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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

_|_
7r+71'_7r

+

_|_

7"« parameter 8 (D-wave)
F(n — 709)/Tiotal

F(n — 2799)/Teotal

F(n — 379%)/Teotal

F(n — 37)/Tiotal

F(n— m9ete™)/Miotal

7Ot 1) Miotal

M(w(782) — 779)/Tiotal

M(w(782) — 279)/Tiotal

M(w(782) — 379)/Tiotal
asymmetry parameter for 7/(958) — nt 7~ v decay
M(n/(958) — 70eTe™)/Tiopa
r(n/(958) — ne+ e )/Tiotal
F(n(958) = 37)/Tiotal

M(n'(988) — T 1™ 70)/Tgpay
F(n'(958) — 't 1™ n)/Tiotal
F(J/9(1S) = v7)/Tiotal
F(J/v(1S) = v9)/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%
<2.2x 1074, CL = 90%
<2.2x 104, CL = 90%
<2.3x 104, CL = 90%
—0.03 £ 0.04

<1.4 x 1073, CL = 90%
<2.4 %1073, CL = 90%
<1.1x 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%
<1.8 x 1072, CL = 90%
<5x 104, CL = 90%
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F(1ne(1S) — 77 77) /Miotal <1.1x 1074, CL = 90%
M(1c(1S) — 7070)/Moral <4 x 1072, CL = 90%
M(1c(1S) = KT K™)/Tiotal <6 x 1074, CL = 90%
F(n(18) = KLKL)/Miotal <3.1x 1074, CL = 90%

p electric dipole moment <0.021 x 10723 ecm

n electric dipole moment <0.30 x 10—25 ecm, CL = 90%
A electric dipole moment <1.5x 1016 ecm, CL = 95%

TIME REVERSAL (T) INVARIANCE

e electric dipole moment <0.87 x 10_28 ecm, CL = 90%
1 electric dipole moment (—=0.1 £0.9) x 10719 ecm
u decay parameters

transverse e polarization normal to plane of p (—24+£8)x 103

spin, et momentum

ol /A (—10 £ 20) x 103

g /A (24+7)x1073
Re(d,. = 7 electric dipole moment) —0.220 t0 0.45 x 10716 ecm, CL = 95%
Prin KT — aOuty, (1.7 +25)x 1073
Ppin KT — ptu,y (—0.6 + 1.9) x 1072
Im(&) in kt - 70 pwt vy decay (from transverse —0.006 £ 0.008

pol.)
asymmetry A in k0-K0 mixing (6.6 £ 1.6) x 10-3
Im(§) in K23 decay (from transverse p pol.) —0.007 £+ 0.026
Ap(DE — KEKkErtrm) [b] (=12 4+ 11) x 10~3
Ap(D9 — Kt K= xtz7) [b] (1.7 +27)x 1073
Ap(DE — KO KkEata) [b] (—14 +8) x10~3
AsT (S;*,K% - S;K%) ~1.37 +£0.15
AST (SZ—,K% - 512_+,Kg) 1.17 + 0.21
ACT (CE_—,K‘; - C;Kg) 0.10 + 0.16
ACT (CZJ(g - C1€_+,K2) 0.04 + 0.16
p electric dipole moment <0.021 x 10723 ecm
n electric dipole moment <0.30 x 10—25 ecm, CL = 90%
n — pe” U, decay parameters

® Ay phase of g4 relative to g\, [c] (180.017 + 0.026)°

triple correlation coefficient D [d] (-1.2+20)x10"%

triple correlation coefficient R [d] 0.004 £+ 0.013
A electric dipole moment <1.5 x 10—16 ecm, CL = 95%
triple correlation coefficient D for ¥~ — ne™ 7, 0.11 £ 0.10
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CP INVARIANCE

Re(dY)

Im(d¥)

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

F(n = 27%)/Tiotal

r(n = 47%)/Tiotal

r(n/(958) — 7r+7r_)/rtota|

r(n/(958) — 70 )/rtota|

rate difference/sum

Teote
Kt - 7t pT p~ rate difference/sum
Kt - :tﬂ'o"y rate difference/sum
P

~ rate difference/sum
Kt — 7T:t7T 70 rate difference/sum
ErtaT (ep —g) /(g4 +8)

00 (e, —g )/ (e +2&)

As =[T(KE = 77 etwy) -T(KE = nTe™7,)]
/ 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))

nooo| = |AKKE — 370)/A(K9 — 370)]

CP asymmetry A in K% — rTa ete™

r(KS — 379)/Total

linear coefficient j for K(Z - ata

KT . £

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(K9 — 700 F 1™)/Miotal [e]
r(KY — 7Ot e™)/Miotal le]
MK — 70u%)/Tigtal [£]

ACP(D:t — lfl: v)
ACP(D:E — K?ei v)
Acp(DE — KQr¥)
Acp(DE — KF2rt)
ACP(D:t — K:Fﬂ'j:ﬂ':tﬂ'o)
ACP(Di — K%ﬂ'iﬂ'o)
ACP(Di — K%wiw+7r_)
ACP(Di — 7T:|:7T0)
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<0.50 x 10717 ecm, CL = 95%
<1.1x 10717 ecm, CL = 95%

(—0.6 & 3.1) x 1072
<13 x 1079, CL = 90%
<3.5x 104, CL = 90%
<6.9 x 107, CL = 90%
<1.8 x 1072, CL = 90%
<5x 1074, 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)%
(24 +1.2)%

Created: 6/5/2018

19:01



Acp(D*
Acp(D*
Acp(D*E
Acp(DF
Acp(DE
Acp(D*E
Acp(D*
Acp(DF
Acp(DF
Acp(D*
Acp(D*
Acp(DE
Acp(DE
Acp(D*
Acp(D*

L T T A

!

L

—
—
—

—

Local CPV in
Local CPV in
’q/p‘ of DO-D0 mixing
Ar of p0-po mixing
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)

nE 1 (958))

KO /KO K*)

K Kk+)

K+t K= %)

K:I: K*O)

prt)

KE K} (1430))
KE K3(1430)0)
KE K3 (700))
ap(1450)0 7 %)
$(1680) 7T)

at o~ Wi)

K% KErt ™)
K* 7r0)

Dt o sta—aTt
DT - KtK—#*

(1.0 £ 1.5)% (S = 1.4)
(—0.6 £ 0.7)%

(0.11 + 0.17)%

(—0.11 £ 0.25)%
(0.37 & 0.29)%
(—0.3+0.4)%

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

(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 — Kt K™)

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°
Acp(D°

—

—

L e e e

—

—

—

KSKS)

ataT)

71'071'0)

)

$7)

K*(892)0+)

ata~ 7r0)

p(770)F 7~ 0)
p(770)071'0 — 7T+7T_7T0)
p(770) " 7T — 7r+71'_71'0)
p(1450)t 7~ — 7r+71'_7r0)
p(1450)071'0 — 7T+7T_7T0)
p(1450) " 7t — 7t x— 7r0)
p(1700) T 7~
p(1700)071'0 — 7T+7T_7TO)
p(1700) " nt — 7t x— 7r0)
f0(980)71'0 — 7T+7T_7T0)
f0(1370)71'0 — 7r+7r_71'0)
f0(1500)71'0 — 7r+7r_71'0)
f0(1710)71'0 — 7r+7r_71'0)

— 7r+71'_71'

— ata~ 7r0)
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(g]
(g]
[g]
(g]
[g]
(g]
(g]
(g]
(g]
(g]
(g]
(g]
[g]

(—0.07 + 0.11)%
(0.4 +1.5)%
(0.13 + 0.14)%
(0.0 + 0.6)%

(6 + 15) x 10~2
(-9 +7)x 1072
(—0.3 £ 2.0) x 1072
(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)%
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ACP(DO — f2(1270)71'0 — 7r+7r_71'0) [g] (-4 £6)%
Acp(DO — 5(400)70 — 7t x—#0) [g] (6+8)%

