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Abstract: The elementary particle data comprise quantum numbers, mass, magnetic moment, 
mean life, common decay modes and branching ratios. The resonant state data comprise 
quantum numbers, mass, width, life time, threshold laboratory momentum for a production 
process, decay modes, branching ratios and Q values. All data used to obtain the tabulated 
average values, and some data not used are given in 52 footnotes. 

1. Introduction 

This is a revised version of previously published tables (Roos, 1963), dated March 
1963. In the previous version no distinction was made between generally accepted 
resonances and not (yet) accepted or dubious resonances. 

In this respect the present tables are radically different. First we have omitted all 
such resonances, which were considered dubious a year ago, and for which no further 
evidence has been produced since then. This selection rule excludes the resonances 

named Y*, Y~*, Z*, N*I,  Z*, K~, Z2, x3, K**, K*, Xl, ~bs, 4~3, P2, Pl, ~k,, ~, a, 
~k3, ~, ~2, q~l and ~k 1 in the previous version. Some of the evidence for the above 
resonances is still used as possible evidence for particular decay modes of accepted 
resonances. 

Further we have attempted to divide the accepted resonances into two confidence 
classes. The higher confidence class contains the generally accepted resonances, while 
the lower class contains dubious resonances or very new resonances for which the 
data still are meager. The difference in notation between the two classes is very 
simple: the accepted resonances have symbols, while the lower confidence class is 
left without symbols. F rom the previous tables the resonances Y**, Y~, x2 and q~2 
have been stripped of  their symbols and shuffled into the lower class. 

Table 1 contains the particles which axe customarily called elementary, and their 
antiparticles. 

Table 2 contains the baryonic resonant states, defined as states with baryonic 
number B = 1. The generic symbols ~*, Y* and N* are used for states with strange- 
ness - 2 ,  - 1  and 0, respectively, and they carry two subscripts, corresponding to 
isospin and spin in the following manner: 

~ 2 T ,  2J~ YT, 2 J ,  N 2 T ,  2J  • 

1 
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Not known subscripts are left blank. Further degeneracy is resolved by adding more 
stars to the heavier resonances. Table 3 contains the mesonic resonant states, defined 
as states with baryonic number B = 0. 

2. Quantum Numbers 

A blank space in any of the quantum-number columns may signify that the quantity 
in question is not known t or that it cannot be defined (T, T3, S, and parity for leptons). 
Tis not repeated for isospin multiplets, nor is T, S, or parity repeated for antiparticles. 
In Tables 2 and 3, J, parity and G parity are not repeated for different charge states. 

Different charge states are given separate entries when they have been found. 
Parity is defined in relation to N and K; by definition, N has par i ty+ and K h a s - .  

3. Mass and Magnetic Moment 

The mass is given in two units, MeV and rn~,; for leptons m~, is exchanged for rn~ 
We choose the units 

h = c = l ,  

m~, = 139.58 MeV = 2.4881 x 10-25g, 

m e = 0.510976 MeV. 

The accurate mass is expressed in MeV for all particles, except the muon and the 
neutrinos, for which it is expressed in me. The mass in the other unit gives only the 
significant figures. 

The magnetic moment is expressed in proton magnetons for baryons, in muon 
magnetons for the muon, and in electron magnetons for the electron. 

The mass and magnetic moments of antiparticles are included when they have been 
specifically measured; otherwise, a blank space is left. A blank space in the magnetic- 
moment column may also indicate that the value is not known. 

4. Width and Lifetime 

In table 1 the mean life is given in two units, accurately in seconds and rounded 
off in 1/m,~. The relation is 

1/m,~, = 4.7153 x 10-2%, 

the latter time signifying the time required for light to travel the distance o f a  Compton 
wavelength of the n±-meson. This distance equals 

1.4136 x 10 -13 cm. 

In tables 2 and 3 the full width F at half-maximum of the resonance is given in 

* "Not known" here and henceforth is short for "not known to,the compiler". 
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MeV, and the lifetime F -  1 in units of 1/m~,, to allow comparison with the mean lives 
in table 1. 

A blank space means that the quantity is not known. Widths and lifetimes of anti- 
particles, and, in tables 2 and 3 charge multiplets, are not included unless they have 
been specifically measured. 

5. Production Properties 

In tables 2 and 3 one production reaction is given although others may also have 
been used. The laboratory momentum of the incident particle has been computed 
for that production reaction, at the threshold of resonance production. 

A blank space in the kla b column signifies that the rest masses in the production 
reaction have not been computed because no threshold exists or because it is ques- 
tionable which threshold is of interest. 

A blank space in both production columns indicates that detailed information on 
the production of different charge states is not available. 

6. Decay Properties 

The commonest decay modes are given if they have been observed. By "common- 
est" we mean a branching ratio > 1 ~ .  

The decay modes of antiparticles are not listed because they are simply the anti- 
modes of the particles, and the branching ratios are the same. A blank space in any 
of the decay-property columns signifies that the information is lacking. 

7. Footnotes and References 

All detailed information is collected in the footnotes, where, however, references 
are given only in the contracted form: first author (year). The full references are collect- 
ed alphabetically in a separate list. Use has been made of all literature available in 
Copenhagen by November 1963, and of all results presented in the strong interaction 
parallel sessions or in the plenary sessions at the Sienna International Conference 
on Elementary Particles, September 30. - October 5., Sienna, Italy (1963). 

The compiler is indebted to countless people for the privilege of being informed 
about experimental results prior to publication. It is a pleasure to acknowledge the 
help given by members of the staffs of NORDITA and the Institute for Theoretical 
Physics at the University of Copenhagen, as well as the financial support of NOR- 
DITA. 
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FOOTNOTES 

1. m(~-)  is a weighted average of 
1321.1 -t-0.65 Schneider (1963) 
1321.4___0.4 Jauneau et al. (1963a) 
1311.1___0.2 Connolly et al. (1963c). 
z (~-)  is a weighted average of the following measurements in 10-1 o s: 
1.86 (+0.15/-0.14) Jauneau et al. (1963a) 
1.55_ 0.31 Schneider (1963) 
1.74 (+0.18/-0.15) Connolly et aL (1963c) 
1.75_ 0.07 L. Alvarez, J. Berge, J. Hubbard, R. Kalbtteisch, J. Sha- 

fer, F. Solmitz, M. Stevenson and S. Wojcicki, unpublished work quoted by 
Ticho (1963) 

1.77__+0.12 D. Carmony, G. Pjerrou, P. Sch!ein, W. Slater, D. Stork, 
H. Ticho, unpublished work quoted by Ticho (1963). 

J = ½ is compatible with the data of Bertanza et aL 

2. m(~ °) is obtained from m(~-)  and the weighted averag< 6o~!- 1.0 of the fol- 
lowing measurements of the mass difference m ( F , - ) - m ( ~  °) 

3.6___2.4 Connolly et al. (1963c) 
6.8___ 1.5 Jauneau et al. (1963b) 
6.1 + 1.6 D. Carmony, G. Pjerrou, P. Schlein, W. Slater, D. Stork, H. Ticho, 

unpublished work quoted by Ticho (1963). 
z(~ °) is the weighted average given by Ticho (1963). 

3. m(~ °) is reported by Baltay et al. (1963b). 

4. The 27 masses are from Barkas et al. (1963). 
x(27 +) and ~(27-) are weighted averages of the following results in 10 - l °  s: 
"c(27 +) = 0.81(+0.06/-0.05) 1 
x(27-) 1.61(+0.10/-0.09) / Barkas et al. (1960) 

z(E +) = 0.765+0.04 1 
~(27-) 1.58__+O.06 j Humphrey et al. (1962). 

