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TESTS OF DISCRETE SPACE-TIME SYMMETRIES

CHARGE CONJUGATION (C) INVARIANCE

M7 — 37)/Tiotal <3.1x 1078, CL = 90%
n C-nonconserving decay parameters

7t 77 70 left-right asymmetry parameter (0091'8%%) x 10~2

7t 7~ 70 sextant asymmetry parameter (0121'8%(1)) x 1072

T 70 quadrant asymmetry parameter (—0.09 £+ 0.09) x 10—2

7t 7™ v left-right asymmetry parameter (0.9 £+ 0.4) x 102

7T ™~ parameter 8 (D-wave) —0.02 £ 0.07 (S = 1.3)
F(n — 799)/Teotal <9 x 1072, CL = 90%
F(n — 70704)/Fiotal <5x 1074, CL = 90%
r(n — 70n0704)/Iotal <6 x 107, CL = 90%
F(n = 37)/Tiotal <1.6 x 1072, CL = 90%
M(n— m9ete™)/Tiotal [a] <4x 1075, CL = 90%
Fn— 70ut ™)/ TMiotal [a] <5x 1070, CL = 90%
M(w(782) — 779)/Tiotal <1x 1073, CL = 90%
M(w(782) — 379)/Tiotal <3x 1074, CL = 90%
c decay parameter of 1/ (958) 0.015 + 0.018
asymmetry parameter for 7/(958) — nt 7~ v decay —0.01 £ 0.04
F(/(958) — m0eT e™)/Tiotal [a] <1.4x 1073, CL = 90%
(' (958) — net e™)/Motal [a] <2.4x 1073, CL = 90%
F(1(958) — 37)/Tiotal <1.0x 1074, CL = 90%
F((958) — ut ™ 70)/Tiotal [a] <6.0x 1072, CL = 90%
F(n'(958) — utpu=n)/Tiotal [a] <1.5x 107>, CL = 90%
F(J/9(1S) — ¥7)/Tiotal <5x 1070, CL = 90%
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e electric dipole moment
w electric dipole moment

Re(d. = 7 electric dipole moment)

PARITY (P) INVARIANCE

(0.07 £ 0.07) x 10720 ecm
(3.7 £ 3.4) x 10719 ecm
—0.22 t0 0.45 x 10716 ecm, CL = 95%

M — 77 77)/Tiotal <1.3x 1072, CL = 90%

r(n — 70n0)/Miotal <35 x 1074, CL = 90%

F(n — 479)/Toral <6.9x 1077, CL = 90%
F(n/(958) — 7t 77)/Total <2.9 x 1073, CL = 90%
F(/(958) — m0n0)/Tiotal <9 x 1074, CL = 90%
F(n.(1S) — 77 77)/Tiotal <6 x 1074, CL = 90%
M(1c(1S) — 70m0)/Ioral <4 x 1074, CL = 90%
F(1ne(1S) — KT K™)/Tiotal <6 x 1074, CL = 90%
F(ne(18) = KLKD)/Miotal <3.1x 1074, CL = 90%

p electric dipole moment <0.54 x 10723 ecm

n electric dipole moment <0.29 x 10— 25 ecm, CL = 90%
A electric dipole moment <1.5 x 10—16 ecm, CL = 95%

TIME REVERSAL (T) INVARIANCE

e electric dipole moment (0.07 £ 0.07) x 10726 ecm
1 electric dipole moment (3.7 £ 3.4) x 10719 ecm
u decay parameters
transverse e polarization normal to plane of 4 (—2+£8)x 103
spin, et momentum
o/ /A (0 & 4) x 1073
g /A (145)x1073

—0.22t0 0.45 x 10710 ecm, CL = 95%
(1.7 +25)x 1073

Re(d,. = 7 electric dipole moment)
Pr in Kt — 7r0,u+u

I
Ppin Kt — uty 5 (—0.6 & 1.9) x 10~2
Im(&) in Kt — w0u+ vy decay (from transverse p —0.006 £ 0.008
pol.)
asymmetry A in k0-K0 mixing (6.6 £ 1.6) x 10—3
Im(&) in K23 decay (from transverse u pol.) —0.007 4+ 0.026
AT(KYKErt77)in D 0.02 + 0.07
Ar(Kt K= 7t 7=)in DY, DO 0.01 + 0.07
Ar(KSKExta=)in DE [b] —0.04 + 0.07
p electric dipole moment <0.54 x 10723 ecm
n electric dipole moment <0.29 x 1025 ecm, CL = 90%

n — pe~ U, decay parameters
® Ay phase of g4 relative to g\, [c] (180.06 4 0.07)°
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triple correlation coefficient D (=4 £6)x 104
A electric dipole moment <1.5 x 10—16 ecm, CL = 95%

triple correlation coefficient D for ¥~ — ne™ 7 0.11 £ 0.10

e

CP INVARIANCE

Re(d%) <0.50 x 10717 ecm, CL = 95%
Im(d"%) <1.1x 10717 ecm, CL = 95%
M — 77 77)/Tiotal <1.3x 1072, CL = 90%
F(n — 7979)/Fotal <3.5 x 10~4, CL = 90%
F(n — 479)/Toral <6.9x 1077, CL = 90%
F(n'(958) — 7t 77)/Tiotal <2.9x 1073, CL = 90%
F(/(958) — m0n0)/Tiotal <9 x 1074, CL = 90%
KT = afatn rate difference/average (0.08 £ 0.12)%
KT = 7T 7070 rate difference/average (0.0 £ 0.6)%
Kkt — 7705 rate difference/average (0.9 £ 3.3)%
Kt — atrta= (g —g.)/ (ef +g_) (—1.5+2.2) x 1074
Kt — 787070 (g — g )/ (gy +g_) (1.8 + 1.8) x 10~4
h _
A(wa) - FEZT“;FEZ?W; ~0.02 £ 0.12
TR TR

As =[T(KE = 77 etwy) -T(KE = nTe 7,)] (2 + 10) x 1073

/ SUM
Im(ny_g) = Im(A(KE — 7+ 7= 70, CP-violating) —0.002 + 0.009

/ AKY — at 7= x0))
Im(11900) = Im(A(K — 707070)/A(KQ — (—0.1 4 1.6) x 10~2

71'071'071'0))
nooo| = |AKKE — 370)/A(K9 — 370)] <0.018, CL = 90%
CP asymmetry A in K% — atr etTe™ (-1+4)%
r(KS — 379)/Total <12 x 1077, CL = 90%
linear coefficient j for K¢ — 7t 7= 70 0.0012 + 0.0008
quadratic coefficient f for K(L) — atr— 0 0.004 + 0.006
’6/4‘—’)/’/6 for K(L) — 7r+7r_'y <0.3, CL = 90%
lgp1| for K§ — 7Fay <0.21, CL = 90%
MK — 70t 1) /Miotal [d] <3.8x 10710, CL = 90%
(K9 — w0ete™)/Myoral [d] <2.8x 10710 CL = 90%
MK — 70u%)/Tiptal [e] <6.7x 1078, CL = 90%
Acp(KY7t)in DF —0.009 + 0.009
Acp(KT2rE) in D —0.005 + 0.010
Acp(KT ntnt70)in DE 0.010 + 0.013
Acp(KYxEx0) in DF 0.003 + 0.009
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ACP(K%Wiﬁ+W_) in DF

