAY MODES . . . . . . . . . . . . . .  

DECAY MASSES 
Pl N*3/2[IZBA) INTO N PI  938÷ 139 
P2 N'312(1236} INTO N GAMMA 938+  0 
P3 N~3 /2 [1236 )  INTO N Pl P I  936~2000+  IBg 

. . . . . . . . . . . . . . . . .  33 N.312(1236) BRANCHING RATIOS . . . . . . . . . . . . . . . . .  

R1 N'312(1236) INTO (N GAMMAI / IN  El) (PERCENT) (PZ I / (P1 )  
R1 0.55 0 .02  BALI TZ 66 RVUE 

REFERENCES - -  N'312(1236)  

ROPER 65 PR 138  8190 L O ROPER, R M WRIGHT~ B T FELD (LRL+MIT)IJP 

FOR EXTENSIVE REFERENCES TO DATA AND PHASE-SHIFT ANALYSES TILL 1965, 
SEE ROPER 65, ESPECIALLY APPENDIX IT. 

6168 M (1648.0) (12.0) DEVLIN 65 CNTR El+- P TOTAL 
M 1 ( I 695 .0 )  BAREYRE 68  RVUE PHASE-SHIFT  ANAL 11 /67  

1 WHERE CROSS SECTION IS GREATEST - EYEBALL FIT 
6168 M 2 {1650.0} BAREVBE 68 RVUE PHASE-SHIFT ANAL 11/67 

2 WHERE SPEED IS  GREATEST - EYEBALL F IT  
M 3 (1635.0) DONNACH1 68 RVUE PHASE-SHIFT ANAL 6168 
M 3 [1640.) DONNACH2 68 RVUE PHAS. SHIFT-CERNI 10169 
M 3 (1635o) KIBSOPF 68 RVUE PHASE SHIFT ANAL 10169 

3 WHERE MAX. ABSORPTION IS -DONNACHI, 2 tKIRSODP EYEBALL FIT CERN 1 10/69 
M 4 11617.O) DAVIES 68 RVUE P-S ANAL SOL A 8/69 
N 5 [ 1628 .8 )  DAVIES 68 RVUE P-8 ANAL SOL B 8169 

5 SOL B IS E.D FIT TO SAME DATA START FROM CERN I EXPER. IDDNNACHI 6Bl 

. . . . . . . . . . . . . . . .  82 N*312(16SD) WIDTH (MEV)  . . . . . . . . . . . . . . . . . . . . . .  

~ (zso.o) BARE,RE 66 RVGE 111E7 
( 130 .0 )  BAREYRE 68 RVUE 11167 

W 3 (177 .0 )  DONNACH1 68 RVUE 6 /68  
W 3 (177 . )  DONNACH2 68  RVUE PHAS.SHIFT-CEEN1 10169  
W 8 (180.) KIRSOPP 68 RVUE PHASE SHIFT ANAL 10169 

8 (141.0J DAVIES 68 RVUE P-S ANAL SOL A 8169 
5 (140 .0 )  DAV IES  68  RVUE P-S ANAL SOL B 8 /~9  

SEE THE NOTES ACCOMPANYING THE MASSES QUOTED. 

. . . . . . . . . . . . . . . .  82 N~3/2(1656) PARTIAL DECAY MODES . . . . . . . . . . . .  

DECAY MASSES 
P l  N ' 3 / 2 (1650 ]  INTO P IN  139+ 938 
P2 N*R /2 )1680 )  INTO N P I  P I  938+  139+  139  

. . . . . . . . . . . . . . . . .  82 N~3 /B (165D)  BRANCHING RATIOS . . . . . . . . . . . . . .  

R) N '3 /2 [16501  INTO (PI N) /TOTAL  (E l l / TOTAL  
R1 3 ( 0 . 2841  OONNACH1 69  RVUE 6168  
R1 3 ( .28) DONNACH2 68 RVUE PHAS.SHIFT-CERNI 10169 
R) 3 (°28) KIRSOPP 68 RVUE PHASE SHIFT ANAL 10/69 
R) 4 [O°2B) DAVIES 68 RVUE P-S ANAL SOL A 8169 
RI 5 )0 °25 )  DAVIES 68 RVUE P-S ANAL SOL B 8/69 

REFERENCES - -  N .3 /2 (1650 l  

OEVLIN 65 PRL 14 1031  T J DEVLINtJ SOLOMDN,G BERTSCH (PRINCETON) I 
BAREYRE 68 PR 165 1731 P BAREYAE, C BRICMAN, G V ILLET  [SACLAY)IJP 
DDNNACHI 68 PL 266 161 A DONNACHIE, R G KIRSOPP~ C LOVELACE (CERN)IJP 
DDNNACH2 68 V IENNA 139 OONNACHIE RAPPORTEUR.S TALK (GLASI 

7166 DAVIES 68 VIENNA CONF. A OAVIEStR MOORHOUSE [GLASI 
KIRSOPP 68 THESIS  R G KIRSOPP (EOIN I  

PAPERS NOT REFERRED TO IN DATA CARDS. 

CARRUTHE 60 PRL 4 508 P CARRUTHER$ IC06NELL) I 
DEVL IN  62 PR 125  690  T J OEVLIN~ B J MOYER, V PEREZ-MENDEZ (LRL )  i 
HELLANO 6G PR 134  61062  +DEVLINIHAGGEtLONGOvMOYER,WOQO (LRL )  I 
BAREYBE 65 PL 18 3GZ + BRICMAN~ 8TIRLING, VILLET (SACLAY)IJP 
JOHNSON 67  UCRL-17683 THESIS C H JOHNSON (LRL) 
DONNACHI 69  NP lOB ~33 A DONNACHIE, R KIRSOPP (GLAS+EDIN) 
AYED 70 PL 316 598 ÷BAREYREeVILLET (SACLAY)  

NEW ANALYSIS--RESONANCE PARAMETERS NOT YET AVAILABLE. SEE PIG 3 ÷ TABLE I 
60WLER 70 NP 176 331 +CASHMORE [U* OXFORD) 

* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

FOR DISCUSSION CONCERNING RESONANT PARAMETERSeSEE MOTE 
PRECEDING N ,1 /2 (1470 l .  

. . . . . . . . . . . . . . . .  10 N t3 /2 (167D)  MASS (MEV)  . . . . . . . . . . . . . . . . . . . . .  

M 3 (1691 .0J  DONNAEHI 68  RVUE PHASE-SHIFT ANAL 8169 
( 1 6 9 0 , )  ODNNACH2 68  RVUE PHAS.SH IPT -EERNI  10169  3 

3 (16qO. I  K IRSOPP 68  RVUE PHASE SHIFT ANAL 10 /69  
3 WHERE MAX. ABSORPTION IS -00NNACHIt 2 ~KIRSOPP EYEBALL FIT CERN I 10169 
4 (1649.0l DAVIES 68  RVUE P-S ANAL SOL A 8169  
5 ( 1650 .0 )  DAVIES 68  RVUE P-S ANAL SOL B 8 /69  
S SOL B I S  E.D ~ IT  TO SAME DATA START FROM CERN I EXPER.  (DONNACH1 68 )  

. . . . . . . . . . . . . . . . .  10 N13 /2 [1670 )  WIDTH fMEV)  . . . . . . . . . . . . . . . . . . . . . .  

w 3 ( 269 .0 )  DONNACHI Be RVUE 8 /69  
W S [ 26q , )  DONNACH2 68  RVUE PHAS. SHIFT-CERN1 10169  
w 3 [ 800 . )  K IRSOPP 68  RVUE PHASE SHIFT  ANAL 10169 
w 8 ( 188 .0 )  DAVIES  68 RVUE SOL A 8 /69  
W 5 ( 174 .0 )  DAVIES  68 RVUE SOL B 8169  

SEE THE NOTES ACCOMPANYING THE MASSES QUOTED. 

. . . . . . . . . . . . . . .  lO N~B /2 (1670 )  PART IAL  DECAY MODES . . . . . . . . . . . . . . .  

DECAY MASSES 
P l  N .312 (1670 )  INTO P !  N 189÷ 988  
P2 N~312 [1670 )  INTO N P I  P I  938÷  139~  139  
P3 N*3 /E (1670 )  INTO K SIGMA 493+1189  

. . . . . . . . . . . . . . . . .  10 N$81E(1670 )  BRANCHING RATIOS . . . . . . . . . . . . . . . . .  

R I  N ,3 /2 (16701  INTO (P I  N ) /TOTAL  (P1 ) /TOTAL  
R I  3 (O . l@I  OONNACH1 66 RVUE 8 /69  
R) 3 ( , I ~ )  DONNACHE 68 RVUE PHAS.SHIFT-CEANI 10169 
RI  3 [ , 13 )  K IRSOPP 68  RVUE PHASE SHIFT ANAL 10 /69  
R) 4 (0 .1E l  DAVIES 68 RVUE SOL l 8 /69  
R I  5 ( 0 . 13 )  DAV IES  68  RVUE SOL B 8169  

R2 N*R /E I I 670 }  INTO IK  S IGMA) /TOTAL  [P3 I /TOTAL  
R6 I LESS THAN 0 .00006  FEUERBACH 70 RVUE P IP  TO K+ S IG+  7 /70~  

1 ASSUME MASS[ WIOTH, X IELAST)  OF DONNACHIE 68  
t MODEL USED MAY DOUBLE COUNT. 

See the illustrated key preceding the data card listings. 

Data in parentheses have not  been included in our averages. 

A SMALL PEAK IN THE IP P PBAR) INVARIANT MASS FROM FOR DISCUSSION CONCERNING RESONANT PARAMETERSeSEE NOTE 
8.4 BEVIC PI+ P TO El+ P P ROAR EVENTS. AS EVIDENCE PRECEDING N*I I2( IBTO).  

- - - -  FOR A NEW RESONANCE IT IS NOT CONCLUSIVE. OMITTED 
FROM TABLE. 

. . . . . . . . . . . . . . .  82 N '3 /2 (1650 }  MASS {MEVI  . . . . . . . . . . . . . . . . . . . . . . .  
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See the illustrated key  preceding the data card listings. 

Data in parentheses have not  been included in our averages. 
REFERENCES - -  N .3 /2 (1670 )  

DAVIES 68 VIENNA CONF. A DAV[ES,R MOORHOUSE (GLASS 
DONNACHI 68 PL 268 I81 A DONNACHIE~ R G KIRSOPP~ C LOVELACE (CERNIIJP 
OONNACH2 68 VIENNA I39  DONNACHIE RAPPORTEUR,S TALK (GLASS 
KIRSDPP 68 THESIS R G NIRSOPP (EDINI 
FEUERBAC 70 NP lbB 8E FEUERBACHER÷HOLLAOAY (VRNDEREILTI 

PAPERS NOT REFERREO TO IN DATA CARDS 

OONNACHI 69 N~ lOB 683 A DONNACHIE~ R K IRSOPP IGLAS+EOINI  
AYED 70 PL 31B 598 +BAREYRE,VILLET (SACLAY) 

NEW ANALYSIS--RESDNANGE PARAMETERS NOT YET AVAILABLE. SEE FIG 8 ÷ TABLE I 
BOWLER TO NP 178 331 +CASHMORE (U. OXFORD( 

i 

FOR DISCUSSION CONCERNING RESONANT PARAMETERS,SEE NOTE 
PRECEDING N*I12(1670). 

. . . . . . . . . . . . . . . . .  19 N~3/2( 1690 ) MASS (~EVI . . . . . . . . . . . . . . . . . . . . . . . .  

M 3 ( IB ID . (  DONNACH2 B8 RVUE PHASoSHIFT-CERNI lO /Bg  
M 3 (1690 . )  MIRSOPR 68 RVUE PHASE SHIFT ANAL IOIB9 

3 HHERE MAX. ABSORPTION IS -DONNACHI~ 2 ,KIRSOPP EYEBALL FIT CERN I 10/(:.9 

. . . . . . . . . . . . . . . . .  19 NR'3/EI IBgO) WIDTH (MEV) . . . . . . . . . . . . . . . . . . . . . .  

w 3 12El.) DONNACH2 68 RVUE PHAS.SHIFT-CERN1 10/B9 
W 3 (2z~O*) KIRSOPP 68 RVUE PHASE SHIFT ANAL 10169 

. . . . . . . . . . . . . . . . .  19 N~3/2(1BDG) PARTIAL DECAY MODES . . . . . . . . . . . . . . . .  

DECAY MASSES 
P1 N*~ /2 (1690 )  INTD P IN  139~- 988 
P2 N*~ /2 (1690 (  INTO K SIGMA 698+1189 

. . . . . . . . . . . . . . . . .  19 NX,3/2(1690)  BRANCHING RATIOS . . . . . . . . . . . . . . . . .  

81 N#D/2(1690) INTD (Pl NI/TDTAL (PZ)/TOTAL 
81 3 ( . (Of ODNNACH2 68 RVUE PHAS.BHIFT-CERNI 10/89 
RI 3 ( .08} KIRSOPP 68 RVUE PHASE SHIFT ANAL 10/69 

82 N'E/2(1690) INTO (K SIGMAIITOTAL (P2) /TDTAL 
82 I LESS THAN 0.00002 FEUERBACH 70 RVUE P IP  TO K÷ SIG+ T/TOt 

1 ASSUME MASS, WIDTH, XIELAST) OF DONNACHIE 68 
1 HODEL USED ~AY DOUBLE COUNT. 

REFERENCES - -  f l .312116901 

DONNACH2 6~ VIENNA 139 DONNACHIE RAPPORTEUR.S TALK (GLAS) 
KIRSOPP 68 THESIS R G NIRSDPP (EDIN) 
FEUEPBAC TO NP 168 85 FEUERBACHER+HOLLADAY (VANDEROILTI  

PAPERS NOT REFERRED TO IN DATA CARDS 

AYED 70 PL 31B 59B +BAREYREtVILLET ISACLAYI 
NEW ANALYSIS--RESONANCE PARAMETERS NOT YET AVAILABLE. SEE FIG 3 + TABLE 1 

BOWLER 70 NP 178 $31 *CASHMDRE {U* OXFORD) 

FOR DISCUSSION CONCERNING RESONANT PARAMETERS~SEE NOTE 
PRECEDING N*1 /2 (1670 ) °  

. . . . . . . . . . . . . . . .  11 N '3 /2 (18901  MASS (MEVI . . . . . . . . . . . . . . . . . . . . . . .  

M S (1013*0 i  nDNNACHI 68 RVUE PHASE-SHIFT ANAL 8/69 
M S (1910 . I  DONNACH2 68 RVUE PHAS.SHIFT-CERN1 10169 
M 3 (1910 . }  KIRSOPP 68 RVUE PHASE SHIFT ANAL lO /B9  

3 WHBRE MAX, ABSORPTION IS -DONNACHI~ 2 ,KIRSOPP EYEBALL FIT CERN 1 10169 
M z~ (1861.08 DAVIES 68 RVUE P-S ANAL SOL A 5 /69  
M 5 ( 1852 .0 )  DAVIES 68 RVUE P-S ANAL SOL B 8169 

5 SOL B IS E°D FIT TO SAME DATA START FROM CERN I ENPER. (DONNACHI 68) 

. . . . . . . . . . . . . . . . .  11 N'3/2i1890) WIDTH (HEV)  . . . . . . . . . . . . . . . . . . . . .  

W 3 (3SO.Of 
DDNNACHI 68 RVUE 98 

W 3 ( 350 . l  OONNACH2 68 RVUE PHAS.SHIFT-EERN1 10 /69  
W 3 (DBO*) RIRSOPE 66 RVUE PHASE SHIFT ANAL 10 /69  
w 4 (136.08 DAVIES 68 RVUE SOL A B I69  
w 5 ( 150 .0 )  DAVIES 68 RVUE SOL 8 8 /69  

SEE NOTES ACCOMPANYING MASSES QUOTED AS FOR N~II2(19108 

. . . . . . . . . . . . . . . .  11 N*3/2(18908 PARTIAL DECAY MODES . . . . . . . . . . . . .  

DECAY MASSES 
P l  N'~3/2(18908 INTD Pl N 139+ 998 
P2 N' t<3/2(1890I INTD N PI  P I  938+ 139+ L39 
P3 N*3 /21 lBOO)  INTO K SIGMA 493~11B9 

. . . . . . . . . . . . . . . . .  11 N*3 /211800 )  BRANCHING RATIOS . . . . . . . . . . . . . . . . . .  

81 N*3 /2 (18908  INTO (PI NI /TBTAL (P1)ITOTAL 
Rl 3 (0 .168  DONNACH1 68 RVUE 8 /69  
8 t  3 ( °168  DONNACHE 68 RVUE PHAS.SHIFT-CERN1 10469 
P l  3 ( . 1E )  KIRSOPP 68 RVUE PHASE SHIFT ANAL 10 /69  
81 6 (0.201 DAVIES 68 RVUE SOL A 8169 
R( S (0,19) DAVIES 88 RVUE SOL 8 8169 

RZ N '3 /2 (1890 )  INTO (K SIGNAl/TOTAL IP3 I /TOTAL 
82 I LESS THAN 0,008 FEUERBACH 70 RVUE P( P TO R+ SIG÷ TI70~ 

ASSUME MASSt WIOTHt X(ELASTI OF OONNACHI8 68 
MODEL USED MAY DOUBLE COUNT. 

REFERENCES - -  N *3 /E I1890 I  

DAVIES BB VIENNA CONF. A OAVIES~R MODRHOUSE (GLASS 
DONNACH1 68 RL 268 181 A DDNNACHIE~ R G KIRSDPP, C LOVELACE (CERNIIJP 
DONHACHE 68 VIENNA 139 DONNACHIE RAPPORTEUR.S TALK (GLAS) 
KIRSOPP 88 THESIS R G KIRSOPP (EDINI 
FEUERBAC 70 NP 16B 88 FEUERBA(~HER+HDLLADAY (VANOERBILTI 

PAPERS NOT REFERRED TO IN DATA CARDS 

AYED TO PL 31B 598 +BAREYRE+VILLET (SACLAYI 
NEW ANALYSIS--RESONANCE PARAMETERS NOT YET AVAILABLE• SEE FIG 3 + TABLE I 

FOR DISCUSSION CONCERNING RESONANT PARAHETERS,SEE NOTE 
PRECEDING N~ t /Z I IBFO) .  

. . . . . . . . . . . . . . . . .  IZ N*S/2(19108 MASS (MEV) . . . . . . . . . . . . . . . . . . . . . .  

M 3 (1934 .08  DONNACHI 68 RVUE PHASE-SHIFT ANAL 8 /69  
M 3 (1930 . |  DONNACH2 68 RVUE PHAS.SHIFT-CERN1 10 /69  
M 3 (193D° )  KIRSDPP 68 RVUE PHASE SHIFT ANAL 10 /69  

WHERE MAX. ABSORPTION IS  -DONNACN1, 2 ,KIRSOPP EYEBALL FIT CERN i 10/69 
M (1916.08 DAVIES 68 RVUE P-S ANAL SOL A 8/69 
M 5 I 1834 .0 )  DAVIES 68 RVUE P-S ANAL SOL 8 8 /69  

5 SOL D IS E.D FIT TO SAME DATA START FROM CERN I RIPER. (DGNNACHI 68) 

. . . . . . . . . . . . . . .  12 N*~12(1910) WIDTH (NEVI . . . . . . . . . . . . . . . . . . . . .  

W 3 ( 339 .0 )  DONNAOHI B8 RVUE 8 /69  
W 3 (339 . )  DONNACH2 68 RVUE PHAS,SHIFT-CERNI 10 /69  
W 3 (625.) RIRSOPP 68 RVUE PHASE SHIFT ANAL 10/69 
W 4 (29G.) DAVIES 68 RVUE SOL A B /69  
N 5 [E31.O) DAVIES 68 RVUE SOL B 8/69 

SEE NOTES ACCOMPANYING MASSES QUOTED AS FOR N* l / 2 (1010 I  

. . . . . . . . . . . . . . . . .  12 N~3/2(19101 PARTIAL DECAY MODES . . . . . . . . . . . . . .  

DECAY MASSES 
Pl N'312(19101 INTO Pl N 139+ 988 
P2 N'3/2(1910) INTO N PI P( 938+ 139+ 1E9 
P3 N~3/2 (19101  INTO K SIGMA 6D3+1189 

. . . . . . . . . . . . . . . .  12 N*8 /2 (19101  BRANCHINO RATIOS . . . . . . . . . . . . . . .  

R1 N'312(1910) INTO IPI NIITDTAL (Pll/TDTAL 
RI 3 (O.BO) DONNACHI 68 RVUE 816D 
81 3 ( . 30 )  OONNACH2 68 RVUE PHAS.SHIFT-CERN1 10169 

KIRSDPP 88 RVUE PHASE SHIFT ANAL 10169 81 3 ( .258 
81 6 ( 0 . 18 I  DAVIES 68 RVUE SOL A 6 /69  
81 E ( 0 .241  DAVIES 68 RVUE SOL B B/B9 

82 N '3 /2 (19101  INTO IK  SIGMAS/TOTAL (P3)/TOTAL 
82 1 LESS THAN O,OO8 F~UERBACH 70 RVUE Pl P TO K+ SIG÷ 7170" 

ASSUME MASS, HIDTHt X[ELAST) OF DONNACHtE 68 
MODEL USED MAY DOUBLE COUNT. 

REFERENCES -- -  NW=3/2(19101 

DAVIES 68 VIENNA CONF° A DAVIES~R MOORHOUSE (GLASI 
DONNACHI 68 PL 268 161 A OONNACHIE, R G KIRSOPP, C LOVELACE ICERN)IJP 
DONNACH2 68 VIENNA 139 DONNACHIE RAPPORTEUR. S TALK (GLASI 
KIRSDPP 6B THESIS R G NIRSOPP (LOIN)  
FEUERBAC 70 NP 168 85 FEUERBAOHER~HDLLAOAY IVANOERBILT)  

PAPERS NOT REFERRED TO IN THE DATA CARDS 

CARYANN 85 PR 108 B433 CARAYANNDPOULOSrTAUTFESTpW1LLMANN (PURD) 
- - -  A PARTIAL WAVE ANALYSIS OF PltP TO SIGMA+ K+ 

AYED 70 PL 318 598 +BAREYRE~VILLET (SACLAY) 
NEH ANALYSIS--RESONANCE PARAMETERS NOT YET AVAILABLE. SEE FIG 3 + TABLE I 

m I 

I / , ( 1 9 5 0 ) 1  80 N.3 ,E , I � ,o .  ~P=T,E., I=812 
I - - !  
• " FOR DISCUSSION CONCERNING RESONANT PARAMETERS SEE NOTE 

PRECEDING N* I /Z (  1A701. 

M 
M 
M 

M 

I M ; 
IM ~ 
~M 

B 

83 N~31EI1950I MASS (MEV)  . . . . . . . . . . . . . . . . . . . .  

11920.01 DUKE 65 CNTR P I -P  EL + POL 8168 
(1950 .0 }  APPROX YOKOSAWA 66 CNTR P I -  P DSIG * POL 7166 
(1978 .0 )  BAREYBE 68 RVUE PHASE-SHIFT ANAL 11/6T 

WHERE CROSS SECTION IS GREATEST - EYEBALL FIT 
(1980.OI BAREYRE 68 RVUE PHASE-SHIFT ANAL 11/67 

WHERE SPEED IS  GREA;EST - EYEBALL F IT  
I1966.0) DONNACHI 68 RVUE PHASE-SHIFT ANAL 6168 
(1980* I  OONNACH2 68 RVUE PHAS*SHIFT-CERNI 10 /69  
( L946 . I  KIRSOPP 68 RVUE PHASE SHIFT ANAL 10 /69  

WHERE MAX. ABSORPTION IS  -DONNACHlt 2 ,NIRSOPP EYEBALL F IT  CERN 1 10169 
(1935 .0 I  DAVIES 68 RVUE P-S ANAL SOL A 8 /69  
( 1935 .0 )  DAVIES 65 RVUE P-S ANAL SOL B B/&9 
SOL B IS  A FIT TO DONNACHIE B8 SOLUTION 

. . . . . . . . . . . . .  D3 N*31E(1950) WIDTH (MEV}  . . . . . . . . . . . . . . . . . . . . . .  

N (ITO.O) DUKE &5 CNTR 7166 
W (EO0.Ol  APPROX YOKOSAWA 86 CNTR 7 /66  
W 1 lIED.Of BAREYRE 68 RVUE 11 /67  
W 2 I IAO .O I  BAREYRE 68 RVUE 11/67 
N 8 ( 221 .0 )  DONNACH1 68 RVUE 6168 
W 8 ( 221 . I  DONNACH2 68 RVUE PHAS.SHIET-OERN1 10 /69  

~W 3 ( 220 . }  KIRSOPP 68 RVUE PHASE SHIFT ANAL 10169 
4 ( 221 .0 I  DAVIES 68 RVUE SOL A 8169 
5 (212 .01  OAVIES 68 RVUE SOL B 8/69 

SEE THE NOTES ACCOMPANYING THE MASSES QUOTED. 

. . . . . . . . . . . . . . . .  83 N#3 /2 (1980 )  PARTIAL DECAY MODES . . . . . . . . . . . . .  

DECAY MASSES 
P l  N ' 3 / 211950 I  INTO P IN  139~ 938 

P2  N*3 /2 (1950 I  INTO SIGMA K 1189~ 498 
PD N*3 /2 (19801  INTO N 'D /Z (1286 )  P I  1238+ 139 
P# N*D/211980)  INTO Y t l ( 1888 I  K 1388+ 693 
P8 N .3 /2 | 19501  INTO N*3 /Z I1236 )  RHD 1286÷ 765 
PB  N*3 /E (1980 I  INTO NEUTRON El+ P ie  939 ,  139÷ 139 

I PT N .312 (19501  INTO N*S /E I1236 I  F l  P l  (NOT MHOI 1236+ 139 .  139 

8D N¢3 /2 (1980 I  BRANCHING RATIOS . . . . . . . . . . . . . . . . .  

R t  N*3/211gBOI  INTO (P l  NI /TDTAL (P I I / TOTAL  
R l  IO .61 )  DUKE 68 CNTR VERY ENERGY DEE 7166 

IRL  (0 .6 I  APPROX YOKOSAWA 66  CNTR 7 /66  
R1 1 I 0 . 57 )  BAREYRE 68 RVUE 11 /67  
81 8 ( 0 . 8868  DONNACH1 68 RVUE 6 /68  



,3ARYONS 

See the illustrated key 

Data in parentheses have 

RT 3 { .39) OONNACH2 68 RVUE PHAS. SH IFT-CERNI 
R: 3 ( . 39 )  KIRSOPP 68 RVUE PHASE SHIFT ANAL 
R: ~ (0,518 DAVIES 68  RVUE SOL A 
R] 10.39) DAVIES 68 RVUE SOL 8 

SEE THE NOTES ACCOMPANYING THE MASSES qUOTED. 

R; h *3 /2 ( i gSO]  IBTO (SIORA K)~(Pl NIITGTALm#E IP2*P I I / TOTAL#*2  
R; SEEN BORREANI 6B HBC PI+P 1,35-1.68 10/69 
~; l IO.OO4) (O.OOO) FEUEROACH 70 RVUE Pl P TO K+ BIG+ 7170. 

1 ASSUME MASS, WIDTH~ X (ELAST I  OF DONNACHIE 68  
] HDDEL USED MAY DOUBLE COUNT. 

R~, N ' 3 / 2 (19501  INTO (D I12361P I I * IE IN ) /TOTAL t~E  [P~P I I /TOTAL*~2  
R~ 0.23 0.04 FUNG 68 HBC ++ P l+P  TO EIeEIO P 11168 

POPE INFORMATIONS DN INELASTIC DECAY MODES O~ BUMPS, SEEN IN PRODUCTION 
EXPERIMENTS AROUND 1950 MEV, MAY ~E FOUND IN THE NEXT ENTRY 

DUKE E5 PRL IE ~68 
YC~KOSAWA 66 PRL 16 71~ 
BAREYPE 68 PR 165 1731 
BDRREANI 68 UCRL 18~50 
DAVIES 6 8  VIENNA CONF. 
DDNNACH1 68 PL E6B 161 
DONNACHE 68 VIENNA 139  
FLING 68 V IENNA CONF. 
KIESCPP 68 THESIS 
FIUERBAC 70 NP EbB 85 

REFERENCES - -  N .3 /2 {1950 }  

+JDNES,KEMP~MURPHY~PRENTIEE~ + IRTHFO~OXFIIJP 
+SUNA, H ILL ,  ESTERLING~ BOOTH IARG~CH1)IJP 
P 8AREYRE, C BRICMAN~ G V ILLET  (SACLAYI|JP 
DOEREANI,KALMUS (LRL) 

A DAVIES~R MOGRHDUSE (GLAS) 
A DUNNACHIE~ R G KIRSOPP, C LOVELACE ICERNIIJP 
BONNACHIE RAPPORTEUR.S TALK (GLASI 
FUNG, KERMAN~ KALNUS~ BIRG6 IRIVERSIDE,LRL) 
R G KIRSOPP (ED IN I  
FEUEOBACHER+HOLLAOAY (VANDER81LT) 

PAPERS NOT REFERRED TO IN DATA CARDS, 

LAYSON 63 NC 27 724 H M LAYSDN [CERNI I J  
HOHLER 63 NP ~8 470  G HOHLER, G EBEL (KARLSRUHEI  I 
ALIVIL 64 NC SS ~73 P AUVIL, C LOVELACE (IMPCOLIIJP 
HDHLER 6~ PL I2  149 G HOHLER~ J GIESECKE (KARL$RUHE) I 
HELLAND 6~ PR 134 81062  +DEVLIN,HAGGE,LONGO,MOYER,NOOD ILRL) IJ 
HDLLAOAY 65 PR 1 8 9  B1348 W G HOLLADAY IVANDERBILT) 
JDHNSON 67 UCRL-I7683 THESIS C H JOHNSON (L RL I  
D(]NEACH[ 69 NP lOB 433 A OONNACHIE~ R KIRSDPP IGLAS÷EDINI 
A~rEO 70 PL 318 598 +8AREYRE+VILCET (SACLAY)  

NEW ANALYSIS--RESONANCE PARAMETERS NOT YET AVAILABLE. SEE FIG 3 + TABLE E 

13 N*31EIIgbO, JP=5 /2 - I  I =3 /2  

FOR DISCUSSION CDNCERNING RESON TERS~SEE NOTE 
PRECEDING N* I IE I I~?O) .  

. . . . . . . . . . . . . . . . .  13 N*31Z419608 HASS [MEV)  . . . . . . . . . . . . . . . . . . . . . .  

3 {195~.0) DONNA(HI 68 RVUE PHASE-SHIFT  ANAL 6168 
M 3 ( 1970 .  I KIRSOPP 68 RVUE PHASE SHIFT  ANAL 10169  
M (195D .0 )  APPROX LEA 69  CNTR PI- -P ELAST IC  8 /69  

3 WHERE MAX. ABSORPTION IS -DONNA(H1, Z ,KIRSOPP EYEBALL FIT EERN 1 10169 

. . . . . . . . . . . . . . . . .  13 N'312(1960) WIDTH (BEY)  . . . . . . . . . . . . . . . . . . . . . .  

W 3 (311.001 DONNACHI 68 RVUE 8 /69  
w 3 (400.) KIRSOPP 68 RVUE PHASE SHIFT ANAL 10169 

. . . . . . . . . . . . . . . . .  13 N '3 /211960 )  PARTIAL DECAY MODES . . . . . . . . . . .  

DECAY MASSES 
P1 N*3 /E I l g60 )  INTO P IN  139+ 038 
P2 N~3 /E ( l gBO(  INTO K SIGMA 493÷[E89 

................. i 3  N'312(19608 BRANCHING RATIOS ............... 

R1 N*312 (19601  INTO IP I  N ) /  TOTAL IP I ) /TDTAL  
Rt 3 ( . 1 5 ~ l  DONNACH1 68 RVUE PHASE SHIFT  ANA.  10169  
81 3 { .12} KIRSOPP 68  RVUE PHASE SHIFT ANAL 10 /69  

82 N~312(19601  INTO (K SIGMAIITOTAL (P2 ) /TOTAL  
82 1 {0.0131 (0,01} FEUERBACH 70 RVUE P) P TO K+ SIG÷ 7178" 

ASSUME MASS, WIDTH, X(ELAST) OF DONNACHIE 68  
~OOEL USED MAY DOUBLE COUNT. 

REFERENCES - -  N .312 (1968 I  

DONNACH1 68 PL EBB 16 I  A DONNACHIE~ R G KIRSOPP~ C LOVELAEE [CERNIIJP 
KIRSDPP E8 THESIS R G KIRSOP~ {EDINI 
LEA 69 PL E9B 584 LEA,OADES,WARD,CDWAN,+ (RHEL~DRISTOL,DARI 
FEUERBAC 70 NP 168 85 FEUERBACHER+HOLLAOAY IVANDERBILT)  

PAPERS NOT REFERRED TD IN DATA CARDS 

DONNA(HI 69 NP 10B ~33 A DONNACHIE, R K IRSOPP (GLAS+EDIN) 

1 9 5 0  

7D N* ( 1980 (  PROD. EXP.  

. . . . . . . . . . . . . . . . .  70 N*  ( 1950 )  WASS IMEV}  . . . . . . . . . . . . . . . . . . . . .  

M (IgZ2,O) APPROX COOL 56 CNTR PI+ P TOTAL 
M (1912.O) l IE.O) 8RISSDN 61 CNTR PI+ P TOTAL 
M (19DO.Of I9.O) 9EVLIN 65 CNTR P I+  P TOTAL 
M N (EO80 ,O)  ( IZ,D) YDDN 67 HBC ÷ 3 BEV/C P I -P  

N THIS  DUMP IS  NOT SEEN DY CHUNG 68 AT 8 .E  GEV/C 

. . . . . . . . . . . . . . . . .  TD N*  ( 19501  WIDTH (MEV)  . . . . . . . . . . . . . . . . . . . . .  

H (286.0) (Bg.o) DEVLIN 65 CNTR 
W 40.0 EO,O YOON 67 HBC + 

................. ?D N* (195D) 8RANCHING RATIOS ........... 

RI N* (19SO) INTO (PI N I /TOTAL  PROD. EXP .  
R1 {0.578 TO.12) DEVLIN 65 CNTR 

MEV R~GION - PRODUCTION A . N D  ~TOTAL EXPERIMENTS 

9 7  
preceding the data card listings. 

not  been included in our averages. 

10169 RE N* I19508 INTO (SIGMA K) / [P I  NI PROD. EXP. 
10169 R2 D ,OB9  0 ,024  CHINOWSKY 68 HBC ++  PP TO P S IG  K 11768 

B / 6 9  

8169  R3 N~ (1950 (  INTO N~B /2 (1ES6 (P )  P I  (NCT RHO) 
83 SEEN DHINOWSKY 68 HOE ++ PP TO (P 3PIT N 1~ /68  
R3 SEEN BOGGILO 70 HOD PP TO N3P I INTRL)  6170 .  

RA N~ (19S08 INTO (PI N)I(N~3/E(1236) PI) PROD. EXP. 
84 LESS THAN 0.55 LEE 67 HBC PI-P 3.63 BEVIC 11167 

RB N# (19508 INTO ( IP I  N)*INEUTRDN PI+ PI+)IITOTAL PROD. EXP. 
85 O.OB 0.018 GALLOWAY 68 RVUE ++ PI+P TO N 2PI+ 6 /68  

R6 N~ [ 19BO)  INTO (Y *1 (18851K) I IP l  N) PROD. EXPo 
R6 O*OBB O*OIS CHINOWSKY 68 HBC ÷÷ PP TO P LAW R PI 11188 

R7 N* (19508 INTO {N~S12(1236) RHO)I(PI N) PROD. EXPo 
R7 (O.~BI APPROX CHINOWSKY 68 HOE ++ PP TO IP 3El l  N 11168 

THIS INCLUDES CORRECTION FOR UNSEEN DECAY tIEPIN FACTOR 5/31, 

RB N*  (IgSOI INTO lN '3 /2 (1238 ]  RHOI /TOTAL  
R8 SEEN YOON 67 HBC + 8•67 
RB NOT SEEN BOGGILD 70 HOE PP TD NJPIINTRL) 8 1 7 0 .  

7 t66  
7•66 

B /67  

REFERENCES - -  N*  IN PRODUCT EXPERIMENTS 

COOL 56 PR 103 1082  
BRISSON 61NC 19  210 
DEVLIN 68 PRL 1~ 1031 
LEE 67 PR 159  1156  
YOON 67  PL 2~8 307  

CHINONSR 68 PR 1 7 1  1A21 
CHUNG 68  PR 165  1~91 
GALLOWAY 68  PL 26B 33#  
80GGILO 70 NP 816 503 

R COOL, O P ICC IONI ,  O CLASS IBNL I  I 
+DETOEUF~FALK-VA IRANT ,VAN ROSSUH.+ (SACLAV)  i 
T J DEVL IN ,J  SOLOMON~G 8ERTSCH (PRXNCETONI I 
÷MOEBS~ROE~SINCLAIR~VANDER VELOE (M ICHI  
+8ERENYI~KEY~PRENTICE, ÷ {TORONTO~NISCI 

CHINOWSKY~CONDON~KINSEYIKLEIN~+ (LRL~SLAC) 
S U CHUNG~DAHL,KIRZ,MILLER (LRL) 
K F GALLOWAY (INDIANA) I 
+KOREA-AHD+JACOBSEN÷ (COP~HELS*OSLO~STOCKI 

END PRODUCTION EXPERIMENTS 

FOR DISCUSSION CONCERNING RESONANT PARAMETERS, 
SEE NOTE PRECEDING N'I/2114708 

. . . . . . . . . . . . . .  0 N~3/EI2160I MASS IMEV)  . . . . . . . . . . . . . . . . . . . . . . .  

M 3 (2160,I  KIRSDPP 68 BVUE PHASE SHIFT ANAL 10169 

. . . . . . . . . . . . . . . . .  9 N '312 (2160 )  WIDTH IMEVI . . . . . . . . . . . . . . . . . . . . . .  

W 3 (EBO.) KIRSOPP 68 8VUE PHASE SHIFT ANAL 10/69 

. . . . . . . . . . . . . . . .  g N'312(21608 PARTIAL DECAY MODES . . . . . . . . . . . . . . .  

DECAY MASSES 
P1 N*B/212160| INTO P) N 139+ g38 

. . . . . . . . . . . . . . . . .  9 N*812(EIBO) BRANCHING RATIOS . . . . . . . . . . . . . . . . . .  

81 N'312(21608 INTO (El N)ITOTAL (ELI/TOTAL 
81 3 (.258 KIRSOPP 68 RVUE PHASE SHIFT ANAL 10/69 

REFERENCES - -  N'B/E{2160) 

KIRSOPP 68 THESIS R G KIRBDPP (EDIN) 

PAPERS NOT REFERRED TO IN DATA CARDS 

DONNA(HI 60 NP 108 483 A DONNAEHIE~R KIRSGPP (GLAS+EDINI 

M > ~ 0 0  MEV - PRODIICTION AND ~TOTAL EXPERIMENTS 

I " " 1  PARTIAL  HAVE ANALYSIS  OF 8ELLAMY 67  SUGGESTS J=1~ /2  

. . . . . . . . . . . . . . . . .  B~ N*Z /E I2~20 )  HASS IHEV)  . . . . . . . . . . . . . . . . . . . . . .  

I2SBO. O) OIDDENS 68 CNTR PI+ P TOTAL 
(EB2D.O) (4O.O} ALVAREZ 6# CNTR Pl PHOTOPROD 7/66 
(2400.0) APPROX WAHLIG 6~ OSPK O PI-P CH EX 
(2440 .0 )  HDHLER 6~ RVUE DATA + DISP REL 

E~EJ .O  10 .0  CITRON 66  CNTR P I+  P TOTAL 7166  
B (2~82.0) BARGER 66 RVUE TOTAL + CH EX I1 /67  
B USES REGGE AMP.+RESON. TO CALCULATE DIF. CROSS SECTIONS AT 180 DEGRE 
8 FOR CRITICISM OF THIS METHOD~ SEE DOLEN 68. 

. . . . . . . . . . . . . . . .  84 N¢312{E~20I WIDTH (MEV)  . . . . . . . . . . . . . . . . . . . . . .  

W IEOO.O I  OIOOENS 63 CNTR 
I W (E~B .O l  HOHLER 64  RVUE 7166  
IW 310.0 2O.O CITRON 66 CNTR 7/66 
I W i B I275,0) 8ARGER 68 RVUE TOTAL + CH EX 11/67 

. . . . . . . . . . . . . . . .  8~ N*~IEIZ620) PARTIAL DECAY MODES . . . . . . . . . . . . . . .  

DECAY MASSES 
PI N*S/ZIZ~EOI INTO P IN  139+ 936 
P2 N*31Z (E~2O i  INTO SIGMA K 1197+ #93  
P3 N*312 (2A201  INTO N$312112361 PI 1286+ 187 
P~ N~/2(2~208 INTO NEUTRON El+ PI+ 939+ 139+ 189 

. . . . . . . . . . . . . . . . .  84  N#3 /E IE~2G)  BRANCHING RATIOS . . . . . . . . . . . . . . . . . . .  

RE N '31212~208  INTO (PI N}/TOTAL (PI}/TOTAL 
81 IO.0671 APPRDX DIDDENS 63 ENTR ASSUMING J=11/2 7166 
RE 0 ,113  O.OOB& CITRON 66 CNTR ASSUMING J :~1 /2  7 /66  
81 B (0 .121  8ARGER 67 FIT ASSUMING J=11IE 1E167 



98 
See the illustrated key preceding the data card listings. 

Data in parentheses have not been included in our averages. 