The 27 + branching ratio is a weighted average of 
51.04-2.4 Humphrey et al. (1962) 
48 ___7 Granet (1962). 
The 27 parity is + from Tripp et aL (1962), who report P(27pK) = - 1. 

5. The upper limit of ~(~7 °) is from Alvarez et al. (1957); the lower limit from 
Dreitlein et al. (1961), who also give a theoretical estimate 

lr(Z °) = 1.1 x 10 -19 S. 

6. m ( A )  is a weighted average of 
1115.364-0.14 Barkas et aL (1960) 
1115.464-0.15 Bhowmik et al. (1961) 
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7. 

. 

. 

10. 

1115.25_ 0.36 Armenteros et  al. (1962b) 
1 1 1 5 . 0 4 + _ _ 0 . 4 1  Baltay et al. (1962). 
#(A) is the value of Cool et al. (1962), which disagrees with the value 0.0-1-0.6 

nm, reported by Kernan et al. (1963). 
• (A) is a central value from the ideogram of Crawford (1962). The new values 

which have appeared since 1962 do not resolve the so called East-West effect. 
m(ll) is a weighted average of 
1115.40___0.39 Baltay et aL (1962) 
1115.52+__0.55 Armenteros et al. (1962b). 
z(A) is from Baltay et al. (1962). 
The A ~ pn- branching ratio is a central value of 
64.3__+ 1.6 Humphrey et al. (1962) 
64.5___2.2 Crawford (1962), weighted average based on earlier measurements; 
68.5_ 1.7 J. Anderson, F. and B. Crawford, R. Golden, L. Lloyd, G. Meisner 

and L. Price (unpublished), quoted by Crawford (1962) 
70.9_ 3.4 Chr6tien et al. (1963). 
The A parity is + from Cronin et al. (1962), who give support for P (KA) = - 1. 

The nucleon and electron masses are from R. Cohen et al. (1957). 
#(n) is from V. Cohen et al. (1956). 
The neutron mean life is based on the value 11.7+0.3 min for the half life, 

by Sosnovskij et al. (1959). 

#(p) is a weighted average of the following data in nuclear magnetons: 
2.79277 -t-0.00005 Sanders et al. (1963a) 
2.792765±0.000060 Sommer et al. (1951) 
2.792810+0.000076 average value computed using the electron and proton 

masses and the following values of #(p) in Bohr magnetons: 
657.442 __.0.003 Liebes et al. (1959) 
657.4436_ 0.0025 Sanders et al. (1963b). 

Button et al. (1962b). 

m(K +) is from Barkas et al. (1963). 
z(K +) is a weighted average of the following results in 10 -8 s: 
1.224_+0.013 Barkas et al. (1960) 
1.231_+0.011 Boyarski et al. (1962). 
The K ÷ branching ratios are from Roe et al. (1961) and Giacomelli et al. 

(1963). Note that these branching ratios (except for ~) disagree with the weighted 
averages obtained from emulsion experiments, as quoted by Crawford (1962): 

p2 = 57.4_+ 2.0 
re2 = 25.6_+ 1.5 

p3+e3+T = 11.0_+1.0 
= 5.7+0.2 
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11. m(K °) is from Rosenfeld et al. (1959)./~(K °) is from Okonov (1962). 
• (K °) is a weighted average, based on the following recent results only (in 

10-1°s), all quoted by Crawford (1962): 
0.94+0.05 Crawford et al. (1962) 
0.90+0.05 A. F. Garfinkel, Report Nevis 104 (1962) (Thesis, Columbia 

University Physics Department), 
0.885+0.025 R. L. Golden, G. Alexander, J. A. Anderson, F. S. and B. B. 

Crawford, L. J. Lloyd, G. W. Meisner, and L. Price (to be published). 
The K ° ~ lr°~ ° branching ratio is from Brown et al. (1963). The values 

28.5 + 3.6 by Crawford et al. (1959), 28.8 + 2.1 by Chr6tien et aL (1963), 26.0_ 2.4 
by Anderson et al. (cf. reference 6), and 29 + 3, weighted average of earlier results, 
reported at the 1960 Rochester Conference, are less accurate and do not agree 
with theory. 

12. ¢(K °) is a weighted average of the following results in 10 -s s: 
6 .8(+2.6/ -1 .5)  Crawford (1962) 
8 .1(+3.3/ -2 .4)  Bardon et al. (1958) 
5 .1 (+2 .4 / -  1.3) Darmon et aL (1962). 
The branching ratios have been obtained from the following results: 

R 1 = K° ~ 3rr° = 0.38+0.07 Anikina et al. (1962) 
K ° -~ all charged 

K ° ~ 7r+Tr-Tr ° 
R 2 = = 0.127___0.020 Luers et al. (1961) 

K ° ~ all charged 

R 2 = 0.134___0.018, Anikina et al. (1962) 

R a = K° ~ lreve = 0.458-t-0.048, Luers et al. (1961) 
K ° ~ all charged 

Ra = 0.415___0.120, Astier et aL (1961). 
A value on R3 = 0.185(+0.038/-0.034) by Astier et aL has not been used. 

13. m(Tr ±) is from Shapiro et al. (1962). 
• (~r ±) is from Merrison (1962). 

14. z(Tz °) is from von Dardel et al. (1963). 
The It ° mass has been obtained from the n+ mass and the measurement by 

Czirr (1963) of the mass difference 
m( l r - ) - -m( r r  °) = (4.60564-0.0055) MeV. 
The relative frequency for ye+e--decay is from J. Tietge et aL (1962). 

15. #(#+) is from Charpak et al. (1962). 
m(# +) is a combined value of the latest measurements as given by G. Bingham 

(1963). 
z(p+) is a central value including all measurements quoted by Lundy (1962) 

and the values 
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z ~  +) = (2.197+0.002)#s / 
z ~ - )  (2.198+0.002)#s J Meyer et al. (1963) 

z~+)  = (2.202+0.004)/~s Eckhause et al. (1963). 

16. /~(e) is from Schupp et al. (1961). 

17. Bahcall et aL (1961). 

18. Langer et aL (1952). 

19. v~ and vc are left-handed screw states, ~ and ~, right-handed, 7 has two spin 
states: right- and left-handed. We define a left-(right)-handed screw state as a 
state with negative (positive) spin. 

20. This possible resonance was found in the ~±n+n - channels but not in the 
Y,±n±n ± or ~:~Ir±rc ± channels, using 3.5 GeV/c K--mesons, by the Glasgow, Im- 
perial College, Oxford and Rutherford Laboratory (1963). 

21. Quantum numbers, mass and width values are taken from Barbaro-Galtieri 
et al. (1963b). Further evidence has been given by Kerth (1961), Chamberlain 
et aL (1962), Kuznetsov et aL (1962a) and Beall et aL (1962, 1963). 

22. Belliere et aL (1963), Halsteinslid et al. (1963). 

23. Barbaro-Galtieri et aL (1963b). Some previous indications have been given 
by Belyakov et aL (1962b) and Grashin et al. (1963). 

24. The KN branching ratio is from Smith (1963b): An indication for positive 
parity has been given by Taher-Zadeh et aL (1963), all other data are from 
Alvarez et aL (1963). For further evidence, cf. reference list in Roos (1963). 

25. Indications by March et al. (1962), Koch et al. (1962) and Baltay et aL (1963a). 
Evidence against has been given by Kalbfleisch et al. (1963). 

26. m(E*a) is a weighted average of the following results in MeV: 
1529 4- 5 Pjerrou et al. (1962) 
1535___ 3 Bertanza et al. (1962b). 