Acp(KY KE) in DF

Acp(KT K~ 7%) in DE

Acp(KEK*0yin DE

Acp(énE) in DE

ACP(7T+7T_ wi) in DF

Acp(KYKErt77)in D

Acp(KTK™)in DY, DO

Acp(KYKkY)in DO, DO

ACP(W+7T_) in DO, DO

Acp(x070) in DO, DO

ACP(7T+7T_ 7r0) in DO, DO

Acp(K% ) in DO, DO

Acp(K%x9) in DO, DO

Acp(KExF) in DO, DO

Acp(KF nEx0) in DO, DO

Acp(KEaFx0)in DO, DO

Acp(KYxtx=)in DO, DO

Acp(K*(892)T 7t — KQxtx=)in DO —
K*— nt, DO - k¥t o=

Acp(K*(892)FnF — KQxta~)in DO —
K*+7r_, DO . k¥t

Acp(KLp0 — KOzt x=)in DO, DO

Acp(KQw — K7t x=)in DO, DO

Acp(K2 f5(980) — K7+ 7~)in DO, DO

Acp(KY £(1270) — K@xt77)in DO, DO

Acp(KY f(1370) — K&xt7=)in DO, DO

Acp(K5(1430)F 7t — K@ 7t x~)in DO, DO

Acp(K3(1430)F 7t — K@ 7t x~)in DO, DO

Acp(K*(1680) T« — KkQxt7~)in DO, DO

Acp(KExFrt =) in DO, DO

Acp(KT K=zt x~)in DO, DO

Acp(KEKY)in DF — kF K

Acp(KTK=xE)in DE - Kt k=t

Acp(Kt K= aEa0) in DE — Kkt K=t 40

Acp(KY KT 2rt)in F — kO k—2rt, D —
KL KT 2n™

ACP(W+7T_7T:t) in D;l: — gtr— gt

ACP(ﬂ'in) in D;t — 7wty

ACP(W:tn/) in D;t — Ty
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0.001 + 0.013

0.07 + 0.06

(0.3 + 0.6)%

(0.1 +1.3)%
(0.9 + 1.1)%
—0.02 + 0.04
—0.04 + 0.07
(—0.17 + 0.31) x 1072 (S = 1.3)
~0.23 4 0.19

(0.2 + 0.4) x 10~2
0.00 + 0.05

(0.3 + 0.4)%
—0.03 + 0.09
0.001 + 0.013
0.022 + 0.032
0.002 =+ 0.009

0.00 £ 0.05

+0.026
—0.009 _ 5060

<3.5x 1074, CL = 95%
<7.8x 1074, CL = 95%

<4.8 x 1074, CL = 95%
<9.2 x 104, CL = 95%
<6.8 x 1074, CL = 95%
<135 x 1074, CL = 95%
<255 x 1074, CL = 95%
<9.0 x 10~4, CL = 95%
<6.5 x 10~4, CL = 95%
<28.4 x 1074, CL = 95%
—0.02 + 0.04

—0.08 =+ 0.07

0.049 =+ 0.023

0.003 £+ 0.014
—0.06 £ 0.04
—0.01 £+ 0.04

0.02 £ 0.05
—0.08 + 0.05
—0.06 + 0.04
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Acp(kEa0)in DE — KkEx0
Acp(K3aE)in DF — KQrt
Acp(KEn)in DE — kg
Acp(KE1/(958)) in DE — K4 (958)
Acp(BT — J/p(1S)K™T)
Acp(BT — J/¢(1S)nT)
Acp(BtT — J/ypK*(892)T)
Acp(BT — uw(25)K+)

Acp(BT — (25)K*(892)T)
Acp(BT — xc1K™)

Acp(BT — xc1 K*(892)T)
Acp(BT — DOx)

Acp(BT = Dop(11)™)
Acp(BT — Dop(—1)7™")
Acp(BT — DOkt)

Acp(BT — [K=nt]pk™t)
Acp(BT — [K™nt]5K*(892)T)
Acp(BF — [K=at]prT)
Acp(BT — [rTa=x0]pkT)
Acp(BT — Dcp(y1)K™)
Acp(BT — Dcp(_1)K™)
Acp(Bt — D0xt)

Acp(BT

!

!

!

|

L

|

|

!

(DEP(H))O )
ACP(B+ - (DEP(_I))Ow+)
Acp(BT — DOKT)

+ *0 +
Acp(B DC’P(+1)K )
KT)

!

!

+ *
Acp(BT — Dip_q

Acp(BT — Dop(+1) K*(892)1)

Acp(BT — DCP(_l)K*(892)+)
Acp(BT — KxT)

Acp(BT — Kt z0)

Acp(BT — o/ KT)

Acp(BT — nK™)

Acp(BT — nK*(892)T)
Acp(BT — wkT)

Acp(BtT — K*(892)1 x0)
Acp(BT — K*0rt)

Acp(BT — KTrn=xT)
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0.02 + 0.29
0.27 + 0.11

~0.20 £ 0.18
02404

0.009 =+ 0.008 (S = 1.3)
0.01 £ 0.07 (S = 1.3)
—0.048 + 0.033

—0.025 + 0.024

0.08 + 0.21

—0.009 + 0.033
05405

—0.008 + 0.008

0.035 + 0.024

0.017 £ 0.026

0.07 + 0.04

+0.9
—01779

—02+06

—0.02 + 0.16

—0.02 £ 0.15

0.21 4 0.10 (S = 1.2)
—0.10 + 0.08

—0.014 £+ 0.015
—0.02 + 0.05

—0.09 + 0.05

—0.07 £ 0.04
—0.12 + 0.08

0.07 £ 0.10

—0.08 £ 0.21
—03+04

0.009 + 0.029 (S = 1.2)
0.051 + 0.025

0.016 + 0.019

—0.27 + 0.09

0.02 + 0.06

0.02 & 0.05

0.04 + 0.29

—0.04 + 0.09 (S = 2.1)
0.038 + 0.022
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Acp(BT — f5(980)K™)
Acp(BT — pOK™T)
Acp(BT — K3(1430)07T)
Acp(BT — p7v)
Acp(BT — pAn0)
Acp(BT — p0K*(892)1)
Acp(BT — KOKT)
Acp(BT — K+ K2KQ)
Acp(BT — Kt K~ KT)
Acp(BT — ¢K™T)
Acp(BT — ¢K*(892)T)
Acp(BT — nK™y)
Acp(BT — =T x0)
Acp(BY — ntx=xT)
Acp(BT — o)
ACP(B+ — f2(1270)7r+)
Acp(BT — ptx0)
Acp(BT — pt o)
Acp(BT — wr™)
Acp(BT — wp™)
Acp(BT — nnh)
Acp(BT — 1z )
Acp(BT — npT)
Acp(BT — pprT)
Acp(Bt — ppKT)

