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BOTTOM MESONS
(B= +1)

Bt = ub, B = db, B = db, B~ =Tub, similarly for B*'s

B-particle organization

Many measurements of B decays involve admixtures of B hadrons. Pre-
viously we arbitrarily included such admixtures in the B¥ section, but be-
cause of their importance we have created two new sections: “B+ /B9
Admixture” for T(4S) results and “Bi/BO/Bg/b—baryon Admixture” for
results at higher energies. Most inclusive decay branching fractions and
Xp at high energy are found in the Admixture sections. B%-B9 mixing
data are found in the B9 section, while B%-B? mixing data and B-B mix-
ing data for a BO/B(S) admixture are found in the B(S) section. CP-violation
data are found in the Bi, BY and BE BO Admixture sections. b-baryons
are found near the end of the Baryon section.

The organization of the B sections is now as follows, where bullets indi-
cate particle sections and brackets indicate reviews.
o B*
mass, mean life, CP violation, branching fractions
o BO
mass, mean life, BO-BY mixing, CP violation,
branching fractions
e B+ /B0 Admixtures
CP violation, branching fractions
o Bi/BO/Bg/b—baryon Admixtures
mean life, production fractions, branching fractions
e B*
mass
e By(5721)"
mass
e B;(5721)°
mass
o B(5747)"
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mass
o B3(5747)°
mass
° Bj(5970)+
mass
o B*%(5970)°
mass
° Bg
mass, mean life, BS—ES mixing, CP violation,
branching fractions
[ ] B:
mass
e B¢1(5830)°
mass
o B%,(5840)°
mass
o BF
mass, mean life, branching fractions

At the end of Baryon Listings:

o Ny
mass, mean life, branching fractions
o Np(5912)°
mass, mean life
o Np(5920)°
mass, mean life
o),
mass
° }:z
mass
° _:?), _:[:
mass, mean life, branching fractions
° _:’[)(5935)_
mass

o =5(5945)°



B:I:
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mass
e =}(5955)~
mass
2,
mass, branching fractions
e b-baryon Admixture

mean life, branching fractions

1(JP) = 3(07)

I, J, P need confirmation. Quantum numbers shown are quark-model
predictions.

Mass mg+ = 5279.34 £+ 0.12 MeV
Mean life 7 g1 = (1.638 + 0.004) x 10712 s

cr = 491.1 um

CP violation
Acp(BT — J/9(1S)KT) = (1.8 £3.0) x 1073 (S = 1.5)
Acp(BT — J/p(1S)rt) = (1.8 £ 1.2) x 1072 (S =1.3)
Acp(BT — J/¢pT) = —0.05+ 0.05
Acp(BT — J/9K*(892)1) = —0.048 + 0.033
Acp(BT — ncKT) =0.0140.07 (S=22)
Acp(BT — (2S)7T) = 0.03 + 0.06
Acp(BT — (2S)K*) =0.0124+ 0.020 (S = 1.5)
Acp(BT — (25)K*(892)") = 0.08 + 0.21
Acp(BT — xc1(1P)7t) = 0.07 4+ 0.18
Acp(BT — xcoKT)=-020+0.18 (S =15)
Acp(BT — xc1KT) = —0.009 + 0.033
Acp(BT — xc1K*(892)T) = 0.5+ 0.5
Acp(BT — D%t uy) = (—0.14 4+ 0.20) x 1072
Acp(BT — DO7zt) = —0.007 & 0.007
Acp(BT = Dgp(i1ynt) = —0.0080 + 0.0026
Acp(BT = Dop_1ymt) = 0.017 + 0.026
Acp([KTntatz~|prt) = 0.02 &+ 0.05
Acp(BY — [rTata~n |pKT) =0.10 & 0.04
Acp(BY — [rTn 7t a7 |pK*(892)") = 0.02 4 0.11
Acp(BT — D°K*) = —0.017 + 0.005
Acp([KTntatr~|pKT) = —0.31 £ 0.11
Acp(BT — [rtatan |prt) = (-4 +8)x1073
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A A N A N A

[K~nT]pKT)=—-0.58 £ 0.21
[K~ 7T a9 pKt)=0.07+0.30 (S=15)
[KT K~ 79pK*T) = 0.30 + 0.20

[7T 7~ 79 p Kt) = 0.05 & 0.09

DO K*(892)*) = —0.007 + 0.019

[K~ 7t ]5K*(892)") = —0.75 + 0.16
[K=nt 7~ nt]5K*(892)T) = —0.45 4+ 0.25
[K~nt]p7t) = 0.00 & 0.09
[K~nt70]pnT) =0.35 +£0.16

[KT K= n0)pnt) = —0.03 & 0.04

[7t 7~ 7% pnT) = —0.016 + 0.020
[K_7T+](D7T)7T+) = —0.09 + 0.27
[K_W+](D7)7T+) = —-0.7x0.6
[K_7T+](Dﬂ.) K+) =08+t04
[K_7T+](D,y) K+) =04+1.0
[7t 7~ 7% pKT) = —0.02 + 0.15
[KYKT 7~ ]pKT) = 0.04 +0.09
[KEK~7T]pKT) =023 +0.13
[KYK=7T]pat) = —0.052 £ 0.034

[KYKT 7~ ]pnt) = —0.025 £ 0.026
[K*(892)" KT]pKT) = 0.03 + 0.11
[K*(892)T K~]pKT) = 0.34 + 0.21
[K*(892)T K~ ]p7™) = —0.05 £ 0.05
[K*(892)" KT]pn™) = —0.012 4+ 0.030
Dcp(+1)KT) = 0.120 £ 0.014 (S = 1.4)

Aups(BY — DKT) = —0.40 + 0.06
Aups(BY = DxT) =0.100 + 0.032
Aups(BY = [K—at]pKTa—nt) = —033 £ 035

Aaps(BT — [K~aT]prT 7~ 7t) = —0.01 £ 0.09
Acp(BT = Deop—1)KT) = —0.10 + 0.07

Acp(BY — [KT K ]pKTn~nT) = —0.04 &+ 0.06
Acp(BY — [rT7 7 ]pKtn~7T) = —0.05 4 0.10
Acp(BY — [K~nT]pKTn~nT) =0.013 £+ 0.023
Acp(BT — [KTK™|prnta~nt) = —-0.019 + 0.015
Acp(BY — [rTn  ]prta~nT) = —0.013 £ 0.019
Acp(BY — [K~7nt]prta~aT) = —0.002 + 0.011
Acp(BT — D*9xt) =0.0010 + 0.0028

Acp(Bt — (D*CP(+1))%+) = 0.016 + 0.010 (S =1.2)
Acp(BT — (Dgp(_l))oﬁ) = —0.09 + 0.05
Acp(BT — D*¥K*) = -0.001 £0.011 (S=1.1)
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Acp(BT = Dgfpiq)KT) = —011£008 (S=27)
Acp(BT = D p_q)K*) =0.07 £ 0.10
Acp(BY = Dop(41)K*(892)7) = 0.08 + 0.06
Acp(BT = Dop(_1)K*(892)1) = —0.23 + 0.22
Acp(BT — DI ¢)=00+04

Acp(BT — DD = (-0.4+07)%

Acp(BY — D**D*0) = —0.15+ 0.11

Acp(BTY — D**D°) = —0.06 + 0.13

Acp(BT — Dt D*0) =0.13 +0.18

Acp(BT — DD = 0.016 & 0.025

Acp(BT — K%7rT) = -0.017 £ 0.016

Acp(BT — K*70) =0.037 £ 0.021

Acp(BT — n'Kt) =0.004 + 0.011

Acp(BT — 1 K*(892)T) = —0.26 £+ 0.27
Acp(BT — ' K§(1430)T) = 0.06 + 0.20
Acp(BT — n'K3(1430)) = 0.15 £ 0.13
Acp(Bt = nKt) = —0.37 £ 0.08

Acp(BT — nK*(892)%) = 0.02 + 0.06
Acp(BT — nK}3(1430)T) = 0.05 + 0.13
Acp(Bt — nK3(1430)T) = —0.45 £ 0.30
Acp(BT — wK™*) = -0.02 + 0.04

Acp(BT — wK*t) =0.29 + 0.35

Acp(BT = w(Km)§t) = —0.10 £ 0.09
Acp(BT — wK3%(1430)T) = 0.14 £ 0.15
Acp(BT — K*¥07T) = —-0.04 £0.09 (S=21)
Acp(BT — K*(892)* %) = —0.39 £ 0.21 (S = 1.6)
Acp(BT = Ktn—at) =0.027 + 0.008
Acp(BT — KT K~ Kt nonresonant) = 0.06 4 0.05
Acp(BT — £(980)°K*) = —0.08 + 0.09
Acp(Bt - £(1270)K+) = —0.681 517
Acp(BT — f(1500)K*) = 0.28 4 0.30
Acp(BT — f5(1525)°K*) = —0.08 1302
Acp(Bt = pPKt) =037 +0.10

Acp(BT — KOzt x9) =0.07 £ 0.06

Acp(BT — K3(1430)°7T) = 0.061 + 0.032
Acp(Bt — K5(1430)t70) = 0.26 7318
Acp(Bt — K3(1430)°xt) = 0.057322
Acp(BT — K+7070) = —0.06 + 0.07

