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TESTS OF DISCRETE SPACE-TIME SYMMETRIES

CHARGE CONJUGATION (C) INVARIANCE

r(WO — 37)/Ttotal

n C-nonconserving decay parameters
at = 70 left-right asymmetry

0

0

T mwY sextant asymmetry

+

atn—m quadrant asymmetry

7r+71'_'y left-right asymmetry
+

7"« parameter 8 (D-wave)

rn — 7r0’7)/rtota|
M(n — 2799)/Topal
F(n — 37%9)/Total
F(n — 37)/Tiotal

F(n — n0ete™)/Motal
70t 1) Teotal
MNw(782) — nwo)/rtota|
M(w(782) — 270)/Tiotal
M(w(782) — 379)/Tiotal

Mn—

asymmetry parameter for 1/(958) — 7t 7~ v decay

(n'(958) — 70e® e™)/Miotal
[(n'(958) — net e™)/Tiotal
r(n/(958) - 3'7)/rtota|

[ (958) — pt ™ 70)/Tiotal
r(’?’(958) - N+ 7 n)/rtotal
r(J/¥(1S) — ’Y’Y)/rtotal
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[a]

<3.1x1078, CL = 90%

(0.0979:17) x 102
(0.127319) x 102
(—0.09 = 0.09) x 10~2
(0.9 + 0.4) x 10~2
—0.02 £ 0.07 (S = 1.3)
<9x 1072, CL = 90%
<5x 1074, CL = 90%
<6 x 1072, CL = 90%
<1.6 x 1072, CL = 90%
<4 x 1072, CL = 90%
<5x1076, CL = 90%
<2.1x 104, CL = 90%
<2.1x 1074, CL = 90%
<23 x 1074, CL = 90%
—0.03 + 0.04

<1.4x 1073, CL = 90%
<2.4 %1073, CL = 90%
<1.0 x 10~4, CL = 90%
<6.0 x 1072, CL = 90%
<1.5x 1072, CL = 90%
<5x 1076, CL = 90%
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PARITY (P) INVARIANCE

e electric dipole moment

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

F(n — 27"0)/rtotal

rn— 47r0)/rtotal
r(n/(958) — gt w—)/rtota|
r(n'(958) — 7070)/Tiosal
F(nc(1S) — 77 77)/Tiotal
F(ne(18) — 7T0770)/rtotal
F(nc(1S) = KTK™)/Tiotal
F(nc(1S) — K% K%)/rtotal
p electric dipole moment

n electric dipole moment

A electric dipole moment

(0.07 £+ 0.07) x 10720 ecm
(—0.1+0.9) x 10719 ecm
—0.220 to 0.45 x 10710 ecm, CL = 95%
<1.3x 1072, CL = 90%
<3.5x 1074, CL = 90%
<6.9x 10~ 7, CL = 90%
<2.9x 1073, CL = 90%

<1.0 x 1073, CL = 90%

<6 x10~4, CL = 90%

<4 x 1074, CL = 90%

<6 x 10~4, CL = 90%

<3.1x 104, CL = 90%

<0.54 x 10723 ecm

<0.29 x 10725 ecm, CL = 90%
<1.5x 10710 ecm, CL = 95%

TIME REVERSAL (T) INVARIANCE

e electric dipole moment
u electric dipole moment
u decay parameters
transverse et polarization normal to plane of u
spin, e momentum
o /A
/A
Re(d, = 7 electric dipole moment)
Pp in Kt — 7r0,u+1/,u
P in Kt — u+yu'y
Im(&) in KT — 70 pwt vy decay (from transverse
pol.)
asymmetry A in KO-KO mixing
Im(&) in K23 decay (from transverse p pol.)
Ap(DF — KQKkErtam)
AT(D0 — KtK—7ztz7)
+ _
Ap(DE — KEkErtnm)
p electric dipole moment
n electric dipole moment

n — pe~ U, decay parameters

® Ay Phase of g, relative to gy,
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(5]
(5]
(5]

[c]

(0.07 £+ 0.07) x 10720 ecm
(—0.1+£0.9) x 10719 ecm

(—2+8)x103

(—10 + 20) x 103

(2+7)x1073

—0.220 t0 0.45 x 10716 ecm, CL = 95%
(—1.7 £ 2.5) x 1073

(—0.6 + 1.9) x 1072

—0.006 £ 0.008

(6.6 + 1.6) x 10~3
—0.007 + 0.026
0.02 + 0.07
(1+7)x1073
—0.04 + 0.07

<0.54 x 10_23 ecm
<0.29 x 10725 ecm, CL = 90%

(180.06 + 0.07)°
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triple correlation coefficient D
triple correlation coefficient R
A electric dipole moment

triple correlation coefficient D for ¥~ — ne™ 7,
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[d] (-4+-6) x 10~4
[d] 0.008 + 0.016

<15x 10710 ecm, CL = 95%
0.11 + 0.10

CP INVARIANCE

w
Re(dT )

w
Im(d7)
n — atr—ete™ decay-plane asymmetry
r(n— =+ 7 )/Ttotal
F(n — 27"0)/rtotal

rn — 47"0)/rtotal
r(n/(958) — gt w—)/rtota|
r(n'(958) — 70 WO)/rtota|
Kt - rtata—
K+t - 7E7070
s 7r0'y rate difference/average
rtrtaT (g, —g.)/(ef +8&)

70,0 (g+ -g.)/ (g+ +g_)
A(K:l: ) = r(K:ee)_r(K;ee)
meel  T(KI_)+T(K.

7ree)
) = r(K;W)—r(K;W)
e
:l: . T - T
A(me) = r(kF ol ol

wry) T (Kars)

rate difference/average
rate difference/average
N

KT

A(KE
™

Ag =[T(KY = 77 etuy) -T(KY = 7T e™7,) ]
/ SUM

Im(ny_g) = Im(A(KE — 7+ 7= 70, CP-violating)
/A(K(Z — 7T+7T_7T0))

Im(11900) = Im(A(KY — 7070x0)/A(KQ —
7r07r071'0))

[moool = [AKY — 370)/A(K] — 30)|

CP asymmetry A in K% — rta ete

F(K% — 379)/Tiotal

linear coefficient j for K¢ — xF 7~ 70

0

quadratic coefficient f for K(Z - rta
’6/_’__7’/6 for K(L) — 7ta Ty

’gE1| for K(z — 7r+7r_'y

(kY — 70t u7)/Meoral
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<0.50 x 10~ 17 ecm, CL = 95%
<1.1x 10717 ecm, CL = 95%

(—0.6 4 3.1) x 102
<1.3x 1072, CL = 90%
<3.5x 104, CL = 90%
<6.9 x 107, CL = 90%
<2.9x 1073, CL = 90%
<1.0 x 1073, CL = 90%
(0.08 & 0.12)%

(0.0 + 0.6)%

(0.9 +3.3)%

(-1.54-2.2) x 10~4
(1.8+-1.8) x 10~4

(—2.2 4+ 1.6) x 102

0.010 £ 0.023

(0.0 £ 1.2) x 10—3
(2 +10) x 1073

—0.002 £ 0.009

(0.1 4 1.6) x 102

<0.018, CL = 90%
(—0.4 + 0.8)%
<12 x10~7, CL = 90%
0.0012 + 0.0008
0.004 + 0.006
<0.3, CL = 90%
<0.21, CL = 90%
[e] <3.8x10710 cL = 90%
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(kY — 70t e™)/Mgral [e] <2.8x10710 cL =90%

F(K(Z — 710uD) /Tiotal

[f]

<2.6 x 1078, CL = 90%

Acp(DE — pEv) (8 + 8)%
Acp(DE — K&xt) (—0.80 =+ 0.26)%
Acp(DE — KF2rt) (—0.1 +1.0)%
Acp(DE — KFrtats0) (1.0 + 1.3)%
Acp(DE — KLt 70) (0.3 £ 0.9)%
Acp(DF = K&rtrtr™) (0.1 £ 1.3)%
Acp(DE — 7E70) (2.9 + 2.9)%
Acp(DE — ntn) (—2.0 £ 2.3)%
Acp(DE — 7E1/(958)) (—4.0 + 3.4)%
Acp(DE — KL KF) (—0.1 4+ 0.6)%
Acp(DE — KT K~ xt) (0.3 + 0.6)%
Acp(DE — KT K*0) (0.1 + 1.3)%
Acp(DE — o) (0.9 + 1.1)%
Acp(DF — K* K3(1430)0) 6%
Acp(DF — KEK35(1430)0) (43730)%
Acp(DF — KE K5(800)) (—121 )%
Acp(DE = ap(1450)0 7 ) (—191 1%
Acp(DE — $(1680)7T) (=9 +26)%
ACP(Dj: A 7T:l:) (—2+4)%
Acp(DF — KeKExtr™) (—4£7)%
Acp(DE — KEx0) (—4 + 11)%
la/p| of DO-DO mixing 0.86 018