Acp(BT — pPK*(892)7)
Re(cgo)/(1+ego %)

AT/cP

Acp(BY — D*(2010)* D7)
Acp(B® — KT n—a0)
Acp(BY — p~ KT)

Acp(BY — K*(892)Tn™)
ACP(BO — K*(892)07r+71'_)
Acp(BO — K*(892)0 KT K™)
Acp(BO — K*(892)0¢)
Acp(BY — K*(892)0 Kk~ 7 T)
Acp(BY — o(Km)E0)
Acp(BY — pta)

Acp(BY — p=n)

Acp(BY — K*(1430)7)
Acp(BY — ppK*(892)0)

HTTP://PDG.LBL.GOV Page 6

+0.05
—0.10_ 502

0.37 £ 0.10
0.055 £ 0.033

0.17 + 0.17
0.01 + 0.17

0.12 & 0.18

—0.04 +0.11

—0.017 =+ 0.030
—0.01 & 0.06

—0.01 4 0.08

—0.12 4 0.07

0.06 =+ 0.05

—0.01 4+ 0.08

—0.07 + 0.13

0.00 =+ 0.25

0.02 4+ 0.11

—0.05 4 0.05

—0.04 4 0.06

—0.20 & 0.09

—0.16 £ 0.07 (S = 1.1)
0.21 + 0.15

0.11 & 0.11

0.00 =+ 0.04

—0.16 & 0.07

0.21 + 0.16 (S = 1.4)
(—0.1+1.4)x10°3

0.005 £ 0.018

0.02 + 0.04
(0 + 6) x 10~2

0.15 £ 0.13

+0.11
—0.10 205710

0.07 £ 0.05
0.01 £ 0.05

0.01 £ 0.05

0.2 £ 0.4

0.20 £ 0.15

0.08 £ 0.12 (S = 2.0)
~0.16 £ 0.23 (S = 1.7)
~0.08 + 0.15

0.05 £ 0.12
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Acp(B® — pArT)

0 *
Cp+(2010)-p+ (B" = D
Cp*(2010)* D
Cy (B0 — D*T D*7)
c_ (BY - p*tp*—)
s_ (B9 — p*tp*)
Cp+p- (B —>0 DT D7) .
CJ/¢(15)7T0 (BY — J/y(1S)7")

CkQ 70 (8% — K§x)

Sk o (BY = Kgm0)
CT]/(958)K (B — N (958)K )
C KO (BO — ng)

wKO (B - WK%)

<t (980) K (B — £,(980)K2)

>£,(980) K (BY — fp(980) k)

CK+K7K0 (B — KTk~ kY)
¢K° (B — oK)
¢K% (B - ¢K5)

CKSKSKS(BO — KSKSKS)
0

SKsKs Ks(B™ — KsKsKs)

CK%W%(B0 — K%x04)

5 o,y(BO — K%n0y)

K%TF

0 * 0
Cier(g92)0 (BT = K7(892)77)

0 * 0
SK*(892)O’Y (BY — K*(892)"~)
Crr (B = 7h77)

C0,0(BY = 70x0)
Cor (BO — pta)
Sp7T (BO — ,0+7T_)
ASpﬂ (BO — p+7r_)
Cpowo (80 — p0x0)
5,0 70 (B0 — 00

Cpp (BO - P P_)
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(2010)~ D)
_ (B9 = D*(2010)* D7)

Page 7

—0.02 £ 0.10
0.07 + 0.14

~0.09 £ 0.22 (S = 1.6)

0.00 + 0.12
0.4 + 0.5

~18+0.7

~0.5+ 0.4 (S = 2.5)
~0.13 £ 0.13

0.09 + 0.10
0.50 + 0.18

—0.04 £ 0.20 (S = 2.5)
0.43 + 0.17 (S = 1.5)
~0.30 £ 0.28 (S = 1.6)
0.43 + 0.24

~0.03 £+ 0.26 (S = 1.9)
~0.02 £ 0.21 (S = 1.1)
0.07 + 0.08

—0.01 + 0.12

0.39 + 0.17

~0.15 4 0.16 (S = 1.1)
~0.4+ 05 (S = 25)
0.36 £ 0.33

—0.8£0.6

~0.04 £ 0.16 (S = 1.2)
~0.15 + 0.22

—0.38 + 0.17 (S = 2.6)
—0.48 + 0.30

0.01 + 0.14 (S = 1.9)
0.01 + 0.09

—0.05 + 0.10

03+ 04

0.1+ 04

—0.05 £+ 0.13
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Spp (B — pTp7) —0.06 + 0.17

A (BO — U/ K*(892)0) <0.25, CL = 95%

(Sy +5_)/2(B% — D*~xT) —0.037 + 0.012

(S_ —5,.)/2(B% — D*~xT) —0.006 + 0.016

(Sy +5_)/2 (8% — D~ at) —0.046 + 0.023

(S_ —5,.)/2 (8% — D=at) —0.022 + 0.021
Acp(B — K*(892)7) —0.010 + 0.028
Acp(B — s7) —0.014 + 0.028
Acp(b— XgTe7) —0.22 + 0.26
F(ne(1S) — 77 77)/Tiotal <6 x 1074, CL = 90%
F(ne(1S) — 7070)/Mopal <4 x 1074, CL = 90%
F(1ne(1S) — KT K™)/Tiotal <6 x 1074, CL = 90%
F(nc(18) = KLKD)/Miotal <3.1x 1074, CL = 90%
[a_(A) + a+(ﬂ)]_/ [oz_(ﬂ) — ay (A)] 0.012 + 0.021

[a(Z7 ) (A== )t (A)] —4
[a(Z)a_(N)Fa(=Z ar ()] (0710

(a +@)/(a—a)in Q™ — AK—, 2T — Akt —0.02 £ 0.13

(o +@)/(a—a)in AT — Axt A — An~ —0.07 + 0.31

(o +@)/(a—a)in AT = Aetvg, A_ — A7, 0.00 % 0.04

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) = [Mx—pt vy) — Mxtp™ 7,,)]/sum (0.304 + 0.025)%
A(e) = [[(r~eTv,) — T(rT e 7,)]/sum (0.334 + 0.007)%
parameters for K? — 21 decay
Ingo| = [AKY — 270 / (2.221 + 0.011) x 1073 (S = 1.8)
AKE — 279)]
g _| = [AKY - xFa7) / AKE — (2.232 4 0.011) x 1073 (S = 1.8)
7r+7r_)‘
le| = ng_| + |ngol)/3 (2.228 £ 0.011) x 1073 (S = 1.8)
Ingo/n4—| [f] 0.9951 + 0.0008 (S = 1.6)
Re(€/€) = (1—|ngo/ny_|)/3 [f] (1.65 + 0.26) x 103 (S = 1.6)
Assuming CPT
¢4, phase of 1y (43.51 4+ 0.05)° (S = 1.1)
$00. phase of 1q (43.52 4+ 0.05)° (S = 1.1)
de = (20 _ + bp0)/3 (43.51 + 0.05)° (S = 1.1)
Not assuming CPT
¢4 _, phase of (43.4 £ 0.7)° (S=1.3)
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$00- Phase of ngg
be = (26— + 600)/3