Acp(BT — K%pt) = —-0.03 4 0.15

Acp(BT — K**Trtx7) =0.07 + 0.08
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7t 7~ 7" nonresonant) = —0.144:8:%2

pt70) =0.02 £ 0.11
ptp®) = —0.05 £ 0.05
wrT) = —0.04 £+ 0.05

Acp(BT — pPK*(892)%) = 0.31 +0.13
Acp(BT — K*(892)T £(980)) = —0.15 + 0.12
Acp(BT — af K9) =0.12 £ 0.11
Acp(BY — b K% = —0.03 £0.15
Acp(BT — K*(892)%p") = —0.01 £ 0.16
Acp(BT — bIKT) = —0.46 + 0.20
Acp(BT — KO°KT) =0.04 +0.14
Acp(BT — KYKT)=-021+0.14
Acp(BY = KTKLKZ) =0.025 + 0.031
Acp(BT = KtK—xt) = —0.122 + 0.021
Acp(BT — KT K~ 7t nonresonant) = —0.11 + 0.06
Acp(BT — KT K*(892)%) = 0.12 + 0.10
Acp(BT — KT K((1430)%) = 0.10 £ 0.17
Acp(BY — ¢7T)=01405
Acp(BT — 7t (KT K™)s_wave) = —0.66 + 0.04
Acp(BT = KTK—Kt) = —-0.033 + 0.008
Acp(BT — ¢KT)=0.024 +0.028 (S =2.3)
Acp(BT — Xg(1550)K™) = —0.04 & 0.07
Acp(Bt — K*TKTK™)=10.11 4+ 0.09
Acp(BT — ¢K*(892)%) = —0.01 + 0.08
Acp(BT = ¢(Km)§T) =0.04 £ 0.16
Acp(BT — ¢Ki(1270)%) = 0.15 + 0.20
Acp(BT — ¢K3(1430)7) = —0.23 £ 0.20
Acp(BT — Kt $p) = —0.10 + 0.08
Acp(BT — KT[¢¢], ) = 0.09 + 0.10
Acp(BT — K*(892)*+) = 0.014 + 0.018
Acp(BT — X;v) = 0.028 4+ 0.019
Acp(BT — nKty)=—-0.12 £ 0.07
Acp(BT — ¢Ktv)=-013+011 (S=1.1)
Acp(BT — pTv)=-0.1140.33
Acp(BT — nt70) =0.03+0.04
Acp(BY —» atn—nt) =0.057 £ 0.013
Acp(Bt — p%7F) = 0.009 + 0.019
Acp(BT — £(1270)7+) = 0.40 + 0.06
Acp(BT — p9(1450)7t) = —0.11 4+ 0.05
Acp(BT — p3(1690)7+) = —0.80 + 0.28
Acp(BT = 1(1370)xt) = 0.72 £ 0.22

_>

_>

_>

_>
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Acp(BT — wp™) = —0.20 £ 0.09

Acp(BT — nnt)=-0.14 £0.07 (S =1.4)
Acp(BT — npT) =0.11 4 0.11

Acp(BT — n'7T) =0.06 + 0.16

Acp(BT — n'pt) =0.26 + 0.17

Acp(BT — b07T) =0.05+ 0.16

Acp(BT — ppnT) = 0.00 £ 0.04

Acp(BT — ppKT) =0.00+0.04 (S=22)
Acp(BT — ppK*(892)T) =0.21 £ 0.16 (S = 1.4)
Acp(BT — pAy) =0.17 + 0.17

Acp(BT — pAnY) =0.01 £0.17

Acp(BY — KTiT¢7) = —-0.02 + 0.08
Acp(BT — Ktete ) =0.14+0.14
Acp(BT — Ktutpu™) =0.011 + 0.017
Acp(BY — 7tputpu™) = -0.1140.12
Acp(BT — K*T{T¢~)=-0.09 + 0.14
Acp(BT — K*eTe )= —0.14 + 0.23
Acp(BT — K*utu™) = —0.12 4 0.24

v = (711189

rg(Bt = DOK*) = 0.0993 + 0.0046
op(B* = DOK*) = (120.6720)°
rg(Bt = DOK*t) = 0.076 + 0.020
op(B* - DOK*+) = (981 18)°
rg(Bt = D*0K*) = 0.140 + 0.019
op(B* = D*OKT) = (319.27 7 7)°

B™ modes are charge conjugates of the modes below. Modes which do not
identify the charge state of the B are listed in the B:l:/B0 ADMIXTURE
section.

The branching fractions listed below assume 50% BYBY and 50% BT B~
production at the 7°(4S). We have attempted to bring older measurements
up to date by rescaling their assumed 7(4S) production ratio to 50:50
and their assumed D, Ds, D*, and ) branching ratios to current values
whenever this would affect our averages and best limits significantly.

Indentation is used to indicate a subchannel of a previous reaction. All
resonant subchannels have been corrected for resonance branching frac-
tions to the final state so the sum of the subchannel branching fractions
can exceed that of the final state.

For inclusive branching fractions, e.g., B — DiX, the values usually are

multiplicities, not branching fractions. They can be greater than one.

Scale factor/ p
B+ DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
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Semileptonic and leptonic modes

(T X [a] ( 10.99 £ 0.28 )% -
et v X, (10.8 + 0.4 )% -
DitypX (97 +07 )% -
DO ¢ty [a] ( 2.35 + 0.09 )% 2310
DOrtu. ( 7.7 + 25 )x103 1911
D*(2007)%¢F v, [a] ( 566 + 0.22)% 2258
D*(2007) 7t v, ( 1.88 + 0.20 )% 1839
D=7t ety ( 44 £ 04 )x10-3 2306

B 0 50 _
D§(2420)° ¢t vy, DEP — (25 +05 )x103 -
_ D7t _
D3(2460)° ¢ vy, D30 — ( 153 £ 0.16 ) x 10~3 2065
D~ nt
DHnrttys(n > 1) (188 + 025 )% ~
D*~ T 4Ty, ( 60 + 04 )x1073 2254
D1(2420)° ¢+ v, DY — ( 3.03 £ 020 )x 103 2084
_ D¥ gt o
D (2430)° ¢t v, DY — (27 + 06 )x1073 -
_ D*rt
D3(2460)° ¢+ vy, ( 101 + 024 )x1073  S=20 2065
5;0 — D* gt
Dontr= Ty, (17 +04 )x1073 2301
D¥Ont =ty (8 +5 )x1074 2248
Dg*)_K+£+Vg ( 61 + 1.0 )x10~4 -
-~ 1.4 -
D, Kttty (30 T 15 )x1074 2242
D" Ktity, (29 £ 19 )x10~% 2185
A ( 7.80 £ 0.27 ) x 1075 2638
an, ( 39 £ 05 )x107° 2611
n' 0t v, ( 23 £ 08 )x107° 2553
wlT v, [a] ( 1.19 + 0.09 ) x 10~4 2582
P20ty [a] ( 158 & 0.11 ) x 10~4 2583
_ 2.6 -
pplT v, (58 T 53 )x1076 2467
ppuT Y, < 85 x 1076 CL=00% 2446
ppet v, (82 T %9 )x1070 2467
et v, < 98 x 1077 CL=90% 2640
ntu, 2.90 x 10707 to 1.07 x 10~ 0&L=00% 2639
. ( 1.00 £ 024 )x 1074 sS=12 2341
oy < 30 x 1070 CL=90% 2640
et vey < 43 x 1070 CL=90% 2640
p vy < 34 x 1070 CL=90% 2639
pt o pty, < 16 x 1078 CL=95% 2634
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Inclusive modes

DOX (86 + 07 )% —~
DY X (79 +4 )% -
Dt X ( 25 + 05 )% -
DX ( 99 £12 )% -
D X (79 T 13 )% -
D_ X ( 110 T 549 )% -~
AT X (21 52 )% -
A X (28 T3 )% -~
tX (97 +£4 )% -
cX (234 T 22 )% -~
c/tX (120 +£6 )% -
D, D*, or Dg modes
DOrt ( 468 £ 0.13 ) x 103 2308
Deprym™ [b] ( 2.05 + 0.18 ) x 1073 -
_DCP(_l)wJF ] ( 20 + 04 )x1073 -
DOpt ( 134 + 018 )% 2237
DO K+ ( 363 £ 012 )x 10~ 4 2281
Depir1y) KT [6] ( 1.80 + 0.07 ) x10~4 -
Dep— 1y K™ [b] ( 1.96 + 0.18 ) x 10~4 -
DO K+ ( 357 £ 035 )x 100 2281
[K—nT]pK™T [c] < 238 x10~7 CL=90% —~
[KT7~]p KT [c] < 15 x 1072 CL=90% -
[K_7T+7TO]DK+ seen -
[K+7T_7TO]DK+ seen -
K ntatna™ K+ seen -
[ D
[K+7T_7T+7T_]DK+ seen -
[K—nt]prt [c] ( 63 & 1.1 )x10~7 —~
[KTn~]pmt ( 1.78 £ 0.32 ) x 104 —~
[K_7T+7TO]D7T+ seen -
[K+7T_7TO]D7T+ seen -
[K_7T+7T+7T_]D7T+ seen -
[K+7T_7T+7T_]D7T+ seen -
[t 7= 70 p K™ (46 + 09 )x1070 -
[K%K+7T_]DK+ seen -
[K%K_ﬂ+]DK+ seen -
[K*(892)+ K_]DK+ seen -
KO K ntpnt seen -
[Ks D
[K*(892)+ K_]D7T+ seen -