=,o branching ratios are The spin and parity assignments, the width and the ~ 13 
from Schlein et aL (1963). Note that this width is in disagreement with the value 
F = 164-3 MeV, given by Connolly et al. (1963b). 

27. mfY*3) is a weighted average of 
1519.44-2 Watson et al. (1963) 
1517.2 4- 3 Barbaro-Galtieri et al. (1963b). 
The width and branching ratios are from Watson et aL (1963). 

28. m(Y*) is from Frisk et al. (1962). 
This mass value is confirmed by Samman et al. (1963) who give (1405.1 -I-0.9) 

MeV. The width claimed by Frisk et aL (1962)has, however, not been confirmed 
in similar experiments by Barbaro-Galtieri et al. (1963a) nor by Lokanathan 
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et  al. (1963). The width of Samman et al. (1963) is 10.3 MeV, or intermediate 
to that of Frisk et al. (1962) and the commonly accepted bubble chamber value, 
which we have listed. 

Determinations of the spin and the parity are consistent with JP = ½-, but 
this assignment is not finally settled, cf. Dalitz (1963). 

29. mfY~3 ) is a weighted average of 
1382_+3 Dahl et al. (1961) 
1385_+5 Alston et al. (1961a) 
1380_+3 Bertanza et al. (1963) 
1383.5___4 Cooper et  aL (1963), Y*~- mass 
1381 _+4 Curtis et al. (1963). 

The value 1389_+3 of Baltay et al. (1963c) has not been used. 
The spin and parity assignments are from Shafer et al, (1963) and Bertanza 

et al. (1963). FrYe3 ) is a weighted average of 
50-t- 10 Bertanza et  al. (1963) 
30-1-9 Curtis et al. (1963). 
The value 26__+5 of Baltay et al. (1963c) has not been used. The branching 

ratios are from Alston et  al. (1961a). 

30. Lander et  aL (1963). 
Some indications at 2.6 GeV have been reported by the Aachen-Berlin-Bir- 

mingham-Bonn-Hamburg-London (I.C.)-Miinchen collaboration (1963). 

31. Diddens et al. (1962). An indication for JfN*) = ~ is reported by Alexander 
et  aL (1963). 

32. Klepikov et al. (1960), Falk-Vairant et al. (1961), Moyer (1961), Devlin et al. 

(1962), Helland et al. (1963), Salin (1963). The KS-decay mode has been re- 
ported by March et al. (1962) and W. Walker (1962b), and the KA-decay 
mode by Erwin et aL (1962a), Kuznetsov et aL (1962b) and W. Walker et al. 

(1963b). The branching ratios are from Rosenfeld (1963). 

33. The mass value is obtained from the weighted average of 
T z = (890_+ 9)MeV Falk-Vairant et aL (1961) 
T~ = (900_+ 15) MeV Devlin et al. (1962). 
The width is given by Omn~s et al. (1961). The branching ratios are from A. H. 

Rosenfeld (1963). Further possible evidence for KA decay has been reported by 
Kuznetsov et  al. (1962b), Baz et al. (1962) and Bertanza et al. (1962a). 

For further details, of. Klepikov et al. (1960), Moyer et al. (1961), Feld et al. 

(1962), Helland et  aL (1963), Salirt (1963), R. Walker (1963) and Cocconi et aL 

(1963). 

34. The mass value is obtained from the weighted average of 
Tz = (605+__ 5) MeV Falk-Vairant et aL (1961) 
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35. 

T, = (600___ 15)MeV Devlin et al. (1962) 
E 7 = (740+ 10)MeV Deutsch et al. (1961) 
Er = (750__ 15)MeV Bellettini et al. (1963), 

where T, = Er-- 140 MeV. 
F ( N ~ J  is a central value, which includes the values of Oran,s et al. (1961), 

Devlin et aL (1962), Feld et al. (1962), Salin (1963) and Cocconi et  al. (1963), 
but does not agree with the value < 60 MeV given by Deutsch et al. (1961). See 
also Klepikov et al. (1960). 

The ?p evidence has been communicated privately from the Stoppini-group 
at Frascati by R. Gomez. The pp indication has been reported by Cocconi et aL 

(1963). Some further indications of a resonance at 1480 MeV, which may be 
a mixture of N~3 and the 1460 MeV resonance, has been reported by Pauli et  al. 

(1963). 

36. The mass value is from Klepikov et al. (1960) and corresponds to the position 
where the phase shift passes through 90 ° with increasing energy, cf. also Dalitz 
(1963). The position of the maximum seems to be located at about (1220+ I0) MeV, 
cf. Klepikov et al. (1960), Hart et al. (1962), Samios et al. (1962), Duboc et al. 

(1963), Chadwick et al. (1963b) and R. Walker (1963). 
The width is a weighted average of 

90+20 Samios et al. (1962) 
100+25 Chadwick et al. (1963b), 

in good agreement with Klepikov et al. (1960), Detoeuf (1961) and R. Walker 
(1963). 

For further details, cf. Falk-Vairant et al. (1961), Moyer (1961), Feld et al. 

(1962) and Salin (1963). 

37. Armenteros et al. (1963). 

38. m(f °) is a weighted average of 
1260+35 Veillet et al. (1963) 
1250+25 Selove et al. (1962) 
1250 + 50 Guiragossian (1963) 
1260-t-20 Bondar et  al. (1963a). 
Fif  °) is from Bondar et al. (1963a). 

39. Chung et al. (1963). An indication has been reported by Bondar et al. (1963b). 

40. Abolins et al. (1963). 

41. Alexander et al. (1962a), Erwin et al. (1962b), H. Bingharn et aL (1962), Bigi 
et al. (1962), A. H. Rosenfeld (1963), Armenteros et al. (1963). Possible 4re- 
decays have been reported by Xuong et al. (1962a, b), Chadwick et al. (1962), 
Foelsche et al. (1962a) and Lynch (1962). 



16  M. ROOS 

42. 

43. 

4. 

m(~) is a weighted average of 
1018.6+__0.5 Gelfand et al. (1963b) 
1020.5_+0.5 Connolly et al. (1963a) 
1019 -I-1.6 Glasgow, Imperial College, Oxford and Rutherford Laboratory 

(1963). 
F(~b) is a weighted average of 
3.1_ 1.0 Gelfand et al. (1963b) 
3.1 +__0.8 Connolly et  aL (1963a). 
The pro branching ratio is from Connolly et al. (1963a) who also put an upper 

limit of 8 9"o to the nn/KI< branching ratio. 

Trebukhovsky et al. (1963). Some earlier indications have been reported by 
Ainutdinov et al. (1962) in the T = 2 channels (n±n+) and by Guiragossian 
et al. (1962) in the (rc+rc-)-channel. 

Hulubei et  al. (1963). Erwin et al. (1963) give T = 0, m = 940 MeV and 
F ,-~ 20 MeV. 

45. m(K*) and F(K*) are 

46. 

m(K*) F(K*) 
890.4(+__2) 47(+-5) 
885 (+5) 60 + 5  
897 4 - 1 0  60___10 
885 +__ 5 55 + 5 
885 (+10) 50(+ 10) 
898 _5  46 +8 
892 -t-2 50 -t-5 
888 +3 45 +5 

35 ___15 

weighted averages of the following results in MeV: 

Alston et al. (1962) 
Alexander et al. (1962b) 
Colley et al. (1962) 
Armenteros et al. (1962c) 
Smith et al. (1963a) 
Chadwick et al. (1963b) 
Kraemer et aL (1963) 
Gelsema et aL (1963) 
March et aL (1962). 

