TESTS OF DISCRETE SPACE-TIME SYMMETRIES

CHARGE CONJUGATION (C) INVARIANCE
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F(n = 3707)/Total
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r(n ﬂou+u RARES
|'(w(782) — 777r )/rtota|
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asymmetry parameter for 1/ (958) —
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7w~ sextant asymmetry
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ata—n quadrant asymmetry
+a— v left-right asymmetry
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w~ ~y parameter B (D-wave)

[5]

<3.1x 1078, CL = 90%

+0.11 2
0.097373) x 10~

0.127919) x 102

0.09 =+ 0.09) x 102
0.9 + 0.4) x 1072
—0.02 £ 0.07 (S = 1.3)
<9x 1073, CL = 90%
<5x 1074, CL = 90%
<6 x 1073, CL = 90%
<1.6 x 10™°, CL = 90%
<8x 1076, cL = 90%
<5x 1070, CL = 90%
<2.1 x 1074, CL = 90%
<22 x 1074, CL = 90%
<2.3 x 1074, CL = 90%
—0.03 & 0.04

(
(
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(

<1.4x 1073, CL = 90%
<2.4 %1073, CL = 90%
<1.0 x 104, CL = 90%
<6.0 x 1072, CL = 90%
<1.5x 10™°, CL = 90%
<27 %1077, CL = 90%
<1.4x 1075, CcL = 90%

PARITY (P) INVARIANCE

e electric dipole moment
w electric dipole moment |d|

Re(d, = 7 electric dipole moment)

Fn— atm )/ Ttotal
Fn— 270 )/rtota|

Fn— 470 )/rtotal
r(n'(958) —» =T x ")/ Tiotal
(' (958) — 7070)/Fyopal
F(ne(18) — 7T+7r_)/rtota|
F(nc(1S) = 7070)/Miopal
r(nc( ) K+ K_)/rtotal
F(nc(15) = KIKL)/Miotal

p electric dipole moment
n electric dipole moment
A electric dipole moment
aP(/\g — pr wtaT)
aP(/\g - pK—xtaT)
ap(A) —» pK=KTx7)
ap(A) » pK=KTK™)
ap(A) » pK=putp7)
aP(:_?, — pK= K~ xT)

<0.11 x 10728 ecm, CL = 90%

<1.8x 10719 ecm, CL = 95%

—0.220 to 0.45 x 1016 ecm, CL

= 95%

<4.4 %1075, CL = 90%
<3.5 x 1074, CL = 90%
<6.9 x 10~7, CL = 90%
<1.8x 10™2, CL = 90%
<4 x 1074, CL = 90%
<1.1 x 1074, CL = 90%
<4 %1075, CL = 90%
<6 x 1074, CL = 90%
<3.1x 1074, CL = 90%
<0.021 x 10=23 ecm

<0.18 x 10725 ecm, CL = 90%

<1.5x 10716 ecm, CL = 95%
(—4.0 £ 0.7)%

(0.6 £ 0.9)%
(4 +5)%
(-1.6 + 1.5)%
(=5 + 5)%
(-3 +5)%
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TIME REVERSAL (T) INVARIANCE

e electric dipole moment
1 electric dipole moment |d|
1 decay parameters
transverse et polarization normal to
plane of pu spin, eT momentum

<0.11 x 10728 ecm, CL = 90%
<1.8x 10719 ecm, CL = 95%

(-2 +8)x1073
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CONLAW=T

NODE=S003EDM
NODE=S004EDM

NODE=5004260
NODE=S004PT2

of /A (—10 + 20) x 10~3 NODE=S004ALP

8 /A (2+7)x103 NODE=S004BTP

Re(d, = 7 electric dipole moment) —0.220 t0 0.45 x 10710 ecm, CL NODE=S035EDM
= 95%

Ppin Kt = ﬂo;ﬁ'uu

Pp in Kt = u+uu'y

Im(&) in KT — 70 wt Yy decay (from
transverse p pol.)

asymmetry AT in KO0-K0 mixing

Im(€) in K23 decay (from transverse p pol.)

(-1.7 £ 25) x 1073
(—0.6 £ 1.9) x 1072
—0.006 + 0.008

(6.6 + 1.6) x 10~3
—0.007 + 0.026

NODE=S010PTM
NODE=S010PT
NODE=S010IXI

NODE=S011AT
NODE=S013IXI

Ap(DF — K KkErtam) [ (—12£11)x1073 NODE=S031TV0

Ap(DO — Kt K==t a7) [l (2.9 +22)x1073 NODE=S032TV0

Ap(DE - KQKkErt ) [c] (—14 +8) x 1073 NODE=S034TV0
+ (5~ + _ _

AST (SZ*,K% S£+,KOS) 1.37 £ 0.15 NODE=S042TVA
- (st - _

AST (SZ KO Sﬁ,KOS) 117 £0.21 NODE=S5042TVB
+ (- + _

ACT (CZ*,K(% C£+,KOS) 0.10 + 0.16 NODE=5042TVC
= (ct - _

ACT (CZ ,Kg ﬁvKOs) 0.04 + 0.16 NODE=S5042TVD

p electric dipole moment <0.021 x 10723 ecm NODE=S016EDM

n electric dipole moment <0.18 x 10—25 ecm, CL = 90% NODE=S017EDM

n — pe_ﬁe decay parameters NODE=S017255

® Ay phase of g4 relative to gy, [d] (180.017 + 0.026)° NODE=S017F

triple correlation coefficient D
triple correlation coefficient R
A electric dipole moment

triple correlation coefficient D for X— —

[e]
[e]

(—1.24+20)x 1074

0.004 + 0.013

<15x 10716 ecm, CL = 95%
0.11 4 0.10

NODE=S017D1
NODE=S017TCC
NODE=S018EDM
NODE=S020TC

ne  Ug
CP INVARIANCE CONLAW=CP
Re(d¥) <0.50 x 10717 ecm, CL = 95% NODE=5035WDM
Im(d") <1.1x 10717 ecm, CL = 95% NODE=S035WDI
& (CP violating phase in neutrino mixing) 1.361_8%2 m rad NODE=S067DEL

n— atn—ete™ decay-plane asymmetry

(0.6 +3.1) x 1072

NODE=S014AET
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<4.4 %1075, CcL = 90%
<3.5 x 1074, CL = 90%
<6.9 x 10~7, CL = 90%
<1.8x 10™°, CL = 90%
<4 x 10™4, CL = 90%
(—2.2 £ 1.6) x 1072
0.010 + 0.023

(0.0 +1.2) x 10~3

Mn— 7r+7r_)/rtota|
T(n — 279)/Total

( PAR=S014;DESIG=15
(

T(n — 479)/Total
(
(

PAR=S014;DESIG=21
PAR=S014;DESIG=24
PAR=MO002;DESIG=111
PAR=MO002;DESIG=25
NODE=S010CPE
NODE=S010CP
NODE=S010CPG

F(n'(958) — 7t 77 )/Total

(1 (958) — 7979)/Iyotal

KE & rfete rate difference/sum
KT = ot ,u+ wu~ rate difference/sum

KT & % 7r0'y rate difference/sum

Kt 5 7Eat o rate difference/sum (0.04 £ 0.06)% NODE=S010D2

KE = 757070 rate difference/sum (—0.02 £ 0.28)% NODE=5010D3

Kt = atrta= (g —g )/ (ep + (—1.5+22)x 1074 NODE=S010DG
g_)

KE o 75700 (g, —g )/ ey +82)
Ag = F(Kg — T e+ue) - F(K% —
T e 7,)]/ SUM

(1.8 +1.8) x 10™4
(—4 +£6)x 103

NODE=S010DGO
NODE=S012AS



Im(ny o) = Im(AKS - 7+ 7=x0 cp-
violating) / A(K? - atx— 7r0))
Im(nggg) = Im(AKE —
7r07r07r0)/A(K0 — 7970 0))
nooo| = |A(KE — 379)/A(KQ — 3x0)|
CP asymmetry A in K% = ata—eTe™
r(kS — 370)/Mioral
linear coefficient j for K(L) - 7T a0
quadratic coefficient f for K(L) — aTa— 70
!
‘5+_ﬁ/|/5 for K? - ata

‘gEl‘ for K(L) — 7r+7r_'y

F(K9 = 70t =) /Miotal [f]
F(K9 — m0etem)/Total [f]
MK = 7Ouw)/Mioral le]

ACP(D:t — M:t I/)

Acp(DF = KQety)
Acp(DE - KLxF)
Acp(DE - Kszwi)
Acp(DE = KFatatz0)
Acp(DE — K%ﬂiwo)
Acp(DF — K&rtrtrm)
Acp(DE — ino)
Acp(DE = 7ty)
Acp(DE = 7Ey/(958))
Acp(DE = KO/KOK)
Acp(DF — KL KE)
Acp(DE - Kt K~ 7t)
Acp(DE = KEK*0)
Acp(DE = ¢nt)
Acp(DF — K*K}3(1430))
Acp(DF = K*K3(1430)0)
Acp(DF — KEKH(700))
Acp(DE = 30(1450)0 %)
Acp(DE = $(1680) 7 )
AC«P(Di — 7r+7r_7r:|:)
Acp(DF = K KkErtam)

Acp(DE = KE70)

Local CPV in DT — zta—nt
Local CPV in DT - KT K=zt
‘q/p| of DY-DO mixing

Ar of p0-po mixing

—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%
<2.8x 10710, cL = 90%
<3.0x 1079, CL = 90%
(8 £ 8)%

(-0.6 + 1.6)%
(—0.41 + 0.09)%
(—0.18 + 0.16)%
(—0.3 £ 0.7)%
(—0.1 £ 0.7)%
(0.0 + 1.2)%
(2.4 +1.2)%
(1.0 £ 1.5)% (S = 1.4)
(-0.6 + 0.7)%
(0.11 + 0.17)%
(—0.01 £ 0.07)%
(0.37 + 0.29)%
(—0.3 £ 0.4)%

(0.01 + 0.09)% (S = 1.8)
@t )%

(43+2o)%

(— 12+1§)%

(—197 1ty

(-9 + 26)%

(-2 + 4)%

(—4+7)%

(-4 + 11)%

78.1%

31%

+0.12
0.927 559

(—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(DO — KLKQ)

Acp(DO — 7t 7)

Acp(DO — 7070)

Acp(D® = p)

Acp(DO = ¢)

Acp(DO — K*(892)0+)

ACP(DO — 7r+7r_7r0)

Acp(DO — p(770)t 7r_ - atax0) [A]
Acp(D® — p(770)070 — 7t 7= 70) [A]
Acp(DO — p(770)~ 7t = xta—x0) [A]

(—0.07 + 0.11)%
0.4 + 1.4)%
0.13 + 0.14)%

0.0 + 0.6)%
6ilax1o2
9:|:7)><10_

0.3 +2.0) x 1072
0.3+ 0.4)%

1.2 +0.9)%

3.1+ 3.0)%

(
(
(
(
(-
(=
(
(
(-
(-1.0 £ 1.7)%
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NODE=S031A07
NODE=S031A08
NODE=S031A09
NODE=S031A10
NODE=S031A4
NODE=S031CPK
NODE=S031A14
NODE=S031L01
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N@§%5032QP;—> UNCHECKED +;0OUR
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ALso32A1

NODE=S032A1
NODE=S032A8
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Acp(DP
Acp(DO
Acp(DP
Acp(D°
Acp(D°
Acp(D°
Acp(DO
Acp(D°
Acp(DO
Acp(D°
Acp(DO
Acp(DO —

iiiiiiiiiii

p(1450) T 7~ — T o~ 7r0)
p(1450)07r0 - ata— 7r0)
p(1450) "7t - at o~ 7r0)
p(1700)t 7~ = 7t a— 7r0)
(1700)07'(' N 7r0)
p(1700) " nt — 7t o~ 7r0)
f5(980) 0 ata— 7r0)
f5(1370) 0 = atr— a0
fo(1500) 05 gt g0
fo(1710) 0 = atr— a0
f2(1270) 05 gt g0
o(400) 05 atr 7r0)

Ac p(nonresonant DO 5 atga— 7r0)
Acp(DO, DO — 27t 2n—)

Acp(DO — a;(1260)t 7~ — 27t 277)
Acp(DO — ay(1260)~ 7t — 27T 277)
Acp(DO — 7(1300)t 7~ — 27t 2n7)
Acp(D® — m(1300)~ 7t — 27t 277)
Acp(DO = ay(1640)T 7~ — 27T 277)
Acp(DO — 75(1670) T 7~ — 2xt277)
Acp(D® = 0f(1370) — 27t 277)
ACP(DO — Up(770)0 — 2n T 2x7)
Acp(DO = 2p(770)0 = 27t 277)
Acp(DO — 2£,(1270) — 27T 277)
Acp(DO = Kt K—x0)
Acp(DO — K*(892)t K~ —
Kt k= x0)
Acp(DO — K*(1410)T K~ —
Kt K= x0)
Acp(D0 = (kta0)gk— —
KT k= 0)
Acp(DO — $(1020)70 — K+ K~ 70)
Acp(D® = £5(980)70 — KT K—x0)
Acp(DO — a5(980)070 — K+ K= 70)
Acp(DO — f(1525)70 — KT K= x0)
Acp(DO — K*(892)~ Kt —
Kt K= x0)
Acp(DO — K*(1410)~ Kt —
Kt K= =0)
ACP(DO - (K_WO)S—wave KT —
Kt K= =0)
Acp(D0 — K0)
Acp(DO — Kn)
Acp(D0 — Kx)
Acp(DO — K%¢)
Acp(DO — K~ =)
Acp(D0 = Kta7)
Acp(Dep(x1) = KT %)
Acp(DO — K= nt70)
Acp(DO — Kta—x0)
Acp(D0 —» K%xtao)
Acp(DO — K*(92)~xt - KQrtr—
Acp(D® — K*(892)Tn~ — KQrtr—
Acp(D® — KLp0 — Kg 7o)
Acp(D® — KQw— Kertr7)
Acp(D® — KL (980) - KLrt )

(h]
(h]
(h]
(h]
(h]
(h]
(h]
(h]
(h]
(h]
(h]
(h]
(h]

(h]
(h]
(h]
(h]
(h]
(h]
(h]
(h]
(h]

(h]

