Citation: C. Patrignani et al. (Particle Data Group), Chin. Phys. C, 40, 100001 (2016)

TESTS OF DISCRETE SPACE-TIME SYMMETRIES

CHARGE CONJUGATION (C) INVARIANCE

r(r% — 3v)/Tiotal

n C-nonconserving decay parameters
T 70 left-right asymmetry

0

0

T mwY sextant asymmetry

quadrant asymmetry

T~y left-right asymmetry

+

atrn
+

7T ™~ parameter 3 (D-wave)

rn— 7r0’y)/|_tot3|

rn — 27F0’Y)/rtota|

F(n — 3799)/Total

F(m— 37)/Ttotal

F(n— m9ete™)/Miotal

70T 1) Meotal

M(w(782) — 779)/Tiotal

M(w(782) — 279)/Mioral

M(w(782) — 379)/Tiotal

asymmetry parameter for 7/(958) — nt 7~ v decay

F(n/(958) — m0e™e™)/Miqtal

M(n(958) — net e )/Tiotal

F(n'(958) — 37)/Ttotal

M1/ (958) — wh u™ 70)/Tioal

M(n/(958) — wtu™n)/Teotal

F(J/$(1S) = ¥7)/Tiotal

F(J/¥(1S) = 78)/Tiotal

Mn—

[2]

<3.1x1078, CL = 90%

(0.097012) x 1072
(0.127319) x 102
(—0.09 =+ 0.09) x 10~2
(0.9 + 0.4) x 1072
—0.02 + 0.07 (S = 1.3)
<9 x 1072, CL = 90%
<5x 1074, CL = 90%
<6 x 1072, CL = 90%
<1.6 x 1072, CL = 90%
<4 x 1072, CL = 90%
<5x 1076, CL = 90%
<2.1x 1074, CL = 90%
<2.1x 104, CL = 90%
<2.3x 104, CL = 90%
—0.03 £ 0.04

<1.4 x 1073, CL = 90%
<2.4 %1073, CL = 90%
<1.0 x 104, CL = 90%
<6.0 x 1072, CL = 90%
<1.5x 1072, CL = 90%
<2.7x10~7, CL = 90%
<1.4 x 1076, CL = 90%

PARITY (P) INVARIANCE

e electric dipole moment

w electric dipole moment

Re(d. = 7 electric dipole moment)
rn— =+ 7 )/Ttotal

F(n — 27l'0)/rtota|

F(n — 47l'0)/rtota|

r(n'(958) — =+ 7 )/Ttotal
F(/(958) — 7070)/Tioral
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<0.87 x 10728 ecm, CL = 90%
(—0.1+£0.9) x 10719 ecm

—0.220 to 0.45 x 1010 ecm, CL = 95%

<1.3x 1072, CL = 90%
<3.5x 1074, CL = 90%
<6.9x 10—/, CL = 90%
<6 x 1072, CL = 90%
<4 x 104, CL = 90%
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r(nc(15) - 7T+7T—)/rtota|
F(nc(1S) — 71'07"0)/rtotal
F(nc(1S) — K+t K™)/Ttotal
M(nc(15) — KSK)/Motal
p electric dipole moment

n electric dipole moment

A electric dipole moment

<1.1x 1074, CL = 90%

<4 %1072,
<6 x 1074,

CL = 90%
CL = 90%

<3.1x 1074, CL = 90%

<0.54 x 10~23 ecm

<0.30 x 10725 ecm, CL = 90%
<1.5 x 1016 ecm, CL = 95%

TIME REVERSAL (T) INVARIANCE

e electric dipole moment
w electric dipole moment
u decay parameters
transverse et polarization normal to plane of u
spin, et momentum
a /A
/A
Re(d,. = 7 electric dipole moment)
Pp in Kt — 71’0,u_|'1/,u
Pr in Kt — /ﬁ'uﬂfy
Im(&) in Kt — 70 pwt vy decay (from transverse
pol.)
asymmetry AT in Kk0_-K0 mixing
Im(&) in K23 decay (from transverse p pol.)
Ap(DE — KEKkErtrm)
Ap(DO — Kt K= 7t a™)
Ap(DE — KO KkEata)

AsT (S;*,K% B SZ_JF,K%)
AST (SZ’_’K% - Se_+,Kg)
AC# (CE_—,K‘; B C;r,Kg)
AC}(C;’K(; - C15_+,Kg)

p electric dipole moment

n electric dipole moment

n — pe” U, decay parameters
® Ay Phase of gy relative to gy,
triple correlation coefficient D
triple correlation coefficient R

A electric dipole moment

triple correlation coefficient D for ¥~ — ne™ 7,
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(5]
(5]
(5]

[d]
[d]

<0.87 x 10728 ecm, CL = 90%
(—0.1+0.9) x 10719 ecm

(—2+£8)x

10—3

(—10 + 20) x 103

(24+7)x1073

—0.220 to 0.45 x 10716 ecm, CL = 95%
(—1.7 £ 2.5) x 1073

(—0.6 &+ 1.9) x 102

—0.006 £ 0.008

(6.6 + 1.6) x 10~3
—0.007 + 0.026

(—12 + 11) x 103
(1.7 £27) x 1073
(—14 £ 8) x 1073

~1.37 £ 0.15

1.17 £ 0.21

0.10 = 0.16

0.04 + 0.16

<0.54 x 10_23 ecm
<0.30 x 10725 ecm, CL = 90%

(180.017 + 0.026)°
(—12+20)x 104

0.004 + 0.013

<1.5 x 1016 ecm, CL = 95%

0.11 £ 0.10

Created: 10/3/2016 15:03



Citation: C. Patrignani et al. (Particle Data Group), Chin. Phys. C, 40, 100001 (2016)

CP INVARIANCE

Re(dY)
Im(d¥)

n — atr—ete™ decay-plane asymmetry
M(n — 7r+7r—)/rtota|

F(n — 27%)/Tioal

F(n — 47°)/Tiotal

r(n/(958) — 7r+7r_)/rtota|

r(n/(958) — 70 )/rtota|

Kt - 7fete rate difference/sum

Kt - 7t pT p~ rate difference/sum

Kt - :tﬂ'o"y rate difference/sum

Kt - afata rate difference/sum

Kt — 71':‘:71* 70 rate difference/sum
KE— rbrtr= (g, —8.) /(e +6)
KT — 75970 (g, —g )/ (ef +8.)

As=[T(KE = net
/ SUM

Im(n4_g) = Im(A(K% — at a0, CP-violating)
/ AKY — at 7= x0))

Im(11900) = Im(A(K — 707070)/A(KQ —
71'071'071'0))

AKS — 370)/AKD — 370)|

_e_|_ e_

ve) -T(KY — nte p,)]

[moo00| =
CP asymmetry A in K% — 7tx
M(K% — 370)/Tiotal

linear coefficient j for K(Z — gt 0
quadratic coefficient f for K(L) — ata— 70
’e/_i__,y’/e for K(L) — ata Ty

]gE1| for K(Z — 7T~y

F(KY — 7Ot u=) Miopal

F(KE — et e”)/Ttotal

F(KE - 71'oyv)/rtotal

Acp(DF —
Acp(DE —
Acp(DE —
Acp(DE —
Acp(DF —
ACP(Di — K%ﬂ'iﬂ'o)
ACP(Di — K%wiw+7r_)
Acp(DE — 7E70)

pEv)
K? et v)

K% 7r:|:)

K+ 27r:l:)
KFrtrt 71'0)
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<0.50 x 10717 ecm, CL = 95%
<1.1x 10717 ecm, CL = 95%

(—0.6 4 3.1) x 1072
<13 x 1079, CL = 90%
<3.5x 104, CL = 90%
<6.9 x 107, CL = 90%
<6 x 1072, CL = 90%
<4 x 104, CL = 90%
(—2.2 + 1.6) x 102
0.010 & 0.023

(0.0 £ 1.2) x 10~3
(0.04 + 0.06)%

(—0.02 + 0.28)%
(—15+22)x 1074

(1.8 + 1.8) x 10~4
(2 +10) x 1073

—0.002 £ 0.009

—0.001 £+ 0.016

<0.0088, CL = 90%
(—0.4 +0.8)%

<2.6 x 1078, CL = 90%
0.0012 = 0.0008

0.004 + 0.006

<0.3, CL = 90%

<0.21, CL = 90%

<3.8x 10710, cL = 90%
<28 x 10710, cL = 90%
<2.6 x 1078, CL = 90%
(8 + 8)%

(—0.6 + 1.6)%

(—0.41 + 0.09)%

(—0.18 £ 0.16)%

(=03 +0.7)%
(—0.1 4+ 0.7)%

(0.0 + 1.2)%
(2.9 + 2.9)%
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ACP(Di —
Acp(DF —
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mtn)
nt 0/ (958))

Acp(KO /KO k)

Acp(DE —
Acp(DE —
Acp(DF —
Acp(DF —
Acp(DE —
Acp(DE —
Acp(D*
Acp(D*
Acp(DE
Acp(DE
Acp(D*
Acp(DF —
Local CPV in
Local CPV in

L

Lol

K k)

K+t K= %)

K:I: K*O)

prt)

KE K} (1430))
KE K3(1430)0)
KE K (800))
ap(1450)0 7 %)
$(1680) 7T)

at o~ Wi)

K% K* T r™)
K* 7r0)

Dt & sta—at
DT - KtK—#*

’q/p‘ of DO-D0 mixing
Ar of p0-po mixing

(1.0 £ 1.5)% (S = 1.4)
(0.5 +1.2)% (S = 1.1)
(0.11 £+ 0.17)%

(—0.11 £ 0.25)%

(0.37 & 0.29)%
(—0.3+0.4)%

(0.09 + 0.19)% (S = 1.2)
6T 0)%

(43730)%

(121 18)%

(191 1%

(-9 + 26)%

(=2 £ )%

(-4 +7)%

(—4 +11)%

78.1%

31%

+0.12
0.92 " 5g9

(—0.125 + 0.526) x 10~3

Where there is ambiguity, the CP test is labelled by the pO decay mode.