BARYONS 

R) O (0.163) DIXMEN 67 FIT ASSUMING 3=11/2 11187 
D USES ONLY RESONANCES TO CALCULATE DIF. CROSS SECTIONS AT 180 OEGREES 

R) (O.OB) XCRMANYDS 67 CNTR ASSUMING J=11 /2  11/67 

P2 N'3/2(~4201 INTO (~I NI~(NEUTRON ~I÷ PI÷IIITOTAL**2) (PI~PAIITOTAL**2 
R2 0.0195 O.OO~8 GALLOWAY 68 RVUE 6168 

REFENENCES - -  N *3 t2 IEAED)  

DIODENS 6~ PRL IO 26? ÷JENRINS~ KYCIA~ RILEY {BNL) I 
ALVAPEE 6~ PRL 12 710 ÷BAR-YAM,KERN,LUCXEY,OSBORNEe ÷ (MIT,CEA) 
WAHLIG 6~ PRL 13 103 ÷MANNELLI,SODICKSON~FACKLER~WAROe ÷ (MITI 
HDHLER 64 PL 12 149 G HOHLER~ J GIESECRE (NARLSRUHE) I 
CITRON 66 PR 146 1101  ~GALBRAITHeNYCIA~LEONTIC~PHILLIPS, + (BNL) I 
BARGER 66 PR 151 1123 V BARBER, M OLSSON (WISE) 

BARGER 67 PR 155 1792 V EARGER~ O CLINE {WISCI P 
DINMEN 07 FRL 18 798 F N OIKMEN {MIGHT 
RORMANYO 61PR 16~ 166L  XORMANYOS~ KRISCH, OFALLGNe ÷ IMICH~ARG) P 
DOLEN 68 PR 166 1768 R DOLEN~ D MORN, C SCHNID (CAL TECH 
GALLOWAY 6B PL EbB 334 K F GALLOWAY (INDIANA{ I 

PAPERS NOT REFERRED TO IN DATA CARDS, 

DOBROWOL 67 PL 2EB 203 OOBROWOLSKI,GUSKOV,LIKHACHEV~ + [OUBNA| P 
BELLAMY 67 PRL lq ~76 ÷BUCKLEY~OOBINSON~ * (WESTFIELDtUNICOL) JR 
BAACXE 67 NC SIA 761 J BAACKE, M YVERT  INARLSRUHE,ORSAY}J-L 
WAHLIG BE PR 168 iBIS M A WAHLIG~ I MANNELLI (MIT~PISA) 

- -  ~INAL VERSION OF DATA USED IN WAHLIG 6~, IN CONJUNCTION WITH 
CITRON 66 TOTAL CROSS SECTIONS~ THIS CHARGE EXCHANGE DATA GIVES 
COMPLEX ELASTIC SCATTERING AMPLITUDE AT 0 DEGREES. 

IA( e o) l . . . . .  ,E,E . . . . . .  I =312  
I | 
. . . . . . . . . . . . . . . .  86 N*B /2 IER5D)  MASS (MEVI  . . . . . . . . . . . . . . . . . . . . .  

M IETOOoO) APPROX WAHLIG 6A QSPK 0 P I -P  CH EX 
M (2BTOoO) HOHL~R 6~ RVUE DATA ÷ OISP EEL 
M 2850°0 12.0 CITRON b6 CNTR PI÷ P TOTAL 71&~ 
M (2850.0{ BARDAOIN b& HBC *÷ N*  TO P ÷ B BIS 7166 

. . . . . . . . . . . . . . . . .  85 N*312(2850) WIDTH (MEVI  . . . . . . . . . . . . . . . . . . . . .  

4OO,O 40 .0  CITRON 66 CNTR 716& 
{lEO*Of BARDAOIN 66 HBC ~+ 7 /66  

. . . . . . . . . . . . . . . .  85 N '3 /2128~01  PARTIAL  DECAY MODES . . . . . . . . . . . . . . .  

DECAY MASSES 
Pl N.312(2850) INTO PIN 139+ DB8 
P2 N*3/2(2850) INTO P P) PI El 93R÷ 139+ 139÷ L39 
P3 N*3 /2 (3850 )  INTO N P) P) 938+ 139+ 139  

. . . . . . . . . . . . . . . . .  85 N'3/212850) BRANCHING RATIOS . . . . . . . . . . . . . . . . .  

RL N.31212850) INTO (Pl NIITDTAL (PlIITOTAL 
R1 ONLY ( J+ I / 2 ) * l  P) N/TOTAL) MEASURED FOR THIS STATE 
PI 0.261 0,048 CITRON 66 CNTR TOTAL CROSS.SEE, 11767 
RI B (O.2E~) 10*016) BAFGE~ 66 RVUE TOTAL ÷ CH EXC. I I167  
RI B (O.~O) BARBER 67 RVUE USES KORMANYOS86 11167 

B USES REGGE AHP.~RESON, T0 CALCULATE DIF, CROSS SECTIONS AT 180 OEGRE 
B FOR CRITICISM OF THIS METHOD* SEE DOLEN 68, 

RI D I0.49) DIKMEN 67 RVUE USES KORMANYOSG? 11167  
D USES ONLY RESONANCES TO CALCULATE DIF. CROSS SECTIONS AT IBO DEGREES 

R) (O . IO )  KDRMANYOS 67 CNTG Pl-P AT 180 DEG. 11167 
RI (0.39) DOBRONOLS 67 CNTR PI+P AT 180 OEG 

REFERENCES - -  N*312(2850} 

WAHLIG 6~ PRL 13 103 ÷MANNELLI,SDDICKSON~FACKLER,WARD, ÷ (~ITI 
HOHLER 6~ PL 12 lag O HOHLER~ J GIESECKE (KARLSRUHE} I 
CITRON 66 RR I~  1101  +GALBRAITH,KYCIAtLEONTIC~PHILLIPS~ + IBNL) I 
BARDADIN 6~ PL 21 357  BARDADIN-OTWINOWSKA~DANYSZ, • {WARSAW} 
BARBER 66 PR 151 1123  V BARGER~ M OLSSON (WISCI  

BARGBR 67 PR 155 1792 V BARGER~ n CLINE (NISEI P 
D!KMEN 67 PRL 18 798 F N DIKmEN IMICH) 
OOBROWOL 67 EL 2~B 203 DOBROWOLSKI~GUSKOV~LIKHACHEV, * IOUONA} P 
KORHANYO 67 PR 16A 1661  KDRMANYOS, KRISCH~ DFALLONt  + (MICH~ARGI P 
DOLEN 68 PR 166 1768 R DOLEN~ D HORN, C SCHMID (EAL TECB) 

PA~ERS NOT REFERRED TO IN DATA CARDS. 

BAACKE 67 NC 51A 761 J BAACNE~ M YVERT  (KARLSRUHE~ORSAY}J-L 
WAHLIG bR PR 16R 1515 M A WAHLIG~ I MANNELLI IMIT~PISAI 

- -  FINAL VERSION 01 DATA USED IN WAHLIG 64 .  IN CONJUNCTION WITH 
CITRON 66 TOTAL CROSS SECTIONS, THIS CHARGE EXCHANGE DATA GIVES 
COMPLEX ELASTIC SCATTERING AMPLITUDE AT 0 DEGREES, 

E . . . . . .  

. . . . . . . . . . . . . . . . . .  86 N '312 (3230 )  MASS (MEV) . . . . . . . . . . . . . . . . . . . . . . . . .  

M "  ( 3230 .01  CITRON 65 ONTR P I÷  P TOTAL 7166  

. . . . . . . . . . . . . . . . .  86 N*3 /2 (32EOI  WIDTH {MEVI  . . . . . . . . . . . . . . . . . . . . . .  

W {~AO*O) CITRON 66 CNTR 7 / 6 6  

. . . . . . . . . . . . . . . . .  86 N.3/213230I PARTIAL DECAY MODES . . . . . . . . . . . . . . . .  

DECAY MASSES 
PI  N .3 /2 (3230 )  INTO PIN  139+ ~38  
PE N.312{3230) INTO N P) PI 938+ 139+ 139 

. . . . . . . . . . . . . . . . .  86 N*3 /E132301  BRANCHING RATIOS . . . . . . . . . . . . . . . . . . .  

RI ONLY ( J+ l / 2 )= [  P I  N /TOTAL)  MEASURED FOR THIS  STATE 

R) (O.OB) CITRON 66 CNTR TOTAL EROS. SEC. 11/67 
RI B (O .O3 l  (O .O t )  BARGER 66 RVUE TOTAL ÷ CH EXC. 11/67 
RI B {0.03) TO O.L BARBER 67  CNTR USES KORHANYOS66 11167  
RI B USES REGGE AMP°÷RESON° TO CALCULATE OIF° CROSS SECTIONS AT 180 DEGRB 
R2 B FOR CRITICISM OF THIS METHOD~ SEE DOLEN 68. 
R I  D (0 .25 )  DIKMEN 67  RVUE USES KORMANYOS6T 11 /67  
RI 0 USES ONLY RESONANCES TO CALCULATE DIFo CROSS SECTIONS AT LEO DEGREES 

REFERENCES -~ N*B/EI323Q} 

CITRON 66  PR 144 1101  ÷OALBRAITH~KYCIAtLEONTIC~FHILLIPSt + IBNLI I 
BARGER 66 PR 151 1123  V BAGGER, M OLSSON (WISCI 
BARGER 67 PR 155 1792 V BAGGER, D CLINE (WISCI P 
OIKMEN 67 PRL 18 IqB F N DIKMEN (MICHI 
KORMANYO 67 PR 164 1661  KORMANYOS, KRISCH, OFALLON, ÷ (MICH,ARG} P 
DOLEN 68 PR 166 17bB R DOLEN, O HORN, C SCHMID ICAL TECH) 

END PRODUCTION EXPERIMENTS 

EXOTIC  NUCI . ,%ONS CROSS SECTIONS LIMITS FOR EXOTIC NUCLEONS 

THIS IS NOT A COMPLETE LIST. WE WILL TABULATE EXOTICS FROM NOW ON 

CS LT. 40 MB I=51E, M=1540-1750 BANNER TO OSPK ÷++ PI÷P11.9 GEVIC T/TO* 

REFERENCES - - -  EXOTIC NUCLEONS 

BANNER TO NP B15 ROE ~CHEZEvHAMEL,TEIGERpZACCONE ÷ ISACLAYI 

' , , ' ,Zo,178o,, . . . . . .  1 , .  . . . .  , , E , i = o  

>~5  Z*O(1T80) MASS IMEV)  . . . . . . . . . . . . . . . . . . . . . . . . .  

M ABOUT 1780.0 ABRAMS 69 RVUE K÷ P, 0 TOTAL 6/TO* 
M D SEEN DOWELL 70 RVUE 71TO* 
M D SEE ALSO DISCUSSION OF LYNCH TO 7 /70 ,  

. . . . . . . . . . . . . . . .  95 Z*O(IT80I WIDTH (HEy) . . . . . . . . . . . . . . . . . . . . . . . .  

i w ABOUT 565 .0  ABRAMS 69  RVUE K+ Pp D TOTAL 6 /70 ,  

. . . . . . . . . . . . . . .  95 Z*O(IT80) PARTIAL DECAY MODES . . . . . . . . . . . . . . . . .  

DECAY MASSES 
E l  Z *O I l 180 )  INTO K N A93+  939  

. . . . . . . . . . . . . . .  95 Z*O(l180) BRANCHING RATIOS . . . . . . . . . . . . . . . .  

RI Z*OI[7BO] INTO {K NIITOTAL (PI}/TOTAL 
RI ABOUT 0.95 ABRAMS 69 RVUE K÷ P~ D TOTAL 6/70* 

REFERENCES - -  Z *O( ITDO)  

SEE REFERENCES FOR THE Z* I ( l gO0 )  

, J  Z 0 ( 1 8 0 ~ )  j | J . . . . . .  1 . . . .  JP= ' I =O  

96 Z*0 (1865 }  MASS (MEVI . . . . . . . . . . . . . . . . . . . . . . . . .  
i 

I M (1868.0) 110.OI KYCIA 67 CNTR K÷Ft D TOTAL 8/BT 
M (1BBO.O)  ( L5 .0 I  CARTER 67 THEO D ISPERSION REL.  8167  

. . . . . . . . . . . . . . . .  g6 Z*O(1865) WIDTH (MBVI  . . . . . . . . . . . . . . . . . . . . . . . .  

W (160.01 {30.0l  XYCIA 67 CNTR fi/67 
W (EGO.Of lSO.OI CARTER 87 THEO 6•67 

. . . . . . . . . . . . . . . .  96  Z *O I1865 )  PARTIAL DECAY MODES . . . . . . . . . . . . . . . .  

DECAY MASSES 
PI Z*O(IBGBI INTO K N ~93+ 939 
P2 Z *O l lBb5 )  INTO N K ' lOg0 )  938÷  892  

96  Z *O(1B6E)  BRANCHING RATIOS ................. 

RI Z*0 (1865 I  INTO (K N ) /TOTAL  IP l ) / TOTAL  
R1 10.40) (ODOR) KYCIA 67 CNTR IF  J=1 /2  8 /67  
R1 IO ,31 I  (0.05} CARTER 67 THEO IF J= l l2  81bT 

R2 Z *0 (1865 )  INTO N K* tBDO}  (P2 )  
R2 MAIN INELASTIC DECAY HIRATA 68 HBC 11/68 

REFERENCES - -  Z *O( IB6S)  

SEE REFERENCES FOR THE Z*I I1900I  

I " " 1  SEE THE MINI-REVIEW ON Z*S IN FRONT OF THE Z*D{1TBO} 
LISTING, SEE ALSO THE REVIEWS IN PREVIOUS EDITIONS 
OF THIS COMPILATION. 

. . . . . . . . . . . . . . . .  DT E*ll1?OO) MASS (MEV) . . . . . . . . . . . . . . . . . . . . . . . . . .  

M ( igo0 .o I  (TO.O) KYCIA 67 CNTR ++ K+P TOTAL 8167 
M 1 ( l g32 .0 }  AYBD 70 IFWA P13 .SOL . I  6170"  
M 1 (1BOg .  O} AYED TO IPWA RIB,SOL.IT 6170 "  
M 1 (2OBO.O)  AYEO TO IPWA Sl I~SOL. I I I  6 /70 "  

L THREE SOLNS IN ORDER 0F DECREASING SIGNIFICANCE.THROUGH AYED 70  
1 GIVE PARAHETERS~THEY CONCLUDE RESONANT INTERPRETATION DOUBTFUL. 

M 2 (1840.0) BARNETT 70 IPWA P13,SOLN I l l  7 /70 *  
2 RESONANCE SIGNAL BARELY ABOVE BACKGROUND DUE TO THE LARGE ERRORS 
2 IN THE AMPLITUDES RESULTING FR~M THE ANALYSIS 

M I1959 .01  ERNE 70 IPWA P13 6170" 
M (IBBO°O) |90.0) KATO TO (PWA PI3 IN SOLN I 6/70* 
M (1950,I  (100.| KATO 70 IFWA SOL. I l l  1170* 
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Note  on P o s s i b l e  Z " ' s  

A k h o u g h  m u c h  w o r k  h a s  b e e n  d o n e  on  t h e  

s t r a n g e n e s s  + t  r e a c t i o n s  d u r i n g  t h e  p a s t  

y e s ] ' ,  i t  i s  no t  y e t  c l e a r  w h e t h e r  t h e  p e a k s  

s e e n  i n  t o t a l  K N  c r o s s  s e c t i o n s  n e a r  t O e V / c  

a r e  r e s o n a n c e s ;  s e e  F i g .  t .  S i n c e  p o s i t i v e -  

s t r a n g e n e s s  b a r y o n s  c a n n o t  be  m a d e  f r o m  

t h r e e  q u a r k s ,  i t  i s  v e r y  i m p o r t a n t  to  f ind  ou t  

i f  t h e s e  p e a k s  a r e  r e s o n a n c e s .  

(a) I = 0 S y s t e m .  N e w  t o t a l - c r o s s -  

s e c t i o n  d a t a  h a v e  b e e n  r e c e n t l y  r e p o r t e d  b y  

t h e  A r i z o n a  g r o u p  in  t h e  0 .36  to  0 .72  G e V / c  

r e g i o n  ( B O W E N  70).  T h e  o l d  K+p a n d  K+d 

t o t a l  c r o s s  s e c t i o n s  h a v e  b e e n  r e a n a l y z e d  b y  

ABR,AMS 69. T h e y  m a d e  a n e w  u n f o l d i n g  o f  

t h e  i s o s p i n - 0  t o t a l  c r o s s  s e c t i o n  a n d  f o u n d  

t h a t  t h e  w e l l - k n o w n  p e a k  i n  t h i s  c r o s s  s e c t i o n  

just above 1.0 GeV/c (M~ 1865 MeV) has a 

companion at about 0.8 GeV/c (M ~ 1780 MeV). 

COOL 70 adds the new data of BOWEN 70 to 

the analysis and obtains the two possible re- 

sults shown in Fig.2a for the I = 0 cross sec- 

tion. DOWELL 70 also reports similar re- 

sults. The choice of two possibilities depends 

mostly on the disagreement between the data 

and very little on the method of unfolding, as 

discussed by LYNCH 70. 

Until the K'p-- and K+d cross sections are 

remeasured in this region, the lower peak, 

though probable, cannot be considered def- 

initely established. There is, however, no 

doubt about there being a large broad peak in 

theisospin-0 elastic cross section. The in- 

elastic cross section is very small until the 

K*N threshold at 1.08 GeV/c is approached, 

then it rises rapidly (HIRATA 68 and 

HIRATA 70), as shown in Fig. 2c. Subtract- 

ing this from total cross sections gives the 

two possible results of Fig. 2b. (The elastic 

cross section has not been independently mea- 

sured. ) 

99 ° 

The Z *(1780) in the listings below is the 
0 

result of fitting the elastic peak with a Breit- 

Wigner resonance form. The width is anom- 

alously large, nearly 600 MeV. The res- 

onance (if it exists) must be nearly entirely 

elastic because the inelastic cross section is 

small at the peak. If J were greater than I/2, 

the resonant peak would exceed the observed 

height of 4wk 2. This fixes the spin as i/2, and 

means that there is little cross section left 

over for other partial waves. Of course it is 

quite possible that in fact the peak is not 

caused by a resonance at all. 

Phase shift analyses of the elastic scat- 

tering data in the I = 0 state have been done 

only up to 810 MeV/c; i therefore it is not 

clear whether the structure (either double- 

peaked or not) is associated with a definite 

resonance-like structure in one or more par- 

tial waves. 

(b) I = I System. New K+p data has been 

reported by REBKA 70 from 1.54 to 1.71 GeV/c 

and by BARBER 70 from 1.4 to 2.3 GeV/c. As 

for new analyses at the Duke Conference on 

Hyperons, a total of nine partial-wave anal- 

yses were presented. Each of these analyses 

gets more than one solution to choose from, 

which indicates that the data are not good 

enough to eliminate some of the possibilities. 

Certainly new data and the simultaneous anal- 

ysis of elastic and inelastic channels (copious 

inelastic data is desirable at the moment) 

could improve the understanding of this sys- 

tem. 

The PI3 amplitude still remains the best 

candidate for a resonance in the K+p system. 

The preferred P13 Argand plots obtained by 

the various groups are shown in Fig. 3. Each 

analysis in one way or another gets at least 

one solution with a counterclockwise P13 am- 

plitude. Resonant PI3 is claimed by IKEBIC_A 

70, KATO 70, ERNE 70, and BGIKT 70; the 

results of the other five analyses are not so 
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clear cut. AYED 70 claim that the speed of 

variation of the amplitude as a function of the 

energy is nearly as well fit by a smoothly 

varying background as by a broad (500-1V[eV) 

Breit- Wigner amplitude superimposed on a 

background. For this reason they claim one 

is not obliged to invoke a resonance. 

BENNETT 70 got two solutions: the preferred 

one shows no resonant behavior; the other one 

m i g h t  be r e s o n a n t ,  b u t  the  e r r o r s  on  the  am- 

plitudes a r e  too l a r g e  to b e l i e v e  a n y  c i r c l e  

d r a w n  a m o n g  t h e m .  

C A R R E R A S - t  70 ge t  a P13  a m p l i t u d e  

s i m i l a r  to t h a t  found  i n  o t h e r  a n a l y s e s ,  w h i c h  

c a n  be i n t e r p r e t e d  as  h a v i n g  r e s o n a n t  b e h a v i o r ,  

bu t  do no t  f e e l  t h a t  t he  r e s o n a n c e  i n t e r p r e t a -  

t i o n  i s  c o m p e l l i n g .  

BAIq.BER 70 include the new data up to 

2.3 GeV/c. Their preferred solution is shown 

in Fig. 3 and shows no structure in the speed. 

They also report a second solution which re- 

sembles the Argonne solution I (KATO 70 and 

Fig. 3) below 1.8 GeV/c. 

HALL 70 have presented an analysis that 

includes the elastic and inelastic data. The 

analysis was done at three momenta, and the 

P13 amplitude of their best solution is shown 

in Fig. 3. Here again the errors are really 

too large to detect any possible Breit-Wigner 

behavior. 

The $11 amplitude. It should be men- 

tioned that AYED 70 find a solution with the 

PI3 negative and moving clockwise, and the 

$11 positive and moving counter clockwise. In 

this solution the S wave is essentially zero 

b e l o w  520 MeV/c ,  and  a n e g a t i v e  P l t  w a v e  

r a t h e r  t h a n  S w a v e  w o u l d  f i t  t h e  a n g u l a r  d i s -  

t r i b u t i o n s  a t  low e n e r g y .  T h e  t r o u b l e  w i t h  

t h i s  s o l u t i o n  i s  t h a t  t he  P t l  p h a s e  s h i f t s  do 

no t  show the  q3 d e p e n d e n c e  a t  low e n e r g y  as  

r e q u i r e d  f r o m  a P w a v e .  C A R R E R A S  70 r e -  

p o r t  a n  a t t r a c t i v e  S w a v e  at  low e n e r g y .  T h i s  

i s  i n  c o n t r a d i c t i o n  w i t h  the  c o n s t r u c t i v e  

BARYONS 

interference between the elastic and Coulomb 

scattering suggested by the data. CARIRERAS-I 

70 mention the possibility that S and PII waves 

contribute equally at low energy (below 300 

MeV/c). This is also contradicted by the data, 

which do not show the required S1 ° interference 

term. See GOLDHABER 70 for more discus- 

sions on the sign of the Sll. 

Threshold effects. Another possible way 

to describe the P13 amplitude would be in 

terms of a coupled-channel threshold effect: 

the KN amplitude becomes rapidly absorptive 

as it feeds the rapidly increasing KA channel. 

The main question still remains: Is it also a 

resonance? If it is, its elasticity is small 

(~ 0.2) and it decays mainly into K~. But a 

definite conclusion has yet to be made and 

awaits much more data. 

One more comment on exotic resonances 

is that, as pointed out in EI~NE 70, the present 

upper limits for the cross sections for produc- 

tion of broad exotic resonances are not very 

small; that is, they are of the same order as 

cross sections for Y~" or N~l~production. So 

in conclusion, the existence of exotic res- 

onances, as of the Duke Conference (April 

1970), is still an open question. 

Conclusions. The existence of exotic 

resonances, as of the Duke Conference (April 

70) is still an open question. It looks to us 

that the following are needed: 

i) More high-precision data in the critical 

r e g i o n  w h e r e  t he  p e a k  i s  s e e n .  

2) T h e  fi t  to  t h e  d a t a  s h o u l d  e x t e n d  o v e r  a 

v e r y  w i d e  r e g i o n ,  d o w n  to  t h r e s h o l d  a nd  up to 

2 G e V / c  as  a l r e a d y  d o n e  by  EI~N]E 70, 

BARBEI~  70, a n d  A Y E D  70. 

3) S i m u l t a n e o u s  s t u d y  of  e l a s t i c  a nd  i n -  

e l a s t i c  c h a n n e l s  s h o u l d  c e r t a i n l y  h e l p .  
2 

4) M o r e  e m p h a s i s  o n  t h e  s p e e d  p lo t .  

5) F o r  t he  I = 0 s t a t e s  i t  w o u l d  be  v e r y  u s e -  

ful ,  however difficult it may be, to measure 

t h e  e l a s t i c  c r o s s  s e c t i o n .  
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KN total and partial cross sections. Sub- 
scripts indicate isospin. Total cross sections 
are from CARTER 68, which uses data from 
COOL 66 and BUGG 68. Isospin-i partial 
cross sections are adapted from a compila- 
tion made by BLAND 68. [sospin-0 partial 
cross sections are from HIRATA 68. Thresh- 
olds for various processes are indicated at 
the top. 

Fig. Z. 
(a) The I = 0 KN cross section evaluated by COOL 70. 
BOWEN 70. 
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The new data of Jenkins are reported in 

(b) The I = 0 cross sections as obtained by the two possible interpretations of the data. This shows 
the uncertainties in the 0.8 to 1.2 GeV/c region. 

(c) Energy dependence of the I-spin 0 and I-spin I cross sections for the reaction KN~ K N 
HIR ATA 70. 
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Sol.I  

I .86  
2 .96 
3 1.21 
4 1.37 
5 1.45 
6 1.71 
7 1 .95  - ~ - ~  i. ¢ 

~ (KATO 70) ' 

.2  

SoI.Trr (BARBER 70) 

.2 .5 

• 3/~- 1.45 (REBKA 70) 

1 " 8 9 e ~ . 2 2  

0 .3  

0.2 • (ERNE 70) 

Q 

. 865  

0.1 0.2 

- S o l .  i 
. . . .  Sol.2 

O'~ 

6 .0  Jx  2 . o  

+ ' {  o.~ 
''~" 70) 

0 .5  

(AYED 70) 

t "3 
~ ~ ---~oc~oooa 
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~'-t7 15 

t3 r "J 

.3 

.4-  

. 2  

(HALL 70) 
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.1-38 1 32 j 
q~QL[I-~5,,2~ ( B G R T 

t-.~ 1-13 

~-~ 1.06 

~I ~ 0"97 

"I* 0.90 \6~ ~ 

0'1 0-2 q Ref 0-13 

70) 

Fig. 3. Argand plots for the P4~ partial wave as obtainedin 
partial-wave analyses perforrne~l-by the authors indicated. 
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See the illustrated key preceding the data card listings. 

Data in parentheses have no t  been included in our averages. 

l~efer ence s 

l ,  V, J. Stenger, W. E. Slater, D. H. Stork, 

H. I<, Ticho, G. Goldhaber, and S. C~idhaber, 

Phys. P~ev, 134, B l i l ~  (~964). 

2. 9ee tlhe ZTanuary 1970 edition of the Review 

of Particle Properties for some earlier speed 

plots and definitions. 

. . . . . . . . . . . . . . . . .  97 Z*I(19OO; WIDTH I~EV) . . . . . . . . . . . . . . . . . . . . . . . . .  

H (260.0) (50.08 KYCIA 67 CNTR ++ 8 /67  
w i (520,0) AYED 70 IPWA K+P 6170 "  
w i (397,0] AYED 70 IPWA K+P 6170#  
H 70 IPWA K+P 6 /70~  l ( 557 .0 )  AYED 
W E (80,0) BARNETT 70 K+P EIPWA 7170. 

(2St,O) ERNE 70 IPWA K+P 6 /70~  
ABOUT" i30.O B/TO* w KATO 70 IPWA P13 IN SOLN I 

w (lBO.) APPROX. KATO 70 IPWA SOL. I l l  7170 "  
SEE THE NOTES ACCOMPANYING MASSES QUOTED. 

. . . . . . . . . . . . . . . . .  97 Z*l(19OO) PARTIAL DECAY ~ODES . . . . . . . . . . . . . . . . .  

DECAY MASSES 
Pl Z~1(190o) INTO K N 493+  938  
PE Z~Z(tgoo) INTO N*S /Z l IB36 )  K IE36+ 493  

. . . . . . . . . . . . . . . . .  97 Z~l(lDOO) BRAHCHING RATIOS . . . . . . . . . . . . . . . . . . . .  

RI Z*I{IgO0) INTO (K N ] /TOTAL  (P~ I /TOTAL  
Bl {O.lOl OR LESS CARTER 67 THEO DISPERSION REL. 8•67 
RI 0 .25  0.06 KYCIA 6T CNTR ++ IF  J= l l 2  8 /67  
RL i (O.16] AYBD 70 IPWA 6/70~ 
R1 I {O.2O) AYED 70 IPWA 6/70~ 
al  i (0.178 AYED 70 IPHA 6170 .  
Bl {O.lS) ERNE TO IPWA 6170. 
RI ABOUT 0.1 KATO 70 IPWA P13 IN SOLN I 6170" 
RI [0 .281  APPROX. KATO 70 IPWA SOL. I I I  7170~ 
k l  2 ( 0 . 09 )  BARNETT TO K+P EIPWA 7170 .  

SEE NOTES ACCOMPANYING THE MASSES QUOTED. 

RB Z*I(19OO) INTO K N.312(1236l [P2 )  
R2 MAIN INELASTIC OECAY BLAND 67 HBC ++ 8•67 

. . . . . . . . . . . . . . . .  Z*l CROSS SECTION LIMITS (aICRGBARNS) . . . . . . . . . . . . .  

SEE MINIREVIEW PRECEDING Z*O 

CS LESS THAN 50. BASSDMPIE 68 HBC K+P TO Z*+ PI+ 10/69 
CS A LESS THAN .2 +.3 - . 1  ANDERSON 89 ASPK + PI-P TO K-Z*+ 10169 
CS A ABOVE LIMIT FOR M=l.2 TO 1.4 GEV - EL= 99 P.C. 
CS B LESS THAN 1.4 +1 .9  -DO ANDERSON 69 ASPK + PI-P TO K--Z*+ 10169  
CS B ABOVE LIMIT FOR M=l.5 TO Z.B GEV 

REFERENCES -- Z*I(IDBOI 

TOTAL-CBOSS-SECTION EXPEPIMENTS --- 
COCL 66 PRL IT 102 +BIACOMELLI,KYCIA,LEONTIC,LI,LUNDBY,÷ (8NL) I 

- -  SLIGHTLY REVISED RESULTS FROM KYCIA 67 REPLACE COOL 66 - -  
KYCIA 67 PRIVATE COMM. T F KYCIA (BNL)  I 
ABRAMS 67 PRL 19 259 +COOL,GIACOMELLI,KYCIC,LEONTIC,LI, (BNL) 
8UGG 68 PR 168 1466 +GILMORE,KNIGHT, + (RTHFD,BRMGH~,CVNOSH) I 
ABRAMS 69 PL 306  554 *COOL, GIACOMELLI, KYCIA, Lh MICHAEL (BNL)IJ 
BOWER 70 DUKE 3 +CALDWELL,DIKMEN,JENKINS,PETERSEN÷ IARIZ) 
COOL 70 DUKE 47 R L COOL {BNLI 
ODWELL 70 DUKE 58 J.Do BOWELL (BIRd) 
LYNCH TO DUKE q G LYNCH (REVIEWER OF ER.SEC. DATAI (LR1) 

DISPERSION-RELATION CALCULATION USING TOTAL-CROSS-SECTION DATA - - -  
CARTER 6T PRL 18 SOl A A CARTER {CAVENDISH) 
CARTER 68 PREPRINT A A CARTER (CAVENDISHI 

A N-MATRIX ANALYSIS OF SOME OF THE EARLY K÷P DATA - - -  
HITS 6T THESIS G EHITE  )ILLINOIS) 

A REGGE-POLE ANALYSIS EXTENDED TO LOW ENERGIES - -  
CARRERAS 70 NP 819 349 B CARRERAS~ A DONNACHIE (OARESBURY~MANCHI 

EXPERIMENTS MAINLY ABOUT INELASTIC CHANNELS - - -  
BLAND 67  PRL 18 iOlT +BOWLER,BRONNtG~S GOLOHABER,SEEGER~÷ (LRLI 
BLAND 6B UCRL-18181 THESIS R w BLAND {LRL) 
HIRATA 6B PRL 21 1485 HIRATA, WOHL, GOLOHABPR, TRILLING (LRL) 
BLAND 69 NP Bt3 595 +BOWLER, BROWN, KADYK, GOLOHABER, + (LRL) 
BLAND 70 NP BiB 537  +BOWLER, BROWN. GOLOHABOR, ( LRL I  

- -  BLAND 6g AND 8LANO 70 REPLACE BLAND 67 AND BLAND 68. 
HIRATA 70 DUKE 489 +GOLDHAOER,SEEGER,TRILLING÷WDHL (LRL) 

THF MAIN K+P ELASTIC SCATTERING AND POLARIZATION EXPERIMENTS - - -  
CARROLL 68  PRL 21 1282 +F ISCHER,  LUNDBY, PH ILL IPS ,  ÷ (BNL ,ROCHI  
ANDERS-I 89 PL 28B 6L1 ANOERSSON~ DAUM, ERNE, LAGNAUX, + (EERNI 
ASBURY 69 RRL 23 194 +OOWELL, RATO, LUNDQUIST, NOVEY, • {ARG,MDI 
BLAND 69 PL 298 618 R W BLAND, G GDLDHABER, G H TRILLING (LRLI 

THE LATEST PHASE-SHIFT ANALYSES. 

ANDERS-2 69 PL SOB 56 ANDERSSON, DAUM~ ERNE~ LAGNAUX~ * (CERNI 
AYED TO CEN-SACL(SUB PL)  +OAREYRE+FELTESSE~VILLET [CEN-SACLAY I IP  
BARBER TO DUKE 453 +BROMME+...+HONNA+LEA (UCL+RHEL)  
BARNETT 70 DUKE 443 +GOLDMAN~LAASANEN,STEINBERG (~ARYLAND)IJP 
BGRT 70 DUKE 457  BOLOGNA ,GLASGOW,ROME,TRIESTE COLLABDRAT. 
CARRERAI 70 DUKE 447  +DONNACHIE~KIRSOPP {OARE+MCHS+U.EDINBUGA} 
ERNE 70 DUKE 375 +SENS,WAGNER [CERN)IJP 
HALL 70 DUKE 435  +BLAND,GOLDHABER,TR ILL ING (LRL )  
KATO 70 PRL 24 618 +NOEHLER, NGVEY, YDKOSAHA, + (ARG,NWES)IJP 
GIACOMEL 70 PREPRINT GIACOMELLI,GRIFFITHS* {BGNA+GLAS~ROMA÷TRSTI 
REBNA 70 PRL 84 160 +ROTHBERG, ETKINS, GLOOIS, + {YALE)IJP 
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EARLIER ANALYSES THAT 00 NOT INCLUDE RECENT POLARIZATION DATA - -  
LEA 68  PR L65  1770  LEA .  MARTIN,  OAOES (RTHFD,BNL ,CERNI  
MARTIN 68  PRL 21 1286 B R MARTIN (BNL) 
HALL 69 UCRL-ID231 HALL, BLAND, GOLDHABERt TRILLING (LRLI 
LEA 69 LUND PAPER 362 LEAyMARTINtOADES (RHEL+UCt) 

PRODUCTION EXPER[MENTS THAT LOOK FOR A Z* - - -  
TYSON 67 PRL 19 ESS +GREENBERG,HUGHES,LUtNINEHART,MORI, {YALE) 
BASSOMPI 68 PL 27B 468  BASSOMPIERRE, + {CERN,BRUXELLESI 
MORT 68 PL 2BE 152 +GREENBERGtHUGHES,LU,ROTHBERG, ÷ (YALE) 
ANDERSON 69 PL Z9B 136 +BLESER, BLIEOEN, COLLINS, + (BNL,CARNEGIE) 
MORT 69 PR 185 1687  +GREENBERG, HUGHES, LUt MINEHARTt+ {YALE) 

- -  MORT 69 REPLACES TYSON 67 AND MORI 68. 

LATEST REVIEW TALKS 
LEVISETT 69  LUND CONF 341 R LEVI S£TTI {RAPPORTEUR) (C~ICAGO] 
GOLDHABE 70 DUKE 407 G.GOLOHABER {REVIEWER) (LRL) 

F~  18 LAMBDA ( I l lS , JR= l /2+ )  I=O 

SEE LISTINGS OF STABLE PARTICLES 

. . . . .  ,E330, p= , , : o  
I I 

SEE THE N IN I -REVUE AT THE START OF THE Y~ L IST INGS.  

A PEAR IS SEEN NEAR 1330 MEV IN THE LAMBDA GAMMA SPEC- 
TRUM IN THREE PI -  PROPANE EXPERIMENTS (YUNG-CHANG 64~ 
BUBELEV 671 AND BOZOKI 688. IN THE FIRST TWO~ THIS 

WAS TAKEN AS INDIRECT EVIDENCE FOR THE YtO(16708 DECAYING TO LAMBDA 
ETA, WITH THE ETA DECAYING TO TWO GAMMAS. IN THE THIRD EXPERIMENT 
THIS  INTERPRETATION HAS BEEN RULED OUT. BOZOKI 68 MENTION THE POSSI -  
B IL ITY  OF THERE BEING A Y=0[13308 WITH A NARROW WIDTH (LT 25 MEVI~ 
BUT DEFER SERIOUS CONSIDERATION DF IT UNTIL THERE IS MORE DATA. 

SHOULD SUCH A RESONANCE EXIST, IT SHOULD BE SEEN IN PI-  P TO NO 
{MISSING MASSh DAHL 6T FOUND NO EVIDENCE FOR IT. 

A SEARCH FOR A NEW YtO NEAR THE LAMBDA OR SIGMA MASS WAS MADE BY 
TAN 69. NONE WAS FOUND. 

REFERENCES - -  Y*O(1330) 

Y-CHANG 64 DUBNA CONF I 615 YUNG-CHANG, IN, KLADNITSKAYA, • (BUENA) 
BUBELEV 67 PL 2AB 246 ÷CHAORAA, EHUVILO, + {JINR,BUCHAREST,CERN) 
DAHL 6T PR 163 13T7 DAHL, HARDY, HESS, RIRZ, MILLER {LRLI 
BOZDKI 68 PL BOB 860 +EENYVES, EEMESY, ÷ (BUDAPEST,DUBNA) 
TAN 69 RRL 23 101 T H TAN (SLACI 

THIS RESONANCE CAN BE IDENTIFIED WITH THE VIRTUAL BOUND 
STATE IN THE KBAR-N SYSTEM FOUND IN THE ANALYSIS OF LOW 
ENERGY K-P INTERACTION. WE LIST SUCH EXPERIMENTS SEPA- 
RATELY BELOW. WE USE ONLY PRODUCTION EXPERIMENTS FOR 
AVERAGING OF MASSES AND WIDTHS - 

. . . . . . . . . . . . . . . .  37  Y *0 (1405 )  M~SS (MEVI  . . . . . . . . . . . . . . . . . . . . . . . .  

M [14OS.DI ALSTON 61 HOG K-P 1.15 BEV/C 
M (1410 .0 )  ALEXANDER 62 HBC PI-P 2.1BEVIC 
M [1405o0# ALSTON BE HBC K-P l.E-oS 8EVIC 
M 1400.0 24.0 MUSGRAVE 65 HBC PEAR P 3-4 BEV/C 7166 
M (1SEE.O) (8 .0)  ENGLER 65 HDBC PJ-P, PI÷D 1.68 7/66 
M 67 1400.0 S.O BIRMINGHA 66 HBC 3.5 K-  P 9/67 
M 120 1405.0 5.0 GALTIERI 68 DEC K-O 2.I-2.7BEV/C 6168 
M 
M AVG 1402.4 3.5 AVERAGE {ORROR INCLUDES SCALE FACTOR OF l .O l  

. . . . . . . . . . . . . . . . .  37 Y~O(1405I WIDTH (MEVI . . . . . . . . . . . . . . . . . . . . . . . .  

W (SO.O)  ALSTDN 61 HBC 7•66 
W 35 .0  5 .0  ALEXANDER 62 HBC 
W (SO.O I  ALSTON 62 HOG 
W 6O°O 20.0 HUSGRAVE 65 HBC 7 /66  
W {89°0 I  ( ~O .O I  ENGLER 65 HOBC 7 /66  
W 67 EO.O I0 .0  BIRMINGHA 66 HBC 3.5 K- P 9/67 
W 120 3S.D B.O GALTIERI 68 DBC K-D 2 .1 -2 .7BEV /C  6 /68  
W . . . . . . . . .  
W AVG 38 .1  3.9 AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1 .01  

. . . . . . . . . . . . . . . . .  ST Y~O(14DBI  PART IAL  DECAY MODES . . . . . . . . . . . . . . .  

DECAY MASSES 
PI  Y*O(16OS) INTO SIGMA PC 1197+ 139 

REFERENCES - -  Y'0{14058 

ALSTON 61 PRL 6 698 ÷ALVAREZ,EBERHARD,GOOD,GRAZIANO, • {LRL) I 
ALEXANDE 62 PRL 8 4A7 ALEXANOER,KALBELEISCH,MILLER,SMITH ILRL) I 
ALSTON 62 CERN CONF 31[ ÷ALVAREZ,FERRO-LUZZI,ROSENFELD, * (LRL) I 
MOSGRAVE 65  NC 85  735  +PETMEZAS,+ {BIRMGHM,CERN, EP,IMPCDL,SADLAYI 
ENGLER 65 PRL IS  2B4 +FISK,KRAEMER,MELTZER,WESTGARO,÷ (CRNG,BNL) IJ 

BIRMINGH 66 PR 152 1148  BIRMINGHAM,GLASGDW,I.C.t OXFORE,RUTHERFORE 
GALTIERI 68 PRL 21  573  BARBARO-GALTIERI,CHAOWICK + [ LRL ,SLAC}  
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Note  on  Y ' s  

T h e  n u m b e r  of  k n o w n  o r  s u s p e c t e d  Y* 

s t a t e s  h a s  i n c r e a s e d  c o n s i d e r a b l y  i n  t he  l a s t  

y e a r  o r  two ,  f o l l o w i n g  c l o s e l y  a s i m i l a r  i n -  

c r e a s e  i n  the  n u m b e r  of N "" s t a t e s ,  t J u s t  as  

the  r e c e n t l y  d i s c o v e r e d  N " ' s  a r e  o n l y  w e a k l y  

Coupled i n  the  wN-~ wN r e a c t i o n ,  so a l s o  a r e  

t he  r e c e n t l y  d i s c o v e r e d  Y " s  o n l y  w e a k l y  c o u -  

p l ed  i n  the  KN-~r~N,  KN-~Aw,  and  K N - ~ E w  r e -  

a c t i o n s .  T h e  o l d e r ,  w e l l - e s t a b l i s h e d  r e s -  

o n a n c e s  a r e  u s u a l l y  c l e a r l y  v i s i b l e  a s  p e a k s  i n  

c r o s s  s e c t i o n s ,  as  c h a r a c t e r i s t i c  v a r i a t i o n s  of 

a n g u l a r  d i s t r i b u t i o n s  of 2 - b o d y  f i n a l  s t a t e s ,  a nd  

(or)  as  p e a k s  i n  i n v a r i a n t - m a s s  d i s t r i b u t i o n s  of 

s u b s e t s  of p a r t i c l e s  i n  3 - o r - m o r e - b o d y  f i n a l  

s t a t e s .  A l t h o u g h  s o m e  of  the  n e w e r  and  l e s s -  

w e l l - e s t a b l i s h e d  r e s o n a n c e s  a r e  s e e n  as  s m a l l  

peaks in invariant-mass distributions, many of 

them make no direct appearance at all, often 

because there are many states at the same 

m a s s  and  i t  i s  no t  c l e a r  w h i c h  o n e s  (or  how 

m a n y )  a r e  b e i n g  o b s e r v e d .  R a t h e r  w h e n  t he  

2 - b o d y  r e a c t i o n s s  a r e  p a r t i a l - w a v e  a n a l y z e d ,  

s o m e  of the  a m p l i t u d e s  a r e  found  to t r a v e r s e  

r e s o n a n c e - l i k e  c o u n t e r c l o c k w i s e  c i r c l e s .  