[K%K+7T_]D7T+ seen -
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[K*(892)" KT|pnt
DO K*(892)*
Dep(—1) K*(892) "
Do p(41) K*(892)F
DO K*(892)*
DK+ gt~
DO Kt KO
DP K+ K*(892)°
DOrt gt~
D97t 7+ 7~ nonresonant
DO 7t 0
DO a;(1260)*
EOWW+
D*(2010)" w7t
D*(2010)~ KT 7+
D1(2420)%7+, DY —
D*(2010)~ «+
D=ntrat
D= KTrnt
D(2300)° K+, D0 —
D~ rn™t
D3(2460)° K+, D30 —
D~ n™t
D;(2760)° K+, D30 —
D~ nt
D+ KO
DtK+n—
D3(2460)° K+, D30 —
Dt rn—
D+ K*O
D+ ?*0
D*(2007)0 7+
D*CQP(—i-l) mt
[)2*013(—1)7TJr
D*(2007)°wnt
D*(2007)% p*
D*(2007)° KT
E*COP(H) K+
D*CQP(—I) K*
(2007)° K+
2007)° K*(892)F

D*
D*(
D*(2007)° K+ KO

[b]
[6]

[d]
[d]

[d]
[d]

e e e N N N e e e e e N e e N

e N e e T e e e T T

seen
5.3
2.7
6.2
3.1
5.2
5.5
7.5
5.6

4.2

4.1
1.35
8.2
5.2

1.07
1.7
6.1

2.32

3.6

2.9
5.6
6.3

4.9
1.4
4.90
2.7

2.4

4.5
9.8

3.97
2.60
2.19

7.8
8.1
1.06

HoH B H B H B H O H KK K K H

HH H

HH K OH I+ HH R K

) x 10~4
) x 10~4
)><10_4
) X 1076
) X 104
) X 104
1.7 )x10~4
21 )x1073
4 )x10~3
3.0 )x1073
4 )x10—3
0.9 )x10~3
0.22 ) x 10~3
14 )x107°
22 )x107%

0.4
0.8

0.7

1.6
2.1
1.6

0.05 ) x 103
05 )x107°
24 )x10°6

0.23 ) x 1070
12 )x1076

><10_6
11 )x10°0
x 10~ 7

x 107
x 100
0.17 ) x 10~3
06 )x1073

0.9 )x10~3

12 )x1073
17 )x1073

0.31
0.28

033 )x 1074

) x 10~4

0.30 ) x 104

22 )x10°6
14 )x10~4
x 10~3

CL=90%

CL=90%

CL=90%
CL=90%

CL=90%

2213

2213
2237
2189
2072
2289
2289
2208
2123
2206
2247
2206
2081

2299
2260

2278
2260

2211
2211
2256

2149
2181

2227

2227
2156
2132
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D*(2007)° K+ K*(892)° (15 + 04 )x1073 2009

D*(2007)0 7t 7t 7~ ( 1.03 + 012 )% 2236
D*(2007)° a1 (1260) (19 +05 )% 2063

D*(2007)0 n~ 7t 7t 70 (18 + 04 )% 2219

D*037+ 27— ( 57 + 12 )x1073 2196

D*(2010)F 70 < 36 x 100 2255

D*(2010)* KO < 90 x 1076 CL=90% 2225

D*(2010) " 7t 7t 70 (15 +07 )% 2235

D*(2010)~ K ( 26 + 04 )x103 2217

D*0 7t [e] ( 57 + 12 )x10-3 -~

D3 (2420)° 7 * (15 + 06 )x10=3  S=13 2082

D1(2420)% 7 x B(DY — (25 T 10 )14 s=39 2082
DOt )
D1(2420)° 7 x B(DY — (22 + 10 )x1074 2082

DOzt 7~ (nonresonant))

D3(2462)° 7T ( 356 + 0.24 )x 10~4 -
x B(D3(2462)° — D~ nT)

D3(2462)° 7T xB(D30 — (22 +10 )x1074 -
DOr— )
D3(2462)° 7T xB(D3? — < 17 x 1074 CL=90% -

DO7~ T (nonresonant))

D3(2462)° 7t xB(D30 — (22 + 11 )x1074 -
D*(2010)~ =)

Dy (2400)0 (64 + 14 )x1074 2136
x B(Dy(2400)° — D~ )

D1(2421)0 1t (68 + 15 )x10~4 -
x B(D1(2421)° — D*~ ™)

D3(2462)° 7T (18 + 05 )x1074 -
x B(D3(2462)° — D*~r™T)

Dy (2427)0 7t (50 + 12 )x1074 -
x B(D}(2427)° — D*~7T)

D1(2420)° 7 xB(DY — < 6 x 1076 CL=00% 2082
DOt )

D3 (2420)° pT < 14 x 1073 CL=90% 1996

D3(2460)° 7+ < 13 x 1073 CL=90% 2063

D3(2460)° 7T xB(D30 — < 22 x 1075 CL=00% 2063
DOrt )

D3(2680)° 7T, D3(2680)° — (84 + 21 )x107° -

D xt

D3(2760)% 7, ( 1.00 + 022 ) x 1075 -

D3(2760)° 7T — D™t
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D3(3000)% 7T,
D3(3000)° 7T — D™t

D3(2460)° p*

D°Df

D,(2317)" D°, DI —
D:WO

Dso(2317)T DO x
B(Dso(2317)T — Dity)

Ds0(2317)* D*(2007)° x
B(Dso(2317)T — DI 70)

D, ;(2457)* D°

D, 7(2457)" D° x
B(D,;(2457)"
D, 7(2457)* D° x
B(D,7(2457)"
D;L Tt )
D, 7(2457)" D° x
B(Dy7(2457)"
D, 7(2457)* D° x
B(D, (2457
D, ;(2457)" D*
D, ;(2457)" D*
B(D, (2457
DP Dy (2536)*
B(D51(2536)+
D*(2007)°K* +
D*(2010)* K?)

DO Dy (2536)*
B(Ds1(2536)" —
D*(2007)° KT)

D*(2007)° Ds1(2536)*
B(Ds1(2536)*
D*(2007)° KT)

DO D,;(2536)T x
B(Ds1(2536)*

DO D, ;(2700)*
B(D,s(2700)t — DOKT)

D*0 Dy (2536)", DY, —
p*+ KO

DO Dy (2573)%, DY, —

DO K+

— D:”y)

+._0
— D7)

— D*+ v)
2007)°

2007)0 x
+
— DY)

)"
(
(
)

— D*tK9)

( 20 + 1.4 )x100

x 1073
) X 103

< 47
(9.0 + 09
( 80 16 y.10-4

< 76 x 104

) X 10~4

| +

( 3.1 ) x 1073

e oM
—Ww o

) X 104

x 10~ 4

x 104
x 10~ 4

( 120 + 030 )%
) X 1073

) X 10~4

( 22 4+ 07 )x1074

) X 10~4

) X 10~4
( 56 + 1.8 )x10~4
( 39 + 26 )x10~4

+15 ) x 1070

CL=90%

CL=90%

CL=90%

CL=90%

CL=90%

1977
1815

1605

1605

1511

1447

1447

1339

1447

1339
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D*0 D, ;(2573), D, — < 2 x 1074 CL=90% 1306
DOKT
D*(2007)° D, 5(2573), DS, — < 5 x10~4 CL=90% 1306
DOK™
DODIt (76 + 16 )x1073 1734
D*(2007)° D (82 + 17 )x1073 1737
D*(2007)° D} (171 + 024 )% 1651
p)t preo (27 +12 )% -
D*(2007)° D*(2010)* (81 + 17 )x1074 1713
D D*(2010)* + < 130 % CL=90% 1792
D*(2007)° D+
D° D*(2010)* (39 + 05 )x1074 1792
DOD* ( 38 £ 04 )x10~% 1866
DO D+ KO ( 155 + 0.21 )x 1073 1571
D+ D*(2007)° ( 63 + 17 )x1074 1791
D*(2007)° D+ KO (21 + 05 )x1073 1475
DO D*(2010)*+ K9 ( 38 + 04 )x1073 1476
D*(2007)° D*(2010)* KO (92 + 12 )x1073 1362
DOpO K+ ( 145 £ 033 )x1073  S=26 1577
D*(2007)° DO K+ ( 226 + 023 )x 1073 1481
D® D*(2007)° K+ ( 63 + 05 )x1073 1481
D*(2007)° D*(2007)° K+ (112 + 013 )% 1368
DDt KT ( 22 + 07 )x107% 1571
D~ D*(2010)" K+ ( 63 + 1.1 )x10~% 1475
D*(2010)" DT K+ ( 60 + 13 )x10~% 1475
D*(2010)~ D*(2010)* K ( 132 + 018 )x 103 1363
(D+D*)(D+D*)K ( 405 + 030 )% -
DY 0 ( 1.6 + 05 )x1075 2270
D¥* 70 < 26 x 1074 CL=90% 2215
Dn < 4 x 1074 CL=90% 2235
Dt < 6 x 1074 CL=90% 2178
DY p° < 30 x 1074 CL=90% 2197
Dt p0 < 4 x 10~4 CL=90% 2138
DYw < 4 x 1074 CL=90% 2195
Dt w < 6 x 104 CL=90% 2136
DY a1(1260)° < 18 x 1073 CL=00% 2079
D™ a1(1260)° < 13 x 1073 CL=00% 2015
DY KT K~ (72 + 11 )x1070 2149
DY ¢ < 42 x10~7 CL=90% 2141
Dt ¢ < 12 x 1075 CL=90% 2079
DY KO < 8 x 1074 CL=90% 2242
DT KO < 9 x 1074 CL=90% 2185
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D} K*(892)° < 44 x 1076 CL=00% 2172
DY Kk*0 < 35 x 1076 CL=00% 2172
DT K*(892)° < 35 x 1074 CL=00% 2112
D nt KT ( 1.80 + 0.22 ) x 10~ 2222
DI~ wt KT ( 1.45 + 0.24 ) x 104 2164
D, mt K*(892)* < 5 x 1073 CL=90% 2138
DI~ 7 K*(892)" < 7 x 1073 CL=90% 2076
D KTK* ( 97 + 21 )x107° 2149
DI KTKT < 15 x 107° CL=90% 2088