The spin and parity assignments are from Chinowsky et al. (1962). 
The K*- branching ratios are weighted averages of the following results: 

R = F ( I ( ° z ~ - ) / F ( K - r ~  °) = 1.4+__0.4 Alston et al. (1961b) 
1/R = 0.5___0.2 Graziano e t  al. (1962). 
The n-  momentum for K *° production is here tabulated as 1657 MeV/c which 

corresponds to associated production with A. Associated production with ,~o 
gives 1826 MeV/c. 

m(ta °) is a central value of 
779.4___ 1.4 Armenteros et al. (1962a) 
784.0+__0.9 Gelfand et al. (1963a). 
F(to) is from Gelfand et aL (1963a). 
The (co ~ neutrals)/(to ~ 3z0 branching ratio is a weighted average of 
0.135+_0.035 Steinberger et al. (1963) 
0.I1 ___0.03 Murray et al. (1963) 
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47. 

0.11 +0.02 Buschbeck-Czapp e t  al. (1963) 
0.09 -t-0.04 Fields et  aL (1963). 
The branching ratio (co ---} 21r)/(~o ~ 3z 0 is from Murray e t  aL (1963), in 

agreement with other measurements: W. Walker (1963a), Fickinger (1963) and 
the value 5 ~ at 2.75 GeV communicated privately by Puppi, and in only mild 
disagreement with Steinberger e t  aL (1963). 

The branching ratio (09 --} e+e-)/(c0 ~ neutrals) = (0.5___0.3)~o has been 
quoted by Berthelot (1963). According to Barmin et  aL (1963) all the neutral 
decays consist of  noy. 

The n+ 7r-y decay has been seen by Belyakov et  aL (1962a), cf. also Nguyen 
Dinh Tu (1962). 

m ( p - )  and F ( p - )  are weighted averages of  the following results, tabulated as 
functions of  the lab kinetic energy T,: 

re(p+) F(p ~ ) Tn References 
(MeV) (MeV) (GeV) 

713 4-81 31 4-143 0.91 
748 -t-16 1.1 
755 4-10 61 4- 24 1.26 
752 4-13 1.45 
740(i13) 120(4-15) 1.72-1.93 
755 4-10 1.89-2.1 
770 4-10 130 4 - 1 0  2.19-2.73 
775(4-25) 125(zk25) 3.3 
780(4-25) 7.0 
755(~ 15) 110(±15) ~p at rest 

Foelsche et aL (1962a) 
Kenney et aL (1962a, b) 
Foelsche et aL (1962a) 
Saclay-Orsay-Bari-Bologna-eollaboration (1961, 1963) 
W. Walker et al. (1962a) 
W. Walker et aL (1963b) 
Alff et al. (1962) 
Guiragossian (1963) 
Grashin et aL (1962) 
Chadwick et aL (1963a). 

48. 

The above mass values are all consistent with 757__+ 5, and no evidence for an 
energy dependence can be seen. In fact, the only such evidence has been presented 
by Foelsche et  al. ,  who give m ( p  +) = 726___ 10 and F(p +) = 57-t-27 at Tz = 1.09 
GeV. This value has not been used by us. 

The upper limits of  the branching ratios into zr-rc°Tr ° and zc-r~+rr-zc ° have 
been given by Lynch (1962), into 7r-Tr° re° z~ ° by Alitti e t  al. (1962) and into roy by 
Berthelot (1963). 

m ( p  °) and F(p °) are weighted averages of  the following results, tabulated as 
functions of  the lab kinetic energy Tz: 

m(pO) r'(pO) Tn References 
(MeV) (MeV) (GeV) 

752 ±27 1.45 
760(+15) 1.72 
750 +10 100 +10 2.19-2.73 
742(4-15) 2.64 
775(4-25) 175(4-25) 3.3 
760 4-10 90 4 - 1 0  3.43-3.54 
747 4-17 156 4-17 4.55 
750( -b 15) 7.0 
755(4-15) 110(4-15) ~p at rest 

Saclay-Orsay-Bari-Bologna collaboration (1963) 
W. Walker et aL (1962a) 
Alff et aL (1962) 
Grashin et aL (1962) 
Guiragossian (1963) 
Abolins et aL (1963) 
Samios et aL (1962) 
Grote et aL (1962) 
Kenney et aL (1962a, b) 
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There is no evidence for an energy dependence. 
The branching ratios are from Meer et  aL (1962). 
The upper limit on the n+rr-rr+rr - branching ratio has been given by Lynch 

(1962). 

49. m ( x )  is a weighted average of 
726-t-3 Miller et al. (1963) 
723-1-3 Wojcicki et  aL (1963). 
F ( x )  is from Wojcicki et  al. (1963), in agreement with Miller et  al. (1963), 

who give F < 20 MeV. Further support by Connolly et  aL (1963b). 

50. m(t/°) is a weighted average of 
548-1-1 Alff et  al. (1962) 
548-t-1 Foelsche et  al. (1962a) at 1090 MeV/c 
551 _+2 Foelsche et  aL, at 1260 MeV/c 
546_+4 Pickup et  al. (1962) 

550_+ 1.5 t Bastien et  al. (1962) from different decay modes. 
548_+2 ) 
F(r/°) is from Bastieu et  al.,  Alff et  al. and Foelsche et  al. give F < 10 MeV. 
The isospin assignment is from Carmony et aL (1962) and the spin and parities 

from Chr&ien et al. (1962). 
The branching ratios have been computed from the following measurements: 

R 1 = ~z+Tr~-y/zr+zc-rc ° = 0.26_+0.08 Fowler et  al. (1963) 
R 2 = neutrals/Tr+rc-z~ ° = 2.5+0.5, Alff et  al. (1962) 
R 2 = 2.5_+ 1.0, Pickup et  al. (1962) 
1/R2 = 0.31_+0.11, Bastien et  al. (1962) 
R 2 = 3.0_+0.7, Fields et  aL (1963) 
R2/(1 +Rx) = 2.7+0.8, Button-Shafer et  aL (1962c) 
R2/(1 +R1) = 2.6-+0.9 Buschbeck-Czapp et al. (1963) 
R 3 = 2y/(3zr°+rr°yy) = 0.8_+0.25, Bacci et al. (1963) 
R3 = 1.1_+0.5, Muller et  al. (1963), 
yy/(lr+Tr-zr ° + z~+~r-y) = 0.99-+0.48, Crawford et  al. (1963) 
3n°/(n+n-Tr°+Tr+zr-y) = 0.66-+0.25, Crawford et al. (1963). 

51. Samios et  al. (1962), Vittitoe et  al. (1963), Kenney et  al. (1963). 

52. m(COABC) is a weighted average of 
310+ 10 A. Abashian et  al. (1960, 1961a, b) 
322_+8 B. Richter (1962). 
Further evidence has been given by Button et  al. (1962a) and Homer et al. 

(1963). The spin and parity assignments are from Abashian et al. (1963). 



DATA ON ELEMENTARY PARTICLES 19 

References 

The following shortenings have been used below: 

Aix = Proceedings of the Aix-en-Provence International Conference on Elementary Particles 
in 1961 (C.E.N. Saclay, Seine et Oise, France, 1962); 

Athens = Proceedings of the Athens Topical Conference on Recently Discovered Resonant Particles 
(Ohio University, Athens, Ohio, 1963); 

CERN = Proceedings of  the 1962 International Conference on High-Energy Physics at CERN 
(CERN, Geneva, 1962); 

Sienna = Proceedings of  the Sienna International Conference on Elementary Particles (Frascati 
National Laboratories, Frascati, Italy, 1963) 

Aachen-Berlin-Birmingham-Bonn-Hamburg-London (I.C.) - Miinchen Collaboration, Sienna (1963) 
A. Abashian, N. Booth and K. Crowe, Phys. Rev. Letters 5 (1960) 528 
Same, Phys. Rev. Letters 7 (1961a) 35 
Same, Rev. Mod. Phys. 33 (1961b) 393 
Same, Bull. Am. Phys. Soc. 8 (1963) 349 
M. Abolius, R. Lander, W. Mehlhop, Nguyen-Huu Xuong and Ph. Yager, Sienna (1963) and Phys. 