Acp(DO —
Acp(D? —
Acp(D°? —
Acp(D°
Acp(D°
Acp(D°
Acp(D°
Acp(D°
Acp(D°
Acp(D°
Acp(D°
Acp(D°
Acp(D°
Acp(DO
Acp(D°
Acp(D°
Acp(D°
Acp(DO
Acp(D° —
Acp(D? —

L e e e e

Ac p(nonresonant DO — ata—x

KT K™)
KSKS)
atr7)

70 7r0)
ata— 7r0)
p(770) T 7~
p(770)071'0 — 7T+7T_7T0)
p(770) "7t — 7r+71'_71'0)
p(1450) T 7~ — 7t 7r0)
p(1450)071'0 — ata— 71'0)
p(1450) " 7t — 7t~ 7r0)
p(1700) T 7~ — 7t x— 7r0)
p(1700)071'0 — 7T+7T_7T0)
p(1700) " xt — 7t~ 7r0)
f0(980)71'0 — 7T+7T_7T0)
f0(1370)71'0 — xta~ 71'0)
f0(1500)71'0 — 7r+7r_71'0)
f0(1710)71'0 — 7r+7r_71'0)
f2(1270)71'0 — ata~ 71'0)
0(400)71'0 — ata— 71'0)

%)

0)

— 7r+71'_71'
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[g]
[g]
[g]
[g]
(g]
(g]
(g]
(g]
(g]
(g]
(g]
[g]
(g]
(g]
(g]
[g]

(—0.14 + 0.12)%
(=5 +5)%
(0.01 + 0.15)%
(0.0 + 0.6)%
(0.3 + 0.4)%
(1.2 + 0.9)%
(=3.1 +£3.00%
(-1.0 + 1.7)%
(0 + 70)%
(=20 + 40)%
(6 +9)%

(=5 + 14)%
(13 £ 9)%

(8 £ 11)%

(0 £ 35)%

(25 + 18)%

(0 + 18)%

(0 + 24)%
(-4 +6)%

(6 +8)%
(—13 + 23)%
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Acp(DO —
Acp(D° —
Acp(D° —
Acp(DO
Acp(DO
Acp(D°
Acp(D°
Acp(DO
Acp(DO
Acp(D°
Acp(D°
Acp(D°
Acp(D°
Acp(D°
Acp(DO
Acp(D°
Acp(D°
Acp(DO
Acp(DO
Acp(D°
Acp(D°
Acp(DO
Acp(DO
Acp(DO
Acp(D°
Acp(D°
Acp(DO
Acp(DO
Acp(DO
Acp(D°
Acp(D°
Acp(DO
Acp(DO
Acp(DY
Acp(D?
Acp(DO
Acp(DO
Acp(DO
Acp(D°

L A A T e e A A A
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Kt K= x9)

K*(892)T K~ — Kt K~ x0)
K*(1410)t K~ — KT K~ x0)
(KTr0)gk™ — Kt k= x0)
$(1020) 70 — KT K= =0)
f5(980) 70 — Kt K—#0)
ap(980)970 — Kt K—#0)
f’2(1525)71'0 — Kt K~ 7r0)
K*(892)~ KT — Kt K~ x0)
K*(1410)~ Kt — KT K~ x0)

(K~ 1) s _wave KT — KT K= x0)

K%ﬂ'o)

Kn)

K%'

K2 ¢)

K—xTt)

KT7x™)

K—ﬂ.—i-ﬂ.O)

K-l-ﬂ.—ﬂ.O)

K%ﬂ+7T_)

K*(892)nt — K&rtr)
K*(892)T 7~ — K%7r+7r_)
K% 0_, K%7r+7r_)
K%w—> K%W+W_)

K2 f(980) — K&rtr7)

K £(1270) — KQxtx)
K%f0(1370) — K%W+7T_)
70p0(1450) — K%7r+7r_)

KO f5(600) — K%W+7T_)
K*(1410)~ 7=t — K%ﬂ+7T_)
K6(1430)_7T+—> K%ﬂ+7T_)
K6(1430)_7T+ — K%W+7T_)
K§(1430)_7T+ — K%W+7T_)
K;(1430)+7T_ — K%W+7T_)
K*(1680) ~ 7T — K%at7™)
K xtata)

K-l-ﬂ.—ﬂ.-i-ﬂ.—)

KtK—ntz7)

Ki(1270)F K= — K0zt K™)
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&]
&]
&]
&]
&]
&]
&]
&]
&]
&]

(-1.0 + 1.7)%
(0.9 + 1.3)%
(—21 + 24)%
(7 £ 15)%
(1.1 +2.2)%
(=3 +19)%
(=5 + 16)%
(0 + 160)%
(=5 + )%
(—17 + 29)%
(—10 + 40)%
(—0.20 £ 0.17)%
(0.5 4 0.5)%
(1.0 + 0.7)%
(=3 £ 9)%
(0.3 +0.7)%
(0.0 + 1.6)%
(0.1 + 0.5)%
(0 £ 5)%
(0.1 +0.8)%
(0.4 + 0.5)%
(1+6)%
(0.1 4+ 0.5)%
(-13+7)%
(0.4 +£2.7)%
(-4 +5)%
(=1 + 9)%
(-4 + 10)%
(=3 £ 5)%
(-2 4+ 9%

(4 £ 4)%

(12 + 15)%

(3 +6)%
(—10 + 32)%
(0.2 + 0.5)%
(-2 4+ 4%
(-8 +7)%
(-1 +10)%
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Acp(DO — Ki(1270)" KT — K*0x~ k™)
Acp(DO — KI(1270)t K= — POkt K™)
Acp(DO — K¥(1270)" KT — POk~ KT)
Acp(DO — K*(1410)t K~ — K*0xt k™)
Acp(D0 — K*(1410)~ Kt — K*0x— k)
Acp(DY — K*0K*0 5 \wave)

ACP(DO — ¢p9 S-wave)

ACP(DO — ¢ D-wave)

ACP(DO - ¢(W+7r_)5—wave)

Acp((K™ 7T+)P—wave (K+7r_)$—wave)
CP-even fraction in DO — 7t 7= 70 decays
CP-even fraction in D9 — K+ k=70 decays
CP-even fraction in DO — 7t a—7ntra— decays
AAB?: = Acp(KTK™) = Agp(ntn™)

Local CPV in D9, DO — 77— 70
Local CPV in D9, DY — ntr—xtn—
Local CPV in DO, DO — KQnt
Local CPV in D9, D9 — KT K~ x0
Local CPV in D9, DO — Kt Kzt 7~
ACP(D;t — lftu)

Acp(DE — KT KY)

Acp(DE — KT K~ xt)
Acp(DE — ¢rt)

Acp(DE — KkEKQx0)

Acp(DE — 2kQxt)

Acp(DE — Kt K=t x0)
Acp(DE — KEKYat )
Acp(DE — KQ KFor)
ACP(D;t — 7r+71'_7r:l:)

Acp(DE — xtp)

Acp(DE — nEy)

ACP(D;t — 'r]Tl':tﬂ'O)

ACP(D;t — n/wiﬂ'o)

Acp(DE — KkE0)
Acp(KO /KO xE)

Acp(DE — KQn)
ACP(D;t — K:l:ﬂ'+ﬂ'_)
Acp(DE — KEn)
Acp(DE — KE4/(958))

HTTP://PDG.LBL.GOV Page 6

(—10 + 32)%
(-7 +17)%
(10 + 13)%
(—20 + 17)%
(-1 +14)%
(10 + 14)%
(-3 +5)%
(=37 + 19)%
(-9 + 10)%
(3+11)%
(97.3 + 1.7)%
(73+£6)%
(73.7 + 2.8)%
(—0.32 £ 0.22)% (S = 1.9)

4.9%

41%

96%

16.6%

9.1%

(5+6)%

(0.08 + 0.26)%
(0.5 + 0.9)%
(—0.38 £ 0.27)%
(=2 + 6)%

(3 +5)%

(0.0 + 3.0)%
(=6 +5)%
(4.1 + 2.8)%
(0.7 £3.1)%
(1.1 4 3.1)%
(—2.2 +2.3)%
(-1+ 4%

(0 + 8)%
(=27 + 24)%
(0.4 + 0.5)%
(3.1 +26)% (S = 1.7)
(4 £5)%

(9 + 15)%

(6 £ 19)%
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Acp(B
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT
rB(B‘|’ —
sg(BT —
rB(B+ —
sg(BT —
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(B*
Acp(B*
Acp(BT
Acp(BT
Acp(BT
Acp(BY
Acp(BT
Acp(BY
Acp(B*
Acp(BT
Acp(BT
Acp(BT
Acp(B*
Acp(B*
Acp(BF
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J/p(1S)KT)
J/p(1S)7T)
J/pT)

J/9 K*(892)T)
ne K1)
$(2S)7T)
$(2S)KT)
¥(25) K*(892)T)
Xc1(1P) 7 )
Xc1 K*(892)T)
Do 7 T)
Dep(4+1)™ )
Dep(—1)™ )
DOKT)

DO Kk+)
DO K+)
DO K*"‘)
poO K*"—)

L

Ll

Ll

!

L

[K~ 7 FT]pK™T)

(K==t x0]p k)
[KTK=xO]pKT)
[7T+7T_7T0]D KT)
(K™t ]5K*(892))
[K~ = T]pnT)
[K_7T+7TO]D7T+)
[KT K= 20 pnT)
[t~ 7T0]D7T+)
[K_W+](D7r)7f+)
[K_”Jr](D’Y)”Jr)
[K_WJF](DW) KT)
(K™l (py) KT)
[7T+7T_7TO]D KT)
[KIKkT == ]pKT)
[KEKk==t]pKT)
[K K= T]paT)
[KEKkF 7= ]pnt)
[K*(892)~ KT]pKT)
[K*(892)T K~ 1pKT)

Page 7

0.003 + 0.006 (S = 1.8)
(0.1 £2.8) x 1072 (S = 1.2)
—0.11 £ 0.14

—0.048 + 0.033

0.01 + 0.07 (S = 2.2)
0.03 & 0.06

0.012 4 0.020 (S = 1.5)
0.08 4 0.21

0.07 +0.18

—0.20 £ 0.18 (S = 1.5)
—0.009 + 0.033
05405

—0.007 =+ 0.007

0.035 + 0.024

0.017 £ 0.026

0.007 4 0.025 (S = 1.5)
0.095 + 0.008

(123 + 10)°

0.17 £ 0.11 (S = 2.3)
(155 + 70)° (S = 2.0)
—0.58 + 0.21

0.07 + 0.30 (S = 1.5)
0.30 =+ 0.20

0.05 =+ 0.09

~03+05

0.00 & 0.09
0.35 + 0.16
—0.03 £ 0.04
—0.016 £ 0.020
—0.09 + 0.27
—0.7+£ 0.6

0.8 £0.4
04+1.0
—0.02 £ 0.15
0.04 £+ 0.09
0.23 £ 0.13
—0.052 £+ 0.034
—0.025 £+ 0.026

0.03 £0.11
0.34 £ 0.21
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Acp(BT — [K*(892)T K™ |pnT)
Acp(BT — [K*(892)~ KT]pnT)
Acp(BT = Dop(y1)K™)

Aapsg(BT — DKT)
Aspg(BT — DnT)
AADS(B+—> [K_7T+]DK+7T_7T+)
AADS(B+_’ [K_7T+]D7T+7T_7T+)