Charmonium modes

ne KT ( 1.06 £ 009 )x10™3  S=12 1751
neKY, ne » KYKFr* (27 + 06 )x1075 -~
ne K*(892)* (11 * 82 yx10-3 1646
neKtntn™ < 39 x 10~4 CL=90% 1684
ne KT w(782) < 53 x 1074 CL=90% 1475
neKTn < 22 x 10~% CL=90% 1588
ne Kt a0 < 6.2 x 1075 CL=90% 1723
ne(2S)K™ ( 44 + 1.0 )x10~4 1320
nc(2S)KT, n. — pp ( 35 £ 08 )x108 -~
nc(2S)KT, ne — (34 T 23 )x1076 -~
K KFnt
nc(2S)K™, ne — pprnt - ( 112 + 0.18 ) x 10~ —~
he(LPYK™, he — J/hntn~ < 34 x 1076 CL=00% 1401
X(3730)° KT, X0 = n.n < 46 x 1075 CL=90% -~
X(3730)°k*, X0 — p.n® < 57 x 1076 CL=00% -
Xc1(3872) KT < 26 x 10~% CL=90% 1141
Xc1(3872)K™t, xc1 — pP < 5 x 1079 CL=95% -
Xc1(3872) K+, xc1 — ( 86 & 08 )x10 1141
J/prta~
Xc1(3872) K+, xc1 — (21 £ 04 )x107® s=11 1141
J/y
Xc1(3872) K+, xc1 — (4 +4 )x100 s=25 1141
¥(25)y
Xc1(3872) K™, xc1 — < 17 x 1076 cL=90% 1141
J/¥(1S5)n
Xc1(3872)K™, xc1 — < 6.0 x 1075 CL=90% 1141
DODpO°
Xc1(3872) K+, xc1 — < 40 x107° CL=90% 1141
Dt D—
Xc1(3872) K™, xc1 — ( 1.0 + 04 )x10~4 1141
DO DO 70
Xc1(3872) K+, xc1 — (85 +26 )x1075 S=14 1141

D*O DO
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Xc1(3872)° KT, 9, — < 30 x 107 CL=00% -
77c7r+ .
xc1(3872)0 K+, X9, — < 6.9 x 1075 CL=90% -~
w(782)
Xc1(3872) K+, xc1 — < 15 x 106 CL=90% —~
Xcl(]-’D)Tr—i_
Xc1(3872) KT, x1(3872) — < 81 x 106 CL=90% —~
Xcl(lP)ﬂ-O
X(3915) K+ < 28 x 104 CL=90% 1103
X(3915)° KT, X0 — n.n < 47 x 1075 CL=90% —~
X(3915)0K*, X0 — p.n® < 17 x 1075 CL=00% -
X(4014)° K+, X0 — nen < 39 x 1075 CL=90% -~
X(4014)0K*, X0 = nox < 12 x 1075 CL=90% -
Z.(3900)°K+, Z0 — < 47 x 1075 CL=00% -
7]C7T+7T_
X(4020)° K+, X0 — < 16 x 1075 CL=90% -
7]C7T+7T_
Xc1(3872) K*(892) T, xc1 — < 48 x 1076 CL=90% 939
J/y
Xc1(3872) K*(892) ", xe1 — < 238 x107% CL=90% 939
¥(25)y
Xc1(3872)T KO, I — [f] < 6.1 x 1076 CL=00% -~
J/p(1S) 7t 70
xc1(3872) Ko7t xe1 — ( 1.06 + 0.31 )x 1075 -
J/p(@AS)ntr
Z(4430)T KO, ZF — J/wnt < 15 x 1075 CL=095% -
Z.(4430)T KO, ZF — < 47 x 1075 CL=95% -
P(2S) 7T
(42600 KT, 40 — < 156 x 1075 CL=95% -
J/prt
X(3915)K™, X — J/iy < 14 x 1075 CL=90% -
X(3915)K*, X — < 38 x 107° CL=90% -
Xcl(lP)ﬂ—O
X(3930)° K+, X0 = J/opy < 25 x 1076 CL=00% -
J/P(AS)KT ( 1.006+ 0.027) x 103 1684
J/(1S)KOrt ( 114 + 011 )x 103 1651
J/Y(AS)KTntw ( 81 + 13 )x107% S=25 1612
J/Y(1S)KT K™ KJr ( 337 + 029 )x 1075 1252
X(3915)K*, X — pp < 71 x 1078 CL=95% -
J/¥(1S) K>"(892)Jr ( 143 + 0.08 )x103 1571
J/9(1S)K(1270)F ( 1.8 +05 )x103 1402
J/1¢(15) K(1400)* < 5 x 1074 CL=90% 1308
(

J/P(1S)n K™ ( 1.24 + 0.14 ) x 104 1510
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Xcl—odd(3872) K+'
Xcl—odd — J/l/f'fl

Y(4160)K™+, o — J/yn
J/p(1S)n' K+
J/p(1S)p K+

oKt

J/¥(1S) K*(1680)T, K* —
oKt
J/1(15) K3(1980),
pKT
J/(1S)K(1830) ™,
K(1830)" — @K™
Xcl(4140)K+v Xcl —
J/(1S)¢
Xcl(4274)K+v Xcl —
J/(18)¢
Xco(4500) KT, 2 —
J/¥(1S) ¢
Xc0(4700)K+r Xc0 —
J/¥(1S) ¢
J/Y(1S)wKT
Xcl(3872)K+v Xcl —
J/Yw
X(3915)K™, X — J/Ypw
J/(1S)nt
J/Yp(AS) ot Jr7r T
S)r*

(
(
(
(2
J/w(15)p
J/1(1S) 7+ 70 nonresonant
(
(
(
(
(
(

*
K2—>

J/ 15)31(1260)
J/p(1S) pprt
J/9(1S)pA
J/9(18)Z%p
J/p(1S) Dt

J/2p 15)00 +
$(2S)m "

Y(2S)K
¢(2S)K*(892)
W(2S)Ktatr
(25) (1020)K+

<

~ A~~~ —~

A~ A~ A~~~

3.8

7.4
8.8
5.0

3.4

1.5

1.3

10

3.6

3.3

3.20
6.0

3.0

3.87
1.16
1.9
4.1
7.3
1.2
5.0
1.46
1.1
1.2
2.5
2.44
6.19
6.7
4.3
4.0

% 10~0 CL=90% -

%106 CL=90% -

x 1072 CL=90% 1273

+ 04 )x107° 1227
10 -

i‘ 6 ) x 10 6 -
1.9 —

i‘ 59 ) x 10 6 -
0.9 —

i‘ 05 ) x 10 6 -
13 -

T 7 )x07° -

+4 )x1070 -
2.2 -

T g )x107° -
2.1 -

i‘ 17 ) x 10 6 -
5 _

i’ 2 ) x 10 6 -
+ 0.60 —4

03 ) x 10 1388

+ 22 )x107° 1141
0.9 —

T 07 )x1075 1103

+ 0.11 ) x 107° 1728

+ 0.13 ) x 1072 1635

+ 04 )x107° 1304

+ 05 )x107° S=1.4 1611

x 1070 CcL=90% 1717

x 1073 CL=90% 1415

x10~7 CL=90% 643

+ 012 ) x 107° 567

x 107° CL=90% -

x10~% CL=90% 871

x 1072 CL=90% 665

+ 0.30 ) x 107° 1347

+ 0.22 ) x10~4 1284

+ 1.4 )x10~% S=13 1116

+ 05 )x10~4 1179

+ 07 )x1070 417
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Y(3770) K™

Y(3770) K+,¢p — DODO
Y(3770) K+, — DT D~
P(3T7T0)K™, ¢ — pp

1 (4040) KT
P(4160) KT

Y(4160)K+, o — DODO
Xwﬂ+,Xw-% =

Xc0}<+

Xco K*(892)F

Xcl(lP)W+

X2 Kt Xeo = pprto™
Xc2 K*(892)