Rev. Letters 11 (1963) 381 
M. S. Ainutdinov, S. M. Zombkovskii,  Y. M. Selector, S. Y. Nikitin and V. N. Shuylachenko, J. 

Exptl. Theoret. Phys. (U.S.S.R.)43 (1962) 1543 
G. Alexander, O. I. Dalai, L. Jacobs, G. R. Kalbfleisch, D. H. Miller, A. Rittenberg, J. Schwartz, 

and G. A. Smith, Phys. Rev. Letters 9 (1962a) 460 
G. Alexander, L. Jacobs, G. Kalbfleisch, D. Miller, G. Smith and J. Schwartz, CERN (1962b)p. 320 
Same and O. Dalai, Lawrence Radiation Laboratory Technical Report UCRL-10894 (unpublished, 

1963) 
C. Alff, D. Berley, D. Colley, N. Gelfand, U. Nauenberg, D. Miller, J. Schultz, J. Steinberger, T. H. 

Tan, H. Brugger, P. Kramer and R. Plane, Phys. Rev. Letters 9 (1962) 322 
J. Alitti, J. P. Baton, A. Berthelot, A. Daudin, B. Deler, O. Goussu, M. A. Jabiol, C. Lewin, M. Ne 

veu-Ren~, A. Rogozinski, F. Shively, J. Laberrigue-Frolow, O. Ouannes, M. Sen~, L. Vigneron: 
N. Abbattista, S. Mongeili, A. Romano, P. Waloshek, V. Alles-Borelli, E. Benedetti, J. Litvak, 
G. Puppi and M. Whitehead, Nuovo Cimento 25 (1962) 365 

M. Alston and M. Ferro-Luzzi, Rev. Mod. Phys. 33 (1961a) 416 
M. Alston, L. W. Alvarez, P. Eberhard, M. L. Good, W. Graziano, H. K. Ticho and S. G. Wojcicki, 

Phys. Rev. Letters 6 (1961b) 300 
M. Alston, G. Kalbfleisch, H. Ticho and S. Wojcicki, CERN (1962) p. 291 
L. W. Alvarez, H. Bradner, P. Falk-Variant, J. D. Gow, A. H. Rosenfeld, F. T. Solmitz and R. Tripp, 

University of California Radiation Laboratory Technical Report UCRL-3775 (unpublished, 1957) 
L. W. Alvarez, M. H. Alston, M. Ferro-Luzzi, D. O. Huwe, G. R. Kalbfleisch, D. H. Miller, J. J. 

Murray. A. H. Rosenfeld, J. B. Sharer, F. T. Solmitz and S. G. Wojcicki, Phys. Rev. Letters 10 
(1963) 184 

M. H. Anikina, M. S. Zhuravleva, D. M. Kotliarevsky, Z. S. Mandyavidze, A. M. Mestvirishvili, D. 
Neagu, E. O. Okonov, N. S. Petrov, A. M. Rosanova, V. A. Rusakov, G. G. Tachtamishev and L. 
V. Chekhaidze, CERN (1962) p. 452 

R. Armenteros, R. Budde, L. Montanet,  D. Morrison, S. Nilsson, A. Shapira, J. Vandermeulen, 
C. d 'Andiau,  A. Astier, C. Ghesquiere, B. Gregory, D. Rahm, P. Rivet and F. Solmitz, CERN 
(1962a) p. 90 

R. Armenteros, E. Fett, B. French, L. Montanet,  V. Nikitin, M. Szeptycka, Ch. Peyrou, R. B0ck, 
A. Shapira, J. Badier, L. Blaskovicz, B. Equer, B. Gregory, F. Muller, S. J. Goldsack, D. H. Miller, 
C. C. Butler, B. Tallini, J. Kinson, L. Riddiford, A. Leveque, J. Meyer, A. Verglas and S. Zylberach, 
CERN (1962b) p. 236 

R. Armenteros, L. Montanet,  D. Morrison, S. Nilsson, A. Shapira, J. Vandermeulen, Ch. d 'Andlau, 
A. Astier, C. Ghesquiere, D. Rahm, P. Rivet and F. Solmitz, CERN (1962c) p. 295 

R. Armenteros, D. Edwards, T. Jacobsen, A. Shapira, J. Vandermeulen, Ch. d 'Andlau, A. Astier, 
P. Baillon, H. Briand, J. Cohen-Ganouna,  C. Defoix, J. Siaud, C. Ghesquiere, P. Rivet, Sienna 
(1963) 



20 M. ROO$ 

A. Astier, L. Blaskovic, M. M. de Courreges, B. Equer, A. Lloret, P. Rivet and J. Siaud, Aix, Vol. I 
(1961) p. 227 

C. Bacci, G. Penso, G. Salvini, R. Querzoli and V. Silvestrini, Phys. Rev. Letters 11 (1963) 37 
J. Bahcall and R. Curtis, Nuovo Cimento 21 (1961) 422 
C. Baltay, E. C. Fowler, J. Sandweiss, J. R. Sanford, H. D. Taft, B. B. Culwick, W. F. Fowler, J. K. 

Kopp, R. I. Louttit, R. P. Shutt, A. M. Thorndike and M. S. Webster, CERN (1962) p. 233 
C. Baltay, J. Sandweiss, H. Taft, B. Culwick, W. Fowler, J, Kopp, R. Louttit, J. Sanford, R. Shutt, 

A. Thorndike and M. Webster, Phys. Rev. Letters 11 (1963a) 32 
Same and D. Stonehill, R. Stump, Phys. Rev. Letters 11 (1963b) 165 
Same and D. Stonehill, Phys. Rev. Letters 11 (1963c) 346 
A. Barbaro-Galtieri, F. Smith and J. Patrick, Phys. Letters 5 (1963a) 63 
A. Barbaro-Galtieri, A. Hussain and R. D. Tripp, Phys. Letters 6 (1963b) 296 
M. Bardon, K. Lande, L. M. Lederman and W. Chinowsky, Ann. Phys. 5 (1958) 156 
W. H. Barkas and A. H. Rosenfeld, Proceedings of the 1960 Annual International Conference on 

High Energy Physics at Rochester (Univ. of Rochester, Rochester 1960) p. 877 
W. Barkas, J. Dyer and H. Heckman, Phys. Rev. Letters 11 (1963) 26 
V. Barmin, A. Dolgolenko, Yu. Krestnikov, A. Meshkovsky, Yu. Nikitin and V. Shebanov, Phys. 