Acp(BT — Dop(_1)K™)
[KTKT]pKTn—7nT)

Acp(Bt —

ACP(B+ — [7T+7T_]DK+7T_7T+)
Acp(BT — [K=aT]pKTx—at)
Acp(BT — [KT KT |prtr—at)
ACP(B+ — [7T+7T_]D7T+7T_7T+)
ACP(B+ — [K_7T+]D7T+7T_7T+)
ACP(B+ — 5*07r+)

Acp(BF — (DZ*P(+1))0“+)

Acp(BT — (DZ*P(—l))0“+)
Acp(BT — D*0kT)

(BT — D*0kT)

5Bt — D*0KT)
Acp(BY — D*CQP(—H) KT)
Acp(BT — D& p(—1) KT)
Acp(BT — Dep(41) K*(892)1)
Acp(BtT — Dep(-1) K*(892)1)

+ -
Acp(BY — DT ¢)
ACP(B+ — D*+5*O)
Acp(BT — D*tDO)
Acp(BT — DTD*0)
Acp(Bt — DT DY)
Acp(BT — K%zt)
Acp(BT — KT70)
ACP(B+ — n/K+)
Acp(BT — o K*(892)1)
Acp(BT — o K§(1430)T)
Acp(BT — 7' K3(1430)T)
Acp(BT — nK*(892)1)
Acp(BT — nK3(1430)T)
Acp(BT — nK3(1430)T)
Acp(BT — wKT)
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—0.05 + 0.05
—0.012 £ 0.030
0.170 £ 0.033 (S = 1.2)

—0.52 £ 0.15
0.14 £ 0.06

—0.33 £ 0.35
—0.01 + 0.09
—0.10 £ 0.07

—0.04 + 0.06
—0.05 + 0.10
0.013 £+ 0.023
—0.019 £ 0.015
—0.013 £ 0.019
—0.002 £+ 0.011
—0.014 £+ 0.015
—0.02 + 0.05

—0.09 + 0.05

—0.07 £ 0.04

0.114 79033 (s = 1.2)

(310732)° (S = 1.3)

—0.12 + 0.08
0.07 £ 0.10

0.09 + 0.14
—0.23 +0.22
0.0 + 0.4
—0.15 4+ 0.11
—0.06 + 0.13
0.13 + 0.18
—0.03 + 0.07
—0.017 + 0.016
0.037 + 0.021
0.004 + 0.011
—0.26 + 0.27
0.06 + 0.20
0.15 + 0.13
0.02 + 0.06
0.05 + 0.13
—0.45 + 0.30
—0.02 + 0.04
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Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT

bbbl
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L e
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wK*T)
w(Km)§h)
wK3(1430)T)
K*O 7T+)
K*(892) 1 x0)
Kt =t)
KT K~ KT nonresonant)
£(980)0 k1)
fo(1500) K+)
F,(1525)0 k)
K5(1430)0 7 )
K35(1430)0 7 )
K+ 70 71'0)
KOpT)
K*trtz™)
O K*(892)T)
K*(892) T £,(980))
ai" KO)

b} KO)
K*(892)0 pT)
b KT)

KO K“r)

0 4«0
KTKLKQ)
KTK—=t)
KTK—KT)
SKT)
Xp(1550) KT)
K¥*t KT K™)
$K*(892)T)
$(Km)§™)
¢ Kq(1270)T)
¢K%(1430)T)
KT $9)
Ktodl, )
K*(892)T )
nKT)
oK)
0
T 71'0)

T nt)
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0.29 + 0.35
—0.10 + 0.09

0.14 + 0.15

—0.04 + 0.09 (S = 2.1)
—0.06 + 0.24

0.027 + 0.008

0.06 + 0.05

—0.08 + 0.09

0.28 + 0.30

+0.05
—0.08 "¢ 04

0.055 + 0.033

+0.29
00570124

—0.06 + 0.07
—0.12 £ 0.17
0.07 + 0.08
0.31 + 0.13
—0.15 + 0.12
0.12 £ 0.1
—0.03 +0.15
—0.01 + 0.16
—0.46 + 0.20

0.04 £ 0.14

+0.04
0.04_ 505

—0.118 + 0.022
—0.033 4 0.008

0.024 + 0.028 (S = 2.3)
—0.04 +0.07

0.11 + 0.09

—0.01 + 0.08

0.04 + 0.16

0.15 + 0.20

—0.23 + 0.20

—0.10 + 0.08

0.09 + 0.10

0.018 + 0.029

—0.12 £ 0.07

—0.13 £ 0.11 (S = 1.1)
—0.11 + 0.33

0.03 + 0.04

0.057 4 0.013
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Acp(BT —
Acp(Bt —
Acp(B*
Acp(BT
Acp(BT
Acp(BF
Acp(B*
Acp(BT
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Acp(BT
Acp(B*
Acp(B*
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(B
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT —
Acp(Bt —

!
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PO )

f5(1270) 7 T)
p0(1450) = 1)

ata— ot nonresonant)
pt0)

pt oY)

wrT)

wp™)

nmt)

np™)

n'=t)

' pT)

bg-) 7T

pprT)

pPKT)

ppK*(892)T)

pAY)

pAr0)
Ktete)
KTete™)
Kt pt )
K*t i)
K*eTe™)
K*¥ptp™)

Re(ego)/(1+ego?)

AT/CP

Acp(B°
Acp(BO
Acp(BY
Acp(BY
Acp(B°
Acp(BO
Acp(BO
Acp(BY
Acp(BY
Acp(B°
Acp(BO
Acp(BY
Acp(BY
Acp(BY

I
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D*(2010)t D7)

[KT K™ ]1pK*(892)0)
[KT 7~ ]pK*(892)9)
[T 71 p K*(892)0)
n' K*(892)0)

n' K§(1430))

n' K3(1430)0)
nk3(1430)0)
nK’(1430)0)

by K1)

wK*O)

w(Km)0)
wK’(1430)0)

Ktn— 71'0)
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+0.09
0.18 " 517

0.41 + 0.30

+0.4

—0.1_0_0523
+0.

~0.147 32

0.02 + 0.11
—0.05 + 0.05

—0.04 + 0.06

—0.20 + 0.09

—0.14 £ 0.07 (S = 1.4)
0.11 + 0.11

0.06 + 0.16

0.26 + 0.17

0.05 + 0.16

0.00 + 0.04

0.00 + 0.04 (S = 2.2)
0.21 + 0.16 (S = 1.4)
0.17 £ 0.17

0.01 + 0.17

—0.02 + 0.08

0.14 + 0.14

0.011 + 0.017

—0.09 + 0.14

—0.14 + 0.23

—0.12 + 0.24

(—0.4 +0.4) x 1073
0.005 + 0.018

0.037 + 0.034
—0.20 + 0.15
—0.03 + 0.04
—0.09 + 0.22
—0.07 + 0.18
—0.19 + 0.17
0.14 + 0.18
0.06 + 0.13
—0.07 + 0.19
—0.07 + 0.12
0.45 + 0.25
—0.07 + 0.09
—0.37 £ 0.17
(0 + 6) x 1072
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Acp(BY — p~KT)
Acp(BY — p(1450)~ K1)
Acp(BY — p(1700)~ K1)
ACP(BO — K+7r_7r0nonresonant)
ACP(BO — K07r+71'_)
Acp(BY — K*(892)Tx7)
Acp(B® — (Km)3ta)
Acp(BY — (Km)§0x0)
Acp(B° — Kk*0x0)
Acp(BY — K*(892)0ntn)
Acp(BY — K*(892)0p0)
Acp(BY — K*0£)(980))
Acp(BY — K*Fp™)
Acp(BY — K*(892)0 KT K™)
Acp(BY — al KT)
Acp(BY — KOKO)
Acp(BY — K*(892)0¢)
Acp(BY — K*(892)0K—7T)
Acp(B® — ¢(Km)E0)
Acp(BY — ¢K3(1430)0)
Acp(BY — K*(892)0+)
Acp(BY — K3(1430)0+)
Acp(BY — pta)
Acp(B — p~ )
Acp(BY — a1(1260)F 7 T)
Acp(BY — b 7 t)
Acp(BY — ppk*(892)0)
Acp(B® — pAn7)

Acp(BY — K*0ut i)
Acp(BY — K*0etem)
Acp(BY — K*0ut )

0 * - p+
CD*(2010)*D+ (BY — D*(2010)~ DT)

Cp*(2010)* D- (B9 — D*(2010)T D7)
Cpwt po- (BY — D*FD*7)

C, (B9 - D*tD*7)

Cc_ (BO N D*—!—D*—)

S (BO _ D*—I—D*—)

€ (BY — D*(2010)" D*(2010)~ KY)

s (B0 — D*(2010)* D*(2010)~ K2)

Cprp- (B0 — Dt D7)
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0.20 + 0.11
—0.10 + 0.33
—0.4+06
0.10 + 0.18
—0.01 £ 0.05
—0.22 + 0.06
0.09 + 0.07
—0.15 + 0.11
—0.15 + 0.13
0.07 & 0.05
—0.06 + 0.09
0.07 + 0.10
0.21 + 0.15
0.01 + 0.05
—0.16 + 0.12
~0.6 £ 0.7
0.00 4 0.04
02404

0.12 + 0.08
—0.11 + 0.10
—0.002 + 0.015
—0.08 +0.15
0.13 + 0.06 (S = 1.1)
—0.08 + 0.08
—0.07 + 0.06
—0.05 + 0.10
0.05 + 0.12
0.04 + 0.07
—0.05 + 0.10
—0.21 +0.19
—0.034 + 0.024
—0.01 4 0.11

0.00 + 0.13 (S = 1.3)

0.01 = 0.09 (S = 1.6)
0.00 + 0.10 (S = 1.6)
0.19 + 0.31

0.1+ 1.6 (S =3.5)
0.01 + 0.29

01404

—0.46 + 0.21 (S = 1.8)
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CJjp(15)x0 (B9 — J/y(15)70)
C(BO — J/¢(1S)p8
hO)

C (%) (B — D
Deph

(%) hO)
S (. (B — D
D(C)Pho CcP

CKOT('O (BO—> KOTl'O)
0 / 0
C?’]/(958) K% (B - n (958) KS)

0 / 0
577/(958) K% (B - n (958) KS)

Cy o (B% = 0'KO)
c KO (B0 — wkQ)

wKO (B —>wK)

C(BO — K%70z0)
(B0 — KQx0x0)
oK (B — p0kQ)
Sy (B = 0K
Cr (980) K (B — £,(980)K2)

0 g
Sf,(980) K (B fo(980) K2)