Ac p(nonresonant DO — ata—70) [g] (—13 £23)%
Acp(D, DO — 27t 2x7) (0.5 + 1.2)%
Acp(DO — ay(1260) T 7~ — 27t 277) (5+6)%
Acp(DO — a1(1260) 7t — 2nt277) (14 + 18)%
Acp(D9 — w(1300)t 7~ — 27T 277) (-2 £ 15)%
ACP(DO — 7(1300) " 7T — 27t 277) (—6 £ 30)%
ACP(DO — 31(1640)+7T_ — 2nt2xT) (9 £ 26)%
Acp(DY — m5(1670)T 7~ — 2xt277) (7 +18)%
Acp(DO — ofy(1370) — 2t 277) (—15 + 19)%
ACP(DO — ap(??O)O — 27T 2n7) (3+27)%
ACP(DO — 2p(770)0 — 27T 277) (—6£6)%
Acp(DO — 2f5(1270) — 27T 277) (—28 + 24)%
Acp(D9 — KT K~ x0) (1.0 £ 1.7)%
Acp(D0 — K*(892)tT K~ — Kt K~ x0) lg] (—0.9+1.3)%
Acp(D0 — K*(1410)t K= — K+ K= x0) [g] (=21 +24)%
Acp(D0 — (KTr0)gk— — Kt Kk—x0) [g] (7+15)%
Acp(DO — ¢(1020)70 — Kt K= #0) [g] (1.1+22)%
Acp(DO — £5(980)70 — Kt K~ #0) [g] (=3 +19)%
Acp(DO — ap(980)070 — Kt K= 70) lg] (=5 + 16)%
Acp(DO — £4(1525)70 — KT K= x0) lg] (0 + 160)%
Acp(D9 — K*(892)~ KT — KT K= x0) [g] (-5+4)%
Acp(DO — K*(1410)” KT — KT K= x0) lg] (—17 £ 29)%
Acp(D0 — (K~ 7106 ave KT — KT K™ x0) [g] (—10 + 40)%
Acp(DY — KQ70) (—0.20 £ 0.17)%
Acp(DY — KQn) (0.5 + 0.5)%
Acp(DO — Ky (1.0 £ 0.7)%
Acp(DO — KL¢) (-3 +9)%
Acp(DO — K—7T) (0.3 +0.7)%
Acp(DO — Kt x) (—0.9 + 1.4)%
Acp(Dop(s1) = KFrt) (12.7 + 1.5)%
Acp(D0 — K~ xtx0) (0.1 £ 0.5)%
Acp(D0 — KT 7= x0) (0 £ 5)%
Acp(DO — K7t r—) (—0.1 +0.8)%
Acp(DO — K*(892)~ 7t — KQxta™) (0.4 + 0.5)%
Acp(DY — K*(892)Tn~ — KQxtr™) (1+6)%
Acp(DO — K20 — KQrtr7) (0.1 +0.5)%
Acp(D0 — Klw — Kertr7) (-13+£7)%
Acp(DO — K%£(980) — K7t r™) (—0.4 +2.7)%
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Acp(D® — K% f(1270) — K7t rm)
Acp(DO — K2£(1370) —» KLntr7)
Acp(DO — KO0(1450) — K7t r7)
Acp(D°

— KO f5(600) — K%w+7r_)
ACP(DO — K*(1410)" 7t — K%7r+7r_)
ACP(DO — K6(1430)_7T+ — K%W+7T_)
Acp(DO — K3(1430)" 7T — KQat77)
Acp(DO — K3(1430)" 7T — KQat77)
ACP(DO — K§(1430)+7T_ — K%W+7T_)
ACP(DO — K*(1680)" 7t — K%w+7r_)

ACP(DO — K ntzatr)
ACP(DO — Kta—atz)
Acp(DO — KT K= atz™)

N
Acp(D0 — Ki(1270)t K~ — KT K= 7t 7n7)
Acp(D0 — Ki(1270)t K= — K*O0nt K™)
Acp(DO — Ki(1270)” KT — K*0z~ k™)
Acp(DO — K¥(1270) KT — KT K= at77)
Acp(DO — Ki(1270)F K= — pOKT k™)
Acp(D? — Ki(1270)~ K+ — PO K= KT)
Acp(D? — Ki(1400)t K~ — KT K= 7t rn7)
Acp(D0 — K*(1410)t K~ — K*O0rtK)

Acp(DO — K*(1410)~ kT — K*0x— k™)
Acp(D? — K*(1680)t K~ — KT K~ atx™)
ACP(K*OW*O) in DO DO . k*0K*0
Acp(DO — K*0K*0 5 \wave)
Acp(@p0)in DO, D0 — ¢p0
ACP(DO — ¢p0 S-wave)
ACP(DO — ¢p0 D-wave)
ACP(DO - ¢(7T+7r_)5—wcwe)
Acp(DO — K*(892)0 (K~ 7)) s _yave)
ACP(DO — Kt K~ 7 7 non-resonant)
Acp((K™ 7T+)P—wcwe (KT 77) s _wave)
CP-even fraction in D9 — 7T 7= 70 decays
CP-even fraction in D9 — K+ K= 70 decays
CP-even fraction in DO — 7t a—xta— decays
AADY = A (KT K™) = Aqp(rta)

CP CP CcP
Local CPV in D9, DO — 77— 70
Local CPV in D9, DY — ntza—nta—
Local CPV in DO, DO — KQ 7t 7~
Local €PV in D9, D9 — KT K~ =0
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(=4 + 5)%
(-14+ 9%
(=4 + 10)%
(=3 £ 5)%
(=2 + 9)%
(4 + 4)%

(12 + 15)%
(3+6)%
(—10 + 32)%
(0.2 + 0.5)%
(-2 4+ 4%
(1.3 +1.7)%
(25 + 16)%
(-1 + 10)%
(—10 + 32)%
(=50 + 20)%
(-7 +17)%
(10 + 13)%
(9 + 25)%
(—20 + 17)%
(-1 +14)%
(—17 + 29)%
(=5 + 14)%
(10 + 14)%
(1+9)%
(=3 £ 5)%
(=37 + 19)%
(0 £ 50)%
(—10 + 40)%
(8 £ 20)%

(B3 +11)%
(97.3 + 1.7)%
(73 £ 6)%
(73.7 + 2.8)%
(—0.12 + 0.13)% (S = 1.8)

4.9%

(0.6 + 0.2)%
96%

16.6%
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Local CPV in D9, DO — kKt K—ntn—
ACP(D;t — lftu)
i + 4.0
Acp(DE — Kt KQ)
Acp(DE — Kt K= =)

Aop(DE — grt)
Acp(DE — KkEKQ70)
Acp(DE — 2kQ7t)
Acp(DE — K+ K= aEz0)
Acp(DE — KEKYata)
Acp(DE — K KT 2rt)
Acp(OF — wF )
Aop(DE = )
Aop(DE — i)
ACP(Dic — nrta0)
ACP(D;t—> /ﬂ'iﬂ'o)
Acp(Dy — KEx0)
Acp(DE — KO /KO7E)
Acp(DF — K%rt)
Acp(DF — KExtao)
ACP(DSjE — K*n)
Acp(DE — KE 4 (958))
Acp(BY — J/p(1S)KT)
Acp(BT — J/p(18)nT)
Acp(BT — J/4pT)
Acp(BT — J/ypK*(892)T)
ACP(B+ - ncK+)
Acp(BY — ¢(25)nT)
Acp(BT — ¢(2S)KT)
Acp(BT — (25)K*(892)T)
Acp(BT — xc1(1P)m ™)
Acp(BT — xcoK™T)
ACP(B+ - Xc1K+)
Acp(BT — xc1 K*(892)T)
Acp(BT — DOx)
Acp(BT — Dap(y1)m)

Acp(BT — Dep_1)m™)
Acp(KTntatr=pat)

ACP(B+ — [7T+7T+7T_7T_]DK+)
Acp(BT — [zt r—nta=]pK*(892)T)
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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 £3.1)%

(—0.9 + 0.5)%

(-1 + 4%

(0 + 8)%

(=27 + 24)%

(0.4 + 0.5)%

(3.1 £ 2.6)% (S = 1.7)
(4 + 5)%

(9 + 15)%

(6 +19)%

(1.8 4 3.0) x 1073 (S = 1.5)
(1.8 +1.2) x 1072 (S = 1.3)
—0.11 + 0.14

—0.048 + 0.033

0.01 £ 0.07 (S = 2.2)
0.03 + 0.06

0.012 + 0.020 (S = 1.5)
0.08 & 0.21

0.07 & 0.18

—0.20 4 0.18 (S = 1.5)
—0.009 + 0.033

0.5+ 0.5

—0.007 + 0.007
—0.0080 = 0.0026

0.017 £ 0.026

0.02 + 0.05
0.10 &+ 0.04
0.02 + 0.11
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Acp(BT — DOk)
Acp(KFrtata=]pKkt)
ACP(B+ — [7T+7T+7T_7T_]D7T+)

Acp(BT — [KTaT]pKT)
Acp(BT — [K—atx0]p k)
Acp(BT — [KT K= x0]pKkT)
ACP(B+ — [7T+7T_7T0]DK+)
Acp(BT — DOK*(892)1)
Acp(BT — [K™nTl5K*(892)7)
Acp(BT — [K™aTa™ nt]5K*(892)T)
Acp(BT — [K™xT]p7T)
Acp(BY — [K=at =057 t)
Acp(BY — [KTK=x0)pnT)
ACP(B+ — [7T+7T_7T0]D7T+)
Acp(BtT — [K_7T+](Dﬂ_)7r+)
Acp(BT — [K=a ] pynt)
Acp(BT — [K_W+](D7r) KT)
Acp(BT — [K™nt]p) KT)
ACP(B+ — [7T+7T_7TO]DK+)
Acp(BY — [KEKk+x~]pKT)
Acp(BT — [KKk=rt]pKkt)
Acp(BT — [KYKk= =zt ]pnT)
Acp(BT — [KYKk*Tz=paT)
Acp(BT — [K*(892)" KT]pKT)
Acp(BT — [K*(892)T K~ ]pKT)

Acp(BT — [K*(892)T K~ ]pnT)
Acp(BT — [K*(892)~ KT]pnT)
Acp(BT = Dop(y1)K™)
Aspsg(BT — DKT)

Aspg(BT — DrT)

AADS(B+_’ [K_7T+]DK+7T_7T+)
AADS(B+_’ [K_7T+]D7T+7T_7T+)
Acp(BT — Deop(_1y)K™)
Acp(BT — [KTKT]pKTn—aT)
ACP(B+ — [7T+7T_]DK+7T_7T+)
Acp(BT — [K=aT]pKTr—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+)
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—0.017 + 0.005
—0.31 +0.11