C l e a r l y  t he  r e s u l t s  of  p a r t i a l - w a v e  a n a l y s i s  

g ive  t h e  J P  i n f o r m a t i o n ,  w h e r e a s  a p e a k  s e e n  

i n  a n  i n v a r i a n t  m a s s  d i s t r i b u t i o n  o r  a t o t a l  

c r o s s  s e c t i o n  u s u a l l y  c a n n o t  be  a n a l y z e d  for  i t s  

q u a n t u m  n u m b e r s .  We w i l l  k e e p  i n f o r m a t i o n  

c o m i n g  f r o m  f o r m a t i o n  e x p e r i m e n t s  and  f r o m  

p r o d u c t i o n  e x p e r i m e n t s  s e p a r a t e ,  w h e n e v e r  

n e c e s s a r y .  

P r o d u c t i o n  e x p e r i m e n t s .  T h e s e  t y p e s  of  

e x p e r i m e n t s  a r e  o f t e n  d i f f i c u l t  to  a n a l y z e .  I n -  

f o r m a t i o n  on  I = 0 s t a t e s  i s  p o s s i b l e  o n l y  w h e n  

t h e r e  i s  no I = t s t a t e  a t  s i m i l a r  m a s s .  The  

m a i n  c o n t r o v e r s i e s  a t  t he  p r e s e n t  t i m e  l i e  i n  

t he  r e s o n a n c e s  i n  the  1600-  to t 7 0 0 - M e V .  See  

the mini-review on I](1620) and 13(~660) in- 

serted in the listings. A good review is given 
2 by IviILLEIK 70. 
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Formation experiments. Partial-wave 

analyses have been performed on KN, Aw, ~w 

and ~K channels. Given the present accuracy 

of the data it is not possible to perform a com- 

pletely energy-independent analysis, that is, 

solve for the partial-wave amplitudes at each 

energy in a model-independent way. Usually 

many solutions are found and even w h e n  it i s  

r e q u i r e d  t h a t  s o l u t i o n s  a t  n e i g h b o r i n g  e n e r g i e s  

j o i n  s m o o t h l y ,  i t  i s  no t  p o s s i b l e  to s e l e c t  a 

u n i q u e  o v e r a l l  s o l u t i o n .  To o v e r c o m e  t h i s ,  

one  s p e c i f i e s  t he  f o r m  of t he  e n e r g y  d e p e n d e n c e  

of s o m e  or  a l l  of the  p a r t i a l - w a v e  a m p l i t u d e s .  

A n a l y s e s  i n  w h i c h  t he  e n e r g y  d e p e n d e n c e  of a l l  

t h e  a m p l i t u d e s  i s  s p e c i f i e d  a r e  c a l l e d  e n e r g y  

d e p e n d e n t .  W h e n  r e f e r r i n g  to  r e s u l t s  of  t h i s  

t y p e  of a n a l y s i s ,  t h e  t e c h n i q u e  l i s t e d  i s  D P W A .  

T h u s  a n  a m p l i t u d e  k n o w n  to  r e s o n a t e  w i l l  b e  

g i v e n  a B r e i t - W i g n e r  f o r m ,  w h e r e a s  a n  a m p l i -  

t u d e  no t  a p r i o r i  k n o w n  to  r e s o n a t e  m a y  be 

t r i e d  a l t e r n a t e l y  w i t h  a r e s o n a n c e  f o r m  a nd  

w i t h  s o m e  s i m p l e  n o n r e s o n a n t  f o r m ,  the  c h o i c e  

b e t w e e n  t h e s e  t h e n  b e i n g  m a d e  b y  c o m p a r i n g  

t he  g o o d n e s s - o f - f i t  p a r a m e t e r s  fo r  t he  two f i t s .  

Not  s u r p r i s i n g l y  s o m e t i m e s  n e i t h e r  f i t  i s  v e r y  

good,  n o r  i s  t he  c h o i c e  b e t w e e n  t h e m  a l w a y s  

c l e a r .  E r r o r s  g i v e n  b y  t he  f i t t i n g  p r o g r a m s  

f r o m  t h i s  k i n d  of  a n a l y s i s  t e n d  to be  s m a l l ,  fo r  

they are usually only the statistical errors and 

don't reflect the quite possibly large systematic 

e r r o r s  t h a t  r e s u l t  f r o m  t he  r e s t r i c t i v e  p a r a m -  

e t r i z a t i o n  f o r c e d  o n  t he  a m p l i t u d e s .  See  n e x t  

page for further discussion. 

Analyses in which most of the amplitudes 

are left unspecified are called (not quite cor- 

rectly) energy independent. The technique 

used for these analyses is listed as IPWA. 

Figure I shows results of such an analysis of 

the reaction K-p-*Aw by ARMENTEROS 70. 

The D15 amplitude was fixed as the ~(1765) 

with resonance parameters obtained from an 

earlier energy-dependent analysis. This am- 

plitude acts as an analyzer for the other 
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ampl[~udes, which were allowed to vary freely. 

The Sil ant DI3 amplitudes appear to resonate. 

Figure 2 shows results of a similar analysis, 

also by A.R)/~ENTEROS 70, of the reaction 

K-p-* ~'. Here the D03 A(1520), D13 Y.(1670), 

D03 A(~6901~. DI5 ~E(1765), F05 A(1820), and 

FI5 Z(1910) were fixed. It appears that sev- 

eral of the other amplitudes may resonate too. 

It should be clear from the figures that it is 

not al~ays possible to decide whether or not an 

amplitude resonates. Neither is it possible to 

determine very accurately the parameters of 

the arnplitud.es that do resonate, nor to assign 

meaningful errors to the parameters. The state 

of knowledge of the newer Y*'s is rather more 

qualitative than quantitative. 

Partial-wave analyses above 1.1 GeV/c. 

One of us 3 has reviewed this energy region at 

the Duke Conference on Hyperon Resonances. 

The A'~ channel has been analyzed by five 

groups, usinLg different sets of data points that 

are in very g~ood agreement with each other. 

LITCHFIELD 70 has used all the data, which 

plotted togetlher show absolutely no discrep- 

ancies. In spite of this fact the five analyses 

agree only on three of the eight partial waves 

used tc fit the data! And all five groups claim 

to obtain a good fit. Table I, taken from Ref. 

3, shows the resonances included in the fits; 

the other partial waves were parametrized as 

background amplitudes with the indicated num- 

ber ofipararneters. The three partial waves 

where agreelnent was found were D15, F15, 

F17" 

The problem here, more than insufficient 

data, is that the Aw channel alone is not con- 

strained very much and a large number of 

solutions can be found. For the ~w channel, 

where two l-spin states are present, the inter- 

ference terms certainly help to reduce the 

number of possible solutions. Table II, again 

taken from Ref. 3, is a sunurnary of the states 

claimed above 1.1 GeV/c where, in view of the 

above difficulties, most of the new states have 
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been classified "wait. " The signs of the am- 

pl~tudes at resonance follow the convention ad- 
i 

vocated by Levi-Setti. Clearly, resonances 

have to show up very strongly in at least one 

channel before they are accepted without reser- 

vation. 

Errors on masses and widths. Often the 

quoted errors are only statistical, but, as dis- 

cussed earlier, the values of masses and widths 

can change well above these errors when a new 

parametrizationis used. For this reason we 

report the values of M, F, and x i obtained by 

different authors even if they analyze the same 

data. The spread of these masses and widths 

are certainly a better estimate of the uncer- 

tainties than the statistical errors. One clear 

example of how little meaning the quoted errors 

have is given by the elasticity R1 of the A(1690) 

D03. Here the quoted values range from 

0.18=~0.02 to 0.34+0.02 and, since the same 

data were used in the analyses, puts us in the 

uncomfortable situation of having to decide on a 

value! 

Recently it has become the custom to quote 

errors as obtained by inspection of various fits 

done with different hypotheses [see for example 

BERTHON 70 and GALTIERI 70 under ~,(1915)]. 

These errors are probably more realistic. In 

conclusion, we chose not to give errors on 

masses and widths determined in partial-wave 

analyses, but, whenever necessary, we give a 

range of values. 

Table Ill is an attempt to evaluate the sta- 

tus of the various Y*'s. The evaluations are of 

course partly subjective. A blank indicates 

that there is no corresponding evidence at all. 

This may mean either that the relevant cou- 

plings are small or that the resonance does 

not really exist. The Baryon Table includes 

only the well-established resonances. It seems 

clear, however, that whereas any particular 

one of the questionable resonances may dis- 

appear with the next analysis, there definitely 

are many new resonances underlying those we 
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See the illustrated key preceding the data card listings. 

Data in parentheses have not  been included in our averages. 

TABLE I l l  

STATUS DF THE Y~ RESONANCES. THOSE WITH AN OVERALL STATUS OF * * *  OR * * * *  
ARE INCLUDED IN THE ~AIN BARYON TABLE. 

STATUS AS SEEN IN - -  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

OVERALL TOTAL¢ 
PARTICLE Lid STATUS OR. SEE° KBAR N LAM P/ SIG PI OTHER CHANNELS 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

LAST13301 * LAM GAM 
LAM( I~OSI  SOl * ~ * ~  F 0 * * * *  
LAM(15201 003 * * * *  * * * *  * * * *  * * * *  LAM 2PItLAM GA 
LAM(1670I SOl **** *** R B *** LAM ETA 
LAMIIE90) 003 * * * *  * * * *  * * * *  * * * *  LAM 2PIeSIG 2P 
LAMI I750 )  POI * *  ~ *  I o * ~  
LAM(18151FOS * * * *  * * * *  * * * *  * * * *  SIG(2385 l  P I  

LAMIIB301 005 *** ** D E *** 
LAM{18DO) * *  * *  * *  * *  
LAM(2OLOI DOS * *  N * *  
LAM(2015) F07 @* * *  
LAM(2100 t  GOT * * * *  * * * *  * * * *  ~ * *  
LA~12350 )  * * * *  * * * *  * * * *  

$IG(13851PIS * * * *  * * * *  * * * *  
SIG(I~40} * * 
S IG ( I~801  * * * * 
SIG(1620) P l l  
SIG(16~O) PE * *  * *  LAM 2-PI 
SIG(1670) D13 * * * *  * *  * *  * * *  * * * *  SEVERAL OTHERS 
BIG(L6701PE * *  LAM(IBOB) Pl 
SIG[1690) * *  * * *  LAN Z-P/ 
SLG(1750) $11 * * *  * *  * *  SIG ETA 
S I G ( 1 T 6 5 1 D 1 5  * * * *  * * * *  * * * *  * * * *  * *  SEVERAL OTHERS 
SIO(IEBO) P l l  * *  * *  * *  
SIG(19151 F15 * * *  * * *  * *  ~ * *  
SIGI19401 013 * *  * *  
SIG(20BOI F17 * * * *  * ~ * *  * * * *  * ~ * *  
BIG(TO80) FIE * *  * *  
SIG(2130) GIT * *  * *  

SIG(22SO)  * * *  * * *  * *  * * 
SIG(24551  * * *  * * *  * 
SIG IE595 )  * * *  * * *  * *  
SIG(3000) * *  

* * * *  GOOD, CLEAR, ANO UNMISTAKABLE. 
* * *  OOOOt BUT IN NEED OF CLARIFICATION DR NOT ABSOLUTELY CERTAIN. 
* *  NEEDS CONFIRMATION. 

* W~AK. 

ATTRIBUTED TO THE STATE CLOSEST TO WHERE THE CROSS SECTION PEAKS. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

A (1405 )  E X T R A P 0 1 . ~ T I O N  BELOW THRESHOLD 

SEE NOTE IN  Y*0 (1~05 )  PRODUCTION EXPERIqENTS -THE D IF -  
F ICULT IES  IN  EXTRAPOLATING FROM THE PHYSICAL REGION TO 
THE RESONANCE LOCATION ARE DISCUSSED BY DALITZ 67. 

. . . . . . . . . . . . . . . . .  37 Y *0 |1405 l  MASS (MEVI . . . . . . . . . . . . . . . . . . . . . . . . . .  

(1410.7) I i . 0 )  KIM 65 HBC O-EFF-RANGE FIT 7/66 
M N (1409.6) (1 .7)  SAKITT 65 HBC O-EFF-RANGE FIT 7 /66  
M N DATA OF SAKITT ARE USED IN  F IT  BY K ITTEL .  
M (1407 .5 )  ( I .E )  K ITTEL 66 HBC O-EFF-RANGE F IT  7 /66  
M (1403.0) (3 .0 )  XIM 67 HBC N MATRIX FITIKP) 8 /6T  
M (1~16.0) (4 .0)  MARTIN 6D HBC CONST. K MATRIX 10/69 
M (14IT.O) MARTIN 70 RVUE CONST. K MATRIX 61TO* 

. . . . . . . . . . . . . . . .  37 Y~O(140S| WIDTH (MEV) . . . . . . . . . . . . . . . . . . . . . . . . . .  

W (37 .0 )  ( 3 . 2 )  KIN 6E HBC 7/66 
w N (28.2) IR .1 )  SAKITT 65 HBC 7 /66  
w (34.1) [ 4 . 1 )  RITTEL 66 HBC 7/66 
W {50.0) (5 .0 I  RIM 67 HBC K MATRIX FITIKP] E/ST 
W (29.0 l  (6 .0)  MARTIN 69 HBC CONST. K MATRIX 10 /69  
w (20.0) qARTIN 70 RVUE CONST. K MATRIX 6 /70 "  

REFERENCES - -  Y *O I IA05 )  FROM EXTRAPOLATIONS 

KIN 66 PRL 14 29 J K KIN (COLUMBIAIIJR 
SARITT 65 PR 139 BTL9 +DAY,GLASSER,SEEMAN,FRIEOMAN, + (MOtLRLIIJP 
KITTEL 66 PL 21 349  W KITTEL* O OTTERt I WACEK (VIENNAIIJP 
DALITZ 67 PR 153 1617 DALITZ, WONG, RAJASEKARAN (OXFORD, BOMBAY) 
KIN 67 PRL 19 107~ J KIN (YALE IJP  
MAPTIN 69 PR 183 1352 B R MAPTIN~ M SAKITT (UCL÷BNL) 
MARTIN 70 NP 816 ~79 A O MARTIN, G G ROSS IDURHAMIIJP 

PAPERS NOT REFERRFD TO IN DATA CARDS. 

ABRAMS 65 PR 139 B454 G S ABRAMS~ B SECHI-ZORN IMDI I JP  
KADYK 66 PRL 17 599 +OMEN, G~S GDLOHABERe TRILLING ILRLHJP 
DONALD 66 DL 22 711 + EDWARDS, LYSt NISAR, MOORE (LIVERPOOL) 

- -  ABRAMS 65 ,  KADYK 66,  AND GONALD 66 SUPPORT THOSE EFFECTIVE-RANGE- 
FIT SOLUTIONS GIVING AN l=O SL /2  RESONANCE. 

7166 
~0(2EI0.0) (2 .0 )  BIRMINGNA 66 HBC 3 o E  K- P 9 /67  

1517 .2  1 ,E  BURKHARDT 69 HBC R-P , 8 -1 ,2  GEV/C 10 /69  
OUOTDO ERROR INCREASED TO ACCOUNT FOR DISAGREEMENT BETWEEN 
TWO MEASUREMENTS DONE BY SAME AUTHORS IK-P AND SIGMA PI }  

1517 .85  O~9B AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 .0 )  

BARYONS 

END -EXTRAPOLATION BELOW THRESHOLD~ 

I , ~ (~5~o )1  . . . . . . . . . . . . . . . . . . . . . .  F D ~  

PRODUCTION AND FORMATION EXPERIMENTS AGREE OUITE NELL 
WITH EACH OTHER tTHEREFORE THEY HAVE NOT BEEN SEPARATED 
FOR THIS PARTICLE 

. . . . . . . . . . . . . .  38 Y*O(ISEO) MASS (MEV}  . . . . . . . . . . . . . . . . . . . . . . . .  

M 1519.~ 2.0 WATSON 63 HBC K-P ALL CHANNELS 
M 145 1517 .2  5.0 GALTIERI 63 DEC K--D 1 .E l  BEVIC 
M 29 1520 .0  ~ .0  ALMEIDA 6t* HBC K-P 1 .~E  BEV/C 
M (1511.0) (15.0)  MUSGRAVE 65 HBC PEAR P 3-6 BEVIC 
M 
M S 
M B 
M B 
M 
M AVO 

. . . . . . . . . . . . . . .  38 Y*0(15201 NINTH (MEVI . . . . . . . . . . . . . . . . . . . . . . . . . .  

W 16 .4  2.0 WATSON 63 HBC 
W l lN.O)  (19.0) MUSGRAVE 65 HBC 7/66 
W 30 (DO.O) (TO.O) BIRMINOHA 66 HBC 3.5 K- P 9/67 
W ( [ 8 . 0 )  OR LESS DAHL 67 HBC 9 /66  
w 14.7 1.8 BURKHARDT 69 HBC K-P .B-L.2 OEV/C 10/69 
W . . . . . . . . .  
W AVG 16.5 1.3 AVERAGE (ERROR INCLUDES SCALE FACTOR OP 1.0) 

. . . . . . . . . . . . . . . .  68 Y*OI15201 PARTIAL DECAY MODES . . . . . . . . . . . . . . . . .  

DECAY MASSES 
P l  Y *O( ISEO)  INTO KBAR N ~97+ 9~9 
PE Y*O(1520) INTO SIGMA Pl 1197+ 139 
PB Y~0 (1520 )  INTO LAMBOA p [  PI E l15+  139+ 159  
P4 Y*011520) INTO LAMBOA GAMMA 1115+ 0 
P5 Y*O(I520i INTO SIGMAO GAMMA I192*  0 
PS Y*0(1520) INTO SIGMA Pl PI LIST÷ 139+ IB9 
P7 V*O(1520 }  2NTO IY * I I IBBE I+P I )  1385+ IS9  

. . . . . . . . . . . . . . . . .  58 Y *0 (15201  PARTIAL WIDTHS (MEVI . . . . . . . . . . . . .  

WI Y*0 (1520 )  INTO KBAR N (PL ]  
wl o {~ .8}  (0 .5 I  WATSON 63 HBC 
WI 0 FOR NEW RESULTS SEE GALTIERI 69 BELOW 

W2 Y*O I I 520 )  INTO SIGMA Pl (PE) 
WBo  (9.01 (2 .0 )  WATSON 63 HBC 
WE 0 FOR NEW RESULTS SEE GALT IER I  69 BELOW 

. . . . . . . . . . . . . .  58 Y*O(LEEO)  BRANCHING RATIOS . . . . . . . . . . . . . . . . . . .  

RI Y*O( IE2O)  INTO (SIGMA P I I / IKEAR N) (P2 I / IP I }  
RI 1.72 ,78 MUSGRAVE 6E HBC 8/67 
RI 0.73 0 . I i  DAUBER 67 HBC K-P AT B.GEVIC El61 
R1 O.N6 0.20 DAHL 67 HBC P I -P  I . ~4  GEVIC 9166 
R1 1 .06  , ~  SCHEUER 68 OBC 0 K-N  3 GEV/C L0 /69  
R1 0 .82  0 .08  BURKHARDT 69 HBC K -P  . 8 -1 .2  GEV/E 10 /69  
R1 . . . . . . . . .  
RI AVG 0.851 0 .064  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 .1 ]  
R1 FIT 0 .892  0 .037  VALUE FROM CONSTRAINED FIT 

RE Y*O(ISZO) INTO (LAMBDA PI PI)/IKBAR N) {PS I / IF / )  
R2 0 .21  0 .18  DAUBER 67 HBC K-P AT 2 .GEV /C  8 /67  
RE 0.17 0.05 OAHL 67 HBC PI-P 1.6-4 GEV/C 9/66 
R2 . 19  *04  SCHEUER 68 ORE 0 K-N 3 GEV/C 10 /69  
R2 0.22 0.03 BURKHARDT 69 HBC K-P .B - I . 2  GEVIC TO/CO 
R2 . . . . . . . . .  

~RE AVG 0.202 0.021 AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.0) 
IRE F IT  0 .2~0  0 .017  VALUE FROM CONSTRAINED F IT  
i 

iR3  Y*0(1520} INTO (SIGMA PlII(LANBOA P IP [ )  (P2 ) / (P3 )  
'R3  4.5 1.0 ARMENTERD 65 HBC 7/66 

R3 3.D 1.1 BIRMINGHA 6E HBC 3 .E  K- P 9167 
R3 3.9 I .O  UHLIG 67 HBC K-P .9"I.0 BEV/C 9/66 
R3 . . . . . . . . .  
R3 AVG 3.94 0.59 AVERAGE IERROR INCLUDES SCALE FACTOR OF t .O I  
R3 FIT 4 .24  O.SE VALUE FROM CONSTRAINED FIT 

R4 Y$OIISEO) INTO ILANBDA GAMMAI/TOTAL (PERCENTI (P4 I /TOTAL  
R4 R38 0.80 0.14 MAST 68 HBC o USING ELAST=.45 11/68 
R~ . . . . . . . . .  
R~ FIT O.BO 0 . i ~  VALUE FRO~ CONSTRAINED FIT 

R5 Y*O(1520) INTO ISIGMAO GAMMA|/TOTAL (PERCENT} IDES/TOTAL 
R5 S E=O .BE MAST 68 HBC SEE NOTE S 10/69 
R5 S RATIOS CALCULATED FROM R~ASSUMING SU(S). NEEDED TO CONSTRAIN 
RS S ALL THE YtO(1520) BRANCHING RATIOS TO BE UNITY. 
R5 . . . . . . . . .  
R5 F IT  2 .00  O.S5 VALUE FROM CONSTRAINED F IT  

R6 Y*O(15EO) INTO (KHAN N)/TOTAL (PI)ITOTAL 
R6 .~47  . 018  GALTIERI 69 HBC K- P .E8 - *~5  G/C 10 /60  
R6 . . . . . . . . .  
R6 F IT  0 .4579  O.O09T VALUE FREM CONSTRAINED F IT  

RT Y*0(1520) INTO (SIGMA PIIITOTAL 69 HBC (PIT/TOTAL 
R7 +.AIB .017 GALTIERI 69 HBC 0 K-P .ZB-.45GEVIC 6/69 

WHERE EXPLICIT, THE SIGN IS IN THE LEVI SETTI CONVENTION. 
SEE THE NOTE AT THE START OF THE Y* L IST INGS.  

R7 FIT 0.4078 0.0099 VALUE FROM CONSTRAINED FIT 
RT FIT 0 .4078  0 .0090  VALUE FROM CONSTRAINED ~IT 

RB Y*O(1520 )  INTO (SIGMA Pl P I ) /TOTAL  (P6 ) /TDTAL  
RR .010  .DOLE GALT IERI  69 HBC O K-P . 28 - .~SGEV/C  10 /69  
RB . . . . . . . . .  
R8 F IT  O.01DO 0 .0015  VALUE FROM CONSTRAINED F IT  

R9 Y*OILSEO) INTO (Y*1( I385)+PI) / ILAM PI  PI )  (P7I / (P3}  
R9 .35  *09  ARMENTER 69 HBC +-  K-P .77  TO 1.23 10/69 
R9 GREATER THAN 0.~0 CLINE 69 DEC K-D TO 2Pl LAM N 9/69 

Flied Partial Decay l~ode Branchln$ F/~ct[ons 

D[aNon~l elements ~ze P1 ~ 6P&; 6P[ = %/<EPlEP1 > . Off-dlago~l elements aze 

correlation coe~flcle~Es = <EPiSPj> / (EPi. EP~), 

P 1 .As  e~ .o l o  
P 2 - . 704  . 408+ - . 0L0  
D D - . 289  - .661 .096+-.00T 
P 4 - . 06B  - . 055  - . 03~  .OO8+- .OOL 
P S - . 158  - . 137  - . 085  - . 006  .020+-.00~ 
P 6 - . 067  - . 059  - . 036  - . 003  - . 006  .O lO+ - .OOI  

REFERENCES - -  Y*0(1520) 

WATSON 65 PR [B1  2248  
GALTIERI 63 PL 6 296 
ALMEIDA 64 PL 9 20A 
MUSGRAVE 65 NC D5 THE 
ARMENTER 65 PL 19 338  

BIRMINGH 6A PR 15E 1148 
OAHL 67 PR 163 1377 
DAUBER 67 PL Z~B 525 
UHLIG 67 PR 1S5 1448 
HAST 68 PRL 21 IYLS 
SCHEUER 68 NP 68 503 

ARMENTER 60 LUND PAPER 
BURKHARD 69 NP 61@ [06  
GALT IERI  69  LUND PAPER 9L 
CLINE 70 LNC 2 407  

M B WATSON~ M DERRD-LUZZI t  R D TRIPP (LRL I I JP  
A BARBARO-GALTIERI ,A  HUSSAINtRD TRIPP (LRL)  
S P ALMEIOA9 G R LYNCH ICERN] 
÷PETMEBASI+ (BIRMGHMICERNtEPtIMPCOLtSACLAY} 
ARMENTEROS~F-LUZZI, + (CERN.HEIDEL.SACLAYI 

BIRMINGHAMvGLASGOWtI.E.~ DXFOROvRUTHERFORO 
DAHL,HARDY.HESS,KIRZ,MILLER (LRL) 
+NALAMUDISCHLDINeSLATERtSTORK IUCLA) 
÷CHARLTON,CONOON,GLASSER.YOOH,÷ (MO,USNRL) 
MAST.ALSTON,BANGERTER,GALTIERI~ (LRL) 
SABRE CGLLAB. (SACL÷AWST+BGNA+REHO÷EPOL) 

ARMENTEROS.FERRO LUZZI + ICERN+HEID) 
• FILTHUTH+KLUGE+.. )HEID÷EFI+CERNtSACLAYI 
BARBARO-GALTIERItBANGERTER,MASTtTRIPP ILRL) 
+LAUMANN+MAPP (U. WISC.I 
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Table I. Results of partial-wave analyses in the Aw channel. In the second column N = 50 means that 50 param- 
eters were used in the overall fit. Inthe first row to the right, Nar indicates howmany parameters were used 
for that partial wave. R(4) means that the resonant amplitude inc~ded four parameters (M, ]~, ]t[,~). 

Npar Pil Pi3 DI3 FI5 F17 G17 dG19 

aSMART 66 A~ ~, Az 0 N M 4+R(4) 6 6 4+R(4) R(4) 3 3 
.75-1.9 GeV/c par 188Zzh40 1902±11 2032±6 
N=50 F 222~150 52±25 160±16 

x2/DF =448/390 t -.11=~.03 -. 08±.02 • 21±.01 

BERTHON 70 Aw 0 
1.134-1.84 GeV/c ~ar 4 8 4 8+R(4) R(3) 4 --- 

1910±20 2030±10 
^ N=39 Y' 60±20 t65±3~ 

xZ/DF =319/295 t - .10±.02 . Z0±.02 

bcox 70 A~- N p a r  6 . 3+R (3) 3 3+R (3) R(3~ 3 3 
1.18 -l.7f Gev/e a2100±20 1903±i0 Z027±6 

N=40 F 87±20 77±27 158±16 
x2/DF =258/199 t -.16±.03 -. 09±.02 .19&.01 

hLITCHFIELD70 1.0Aw-'-1.85 A~0GeV/c ~ar 5+R(3) 4+R(3) 4+R(3) 5+R(3) R 7 --- 
19Z0:h30 2070±30 1940±30 1895±10 2022±4 

N=54 F 170±40 250±40 280±40 70±15 170±15 
x2/DF=705/636 t -.14&.03 -.09±.03 -.14±.03 -.070±.015 . 2 0 0 ± . 0 0 8  

±This paper Aw 0 ~ 4+R (4) 4 R{4) 4+R(4) R{3) R(3) R(1) 
1.0 -1.85 GeV/c ar 1950m50 1940±50 1905~30 2010±15 2060±20 [2250J 

N=38 F 200±50 20,0-+-50 70±20 i15=~15 70±30 [140] 
x2/DF=299/Z45 t -.09±.04 -.12±.04 -. iI±.03 • 16±.03 -.07±.02 -.18 

aThe F15 state E(1765) was also included in the analysis; the following parameters were found: M = 1775±7, 
F = 146±9, t = -.266±.017. 

bparameters reported here are the ones of fit 13, except for the Pl3 where mass and errors have been estimated 
by us, examining the various fits reported by the authors. The other errors are only statistical. 

CThe results quoted are the ones from fit A. 

dE(2250), G49 is really outside the range of most analysis, but its lower tail can be included instead of a GI9 
backer oundL 

eQuantities in square brackets have been kept fixed. See text for a fit from .61 to f.85 GeV/c. 

ar.e more familiar with. 
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Conference onl-IyperonResonances (1970), 

p. 229. 

3. A. Barbaro-Galtieri, in Proceedings of 

the Duke Conference on Hyperon Resonances 

(1970), p. 173. 

Table II. Summary of the results obtained for the ii states 
discussed in this paper. M and F are expressed in MeV. 
For the KN, x, the elasticity, is listed. For the other chan- 
nels the quantity listed is t, the amplitude at resonance 
(t = x,/~ex ). The last column is this author's rating for the 
resonance. 

KN A~ Ew ~K 
M ~ x t t £ Status 

A(1870) F07? 1870 40 .I0 Poor 

A(2015) F07 Z020 160 -.t5 Wait 

A(Z040) D03 2010 130 -.20 (?)a Wait 

A(2100) G07 Zi00 60-145 .Z9 ,06 seen b Good 

E(1900) PIt -i900 ZOO -.ll Poor 

E(i915) Fl5 1905 60 .10 -.09 -.09 .008 Fair 

~(1940) Dl3 i940 200 -.13 -.12 (?)a Wait 

~(ZOZ0} FI7 ZOZ0 f00-170 . t-.25 .19 -.05 .023 Good 

E(Z070) Pi3 NEt00 87-850 -.ig Poor 

~(ZIZ0) GI7 ~Zl00 -i00 -.07 .13 Wait 

cE(2250} Gig? 2040 -160 .05 (-.18) c (.07) c Fair 

a .  T h e  a n a l y s i s  of B U R G U N  6 8  s u g g e s t s  a E = 3 / 2  s t a t e  w i t h  
either I-spin in this mass region. 
b. The two analysis of the ~I~ channel do not agree on this va]ne 
(see BURGUN 68 and MULLER 69). 
c. This state is really outside the region where the analyses have 
been done. Here it has been assumed to be a Gi9 state, as sug- 
gested by the analysis of DAUBER 66. 
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Fig. i. Partial-wave amplitudes for the reaction K-p-~ ATr as determined in the energy-inde- 

pendent analysis of ARMENTEROS 69. The K- laboratory momenta are indicated. The arrows ir 

a circle, drawn in the lower part of the imaginary axes, fix the sign convention used. See 

LEVI SET TI 6 9. Notice that the sign convention used here is different from the one of the Argand 

plots of our 1969 edition [Rev. Mod. Phys. 41, 109 (1969)]. 
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REAL PART 

Fig. 2. Partial-wave amplitudes for the reaction K-p -~ ETr as determined in 

the energy-independent analysis of ARMENTEROS 70. The K- laboratory momenta 

are indicated. Here again the sign convention follows LEVI SETTI 69. 
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S~E THE MINI-REVUE AT THE START OF THE Y LISTINGS. 

THIS RESONANCE IS WELL ESTABLISHED. 
{SEE THE NOTE ~DR THE Y*O(1330 ) ) .  

. . . . . . . . . . . . . . . . .  40 Y*O(IBTO) mASS (MEV)  . . . . . . . . . . . . . . . . . . . . . . . .  

M M (166E.O)OR(Ib75.O) BEPLEY 65 HBC 0 K-P TO LAM ETA 7/66 
M M THE FIRST VALUE ASSU~ES THE BRANCHING RATIO INTO LAMBOA ETA IS 

SN~LL, THE SECOND THAT IT IS LARGE. BECAUSE THE RESONANCE IS NEAR 
M THE LAM~OA ETA THRESHOLD, THE 8RANCHING RATIO AFFECTS THE NOMENTU~ 
M ~ERENDENCE OF THE TOTAL WIDTH, AND THUS ALSO THE RESONANCE PARA- 
M ~EIEFS OBTAINED OY FITTING TO THE DATA.  
M 11662.0) 15.0) ARMENT-I 68 HBC 0 ELASTIC~ CH EXCH IE/G8 
M (167~*0) (2.0) ARMENT-2 6 8  HBC 0 K-P TO SIGMA P) 1116E 
M N (166E.0) (3.0) ARMENT-4 69 HBC 0 ELAST,CH,EXCoED 9/ED 
M N (168[).0) ( i . 0 )  ARMENT-4 69 HBC 0 K-P TO SIG PI.ED 9/09 
M A (167~.01 ( 5 . 01  ARMENT-3 69  HBC 0 MULTICHANNEL 91E9  
M A THE MULTICHANNEL ANALYSIS INCLUDES ELASTIC AND SIGMA Pl , I0/69 
M N THE APPARENT DISCREPANCY BETWEEN THESE RESULTS IS PROBABLY NOT 
M SERIOUS. THE ERRORS GIVEN ARE JUST STATISTICAL. THE SYSTEMATIC 

EQRDRS THAT RESULT FROM THE RESTRICTIVE PARAMETERIZATION FORCED ON 
4 THE PARTIAL-WAVE AMPLITUDES AR~ NOT INCLUOEO, AND CAN BE LARGE. 
M (167~ .0 )  BERLEY 69  HBC D K -P  TD SIGMA P) 6/70* 
M [1683.0) {5.0) GALTIERI 7Q H6C 0 SIO PI,EDPWA 7/70* 

.................. 40 Y*0(1670) ~IDTH IMEV) ......................... 

W M (22.0)0R(15.0} BERLEY 6S HBC 0 SEE NOTE M ABOVE 7/$6 
W (26.0} (B.O) ARMENT-1 BG HBC 0 SEE NOTE N ABOVE I1168 
W (26.G) (5.0) ARMENT-2 6B HBC 0 11168 
W A (21.0) ( 3 . 0 )  ARMENT-3 6 9  HBC 0 9 /69  
w N (30.0} (15.0) AR~ENT-4  69  HBC 0 ELAST~CH EXC.ED g/69 
W N (33.0) (5.0) ARMENT-4 69 HBC 0 K-P TO SIG PIoED 9/69 
W (31.0) BERLEY 69 HBC 0 K-P TO SIGMA PI B/70~ 
W (25.0) (E .O )  GALTIERI 7D HBC 0 SIG PItEDPWA T /70 "  

SEE THE NOTES ACCOMPANYING THE MAGSES qUOTED 

See the il lustrated Aey preced ing  the data card listings. 

Data in parentheses  have no t  been included in our averages. 

W 
W w ~ 
W 
W M 
W A 
W A 
N S 
W 

. . . . . . . . . . . . . . . . .  40 Y~OllATG) PARTIAL DECAY MODES . . . . . . . . . . . . . . . . . .  

DECAY MASSES 
Pl Y*O( IS?O)  INTO KBAR N A97+ 9S9 
P2 Y~0 (1670 )  INTO LANBDA ETA 1115+  548  
~3 Y ' 0116701  INTO SIGMA PI 1 1 8 9 +  139 

. . . . . . . . . . . . . . . . .  40 Y~O( I&70 I  BRANCHING RATIOS . . . . . . . . . . . . . . . . . . .  

RI Y*O(IE70) INTO (KBAR NI/TDTAL IPIIITOTAL 
R1 P (0.14) (0.04) ARMENT-1 58 HBC 0 OLD DATA 11168  
R1 P 0.14 0.04 ABMENT-4 69  HBC 0 NEW DATA 9109 
RE P THIS IS THE DIAMETER OF THE CIRCLE IN TNE AROANO PLOT. IT 1S 
R) SURERIMPOSED ON A LARGE BACKGROUND. 
RE (O.17) ARMENT-3 B9 HBC 0 9169  

0.39 0,05 CONFORTD 70 HBC O K-P~ELAST~CEX 6170" RI 
R1 . . . . . . . . .  
RI AVG 0.24 0.12 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 3 .9 )  

R2 Y~OIIATO) INTO (KBAR N)~(LAMBOA ETA)/TOTAL**2 (P I *P2 I /TGTAL* *~  
R2 M (O.03910R 0.053 BEPLEY 65 HBC 0 SEE NOTE M ABOVE 7/66 
R~ (0.056) ARMENT-3 69  HBC 0 9169  

R3 Y*0 (1670 )  INTO (KBAR N)*(SIGMA Pl)ITOTAL**2 (PI*P3)/TOTAL**2 
PB PERHAPS SEEN BIRMING- 5B HOG O K-P B.5 GEV/C 11 /67  
R3 (0,062) (0.030) ARMENT-2 68 HBC 0 OLD DATA 
R3 (0 .075 )  ARMENT-3 69  HGC 0 9 /69  
R3 -0.090 0.018 ARMENT-4 69 HBC 0 NOW OATA g169  
R3 (0.0729) BERLEY 69  HBC 0 K-P TO SIGMA Pl El?O* 
R3 -0.084 0.017 GALTIERI 70 HBC 0 SIG PIIEOPWA 7/70" 
R3 . . . . . . . . .  
R3 AVG -0.087 0.012 AVERAGE (ERROR INCLUDES SCALE FACTOR OF l.O) 

WHERE EXPLICIT, THE SIGN FOLLOWS LEVI-SETTI.S CONVENTION 

REFERENCES - -  Y*0(1670) 

BERLEY E5 PRL 15 641 ÷CONNOLLY, HART~ RAUM, STONEHILL, + (BNL)IJP 
BIRMINO- 66 PR 152 1 1 4 8  (B[RMINGHAP, GLASGUW~IMPCOL~OXFORD, RUTHERFD) 
ARMENT-I 68 NP 00 195 ARMENTEROS, BAILLON~ + (CERN,HEIDEL~SACLAYIIJP 
ARMENT-2 E8 NP 08 223 ARMENTEROS, BAILLON~ ÷ (CERN~HEIDEL~SACLAY)IJP 

ARMENT-3 69 LUND PAPER 029 ARMENTEROS, BAILLON, + (CERN~HEIOEL,SACLAY)IJP 
- -  ARMENTERDS 3 VALUES ARE QUOTED IN LEVI SETTI 69. 

LEVISETT 69 LUND 339 R LEVI SETTI (RAPPORTEUR} (CHICAGO) 
ARMENT-4 69 NP BIA 91 ARMENTEROS~ BAILLON, + (CERN,HEIDEL,SACLAY)IJP 
BERLEY 69 PL 306 @30 + HART, RAHMv WILLIS, YAMAMOTO (BNL I I JP  
CONFORTD 70 EEl 70-2B[SUB NP( +NARMSEN÷LASINSKI*+ IEFI+HEIO) 
GALTIERI 70 OUKE 173 A. BARBAPO GALTIERI (LRLIIJP 

~***** ********* *~******* ***~***** ***~***** *******~* ********* ******* 
****** ********* ********* *****~*** ******~** ********* ********* ******* 

I- ( 69o)1 . . . . .  , . . . . . . . . . . . . .  , o  
SEE THE MIN I -REVUE AT THE START OP THE Y*  L IST INGS.  

THIS RESONANCE IS WELL ESTABLISHED. 

. . . . . . . . . . . . . . . . .  55 Y*O(16901 MASS [MEV)  . . . . . . . . . . . . . . . . . . . . . . . . .  

M S ( 1695 .0 )  14.01 BUGG 68 CNTR 0 M-P, D TOTAL 71aM 
N (1596.0) (3.0) ARMENT-1 68 HBC O ELASTIC~ CH EXCH 11/60 

{1581.0) (2.0) ARMENT-3 68 HBC O 0 K-P TO SIGMA Pl I11~8 
BARTLEY 68 OBC K-P AND K-O DATA 11168 M S (1681.1 (B.) 

N S OUOTED ERROR ONLY STATISTICAL -VALUES NOT AVEBAGEO- 
~ (1697.0) ( 2 . 0 )  CONFORTO EB HBC 0 ELASTIC~ GH EXCH 11168  

H M THE Y*O(1E90 }  IS  AT THE EOGE OF THE ENERGY BEGION ANALYZEO BY 
M CDN~ORTO. TOE SAME DATA AS WELL AS OTHERS EXTENDING TO LONER 

ENERGIES ARE INCLUDED IN ARMENTEROS i .  
M S [ 1701 ,01  { 4 , 01  BERTANZA 69  HBC O ELAST IC ,  CH EXCH 9 /69  
M A (1691.0) [2.0) ARMENT-A 69 HBD 0 LEAS,OH EXC.EO 9 /69  
M A (1688.0) (2.0) ARMENT-q 69  HBC O K-P TO SIG PI.ED 9 /09  

A ANALYSIS INCLUDES OLD AND NEW DATA OF CHS COLLAB, .A3-,G GEVIC 10169 
,M N THE APPARENT OISCREPANEY BETWEEN THE SIGMA P) AND OTHER RESULTS IS 
M N PROBABLY NOT SERIOUS. THE ERRORS GIVEN ARE JUST STATISTICAL. THE 
M N SYSTEMATIC ERRORS THAT RESULT FROM THE RESTRICTIVE PARAMETRIZATIGN 

N OF THE PARTIAL-WAVE AMPLITUDES ARE NOT INCLUDED, AND CAN BE LARGE. 
(1689.0) BERLEY 69 HBC 0 R-P TO SIGMA P) 6170* 

M (1688.0) (3.0) CONFOGTO 70 HBC 0 K-P,ELAST,CEX 6170  # 
M (1680.0) ( 5 . 0 )  GALTIERI 70 HBC 0 SIG PI,EDPWA 7/70* 
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55 Y*O(IB80) WIDTH (MEV) . . . . . . . . . . . . . . . . . . . . . . . . . .  

[35.0} [7.0I ARMENT-I 68 HBC O OLD DATA III6R 
(BE.O) [7.0) ARMENT-3 68 HBC 0 OLD DATA 11168 
(40.0] (7,0) BUGG 68 CNTR O O 7/68 
I48.) {15.) BARTLEY 68 DBC K-P AND K-D DATA 11168 
(2T.O) {5.0) CONFORTO 68 HBC 0 SEE NOTE M ABOVE II/AB 
ISI.O) [7.01 ARMENT-4 69 HBC O ELAS,CH EXC.EO D/E9 
(?2.0) (6.01 ARNENT-4 Bg HBC 0 K-P TO SIG P) EO 9169 
(28.0) (B,O} RERTANZA 69 HBC 0 9169 
(57.0) OERLEY E9 HBC O K-P TO SIGMA P) 6170" 

SEE THE NOTES ACCOMPANYING THE MASSES QUOTED 
W ~85.0) (10.0) GALT[ERI 70 HBC 0 SIG PI,EDPWA 7170, 
W 164.0) (5.0) CONFORTD 70 HBC 0 K-PpELAST,CEX 6/70* 

. . . . . . . . . . . . . . . . .  55 Y~0(1690) PARTIAL DECAY NODES . . . . . . . . . . . . . . . .  