CP asymmetry A in K? — mta ete™
Bcp from K(B — eTe ete™
Ycp from K? — eTe ete™

parameters for K(Z — 7r+7r_'y decay
Iyl = |A(K(Z — nta~y, CP

vioIating)/A(K% — 7r+7r_fy)‘

gb_|__,y = phase of Nt —ry

(k) — 7F77)/Miotal

F(KE - 71'07‘"0)/rtotal

Acp (BY — Ktr7)

Acp(BY — nK*(892)0)

Sp(2010)- D+ (B9 — D*(2010)~ DY)

Sp*(2010)+ D (B9 — D*(2010)* D7)

Cpet pr— (B% — D*FD*7)

Spet pe (BY — D*TD*7)

s, (BY — Dt p*7)

S (B9 - DptD™)

(B — J/y(15)x0)

D+ D—
2 J/(18) 70

sin(28) (B — J/yKQ)

S ) Jio(nS) KO (BO — J/(nS)KY)
*xe K2 (B = xc1K3)
sin(20e7) (BY — KT K~ KY)

HTTP://PDG.LBL.GOV

Page 9

(g]

(43.7 £ 0.8)° (S = 1.2)
(43.5 £ 0.7)° (S = 1.3)
(13.7 + 1.5)%

—0.19 + 0.07

0.01 £ 0.11 (S = 1.6)

(2.35 £ 0.07) x 103

(44 £ 4)°
(1.966 + 0.010) x 10~3 (S = 1.6)
(8.65 + 0.06) x 104 (S = 1.8)

—0.098 £+ 0.013
0.19 £+ 0.05
—0.78 £ 0.21

—0.61 £ 0.19

0.07 + 0.09
~0.70 + 0.16
—0.76 & 0.16
—0.87 £ 0.26
—0.94 + 0.29 (S = 1.9)

0.60 £ 0.07

+0.12
—0.74 26710

—0.65 + 0.12
—0.61 + 0.08
0.37 + 0.08
0.93 + 0.17

0.671 £ 0.023
0.658 + 0.024
0.61 £ 0.16

+0.13
0.77 Z 9112
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(mw+ - mW,) / Maverage
(mgs = m )/ Mayerage
|Gt + ag-1/e

(8.+ — 8o—) / Baverage
(TM+ - TN_) / Taverage
(g/ﬁ - gﬂf) / 8average
(m7_+ -m_— )/maverage

(mﬂ-+ - mﬂ-f) / Maverage

(Tﬂ—-i- - Tﬂ——) / T average

(mK+ - me) / Maverage

(TK+ - TKf) / Taverage

Kt - ,uiu rate difference/average

1
kKt - 7570 rate difference/average

§in KO — KO mixing
real part of §
imaginary part of §

Re(y), Ko3 parameter

Re(x_), K3 parameter

’mKO - m70‘ / Maverage
(rKO -

phase difference ¢gg — ¢4 _

<o )/maverage

Re(3n— + noo)— T4
Acpr(KFxE) in DO, DO
mp=malimy,

(o2 -2y 2o

lap + apl/e

(p + vp) [ bp

(mp —mz )/ m,

(mp — mz) / m,

(TA =73/ 7A

(7'):+ - Tff)/T):Jr
(byr + u5) /byt
(mz— —m=y) /[ m=_
(T:_, — T§+) / T

(ME, + N?Jr) / |:u57|
(mo- —mge) [ mo-

HTTP://PDG.LBL.GOV

CPT INVARIANCE
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[h]

[7]

U]

U]

—0.002 + 0.007
<8x 1079, CL = 90%
<4 %108
(—0.5+2.1)x 10712
(2+8)x107°

(—0.11 + 0.12) x 10~8
<2.8 x 104, CL = 90%
(2+5)x10"4

(6 +7)x10~4

(—0.6 +1.8) x 1074
(0.10 £ 0.09)% (S = 1.2)
(0.5 + 0.4)%

(0.8 + 1.2)%

(2.3 +£2.7) x 10~4
(0.4 4+ 2.1) x 1072
(0.4 +2.5) x 1073
(—2.9 +2.0) x 1073
<8x 10719, CL = 90%
(8 +8) x 10~18

(0.2 + 0.4)°
(—3+£35)x10°°
0.008 -+ 0.008

<2x 1079, CL = 90%
(-9 +09) x 1011
<2x 1079, CL = 90%
(—2.6 +2.9)x 1073
(9 £5)x107°
(—0.1+1.1) x 1072 (S = 1.6)
—0.001 + 0.009

(—0.6 +1.2) x 1073
0.014 + 0.015
(—3+£9)x107°
—0.01 + 0.07

+0.01 + 0.05
(—1+£8)x107°
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(TQ_ — T§+) / T - —0.002 £ 0.040

TESTS OF NUMBER CONSERVATION LAWS

LEPTON FAMILY NUMBER

Lepton family number conservation means separate conservation of each of L, LM'
L

-
M(Z - e*puF)/Motal [k] <1.7x1076, CL =95%
N(Z - e*7F)/Tiotal [k] <9.8x1076, CL =95%
M(Z — pE7F)/Tiotal [K] <1.2x 1072, CL = 95%
oleTe™ = etrF) Jo(ete™ — ptpu) <8.9x 1070 CL = 95%
olete™ — ,u:l:T:F) Jo(ete™ — ptu™) <4.0x 1070 CL = 95%
limit on 4=~ — e~ conversion
o(p= 325 = e 325) <7 x 10711 cL = 90%
o(u=325 — v, 32p%)
o~ Ti— e Ti)/ <43 x 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 / G
Mp™ — e ve7,)/Miotal [] <1.2x1072, CL = 90%
M~ — e 7)/Tiotal <12 x 1071, CL = 90%
Mp~™ — e ete™)/Miotal <1.0x 10712, CL = 90%
M~ — e 27)/Tiotal <72x 10711, CL = 90%
M~ — e ) /Total <1.1x 1077, CL = 90%
M~ = 1~ 7)/Total <4.5 x 1078, CL = 90%
M~ — e 79)/Total <8.0 x 10~8, CL = 90%
M~ — = 79)/Tiotal <1.1x 1077, CL = 90%
rr= — e KQ)/Miotal <3.3x 1078, CL = 90%
rr= — p= KQ)/Miotal <4.0 x 1078, CL = 90%
M~ — e n)/Total <9.2 x 1078, CL = 90%
M~ — 2= 1)/Tiotal <6.5 x 1078, CL = 90%
M~ — e p0)/Tiotal <6.3 x 1078, CL = 90%
M= — 1= P9/ Total <6.8 x 1078, CL = 90%
M~ — e~ w)/Tiotal <1.1x 1077, CL = 90%
M~ — 1~ w)/Tiotal <8.9 x 10~8, CL = 90%
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M~ — e K*(892)0)/Myotal
Mr~ — = K*(892)0)/Miotal
Mr~ — e K*(892)0)/Tyotal
M~ — = K*(892)0)/Miotal
N~ — e 1'(958))/Ttotal
Nt~ — p 1 (958))/Tiotal
M7~ — e f5(980) — e~ 7t 77)/Tiotal
MNr— — u— f0(980) — u 7T+7r_)/rtota|
Nr— — e~ ¢)/rtota|