(—4 +8)x103
—0.58 + 0.21

0.07 + 0.30 (S = 1.5)
0.30 + 0.20

0.05 + 0.09

—0.007 + 0.019
—0.75 + 0.16

—0.45 + 0.25

0.00 + 0.09
0.35 + 0.16
—0.03 £ 0.04
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0.8 £04
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0.04 + 0.09
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D+ DY)
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n' K*(892)T)
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nK*(892)%)
nK§(1430)T)
nK3(1430)T)

wKT)

wk*t)

w(Km)s )
wK3%(1430)T)

Kk*0 ﬂ.—i-)
K*(892) 1 x0)
Kta—=t)

KT K~ KT nonresonant)
£(980)0 K1)
fo(1500) K)
F,(1525)0 K T)
K5(1430)0 7 )
K5(1430) T 70)
K35(1430)0 7 )

K+ 70 71'0)

KOpT)

K*trtz™)

PO K*(892) 1)
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0.016 + 0.010 (S = 1.2)
—0.09 + 0.05

—0.001 + 0.011 (S = 1.1)
—0.11 + 0.08 (S = 2.7)

0.07 £ 0.10

0.08 + 0.06
—0.23 £ 0.22

0.0+ 04
—0.15 £ 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

0.29 + 0.35

—0.10 =+ 0.09

0.14 + 0.15

—0.04 £ 0.09 (S = 2.1)
~0.39 £ 0.21 (S = 1.6)
0.027 + 0.008

0.06 + 0.05

—0.08 + 0.09

0.28 + 0.30

+0.05
—0.08 " 04

0.061 £ 0.032

+0.18
026 514

+0.29
0.05 7524

—0.06 + 0.07
—0.03 £ 0.15
0.07 = 0.08
0.31 + 0.13
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K*(892) ;(980))
ai" KO)

by KY)
K*(892)0 pT)
bIKT)

KO KT)

KT kLKD)
KT K—=T)
KTK—KT)
¢KT)
Xp(1550) KT)
K¥*t KT K™)
$K*(892))
s(Km)ph)

¢ Kq(1270)T)
¢ K5(1430)T)
KT ¢9)

Kt ledl,,)
K*(892)1 )
nKT )
KT )

Pt )

at 71'0)
atn— 7r+)
PO )
f5(1270) 7 t)
p0(1450) = 1)
fo(1370) 1)
7T 7~ 7T nonresonant)
pt )

pt %)

wrT)

wp™)

nrt)

npT)

n'mt)

' pT)

b? 7r+)
pprt)
pPK™T)
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—0.15 £ 0.12
0.12 £ 0.11

—0.03 £ 0.15

—0.01 £ 0.16
—0.46 + 0.20

0.04 + 0.14

+0.04
0.04_0'05

—0.122 + 0.021
—0.033 + 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

0.014 + 0.018

—0.12 + 0.07

—0.13 £ 0.11 (S = 1.1)
—0.11 £+ 0.33

0.03 £ 0.04

0.057 £+ 0.013

+0.09
0.18 __ 517

0.41 + 0.30

+0.4
—0.1_0'5

0.72 £ 0.22

+0.23
—0.147 575

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)
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pPK*(892)T)
pAv)

pAn0)
Ktete)
KTete)
KT ptp™)
K*tete)
K*eTe™)
K*pt ™)

rg(BT — DOKT)

sg(BT —

DO K+)

rp(BT — DOK*t)

sg(BT —
r%(B"’ —
5E(B+ -

DO K*+)
D*0 k)
D*0 k)

Re(e go)/(1+]€go|?)
At cp(B° = BY)

Acp(BY —
Acp(B°
Acp(B°
Acp(B°
Acp(BY
Acp(BP
Acp(B°
Acp(B°
Acp(B°
Acp(BY
Acp(B°
Acp(BP
Acp(B°
Acp(BY
Acp(B°
Acp(B°
Acp(BY
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Acp(B
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Acp(BP
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D*(2010)T D7)

[KT K™ ]1pK*(892)0)
[K+ 7~ ]pK*(892)°)
[t 7] pK*(892)0)
n' K*(892)0)

n' K§(1430))

n' K3(1430)0)
nk}(1430)0)
nK’(1430)0)

by KT)

w K*O)

w(Km)E0)
wK3(1430)0)

Ktn— 71'0)

p~ KT)

p(1450)~ K1)
p(1700)~ K1)

Kta= 70 nonresonant)
KO xtaT)

K*(892)1 ™)
(Km)gT77)

(Km)§0 )

Kk*0 71.O)
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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
0.103 =+ 0.005
(13691 35)°

£0.017
0.075 "¢ 018

1
(106" 28)°

+0.019
0.142 7 5950

(3211 §)°
(—0.5+0.4) x 1073
0.005 + 0.018

0.037 + 0.034

—0.03 £ 0.04

—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 10~2
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
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Acp(B® — K*(892)07 T 7 7)
Acp(BY — K*(892)0 o)
Acp(BY — K*0£)(980))
Acp(BY — K*tp™)
Acp(BY — K*(892)0 KT K™)
Acp(BY — al KT)

Acp(BY — KOKO)

Acp(BY — K*(892)0¢)
Acp(BY — K*(892)0 K~ 7T)
Acp(BY — ¢(Km)30)
Acp(BY — ¢K3(1430)0)
Acp(BY — K*(892)0+)
Acp(BY — K3(1430)0+)
Acp(B — pta)

Acp(B — p~aT)

Acp(BY — ap(1260)E 7 F)
Acp(BY — b )

Acp(B® — ppK*(892)0)
ACP(BO — pAnT)

Acp(BY — K*0ut )
Acp(BY — K*0etem)
Acp(BY — K*0putum)
Cpr(2010)- D+ (B9 — D*(2010)~ D)
Cp(2010)+ D (B9 — D*(2010)* D7)
Cprs pr (BY — D*F D*7)

¢, (B9 — D*tp*7)

Cc_ (BO N D*+D*_)

S (BO _ D*+D*_)

€ (BY — D*(2010)F D*(2010)~ KY)
s (B0 — D*(2010)F D*(2010)~ K2)
Cp+p- (B — DT D7)
Cyrp(as)-0 (B = J/4(15)%)

(B8O — J/w<15)p°8

c (80 — p*) 40y
(*) cp
D hO

S o (B9 — DU 40y
D(C)Pho CP

Co 0 (BO = KOx0)
0 ! 0
cn,(%s)Kg (BO — #/(958)KQ)

0 0
Sy(oseyK (B0 — 1(959)KE)
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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 + 0.04
02404

0.12 + 0.08
—0.11 4+ 0.10
—0.006 =+ 0.011
—0.08 +0.15
0.13 4 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 4 0.31

0.1+ 1.6 (S =3.5)
0.01 + 0.29

0.1+ 0.4

—0.22 + 0.24 (S = 2.5)
~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)
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Cy o (B% — n'KO)

Cng (B — wkQ)

szg (B — wkQ)
C(BO — K%ﬂ'oﬂ'o)
S(BO — K%ﬂ'oﬂ'o)
Cpng (B — p0kQ)
Spo K% (BO — po K(SJ-)
Cr (980) K (B — £,(980)K2)

0 0
Sfo(gso)Kg (BO — f5(980) KQ)

0_, 0
Sp(zro) K (B0 = R(270)KY)
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0_, 0
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0_, 0
Cr (1300) K9 (B £, (1300) k)

SK07T+7T
CK07T+7T 0 0 .0
CK%K% (BY — KSKS)

SK% K (B0 — k2kQ)

_(BY — KOntz— nonresonant)

- (B0 — KOgtr— nonresonant)

C (BO — KtK— K% nonresonant)

K+ K- Kg
Chet k- KO (B0 — KtK— K% inclusive)
S

C¢Kg (B — ¢KkQ)

0 0
5¢K% (BY — ¢KS)

0
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0
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CK%WOW(BO — K%704)

SK%WOW(BO — K%x0y)

0 * 0
CK*(892)0’V (B® — K¥(892)%~)

Sk (892)0~ (B9 — K*(892)0+)

CnKO’y (BO - nKO’Y)
S

nKOy
CKqu (BO - KO¢’Y)
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(B9 — nKOy)
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—0.04 £ 0.20

+0.17
0.50_0_21

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 = 1.4)

—-0.8 05
0.06 &+ 0.08
0.01 + 0.09
0.01 +0.14
0.59 + 0.14

~0.23 + 0.14
—0.54 0.6 (S = 3.0)
0.36 + 0.33

—0.8+ 0.6

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

—02+05

—0.3£0.6

+0.7
0.77771
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aB? — K%po'y)

S(B0 — K%pofy)

c (B2 — p0v)

s (B0 — pov)

Crn (BO — xtx7)

C_0.0(BY — «90)

pr (B0 — ptr)

Spr (B0 — pt 7))

As,mr (BO — pta)

Cp o (B0 — p070)

o (B9 — p070)

(B9 — aq(1260)T77)
(B9 — aq(1260)F =)

ACalﬁ(B — a1(1260) T 77)

A alﬂ(B — a1(1260) T 77)

c(BY — b KT)

AC(BO — by 7 T)

0)

p m
a17r

3171'

o(BO—>pp

Spp (B — ptp7)