0
5f2(1270)K0 (B — £(1270)KY)

f2(1270)K° (B9 — £(1270)kQ)

fx(1300)K% (B0 — £,(1300)k2)

0 0

Cfx(1300)Kg (B7 = £ (1300)Kg)
5K071-+7r— (BO — KOnt 7= nonresonant)
CK07r+71-* (B0 — KOg+ 7 nonresonant)
CKg K (B0 — k2K

0 0 k0
SK?;K% (BY — KSKS)
C L0 (BO — KT K= KY nonresonant)

K+K KS S

CK"‘ K- KO (BO — KtK— K% inclusive)

¢K0 (B - ¢K)

Spig (B% = 9K3)

Cio KoK (B = KsKsKs)
Sk ks Ks(B® = KsKsKs)
CK%WOW(BO — K%704)
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—0.13 £ 0.13

—0.06 + 0.06
—0.02 + 0.08

—0.66 + 0.12

0.00 £ 0.13 (S = 1.4)
—0.04 + 0.20 (S = 2.5)

0.43 £ 0.17 (S = 1.5)

—0.06 = 0.04
0.0 + 0.4 (S = 3.0)

0.70 £ 0.21

0.2+ 05
0.7+ 0.7
—0.04 £ 0.20

+0.17
0.50 20

0.29 + 0.20
—0.50 + 0.16
—05=£05
0.3+04
—0.2+05
0.13 +0.35

—0.01 +0.33
0.01 + 0.26
0.0+ 0.4 (S=14)

—0.8+ 0.5
0.06 + 0.08
0.01 + 0.09
0.01 +0.14
0.59 + 0.14

—0.23+0.14
—0.5+ 0.6 (S =3.0)
0.36 & 0.33
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SKgWOW(BO — Kk%r0y)

0 * 0
CK*(892)07 (BY — K*(892)"~)

SK*(892)0’Y (BO - K*(892)07)
. (B9 — nkOy)

S

nKOPY (BO - 77K0'Y)

K0¢ (B - KO¢’Y)
K0¢,}, (BO - K0¢”Y)
C(BO — K%po'y)
S(B0 — K%pofy)
(B — p0v)

s (80 — pov)

Crr (B0 — ata7)
C_0.0(B0 — «90)
Cor (B = ptam)
Spﬂ. (BO — pTa7)
ASp7T (BO — pT77)
€0 70 (B0 — p0x9)

5po7r0 (BO — p070)

a17r

(B9 — aq(1260)77)
alW(B — a1(1260) T 77)
AC, - (BY — ay(1260) T 7 ™)
AS, ;- (BY — a1(1260)F 7 )
C(BY — by KT)

AC(BY — by )

C BO
popo( — p0,0)

S BO 0
popo( — p0,9)
Cop (B — ptp7)

Spp (B = pTp7)
Al (BO — U/ K*(892)0)
cos 23 (BO — J/¢K*(892)0)

cos 23 (BO — [K%WJFW—]D(*) h0)

(Sy +5_)/2 (B — D*~ =)
(S_ —5,)/2 (B — D*~ =)
(Sy +5_)/2(B% — D™ xT)
(S_ —54)/2(B% — D™ xT)
(Sy +5_)/2 (8% — D™ pt)
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—0.8+ 0.6

—0.04 +0.16 (S = 1.2)
—0.15 + 0.22
~03+04

—02+05

—03£0.6

+0.7
0.77771

—0.05 £ 0.19
0.11 £ 0.34

0.4 £ 05
—-0.8+0.7
—0.31 £ 0.05
—0.43 £ 0.24

—0.03 £ 0.07 (S = 1.2)

0.05 + 0.07

0.01 + 0.08

0.27 + 0.24

—0.23 £ 0.34

~0.05 + 0.11

~0.2+ 0.4 (S =3.2)

0.43 + 0.14 (S = 1.3)

~0.11 + 0.12

~0.22 +0.24

~1.04 + 0.24

0.2 + 0.9

0.3+0.7

0.00 + 0.09

~0.14 £ 0.13

<0.25, CL = 95%
1750 (s = 1.6)
10758 (s = 18)

~0.039 + 0.011

~0.009 + 0.015

—0.046 + 0.023

~0.022 + 0.021

—0.024 + 0.032
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(S_ —5,)/2(B%— D~ pt)
e KO (B = nek3)

jo (B9 — cek(*)0)

BO — J/y(nS)KO)

CCEK(*
J/(ns) KO (
g0 (BY = J/HK*0)
k0 (B = J/9K*0)
(B — xc0KY)

A a0

XCOK%
K (B > xc0k9)

0

Xc0
KY (B9 — xc1KQ)

sin(287) (B — ¢KO)

sin(287) (B0 — ¢ K (1430)0)

sin(2B)(BY — [K&nT 7] () 10)

A (89 — [K%WJFW—]D(*) o)

]sin(2,8 + 7)]

28+

’y(BO - pO K*O)

Acp(B — K*(892)7)

Acp(b — s7)

Acp(b— (s+d)7)

Acp(B — XstTem)

Acp(B — K*eTe)

Acp(B — K*utu™)

Acp(B— K*¥ete™)

Acp(B — nanything)

Re(eBg) /(1 + \63212)

CP Violation phase 3

Acp(Bg — mTK™)

Acp(BY — [KTK™]1pK*(892)0)

r(nc(IS) - 71'—i_ﬂ'_)/rtotal

F(ne(18) — 71'07"0)/rtotal

F(ne(15) — Kt K™)/Ttotal

F(n(1S) — K% K%)/rtotal
(a+@)/(a—a@)inA— pr—, A— prt
[a(Z7)a (N)—a(Z )y (A)]

[(=7 ) (N +a(Z1) ot (A)]

(a +@)/(a—a@)in 2~ — AK—, 2T — Akt
(0 +@)/(a—a)in AT — Axt A — An~
(0 +@)/(a—a)in AT — Aetvg, A — Aew

Xm
(9}
A

e
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—0.10 + 0.06
0.08 + 0.13

(0.5 + 1.7) x 10~ 2
(0.5 + 2.0) x 10~2

0.03 + 0.10

0.60 + 0.25

+0.5
—03 752

—0.7+£05
0.06 &+ 0.07

0.22 + 0.30

+0.03
0.97 _g52

0.45 + 0.28
1.01 + 0.08

>0.40, CL = 90%
(83 + 60)°

(162 + 60)°
—0.003 £+ 0.017
0.015 £ 0.020
0.010 £ 0.031
0.04 £0.11
—0.18 £ 0.15
—0.03 £ 0.13

—0.04 £ 0.07

+0.04
—0.13 " 005

(—1.9 4+ 1.0) x 1073

(0.6 £ 1.9) x 10~2 rad
0.263 = 0.035

—0.04 £ 0.07

<1.1x 104, CL = 90%
<4 x 1072, CL = 90%
<6 x 1074, CL = 90%
<3.1x 1074, CL = 90%
0.006 =+ 0.021
(0+7)x10~4

—0.02 £ 0.13

—0.07 £ 0.31

0.00 + 0.04
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ACP(/\b — pm )
ACP(/\b — pK™)

0.06 + 0.07
0.00 + 0.19 (S = 2.4)

CP VIOLATION OBSERVED

Re(e) (1.596 + 0.013) x 103
charge asymmetry in K23 decays
A| = weighted average of A; (1) and A (e) (0.332 £ 0.006)%
Ap(p) = M@= utw,) = Tt p=w,)]/sum (0.304 + 0.025)%

Al(e) =[M(n~eTu,) — Mzt

0

parameters for KL — 271 decay
Ingol = IAKY — 279y /
AKS — 2x0)]

e Tg)]/sum (0.334 + 0.007)%

(2.220 + 0.011) x 1073 (S = 1.8)

g | = [AKY - xFa7) / AKE — (2.232 £ 0.011) x 1073 (S = 1.8)
7r+7r_)‘

le| = Jnp_| + |ngol)/3 (2.228 + 0.011) x 10~3 (S = 1.8)

1100 /M4 —| [h] 0.9950 + 0.0007 (S = 1.6)

Re(€/€) = (1—|ngo/ny_|)/3
Assuming CPT

¢+_, phase of Ny—

$00o- Phase of ngg

be = (204_ + 600)/3
Not assuming CPT

¢+_, phase of Ny—
®00o- Phase of ngg
¢ = (264 _ + ¢00)/3

[A] (1.66 & 0.23) x 10~3 (S = 1.6)

(43.51 + 0.05)° (S = 1.2)
(43.52 4+ 0.05)° (S = 1.3)
(43.52 + 0.05)° (S = 1.2)

(43.4 + 0.5)° (S = 1.2)
(43.7 £ 0.6)° (S = 1.2)
(43.5 £ 0.5)° (S = 1.3)

CP asymmetry A in K? — ata ete™ (13.7 £ 1.5)%
Bcp from K? — ete ete™ —0.19 4+ 0.07
vcp from K? — ete ete™ 0.01 £ 0.11 (S = 1.6)

parameters for K(Z — ot 7 7y decay
| = [AKY — 7Fx=, CP (2.35 £ 0.07) x 10~3
vioIating)/A(K% — 7r+7r_fy)‘

q§_|__,y = phase of Ny
r(K(B — 7T+7T_)/rtota|
r(K(B — 7T07r0)/rtota|
Acp(BT = Dop(r1)kK™)
Asps(BT — DK¥)
Acp(BT — nK™)
Acp(BT — £(1270)KT)
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(44 + 4)°

[i] (1.967 + 0.010) x 103 (S = 1.5)
(8.64 + 0.06) x 104 (S = 1.8)
0.170 + 0.033 (S = 1.2)

—0.52 £ 0.15

—0.37 £ 0.08

+0.19
—068 417
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Acp(BT — pOkT)
Acp(BT — fy(1370)7T)
~(BT — D)0 K(¥)+)
Acp (B — Ktx)
Acp(BY — nKk*(892)0)
0 _, p* - p+
Sp+(2010)- D+ (B D*(2010)~ DT)
0 _, p* + p—
Sp+(2010)+ - (B D*(2010)t D7)
SD*+D*— (BO - D*+D*_)
S, (BY — p*tp*7)
Sp+p- (B — DT D7)
0._, 0
5J/z/1(15)7r0 (B J/P(1S)7Y)
S(B9 — J/y(18)p0)
SKOTFO (BO — KOTFO)
S, ko (BO — 1 KO)

S KT K~ K% nonresonant)

KT K=K (89 —

S (B — KT K~ K inclusive)

K+ K= KY
Sin (BO — ata7)
ACpﬂ. (BO — pta7)

B — 5. KY)
sin(28) (B — J/yKQ)

S sy ko (BY = J/4(nS)KO)

S B0 K9
Xc1 Kg( — Xel S)

sin(20865,)(BY — KT K™ KY)
07

Re(ep) / (1 + |ep|?)