Nr— — p- ¢)/rtota|

MNr— — e~ e+e_)/rtota|
rr— — e_,u"" ”_)/rtotal
rr— — e+,u_ ”_)/rtotal
M~ — = et e )/Tiotal
M~ — pte” e )/Tiotal
rnr— — M_H+#_)/rtota|
MNr— — e_7r+7r_)/rtota|
MNr— — ,u_7'r+7r_)/|'tota|
M~ — e 7T K7)/Tiotal
M(r~ — e 7 K1)/Tiotal
Mr— — e~ K% KOS)/rtotal
Mr~ — e~ KT K™)/Tiotal
MNr— — ,u_71'+ K™ )/Tiotal
Mr— — p=n— K+)/rt0ta,
rr— — p~ K% KOS)/rtotal
M~ — p~ KT K7)/Tiotal
MNr— — e_WOWO)/rtotaI
MNr— — “_WOWO)/rtotal
Nt~ — e nm)/Tiotal

F(r™ — 1= 1m)/Tiotal

MNr— — e_TrOn)/I'tota|
Nr— — p— 7"'077)/|_1;ota|

MNr— — e~ light bOSO”)/rtotal
MNr— — u~ light bOSO")/rtotal

LEPTON FAMILY NUMBER VIOLATION IN NEUTRINOS

Solar Neutrinos
sin2(2012)
2
Am21
Atmospheric Neutrinos
sin2(2023)

2
Am32

F(7r+ - /ﬁ_ ve)/Ttotal

HTTP://PDG.LBL.GOV
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<7.8x 1078, CL = 90%
<5.9x 1078, CL = 90%
<7.7x 1078, CL = 90%
<1.0x 107, CL = 90%
<1.6 x 10—/, CL = 90%
<13 x 1077, CL = 90%
<3.2x 1078, CL = 90%
<3.4 x 1078, CL = 90%
<73 x 1078, CL = 90%
<13 x 1077, CL = 90%
<3.6 x 1078, CL = 90%
<3.7x 1078, CL = 90%
<23 x 1078, CL = 90%
<2.7x 1078, CL = 90%
<2.0x 1078, CL = 90%
<3.2x 1078, CL = 90%
<1.2x 10~ 7, CL = 90%
<2.9x1077, CL = 90%
<32x1077, CL = 90%
<1.6 x 10—/, CL = 90%
<22 %1076, CL = 90%
<1.4x 10~ 7, CL = 90%
<2.6 x 1077, CL = 90%
<32x1077, CL = 90%
<3.4 x 1076, CL = 90%
<25x 1077, CL = 90%
<6.5x 1070, CL = 90%
<1.4 x 1075, CL = 90%
<3.5x 1072, CL = 90%
<6.0 x 102, CL = 90%
<2.4 x 1075, CL = 90%
<22 x 1075, CL = 90%
<2.7x1073, CL = 95%
<5x 1073, CL = 95%

0.87 + 0.03
(7.59 + 0.20) x 1072 eV?2

>0.92
(2.43 £ 0.13) x 1073 eV?2

<8.0 x 10~3, CL = 90%
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r(W+ - e"’ e"’ V)/rtotal
@0 — ute™)/Miotal

M@0 — 1~ et)/Miotal

r(WO N /fi_ e + u— e+)/rtota|
M — ute™ + pet)/Motal
F(n'(958) — eun)/Tiotal

(KT = et e™) o
F(K+ - /ﬁ_ Ve)/rtotal

F(K+ -t ,u+ e_)/rto’cal
MKt — 7t 0™ et)/Tigtal
F(K(Z - ei/ﬂ:)/rtotal

FKY — et ety 1) /Mgl
F(KE - ﬂ'oﬂi e:F)/rtotal
MK = 70n0 e¥) Miogal
(D — ot et 1) /Tiotal
r(pF — Ktet 1) /Tiotal
F(DO - ”i e:F)/rtotal

F(DO - WO ei‘H:)/rtotal
F(DO - nei “:F)/rtotal

F(DO — wha et 1) /Tiotal
F(DO - pO ei'u:':)/rtotal
F(DO - wei ‘H:)/rtotal

M0 — K=K et 1F) Moyl
r(p° — ¢ei/ﬂ:)/rtotal

F(DO - 70 ei ”:F)/rtotal
F(DO — K~ 7T+ ei ”:F)/rtotal
F(DO — K*(892)° et 1) /Teotal
I'(D:' — et '“:F)/rtotal
I'(D:_ — Kkt ej:'“:F)/rtotal
r(k* ¥t ) /Tiotal

rB+ — atetu” )/Ttotal

MBT — 7% e™ 1) /Tiotal
F(B+ -t ei ”:F)/rtotal
F(B+ — K e 1) Mo
r(B" — K+ e 1) /Tiotal
r(e+ — Kte* 1) /Tiotal
F(B+ — KT 'uiT:F)/rtotal
r(B+ BN K*(892)+ et 1)/ Tiotal
M(BT — K*(892)T e  uT)/Tiotal
r(Bt — K*(892)* e* uF)/Motal

F(BO — et /ﬂ:)/rtotal

HTTP://PDG.LBL.GOV

[o]

[K]
[K]
[K]

[K]
[K]
[K]
[K]
[K]
[K]
[K]
[K]
[K]
[K]
[K]
[K]
[K]
[K]
[K]

[K]

<1.6 x 1070, CL = 90%
<3.8x 10710, cL = 90%
<3.4x1079, CL = 90%
<3.6 x 10710 CL = 90%
<6 x 1076, CL = 90%
<47 x 1074, CL = 90%
<2.0x 1078, CL = 90%
<4 x 1073, CL = 90%
<1.3x 1071 CL = 90%
<5.2x 10710, cL = 90%
<47 x 10712 CL = 90%
<412 x 10711, cL = 90%
<7.6 x 10711 CL = 90%
<1.7 x 10710, cL = 90%
<3.4x 1072, CL = 90%
<6.8 x 1072, CL = 90%
<8.1x10~7, CL = 90%
<8.6 x 1072, CL = 90%
<1.0 x 1074, CL = 90%
<15 x 1079, CL = 90%
<4.9x 1072, CL = 90%
<1.2x 104, CL = 90%
<1.8 x 1074, CL = 90%
<3.4x 1072, CL = 90%
<1.0x 10~4, CL = 90%
<5.53 x 10~4, CL = 90%
<8.3x 1072, CL = 90%
<6.1 x 1074, CL = 90%
<6.3x 1074, CL = 90%
<77 x 1070, CL = 90%
<6.4 x 1073, CL = 90%
<6.4 x 1073, CL = 90%
<1.7x 10~ 7, CL = 90%
<9.1 %1078, CL = 90%
<13 x 1077, CL = 90%
<9.1x 1078, CL = 90%
<7.7x 1072, CL = 90%
<1.3x 1079, CL = 90%
<9.9 x 1077, CL = 90%
<1.4x10~7, CL = 90%
<9.2 x 1078, CL = 90%
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r(s%
r(BY
r(BY
r(s%
r(s%

n0et ”:F)/rtotal

KO et /‘:F)/rtotal
K*(892)0 et 1) /Tiotal
K*(892)0 e~ 1) /Tiotal
K*(892)0 e® 11 F) /Ty otal
r(BY — et7F)/Miotal