I\ (BY = J/pK*(892)0)
cos 28 (BY — J/9 K*(892)9)
cos 203 (B0 — [Kg-ﬂ'—‘rﬂ'
(Sy +5_)/2(8Y— D
(S_ —5,)/2(BY — D*~xt)
(Sy +5_)/2(B% — D™ xT)
(S_ —54)/2(B% - D™ xT)
(Sy +5_)/2(B% — D™ pT)
(S_ —5,)/2(B%— D~ pt)
Cre K8 (B0 — n.kQ)

_]D(*) ho)
_7'r+)

Cooperyo (BO = czk(x)0)
Crp(nsy ko (B® = /4 (nS)KO)
Cyrpie0 (BY = J/wK*0)
Sy k0 (BY = J/wK*0)

C B0 KQ
XCOK%( — XcO S)
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—0.05 £ 0.19
—0.04 £0.23

0.4 £05
—-0.8+ 0.7
—0.31 £ 0.05
—0.33 £ 0.22

—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
—02+04(S=32)
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%

1730 (s = 1.6)
0.84 £ 0.31
—0.039 + 0.011
—0.009 + 0.015
—0.046 + 0.023
—0.022 + 0.021
—0.024 + 0.032
—0.10 + 0.06
0.08 £ 0.13

(0.5 + 1.7) x 1072
(0.5 + 2.0) x 10~2
0.03 + 0.10

0.60 = 0.25

4105
—03104
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S BO K9
XCOKg( T Xeo S)

c B0 KQ
XCIK%( o Xl S)

sin(287) (B — ¢KO)
sin(2605)(BY — ¢ K((1430)0)
sin(2B)(BY — [K%w"‘w‘]D(*) H0)
A (B0 — [KQxtn )
]sin(2ﬁ + 7)]

28+

x, (B® — Dk*0)

x_(BY — DK*0)

y_(B® — Dk*0)

Acp(B — K*(892)7)
Acp(b — s7)

Acp(b— (s+d)v)

Acp(B — XgtTem)

Acp(B — K*ete)
Acp(B — K*utu™)
Acp(B — K¥etTem)
Acp(B — nanything)
Re(eBg) /(1 + |eBgy2)
Ckk(BY — KTK™)

Sk k(B — KTK™)

rp(BY — DF k*)

5p(BY — DEKTF)

CP Violation phase 3

Alp(Bs — J/YK*(892)0)

“Ip)

Gp(Bs — J/wK*(892)0)
AL p(Bs — J/9K*(892)0)
Acp(Bg — nTK™)
Acp(BY — [KTK™]1pK*(892)0)
Acp(BY — [rF K~ ]p K*(892)0)

Acp(BY — [ntn—]pK*(892)0)
r(nc(IS) - 71'—i_ﬂ'_)/rtotal

F(ne(15) — 71'07"0)/rtotal

F(ne(15) — KT K™)/Ttotal

M(nc(1S) — KYKY)/Teotal

(a +a)/(a—a@)inA— pr—, A— prt

[a(Z7)a(N)-a(Z")ar(A)]
[a(Z7)a-(A)+a(ZT)a+(4)]
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—0.7+£05
0.06 + 0.07

0.22 + 0.30

+0.03
0.97 " 55>

0.37 £ 0.22
1.01 £ 0.08
>0.40, CL = 90%

(83 + 60)°

0.04 + 0.17

—0.16 + 0.14

0.20 + 0.25 (S = 1.2)
—0.003 + 0.011
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 " 5'p5

(—0.15 + 0.70) x 10~3
0.14 + 0.1

0.30 + 0.13

0.53 & 0.17

(3 + 20)°

(1.1 + 1.6) x 10~2 rad
—0.05 + 0.06

0.17 + 0.15

—0.05 £ 0.10

0.26 + 0.04

—0.04 £ 0.07

—0.01 + 0.04

0.06 + 0.13

<1.1x 104, CL = 90%
<4 x 1075, CL = 90%
<6 x 1074, CL = 90%
<3.1x 104, CL = 90%
0.006 =+ 0.021
(0+7)x10~4
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a)/(a—a)in AT — Art, A_ — An~
a)/(a—a)in Al —

ACP(/\b — p7m )
ACP(/\b — pK™)

Re(e)

charge asymmetry in K£3

parameters for KL

Ae+ue, ﬁ; — Ne™ T

e

—0.02 £ 0.13
—0.07 £ 0.31

0.00 + 0.04

0.06 + 0.08
—0.10 + 0.09

CP VIOLATION OBSERVED

0

decays

A| = weighted average of A; (1) and A (e)

Ap(p) =M@= utw,) = Tt p=w,)]/sum
A(e) = [M(m~ eTv,) — T(rT e 7,)]/sum

0

— 21 decay

[noo| = |AKD — 270)
A(K% — 27T0)|

| = A — wta) / AKY —
7r+7r_)‘

el = (@In4—| + [nool)/3

00 /14|

Re(€'/¢) = (1~|ngo/n4_|)/3

Assuming CPT

¢+_, phase of Ny
®00- Phase of ngg

Not assuming CPT

¢+_, phase of Ny
$0g, Phase of 1gq
¢ = (264 _ + ¢00)/3

CP asymmetry A in K? — rta ete™

Bcp from K? — eTe ete

Ycp from K? — eTe ete

parameters for K(Z — ot 7 7y decay

Iyl = |A(K(Z — wta~y, CP
vioIating)/A(K% — 7r+7r_fy)‘
q§_|__,y = phase of Ni—ny

r(K(B — 7T+7T_)/rtota|
r(K(B — 7T07r0)/rtota|

Acp(BT — Dopy1)KT)
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[h]
[h]

(1.596 + 0.013) x 103

(0.332 4+ 0.006)%
(0.304 + 0.025)%

(0.334 + 0.007)%
(2.220 + 0.011) x 1073 (S = 1.8)

(2.232 4 0.011) x 1073 (S = 1.8)

(2.228 + 0.011) x 1073 (S = 1.8)
0.9950 =+ 0.0007 (S = 1.6)
(1.66 & 0.23) x 1073 (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)
(13.7 + 1.5)%

—0.19 + 0.07

0.01 4 0.11 (S = 1.6)

(2.35 £ 0.07) x 10~3

(44 £ 4)°

(1.967 4 0.010) x 10~3 (S = 1.5)
(8.64 + 0.06) x 104 (S = 1.8)
0.120 4 0.014 (S = 1.4)
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Asps(BT — DKT)

Acp(BT — nKt)

Acp(BT — £(1270)KT)
Acp(BT — pOk™)

Acp(BT — f3(1370)7T)

v

rp(BT — DOKT)

sp(BT — DOKT)

rp(BT — DOK*t)

sp(Bt — DOK*T)

(BT — DO0kT)

5 (BT — D*0KT)

Acp (B — Ktx7)

Acp(BY — nK*(892)0)
Sp-(2010)- D+ (B9 — D*(2010)~ D)
Sp*(2010)+ D (B9 — D*(2010)* D7)
Spet pe— (B — D*F D*7)
S, (BY — D*tp*7)

Sp+p- (B — DTD7)

S 1 jp(1s)yx0 (B® = J/6(15)70)
S(BY — J/yp(15)p0)

S (B0 — K07r0)

(B — ' KO)

KO 70
577/ KO

S BO - Ktk— K% nonresonant)

_ 0 (
K+t K KS

S, K (B — KT K~ K inclusive)

KtK
Spr (BO—> ﬂ.-i-ﬂ.—)
AC,. (BO = ptrm)
e KO (B = 1K)
sin(28) (B — J/yKY)
S /pnsyko (B = J/4(nS)KO)

S BO K9
XclKg( o Xet S)
sin(20e7) (B0 — KT K~ KY)
(0%

rgo(B% — DK*0)

Re(ep) / (1 + |ep|?)
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—0.40 + 0.06

—0.37 £ 0.08

+0.19
—0.68 " 0.17

0.37 £ 0.10
0.72 £ 0.22
+4.3\0
(73.5_5'0)
0.103 £ 0.005
+4.6\0
(136.9_5.2)

+0.017
0.075 _¢.018

18

(1061_28)00 .
+0.01

0.1427 3552

(3211 §)°
—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

+0.15 (¢ _
—0.76 133 (S=1.2)
—0.94 +0.29 (S = 1.9)

+0.16
—066 "¢ 12

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

0.699 £ 0.017
0.701 £ 0.017

0.63 = 0.10

+0.13
0.777515
(93 £ 5)°

£0.041
02237 /045

27
(1931 50)°
(—134+0.4)x 103
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Acp(Bg — 7T K™)

(mw+ - mW,) / Maverage
(me+ - me,) / Maverage
|G+ + ag-1/e

(8ot — 8o-) / Baverage
(Tlﬁ - T'uf) / Taverage
(gu+ - g/f) / 8average
(m7-+ -m_— )/maverage
my — my

(mﬂ-+ - mﬂ-f) / Maverage

(Tﬂ—-i- Tﬂ——) / Taverage

(mK+ - mK_) / Maverage
(Tk+ = Tk-)/ Taverage
Kkt — ,uj: vy
KE ., 0

— M T

rate difference/sum

rate difference/sum
§in KO — KO mixing
real part of §
imaginary part of §
Re(y), K3 parameter
Re(x_), K3 parameter

’mKO - "70\ / Maverage
(rKO - r70)/’"average
phase difference ¢gg — ¢4 _
Re($n,_ + %Woo)—ATL
Acpp(D0 — K= =)
ASgPT (SZ_+,K% B S;-’K%)