DECAY MASSES 
P1 Y~0(1690) INTO KBAR N 497+ 939 
P2 Y*O(IBgO) INTO SIGMA P) 1189+ 139 
P3 Y*O(1690) INTO LAMBDA Pl PI 1115+ 139+ 139 
P4 Y~011690) INTO SIGMA Pl Pl 1189+ 139+ |39 

. . . . . . . . . . . . . . . . .  55 Y*O(1690I BRANCHING RATIOS . . . . . . . . . . . . . . . . . . .  

THE SUM OF ALL THE QUOTED BRANCHING RATIES IS MORE THAN 1.0, THE 
TWO-BODY RATIOS ARE FROM PARTIAL WAVE ANALYSES, AND THUS PROBABLY ARE 
MORE RELIABLE THAN THE THREE-BODY RATIOS, WHICH ARE DETERMINED FROM 
BUMPS IN CROSS SECTIONS. OF THE LATTER, THE SIGMA Pl Pl BUMP LOOKS 
MORE SIGNIFICANT (THE ERROR GIVEN FOR THE LAMBDA R) PI RATIO LOOKS UN- 
REASONABLY SMALL). HARDLY ANY DF THE SIGMA Pl PI DECAY CAN BE VIA 
Y*l( I38S), FOR THEN NINE TIMES AS MUCH LAMBOA Pl Pl DECAY WOULD BE 
REQUIRED. 

RI Y*O(1690) INTO (KBAR NI/TOTAL (RIB/TOTAL 
R1 (0.23) BUGG 68 CNTR 0 ASSUMING J=312 7100 
R1 M (0.18) (D.031 ARMENT-1 68 HBC 0 11/68 
R1 (0.22) (0.03{ CONFORTO 68 HBC 0 SEE NOTE M ABOVE 11/68 
R1 0.28 0.04 BERTANZA BD HBE 0 9169 
R1 O.IB 0.02 ARNENT-4 09 HBC 0 NEW DATA 9169 

0.$4 0.02 CONEORTO TO HBC 0 K-P,ELAST,CEX 6170, RI 
R1 . . . . . . . . .  
RE AVG 0.202 O.O5~ AVERAGE (ERROR INCLUDES SCALE FACTOR OF 4.01 

R2 Y*0(1690) INTO (KBAR N)*(SIGMA PI)/TOTAL*~2 (PI*PB)ITDTAL**2 
R2 IO.Iogl (0.013} ARMENT-3 68 HBC 0 OLD DATA 11/68 
RZ -0.130 0.014 ARMENT-4 69 HOE 0 NEW DATA 9/69 
R2 (0.0729) BERLEY 69  HOG 0 K--R TO SIGMA P) 6/70* 
R2 -0.096 0.019 GALTIERI 70 HBC 0 SIG PI,EDPWA 7/70" 
R2 . . . . . . . . .  
RE AVG -0o118 0.016 AVERAGE (FRROR INCLUDES SCALB FACTOR OF 1.4) 

WHERE EXPLICIT, THE SIGN FOLLOWS LEVI-SETTI.S CONVENTION 

R3 Y*0(1690} INTO (KBAR N)*(LAMBDA Pl RIB/TOTAL**2 (PI*P3IITOTAL**2 
R3 DO.OR| (0.01{ BARTLEY 68 HDBC 0 K-N TO (AM PI R) 11168 

R4 Y*0(1690) INTO (KBAR N)*(SIGMA P) PI)ITOTAL**2 IPI*P4)/TOTAL*~2 
RA (0.045) ABMENT-2 E8 HDBC 0 K-N TO SIG Pl Pl 11168 

REFERENCES ~- Y*OIIBDO) 

DAVIES 67 PRL iB 62 +DOWELL, • (BRMNGHN,CVNDSH,RTHFRD) I 
- -  REPLACED BY BUGG 68. 

ARMENT-1 68 NP B8 19S ARMENTEROS, BAILLONt + (CERN,HEIDEL,SAGLAY)IJP 
ARNENT-2 68 NP 88 21E ARMENTEROS, BAILLGNt + (CERNJHEIOELpSACLAYI I 
ARNENT-3 58 NP 08 223 ARMENTERDS, BAILLON~ + (CERN,HEIDELtSACLAY)IJP 
BARTLEY B8 PRL 21 1 1 1 1  +CHDrDOWO,GREENE,e (TUFTS,FLOW STtBRANDEIS) I 
BUOG 58 PR lOB 1 4 6 5  +GILMORE~ KNIGHT~ + (RTHFRD,BRMNGHM,CVNDSH) I 
CONFORTD 68 NP 08 205 +HARMSEN, LASINSKI, + (CHICAOO, HEIOELIIJP 

ARMENT-4 69  NP BIA 91 ARMENTEROSt BAILLON,  + (CERNtHEIDEL,SACLAYHJP 
BERTANZA 69  PR 177 2036  +BIGI,CARRARA,CASALI~ + (PISA,BNLwYALEIIJP 
BERLEY 69 PL 306 430 + HART, RAHM~ WILLIS~ YAMAMOTO (BNL)IJP 
CONFORTO TO EFI 7O-2BISUB NP) +HARMSEN+LASINSKI~* (EFI+HEID)IJP 
GALTIERI 70 DUKE lTB A. BARBARO GALTIERI (LRL)IJP 

SEE THE MINI-REVUE AT THE START OF THE Y* LISTINGS. 

THE EVIDENCE FOR THIS STATE IS SOMEWHAT CONFUSED. IT 
WAS FIRST SUGGESTED IN A PARTIAL WAVE ANALYSIS OF KBAR 
N DATA BY THE BEHAVIOR OF THE POl AMPLITUDE WHEN IT 

WAS PARAMETERIZED AS A TWO-STRAIGHT-LINE BACKGROUND. WHEN IT WAS RE- 
PARAMETRIZED AS A RESONANCE SUPERIMPOSED ON A ONE-STRAIGHT-LINE BACK- 
GROUND, A BROAD RESONANCE RESULTED IARMENTEROS 58), A REANALYSIS DF 
ESSENTIALLY THE SAME DATA, BDT THIS TIME WITH THE POE AMPLITUDE UNCON- 
STRAINED, SUGGESTED A MUCH NARROWER RESONANCE AT HIGHER ENERGY (ARMEN- 
TEROS ?0), 

THERE IS ALSO SOME EVIDENCE FOR A POl STATE IN THE SIGMA PI CHANNEL 
[GALTIERI 69 AND ARMENTEROS TOl. ALTHOUGH THE PARAMETERS AS DETERMINED 
IN THE TWO CHANNELS ARE QUITE DIFPERENTp IN NEITHER CASE A'RE THEY AT 
ALL WELL OETERNINEGt AND WE TENTATIVELY L IST  THE EFFECTS TOGETHER. 

. . . . . . . . . . . . . . . . .  77  Y *O I17501NASS (NEV)  . . . . . . . . . . . . . . . . . . . . . . . . . .  

M {1745.0) ARMENTERE 60 HBC 0 ELASTICy CH EXCH 11168 
M 1690.0 10.0 OALTIERI 70 HBC O SIG PI~EDPWA 71TO* 
M [1800.0) ARMENTERO 70 HBC O ELASTIC, CH EX ALTO* 
M (1750,0) ARMENTERO 70 HBC 0 SIGMA P) 6170" 

. . . . . . . . . . . . . . . . .  7T Y*O(17EO) WIDTH (MEV) . . . . . . . . . . . . . . . . . . . . . . . . .  

W ( L47 .01  ARMENTERD 68 HBC 0 
W 22.0 5.0 GALTIERI ?O HBC 0 SIG PI,EDPWA 7170" 
W (30.0) ARMENTERO ?O HBC O ELASTIC, CH EX E/70* 
W (TO.O) ARMENTERD 70 HBC 0 SIGRA Pl 6/70* 

. . . . . . . . . . . . . . . .  77 Y*OIIT50) PARTIAL DECAY MODES . . . . . . . . . . . . . . . . .  

OECAY MASSES 
PI Y*O(1750 )  INTO KBAR N 497+  939  
P2 Y*O(1750 )  INTO SIGMA PI 1 1 9 7 +  139 

................. 77 Y*0 (1750 )  BRANCHING RATIOS .................... 

Rl Y*0{1750) INTO (KBAR N)ITOTAL (Pl)ITOTAL 
RI (O.~) ARMENTERO 68  HBC 0 
RE (0.025) ARMENTERO 70 HOE O ELASTICt CH EX 6/70* 
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See the illustrated key preceding the data card listings. 

Data in parentheses have not been included in our averages. 

R2 Y*OIIT80) INTO (KBAR NI~ISIG~A PI)ITOTAL**E (PI*P2)ITOTAL**2 
RZ {+O.O~O) ARMENTERO 70 HBC 0 SIGMA P/ 6170" 
R2 +O.OE7 0.008 QALTIERI TO HBC D SIG RI,EDPWA 7/T8" 

WHERE EXOLICIT, THE SIGN FOLLOWS LEVI-SETTI.S CONVENTION 

REFERENCES - -  Y*O{~75Q) 

ABMENTER 68 NP 88 195 ARMENTEROS~ BAILLGN, ÷ (CERNeHEIDEL~SACLAY)IJP 
GALTIERI 70 DUKE 1/3 A. BARBARO GALTIERI (LRL)IJP 
AR~ENTER 70 DUKE 123 ARMENTERDS, BAILLON~ ÷ ICERN,HEIOEL)IJP 

SEE THE MINI-REVUE AT THE START OF THE Y* LISTINGS. 

THIS RESONANCE IS AS WELL ESTABLISHED AS ANY Y*, AL- 
THOUGH SOME OF THE LESSER BRANCHING RATIOS NEED TO BE 
BETTER DETERMINED. WE OMIT A FEW EARLY RESULTS {SEE 

AN EARLIER EDITION FOR THEM), THOUGH THE REFERENCES ARE RETAINEO. THE 
QUOTED ERRORS ARE JUST STATISTICAL, AND DONT INCLUDE SYSTEMATIC EF- 
FBCTStTBUSFRRDRS ARE UNDERESTIMATED. ERROR QUOTED IN GALTIERI 70 INCLUDES 
VARIATION OF THE F85 PARAMETERS WHEN OTHER PARTIAL  WAVES ARE 
FARAHETERIZED IN DIFFERENT WAYS. 

. . . . . . . . . . . . . . . . .  39 Y~E(1815) MASS {NEVI . . . . . . . . . . . . . . . . . . . . . . . . .  

M 1818.0 2.0 ARMENT-I 67 HBC O K -P  TD SIGMA Pl 8 /67  
M 18~6.0 R.O BELL 67 HDBC O K-N TO SIGMA Pl 11 /6T  
M N 1817.D 2.0 ARMENT-S 68 HBC O ELASTIC, CH EXCH 11/68 
M 1819.0 4.0 BUGG 6B CNTRO K-P~ D TOTAL 6/68 
M N 1816 .0  2 .0  CDNFnRTO 68 HBC O ELAST IC ,  CH EXCH 11 /68  
M N THESE TW~ ANALYZE ESSENTIALLY THE SAME DATA IN DIFFERENT WAYS. 
M P (1825.0) ( l oO}  BRICMAN TO CNTRO TOTAL AND CH EX 6170~ 
M ~ THE ERROR 18 ONLY STATISTICAL AND IS DOUBTLESS TOO SMALL. 
M 1818.0 Z.O CONFORTO 70 HBC 0 K-P~ELAST~CEX 6170~ 
M 1820.0 IO.Q GALTIERI 70 HBC Q GIG PI~EDPWA T/TOt 
H . . . . . . . . .  
M AVG 1816.20 0.94 AVERAGE [ERROR INCLUDES SCALE FACTOR OF 1 .0 )  

FECTS. THE MEASUREMENTS OF R2 DO NOT AGREE (S=6.9) PROBABLY BECAUSE 
ERRORS ARE UNDERESTIMATED. ERROR QUOTED IN GALTIERI TQ INCLUDES 
VARIATION OF THE FOE PARAMETERS WHEN OTHER PARTIAL WAVES ARE 
PARAM8TERIZED IN DIFFERENT WAYS. 

. . . . . . . . . . . . . . . . .  39 Y*0(1815) WIDTH (~EV} . . . . . . . . . . . . . . . . . . . . . . . . . .  

w 8T.O i 5 .O  ARMENT- I  67  HBC 0 8 /67  
W 64.0 18 .0  BELL 67  HOBC 0 11 /67  
w N 71.0 ~.0 ARMENT-3 68 HOE O SEE NOTE N ABOVE 11/E8 
w T5.0 T.O 8UGG 68 CNTRO 6 /68  
w N T2 ,0  7 .0  CONFORTO 68 HBC 0 SEE NOTE N ABOVE 11 /68  
N 8O.O 6.0 8RICMAN 70 CNTRO TOTAL ANn CH EX 61TO~ 
w 100.0 20.0 GALTIERI 70 HBC 0 SIC PI~EOPWA 7170. 
W SEE THE NOTES ACCOMPANYING THE MASSES QUOTED. 
w 90.0 4.0 CONFORTO TO HBC O K-P~ELAST,CEX 6170 .  
w . . . . . . . . .  
w AVG T8.9 3.4 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.6} 

. . . . . . . . . . . . . . . . .  39 Y~O(1818[ PARTIAL DECAY MODES . . . . . . . . . . . . . . .  

DECAY MASSES 
P1 Y¢OI IB IE I  INTO KBAR N A97+  939  
P2 Y~0(1815[ INTO SIGMA PI 1189+ 139 
P8 Y*O t lS IS )  INTO Y~I[1385) PI 1385+  189 
P4 Y*O{18151 INTO LAMBDA PI PI 1118÷ 1B9+ 189 
P5 Y~0(1815) INTO SIGMA P/ PI l l g2÷  18g+ 189 

. . . . . . . . . . . . . . . . .  89 Y~O(I815) BRANCNING RATIOS . . . . . . . . . . . . . . . . . . .  

RI Y*C(IB15) INTO (KBAR NIITOTAL i P1 ) /TOTAL  
RI N 0.62 0.02 ARHENT-3 68 HOE 0 SEE NOTE N ABOVE I i / 68  
R t  ( 8 . 72 )  BUGG 68 CNTRO 6 /68  
RI N 0.65 0.01 CENFORTO 68 HBC O SEE NOTE N ABOVE 11/68 
RI 0.65 0.02 BRICMAN 70 CNTRO TOTAL AND CH EX 6/7Q* 
R1 0.63 0.01 CON~ORTO 7Q HBC Q K-P~ELAST~CEX 61TQ* 
R1 . . . . . . . . .  
k l  AVG 0 .6890  0.0066 AVERAGE (ERROR INCLUOES SCALE FACTOR OF I .OI  
RI FIT 0.6389 0.0063 VALUE FRUM CONSTRAINED FIT 

R2 Y '0 [18151  INTO (KBAR NI*(S]GMA PIIITOTAL~2 IPItP2)ITOTAL=*2 
R2 0 .0T29  8 .005~  ARMENT-1 67 HBC 0 B /67  
P2 0.088 0.012 BELL 67 HDBC 0 11 /67  
R2 0.068 0.016 GALTIERI 70 HBC O SIC PIyEDPWA 71704 
RR . . . . . . . . .  
R2 AVG 0.0696 0.0048 AVERAGE [ERROR INCLUDES SCALE EACTDR OF l.O} 

WHERE EXPLICIT~ THE SIGN FOLLOWS LEVI-SETTI.S CONVENTION 
R2 . . . . . . . . .  
R2 FIT O.Obg6 0.0847 VALUE PROM CONSTRAINED FIT 

R3 Y*O(18151 INTO (KBAR N)~(Y*I(15851PII/TOTAL*~2 (PI*P3)ITOTAL**2 
R8 0.09 0.03 ARMENT-2 67  HBC O K-P TO LAM PI PI 9/69 
RS . . . . . . . . .  
R3 FIT 0 . I08  0.022 VALUE FROM CENSTRAINED FIT 

R4 Y*0(1815) INTO [Y~I(1385) El)/TOTAL IP3I/TOTAL 
R4 0.20 0 .05  81RGE 65 HBE O K -P  TO LAM P/ P/ 7 /66  
R4 . . . . . . . . .  
R4 FIT 0.169 0.034 VALUE FRCM CONSTRAINED FIT 

R5 Ye0(1815) INTO (SIGMA P/ P/I/TOTAL (P51ITQTAL 
R5 P NU CLEAR SIGNAL ARMENT-~ 68 HDBC 0 K-N TO GIG PI P/ 11/68 
R5 P THERE 18 A SUGGESTION OF A BUMP, ENOUGH TO BE CONSISTENT WITH 
R5 WHAT IS EXPECTED FROM SIGMA PI DECAY OF THE Y~111388) - -  ABOUT 0.02. 
R8 . . . . . . . . .  

Fitted P&zti~l Dec~TMode  Branchin~ Fr~cEions 

Di&~on~I elements ~ze P,  • 8P,; 8P. = ~ .  Off-diagonalelernenEs aze 

correL%tlon coe~lcienEs = <EPiEPj> /(EPl, BP~). 

P1  P2  P8  P4  

P I .639+-.006 
o 2 -.145 .109+-.007 
P 3 -.O30 .00~ .169+-.034 
P 4 -.119 -.18~ -.g6T .084+-.035 

BARYONS 

REEERENCES - -  Y*O( 181B I  

81ROE 65 ATHENS CONF 296  +ELV ,KALMUStKERNAN,LOUIE ,SAHDURIA ,  + I LRL I I JP  
ARMENT-I 67 PL 246 198 ARMENTERBS, F LUZZI~ + (CERNgHEIDEL,SACLAYIIJP 

ARMENT- -2  67 ZE IT  PHYS ZOZ 486  ARMENTEROS, F LUZZ I t  + ICERN,HE IDEL ,SACLAYI I JP  
BELL  67 PRL 19 936  R 8 BELL (LRL ) I JP  
ARMENT-3  68 NP 88 1DE ARMENTEROSI BAILLON~ + (CERN,HEIDELvSACLAYIIJP 
ARMENT-4 68 NP B8 216 ARMENTEROSv 8AILLON, + (CERNFHEIDEL,SACLAYI I 
BUGG 88 PR 168 1466  +QILMDREt KNIGHT, + (RHELeBIKM+CAVE} I 
CONFORTO 68 NP 88 265 +HARMSEN, LASINSKIr + [CHICAGO,HEIOELIIJP 
BRICMAN TO PL 318 1E2 ÷FERRO LUZZI, PERREAUy+ (CERN,CAEN~SACLAY) 
CONFEBTO 70 EFT TO-28{SU8 NPI +HARMSEN+LASINSKI÷+ (EEI+HEID)IJP 
GALTIERI TO DUKE 173 A. BARBARO 8ALTIERI (LRLIIJP 

PAPERS NOT REFERRED TO IN OATA CARDS. 

CHAMDERL 62 PR 125 1696  CHAMBERLAIN,CROWE~KEEFE~KERTH~ + (LRLI I 
GALTIERI 63 PL 6 296 A 8ARBARO-GALTIERI~A HUSSAIN~RD TRIPP {LBLIIJ 
SODICKSO 6~ PR 133 8757  SODICKSON~MANNELLI~FBISCH,WAHLIG IMIT(BNL)I J 
HOLLEY 65 UCRL-162?R THESIS W R HOLLEY (LRL) J 
BIRMINGH 66 PR 152 11~8  BIRMINGHAM~GLASGOW~I.C.~ OXFORB~RUTHERFOBD 
GELFAND B6 PRL 17 1224  +HARMSEN~LEVI-SETTI~PREDAZZIe (EFINS~ARGDNI 
ARMENTER 67 NP 83 S92 ARMENTEROSDFERRO-LUZZI+ (CERN,HEID, SACLAY)IJP 
LASINSRI 68 PR 163 1792  LASINSKIt LEVI SETTI, PREDAEZI (CHICAGOI JP 

8EL THE MINI-REVUE AT THE START OF THE Y*  LISTINGS. 

THE BEST EVIDENCE FOR THIS RESONANCE COMES FROM THE 
SIGMA P/ CHANNEL. IT APPEARS TO BE WELL ESTABLISHED. 

. . . . . . . . . . . . . . . .  56  Y 'O I l 880 )  MASS (MEVI  . . . . . . . . . . . . . . . . . . . . . . . . .  

MM A (1827.0) (3*Of ARMENTERO 67 H8C Q K-P TO SIGMA P/ 8/6T 
A (1837.0) (11.8] BELL 67 HBC 0 K-P TO SIGMA P/ 11/67 

M N (18Q7.0) ( I 0 .0 )  ARMENTERO 68 HBC 0 ELASTICt CH EXCH 11/68 
M N (1848 .0 I  (S .O )  CONFORTO 68 HDC 8 ELAST IC ,  CH EXCH 11 /88  
M N THESE ANALYZE ESSENTIALLY THE SAME DATA IN DIFFERENT WAYS. 
M A NOT AVERAGED,AS FOB GARBS WITH NOTE N~ BECAUSE SYSTEMATIC ERRORS~ 
M A DUE TO THE PARTICULAR PARAMETERIZATIGN USED, CAN BE LARGE 
M 1840.0 15.0 GALTIERI 70 HBC O SIC PI~EDPWA 7/70" 
M C ( 1831.01 (8.0) CONFORTO 70 HBC O K-PlELAST,CEX 6/TO* 

C CONEORTO 70 IS A NEW FIT~ USING IMPROVED KBAR N DATA. 

. . . . . . . . . . . . . . . .  56 Y*O(1830) WIDTH [MEV) . . . . . . . . . . . . . . . . . . . . . . .  

W A (75*0) (9.QI ARMENTERO 67 HBC 0 846T 
W A ITS.O) I18.0) BELL 67  HBC O 8/67 
W N I123.0) (82.0) ARMENTERO 68 HBC 0 SEE NOTE N ABOVE 11168 
w N (66 .01  (RE .Q)  CONFORTO 68 HBC 8 SEE NOTE N ABOVE 1) .468  
w 140.0 35.0 CONFORTO 70 HBC 0 K-P~ELASTICEX 6/7Q* 
W 150.8 BO.O GALTIERI 70 HBC 0 GIG PI,EDPWA T/TO* 
W . . . . . . . . .  
W AVO 1~5.8 2R.6 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0) 

SEE THE NOTES ACCOMPANYING THE MASSES QUOTED 

................. 86 Y*OIIB3QI PARTIAL DECAY MODES ................ 

DECAY MASSES 
Pl Y*O(1830F INTO KBAR N 497+ g39 
P2 Y*O(1830I INTO SIGMA El l l8q+ 189 

. . . . . . . . . . . . . . . . .  56 YW¢O(18801 BRANCHING RATIOS . . . . . . . . . . . . . . . . . .  

R I  Y .O(  1B3Ol  INTO (KBAR N) /TOTAL  (P I I / TOTAL  
RI N O.Og 0.01 ARMENTERO 68 HBC 8 SEE NOTE N ABOVE 11/68 
RI N O.IO 0.01 CONFORTO 68 HBC O SEE NOTE N ABOVE 11/68 
RI 0.05 O.OZ CONFORTO 70 HBC 0 K-P,ELAST,CEX 6/TOt 
R/ . . . . . . . . .  
RI AVG 8.090 O.Oll AVERAGE (ERROR INCLUDES SCALE FACTOR OE 1.6) 

R2 Y*OII8301 INTO (KBAR N)~(SIGMA PII/TOTAL**Z o(PE*P21/TOTAL**W2 
R2 -0.0225 0.0068 ARHENTERO 67 HGC 8/67 
R2 0 .087~  0 .0038  BELL 6T HBC O 11 /87  
R2 0.026 0.018 GALTIERI 70 HBC 0 SIC PIeEDPWA T/TQ= 
R2 . . . . . . . . .  

REFERENCES - -  Y~O(1830) 

ARMENTER 6T PL 248 198 ARMENTEROS, F-LUZZI, + (CERN,HEIDEL,SACLAYIIJE 
8ELL 67 PRL 19 936 R B 8ELL (LRLDIJP 
ARMENTER 68 NP 88 195 ARMENTEROSt BAILLON, • (CERN~HEIDELtSACLAYIIJP 
CONFORTO 68 NP 68 265 +HARNSEN, LASINSKI, + (CHICAGO,HEIDELIIJR 
CONFORTO 70 ELI 70-28(SUB NP) ÷HARMSEN÷LASINSKI+÷ (EFItHEIDIIJP 
GALTIERI 70 DUKE 178 A. BARBARO GACTIERI ILRL|IBP 

i m 

l,t(1. o)l 6o Y,O. ........ ] I=O 
m i 

SEE THE MINI-REVUE AT THE START OF THE Y* LISTINGS. 

THE STATUS OF THIS RESONANCE -- DR THESE RESONANCES -- 
IS CONFUSED. AN FOT RESONANCE WAS FIRST SUGGESTED IN 
THE PHASE-SHIFT ANALYSIS DF KBAR N DATA BY ABMENTEROS 

6T. IN ADOITION, THE ISOSPIN-O TOTAL CROSS SECTION HAS A SHOULDER ON 
THE HIGH SIDE OF THE Y'0(1815I THAT IS COHPATIBLE WITH SUCH A STATE 
(BUGG 681. THE ARMENTEROS 68 AND CONFORTO 68 ANALYSES OF IMPROVED 
KBAR N OATA INCLUDED THE F07 STATE. HOWEVER IN THE CONFORTO 69 ANALY- 
SIS OF ESSENTIALLY THE SAME OATA~ THE FO? RESONANCE IS OMITTED AND A 
NEW P03 RESONANCE IS SUGGESTED. THE QUANTITY (J+E/21X FOR EITHER RE- 
SONANCE ALONE IS ABOUT EQUAL TO THE VALUE GIVEN BY THE TOTAL-CROGS- 
SECTION EXPERIMENT. WE TENTATIVELY GROUP THE TWO EFFECTS TOGETHER. 

IF THERE IS INDEED A SPIN 712 Y* AT THIS MASS, IT LIES ABOVE ANY 
PREVIOUSLY KNOWN Yt TRAJECTORY. 

. . . . . . . . . . . . . . . . .  60 YW'O(IB60) MASS (MEV) . . . . . . . . . . . . . . . . . . . . . . . .  

M A ( IB70 .O I  ( 5 . 01  BUGG 88 CNTR 0 K-P  TOTAL 
M A DUE TO THE PARTICULAR PARANETERIZATION USED~ ERROR CAN BE LARGE 
M N 
M N 
M N 
M C 
M C 
M N 
M N 

T168 

FO7 E864.0 2.Q ARMENTERO 68 HBC 0 ELASTICv CH EXCH 11168 
FO7 1865.0 2.0 CONEORTO 68 HBC 0 ELASTIC, CH EXCH 11168 

THESE ANALYZE ESSENTIALLY THE SAME DATA IN DIFFERENT WAYS. THE 
P03 1883.0 10.0 CONFORTO 70 HBC 0 K-P~ELAST,CEX 6/TO# 

CDNFDRTO 70 IS  A NEW FITyUSING IMPROVED KBAR N DATA 
FOT 1877.0 6.0 BRICMAN 78 CNTRO TOTAL AND CH EX 6170" 
PARTIAL WAVE THOUGHT TO BE RESONATING IN EACH CASE 18 IN01CATEDo 



BARYONS 

w A (40 .0 )  (~0 .0 )  BUGG 60 CNTR 0 
W N FO~ 39.0  7 .0  ARMENTERO 68 HBC 0 SEE NOTE N ABOVE 11/68 
W N F07 4g*0 9 .0  CONFORTO 68 HBC 0 SEE NOTE N ABOVE 11168 
W C P03 80.0 20.0  CONFORTO 70 HBC 0 K-P,ELAST~CEX 6170" 
W F07 2~.0 IS.O BRICMAN 70 CNTR 0 TOTAL AND CH EX 6/7O* 

SEE THE NOTES ACCOMPANYING MASSES QUOTED.  

. . . . . . . . . . . . . . . . .  60 Y*OIIBAO) PARTIAL DECAY MODES . . . . . . . . . . . . . . . . . .  

DECAY MASSES 
Pl Y*0(1860) INTO KBAR N 497+ 9~9 
P2 Y*O(1860) INTO SIGMA PI 1 1 8 9 ÷  159 

. . . . . . . . . . . . . . . . .  60 Y*O(1BAO} BRANCHING RATIOS . . . . . . . . . . . . . . . . . . .  

RI Y~O(1860) INTO (KERR N)/TOTAL o(PI ) ITDTAL 
RI [ J ÷ l l 2 I X  = 0 .40 BUGG 68 CNTR 7168 
R I  N F 0 7  0 , I 2  O.OE ARMENTERO 6 8  HBC 0 SEE NOTE N ABOVE 1 1 / G 8  
RI N F07 0 . i 0  0.0~ CONFORTO 6 8  HBC 0 SEE NOTE N ABOVE 11/60 
R1 N POB 0 . 2 5  0 . O 3  CONFORTO 70 HBC O K - P ~ E L A S T , C E X  6 / 7 0 ~  
RI F07 O*O7 0*02 BRICMAN 70 CNTR O TOTAL AND CH EX 6/70~ 

R2 Y*0(1860]  INTO SIGMA PI (P2) 
R2 P PROBABLY SEEN GAITIERI 68 DBC O K-N TO SIG PI PI 11/68 
R2 P POSSIBLY THIS BUMP SEEN AT 10~0~10  MEV WITH A WIDTH OF 35+-10 MEV 
R2 IS THE Y=O(~830), WHICH DECAYS STRONGLY TO SIGMA P I .  HOWEVER THE 
R2 NARROW WIDTH HERE ARGUES FOR ITS BEING THE Y*O(18EOI. 

****** *****~*** ********* ********* ********* ********* ********* ******* 

REFERENCES - -  Y * O i l B b O )  

ARME~TER AT NP B) 592 ARMENTEROS, F-LUZZI~ ~ {CEDN,HEIOEL,SACLAY)IJP 
- -  ARMENTEROS 67 IS REPLACEO BY ARMENTERDS 68 AND CONFORTO &E* 

ARMENTER 68 NP BB 195 ARMENTEROS,  BAILLON, ÷ (CERN~HEIOEL, SACLAYIIJP 
BUGG 60 PR 168  1466 +GILMORE, KNIGHT, ÷ (RTHFRD,BRMNGHH,CVNDSH} I 
CONFDRTO 68 NP BB 265 *HARMSEN, LASINSKI, ÷ (CHICAGO,HEIDEL)IJP 
GALTIERI 68 PRL 21 570 BARBARO-GALTIERI~ MATISON, ÷ (LRL,SLAC) 
L E V I S E T T  69 LUND ] ~ g  R.LEVI S E T T I  ( R A P P O R T E U R I  ( E F I N S )  
CONFORTO 70 EPI 70-2B(SUB NP) ÷HAR~SEN+LASINSKI~+ (EFI÷HEIDIIJP 
BRICMAN 70 PL 318 152 ÷FERRD LUZZI~ PERREAU,÷ (CERN,CAEN~SAELAYI 

*~**** ********= ********* ********* ********* ********* ********* ******* 
***=** **~****** ********* ********* ********* ********* ********* ***~*** 

. . . . . . . . . . . . . . . . . .  ~ a9  Y*~(2010I  NAgS {MEV)  . . . . . . . . . . . . . . . . . . . . . . . . .  

M 2 0 1 0 .  SO. GALTIERI 70  HBC O SIG PI , EOPWA f l 7 0 *  

. . . . . . . . . . . . . . . . .  89  Y*0(20IO) WIDTH IMEV)  . . . . . . . . . . . . . . . . . . . . . . . .  

w 130. 50.  GALTIERI 70 HBC O SIG PI , EOPWA 7170.  

. . . . . . . . . . . . . . . . .  89 Y*O(201O~ PARTIAL DECAY ~OOES . . . . . . . . . . . . . . . . . .  

DECAY MASSES 
P1 Y*O(201O) I N T O  KBAR N 097+ 939 
P2 Y*O(2DIOI INTO SIGMA Pl 1197÷ I09  

. . . . . . . . . . . . . . . . .  89 Y*O{2OlO) BRANCHING RATIOS . . . . . . . . . . . . . . . . . .  

RI Y*OI2OIOI INTO {ROAR N ) t ( S I G  E l ) /TOTAL**2  ( P I * P 2 ) / T O T A L * * 2  
RI .o~o .015 GALTIERI 7 0  HBC SIG PI ~ EOPWA 7 / 7 0 *  

REFERENCES - -  Y*O(2OIO) - -  0 0 3  - -  

GALTIERI 70  OUKE 175 A. BARBARO-GALTIERI ( 1 R L ) I J P  

A PARTIAL WAVE ANALYSIS OF THE SIGMA P l  CHANNEL REOUI- 
RES THE PRFSENCE OF TWO STATES OF SAME J AND OPPOSITE P 

SEE THE MINI-REVIEW AT START OF y* LISTING 

. . . . . . . . . . . . . . . . .  27  Y * O ( 2 O I 5 )  MASS (NEVI . . . . . . . . . . . . . . . . . . . . . . . .  

M 2020°0 2O*O GALTIERI 70 HOE 0 S I G  P I ,EDPWA T I T 0 *  

2 7  Y*O(20ISI  WIDTH (MEV) ....................... 

W 160o0 00.0  GALTIERI 70  HOE o SIG PI,EDPWA T / 7 0 ~  

. . . . . . . . . . . . . . . . .  27 Y*0{2015)  PARTIAL DECAY RATES . . . . . . . . . . . . . . . . . .  

DECAY MASSES 
Pl Y~O(EO15) INTO KBAR N 497+ 939 
02 YtO(ZOtR) INTO SIGMA Pl 1197+ I S g  

................. 27 Y*0(2015)  BRANCHING RATIOS . . . . . . . . . . . . . . . . .  

RI Y*O(2OIEI INTO ISIG PII*(KBAR N)/TOTAL**E (P2*P1)ITOTAL**2 
RI 0 .022 0 .006 GALTIERI 70 HBC O SIG PI~EDPWA 71TO* 

REFERENCES - -Y*O(201S)  

GALTIERI TO DUKE 173 A. BARBARO OALTIERI ILRLI IJP  

****** ********* ********* ********* ********* ********* ***~*~*** ******** 
****** ********* ********* ********* ********* ******~** ********* ******** 

See the illustrated key preceding the data card listings. 

Data in parentheses have not  been included in our averages. 
i " ' - - " 1  

I " " I  T / S O  WOHL 6 6  AND DRUM 6R FIND J P = 7 / 2 - .  

i i i  

SEE THE MINI-REVIEW AT START OF y* LISTING 

. . . . . . . . . . . . . . . .  41 V*0(2100)  MASS (MEV) . . . . . . . . . . . . . . . . . . . . . . . . . . .  

M (2120.01 WOHL 66 HOG K-P CH EX ?lAG 
M B 2080. 10.  BUROUN 68 HDC OK-P TO XI-K (BI Io /Ag  
M E l l O . O  20.0 GALTIERI 70 HBC 0 SIG PI,EDPNA 7170.  
M . . . . . . . . .  

- - B  A RESONANCE-LIKE EFFECT IS SEEN IN THIS REGION IN THE REACTION 
K-P TO XI Kt BUT A PERHAPS MORE LIKELY EXPLANATION OF THE DATA IS 
IN TERMS OF A SO FAR OTHERWISE UNOBSERVED RESONANCE HAVING SPIN 
LESS THAN 712. THE SITUATION REMAINS TO BE CLARIFIED. 

. . . . . . . . . . . . . . . . .  41 Y*O(2100) WIDTH (MEV) . . . . . . . . . . . . . . . . . . . . . . . . .  

W (165.01 WOHL 66 HBC 7/6G 
w B 80.  iO.  BURGUN 68 HBC OK-P TO XI--K (BE 10/69 
W (60 .0 )  (2S.O) GALTIERI TO HBC 0 SIG PI~EDPWA 7170. 

. . . . . . . . . . . . . . . .  41  Y~O(2100) PARTIAL DECAY MODES . . . . . . . . . . . . . . . .  

DECAY MASSES 
P1 Y*0(2100)  I N T O  KDAR N ~ 9 7 ÷  939 
P2 Y*O(EIOOI I N T O  SIGMA P(  1197.  139 
P3 Y * O I 2 1 0 0 )  I N T O  LAMDDA ETA 1 1 1 5 +  5 4 8  
P4  Y * C ( 2 1 0 O )  I N T O  XI  K 1 3 Z I ÷  497 
P5 Y*0(2100) INTO LAMBDA OMEGA 1115÷ 7B3  
P6 Y * D ( 2 1 O O J  INTO KBAR N PI 4@T~ 9 3 9 *  139 

. . . . . . . . . . . . . . .  ~1 Y*OI2IOOI BRANCHING RATIOS . . . . . . . . . . . . . . . . . .  

R1 Y*O(2100I INTO (KDAR HI/TOTAL (PIT/TOTAL 
R1 ( 0 . 2 5 )  WOHL 65 HBC 7/b6 
RI ( . 33 )  DRUM 68 C N T R  K-PeELA. TOT,PWA T/TO* 

B2 Y*O(210Oi INTO ISIG PII~(KBAR NI /TOTAL**2 ( P 2 * P I I I T O T A L * * 2  
R2 0 . 0 0 3 6  O.OOBG GALTIERI TO HOE 0 SIG PIrEOPNA 7 / 7 0 *  

R3 Y*O(2100) INTO {LAMBDA ETAI*(KBAR N)ITOTAL**2 ( P 3 I * I P I ) I T O T A L * * 2  
RS (O.OOB?) DR LESS FLATTE 2 67 HBC K-P TO LAM ETA 6 /68 

R4  Y*0(2100) I N T O  (XI  K)*{KBAR N)ITOTAL**E IP41~(P1)/TOTAL~*2 
R4 (O.002g) T R I P P  67  RVUE 8 / 6 7  
R4 B .0011 .DOG2 BURGUN 68 HBC K-P TO XI K i I / A B  
R4 .OOOOl MULLER 69 HBC 0 XI K ~EOPWA T IT0*  
RB . . . . . . . . .  
R4 AVG O.OOl l  0 .0002 AVERAGE IERRDR INCLUDES SCALE FACTOR OF l . O )  

R5 Y*O(21DO) INTO (LAMEDA OMEGAIITDTAL (P51/TOTAL 
R5 ( 0 . 1 )  OR LESS P L A T T E  1 a T  HBC 8 / 6 7  

REFERENCES - -  Y*O(21OO) 

WOHL 66 PRL 17 lOT C G WOHL~ F T SOLMITZt M L STEVENSON (LRLI IJP 
F L A T T E  1 &T PR 1 5 5  1 5 1 7  S M F L A T T E  ( L R L )  
TRIPE 67 NF BB 10 + L E I T H ~  + (LRL,SLAC,CERN,HEIDEL,SAELAY) 
F L A T T E  2 67  PR 163 l ~ I  S M FLATTE, C G WOHL ( L R L I  
DRUM 6B NP BT 19  * E R N E t  L A G N A U X t  SENS~ STEUEB~ UDO ( C E R N I J P  
BURGUN 6 8  NP BB ~BT *HEYEEtPAULIt ÷ (SACLAYtCOLFRANCEtRTHFD) 
MULLER 6 9  THESISsUERL 1 9 3 7 2  R A MULLER (LRLI 
GALTIERI 70 DUKE 17~ A. BARBARO GALTIERI (LRLI IJP 

M > 2100 MEV - PRODUCTION AND BIOTA L EXPERIMENTS 

25 Y~O(210O) PROD. EXPER. 

SEE THE MINI-REVIEW AT START OF Y* LISTING 

THE BUMP SEEN AT THIS MASS IN TOTAL  CROSS SECTION EXPE. 
C O N T A I N S  BOTH THE GOT ANO FOT STATES ABOVE-  

. . . . . . . . . . . . . . . . .  25 Y~OI2IOOI MASS (MEVI -PROD. EXR. - . . . . . . . . . . . . . .  

M 12097.0) ( 6 . O l  BOOK E5 HBC PBAR P 5. T BEVIC 7156 
M 2103.0 ID.O KYCIA 67 CNTR K-Pv D TOTAL EFAT 
M 2100.0 7 . 0  BUGG 68 CNTR K-P~ 0 TOTAL 6 /68 
M 2121.0 5 .0  BRICMAN TO CNTR O TOTAL AND CH EX 6170" 
M . . . . . . . . .  
M AVG 2112.4 7 .0  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 . 9 1  

. . . . . . . . . . . . . . . .  25 Y*O{2100( WIDTH IMEV} -PROD. EXPo - . . . . . . . . . . . . .  

W (24 .0 )  (14 .OI  iZ$ .O)  BOCK 65 HBC INTO KBAR N (PIT 7166 
W 143.0 10.0 KYCIA 67 CNTR 8 / 6 7  
w 140.0 15.0 BUGG 68 CNTR 6168 
W 14T.O 15.0 BRICMAN 70 CNTR 0 TOTAL AND CH EX GITO* 
W . . . . . . . . .  
W AVG 143.2 T . 3  AVERAGE (ERROR INCLUDES SCALE FACTOR OF I .O)  

. . . . . . . . . . . . . . . .  25 Y*O(2100) BRANCHING RATIOS -PROD. EXP. - - - - - T  .... 

R1 Y*0(2100)  INTO {KBAR N I / T O T A L  PROD. EXP° 
R1 0 *SSS O.OlB KYCIA 6 7  CNTR 8 / 6 7  
R1 (O.BOE} BUGG &8 ENTR 6/68 
RI 0 . 2 4  0 .02 BRICMAN 70 CNTR O TOTAL AND CH EX 6170* 
R1 . . . . . . . . .  
RI AVG 0.305 0 .042 AVERAGE (ERROR INCLUDES SCALE FACTOR OF S.gI  

RE Y,O(21001 INTO (KBAR N PIE/TOTAL PROD. EXP. 
R2  SEEN ROCK 65  HBC 

REFERENCES - - Y * O ( 2 1 0 0 )  

BOOK 65 PL 17 1 6 6  ~COOPER,FRENCH,KINSDN~ + (CERN~SACLAY} 
COOL G6 PRE 10 1228 *GIACOMELLI,KYCIA~LEONTIE,LI,LUNDBY,~ (BNLI I 

- -  SLIGHTLY REVISED RESULTS FROM KYCIA 67 REPLACE COOL 86 - -  
KYEIA 67 PRIVATE COMM. T F KYEIA (8NL) I 
GUGG BB PR 16B 1 4 6 6  eGILMORE~KNIGHTe • (RTHFDeBRMGHM~CVNOSM) i 
BRICMAN 70 PL 318 152 ~FERRO LUZZI~ PERREAUt* (CERN,CAEN~SACLAYI 



BARYONS 

llZ, 

IA(zsso) i . . . . . . . . . . . . . . . . . .  SEE THE MINI-REVIEW AT START OF Y* LISTING 

OAUM 68 FAVORS JP=7/2- OR 912+. 

. . . . . . . . . . . . . . . .  4Z Y~0(23501 MASS (MEVI . . . . . . . . . . . . . . . . . . . . . . . . . .  