Ar of DO-DO mixing
Where there is ambiguity, the CP test is labelled by the pO decay mode.
ACP(DO - Kt K™)

(1.4 £2.7) x 1073

(—0.17 + 0.31)% (S = 1.3)

Acp(D? — k%K) (—23 +19)%
Acp(DO — =tz (0.2 + 0.4)%
Acp(DO — 7070) (0 £+ 5)%
ACP(DO — atr— 7r0) (0.3 £0.4)%
ACP(DO — p(770)T 7~ — ata— 71'0) (1.2 +£0.9)%
ACP(DO — p(770)0 0 ata— 7r0) (—3.1+3.00%
ACP(DO — p(770)" 7t — 7t a— 71'0) (-1.0+1.7)%
ACP(DO — p(1450)T 7~ — xt 71'0) (0£70)%
ACP(DO — p(1450)0 0 ptr— 7T0) (=17 + 40)%
ACP(DO — p(1450) " 7t — xta— 71'0) (6 £ 9%
ACP(DO — p(1700)t 7~ — xta— 71'0) (-5 +14)%
ACP(DO — p(l700)0 0 ptr— 7T0) (13 +9)%
ACP(DO — p(1700) "7t — 7T~ 71'0) (8+11)%
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ACP(DO f0(980)7r0 - xta~ 7r0)

N
ACP(DO — f0(1370)7T0 — ata— 7r0)
ACP(DO — f0(1500)7TO — ata— 7T0)
ACP(DO — f0(1710)71'0 — atax0)

ACP(DO — f2(1270)71'0 — atax0)
ACP(DO — 0'(400)7'('0 — 7T+7T_7T0)
Acp(nonresonant po — 7r+7r_7ro)
Acp(D? — Kkt K~ x0)

Acp(DO —
Acp(DO —
Acp(DO —
Acp(DO —
Acp(DY —
Acp(DY —
Acp(DO —
Acp(DO —
Acp(DY —
Acp(DY —
Acp(DO —
Acp(DO —
Acp(DO —
Acp(DO —
Acp(DO —
Acp(DO —
Acp(DO —
Acp(D9 —
Acp(DO —
Acp(DO —
Acp(DO —
Acp(DO —
Acp(DP —
Acp(DO —
Acp(DO —
Acp(DO —
Acp(DO —
Acp (D0 —
Acp(DO —
Acp(DO —

K*(892)T K~ — K+t K—x0)
K*(1410)T K~ — KT K—x0)
(KT 106 _ave K~ — KT K~ 0)
$(1020) 70 — KT K= =0)
f5(980)79 — Kt K= #0)
ap(980)079 — Kt K—70)
f/2(1525)7ro — Kt K_7T0)
K*(892)~ KT — Kt K—z0)
K*(1410)~ Kt — Kt K= x0)

(K~ 719 s_pave KT — KT K™ 70)
K% 9)

K%TK’O)

K~ =)

KT7x™)

K_7r+71'0)

K+7T_7TO)

K%W+7T_)

K*(892)_7T+ — K%W+7T_)
K*(892)T 7~ — K%7T+7T_)
K%po — K%ﬂ’"‘ﬂ'_)

K%w — Kgﬁ+7T_)
K05f0(980) — K%W+7T_)
K%f2(1270) — K%W+7T_)
K%f0(1370) — K%ﬂ’"‘ﬂ'_)
K6(1430)_7T+ — K%7T+7T_)
K§(1430)_7T+ — K%W+7T_)
K*(1680)~ 7t — K%?T+7T_)
K rtata)
Ktr—atza)
KTK—atz™)

ACP(D;t — /fl:l/)
Acp(DE — KT KY)
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(0 + 35)%

(25 + 18)%

(0 + 18)%

(0 + 24)%

(—4+6)%

(6 +8)%

(—13 + 23)%

(-1.0 £ 1.7)%

(—0.9 + 1.3)%

(=21 + 24)%

(7 +15)%

(1.1 + 2.2)%

(-3 +19)%

(-5 + 16)%

(0 + 160)%

(-5 + 4)%

(—17 + 29)%

(-7 + 40)%

(-3+9)%

(0.1 + 1.3)%

(0.1 +0.7)%

(2.2 +3.2)%

(0.2 + 0.9)%

(0 +5)%

(—0.9F20)%

<35 x 1074, CL = 95%
<7.8x 104, CL = 95%
<4.8 x 1074, CL = 95%
<9.2 x 104, CL = 95%
<6.8 x 10~4, CL = 95%
<135 x 1074, CL = 95%
<255 x 1074, CL = 95%
<9.0 x 104, CL = 95%
<6.5 x 10~4, CL = 95%
<28.4 x 1074, CL = 95%
(0.7 + 1.0)%

(-2 + 4)%

(-8 +7)%

(5+6)%

(0.3 + 0.4)%
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Acp(DE
Acp(DE
Acp(DE
Acp(DE
Acp(DE
Acp(DE
Acp(DE
Acp(DE
Acp(Dy
Acp(Dy
Acp(Dy
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

L e e e e e

!

—

Kt K= a¥)
Kt K= nt 7r0)
KY kF2rt)
rta— ﬂ':l:)
)

mtn)

K+ 7T0)

K% 7r:l:)
KEnt 7)
K*n)

KT 1/ (958))
J/p(1S)KT)
J/p(18) =)
J/ppT)

J/ K*(892)T)
neK™)
$(2S)7T)
$(2S)KT)
$(25) K*(892)T)
Xc1(1P)7T)
XcoK™)
Xc1KT)

Xc1 K*(892)7)
DO 7 T)
Dop(4+1)™ )
Dop(-1)7 ")
DO KT)

rp(Bt — DOKT)
sp(BT — DOKT)
rg(BT — DK*T)
sg(BT — DK*t)

Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT
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—

—

—

—

[K— = T]pKT)

[K~ 7T K*(892)T)
[K~xT]pnT)
[7T+7T_7TO]D K+)
Dop(+1)K ™)
Dop(—1)K™T)
D*0 1)

(D}

CP(+1))O )

Page 6

(0.3 + 1.4)%

(-6 + )%

(-1+ 4%

(2 +5)%

(—4.6 £+ 2.9)%

(6.1 £3.0)%

(=27 + 24)%

(6.6 + 3.3)% (S = 1.4)
(11 £ 7)%

(9 + 15)%

(6 £ 19)%
(14+7)x1073 (S =1.8)
0.01 + 0.07 (S = 1.3)
—0.11+0.14
—0.048 + 0.033
—0.16 + 0.08

0.02 + 0.09

—0.025 + 0.024

0.08 + 0.21

0.07 + 0.18

—0.11 + 0.12

—0.009 + 0.033
0.5+ 0.5

—0.008 + 0.008
0.035 + 0.024

0.017 £ 0.026

0.07 + 0.04

+0.024
0.113 _ 5021

125 4 16 degrees

0.34 £+ 0.09 (S = 1.3)

157 + 70 degrees (S = 2.0)
—0.94+ 05

—03+£05

0.03 £ 0.17

—0.02 £+ 0.15

0.24 £ 0.06 (S = 1.1)

—0.10 £ 0.07

—0.014 £ 0.015
—0.02 + 0.05
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ACP(B+ - (Dgp(_l))oﬂ—i_)

Acp(BT — DOkT)
ro(BY — D*OKT)
5Bt — DOk

+ *0 +
Acp(BT — DEp(+1) K )
KT)

Acp(BT — DEP(_I)
Acp(BT — Dep(+1) K*(892)1)
Acp(BT — Dop(_1)K*(892)T)