XC2(3930)7T+, Xc2 — 7r+7r_

he(1P) K+

he(LP)K*, h. — pp

KOt
K+ 70
Kt

nK*(892)+
nK3(1430)*
nK3(1430)*

n(1295) KT x B(n(1295) —

nmm)

n(1405) Kt x B(n(1405) —

nmT)

~ o~~~ —~

e e e N N e e e

4.9
1.5
9.4
2
1.3
5.1
8
1

1.50

2.1
2.2
4.85
3.0
5.8
3.29
3.74
1.1

1.1
1.9
1.2
1.16
6.2
1.34

3.7
6.4

2.37
1.29
7.04

4.8

5.2
2.8
2.4
1.93
1.8
9.1

2.9

1.3

| +

HH K HH

+

K or K* modes

I+ B HHH K H I+ HHH

13 )x1074
05 )x10~%
35 )x107°
x 107
x 104
27 )x1074
5 )x107°
x 107

013 ) <10

x 104
05 )x107°
033 )x 1074
0.6 )x10~4
04 )x10~%
0.35 ) x 104
0.30 ) x 104

x 1072

0.4 )x107°
x 107
x 104
0.25 ) x 10~4
x 1075
0.19 )x 104
x 107
12 )x107°
x 10—8

0.08 ) x 1072
0.05 ) x 1072
0.25 ) x 1072

1 )x107°

21 )x1070
05 )x107°
0.4 )x10~0
0.16 ) x 1072
0.4 )x107°
3.0 )x107©

0.8

0.7 ) X 100

x 100

S=1.4
CL=95%

CL=90%

CL=90%

CL=90%

S=1.5
S=1.1

CL=90%

CL=90%

CL=90%

CL=90%

CL=95%

CL=90%

1218
1218
1218

1003
868

1531
1478

1341
1468
1412
1265
1370
1373
1319

1379

1228
1336
1339
1284
1437
1401

2614
2615
2528

2472

2346
2588
2534

2414

2455

2425
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n(1405) K+ x B(n(1405) — < 12 x 1076 cL=00% 2425
K*K)
n(1475) Kt x B(n(1475) — (138 T 321 )x105 2407
K*K)
f1(1285) KT < 20 x 1070 CL=90% 2458
f1(1420) KT x B(f(1420) — < 29 x 1070 CL=90% 2420
nmm)
f1(1420) KT x B(f(1420) — < 41 x 1070 CL=90% 2420
K* K)
#(1680) K+ x B(4(1680) — < 3.4 x 1070 CL=90% 2344
K* K)
fo(1500) K ( 37 +£22 )x10° 2398
wKT ( 65 & 04 )x100 2558
wkK*(892)™ < 74 x 1070 CL=90% 2503
w(Km)st (28 + 04 )x1075 -
wK5(1430)F ( 24 +£05 )x107° -
wK3(1430)" ( 21 + 04 )x107° 2379
a0(980)" KO xB(ap(980)" — < 39 x 1076 CL=00% -
nrt)
a0(980)° K+ xB(ap(980)° — < 25 x 1076 CL=00% -
no)
K*(892)0 7t ( 1.01 + 0.08 ) x 107> 2562
K*(892)+ 70 ( 68 + 09 )x1070 2563
Ktn—nt ( 510 &+ 029 ) x 1070 2609
KT 7~ 7" nonresonant ( 163 * 92l y 1075 2609
w(782) KT (6 +9 )x10" 2558
K™ ,(980) x B(fy(980) — (94 T19 )x106 2522
ata™)
£(1270)0 K+ ( 1.07 + 027 )x 107 -
f(1370)0 K+ x < 107 x 1075 CL=90% -
B(f(1370)° — xtx7)
p°(1450) K+ x < 117 x 1075 CL=90% -
B(p°(1450) — 7t 77)
f5(1525) K x < 3.4 x 1070 CL=90% 2394
B(f5(1525) — nt77)
Kt p0 ( 37 + 05 )x107° 2559
K5(1430)0 7+ ( 30 T 98 yx107% s=14 2u5
K5(1430) T 70 ( 119 * 939 ) x105 -~
K35(1430)0 7+ (56 T 22 )x1076 2445
K*(1410)% 7+ < 45 x 1075 CL=00% 2448

K*(1680)° 7+ < 12 x 1075 CL=90% 2358
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K+t 7070

f5(980) Kt x B(fy — w°x0)

K- ntnt
K~ 7T 7 nonresonant
Kq(1270)0 ot
K1(1400)° 7t
KOrt 70
KO p+
K*(892) T 7t 7w~
K*(892)T p°
K*(892)T £,(980)
+ 40
a K
b KO B(b] — wr™)
K*(892)0 pt
K1(1400)* p0
K3(1430)* p°
bcl) KT x B(bcl) — wn9)
b K*Ox B(b] — wr™)
PO K*F x B(B) — wr?)
KTt WO
WO KT+ 7T0
0 4,0
KT K KY o
fo(980) KT, fy — KLKY
fo(1710) K+, f5 — KL K
KT K% K% nonresonant
0 1,0
Ks K3 nt
KTK—nt
K+ K~ 7 nonresonant
KT K*(892)°
KT K(1430)0
ﬂ:%(}<4_}<__) S—wave
KTKtn~
KT K+ 7~ nonresonant
f,(1525) KT
K* Tt K~
K*(892)* K*(892)°
K*T KT n—
KtK- K+
Kt o
f5(980) KT x B(f(980) —
KtK™)

(
(

NN NN A

A~ AN AN A~ A~~~

1.62
2.8
4.6
5.6
4.0
3.9
6.6

7.3

7.5
4.6
4.2
3.5
9.6
9.2
7.8
1.5
9.1
5.9
6.7
1.31
2.4
1.05
1.47

4.8

2.0
5.1
5.2
1.68
5.9
3.8
8.5
1.1
8.79
1.8
1.18
9.1
6.1
3.40

8.8
9.4

I+

HoH H B HH

I+ B H

H-

HoH B K H

I+

0.19 ) x 10~°
0.8 )x1070
x 10~8
x 1075
x 1075
x 1075
x 1072

%g ) X 106

1.0 )x10~°
11 )x1070
0.7 )x 1070
0.7 )x107°
1.9 )x10°0
15 )x1070
x 104
x 1073
2.0 )x107©
x 100
x 100
0.17 ) x 1070
x 1072
0.04 ) x 1070
0.33 ) x 1072

gg ) X 10~/

0.4 )x107°
x 10~/
0.4 )x1070
0.26 ) x 10~
0.8 )x10—'
1.3 )x10~ 7/
09 )x10—7
x 10~8
x 1072
05 )x1070
x 1075
29 )x10~'
x 10~6
0.14 ) x 10~°

06 )x107°

32 )x10°6

CL=90%
CL=90%
CL=90%
CL=90%
CL=90%

CL=90%
CL=90%

CL=90%
CL=90%

S=1.2
CL=90%

CL=90%

CL=90%
CL=90%

S=1.1
CL=90%

CL=90%
S=1.4

S=1.1

2610
2522
2609
2609
2489
2451
2609

2558

2557
2504
2466

2504
2388
2381

2593
2578
2521

2521
2577
2578
2578
2540
2421
2578
2578
2578
2394
2524
2485
2524
2523

2516
2522
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a(1320) K+ x < 11 x 1076 cL=00%
B(a2(1320) — KT K™)
Xo(1550) KT x ( 43 + 07 )x10°
B(Xp(1550) - KT K™)
$(1680) KT x B(¢(1680) — 8 x 1077 CL=90%
K+t K™)
fo(1710) KT x B(fp(1710) — (1.1 +06 )x10°
K+t K™)
K+ K~ KT nonresonant ( 238 8%8 ) x 1072
K*(892)T KT K~ ( 36 + 05 )x107°
K*(892)T ¢ (100 + 20 )x107® s=17
o (Km)§™ (83 + 16 )x1070
¢ K1(1270)" ( 61 + 19 )x1070
¢ K1(1400)* 3.2 x 1076 cL=00%
¢ K*(1410)" 4.3 x 1076 CcL=00%
P K§(1430)T (70 + 16 )x1070
<;§K>“(1430)Jr ( 84 + 21 )x107°
c;SK*(1770)Jr 1.50 x 1072 CL=90%
¢ K3(1820)™ 1.63 x 1075 CL=90%
al K*0 36 x 106 CL=90%
Kt oo ( 50 + 12 )x1070 s=23
'n KT 25 x 1072 CL=90%
wHKT 1.9 x 1070 CL=00%
X(1812) Kt x B(X — wo) 3.2 x 1077 CL=90%
K*(892)™ (392 £ 022)x107% s=17
Ki(1270)* (44 T O yx107°
nKty (79 £ 09 )x106
n K+ (20 T30 yx10-6
HdKT ( 27 +04 )x1070 s=12
Ktrn—nty ( 258 £ 0.15 )x107° S=13
K*(892)0 7t ~ ( 233 + 012 )x 1075
K+ p0x ( 82 £ 09 )x10°
(Kt7n 7 )Nty (99 T 20 )x1076
KOt 70~ ( 46 + 05 )x1075
K1(1400)* (10 T2 )x107°
K*(1410) (27 T 5% yx10-°
K5(1430)0 7t (1327 928y x1076
K3(1430) ( 14 + 04 )x107°
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K*(1680)* ~ ( 67 T1F )x1075 2360
K3%(1780) T v < 39 x 1072 CL=00% 2341
K3 (2045) "~ < 99 x 1073 CL=90% 2242
Light unflavored meson modes