— _|_ —
AScpr (Sng’Kg B Sng’Kg)

ACLpr (Cé‘tK% - CEK%)
AC pr (c;’K% - Ce_+,/<g)
[mp—mp|/mp

(7 -7)

lap + apl/e

(bp + 1p) /) Bp

HTTP://PDG.LBL.GOV

0.26 + 0.04

CPT INVARIANCE
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U]

[K]

[/l

[/l

(—37+35)x107%
<8x 1079, CL = 90%
<4 x 1078

(=05 + 2.1) x 1012
(2+8)x107°

(—0.11 + 0.12) x 10~8
<2.8x10~4, CL = 90%
—0.16 + 0.19 GeV
(2+5)x1074
(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
(=15 +1.6) x 1072
(0.4 + 2.5) x 10~3
(—2.9 +2.0) x 1073
<6x 10719, CL = 90%
(8 +8)x 1018

(0.34 £ 0.32)°
(—3+£35)x10°°
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 +09) x 1011
<7x 10710 cL = 90%
(0.3 +0.8) x 10~
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(mp —mgz)/ my,
(m/\—mz)/m/\
(Th — TZ)/TA
(Ts+ —75-) T+

(9 +6) x 107°

(—0.1+1.1)x 1072 (S = 1.6)
—0.001 =+ 0.009

—0.0006 =+ 0.0012

(hyt + b52) /byt 0.014 + 0.015

(m=_ —m=,)/ m=_ (—3+9)x107°

(roe — 7=4) /7= —0.01 + 0.07

(b= +p=y)/ u=]| 40.01 & 0.05

(Mo — mgy) [ mo- (—1+£8)x107°
0.00 + 0.05

(TQ, — T§+) / o

TESTS OF NUMBER CONSERVATION LAWS

LEPTON FAMILY NUMBER

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

M(Z — e uF)/Motal [] <7.5x1077, CL = 95%
M(Z — eF7F)/Toal [n] <9.8x107%, CL =95%
NZ — pF7F)/Tiotal [n] <1.2x 1073, CL = 95%
oleTe™ = etrF) Jo(ete™ = putpu) <8.9x 1070 CL = 95%
olete™ — ,uiT:F) Jo(ete™ — ptu™) <4.0x 1070 CL = 95%
limit on 4= — e~ conversion
o(p= 325 - e 325) <7x107 1 CL = 90%
o(p™ 325 _ V,LL32P*)
o(p~Ti— e Ti)/ <4.3x 10712 cL = 90%
o(p~ Ti — capture)
o(u~ Pb— e Pb)/ <4.6 x 10711, cL = 90%
o(p~ Pb — capture)
limit on muonium — antimuonium conversion Rg = <0.0030, CL = 90%
Gc / GF
Mp™ — e ve?,)/Miotal [o] <1.2x1072, CL = 90%
F(p~ — e~ 7)/Tiotal <4.2x 10713, CL = 90%
Mp~ — e ete ) /Mtal <1.0 x 10712, CL = 90%
M~ — e 27)/Tiotal <7.2x 10711, CL = 90%
M~ — e 7)/Total <3.3x 1078, CL = 90%
M~ — 1~ 9)/Tiotal <4.4 x 1078, CL = 90%
M~ — e 79)/Motal <8.0 x 1078, CL = 90%
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B 71'0)/rtota|

e K%)/rtotal

B K%)/rtotal

e 1)/Tiotal

1= 1)/ Tiotal

e po)/rtotal

K po)/rtotal

e w)/Tiotal

1= w)/Tiotal

e” K*(892)%) /Ty otal
nT K*(892)°) /gt
™ K*(892)°)/Tiotal
1™ K*(892)0)/Migpa
e” 1'(958))/Ttotal
I 77/(958))/|'t0ta|
e f(980) — e~ T ) /Tiotal
1 f(980) — T T T /Miotal
e” ¢)/Tiotal

1= 0)/Tiotal

e" e e )/Total
e ut 1)/ Teotal
etu” 1)/ Teotal
poet e )/Total
pte” e )/Total
p T T) Miotal
e mt 7 )/Ttotal
poataT )/Ttotal
em 7t K™)/Tiotal
e m K+)/rtotal
e K% K%)/rtotal
e” KT K™)/Ttotal
poat K™)/Tiotal
B K+)/rtotal
B K% K%)/rtotal
po KT K™)/Ttotal
e~ 0 71'0)/rtotal

K 0 71'0)/rtotal

e nn)/Tiotal

1= nm)/Tiotal

e~ 0 m/Ttotal

K 0 m/Ttotal
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<1.1x 1077, CL = 90%
<2.6 x 1078, CL = 90%
<23 %1078, CL = 90%
<9.2 x 1078, CL = 90%
<6.5 x 1078, CL = 90%
<1.8x 1078, CL = 90%
<1.2x 1078, CL = 90%
<4.8 x 1078, CL = 90%
<4.7 x 1078, CL = 90%
<3.2x 1078, CL = 90%
<5.9 x 1078, CL = 90%
<3.4 %1078, CL = 90%
<7.0 x 1078, CL = 90%
<1.6 x 10—/, CL = 90%
<13 x 1077, CL = 90%
<3.2x1078, CL = 90%
<3.4 x 1078, CL = 90%
<3.1x 1078, CL = 90%
<8.4 %1078, CL = 90%
<2.7 %1078, CL = 90%
<2.7 x 1078, CL = 90%
<1.7 x 1078, CL = 90%
<1.8x 1078, CL = 90%
<1.5 %1078, CL = 90%
<2.1x 1078, CL = 90%
<2.3%x 1078, CL = 90%
<2.1 %1078, CL = 90%
<3.7x 1078, CL = 90%
<3.1x 1078, CL = 90%
<7.1x 1078, CL = 90%
<3.4 %1078, CL = 90%
<8.6 x 1073, CL = 90%
<45% 1078, CL = 90%
<8.0 x 1078, CL = 90%
<4.4 x 1078, CL = 90%
<6.5x 1079, CL = 90%
<1.4x 1072, CL = 90%
<3.5x 1072, CL = 90%
<6.0 x 1072, CL = 90%
<2.4 x 1072, CL = 90%
<2.2x 1072, CL = 90%
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F(t— — e light boson) /Ity
(7~ — p~ light boson) /Ty

LEPTON FAMILY NUMBER VIOLATION IN NEUTRINOS

sin?(612)
Am%1
sin2(023) (Inverted order, quad. 1)
sin2(023) (Inverted order, quad. II)
sin2(023) (Normal order, quad. 1)
sin2(923) (Normal order, quad. II)
Am%2 (Inverted order)
Am%2 (Normal order)
sin2(013)

Mt — whve)/Miotal

Mrxt — p~etet v)/Tiotal

M9 — ut e )/Ttotal

M9 — u~ e™)/Ttotal

F(n0 — wte + uet) Mo

Fn— phe™ + u™et)/Migal

F(7'(958) — eu)/Tiotal

[(¢(1020) — e* 1 F)/Tiotal

MKt — p~vet e+)/rtota|

MK — ut Ve)/Ttotal

MKt — 7t ute™)/Mgtal

FKT — 7t u™e®)/Tigtal

I'(K(Z — e uF)/Miotal

MK — et e® uF 1) /Tigtal

F(KE - 71.0#:& e:F)/rtotal

I'(K(Z — Wowouie:‘:)/rtota|

(DT — 7T et u™)/Tiotal

(DT — 7t e uh)/Tiotal

M(DT — KTetn™)/Miotal

(Dt — Kte uT)/Tiotal

r(D0 — uteF) /Mgl

I'(D0 — woei;ﬂ:)/rtotm

r(DO - ne:t.UJ:F)/rtotal

r(0% — =t 7~ et uF)/Miotal

-
r(DO e pO e:t,u:':)/rtotal
I'(D0 — wei/ﬂ:)/rtotal

r(D0 — K=Kt et uF)/Mal
r(DO - ¢ei.“:':)/rtota|

r(D0 — KOe® uF)/Myoral
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[p]

[p]

[n]
[n]
[n]

[n]
[n]
[n]
[n]
[n]
[n]
[n]
[n]
[n]

<2.7%1073, CL = 95%
<5x 1073, CL = 95%

0.307 + 0.013
(7.53 + 0.18) x 1072 eV?2

0.421 70933 (5 = 1.3)

0.5027 9033 (s = 1.1)

0.41779:028 (s = 1.2)

0.507 79028 (s = 1.2)

(—2.56 + 0.04) x 103 V2
(2.51 £ 0.05) x 1073 eV2 (S = 1.1)
(2.12 £ 0.08) x 102
<8.0 x 1073, CL = 90%
<1.6 x 1076, CL = 90%
<3.8x 10710, cL = 90%
<3.4x 1079, CL = 90%
<3.6 x 10710, CcL = 90%
<6 x 1076, CL = 90%
<47 x 1074, CL = 90%
<2x 1070, CL = 90%
<2.1x 1078, CL = 90%
<4 x 1073, CL = 90%
<13x107 1 cL = 90%
<5.2x 10710, cL = 90%
<4.7x 10712, cL = 90%
<412 x 10711, cL = 90%
<7.6 x 10711, cL = 90%
<1.7x 10710, cL = 90%
<2.9x 1070, cL = 90%
<3.6 x 1076, CL = 90%
<12 x 1076, CL = 90%
<2.8x 1070, CL = 90%
<1.3x 1078, CL = 90%
<8.6 x 1072, CL = 90%
<1.0 x 104, CL = 90%
<15 x 1079, CL = 90%
<4.9 x 1075, CL = 90%
<12 x 1074, CL = 90%
<1.8 x 104, CL = 90%
<3.4x 1072, CL = 90%
<1.0 x 1074, CL = 90%
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K- ntet ”:F)/rtotal