Acp(BT — D*tD*0)
Acp(Bt — D*tD?)
Acp(BT — DTD*0)
Acp(BT — DTDO)
Acp(BT — KxT)
Acp(BT — KTx0)
Acp(BT — ' KT)
Acp(BT — 1/ K*(892)T)
Acp(BT — nKt)
Acp(BT — nK*(892)T)
Acp(BT — nK{§(1430)T)
Acp(BT — nK3(1430))
Acp(BT — wK™)
Acp(BT — wk*T)
Acp(BY — w(km)ih)
Acp(BT — wK}%(1430)T)
Acp(BT — K*O0x)
Acp(BT — K*(892)1 70)
ACP(B+ — Kta—zTt)
Acp(BT — £3(980) KT)
Acp(BT — £(1270)K™)
Acp(BT — fx(1300)KT)
Acp(BT — pO0k™)
Acp(BT — K(1430)071)
Acp(BY — K3(1430)07)
Acp(BY — KOpT)
ACP(B+ — K*trta)
Acp(BY — pOK*(892)1)
Acp(BT — K*(892)1 £,(980))
Acp(BT — af KO)
Acp(BT — b KO)
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—0.09 + 0.05

—0.07 £ 0.04

+0.026
0.123_0.029

300 + 30 degrees (S = 1.7)
—0.12 + 0.08

0.07 = 0.10

0.09 £ 0.14
—0.23 £ 0.22

—0.15 + 0.1
—0.06 + 0.13

0.13 + 0.18

—0.03 + 0.07

0.009 + 0.029 (S = 1.2)
0.051 + 0.025

0.013 + 0.017

—0.26 + 0.27

—0.37 + 0.09

0.02 + 0.06

0.05 + 0.13

—0.45 + 0.30

0.02 + 0.05

0.29 + 0.35

—0.10 + 0.09

0.14 + 0.15

—0.04 £ 0.09 (S = 2.1)
0.04 + 0.29

0.038 £ 0.022

+0.05
—010 604

+0.19
—0.68 " 517

0.28 £ 0.30
0.37 = 0.10

0.055 £ 0.033

+0.29
0.05 7024

—0.12 + 0.17
0.07 + 0.08
0.31 £0.13
—0.15 £ 0.12
0.12 + 0.11

—0.03 £+ 0.15
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Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BY
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
Acp(BT
Acp(BT
Acp(BT
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A A A

|

!

!

!

bbb bbbl

K*(892)0 o)
b KT)

KO K+)

KT KL KkY)
KT K= KT)
¢KT)
Xp(1550) KT)
K*t Kt K™)
$K*(892)T)
$(Km)pt)

¢ K1(1270)T)
¢ K%(1430)T)
K*(892)1 )
nKT )
pKT )

pT )

T 71'0)
ato— 7r+)
pOnt)
f5(1270) 7 )
p0(1450) 1)
fo(1370) 7 T)
7T 7~ 7 nonresonant)
ptn0)

pt %)
wnT)

wp™T)

nrt)

np™)

n'=t)

' pT)

bcl) 1)
pprt)
pPK™T)
ppK*(892))
pAY)

pAn0)
Ktetoe)
KTete™)
Kt ptp™)
K*t o)

Page 8

—0.01 £ 0.16
—0.46 + 0.20
0.12 + 0.18
—0.04 £ 0.11
—0.017 £ 0.030
—0.01 + 0.06
—0.04 + 0.07
0.11 £ 0.09
—0.01 + 0.08
0.04 + 0.16

0.15 £+ 0.20

—0.23 £ 0.20
0.018 £ 0.029
—0.12 + 0.07
—0.26 + 0.15
—0.11 £ 0.33
0.06 £ 0.05

0.03 &+ 0.06

+0.09
0.18 _5117

0.41 £ 0.30

+0.4
—0.1_0.5

0.72 £ 0.22

+0.23
—-0.14 7" 0.16

0.02 + 0.11
—0.05 + 0.05

—0.04 + 0.06

—0.20 + 0.09

~0.13 + 0.10 (S = 1.5)
0.11 + 0.11

0.06 + 0.16

0.26 + 0.17

0.05 + 0.16

0.00 + 0.04

—0.16 + 0.07

0.21 + 0.16 (S = 1.4)
0.17 + 0.17

0.01 + 0.17

—0.01 £ 0.09 (S = 1.1)
0.14 + 0.14

—0.05 + 0.13

—0.09 + 0.14

Created: 6/16/2011 12:05



Citation: K. Nakamura et al. (Particle Data Group), JP G 37, 075021 (2010) and 2011 partial update for the 2012 edition (URL: http://pdg.Ibl.gov)

Acp(BT — K*eTe)
Acp(BT — K*ptpu™)
~Bt — D) k(¥)+)
Re(e go)/(1+]€go|?)

AT/CP

Acp(BY — D*(2010)T D7)
Acp(BY — 7 K*(892)0)
Acp(BY — nkK3(1430)0)
Acp(B® — nK3(1430)0)

Acp(BY — b KT)
Acp(BO — wk*0)
Acp(BY — w(Km)s0)
Acp(BY — wK3(1430)0)
Acp(BY — KOKO)

ACP(BO — K+7T_7TO)
Acp(B® — p~ KT)
ACP(BO — KT 7~ 70 nonresonant)
ACP(BO — (Kﬂ')aoﬂ'o)
Acp(BY — K*070)
Acp(BY — K*(892)Tx7)
Acp(BY — (Km)§tr™)
ACP(BO — K07T+7T_)
Acp(BY — K*(892)0xtn—)
Acp(BY — K*(892)000)
Acp(B® — al KT)
Acp(BY — K*(892)0 KT K™)
Acp(BY — K*(892)0¢)
Acp(BY — K*(892)0 K~ )
Acp(BY — ¢(Km)30)
Acp(B® — ¢K3(1430)0)
Acp(BY — K*(1430)7)
Acp(B® — ptr7)

Acp(BY — p~ )

Acp(BY — ap(1260)E )
ACP(BO — b17r+)

Acp(B® — pBK*(892)0)
Acp(B® — pAnT)

Acp(BO — K*0ut )
ACP(BO—> K*0ete)
Acp(BY — KOt =)
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—0.14 + 0.23

—~0.12 +0.24

(73 £ 10)°
(—0.1+1.4) x 1073
0.005 + 0.018

0.02 + 0.04
0.02 + 0.23
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 +0.7
(0+-6) x 10~2

0.15 + 0.13

+0.22
0.23_0.29

—0.22 £ 0.32

+0.23
—0.09 " 556

—0.19 + 0.07
0.10 + 0.07
—0.01 + 0.05
0.07 + 0.05
0.09 + 0.19
—0.16 + 0.12
0.01 + 0.05
0.01 + 0.05
0.2+ 0.4
0.20 + 0.15
—0.08 + 0.13
—0.08 £+ 0.15
0.08 4 0.12 (S = 2.0)
—0.16 + 0.23 (S = 1.7)
—0.07 + 0.07
—0.05 + 0.10
0.05 + 0.12
0.04 + 0.07
—0.05 + 0.10
—0.21 + 0.19
0.00 + 0.15
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0 * - p+
CD*(2010)*D+ (B¥ — D*(2010)~ D)

Cp(2010)+ D (B9 — D*(2010)t D7)
¢, (B0 — D*tp*7)

c_ (BO N D*+D*_)

S (BO _ D*+D*_)

€ (BY — D*(2010) " D*(2010)~ KY)

s (BY — D*(2010)F D*(2010)~ KY)
Cp+p- (B — DTD7)

Crpasyno (BY — J/w(18)x0)

(*) 0
C .. (B9 — DephY)
o)1

S () . (BO— D( ) »h0)
DL

kg 0 (B0 — K00)

0 ! 0
Cn'(958) K (BY — n'(958) KS)

0 / 0
Sn’(958)K (BY — n/(958)K2)
Cy o (B% = ' KO)

(B9 — wkQ)

0o_, 0
TG 5(980) KQ)

0_, 0
Sf(980) KO (B f5(980) KQ)

0_, 0
Sp(zr0) K (B0 = R(1270)KY)

0_, 0
Cr (1270) Ko (B £,(1270) KY)

0 0
5;;(1300)/4; (BO — £,(1300)K2)

0 0
CfX(1300)K05 (BO — £,(1300) k)

SKOﬂ_Jrﬂ_, (BO — KOt
CK07T+7T_ (BO — KOrta
CK0 K (B0 — k%kQ)

7 nonresonant)

~ nonresonant)

S KO(B—>KOK)

KO
C (B — KT K= KO nonresonant)
K+ K= K% S
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0.07 £ 0.14
—0.09 + 0.22 (S = 1.6)