M 2352.0 11.D KYCIA 67 CNTR K-P~ D TOTAL 8/87 
W 2340.0 7.D BDGG 88 CNTR R-P, D TOTAL 6168 
M 2858.0 6.D BRICWAN 70 CNTR D TOTAL AND CH EX 6/70~ 

M AVG " " "2350.6" " " " "8.8 " AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.4 ]  

................. 42 Y*O(23501 WIDTH I~EV) ....................... 

w 21D.O 50.0 KYCIA 67 CNTR 8•67 
w 140o0 20.0 BUGG 68 CNTR 6 /68  
U 324.0 30.0 BRICMAN 70 CNTR 0 TOTAL AND CH EX BET0* 

W AVG ig8.O 57.0 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 3 . 6 I  

. . . . . . . . . . . . . . . . .  42 Y '0 {2350 )  PARTIAL DECAY MODES . . . . . . . . . . . . . . . .  

DECAY MASSES 
PI Y*0(2350) INTO REAR N 497+ 9~9 

. . . . . . . . . . . . . . . . .  42 Y*0123501 BRANCHING RATIOS . . . . . . . . . . . . . . . . . . .  

RI Y'0[2350) INTO (KEAR NI/TOTAL ( E l l / T O T A L  
J IS NOT KNOWN. FOLLOWING IS (J+I I2I~(KBAR N}ITOTAL 

RI 0 .68  8 . i 0  KYCIA 67 CNTR 8167 
RI [ 0 . 5 7 }  BUGG 68 CNTR 6/68 
RI 1 .1  0 .25 BRICNAN 70 CNTR 0 TOTAL AND CH EX 6 / 1 0 "  
RI . . . . . . . . .  
RI AVG 0.7~ 0 . i ~  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.61 

REFERENCES - -  Y*O123501 

COOL 65 PRL I6  1228 ~GIACOMELLI,KYCIA~LEONTIC,LI,LUNDBY,+ (BNL) I 
- -  SLIGHTLY REVISED RESULTS FRO~ KYCIA 67 REPLACE COOL 68 - -  

KYCIA 67 PRIVATE COMM. T F RYCIA {BNL| I 
8UGG 68 PR 168 1466 *GIL~DRE,RNIGHT. + (RTHFD,BRMGHM,CVNOSHI I 
OAUM 68 NP B7 19 +ERNE~ LAGNAUX~ SENS~ STEUER~ UDO ICERNIJP 
B#ICMAN TO PL 31B t52  +FERRO LUZZI, EERREAU~+ (CERN,CAEN~SACLAY) 

END - PRODUCTION OR TOTAL CROSS SECTION DATA 

19 SIGMA + [ IlB9,JP=i/2+l I = l  

SEE LISTINGS OF STABLE PARTICLES 

F ~  20 SIGMA -- I I198 ,JP= l /24)  I= l  

SEE LISTINGS OF STABLE PARTICLES 

21 SIGMA 0 I I I 9 8 , J P = I I 2 + )  I = l  

SEE LISTINGS OF STABLE PARTICLES 

* * * * * *  * * * * * * * * *  , * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * = *  * * * * * * * * *  * * * * * * * *  

FOR DISCUSSION OF INCONSISTENCY OF ERRORS ANO OUR 
MODIFICATIONS, SEE NOTE ON K~I8gD) 

FOR THE TABLES WE USE ONLY THE UNSTARRED DATA~ WHICH 
ATTEMPTS TO OBTAIN THE SEPARATE CHARGE-STATE MASSES AN 
WIDTHS. SEE HOWEVER THE IDEOGRAMS INSERTED IN LISTING 

THESE INDICATE SERIOUS SYSTEMATICS, PERHAPS ARISING FROM INTERFERENCE E 
FECTS THAT CHANGE WITH PRODUCTION MECHANISM AND BEAM MOMENTUM. 

. . . . . . . . . . . . . . . . .  4~ Y~I{13BO) MASS [MEV] . . . . . . . . . . . . . . . . . . . . . . . . . . .  

M 141 [1384.0)  ALSTDN &O HBC +- K-P 1.15 BEV/G 
M 38{1384.01 MARTIN 61 HBG D+ K2O P .98 8EV/C 
M (1385 .0 }  BERGE 61 HBC +- K-P . 4 - . 8 5  BEVIC 

(1392,D) { 7 .0 )  COLLEY 6Z HLBC o- P I -  PRP 2. BEV/E 
Me 106 { I381 .0 )  { 4 .0 )  CURTIS 63 OSPK O PI-P 1 .5  BEV/C 
M {1392 .0 )  ( l O . O }  MUSGRAVE 65 HBC +-OPBAR P 3 - 4  8EV/C 7/66 
M {1389.01 IS.Of BALTAY 68 HBC +- PBAR P 3 .7  BEV/C 7/66 

M+ E 154 i876.0 8.9 ELY 61 HLBC + K-P 1.11 BEV/C 
M+ E ERROR DF 3.0 ENLARGED TO 3 .9  BY US,BECAUSE LT STATIST.ERR. 10169 
4* 170 1375.0 3 .9  COOPER 64 H@C ÷ R-P 1 .65 BEVIC 
~+ 859 1381.0 1o6 HUWE 64 HEC ÷ K-P 1.22 BEV/C 
~+ 750 1382.0 1.D ARMENTERO BD HBC R-P .E~-I.2 BEV/C * 
+ S 250 1382.6 2.1 SMITH 65 HBC + K-P 1.95 BEV/C g166 

M÷ S 250 1884.3 t . g  S~ITN B~ HBC K-P 1.8 BEV/C 9 / 8 6  
~+ S ERROR OF 1 .4  ENLARGED TO 2 . l  BY US~BECAUS8 LT STATIST.DR. I D / 6 g  
M+ S ERROR OE 1.1  ENLARGED TO 1 .9  BY USpBECAUSE LT STATIST.ER. 10/69 
M+ B 40 1383.0 4.D BIRMINDHA 66 HBC + 3.5 K- P g / 6 1  
M+ B ERROR DF 2 .0  ENLARGED TO 4 . 0  BY USIBECAUSE LT STATIST.ERR. 10/69 
M+ 1878.0 5.D LONDON 66 HBC + K-P 2 .24 BEV/C 7166 
M+ 1260 1384.4 I .D  SIEGEL 67 HOD K-P AT 2 .1  GEV/C 10169 
M÷ . . . . . . . . .  
M+ AVG 1382.59 D.7E AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 .5 I  
M 1390.0 6.D AGUILAR 70 HBC + K-P • GEV/SIB.PI 3 / 7 0 "  
M- g3 1882.0 S.D DAHL 61 DEC K--D D.45 BEV/C 
M- E 224 1376.0 4.& ELY 61HLBC - 
M- E ERROR OF 3.0 ENLARGED TO 4.4 BY US~BECAUSE LT STATIST.ERR. tO/GO 
M- 200 1391.D @,2 COOPER 6 4  HBC - 
~- 1086 1385.3 1 . 5  PMWE ~ HEC -- 
M- 1380 1384.0 l.O ARMENTERD E8 HBC - 
M- S 120 1391.5 2 .6  SMITH 6E HBC - K-P 1,8 BEV/C 9168 
~- s 38 1399.8 4.D SMITH 65 HBD K--P I . ? S  BEV/C g168 
M- S ERROR OF 1.8 ENLARGED TO 2.B BY US,BECAUSE LT STATIST.ER. I 0 / 6 9  
~- S ERROR OF 1.A ENLARGED TO 4.D BY US.BECAUSE l T  STAIIST.ER. 10/89 
M- 1389.0 9.0 LONDON 66 HBC - 7 1 6 6  
M- 37D 139D.7 2.0 S I E G E L  67 HBC - K-P AT 2.1 GEVIC 10/69 

M- AVG 13B5.g"  ~.5 AVERAGE (ERROR INCLUDES SCALE FACTOR OF E.2) 
{SEE IDEOGRAM BELOW ) 

See the illustrated key preceding the data card listings. 

Data in parentheses have not  been included in our averages. 

W E I G H T E D  A U E R A G E  = 1 3 8 S . 9  i i . S  

ERROR S C A L E O  BY 2 . 2  

C H I S Q  

-4-- . . . . . . .  S I E G E L  6 7  HBC 5 . 8  

. . . . .  L O N D O N  6G HBC 

" " - S M I T H  6 5  HBC 12.1 

- J r -  . . . . . . .  S M I T H  GS HBC 4 . 7  

I+j  . . . . . . . . . .  8S HO0 

. . . . . .  HUWE 
H ~ 

. . . . .  C O P P E R  6 4  HBC 1 . 0  

. . . . . . . . .  E L Y  61  HLBC S , 1  

. . . . . .  G1 DEC 1 . 7  

3 4 . 0  

{ C O H L E U  
1 3 6 0  1 3 8 0  1 4 0 0  1 4 2 0  =O.OOO) 

Y ~ 1 ( 1 3 B S ) -  MASS ( M E U )  

. . . . . . . . . . . . . . . . .  43 Y * ( - )  - Y* (~ !  MASS DIFFERENCE (MEV} . . . . . . . . .  

R (0.01 I~ .2 )  ELY 61 HLBC +- K-P 1.11 BSVIC 8 /66 
R ( 1 7 . l  ( 7 . )  COOPER 64  HOD 1 0 1 6 9  

D R ( 4 . 3 (  ( 2 .2 (  HUWE 64 NBC +- K-E 1.22 BEV/C 8166 
D R ( 2 . 0 )  ( 1 . 5 l  AR~ENTERO 85 HBC K-P . g - l . 2  BEV/C 816B 
D R 17.2} 12.1)  SMITH 65 HBC K-P l.B BEVIC 9266 
D R ( 1 7 . 2 )  ( 2 . 0 I  SMITH 65 HBC K-P 1.95 BEV/C 9/66 

R REDUNDANT WITH DATA IN MASS LISTING. 
D R (11 .0 }  { 9 .0 (  LONODN 66 NBC ÷-  K-P 2 .24 8EV/C 8156 
O g.O 6 .0  LONDON 66  HBC LAMBDA 3 PI EVTS 7/66 
D R (6 .3 )  (E.O) SIEGEL 67 HBC K-P AT 2 .1  GEVIC 10/69 

. . . . . . . . . . . . . . . . .  48 Y* i (1388 )  WIDTH IMEVI ......................... 

W ( 6 4 . 0 }  ALSTON 60 HBC +- 
W ( 2 0 . 0 I  OR LESS MARTIN 61HBC D÷ 
W (40.D) BERGE 6~ HBC 
W IBD.DI l I D . O f  COLLSY 62 HLBC D- 
W ( 3 0 . 0 l  {g.O} CURTIS 6~ OSPK D 
W (Sa.O} ( ? .0 )  MUSGRAVE 65 HBC +-D 7166 
W (26 .0 )  ( 5 .0 )  8ALTAY 65 HBC +- 7166 

w+ 48.0  8 .0  ELY 61 HLBC + 
W+ 51.0 ID.0 COOPER 64 HBC 
W+ 46.8 ] .D  WU~E 64 HBC • 
W* 32.0 3.0 ARMENTERD 58 HBC ÷ 
w+ 3D,3 S.L SAITH 65 HBC + K--P 1.8 BEV/C 9 /66 
W+ 33.1 3 .8  SMITH 65 HBC K-P L .95 BEV/C g /66 
W+ 40 25.0  B.D BIRMINGHA 66 HBC + 3 .5  K- P 9/67 
W÷ 1260 36.D 3 . 0  SIEGEL 6T HBC K-P AT 2.1 OEV/C 10169 
W÷ 3 3 ,  12.D AGUILAR 70 HBC • N-P • GEVISIG. PI 5/70* 
W+ . . . . . . . . .  
w+ AVG 35.9  2 .6  AVERAGE IERRDR INCLUDES SCALE FACTOR DF 1 .9 I  

(SEE IDEOGRAM BELOW ) 

W E I G H T E D  R U E R A G E  = 3 S . 9  ± 2 . 6  

E R R D R  S C A L E D  BY  i . 9  

. . . . . . . .  A G U I L g R  7 0  HBC 

I " - ~  . . . . . . . . . .  S I E G E L  67  HBC 

~ ' ' I ~  . . . . . . . . . .  BIRMINGHA GG HBC 

I-+1-\  "A" . . . . . .  S M I T H  ~ S  HOC 
l - + - IS l~  . . . . . .  S M I T H  6 5  HBC 

I -~-P ~ l t  . . . . . .  ~RMEHTER8 s s  HBC 
/ I " - - - F - - \  . . . . . .  HUWE G4 HBC 

/ I - ~ - ~ ' ~ ' ' C O O P E R  64  HBC 

. . . .  Y 6 1  H L B C  

10 30 $0 70 

Y - i [ 1 3 8 5 1 +  H I D T H  ( M E U )  

C H I S Q  

0 . 0  

3 . 3  

O , S  

3 . 3  

1 . 7  

12 .S  

2,3 

2,3 

2S .@ 

( C D N L E U  
= 0 . 0 0 1 )  

w- (40 .0 )  DAHL 61 DEC - 
W- BB.D 10.D ELY SL HLB£ 
W- 88.0  IO.D COOPER 6~ HBC 
W- 6E.O ?.D HUWE 64 HBC - 
W- 38.0 3.D ARMENTERO 65 HBC 
W- E9.2 5 .7  SMITH 65 HBC - K-P io80 BEV/C 9166 
W- 17.1 4 . 4  SMITH 63 HBC K-P 1.98 BEV/C 9166 
W- 370 8 h D  4.D SIEGEL 67 HBC K--P AT 2.1 GEV/C 10169 
W- 
W- AVO " "'36.3 ° " " "'6.3 " AVERAGE IERROR INCLUDES SCALE FACTOR OF 3 . 5 l  

(SEE IDEOGRAM BELOW ) 
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1 1 3  
See the illustrated key preceding the data card listings. 

Data in parentheses have not  been included in our averages. 

CHISQ 

. . . . . . . . . . . .  SIEGEL 67 HBC 1 .7  

. . . . . . . . . . . .  SMITH GS HBC 18 .9  

. . . . . . . . . . . .  S M I T H  6S HBC 1.5 

. . . . . . . . . . . .  QRMENTERD 65 HBC 0 . 3  

64 HBC 13 .S  

64 HBC 2 G , B  
6 i  HLBC 8 ,8  

7~ .7  

(CONLEU 
=0 .000~  

~EIGHTED QUERgGE = 36 .3  ± 6 .3  

ERROR SCQLEO BY 3 .5  

/ 
' ~ "  ~ ....... HU"E 

/ . \  ---+---.cOO~ER 

i, 
(i 40 BO ~ 2 0  

Y ~ C t C 3 B 5 ) -  NIDTH (MEU) 

7166 
7166 

. . . . . . . . . . . . . . . . .  ks Y*i(1585) PARTIAL DECAY ~ODES . . . . . . . . . . . . . . . . . .  

DECAY MASSES 
Pl Y*I(1385) INTO LAMSOA PI I I15+ iB9 
P2 Y*I(1385) INTO SIGMA PI 1197+ 109 

. . . . . . . . . . . . . . . . .  43 Y*I(13BSI BRANCHING RATIOS . . . . . . . . . . . . . . . . . . . . .  

RI Y* l ( i385)  INTO (SIGMA PII/ILAMBDA OlD (P~ I I (P I )  
R} 0.04 0.04 BASTIEN 61HBC +- 
R1 (0.04) DR LESS ALSTON 62 HBC ÷-O 

0.09 0.04 HOWE 6~ HIE +-- RI 
RI 0.163 0.035 ARMENTERO 65 HBC +- 
R1 O.OS O.O6 LONDON 66 HBC + 

~! AVG 0. i01 0.028 AVERAGE (ERROR INCLUDES SCALE FACTOR OF l . ~ }  
(SEE IDEOGRAM BELOW ) 

HEIGHTED RUERQGE = O. iO i  ± 0 . 0 2 8  
ERROR SCQLED BY 1 .4  

\ 
• " ' 1  . . . .  LONDON G6 HBC 

- - - ~ , \  . . . .  ~RMENTERO 65  HBC 
. . . . .  \ ' 'HUGE 64 HBC 

. . . . . . . .  ~ B Q S T I E N  6 1  HBC 

CHISQ 

O , i  

3 . 1  

O . i  

2 . 3  

S .7  

(CDNLEU 
=O .129l 

/r \  

/ I 

- 0 . 05  0 . '05 0 . IS  0 .25  0 .35  

Y~ l ( 1385 )  B .R .  INTO (SIGMQ P I I / LRMBDQ P (  

REFERENCES - -  Y*1(1385) 

*ALVAREZ,EBERHARD,BOOO,GRAZIANO~ + ILRL) I 
+HORWITZ,MILLER,MURRAY,WHITE (LRL) 
+LEIPUNER,CHINOWSKYtSHIVELY~ ÷ (BNL~YALE) 
÷BASTIEN,OAHL,~ERRO-LUZEI,KIRZ, + (LRL) 
P BASTIEN,M FEPRO-LUZZI,A H ROSENFELD (LRL) 
+EUHG,GIDAL,PAN,POWELL~WNITE (LRL) J 

+ALVAREZ,FERRO-LUEZI~RUSENFELD~ * (LRL) 
*GELFAND,N~UENBERG, ÷ (COLUMBIA~RUTGERS) JP 
+COFFIN,~EYER,TERWILLIGER (MICHI J 
+FILTHUTH,ERIDMAN~MALAMUD~ + ICERN,AMSTR} 

ALSTON 60 PRL 5 520 
DAHL 51PRL 6 142 
MARTIN 610~L 6 283 
BERGE 51PRL 6 557 
BASTIEN 61 PRL 6 702 
ELY 61 PRL 7 461 

ALSTON 62 CERN OONF S l l  
COLLEY 62 PR 12R 1930 
C U R T I S  63 9R 132 177l 
COOPER 60 PL B 365 
HUWE 

ALS~ 
60 UCRL-II291 THESIS D O HUWE [LRL| JP 
59 PR 180 182# O O HUWE |LRL) 

~USORAVE 65 NC 35 735 *PETMEZAS~+ {BIRMGHM,CERN~EP~IMPCOL,SACLAY) 
ARMENTER 65 PL 19 75 ARMENTEROS, ÷ (CERN,HEIDEL~SACLAY) 
BALTAY 65 PR I~O BID21 ~SANOWEISS,TAFT,CULWICKtKOPPe • (YALE,BNL| 
SMITH 55 THESIS {UCLA) L T SMITH (UCLA) 

BIRMINGH 6~ PR 152 i I~8 BIRMINGHAM,GLASGDW,I.C., DXFDREYRUTHERFORD 
LONDON 66 PR 143  1034 +RAU,SAMIOS~YAMAMOTO,GDLDBERG,÷ (BNL~SYCR} J 
SIEGEL 67 UCRL 18041 THESIS D M SIEGEL (LRL) 
AGUILAR 70 PRL (SUB) ÷BARNES~ BASSANO, CHUNG, EISNER~* IBNL,SYR) 

QUANTUM NUMBER DETERMINATIDNS NOT REFERRED TO IN DATA CARDS. 

SHAFER 5~ PR 13~ B1372 J B SHAFER, D D HUNE (LRL) JP 
MALAMUB 66 PC i0 145 E MALAMUD~ P E SCHLEIN (CERN,UCLA) JR 

M < 1 5 0 0  M E V  - P R O D U C T I O N  E X P E R I M E N T S  

I E ( 1 4 4 0 )  I . . . .  1,1,,o . . . .  , i= l  
[ - - !  

SEE THE MINI-REVUE AT THE START OF THE Y* LISTINGS. 

CLING 68 FIND A NARROW PEAK AT I@BO MEV (JUST ABOVE 
THE KBAR N THRESHOLD) IN THE LAMBDA Pl INVARIANT MASS 
FOR K- O TO LAMBDA P I -  P EVENTS. THEY DISCUSS ALTER- 

NATE INTERPRETATIONS - -  THAT IT IS A RESONANCE OR A KINEMATIC EFFECT. 
IN CLINE 58 THE N- BEAM HOMENTUM IS O.@ GEVID. IN A STUDY OF THE SAME 
REACTION WITH A MOMENTUM OF I . I  GEVIC, ALEXANDER Bg FIND NO PEAK. IN 
AODITION~ THEY ARE ABLE TO EXPLAIN THE RESULTS OF BOTH EXPERIMENTS 
WITHOUT INVOKING A NEW RESONANCE. 

REFERENCES - -  Y*I(1440} 

CLINE 68 PRL 21 13T2 0 CLINE, R LAUMANN~ J MAPP (WISCONSIN) I 
ALEXANOE 69  PRL 22 ~BB ALEXANDER, HALL, JEW, + (LRL,RIVERSIOE) 

****** ********* ********* ********* ********* ********* ********* ******* 

! (140o)1 , . . . .  ( ,  . . . . . . . .  ,=, 
I m 

SEE THE MINI-REVUE AT THE START OF THE Y~ LISTINGS. 

PEAKS ARE SEEN IN LA~BDA P( AND SIGMA Pl SPECTRA IN 
THE REACTION PI+P TO K+ P( Y AT 1.7 GEV/C. ALSO THE 
Y POLARIZATION OSCILLATES IN THE SAME REGION. 

SEE MILLER 70 FOR A DISCUSSION OF THIS STATE. HE SUGGESTS A POS- 
SIBLE ALTERNATE EXPLANATION IN TERMS OF A REFLECTION OF H*i /2(LIFO) 
DECAY TO LAMBDA K. 

. . . . . . . . . . . . . . . . .  23 Y'(((@BOB MASS (MEV} . . . . . . . . . . . . . . . . . . . . . . . . . .  

M I~8O.O 15.0 YU-LI PAN 69 HBC • PI+P TO K PI LAM BfB9 
M 1 6 6 5 . 0  20.0 YU-LI PAN 69 HBC • PI+P TO K P I  SIG 9169 
M . . . . . . . . .  
M AVG 1614.& 1.2.0 AVERAGE tERROR INCLUDES SCALE FACTOR OF l .O} 

. . . . . . . . . . . . . . .  21 Y*I(14BO) WIDTH {MEV}  . . . . . . . . . . . . . . . . . . . . . . . .  

W {35.01 YU-LI PAN 69 HBC ÷ PI+P TO K Pl LAM 9/69 
W (25.0) YU-LI PAN 6 9  HBC PI+P TO K PI GIG g169 

. . . . . . . . . . . . . . . .  2B Y*II IBBOI PARTIAL DECAY MOOES . . . . . . . . . . . . . . . . .  

DECAY MASSES 
Pl Y~,III~.BO) INTO KBAR N 497+ 939 
P2 Y*II I~BO) INTO LAMBDA PI I I IE+  IB9 
P3 Y~1(1460) INTO SIGMA Pl 1 1 8 9 +  l S 9  

. . . . . . . . . . . . . . . . .  23 Y*1(1400} BRANCHING RATIOS . . . . . . . . . . . . . . . . . .  

RI Y*I(1480) INTO (SIGMA PI}/ILAMBOA Pl)  (PSI/iRE( 
RI 0.72 D.4g YU-LI PAN 69 HBC + 9/69 

RE Y*I(IRBO) INTO (PROTON KOBAR}/tLAMBDA Pl) (P l ) / (P2 I  
R2 0.36 0.25 YU-LI PAN E9 HBC + 9 / 6 g  

REFERENCES -- Y*II IkBO) 

YU-LI PA 69  PRL 23 806 YU-LI PAN~ P L FURMAN IPENN) I 
YU-LI PA 69 PRL 23 BOB YU-LI PAN~ F L FURMAN IPENN) I 
MILLER 70 DUKE 229 D H MILLER (REVIEW TALK)  (PURDUE} 

ENO PRODUCT ION EXPERIMENTS 

79 Y*I(1620~ JP=I/2+} I = i  PIE 

SEE THE MINI--REVUE AT THE START OF THE Y* LISTINGS. 

THE PARTIAL-WAVE ANALYSIS OF K- N TO SIGMA Pl SUGGESTS 
SUCH A RESONANCE, BUT FURTHER EVIDENCE IS REQUIRED. 

. . . . . . . . . . . . . . .  79 Y'(TIDED) MASS (MEV) . . . . . . . . . . . . . . . . . . . . . . . . .  

M (1620.) ARMENTERD 70 HDBC D- K-N TO SIGMA Pl 61TO* 

. . . . . . . . . . . . . . . . .  79 Y*I(1620} WIDTH (MEVI . . . . . . . . . . . . . . . . . . . . . . . . . .  

W ( 50 .0 )  ARMENTERO TO HDBC 0- K-N TO SIGMA P( 6/TO# 

. . . . . . . . . . . . . . . . .  ?g Y*I(1E2O) PARTIAL DECAY MODES . . . . . . . . . . . . . . . .  

DECAY MASSES 
Pl Y ' l (1620)  INTO KBAR N 497+ 939 
P2 Y*II1520) INTO SIGMA P( 1197+ I09 
. . . . . . . . . . . . . . . . .  T9 Y*I[IBZO} BRANCHING RATIOS . . . . . . . . . . . . . . . . .  
R( Y~IIISZO} INTO |KBAR N}*(SIGMA PI}ITOTAL**2 (PI*PE)ETOTAL**2 
RI (0.04) ARMENTERO 70 HDBC O- K-N TO SIGMA PI 6/70,  

REFERENCES - -  Y*E(1B2O) 

ARMENTER 70 DUKE CONE PAPER ARMENTEROS~ BAILLDN, + (CERN, HEIOELIIJP 
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BARYONS 

See the illustrated key preceding the data card listings. 

Data in parentheses have not  been included in our averages. 

Note on ~(16Z0) 
This state was first suggested by the 

BNL-CCRTY collaboration (CRENNELL 68)who 

presented evidence for it in the reaction 

K-n-~(1620)±~ ~- with ~,(1620) ± decaying into 

A~ ±. Since then there have been conflicting re- 

ports about this state. A good review of the 

productior~ experiments has been recently given 

by ikCILLER 70. We summarize here the situa- 

tion. 

Formation experiments. The CHS energy- 

independent (see note on Y'fis) partial-wave 

analysis (ARMENTEROS 70) shows evidence 

for a l°ll state at 1620 MeV in the ~ channel 

They had previously reported evidence for this 

state in the A~ channel (ARMENTEI~OS 69) 

which they now disclaim. This is because of 

the fact that new data have been added at the 

low-energy end of their previous analysis (i. e., 

around the 1600-Me'~ region) and now the pre- 

ferred solution shows structure at a higher 

mass, in the A~ channel, 

Production experiments. Here the ev- 

idence is only in the Aw channel. The BNL- 

CCNY collaboration with increased data, 

CRENNELL 69, still claim the effect in the A~ 

channel (no evidence seen in KN or KNw). 

SABRE 70 studied the same reaction at 3.0 

OeV/c with comparable statistics and do not 

see any evidence for it in the Aw channel; on 

the contrary, they believe it to be a spurious 

peak resulting from misidentified 2] 0 from the 

production of ~(1670) decaying into E°~ +. 

CRENATELL 69 give counter arguments to show 

that this is not the case in their data and the 

controversy goes on. AM~ANN 70 studied the 

same reaction at 4.50eV/c and report a state 

at 1640 MeV, again decaying only intoA~ (no 

evidence seen in ~ or KN channels). The close- 

ness of this mass to 1670 MeV is suggestive that 

this effect may be related to what goes on in that 

region (see discussion below). 

In conclusion, for ~(1620) we have to wait 

for more data and for a complete understanding 

of the entire mass region ~600 to 1700 MeV. 

The hope is that the determination of quantum 

numbers for each of these effects for each de- 

cay mode may eventually clarify the situation. 

E(16ZO) PRODUCTION EXPERIMENTS 
SEE THE MINI-REVUE AT THE START OF THE Y~ LISTINGS9 

THIS RESONANCE NEEDS CONFIRMATION. THE RESULTS OF 
CRENNELL 69 AT 3.9 GEVIC ARE NOT CONFIRMED BY THE SABRE 

COLLABORATION AT 3.0 GEVIC [SABRE TO). HOWEVER IN AN EXPERIMENT AT 
4.5 GEVICt AMMANN 70 SEE A PEAR AT 1642 MOV WHICH ON THE BASIS OF 
BRANCHING RATIOS THEY DO NOT ASSOCIATE WITH THE Y~L(IbTO). SEE MILLER 
70 FOR A REVIEW DE THESE CONFLICTS. 

THERE WAS AN INDICATION OF A Y-l(1610) IN AN EARLY PHASE-SHIFT 
ANALYSIS OF K-P TO LAMBDA PI .  HOWEVER MORE DETAILED ANALYSIS OF 
MORE EXTENSIVE DATA BY THE SAME (CERNt HEIDELOERGv SACLAY) GROUP 
FAILED TO CONFIRM THIS RESULT. HOWEVER THEY NOW SEE IT IN THE SIGMA Pl 
CHANNEL (SEE PREVIOUS ENTRY). (OLD LAMBDA Pl ANALYSIS LISTED AS 
ARMENTEROS 88, NEW ANALYSIS AS ARMENTERDS 70.) 

. . . . . . . . . . . . . . . .  7B Y*I(1620} MASS (MEVI  . . . . . . . . . . . . . . . . . . . . . . . . .  

M N {1616.0J (8.0)  CRENNELL &8 DEC +- K-D 3.9 BEVIC 11188 
N EVENTS OF CRENNELL 68 ARE IN THE LARGER SAMPLE OF CRENNELL B9. 

M 20  161B .O  3 .0  BLUMENFEL 69  HBC + KD LONG + PROTON 9 t69  
M 1619.0 8.0 CRENNELL 59 DEC +- K-N TO LAM 3 PI 916g 
M tO42.0 12.0 AMMANN 70 DBC K-P 4.5 GEV/C 8170" 
M 
M AVG I619.4 S.8 AVERAGE )ERROR INCLUDES SCALE FACTOR OF t .A I  

. . . . . . . . . . . . . . . . .  78 Y'1(1620) WIDTH [MEV)  . . . . . . . . . . . . . . . . . . . . . . .  

N (66 .0 }  { 16 .0 )  CRENNELL 68 DEC + -  SEE NOTE N ABOVE L I / 88  
20 EO.O 10 .0  BLUMENFEL 6g HBC + 9 /69  

w T2 .0  22 .0  15 .0  CRENNELL 69  DBC 9 /B9  
55.0 24.0 AMMANM 70 DEC K-P 4.5 GEVEC 6/70~ w 

W . . . . . . . . .  
W AVG 41.3 12*2 AVERAGE (ERROR INCLUDES SCALE FACTOR OF i . 5 }  

SEE THE NOTES ACCOMPANYING THE MASSES QUOTED 

. . . . . . . . . . . . . . . . .  78 Y*I(162D} PARTIAL DECAY MODES . . . . . . . . . . . . . . .  

DECAY MASSES 
P1 Y~1 (1620 )  INTO KBAR N 497+  939  
P2 Y~I(1620) INTO LANBOA P( 1115+ 139 
PB Y~1 (1620 (  INTO Y t l I 13BS)  Pl  1385+  139  
P4 Y*IIIB201 INTO LAMBDA PI P( I i15+ [39+  IB9 
P5 Y*I{1620I INTO SIGMA PI 1197+ 139 
P6 Y~I(IBZO) INTO YeOIIAOB) PI 1405+ 139 

. . . . . . . . . . . . . . . .  78 Y*I(1620) BRANCHING RATIOS . . . . . . . . . . . . . . . . . . . .  

R1 Y*I(16201 INTO (LAMBDA P( PIIIILAMBOA PIT (P4l l (PSl 
RI 14 (2.5) APPROX BLUMENFEL 6g HBC + 

R2 Y*I(IBZO) INTO (KBAR NI/(LAMBDA PI l  IP l I / IP2 )  
R2 TO.Of ( 0 . I )  CRENNELL 68 OBC + 
RE 0.4 0.4 AMHANN 70 DEC K-P 4.5 GEV/C 6/70~ 

RB Y*I I IG20)  INTO LAMBDA PI (P2) 
RB LARGE CRENNELL 6S DEC + -  1116B 

R4 Y*~{1620) INTO (Y#I I I385)  PI)/(LAMBDA PI|  (R3)IIPB| 
RA (0.2~ ( 0 . I )  CRENNELL 68 OBC + -  l l /bB 
R# (0 .3) I95  PC UPPER LIMIT) AMMANN 70 OBC K-P 4.5 GEV/C 6770~ 

R5 ( I . I ) ( 95  PC UPPER LIMIT) APMANN 70 DEC K-P 4.5 GEV/C b/TO~ 
RS Y t l I IG20 I  INTO (SIGMA PII/ILAMBOA Pl]  (PSI I IPZl  

R6 Y~II1620) INTO (YtO([4OSl PII/ILANBDA PI l  (P6l l (P2) 
R8 0.7 0.4 AMMANN 70 DEC K-P ~.5 GEV/E 6 /70~  

REFERENCES - -  Y*I(16201 

ARNENTER 68 NP BE 183 ARMENTEROS~BAILLON + (CERN+HEID+SALAY~ 
CRENNELL 68 PRL 21 648 +OELANEY, FLAMINID, KARSHON, + (BNL,CCNYI I 
BLUMENFE 89 PL 29B 5B BLUMENFELD~ RALBFLEISCH (BNL )  I 
CRENNELL 69  LUND PAPER 18B +KARSHON, LA I ,  ONEIL ,  SCARE, + (BNL~CCNY)  I 

- -  CRENNELL ~9  RESULTS ARE OUOTED IN  LEV I  SETTI  69 .  
LEVISETT 89 LUND CONF R LEVI SETTI (RAPPORTEUR) " EFINS 
TRIPP 69 UCRL 19361 R O TRIPP (LRLI 
SABRE 70 NR 816 201 SABRE COLLAB* (SACL,AMST,BGNA,REHO,EPOLI 
AMMBNN 70 PRL 24 327 + GARFINKEL, CARMONY, OUTAY,÷ (PURDUE,INO) 
ARMENTER 70 DUKE 123 ARMENTEROS~BAILLON + (CERN+HEID+SALAYI 
MILLER 70 DUKE 229 D H MILLER )REVIEW TALKI (PUROUEI 

END PRODUCTION EXPERIMENTS 
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Note  on ~(1670) 

F o r m a t i o n  e x p e r i m e n t s  show the  p r e s e n c e  

of  o n l y  one  I = I s t a t e  i n  t h i s  e n e r g y  r e g i o n  

with major decay modes into KN (9%),A~r (I0%), 

~w (40%) and a very small branching fraction 

into ~vTr. Its quantum numbers are JP= 3/Z-. 

Production experiments are more con- 

fused. When determined, the most likely 

quantum numbers are also 3/Z-[for ~ and 

A(1405)w]. The measured branching ratio 

R = ~w/~ww changes with the momentum transfer 

to the proton. This was first observed byEBER- 

HARD 69 who suggested the existence of 2 Yl* 

with the same mass and quantum numbers; 

one object with a large ~rvr [mainly A(1405)~] 

decay mode produced peripherally, and another 

one  w i t h  a l a r g e  ~ r  d e c a y  m o d e  p r o d u c e d  at  

l a r g e r  a n g l e s .  T h i s  o b s e r v a t i o n  ha s  now b e e n  

confirmed by AGUILAR- BENITEZ (70). 

The other difficulty comes from the differ- 

ent Aw/~w branching ratios reported by the 

various experiments. The possibility of a 

y;i~ state with a large Aw/Zw branching third 

ratio still exists. This large branching ratio 

is the main justification for this hypothesis 

and needs confirmation. It relies on the sep- 

aration between Kmp -~Aw+w - and K-p -~ ~3°w+w - 

that is experimentally difficult at high energy. 

These problems are reviewed by 144_ILLER 70. 

Two resonances of the same spin and 

parity have been hypothesized by EBERHARD 

69 as the origin of much of the complexity ob- 

served in the ~600 to ~700 MeV region in pro- 

duction experiments. See also note on ~(~620). 

115 
See the illustrated key preceding the data card listings. 

Data in parentheses have not  been included in our averages. 

SEE THE MINI-REVUE AT THE START OF THE Y* LISTINGS. 

SEE NOTE ABOVE 

WELL ESTABLISHED RESONANCE. IT HAS BEEN SEEN IN BOTH 
FORMATION AND pRODUCTION EXPERIMENTS° HOWEVER THE 
BRANCHING RATIOS CBTAINED BY THESE TWO METHODS SHOW 
LARGE INCONSISTENCIES. 

SEE LISTING OF PRODUCTION EXPERIMENTS BELOW 

AS FOR THE QUANTUM NUMBERS, THE ANALYSES OF LAMEDA PI CHANNEL [IN 
FORMATION EXP.I AS WELL AS THE SIGMA PI CHANNEL AGREE ON JR=312-. 

. . . . . . . . . . . . . . . . .  44 Y.111670) MASS IMEV)  . . . . . . . . . . . . . . . . . . . . . . . . .  

M (1660.0) BERLEY 64 HBC O K-P TO LAM PlO 7166 
M S [1668.] (5.1 ARMENTER 6B HBC 0 K-P ELAS.+CH.EX 11168 
M (1661.0) [2.0)  ARMENTE2 68 HBC O K-P TO SIGMA P( 1116B 
M (I680.1 ARMENTE4 69 DBC R-N TO SIG- PIO 12168 
M S (1663 .0 )  ( 2 . 0 )  ARMENT-6 69 HBC 0 K-P TO SIGMPI ED 9169 
M S SYSTEMATIC ERROR NOT INCLUDED • ONLY INOETERM. IN FIT QUOTED 6168 
M 11672.0) BERLEY 69 HBE K-P TO GIG PI 5170" 
M I 1660 . I  ARMENTER 70 HBC OK-P TO LAM.PI  EI  B/TO# 
M 1662.0 5°0 GALTIERI 70 HBC O GIG PItEDPWA 7170" 
M (1665.) (10 . I  GALTIERI 70 HBC O LAM. PI,  EDPWA l/TO* 

. . . . . . . . . . . . . . . . .  44 Y~1(1670) WIDTH (MEVI . . . . . . . . . . . . . . . . . . . . . . . . .  

W (BO.O) BERLEY 64 HBC 0 7/66 
W E [56 . I  ( IB . l  ARMENTER 68 HBC O K-P ELAS.+CH.EX 1116B 
W (44 .0 )  (4.OI ARMENTEE 6B HBC 0 K-P TO SIGMA PI 11168 
W (47.0) ARMENTE4 69 DBC X-N TO SIG- PIO 12168 
W S ( 49 .0 )  (6 .0 l  AEBENT-5 69 HBC O X-P TO S ID~PI  ED 916R 
W S SYSTEMATIC ERROR NOT INCLUDED . ONLY INDETERM. IN PIT QUOTED 6 /68  
W (34.0) BERLEY 69 HBC 5170" 
W (50.) ARMENTER 70 HBC O K-P TO LAMB.El 5170~ 
W 4B.O E.O GALTIERI 70 HBC 0 SIC PI~EDPWA 7170~ 
W (50°) I lO . )  GALTIERI 70 HBC O LAM. PI~ EDPWA 7/ lOt  

. . . . . . . . . . . . . . . . .  44 Y'111670) PARTIAL ~ECAY MODES . . . . . . . . . . . . . . . . . . .  

DECAY ~ASSES 
P1 Y* I [ 1670 I  INTO KBAR N 497+ 939 
P2 Y'1(1670) INTO LAMBDA P( 1115+ 139 
P3 Y*I(16701 INTO SIGMA PI 1197~ 139 
P4 Y ' I I1670)  INTO LAMBDA PI PI 1115f 139÷ I39 
PB Y*IIIBTO) INTO SIGMA P( P( 1197+ 139+ 139 
P6 Y'1(1670) INTO Y* l I 1385 )  Pl 1BE5+ 139 
PT Y*I(1670] INTO Y*O(14O5I P( 1405+ 139 

. . . . . . . . . . . . . . . .  44 Y*I(16TO) BRANCHING RATIOS . . . . . . . . . . . . . . . . . .  

R1 Y*I(1670] INTO (KBAR N)ITOTAL (Ell/TOTAL 
R1 0 .09  0 .02  ARMENTER 68 HBC 9 /69  
R1 (O.08I (0.02I  ARMENT-5 69 HBC O ELAS. +CH.EX. EO 9/69 

B2 Y* I I I 670 I  INTO ILAMBDA P( PI)ITOTAL (PA)ITOTAL 
RE (0 °11 I  OR LESS ARMENTE3 68 HBC K-P (P I= °D9 )  9169 

B3 Y~ l I I 670 )  INTO (SIGMA P I  P I ) /TOTAL (PBI/TOTAL 
R3 A (O°14I OR LESS ARMENTE3 68 HBC K-P AND D-P1=.09 11/68 
R3 A RATIO ONLY FOR {SIGEPI) SYSTEM IN I - l .  WHICH CANNOT BE Y*1113851 11/68 

R~ Y*I(1670I INTO (Y*O(I~05) PII/TOTAL (PTIITOTAL 
R4 (0°06) OR LESS ARMENTE3 68 HBC K-P AND D-El=°09 1116B 

R5 Y' I (1670) INTO (LAMBDA PI)*IKBAR N)/TOTAL**E IP2*PIIETOTAL**2 
R5 (+0.01) ARMENTER 70HBE K-P TO LAMB Pl 5170" 
R5 I÷OoOOB} (O.O0~) GALTIERI 70 HBE O LAM. PI~ EDPWA 7/70~  

WHERE EXPLICIT~ THE SIGN IS IN THE LEVI SETTI CONVENTION. 
SEE THE NOTE AT THE START OF THE Y* LISTINGS. 

R6 Y* I ( 16TO l  INTO (SIGMA PII*(KBAR N)ITOTAL**2 (P3*PZIITOTAL**2 
R6 0 1+0.0441 ( .004I  ARMENTE2 68 HBC 0 OLD DATA 11168 
R6 (+0 .036 )  ARMENTE4 69 DBC 9169 
R6 (+O.O~) (0.004) ARMENT-5 69 HBC 0 NEW DATA 9169 
R~ l+O.O3Z) BERLEY 69 HBC 5170"  
R6 (+0.032) (O*OZ1) GALTIERI TO HBC O GIG PI~EDPWA 7170" 

WHERE EXPLICITt THE SIGN IS IN THE LEVI SETTI CONVENTION. 
SEE THE NOTE AT THE START OF THE Y* L ISTINGS.  