K*(892)0 et 1uF) /Ty a

et~ )/Ttotal

mte” '“+)/rtotal

K+ e+'“_)/rtotal
Kte™ '“+)/rtotal
mtet 1)/ Tiotal
mte” “+)/rtotal

nt ety )/Ttotal
mtet 7 )/Ttotal
mte 7'—‘_)/rto’cal

nt et T )/Ttotal
ot )/Ttotal
T 7'—‘_)/rto’cal

L ”: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

Kt :“i 7-:F)/r’cotal
K*(892)T e ™) /Tiotal
K*(892) T e~ 1) /Tiotal
K*(892) 1 e® uF) /Toral
et ”:F)/rtotal

n0et 1)/ Teotal

KO et 1)/ Teotal
K*(892)% et 117 /Tiotal
K*(892)% e~ 1) /Tiotal
K*(892)0 et 1 F) /Ty
e+ 1) /Ttotal

”:t 7':F)/rto’cal

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

rB —

rB —

rs% —
s

Ke® :“:F)/rtotal
K*(892) e uF) /Ty oral

et /ﬂ:)/rtotal
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[n]
[n]

[n]

[n]
[n]
[n]

[n]

<5.53 x 1074, CL = 90%
<83 x 1079, CL = 90%
<12 x 1075, CL = 90%
<2.0 x 107, CL = 90%
<1.4 x 1075, CL = 90%
<9.7x 1070, CL = 90%
<6.4 x 1073, CL = 90%
<6.4 x 1073, CL = 90%
<1.7x 1077, CL = 90%
<7.4x 1072, CL = 90%
<2.0 x 1072, CL = 90%
<75 x 1079, CL = 90%
<6.2 x 1072, CL = 90%
<45 % 1072, CL = 90%
<7.2x 1072, CL = 90%
<9.1x 1078, CL = 90%
<13 x 1077, CL = 90%
<9.1x 1078, CL = 90%
<4.3 x 1072, CL = 90%
<15 x 1079, CL = 90%
<3.0 x 1079, CL = 90%
<45 x 1072, CL = 90%
<2.8x 1072, CL = 90%
<4.8 x 1072, CL = 90%
<1.3x 1070, cL = 90%
<9.9 x 1077, CL = 90%
<1.4 x 1076, CL = 90%
<28 x 1079, CL = 90%
<1.4 x 1077, CL = 90%
<2.7x1077, CL = 90%
<5.3x 107, CL = 90%
<3.4x 10~ 7, CL = 90%
<5.8x 1077, CL = 90%
<2.8x 1079, CL = 90%
<2.2x 1072, CL = 90%
<2.2x 1072, CL = 90%
<9.2x 1078, CL = 90%
<3.2x 1070, cL = 90%
<3.8x 1078, CL = 90%
<5.1 x 107, CL = 90%
<1.1x 1078, CL = 90%
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F(J/(1S) — e uF)/Mioral <1.6 x 107, CL = 90%
F(J/9(1S) — eT7F)/Tioial <83 x107%, CL = 90%
F(J/9(1S) — pE7F)/Tioral <2.0 x 107%, CL = 90%
M(T1S) — pE7F)/Tiotal <6.0 x 1070, CL = 95%
M(T2S) — eFrF)/Tiotal <3.2x107°, CL = 90%
M(12S) — pErF)/Tiotal <3.3x107%, CL = 90%
M(T3S) — eT7F)/Motal <42 x107%, CL = 90%
M(T3S) — uErF)/Tiotal <3.1x 1070, CL = 90%
rAL = petu™)/Miotal <9.9x 1070, CL = 90%
[T = pe™ ™)/ Miotal <1.9 x 1072, CL = 90%

TOTAL LEPTON NUMBER

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

N(Z — pe)/Tiotal <1.8x 1076, CL = 95%
M(Z — pu)/Tiotal <1.8x 1070, CL = 95%
limit on p= — et conversion
o(p= 325 = et 325%) <9x 10710 cL = 90%
o(p™ 32g _, V/L32P*)
o(p= 127 — 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™ 77)/Tiotal <2.0 x 1078, CL = 90%
M= — phe™ 77)/Tiotal <3.9 x 1078, CL = 90%
M~ — et r™ K7)/Tiotal <3.2x 1078, CL = 90%
Mr~ — 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 <4.7 x 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%
r(r— — p210)/Tiotal <33 x 1072, CL = 90%
M~ — p1)/Tiotal <8.9 x 1076, CL = 90%
M~ — p790)/Tiotal <2.7 x 1072, CL = 90%
M~ — A77)/Tiotal <7.2x 1078, CL = 90%
M~ — A77)/Tiotal <1.4x 1077, CL = 90%
t1/2( 70Ge — 765e 4 267 ) >1.9 x 1025 yr, CL = 90%
Frt — uF5.)/Miotal [p] <15x1073, CL = 90%
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MKt — a=pt e—i')/rto’cal
NKT — 77 eTeT)/Tiotal
FKT — 7= b 1) /Mol
FKT — 1t 7e)/Total

r(kt — =0 T Te)/Miotal
(DT — 7~ 2eT)/Tiotal

r(ot — =~ 2/ﬁ.)/rtotal

F(OF — 77 et 1) /Mgl
F(DF — p~2u")/Tiotal

(DT — K~ 2e1)/Tiotal
r(ot — K- 2u) /Teotal
F(DF — K~ et u®)/Miotal
F(DF — K*(892)~ 2u™)/Tyqpal
r(D0 — 27— 2et 4 c.c.)/Tiotal
r(D0 — 2r—2ut + ce.)/Tiotal
(D0 — K= 7 2et + c.c.)/Tiotal

(D0 — K7 2ut + cc.)/Tiotal
r(D9 — 2Kk~ 2et+ c.c.)/Tyotal
r(D% — 2Kk~ 2ut + c.c.)/Tiotal
I'(D0 — et ut+ c.c.)/Tiotal
F(D0 — K r etput+ c.c.)/Tiotal
F(D0 — 2K~ etput+ c.c.)/Tiotal

r(0% — pe™)/Tiotal
r(00 — Be™)/Tiotal
F(D:' — 7 2eT)/Tyotal
F(D:’ — 7 2u) Tiotal
r(Dj — 7 et ) /Tital
I'(D:' — K™ 2eT)/Tiotal
I'(D:' — K2t Tiotal

r(Dj — K™ et ) /Miotal
r(DF — K*(892)~2u™)/Toral
BT — 7~ etel)/Tiotal
r(B+ - T /L+/L+)/rtota|
Bt — 7= et u®)/Tiotal
(BT — p~etel)/Tiotal
r(B+ - P .UJ+.UJ+)/rtota|
r(B+ - P_ e+/14+)/rtota|
(Bt — K= eTel)/Miotal
r(B+ — K™ N+N+)/rtota|
BT — K= et uT)/Miotal
—

r(B+ K*(892) " eTeT)/Miotal
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(p]
(p]

[q]

<5.0 x 10710, cL = 90%
<6.4 x 10710, cL = 90%
<8.6 x 10711 CL = 90%
<3.3x 1073, CL = 90%
<3 x 1073, CL = 90%
<1.1x 1076, CL = 90%
<22 %1078, CL = 90%
<2.0x 1076, CL = 90%
<5.6 x 104, CL = 90%
<9x 10~ 7, CL = 90%
<1.0 x 1072, CL = 90%
<1.9x 1075, CL = 90%
<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%
<1.1 x 1072, CL = 90%
<4.1x 1075, CL = 90%
<1.2x10~7, CL = 90%
<8.4 x 1076, 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 10~ 7, CL = 90%
<1.7x 10~ 7, CL = 90%
<42 x10~7, CL = 90%
<4.7x10~7, CL = 90%
<3.0 x 1078, CL = 90%
<41 x 1078, CL = 90%
<1.6 x 10—/, CL = 90%
<4.0x10~7, CL = 90%
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F(B"’ - K*(892)_,u+,u+)/l_tota|
(Bt — K*(892)~ et ut)/Miotal
(BT — D™ eTem)/Miotal

(BT — D™ et u™)/Tiotal

F(BY — D™ put u™)/Tiotal
B+ — D*~ M+M+)/rtota|
I'(B"' - Ds_ M+M+)/rtota|
r(et — Do~ '“+'“+)/rtotal
M(BT = A%uh) Togal

F(B+ — A0 e—i_)/rtotal

M(B" — 70u™)/Tioa

r(Bt — Met)/Mial
r(B% — AT 1)/ Tiotal
r(BY — Ate™)/Motal
A — 77 e7)/Tiotal
rA— T )/Ttotal
FA— 7~ eT)/Tiotal
rA— =~ /ﬁ_)/rtotal
A — KTe™)/Tiotal
rA— K+ 1)/ Tiotal
FA— K~ eT)/Tiotal
rA— K~ ”+)/rtota|
rA— K%v)/Tioal
N=" — pu™ 1 )/Tiotal
r(/\:__L — p2et)/Tiotal
I'(/\i' - 52N+)/rtota|
I'(/\i' — pet M+)/rtota|
I'(/\j_ — Xt M+)/rtota|