0.00 + 0.12
04 +05

~1.8+07

0.01 + 0.29
0.1+0.4

—0.5+ 0.4 (S =25)
—~0.13 +0.13

—0.23 £ 0.16
—0.56 + 0.24

0.00 £ 0.13 (S = 1.4)
—0.04 + 0.20 (S = 2.5)
0.43 £ 0.17 (S = 1.5)
—0.05 + 0.05

—0.30 £ 0.28 (S = 1.6)
0.43 + 0.24

0.2 £05
0.7 £0.7
—0.04 + 0.20

+0.17
0.50 1 5’51

0.14 + 0.17
~0731027 (s = 1.6)
—05+05

0.3+ 0.4

—02+05

0.13 £ 0.35

~0.01 4033
0.01 + 0.26
0.0 + 0.4 (S = 1.4)

—0.8+£05

0.09 + 0.09
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0 +Kk— KO
CKJFK*KOS(B — KTK KS
C¢Kg (B0 — ¢kQ)

5¢>K§ (BY — ¢kQ)
CKSKSKS(BO — KSKSKS)
SKSKSKS(BO — KSKSKS)
CKO 0y (B — K07r v)

S (BO — K%ﬂ'o'y)

KOSTFO’}/

CK*(892)0’7 (BO - K*(892)0’Y)

0 * 0
5K*(892)0'y (BY — K*(892)"~)

C?]Ko’y (BO - nKO'Y)
S
nKO~y
8% — K%p%)
S(BO — K%pofy)
(8% — o0y

s (B — p0v)

Crrn (BO — xtx7)
Cﬂ.Oﬂ.O(BO - 7 7T0)

(B — nkOy)

Cor (B — pT77)
s,m (BY — pt )
Spx (B = pTn7)
€0 70 (BO — p070)
5,0 70 (B0 — p070)
Cay (B9 — a(1260)t77)
Saym (B9 — aq(1260)F =)
ACy & (BO — a1(1260)F 7 )
AS, x (B9 — a;(1260)F =)
c(BY — by KT)
AC(BY — by )
Cpopo (89 — p000)

pp o (BO — p0,0)

Cpp (B — ptp7)
Spp (BO — ptp7)

A (BO — J/pK*(892)0)
cos 28 (BY — J/¢ K*(892)9)

inclusive)

cos 28 (BO — [K&nTn™] ) H0)
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0.01 + 0.09
0.03 + 0.14
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
—03+04

—02+05

—0.05 £ 0.19

0.11 £ 0.34

0.4+05

—0.8+0.7

—0.38 + 0.17 (S = 2.6)
—0.48 + 0.30

0.01 4 0.14 (S = 1.9)
0.01 + 0.09
—0.05 + 0.10
0.3+ 0.4
0.1+0.4
—0.10 + 0.17
0.37 + 0.22
0.26 + 0.17
—0.14 + 0.22
—~0.22 +0.24
—1.04 + 0.24
0.2+ 0.9
0.3+£0.7
—0.05 + 0.13
—0.06 + 0.17

<0.25, CL = 95%
17150 (s = 1.6)
1.04_f0.7 (S = 1.8)
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(Sy +5_)/2(B% — D*~xT) —0.037 & 0.012
(S_ —54)/2(B% — D*~xT) —0.006 + 0.016
(Sy +5_)/2 (8% — D~ xt) —0.046 + 0.023
(S_ —5.)/2 (8% — D~ xt) —0.022 + 0.021
0 0
C K (B0 — n.kQ) 0.08 + 0.13
Coepeiro (BO — ceKk(*)0) 0.004 = 0.019
C )y (nS) KO (BO — J/1p(nS)KO) (0.1 + 2.0) x 1072
€/ K0 (B0 — J/ypk*0) 0.03 + 0.10
S )/ K0 (BO — J/ypK*0) 0.60 + 0.25
0 0 +0.5
okl (B Xeoks) ~03*;
S BO K9 —0.7+£0.5
XCOKOS ( — Xe0 5)

€t KQ (B2 = xc1K9) 0.13 £ 0.11
sin(28o56) (B0 — ¢ KO) 0.22 4 0.30
sin(26)(BY — ¢ 135(1430)0) 0.97 7523
sin(2B)(BY — [K&nT 7] () 10) 0.45 + 0.28
Acp(B — K*(892)7) —0.003 + 0.017
Acp(b— s7) —0.008 + 0.029
Acp(b— (s+d)7) —0.09 + 0.07
Acp(B — X tT07) —0.22 4+ 0.26
Acp(B — K*eTe) —0.18 £ 0.15
Acp(B — K*utpu™) —0.03 + 0.13
Acp(B — K*etem) —0.07 £ 0.08
F(n.(1S) — 77 77)/Tiotal <6 x 1074, CL = 90%
F(ne(1S) — 7070)/Tioial <4 x 1074, CL = 90%
M(n.(1S) = KT K™)/Tiotal <6 x 1074, CL = 90%
F(ne(18) = KLKL)/Miotal <3.1x 1074, CL = 90%
(a +@)/(a—a@)inA— pr, A— prt 0.006 =+ 0.021
[a(Z7)a—(A)—a(Z")ay ()] ( —4

= = A 047)x10
[(=7 ) (N +a(Z1) ot (A)]
(a +@)/(a—a@)in 2~ — AK—, 2t — Akt —0.02 £+ 0.13
(a + @)/(a—a) in /\j_r — Art, AT — AnT —0.07 + 0.31
(@ +@)/(a—a)in AT — Aetu,, A7 — Ae 7, 0.00 + 0.04
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CP VIOLATION OBSERVED

Re(c) (1.596 4 0.013) x 10~3
charge asymmetry in K23 decays
A| = weighted average of A; (1) and A (e) (0.332 + 0.006)%
Ap(p) = M@= ptw,) = Tt pv,)]/sum (0.304 + 0.025)%
Aj(e) = [[(r~eTv,) — T(rT e 7,)]/sum (0.334 + 0.007)%
parameters for K(Z — 21 decay
Ingo| = |A(KY — 270) / (2.221 4 0.011) x 1073 (S = 1.8)
AKE — 279)]
g _| = [AKY - xTa7) / AKE — (2.232 4 0.011) x 1073 (S = 1.8)
T )|
el = (|ny_| + |mgol)/3 (2.228 £ 0.011) x 1073 (S = 1.8)
100 /M4 | [g] 0.9951 + 0.0008 (S = 1.6)
Re(¢'/e) = (1—|ngg/no_|)/3 [g] (1.65 & 0.26) x 10~3 (S = 1.6)
Assuming CPT
¢4 _, phase of (43.51 £ 0.05)° (S = 1.1)
bgg. Phase of g (43.52 + 0.05)° (S = 1.1)
be = (26 _ + ¢pp)/3 (43.51 4 0.05)° (S = 1.1)
Not assuming CPT
¢4 _, phase of ny (43.4 £ 0.7)° (S=1.3)
¢, phase of 7 (43.7 £0.8)° (S =1.2)
be = (26, _ + pp)/3 (43.5 £ 0.7)° (S = 1.3)
CP asymmetry A in K? — ata"ete™ (13.7 £ 1.5)%
Bcp from K(L) — eTe ete™ —0.19 + 0.07
vep from K@ — etemete 0.01 4 0.11 (S = 1.6)

parameters for K? — T 7 7 decay
| = |AKY = 7Tx=, CP (2.35 + 0.07) x 103
vioIating)/A(K% — 7r+71'_'y)|

¢+—’y = phase of Ny vy (44 £ 4)°
r(K(Z — 1T 77) Tiotal [A] (1.966 + 0.010) x 10~3 (S = 1.5)
(K — 7070)/Tiopal (8.65 + 0.06) x 104 (S = 1.8)
Acp (BY — Kktx7) ~0.098 + 0.013
Acp(BY — nk*(892)0) 0.19 + 0.05
SD*(2010)~ D+ (BY — D*(2010)~ D) —0.78 + 0.21
Sp*(2010)*+ D~ (B — D*(2010)T D7) —0.61 + 0.19
Cprs pr (B — D*FD*7) —0.01 4 0.09 (S = 1.2)
St pie (B0 — p*t p*) —0.76 £ 0.14
S; (BY — p*Tp*7) —0.76 + 0.16
Spip- (B = DY D7) —0.87 £ 0.26
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S J /(1) 70 (B — J/yp(15)70)

SKgWO (B9 — K070y

S, ko0 (B — 1 KO)

) *K% (BO — KtKk— K% nonresonant)