0.37 £ 0.10
0.72 + 0.22

(70 + 9)°
—0.082 + 0.006
0.19 + 0.05
—~0.72 £ 0.15

—0.73 £ 0.14

—0.59 + 0.14 (S = 1.8)

—0.73 £ 0.09

+0.17
—0.99 014

—0.94 +0.29 (S = 1.9)

+0.16
—0.66 " 59>

0.58 + 0.17
0.63 + 0.06

—0.66 + 0.11
—0.65 + 0.12

—0.67 + 0.06
0.27 £ 0.06

0.93 + 0.17

0.679 £ 0.020
0.676 £+ 0.021

0.63 = 0.10

+0.13
0.77 2512

(93 £ 5)°
(1.2 + 0.4) x 10~3

CPT INVARIANCE

(mw+ - mW,) / Maverage
(me-i- - me_) / Maverage
g +a,|/e

(ge+ - ge_) / 8average

(7

(g‘u+ - g'u,) / 8average

T _

pwt T T )/Taverage

(m7_+ -m__ )/maverage

mt—mf
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—0.002 + 0.007
<8x 1079, CL = 90%
<4 %108

(=05 + 2.1) x 10712
(2+8)x107°

(—0.11 + 0.12) x 10~8
<2.8 x 1074, CL = 90%
—0.24 0.5 GeV (S = 1.1)
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(mﬂ--i- - mﬂ-—) / Maverage

(7'71-+ 7'71-7) / Taverage

(mK+ - mK_) / Maverage
(TK+ - TKf) / Taverage
KT — ,u:l: Yy
KE +.0

— T T

rate difference/sum
rate difference/sum
s in KO — KO mixing

real part of §

imaginary part of §
Re(y), K3 parameter
Re(x_), Ka3 parameter
’mKO - m70| / Maverage
(rKO - r70)/’"average
phase difference ¢ — ¢+_
Re(3n,_ + Lngo)-2f
Acpr(DP — K= =)
BSEer g ST
ASopr (SZJF,K% - 515_+,Kg)

(C,

+
AC s

+
CPT - Cg+’ K2 )

ACEPT(CZ,K% B Ce_+,/<g)
]mp—mﬁ|/mp

(7 -2 7

lap + apl/e

(p + vp) [ bp

(mp = mz)/ my

(mp — mz) / m 4

(rp = 72/ 7a
(Tz-i- - Tf—)/Tz-i-
(hyy + b5 )/ byt
(mE_ — m§+) / m—_
(TE_ — 7'?_,_) / T
(W= +u=y)/ |n=]|
(m_Q, — m§+) / meo-
(TQ_ — T§+)/TQ_
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U]

[K]

[/l

[/l

(2+5)x 104
(6+7)x10~4

(—0.6 +1.8) x 10~%
(0.10 £ 0.09)% (S = 1.2)
(—0.27 + 0.21)%

(0.4 + 0.6)%

(2.5 +£2.3) x 10~4
(—1.5 + 1.6) x 1072
(0.4 4+ 2.5) x 10~3
(—2.9 +20)x 1073
<6 x 10719 CL = 90%
(8 +8)x 1018

(0.34 + 0.32)°

(-3 +35)x 1076
0.008 + 0.008

0.16 + 0.23

—0.03 £ 0.14
0.14 £ 0.17
0.03 + 0.14

<7x 10710 cL = 90%
(-9 +9)x1011
<7x 10710 cL = 90%
(0 +5) x 1070

(9 + 6) x 107°
(—0.1+1.1)x 1072 (S = 1.6)
—0.001 + 0.009
—0.0006 + 0.0012
0.014 + 0.015
(—=3+09)x107°
—0.01 + 0.07

40.01 + 0.05
(—1+8)x107°

0.00 + 0.05
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Lepton family number conservation means separate conservation of each of L, L'u, L.

Citation: C. Patrignani et al. (Particle Data Group), Chin. Phys. C, 40, 100001 (2016)

TESTS OF NUMBER CONSERVATION LAWS

LEPTON FAMILY NUMBER

M(Z = & 1)/ Tiotal
NZ — eFrF)/Tiotal
Nz — ”iT:F)/rtotal
olete™ — eiT:F) Jo(ete™ — ptpu™)
olete” = pErF) /o(ete™ — ptu7)
limit on 4= — e~ conversion

o(u=32s — e~ 32s)/

o(u= 325 — v, 32p%)

o(p~Ti— e Ti)/

o(p~ Ti — capture)

o(p~ Pb— e~ Pb)/

o(p™ Pb — capture)

limit on muonium — antimuonium conversion Rg =

Ge / G

Mu- —
M(w™
M(w™
F(w™
rr—
rr—
rr—
rr—
rr—
rr—
rr—
rr—
rr—
rr—
rr—
rr—
rr—
rr—
rr—
rr—

L e e e

e Veg,u)/rtotal

e 7)/Total

e et e )/Total

e” 27)/Tiotal

™ 7)/Tiotal

1Y)/ Tiotal

e 71'O)/rtotal

B 71'0)/rtota|

e K%)/rtotal

B KOS)/rtotaI

e 1)/Ttotal

1= 1m)/Ttotal

e po)/rtotal

B po)/rtotal

e” w)/Tiotal

1= w)/Tiotal

e” K*(892)%) /Ty otal
1T K*(892)0)/Tegpa
e” K*(892)%) /Tt otal
™ K*(892)0)/Tegral
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[n]
[n]
[n]

<7.5x 1077, CL = 95%
<9.8x 1076, CL = 95%
<1.2x 1072, CL = 95%
<8.9x1076, CL = 95%
<4.0x1076, CL = 95%

<7x 10711 CcL = 90%

<43 % 10712, CL = 90%
<4.6 x 10711, cL = 90%
<0.0030, CL = 90%

<12 x 1072, CL = 90%
<5.7 x 10713, CL = 90%
<1.0 x 10712 cL = 90%
<72x10711 CcL = 90%
<3.3x 1078, CL = 90%
<4.4x 1078, CL = 90%
<8.0x 1078, CL = 90%
<1.1x10~7, CL = 90%
<2.6 x 1078, CL = 90%
<2.3x 1078, CL = 90%
<9.2x 1078, CL = 90%
<6.5x 1078, CL = 90%
<1.8 x 1078, CL = 90%
<12 x 1078, CL = 90%
<4.8x 1078, CL = 90%
<4.7x 1078, CL = 90%
<32 x 1078, CL = 90%
<5.9 x 1078, CL = 90%
<3.4x 1078, CL = 90%
<7.0x 1078, CL = 90%
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Mt~ — e 1/(958))/Tiotal <1.6 x 10—/, CL = 90%
M~ — = 1'(958))/Total <13 x 1077, CL = 90%
M~ — e £5(980) — e~ mt 77 )/Tiotal <3.2x 1078, CL = 90%
Mt~ — u~f(980) — pu~ 7t 77)/Tiotal <3.4 x 1078, CL = 90%
M~ — e ¢)/Tiotal <3.1x 1078, CL = 90%
M~ — 1™ 6)/Trotal <8.4 x 1078, CL = 90%
Mr~ — e ete)/Tiotal <2.7x 1078, CL = 90%
M~ — e pT ™) /Tiotal <2.7 x 1078, CL = 90%
M~ — et pu™ ™) /Tiotal <1.7 x 1078, CL = 90%
Mr~ — u= et e™)/Miotal <1.8 x 1078, CL = 90%
Fr~ — ute” e )/Tiotal <1.5x 1078, CL = 90%
M~ — p ot ™)/ Miotal <2.1x 1078, CL = 90%
M~ — e 77 )/Tiotal <23 x 1078, CL = 90%
Mr~ — pu= 7T 77)/Tiotal <2.1x 1078, CL = 90%
Mr~ — et K™)/Tiotal <3.7x 1078, CL = 90%
M~ — e 7 KT)/Tiotal <3.1x 1078, CL = 90%
rr= — e KEKY)/Tiotal <7.1x 1078, CL = 90%
M~ — e KT K™)/Tioal <3.4 x 1078, CL = 90%
Mr~ — w7 K7)/Tiotal <8.6 x 1078, CL = 90%
M~ — w7 K1) /Tiotal <4.5 x 1078, CL = 90%
rr= — n= KIKL)/Miotal <8.0 x 1078, CL = 90%
M~ — u= KT K™)/Tiotal <4.4 x 1078, CL = 90%
F(r= — e 7070)/Fotal <6.5 x 1076, CL = 90%
M~ — u 71979) /Myotal <1.4 x 1073, CL = 90%
M~ — e 1)/ Total <3.5x 1072, CL = 90%
M~ — 1~ 01)/Tiotal <6.0 x 1072, CL = 90%
F(r~ — e 710n)/Total <2.4 x 1073, CL = 90%
M~ — u™ 7199)/Tiotal <2.2x 1073, CL = 90%
F(r— — e~ light boson)/Myotal <2.7x 1073, CL = 95%
F(r— — u~ light boson)/Tyotal <5x 1073, CL = 95%