R7 Y* I ( 1670 )  INTO (Y*I I I385)PI I* IKBAR NI /TOTAL**B [P6 *P l l / TOTAL* *2  
R7 (0.031I {O.OO6] SIMS 68 OBC 11168 

R8 Y*II1670) INTO IY*OIIAO5)PI)*IKBAR Ni/TOTAL*~2 [PT*PII/TOTAL**2 
RB (0.03) DR LESS BERLEY 70 HBC O K-P .6-.B2 BEV/C 5/TO* 

REFERENCES - -  Y~ l I I 670 )  

BERLEY 64 CUBNA CONE I 565 +CONNDLLY,HART~RAHN~STONEHILL~ + IBNLIIJP 

ARMENTER 68 NP BB 195 
ARMENTEI 68 NP B8 183 
ARMENTE2 6B NP B8 223 
ARMENTE3 68 PL 28B 521 
SIMS 68 PRL 21 1413 

ARMENTE4 69 NP BlO 459 
ARMENT-5 69 NP B14 91 
BERLEY 69 PL 30B ~30 

ARMENTER TO DUKE 123 
GALTIERI 70 DUKE 173 

4RMENTEROS,BAILLON + (CERN+HEID+SAELAYIIJP 
ARMENTEROS,DAILLON + ICERN+HEID+SACLAYIIJP 
ARMENTERDS+BAILLON ÷ ICERN+HEIDE÷SAELAYIIJP 
ARMENTEROS~BAILLON ÷ (CERN÷HEIDeSACLAYII 
SIMS,ALBRIGHTpBARTLEY,MEER* (FLO+TAFTS+BRA) 

ARMENTEROSyBAILLON,MINTEN ÷ (CERNeSACLAYI J 
ARMENTERDS, BAILLON, ÷ (EERN,HEIDEL,SAELAYIIJP 
BERLEY~HARTpRAHM,WILLISrYAMAMOTO IDNLI  

ARMENTEROSI BAILLDNt + {CERNtHEIOI  
A. BAREARO GALTIERI (LRLIIJP 

PAPERS NOT REFERRED TO IN DATA CARDS. 

BASTIEN1 63 PRL 10 18B P L BASTIEN, J P BERGE (LRLI  I J  
- -  REPLACED BY BASTIEN 21 BUT SIMILAR AND MORE READILY AVAILABLE. 

BASTIEN2 65 UCRL-lO779 THESIS P L BASTIEN (LRL)  I J  
T-ZADEH 63 PRL I I  470 TAHER-ZADEH~PRDWSE,SCHLEINrSLATERv* (UCLAI JP 

- -  SEE NOTE FOLLOWING SCHLEIN 66. 
SCHLEIN 6E UCIA-XOt6 P.E. SCHLEIN, T.G. TRIPPE IUCLA) Jp 

- -  REANALYSES DATA OF TAHER-ZADEH 63 AND BASTIEN 63 AND ALL PUBLISHED 
tAMRDA Pl CROSS SECTION DATA IN THE LIGHT OF THE NOW KNOWN 
Y.111765) AND REVERSES THE MODEL-DEPENDENT CONCLUSION OF TAHER- 
ZADEH ON THE PREFERRED Jg ASSIGNMENT (FROM 3 /2+  70 3 /2 - ) .  

SMART 66 PRL 17 556 W M SMARTtA KERNANtG E KALMUS,R P ELY (LRLIIJP 
ARMENTEE 67 MP B3 59Z ARWENTEROS,FERRO-LUZZI+ (EERN,HEIO, SACLAYI 

f i s t = @  = ! * # t t l t *  * @ t = ~ = $ $ =  t ~ = t $ = t  ~ $ t $ = = t * $  * ~ t = * = t = t  ~ * * t = t I * =  = = t * = t t  
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I;(1670) PRODUCTION E~PERI~ENTS 

SEE NOTE PRECEDING Y*I{1670) 
PROBABLY THERE ARE TWO STATES AT SAME MASS WITH SAME 
QUANTUM NUMBERS, ONE DECAYING INTO SIGMA P) AND LAMBDA 
PI~ THE OTHER INTO Y*G(14051 P I .  BRANCHING RATIOS NOT 
DISENTANGLED YET, WE LIST THEN TOGETHER EOR NOW. 

44 Y*~(1670) MASS (MEV) . . . . .  PRODUCTION . . . . . . . . . . . .  

M (1685.01 ALEXANDER 62 HBC 0-- PI-P 2-2.2 BEVIC 
M 1660.0 10.0 ALVAREB 63 HBC + K-P I .S I  BEVIC 
M [1665.0) (5.Ol BUGG 68 CNTR K-P~ D TOTAL C.S 
M P 70II&61.1 19.I PRIMER 68 HBC ÷ K-P 4.6-5.  GEVIC 7168 
M P SEE BARNES 69 FOR NEW ANALYSIS DF DATA (3 TIMES MORE DATA[ 10/69 
M 1670.0 6 .0  AGUILAB TO HBC GIG.P) K-P 4 GEV 8/70* 
M 1668.0 IO .O  AGUILAR 70 HBC SIG.2PI K-P 4GEV 5170" 
M . . . . . . . . .  

. . . . . . . . . . . . . . . . .  #4 Y*IIIBTO) WIDTH {MEV) . . . . .  PRODUCTION . . . . . . . . . . . . . .  

W (45.0) ALEXANDER 62 HBC O- 
H 40.0 10.0 ALVAREZ 65 HBC 
W (3O.O)  ( 15 .0 )  BUGG 66 CNTR 1 1 / 6 6  
w P 70 (6O.I (20.) PRIMER 68 HBC + K-P 4.6-5.  GEV/C 7168 
w SEE THE NOTES ACCOMPANYING THE MASSES QUOTED. 
w llO.O IE.O AGUILAR 70 HBC SID.PI K-P 4 GEV 51TO* 
w 135.0 40.0 CO.0 AGUILAR 70 HBC SIG.EPI K-P 4GEV 5/TO* 
W . . . . . . . . .  

. . . . . . . . . . . . . . . . .  44 Y ' I I 1670 )  BRANCHING RATIOS PROD. EXP. - . . . . . . . . . .  

RI Y'1(1670) INTO (KBAR NIl(SIGMA PIE PROD. EXP.IPI) / (P3) 
R1 O (0.L9) OR LESS  ALVAREZ 65 HBC ÷ K-P AT 1. IS BEV/C 
R1 (0.5)+-  .25 OR MORE SMITH 63 HOE O- 
RI (0.6)  OR LESS LONDON 66 HBC ÷ K-P  AT 2 .25  BEV/C 7/66 
R1 (0.025) BUGG 68 CNTR O ASSUMING J=E/2 I I / 66  
R) O I0.24) OR LESS PRIMER 68 HBC + K-P 4.6-5.  GEV/C 7/68 
RI (0.261 OR LESS BARNES 69 HBC +K lp  3.9-5 G~V/C I0 /69 
RI (0.2)  OR LESS AGUILAR TO HBC S /70 "  

RZ Y'1(1670) INTO (LAMB.PI)IISIG PII  PROD. EXP. (P2)I(P~I 
R2 130 ( I . 20 )  ALVAREZ 63 HBC + R-P AT 1.15 BEV/C 
R2 ( l . 2 I  SMITH 63  HBC O- 
R2 0.15 O.O7 HUWE 64 HBC + 
R2 (0.6) OR LESS LONDON 66 HBC + K-P AT 2.25 BEV/C 7166 
RZ 35 0.11 0.06 BUTTON-S 68 HBC + K-P AT 1.7 GEV/C ib /69 
R2 P O (O.l PRIMER 68 HBC + K-P 5.?-5 GEV/C 1 0 / 6 9  
R2 P PRI~ER 68 ASSUMED THIS DECAY TO BE ALL Y*(1690}- SEE BARNES 69 FOR 
RB P NEW INTERPRATATION OF DATA.(3 TIMES HDRE DATA) - 
R2 0.45 0.15 BARNES 69  HBC + K-P S.9-5 GEV/C 15169  

(0.6)  OR LESS AGUILAR 70 HBC 5170" R2 
R2 . . . . . . . . .  

RB Y')(IOTa) INTO ILAMB. P) P l } / (S IG PI) PROD. IP4I / (P3)  
R8 90  (0.56) ALVAREZ 63 HBC + K-P AT 1.15 BEV/C 
RB (0.17) SMITH 63 HBC O- 
R3 (0.6) OR LESS LONDON 66 HBC + K-P AT 2.25 BEV/C 7/66 

R4 Y*I(16701 INTO (SIGMA Pl P l ) I (S IG E l i  PRO0. IP5I I (PBI  
R4 180 (0.56l ALVAREZ 63 HBC + R-P AT I .15  B5V/C 

R5 Y,1(1670} INTO (Y~O(14O5I P I ) / IS IG  P l l  PROD. {HI ) l IPS)  
R5 50 B. 1.6 LONOON 66 HBC + K-P AT 2.25 BEV/C 7166 
R5 P 17 (0.$8) (0.2Ol PRIMER 68 HBC + K-P 4.6-5.  GEVIC 7168 

R6 Y*I(1670) INTO (SIGMA PI)I(SIGMA PI PI) (PB I / (P51  
R6 ( .~) OR LESS BIEMINGHA 66 HBC + K-P AT B.5 GEV/C 11/67 
RB O.BO O.L5 LONDON 66 HBC + R-P AT 2.25 BEV/B 7 /66  
R6 A BETWEEN 2.5 AND 0 .24  EBERHARD 69  HBC K-P AT 2.6 GEVIC 9169 

A DEPENDING ON THE PRODUCTION ANGLE 

R7 Y.1(1670i INTO (Y~OIlMOS) PI)I(SIGMA PI Pl) IPT)I(P5I 
R? 0.90 OllO 0.16 EBEPHARD 65 + K-P AT 2.45 BEVIC 7/66 

R8 Y~I(1670) INTO IY*OIIMDS) P l ) I IY* I (13851  PIT (PTI/(P6) 
BB (O.B) DR MORE EBERHARD 65 + K-P AT 2 .45  BEVIC 7166 

R9 Y * I I I 670 )  IN ILAMBDA El PI)I(SIGMA PI Pl) [P4) I IP5)  
Rg 0 .35  0.2 BIRNINGHA 68 HBC + K -P  AT ] . 5  GEV/C 11167  

RlO Y*I(16701 INTO (LAMBOA PII/ISIGMA PI PI) (P2)/IPS) 
RIO ( .2 )  OR LESS BIRMINBHA 66 HBC + K-P AT 3.5 GEVIC 11/G7 

44  Y*I I I6?O,  JP=S /2 - )  I = l  D13 

44 QUANTUM NUMBER DETERMINATION 

01 JP=B /2+  LEVEOUE 65 HBC INTO Y* (14OSI÷P1  11 /68  
08 JP=S/2- EBERHARD 67 HBC ÷ INTO Y*(1405I P) 11/68 
04 4DO JP=SI2- BUTTON-SH 68 HBC +- INTO SIGZERO+PI 11168 

REFERENCES - -  Y .111660 )  PRODUC. EXPERIMENTS 

ALEXANBE 62 CERN CONF E20 ALEXANDER,JACOBS,KALBFLEISCH~NILLER,~ (LRL) I 
ALVAREZ 6~ PRL IO 184 +ALSTDN,FERRO-LUZZI*HUWE~ ÷ ( LRL )  I 

SMITH 63 ATHENS CONF 67 G A SMITH [LRLI 
HUWE 64 PR 180 1824(19691D O HUWE ( L R L )  
EBERHARD 65 PRL 14 4 6 6  +SHIVELY,ROSS,SIEGAL~FICENEC~ * ILRLIILL} I 

81RMINGH 66 PR 152 I148 BIRMINGHAM,GLASGOW,I.E.Y OXFORD,RUTHERFORD 
LONDON 66 PR 14B 1034  +RAU~SAMIOS~YAMAMOTO~BOLDBERG~+ (BNL,SYCPI IJ 
BUGO 68 PR 168 1466  ÷GILMORE,KNIGHT,DAVIES÷ (BIRMI~CAMB~RUTN)I 
BUTTDN-S &8 ORL 21 1128 J BUTTON SHAFER IUNIV.NASeLRL) JP 
PRIMER 68 PRL 20 610 ÷GOLBBERG~JAEGERtBARNES~DORNAN ÷ (SYR,BNLI 
EBERHARD 69 PRL 22 200 +FRIEDMAN,PRIPSTEIN,ROSS (LRLI 
AGUILAR 70 PRL ISUG) ÷BARNES~ BASSANO~ CMUNG, EISNERI~ (BNL~SYR) 

See the illustrated ke~ preceding the data card listings. 

Data in parentheses have not  been included in our averages. 

REFERENCE FOR QUANTUM NUMBERS 

LEVEQUE 65 PL 18 69 y÷y (SACLAY,EPtGLASGOW,IMPCOL,GXF,RTHEEI JP 
LEE 66  PPL iT 45 LEE, D D REDDER, R W HARTUNG (WISC} JP 

PAPERS NOT REFERRED TO IN DATA CARDS 

EBERHARD 67 PR 16B 1446 +PRIPSTEIN,SHIVELY,KRUSE,SWANSON (LRL,ILLIIJP 

I z ( z o 9 o ) l  5 . . . .  ,,ODD . . . . . . . .  

SEE THE MINI-REVUE AT THE START OF THE Y* LISTINGS. 

SEE NOTE PRECEDING Y*I{16BO) LISTINGS, SEEN IN PRO. 
EXPERIMENTS DNLY~ MAIN DECAY MODE IS LAMBDA Pl.  

. . . . . . . . . . . . . . . . .  58 Y'1116901 MASS (HEV)  . . . . . . . . . . . . . . . . . . . . . . . .  

M 30(1715.0) (12.0) COLLEY 67 HBC + K-P B GEVYC 8167 
M P 6OIl6qB.O) (24.01 PRIMER 68 HB£ + K-P ~.6-5 GEV/C 7/68 
M P SEE Y*I[167GI LISTING-AGUILAR 70 WITH THREE TIMES THE DATA OF 
M P PRIMER 68 
M PN SHOW THAT THEY HAVE NO EVIDENCE FOR Y*I( IBgO).  
M (1700.0) IB.O) SINS 68 HBC - R-N TO LAW PI PI 11168 
M N THIS ANALYSIS, WHICH IS DIFFICULT AND REQUIRES SEVERAL ASSUMPTIONS 
M ANO SHOWS NO UNAMBIGUOUS Y*L(1690) SIGNAL~ SUGGESTS JP=512+. SUCH A 
M Y*  WOULD LEAD ALL PREVIOUSLY KNOWN Y* TRAJECTORIES. 
M (llOO.O) (20.0) MOTT b9  HBC * K-P 5.5 GEV/C 9189 
M 46(1682.01 (B.O| BLUMENFEL 69 HBC ÷ KO LONG + PROTON 9169 

. . . . . . . . . . . . . . . .  58 Y*I(1690I WIDTH (MEVI  . . . . . . . . . . . . . . . . . . . . . . . . .  

w 50 (tOO.O) (35.01 COLLEY 67 HBC • 8/67 
W 60 ( i05 .0)  (35.0) PRIMER 68 HBC ÷ 7/68 
W N (62.0] (14.0) SI~S 68 HBC SEE NOTE N ABOVE 11/G8 
W E lSe .O f  ( 25 .0 I  MDTT 69 HBC + 9/69 
W 46 {85.0) ( I 0 . 0 )  BLUMENFEL 69  HBC • 9169 

SEE THE NOTES ACCOMPANYING THE MASSES QUOTED 

. . . . . . . . . . . . . . .  58 Y * l I I 690 )  PARTIAL DECAY MODES . . . . . . . . . . . . . . . .  

DECAY MASSES 
PI  Y * I ( 1690 }  INTO KBAR N 497+  939  
P2 Y*I(1690) INTO LAMBDA P) i115+ 159 
P5 Y' I (1690} INTO SIGMA Pl 1 t97+  139 
P4 Y*I(1690) INTO Y* I ILS851Pl  I885+ 139 
P5 Y,1(1690) INTO LANBDA PI PI [INCLUDING P4) 1115e 189+ 139 

. . . . . . . . . . . . . . . .  5e Y .1 (1690 )  BRANCHING RATIOS . . . . . . . . . . . . . . . . . . . .  

RI Y*I(1690) INTO (KBAR NII(LAMBDA Pl) 
RI 18 0.4 0 .25  GOLLEY 67 HBC 
R1 (O.2)OR LESS MOTT 69  HBG 

RE Y*I(16901 INTO (SIGMA PII/(LAMBDA Pl I  
RE D.S 0 .3  COLLEY 67  HBC 
R2 (0.4)OR LESS (90 PC CLI MOTT 69 HBG 

RB Y'111690) INTO (Y'111385) PI)/(LANBDA Pl)69 
R3 (O.5)OR LESS MOTT HBC 

R4 Y*I{16gO} INTO {LANBDA PI PlI/(LAMBOA PI) 
R4 0.5 0.25 COLLEY 67 HBC 
R4 2.0 0.6 BLUMENFEL 69 HBC 
R4 . . . . . . . . .  

R5 Y*I(1690) INTO {Y*I(1385) PI)I(LAMBDA PI PI)  
R5 SMALL COLLEY 67 HBC 
R5 LARGE SIMS 68 HBC 

(H I } l IP2 )  
+ 6•30 EVENTS 8167  
+ 9169  

(P3 ) / IP2 }  
+ ~ lBO EVENTS 8 /67  

~ /69  

(P4)I(PE) 
÷ 9 /6g  

(PE ) / IP21  
+ 15 /30  EVENTS 8 /67  
÷ 31 /15  EVENTS 9 lOg  

IRM[ / (R5 )  
÷ 8167  
- 11 /68  

REFERENCES - -  Y*I(1690) 

COLLEY 57  PL 248 489  (BRMGHMtGLASG, IMPCOL,MUNICH~OXFORDFBTHRFRDJ I 
DERRICK 67 PRL IB 266 ÷FIELDS, LOKEN~ AMMARt (OARGONNE~NORTHWEST) I 

- -  OERRICR 67 IS REPLACED BY MOTT OR. 
PRIMER 68 PRL 20 618 +GOLDBERG, JAEGER, BARNES, + (SYRACUSE~BNL} I 
SINS 68 PRL 21 1413  ÷ALBRIGHT, + (FLOR ST,TUFTStBRANDEISI I 

BLUNENFE 69 PL 298 58 E J 8LUMENFELD~ G R KALBFLEISCH [BNL) I 
MOTT 69  PR 177 1966  ÷A~MAR, OAVISv KROPAC~ ÷(NORTHWESTvARGONNE| I 

PAPERS NOT REFERRED TD IN DATA CARDS 

AGUILAR 70 PRL 25 58 AGUILAR-BENITEZ,BARNES,BASSANO÷ IBNL+SYR) 

END Y*1(1670I PRODUCTION EXPERIMENTS 

i=(z so)l S . . . . . . . . . . . . .  L12-,Iol 
! SEE THE M IN I -REVUE AT THE START OF THE Y$ L IST INGS,  

THERE IS NOW EVIDENCE IN THREE CHANNELS FOR AN 511 RE- 
SONANCE NEAR THIS ENERGY. INTERPRETATION OF THE SIGMA 
ETA THRESHOLD BUMP O~ ITS OWN MERITS IS NOT CONCLUSIVE 

ICLINE 67I - -  MORE DATA ARE NEEDED. BUT BY ANALOGY WITH THE SIMILAR 
N ETA AND LAMBO~ ETA THRESHOLD EFFECTS, WHICH ARE ALMOST CERTAINLY RE- 
SONANCES, IT SEEMS VERY LIKELY THAT THIS TOO IS A RESONANCE. SEE THE 
RAPPORTEUR TALKS OF FERRO LUZZI 66 AND UEYER 67 FOR DISCUSSIONS. 

IN THE ENERGY-INDEPENDENT PARTIAL WAVE ANALYSIS OF K- N TO LAMBDA 
PI, THE $11 AMPLITUDE APPEARS TO RESONATE (AR~ENTEROS 69). IN 1968 IT 
APPEARED TO RESONATE NEAR 1650 MEV (AR~ENTEROS 6BI~ AND WAS LISTED 
HEREIN AS A SEPARATE STATE. NOW IT HAS MOVED CLOSE ENOUGH TO THE 
OTHER EFFECTS TO BE TENTATIVELY LISTED WITH THEM~ BUT THE SIZE OF THE 
CHANGE IN THE MASS SHOULD BE A HEALTHY WARNING THAT THE PARAMETERS 
GIVEN FOR RESONANCES IN LOWER PARTIAL WAVES FROM SUCH ANALYSES ARE 
SUBJECT TO LARGE CHANGE. (ARMENTEROS 70, FROM WHICH THE RESONANCE 
PARAMETERS ARE QUDTEOI IS A SLIGHT UPDATING D; ARMENTEROS 67.) 

THERE IS WEAKER EVIDENCE FOR THIS RESGNANCE IN AN ENERGY-DEPENDENT 
PARTIAL-WAVE ANALYSIS OF ELASTIC AND CHARGE-EXCHANGE SCATTERING ICDN- 
FORTO 69).  THE ERRORS GIVEN FOR THIS SHOULD NOT BE TAKER SERIOUSLY. 
THEY ARE STATISTICAL DNLY~ AND DDNT REFLECT THE LARGE SYSTEMATIC 
ERRORS THAT CAN RESULT FROM THE RESTRICTIVE PARAMETRIZATION FORCED ON 
THE PARTIAL WAVES. 



~ A R Y O N S  

See the illustrated key preceding the data card listings. 
Data in parentheses have no t  been included in our averages. 

. . . . . . . . . . . . . . . .  57 Y*III750) MASS (MEVI . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  45 Y*I{1765} PARTIAL DECAY ~ODES 

NEaR SIENA ETA THRESHOLD CLINE 67 DBC - K-N TO SIGMA ETA 9/66 
ABEUT l lSO.O MEYER 67 RVUE 9/69 

M ABOUT 1730.0 ARMENTERO 70 HOBO O- K-N TO LANBDA PI 6170" 
M 1757.0 i0.0 CDNFORTO 70 HBC O R-P,ELAST,CEX 6170" 

. . . . . . . . . . . . . . . . .  57 Y~l(17501 WIDTH (MEVI . . . . . . . . . . . . . . . . . . . . . . . . . .  

N ABOUT 50 MEYER 67 RVUE 9189 
W ABOUT 80.0 ARMENTERO 70 HDBC O- K-N TO LAMBDA PI 6170" 
W 55.0 i0.0 CONFORTO 70 HBC 0 K-P,ELAST,CEX 8170" 

. . . . . . . . . . . . . . . . . . . .  57 Y~I(ITSO) PARTIAL DECAY MODES . . . . . . . . . . . . . . . . .  

DECAY MASSES 
PI Y~I{17501 INT0 KBAR N AqY+ 039 
P2 Y~1(1750) INTO SIGMA ETA 1197+ 548 
P3 Y~III750) INTO LAMBOA Pl 1115+ 134 
P4 Y~I(1750) INTO SIGMA Pl 1197+ 139 

. . . . . . . . . . . . . . . . . .  5? Y*I(I750) BRANCHING RATIOS . . . . . . . . . . . . . . . . . . . . .  

R1 V~1(1750) 1NTD (KBAR N)/TOTAL (Pll/TOTAL 
RI 0.72 0,05 CONFDRTO 70 HBC O K-P,ELAST~CEX B/70t 

R2 Y.1(1750} INTO (KBAR R)~(SIGMA ETA)/TOTAL~*2 (PI*P2I/TOTAL**2 
R2 SEEN CLINE 69 DBC - THRESHOLD BUMP 9F69 

R3 Y*I[1750I INTO (KBAR N)*(LAHBOA P[)/TOTAL**Z (PI*P8I/TOTAL**8 
R3 ABOUT -0.0625 ARMENTERO 70 HOBO O- K-N TO LAMBDA 9I 6170" 

REFERENCES - -  Y*I(1750) 

FEgRO-LU 66 BERKELEY CONF 183 ~ FERRB LUZZI (RAPPORTEUR) (CERNI 
CLINE 67 OL 258 41 CLINE, OLSSDN (WISCDNSINIIJP 
MEYER 67 HEIOELBERO C 117 J MEYER (RAPPORTEURI (SACLAYIIJP 
ARMENTER B8 NP 88 183 ARMENTEROS, 8AILLON, ÷ (CERN~HEIDEL,SACLAYIIJP 
ARGENTS8 69 LUNO CONF PAPER ARMENTERES, BAILLONt + (CERN,HEIDEL,SACLAY)IJP 
CDBFDRTO 70 EFT 70-2BISUB NP) +HARMSEN+LASINSKI++ (EFI+HEID)IJP 
AR~ENTER 70 DUKE 123 ARMENTEROS~ BAILLON, ÷ (CERN,HEIDEL)IJP 

Y * I ( I  . . . .  J P = 5 ' 2 - '  I = l  r D ~  

SEE THE MINI-REVUE AT THE START OE THE Y* LISTINGS. 

. . . . . . . . . . . . . . . . .  ~5 Y*I11T65~ MASS (MEV) . . . . . . . . . . . . . . . . . . . . . . . . . . .  

M 1765.0 10.0 GALTIERI 63 DBC 0 K-D 1.51 BEV/C 
M 1755.0 10.0 ARMENTER 65 HOC 0 K-P TO Y*1520 Pl 7166 
M 1760.0 lO.O BELL I 66 OBC - K-N TO Y*I520 OI 7166 
M 17A6.0 B.O FENSTER 68 HBC 0 K-P TO Y*IS20 PI 9166 
M 1768.0 4.0 BUGG 68 CNTR K-P, 0 TOTAL 111E6 
M 1775.0 7.0 SMART 68 RVUE O ~ K-N TO LAMBDA PI 7•68 
M N 1768.0 8.0 ARMENT-1 68 HBC O ELASTIC, CH EXCH 11/68 
M N 1765.0 3.0 CONFORTD 68 HBC 0 ELASTIC~ CH EXCH 11168 
M . . . . . . . . .  
M AVG 1766.4 1.8 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.E) 

N THESE TWO ANALYZE ESSENTIALLY THE SAME DATA IN DIFFERENT WAYS. 
N THE ERROR QUOTED IS ONLY STATISTICAL. THE SYSTEMATIC ERROR CAN 
N BE LARGE. 

M 1770.0 3.0 CONFDRTO 70 HBC 00 N-P,ELAST~CEX 6/TOt  
M 1765. I0o GALTIERI 70 HBC LAH. PI, EDPWA 7170" 
M . . . . . . . . .  
M AVG 1769.6 8.9 AVERAGE {EBROR INCLUDES SCALE FACTOR OF 1.0) 

. . . . . . . . . . . . . . . . .  45 Y'1117651 WIDTH (MEVI . . . . . . . . . . . . . . . . . . . . . . . . . .  

N 60.0 lO.O GALTIERI 63 OBC O 
w 70.0 20.0 BELL E 66 OBC - 7186 
N 70.0 ZO.O FENSTER 66 HBC 0 9/68 

110.D T.O BUGG 68 CNTR K-P ,B  TOTAL 7168 
N IAE.O 9.0 SMART 68 RVUE O- 7 • 6 8  

w 128.0 B.O ARMENT-I 68 HBC 0 SEE NOTE N ABOVE 11168 
w N (I12.0l (S.0I CONFORTO 68 HBC 0 SEE NOTE N ABOVE 1~168 

132.0 lO.O CDNFORTD TO HBC 0 K-P~ELAST~CEX 6170" 
W 115. I0. GALTIERI 70 HBC 0 LAM. PI~ EOPWA 7170" 
W . . . . . . . . .  

(SEE IDEOGRAM BELON T) 
SEE THE NOTES ACCOMPANYING HE MASSES OUOTEO 

WEIGHTED QUERQGE = 1 1 3 . 5  ± 0 . 0  

ERROR SCQLEO BY 2 . 9  

~ .  " • "GQLTIERI 

I I + ~ " ' 'CDNFDRTD 

/% / I ÷ I 
/ \ t I - - ~ t ' ' s " ~ " r  

/ \ I ~  . . . .  / ' " ~ u s ~  

/ - - + - ~ J "  " I . . . .  ~ . . ~ L L  

J - - " I - - " "  "~ ' ,"  I " -  " / ~ ' G " L T I E R T  

o 5o ~oo ~ o  28o 
Y ~ l ( 1 7 0 ~ )  WIDTH rlEU 

C H I S Q  

7 0  HBC 0 . 0  

7 0  HBC 3 . 4  

6 8  HBC 3 . 3  

GB RUDE 1 3 . 0  

6 8  CNTR 0 . 3  

6 ~  HBC 4 , 7  

GG DBC 4 , 7  

63 DBC 2 8 . 7  

SB .1  

2 5 0  (CBNLEU 
=O.OOO) 
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DECAY MASSES 
Pl Y*I(1765I INTO RBAR N 497+ 93q 
P2 Y * l I 1 7 6 5 I  INTO LAMBDA Pl 1115+ 13A 
P3 Y*1(1765)  INTO Y*0(1520)  PI 1520+ 139 
P4 Y*I(1765) INTO Y~I(1385) Pl 1385+ 139 
PE Y*I(17E5) INTO SIGMA PI 1197+ 139 
P6 Y*I(1765I INTO SIGma ETA 1197+ 548 
P7 Y*1(1765)  INTO SIGMA Pl PI I197~ 139+ 139 

................ 45 V*I(1785) BRANCHING RATIOS ..................... 

RI Y*I(1765) INTO (KBAR NIITOTAL (PlJ/TOTAL 
RI (O.E) GAETIERI 63 HBC 0 N-P RVUE 
RI 0.53 0.09 

I RI (0.571 
R1 N 0.@5 O.O1 

R I  N 0.04 .03 
!RI 0.86 0.02 

RI 
R1 AVO 0.434 O,OZ4 

R1 FIT 0.438 0.018 

RB Y*I{17651 INTO (LAMBOA 
R2 0.07 O.OL 
R2 0.0~8 O,Ol8 
RE . . . . . . . . .  
R2 AVG O.OBI O.Oll 

WHERE EXPLICIT, 
R2 . . . . . . . . .  

i RE FIT 0.0617 0 .0063  VALUE FROM EENSTRAINED 

R ]  Y*EI17651 INTO IY~O(1BRO) PI)*(KBAR NIITOTAL**2 
R3 0.07S 0.015 ARMENTERO 65 HBC 
R3 0,18 0.03 FENSTER 66 HBC 
R3 . . . . . . . . .  
R8 AVG 0.08~ 0 . 0 1 8  AVERAGE (ERROR INCLUDES 
R3 FIT O.O6~ 0.011 VALUE FROM CONSTRAINED 

R4 Y*I(1765) INTO (Y*1(L385)  PI)~(KBAR NIITOTAL**2 
R4 0.087 O.OI3 ARMENTE2 67 HBC 
R4 0.105 0.040 SIMS 6B OBC 
RA . . . . . . . . .  
R4 AVG 0.06~ 0.014 AVERAGE (ERROR INCLUDES 
RA FIT 0 .057 o.010 VALUE FROM CONSTRAINED 

R5 Y#I(17ES) INTO (SIGMA PI)=(KBAR N)/TOTAL *~2 
R5 0.005 0.003 ARMENTERO 67 HBC 
R5 0.0036 0.0036 GALTIERI 70 HBC 
RS . . . . . . . . .  
R5 AVG 0.00AA 0.0023 AVERAGE {ERROR INCLUDES 
R5 FIT 0.0044 0 . 0 0 2 3  VALUE FROM CONSTRAINED 

R6 Y, lilT651 INTO ILAMBDA PI)I(KBAR NI 
R6 0.33 0.05 UHLIG 67 HBC 
R8 • . . . . . . . .  
R6 FIT 0.324 0.036 VALUE FROM CONSTRAINED 

RT Y'1(1765) INTO (Y*O(1520)/(NBAR N) 
R1 O.2B 0.05 UHLIG 67 HBC 
R7 . . . . . . . . .  
R7 FIT 0.33~ 0.051 VALUE FROM CONSTRAINED 

R8 Y*1(1765}  INTO (Y*LII585)I(KBAR NI 
R8 O.E5 O.O9 UHLIG 67 HBC 
RB 
RB 

R9 
R9 
R9 
R9 
Rq 
R9 

UHLIG 67 HBE O 9/6b 
BUGG 68 CNTR 11166 
ARMENT-1 68 HBC 0 SEE NDTE N ABOVE I1/6R 
CONFORTB 68 HBC O SEE NOTE N ABOVE 11468 
CONFGRTO 70 HEC O K-P,ELAST,CEX 6/TO* 

AVERAGE {ERROR INCLUDES SCALE FACTOR OF 2.9) 
VALUE FROM CONSTRAINED FIT 

PI)*(KBAR NI/TOTAL**2 (P2*PI)ITOTAL*~E 
SMART 68 DBC 7/68 
GALTIERI 70 HBC 0 tAM. PI, EDPNA 7170* 

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.AT 
THE SIGN IS IN THE LEVI SETTI CONVENTIGN. 

FIT 

(P3*PIIITOTAL*~2 
OHYPERONS FIN.ST. 9/66 
OKBAR N EIN. ST. 9166 

SCALE FACTOR OF 1.3) 
FIT 

(P~*PZ)/TOTAL*~2 
- K-P TD LAM P[ PI 8/67 

- N-N TO LAM.PI P{ 1L168 

SCALE FACTOR OF 1. I I  
FIT 

( P 5 * P I ) / T O T A L ~ 2  
0 N-P TO SIGMA Pl 8167 

0 SIG PI,EDPWA 7/70*  

SCALE FACTDR OF l.O} 
FIT 

[ R 2 ) / I P L I  
0 K-P,.9 GEV/C 9166 

FIT 

(P51/ IP1)  
0 K-P,.9 OEV/C 9166 

FIT 

(PAII(PI~ 
0 K-P~.9 GEV/C 9/66 

PIT 0.898 0.055 VALUE FRCM CONSTRAINED FIT  

Y*I(1765) INTO (SIGma PI PIIITOTAL (P711TOTAL 
pP [0.121 ARMENT-2 68 HOBO O- N-N TO SIG Pl PI 11/68 

FOR ABOUT 8/~ OF THIS, THE SIGMA PI SYSTEM HAS I-D AND IS ALMOST 
P ENTIRELY Y*0(1520). FOR THE OTHER I /~ ,  THE SIGMA PI HAS I=L. THIS 
P IS ABOUT WHAT IS EXPECTED FROM THE KNOWN RATE Y~I(L765I TO Y,M{385| 
P Ph AS SEEN IN LAMBDA P{ PI. 

Fitted Partlal Decay Mode B~anchin~ Fractions 

Diagonal elements are Pz • 6P.;x 6P.z = %/<SPiEPi > " O~-diago~l elements are 

corTel~Eio= coe~ic~enEs = <EPiEI~j> / (Bl=i. 6Pj), 

P l  R 2 P 3 P A P 5 P 6  

P 1 .436*-.018 
P E - . I0~ .1~1÷-.014 
P 3 .1BE - . D i g  • 146÷- ,022 
P ~ -°053 .006 -.010 .130+-.023 
P E -.077 .00B -.01~ .00~ .010÷-.005 
P 6 -.AT5 -°300 -.615 -.561 -.097 • IS6~-.03g 

REFERENCES - -  Y*1(L765)  

GALTIERI 63 PL 6 296 A BARBARO-GALTIERI,A HUSSAINrRB TRIPP (LRLI I3  
ARMENTER 65 PL 19 338 ARMENTEROS, + (CERN,HEIDELBERGtSACLAYIIJP 
BELL I BE PRL 16 203 R B BELL~ R W BIRGEt Y-L PAN, R T PU (LRL)IJP 
BELL 2 66 UCRL-[6936 THESIS R B BELL [LRL)IJP 
FENSTER 66 PRL 17 841 eGELFANOeHARHSEN,L-SETTI,e ICHI,ARGICERNIIIJP 
ARMENTER 67 PL BAB 198 ARMENTERDS~FERRO-LUZZI÷ (CERNtHEIDvSACLAYIIP 
ARGENTS2 6T EEIT.PHYS.282~A86 ARMENTERDS,FERRD-LUZEI+ (CERN,HEIDISACLAY) 
UHLIG 6T PR 155 1 4 4 8  *CHARLTON,CONOON,BLASSER,YDDHt+ (MDtUSNRL) 

ARMENT-I 68 Na 88 195 ARMENTEROS, BAILLON, + (CERN,HEIDEL,SACLAYIIJP 
ARMENT-B 68 NP 88 216 ARMENTEROS, BAILLON, + (CERN,HEIOEL,SACLAYI I 
BUGG 68 PR LE8 IA66 +GILMDRE,NNIGHT,DAVIES÷ (BIRMI,CAMB,RUTH)I 
CONFGRTO 68 NP 88 265 +HARMSEN, LASINSKI, + (CHICAGO,HEIDEL)IJP 
SIMS 68 RRL 21 IAl3 SIMS,ALBRIGHT~BARTLEY,MEER+ (FLO+TAFTS+BRAI 
SMART 68 PR 169 ZBBO N M SMART (LRLI IJP 
CENFDRTO 70 EFI TO-28[SUB NPI +HARMSEN~LASINENI÷÷ [EFI+HEIBHJP 
GALTIERI 70 DUNE 173 A. BARBARO GALTIERI {LRLIIJP 
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See the illustrated key preceding the data card listings 

Data in parentheses have not  been included in our averages. 
Y*I[1880, JP=I/2+) I = l  IP~ ' I  I REFERENCES -- Y*I(1915) 

I "'I 
SEE THE MINI-REVUE AT THE START OP THE Y*  LISTINGS. 

NEEDS CONFIRMATION. OMITTED FROM TABLE, 

................ 67 Y*i(1880} MASS [MEV) ......................... 

M N (1882.0) (40.0) SMART 68 RVUE O- K-N TO LAMBOA P{ 7/66 
M ABOUT 1850.0 ARMENTERO 70 HOBC O-  ELASTICs CH EX 6/70~ 
M N 1920.0 30.0 LITCHFIEL TO RVUE R- N TO LAM P{ 6/70* 

N LITCHFIELO 70 INCLUDES THE OATA USED BY SMART BB. 
M 1950.0 50.0 GALTIERI 70 HBC 0 LAM PI~EDPWA 1/TO* 

. . . . . . . . . . . . . . . . .  57 Y*1{1880I WIDTH (MEV) . . . . . . . . . . . . . . . . . . . . . .  

W N (222.0) I 150 .0 )  SMART 66 RVUE O-  7168  
W ABOUT SO.O ARMENTERO TO HOBC O-  ELAST IC ,  CH EX 6170 .  
w N 170 .0  40 .0  LITCHFIEL 70 RVUE K -  N TO LAM PI 6170 "  
W 200.0 50.0 GALTIERI TO HBC O LAM PItEDPWA 7 /70~  
W . . . . . . . . .  
w AVG 181.7 31.2 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 .0 )  

................. 62 Y*I(IBBOI PARTIAL DECAY MODES . . . . . . . . . . . . . . .  

OECAY MASSES 
Pl Y=I(18BO) INTO KBAR N 497+  9~9 
P2 Y*I(18BO) INTO LAMBDA PI I I15+ 13~ 

. . . . . . . . . . . . . . . . .  67 Y* I ( IB80I  BRANCHING RATIOS . . . . . . . . . . . . . . . . . . . .  

01 Y*IIIBBO) INTO (KBAR N)ITOTAL (E l i / TOTAL  
RI ABOUT 0.2 ARMENTERO 70 HDBC O- ELAST IC~  CH EX 6 /70 *  

02 Y*I(IBOO) INTO (KOAR NI*ILANBOA Eli/TOTAL**2 o(PI*PZ)/TOTAL*~E 
02 N (-0.012) (0.007) SMART 68 RVUE - 7/68 
02 N -0.0196 0.00084 L ITCHF IEL  70 RVUE K -  N TO LAM PI  6170 "  
02 -0.008 0.007 GALTIERI 70 HOE 0 LAM PI~EDPWA 7170" 
~2 . . . . . . . . .  
R2 AVR -O.OOBO 0.0070 AVERAGE (ERROR INCLUDES SCALE FACTOR OF l ,OI  

WHERE EXPLICIT~ THE SIGN IS IN THE LEVI SETTI CONVENTION. 
SEE THE NOTE AT THE START 0~ THE Y* LISTINGS. 

REFERENCES --- Y*I(IBBO) 

SMART 68 PR 169 1330 W M SMART (LRL)IJP 
ARMENTER 70 DUKE CDNF PAPER ARMENTEROS, BAILLON, • (CERN,HEIDELIIJP 
LITCHFIE 70 RHEL RPPIHIB6 P J LITCHFIELD (RHELIIJP 
GALTIERI 70 DUKE 173 A. BARBARO GALTIERI ILRL)IJP 

• ***** ********* ********* ********* ********* ********* ********* ******* 
• ***** ******~** ********* ********* ********* ********* ********* ******* 

I .(191o) I .... i(1 .... JP=5/2+) I = l  F ~  

SEE THE MINI-REVIEW AT START OF Y* LISTING 

~OR~ATION EXPERIMENTS PRESENT GOOD EVIDENCE FOR IT- 
PRODUCTION EXPERIMENTS SEE A STATE AT THIS  MASS~ OF 
UNKNOWN QUANTUM NUMBERS- SEE LISTING OF PRODUCTION 
EXPERIMENTS BELOW- 

. . . . . . . . . . . . . . . . .  46 Y.I(1915) MASS (MEV) . . . . . . . . . . . . . . . . . . . . . . . . . . .  

M N 11902,0) I l l .D )  SMART 6B RVUE -0  K-N TO LAM.PI 
M 19lO. 20. BERTHON 70 HBC LAM PI , EDPWA 

N {1903.0) ( I 0 . 0 )  COX 70 DEC - K- N TO LAM PI-  
N 1905.0 30.0 GALTIERI TO HBC 0 LAM PI~EDPWA 
M N 11095.01 lEO.O) LITCHFIEL TO RVUE K- N TO LAM PI  
M N LITCHFIELD 70 INCLUDES DATA USED BY SMART 68 AND COX 70 .  

ARMENTER B7 PL 240 198 ARMENTEROS~FERRO-LUEZI+ (CERN,HEID~SACLAYI 
ARMENTE1 67 NP B3 592 ARNENTEROS~FERRO-IUZZI~ ICERN,HEID, SACLAY) 

CONFORTO 60 EFT 68-6B NP TBP. B.CONFORTO,HARMSEN÷BURRHAROT~ (EFINS~HEID) 
SMART 60 PR 1B9 1380 ~ M SMART (LRL) 
DAUM 68 NP 07 19 +ERNEILAGNAUX~SENS~STEVERIUDO (CERHIJP 
BERTHUN 70 PREPRINT RPPIHIBO +RANGAN,VRANA,BUTTERWOR* (COF+RHBL+SACLAYIIJP 
COX TO NP Blg 61 ÷ISLAM~ COLLEY, + (BIRH,EDIN~GLAS~LOICIIJP 
GALTIERI 70 DUKE 173 A. BARBARO GALTIERI (LRL)IJP 
LITCHPIE 70 RHEL RPRIHIB6 P J LITCHPIELD (RHELIIJP 
CONFORTO TO EFT 70-28(SUG NP) ÷HARMSEN+LASINSKI*÷ (EPI+HEIDIIJP 

PAPERS NOT REFERRED TO IN DATA CARDS 

SMART 66 PRL 17 556 W M SMART~A KERNAN~G E KALMUSIB P ELY ILRL)IJP 

* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  
* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

1900 MEV R E G I O N  - P R O D U C T I O N  AND ~ T O T A L  E X P E R I M E N T S  

29 Y*llgOOI PRODUCTION EXPERIMENTS 

THE QUANTUM NUMBERS OP THE EFFECT SEEN IN THESE EXPE- 
RIMENTS ARE NOT KNOWN - 

. . . . . . . . . . . . . . . .  29 YtI1gO0) MASS (MEV} PROD. EXP. - . . . . . . . . . . . . . . .  