(0 + 70)%
(—20 + 40)%
(6 £ 9)%
(=5 + 14)%
(13 + 9)%

(8 £ 11)%

(0 + 35)%
(25 + 18)%
(0 +18)%

(0 + 24)%
(-4 +6)%
(6 +8)%
(—13 + 23)%
(05 + 1.2)%
(5 £ 6)%

(14 + 18)%
(-2 £ 15)%
(—6 =+ 30)%
(9 £ 26)%

(7 +18)%
(—15 + 19)%
(3 +27)%
(-6 + 6)%
(—28 + 24)%
(-1.0 £ 1.7)%
(0.9 + 1.3)%

(—21 + 24)%
(7 +15)%

(11 +22)%
(-3 +19)%
(=5 + 16)%
(0 + 160)%
(=5 + 4)%

(—17 + 29)%
(—10 =+ 40)%

(—0.20 + 0.17)%
(0.5 £ 0.5)%
(1.0 £ 0.7)%
(-3 +9)%
(0.2 + 0.5)%
(-0.9 + 1.4)%
(127 £ 1.5)%
(0.1 4 0.5)%
(0 £ 5)%
(-0.1+0.8)%
(0.4 £+ 0.5)%
(1+6)%
(0.1 4 05)%
(13 £ 7)%
(—0.4 + 2.7)%
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NODE=S032A23
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Acp(D0 - K5 (1270) - KLxtr)
Acp(D0 — KL £(1370) » K&ata)
Acp(DO — KOp0(1450) » K&ntn)
Acp(DO — KOfy(600) » K&ntn™)
Acp(DO — K*(1410)~ 7t —

K%ﬂ+7r_)

Acp(DO — K3(1430)~ 7t —
K%ﬂ+7r_)

Acp(DO = K3(1430)~ 7t —
K%TK’J’_W_)

Acp(DO - K3(1430)~ 7t —
K%ﬂ+7r_)

Acp(DO - K3(1430)F 7~ —
K%ﬂ+7r_)

ACP(DO - K atratz)
AC«P(DO - Kta=zta)
Acp(D0 — Kt K= xtz™)
Acp(DO = KI(1270)T K~ —
Kt K= atz™)
Acp(DO — Ki(270)t K~ —
K*0rt+ K
Acp(DO - Ki(1270)~ K+ —
K*0 = Kt)
Acp(D® — K%(1270)~ KT —
Kt K= atz™)
Acp(D® = Ki(270)t K~ —
PO KT K™)
Acp(D0 — K%(1270)~ KT —
PO K= KT)
Acp(DO — Kq(1400)T K~ —
KtK—atz™)
Acp(D® — K*(1410)F K~ —
K*0rt+ K
Acp(DO — K*(1410)~ KT —
K*0 = Kt)
Acp(DO — K*(1680)T K~ —
Kt K= atz™)
ACP(K*OF*O) in DO, DO _y k*05 0
Acp(D0 = K*OK*0 Swave)
Acp(¢p)in DO, DO — 4,0
AC«P(DO — qbpo S-wave)
AC«P(DO — qbpo D-wave)
AC’P(DO - ¢(nta )S—wave)
Acp(DO — K*(892)0 (K™ 1) s _yave)
AC«P(DO — KT K~ a7~ non-resonant)
Acp((K™ 7T+)P—wave (KT ) S—wave)
CP-even fraction in DY — 77— 70
decays
CP-even fraction in DO — KT K= 0
decays
CP-even fraction in DO — 7t a~atx
decays
Local CPV p-value in DO, 50 = ata— 7r0
Local CPV p-value in DO, Do
ata—rtx
Local CPV p-value in DO, Do -

K%ﬂ+7r_

(—4 +5)%
(—1+9)%
(-4 + 10)%
(-3 +5)%
(-2 +9)%

(4 + 4)%

(12 + 15)%
(3+6)%
(—10 + 32)%

(0.2 + 0.5)%
(-2 + 4)%
(13 +1.7)%
(=23 + 1.7)%

(-1 + 10)%
(—10 + 32)%
(1.7 £ 35)%
(-7 £ 17)%
(10 + 13)%
(—4.4 £ 2.1)%
(—20 + 17)%
(-1 + 14)%
(—17 + 29)%
—5 4+ 14)%
—3.9 4+ 2.2)%
1+9)%
—3+5)%
—37 £ 19)%
6 =+ 6)%
—10 + 40)%
8 + 20)%

3+ 11)%
97.3 + 1.7)%

~ o~ o~ o~ o~~~ o~~~

(73 £ 6)%
(76.9 + 2.3)%

4.9%
(0.6 + 0.2)%

96%
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NODE=S032A24
NODE=S032A11
NODE=S032CPK
NODE=S032A97

NODE=S032A60
NODE=S032A61
NODE=S032A98
NODE=S5032A62
NODE=S032A63
NODE=S032A99
NODE=S032A64
NODE=S5032A65
NODE=S5032C00

NODE=S5032C07
NODE=S032A66
NODE=S5032C08
NODE=S032A67
NODE=S032A68
NODE=S032A69
NODE=S5032C09
NODE=S5032C75
NODE=S032A70
NODE=S032EFP

NODE=S032EFK
NODE=S032EFL

NODEfSO32L01;—> UNCHECKED <«;OUR
N&IX@:SO32LO2

NODE=S5032L03



Local CPV p-value in DO, 50 —

Kt K=#0
Local CPV p-value in DO, 50 —

KtK—nTnx
AC«P(D;t — ,u:tu)
Acp(DF - KEKQ)
Acp(DE — Kt K= at)
Acp(DE — ¢nt)
Acp(DE - Kk K3x0)
Acp(DE = 2kQ7F)
Acp(DE — Kt K= xta0)
Acp(DF - KEKS 7t a)
Acp(DE — KQKF2n¥)
ACP(D;I: — 7r+7r_7r:t)
Acp(DE Win)
Acp(DE — )
Acp(DE o + 70
Acp(DE — o 7 x0)
Acp(DE Kiwo)
Acp(DE — KO/KOx)
Acp(DE — KQn¥)
Acp(DE - KEatam)
Acp(DE — KEn)
Acp(DE — KE4/(958))
Acp(BT — J/p(1S)KT)
Acp(BY — J/p(1S)nT)
Acp(BY — J/ppt)
Acp(BT — J/pK*(892)T)
Acp(BT — n.kT)
Acp(BT — ¢(25)7T)
Acp(BT — ¢(2S)KT)
Acp(BT — (2S)K*(892)T)
Acp(BT = xcq(1P)nT)
Acp(BT = xcok™)
Acp(BT = xq KT)
Acp(BT — xc1 K*(892)T)
Acp(BT — DOxt)
Acp(BT = Dop(41)7")
Acp(BT = Dop(_1)™")
Acp(KFrtata=]pnT)

ACP(B+ — [7r+7r+7r_7r_]DK+)
Acp(BT — [nta=ntx]pKk*(892)T)
Acp(BT — DOK)
Acp((KFrtata=]pKT)

Acp(BT
Acp(BT
Acp(BT
Acp(BY
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BY

—

N A A

[xTata™ ﬂ_]D7r+)
(K== FIpK™T)

(K= ntx0]pkt)
(KT K= x0]pK™T)
[7r+7r_7rO]DK+)

DO k*(892)T)

(K™t r~ x5 K*(892)T)
(K== F]p7T)
[K_7r+7r0]D7r+)

(Kt k=0 pnt)

[wF 7™ 7T0]D7T+)

16.6%
9.1%

5+6)%
0.09 + 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)%
11+3.1)%
0.9 + 0.5)%
1+ 4)%
0+8)%
27 + 24)%
0.4+ 0.5)%
0.20 + 0.18)%
4+ 5)%
9+ 15)%
6 -+ 19)%
1.8 £ 3.0) x 1073 (S = 1.5)
1.8+ 1.2) x 1072 (S = 1.3)
—0.05 + 0.05
—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 £ 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

—0.017 + 0.005
—0.31+0.11

(—4 +8) x 1073
—0.58 +0.21

0.07 £ 0.30 (S = 1.5)
0.30 + 0.20

0.05 + 0.09

—0.007 + 0.019
—0.45 + 0.25

0.00 + 0.09

0.35 + 0.16

—0.03 + 0.04
~0.016 + 0.020

(
(
(-
(=
(-
(
(
(=
(
(=
(
(=
(-
(
(-
(
(
(
(
(
(
(
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NODE=S032L04

NODE=S032L05

NODE=S034A13
NODE=S034A05
NODE=S034A06
NODE=S034A20
NODE=S034A15
NODE=S034A16
NODE=S034A07
NODE=S034A14
NODE=S034A08
NODE=S034A09
NODE=S034A10
NODE=S034A11
NODE=S034A19
NODE=S034A17
NODE=S034A01
NODE=S034A21
NODE=S034A02
NODE=S034A12
NODE=S034A03
NODE=S034A04
NODE=S041AX1
NODE=S041AX9
NODE=S041AC5
NODE=S041AW1
NODE=S041ABE
NODE=S041AZ2
NODE=S041AX2
NODE=S041AW2
NODE=S041AW5
NODE=S5041CQ9
NODE=S041AW3
NODE=S041AW4
NODE=S041AD2
NODE=S041AD3

NODE=S041AD4

NODE=S041AYA
NODE=S041A00
NODE=5041A08
NODE=S041AY2
NODE=S041AYB
NODE=5041A01
NODE=S041AC0
NODE=S041AK2
NODE=S041AG0
NODE=S041AG1
NODE=S041A09
NODE=S041A07
NODE=S041AC1
NODE=S041AP2
NODE=S041AG2
NODE=S041AG3



Acp(BY
Acp(BT
Acp(BF
Acp(BT
Acp(BT
Acp(B
Acp(BT
Acp(BT
Acp(BY
Acp(BT
Acp(BT
Acp(BT
Acp(BT

N A A A A

[K_W"_](Dﬂ)ﬂ"")
[K_W+](D»y)7r+)
[K_W+](D7T) KT)
(K7 (D) K
[rt 7= 20 pKT)
K&Kkt r=]pKT)
[KE K=t ]pKT)
[KEK= =T ]pnT)
K&kt r=]paT)
[K*(892)" KT]pK™T)
[K*(892)T K~ ]pK™T)
[K*(892)t K~ ]pnT)
[K*(892)~ KT]pnT)

Aaps(BT — DnT)

Aups(BT = [K—aTlpKTa=xT)
AADS(B+ — [K_7r+]D7r+7r_7r+)

Acp(BT
Acp(BT
Acp(B
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BF
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(B
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BY
Acp(BT
Acp(BT
Acp(BY
Acp(BT
Acp(BF
Acp(BF
Acp(BT
Acp(BF
Acp(BY
Acp(BT
Acp(BT
Acp(BY

R e A S A S A A A T e O  aa

Dep(—1)K™)

Ktk ]pkta—at)
[7r+7r_]D Kta—at)
[K_7T+]DK+7T_7T+)
[kt K_]D7r+7r_7r+)
[xF 7~ ]D7r+ x—rt)
[K—™ 7r+]D7r+7r_ 1)
5*07r+)
(DEP(+1))0”+)
(DEp_1)°7T)

D*0 k)
D&p(11y k™)

D Kt)

*CP(—1)
Dep(+1) K*(892)F)
Dep(-1) K*(892)1)
D7 )

DI DY)

D*+5*0)

D*+50)

D+ D*0)

D+ DY)

Kg 1)

K+ 7r0)

n KT)

o K*(892)T)

n K§(1430) )

n K3(1430)1)
nK*(892)T)
nK§(1430)T)
nK3(1430))

wKkt)

wk*t)

w(Km)§T)
wK3(1430)T)
K*Oﬂ—"_)
K*(892) T =0)
Kta—xat)

—0.09 £+ 0.27
—0.7+£0.6
0.8+ 0.4

04 £1.0

—0.02 £ 0.15
0.10 £ 0.09
—0.04 £ 0.08
0.003 £ 0.015
—0.034 £ 0.020
0.08 + 0.05
0.02 + 0.10
0.007 £ 0.017
—0.020 £ 0.011
0.100 + 0.032
—0.33 £0.35
—0.01 £ 0.09
—0.10 £ 0.07

—0.04 + 0.06
~0.05 + 0.10

0.013 + 0.023

—0.019 + 0.015
—0.013 + 0.019
~0.002 £ 0.011

0.0010 =+ 0.0028

0.016 + 0.010 (S = 1.2)

—0.09 £+ 0.05

—0.001 4 0.011 (S = 1.1)

—0.11 £ 0.08 (S = 2.7)
0.07 £ 0.10

0.08 + 0.06
—0.23 4 0.22
0.0 + 0.4
(0.4 £ 0.7)%
—~0.15 £+ 0.11
—0.06 £ 0.13
0.13 +0.18
0.016 + 0.025
—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

3/22/2021 14:11

NODE=S041AC6
NODE=S041AC7
NODE=S041AC8
NODE=S041AC9

NODE=S041AC2
NODE=S041AC3
NODE=S041ACA
NODE=S041ACB
NODE=S041ACC
NODE=S041ACD
NODE=S041ACE
NODE=S041ACF
NODE=S041ACG
NODE=S041AA2
NODE=S041AA3
NODE=S041AA4
NODE=S041AY4

NODE=S041AA5
NODE=S041AA6
NODE=S041AA7
NODE=S041AA8
NODE=S041AA9
NODE=S041AA0
NODE=S041AD5
NODE=S041AD6

NODE=S041AD7

NODE=S041AD8
NODE=S041AC+

NODE=S041AD1

NODE=S041AD+
NODE=S041AD-

NODE=S041ADP
NODE=S041A10
NODE=5041AS1
NODE=S041AS2
NODE=S041AS3
NODE=S041AS4
NODE=S041AX4
NODE=S041AX3
NODE=S041AX5
NODE=5041CR7
NODE=S041CT7
NODE=5041CT8
NODE=5041CP1
NODE=S041CR5
NODE=S041CR6
NODE=S041AY1
NODE=5041CT0
NODE=5041CT2
NODE=5041CT3
NODE=5041CQ4
NODE=S041CP8
NODE=S041AY6
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Acp(B
Acp(BT
Acp(BY
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(B
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BF
Acp(BT
Acp(BY
Acp(BT
Acp(B
Acp(B
Acp(BT
Acp(BY
Acp(BT
Acp(BT
Acp(BT
Acp(BY
Acp(BT
Acp(B
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(B
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BY

N A A A A A e S T A S A A A A O A e A A A A A R A

K+ K~ K™ nonresonant)
£(980)0 K1)
fo(1500) K1)
F,(1525)0 K +)
K5(1430)07)
K(1430)+ 70)
K35(1430)0 7 F)
Kt 70 7r0)

KO p )

K*tat o)

O k*(892)F)
K*(892) T £,(980))
ail' KO)

b K0)

K*(892)0 pT)
bIKT)