pTy ( 98 + 25 )x10~7 2583
nt 70 ( 55 + 04 )x1070 S=12 2636
rtata— ( 152 &+ 0.14 ) x 1070 2630
POnt ( 83 + 12 )x100 2581
7t 1(980), fo — wta~ < 15 x 1070 CL=00% 2545
7+ £(1270) (26 T 28 )x106 s=42 2484
p(1450)0 7+ o0 — gta~ (14 T 98 yx106 2434
p(1450)0 7t o0 — KT K~ ( 1.60 + 0.14 ) x 1070 -
fo(1370) 7T, fy — 7t~ < 40 x 1070 CL=90% 2460
f(500)7 ", fy — wta~ < 41 x 1070 CL=90% -
7T 7~ 7T nonresonant (53 T1° )x1076 2630
at 7070 < 89 x 1074 CL=90% 2631
pt 0 ( 1.09 + 0.14 ) x 105 2581
ata~at a0 < 40 x 1073 CL=90% 2622
ptp0 ( 240 + 0.19 ) x 105 2523
pT£(980), fo - w7~ < 20 x 1070 CL=90% 2486
a1(1260)* 70 (26 + 07 )x1075 2494
a1(1260)0 7+ (20 + 06 )x107° 2494
wnT ( 69 + 05 )x1070 2580
wpT ( 159 + 021 )x107° 2522
nrT ( 4.02 + 027 )x 1070 2609
npt (70 +£29 )x106 s=28 2553
n'nt (27 £09 )x107® s=19 2551
n pT ( 97 £ 22 )x100 2492
ot ( 32 + 15 )x10°8 2539
pT < 3.0 x 1076 CL=90% 2480
a0(980)° +, a8 — < 58 x 1076 CL=90% -
a9(980)T 7%, al — nwt < 14 x 1070 CL=90% -
atatrta— o~ < 86 x 1074 CL=90% 2608
p% a1 (126 )Jr < 62 x 1074 CL=90% 2433
p%as (1 0)* < 72 x 1074 CL=00% 2411
rt, b) —» wrd ( 67 + 20 )x100 -
bi’_ﬂo bi’_ — wrt < 33 x 1076 CcL=90% -
atatata— a0 < 63 x 1073 CL=90% 2592
b0 bl — wr < 52 x 1070 CL=90% -~
a1(1260)* a1(1260)° < 13 % CL=90% 2336

b9 +, b — wnl < 33 x 1076 CL=00% -
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Charged particle (h*) modes
ht = KT or 7t

ht 70 (16 T 9L yx10° 2636
wht (138 F 937 )x107° 2580
ht X0 (Familon) < 49 x 1075 CL=90% -
KtX0 X0 — ptpu < 1 x 10~ CL=95% -
Baryon modes
pprT ( 1.62 £ 0.20 ) x 1070 2439
pp7T nonresonant < 53 x 1072 CL=90% 2439
ppK™T ( 59 + 05 )x1070 s=15 2348
o(1710)**tp, 6T+ — [g] < 9.1 x 1078 CL=90% -
pK™
f1(2220)K*, f; — pp [g] < 4.1 x 107 CL=90% 2135
p/A(1520) (31 +06 )x10~7 2322
pp KT nonresonant < 89 x 1075 CL=90% 2348
ppK*(892)" (36 738 )x106 2215
£1(2220)K**, f; — pp < 77 x 107 CL=90% 2059
pA (24 T30 yx107 2430
pAy (24 T 052 )x1070 2430
pAnO ( 30 T 9L yx106 2402
pX(1385)° < 47 x 1077 CL=90% 2362
ATA < 82 x 10~7 CL=90% -
pX~y < 46 x 1070 CL=90% 2413
pArt ™ ( 113 4+ 0.13 ) x107° 2367
pﬂﬂ+7r_ nonresonant ( 59 £ 11 )x 10~ 2367
pAp°, 0 — xta— ( 48 + 09 )x100 2214
pAH(1270), fh — 7T~ ( 20 £ 08 )x100 2026
pAKT K~ ( 41 £ 07 )x100 2132
pAo ( 80 £ 22 )x10~7 2119
PAKT K™ ( 37 +06 )x107° 2132
AATT < 94 x 107 CL=90% 2358
AAKT ( 34 £ 06 )x10 2251
AAK*T (22 T 12 yx1076 2098
A(1520)AK™ (22 +07 )x1070 2126
AA(1520) K+ < 208 x 1070 2126
A%p < 138 x 1076 CL=90% 2403
ATTp < 14 x10~7 CL=90% 2403
Dt pp < 15 x 1075 CL=90% 1860
D*(2010)" pp < 15 x 1075 CL=90% 1786
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EO P5W+
D*0 pﬁ,ﬂ.‘l—
D‘pﬁﬂ
D*
pA9DO
pAYD*(2007)°

+7T—

A(1232)FF
x(1600)™T
x(2420)

5‘(2938)A+; -

=05 =tg
AK' 1

=.(2645)°
=.(2790)°

KT A

=0 5 pKT K rt

( 372 + 027 )x10~4
( 373 + 032 )x 104
( 1.66 + 0.30 ) x 10~4
( 1.86 + 0.25 ) x 10~4
( 143 £ 032 )x10~°
< 5 x 1072 CL=90%
( 23 + 04 )x107% s=22
< 19 x 1072 CL=90%
( 47 + 1.0 )x107°
( 37 + 08 )x107°
( 31 + 07 )x107°
< 3 x 1076 CcL=90%
( 26 + 09 )x107°
( 1.8 + 06 )x10~3
( 22 + 07 )x1073
< 134 % CL=90%
( 49 + 07 )x10~4
( 1.7 + 05 )x10~4
( 29 + 07 )x1072
( 35 + 1.1 )x10~4
( 35 + 1.1 )x10~4
( 237 + 020 ) x 104
< 19 x 1074 CL=90%
( 95 + 23 )x10~4
( 176 + 0.29 ) x 1072
( 114 + 026 )x 1072
( 55 + 1.9 )x107°
< 65 x 1074 CL=90%
< 79 x 104 CL=90%
(11 + 04 )x1073

1789
1709
1705
1621

1980
1928

1904

1935
1880
1823

739

1938
1896
1845
1845

1144
1144
1144

1023

Lepton Family number (LF) or Lepton number (L) or Baryon number (B)

violating modes, or/and AB = 1 weak neutral current (B1) modes

AN
ntete™
tutp
T v
Kteti—
Ktete™
Kt ptp~
KT ™ i~ nonreso-

nant
Ktrtr—

B1
B1
B1
B1
B1
B1
B1
B1

B1

4.9 x 108 CL=90%
8.0 x 108 CL=90%
1.75 + 0.22 ) x 1078

1.4 x 1072 CL=90%
451 + 023 )x10~7  S=11
55 + 0.7 )x10~'

441 + 022 )x10~7  S=12

437 + 027 )x 10~/

2.25 x 1073 CL=90%

2638
2638
2634
2638
2617
2617
2612
2612

1687
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Ktov

p+uﬁ

K*(892)* ¢t ¢~
K*(892)"

K*(892) " p* i~

K*(892)* vw
Ktnta—putpu™
OKT
Apvov
w+e+u_
w+e_u+

i“¢
ntetr™

nte 1T
atetrF

+ oyt
T

+E
Ktetu™

Kte pt
K+eiﬂ$
Ktetr™

Kte 1t
KtetrT

Kt utr—
Ktu— 7T
K—i—,u:tT:F
K'*(892)+e+
K*(892)* e~ ut
K*(892) u¢
+e+

+

\"D

7;
+

ot
ut
“etet
N
et it
— ot ot
—
et

K*(892) et et
K*(892)~ u™
K*(892)~ et pit
D~ ete™

R AR
ﬂ)

>:X3Rb

B1
B1
B1

B1

B1
B1
B1

B1

LF
LF
LF
LF
LF
LF
LF
LF
LF
LF
LF
LF
LF
LF
LF
LF
LF
LF
LF
LF

~
M

~ e~~~ r~~NF~F~~M~M~®™~T"H~

ANNNNNNNNNNNNANNNNNNNANNNANNNNNNNNANNNNNANNANNNNA

1.6
3.0
1.01

1.55

9.6
4.0
4.3

7.9

3.0
6.4
6.4
1.7
7.4
2.0
7.5
6.2
4.5
7.2
7.0
6.4
9.1
4.3
1.5
3.0
4.5
2.8
4.8
1.3
9.9
1.4
2.3
4.0
15
1.7
4.2
4.7
3.0
4.1
1.6
4.0
5.9
3.0
2.6

x 1072
x 1072
0.11 ) x 106

932 ) x 1076

1.0 )x10— '
x 1072
04 )x10~7

£7 )x10°8

x 1072
x 103
x 103
x 10~ 7
x 1072
x 1072
x 1072
x 1072
x 1072
x 1072
x 10™9
x 10™9
x 108
x 1072
x 1072
x 1072
x 1072
x 1072
x 1072
x 10~
x 10~/
x 106
x 108
x 109
x 10~/
x 107
x 107
x 107
x 108
x 108
x 107
x 107
x 107
x 10~/
x 106