KT K

S KT K~ K inclusive)

KT K- K (89 —
S (BO - 7T+7T—)
AC,, (B — pTa7)
e K (B = 1K)
sin(28) (B — J/yKY)

S J iy (nS) KO (BO — J/4(nS)KO)

S BO _, K9
XclKOS( Xel 5)

sin(20e5¢) (B0 — K+ K~ KY)
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—0.94 +0.29 (S = 1.9)
0.58 + 0.17

0.60 + 0.07

+0.12
—0.747" 0.10

—0.65 + 0.12

—0.61 + 0.08
0.37 + 0.08

0.93 + 0.17
0.673 £+ 0.023
0.668 + 0.024
0.61 + 0.16

+0.13
0.77_0.12

CPT INVARIANCE

(mw+ - mwf) / Maverage

(Mg = m_ )/ Mayerage
gt + ag-1/e

(ge+ - ge,) / 8average
(T,u—s- - T,u—) / Taverage
(gu+ - g'u,) / 8average

(m7_+ -m_— )/maverage
2 (my — mf) / (my + mf)

(mﬂ—+ - mwf) / Maverage

(Tw—i- TW—) / Taverage

(mK+ - me) / Maverage
(TK+ - TKf) / Taverage
KT — ,u:l: Yy
Kt q£.-0

— M T

rate difference/average

rate difference/average
§in KO — KO mixing

real part of §

imaginary part of §
Re(y), K¢3 parameter

Re(x_), K3 parameter
’mKO - m70| / Maverage

(Mo = TR0/ Maverage
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—0.002 + 0.007
<8 x 1079, CL = 90%
<4 x10°8

(-0.5+-2.1) x 1012
(2+8)x107°

(—0.11 £ 0.12) x 10~8
<2.8x10~4, CL = 90%
0.022 =+ 0.022

(2+-5) x 10~4

(6+-7) x 10~4

(—0.6 +1.8) x 10~%
(0.10 + 0.09)% (S = 1.2)
(—0.5 £ 0.4)%

(0.8 +1.2)%

(2.34-2.7) x 10~4
(0.44-2.1) x 1072
(0.4+-2.5) x 1073
(—2.9 +2.0) x 1073
<8x 10719, CL = 90%
(8 +8)x 1018
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phase difference ¢q —A<Z>+_ (0.2 £ 0.4)°

Re(3n,_ + 3ngg)-S& (-3 +35)x 107

Acpp(DO — K~ 7h) 0.008 + 0.008

|mp,—mg|/m), [K] <2x1079, CL = 90%
a5 9py, 4 -

(|m—’;"m—i)/m—’; (-9 +9)x10711

lap + apl/e [K] <2x1079, CL = 90%

(hp + b5) /[ Hp (—0.1+21)x 103

(my, — my )/ m, (9 +6) x 107°

(mp — m7) [ mp (-0.14-1.1) x 1072 (S = 1.6)

(tA = 72 / 7/ —0.001 + 0.009

(T — 75 )/ Txs (0.6 +1.2) x 1073

(st + 05 )/ sy 0.014 + 0.015

(m—_ —m=,)/m-_ (=3 +£09)x107°

(T= — 17=4)/T=_ —0.01 4+ 0.07

(b= +u=y)/ [u=]| +0.01 + 0.05

(Mo — mey) [ mo- (—1+£8)x107°

(TQ, - T§+) / T o 0.00 £ 0.05

TESTS OF NUMBER CONSERVATION LAWS

LEPTON FAMILY NUMBER

Lepton family number conservation means separate conservation of each of L, L,uv

L.
M(Z - e*uF)/Motal [] <1.7x1076, CL = 95%
M(Z — e*7F)/Tioal [l <9.8x1070, CL = 95%
NZ — uE7F)/Miotal [l <1.2x 1075, CL = 95%
olete™ = etrF) Jo(eTe™ — putpu™) <8.9x 1070, CL = 95%
olete™ = pT7F) Jo(ete™ = ptpu) <4.0x 1070, CL = 95%
limit on 4= — e~ conversion
o(p= 325 = e 325) <7 x 10711 cL = 90%
o(u™ 32g _, VM32P*)
o~ Ti— e Ti)/ <43 x 10712 cL = 90%
o(p~ Ti — capture)
o(u~Pb — e Pb)/ <4.6 x 1011, CL = 90%

o(p~ Pb — capture)
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limit on muonium — antimuonium conversion Rg = <0.0030, CL = 90%

Gc / GF
M(p™ — e ve?,)/Tiotal [m] <1.2x 1072, CL = 90%
Mp™ — e 7)/Tiotal <12 x 1071, CL = 90%
Mp~™ — e ete™)/Miotal <1.0 x 10712, CL = 90%
M~ — e~ 27)/Tiotal <72x 10711, cL = 90%
M~ — e 7)/Ttotal <3.3x 1078, CL = 90%
M~ — 1~ 7)/Total <4.4 x 1078, CL = 90%
M~ — e 79)/Miotal <8.0 x 1078, CL = 90%
MrMr— — up— WO)/rtotaI <1.1x 10~ 7, CL = 90%
M~ — e KY)/Miotal <2.6 x 1078, CL = 90%
rr= — = KQ)/Miotal <23x 1078, CL = 90%
M~ — e 1)/Tiotal <9.2 x 1078, CL = 90%
M~ = 1~ 1)/Tiotal <6.5 x 1078, CL = 90%
rr= — e p°)/Miotal <4.6 x 1078, CL = 90%
Fr= = 1= 09)/Teotal <2.6 x 108, CL = 90%
M~ — e~ w)/Tiotal <1.1x 1077, CL = 90%
M~ — 1~ w)/Tiotal <8.9 x 1078, CL = 90%
M~ — e~ K*(892)9)/Total <5.9x 1078, CL = 90%
M~ — = K*(892)9)/Total <5.9x 1078, CL = 90%
M~ — e~ K*(892)0)/Total <4.6 x 1078, CL = 90%
M~ — p~ K*(892)9)/Total <7.3x 1078, CL = 90%
Mt~ — e~ 1(958))/Tiotal <1.6 x 10~ 7, CL = 90%
M~ — u~ 7' (958))/Tiotal <13 x 1077, CL = 90%
M7 — e 15(980) — e~ 7t 77 ) /Miotal <3.2x 1078, CL = 90%
Mt~ — u~f(980) — p~ 7t 77)/Tiotal <3.4 x 1078, CL = 90%
M~ — e ¢)/Tiotal <3.1x 1078, CL = 90%
M~ = 1™ ¢)/Tiotal <1.3x 1077, CL = 90%
Mr~ — e et e )/Tiotal <2.7x 1078, CL = 90%
M~ — e puT ™) /Tiotal <2.7 x 1078, CL = 90%
M~ — eTu™ 17)/Tiotal <1.7 x 1078, CL = 90%
M~ — p~eTe )/ Tiotal <1.8 x 1078, CL = 90%
M~ — pTe™ e )/Motal <15x 1078, CL = 90%
M~ — p ot )/ Miotal <2.1x 1078, CL = 90%
M~ — e 7 77 )/Tiotal <4.4 x 1078, CL = 90%
M~ — p= 7t 77)/Tiotal <33 x 1078, CL = 90%
M~ — e 7T K7)/Tiotal <5.8 x 1078, CL = 90%
M~ — e 7 KT)/Tiotal <5.2x 1078, CL = 90%
rr= — e KLKY)/Miotal <7.1x 1078, CL = 90%
M~ — e KT K7)/Tiotal <5.4 x 1078, CL = 90%
M~ — p~ 7t K7)/Tiotal <1.6 x 1077, CL = 90%
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M~ — p= 7" KT)/Tiotal <1.0x 1077, CL = 90%
rr= — n= KK /Miotal <8.0 x 1078, CL = 90%
M~ — u= KT K™)/Tiotal <6.8 x 1078, CL = 90%
M~ — e a070) /Mot <6.5 x 1076, CL = 90%
M~ — u 7979) /Miotal <1.4 x 1072, CL = 90%
M~ — e 1)/ Total <3.5x 1079, CL = 90%
M — 17~ 01)/Tiotal <6.0 x 1079, CL = 90%
M= — e 70n)/Total <2.4x 1075, CL = 90%
Mr~ =~ 799)/Total <2.2x 1075, CL = 90%
M(r— — e~ light boson)/yotal <2.7x 1073, CL = 95%
F(r— — u~ light boson)/Tyotal <5x 1073, CL = 95%