F(Z — pe)/Tiotal
r(Z e P,U')/rtotal
M~ — pu™ 17 )/ Tiotal
M(r= — pu™ 27 )/ Tiotal

Nt~ — P7)/Total
rr— — f_”ro)/rtotal
MNr— — [_)27r0)/rtota|
Nt~ — Pn)/Tiotal
rr— — I_37T077)/rtota|

HTTP://PDG.LBL.GOV

<5.9x 107, CL = 90%
<3.0x 107, CL = 90%
<2.6 x 1076, CL = 90%
<1.8x 1075, CL = 90%
<6.9 x 10—/, CL = 95%
<2.4x1076, CL = 95%
<5.8x 107, CL = 95%
<15x 1076, CL = 95%
<6 x 1078, CL = 90%
<3.2x 1078, CL = 90%
<6 x 10™8, CL = 90%
<8x 1078, CL = 90%
<1.4 x 1076, CL = 90%
<4x1076, CL = 90%
<6 x 1077, CL = 90%
<6 x 1077, CL = 90%
<4x 1077, CL = 90%
<6 x 1077, CL = 90%
<2x 1076, CL = 90%
<3x 1076, CL = 90%
<2x 1070, CL = 90%
<3x 1070, CL = 90%
<2 x 1072, CL = 90%
<4 x 1078, CL = 90%
<2.7x 1076, CL = 90%
<9.4 x 1076, CL = 90%
<1.6 x 1072, CL = 90%
<7.0 x 10~4, CL = 90%

BARYON NUMBER

<1.8x1076, CL = 95%
<1.8x 1076, CL = 95%
<4.4x10~7, CL = 90%
<33x10~7, CL = 90%
<3.5x 1076, CL = 90%
<1.5x 1072, CL = 90%
<3.3x 1072, CL = 90%
<8.9x 1076, CL = 90%
<2.7x 1072, CL = 90%
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MNr— — /\w—)/rtota|

MNr— — Zﬂ'_)/rtotal

r(p% — pe™)/Miotal [q]
r(DO 5e+)/rtota| [r]
F(B+ A0 ”+)/rtota|

r(Bt — Alet)/Mial

(BT — 72%uH)/Tiotal

r(BT — A%et)/Tiotal

r(B% — AT 1u7)/Tiotal

r(80 — /\j:r e )/Trotal

—
—
—
—

p mean life [s]

<7.2x 1078, CL = 90%
<1.4 x 1077, CL = 90%
<1.0 x 1075, CL = 90%
<1.1 x 1072, CL = 90%
<6 x 1078, CL = 90%
<3.2x 1078, CL = 90%
<6 x 108, CL = 90%
<8x 1078, CL = 90%
<1.4 x 1076, CL = 90%
<4 %1076, CL = 90%
>2.1 x 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.
(N — et )

(N — ptr)

(N — et K)

(N — ptTK)

limit on n7 oscillations (free n)
limit on n7 oscillations (bound n) [t]
A — 7T e™)/Tiotal

FA = 7t 17)/Tiotal

FA— 7 eT)/Tiotal

rA— == “+)/rtotal

FA— Kt e )/Tiotal

FA = KT p7)/Tiotal

A — K™ eT)/Tiotal
rA— K~ '“+)/rtotal

rA = K%v)/Tioal

rA — ’_77T+)/rtotal

FAL — B2eT)/Tigtal

FAL — P2u™)/Miotal
F(/\;_" — peT #+)/rtota|

> 2000 (n), > 8200 (p) x 1030 years, CL
= 90%

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

> 17 (n), > 1000 (p) x 1030 years, CL =
90%

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

>0.86 x 108 s, CL = 90%

>1.3 x 108 s, CL = 90%

<6 x 107, CL = 90%

<6 x 107, CL = 90%

<4 x 107, CL = 90%

<6 x 107, CL = 90%

<2x1076, CcL = 90%

<3x1076, cL = 90%

<2x1076, CL = 90%

<3x1076, CL = 90%

<2 x 1072, CL = 90%

<9x 107, CL = 90%

<2.7x 1076, CL = 90%

<9.4x 1075, CL = 90%

<1.6 x 1072, CL = 90%

ELECTRIC CHARGE (Q)

e — Vo7 and astrophysical limits [u]

F(n — pre?e)/Tiotal

HTTP://PDG.LBL.GOV Page 26

>6.6 x 1028 yr, CL = 90%
<8x 10727, CL = 68%
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AS = AQRULE

Violations allowed in second-order weak interactions.

MKt = 7tat e 7,)/Tiotal <13 x 1078, CL = 90%
Mkt = 7t 7t u=7,)/Niotal <3.0 x 1076, CL = 95%
Re(x4.), Ke3 parameter (—0.9 £ 3.0) x 103
x=AKO = 770t 0)/AKO = 70t v) = A(AS=—AQ)/A(AS=AQ)
real part of x —0.002 + 0.006
imaginary part of x 0.0012 + 0.0021
Nt — neto)/I(Z= — nt™7) <0.043
(=t = netvo)/Tiotal <5x 1070, CL = 90%
MEt — nptv,)/Miotal <3.0x 1079, CL = 90%
M= — == et v.)/Miotal <9 x 1074, CL = 90%
M=% — == 1 v,)/Motal <9 x 1074, CL = 90%

AS = 2 FORBIDDEN

Allowed in second-order weak interactions.

M0 = pr7)/Total <8 x 1070, CL = 90%
ME0 — pe 7o)/ Tiopal <1.3x 1073

r=0 - P~ 7))/ Total <L3x1075

M= — n77)/Tiotal <1.9x 1072, CL = 90%
M=~ — ne 7.)/Tiotal <3.2x 1073, CL = 90%
ME" = 007 7,)/Miotal <15 x 1072, CL = 90%
ME~ — pr 7 )/ Feotal <4 x 104, CL = 90%
M(Z~ — pr~ e  Te)/Tiotal <4 x 1074, CL = 90%
NE" = pr 1™ 7,)/Tiotal <4x 1074, CL = 90%
M2~ — An7)/Teotal <2.9 x 1076, CL = 90%

AS = 2 VIA MIXING

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

mo — My (0.5293 = 0.0009) x 1010 7 s—1 (S = 1.3)
L S

m o — Mg (3.484 + 0.006) x 1012 MeV
L 3
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AC = 2 VIA MIXING

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

— +0.41 10 -1
]mD(l) —ng]—xr (09575 44) x10°¥ hu's
_ +0.14 )
DY D; 0.18

AB = 2 VIA MIXING

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

Xd 0.1860 + 0.0011
Ampg = mgg — mpgo (0.5064 =+ 0.0019) x 1012 f s~ 1
H L
xd = Bmgo /T go 0.770 = 0.004 )
Am g =m_y —m_g (17.757 + 0.021) x 1012 s~ 1
Bs BsH BsL
xg = Am /T Lo 26.72 + 0.09
° BS BS
Xs 0.499304 -+ 0.000005

AS =1 WEAK NEUTRAL CURRENT FORBIDDEN

Allowed by higher-order electroweak interactions.

MKt — 7tete™)/Miotal (3.00 + 0.09) x 10~/
Mkt — 7t ut ™)/ Miotal (9.4 + 0.6) x 1078 (S = 2.6)
MKt — 7t wD)/Mogal (1.7 + 1.1) x 10710
r(kt — 7t 7902)/Feoral <43 x 1072, CL = 90%
MKS — 1T 17)/Tiotal <8 x 10710, CL = 90%
F(KS — et e™)/Total <9 x 1079, CL = 90%
r(kY — n0ete™)/Mioal v (3.0713) %109

F(KS — 70T 1) /Miotal (zgﬂ;g) x 1079

MK — & 17)/Tiotal (6.84 + 0.11) x 1079
r(kY — ete™)/Motal (979) x 10712

MKY — 7ta=ete™)/Miotal [x] (3.11 +0.19) x 10—/
r(KY — 7970ete™)/Tiotal <6.6 x 1079, CL = 90%
r(K — 7070t =) /Miotal <9.2 x 10711, CL = 90%
MK — pH et e™)/Tigtal (2.69 + 0.27) x 109
MK — etemete™) /Mol (3.56 + 0.21) x 1078
r(KY — 7Out 1) /Tiotal <3.8x 10710, cL = 90%
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F(K(L) — 70t e™) /Mol
I'(K(Z — 70uD)/Tiotal

I'(K(Z — Wowouﬁ)/rtota|
F(Z+ — pe+e_)/rtota|
Nt — put ™) /Tiotal

<2.8x10710 cL = 90%
<2.6 x 1078, CL = 90%
<8.1x 107, CL = 90%
<7 x 100

(973) x 108

AC =1 WEAK NEUTRAL CURRENT FORBIDDEN

Allowed by higher-order electroweak interactions.