LEPTON FAMILY NUMBER VIOLATION IN NEUTRINOS

sin(615) 0.304 + 0.014

Am3, (7.53 + 0.18) x 1072 eV?2

sin2(023) (normal mass hierarchy) 0.51 + 0.05

sin2(023) (inverted mass hierarchy) 0.50 &+ 0.05

Am%2 (normal mass hierarchy) [p] (2.44 £ 0.06) x 1073 ev2

Am%2 (inverted mass hierarchy) [p] (2.51 £ 0.06) x 1073 ev2

sin?(613) (2.19 + 0.12) x 102
Frt = 1)/ Miotal [q] <8.0x 1073, CL =90%

Fat — p=etetv)/Migral <1.6 x 107°, CL = 90%
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M0 — pte™)/Miotal <3.8 x 10710 cL = 90%
M0 — p=et)/Miotal <3.4 x 1079, CL = 90%
M0 — pte + p=et)/Miotal <3.6 x 10710, cL = 90%
Fn— pte™ + p”eT)/Tigtal <6 x 1070, CL = 90%
F(n/(958) — eu)/Tiotal <4.7 x 1074, CL = 90%
[(¢(1020) — e* 1 F)/Tioral <2x 1076, CL = 90%
r(kt — p=vetel)/Motal <2.1x 1078, CL = 90%
MKt = utu)/Tiotal [q] <4x1073, CL = 90%
Mkt — xtpte™)/Tiotal <13 x 10711, CL = 90%
r(kt — 7tp=et)/Miotal <5.2 x 10710, cL = 90%
MK = e* i) /Tiotal [n] <47x10712 CL =90%
MK — et e® uF 1) /Tigtal [n] <4.12x 10711, CL = 90%
MK — 70t eT)/Miotal [n] <7.6x 1071, CL = 90%
r(KY — 79701 eF)/Migtal <1.7 x 10710, cL = 90%
(ot — atetu™)/Miotal <2.9 x 107%, CL = 90%
(ot — ate  ut)/Miotal <3.6 x 107°, CL = 90%
(Dt — Ktetu™)/Miotal <1.2x107°, CL = 90%
(Dt — Kte put)/Miotal <2.8 x 1070, CL = 90%
r(D0 — ureF) /Mgl [n] <2.6x10~7, CL = 90%
r(D0 — n0e®uF)/Miotal [n] <8.6x 1072, CL =90%
r(D0 — ne*uF)/Miotal [n] <1.0x 1074, CL = 90%
r(D0 — wta= e uF)/Mioral [n] <1.5x1072, CL =90%
r(p0 — pOe® uF)/Moral [n] <4.9x1072, CL =90%
M0 — wetpyF) /Mol [n] <1.2x10~% CL =90%
r(D0 — K=Kt et uF)/Moal [n] <1.8x 1074, CL =90%
r(D0 — ¢e® uF)/Tiotal [n] <3.4x 1072, CL = 90%
r(p0 — KOe® uF)/Myoral [] <1.0x 1074 CL = 90%
r(p0 — K= xte®uF)/Motal [n] <5.53x10~%, CL = 90%
r(p% — K*(892)0e® uF)/Myoral [n] <83x107°, CL = 90%
F(D:‘ — atet 1) Feotal <1.2x 1072, CL = 90%
r(of — =te uh)/Motal <2.0 x 1072, CL = 90%
r(0F — Ktetun™)/Mioal <1.4 x 1073, CL = 90%
r(Dj — Kt e i) /Tiotal <9.7 x 1076, CL = 90%
r(Bt — ntetu™)/Motal <6.4 x 1073, CL = 90%
r(Bt — nte uT)/Motal <6.4 x 1073, CL = 90%
(BT — =t et u®)/Motal <1.7x 1077, CL = 90%
r(BY — atets7)/Miotal <7.4x 1075, CL = 90%
(BT — 7te 71)/Tiotal <2.0x 1079, CL = 90%
r(Bt — ntexrF) /Mol <7.5 x 1072, CL = 90%
r(BY — atut77)/Tiotal <6.2x 1072, CL = 90%
r(BY — atu=77)/Tiotal <4.5x 1079, CL = 90%
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r(s+
r(+
r(B+
r(s+
r(s+
r(B+
r(B+
r(s+
r(s+
r(B+
r(B+
r(s+
r(s+
r(so
r(so
r(so
r(so
r(so
r(so
r(Bo
r(so

L T T et A A A A A A A |
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nt ”:t 7':F)/rto’cal

K+ e+'“_)/rtotal
Kte™ '“+)/rtotal

KT et ”:F)/rtotal
Ktetr™ )/Ttotal
Kte™ 7'+)/rtotal

KT et ) /Ttotal
Ktptr= )/Ttotal

Kt u~ 7-—i_)/r’cotal

K+ '“i ) /Ttotal
K*(892)T e ™) /Tiotal
K*(892) T e~ ™) /Tiotal
K*(892) 1 e® uF) /Toral
e+ 1)/ Teotal

n0et 1)/ Teotal

KO et ”:F)/rtotal
K*(892)% et 117 /Tiotal
K*(892)0 e~ 1) /Tiotal
K*(892)0 et 1 F) /Ty
et 7—:F)/rtotal

”:t 7':F)/rto’cal

M(B — seTuF)/Tiotal
r(B — metuF) /Mol
r(B - pe:l:,u:':)/rtotal

rB —

rB —

r(eY —
s

Ke® :“:F)/rtotal
K*(892) e 1F) /T yoral

et pt )/Ttotal

F(J/9(1S) — e uT)/Tiotal
F(J/p(1S) — et rF) /Mol
F(J/9(1S) — pE7F) /Tt

r(r(s)
r(r(2s)
r(r(2s)
r(r(s)
r(r(s)
I'(/\j:' —
I'(/\j:' —

- :“i ) /Ttotal
— oF ) /Ttotal
- :“i 7-:F)/rto’cal
— et 7-:F)/r’cotal
- :“i ) /Ttotal

pet ™ )/Ttotal
pe” pt )/Ttotal
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[n]

[n]
[n]
[n]

[n]

<7.2x 1072, CL = 90%
<9.1x 1078, CL = 90%
<13 x 1077, CL = 90%
<9.1 x 1078, CL = 90%
<4.3 %1072, CL = 90%
<1.5x 1072, CL = 90%
<3.0 x 1072, CL = 90%
<4.5x 1072, CL = 90%
<2.8x 1072, CL = 90%
<4.8 x 1072, CL = 90%
<1.3x 1079, CL = 90%
<9.9x 107, CL = 90%
<1.4 x 1070, CL = 90%
<2.8x1079, CL = 90%
<1.4x 1077, CL = 90%
<27 %107, CL = 90%
<5.3x 107, CL = 90%
<3.4x 1077, CL = 90%
<5.8x 10—/, CL = 90%
<2.8x 1072, CL = 90%
<22 %1072, CL = 90%
<2.2%x 1072, CL = 90%
<9.2 x 1078, CL = 90%
<3.2x1079, CL = 90%
<3.8x 1078, CL = 90%
<5.1x 107, CL = 90%
<1.1x 1078, CL = 90%
<1.6 x 10~ 7, CL = 90%
<83 x 1070, CL = 90%
<2.0 x 1070, CL = 90%
<6.0 x 1079, CL = 95%
<3.2x1079, CL = 90%
<3.3x 1070, CL = 90%
<42 x 1070, CL = 90%
<3.1x1079, CL = 90%
<9.9x 1079, CL = 90%
<1.9 x 1072, CL = 90%
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TOTAL LEPTON NUMBER

Violation of total lepton number conservation also implies violation of lepton family
number conservation.

M(Z — pe)/Tiotal <1.8x 1076, CL = 95%
N(Z = pu)/Tiotal <1.8x 1076, CL = 95%
limit on p= — eT conversion
o(p= 325 - et325%) / <9x 10710 cL = 90%
o(p™ 32g _, V/L32P*)
o(p 127 5 et 127Tgpxy <3x 10710 cL = 90%
o(p™ 127 _, anything)
o(u~Ti— et Ca)/ <3.6 x 10711, cL = 90%
o(p~ Ti — capture)
Mr~ — eta 7))/ Tiotal <2.0 x 1078, CL = 90%
M~ — ut e 77)/Tiotal <3.9 x 1078, CL = 90%
M~ — et n™ K7)/Tiotal <3.2x 1078, CL = 90%
M~ — et K™ K™)/Tiotal <3.3x 1078, CL = 90%
M~ — T 7™ K7)/Tiotal <4.8 x 1078, CL = 90%
M~ — uT K™ K™)/Tiotal <4.7x 1078, CL = 90%
M~ = pu” 17)/Tiotal <4.4x 1077, CL = 90%
M~ — put ™)/ Tiotal <33 x 1077, CL = 90%
Mt~ — B7)/Ttotal <3.5 x 1076, CL = 90%
F(r~ — p79)/Tiotal <15 x 1072, CL = 90%
F(r— — p210)/Tiotal <33 x 1072, CL = 90%
M~ — Pn)/Total <8.9 x 107°, CL = 90%
M~ — p790)/Tiotal <2.7 x 1072, CL = 90%
M~ — A77)/Tiotal <7.2x 1078, CL = 90%
M~ — A7) /Tiotal <1.4x 1077, CL = 90%
t1/2( 70Ge — 765e 4 267 ) >1.9 x 1025 yr, CL = 90%
Frt — w7.)/Motal [q] <1.5x1073, CL =90%
KT — 7=t et)/Miotal <5.0 x 10710, CL = 90%
MKt — 7= etet)/Miotal <6.4 x 10710, CL = 90%
MKt — 7 ptut)/Miotal [q] <1.1x1079, CL =90%
MKt = 0t 52)/Tiotal [q] <3.3x1073, CL =90%
KT — 79eto,)/Miotal <3x 1073, CL = 90%
M0t — 77 2eT) /Mol <1.1x 1076, CcL = 90%
(Dt — 7= 2uF)/Fiotal <2.2x 1078, CL = 90%
(ot — 7= et ut)/Miotal <2.0 x 107°, CL = 90%
r(Dt — p~2uT)/Tiotal <5.6 x 1074, CL = 90%
r(0t — K~ 2et)/Tiotal <9x 10~7, CL = 90%
(Dt — K= 2uh)/Tiotal <1.0 x 1072, CL = 90%
(bt — K= et ut)/Miotal <1.9 x 107°, CL = 90%
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(DT — K*(892)~ 2u™T)/Tiotal

r(po
r(po
r(po
r(p0
r(po
r(po
r(po0
r(po
r(po0
r(po
r(po

—

L A A A

—

2r2et + c.c.)/Tiotal
217 2T + c.c.)/Tiotal

K~ n 2t + c.c.)/Tiotal
K—n2ut + c.c.)/Tiotal
2K~ 2eT + c.c.)/Tiotal
2K~ 2T+ c.c.) /Tiotal
et ut+ c.c.)/Tiotal
K n—etut+ c.c.)/Tiotal
2K~ et pt + c.c.)/Tiotal
pe”)/Tiotal

Pet)/Tiotal

F(D:' — 77 2eT)/Tyotal
r(D;r — 7 2u) Tiotal
F(D:’ — 7 et ut)/Miotal

r(of
r(of
r(oy
r(oy
r(s+
r(B+
r(B+
r(B+
r(s+
r(B+
r(e+
r(s+
r(s+
r(s+
r(e+
r(s+
r(s+
r(s+
r(B+
r(B+
r(s+
r(s+
r(B+
r(B+
r(B+
r(s+
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—

L e e T e e e e A A

K™ 2'5'—+-)/|_total

K™ 2"ﬂ_)/l_total

K et '“+)/rtotal
K*(892) ™ 2u™)/Total
et e—i_)/rtotal
ot “+)/rtotal

m et “+)/rtotal
p-et e—i_)/rtotal

P~ ) Teotal
p-et “+)/rtotal

K™ et e+)/rtotal

K™ ut ”+)/rtotal
K™et ”+)/rtotal
K*(892)~ eT eT)/Tiotal
K*(892)~ pt N+)/rtota|
K*(892) ™ e ™) /Tiotal
D™ et e—i_)/rtotal