KO K+

+ K0 K0
KT KL K)
oK)
Xp(1550) KT)
K*t KT K™)
$K*(892))
$(Km)§T)

P Kq(1270)T)
¢ K5(1430)1)
Kt ¢9)

+
KTlo¢l,.)
K*(892) T v)
Xs7)
nK* )
pKT )
pT )

T 7r0)

PO )
p0(1450) 7 T)
7T 7~ 7T nonresonant)
pt70)

pt 0
w7r+)

wp™)

nat)

npt)

' 7 t)

' pT)

bcl) )
pp7T)
ppK™T)
pPK*(892)7)
pA)

pAr0)
KTete)
Ktet e )
Kt ptp™)
K*¥t et o)
K*ete™)

0.06 £ 0.05
—0.08 £ 0.09

0.28 £ 0.30

+0.05
—0.08 "¢ 04

0.061 £ 0.032

+0.18
ik

+0.
0050124

—0.06 £ 0.07
—0.03+0.15

0.07 + 0.08

0.31 & 0.13

—0.15 £ 0.12

0.12 + 0.11
—0.03+0.15
—0.01+0.16

—0.46 £ 0.20

0.04 & 0.14

0.025 + 0.031

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

0.028 + 0.019

—0.12 £ 0.07

—0.13 £ 0.11 (S = 1.1)
—0.11 £ 0.33

0.03 + 0.04

0.009 + 0.019

—0.11 £ 0.05

+0.23
01470116

0.02 + 0.11
—0.05 + 0.05

—0.04 £ 0.05

—0.20 £ 0.09

—0.14 £ 0.07 (S = 1.4)
0.11 + 0.1

0.06 + 0.16

0.26 + 0.17

0.05 + 0.16

0.00 + 0.04

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

0.01 + 0.17

—0.02 £ 0.08

0.14 + 0.14

0.011 + 0.017

—0.09 £ 0.14

—0.14 + 0.23
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NODE=S5041CU6
NODE=S041CU7
NODE=S041CS5
NODE=S041CQ5

NODE=5041CQ7
NODE=S041A05
NODE=5041CS4

NODE=S5041CU4
NODE=S041CR9
NODE=S041AKP
NODE=S041AZ1
NODE=S041CR3
NODE=S041CS1
NODE=S041CS6
NODE=S041CR4
NODE=S041CS2
NODE=S5041CQ8
NODE=S041AY8
NODE=S041AX7
NODE=S041CXK
NODE=S041AKK
NODE=S041AX38
NODE=S041CT1
NODE=S041CS8
NODE=S5041CS9
NODE=S041CT9
NODE=S041CTB

NODE=S041AKG
NODE=S041A11

NODE=S5041CQ3
NODE=S041APK
NODE=S041CS7

NODE=S041AX0
NODE=S041CP4
NODE=S5041CT4
NODE=S041CT6

NODE=S041CP5
NODE=S041AY9
NODE=S041AX6
NODE=S041CP9
NODE=S041CP2
NODE=5041CQ2
NODE=5041CQ1
NODE=S041CR8
NODE=S041CS3
NODE=S041CP6
NODE=S041CP7
NODE=S041AW6
NODE=S041CLG
NODE=S041CS0
NODE=S041CR1
NODE=S5041CU0
NODE=S041CU1
NODE=S041CR2
NODE=S5041CU2
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Acp(BT — K*utu™)
Re(ego)/(1+]€go[?)
AT/CP(BO + BO)

Acp(8°
Acp(BO
Acp(8°
Acp(8°
Acp(BO
Acp(BO
Acp(B°
Acp (B
Acp(BO
Acp(8°
Acp(8°
Acp(BO
Acp(BO
Acp(B°
Acp (B
Acp(BO
Acp(B°
Acp(B
Acp(BO
Acp(B°
Acp(8°
Acp(8°
Acp(BO
Acp(BO
Acp(B°
Acp (B
Acp(BO
Acp(B°
Acp (B
Acp(BO
Acp(8°
Acp(8°
Acp(8°
Acp(BO
Acp(8°
Acp(8°
Acp(8°
Acp(B°
Acp(B°
Acp(8°
Acp(B°
Acp(B°
Acp(BO
Acp(8°
Acp(BO
Acp(8°
Acp(8°
Acp(BO

Cp*(2010)- D+
Cp*(2010)+ D~

C

D*+ D*~

N A A A N A N A A A N A A A A R A

—

D*(2010) 1t D7)
[KTK~1pK*(892)0)
[KTx—]pK*(892)0)
[rt 71 pK*(892)0)
0 K*(892)0)

0’ K3(1430))

o K3(1430)0)
nK(1430)0)
nK3(1430)0)

by KT)

wK*O)

w(Km)E0)
wK5(1430)0)

Kta— 7r0)

p~KT)

p(1450)~ KT)
p(1700)~ KT)
Ktr—x0 nonresonant)
KO 7+ )

(Km)gT )
K3(1430) T 77)
K*(1680) T 7 7)
fo(980) KQ)
(km)0x0)

Kk*0 7l_O)

K*(892)0 nt 7))
K*(892)0 p0)

K*0 £,(980))
K*+tp™)

K*(892)0 K+ K™)
a; Kt)

KO K0)

K*(892)0¢)
K*(892)0 K= 71)

¢ (Km)50)

¢ K35(1430)0)
K*(892)0)
K’5(1430)0 )

Xs7)

pt )

p=mT)

a1(1260)* 7 F)

by )

ppK*(892)0)

pAT™)

K*0 gt

K*0 et e

K0t ™)

(B9 — D*(2010)~ D)
(B9 — D*(2010)t D7)

BY — p*t+ p*—
( )

—0.12 + 0.24
(—0.5 + 0.4) x 10~3
0.005 =+ 0.018

0.013 =+ 0.014
—0.05 + 0.10
0.047 =+ 0.029
—0.18 + 0.14
—0.07 £ 0.18
—0.19 + 0.17
0.14 4+ 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
0.02 =+ 0.04
—0.20 + 0.24
—0.07 + 0.14
0.28 £ 0.31
—0.15+0.11
—0.15 + 0.13
0.07 £ 0.05
—0.06 + 0.09
0.07 £ 0.10
0.21 £ 0.15
0.01 = 0.05
—0.16 + 0.12
—0.6+0.7
0.00 =+ 0.04
02+04

0.12 + 0.08
—0.11 £ 0.10
—0.006 + 0.011
—0.08 £ 0.15
—0.009 + 0.018
0.13 £ 0.06 (S = 1.1)
—0.08 + 0.08
—0.07 + 0.06
—0.05 + 0.10
0.05 =+ 0.12
0.04 = 0.07
—0.05 + 0.10
—0.21 £ 0.19
—0.034 + 0.024
—0.02 + 0.08

—0.03 +0.09 (S = 1.1)
0.01 + 0.09 (S = 1.6)
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NODE=S041CU3

NODE=S042EPS;— UNCHECKED «;OUR
EVAL

NODE=S5042Y3

NODE=S042AC4
NODE=S042AD3
NODE=S042AD4
NODE=S042AD5
NODE=S042CP4
NODE=S5042CT2
NODE=S042CT3
NODE=S042AD1
NODE=S042AD2
NODE=5042CQ2
NODE=S042CQ8
NODE=S042CR0
NODE=S042CR1
NODE=S042AC7
NODE=S042AC6
NODE=S042CT4
NODE=S042CT5
NODE=S5042CQ5
NODE=5042CQ9
NODE=S042CQ6
NODE=S042A09
NODE=S042A10
NODE=S042A11
NODE=S5042CQ7
NODE=5042CQ4
NODE=S042CP6
NODE=S042AC9
NODE=S042AD0
NODE=S042CT6
NODE=S042CP7
NODE=S042CQ1
NODE=S042CP5
NODE=S042AC1
NODE=S042CP8
NODE=S042CP2
NODE=S042CP3
NODE=S042AKG
NODE=S042AC8
NODE=S042A12
NODE=S042AC5
NODE=S042AC0
NODE=S042AAP
NODE=S042CQ3
NODE=S042CQ0
NODE=S042CLP
NODE=S042CT1
NODE=5042CU0
NODE=S042CU1
NODE=S042CPJ

NODE=S042CPK
NODE=S042LD1
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¢, (B9 - p*tp*7)
c_ (BY » p*tp*)
s_ (B9 —» p*tp*)
c (B9 - D*(2010)t D*(2010)~
BO — Dt D™
B0 — J/y(15)x0)

CD+ D— (

Cyp(18)m0 (
aB® — J/¢<15)p°3

0 *) 0
pt) 4o (B7 = Dopht)

CcP ()
0 *) 10
S o (BO = DE0)

(%)
DGp h
Co 0 (B9 = KOx0)

0 / 0
CT]/(958) K% (B - n (958) KS)

0, 0
Sy(osgy kg (B0 = ' (958)KY)

C

Ko (B = ' KO)

Cng. (B0 - wk?)
sz% (B » wkY)
c (89— k%x0x0)
s (B9 » k%x0x0)

0 0 K0
chKg_ (B0 —» p0kQ)

0 0 K0
SPOKOS (BY = p KS)

0 0
Cr,(080) KO (B — f5(980) k2)

0 0

0 0
51,2(1270)}(0S (B9 = £(1270) K
C B0 — £(1270) K
S

0
(1300) K2

£(1270) K2 (

0
f.(1300) K2 (B” =

0 0
Cr(1300) K2 (B0 = £(1300)K

SK°7r+7r— (BO - KOzt a— nonresonant)

Cl0 it (B9 — KO#+ 7~ nonresonant)

CKg K (B » Kk2kY)

SK% K9 (B —» Kk%kY)

Cps Ko (B — KT K~ K%
nonresonant)

Cpt k- K (B —» KT K~ K inclusive)

CorQ (B0 - ¢kQ)

S¢K°5 (B0 - ¢kQ)

CKSKSKS(BO — KsKsKs)
SKsKsKs(BO - KgKgKg)
CK(;WOV(BO — Kk%x0y)
SK%WOW(BO — K%T(O’\/)

0 * 0
CK*(892)07 (B — K*(892)"~)

SK*(892)0’y
CrKOy (BY — nk9y)
S (BY - nkOy)

nKOy
CK0¢7 (BO - K0¢'Y)

(BO = K*(892)0+)

( K
5(BY - D*(2010)* D*(2010)~ K’
)

3)

)
)
)

0
S
0
S

)
)

0.00 £ 0.10 (S = 1.6)
0.19 + 0.31

0.1+ 1.6 (S =3.5)
0.01 + 0.29

0.1+0.4

—~0.22 + 0.24 (S = 2.5)
0.03 £ 0.17 (S = 1.5)

—0.06 & 0.06
—0.02 £+ 0.08

—0.66 = 0.12

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

0.43 £ 0.17 (S = 1.5)

—0.06 + 0.04
0.0 + 0.4 (S = 3.0)
0.70 £ 0.21

—0.21 £ 0.20

+0.27
089 7030

—0.04 £ 0.20

+0.17
0.50 1551

0.29 £+ 0.20
—0.50 £ 0.16
—05+£05
03+04
—-02+£05
0.13 £ 0.35

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

—0.8=+05

0.06 £+ 0.08

0.01 + 0.09
0.01 £0.14
0.59 £+ 0.14
—0.23 £ 0.14

—0.5+ 0.6 (S = 3.0)
0.36 + 0.33

—0.8+06
—0.04 +0.16 (S = 1.2)
—0.15 + 0.22
0.1+04(S=14)
—05+05 (S =1.2)
—~03+06
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NODE=S042CD+
NODE=S042CD-
NODE=S042SD-
NODE=S042CDS
NODE=5042SDS
NODE=S042CPD
NODE=S042CPL

NODE=S042CPR
NODE=S042CDH

NODE=S042SDH
NODE=S042CKP
NODE=5042Y1
NODE=S5042Y2

NODE=S042CEK
NODE=S042CW1

NODE=S0425W1

NODE=S5042CK2
NODE=S50425K2
NODE=S5042CX7

NODE=S042SX7
NODE=S042CF1
NODE=S042SF1
NODE=S042SF2
NODE=S042CF2
NODE=S042SF3
NODE=S042CF3

NODE=S042SF4
NODE=S042CF4
NODE=S042CKS

NODE=S042SKS

NODE=S5042CX2

NODE=S042CKK
NODE=S5042CX1
NODE=S0425X1

NODE=5042CX5
NODE=S50425X5
NODE=S042CKG

NODE=S042SKG

NODE=S5042CX4
NODE=S0425X4
NODE=S042CEG
NODE=S042SEG
NODE=S042CPG
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SKO(M (BO - KO¢’Y)

c(BY — K%po’y)

S(BY — K% 0v)

(8%~ p9v)

s (8% = o0

€0 0(B% = 7070

Cpr (BY = pTr7)

Spﬂ_ (BO — pta)

Aspﬂ (BO — ptaT)

€0 70 (B0 — p070)

Sp07|—0 (BO — p07r0)

Cayr (B = ay(1260)F77)
Saym (BO — a;(1260)t 77)
AC, (B — ay(1260)T 7 7)
AS,  (BY = a1(1260) T 77)
c(BY - by KT)

Ac(BY — by aT)

Cpopo (89 — p0,0)
5popo(/5’O — p000)

Cpp (BY = pTp7)

Spp (BY = ptp7)

A (B = J/wK*(892)0)

cos 28 (B0 = J/y K*(892)0)
cos 28 (B0 — [K&ntr=] 0 hO)
(S4 +5_)/2 (89— D* =)
(S_ —5,)/2(BY —» D*~xT)
(S; +5_)/2 (89— D™ xt)
(S_ —54)/2(B%— D~at)
S, (B9~ D~at)

s_ (B9 > pta)

S, +5_)/2(BY - D7pT)
S_-5,)/2(BY» D pt)

c B0 — 5 KO
nch( le S)

(
(

CCEK(*)O (B0 — CEK(*)O)
o (BY = J/w(nS)KO)
(BO = J/yk*0)

€1 /p(nS)

CJ %0
/b K

SJ/dJK*O (BO - J/wK*O)

C BO — K9
Xc0 Kg ( Xc0 S)

S BO K9
Xc0 K% ( Xe0 S)

X1 KY (87~ xe1 k)
sin(28,67) (B — ¢ KO)
sin(285¢)(BY — ¢k §(1430)0)

sin(2Bq¢¢) (B0 — [K%ﬂ+7r_]D(*) o)

A (B — [KExta=] 5 10)
|sin(28 + )]

28+~

x, (B9 - DK*0)

x_(B0 = DK*0)

y_(BY — DK*0)