M 119~2 .0 )  [ 9 . 0 }  BUCK 65 OBC PBAR P 5 .7  BEV/C 
M 1915.0 20.0 COOL B6 CNTR O- N-P~ O TOTAL 7/66 
M 1905.0 5,0 BUGG 68 CNTR K-P, D TOTAL 11/66 
M A2 19#0. 20. BARNES 69 HBC + K-P 3.9~5. GEVIC 10/69 
M 1906,0 b.O BRICMAN 70 CNTR O TOTAL AND CH EX 6170~ 
M 19A0. I t . 0  AGUILAR TO HBC + K-P 4 GEVISIG.PI fliT0* 
M . . . . . . . . .  
M AVG Ig lO.3 5.9 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.7I 

. . . . . . . . . . . . . . . .  29 Y*(igO0) WIDTH (MEV) PROD. EXP. - . . . . . . . . . . . . . . .  

W {3B.0) (20.01 i3B .O I  BUCK 85 HBC 
W {65.0) COOL B6 CNTR O- 7/6B 
W 60 .0  I 0 .0  BUGG BB CNTR 11 /B6  
W A2 100. 30. BARNES 69 HBC ÷ K-P 3.9~5. GEVIC I01S9 
W ~o.o [2 .0  BRICMAN 70 CNTR O TOTAL AND CH EX B170~ 
W 90. 20.0 AGUILAR 70 HBC • K-P 4 GEVISIG.PI 5/70* 
W . . . . . . . . .  
W AVG 62.~ B.6 AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.2) 

. . . . . . . . . . . . . . . . .  29 Y,JIg001 BRANCHING RATIOS PROD. EXP. - . . . . . . . . . .  

RI Y*IIPOO) INTO (REAR NIITOTAL PROOUC. EXP. 
P1 RATIOS CALCULATED ASSUMING 3=512  

7 /68  
7 /70 *  
0170*  
7 /70 *  
B /7O*  

M . . . . . . . . .  
M AVG 1908.5 1B .6  AVERAGE (ERROR INCLUDES SCALE FACTOR OF l ,OI  

. . . . . . . . . . . . . . . . .  46 Y~I[19151 WIDTH {MEVI  . . . . . . . . . . . . . . . . . . . . . . . . .  

W A (50.0) (BO.O) ARMENTERI 67 HBC OK-P EL. +CH.EXC. 11167 
W A LACK OF DATA PREVENTS AUTHORS FROM DETERMINING UNAMBIG THIS AMPLITU. 11167 
B N (52.01 {25.0) SMART BB RVUE -0 K-N TO LAM.PI 7/68 
w 60 .  20 .  BERTHON 70 HBC LAM P I  • EDPWA 7 /70 .  
w N 177.01 (27.0) COX 70 DBC-  K- N TO LAM P l -  6/70* 
w 70.0 20.0 GALTIERI TO HBC 0 LAM PI,EOPWA 7170* 
W N 70.0 15.0 LITCHFIEL 70 RVUE K- N TO LAW P{ B/70* 
W . . . . . . . . .  
W AVO 67.4 i0 .3  AVERAGE (ERROR INCLUDES SCALE FACTOR OF l .OI  

. . . . . . . . . . . . . . . . .  AB Y.1{1915) PARTIAL DECAY MODES . . . . . . . . . . . . . . . .  

DECAY MASSES 
P1 Y.I(1915) INTO KBAR N 49T+ 93g 
P2 Y~I I I915)  INTO LAMBDA P{ I I15+ 139 
P3 Y*I(1915I INTO SIGMA PI 1197+ 189 

. . . . . . . . . . . . . . . . .  46 Y~ l ( lg IS ]  BRANCHING RATIOS . . . . . . . . . . . . . . . . . . .  

01 (0 , I 03 )  COOL BB CNTR ASSUMING J=512 7/66 
R1 TO*OF) KYCIA 67 CNTR TOTAL CROSS-SEE. 8/6T 
R1 (O,OB) BUGG 68  CNTR ASSUMING J=512 6 /68  
RI O.OT 0.02 BRICMAN 70 CNTR 0 TOTAL AND CH EX 61T0~ 

02 Y~(t90O) INTO {RBAR NI/(SIGMA PI I  PRODUC. EXP. 
02 [ ,37} OR LESS BARNES 69 HBC + I STAN. DEV.  10169 

03 Y t l I I g lE I  INTO (LAMBDA PIIITOTAL PRODUC. EXP 
03  P 50 SEEN PRIMER 6B HBC ~ K -P  4 .6 -5 .  GEV/C 7 /68  
R3 P SEE BARNES 69 BELOW - IT IS SANE EXPERIMENT WITH IMPROVED STAT1. 10159 

R4 Y*(1900} INTO (LAM+PI)IISIGMA PI} PRODUC. EXP.  
R4 ( .28]  OR LESS BARNES 69  HBC + I STAN. DEV,  10 /69  

R1 Y*1 (1915 )  INTO IKBAR N) /TOTAL  {E l i / TOTAL  
R1 A I 0 . 12 )  ( . 01 )  ARMENTERI 67 HBC 0 K -P  EL .  +CH.EXC.  11 /67  
RI A LACK OF DATA PREVENTS AUTHORS PROM DETERMINING UNAMBIG THIS AMPLITU. 11/B7 
R1 C (O . lO I  ( 0 . 01 )  CONFORTO 68 HBC 0 K -P  ELAST IC  1116B 
01 C FIT TO K-P ELAS. DIFFER. CROSS SECTIONS IPART OF DATA INCLUDED IN 
R1 C ARMENTERDS 68 WHICH FIT LEGEN. PDLYN. COEFPICENTSI 
R1 ( . 12 )  DAUM 60  CNTR R-PFELA .  TOT~PWA 7 /70 "  
R1 0 .11  0 .03  EONPDRTO 70 HBC 0 K -PvELAST ,CEX  B170=  

RB Y~ I ( I gLS l  INTO (LAMBDA P I I * (KBAR N I /TOTAL t$2  IP I *P21 /TOTAL* *2  
R2 A (0,006) ARMENTERI 6T HBC OK-P TO LAM.PI 11167 
02 A LACK OP DATA ~REVENTS AUTHORS PROM DETERMINING UNAMBIG THIS AMPLITU. 11/67 
R2 N (-0.0061 IO.OOBI SMART 68 RVUE -0 R-N TO LAM.PI 7/68 
02 -0.010 O.OOA RERTHON 70 HBC LAR P{ , EDPWA 7 / 7 0 $  
02  N ( - - 0 . 0081 }  10 .0036 )  COX 70  DBC- K-  N TO LAW P l -  6170 "  
02 -D .O I2  0 .007  GALT IER I  70  HBC 0 LAM PIeEDPWA 7 /7G~  
02  N -0 .0049  0 .0021  L ITCHF IEL  70 RVUE K-- N TO LAM E I  6470*  
R2 . . . . . . . . .  

WHERE EXPLICIT~ THE SIGN IS IN THE LEVI SETTI CONVENTION. 
SEE THE NOTE AT THE START OF THE Y* LISTINGS. 

03 Y.I(1915) INTO (SIGMA PII~(KBAR N)ZTOTAL~2 (PI*P3)/TOTAL*t2 
03 A TO.DOT (O.OII ARMENTERO 67 HBC K-P TO SIG÷-PI-÷ 11167 
R~ A LACK OF DATA PREVENTS AUTHORS FROM DETERMINING UNAMBIG THIS AMPLITU, 11167 
03  -0 .0036  0 .00~6  GALT IER I  70 HOE 0 B IG P I ,EDPWA T I lO~  

* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

REPERENCES --Y*IEPOO)-- PROD. EXPERIMENTS 

BUCK B5 PL 17 16B +COOPER~FRENCHtKINSONv + ICERNfSACLAY) I 
COOL BB PRL 16 1228  ÷GIACOMELLI~KYCIA~LEONTICtLIeLUNOBY,+ IBNL) I 
KYCIA 67 PRIVATE COMM. T F RYCIA IBNLI I 
BUGD BB PR 160 1466  +GILNORE~KNIGNT~DAVIES+ (BIRMIeOAMOtRUTH)I 
PRIMER 60 PRL 20 610 ÷GOLDBERG,JAEOER~BARNEStDORNAN ÷ ISYR~BNL) 
BARNES 6g PRL 62 479  +FLAMINID~HONTANET~SAMIOS + {BNL÷SYRA) 
BRICMAN 70 PL 310 152 +FERRO LUZZIt PERREAU,+ (CERN,CAEN,SACLAY} 
AGUILAR 70 PRL (SUB) ÷BARNES, BASSAND, CHUNG, EISNER,+ (BNL,SYR} 

END PRODUCTION EXPERIMENTS 

THIS STATE IS SUGGESTED BY THE PARTIAL-WAVE ANALYSIS 
OF K -  N TO SIGMA P[ AND TO LAMBDA PI .  PERHAPS IT 
IS ASSOCIATED WITH THE EFFECTS SEEN NEAR THIS MASS IN 
PRODUCTION EXPERIMENTS. 

. . . . . . . . . . . . . . . .  g8 Y'1(19~0) MASS (MEV) . . . . . . . . . . . . . . . . . . . . . . .  

M 1940.0 30.0 LITCHFIEL 70 RVUE K- N TO LAM PI 6/70* 
M 1940.0 40.0 GALTIERI 70 HBC O BIG PI,EDPWA 7/70- 
M 1940.0 50.0 GALTIERI 70 HER O LAM PItEDPWA 7170$ 
M . . . . . . . . .  
M AVG 19AO.B 21.6 AVERAGE (ERROR INCLUDES SCALE FACTOR OE E.0) 

. . . . . . . . . . . . . . . . .  g8 Y*I(1940) WIDTH {MEV} . . . . . . . . . . . . . . . . . . . . . . . .  

w 280 .0  ~O.O L ITCHF IEL  70 RVUE K -  N TO LAM P /  6 / 70~  
W 200 .0  50 .0  GALT IER1  70 HOC 0 tAM P I tEDPWA 7170~  
W 200.0 EO.O GALTIERI 70 HBC 0 BIG PI,EDPWA 7/70~ 
W . . . . . . . . .  
W AVG 235.1 28.1 AVERAGE (ERROR INCLUDES SCALE FACTOR OP 1* I )  

. . . . . . . . . . . . . . . . .  98 Y~I(1940I PARTIAL DECAY MODES . . . . . . . . . . . . . . . . .  

DECAY MASSES 
P I  Y*I(19401 INTO KBAR N 497÷ 939 
P2 Y ' I l l 940 )  INTO LAMBDA PI l l l 5÷  139 
P2 V~lI194OJ INTO SIGMA PI 



BARYONS 

See the illustrated key preceding the data card listings. 

Data in parentheses have not been included in our averages. 

. . . . . . . . . . . . . . . .  9B Y * 1 ( 1 9 4 0 )  BRANCHING RATIOS . . . . . . . . . . . . . . . . . . .  

RI Y*1(I7401 INTO (KBAR NI*(LAMBDA PlIITOTALt*2 (PI*PZ)ITOTAL~=2 
RI -O,OlqB 0.0O84 LITCHFIEL 70 RVUE K- N TO LAM P( 61RO* 

-O.OIB O.OIO GALTIERI 70  HBC 0 LAM PI,EDPWA 7 1 7 0 ~  RI 
RI . . . . . . . . .  
PI AVG -0,017) 0.0064 AVERAGE (ERROR INCLUDES SDALE FACTOR OF 1.0) 

R2 Y~I(I?BO) INTO (ROAR NI~(SIG RI)/TOTAL~*2 (PI*PE)/TOTAL~2 
RE 0.012 O.OOB GALTIERI 70 HOD O SIG PI~EDPWA T/TO= 

REFERENCES - -  Y$1(19BO) 

GALTIERI TO OUKE 17~ A. BARBARO GALTIERI (LRL}IJP 
L [ T C H F I E  ?0  R H E L  R P P / H / B 6  P J L I T C H F I E L O  ( R H E L I I J P  

SEE THE MINI-REVIEW AT START OF Y* LISTING 

WOHL BE, SMART 68~ AND OAUM 6B FIND JR=T/2÷. 

PARTIAL WAVE ANALYSIS OF GALTIERI 70 IN SIGMA P( 
CHANNEL REDUIRES TWO STATES AT SIMILAR ~ASS WITH 
SA~E J, O P P O S I T E  P .  

. . . . . . . . . . . . . . . . .  47 Y~I(2OEO) MASS (MEVI  . . . . . . . . . . . . . . . . . . . . . . . . .  

(2030.0) lED.O) WOHL 6 6  HBC 0 K-P TO LAB RIO 7 / & 6  
M N (20~2.0) (6.0) SMART 6 8  RVUE K-N TO LAM PI 6 / 6 B  
M 2000.0 20,0 GALTIERI TO HBC 0 SIG PltEOPRA 7/70m 
M 2030. ZOI EERTHON 70 HBC LAM Pl • EDPWA 7/TO* 
M N 12027,01 (6.01 COX 7O DBC - K- N TO LAM PI-  B/70~ 
M 2010.0 15.0 DALTIERI TO HBC O LAM PltEDPWA 7#70" 
M N 2022.0 G.O LITCHFIEL 70 RVUE K -  N TO LAM PI 6 / 7 0 *  
B . . . . . . . . .  

N LITCHFIELD 70 INCLUDES DATA USED BY WOHL~ SMART, AND COX. 

. . . . . . . . . . . . . . . . .  4 7  Y ~ 1 [ 2 0 3 0 ]  WIDTH ( M E V )  . . . . . . . . . . . . . . . . . . . . . . . . .  

W llTO.O) WOHL 66 HBC O T/66 
w N (16O.O) ( i 6 ,0 )  SMART 68 RVUE I N C L U D E S  WOHL 6 b  B / B B  
w 100.0 40.0 GALTIERI 70 HBC 0 BIG PI~EDPWA 7/70~ 
W 165. 30. LB. GERTHON 70 HBC LAM ~I , EOPWA T/7O~ 
W N (15B.OI (16.0) COX 70 DBC - R- N T~ LAM PI- 6170" 
W I15.D 15.0 GALTIERI 70 HBC O LAM El,COPRA 7170* 
W N 170.0 15.0 LITCHFIEL 70 RVUE K- N TO LAM P( ~/70* 
W . . . . . . . . .  

. . . . . . . . . . . . . . . . .  47 Y~I{2030) PARTIAL DECAY MODES . . . . . . . . . . . . . . . . .  

DECAY NAS~ES 
Pl Y*I(2OBO) I N T O  KBAR N 4 g 7 +  9 3 9  
P2 Y~IIE030I INTO LAMBOA PI 1115÷ I~4 
P3 Y~IIE030) INTO SIGMA P( 1107+ I S g  
P~ Y*IIZDBO) INTO XI K 1 1 2 1 +  497 

. . . . . . . . . . . . . . . . .  4 7  Y~I(20~O) BRANCHING RATIOS . . . . . . . . . . . . . . . . . . . .  

RI Y*I{ZO30} I N T O  (KBAR Ni/TOTAL (Pl)/TOTAL 
R( (0.25l WBHL 66 HBC O K-P CH EX 7/66 
RI (,11) DAUM 6 8  C N T R  K-P,ELA. TOT,PWA 7 / 7 0 ~  

RE Y~I(2OED) INTO ILAMBDA PI)~IKBAR N)/TOTAL~t2 (P2I~IPl i /TOTAL~2 
R? (O,OAO} ROHL 6R HBC K - P  TO LAW RIO 7/BB 
R2 N (~0,045) lO,O0~l SMART BB BVDE INCLUDES WDHL 6 / 6 8  
R2  ~ ( +~ ,0~61~  ( O . O 0 ~ B )  C~X 7O DBC 1 K -  N TO ClAM El -  6/70" 
~2 l~O.O~O) (O.OOB) BERTHGN 70 HBC LAM P I  ~ EDPWA T/70~ 
RE l÷O.026) {0.010) GALTIERI 70 HBC 0 LAB PIIEDPWA TIT0= 
R2 N I+R,OA) (0.00~2) L ITCHPIEL  TO RVUE K- N TO LAM PI 6 / 7 0 ~  

WHERE EXPLICIT~ THE SIGN IS IN THE LEVI SETTI CONVENTION, 
SEE THE NOTE AT THE START OF THE Y* LISTINGS. 

RE Y~IIEOBO) INTO (BIG RII~(KBAR NI/TOTAL*~2 [PE*PI)/TOTAL~2 
R3 O.OOB O,OOI GALTIERI 70 HBC O BIG PI,EDPWA 7/70" 

R4 Y*I(2OBO) INTO (Xl K)*(KRAR N( /TDTAL*~2  (PAi~(PI)/TOTAL~*2 
R4 ( 0 . 0 0 2 5 )  OR LESS TRIPP 67 ~VUE B/67 
R4 ( , O O E B )  OR LESS BURGUN 68 HBC 0 K--m TO XI-K (B) 10/69 
R4 {.0005) MULLER ~g HBC D X( K ,EOPWA ?ETO* 

R ~ : F E R E N C E S - -  V ~ I ( E O E O I  

WDHL 6 6  PRL 1 7  107 C G WOHL~ F T S O E M I T Z t  M L STEVENSON ( L R L ) I J P  
TRIPE BT NP B3 10 + LEITH, ÷ (LRL~SLAC~C~RN~HEIDEL=SAOLAY) 
BURGUN BB NP BB 447 +NEYERtPAULI,TALLINI + (SACL+CDF&RHELI 
DAUB ,58 NP B7 19 *ERNE~ LAGNAUX~ SENS~ STEUER, UOO (CERNIJP 
S~ART 6B PR 169 1336 W M SMART (LRLJIJP 
MULLER E9 THESIS~UCRL 1937E R A MULLER (LRL) 
BERTHON 70 PREPRINT RPP/H/BO ÷RANGAN~VRANA~BUTTERWOR~ {COF÷RHEL÷SACLAYIIJR 
COX 70 ~JP BID 6 1  +ISLAM, COLLEY, + [DIRM*EOIN,GLAS~LOICIIJP 
GALTIERI 70 BURE 17) A. BARBARO GALTIERI (LRL)IJP 
LITCH~IE TO RHEL BPF/HIB6 P J LITCHPIELO (RHELIIJP 

SEE THE M I N I - R E V I E W  AT T H E  S T A R T  OF T H E  Y *  L I S T I N G S .  

THIS STATE IS SUGGESTED IN THE PARTIAL-WAVE ANALYBES 
OF K -  N TO LAMBDA PI,  BUT NEEDS TO BE CONFIRMED. 

. . . . . . . . . . . . . . . . .  B8 Ytl(2O8D) MASS (MEV) . . . . . . . . . . . . . . . . . . . . . . . . .  

M N (2GBE,01 IR.Ol COX 70 OBC - K-N TO LAM P l -  6/70* 
N 2070.0 BO,O LITEHFIEL 70 RVUE K- N TO LAM PI 6/TO~' 
N L!TCHFIELO TO INCLUDES DATA USED BY COX TO. 

. . . . . . . . . . . . . . . . .  88 Y#I{2OBO) WIDTH ( ~ E V )  . . . . . . . . . . . . . . . . . . . . . . . .  

w N N (B7.Ol (20.01 COX 70 OBC - K-N TO LAM Pl -  B/TO* 
w 25o.0 4o.o LITCHFIEL TO RVUE K-- N TO LAM P( b/TO* 

119 

. . . . . . . . . . . . . . . . .  BB YILI2OBO) PARTIAL DECAY MODES . . . . . . . . . . . . . . . . .  

DECAY MASSES 
P l  Y * L I Z 0 8 0 )  I N T O  KRAR N 4 g 7 ÷  9 3 9  
P2 Y~I(2080} INTO LAMBDA P I  1 1 1 5 +  139 

. . . . . . . . . . . . . . . . .  8B Y m l [ 2 O 8 0 )  BRANDHING RATIOS . . . . . . . . . . . . . . . .  

R1 Y * I ( 2 O B O )  I N T O  (KBAR N I ~ ( L A M B D A  p I ) / T O T A L # m 2  ( P I * P 2 ) / T O T A L ~ m 2  
RL N (-0.02S6) (0.00061 COX 70 DBC - K-N TO LAM E l -  O B/~O~ 
RI N -G.OOBI 0.0054 LITCHFIEL TO RVUE " K- N TO LAM Pl 6170* 

WHERE EXPLICIT, THE SIGN IS IN THE LEVI SETTI CONVENTION. 
SEE TH~ NOTE AT THE START OF THE Y~ LISTINGS. 

REFERENCES - -  Y*I{208O) 

COX 70 NP B19 61 ÷ISLAM, COLLEY, + (BIRM~EOIN,GLAS~LOIC)IJP 
LITCHFIE 70 RHEL RPP/H/&6 P J LITCHFIELD (RHELIIJP 

L 2 6  Y ' 1 1 2 1 S 0 ,  J P - ? # 2 -  I I = l  

SEE THB M I N I - R E V I E W  AT  S T A R T  OF Y *  L I S T I N G  

. . . . . . . . . . . . . . . .  2 6  Y ~ L I 2 1 3 0 I  MASS ( M E V I  . . . . . . . . . . . . . . . . . . . . . . . . . . .  

M 2120.0 EO.O GALTIERI 70 HBC 0 SIG PItEDPWA 7/7B* 
M 2O60.0 RO.0 GALTIERI TO HOE 0 LAM PI,EDPWA l l lO~ 
M . . . . . . . . .  
M AVG 2078.B 27.7 AVERAGE (ERROR INCLUDES SCALE FACTOR DF L,7) 

. . . . . . . . . . . . . . . . .  26  Y ~ L ( 2 1 3 0 )  N I O T H  ( M E V )  . . . . . . . . . . . . . . . . . . . . . . . . .  

W IS5.0 BO.O GALTIERI 70 HBC O SIG PI~EOPBA 7170~ 
W 7 0 . 0  3 B , O  G A L T I E R I  7 0  HBC 0 LAM P I~EOPWA I / T O =  
W . . . . . . . . .  
W AVG 102.5 32.S AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.5) 

. . . . . . . . . . . . . . . .  26 V~112130) PARTIAL DECAY RATES . . . . . . . . . . . . . . . . . . .  

DECAY MASSES 
PI  Y ~ L ( 2 1 3 0 )  I N T O  KBAR N 4 9 7 ÷  9 3 g  
P2 Y~I(2130) INTO SIGMA PI  1107+ ISg 

. . . . . . . . . . . . . . . .  26 Y*I(2130I BRANCHING RATIOS . . . .  - . . . . . . . . . . .  

RL Y ~ I ( 2 1 3 0 1  I N T O  I S I G  P I I t I K B A R  N I / T O T A L * * 2  [ P 2 = P I I / T O T A L # = 2  
RL O.OI l  0.005 GALTIERI 70 HBC 0 BIG PI,EOPWA 7/70= 
R2 0,0049 0°003 GALTIERI 70 HRC O LAM PI*EOPWA 7170~ 

REPERENCBS - -  V ~ l I Z 1 3 0 I  

GALTIERI 70 OUKE 1 7 3  A. BARBARO GALTIERI (LRLIIJP 

~-100  MEV REGION --  PRODUCTION AND °'TOTAL EXPERIMENTS 

EB Y*I(20OO) PRODUD. EXPER. 

THE BUMP SEEN AT THIS MASS IN TOTAL CROSS SECTION EXPE. 
CONTAINS BOTH THE G07 AND FOR STATES ABOVE- 

. . . . . . . . . . . . . . . .  28 Y*I(ZORO) MASS INEVI PROD. EXp. - . . . . . . . . . . . . . .  

M (2022.0) lEO.Of BLANPIED B5 CNTR 0 GAMMA P TO K+ V* 
M 2OE6.0 10.0 KYCIA 67 CNTR K-Pt D TOTAL B/6T 
M 2020.0 7.0 BUOG BB CNTR K-Pw D TOTAL 6/6B 
M 20NO.O 4.0 BRICMAN 70 CNTR 0 TOTAL AND CH EX 6/70* 

~M . . . . . . . . .  
M AVG 2041.3 IZ.B AVERAGE (ERROR INCLUDES SCALE FACTOR OF 3.6) 

. . . . . . . . . . . . . . . .  28 V*l(EO00) WIDTH (MEV( PROD. EXP. - . . . . . . . . . . . . . .  

W (12O.OI (20.0} BLANPIED A5 CNTR O 
w 1 2 0 , 0  1 0 . 0  K Y C I A  6 7  C N T R  B l O T  
W 130.0 10.0 8UGG 68 CNTR BIB~ 
W L2B.O 11.0 BRICMAN 70 CNTR 0 TOTAL AND CH EX 6/70" 
W . . . . . . . . .  
W AVG 125.3 5.9 AVERAGE (ERROR INCLUDES SCALE FACTOR OF l .O) 

. . . . . . . . . . . . . . .  2B Y~L(2000) BRANCHING RATIOS PROD. EXP. - . . . . . . . .  

RI 0. I05 O.OOE KYCIA 67 CNTR 8257 
RI (0.131( RUGG 6B CNTR 6/BB 

IR I  O.ET 0.02 BRICMAN 7O CNTR O TOTAL AND CH EX 6/TO~ 
R! . . . . . . . . .  
RI AVD O. I IS  0.039 AVERAGE IERROR INCLUDES SCALE FACTOR GF B,O) 

REFERENCES - -Y .1 (2000) - -  PROD. EXPERIMENTS 

BLANPIED B5 PRL 14 TAT ÷GREENRERGFHUGHES,KITCHINGtLU,* (YALE(LEA)) 
COOL B& PBL L6 IEEB  ~GIACONELLI,KYCIAtLEONTICpLItLUNDBY,~ (BNL) I 

- -  SLIGHTLY REVISED RESULTS FROM KYCIA 67 REPLACE COOL 6B ~- 
KYCIA 67 PRIVATE COMM. T F KYCIA {BNL} I 
BUGG 68 PR 168 146B  +GILMDRE,KNIGHTt + (RTHFDtBRMGHMtCVNDSH) I 
BRICMAN TO PL 3 L B  15E *FERRO LUZZI, PEBREAU,÷ (CERN~CAEN*SACLAY) 

SEE THE MINI-R~VIEW AT START OF Y* LISTING 
RRICMAN ?0 ASSUMES JR=7/2- , GALTIER[ 70 ASSUMES JP=9/2 

. . . . . . . . . . . . . . . . .  4B Y*I(EESO} MASS (MEV) . . . . . . . . . . . . . . . . . . . . . . . . . . .  
M (2245.0) BLANPIED 65 CNTR GAMMA P TO K* Y~ 
M (2299.01 16.D) ROCK &5 HBC PBAR P S.7 BEV/C 
M 2252.0 10.0 KYCIA 67 CNTR K-P, D TOTAL 8267 
M 2250.0 T.O BUGG 68 CNTR K-P, D TOTAL B/68 
M 42 2280. 20. BARNES 6q HBC + K-P 3 .9 ,5 .  GEV/C IO/B9 



BARYONS 

IZ0 
See the illustrated key preceding the data card listings. 

Data in parentheses ha~e not  been included in our a~erages. 

M 2237.0 I [ .O  BRICMAN 70 CNTR 0 TOTAL AND CH EX B/TO* 
M 2280. IB*O AGUILAR 70 HBC + K-P  # GEV/SIG.PI Bl7O* 

AVG 2253.0 5.5 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.4| 

. . . . . . . . . . . . . . . . .  ~8 Y*I(225G) NINTH {MEV) . . . . . . . . . . . . . . . . . . . . . . . . .  

W I I 50 .D I  2LANPIED 65 CNTR 
w (21.01 I [ 7 . 0 ]  (21.0} BOOK 65 HBC 
W 200.0 20.0 KYCIA 67 CNTR 8167 
w 230.0 20.0 BOGG 68 CNTR 6468 
w ~2 [20. 30. 2ARNES 69 HBC + K-P 3 .9 ,5 .  GEVAC 10/69 
N 164.0 50.0 BRICMAN 70 CNTR 0 TOTAL AND CH EX G/TO* 
W 100.0 20.0 AGUILAR 70 HBC + K-P ~ GEV/SIE.PI 5/70~' 
W . . . . . . . . .  
W AVG 169.I 2R .O  AVERAGE tERROR INCLUDES SCALE FACTOR OF 2.6) 

. . . . . . . . . . . . . . .  48 Y~'1{2250) PARTIAL DECAY MODES . . . . . . . . . . . . . . . . .  

DECAY MASSES 
P]  Y*I(2250I IRTO KBAR N 497+  939  
P2 Y*I{2250I INTO KBAR N Pl ~97~ 9~9+ 13g  
PS Y*1 (2250 I  INTO SIGMA P I  1197+  ISg  
PA Y* l IBZEO)  INTO LAMBDA P I  l I IB+  13B 

. . . . . . . . . . . . . .  k8  Y*I(2250I 2RANCHING RATIOS . . . . . . . . . . . . . . . . . . . .  

RI Y* lE225D)  INTO (KBAR NIITOTAL (PI)FTOTAL 
J IS NOT KNOWN. FOLLOWING IS (J+[IEI*(KBAR NIITOTAL 

RI 0.81 0 .02  KYCIA 67 CNTR 8467 
R[ { 0 . 47 I  BUGG 68 CNTR 6168 
RI I .E2)  DRUM 68 CNTR K-P,ELA* TOT,PWA 7 /70 "  
RI 0.16 0.12 BRICMAN 70 CNTR O TOTAL AND CH EX 6170* 
RE . . . . . . . . .  
~1 AVG 0.306 0.020 AVERAGE {ERROR INCLUDES SCALE FACTOR OF [.OF 

R2 Y*I(2250I INTO IKBAR NI l {BIG P I I  (P I l l (P3 )  
R2 { .18) OR LESS BARNEs 69 HBC * I ST. OEVIAT. 1D /69  

RB Y*1(2250) INTO [LAMBDA PI ) / (S IG P I I  IPA)/(P3) 
R3 ( . lB )  OR LESS BARNES 69 HBC ~ 1 ST* DEVIATo 10469 
R6 V'1{22501 INTO {KBAR NI÷(SIO P{ )/TOTAL#'~2 (PI'~PB)/TOTAL**2 
RA { *OOB)  GALTIERI 70 HBC 0 BIG PI~ EOPWA 7470* 

R5 Y.1(2250) INTO (KBAR N)*(LAM Pl I/TOTAL**2 (PI~P4|/TOTAL*#2 
R5 I.OBEl GALTIEBI 70 HOD 0 LAMBDA PI,EOPWA 7170. 

REFERENCES - -  Y * l ( 2250 I  

RLANPIEn 65 PRL Ixt 74~ ÷GREENBERG,HUGHES~KITCHING~ 4- IYALE(CEA)) 
80CK 65 PL 17 1&6 +COOPER,FRENCH~KINSON~ ÷ IDERN~SACLAY) 
COOL 66 PRL IB 1228  *GIACONELLI~KYCIA,LEONTIC~LI~LUNDBY~+ {BNL) I 

- -  SLIGHTLY REVISED RESULTS FROM KYEIA 67 REPLACE COOL 66 - -  
KYCIA E7 PRIVATE COMW. T F KYCIA (BNL) I 
BUGG 68 PR lED 1466 ~GILMORE,KNIGHT~ ÷ IRTHFO~BRMGHM~CVNDSE) I 
DRUM b8 NP 87 lq  *ERNE,LAGNAUX,SENS,STEVER,UnO {CERN}JP 
2ARNES 6g  PRL 22 #79  *FLAMINIO~MONTANET~SAMIOS + (BNL+SYRA) 
B~ICMAM 70 PL 31B 152 +FERRO LUZZI~ PERREAU~ (CERN~CAEN,SACLAYI 
AGUILAR 70 PRL (SUB) +BARNES~ BASSANO, CHUNG, EISNER~ {BNL,SYR) 
GALTIERI 70 DUKE 178 A. BARBARO-OALTIERI (LRL)IJP 

PAPER NOT REFERRED TO IN DATA CARDS. 

DAUBER 66 PL 23 15~  ~SCHLEIN, SLATER,  STORK~ TICHG (UCLAILRLI) J 
- -  ~UOGESTS J=942  RESONANT BEHAVIOR IN  S IGMA-  P I+ ,  BUT APPEARS 

INCONSISTENT WITH PARAMETERS OF COOL BE.  

/ 

Iz( 4  )l - . . 2 . ,  . . . . .  , i = ,  
I " 

SEE THE MINI-REVIEW AT START OF yx, LISTING 

ONE OF TWO NEW S~ALL RUMPS IN THE I=1 TOTAL CROSS 
SECTION (SEE THE Y*I(258S)( .  IT IS REASONABLE TO 
INTERPRET THEM AS RESONANCES~ THOUGH THAT IS NOT 

CERTAIN. THERE IS ALSO LESSER EVIDENCE FOR NEW STRUCTURE IN THE I=O 
CROSS SECTION - -  SEE A2RAMS 67. 

THERE IS ALSO SOME SLIGHT EVIDENCE FOR Y* STATES IN 
THIS MASS REGION FROM THE REACTION GAMMA + P TO K÷ + MISSING MASS - -  
SEE GREENBERB 6B ,  

................ 53 Y* I ( 2452 )  MASS (~EVI . . . . . . . . . . . . . . . . . . . . . . . . .  

2455.0 18 .0  ABRAMS 67 CNTR K-P, O TOTAL 11 /67  
M 2z~55.0  7 .0  BUGG 68 CNTR K-P~ O TOTAL 6468 

" AVG 24S5.0 5.7 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.01 

. . . . . . . . . . . . . . . .  53 Y*I(24551 WIDTH (MEVI  . . . . . . . . . . . . . . . . . . . . . . . .  

W ( lAD .O)  APPROXIMATELY ABRAMS 67 CNTR 11467 
W 100.0 20.0 BUGG 68 CNTR 6/68 

. . . . . . . . . . . . . . . . .  53 Y*1(2855) PARTIAL DECAY MODES . . . . . . . . . . . . . . . . . .  

DECAY MASSES 
Pl Y.I{24551 INTO KBAR N Ag7+ 939 

. . . . . . . . . . . . . . . . .  5S Y* I ( 26ES I  BRANCHING RATIOS . . . . . . . . . . . . . . . . . .  

R[ Y~=1(2455) INTO (KEAR N)/TOTAL (PI)ITOTAL 
J IS NOT KNOWN. FOLLOWING IS  {J+I/Z)*{K2AR Ni/TOTAL 

RI {D.261 ABRAMS 67 CNTR 11167 
RI (O*BI BUGG 68 CNTR 6/68 
E~ 0 .05  0.0S 2RICMAN 70 CNTR 0 TOTAL AND CH EX 6170" 

REFERENCES -- Y '1 i 2455 )  

ABRA~AS ~7 PRL Ig 678 *COOL,GIACC~ELLI,KYCIA,LEONTIC,LI, ÷ (BNL( 
BUGG 68 PR 168 1A66  ÷GILMDRE,KNIGHT~ + {RTHPD~2RMGHM,CVNDSH) I 
gREENBER 6B PRL 20  221 GREENBERG, HUOHES~ LU ,  MINEHART~ + (YALE) 
{~RICMAN 70 PL 31B 152 +FERRO LUZZI, PERREAU,e [CERN~CASN,SACLAYi 

I ' ' i  BE2 NOTE UNDER THE Y~112455 } .  

. . . . . . . . . . . . . . . . .  54  Y~L (25951  MASS {NEV I  . . . . . . . . . . . . . . . . . . . . . . . . . . .  

M 2592.0 10.0 ABRAMS 67 CNTR K-P~ D TOTAL 11/67 

. . . . . . . . . . . . . . . . .  54 Y~IIZSgS) WIDTH (MEV) . . . . . . . . . . . . . . . . . . . . . . .  

W {140.01 APPROXIMATELY AERAMS 67 CNTR 11/67 

. . . . . . . . . . . . . . . . .  S~ Y*1(25951 PARTIAL ~ECAY MODES . . . . . . . . . . . . . . . . . .  

DECAY MASSES 
P I  Y .1 (2595 }  INTO KBAR N 4q7÷  989  

. . . . . . . . . . . . . . . . .  54  YmI I2595 )  BRANCHING RATIOS . . . . . . . . . . . . . . . . . . . .  

P l  Y *1 (2595 }  INTO (KBAR N( /TOTAL  (P I ) /TOTAL  
J IS  NOT KNOWN. FOtLOW1NG IS  ( J * I / 21~ IKGAR N I /TOTAL  

RI (0 .261  ABRAMS 67 CNTR IL/6T 
R[ 0.56 0.12 BRICMAN 70 CNTR O TOTAL AND CH EX 6470* 

REFERENCES - -  Y~I(2595( 

ABRAMS 67 PRL 19 678 ÷DnOL,GIACOMELLI,KYCIA,LEONTIC*LI~ + IBNLI 
BRICMAN 70 PL B12 152 +FERRO LURE[, PERREAU,+ ICERN,CAEN,SACLAYI 

1 .(3ooo) 1 ,o Y.,, . . . . . . . .  , , : ,  
a J 

ENHANCEMENT IN  LAMBDA P [  AND KBAB N INVARIANT  MASS 
SPECTRA AND IN MISSING MASS OF NEUTRALS RECOILING 
AGAINST KO. EVIDENCE NOT CONCLUSIVE. OMITTED FROM 
TABLE. 

. . . . . . . . . . . . . . . .  59 Y*I{BOOD) MASS (MEVI  . . . . . . . . . . . . . . . . . . . . . . . . . . .  

M (3OO0.O) EHRLI{H 66 HOD D PI-P 7.91 DEVIL 9/66 

. . . . . . . . . . . . . . .  58 Y*II80OO) PARTIAL DECAY MODES . . . . . . . . . . . . . . . . . .  

DECAY MASSES 
P l  Y * l 130001  INTO ROAR N Ag~+ 9B9 
P2 Y*I{BOOO) INTO LAMBOA Pl 1115+ IB9 

REFERENCES - -  Y*I(3000) 

EHRLICH bB PR 152 118~ R EHRLICH, W SELOVE~ H YUTA {PENN(BNLII I 

EXOTIC HYPEBON$ CROSS SECTION LIMITS IMICROBARNSI 

THIS IS NOT A COMPLETE LIST. WE WILL TABULATE EXOTICS FROM NOW ON 

CR G (20.) OR LESS GALTIERI 68 02C K-N TO SG-PI-PIO 7/70~ 
G A2OVE LIMIT FOR MASS LT 2.15 GEV AND GAMMA LT 60 MEV- (2.1GEV/C K-I 7170. 

CR A (AO.I OR LESS GALTIERI 68 DOE - -  K-N TO SG-PI-RIO 7170" 
CR A ABOVE LIMIT FOR MASS LT 2.3 GEV AND GAMMA LT I20 MEV- (2.7 GEV/C K-I 7470* 

REFERENCES - - -  EXOTIC HYRERONS 

GALTIERI 68 PRL 21 573 A.BARBARO-GALTIERI~CBADWICK ÷ (LRL÷SLACI 

Note on ~ States 

The cross sections for these states are 

very low ( < 50 ~b); therefore, the statistics 

available are quite small. 

As a general policy of this compilation 

we list all the reported results on a state in 

order to provide the reader with references 

for every claim of a peak or a branching ratio. 

Vv'hat we report in the main tables is only what 

we judge relevant or significant. 

In view of the low statistics available for 

states we have lowered our significance 

test to 4 standard deviations. 



BARYONS 

See the illustrated key preceding the data card listings. 

Data in parentheses have not been included in our averages. 

A s  for  ~ ( ~ 8 2 0 ) ,  w e  h a v e  l i s t e d  t o g e t h e r  

e v e r y  e x p e r i m e n t  g i v i n g  r e s u l t s  in t h i s  m a s s  

r e g i o n .  B M S T  70 c l a i m  t h a t  m o r e  t h a n  o n e  

s t a t e  i s  p r e s e n t  h e r e .  It i s  not  c l e a r  at t h e  

m o m e n t  o f  w h a t  n a t u r e  t h e  c o m p l e x i t y  i s .  

~ i g u r e  t s h o w s  a p l o t  o f  the  m e a s u r e d  m a s s e s  

and w i d t h s  for  e a c h  o f  the  r e p o r t e d  d e c a y  

m o d e s .  We k e e p  t h e m  t o g e t h e r  ~mti l  a c l e a r  

separation is achieved. 

T a b l e  I i s  o u r  e v a l u a t i o n  o f  t h e  e v i d e n c e  

for the various ~ ~ states. 
STATUS OF THE Xl* RESONANCES. THOSE WITH AN OVERALL STATUS OF *w,* OR * * * *  
ARE iNCLUDED IN THE MAIN PARYON TABLE. 

STATUS AS SEEN IN - -  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

OVERALL 
PARTICLE LIJ STATUS X{ P{ LANK BIG K Xl* PI OTHER CHANNELS 
. . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

X I I 1 B B O )  P13 * * * ~ ,  * * * *  
Xl ( 1 6 5 0 )  
x I I i 8EO ) " * *  * * *  * * *  * *  * * *  
Xl ( L940 ) * * *  * * *  * * *  
XI{EP~D) * *  * *  3-BODY DECAYS 
X{ (2250) * B-BODY DECAYS 
Xl (2SOO) * ~  * *  * *  ]-BODY DECAYS 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

• * * *  GOOD, CLEAR, AND UNMISTAKABLE. 
~** GOOD, BUT IN NEED OF CLARIFICATION CR NOT ABSOLUTELY CERTAIN. 

• * NEEDS CONFIRNATION. 
• WEAK. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

ZZ XI - ( 1 3 Z I , J P = l / E )  I = 1 / 2  

SEE LISTINGS OF STABLE PARTICLES 

F ~  23 XI 0 ( 1 3 1 ~  JR= l iE  ) l = l / E  

SEE LISTINGS OF STABLE PARTICLES 

• * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  
• * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

[ l ~ ' ( l l l i a 3 0 )  I 
Ag X l * l / 2 {1SBOe JP=3/E+; I=1 /2  

THIS IS THE ONLY WELL--UNDERSTOOD XI*.  

. . . . . . . . . . . . . . . . .  ~9 XI*ll2(ISBO) MASS (MEV) . . . . . . . . . . . . . . . . . . . . .  

M IiS29.O) IS.O) PJERRDU 62 HBC O- K-P 1.B BEV/C 
B (1532.0I (2.0) BADIEP 6~ HAG O- K-P 3 BEV/C 
M- 1535.7 3.2 LONDON 66 HBC - K-P 2.E~ BEV/C 7/66 
M0 152B.7 I.~ LONOON 66 HBC O 7/86 

. . . . . . . . . . . . . . . . .  ¢9 XI*(-)-XI¢{O) MASS DIFFERENCE (MEVI . . . . . . . . . . . .  