Letters 6 (1963) 279 
P. L. Bastien, J. P. Berge, O. I. Dahl, M. Ferro-Luzzi, D. H. Miller, J. J. Murray, A. H. Rosenfeld 

and M. B. Watson, Phys. Rev. Letters 8 (1962) 114 
A. I. Baz, V. G. Vaks and A. I. Larkin, Nucl. Phys. 38 (1962) 211 
E. F. Beall, W. Holley, D. Keefe, L. T. Kerth, J. J. Thresher, C. L. Wang and W. A. Wenzel, CERN 

(1962) p. 368 
Same, Sienna (1963) 
G. Bellettini, C. Bemporad, P. Braccini, L. Foa and E. Bellamy, Nuovo Cimento 29 (1963) 1195 
P. Belliere, V. Brisson, P. Petiau, A. Rousset, P. Bullock, B. Luetchford, C. Fisher, J. Scarr, R. Thomas, 

A. Halsteinslid, R. M611erud and J. Olsen, Phys. Letters 6 (1963) 316 and Sienna (1963) 
V. Belyakov, Wang Yung-Chang, N. Viryasov, Du Yuan-Chang, Kim Hi In, E. Kladnitskaya, A. 
Kuznetsov, Nguyen Dinh Tu, V. Penev, E. Sokolova and M. Solov'ev, Joint Institute of Nuclear 

Research Technical Report J INR P-1138, Dubna (1962a) and Soviet Physics JETP 17 (1963) 991 
Same, V. Veksler and A. Mikhul, CERN (1962b) p. 336 
L. Bertanza, P. L. Connolly, B. B. Culwick, F. R. Eisler, T. Morris, R. Palmer, A. Prodell and A. 

Samios, Phys. Rev. Letters 8 (1962a) 332 
L. Bertanza, V. Brisson, P. L. Connolly, E. L. Hart, I. S. Mittra, G. C. Moneti, R. R. Rau, N. P. 

Samios, I.-O. Skillicorn, S. S. Yamamoto, M. Goldberg, L. Gray, J. Leitner, S. Lichtman and 
J. Westgard, Phys. Rev. Letters 9 (1962b) 180 

Same, Phys. Rev. Letters 9 (1962c) 229 
Same (except for L. Gray), Phys. Rev. Letters 10 (1963) 176 
A. Berthelot, Sienna (1963) 
B. Bhowmik, D. P. Goyal and N. K. Yamdagni, Nuovo Cimento 22 (1961) 296 
A. Bigi, S. Brandt. R. Carrara, W. A. Cooper, A. de Marco, G. R. MacLeod, Ch. Peyrou, R. Sos- 

nowski and A. Wroblewski, CERN (1962) p. 247 
G. McD. Bingham, Nuovo Cimento 27 (1963) 1352 
H. H. Bingham, M. Block, D. Drijard, A. Minguzzi-Ranzi and M. Nokilid, CERN (1962) p. 240 
L. Bondar, K. Bongartz, M. Deutschmann, H. Weber, D. Colley, W. Dodd, J. Simmons, B. Tallini, 

J. Moebes, B. Nellen, G. Winter, E. Lohrmann, E. Raubold, G. Wolf, J. Brownlee, I. Butterworth, 
F. Campayne, M. Ibbotson, Y. Liu, N. Biswas, I. Derado, D. Ltiers, G. LtRjens and M. Schmitz, 
Phys. Letters 5 (1963a) 153 

L. Bondar, E. Keppel, G. Krauss, W. Dodd, B. Tallini, G. Wolf, I. Butterworth, F. Campayne, M. 
Ibbotson, N. Biswas, I. Derado, D. Luers and N. Schmitz, Phys. Letters 5 (1963b) 209 

A. M. Boyarski, E. C. Loh, L. Q. Niemela, D. M. Ritson, R. Weinstein and S. Ozaki, Phys. Rev. 
128 (1962) 2398 

J. L. Brown, J. A. Kadyk, G. H. Trilling, B. P. Roe, D. Sinclair and J. C. Van tier Welde, Phys. 
Rev. 130 (1963) 769 

B. Buschbeck-Czapp, I. Wacek, A. Cooper, H. Filthuth, A. Fridman, E. Malamud, G. Otter, E. 
Gelsema, J. Kluyver and A. Tenner, Sienna (1963) 



DATA ON ELEMENTARY PARTICLES 21 

J. Button, G. R. Kalbfleisch, G. R. Lynch, B. C. Magli6, A. H. Rosenfeld and M. L. Stevenson, 
Phys. Rev. 126 (1962a) 1858 

J. Button and. B. Magli6, Phys. Rev. 127 (1962b) 1297 
J. Button-Shafer, M. Ferro-Luzzi, J. Murray, M. Stevenson and F. Solmitz, CERN (1962c) p. 307 
D. D. Carmony, A. H. RoSenfeld and R. T. Van de WaUe, Phys. Rev. Letters 8 (1962) 117 
G. B. Chadwick, W. Davies, M. Derrick, C. Hawkins, P. B. Jones, J. H. Mulvey, D. Radojicie, 

C. A. Wilkinson, M. Cresti, A. Grigoletto, S. Limentani, A. Loria, L. Peruzzo and R. Santangelo, 
CERN (1962) p. 73 

G. B. Chadwick, W. T. Davies, M. Derrick, C. Hawkins, J. H. Mulvey, D. Radojicic, C. A. Wil- 
kinson, M. Cresti, S. Limentani and R. Santangelo, Phys. Rev. Letters 10 (1963a) 62 

Same and D. CrenneU, P. Jones, A. Bettini and L. Peruzzo, Phys. Letters 6 (1963b) 309 
O. Chamberlain, K. M. Crowe, D. Keefe, L. T. Kerth, A. Lemonick, Tin Maung and T. F. Zipf, 

Phys. Rev. 125 (1962) 1696 
G. Charpak, F. Farley, R. L. Garwin, T. Muller, J. C. Sens and A. Zichichi, Phys. Letters I (1962) 16 
W. Chinowsky, G. and S. Goldhaber, W. Lee and T. O'Halloran, Phys. Rev. Letters 9 (1962) 330 
M. Chr6tien, F. Bulos, H. R. Crouch, Jr., R. E. Lanou, J. T. Massimo, A. M. Shapiro, J. A. Averell, 

C. A. Bordner, Jr., A. E. Brenner, D. R. Firth, M. E. Law, E. E. Ronat,  K. Strauch, J. C. Street, 
J. J. Szymanski, A. Weinberg, B. Nelson, I. A. Pless, L. Rosenson, G. A. Salandin, R. K. Yama- 
moto, L. Guerriero and F. Waldner, Phys. Rev. Letters 9 (1962) 127 

M. Chr6tien, V. Fischer, H. Crouch, R. Lanou, J. Massimo, A. Shapiro, J. Averell, A. Brenner, 
D. Firth, L. Hyman, M. Law, R. Milburn, E. Ronat,  K. Strauch, J. Street, J. Szymanski, L. 
Guerriero, I. Pless, L. Rosenson and. G. Salandin, Phys. Rev. 131 (1963) 2208 

S. Chung, O. Dahl, R. Hess, G. Kalbfleisch, D. Miller, G. Smith and J. Kirz, Sienna (1963) 
G. Cocconi, E. Lillethun, J. Scanlou, C. Stahlbrandt, C. Ting, J. Walters and A. Wetherell, Sienna 

(1963) 
R. Cohen, K. Crowe, J. DuMond,  Fundamental  Constants of Physics (lnterscience Publishers, 

Inc., New York, 1957) 
V. Cohen, N. Corngold and N. Ramsay, Phys. Rev. 104 (1956) 283 
D. Colley, N. Gelfand, U. Nauenberg, J. Steinberger, S. Wolf, H. Brugger, P. Kramer and R. 