+0.7
07771
—0.05 £ 0.19
—0.04 £ 0.23

0.4 £05
—-08+£0.7
—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+0.4 (S =3.2)
0.43 +0.14 (S = 1.3)
—0.11 £ 0.12

—0.22 £ 0.24

—1.04 £ 0.24
0.240.9

03407

0.00 + 0.09
—0.14 + 0.13
<0.25, CL = 95%
17130 (s = 1.6)
0.91 + 0.25
—0.039 + 0.011
—0.009 + 0.015
—0.046 + 0.023
—0.022 + 0.021
0.058 + 0.023
0.038 + 0.021
—0.024 + 0.032
~0.10 + 0.06
0.08 + 0.13

(0.5 4+ 1.7) x 1072
(0.5 & 2.0) x 1072
0.03 +0.10

0.60 + 0.25

+05
=03 02

—0.7+05
0.06 £ 0.07

0.22 + 0.30

+0.03
0.97 7 5’55

0.80 + 0.16
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)

3/22/2021 14:11

NODE=S042SPG
NODE=S042CKR
NODE=S042SKR

NODE=5042CX8
NODE=S50425X8
NODE=5042CX6

NODE=S042CRP
NODE=S042SRP
NODE=S042SDT
NODE=S042CRH
NODE=S042SRH

NODE=S042CAP
NODE=S042SAP
NODE=S042CDA
NODE=S042SDA
NODE=S042CAQ
NODE=S5042SDB
NODE=5042CX9

NODE=50425X9

NODE=S042CRR
NODE=S042SRR
NODE=5042LD9
NODE=5042CJ1
NODE=5042CJ2
NODE=5042LD3
NODE=S042LD4
NODE=S042LD5
NODE=5042LD6
NODE=S042A06
NODE=S042A07
NODE=S042DR+
NODE=S042DR-
NODE=S5042CEC

NCI)EI\D/ETSO42CCC;—> UNCHECKED <«;0OUR
NODE=S042CJK;— UNCHECKED <;0OUR
EVAL

NODE=5042CJS
NODE=50425JS
NODE=5042CC2

NODE=S042SC2

NODE=S042CC1

NODE=S042BTF
NODE=S042BFK
NODE=S042BTM
NODE=S042LDH
NODE=S042BGA

NODE=S042BG0
NODE=S042XP

NODE=S042XM
NODE=S042YM
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Acp(B — K*(892)7) —0.003 + 0.011 NODE=S049CP1
Acp(B = sv) 0.015 + 0.011 NODE=5049CP2
Acp(B = (s+d)7) 0.010 + 0.031 NODE=S049CP4
Acp(B = X eTe™) 0.04 £ 0.11 NODE=5049CP3
Acp(B — K*eTe™) —-0.18 £0.15 NODE=S049CP6
Acp(B — K¥utu™) —0.03 +0.13 NODE=S049CP7
Acp(B — K*etim) —0.04 £ 0.07 NODE=S5049CP5
Acp(B = nanything) ~01379:0 NODE=5049CP8
AACP(Xsy) = Aop(BE = Xov) 0.041 + 0.023 NODE=S049DA1
— Acp(BY = Xgv)
Acp(B = Xs7) = (Acp(BT — Xg7) + 0.009 + 0.012 NODE=S5049A06
Acp(BY = X57))/2
Acp(B— K*y) = (Acp(BT — K*T4) —0.001 + 0.014 NODE=S049A03

+ Acp(BY = K*04)))2

2 _ -3 _ . .
Re(eBS) /(1 + \EBS| ) (—0.15 4 0.70) x 10 NODE=S086EPS;—+ UNCHECKED «OUR

Ck k(B = KTK™) 0.14 + 0.1 NODE=5086CK1
Skk(BY = KTKT) 0.30 + 0.13 NODE=S0865K1
rp(BY — DT k) 0.3779:29 NODE=S086ARX
sp(BY » DEKTF) (358 + 14)° NODE=S086DRX
CP Violation phase 3, (2.55 + 1.15) x 102 rad NODE=S086PHS;— UNCHECKED +;0UR
AL L (Bs — 1/ K*(892)0) —0.05 + 0.06 NGELsos6PK4
Abp(Bs — J/0K*(892)0) 0.17 + 0.15 NODE=S086PK5
ASp(Bs — J/wK*(892)0) ~0.05 + 0.10 NODE=S086PK6
Acp(BY = [KTK™]pK*(892)°) —0.04 + 0.07 NODE=S086CP2
Acp(BY — [nT K™]pK*(892)0) —0.01 + 0.04 NODE=5086CP3
Acp(BY = [rFr~]pK*(892)0) 0.06 £ 0.13 NODE=S086CP4

<1.1x 1074, CL = 90%
<4 x107°, CL = 90%
<6 x 104, CL = 90%

PAR=MO026;DESIG=51
PAR=M026;DESIG=52
PAR=M026;DESIG=53
PAR=M026;DESIG=54

F(nc(1S) = 7 77)/Tiotal
F(ne(1S) = 7970) /Ty opal

(
F(n.(1S) = KT K™)/Tiotal
(

Fnc(1S) = KLKL)/Miotal <3.1x1074, CL = 90%

n electric dipole moment

(e +a@)/(a—a)inA— pr, A— prt

[o(= o (N)=a(=)as (A)]

[a(Z7)a- (N)+a(Z)ay ()]

(a+a@)/(a—a@)in 2" — AK—, 0T =

AKt

(0 +@)/(a—a@)in AT = Azt AT —

A~

(o + @)/(a— @) in /\'Cl' — /\e+1/e, ﬂ; —

Ze_ﬁe
ACP(/\b — pT(_)
ACP(Ab — pK™)
DAAcp(pPK™ /77)
ACP(Ab — p?oﬂ'_)
DAcp(J/bpm™ [KT)
Acp(Ap — AKT77)
Acp(Ay = AKTK™)
AAcp(N — pK™pt )
Ac(N)

As(N)
Ac(9)
Ag(9)
aCP(/\g—> pr— 7wt r)
aCP(/\%—> pK—nt ™)
acp(A) —» pK=Ktx7)
acp(N) — pK= Kt K™)
acp(A) = pK=pt ™)
0
(Zb

<0.18 x 10725 ecm, CL = 90%
~0.002 + 0.012

(047) x 104
—0.02 + 0.13

—0.07 £ 0.31

0.00 £ 0.04

—0.025 + 0.029 (S = 1.2)
—0.025 + 0.022

0.014 + 0.024

0.22 +0.13

(5.7 £ 2.7) x 10~2
~0.53 +0.25

~0.28 + 0.12

(—4 £ 5) x 102
—0.22+0.13

0.13 £ 0.13

—0.01 +0.12

—0.07 + 0.12

—0.7 £ 0.7)%

—0.8 £ 0.9)%

14 5)%
11+ 15)%
1+5)%

(
(
(
(
(
(—4 +5)%

NODE=S017EDM
NODE=S018AL
NODE=S022ACP

NODE=S024ALD

NODE=S033AC1

NODE=S033ACP

NODE=S040CP1
NODE=S040CP2
NODE=S040A19
NODE=S040CP3
NODE=S040DCP
NODE=S040A00
NODE=S040A05
NODE=S040A10
NODE=S040TCL
NODE=S040TSL
NODE=S040TCP
NODE=S040TSP
NODE=S040A08
NODE=S040A14
NODE=S040A09
NODE=S040A15
NODE=S040A12
NODE=S060A02



Re(e)

charge asymmetry in K23 decays
A| = weighted average of A (1) and

ALlp) =M@= phuy,)
— (@t = w,)]/sum

CP VIOLATION OBSERVED

Ap(e)

Ap(e) = [M(r— et Ve)

parameters

Inoo| = |A(K(2 — 270y

‘774__‘ = ‘A(K(L) — 7r+7r_)/
A(K% — 7r+7r_)‘
el = @lny—| + [mo0l)/3

—(rte™ Tg)]/sum
for K(L) — 27 decay

AKS — 279)]

n00 /14— |

Re(e'/€) = (1~|mgo/n4—])/3

Assuming CPT

by
%00

be = (204 _ +d00)/3

Not assumi
b4
®00-

be = (204 _ +é00)/3
CP asymmetry A in K(L) = ata—ete™
Bcp from K? — ete ete™
vcp from K(L) — ete ete™
parameters for K(L) — 7r+7r_'y decay
g = IAKY = 7try, cP
vioIating)/A(Kg - 7t )|
¢+_7 = phase of 17+—’Y

, phase of ny_

phase of ng

ng CPT

, phase of ny_

phase of g

r(Kg - 7t 717) Miotal
r(Kg — 7070) /Motal

0 _ _
AADL, = Acp(KTK™) = Agp(rtn™)
Acp(BT = [K™ 7T l5K*(892)7)
Acp(BT = Dop(1)KT)

Aaps(BT — DKT)

Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BF
N

rB(B+ —
sg(BT —
rB(B+ —
sp(Bt —
rB(B+ —

— nKT1)

— f(1270)KT)
— pOK+)

- KtK—at)
- KTK—KT)
— ata—zt)

— f5(1270)77T)
— fp(1370)77T)

DOk
DO k)
Do K*+)
po K*+)
D*0 k+)

(1.596 + 0.013) x 10~3

(0.332 + 0.006)%

(0.304 £ 0.025)%

(0.334 £ 0.007)%

(2.220 + 0.011) x 10~3 (S = 1.8)
(2.232 + 0.011) x 1073 (S = 1.8)

(2.228 4+ 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 + 0.05)° (S = 1.3)
(43.52 + 0.05)° (S = 1.2)

(
(
(
(13.7 £ 1.5)%
—0.19 £ 0.07

0.01 + 0.11 (S = 1.6)

(2.35 £ 0.07) x 10~3

44 + 4)°

—~ o~~~

—0.154 + 0.029)%
—0.75 £ 0.16

0.120 + 0.014 (S = 1.4)

—0.40 £ 0.06

—0.37 £ 0.08

+0.19
—0.68_ 417

0.37 £ 0.10
—0.122 £ 0.021
—0.033 £ 0.008
0.057 + 0.013
0.40 + 0.06
0.72 £ 0.22
(natgde
0.0993 + 0.0046
(129.672-0)°
0.076 + 0.020

18
(98735)°

0.140 £ 0.019

43.4 +0.5)° (S = 1.2)
43.7 £ 0.6)° (S = 1.2)
435 + 0.5)° (S = 1.3)

1.967 + 0.010) x 1073 (S = 1.5)
8.64 & 0.06) x 10~4 (S = 1.8)
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CONLAW=CPV

NODE=S011REP

NODE=S013310
NODE=S013AL

NODE=S013A1

NODE=S013A2

NODE=S013315
NODE=S013E00

NODE=S013E+-

NODE=S013EP
NODE=S013ER

NODE=S013EPS
NODE=S013F+-

NODE=S013F+-
NODE=S013FOO

NODE=S013EPH
NODE=S013F+2

NODE=S013F+2;— UNCHECKED +«;OUR
NOEI\D/EfSOBFOZ—) UNCHECKED <—;0UR
NCI)EI\D/Ef5013EP1;—> UNCHECKED <;0OUR
NODE=S013DPA
NODE=S013BCP
NODE=S013GCP

NODE=S5013307
NODE=S013E+G

NODE=S013P+G

PAR=S013;DESIG=5

PAR=S013;DESIG=11

NODE=S032DCP

NODE=S041AC4

NODE=S041AY3

NODE=S041AA1

NODE=S041CP3

NODE=S041CRO

NODE=5041CQ6

NODE=S041CKK

NODE=S041AY7

NODE=S041AY5

NODE=S041CQ0

NODE=S041CT5

NCI)EI\D/ETSO41GGM;—> UNCHECKED <«;0OUR

NODE=S041ARX;— UNCHECKED +;OUR

NOEI\D/ETSO41DRX;—> UNCHECKED <;0OUR

NODE=S041ARZ;— UNCHECKED +<;0OUR

NOEI\D/ETSO41DRZ;—> UNCHECKED <;0OUR

NODE=S041ARY;— UNCHECKED <;0UR
EVAL



sg(BT — D0k
Acp (BO = Kt77)
Acp(BY = nK*(892)0)
Acp(BY — K*(892)T 7 7)
0 * - p+
Spr(2010)- p+ (BY = D*(2010)7 D)
0 * +p—
Spr(2010)+ p- (B = D*(2010)7 D7)
Spet pr (BY = D*FD*7)
Sy (BO » D*tp*7)
Spip- (B9 — DT D7)
0 0
S /p(15)x0 (BY = J/w(15)0)
S(B% — J/v(15),°)
Syo0 (B9 = KOx)
Sr]’KO (BO - W'KO)

S BY & kt+k—KQ

K+K*K% ( S

nonresonant)

s (B0 —» K+ K~ K inclusive)

Kt K=K
Crn (BO — 7ta7)
Spn (BO = xtam)
AC,. (B = ptr)

0 0
Sk (B0 = k)

sin(28) (BY — J/yKQ)

S J/4p(nS) KO (BO = J/y(nS) KO)

0 0
*xakg (B 7 X1 Ks)
sin(285)(B0 — KT K~ KQ)
o
rgo(B® — DK*0)
JBO(BO — DK*0)
Acp(Bs — ntK™)

(319.2F2-0)°
—0.083 & 0.004
0.19 + 0.05
—0.27 4 0.04
—0.83 + 0.09

—0.80 & 0.09

—0.59 £ 0.14 (S = 1.8)
—0.73 £ 0.09

+0.15 (¢ _
—0.76 7313 (S=12)
—0.88 £ 0.32 (S = 2.2)

+0.16
—0.667 575

0.58 £ 0.17
0.63 + 0.06

—0.66 + 0.11

—0.65 £ 0.12

—0.32 £ 0.04
—0.65 £+ 0.04
0.27 £ 0.06

0.93 £ 0.17

0.695 £ 0.019
0.701 £ 0.017

0.63 £ 0.10

+0.13
0.77_0'1%
(@923
+0.04
0'220—0.047

(1047300
0.221 + 0.015

CPT INVARIANCE

(mw+ - mw—) / Maverage
(me+ - me,) / Maverage
|G+ + a-|/e

(ge+ - ge,) / 8average
(T“+
(gM+ - gﬂ_) /gaverage

(m7-+ - mT—)/maverage

<Am%1 - Aﬁ%ﬁ in neutrino mixing

- T

lf) / Taverage

<Am§2 — Aﬁ§2> in neutrino mixing
my — myg

(mﬂ-# - mﬂ—) / Maverage

(T7r+ - wa) / Taverage

(mK+ - me) / Maverage

(TK+ - TKf) / Taverage
G ,u:t vy, rate difference/sum

Kt 5 7570 rate difference/sum

§in KO — KO mixing
real part of &

(K]