(8% — uEr¥)/Noal

rB — sei/ﬁ)/rtom

M(B — meT uF)/Tiotal

rneB — Pei ,u:F)/I'tota|

M(B — KeTuF)/Miotal

M(B — K*(892)e* uF)/Tiotal
r(Bg - ej:/ﬂ:)/rtotal

F(ei 7':F>/rtotal

r(“i 7':F)/rtotal

F(J/$(18) = e uF)/Miotal
F(J/$(1S) = eF7F)/Tigpal
FJ/wS) = ptrF)/Tigtal
M(r@s) — pE7F)/Miotal
[(r@S) = pE7F)/Miotal
M(T3S) — uErF)/Tiotal

I

[K]
[K]
[K]

[K]

<1.4x 1077, CL = 90%
<2.7x1077, CL = 90%
<53 x 1077, CL = 90%
<3.4x 10~ 7, CL = 90%
<5.8 x 10—/, CL = 90%
<2.8x107°, CL = 90%
<2.2x107°, CL = 90%
<2.2x 1072, CL = 90%
<9.2 x 1078, CL = 90%
<3.2x 1070, cL = 90%
<3.8x 1078, CL = 90%
<5.1 x 107, CL = 90%
<6.1x 1076, CL = 90%
<8.3x 1070, CL = 90%
<2.0x 1070, cL = 90%
<1.1x 1070, CcL = 90%
<83 x 1076, CL = 90%
<2.0x 1070, CL = 90%
<6.0x 1070, CL = 95%
<1.44 x 107>, CL = 95%
<2.03x 107, CL = 95%

TOTAL LEPTON NUMBER

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

number conservation.

N(Z = pe)/Tiotal
r(Z - pﬂ)/rtotal
limit on p= — eT conversion
o(p= 325 — eT325p%)
0.(#—325 _ V,LL32P*)
o(p™ 127| - et 127Sb*)/
o(p™ 127y anything)
o(p~ Ti— et Ca)/
o(p~ Ti — capture)
MNr— — e+7r_7r_)/|'tota|
rr— pta— 7 )/Tiotal
M(r~ — etn™ K7)/Tiotal
M7~ — eT K™ K7)/Tiotal
rr— pta— K™)/Tiotal
M~ — T K™ K7)/Tiotal

|

Ll

HTTP://PDG.LBL.GOV Page 14

<1.8x 1079, CL = 95%
<1.8x 1070, CL = 95%

<9x 1010 cL = 90%

<3x10710 cL = 90%
<3.6 x 1011, CL = 90%

<2.0x 107, CL = 90%
<7 x 1078, CL = 90%

<1.8x10~7, CL = 90%
<1.5x 107, CL = 90%
<2.2x 1077, CL = 90%
<4.4x 107, CL = 90%
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Nt~ — P7)/Ttotal
rr— — f_”ro)/rtotal
M~ — B210)/Tiotal
Nt~ — Pn)/Tiotal
rr— — Tmon)/rtota|
M~ — A7) /Tiotal

MNr— — Zﬂ'_)/rtotal

tl/z( 0Ge — 765e 4 2 e~ )
r(7r+ - /ﬁ_ge)/rtotal
MKT — 77t e™)/Tiotal
NKT — 77 eTeT)/Tiotal

r(K+_’ T N+)/rtota|
F(K+ - K Ve)/rtotal

Mkt — 70eT7,)/Motal
(DT — 7~ et el)/MNiotal

r(D+ - T N+ N+)/rtota|

[(DT — 7= et ut)/Tiotal

r(D+ - P_ .u’+ :u’+)/rtota|

M(DT — K= etet)/Miotal

r(D+ — K™ N+N+)/rtota|

M(DT — K= et ut)/Tiotal

(DT — K*(892)~ uT puT) /Tiotal
I'(D0 - g a— et ++CC)/rtotaI
r(P0 — == ptut+ ce)/Miotal
(D0 — K=7~ et et + cc)/Miotal

-
F(DO—> K-n ptpt+ c.c.)/Tiotal
(D% — K=K~ etet + cc)/Miotal
r(P0 — K=K~ putut+ ce)/Tiotal
F(D0 — et ut+ c.c.)/Tiotal
F(D0 — K r etput+ c.c.)/Tiotal
(% - K=K~ +,u++c.c.)/rtota|
r[(Df — 7= etet)/Miotal
r(Dje W) Miotal
r(of — 7= et u®)/Motal
r(DF — K= eTet) /Mol

(D — K= uhuh)/Migtal
r(DF — K~ et uh)/Miota)

r(oy — K*(892)_,u+ 1) /T iotal
(BT — 7~ etel)/Tiotal

F(B+—> Y M+)/rtota|

F(B+ - et +)/rtota|

HTTP://PDG.LBL.GOV

<3.5% 1079, CL = 90%
<1.5x 1072, CL = 90%
<3.3x 1072, CL = 90%
<8.9x 1070, CL = 90%
<2.7x 1072, CL = 90%
<7.2x 1078, CL = 90%
<1.4x 10~ 7, CL = 90%
>1.9 x 1025 yr, CL = 90%

<1.5x 1073, CL = 90%
<5.0 x 10710, cL = 90%
<6.4 x 10710, cL = 90%
<3.0x 1079, CL = 90%
<3.3x 1073, CL = 90%
<3 x 1073, CL = 90%
<3.6 x 1076, CL = 90%
<48 x 1076, CL = 90%
<5.0 x 1072, CL = 90%
<5.6 x 104, CL = 90%
<45 x 1076, CL = 90%
<1.3x 1072, CL = 90%
<1.3x 1074, CL = 90%
<8.5x10~4, CL = 90%
<1.12 x 1074, CL = 90%
<2.9x 1072, CL = 90%
<2.06 x 1074, 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%
<5.7x 1072, CL = 90%
<6.9 x 10~4, CL = 90%
<2.9x 1072, CL = 90%
<7.3x 1074, CL = 90%
<6.3x 1074, CL = 90%
<1.3x 1072, CL = 90%
<6.8 x 10~4, CL = 90%
<1.4 x 1073, CL = 90%
<1.6 x 1076, CL = 90%
<1.4 x 1075, CL = 90%
<1.3x 1075, CL = 90%
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r(Bt — p=etet)/Motal <2.6 x 1076, CL = 90%
rBt — p=utut)/Miotal <5.0 x 1076, CL = 90%
r(B+t — p~ et ut)/Motal <3.3x 1076, CL = 90%
(BT — K= etet)/Motal <1.0 x 107°, CL = 90%
(BT — K= puTut)/Tiotal <1.8 x 1079, CL = 90%
r(Bt — K~ etut)/Miotal <2.0 x 1076, CL = 90%
r(Bt — K*(892)~ et et)/Miotal <2.8 x 107%, CL = 90%
r(BT — K*(892)~ put uT)/Tiotal <83 x 107°, CL = 90%
(BT — K*(892) " e ut)/Tiotal <4.4 x 107°, CL = 90%
M= — pu~ 17 )/Tiotal <4x 1078, CL = 90%