LEPTON FAMILY NUMBER VIOLATION IN NEUTRINOS

Solar Neutrinos

sin2(207,) 0.861 19029
Atmosﬁl@r%d Neutrinos (7.59+-0.21) x 1075 ev2

sin2(2653) [n] >0.92

Am3, [o] (2.43 4 0.13) x 103 eV2
Frt — wtve)/Tiotal [p] <8.0x1073, CL = 90%
Fat — p=etetv)/Miotal <1.6 x 1076, CL = 90%
(0 - pt e )/Ttotal <3.8x 10710, cL = 90%
rx0 — 1= et)/Motal <3.4x 1079, CL = 90%
r(9 - ute™ + p=et)/Miotal <3.6 x 10710, CL = 90%
Fn— wte™ + p=el)/Tigtal <6 x 1070, CL = 90%
F(n'(958) — en)/Tiotal <4.7 x 1074, CL = 90%
M(¢(1020) — e*1uF)/Fiotal <2x 1076, CL = 90%
MKt - pvete)/Migtal <2.0 x 1078, CL = 90%
MKt = utvg)/Tiotal [p] <4x1073, CL =90%
Mkt — 7t ute™)/Tiotal <1.3x 10711, CL = 90%
Mkt — 7t u=et)/Tiotal <5.2x 10710, CL = 90%
MK — e* 1) /Tiotal [l <4.7x10712, CL = 90%
MK — et e® 1T 1) /Tigtal [ <4.12x 10711 CL = 90%
r(KY — 79u% eF)/Miotal [ <7.6x10711, CL = 90%
r(KY — 79701 eF)/Migtal <1.7x 10710, CL = 90%
MO — 71 et uF) /Mol [l <3.4x107°, CL = 90%
r(Dt — K+e*uF)/Miotal [l <6.8x 107, CL = 90%
r(D0 — uEeF) /Mgl [l <2.6x1077, CL = 90%
r(D9 — 70e® uF)/Tiotal [l <8.6x 107, CL = 90%
r(D% — ne® uF)/Motal [l <1.0x 1074, CL = 90%
r(D0 — nta= e uF)/Myoral [l <1.5x1075, CL = 90%
r(p0 — p0e® uF)/Moral [l <4.9x 1072, CL = 90%
r(D% — we® uF)/Tigtal [l <1.2x 1074 CL = 90%
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r(0% — K= KT et uF)/Mioral
r(DO - qﬁei,u:':)/rtota|

r(D0 — KOe& uF)/Myoral

F(DO — K rxTt eiﬁ)/rtom
r(p0 — K*(892)0 e uF)/Miotal
r(Dj — 7t et 1 F) /Tl

F(D: — KteT uF)/Mioral

F(B+ — gt e+u_)/rtota|

BT — 7T e uT)/Tiotal

r(Bt — nte®uT)/Miotal

(BT — KTeTu™)/Tiotal

(Bt — KTe  uh)/Tiotal

r(Bt — KtetuF)/Mial

r(Bt — Kt uErF)/Motal
(Bt — K*(892)T et ™) /Miotal
(Bt — K*(892)T e~ u)/Miotal
r(Bt — K*(892)* e* uF)/Moral
r(BO - e:l:/~‘:|:)/rtotanl

r(B% — 79t u¥)/Iiotal

r(B% — KOe®uF)/Miotal

r(B9 — K*(892)%et ™) /Motal
r(BY — K*(892)%e™ put)/Motal
r(B% — K*(892)0 et 1 F) /Ty al
F(BO — eiﬁ)/rtom

F(BO - V“:tT:F)/rtotaI

M(B — seTuF)/Tioral

M(B — metuF) /Mol

F(B — pet uT)/Miotal

M(B — KeTuF)/Miotal
M(B — K*(892)e* uF)/Tiotal
F(Bg - e:l:/~‘:|:)/rtotanl
FJ/p(1S) = e uT)/Miotal
FJ/$(1S) — e7F)/Miotal
F(J/p(1S) — p7F)/Teotal
M(ras) — wrF)/Motal
F(T2S) — e 7F)/Tigtal
r(r@s) — u77)/Motal
M(13S) — e 7F)/Motal
M(r3S) — wrF)/Miotal
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Ul
[/l
[/l
Ul
Ul
[/l
[/l

[/l

Ul
Ul
[/l

[l

<1.8 x 104, CL = 90%
<3.4x 1072, CL = 90%
<1.0 x 104, CL = 90%
<5.53 x 1074, CL = 90%
<8.3x 1072, CL = 90%
<6.1 x 104, CL = 90%
<6.3 x 104, CL = 90%
<6.4 x 1073, CL = 90%
<6.4 x 1073, CL = 90%
<1.7x 107, CL = 90%
<9.1x 1078, CL = 90%
<1.3x 10~ 7, CL = 90%
<9.1x 1078, CL = 90%
<7.7%x 1072, CL = 90%
<13 x 1076, CL = 90%
<9.9 x 107/, CL = 90%
<1.4x 10~ 7, CL = 90%
<6.4 x 1078, CL = 90%
<1.4x 1077, CL = 90%
<2.7x 1077, CL = 90%
<5.3x 107, CL = 90%
<3.4x 107, CL = 90%
<5.8x 1077, CL = 90%
<2.8x 1072, CL = 90%
<2.2x 1072, CL = 90%
<2.2x 1072, CL = 90%
<9.2 x 1078, CL = 90%
<3.2x1076, CL = 90%
<3.8x 1078, CL = 90%
<5.1 x 107, CL = 90%
<2.0x 107, CL = 90%
<1.1x 1076, CL = 90%
<83 x 1076, CL = 90%
<2.0x 107, CL = 90%
<6.0 x 1076, CL = 95%
<32 %1076, CL = 90%
<33 %1076, CL = 90%
<42 x107°, CL = 90%
<3.1x107%, cL = 90%
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TOTAL LEPTON NUMBER