(—3.7+35)x10~4
<8x 1079, CL = 90%
<4 %1078

(0.5 4+ 2.1) x 10712
(2+£8)x107°

(—0.11 £ 0.12) x 108
<2.8x 1074 CL = 90%

<1.1x107%eVv2 CL =99.7%
(—0.12 £ 0.25) x 1073 eV2

—0.16 = 0.19 GeV
24+5)x104
6+7)x 1074
—0.6+1.8)x 1074

—0.27 £ 0.21)%
0.4 +0.6)%

~ o~ o~ o~ o~ o~

(2.5 +2.3) x 10~4

0.10 = 0.09)% (S = 1.2)
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NODE=S041DRY;— UNCHECKED <;0UR
EVAL

NODE=S042ACP
NODE=S042CP1
NODE=S042AC3
NODE=S042SPJ

NODE=S042SPK

NODE=5042LD2
NODE=50425SD+
NODE=S5042SPD
NODE=S042SPL

NODE=S042SPR
NODE=S042SKP
NODE=S042SEK
NODE=S50425X2

NODE=S042SKK

NODE=S042CPI
NODE=S042SPI
NODE=S042CDT
NODE=S042SEC

N%?/ETSOQBET;_) UNCHECKED <«;0OUR
NODE=S042SJK;— UNCHECKED <;0UR
EVAL

NODE=S0425C1

NODE=S042BTK

NCI)EI\D/ETSO42ALP;—> UNCHECKED <;0OUR

N%l\D/EfSOQAR;_) UNCHECKED +«;0OUR

NODE=S042A00;— UNCHECKED <+;0OUR
EVAL

NODE=S086CP1

CONLAW=CPT

NODE=S043MDA;OUR EVAL
NODE=S003DM
NODE=S003DQ
NODE=S003MMR
NODE=S004DTT;OUR EVAL
NODE=S004MMR
NODE=S035MDF
NODE=S067CPT
NODE=S067CP2
NODE=QO007CPT
NODE=S008DM
NODE=S5008DT
NODE=S010DMA;OUR EVAL
NODE=S010DT
NODE=S010D1

NODE=S010D4
NODE=S011DRE

NODE=S011DRE



imaginary part of §
Re(y), K3 parameter
Re(x_), K3 parameter

‘mKO - mR0| / Maverage
(Mo = T0)/Maverage
phase difference ¢pg — ¢4 _
Re(%m._ + %ﬁoo)—%
Acpr(D0 = K= xt)

ASEpr G ko = 5;7K05)
ASopr (5;,;@ - 5;+7K05)
ACéPT(Cg_+7KOS - C;,Kg
ACEPT(C;KOS = Sk
e e
(EARIAVED

lap + apl/e

)
)

U

[n]

(—1.5 + 1.6) x 107°
(0.4 +£25)x 1073
(—2.9 +2.0) x 1073
<6 x 10719, CcL = 90%
(8 +£8)x10718

(0.34 + 0.32)°

(-3 +£35)x 106
0.008 + 0.008

0.16 + 0.23

—0.03 £ 0.14
0.14 + 0.17
0.03 £ 0.14

<7x 10710 cL = 90%
(0.1 +6.9) x 10~ 11
<7x 10710 cL = 90%
(0.002 =+ 0.004) x 106
(9 4 6) x 10~°
(—0.141.1)x 1072 (S = 1.6)
—0.001 + 0.009
—0.0006 + 0.0012
0.014 + 0.015

(=3 +9)x107°
—0.01 + 0.07

+0.01 + 0.05
(—1+8)x107°

0.00 + 0.05
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NODE=S011DIM

NODE=S011YRE

NODE=S011XRM

NODE=S011DMM

NODE=S011DGM

NODE=S013DF1;— UNCHECKED <«;OUR
NODE=S013CPT

NODE=S032CPT

NODE=S042TVI

NODE=S5042TVJ
NODE=S042TVK
NODE=S042TVL

NODE=S016DM
NODE=S016DMM;— UNCHECKED <;OUR
EVAL

NODE=S016DQ2
NODE=S016MMD

NODE=S017DMM;— UNCHECKED <;0OUR
NODE=S018DM

NODE=S018DT

NODE=S019DT

NODE=S019MMD

NODE=S022DMM

NODE=S022DT

NCI)El\D/EfSO22MMD;_> UNCHECKED <+;0UR
NODE=S024DMM

NOEIg_IIE_:SO24TD;—> UNCHECKED <;0UR



TESTS OF NUMBER CONSERVATION LAWS

LEPTON FAMILY NUMBER

Lepton family number conservation means separate conservation
of each of L, LM’ L.

NZ = e uF)/Motal [o] <7.5x1077, CL = 95%
NZ = e*7F)/Mioal [o] <9.8x1070, CL = 95%
NZ = 7 F)/Miotal [o] <1.2x107°, CL =95%
F(HO = en)/Tiotal <6.1x 1072, CL = 95%
F(HO = e7)/Tyotal <4.7x 1073, CL = 95%
F(HO = u7)/Tiotal <25 x 1073, CL = 95%
olete™ — et F) /) oleTe™ — <8.9x1076, CL = 95%
pt )
olete™ = ptrF) /o(eTe = <4.0x 1076, CL = 95%
pt )
limit on 4=~ — e~ conversion
o(u— 325 o e 325) <7x10711 cL = 90%
o(p= 325 - VM32P*)
o~ Ti— e Ti)/ <43x10712 CL = 90%
o(p™ Ti — capture)
o(u~Pb— e Pb)/ <4.6 x 10711 cL = 90%
o(n~ Pb — capture)
o(up~ Au— e Au) / <7x 10713, cL = 90%
o(p~ Au — capture)
limit on muonium — antimuonium <0.0030, CL = 90%
conversion Rg =Gc / GF
M~ = e ve?,)/Total [p] <1.2x1072, CL = 90%
M~ = e 7)/Tiotal <4.2x 10713, CL = 90%
Mp~ — e ete ) /Mol <1.0 x 10712, cL = 90%
Mu™ = e 29)/Tiotal <72x 1071, CL = 90%
T(r~ = e 9)/Tiotal <3.3x1078, CcL = 90%
M~ = 1 7)/Teotal <4.4x1078, CL = 90%
Fr~ = e 70)/Total <8.0 x 1078, CL = 90%
Fr~ = 1= 70)/Fotal <1.1x1077, CL = 90%
Fr= = e KQ)/Total <2.6 x 1078, CL = 90%
M= = 1= KQ)/Miotal <23 x 1078, CL = 90%
M(r~ = e 1)/Tiotal <9.2x 1078, CL = 90%
M~ = 1~ 1)/Total <6.5 x 1078, CL = 90%
T~ = e p9)/Tiotal <1.8x 1078, CL = 90%
M~ = 1 %)/ Tiotal <1.2x 1078, CcL = 90%
Mr~ = e w)/Tiotal <4.8x 1078, CL = 90%
T(r~ = 1~ w)/Tiotal <4.7x 1078, CL = 90%
M(r~ — e~ K*(892)0)/Tyotal <32x 1078, CL = 90%
M(r~ = = K*(892)0)/Total <5.9x1078, CL = 90%
M(r~ — e K*(892)0)/Tyoral <3.4 x 1078, CL = 90%
M(r~ = u= K*(892)0)/Total <7.0x 1078, CL = 90%
F(r~ — e 7(958))/Total <1.6x 1077, CL = 90%
M= = u= 7'(958))/Total <13x1077, CL = 90%
M(r— = e 7(980) = e~ mt7)/Tiotal <32x 1078, CL = 90%
M(r— = pu= (980) = u~ 7t 77 ) /Motal <3.4 %1078, CL = 90%
M = e 6)/Tiotal <3.1x 1078, CL = 90%
T~ = 1~ 6)/Tiotal <8.4x 1078, CL = 90%
Mr~ = e et e )/Tiotal <2.7x 1078, cL = 90%
T~ = et ™) /Miotal <2.7x 1078, CL = 90%

3/22/2021 14:11

CONLAW=LF

PAR=S044;DESIG=5
PAR=S044;DESIG=25
PAR=S044;DESIG=26
PAR=S5126;DESIG=17
PAR=S126;DESIG=18
PAR=S5126;DESIG=9
NODE=S003RET

NODE=S003RMT

NODE=5004245
NODE=S004RE

NODE=S004RG
NODE=S004RH
NODE=S004RA
NODE=S004MC

PAR=S004;DESIG=3
PAR=S004;DESIG=4
PAR=S004;DESIG=5
PAR=S004;DESIG=6
PAR=S035;DESIG=32
PAR=S035;DESIG=31
PAR=S035;DESIG=40
PAR=S035;DESIG=39
PAR=S035;DESIG=42
PAR=S035;DESIG=41
PAR=S035;DESIG=67
PAR=S035;DESIG=114
PAR=S035;DESIG=44
PAR=S035;DESIG=43
PAR=S035;DESIG=305
PAR=S035;DESIG=306
PAR=S035;DESIG=53
PAR=S035;DESIG=54
PAR=S035;DESIG=131
PAR=S035;DESIG=132
PAR=S035;DESIG=292
PAR=S035;DESIG=293
PAR=S035;DESIG=307
PAR=S035;DESIG=308
PAR=S035;DESIG=255
PAR=S035;DESIG=256
PAR=S035;DESIG=38
PAR=S035;DESIG=36
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<1.7 x 1078, CL = 90%
<1.8x 1078, CL = 90%
<1.5x 1078, CL = 90%
<2.1x 1078, CL = 90%
<23 %1078, CL = 90%
<2.1x 1078, CL = 90%
<3.7x 1078, CL = 90%
<3.1x 1078, CL = 90%
<7.1x 1078, CL = 90%
<3.4 x 1078, CL = 90%
<8.6 x 1078, CL = 90%
<45 %1078, CL = 90%
<8.0 x 1078, CL = 90%
<4.4 x 1078, CL = 90%
<6.5x 1070, CL = 90%
<1.4 x 1072, CL = 90%
<3.5x 1072, CL = 90%
<6.0 x 1072, CL = 90%
<2.4 x107°, CL = 90%
<2.2x 1072, CL = 90%
<2.7x 1073, CL = 95%
<5x 1073, CL = 95%

LEPTON FAMILY NUMBER VIOLATION IN NEUTRINOS

Mr— — etp™ £7)/Total
M= = pete™)/MNiotal
=~ = pte” e )/Ttotal
Fr= = o= et ™)/ Tiotal
rr— —» e ot 7 )/Ttotal
M~ = p= 7t 77) Tiotal
Mr= = e 7T K7)/Tiotal
rr— — e 7~ K+)/rtota|
Mr— — e~ K% K%)/rtotal
M~ = e” KT K™)/Tiotal
rr— = p—nt K™)/Ttotal
Frr~ = p~ 7" KT)/Tiotal
re= = 1~ K3KY)/Motal
rr— —» p~ K+ K™)/Total
Fr= = e 70%70)/Mtal
Fr= = p~ 71979)/Miotal
N~ — e nm)/Tiotal
Mt~ = = 11)/Tiotal
M~ = e 799)/Tiotal
MNr= — u— 7r077)/rtotal
M(r— — e~ light boson)/Tyota)
M(r~ — p~ light boson)/Tyopa|

sin2(612)

Am3,

sin2(€23) (Normal order)
Am§2 (Inverted order)
Am§2 (Normal order)
%

sin

013)

(

(

(

(

(

(

(

(

(K+ — u_ue+e+)/rtota|

(K+ - “+Ve)/rtotal

(KT = atute ) /Miotal

(K+ — 7r+,u_ e+)/rtota|
r(Kg = e uF) Miotal

(KQ = eFe® T 1) /Tioral

(KO = 70u®eF)/Moral

(K(Z — m0n0uE eF) /Ty hal

(DT = atet 1 ™) /Miotal

(Dt = 7te  p)/Tiotal

(DF —» KT et 1) /Tiotal

(

(

(

(

(

(

(

r(DFt — Kte puh)/Miotal
r(D0 — uFeF)/Mioral

r(D0 — 70t uF)/Moral
ro% — neiu$)/rtota|
ro - xta— eiu$)/rtota|
r(D0 — p0et 1) /Moral
rof — wei,u:F)/rtota|

[q]

[q]

[o]
[o]
[o]

[o]

0.307 + 0.013
(7.53 + 0.18) x 107 eV2
0.546 + 0.021

(—2.524 £ 0.034) x 10~3 eV2
(2.453 + 0.033) x 103 eVv2
(2.20 + 0.07) x 10~2

<8.0 x 1073, CL = 90%
<1.6 x 1079, CL = 90%
<3.8x 10710, cL = 90%
<3.4x 1079, CL = 90%
<3.6 x 10710, cL = 90%
<6 x 1076, CL = 90%
<47 x 104, CL = 90%
<2x 1076, CcL = 90%
<2.1x 1078, CL = 90%
<4 x 1073, CL = 90%
<13 x 10711 cL = 90%
<52 x 10710, cL = 90%
<47 x10712, CL = 90%
<412 x 10711 cL = 90%
<7.6 x 10711 CL = 90%
<1.7x 10710, cL = 90%
<2.9x107%, cL = 90%
<3.6 x 1076, CL = 90%
<1.2x 1070, CL = 90%
<2.8x 1079, CcL = 90%
<13 x 1078, CL = 90%
<8.0 x 10~7, CL = 90%
<2.25 x 1076, CL = 90%
<1.71 x 1076, CL = 90%
<5.0 x 1077, CL = 90%
<1.71x 1076, CL = 90%
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PAR=S035;DESIG=55
PAR=S035;DESIG=37
PAR=S035;DESIG=56
PAR=S035;DESIG=35
PAR=S035;DESIG=45
PAR=S035;DESIG=47
PAR=S035;DESIG=49
PAR=S035;DESIG=77
PAR=S035;DESIG=288
PAR=S035;DESIG=251
PAR=S035;DESIG=51
PAR=S035;DESIG=78
PAR=S035;DESIG=289
PAR=S035;DESIG=253
PAR=S035;DESIG=224
PAR=S035;DESIG=225
PAR=S035;DESIG=226
PAR=S035;DESIG=227
PAR=S035;DESIG=228
PAR=S035;DESIG=229
PAR=S035;DESIG=102