rA — ==t uh)/Mioal <7.0 x 1074, CL = 90%

BARYON NUMBER

<1.8x 1076, CL = 95%
<1.8x 1070, CL = 95%
<3.5x 1070, CL = 90%

F(Z — pe)/Tiotal
r(Z - pﬂ)/rtotal
rr— — 57)/rtota|

F(r~ — P7%)/Total <1.5x 1072, CL = 90%
r(r— — p270)/Total <3.3x 1072, CL = 90%
F(r™ — B7)/Trotal <8.9x 1070, CL = 90%
F(r~ — p70n)/Tiotal <2.7x 1072, CL = 90%
M~ — An7)/Tiotal <7.2x 1078, CL = 90%

<1.4 x 1077, 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.

MNr— — Ar— )/Ttotal

p mean life

(N — et ) > 158 (n), > 1600 (p) x 1030 years, CL =
90%

(N — pt ) > 100 (n), > 473 (p) x 1030 years, CL =
90%

(N — et K) > 17 (n), > 150 (p) x 1039 years, CL =
90%

(N = ptK) > 26 (n), > 120 (p) x 1039 years, CL =
90%

>0.86 x 108 s, CL = 90%
[p] >1.2x 108 s, CL = 90%

limit on n7 oscillations (free n)

limit on n7 oscillations (bound n)
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ELECTRIC CHARGE (Q)

e — Vg7 and astrophysical limits [q] >4.6 x 1026 yr, CL = 90%
F(n— pre¥e)/Tiotal <8x 10727, CL = 68%

AS = AQRULE

Violations allowed in second-order weak interactions.

MKkt - 7tat e 7,)/Tiotal <12 x 1078, CL = 90%
MKT = 7T ot 0= 7,)/Total <3.0x 107°, CL = 95%
Re(xy ), Kg3 parameter (—0.9 £+ 3.0) x 10-3
x=AKO = 7= 0t0)/AKO = 71t 1) = A(AS=—AQ)/A(AS=AQ)
real part of x —0.002 £ 0.006
imaginary part of x 0.0012 + 0.0021
Nzt — neto)/I(== — nt™7) <0.043
(=t — netwvy)/Tiotal <5 x 1076, CL = 90%
Mt — nptv,)/Miotal <3.0x 1072, CL = 90%
M= — == et v.)/Miotal <9 x 1074, CL = 90%
M=% — == ™ v,) Motal <9 x 1074, CL = 90%

AS = 2 FORBIDDEN

Allowed in second-order weak interactions.

M0 = pr)/Tiotal <8 x 1070, CL = 90%
M0 - pe7,)/Tiotal <13x 103

M=% — pu™7,)/Trotal <13x 103

ME" — 07 )/Tioeal <1.9 x 1072, CL = 90%
M=~ — ne 7.)/Tiotal <32x 1073, CL = 90%
M= = nu™7,)/Total <15 x 1072, CL = 90%
M=~ pr= ")/ Miotal <4 x 1074, CL = 90%
M(Z~ = pr~ e  Te)/Tiotal <4 x 1074, CL = 90%
[(E — pr 1™ 7,)/Trotal <4 x 104, CL = 90%
MR~ — A77)/Tiotal <2.9 x 107°, CL = 90%
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AS = 2 VIA MIXING

Allowed in second-order weak interactions, e.g. mixing.
Mo ~ My (0.5292 =+ 0.0009) x 1010 i, s—1 (S = 1.2)

m.o = m (3.483 + 0.006) x 10712 MeV
L S

AC = 2 VIA MIXING

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

0.66 —
’mD? — ng’ =zl (2.371_0.71) x 1010 ; s—1
0.36 —
(rD(lj - ng)/r =2y (1567 939) x 1072
AB = 2 VIA MIXING
Allowed in second-order weak interactions, e.g. mixing.
Xd 0.1873 + 0.0024
— _ 12 -1
Ampg = mB% mB(Z (0.507 + 0.005) x 10*“ k' s
xg = Amgo /T g 0.774 + 0.008
Am g =moy —mpgg (17.77 £ 0.12) x 1012 p s~ 1
Bs BsH BsL
xs = Bm 5o /T oo 26.2 + 0.5
S S
Xs 0.49927 £ 0.00003
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Nkt —
Nkt —
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I'(K% -
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r(Kg —
r(K(B —
I'(K(Z -
r(x9
r(x9
r(x9
r(x9
r(x9
r(x9
r(x9
r(K(B —
re+ —
rEt —

A

r(ot —
(ot —
r(pt —
I'(DO —
r(po
r(po
r(po
r(po
r(po
r(po0
r(po
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AS =1 WEAK NEUTRAL CURRENT FORBIDDEN

Allowed by higher-order electroweak interactions.

ntet e”)/Ttotal
ntptu )/Ttotal
Las v7)/Tiotal
0 v7)/Tiotal
w7 Teotal
e+e—)/rtotal

nOet e”)/Ttotal

w0 17) /Miotal
w7 Teotal
e+e—)/rtotal
atr—et e )/Total
nOn0et e )/Tiotal
phu=et e )/Total
ete et e )/Tiotal
70 pt
mOet

17 )/Teotal
e”)/Ttotal
0 v?)/Ttotal
070 v?)/Tiotal
pet e )/Ttotal
Pt 7))/ Teotal

™

(2.88 + 0.13) x 10~/
(8.1 4+ 1.4) x 1078 (5 = 2.7)
(1.7 + 1.1) x 10~10

<43 x107°, CL = 90%
<3.2x 1077, CL = 90%
<1.4x 10~ 7, CL = 90%
(3.0713) x 1079
(29713) x 1079

(6.84 + 0.11) x 109
(979) x 10712

(3.11 + 0.19) x 10~/
<6.6 x 1079, CL = 90%
(2.69 + 0.27) x 109
(3.56 + 0.21) x 10~8
<3.8x 10710, CL = 90%
<2.8x 10710, CL = 90%
<6.7 x 1078, CL = 90%
<4.7x107°, CL = 90%
<7 %1076

(973) x 108

AC =1WEAK NEUTRAL CURRENT FORBIDDEN

Allowed by higher-order electroweak interactions.