O B.7 3.0 PJERRDU 6B HBC O-- R-P ~.8-I.95 D/C 7/66 
O R (7.0I (~*P} LONDON 66 HBC O- 7166 
O R REDUNDANT WITH DATA IN MASS LISTING. 
O ~.O ~.~ MERRILL 66 HRC D- K-P 1.7-2.7 BEIC 7166 
O . . . . . . . . .  
0 AVG ~.O 2.2 AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1.Of 

. . . . . . . . . . . . . . . . .  49 XI*ll2(IS3O) ~IDTH (MEV) . . . . . . . . . . . . . . . . . . .  

W T.O 2.0 SCHLEIN 8B HBC O K-P 1.8--1.95 BIG 
W 8.5 B.S LONDON 86 HBC 0 7166 
w 7o0 T.O BERGE &B HBC 0 R-P 1.5-1.7 BE/C 7/66 
W . . . . . . . . .  
W AVG 7.3 1.7 AVERAGE I E R R O R  INCLUDES SCALE FACTOR OF 1.0} 

. . . . . . . . . . . . . . . . .  AN X[.1/2(15S0) PARTIAL DECAY BODES . . . . . . . . . . . .  

DECAY M A S S E S  

P! XI*IIEIISBO) INTO X{ Pl 1321+ 139 

OTHER STRONG DECAYS ARE FORBIDDEN BY ENERGY CONSERVATION. 

REFERENCES - -  X I * l /B I1BBOI  

PJERROU 62 PRL 9 11~ ~PROWSE~SCHLEINeSLATER~STOBR~TICHO (UCLAI I 
SCHLEIN 63 PRL 11 187 eCARMONY)PJERROU,SLATEReSTORK~TICHQ (UCLA|IJP 
BADIER 64 DUBNA I 593 +DEMOULIN)GOLDBERG~ • (EP)SACLAY,AMSTRI I 
PJERRCU 85 PRL 1A E75 +SCHLEINISLATEReSMITH,STORK~TICHO (UCLAI 
LONOON ~6 PR 143 1 0 3 6  +RAUISAMIOSeYAMANOTOvGOLDBERGI+ {BNLeSYCRI IJ 
BERGE 66 PR 147 945 +EBERHARD,HUBBARD)MERRILL,B-SHAFERe+ {ERE| I 
MERRILL 66 UCRL-I&ABB THESIS O w MERRILL {LRL) dP 
SHAFER 66 PR 142 B83 BUTTON-SNAFER,LINDSEYtMURRAY,BHITH {LRLI JP 

--- A SPINIpARITY DETERMINATION. 

IZ I 

iV{asses and widths of reported enh~nce- 

rnen~s in the ~(~820) region 

Decay mode 

Afff 

AK ° : _- : 

~%, A~ ° : : 

~ T r  ,~ -- I 

~(i530)w : : 

; ~ -  KP I 

AK ° I ,  
' l I I I 

t800 

M -~ F/2 

I 
I 

t I 

~900 

(~ev) 

BADIER 65 

SMITH- 2 65 

ALITTI 69 

BMST 70 

BMST 70 

BMST 70 

I BMST 70 
I 

2(1630)J 21 N,*I/E{18BD, JP- , I - . E  
SEE THE MINIREVIEW PRECEDING XI*IIE(IS]OI 

f 21 XI*I12(1630{ MASS (MEVI . . . . . . . . . . . . . . . . . . . . .  

M O {IDEA,O) {5 .0# APSELL 69 HAG 0 K--P 2 ,87  GEV/C g /69  
B B PROBABLY BEEN BARTSCH 69 HBC K-P EO GEV/C 10199 
M AO 1635. IO. BMST 70 HBC O INTO XI- PI+ 7170. 
M O OLD VALUES ,LATEST MASS AND WIDTH REPORTED IN BMST 70 
M B BARTSCH 89 SEE A BROAD ENHANCEMENT NEAR 1650 MEV - NOT CLEAR IF IT 
M B {S THE SAME PHENOMENA AS THE BMST TO BUMP - 

. . . . . . . . . . . . . . . .  21 x I~ l /E (16BO)  WIDTH {MEV) . . . . . . . . . . . . . . . . . .  

w 0 ( 1 5 . 0 )  { 5 . 0 {  APSELL 69 HBC O glEN 
w 40 57. 18. BNST 70 HBC O 
W SEE THE NOTES ACCOMPANYING THE BASSES QUOTED 

. . . . . . . . . . . . . . . . .  21 XI*t/EIIB)Ol PAPTIAL DECAY MODES . . . . . . . . . . .  

DECAY MASSES 
Pl X I~ I /E(EA~OI  INTO XI PI 1321+ 139 

REFERENCES - -  X I t l / 2 { 1 A B O l  

APSELL A9 PRL 23 884 + (BRANDEISw NARYLAND~ SYRACUSEw TUFTS{ I 
BARTSCH 69 PL EBB ~)9 + {AACHEN, BERLIN, CERNt LONDON, VIENNAI 
BMST 70 DUKE BIT BRANDEIS+MARYLAND+SYRACUSE+TUFTS COLLAR. 

Iz(z oo)l . .,.1.E,1TOO .... ,,=1.. 
| - 

SEE THE NINIREVIEW PRECEDING X I * I / 2 1 1 5 3 0 )  
THIS RESONANCE IS NO LONGER THOUGHT TO EXIST. 

51 XI*I/2(ITOO) MASS (NEV) . . . . . .  

M {1705 .0 {  APPROX SMITH 65 HBC O- K-P E. I - .7  BEV/C 

. . . . . . . . . . . . . . . .  51 XI*~I2(I?O0) WIDTH (NEV) . . . . . . . . . . . . . . . . . . . . .  

W (20.0) APPROX SMITH 65 HBC O- 

. . . . . . . . . . . . . . . . .  S1 X l * l / E I l l O 0 )  PARTIAL DECAY MODES . . . . . . . . . . .  

DECAY MASSES 
Pl X I * I / 2 ( 1 7 D 0 ]  INTO XI PI 1121+ 139 
P2 XI*E/2{1700) INTO LANBDA KBAR 1115+ ~97 

REFERENCES - -  X I~ l /2 {17OOI  

SMITH &5 ATHENS CONF 251 G A SMITH~ J S LINDSEY {LRL) I 

IZ(zB o)l ,o x,.,,. ........ i.,E 

SEE THE MINIREVIEW PRECEDING XI*I/2(1530) 

PROBABLY MORE THAN ONE STATE IS PRESENT IN THE 1800 
TO INO0 MEV REGION .UNTIL A CLEAR SEPARATION IS 
OBTAINED WE GROUP iLL  THE DECAY MODES TOGETHER AND 
LIST THE REPORTED BRANCHING RATIOS. 
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See the illustrated key preceding the data card listings. 

Data in parentheses have not  been included in our averages. 

SO XI*II2IIBEO) MASS {MEVI . . . . . . . . . . . . . . . . . . . . . . .  

(1770.01 HALSTEINS 63 FBC O- K-FR 3.5  BEV/C 
1817.0 7.0 SMITH I 65 HEC O- K-P 2 . 4 - . 7  BEVIE 
IRLA.O 4.0 BADIER 65 HBC 0 K-P 3 BEV/C 
1830.0 lO.O ALITTI 69 HBC - K-P 3.9-5 BEV/C 9169 

{1801.0) [ lS.Ol APSELL 6g HOE 0 Xl PI 9 /69 
(lB29.OI 19.0) APSELL ?O HBC O- XI(15301PI 6170" 

65 1795. 10. BMST 70 HBC 0 XI-PI~ (2 .9  K-P) TIT0* 
55 182P. 12. BHST 70 HBC XI [1530 I  PI 7170, 
35 [854 .  12. BMST 70 HBC - SIGMA- KOBAR 7170" 
65 1871. i i .  BNST 70 HBC 0 LAMBOA KOBAR TlTO~ 
LATEST VALUES OF MASSES AND WIDTHS ~ROM THIS EXR. ARE IN BMST 70 

WEIGHTED AVERAGE = 1 B 2 0 . 6  ± 7 . 2  

ERRDR SCALED BY 2 . 6  

I - . B M S T  

I . . . . .  B f l S T  ~ - . . . . . . . .  " ' B M S T  

. . . . . . . . . .  BMST 

. . . . . . . . .  A L I T T I  

- ~ . - ' - "  . . . . .  B A D I E R  

" "  " ~ M I T H  I 

1840 1BBD 1920 

C H I S Q  

7 0  HBC 2 1 . 0  

7 0  HBC ? . B  

7 0  HBC O . O  

7 0  HBC 6 . S  

6 9  HBC O l @  

6 6  HBC 2 . ?  

6 6  HBC 0 . 3  

3 9 . 2  

( C O N L E U  
=O.OOO) 

J 
1 7 6 0  1BOO 

X I I 1 / 2 f l B 2 O )  MASS (MEU) 

. . . . . . . . . . . . . . . . .  50 XI*ll2(lS201WIOTH (MEVI . . . . . . . . . . . . . . . . . . . . . .  

W (BB,O} OR LESS HALSTEINS 63 FBC O- 
N 12,0 4.0 BADIEP 65 HBC O 
w 30.0 7.0 SMITH B 65 HBC O- 
W 55.0 40.0 2O.O ALITTI 69 HBC - 9169 
W 0 (7B.O} (33.0) APSEEL 69 HBC O XI Pl 9/69 
W 0 (5E.O) (36.0) AOSELL 70 HBC O- XI(1530) PI 6170* 
W 35 56. 14. BMST 70 HBC - SIGMA- KOBAR 7/70* 
N 65 58. 39. BMST 70 HBC O LAMBOA KOBAR T1705 
W 55 82. 42. BMST 70 HBC Ki l l (E0)  P[ 7/70. 
W 65 q9. 31. ~ BMST 70 HBC XI-PI+ {2.9 K--P) 7/70* 

SEE NOTES ACCOMPANYING THE MASSES OUOTED 
W . . . . . . . . .  

ISEE IDEOGRAM BELOW ) 

7 0  HBC 

7 0  HBC 

7 0  HBC 

7 0  HBC 

6 9  HBC 

6 5  HBC 

6 6  HBC 

CHISQ 

6 . 3  

1 . 7  

4 . B  

1 2 . 9  

(CDNLEU 
= 0  . O O 2 ~  

W E I G H T E D  A V E R A G E  = 2 O . B  • B . 4  

ERROR S C A L E D  BY 2 . S  

B A R Y O N S  

t " ' ' B M S T  

. . . .  BMST 

. . . . . .  BMST 

. . . . . .  BMST 

. . . . . .  ALITTI 

. . . . . .  SMITH 2 

-SO 0 SO iOO ISO 200 

X I m 1 / 2 ( i 8 2 0 )  W I D T H  (MEU) 

~- . . . . . . . . . . . . . . .  50 XI*l1211820I PARTIAL DECAY MODES . . . . . . . . . . . . . .  

DECAY MASSES 
P[ XI.112(1820) INTE LA~BDA KBAR 11[5+ 497 
P2 XI.i1211820) INTO XI Pl 1321+ 139 
~3 XI*[/B[IBEO( INTO SIGMA KBAR 1197+ 497 
P4 X I * l /2 (1@Zo(  INTO X I * 1 / 2 I I 5 3 0 )  PI 1530+ ZBg 
P5 XI* ( IBEO) INTO XI PI PI (XI PI NOT XI*I153011 1521. 139+ 139 

. . . . . . . . . . . . . . . . . .  50 XI*II2(IBEO} BRANCHING RATIOS . . . . . . . . . . . . . . . . .  

Bl XI*I/2IIBEO) INTO (LAHBDA KBARI/TOTAL (PlIITOTAL 
R1 LARGE BAOIER 65 HBC 
RI LARGE SMITH 2 65 HBC 
R1 0.3 0.15 ALITTI 69 HBC - 

R3 

R4 
R~ 
M4 

=BE 

R6 

R7 

Xl*ll21lB20) INTO (xI PIIITOTAt 
0. I O.l ALITTI 69 HBE 

XI ,112(1820)  INTO (SIGMA KBAR)/TOTAL 
(0.O2)  OR LESS TRIPP 67 RVUE 
0.3 0.15 ALITTI 69 HBC 

XI*I/E(18201 INTO (XI*112{1530) PIIITOTAL 
O.S 0.15 ALITTI 69 HOE 

(0.25) OR LESS DAUBER 69 HBC 

XI*l/2(IB2O) INTO (Xl PII/(LAMBDA KBAR( 
0.20 0. B0 BAOIER 65 HBC 

SMALL SMITH 2 65 HEC 

X I * I / 2 ( [ B 2 D I  INTO (XI*(1EBO~ P l ) / ( LAM KBAR( 
0 .26 0.13 SMITH 1 65 HBC 

SMALL BADIER 65 HBC 

XI*1IEI18EO) INTO IX[ Pl PI)I(LA~BDA KBARI 
(O.lJ OR MORE SMITH 1 65 HBC 
SMALL BAOIER 65 HBC 

XI(1BEO) INTO IX[ PIIIIXI(15BOI Pl} 
1.5 0.6 0.4 APSELL TO HBC 

?lOG 
7/66 
9169 

(PE)/TOTAL 
- 9/69 

(PBJlTOTAL 
8/67 

- -  9169  

(P4IITOTAL 
- 9 /0g  

K-P 2,7 BEV/C 9E69 

( P 2 ) / ( P l )  
7 /E6  

IF XI.1933 EXIST 7166 

( P 4 ) / ( P I )  

7166  

( P 5 } / ( P [ )  

7/66 

( P 2 l l I P 4 )  
O 6 / 7 0 ,  

(PS) / (P4 (  
O 6170. 

R9 XIIIB20) INTO (xI Pl PIll(XI(1EBO) PII 
R9 0.3 0.5 APSELL 70 HBC 

REFERENCES - -  K1"1 /2(1820)  

HALSTEIN 63 SIENA CONF 173 HALSTEINSLID,+ (BERGEN,CERNtEP,RTHF,UNIEOLI I 
SMITH 1 65 PRL 14 25 +LINDSEYpBUTTON-SHAFER,MURRAY (LRL)IJP 
8ADIER 65 PL 16 171 +OEMOULIN,OOLOBERG, ÷ (EP,SACLAY,AMSTR) I 
SMITH 2 65 ATHENS CONF 251 G A SMITH, J S LINDSEY (LRL) 
TRIPP 67 NP 63 [O + LEITH, + (LBL,SLAC,CERN,HEIOELpSACLAYI 

- -  USES DATA OF SMITH [ .  
MERRILL 6B PR 167 1B02 D W MERRILL, J BUTTON-SHAFER [LRL) 

- -  WEAK EVIDENCE CONCERNING JP. 

ALITTI 69 PAL 22 79 +BARNES,FLAMINIO,HETZGER, + (BNL,SYRACUSE) I 
DAUBER 69 PR 179 I262 +BERG(, HUBBARD~ MERRILL~ MULLER (LRL) 
APSELL 69 PRL 23 884 + (BRANDEISv MARYLANDF SYRACUSE, TUFTS) 
ARSELL 70 PRL 24 777 (BRANDEIS, HARYLA~O~ SYRACUSE(TUFTS) I 
BMST 7O DUKE 317 BRANDEIS+MARYLAND+SYRACUSE+TUFTS EOLLAB. 

* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * , * * * * *  * * * * * * * * *  * * * * * * * * ,  * * * * * * * * *  * * * * * = * *  

I . ~ . . I  
, (193o , EB K i . [ / E ( ,  . . . .  , p .  ( i = [ , ,  
[ - - - ' | ,  SEE THE MINIM(VIEW PRECEDING XI*1/2(15BO) 

BE X I * I I E I I 9 A O I  MASS (MEV) . . . . . . . . . . . . . . . . . . . .  

M 35 1933.0 16.0 BADIER 65 HOE O K-P 3 BEV/C 
B 27 1930.0 20.0 ALITTI 68 HBC O K-P 4.6-5 BEV/C 11168 
M 66 1B94*0 18.0 DAUBER &9 HBC - K-P E*7 BEVIC [1168 
M 0 (lg6E°O) (1~.0) APSELL 69 HBC 0 Xl P[ 9/69 
M O (1964.0)  ( lO .O)  APSELL 70 HBC O- XI (1530)  PI 6170, 
M 110 1954. 9.  BMST 70 HBC 0 K I -P I+  (2 .9  K-P) 7 /70*  
M AO 1961. 8. BMST 70 HBC XI (1530)  PI 7 /70*  
M 0 LATEST VALUES OF MASSES ANO WIDTHS FROM THIS EXP. ARE IN BMST 70 
M . . . . . . . . .  

(SEE IDEOGRAM BELOW I 

W E I G H T E D  A U E R A G E  = 1 9 4 6 . 2  ± 9 . 6  

ERRDR S C A L E D  BY 1 . 9  

- B M S T  7 0  HBC 2 . 6  

• . S M S T  ? 0  HBC 0 . 4  

. . . . .  D A U B E R  6 9  HBC 9 . 1  

• A L I T T I  6 6  HBC O . B  

• BADIER 66 HBC 0 . 9  

1 3 . B  

1 B 6 0  1 9 ; 0  1 9 4 0  t 9 B 0  2 0 2 0  ( C O N L E U  =O.OOB) 

X I E 1 / 2 ( 1 9 4 0 )  MASS ( M E U }  

. . . . . . . . . . . . . . .  EZ K I ' 1 / 2 ( 1 9 4 0 |  WIDTH (MEVI . . . . . . . . . . . . . . . . . . . . .  

W BE 1AO.O 35.0 BAOIER 65 HBC O 
W 2T 80.0 40.0 ALITTI 68 HBC 0 11/68 
W 60 98.0 23.0 DAUBER 6g H B E -  11168 
W 0 (1AT.O( (55 .0 I  APSELL 69 HEC O Kl PI 9 /69 
W 0 (60.01 (BS.OI APSELL 69 HBC O -  XI i1530 I  Pl  6 / 7 0 *  
W 110 129. SO. BMST TO HBC 0 X I - P I +  t 2 . 9  K-P) 7170. 
N AO 42.  35. BMST 70 HOE XI I lBSO) PI 7 /70*  
W . . . . . . . . .  
w AVG 100.2 15.8 AVERAGE (ERROR INCLUDES SCALE FACTOR OF [°1) 

SEE THE NOTES ACCOMPANYING THE MASSES QUOTED 



BARYONS 

See the illustrated key preceding the data card listings. 

Data in parentheses have not been included in our averages. 

. . . . . . . . . . . . . . . . . . . . .  ~2  XI*122}19401 PARTIAL DECAY MODES . . . . . . . . . . . . . .  

DECAY MASSES 
P l  X1(1940) INTO XI PI I 3 2 1 +  139 
P2 XI( I940) INTO XIIIEBO) Pl 1530+ 1B9 
P3 XI( I940} ~NTO XI P( Pl )XI Pl NOT XI(1530)) 1321+ 139+ 139 

. . . . . . . . . . . . . . . . . .  52 XI*I /2(IQAO) B6ANCHING RATIOS . . . . . . . . . . . . . . . .  

RI XI}Iq40) INTO X( PI o IP l }  
RI SEF~ BADIER 6 5  HBC 
61 SEE~ ALITTI 68 HBC O 1 1 / 6 8  
BE SEEh DAUBER 69 HBC - 1~/68 

R2 XI(1940) INTO (XI  PI l l (RE(1530) PI) o IP l ) I )P2 )  
R2 2,B O,? 0.6 APSEEL 70 HBC 6/70~ 

R3 XI(19401 INTO (XI PI P l I / (X I ( IS~O)  PIE IPB)/~P2) 
R5 O.O 0.3 APSELL 70 HBC O 6/lO~ 

LOOKED FOR BUT NOT SEEN IN OTHER CHANNELS. SEE ALITTI 68. 

R E F E R E N C E S  - -  X I * l / 2 { 1 9 ~ O )  

BADIER 65 PL 16 171 ~DEMOULIN~GOLDBERG, + (EP~SACLAY,AMSTI I 
A L I T T I  ~B PRL 21 1 1 1 9  ÷FLAMINIO~NETZGER,RADOJIOIC,+IBNL,SYRACUSEI I 
DAUBER 69 PR 179 1262 +BERGE~ HUBbARD, MERRILL, MULLER {LRL) I 
APSELL 69 PRL 2 3  EB4 + }BRANDEIS, ~ARYLAND, SYRACUSE, T U F T S }  
APSELL TO PAL 24 ~ 7 7  • (BRANDEIS, MARYLAND, SYRACUSE, TUFTS~ I 
BMST TO DUKE 2 1 7  BRANDEIS+MARYLAND*SYRACUSE+TUFTS COLLAB. 

~ J 

. ~  SEE T H E  MINIREVIEW PRECEDING XI~112}1520) 
68 XI~E/2)2GSOi ~ASS (NEV)  . . . . . . . . . . . . . . . . . . . . . . . . .  

42 2030.0 10.0 ALITTI 69 HRC - R-P 3.9-5 BEV/C 9/B9 
M 2058.0 1 7 . 0  BARTSCH 69  HBC K-P IOGEV/C g169 
M . . . . . . . . .  
M AVG 2037*2 12.2 AVERAGE tERROR INCLUDES SCALE FACTOR OF 1.4I 

. . . . . . . . . . . . . . . . .  6 8  X I * E / 2 ( 2 O 3 0 }  W I D T H  { M E V )  . . . . . . . . . . . . . . . . . . . .  

w 25.0 40.0 ZO.D ALITTI 89 HBC - g/69 
W EToD 3O.O BARTSCH 69 HBC 9169 
W . . . . . . . . .  
w AVE 51.0 21.2 AVERAGE (ERROR [NCLUDES SCALE FACTOR OF Z.O} 

. . . . . . . . . . . . . . . . .  6 8  XI~I/2(2030) PARTIAL DECAY NODES . . . . . . . . . . . . . . .  

DECAY MASSES 
P l  XI~I12(2030} I N T O  XI  PI 1 3 2 1 ÷  1 3 9  
P2 XI~I/2(2DEOI I N T O  LAHBDA KBAR II~5+ 497 
R3 X I ~ I / 2 [ 2 D E O }  INTO SIGMA KBAR 1197+ 4 9 7  
P~ xI~1/2}2c30) INTO XI*I12(1530~ PI  1530+ 139 
PE XI~II2(2CIED) I N T O  LAMBDA (OR SIGMA} KBAR PI 1115+ 4 9 7 +  1 5 9  

. . . . . . . . . . . . . . . . .  68 XI2122(2030} BRANCHING RATIOS . . . . . . . . . . . . . . . . .  

R] 
X I ~ 1 / 2 ( 2 0 3 0 )  INTO (XI PIll[MODES P l  TO P4} (PII/IPI+62+PB+PA) 

RI }0.30} DR LESS ALITTI 69 HBC - i STD DEV LIMIT 9169 

62 XI~122(20201 INTO (LAH KBARI/)HDDES PI TO PAl )P21/IPI~P2~PS+PA) 
62 0.25 O,I5 ALITTI Bg HBC - " 9169 

R3 XI~I12(2030} INTO (SIG KBAR}/(NODES Pl T 0  P4} (P3)/)RI+R2+PS+64} 
~3 0.75 0.20 ALITTI 6 9  HEC - 9269 

R4 XI~I/ZIZCI3Ol INTO (×I~ PIll)MODES Pl THRU P4) (PAI/{PI+P2+PS+PA) 
64 tO.IS) OR LESS A L I T T I  69 HBC - I STD OEV LIMIT 9/69 

R5 xI~12212030) INTO LAMBDA (OR SIGMA} KBAR PI [P51 
R5 SEEN BARTSCH 6 9  HBC G / 6 9  

REFERENCES - -  X I * 1 / 2 ( 2 0 3 0 )  

A L I T T I  69 PRL 22 7 9  ~ B A R N E S ~ F L A R I N I O e M E T Z G E R ~  + ( B N L ~ S Y R A C U S E )  I 
BARTSC~I 69  PL EBB 4 S 9  + (AACHEN, BERLIN, CERN~ LONDON, V I E N N A I  
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[ - - I  

1 = ( 2 2 5 0 ) 1  , i .  ) 2 2 5 0 , , .  , 
SEE THE MINIREVIEW PRECEDING XI~II2)ISSO) 
THE EVIDENCE FOR THIS RESONANCE IS WEAK. IT IS SEEN 
AS A BUMP OF NOT MUCH STATISTICAL SIGNIFICANCE IN 
(LAMBOA KBAR PIE, )SIGMA KBAR PIE, AND (XI Pl Pl) IN-- 

VARIANT-MASS DISTRIBUTIONS. 

. . . . . . . . . . . . . . . . .  22 X I *  (2250I MASS )MEV( . . . . . . . . . . . . . . . . . . . . . . . .  

M 2 2 4 4 . 0  5 2 . 0  B A R T S O H  6 9  HBC K - P  l O  G E V / C  9 2 6 9  

. . . . . . . . . . . . . . . .  22 X I *  I2250) WIDTH (NEV)  . . . . . . . . . . . . . . . . . . . . . .  

W 130.0 80.0 6ARTSCH 6g HBC q/69 

. . . . . . . . . . . . . . . .  22 XI~ (2250) PARTIAL DECAY HODES . . . . . . . . . . .  

DECAY MASSES 
Pl XI~I/2}2250) INTO XI PI P( 1321+ 139+ 139 
P2 XI~I/2(2250) INTO LAMBDA RBAR PI IRIS÷ 497+ L39 
P3 XI~112(2250) INTO SIGMA KBAR Pl 1197÷ 497+ 1 3 9  

RE~BRENCES - -  XI~ (2250) 

BARTSCH 69 PL 28B A39 + (AACHEN~ BERLIN, CERN, LONDON, VIENNA) 

I ~.~ ( 2500 )  I 9 9  X I . 1 1 2 ) 2 5 0  . . . . .  ) I=112 

SEE THE MINIREVIEW PRECEDING x i * i / 2 (1530 )  
I T  I S  Q U I T E  P O S S I B L E  T H A T  THE REASON THE E X P E R I M E N T S  
DISAGREE ABOUT THE MASS AND WIDTH IS THAT THEY ARE 
SEEING DIFFERENT XI~S. FOR NOW, HOWEVER~ WE GROUP 

THEM TOGETHER. 

. . . . . . . . . . . . . . . . .  g 9  XI~I/2(2500) MASS (HIVE . . . . . . . . . . . . . . . . . . . . .  

M 30{24S0.0) I2O.O} ALITTI 69 HBC - K-P ~.6-5 GEV/C 9/69 
2 5 0 0 . 0  1 0 . 0  B A R T S C H  6 9  HBC O -  R - P  EO G E V / C  9 1 6 9  

. . . . . . . . . . . . . . . .  9 9  X I ~ 1 / 2 ( 2 5 0 0 )  WIDTH ) M E V )  . . . . . . . . . . . . . . . . . . . . .  

W 150.0 60.0 40.0 ALITTI 69 HBC - 9fBg 
H 59.0 2l.O BARTSCH b9 HBC O- 9169 
N . . . . . . . . .  
W AVG ?G.5 38.0 AVERAGE tERROR INCLUDES SCALE FACTOR OF 1.6) 

. . . . . . . . . . . . . . . . .  99 XI~112(25001 PARTIAL DECAY MODES . . . . . . . . . . . . . . .  

DECAY MASSES 
P l  X I ~ 1 / 2 ) 2 5 0 G )  I N T O  X I  P l  1 3 2 1 +  l A B  
P2 XI~I/2(2500} INTO LAMBDA KBAR 1115+ 497 
P3 XI*I12}25001 INTO SIGMA KBAR tED?+ 497 
P4 XI~112)2500} INTO XI$112(1530) Pl 1530+ 139 
P5 XI*11212500) INTO LAHBDA (OR SIGMA) KBAR Pl 1115~ ~ 9 7 +  139 
P6  X I * I / 2 ( Z 5 O O I  I N T O  X I  P I  P I  1 ~ 2 1 +  1 3 9 +  13D 

. . . . . . . . . . . . . . . .  99 XI~LI2(2500I BRANCHING RATIOS . . . . . . . . . . . . . . . .  

R1 XI*I/2(2EOD( INTO (XI PI}/IMODES Pl THRU PA} (PIII(PL+P2+PB+PA} 
R1 (O.S)OR LESS ALITTI 69 HBC 1STD OEV LIMIT 9269 

R2 XI~El2(2EO0} INTO ILAM KBARI/(MODES Pl THRU PA) (PZII(PI+R2~PB÷PAI 
R2 O . E  0 . 2  A L I T T I  6 9  H A B -  9 1 6 9  

R3 11~I12[2500I INTO ISIG KBAR)I(MODES Pl THRU P~) [PSII)61+P2÷PB+P4} 
R3 0.5 0.2 ALITTI 69 HBC - 9/69 

R4 XI* [ /2 {2500)  INTO (X I *  RE)lINGOES RE THRU PA) )P~)/(PI+P2+P)+P~) 
R4 [O.2)OR LESS ALITTI 69 HBC I STO DEV LIMIT 9/69 

R5 XI~I12(25001 INTO LAMBOA }OR SIGMA) KBAR PI }PSI 
R5 SEEN BARTSCH 69 HBC O- 9 1 6 9  

RB XI ' I /2 (25001 INTO XI P( Pl (PGI 
Rb SEEN BARTSCH 6 9  HBC O-  9/69 

REFERENCES - -  XI*i12(25001 

ALITTI 6 9  PAL 22  7 9  +BARNES,FLAMINIO, NETZGERI + (BNL,SYRACUSEI I 
BARTSCB 69 PL 28B 439 + {AACHEN, BERLIN~ BERN, LONOON~ VIENNA) 

2 4  OMEGA - [ 1 6 7 5 ,  J P = 3 / 2 + I  I=O 

SEE LISTINGS OF S T A B L E  PARTICLES 
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A P P E N D I X  I. T e s t  of h I = t / 2  Rule  

f o r  K D e c a y s  

The quan t i t i e s  of i n t e r e s t  f o r  m a k i n g  t e s t s  

of t h e o r e t i c a l  p r e d i c t i o n s  r e g a r d i n g  the A I = t / Z  

ru le  f o r  K d e c a y  a r e  u s u a l l y  p a r t i a l  d e c a y  

r a t e s  f o r  s ing le  c h a n n e l s  o r  s p e c i a l  s u m s  of 

c h a n n e l s .  It  is not  p o s s i b l e  to c o m p u t e  the 

e r r o r s  on s u m s ,  d i f f e r e n c e s ,  and r a t i o s  of 

p a r t i a l  d e c a y  r a t e s  f r o m  the i n f o r m a t i o n  

g iven  in the Tab le  of Stable  P a r t i c l e s  b e -  

cause of the presence of off-diagonal terms 

in the error matrix. For this reason -we 

give some of these quantities below. 

Table I. 

(000) or (+-0) refer to the sign of the pions 
into w h i c h  the K d e c a y s .  

F + =F + + F K +  
K~3  K e 3  V3 

-F 
1~ K+ K + 

9- 9- 

I ~ + I ~ 
K I ~ 3 /  K + e3 

F =i ~ +F 
K23 K ° K o e3 ~3 

F K °  / l~K° 
I~3 e3 

K ° ( 0 0 0 ) / I ~  K ° (+-0) 

= (6.50±. i Z ) X t 0 6 s e c  - i 

= (3.135±. 044)Xi06sec  - i  

= 0 .656±.023 

= 3 .28±.09  

= ( tZ .Z0± .45)Xt06sec  - i  

= 0.689±.028 

= 1.703±.075 

1. L e p t o n i c  d e c a y  r a t e s  

The 1 ~ r a t e s  a re  u s e f u l  in t e s t i n g  the 
Kl 3 

leptonic AI = i/2 rule in the way suggested by 
i 

Trilling. The predictions are 

I~K~3__/21~K2+3 = 1.012, a phase-space 

factor, 2 and 

e3 Ke3 

F r o m  Tab le  I, 

F o / 2 F  + = 0 .94±0.04 
K~ 3 / K~ 3 

~3 ____! = 1.05±.06 . 

and l~K°e3 irK+J3 
These results seem to show a less than 

2(; disagreement with the predictions, but the 

errors should be regarded with caution in 

view of the internal disagreements in the data. 

(Note the ideograms in the data listing for the 

charged K meson. ) 

2. Three-pion decays 

We follow here the tests done by Mast 
3 

et al. , based on the general analysis of K 
4 

decays suggested by Zemach. Both decay 

rates and slopes (energy dependence of the 

Dalitz plot distributions) are used. The 

AI = I/2 rule gives the following predictions: 

F [ I~  KO(+_0)] - i  
T l  2 K°(000) 

i K-~ K 9-' 

i K + K ° ( + - 0 !  = '1 , 
T3 = 2 43 4Z J 

T 4 = ~ gK+,  + gK+ = 0 , 
T T 

where the 9i are the phase space factors. 

Mast et al. 3 have calculated these factors by 

use of a relativistic formulation and the 

masses from this compilation. The factors 

labeled UDP are the relative areas of the 

Dalitz plots, assuming a uniform distribution. 

The NUDP include the observed slopes (see 

below). The CNUDP have been calculated by 

including the final-state Coulomb interaction. 

The values are: 

M e t h o d  

U D P  N U D P  C N U D P  

91(000 ) = 1.487 1.487 1.451 

92(+-0 ) = i.Zl9 i.268 i.Z68 

93(++-) = i.000 i.000 1.000 

94(+00) = I.Z47 1.184 1.155 



T h e  s l o p e s  f o r  t h e  v a r i o u s  d e c a y s  h a v e  

n o t  b e e n  t a b u l a t e d  i n  t h e  S t a b l e  P a r t i c l e s  

T a b l e .  T h e y  a r e  a s  f o l l o w s :  

gK+ = -0.206~=0.009 I 
7 -0.198±0.006, 

g = -0.194±0.007 
K 

g + = 0 . 5 1 1 : 5 0 . 0 t 8 ,  

K 7 , 

g 0 ~ = 0.400±0.033. 
K}_(+-0) 

A difference in the 7 + and T- slopes would be 

a n  indication of CP violation i n  this decay. 

Since no difference is present at this time, 

we average the two and use this value in T 4. 

Using the CNUDP and rates and slopes re- 

ported here we get: 

T I = 0.002±0.044, 

T 2 = 0.947±0.026, 

T 3 = 1.22=h0.050, 

T 4 = 0.058±0.019 . 

The three-pion final state can be in isospin 

states I = i, 2, 3. T 1 and T 2 test the existence 

of isospin I = 3 in the final state and are con- 

sistent with no or very little I = 3. T 4 is 

related to the I = 2 amplitude in the final state 

and indicates, within three standard deviations, 

the presence of some I : 2. Ty finally, gives 

information on the Zkl = 3/2 part of the I = I 

amplitude relative to the AI = 1/2 part and 

seems to be the largest violation of all. 

More information can be drawn by com- 

paring the slopes; for this we refer the reader 
3 

to the paper by Mast et al. 
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Appendix II 

A. SU(3) CLASSIFICATION OF BARYON 
RESONANCES 

There are a few multiplets that have been 

s t u d i e d  a n d  w e  r e p o r t  h e r e  t h e  r e s u l t s .  T h e  

r e l e v a n t  f o r m u l a e  a r e  g i v e n  b e l o w .  

M a s s  F o r m u l a e  

Decuplet A-E =E -~ -~ *-~2 GMO (1) 

Octet 2(N+~ )=3A+E GMO {2) 

A -M 8 Mixinlg 
N o n e t  S i n 2 @ -  A - A '  a n g l e  7 (3) 

M8 = Z(N+E3 )-~' GMO (4) 

Here GMO stands for the Gell-Mann-Okubo form- 

ula; the particle symbol indicates its mass. The 

f o r m u l a e  w o u l d  b e  t h e  s a m e  i f  s q u a r e d  m a s s e s  

w e r e  u s e d .  F o r  t h e  n o n e t  c a s e , A  i s  t h e  

" m o s t l y - o c t e t "  p a r t i c l e ,  A i i s  t h e  " m o s t l y -  

s i n g l e t "  p a r t i c l e .  

R a t e s  

In terms of a relativistically invariant 

matrix element T, the decay rate for two- 

body decay of a resonance of mass M R is 

ITIZRz 
F =  , ( 5 )  

M R 

w h e r e  R 2 = k / M  R i s  t h e  t w o - b o d y  p h a s e  

s p a c e  f a c t o r ,  S i n c e  t h e  n u m e r a t o r  i s  a n  i n -  

v a r i a n t ,  a n d  s i n c e  r m u s t  t r a n s f o r m  a s  i / E ,  

introduce the denominator I/M R (see we 

FEYNMAN 62). 

For meson decays (see below) the rates 

are calculated according to Eq. (i); for 

resonance decays into i/Z + baryons 

and 0- mesons, one next takes into account 

the fact that spin sums in IT IZ introduce an- 

other factor M R, cancelling the I/M R. We 

are then left with 

I T I Z k  r = ~ for baryons (5') 

ITl2k for mesons (5") 

M R 

In Eqs. (6) and (7) below, [TI 2 is di- 

mensionless, so we tidy up the dimensions 
Z 

by introducing a factor of mass M N (or M N 

for mesons), where M N is conventionally 

taken to be the nucleon mass. 



IZ6 

r T 12 c o n t a i n s  centrifugal barrier 

factors, which we call B~. We then have 

D e c u p l e t  MN . / r =(cg)2~1 (k) ~ k (6) 
S i n g l e t  

M N 
Octet P =(CDgD+cFgF)ZBf~) ~R k (7) 

Nonets I G8=A cos 0-/1' sin 0 (8) 

t GI=A s i n  O+A ' cos 0 

wi th  G8=CDgD+cFg F 
(9) 

G t = c t g  t • 

Here B~ are the centrifugal barrier factors 

given by Blatt-Weisskopf (1952), the c i are the 

SU(3) coefficients with the sign convention 

adopted in this article [ see long caption for 

the table of SU(3) i s o s c a l a r  c o e f f i c i e n t s ] ,  

M N is the nucleon mass, M R is the resonance 

mass for which l-" is calculated, k is the 

center-of-mass momentum for the channel 

being considered, gi are the relevant couplings. 

For the case of singlet-octet mixing, formula 

(8) has to be used in conjunction with (6) and 

(7). G 8 and G I represent the couplings for 

the mu!tiplet, and A and A' represent the 

couplings for the p h y s i c a l  states. 

The relation between gD' gF and the D 

(symmetric) and F (antisymmetric) couplings 

is as follows: 

F =/5- gF (10) 
D 3 gD 

Table I shows the situation. We now discuss 

each multiplet in detail. 

-~__-Nonet (Baryon-Eta Resonance s ) 

V~e report here the results of Tripp (1969). 

The mixing angle 0 as well as the first F/D 

ratio have been calculated by using the A (1670) 

and A (1405) decay rates. Relation (7) was 

multiplied by the f a c t o r  __ , where 

M B 

M B is  the d e c a y  b a r y o n  and  M R - M  B = 564MeV 

is the d i f f e r e n c e  of the m e a n  t / 2 -  and  1/2  + 

baryon oc t e t  masses. T h i s  factor § for the l/Z" 

octet has been used by Oell-Mann et al. (Oell-Mann, 

1968). Thesecond F/D ratio was calculated 

by using the N(1535) decay rates. Using the 

mass formulae (3) and (4) with 19 deg mixing 

angle, the mass for the ~ member of the 

octet falls at M = 1818 MeV (not observed). 

3/z-  None.t 
The mixing angle is from Levi Setti (1969), 

calculated by using the A (1690) and A (1520) 

decay rates. The F/D ratio is from Tripp 

(1968), taken to be the most likely value for 

the i n t e r c e p t i o n  of the l i n e s  in  the p lo t  of 

gF  vs  gD fo r  a l l  the m e m b e r s  of the octe t .  

The m i x i n g  a n g l e ,  c a l c u l a t e d  by  u s i n g  the 

mass formula and assuming ~ (1820) to be a 

member of this multiplet, is 20 deg. The de- 

cay rates for ~ (1820) are in agreement with 

the decay rates of the other members of the 

multiplet. 

5/2- and 5/2 + Octets 

The F/D ratio is taken from Tripp (1968), 

again as the intersection in the plot of gF vs gD 

for the decay rates meas~ared (see Baryon Table). 

3/2 + and 7/2 + Decuplets 

Tripp (1968) has calculated the value of 
2 

g for the various members of these decup- 

lets. The value of g2 should be common to 

all decays, but it appears to be significantly 

different. ~ 

B. SU(3) CLASSIFICATION OF MESON 
RESONANCES 

All of the discussion above applies, ex- 

cept that for Bosons the GMO formula is 

usually applied to the square of the masses, 

as opposed to the first power for ferrnions. 

Thus for example, Eq. (2) becomes 

4 K =  3 +~r. (2') 

The s y m b o l  K was  i n t r o d u c e d  by  G l a s h o w  and  

Socolow t for the square of the I~ mass, etc. 

Because of the difference between Eqs. 

(51 ) and (5"), there is also an extra factor of 

(MN/M R) in  Eqs .  (6) and  (7). 

F o r  m e s o n s  t h e r e  a r e  on ly  t h r e e  e s t a b -  

l i s h e d  n o n e t s :  0 - ,  l - ,  and  2 +, so i t  has  b e e n  

p o s s i b l e  to c r o w d  a s m a l l  note  a bou t  t h e m  a t  

the b o t t o m  of the f o o t n o t e s  to the m e s o n  t ab le .  



Table I. SU(3) b a r y o n  m u l t i p l e t s  w i th  two o r  m o r e  k n o w n  m e m b e r s .  
The  c o u p l i n g  c o n s t a n t s  a r e  t h o s e  f o r  d e c a y  in to  b a r y o n  ( t / 2  +) o c t e t  
pseudoscalar meson octet. 
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J R  O c t e t  m e m b e r s  S i n g l e t  • (degrees)  F / D  gD a 

i/2- N' (1535) A(i670) E(i750) ~(i818)? A(1405 19 t -I.77 0.42 

l I I I o~-~.98 0.45  
3/2- I N(1530) A(1690) ~(1670) ~(~820)? I A(IS20) I -~8"3b I i .~9 0.34 
5 / Z - I N ( 1 6 7 0 )  A(~830) Z(1766) I I I -0 .13 i0 .77  
5/2+ I N(1688) A(1815) E(1915)  I I I 1.06 Io.56 

Z Decuplet members gio 

3/2 + Z~(1236) ~(1385) ~ (i530) 

7/2  + Z~(1950) ~(2030) 

0.94 to 2.38 

0.25 to 0.97 

Ref 

Tripp 1969 

Tripp 1968 

Tripp 1968 

Tripp 1968 

Tripp i9685 

Tripp 1968 

a. U s i n g  f o r m u l a  ( t0 )  one c a n  d e r i v e  gF" b. f r o m  L e v i  S e t t i  69. 
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