PAR=S035;DESIG=103
NODE=S067P12

NODE=S5067P12

NODE=S067DM3
NODE=S067SM3
NODE=S067DM1

NODE=5067Q23;— UNCHECKED <;0UR
EVAL

NODE=S067P13
PAR=S008;DESIG=8
PAR=S008;DESIG=9
PAR=S009;DESIG=14
PAR=S009;DESIG=22
PAR=S009;DESIG=8
PAR=S014;DESIG=20
PAR=MO002;DESIG=27
PAR=MO004;DESIG=258
PAR=S010;DESIG=31
PAR=S010;DESIG=34
PAR=S010;DESIG=29
PAR=S010;DESIG=25
PAR=S013;DESIG=8
PAR=S013;DESIG=24
PAR=S013;DESIG=36
PAR=S013;DESIG=53
PAR=S031;DESIG=110
PAR=S031;DESIG=111
PAR=S031;DESIG=115
PAR=S031;DESIG=116
PAR=S032;DESIG=40
PAR=S032;DESIG=234
PAR=S032;DESIG=235
PAR=S032;DESIG=268
PAR=S032;DESIG=236
PAR=S032;DESIG=237
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=

B — Keiqu)/Ftota|

B — K*(892)e )/ Tiotal
B(s) - € “:F)/rtotal

B(s) - @ 7—:F)/rtotal
r(J/¢¥(1S) — e ﬁ)/rtotal
r(J/¢¥(1S) — e ﬁ)/rtota,

r(J/4(1s) — u 1) Miotal

r

-

ro0 —» k= K+e:t,u:F)/Ftota|
r(DO — ¢e* uT)/Miotal
r(D0 — KOe® 1 F)/Tyoral
r(D0 - K= nte® uF)/Moal
r(D% — K*(892)0e* 1iF)/Myoal
MO = 7 et 1)/ Motal
r(D;r - 7t e 1) /Miotal
r(D: = KT et 17)/Tiotal
r(Dj—> K+e 1) /T iotal
F(B+ - )/rtotal
F( - +e K )/rtotal
rst — +ei/ﬁ)/rtota|
F( — ntetr ")/ Ttotal
BT — nte 1) /Tiotal
rBt — =t iﬁ)/rtotal
r( — 7r+ r—)/rtota|
F( - +“ 7——i_)/rtotal
F( - T:F)/rtotal
ret — K+e+ )/ Teotal
BT - Kte  ut)/Motal
r(Bt = KtetuF)/Moal
(Bt — KTet77)/Miotal
r(Bt — KTe  71)/Miotal
rBt = KtetrF)/Moral
r(Bt — KTut77)/Tiotal
(BT — KT u= 1) /Miotal
F( - K+“i7—:‘:)/rtotal
rB+t — K*(892)* et 1) /Miotal
ret — K*(892)+e 1) /Tiotal
ret - K*(892)+ e 1F) Tiotal
(B0 = e uF)/Moa)
(B0 — n0e®uF)/Migpal
r(e% — k0 iﬁ)/rtotal
r(BY — k*(892)%et =) /Ty pal
r(BY — k*(892)%e= ) /Iy opal
r(eo — K*(892)° e* 11F) /Tiotal
re0 — e ﬁ)/rtota,
reo — u +7F) /Tiotal
NB — se “:F)/rtotal
r(B — meT uT)/Miotal
[(B — pet uT)/Miotal
(
(
(
(
(
(
(
r(ras) — u 7':F)/rtotal
M(12S) = e*7F)/Mital
N(12S) = = 7F)/Tiotal
N(1T3S) = e*7F)/Miotal
r(T(3s) — ui#)/rtom

r pe _)/rtotal

(

+
<
I'/\C — pe pu )/rtotal

[o] <1.00 x 107, CL = 90%
[o] <5.1x10~7, CL = 90%
[o] <1.74x 1076 CL = 90%
[o] <1.90 x 1070, CL = 90%
[o] <1.25x 107% CL = 90%
<1.2 x 1072, CL = 90%
<2.0 x 1072, CL = 90%
<1.4 x 1072, CL = 90%
<9.7x 1076, cL = 90%
<6.4 x 1073, CL = 90%
<6.4 x 1073, CL = 90%
<1.7x 1077, CL = 90%
<7.4 x107°, CL = 90%
<2.0 x 1072, CL = 90%
<7.5 x 1072, CL = 90%
<6.2 x 10™°, CL = 90%
<45 x 1072, CL = 90%
<7.2x107°, CL = 90%
<7.0 x 1079, CL = 90%
<6.4 x 1079, CL = 90%
<9.1x 1078, CL = 90%
<43 x 1072, CL = 90%
<15 x 1072, CL = 90%
<3.0 x 1072, CL = 90%
<45 x107°, CL = 90%
<2.8 x 1072, CL = 90%
<4.8x 1072, CL = 90%
<13 x107%, CL = 90%
<9.9 x 10~7, CL = 90%
<1.4x 1075, CL = 90%
[o] <1.0x 1079, CL = 90%
<1.4 x10~7, CL = 90%
<3.8 x 1078, CL = 90%
<1.6 x 1077, CL = 90%
<12 x 1077, CL = 90%
<1.8 x10~7, CL = 90%
[o] <2.8x 1072, CL = 90%
o] <1.4x1072, CL =95%
[o] <2.2x1072, CL =90%
<9.2x 1078, CL = 90%
<3.2x 1075, cL = 90%
<3.8x 1078, CL = 90%
<5.1x10~7, CL = 90%
[o] <5.4% 1079, CL = 90%
<42 x107°, CL = 95%
<16 x 1077, CL = 90%
<8.3x 1076, cL = 90%
<2.0x 1076, CL = 90%
<6.0 x 107%, CL = 95%
<32x1076, CL = 90%
<3.3x107%, cL = 90%
<4.2x1076, cL = 90%
<3.1x 1075, CL = 90%
<9.9x 1076, cL = 90%
<1.9 x 1072, CL = 90%
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PAR=S032;DESIG=270
PAR=S032;DESIG=238
PAR=S032;DESIG=239
PAR=S032;DESIG=269
PAR=S032;DESIG=240
PAR=S034;DESIG=156
PAR=S034;DESIG=157
PAR=S034;DESIG=158
PAR=S034;DESIG=159
PAR=S041;DESIG=86
PAR=S041;DESIG=87
PAR=S041;DESIG=476
PAR=S041;DESIG=586
PAR=S041;DESIG=587
PAR=S041;DESIG=588
PAR=S041;DESIG=589
PAR=S041;DESIG=590
PAR=S041;DESIG=591
PAR=S041;DESIG=89
PAR=S041;DESIG=90
PAR=S041;DESIG=446
PAR=S041;DESIG=592
PAR=S041;DESIG=593
PAR=S041;DESIG=594
PAR=S041;DESIG=595
PAR=S041;DESIG=596
PAR=S041;DESIG=486
PAR=S041;DESIG=447
PAR=S041;DESIG=448
PAR=S041;DESIG=296
PAR=S042;DESIG=8
PAR=S042;DESIG=383
PAR=S042;DESIG=221
PAR=S042;DESIG=334
PAR=S042;DESIG=335
PAR=S042;DESIG=222
PAR=S042;DESIG=121
PAR=S042;DESIG=122
PAR=S049;DESIG=33
PAR=S049;DESIG=243
PAR=S049;DESIG=244
PAR=S049;DESIG=241
PAR=S049;DESIG=242
PAR=S086;DESIG=23
PAR=S086;DESIG=149
PAR=MO070;DESIG=177
PAR=MO070;DESIG=178
PAR=MO070;DESIG=179
PAR=MO049;DESIG=116
PAR=M052;DESIG=107
PAR=M052;DESIG=104
PAR=M048;DESIG=111
PAR=M048;DESIG=105
PAR=S033;DESIG=109
PAR=S033;DESIG=110
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TOTAL LEPTON NUMBER CONLAW=L

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

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

PAR=S044;DESIG=71
PAR=S044;DESIG=72

NODE=5004250
NODE=S004RP1

NZ — pe)/Tiotal
NZ — pu)/Tiotal
limit on p= — et conversion
o(p= 325 o et 325i%)
o(u~ 32g V,LL32P*)
U(:U'_ 127| N e-‘r 127Sb*)/
o(p™ 127 anything)
o(p~ Ti— et Ca)/

<9x 1010 cL = 90%
<3x 10710 CL = 90% NODE=S004RP2

<3.6 x 1011, CL = 90% NODE=S004RP4

o(p~ Ti — capture)

<2.0 x 1078, CL = 90%

Frr~ = et n™ 77)/TNiotal PAR=S5035;DESIG=46

M~ = w77 77) /Teotal <3.9x 1078, CL = 90% PAR=5035;DESIG=48

M~ = et 7™ K7)/Tiotal <32 x 1078, CL = 90% PAR=S035;DESIG=50

M~ = et K™ K™)/Tiotal <33x 1078, CL = 90% PAR=S035;DESIG=252
M~ = uT 7 K7)/Teotal <4.8x1078, CL = 90% PAR=S035;DESIG=52

M~ = uT K™ K7)/Total <4.7x1078, CL = 90% PAR=S035;DESIG=254
M~ = P~ 17 )/Tiotal <4.0x1078, CL = 90% PAR=S035;DESIG=334
T~ = But 1)/ Teotal <1.8x 1078, CL = 90% PAR=5035;DESIG=335
T~ = 7)/Tiotal <35x 1076, CL = 90% PAR=S035;DESIG=104
rr= — % 0)/rtotal <15x 1075, CL = 90% PAR=5035;DESIG=105
rr= — p27r )/Ttotal <33x1075, CL = 90% PAR=5035;DESIG=268
M~ = P0)/Tiotal <8.9x 1076, CL = 90% PAR=S035;DESIG=106
r(r~ = p70n)/Tiotal <27 %1075, CL = 90% PAR=S035;DESIG=269
rr= — w—)/rtota| <7.2x1078, CL = 90% PAR=S035;DESIG=297

—

_)/rtotal

<1.4 x 1077, CL = 90%

PAR=S035;DESIG=298

>9.0 x 1025 yr, CL = 90%
>10.7 x 1025 yr, CL = 90%
>1.5 x 1025 yr, CL = 90%

(76Ge — 76Se + 2 e~ )

r(r—
NODE=50760N1;— UNCHECKED «:OUR
h EVAL
ti,(130xe — 130Ba 4 27 )
f,

NODE=S0760N2;— UNCHECKED <-;OUR
EVAL

(130Te — 130xe 4 267 ) NODE=S0760N3;— UNCHECKED «;OUR

Frt = 1t 2.)/Miotal [q] <1.5x 1073, CL = 90% PAR=5008;DESIG=7
MKt = 7 ptet) /Mol <5.0 x 10710, cL = 90% PAR=S010;DESIG=45
r(kt - o et e+)/rtotal <2.2x 10710, cL = 90% PAR=5010;DESIG=19
MKkt — n~ u 1) /Teotal <42 x 10711, cL = 90% PAR=5010;DESIG=46
Mkt = uto0)/Meotal l[q] <3.3x1073, CL = 90% PAR=5010;DESIG=35
MKt — 7r0 et 70)/Tiotal <3x 1073, CL = 90% PAR=S010;DESIG=36
r(0t — 77 2et)/Migpal <1.1x107%, cL = 90% PAR=S031;DESIG=117
r(0t — 77 2uF) /Mol <2.2x 1078, cL = 90% PAR=S031;DESIG=118
(DT — 7= et ut)/Migtal <2.0 x 1079, CL = 90% PAR=S031;DESIG=119
r(0t — p=2uH)/Miotal <5.6 x 1074, CL = 90% PAR=S031;DESIG=199
M0t — K™ 2eT)/Migal <9 %1077, CL = 90% PAR=5031;DESIG=120
F(DF — K™ 2uH)/Tiotal <1.0 x 1072, CL = 90% PAR=5031;DESIG=121
r(ot — K= et u)/Miotal <1.9x 1076, cL = 90% PAR=S031;DESIG=122
r(Dt — K*(892)~ 2uT)/TMiotal <8.5x 104, CL = 90% PAR=5031;DESIG=200
r(Dt — Aet)/Miotal <1.1x1075, cL = 90% PAR=S031;DESIG=318
r(0t — Aet)/Miotal <6.5x 1077, CL = 90% PAR=S031;DESIG=319
r(0t —» 59et)/Miotal <1.7x107%, cL = 90% PAR=5031;DESIG=320
r(Dt — =0et)/Miotal <13x 1075, CL = 90% PAR=5031;DESIG=321
r(D0 — 27~ 2eT)/Tyoral <9.1x 1077, CL = 90% PAR=5032;DESIG=253
r(D0 — 27~ 2uT)/Miotal <1.52x 1079, CL = 90% PAR=5032;DESIG=254
r(0% — K~ 7~ 2et)/Moral <5.0 x 1077, CL = 90% PAR=5032;DESIG=255
r(D% — K= 7~ 2uT)/Meopal <5.3x 1077, CL = 90% PAR=5032;DESIG=256
r(D0 — 2K~ 2et)/Myoial <3.4 %1077, CL = 90% PAR=5032;DESIG=257
r(0% — 2K~ 2u)/Tyoral <1.0x 1077, CL = 90% PAR=5032;DESIG=258
r(0% = 7= 7~ et ut)/Tiotal <3.06 x 1075, CL = 90% PAR=5032;DESIG=259
r(D0 — K7~ et ut)/Motal <2.10 x 1079, CL = 90% PAR=5032; DESIG=260



O O T O U ©

O
+ojetuleieteled

[vs)
Sttt ettt A A A A

=

> > >
A oo fa

>

Kte™)
A= KT p7)/Tiotal
K—e™T)

2K~ et ) /Tiotal
Pe”)/Tiotal
Pe)/Miotal

7 2eT) /Mioal

™ 2l“—l—)/rtotal

7 et ut)/Tiotal

Kk~ 2"3'—1—)/rtotal

K™ 2u7)/Teotal

K™ et 1) /Miotal
K*(892) ™ 247) /T otal
et el)/Miotal

m ot ”+)/rtotal

n et “+)/rtotal

pet e+)/rtotal

P ) Teotal

P~ et 1) /Miotal

K~ et et)/Miotal

K™ uh ”+)/rtota|

K™ et 1) /Total
K*(892) " et eT)/Total
K*(892) ™ u 1) /Tiotal
K*(892) ™ et i) /Tiotal
D~ et el)/Migal

D™ et ut)/Tiotal

D~ pt “+)/rtota|
D*~pt ”+)/rtota|

by pt “+)/rtotal
DOr—pt 1) Teotal

A0 pt )/Ttotal
A0 e™)/Teotal
A0 pt )/Ttotal
/Ttotal
A—Ci— 1)/ Tiotal
Aj e )/Ttotal

70 et)