7T+ e+
ot ot
ptut

e )/Total
#7)/Total
#7)/Total
Y7/ Ttotal

et e )/Total
w17 /Teotal
net e )/Total
0 T #7)/Tiotal
net e )/Total
77#+ H_)/rtotal
ata—ete™ )/Ttotal

Page 19

<7.4x 1075, CL = 90%
<3.9x1076, CL = 90%
<5.6 x 10~4, CL = 90%
<2.7x 1072, CL = 90%
<1.2x 1075, CL = 90%
<13 x 1076, CL = 90%
<4.5x 1072, CL = 90%
<1.8x 104, CL = 90%
<1.1x10~%4, CL = 90%
<53 x 1074, CL = 90%
<3.73x 1074, CL = 90%
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S
rAr
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r(B+
rs+
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r(s+
r(B+
r(B+
r(B+
r(B+
r(B+
r(B+
r(B+
r(s+
r(B+
r(so
r(so
r(so
r(so
r(s°
r(so
r(so
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POet
+

e )/Ttotal

mut 17 )/ Total
P21t 17 Tiotal

wet e )/Ttotal

wp 1)/ Teotal

K= KteTe™)/MNiotal
pet e )/Total

K™ KTt 17)/Tiotal
¢#+ H_)/rtotal
K—ntet e )/Total
K- atutp™ )/Ttotal
nt 7= 70 pt 1)/ Tiotal
Ktet e )/Ttotal

Kt b 17) /Tiotal
K*(892)+ N+ 27 )/ Tiotal
Pt 1) /Tiotal

<1.0 x 104, CL = 90%
<3.0 x 1072, CL = 90%
<2.2x 1072, 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%
<3.3x 1072, CL = 90%
<3.1x 1072, CL = 90%
<3.85 x 1074, CL = 90%
<3.59 x 1074, CL = 90%
<8.1x 1074, CL = 90%
<1.6 x 1073, CL = 90%
<3.6 x 1072, CL = 90%
<1.4x 1073, CL = 90%
<3.4x 104, CL = 90%

AB =1 WEAK NEUTRAL CURRENT FORBIDDEN

Allowed by higher-order electroweak interactions.

71'+£+£_)/rtotal

ntet e )/Ttotal
) Miotal

Las v?)/Tiotal

KT etes )/Ttotal

KT et e )/Total

Kt b 17) /Tiotal

KT 70) [Tiotal

P D) Tiotal

K*(892) T £ 07) /Tiotal
K*(892) T v7) /T otal
K*(892) T e e™)/Miotal
K*(892) T pt pu~ )/ Ttotal
Y7)/Ttotal

et e )/Total

et e™9)/Tiotal
#7)/Total
1”7/ Tiotal

)/ Ttotal
0 g+£—)/rtota|

ut
ut
-+
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[]

<4.9 x 1078, CL = 90%
<8.0 x 1078, CL = 90%
<6.9 x 1078, CL = 90%
<1.0 x 104, CL = 90%
(44758 x 107 (s =1.1)
(4.9 + 1.0) x 10~/
(4513-2) x 1077

<1.4x 1072, CL = 90%
<1.5x 104, CL = 90%
(7+5)x 107

<8x 1072, CL = 90%
(8+8)x10 "1

(879 x 1077

<6.2 x 107, CL = 90%
<1.13 x 10—/, CL = 90%
<1.2x10~7, CL = 90%
<1.5x 1078, CL = 90%
<1.6 x 107, CL = 90%
<4.1x 1073, CL = 90%
<1.2x10~7, CL = 90%
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r(BY — n0ete™)/Motal <1.4 x 1077, CL = 90%
r(B% — 79ut ™) /Meotal <1.8x 107/, CL = 90%
r(BY — n0um)/Motal <22 x 10—4 CL = 90%
r(BY — KOt 47)/Tgral (1] 29719 x 107

r(BY — KOum)/Tiotal <1.6 x 104, CL = 90%
r(B% — p0uw)/Miotal <4.4 x 1074, CL = 90%
r(B% — K9ete™)/Moral (13718 x 1077

r(8% — KOuTu™)/Miotal (5. 7+2 3) x 1077

r(B% — K*(892)0¢t07)/Motal [t] (9.5+1. 8) x 107

r(B9 — K*(892)0 et e™)/Toral (1.04733%) x 10-6
r(B9 — K*(892)0ut ™) /Miotal (9.8 +2.1) x 10~/
r(B% — K*(892)0uvw)/Motal <1.2x 1074, CL = 90%
r(BY — ¢uvD)/Tiotal <5.8x 1072, CL = 90%
M(BY — invisible) /T yota| <22 x 1074, CL = 90%

M(BY — vo4)/Tiotal <4.7x 1075, CL = 90%
[(B— sete™)/Tiotal (47 +13)x 1070

F(B — sutu™)/Tiotal (43+1.2)x 1070

M(B — stt07)/Tiotal [t] (4.5 +1.0) x 1076

MB— Kete )/Tiotal (38798 x 1077

M(B— K*(892)ete™)/Miotal (1.13 £ 0.27) x 10~

r(B— Kutu™)/Tiotal (4213-2) x 107

M(B — K*(892)ut 1™)/Tiotal (1. 03+0 23) x 1070

M(B — KeTE)/Tiotal (3.94+0.7) x 107 (S = 1.2)
M(B — K*(892)¢167)/Tiotal (9.4 +1.8) x 10~ 7 (S = 1.1)
F(b — pT u™ anything)/Tyotal <32x 1074, CL = 90%
r(B2 — 77)/Tiotal <8.7 x 107°, CL = 90%

r(BY — utu™)/Tiotal <4.7x 1078, CL = 90%
r(BY — ete™)/Miotal <5.4 x 1072, CL = 90%
r(BY — ¢(1020) ™ 17)/Tiotal <3.2x107°, CL = 90%
r(BY — ¢v7)/Tiotal <5.4 x 1073, CL = 90%
AT =1WEAK NEUTRAL CURRENT FORBIDDEN
Allowed by higher-order electroweak interactions.
Mt — Zq(g=u,c))/Tiotal [l <3.7x1072, CL = 95%
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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] Allowed by higher-order electroweak interactions.

[e] 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.

[f] Re(¢' /e) = € /€ to a very good approximation provided the phases satisfy
CPT invariance.

[g] This mode includes gammas from inner bremsstrahlung but not the direct
emission mode K9 — 777~ ~(DE).

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

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

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

[/] These two results are not independent, and both use the more precise
measurement of |q5/mz|/(qp/mp).

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

[/] A test of additive vs. multiplicative lepton family number conservation.
[m] The limit quoted corresponds to the projection onto the sin?(26,3) axis
of the 90% CL contour in the sin2(2023)—Am§2 plane.
[n] The sign of Am§2 is not known at this time. The range quoted is for
the absolute value.
[0] Derived from an analysis of neutrino-oscillation experiments.

[p] 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.

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

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

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

[t] An ¢ indicates an e or a © mode, not a sum over these modes.
[u] This limit is for [(t — Zq)/T(t — Wb).
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