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

[(Z — pe)/Tiotal <1.8x 107°, CL = 95%
N(Z — pu)/Tiotal <1.8x 1070, CL = 95%
limit on p= — e™ conversion
o(u 325 = et 325i%) / <9 x 10710, cL = 90%
o(u™ 32g _, Vp,32p*)
o(p 1271 — et 127gp%y <3x10710, cL = 90%
o(p™ 127 _, anything)
o(p~Ti— et Ca)/ <3.6 x 10711 cL = 90%
o(p~ Ti — capture)
M~ — et a7 ) /Tiotal <8.8 x 1078, CL = 90%
M~ — pt e 77)/Tiotal <3.7x 1078, CL = 90%
M~ — eT77 K7)/Tiotal <6.7 x 1078, CL = 90%
Mr~ — et K= K™)/Tiotal <6.0 x 1078, CL = 90%
M~ — ptn™ K7)/Miotal <9.4 x 1078, CL = 90%
M~ — ut K= K™)/Tiotal <9.6 x 1078, CL = 90%
M~ = P")/Ttotal <3.5 x 1076, CL = 90%
r(r~ — B70)/Miotal <1.5x 1075, CL = 90%
F(r— — B270)/Tiotal <3.3x 1079, CL = 90%
M~ — B1)/Tiotal <8.9 x 1070, CL = 90%
r(r= = p7%n)/Miotal <2.7x 1075, CL = 90%
M~ — An7)/Teotal <7.2x 1078, CL = 90%
M~ — A7) /Tiotal <1.4x 1077, CL = 90%
t1,( 70Ge — 70se 4 267 ) >1.9 x 1025 yr, CL = 90%
Frt — wT7.)/Tiotal [p] <1.5x1073, CL = 90%
Mkt — 7= utet)/Tiotal <5.0 x 10710, CL = 90%
Mkt — 7 et el) /Mol <6.4 x 10710, CL = 90%
MKt — 7=t ut)/Miotal [p] <1.1x1079, CL = 90%
MKt = 0t 5e)/Tiotal [p] <3.3x1073, CL = 90%
MKt — 79t ,)/Miotal <3x 1073, CL = 90%
r(0t — 7 2et)/Miotal <1.1x 1070, CL = 90%
(Dt — 7= 2uF) /Fiotal <4.8 x 1070, CL = 90%
Dt — 7~ et ut)/Tiotal <5.0 x 1079, CL = 90%
F(DT — p=2u+)/Tyoral <5.6 x 1074, CL = 90%
r(Dt — K= 2eT)/Tyoral <3.5x 1070, CL = 90%
(Dt — K= 2uh)/Tiotal <1.3x 1079, CL = 90%
(Dt — K= et uT)/Tiotal <13 x 1074, CL = 90%
M0t — K*(892)~ 2ut)/Miotal <8.5x 10~4, CL = 90%
r(D% — 277 2eT + c.c.)/Tyoral <1.12 x 1074, CL = 90%
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r(0% — 272t + c.c.)/Tiotal <2.9 x 1072, CL = 90%
NP0 — K7~ 2et + c.c.)/Tiotal <2.06 x 1074, CL = 90%
(D0 — K7~ 2ut 4 c.c.)/Tiotal <3.9x 1074, CL = 90%
r(D9 — 2Kk~ 2et+ c.c.)/Tiotal <1.52 x 1074, CL = 90%
r(DY — 2Kk~ 2ut + c.c.)/Tiotal <9.4 x 1072, CL = 90%
D0 — 7=~ et ut + cc)/Miotal <7.9x 1079, CL = 90%
(D0 — K=7~ et ut+ cc)/Miotal <2.18 x 1074, CL = 90%
r(D% — 2Kk~ et put + cc.)/Tiotal <5.7 x 1072, CL = 90%
r(D% — pe™)/Tiotal [q] <1.0x 1072, CL = 90%
r(D% — Bet)/Tiotal [r] <1.1x1072, CL = 90%
MDY — 7 2eT)/Motal <1.8 x 1072, CL = 90%
r(of — 7= 2uh)/Tgtal <2.9 x 1072, CL = 90%
r(of — == et uh)/Mgtal <7.3x 1074, CL = 90%
F(D} — K~ 2e%)/Tgpa <1.7x 1073, CL = 90%
r(0} — K= 2uH)/Fiotal <1.3x 1075, CL = 90%
r(DF — K= et u®)/Mioal <6.8 x 1074, CL = 90%
r(DF — K*(892)~2u™)/Tiotal <1.4x 1073, CL = 90%
(BT — 7~ etet)/Miotal <1.6 x 1079, CL = 90%
r8+t — == utut)/Miotal <1.4 x 1076, CL = 90%
Bt — 7~ et uT)/Miotal <1.3x 1076, CL = 90%
(BT — p~eTet)/Tiotal <2.6 x 1070, CL = 90%
(BT — p~utut)/Miotal <5.0 x 1079, CL = 90%
rB+Y — p~etut)/Miotal <3.3x 1076, CL = 90%
rBt — K= etel)/Motal <1.0 x 1076, CL = 90%
(BT — K= uT ut)/Tiotal <1.8 x 107°, CL = 90%
(BT — K= et ut)/Tiotal <2.0 x 1079, CL = 90%
M(BT — K*(892)" et el)/Motal <2.8x 1070 CL = 90%
rBt — K*(892)~ utut)/Miotal <8.3x 1070 CL = 90%
(BT — K*(892)~ e ut)/Tiotal <4.4 x 107°, CL = 90%
M=~ — pu™ 17 )/Total <4x 1078, CL = 90%
rA — ==t uh)/Miotal <7.0 x 1074, CL = 90%
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BARYON NUMBER

[(Z — pe)/Tiotal <1.8x 1070, CL = 95%
F(Z = pu)/Tiotal <1.8x 1076, CL = 95%
Mt~ — B7)/Ttotal <3.5x 1070, CL = 90%
F(r~ — P7%)/Total <1.5x 1072, CL = 90%
r(r— — p210)/Tiotal <3.3x 1072, CL = 90%
Mt~ — P1)/Ttotal <8.9x 1070, CL = 90%
(= = pr0n)/Tiotal <2.7x 1075, CL = 90%
M~ — A17)/Tiotal <7.2x 1078, CL = 90%
M~ — A7) /Tiotal <1.4x 107, CL = 90%
(0% — pe™)/Miotal [q] <1.0x 1073, CL = 90%
[(D0 — pet) Mol [r] <1.1x107°, CL = 90%
p mean life [s] >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.

(N — eTm) > 158 (n), > 8200 (p) x 1030 years, CL =
90%

(N — ptn) > 100 (n), > 6600 (p) x 1030 years, CL =
90%

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

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

limit on n7 oscillations (free n) >0.86 x 108 s, CL = 90%

limit on n7 oscillations (bound n) [] >1.3x108s, CL = 90%

ELECTRIC CHARGE (Q)

e — g7 and astrophysical limits [u] >4.6 x 1020 yr CL = 90%
M(n— pre¥e)/Tiotal <8x 10727, CL = 68%
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AS = AQ RULE

Violations allowed in second-order weak interactions.

<1.2x 1078, CL = 90%
<3.0x 1070, CL = 95%
(-0.9+-3.0) x 1073
x=AKO = 770t u)/AKO = 770t v) = A(AS=—AQ)/A(AS=AQ)

F(K+ — gtgt e_Ue)/rtota|
F(K+ — 7r+7r+u_§,u)/rtota|

Re(x4.), Kg3 parameter

real part of x —0.002 + 0.006
imaginary part of x 0.0012 + 0.0021
NEZT — netv)/T(E~ — nt™7) <0.043

F(X+ — ne’ ve)/Ttotal
rEt — npt Vp)/rtotal

<5x 1070, CL = 90%
<3.0 x 1072, CL = 90%

=0 - == etu,)/Miotal
r=0 - =—pt v,)/Teotal

<9 x 10~4, CL = 90%
<9 x 104, CL = 90%

AS = 2 FORBIDDEN
Allowed in second-order weak interactions.

<8x10706, CcL = 90%
<13x1073
<13x103

<1.9 x 102, CL = 90%
<3.2x 1073, CL = 90%
<15 x 1072, CL = 90%
<4 x 104, CL = 90%
<4 x 104, CL = 90%
<4 x 1074, CL = 90%
<2.9x107°, CL = 90%

r(_:O — 7 )/Tiotal

r=0 - pe” Ve)/Ttotal
r=0 — pu~ Uu)/rtotal
N=" — n77)/Tiotal
M=~ — ne 7g.)/Tiotal
rn=- — nu_ﬁu)/rtota|
FE" = pm 77 )/Ttotal
FME" — P77 e Ve)/Tiotal
M= = pm 1" 7))/ Tiotal
N2~ — An7)/Tiotal

AS = 2 VIA MIXING

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

mo — My (0.5292 =+ 0.0009) x 1010 7 s—1 (S = 1.2)
L S

mo = My (3.483 4 0.006) x 1012 MeV
L S
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AC = 2 VIA MIXING

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

0.59 -
ymD(l) - ngy = af V] (239%523) x 1010 s~ 1
(rD(l, - ng)/r =2y [v] (1.66 & 0.32) x 10—2
AB = 2 VIA MIXING
Allowed in second-order weak interactions, e.g. mixing.
Xd 0.1863 + 0.0023
Ampgg = mpgy ~ Mo (0.507 £ 0.004) x 1012 p s~ 1
xd = Bmgo /T go 0.771 + 0.008
Am_ g =m_,y —m_g (17.77 £ 0.12) x 1012 p s~ 1
Bs BsH BsL
s BS BS
Xs 0.49927 =+ 0.00003
AS =1 WEAK NEUTRAL CURRENT FORBIDDEN
Allowed by higher-order electroweak interactions.