M(DT — atete™)/Miotal
r(D+ - 7T+ .UJ+ .UJ_)/rtotal
r(D+ - P+ .UJ+ .UJ_)/rtotal

M(0% = 77)/Tiotal

M09 — e e™)/Tyoa

r(0% — wu™)/Tiotal

r(D0 — 7Oete™)/Motal
M09 — 701F 1 7) Miopal
M09 — nete)/Meoral

r(00 — nut u™)/Miotal

F(D0 — agta— et e )/Tiotal
M09 = et e) Miopal
M(D% — wtn™ ut u™) Fiopa)
r(DO - POM+N_)/rtota|
F(D0 — wet e )/Tiotal

(0% — wpu™)/Mgtal

r(p0 — K~ Ktete )/Mital
M(D° — ge*e) Mo
r(p% — K= KT put 1) /Mioral
r(D% — ot 1™)/Miotal

r(p0 — K= rtete )/ Motal
M(D% — K=t ut u™) Mol
F(D0 — 7r+7r_7r0,u+,u_)/rtota|
r(DF — Ktete )/ Mgl
r(oF — Kt utu™)/Tiotal
r(DF — K*(892) Tt 17)/Tiotal
I'(/\;_" — pe+e_)/l'tota|

I'(/\i' — PM+M_)/rtota|
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<1.1x 1076, CL = 90%
<7.3x 1078, CL = 90%
<5.6 x 104, CL = 90%
<8.5x 107, CL = 90%
<7.9x 1078, CL = 90%
<6.2 x 1079, CL = 90%
<45 %1072, CL = 90%
<1.8 x 104, CL = 90%
<1.1 x 104, CL = 90%
<53 x 1074, CL = 90%
<3.73 x 1074, CL = 90%
<1.0 x 104, CL = 90%
(9.6 + 1.2) x 10~/
<2.2x107°, CL = 90%
<1.8x 10~4, CL = 90%
<83 x 1074, CL = 90%
<3.15 x 1074, CL = 90%
<5.2 x 1072, CL = 90%
(1.54 + 0.32) x 10~/
<3.1x 1072, CL = 90%
<3.85 x 1074, CL = 90%
<3.59 x 1074, CL = 90%
<8.1x 1074, CL = 90%
<3.7x 1075, CL = 90%
<2.1x 1072, CL = 90%
<1.4x 1073, CL = 90%
<5.5x 1079, CL = 90%
<4.4x 1075, CL = 90%
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AB =1 WEAK NEUTRAL CURRENT FORBIDDEN

Allowed by higher-order electroweak interactions.

r(Bt — =t et em)/Mial <4.9 x 10~8, CL = 90%
rBt — rtete )/ Motal <8.0 x 10~8, CL = 90%
(BT — 7T ut1™)/Miotal (1.76 + 0.23) x 1078

F(BY — atuvo)/Tiotal <1.4x 1075, CL = 90%
Bt — KTt em)/Miotal [y] (4.51+0.23)x 10~/ (S =1.1)
(BT — Ktete™)/Motal (5.5 +0.7) x 1077

BT — KT ut u™)/Miotal (4.41 £ 0.23) x 10~ 7 (S = 1.2)
BT — Ktutu~ nonresonant) /Iy 14 (4.37 £ 0.27) x 10~/

rBt — Kt+t77)/Miotal <2.25 x 1073, CL = 90%
F(BT — Ktou)/Miotal <1.6 x 1072, CL = 90%
F(BT — pTvD)/Tiotal <3.0x 1072, CL = 90%
M(BT — K*(892)T¢T47)/Tiotal [y] (1.01+0.11) x 1070 (5 =1.1)
r(B+ — K*(892)*ete™)/Motal (1557 039) x 106

r(BT — K*(892)" ut u™)/Tiotal (9.6 + 1.0) x 10~/

r(BT — K*(892)1vo)/Miotal <4.0x 1075, CL = 90%
MBY — Ktata=putu™)/Tiotal (43 +0.4) x 1077

r(B+ — oKt ut =) /Miotal (7.9721) x 10-8

r(BY — 49)/Tiotal <32x 1077, CL = 90%
r(BY — ete™)/Tiotal <83 x 1078, CL = 90%
r(BY — et e 4)/Miotal <12x 1077, CL = 90%
r(8% — wtp™)/Miotal (1.6719) x 10710 (s = 1.9)
r(BY — utu™+)/Tiotal <1.6x 1077, CL = 90%
r(B% — utu=ut ™)/ Tiotal <6.9 x 10710, cL = 95%
r(BY - sP, s— putu=, P— ptu™)/Mial [z] <6.0x 10710 CL = 95%
r(BY = 7+ 77)/Miotal <2.1x 1073, CL = 95%
r(B% — #9¢+07)/Fiotal <5.3 x 1078, CL = 90%
r(B% — m9ete™)/Mital <8.4 x 10~8, CL = 90%
r(BY — «0ut u=)/Miotal <6.9x 1078, CL = 90%
r(BY — nete7)/Miotal <6.4 x 1078, CL = 90%
r(BY — nete™)/Tiotal <1.08 x 10—/, CL = 90%
r(BY — nut u™)/Miotal <1.12x 1077, CL = 90%
r(B% — 79uw)/Moral <9 x 1076, cL = 90%

r(B0 — KOt o) /Tioral b 31158 x 107

r(B0 — KOete™)/Mipial (16759 x 1077

r(B9 — KOut ™) /Miotal (3.39 + 0.34) x 10~/

r(B9 — KOum)/Tiotal <2.6 x 1072, CL = 90%
r(BY — pOum)/Miotal <4.0 x 1079, CL = 90%
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K*(892)0 41 07) /T iotal
K*(892)0 et e™)/Miotal
K*(892)0 pt )/Ttotal
K*(892)0x, x — nFu7)/Tiotal
L T T )/Ttotal
K*(892)0 D) /Ty otal
invisible) /Ty ¢4
v7Y)/Tiotal
ovV)/Tiotal

et e )/Total

T 17/ Teotal
g+£—)/rtotal

rB — 7T€+€_)/rtota|

(B — mete™)/Tiotal

re — 7ru+ v )/ Teotal

(B — KeTe )/Miotal

M(B — K*(892)ete™)/Motal
M(B — Kutu™)/Tiotal

rB — K*(892),u+ ,U_)/rtotal
M(B — KET07)/Tiotal

M(B — K*(892)¢T07)/Tiotal
(B — Kvo)/Tiotal

M(B — K*vD)/Tiotal

F(B — 7vD)/Tiotal

F(B — pv7)/Tiotal

F(b— 57v)/Tiotal

F(b — et e anything)/Tyoal

r6— u
F(E — v
rs? —
r(Bg =
r(BY
S
r(89
0
r(B6
r(s?
r(BY
S
r(BY
S
r(89
S
r(89%
S

!

e

HTTP:/

+

p~ anything) /Ty o q)

vanything) /Ty oi4

Y1)/ Ttotal
¢7)/Ttotal

T )/Ttotal

et e )/Total
7'—‘_7'_)/rtotal

pF T w7 Miotal
SP, §— ;ﬁ’ wo
$(1020) w117 /T iotal
7Tt ) Miotal
¢vD)/Tiotal
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P— “+“_)/rtotal

[v]

[v]

[2]

(0.9712) x 1077

(1.0379:19) 106

(9.4 + 0.5) x 10~/

(2.1 £ 0.5) x 1078

<1.8 x 1072, CL = 90%
<2.4 %1072, CL = 90%
<1.7x 107, CL = 90%
<1.27 x 104, 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)
<5.9x 1078, CL = 90%
<1.10x 10—/, CL = 90%
<5.0 x 1078, CL = 90%
(4.4 +0.6) x 10~/

(1.19 £ 0.20) x 1076 (s = 1.2)
(4.4 +0.4) x 10~

(1.06 =+ 0.09) x 10~

(4.8 +0.4) x 10~/

(1.05 + 0.10) x 10~

<1.6 x 1072, CL = 90%
<2.7x 1072, CL = 90%
<8x 1076, CL = 90%
<2.8x107°, CL = 90%
<6.4x 10~4, CL = 90%

<3.2x 1074, CL = 90%

<3.1x 1075, CL = 90%
(3.4 4+ 0.4) x 10~°
27138 x 1079 (s = 1.2)
<2.8x 1077, CL = 90%
<6.8 x 1073, CL = 95%
<25%x 1079, CL = 95%
<22x 1079, CL = 95%
(8.2 4+ 1.2) x 10~/

(8.4 +£1.7) x 1078

<5.4 x 1073, CL = 90%
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AT =1 WEAK NEUTRAL CURRENT FORBIDDEN

Allowed by higher-order electroweak interactions.

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

M(t — Hu)/Total <2.4 x 1073, CL = 95%

M(t — Hec)/Tiotal <2.2x 1073, CL = 95%

M(t — (799 (g=d,s,b; d'=u,))/Total <1.6 x 1073, 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(€’' /€) = €/ /€ to a very good approximation provided the phases satisfy
CPT invariance.

[/] This mode includes gammas from inner bremsstrahlung but not the direct
emission mode K9 — 777~ ~(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
L

kol
T K0, aS described in the introduction to “Tests of Conservation Laws.”
3
[/] The |mp—mg5|/m, and |g, + g5|/e are not independent, and both use
the more precise measurement of |g5/mg|/(qp/m)).

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

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

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

[s] 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
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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.

[t] 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.

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

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

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

[y] An /£ indicates an e or a ;1 mode, not a sum over these modes.

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

[aa] This limit is for ['(t — Zq)/T(t — W b).
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