D~ et ”+)/rtotal

D™ ut “+)/rtotal

D*~ pt “+)/rtotal

Ds_ pt /ﬁ_)/rtotal
DO~ pt ”+)/rtotal

A0 ”+)/rtota|

A0 e+)/rtotal

A0 '“+)/rtotal

A0 e+)/rtotal

Page 23

[s]

<8.5x 104, CL = 90%
<1.12 x 1074, CL = 90%
<2.9x 1072, CL = 90%
<2.06 x 10~4, CL = 90%
<3.9x 1074, CL = 90%
<1.52 x 1074, CL = 90%
<9.4 x 1072, CL = 90%
<7.9x 1072, CL = 90%
<2.18 x 10~4, CL = 90%
<5.7 x 1072, CL = 90%
<1.0 x 1072, CL = 90%
<1.1x 1072, CL = 90%
<4.1x 1075, CL = 90%
<1.2x10~7, CL = 90%
<8.4x 1075, CL = 90%
<52 x 1076, CL = 90%
<1.3x 1072, CL = 90%
<6.1x 1076, CL = 90%
<1.4 x 1073, CL = 90%
<2.3x 1078, CL = 90%
<4.0x 1079, CL = 95%
<1.5x 107, CL = 90%
<1.7x10~7, CL = 90%
<42 x10~7, CL = 90%
<4.7x10~7, CL = 90%
<3.0 x 1078, CL = 90%
<4.1x 1078, CL = 90%
<1.6 x 10—/, CL = 90%
<4.0 x 107, CL = 90%
<5.9 x 107, CL = 90%
<3.0x 107, CL = 90%
<2.6 x 1076, CL = 90%
<1.8x 1076, CL = 90%
<6.9 x 107, CL = 95%
<2.4x1076, CL = 95%
<5.8x10~7, CL = 95%
<1.5x 1075, CL = 95%
<6 x 1078, CL = 90%
<3.2x 1078, CL = 90%
<6 x 1078, CL = 90%
<8x 1078, CL = 90%
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r(BY — AT 17)/Tiotal <1.4 x 1076, CL = 90%
r(B% — AT e™)/Miotal <4x 1070, CL = 90%
MA — 7t e™)/Miotal <6 x 1077, CL = 90%
MA — 7t 17 /Teotal <6 x 1077, CL = 90%
FA — 77 eT)/Tiotal <4x 1077, CL = 90%
FA — 7w /Tiotal <6 x 1077, CL = 90%
MA— Kte )/Tiotal <2x 1070, CL = 90%
MA— Kt u™)/Tiotal <3x 1070, CL = 90%
FA — K™ et)/Tiotal <2x 1070, CL = 90%
FA — K™ )/ Teotal <3x 1070, CL = 90%
rA = K%v)/Tioal <2 x 1072, CL = 90%
M=~ — pu™ 17 )/Total <4x 1078, CL = 90%
FAY — B2eT)/Tigtal <2.7x 1076, CL = 90%
rAY — p2u™)/Miotal <9.4 x 107°, CL = 90%
rAL — pet u®)/Miotal <1.6 x 1072, CL = 90%
rA — ==t uh)/Miotal <7.0x 1074, CL = 90%

BARYON NUMBER

[(Z — pe)/Tiotal <1.8x107°, CL = 95%
M(Z — pu)/Tiotal <1.8x107°, CL = 95%
Mt~ — pu™ 1)/ Tiotal <4.4x 1077, CL = 90%
M~ — put ™)/ Tiotal <33 x 1077, CL = 90%
M~ = P7)/Ttotal <3.5x107°, CL = 90%
M~ — B70)/Tiotal <1.5x 1072, CL = 90%
M~ — p279)/Tiotal <3.3x 1072, CL = 90%
Mt~ — B)/Tiotal <8.9 x 1076, CL = 90%
M= — Br0n)/Tiotal <2.7x 1079, CL = 90%
M~ — A77)/Tiotal <7.2x 1078, CL = 90%
Mt~ — A77)/Teotal <1.4 x 1077, CL = 90%
r(D% — pe™)/Tiotal [f] <1.0x 1075, CL = 90%
r(D0 — pet)/Miotal [s] <1.1x1072, CL=90%
r(BT — A%ut)/Mital <6 x 1078, CL = 90%
r(Bt — A%et)/Miotal <3.2x 1078, CL = 90%
r(B+t — 2%u+)/Miotal <6 x 1078, CL = 90%
r(BT — A%et)/Tiotal <8x 1078, CL = 90%
r(B% — AT 17)/Tiotal <1.4 x 107°, CL = 90%
r(BY — Ate™)/Miotal <4x 1070, CL = 90%
p mean life [t] >2.1x 1029 years, CL = 90%

A few examples of proton or bound neutron decay follow. For limits on many other nucleon decay channels,
see the Baryon Summary Table.
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(N — eTm) > 2000 (n), > 8200 (p) x 1030 years, CL
= 90%

(N — ptn) > 1000 (n), > 6600 (p) x 1030 years, CL
= 90%

(N — et K) > 17 (n), > 1000 (p) x 1030 years, CL =
90%

(N = uTK) > 26 (n), > 1600 (p) x 1030 years, CL =
90%

limit on n7 oscillations (free n) >0.86 x 108 s, CL = 90%
limit on n7 oscillations (bound n) [u] >1.3x108s CL = 90%
FA — 7te™)/Tiotal <6 x10~7, CL = 90%
FA — 7t 07) Tiotal <6x 1077, CL = 90%
MA — 7~ et)/Miotal <4 %1077, CL = 90%
MA — 7~ 1) /Total <6 x 1077, CL = 90%
A — KTe)/Tiotal <2x 1076, CL = 90%
FA — KT u7)/Teotal <3x 1070, CL = 90%
FA — K~ et)/Tiotal <2x 1076, cL = 90%
MA— K= pt)/Tiotal <3x 1070, CL = 90%
rA— K%v)/Miotal <2x 1072, CL = 90%
FA — ) /Tiotal <9x 1077, CL = 90%
r(/\z_L — P2eT)/Tiotal <2.7x 1076, CL = 90%
rAY — p2u™)/Miotal <9.4 x 1076, CL = 90%
r(/\;r — pet ) /Miotal <1.6 x 1072, CL = 90%

ELECTRIC CHARGE (Q)

e — Vg7 and astrophysical limits [v] >6.6 x 1028 yr, CL = 90%
M(n— pre¥a)/Tiotal <8x 10727, CL = 68%

AS = AQRULE
Violations allowed in second-order weak interactions.

<1.3x 1078, CL = 90%
<3.0x 1070 CL = 95%

Re(x,.), Kg3 parameter (—0.9 +3.0) x 1073
x=AKO = 77t u)/A(KO = 77T v) = A(AS=—AQ)/A(AS=AQ)

|'(K+ — 7r+7r+e_ﬁe)/l'tota|
MKT = 77t 07 7,)/Miotal

real part of x —0.002 £ 0.006
imaginary part of x 0.0012 4+ 0.0021
M=t — netv)/I(Z7 — nt™D) <0.043

M=t — netvy)/Miotal
=+t — n,ﬁuu)/rtotal

HTTP://PDG.LBL.GOV

Page 25

<5x 1079, CL = 90%
<3.0 x 1072, CL = 90%

Created: 10/3/2016

15:03



Citation: C. Patrignani et al. (Particle Data Group), Chin. Phys. C, 40, 100001 (2016)

ME0 — == et w) Mgl <9 % 10™4, CL = 90%
r=0 — s—ut V) Thotal <9 x 104, CL = 90%

AS = 2 FORBIDDEN

Allowed in second-order weak interactions.

M0 — pr)/Tiotal <8 x 1076, CL = 90%
r(EO — pe” Ve)/Tiotal <1.3x 1073

M=% — pu=7,)/Trotal <13x 103

M=~ — n77)/Tiotal <1.9 x 1072, CL = 90%
M=~ — ne”7.)/Tiotal <3.2x 1073, CL = 90%
ME" = 007 7,)/Miotal <15 x 1072, CL = 90%
M=~ — pr 7 )/Tiotal <4x 1074, CL = 90%
M=~ — pr e 7e)/Tiotal <4x 1074, CL = 90%
ME~ — pr 1 7,)/Miotal <4 x 1074 CL = 90%
MR~ — A77)/Tiotal <2.9 x 107°, CL = 90%

AS = 2 VIA MIXING

Allowed in second-order weak interactions, e.g. mixing.

mo — m g (0.5293 =+ 0.0009) x 1010 7 s—1 (S = 1.3)
L S

0o —m
L

—12
m 0 (3.484 £ 0.006) x 1012 MeV
K K3

AC = 2 VIA MIXING

Allowed in second-order weak interactions, e.g. mixing.

0.41 _

!thl) - ng! = al (0.957944) x 1010 7 s—1
0.14 _
("Dflj - ng)/r =2y (1.297718) x 1072
AB = 2 VIA MIXING
Allowed in second-order weak interactions, e.g. mixing.

Xd 0.1875 + 0.0017
Ampg = Mgy ~ Mpgo (0.5096 =+ 0.0034) x 1012 f s~ 1
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xg = Amgo /T o 0.775 + 0.006

Ampgy = mgy = mg (17.757 £ 0.021) x 1012 i s~ 1
s sH sL

Xg = AmBg/ng 26.81 + 0.10

Xs 0.499308 + 0.000005

AS =1 WEAK NEUTRAL CURRENT FORBIDDEN

Allowed by higher-order electroweak interactions.