Piano, CERN (1962) p. 315 
P. Connolly, E. Hart, K. Lai, G. London, G. Moneti, R. Rau, N. Samios, I. Skillicorn, S. Yama- 

moto, M. Goldberg, M. Gundzik, J. Leitner and S. Lichtman, Sienna (19633) 
Same and G. Kalbfleiseh, Sienna (1963b, c), 
R. L. Cool, E. W. Jenkins, T. F. Kycia, D. A. Hill, L. Marshall and R. A. Schluter, Phys. Rev. 127 

(1962) 2223 
W. Cooper, H. Filthuth, A. Fridman, E. Malamud, H. Schneider, E. Gelsema, J. Kluyver and 

A. Tenner, Sienna (1963) 
F. S. Crawford, M. Cresti~ R. Douglass, M. Good, G. Kalbfleisch, M. L. Stevenson and H. Tieho, 

Phys. Rev. Letters 2 (1959) 266 
F. S. Crawford, CERN (1962) p. 827 
F. Crawford, L. Lloyd and E. Fowler, Phys. Rev. Letters 10 (1963) 546 
J. W. Cronin and O. E. Overseth, CERN (1962) p. 453 
L. Curtis, C. Coffin and K. Terwilliger, Phys. Rev. (to be published) (1963) 
J. Czirr, Phys. Rev. 130 (1963) 341 
O. Dahl, N. Horwitz, D. Miller, J. Murray and P. White, Phys. Rev. Letters 6 (1961) 142 
R. Dalitz, Athens (1963) 
G. von Dardel, D. Dekkers, R. Mermod, J. D. van Putten, M. Vivargent, G. Weber and K. Winter, 

Phys. Letters 4 (1963) 51 
S. E. Darmon, A. Rousset and W. Six, Phys. Letters 3 (1962) 57 
J. Detoeuf, A/x, Vol. II, (1961) p. 57 
M. Deutsch, C. Meneuccini, R. Querzoli, G. Salvini, V. Silvestrini and R. Stiening, Aix, Vol. I 

(1961) p. 9 
T. Devlin, B. Moyer and V. Perez-Mendez, Phys. Rev. 125 (1962) 690 
A. Diddens, E. Jenkins, T. Kycia and J. Riley, Phys. Rev. Letters 10 (1962) 262 
J. Dreitlein and B. W. Lee, Phys. Rev. 124 (1961) 1274 
J. Duboc, N. Duong, P. Eberhard, R. George, V. Henri, F. Levy, J. Poyen, M. Pripstein, J. Crussard 



22 ~. aoos 

and A. Tran, Phys. Letters 6 (1963) 233 
M. Eckhause, T. Filippas, R. Sutton and R. Welsh, Phys. Rev. 132 (1963) 422 
A. Erwin, R. March and W. Walker, Nuovo Cimento 24 (1962a) 237 
Same, G. Hoyer and T. Wangler, CERN (1962b) p. 333 
A. Erwin, P. Satterblom, M. Thompson, W. Walker and E. West, Sienna (1963) 
P. Falk-Vairant and G. Valladas, Rev. Mod. Phys. 33 (1961) 362 
B. Feld and W. Layson, CERN (1962) p. 147 
W. Fickinger, D. Robinson and E. Salant, Phys. Rev. Letters 10 (1963) 457 
T. Fields, S. Orenstein, R. Kraemer, L. Madansky, M. Meer, A. Pevsner, C. Richardson and T. 

Toohig, Athens (1963) p. 185 
H. Foelsche, E. C. Fowler, H. L. Kraybill, J. R. Sanford and D. Stonehill, Phys. Rev. Letters 9 

(1962a) 223 
Same, CERN (1962b) p. 36 
E. C. Fowler, F. S. Crawford, L. J. Lloyd, R. A. Grossman and L. Price, Phys. Rev. Letters 10 

(1963) 110 
A. Frisk and G. Ekspong, Phys. Letters 3 0962) 27 
N. Gelfand, D. Miller, M. Nussbaum, J. Ratau, J. Schultz, J. Steinberger, T. H. Tan, L. Kitsch and 

R. Plano, Phys. Rev. Letters 11 (1963a) 436 
Same, Phys. Rev. Letters 11 (1963b) 438 
E. Gelsema, J. Kluyver, A. Tenner, W. Cooper, A. Fridman and E. Malamud, Sienna (1963) 
G. Giacomelli, D. Monti, G. Quareni, A. Quareni-Vignudelli, W. Piischel and J. Tietge, Phys. 

Letters 3 (1963) 346 
Glasgow, Imperial College, Oxford and Rutherford Laboratory Bubble Chamber Film Analysis 

Groups, Sienna (1963) 
P. Granet, Compt. Rend. 255 (1962) 282 
A. Grashin and Ya. Shalamov, CERN (1962) p. 58 
Same and E. Kuznetsov, Phys. Letters 4 (1963) 71 
W. Graziano and S. G. Wojcicki, Phys. Rev. 128 (1962) 1868 
C. Grote, J. Klabuhn, J. Klugow, U. Krecker, U. Kundt, K. Lanius and H. W. Meier, Nucl. Phys. 

34 (1962) 648 and 659 
Z. Guiragossian, W. Powell and H. White, Bull. Am Phys. Soc. 7 (1962) 281 
Z. Guiragossian, Phys. Rev. Letters 11 (1963) 85 
A. Halsteinslid, R. Mollerud, J. Olsen, H. Bingham, H. Burmeister, D. Cundy, G. Myatt, M. Paty, 

O. Skjeggestad, P. Belliere, V. Brisson, P. Petiau, A. Rousset, C. Fisher, J. Scarr, F. Bullock and 
B. Luetchford, Sienna (1963) 

E. Hart, R. Louttit, D. Luers, T. Morris, W. Willis and S. Yamamoto, Phys. Rev. 126 (1962) 747 
J. Helland, T. Devlin, D. Hagge, M. Longo, B. Moyer and C. Wood, Phys. Rev. Letters 10 (1963) 27 
R. Homer, Q. Khan, W. McFarlane, J. McKee, A. O'Dell, L. Riddiford, P. Williams and D. Grif- 

fiths, Sienna (1963) 
H. Hulubei, C. and T. Besliu, A. Constantinescu, M. Gavrilas, A. Mihul, E. and O. Balea, V. Balint, 

I. Curelaru, I. Makarovitsch, D. Mumuianu, T. Ponta, C. Potoceanu and M. Sabau, Phys. Letters 
6 (1963) 77 

W. Humphrey and R. Ross, Phys. Rev. 127 (1962) 1305 
L. Jauneau, D. Morellet, U. Nguyen Khac, A. Rousset, J. Six, H. Bingham, D. Cundy, W. Koch, 

M. NikOli6, B. Ronne, O. Skjeggestad, H. Sletten, A. Common, M. Esten, C. Henderson, C. 
Fisher, J. Scarr, R. Thomas, A. Haatuft, R. Mollerud and K. Myklebost, Sienna (1963a) 

L. Jauneau, D. Morellet, U. Nguyen-Khac, P. Petiau, A. Rousset, H. Bingham, D. Cundy, W. 
Koch, M. Nikoli6, B. Ronne, O. Skjeggestad, H. Sletten, F. Bullock, A. Common, M. Esten, C. 
Henderson, F. Stannard, J. Scarr, J. Sparrow, A. Wilson, A. Halsteinslid and R. Mollerud, 
Sienna, (1963b) 

G. Kalbfleisch, G. Alexander, O. Dahl, D. Miller, A. Rittenberg and G. Smith, Phys. Letters 4 
(1963) 255 

V. Kenney, W. Shephard and C. Gall, Phys. Rev. 126 (1962a) 736 
Same, Nuovo Cimento 23 (1962b) 245 
V. Kenney and C. Vittitoe, Athens (1963) p. 246 
W. Kernan, T. B. Novey, S. D. Warshaw and A. Wattenburg, Phys. Rev. 129 (1963) 870 



DATA ON ELEMENTARY PARTICLES 23 

L. T. Kerth, Rev. Mod. Phys. 3 (1961) 389 
N. Klepikov, V. Meshcheryakov and S. Sokolov, Joint Institute of Nuclear Research Technical 

Report JINR-D-584, Dubna (1960) (unpublished). 
W. Koch, J. D. Dowell, B. Leontic, A. Lundby, R. Meunier, J. P. Stroot and M. Szeptycka, Phys. 