MKt — 7tete™)/Niotal (3.00 £ 0.09) x 107
Mkt — 7t ut 1)/ Meotal (9.4 + 0.6) x 1078 (S = 2.6)
F(kt — 7t D) /Motal (1.7 + 1.1) x 10~10
Mkt — 7t 70u%)/Motal <43 x 1079, CL = 90%
F(K% — w7 Motal <3.2x 1077, CL = 90%
MKS — et e™)/Total <9 x 1079, CL = 90%

_ 1. _
MKQ — 9ete™)/Miotal Wl (3.0713) x 1079

_ 1. _
MK — 70t =) /Miotal (29713) x 1079
MK — u17)/Teotal (6.84 + 0.11) x 1079
F(KY — ete)/ Mol (978) x 10712
MKY — 7t~ et e™)/Miotal [x] (3.11 4 0.19) x 10~7
M(KY — 7970ete™)/Miotal <6.6 x 1079, CL = 90%
MKY — wtp=ete™)/Miotal (2.69 + 0.27) x 1079
MKY — eTe et e™)/Miotal (3.56 + 0.21) x 1078
r(KY — 7OuF 1) /Tiotal <3.8x 10710, CL = 90%
r(KY — 7Oete™)/Miptal <2.8 x 10710, cL = 90%
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F(K9 — 7009)/Tioral <2.6 x 108, CL = 90%
(k9 — 7070um) /o <4.7x107°, CL = 90%
M=t — pete™)/Motal <7x 1070

MET — putu7)/Miotal (973) x 1078

AC =1 WEAK NEUTRAL CURRENT FORBIDDEN

Allowed by higher-order electroweak interactions.

r(ot —

ntet e )/Tiotal

<5.9 x 1070, CL = 90%

r(ot — ot ut =) /Motal <3.9 x 1076, CL = 90%
(Dt — ptut ™)/ Tiotal <5.6 x 1074, CL = 90%
r(D% — ¥9)/Tiotal <2.6 x 1072, CL = 90%
r(D0 — ete™)/Miotal <7.9x 1078, CL = 90%
r(D% — uF 1) /Tiotal <1.4x 1077, CL = 90%
r(D9 — 70et e™)/Motal <4.5 x 1072, CL = 90%
r(00 — 70ut 1) /Fotal <1.8x 1074, CL = 90%
r(D% — nete™)/Miotal <1.1x 1074, CL = 90%
r(D% — nut ™)/ Tiotal <53 x 1074, CL = 90%
r(D0 — 7t7r~ et e™)/Miotal <3.73 x 1074, CL = 90%
r(D% — pPete™)/Motal <1.0 x 1074, CL = 90%
M(D0 — 7t 7= ut ™) /Tiotal <3.0x 1079, CL = 90%
r(D% — PO ut =) /Miotal <2.2x 1079, CL = 90%
r(D% — wete™)/Miotal <1.8 x 1074, CL = 90%
r(00 — wut ™)/ Motal <8.3x 1074, CL = 90%
(D0 — K= Ktete )/Miotal <3.15 x 1074, CL = 90%
r(D0 — et e™)/Tiotal <5.2x 1079, CL = 90%
r(00 — K=Kt ut u™)/Meotal <3.3x 1072, CL = 90%
r(p% — ¢ut 1™)/Miotal <3.1x 1075, CL = 90%
r(p% — K= xtete™)/Motal <3.85 x 1074, CL = 90%
(D0 — K= 7t ut u™)/Miotal <3.59 x 1074, CL = 90%
r(00 — ata=70ut ™)/ Meotal <8.1 x 1074, CL = 90%
-
-

r(0f — Ktete ) /Mol <5.2 x 1072, CL = 90%
roF — KFut i) /Total <3.6 x 1072, CL = 90%
r(DF — K*(892)T put ™)/ Tiotal <1.4 x 1073, CL = 90%
rAL = put ™)/ Tiotal <3.4x 1074, CL = 90%

HTTP://PDG.LBL.GOV

Created: 6/16/2011 12:05



Citation: K. Nakamura et al. (Particle Data Group), JP G 37, 075021 (2010) and 2011 partial update for the 2012 edition (URL: http://pdg.Ibl.gov)

AB =1 WEAK NEUTRAL CURRENT FORBIDDEN

Allowed by higher-order electroweak interactions.

(BT — =t et e7)/Tiotal <4.9 x 1078, CL = 90%
(BT — ntete™)/Miotal <8.0 x 1078, CL = 90%
Bt — 7t utu™)/Miotal <6.9 x 1078, CL = 90%
(BT — 77 vD)/Tiotal <1.0 x 1074, CL = 90%
(BT — KTt e7)/Tiotal [y] (5.1+0.5) %107
(BT — Ktete™)/Miotal (5.5 +0.7) x 1077
rBY — Kt utu™)/Miotal (5.2 +0.7) x 10~/
(BT — Ktov)/Miotal <1.3x 1072, CL = 90%
F(BY — pTvD)/Miotal <1.5x 1074, CL = 90%
M(BY — K*(892) ¢+ 07)/Tiotal [y] (1.29 4+ 0.21) x 10~©
r(B+ — K*(892)*ete™)/Motal (1557 039) x 106
r(BT — K*(892)" 1t 1) /T iotal (116 79:32) x 106
r(B* — K*(892)1v7)/Tiotal <8 x 1072, CL = 90%
r(BY — 79)/Tiotal <33 x 1077, CL = 90%
r(BY — et e™)/Tiotal <83 x 1078, CL = 90%
r(BY — ete™4)/Motal <1.2x 1077, CL = 90%
r(B% — uFp7)/Miotal <1.5x 1078, CL = 90%
r(BY — utpu=~)/Tiotal <1.6x 1077, CL = 90%
r(BY — 77 77)/Tiotal <4.1x 1073, CL = 90%
r(B% — w0¢t o) /Mol <1.2x 1077, CL = 90%
r(B% — n0ete™)/Motal <1.4 x 1077, CL = 90%
r(B9 — n0utu=)/Miotal <1.8x 1077, CL = 90%
r(BY — n0um)/Miotal <22x 1074, CL = 90%
(8% — KOLHe7) /Mg bl (3128%) <1077

r(8% — K9ete™)/Myotal (16159 x 1077

r(8% — KOut =) /Tiotal 45113y x 107

r(BY — KOum)/Tiotal <5.6 x 1072, CL = 90%
r(B% — p0uw)/Miotal <4.4 x 1074, CL = 90%
r(B% — K*(892)0¢+¢7)/Tyoral bl (90.9712) %1077

r(8% — K*(892)0et e™)/Tyoral (1.0379:19) 106
r(8% — K*(892)0ut =)/ yoral (1057919 x 106
r(B% — K*(892)0v7)/Motal <1.2x 1074, CL = 90%
r(BY — ¢vD)/Tiotal <5.8 x 1072, CL = 90%
r(BO — invisible)/Tyopal <22 x 1074, CL = 90%
M(BY — vo4)/Tiotal <4.7x 1079, CL = 90%
[(B— sete™)/Tiotal (47 +13)x 1070

FB — sutu™)/Tiotal (43+1.2)x 1070
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M(B — stT¢7)/Miotal [y] (45+1.0)x 1070

B — Kete )/Tiotal (4.4 £0.6) x 1077

M(B — K*(892)et e™)/Tiotal (1.19 £ 0.20) x 1076 (s = 1.2)
r(B — Kutu™)/Motal (4.8 +0.6) x 10~/

M(B — K*(892)ut u™)/Tiotal (1.15 + 0.15) x 10~
M(B — K&t )/Miotal (4.5 +0.4) x 1077

M(B — K*(892)61T67)/Tiotal (1.08 £ 0.11) x 10~
rb— ptp™ anything) /T ia <32 x 1074, CL = 90%
r(BY — 7)/Tiotal <8.7 x 1070, CL = 90%
r(BY — u¥ 1)/ Total <42 x 1078, CL = 90%
r(Bg — ete )/ Miotal <2.8x 107, CL = 90%
r(BY — ¢(1020) ™ 17)/Tiotal <3.2x 1070 CL = 90%
r(B2 — ¢v7)/Tioral <5.4 x 1073, CL = 90%

AT =1 WEAK NEUTRAL CURRENT FORBIDDEN

Allowed by higher-order electroweak interactions.

M(t— Zq(q=u,c))/Tiotal [z] <3.7x1072, 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] Re(¢’ /e) = €’ /€ to a very good approximation provided the phases satisfy
CPT invariance.

[h] 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).

[j] Derived from measured values of ¢, _, ¢go. |n], ’mKO - and
L

mKO 1
S

T )0, as described in the introduction to “Tests of Conservation Laws."”
S
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[k] The |m,—mg5|/m, and |q, + q5|/e are not independent, and both use
the more precise measurement of |q5/m5|/(qp/mp).

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

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

[n] 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.

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

[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 DO or D° to pet.

[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
decay modes are among those investigated. For antiprotons the best
limit, inferred from the observation of cosmic ray p's is 75 > 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(F — e ) >7x10% 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+y. The best limit for “electron
disappearance” is 6.4 x 10%* yr.

[v] We are leaving the DO mixing numbers unchanged from the 2010 Re-
view, awaiting a comprehensive re-analysis by the Heavy Flavor Averaging
Group. This would include as-yet-unpublished results from CLEO. Note,
however, that there are in the Listings new measurements of the D(l)—Dg
mass and width differences from BABAR.

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

[x] See the K? 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.
[2] This limit is for [(t — Zq)/T(t — Wb).
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