A= 1t e™)/Tiotal
A= 7t 1)/ Tiotal
A= 77 eT)/Tiotal
A= ™ “+)/rtotal

/ Mtotal

/ Mtotal

A— KT “+)/rtotal
A K%u)/rtota|

= pe” e )/Tiotal
pe= 17 )/ Tiotal
52":'—i_)/rtotal
52”—l—)/rtotal
pet “+)/rtotal
=t “+)/rtota|

VLl

<5.8x 10~7, CL = 90%
<1.0 x 10™°, CL = 90%
<1.1x 1072, CL = 90%
<4.1x107%, cL = 90%
<12 x10™7, CL = 90%
<8.4x 1070, CcL = 90%
<5.2x 1079, CL = 90%
<1.3x 1072, CL = 90%
<6.1x 1076, CL = 90%
<1.4 x 1073, CL = 90%
<23 %1078, CL = 90%
<4.0 x 1079, CL = 95%
<1.5x10~7, CL = 90%
<1.7 x10~7, CL = 90%
<42 %1077, CL = 90%
<4.7x10~7, CL = 90%
<3.0x 1078, CL = 90%
<4.1x 1078, CL = 90%
<1.6 x 10~7, CL = 90%
<4.0 x 10~7, CL = 90%
<5.9 x 10~7, CL = 90%
<3.0x 10~7, CL = 90%
<2.6 x 1070, CL = 90%
<1.8x 1076, CcL = 90%
<6.9 x 1077, CL = 95%
<2.4 %1076, CL = 95%
<5.8 x 10~7, CL = 95%
<15 x 1079, CL = 95%
<6 x 1078, CL = 90%

<3.2x 1078, CL = 90%
<6 x 1078, CL = 90%

<8 x 1078, CL = 90%

<1.4 x 1075, CcL = 90%
<4 x 1076, CL = 90%

<6x 107, CL = 90%

<6x 1077, CL = 90%

<4x10~7, CL = 90%

<6 x 10~7, CL = 90%

<2x 1076, CL = 90%

<3 %1076, CL = 90%

<2x 1076, CcL = 90%

<3 %1070, CL = 90%

<2x 1075, CL = 90%

<6.7 x 1072, CL = 90%
<4 %1078, CL = 90%

<27 %1070, CL = 90%
<9.4x 1076, CL = 90%
<1.6 x 10~°, CL = 90%
<7.0 x 1074, CL = 90%
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PAR=5032;DESIG=261
PAR=5032;DESIG=387
PAR=5032;DESIG=388
PAR=5034;DESIG=97
PAR=5034;DESIG=76
PAR=5034;DESIG=98
PAR=5034;DESIG=99
PAR=S034;DESIG=77
PAR=5034;DESIG=100
PAR=5034;DESIG=78
PAR=S041;DESIG=91
PAR=S041;DESIG=93
PAR=S041;DESIG=92
PAR=S041;DESIG=291
PAR=S041;DESIG=295
PAR=S041;DESIG=294
PAR=5041;DESIG=94
PAR=5041;DESIG=96
PAR=5041;DESIG=95
PAR=S041;DESIG=290
PAR=S041;DESIG=292
PAR=S041;DESIG=293
PAR=S041;DESIG=572
PAR=S041;DESIG=573
PAR=5041;DESIG=574
PAR=5041;DESIG=604
PAR=5041;DESIG=605
PAR=5041;DESIG=606
PAR=S041;DESIG=567
PAR=S041;DESIG=568
PAR=5041;DESIG=569
PAR=S041;DESIG=570
PAR=5042;DESIG=491
PAR=5042;DESIG=492
PAR=S018;DESIG=7
PAR=S018;DESIG=8
PAR=5018;DESIG=9
PAR=5018;DESIG=10
PAR=S018;DESIG=11
PAR=S018;DESIG=12
PAR=S018;DESIG=13
PAR=S018;DESIG=14
PAR=5018;DESIG=15
PAR=5020;DESIG=192
PAR=5022;DESIG=14
PAR=5033;DESIG=111
PAR=S033;DESIG=112
PAR=S033;DESIG=113
PAR=5033;DESIG=61

Page 20
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BARYON NUMBER CONLAW=B

N(Z = pe)/Tiotal <1.8x 1076, CL = 95% PAR=5044;DESIG=71

N(Z = pu)/Tiotal <1.8x 1076, CL = 95% PAR=5044;DESIG=72

T~ = pu™ 1) /Tiotal <4.0 x 1078, CL = 90% PAR=5035;DESIG=334

T~ = Pt u)/Miotal <1.8x 1078, CL = 90% PAR=5035;DESIG=335

T~ = P7)/Tiotal <35x1076, CL = 90% PAR=5035;DESIG=104

T~ = pm0)/Total <1.5x 1072, CL = 90% PAR=5035;DESIG=105

F(r— = p210)/Miotal <3.3x1073, CL = 90% PAR=5035;DESIG=268

Tt~ = P1)/Ttotal <8.9x 1076, CL = 90% PAR=5035;DESIG=106

r(r= = p70n)/Tiotal <27 %1073, CL = 90% PAR=5035;DESIG=269

F(r~ = A7) /Tiotal <7.2x 1078, CL = 90% PAR=5035;DESIG=297

F(r~ = A7) /Tiotal <1.4x 1077, CL = 90% PAR=S035;DESIG=298

r(Dt = Ae)/Miotal <1.1x107%, cL = 90% PAR=S031;DESIG=318

r(Dt — ZAet)/Miotal <6.5x 1077, CL = 90% PAR=S031;DESIG=319

r(Dt - 50et)/Miotal <1.7x 1075, cL = 90% PAR=5031;DESIG=320

r(ot — TO0et)/riop <1.3x1076, cL = 90% PAR=S031;DESIG=321

r(D% = pe™)/Miotal [r] <1.0x107°, CL = 90% PAR=5032;DESIG=387

r(DO — peT)/Tiotal [s] <1.1x107°, CL =90% PAR=5032;DESIG=388

rBt — A%ut)/Miotal <6 x 1078, CL = 90% PAR=5041;DESIG=567

r(Bt — A%et)/Mal <32x 1078, CL = 90% PAR=5041;DESIG=568

r(B+ — 7204t /Motal <6 x 1078, CL = 90% PAR=5041; DESIG=569

r(B+t — Aet)/Motal <8x 1078, CL = 90% PAR=5041;DESIG=570

rg0 — 2t u )/ Ttotal <1.4x1075, cL = 90% PAR=5042;DESIG=491

r(BY » AT e )/Miotal <4x 1070, CL = 90% PAR=5042; DESIG=492

p mean Ilfe [t] >3.6 x 1029 years, CL = 90% NODE=S016T

A few examples of proton or bound neutron decay follow. For limits on many other nucleon PAR=S016:DESIG=6

decay channels, see the Baryon Summary Table.

(N = et n) > 5300 (n), > 16000 (p) x 1030 PAR=5016:DESIG=6;— UNCHECKED «;
years, CL = 90% OUR LIM

(N = ptm) > 3500 (n), > 7700 (p) x 1030 PAR=5016;DESIG=7;— UNCHECKED «;
years, CL = 90% OUR LIM

(N = eTK) > 17 (n), > 1000 (p) x 1030 years, PAR=S016:DESIG=8;— UNCHECKED «;
CL = 90% OUR LIM

(N > ptK) > 26 (n), > 1600 (p) x 1030 years, PAR=S016,DESIG=9;— UNCHECKED ¢
CL = 90% OUR LIM

limit on n7 oscillations (free n) >0.86 x 108 s, CL = 90% NODE=S017NA2;— UNCHECKED <«+;0OUR
limit on n7 oscillations (bound n) [u] >2.7 x 108 s, CL = 90% N M:SOl?NAl;—> UNCHECKED <«;0UR
T e7)/Tiotal <6 x 1077, CL = 90% AR=5018;DESIG=7

FA = 7717 /Teotal <6x 1077, CL = 90% PAR=5018;DESIG=8
FA = 717 eT)/Total <4 %1077, CL = 90% PAR=5018;DESIG=9
FA = 7 wh)/Tiotal <6x 1077, CL = 90% PAR=5018;DESIG=10
FA = Kte™)/Miotal <2x1076, cL = 90% PAR=5018;DESIG=11
FA = KT ™) /Teotal <3x1076, cL = 90% PAR=S018;DESIG=12
FA = K™ et)/Miotal <2x 1076, cL = 90% PAR=5018;DESIG=13

<3x 1070, CL = 90%
<2x1072, CL = 90%

PAR=S018;DESIG=14
PAR=S018;DESIG=15

A= K™ “+)/rtotal
0
A= KQv)/Tioral

FA = )/ Tiotal <9x 1077, CL = 90% PAR=S018;DESIG=16

FAL = B2eT)/Miptal <2.7x 1075, CL = 90% PAR=5033;DESIG=111
FAT = B2ut)/Tiotal <9.4x1076, CL = 90% PAR=S033;DESIG=112
rAr = Bet i) /Miotal <1.6 x 1072, CL = 90% PAR=S033;DESIG=113



ELECTRIC CHARGE (Q)

3/22/2021 14:11

CONLAW=Q
~ charge (mixed) <1x10740 ¢ NODE=S000Q
~ charge (single) <1x10735 ¢ NODE=S000QM;— UNCHECKED <«;0OUR
e = Vg7 and astrophysical limits [v] >6.6 x 1028 yr, CL = 90% N&B\é:SOO3T
v charge <4 x10735% ¢ CL = 95% NODE=S066CHR
|ap + qe| /e [x] <1x10-21 NODE=5016DQ
n charge (—02+08)x10721 ¢ NODE=S017Q

F(n = pre?e)/Tiotal <8x 10727, CL = 68% PAR=S017;DESIG=2

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

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

MKT = 777t e™7,)/Tiotal
F(K+ — 7r+7r+u_ﬁu)/rtota|

PAR=S010;DESIG=8
PAR=S010;DESIG=10

Re(x.), Kg3 parameter (—=0.9 + 3.0) x 10-3 NODE=S011XRP
x=AKO — 771+ v)/AKO —» 77 v) = A(AS=—AQ)/A(AS=AQ) NODE=5013250
real part of x —0.002 + 0.006 NODE=S013REX
imaginary part of x 0.0012 £ 0.0021 NODE=S013IMX
r(=t — neto)/I(E= = nt~ 1)) <0.043 NODE=S019R7;— UNCHECKED +«;OUR

-

>t & net ve)/Tiotal

-

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

PAR=S019;DESIG=7;— UNCHECKED +«;

PAR=S019;DESIG=6;— UNCHECKED <;
OUR LIM

PAR=S023;DESIG=5

PAR=S023;DESIG=7

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

M=% = = et ve)/Miotal

(

(

(=t — nu+uu)/rtota|
(

r=o —» =71ty Meotal

AS = 2 FORBIDDEN CONLAW=S2

Allowed in second-order weak interactions.

M= = pr7)/Tiotal <8x 1070, CL = 90% PAR=5023;DESIG=2
NE0 = pe™7.)/Tiotal <1.3x1073 PAR=5023;DESIG=3
M=% = pu™7,)/Tiotal <1.3x 1073 PAR=5023;DESIG=8
M= = n77)/Tiotal <1.9x 1075, CL = 90% PAR=5022;DESIG=3
M=~ — ne” 7.)/Tiotal <32x1073, CL = 90% PAR=5022;DESIG=7
M=~ = 00 7,)/Tiotal <15x 1072, CL = 90% PAR=5022;DESIG=8
M= — pr 7 )/Total <4 x1074, CL = 90% PAR=5022;DESIG=10
M=~ — pr e Tg)/Tiotal <4x107%, CL = 90% PAR=5022;DESIG=11
[(E" = pr™ 1 7,)/Miotal <4x107%, CL = 90% PAR=5022;DESIG=12
M2~ = A7) /Tiotal <2.9x 1076, cL = 90% PAR=5024;DESIG=4
AS = 2 VIA MIXING CONLAW=S2M
Allowed in second-order weak interactions, e.g. mixing.
Mo = Mko (0.5293 1i3c;.ooog) x1010 s—1 (s NODE=5013D

(3.484 + 0.006) x 10~12 MeV NODE=S013D1;0UR EVAL

mK? — mKO



AC = 2 VIA MIXING

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

m - m =zl
‘ D? Dg|

(rDO - rDO)/r =2y
1 2

(0.957341) x 1010 i s—1

(1297 3-13) x 102

AB = 2 VIA MIXING

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

Xd

Xd:AmBo/rBO

Am 0= MKy — My
Bs BSH BsL

XS = AmBO/FBO
S S

Xs

0.1858 + 0.0011
(0.5065 =+ 0.0019) x 1012 s~ 1

0.769 =+ 0.004
(17.749 = 0.020) x 1012 f s—1

26.89 + 0.07

0.499312 £ 0.000004

AS =1 WEAK NEUTRAL CURRENT FORBIDDEN

Allowed by higher-order electroweak interactions.

rK et e™)/Miotal
r(K 7 ) Tiotal
rK Tv7)/Tiotal
r(K 7t 70uw) /Ty otal
r(K u 2 )/ Teotal
r(K )/rtotal

_|
X

”0 ete e )/Tiotal

_|
X

_|
BN

pt 1)/ Ttotal
et e )/Tiotal

_|
BN

r(K 7070et e™) /Motal
MK 07"0“+ )/ Ttotal
MK ptu= et e™)/Miotal
MK ete et e_)/rtotal
r(K 70t 1) Miotal
r(K et e™)/Tiotal
r(K 70UD) /Tiotal

r(K 70700D) /T otal

L o g
™M X
4+ 4+ OO ONONOMNOROMRORO~ONO O NOVONO {4 4 +

¢¢¢¢iiiiiiiiiiiiiiiii

pe+ e )/Tiotal
Pt 17)/Tiotal

—
M

700t 1) Teotal

mtrTete e )/Ttotal

v]

(3.00 £ 0.09) x 10~7
(9.4 £ 0.6) x 1078 (S = 2.6)
(8T8 x 1011

<43 %1072, CL = 90%
<2.1x 10710, cL = 90%
<9 %1079, CL = 90%
(3.0713) x 1079

2 9+1 3) x 109
(6.84 + 0.11) x 102
(9+6) x 10712

(3.11 £ 0.19) x 10~/
<6.6 x 1079, CL = 90%
<9.2 x 10711, cL = 90%
(2.69 + 0.27) x 102
(3.56 + 0.21) x 10~8
<3.8x 10710, cL = 90%
<2.8x 10710 cL = 90%
<3.0x 1079, CL = 90%
<8.1x10~7, CL = 90%
<7x1076

24117y 108
113
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CONLAW=C2M

NODE=5032D;— UNCHECKED <;0OUR
EVAL

NODE=S032DT;— UNCHECKED <«;OUR
EVAL

CONLAW=B2M

NODE=S042CHD;— UNCHECKED «;0OUR
NODE=S042D;— UNCHECKED <«;OUR
EVAL

NCI)EI\D/ETSO42DG;—> UNCHECKED <«+;0UR
NODE=S086D;— UNCHECKED <+;OUR
EVAL

NODE=S086DG;— UNCHECKED <«;0OUR
EVAL

NODE=S086CHS;— UNCHECKED <—;OUR
EVAL

CONLAW=S1

PAR=S010;DESIG=15
PAR=S010;DESIG=16
PAR=S010;DESIG=20
PAR=S010;DESIG=50
PAR=S012;DESIG=3

PAR=S012;DESIG=4

PAR=S012;DESIG=10
PAR=S012;DESIG=15
PAR=S013;DESIG=6

PAR=S013;DESIG=7

PAR=S013;DESIG=17
PAR=S013;DESIG=48
PAR=S013;DESIG=54
PAR=S013;DESIG=21
PAR=S013;DESIG=22
PAR=S013;DESIG=16
PAR=S013;DESIG=20
PAR=S013;DESIG=43
PAR=S013;DESIG=52
PAR=S019;DESIG=8

PAR=S019;DESIG=9
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AC =1 WEAK NEUTRAL CURRENT FORBIDDEN

Allowed by higher-order electroweak interactions.