CL=90%
CL=90%
S=1.1

CL=90%

CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=95%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%

2617
2583
2564

2564

2560
2564
2593

2490

2430
2637
2637
2637
2338
2338
2338
2333
2333
2333
2615
2615
2615
2312
2312
2312
2298
2298
2298
2563
2563
2563
2638
2634
2637
2583
2578
2582
2617
2612
2615
2564
2560
2563
2309
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D~ et put L < 1.8 %1076 CL=90% 2307
D= putput L < 6.9 x 10~7 CL=95% 2303
D*= ptpt L < 24 x 1076 CL=95% 2251
D ptut L < 58 x 10~7 CL=95% 2267
DO ptput L < 15 x 1070 CL=05% 2295
N0t LB < 6 x 1078 CL=90%  —
Net LB < 32 x 1078 CL=90%  —
A0t LB < 6 x10~8 CL=90%  —
Net LB < 8 x 1078 CL=90%  —
BO 1(JF) = 5(07)

I, J, P need confirmation. Quantum numbers shown are quark-model

predictions.

Mass mgo = 5279.65 + 0.12 MeV
mpgo — mge = 0.31 &+ 0.05 MeV
Mean life 7 go = (1.519 =+ 0.004) x 10712 s
cr = 455.4 ym
Tg+/Tgo = 1.076 & 0.004  (direct measurements)

BO9-BO mixing parameters

Xd = 0.1858 + 0.0011
Amgo = mg — mgo = (0.5065 + 0.0019) x 1012 7y s~ 1
L

= (3.334 + 0.013) x 10710 MeV
Xg = Ampgo /T go = 0.769 % 0.004
Re(Acp / |Acp|) Re(z) = 0.047 + 0.022
AT Re(z) = —0.007 + 0.004
Re(z) = (-4 £ 4) x 1072 (S =1.4)
Im(z) = (—0.8 £ 0.4) x 1072

0
BH

CP violation parameters

Re(ego)/(1+]ego]?) = (—0.5 & 0.4) x 1073

At /cp(BY > B%) = 0.005 + 0.018

Acp(B® — D*(2010)* D~) = 0.037 + 0.034

Acp(B® — [KTK™]pK*(892)°%) = —0.05 + 0.10
Acp(BY — [KTn~]pK*(892)°) = 0.047 + 0.029
Acp(B°
Acp(B® — [K—nt]pK*(892)°) = 0.19 + 0.19
Acp(B® — [K—atntn~]pK*(892)°) = —0.01 + 0.24

— [Kta~at 77| p K*(892)%) = 0.037 =+ 0.034

Rj = r(BO — [7T+K_]DK*O) / I’(BO — [7T_K+]DK*O) _

0.064 £ 0.021
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R, =T(B® = [7~KT]pK*®) /T(B® = [rT K™ ]pK*?) =
0.095 + 0.021

Acp(BY — [T 7~ ]pK*(892)°) = —0.18 + 0.14

Acp(B® — [t n~at 77| pK*(892)°) = —0.03 + 0.15

Ry =T(BY = [rTK nT7 " |pK*0) /(B® -
[7~ KT nt 7~ ]p K*®) = 0.074 + 0.026

R, = rB° - [r~Ktrtx |pK*®) /T(B® —
[7T K= 7t 7~ ]p K*0) = 0.072 + 0.025

Acp (B® = Ktzn~) = —0.083 + 0.004

Acp(B® — 7/ K*(892)°%) = —0.07 £ 0.18
Acp(B® — 0 K5(1430)%) = —0.19 £ 0.17
Acp(B® — 1 K3(1430)°) = 0.14 + 0.18
Acp(B% - nK*(892)°) = 0.19 + 0.05
Acp(B® — nK3(1430)°) = 0.06 + 0.13
Acp(B® — nK3(1430)%) = —0.07 £ 0.19
Acp(B® — b KT) = —0.07 £ 0.12
Acp(B® — wK*0) =0.45 + 0.25

Acp(B® = w(Km)0) = —0.07 £ 0.09
Acp(B® — wK3(1430)%) = —0.37 £ 0.17
Acp(B® — Kt7~79) = (0 £ 6) x 1072
Acp(BY = p~ K1) =020+ 0.11

Acp(BY — p(1450)~ KT) = —0.10 + 0.33
Acp(B® — p(1700)"K*t) = —0.4 £ 0.6
Acp(B? — K+ 7~ n%nonresonant) = 0.10 + 0.18
Acp(BY - KOntn~)=—-0.01 +0.05
Acp(B% - K*(892)t7w~) = —0.27 + 0.04
Acp(B® = (Km)§tm™) = 0.02 + 0.04
Acp(B® — K3(1430)T 77) = —0.29 & 0.24
Acp(B® — K*(1680)t7~) = —0.07 + 0.14
Acp(B® — £,(980)K2) = 0.28 + 0.31
Acp(B® = (Km)i07Y) = —0.15 £ 0.11
Acp(B® — K*079) = —0.15 + 0.13
Acp(B® — K*(892)%7F 7~) = 0.07 + 0.05
Acp(BY — K*(892)°p%) = —0.06 + 0.09
Acp(B® — K*0£(980)) = 0.07 + 0.10
Acp(B® = K*tp7) =0.21 £0.15
Acp(BY — K*(892)°K*+ K~) = 0.01 + 0.05
Acp(B® — ay KT) = —0.16 & 0.12
Acp(B® — K°K9) = 0.6+ 0.7

Acp(B® — K*(892)0¢) = 0.00 & 0.04
Acp(B® = K*(892)°K~7T) =02+ 0.4
Acp(B® = ¢(Km)i%) = 0.12 + 0.08
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¢ K3(1430)%) = —0.11 + 0.10

K*(892)%~) = —0.006 + 0.011

K3(1430)%7) = —0.08 £ 0.15

XS’y) — —0.009 + 0.018

77)=013+0.06 (S=1.1)

) = —0.08 & 0.08

a1(1260)iﬁ) = —0.07 £+ 0.06

by mT) = —0.05 £ 0.10

ppK*(892)%) = 0.05 4 0.12

pAn~) = 0.04 &+ 0.07

K*0¢t¢=) = —0.05 £ 0.10

K*0ete™) = —0.21 +0.19

K*Out =) = —0.034 & 0.024

Cpi p+ (B® = D*(2010)~ D) = —0.01 £ 0.11

Spsp+ (BY = D*(2010)~ D*) = —0.72 £ 0.15

Chet p- (B® = D*(2010)" D7) = 0.00 + 0.13 (S = 1.3)

Sps+ p- (B® = D*(2010)*D~) = —0.73 + 0.14

Cher pr (B = D*TD*7) =0.01+0.09 (S=16)

Sps+ ps— (B = D*FD*7) = —0.59 £ 0.14 (S = 1.8)

Cy (B® - D**D*7)=0.00+0.10 (S =1.6)

S, (B - D*t*D*") = —0.73 £ 0.09

C_ (B - D**D*7)=0.1940.31

S_ (B = D**D*")=01+16 (S=235)

C (B% = D*(2010)* D*(2010)~ KO) = 0.01 4 0.29

S(B° — D*(2010)+ D*(2010)" K%) = 0.1 £ 0.4

Chip- (B — D™D~ ):—022i024 (S=25)

sD+D_ (B - D¥D™)=-076"513 (S=12)
Cyprsyq0 (B = J/9(18)n°%) = 0.03 £ 0.17 (S = 1.5)

5 1/(18) 0 (B — J/9(1S)7%) = —0.88 +£0.32 (S =2.2)

C(B® — J/¢(15)p°) = —0.06 + 0.06

S(B® —» J/9(1S)p%) = —0.66 7315

Q Q Q
T T v

Q
g

Q

e
T HHTT XTI
©O O 0O 0O O O o o o o o o o

>e>>>>222>>2>>
3
iiiiiiiiiiiii

C ) .o (BY— DULAO) = —0.02+0.08
Dy h o

S (o) .o (B = DGLH0) = —0.66 + 0.12
DY) 1o cpP

Cyo,0 (B = KOx0)=0.00+0.13 (S=14)
Sko,0 (B = KOn0) = 0.58 £ 0.17
(B — 1/(958)K%) = —0.04 £ 0.20 (S = 2.5)

Sy(osy ko (BY = n/(958)KY) = 0.43 £ 0.17 (S = 15)
Cyyo (B = 1/ K®) = —0.06 + 0.04

Cn’(958) K
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Sy o (B = 7' K®) = 0.63 + 0.06
C o (BY = wK2)=00+04 (S=30)
S