Letters 1 (1962) 53 
R. Kraemer, L. Madansky, I. Miller, A. Pevsner, C. Richardson, R. Singh and R. Zdanis, Athens 

(1963) p. 130 
E. V. Kuznetsov and Ya. Ya. Shalamov, J. Exptl. Theoret. Phys. (U.S.S.R.) 43 (1962a) 1979 
Same, A. F. Grashin and Y. P. Kuznetsov, Phys. Letters ! (1962b) 314 
R. Lander, W. Mehlhop, Nguyen-huu Xuong and P. Yager, Athens (1963) p. 294 
L. Langer and R. Moffat, Phys. Rev. 88 (1952) 689 
S. Liebes and P. Franken, Phys. Rev. 116 (1959) 633 
S. Lokanathan et al., Sienna (1963) 
D. Luers, I. S. Mittra, W. J. Willis and S. S. Yamamoto, Aix, Vol. I (1961) p. 241 
R. Lundy, Phys. Rev. 125 (1962) 1686 
G. R. Lynch, Proc. Phys. Soc. (London) 80 (1962) 46 
R. H. March, A. E. Erwin and W. D. Walker, Phys. Letters 3 (1962) 99 
M. Meer, R. Strand, R. Kraemer, L. Madansky, M. Nussbaum, A. Pevsner, C. Richardson, T. 

Toohig, M. Block, S. Orenstein and T. Fields, CERN (1962) p. 103 
A. W. Merrison, Advan. Phys. 11 (1962) 1 
S. Meyer, E. Anderson, E. Bleser, L. Lederman, J. Rosen, J. Rothberg and I. Wang, Nevis Technical 

Report Nr. 114 (1963) and Phys. Rev. (to be published) 
D. Miller, G. Alexander, O. Dahl, L. Jacobs, G. Kalbfleisch and G. Smith, Phys. Letters 5 (1963) 279 
B. Moyer, Rev. Mod. Phys. 33 (1961) 367 
A. Muller, E. Pauli, R. Barloutaud, L. Cardin, J. Meyer, M. Beneventano, G. Gialanella and L 

Paoluzi, Sienna (1963) 
J. Murray, M. Ferro-Luzzi, D. Huwe, J. Shafer, F. Solmitz, L. Stevenson, Lawrence Radiation 

Laboratory Technical Report UCRL-10723 (1963, unpublished) 
E. Okonov, J. Exptl. Theoret. Phys. (U.S.S.R.) 42 (1962) 1554 
R. Omn~s and G. Valladas, Aix, Vol. I (1961) p. 467 
E. Pauli, A. Muller, R. Barloutaud, L. Cardin, J. Meyer, M. Beneventano, G. Gialanella and L. 

Paoluzi, Sienna (1963) 
E. Pickup, D. Robinson and E. Salant, Phys. Rev. Letters 8 (1962) 329 
G. M. Pjerrou, D. J. Prowse, P. Schlein, W. E. Slater, D. H. Stork and H. K. Ticho, Phys. Rev. 

Letters 9 (1962) 114 
B. Richter, Phys. Rev. Letters 9 (1962) 217 
B. P. Roe, D. Sinclair, J. L. Brown, D. A. Glaser, J. A. Kadyk and G. H. Trilling, Phys. Rev. Letters 

7 (1961) 346 
M. Roos, Rev. Mod. Phys. 35 (1963) 314 
A. Rosenfeld, F. Solmitz and R. Tripp, Phys. Rev. Letters 2 (1959) 110 
A. Rosenfeld, Lawrence Radiation Laboratory Technical Report UCRL-10897 (unpublished, 1963) 
Saclay-Orsay-Bari-Bologna-collaboration, Aix, Vol. I (1961) p. 257 
Same, Nuovo Cimento 29 (1963) 515 
Ph. Salin, Nuovo Cimento 28 (1963) 1294 
N. Samios, A. Bachman, R. Lea, T. Kalogeropoulos and W. Shephard, Phys. Rev. Letters 9 (1962) 

139 
A. Samman, J. Gerber and H. Braun, Phys. Letters 6 (1963) 200 
J. Sanders and K. Turberfield, Proc. Roy. Soc. A 272 (1963a) 79 
J. Sanders, K. Tittel and J. Ward, Proc. Roy. Soc. A 272 (1963b) 103 
P. Schlein, D. Carmony, G. Pjerrou, W. Slater, D. Stork and H. Ticho, Phys. Rev. Letters 11 (1963) 

167 
H. Schneider, Phys. Letters 4 (1963) 360 
A. A. Schupp, R. W. Pidd and H. R. Crane, Phys. Rev. 121 (1961) 1 
W. Selove, V. Hagopian, H. Brody, A. Baker and E. Leboy, Phys. Rev. Letters 9 (1962) 272 
J. B. Shafer, J. J. Murray and D. O. Huwe, Phys. Rev. Letters 10 (1963) 179 
G. Shapiro and L. M. Lederman, Phys. Rev. 125 (1962) 1022 



24 M. ROOS 

G. Smith, J. Schwartz, D. Miller, G. Kalbfleisch, R. Huff, O. Dahl and G. Alexander, Phys. Rev. 
Letters 10 (1963a) 138 

G. Smith, Athens (1963b) p. 67 
H. Sommer, H. Thomas and J. Hippie, Phys. Rev. 82 (1951) 697 
A. N. SoSnovskij, P. E. Spivak, Y. A. Prokoviev, I. E. Kutikov and Y. P. Dobrynin, Nucl. Phys. 10 

(1959) 395 
J. Steinberger et aL, Sienna (1963) 
M. Taher-Zadeh, D. Prowse, P. Schlein, W. Slater, D. Stork, H. Ticho, Phys. Rev. Letters 11 (1963) 

470 
H. Ticho, The present status of ~ decay (unpublished talk given at Brookhaven, September 1963) 
J. Tietge, W. Ptischel, Phys. Rev. 127 (1962) 1324 
Yu. Trebukhovsky, I. Yerofev and G. Tikhomirov, Phys. Letters 6 (1963) 190 
R. Tripp, M. Watson and M. Ferro-Luzzi, Phys. Rev. Letters 8 (1962) 175 
Nguyen Dinh Tu, CERN (1962)p. 111 
J. J. Veillet, J. Hennessy, H. Bingham, M. Block, D. Drijard, A. Lagarrigue, P. Mittner, A. Rousset, 

G. Bellini. M. di Corato, E. Fiorini and P. Negri, Phys. Rev. Letters 10 (1963) 29 
C. Vittitoe, W. Fickinger, V. Kenney, J. Mowat and W. Shephard, Bull. Am. Phys. Soc. 8 (1963) 67 
R. Walker, Proc. of the Conference on Photon Interactions in the BeV-Energy Range (Cambridge, 

Massachusetts, 1963) 
W. Walker, E. West, A. R. Erwin and R. H. March, CERN (1962a) p. 42 
W. D. Walker, CERN (1962b) p. 335 
W. Walker, Athens (1963a) p. 49 
W. Walker, E. West, A. Erwin and P. Satterblom, Athens (1963b) p. 236 
M. Watson, M. Ferro-Luzzi and R. Tripp, Phys. Rev. 131 (1963) 2248 
S. Wojcicki, G. Kalbfleisch and M. Alston, Phys. Letters 5 (1963) 283 
Nguyen-Huu Xuong and G. R. Lynch, Nuovo Cimento 25 (1962a) 923 
Same, Phys. Rev. 128 (1962b) 1849 