DT — it 17)/Tiotal
DT — ot 7)) /Teotal

17)/Ttotal

et e”)/Tiotal

pt #7)/Tiotal

met e~ )/Ttotal

w01 17) Teotal

net e )/Tiotal

it 1) /Tiotal

ata—ete™ )/Total

pO et e )/Total

atr Tt #7)/Tiotal

POt 1) Tiotal

wete™ )/Ttotal

wp 1 7) Tiotal

K=Kt eTe™)/Tiotal
pet e”)/Total

K™ Ktut #7)/Tiotal
¢H+ “_)/rtotal

K- atput #7)/Tiotal

n =m0t )/Ttotal
Ktet €7 )/Tiotal
Kt )/Ttotal
K*(892)+ N+ 1)/ Tiotal
pet e”)/Total

put pu~ non-resonant) /T4

<1.1x 1076, cL = 90%
<7.3x 1078, CL = 90%
<5.6 x 1074, CL = 90%
<85 x10™7, CL = 90%
<7.9x 1078, CL = 90%
<6.2 x 1079, CL = 90%
<4 %1076, cL = 90%
<1.8 x 1074, CL = 90%
<3 %1076, CL = 90%
<5.3 x 1074, CL = 90%
<7 %1070, CL = 90%
<1.0 x 104, CL = 90%
(9.6 £ 1.2) x 10~/
<2.2x 1072, CL = 90%
<6 x 1070, CL = 90%
<8.3 x 1074, CL = 90%
<1.1x 1072, CL = 90%
<5.2 x 1072, CL = 90%
(1.54 + 0.32) x 10~/
<3.1x 1072, CL = 90%
<3.59 x 10~4, CL = 90%
<8.1x 10~4, CL = 90%
<3.7x 1076, cL = 90%
<2.1x 1072, CL = 90%
<1.4x 1073, CL = 90%
<5.5x 1076, cL = 90%
<7.7x 1078, CL = 90%

AB =1 WEAK NEUTRAL CURRENT FORBIDDEN

Allowed by higher-order electroweak interactions.

LN AN A V] o

et e™)/Miotal

T H+ 1)/ Tiotal

7T UD) Tiotal

KT 0T 07) /T iotal

KT et e™)/Tiotal

Kt 17) Teotal

K+ uT ™ nonresonant)/Tygia)
KT 75 77) Total
K+7V)/rtota|

pTvm)/ Mtotal

K*(892) T4 07) /Tiotal
K*(892)T et e™)/Tiotal
K*(892) T 1) /Total
K*(892)1 vD)/Tigpal
Ktntr— ,U«+ £ )/ Tiotal
dKT T 17) Tiotal

Y0/ Total

et e™)/Total

et €™ 7)/Ttotal

[aa]

[aa]

<4.9x 1078, CL = 90%

<8.0 x 1078, CL = 90%

(1.75 £ 0.22) x 10~8

<1.4x 1072, CL = 90%

(4.7 £05) x 1077 (S = 2.3)
(5.6 + 0.6) x 107

(4.52 £ 0.35) x 10~ 7 (S = 1.8)
(4.37 £ 0.27) x 10~

<2.25 x 1073, CL = 90%

<1.6 x 1072, CL = 90%
<3.0x 1072, CL = 90%

(1.01 £ 0.11) x 1070 (S = 1.1)

(1.557039) x 106

(9.6 +1.0) x 10~ 7
<4.0 x 1072, CL = 90%
(4.3 +£0.4)x 107
(7.9F21)x10-8
<32 x 1077, CL = 90%
<25 x 1079, CL = 90%
<1.2x 1077, CL = 90%
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CONLAW=C1

PAR=S031;DESIG=41
PAR=S031;DESIG=42
PAR=S031;DESIG=198
PAR=S032;DESIG=45
PAR=S032;DESIG=39
PAR=S032;DESIG=28
PAR=S032;DESIG=225
PAR=S032;DESIG=216
PAR=S032;DESIG=226
PAR=S032;DESIG=227
PAR=S032;DESIG=262
PAR=S032;DESIG=52
PAR=S032;DESIG=263
PAR=S032;DESIG=53
PAR=S032;DESIG=228
PAR=S032;DESIG=229
PAR=S032;DESIG=266
PAR=S032;DESIG=230
PAR=S032;DESIG=267
PAR=S032;DESIG=231
PAR=S032;DESIG=265
PAR=S032;DESIG=218
PAR=S034;DESIG=94
PAR=S034;DESIG=74
PAR=S034;DESIG=75
PAR=S033;DESIG=108
PAR=S033;DESIG=60

CONLAW=B1

PAR=S041;DESIG=475
PAR=S041;DESIG=85
PAR=S041;DESIG=88
PAR=S041;DESIG=404
PAR=S041;DESIG=345
PAR=S041;DESIG=11
PAR=S041;DESIG=10
PAR=S041;DESIG=704
PAR=S041;DESIG=690
PAR=S041;DESIG=273
PAR=S041;DESIG=489
PAR=S041;DESIG=346
PAR=S041;DESIG=161
PAR=S041;DESIG=162
PAR=S041;DESIG=490
PAR=S041;DESIG=632
PAR=S041;DESIG=633
PAR=S042;DESIG=141
PAR=S042;DESIG=6
PAR=S042;DESIG=404

Page 24
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r(B% = wtu™)/Tiotal (571l x 10711 (s = 1.8) PAR=S042;DESIG=7
rB0 — utpu~ 7)/rtotaI <16 x 1077, CL = 90% PAR=5042;DESIG=405
r(BY = wt =t ™) /Miotal <6.9 x 10710, cL = 95% PAR=5042;DESIG=521
re% - sp, s utu, P— [bb] <6.0 x 10~10 CL = 95% PAR=S5042;DESIG=522
tum)/r
IS total

+T_)/rtotal
”0é+€_)/rtotal
nOet e”)/Tiotal

70t 17 /Meotal
net e )/Ttotal
net e )/Total
nu 17 Teotal
WOVE)/rtotal
KO£+Z_)/rtotal
KOet e )/Tiotal
K0”+ 17)/Tiotal
KO”D)/rtotal
pon)/rtotal

K*(892)0 0% 07) /Ty otal
K*(892)0 et e™)/Miotal
K*(892)0 u+ 1)/ Teotal

Lk “ 1)/ Teotal
K*(892) v7)/Tiotal

invisible) /T 5141

iiiiiiiiiiiiiiiiiiiii

<2.1x 1073, CL = 95%
<5.3x 1078, CL = 90%
<8.4 x 1078, CL = 90%
<6.9 x 1078, CL = 90%
<6.4 x 1078, CL = 90%
<1.08 x 10~ 7, CL = 90%
<1.12x 107, CL = 90%
<9 x 1076, CL = 90%
(3.3 4+ 0.6) x 107

(2573 8) x 1077 (5 = 1.3)

(3.38 £ 0.35) x 10~ 7 (S = 1.1)

<2.6 x 10™°, CL = 90%
<4.0 x 1072, CL = 90%
(9.9F12) x 107

(1. 03+8 19) x 1076
(9.4 £0.5) x 107

(2.1 £ 0.5) x 1078
<1.8x 1072, CL = 90%
<2.4 x107%, CL = 90%

PAR=S042;DESIG=336
PAR=S042;DESIG=382
PAR=S042;DESIG=380
PAR=S042;DESIG=381
PAR=S042;DESIG=518
PAR=S042;DESIG=519
PAR=S042;DESIG=520
PAR=S042;DESIG=406
PAR=S042;DESIG=275
PAR=S042;DESIG=18

PAR=S042;DESIG=17

PAR=S042;DESIG=407
PAR=S042;DESIG=408
PAR=S042;DESIG=276
PAR=S042;DESIG=82

PAR=S042;DESIG=71

PAR=S042;DESIG=550
PAR=S042;DESIG=152
PAR=S042;DESIG=284

v57)/Teotal <1.6 x 1072, CL = 90% PAR=S5042;DESIG=285
) /Tiotal <1.27 x 1074, CL = 90% PAR=5042;DESIG=409
B — sete)/Tital (6.7 £1.7) x 1070 (5 = 2.0) PAR=S049;DESIG=103
B = sutp™)/Motal (4.3 +1.0)x 1076 PAR=S049;DESIG=104
B = stT07)/Moal (5.8 +1.3) x 1070 (S = 1.8) PAR=5049;DESIG=59
B — w07 Miotal <5.9 x 1078, CL = 90% PAR=5049;DESIG=266
B — met e )/Miotal <1.10 x 1077, CL = 90% PAR=5049;DESIG=283
B — wutu™)/Miotal <5.0 x 10~8, CL = 90% PAR=S049;DESIG=284
B — KeTe )/ Tiotal (4.4 +0.6) x 10~/ PAR=5049;DESIG=234
B - K*(892)ete™)/Motal (1.19 + 0.20) x 1076 (5 = 1.2) PAR=5049;DESIG=235
B — Kutpu™)/Tiotal (4.4 +0.4) x 10~/ PAR=S5049;DESIG=236
B — K*(892)uT 1u7)/Tiotal (1.06 + 0.09) x 10~ PAR=5049;DESIG=237
B = KIT67)/Miotal (4.8 £0.4) x 1077 PAR=5049;DESIG=238
B — K*(892)¢107)/Moal (1.05 + 0.10) x 10~ PAR=5049;DESIG=239
B = KuvD)/Tiotal <1.6 x 1072, CL = 90% PAR=5049;DESIG=275
B = K*uD)/Tiotal <2.7x 1072, CL = 90% PAR=5049;DESIG=269
B = 7uv)/Tiotal <8x 1076, cL = 90% PAR=5049;DESIG=287
B = pvD)/Tiotal <2.8 %1072, CL = 90% PAR=5049;DESIG=288
b — 570)/Tiotal <6.4 x 1074, CL = 90% PAR=S051;DESIG=65
b— ptpu~ anything)/Tiotal <32 x 1074, CL = 90% PAR=S051;DESIG=104
r(B2 = ¥9)/Tiotal <3.1x 1075, cL = 90% PAR=5086;DESIG=11
re? - dw)/rtom (3.4 +£0.4) x 107 PAR=5086;DESIG=18
rBY = ut i)/ Miotal (2.9 £ 0.4) x 1079 PAR=5086;DESIG=15
r(BY - ete™)/Motal <9.4 x 1079, CL = 90% PAR=5086;DESIG=20
rgd - =+ T—)/rtotaI <6.8x 1073, CL = 95% PAR=5086;DESIG=130
r(BY — =t 1)/ Tiotal <25x 1079, CL = 95% PAR=5086;DESIG=59
rg%— sp, S— ptu=, P [bb] <2.2x1079, CL = 95% PAR=5086;DESIG=64
w17) Tiotal
r(BY — $(1020) T 117)/Tiotal (8.2 +1.2)x 107 PAR=5086;DESIG=31
r(BY — K*(892)° ut 117)/Tiotal (2.9 £1.1) x 1078 PAR=S5086;DESIG=137
rBY - = uh 1) /Miotal (8.4 £1.7)x 1078 PAR=5086;DESIG=117
r(BY = 6v7)/Tiotal <5.4x 1073, CL = 90% PAR=5086;DESIG=19



(
(
r(
(

Mt — Zq(q=u,c))/Tiotal

Mt = Hu)/Tiotal

t = Hc)/Tiotal

Mt — ¢1gq (g=d.s.b; d'=0,0))/Tiotal

AT =1 WEAK NEUTRAL CURRENT FORBIDDEN

Allowed by higher-order electroweak interactions.

[cc] <5x 104 CL = 95%
<1.2x 1073, CL = 95%
<1.1x 1073, CL = 95%
<1.6 x 1073, CL = 95%

NOTES

[a] Forbidden by angular momentum conservation.

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

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

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

[f] Allowed by higher-order electroweak interactions.

[g] 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.

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

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

[/] This mode includes gammas from inner bremsstrahlung but not the direct
emission mode K¢ — 7+ 7~ ~(DE).

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

[/] Derived from measured values of ¢ _, ¢qo, |77} |mKE — ng , and

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

[n] The |[mp—mp|/mp, and |g, + qp|/e are not independent, and both use
the more precise measurement of |q5/m5|/(qp/m,).

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

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

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

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

[s] This limit is for either DO or D° to pet.

[t] The first limit is for p — anything or " disappearance” modes of a bound
proton. The second entry, a rough range of limits, assumes the dominant
decay modes are among those investigated. For antiprotons the best
limit, inferred from the observation of cosmic ray p's is 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
T5/B(P = e ) >7x10° yr.

[u] There is some controversy about whether nuclear physics and model
dependence complicate the analysis for bound neutrons (from which the

best limit comes). The first limit here is from reactor experiments with
free neutrons.

[v] This is the best limit for the mode e~ — v+y. The best limit for Nuclear
de-excitation experiments is 6.4 x 1024 yr.

[x] The limit is from neutrality-of-matter experiments; it assumes g, = q, +
ge- See also the charge of the neutron.
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[y] See the Kg Particle Listings for the energy limits used in this measure-
ment.

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

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

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

[cc] This limit is for I'(t — Zq)/T(t — Wb).
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