MKt — ntete™)/Miotal (3.00 + 0.09) x 10~/
Mkt — 7ot ut ™)/ Miotal (9.4 £+ 0.6) x 1078 (S = 2.6)
MKt — 7t D) /Miotal (1.7 + 1.1) x 10710
r(kt — =t 7902)/Meoral <43 x 1072, CL = 90%
MKS — 1T 7)) /Tiotal <9x 1079, CL = 90%
FKS — et e™)/Tiotal <9x 1079, CL = 90%
r(kY — m0ete™)/Miotal [l (3.0713) %1079
MK — 70t =) /Miotal (29713) x 1079
MK =t 17)/Tiotal (6.84 £ 0.11) x 10~9
Mk — ete™)/Motal (979) x 10712
MK — 7ta=ete™)/Miotal [y] (3.11 +0.19) x 10~/
r(KY — 7970ete™)/Tiotal <6.6 x 1079, CL = 90%
MK — 7070t =) /Miotal <9.2 x 10711, CL = 90%
MK — pH et e™)/Migtal (2.69 + 0.27) x 10~9
MK — etemete™) /Mol (3.56 & 0.21) x 10~8
r(KY — 7OuF 1) /Tiotal <3.8 x 10710, CL = 90%
r(KY — 7Ot e™)/Miptal <2.8 x 10710, CL = 90%
r(K — 70uD)/Tioal <2.6 x 1078, CL = 90%
r(K9 — 7070um)/rora <8.1x 1077, CL = 90%
(=t — pete ) /Motal <7x 1076
MET — putu™)/Tiotal (9Fg) x 1078
AC =1 WEAK NEUTRAL CURRENT FORBIDDEN

Allowed by higher-order electroweak interactions.
(DT — 7tete™)/Miotal <1.1x 1076, CL = 90%
r(ot — ot ut ™) /Miotal <7.3x 1078, CL = 90%
(Dt — pTut ™) /Tiotal <5.6 x 1074, CL = 90%
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YY)/ Ttotal

et e )/Total

phu™ )/Ttotal

net e )/Ttotal
w01t 17) /Miotal
net e )/Total

et 1) Tiotal
ata— et e )/Tiotal
pO et e )/Ttotal

rtr et 17 )/ Total
P21t 17 Tiotal
wet e )/Ttotal

wp 1)/ Teotal
K=Kt eTe™)/Tiotal
get e )/Total

K™ KTt 17)/Tiotal
¢M+ .U_)/rtotal
K—ntet e )/Total
K™ atutp™ )/Ttotal
= 70t 1) Miotal
Ktet e )/Ttotal
Kt b 17) /Tiotal
K*(892)+ N+ N_)/rtotal
pet e )/Total

Pt 1) /Tiotal

<2.2x 1070, CL = 90%
<7.9x 1078, CL = 90%
<6.2x 1079, CL = 90%
<45 x 1072, CL = 90%
<1.8 x 104, CL = 90%
<1.1x 1074, CL = 90%
<53 x 1074, CL = 90%
<3.73x 1074, CL = 90%
<1.0 x 104, CL = 90%
<55 x 1077, CL = 90%
<22 x 1075, CL = 90%
<1.8 x 104, CL = 90%
<8.3x 104, CL = 90%
<3.15 x 1074, CL = 90%
<5.2x 1079, CL = 90%
<3.3x 1072, CL = 90%
<3.1x 1072, CL = 90%
<3.85 x 1074, CL = 90%
<3.59 x 1074, CL = 90%
<8.1x10~%, CL = 90%
<3.7x 1076, CL = 90%
<2.1x 1072, CL = 90%
<1.4x 1073, CL = 90%
<5.5x 1070, CL = 90%
<4.4 x 1075, CL = 90%

AB =1 WEAK NEUTRAL CURRENT FORBIDDEN

Allowed by higher-order electroweak interactions.

7T+€+€_)ﬂ_total
ntet e )/Total
mtut )/Ttotal

L v7)/Tiotal

KTt g_)/rtotal

KT et e )/Total

Kt ptu )/Ttotal

KT vv)/Tiotal

pt v?)/Tiotal
K*(892) T ¢ 07) /Tiotal
K*(892)T e e™)/Tiotal
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<4.9 x 1078, CL = 90%
<8.0 x 1078, CL = 90%
(1.79 £ 0.23) x 10~8

<9.8 x 1072, CL = 90%

(451 +0.23) x 10~ 7 (S = 1.1)

(5.5 +0.7) x 10~/

(4.43 + 0.24) x 1077 (S = 1.2)

<1.6 x 1072, CL = 90%
<2.13 x 1074, CL = 90%

(1.01 £0.11) x 1076 (S = 1.1)

(1557 039) x 106
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K* (892)+ N+ I )/rtotal
K*(892) 1 1) /T iotal
Ktatr=ptp~ )/Ttotal
¢ KT M+ I )/rtotal
’Y’Y)/rtotal
et e )/Ttotal
ete” 7)/Ttotal
w7 Teotal
1 1T 9) Teotal
w7 Teotal

SP, S — u+u_, P — u+u_)/rtota|

7'—‘_7'_)/rtotal
71"Og—i_g_)/rtotal

net e )/Total

Ot #7)/Tiotal
77€+£_)/rtotal

net e )/Ttotal

"7”+ /L_)/rtotal

0 v7)/Tiotal

KOo+ £7)/Tiotal

KOet e )/Ttotal

KO 1t ™) /Teotal

KO v7)/Tiotal

pO v7)/Tiotal

K*(892)0 41 07) /T iotal
K*(892)0 et e™)/Myotal
K*(892)0 it~ )/Ttotal
K*(892)0 D) /Ty otal
ovV)/Tiotal
invisible) /Ty ¢4
v7Y)/Tiotal

set e )/Total

sut 1)/ Tiotal
Sg—i_g_)/rtotal

met e )/Ttotal

met e )/Total

mut 1)/ Tiotal

KeT e )/Ttotal
K*(892)eT e ™) /Tiotal
Kut #7)/Tiotal
K*(892) ut 117) /Total
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(9.6 + 1.0) x 10~/

<4.0 x 1072, CL = 90%
(4.4 +0.4) x 10~ 7
(7.9721) x 10-8
<3.2x10~7, CL = 90%
<8.3x 1078, CL = 90%
<1.2x10~7, CL = 90%
(3.971-0) x 10-10

<1.6 x 10—/, CL = 90%
<53 x 1079, CL = 90%
<5.1x1079, CL = 90%
<4.1x 1073, CL = 90%
<5.3 x 1078, CL = 90%
<8.4 x 1078, CL = 90%
<6.9 x 1078, CL = 90%
<6.4 x 1078, CL = 90%
<1.08 x 10—/, CL = 90%
<1.12x 1077, CL = 90%
<6.9 x 1072, CL = 90%
(31798 x 1077
(16159 x 1077

(3.39 + 0.34) x 10~/
<4.9 x 1072, CL = 90%
<2.08 x 1074, CL = 90%
(9.9712) x 1077
(1.03731%) x 106
(1.02 £ 0.09) x 10~
<5.5 x 1072, CL = 90%
<1.27 x 10~4, CL = 90%
<2.4x 1072, CL = 90%
<1.7 x 1072, CL = 90%
(6.7 £ 1.7) x 1070 (S = 2.0)
(4.3 +1.0) x 1070

(5.8 + 1.3) x 1070 (S = 1.8)
<5.9 x 1078, CL = 90%
<1.10 x 10~ 7, CL = 90%
<5.0 x 1078, CL = 90%
(4.4 +0.6) x 10~/

(1.19 + 0.20) x 1070 (S = 1.2)
(4.4 +0.4) x 10~ 7

(1.06 =+ 0.09) x 10~
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M(B — K¢Te™)/Tiotal (48 +0.4)x 1077

M(B — K*(892)¢17)/Tiotal (1.05 + 0.10) x 10~
[(B — Kvp)/Tiotal <1.7 x 1072, CL = 90%
M(B — K*uD)/Tiotal <7.6x 1072, CL = 90%
F(b — 37v)/Tiotal <6.4 x 1074, CL = 90%
r(b— ete™ anything) /T otal —

F(b — ut ™ anything)/Tiotal <3.2x 1074, CL = 90%
F(b — vwanything)/Tiotal —

r(B2 — 77)/Tiotal <3.1x107°, CL = 90%
r(BY — utu™)/Meotal (29780 x 1079

r(BY — ete™)/TMiotal <2.8x 10~ 7, CL = 90%
M8 — whu=ut i) Mioal <1.2x 1078, CL = 90%
rBY — sP, s— utu=, P— uFp7)/Ttal [aa] <1.2x 1078 CL = 90%
r(B2 — ¢(1020) it 1™)/Tiotal (82+1.2)x 1077
r(BY — 77~ 1wt ™) /Miotal (8.4+1.7)x 1078
r(BY — ¢v7)/Tiotal <5.4 x 1073, CL = 90%

AT =1WEAK NEUTRAL CURRENT FORBIDDEN
Allowed by higher-order electroweak interactions.

M(t— Zq(a=u,c))/Tiotal [bb] <5 x 104, CL = 95%

NOTES

[a] C parity forbids this to occur as a single-photon process.

[b] See the Particle Listings for the (complicated) definition of this quantity.
[c] Time-reversal invariance requires this to be 0° or 180°.

[d] This coefficient is zero if time invariance is not violated.

[e] Allowed by higher-order electroweak interactions.

[f] Violates CP in leading order. Test of direct CP violation since the in-
direct CP-violating and CP-conserving contributions are expected to be
suppressed.

[g] In the 2010 Review, the values for these quantities were given using a
measure of the asymmetry that was inconsistent with the usual definition.

[h] Re(€’' /e) = €/ /€ to a very good approximation provided the phases satisfy
CPT invariance.
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[/] This mode includes gammas from inner bremsstrahlung but not the direct
emission mode K(Z — 7t 7~ ~(DE).

[/] Neglecting photon channels. See, e.g., A. Pais and S.B. Treiman, Phys.
Rev. D12, 2744 (1975).

[k] Derived from measured values of ¢, ¢qg, ‘n‘ ‘mKO - m and

Kg"
T )0, as described in the introduction to “Tests of Conservation Laws.”
S

[/] The |m,—mg5|/m, and |q, + qp|/e are not independent, and both use

the more precise measurement of |q5/m|/(qp/mp).

[n] The value is for the sum of the charge states or particle/antiparticle
states indicated.

[0] A test of additive vs. multiplicative lepton family number conservation.

[p] The sign of Am§2 is not known at this time. The range quoted is for
the absolute value.

[q] Derived from an analysis of neutrino-oscillation experiments.

[r] This limit is for either D® or D° to pe~.

[s] This limit is for either D or D° to pe™.

[t] The first limit is for p — anything or " disappearance” modes of a bound
proton. The second entry, a rough range of limits, assumes the dominant
decay modes are among those investigated. For antiprotons the best
limit, inferred from the observation of cosmic ray p's is T > 107
yr, the cosmic-ray storage time, but this limit depends on a number of
assumptions. The best direct observation of stored antiprotons gives
75/B(p — e ) > 7 x 10° yr.

[u] There is some controversy about whether nuclear physics and model
dependence complicate the analysis for bound neutrons (from which the
best limit comes). The first limit here is from reactor experiments with
free neutrons.

[v] This is the best limit for the mode e~ — v+y. The best limit for “electron
disappearance” is 6.4 x 10%* yr.

[x] See the K% Particle Listings for the energy limits used in this measure-
ment.

[y] See the K(Z Particle Listings for the energy limits used in this measure-
ment.

[z] An ¢ indicates an e or a u mode, not a sum over these modes.

[aa] Here S and P are the hypothetical scalar and pseudoscalar particles with
masses of 2.5 GeV/c? and 214.3 MeV/c?, respectively.

[bb] This limit is for [(t — Zq)/T(t — Wb).

HTTP://PDG.LBL.GOV Page 31 Created: 10/3/2016 15:03