S ko (B = wK%) =070 +£0.21

S
C(B® - K%n%x0) = —0.21+£0.20
S(B° - K%n070) =0.89" 537
CpoKo (B — p°Kk%) = —0.04 +0.20

S0 K2 (B - p°K%) =0501337
Cr ke (B — £,(980) K%) = 0.29 £ 0.20
Sfng (B = £(980)K2) = —0.50 = 0.16

S, K (B® = £(1270)K%) = —0.5 £ 0.5

szK% (BY — £(1270)K%) = 0.3 £ 0.4
sfo% (B — £,(1300)K%) = —02+05
cfo% (B® — £,(1300)K2) = 0.13 £ 0.35

SKO+ e (B — K97t 7~ nonresonant) = —0.01 & 0.33

Cyo+ .- (B® = KOt n~ nonresonant) = 0.01 + 0.26
Cha K9 (B - K%Kk%)=00+04 (S=14)

Sk Ko (B = KZKZ)=-08+05

Ckr kKO (B = KK~ K% nonresonant) = 0.06 + 0.08

SK+K=K2. (B® -+ K* K~ K2 nonresonant) = —0.66 + 0.11
C+ k- KO (B = KT K~ K% inclusive) = 0.01 £ 0.09

Sk+ K- KY (B® -+ K* K~ K2 inclusive) = —0.65 =+ 0.12
Csk0 (B° = ¢KY%) =0.01+0.14

¢Ko (B° = ¢K%) =0.59 £ 0.14

Ckeksks(BY = KsKsKs) = —0.23 £ 0.14
SkeKsks(B® = KsKsKs) = —05+06 (S=30)
c:K%W%(ls0 — K%7%) =036 +0.33

SK%WOW(BO — K%7%y) = —-0.8 +£0.6

CK%ﬁW,V(BO — KyrTm~v)=-039+020
SK%WW_V(BO — KYrta~v)=0.14 £ 0.25

Ciroy (B = K*(892)°) = —0.04 £0.16 (S=12)
Sk, (B = K*(892)%7) = —0.15 £ 0.22

C ko~ (B = nK%9) =01=£04 (S=14)
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Syko (B = nkK%y) = -05+05 (S=12)
Ckogyy (B2 = K%¢7) = 0.3+ 0.6
Sko4 (BY = KP¢7) = 07101

C(B% - K%p%) = —0.05 +0.19
S(B® — K%p%y) = —0.04 £0.23
C(B% = p°4)=04+05

S(BY — p%9)=-08=+07

Con (B > mt7m~) = —0.32+£0.04
Sex (B = wH7™) = —0.65 + 0.04
Co,0(B°— 7n%70) =—-033+022
Cor (B = pTr™) =-0.03+007 (S=12)
Spyw (B = pT7™) =0.05 +0.07
ACy, (B® —+ ptm~) =0.27 £ 0.06
AS,, (B — ptn7) =0.01+0.08
C 00 (B® — p0n%) =0.27 £ 0.24
S o0 (B%— p0n0) =—-0.23+0.34

p
Cayr (B® = a1(1260)T ) = —0.05 + 0.11

Sayr (B® = a1(1260)t77) = —02+ 04 (S =3.2)
AC, r (B® — 21(1260)*7~) =043 +£0.14 (S =13)
AS, = (B® — a1(1260)" 77) = —0.11 £ 0.12
C(BY— b KT)=-0224024

AC(B® - bynt) = —1.04+0.24

Crop (B = p%p%) =02+0.9

So0 (B = p°p%) =03=x07

C,, (B® = pTp~) =0.00 £ 0.09

Spp (B = ptp7)=-014+013

IA] (B — J/1K*(892)°) < 0.25, CL = 95%

cos 28 (B — J/yK*(892)°) = 1.710% (S =16)
cos 28 (B® = [KYnT 7], h%) =0.91 +£0.25

(Sy +S_)/2(B° - D* nt) = -0.039 + 0.011
(S_ —S.)/2(B% - D* xt) = —0.009 + 0.015
(Sy +S_)/2(B° - D~ 7F) = —0.046 + 0.023

(S —S.)/2(B° - D~ 7t)=-0.022 + 0.021

S, (B — D~ 7T)=0.058 + 0.023

S_ (B - D*x~)=0.038 + 0.021

(Sy +S_)/2(B° = D~ pt) = —0.024 + 0.032

(S_ —S4)/2(B° = D pt)=-0.10+0.06

G, K (B = n.K%) =0.08£0.13

0 0y _
Sy (B° = ncKy) =093+ 0.17
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C_o o (BY = ccK™0) = (0.5 £ 1.7) x 1072

cc

sin(28) = 0.695 + 0.019

Chppinsyko (B® = J/(nS)KO) = (0.5 + 2.0) x 1072
S1vinsyko (B = J/%(nS)K®) = 0.701 + 0.017
Cypieo (B = J/pK*0) = 0.03 £ 0.10

S)jpieo (B = J/K*0) = 0.60 + 0.25

0.5
CXCOK% (BO — Xc0 K%) = _0-31—0.4
choK% (B = xc0K%)=-07+05
o KO (B® = xc1K%) =0.06 £ 0.07
c1fg

chlK‘; (B = xc1K2) =0.63 £ 0.10
sin(2Be6)(B® — ¢ K%) = 0.22 + 0.30
sin(28ef¢) (B® — ¢ K5(1430)°) = 0.97 7933
sin(28e)(B° = KtK—K%) = 0777313
sin(28ef) (B — [KYmT 7w ] 5y h%) = 0.80 + 0.16
Bee(BY = [KGmt ] pe H0) = (22 £ 5)°
2Bst(B® — J/vp°) = (42719)°

Al (B® = [K&mT 7] 5 h°) =1.01 +0.08
|sin(28 + )| > 0.40, CL = 90%

2 B+ = (83 +60)°

a = (84.9751)°

x4 (B - DK*0) =0.04 + 0.17

x_(B® - DK*0) = —-0.16 + 0.14

y+(B® - DK*0) = —0.68 + 0.22

y_ (B - DK*0)=0204+025 (S=1.2)
rgo(B® = DK*0) = 0.22013021

0go(B® = DK*0) = (1941 30)°

BY modes are charge conjugates of the modes below. Reactions indicate
the weak decay vertex and do not include mixing. Modes which do not
identify the charge state of the B are listed in the B:l:/BO ADMIXTURE
section.

The branching fractions listed below assume 50% BOBO and 50% BT B~
production at the 7(4S). We have attempted to bring older measurements
up to date by rescaling their assumed 7 (4S) production ratio to 50:50
and their assumed D, Ds, D*, and ) branching ratios to current values
whenever this would affect our averages and best limits significantly.

Indentation is used to indicate a subchannel of a previous reaction. All
resonant subchannels have been corrected for resonance branching frac-
tions to the final state so the sum of the subchannel branching fractions
can exceed that of the final state.
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For inclusive branching fractions, e.g., B — D:l:X, the values usually are
multiplicities, not branching fractions. They can be greater than one.

Scale factor/ p
B0 DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
(T X [a] ( 10.33+ 0.28) % -
et ve Xc (10.1 + 0.4 )% -
D0ty X ( 94 + 09)% -
D=ty [a] ( 231+ 0.10)% 2309
D~ 1%u, ( 1.08+ 0.23)% 1909
D*(2010)~ ¢t v, [a] ( 5.05+ 0.14)% 2257
D*(2010)~ 7" v, ( 157+ 0.09) % S=1.1 1838
DOr— 0ty ( 41 + 05)x1073 2308
D§(2300)~ £* vy, DS™ — ( 30 +12)x1073 s=18 -
DO~
D%(2460)~ (T vy, D3~ — ( 1214 033)x1073 S=18 2065
o DO~
DYnretyy(n > 1) ( 23+ 05)% ~
DO ¢ty ( 58 4+ 08)x1073 S=14 2256
D1(2420)~ (T v, D] — ( 2.80+ 0.28) x 10~3 -~
D07~
D' (2430)~ (T vy, DT — ( 31+ 09)x10"3 -~
5*071'_
D%(2460)~ ¢t vy, D}™ — ( 68 + 1.2 )x1074 2065
D*0 7~
D= rntr= Ty, ( 1.3 £ 05 )x1073 2299
D*ata= Ty, ( 14 + 05)x103 2247
an”, [a] ( 294+ 0.21) x 10~4 2583
AR [a] ( 150+ 0.06) x 104 2638
S < 25 x 1074 CL=90% 2339
Inclusive modes
K+ X (78 +8 )% —
DOX ( 81+ 15)% —~
DO X (474 £ 28 )% -
DT X < 39 % CL=90% -
D~ X (369 + 33)% -
D X (103 T 21y9% -
D, X < 26 % CL=90% —
AT X < 31 % CL=90% —

- 2.1 yo -
A X (507F $2)%
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cX (95 +5 )%
cX (246 £ 31)%
c/cX (119 +6 )%
D, D*, or D¢ modes
D~ T ( 252+ 0.13) x 1073
D~ pT ( 76 + 1.2 )x1073
~KOxt ( 49 + 09 )x10~4
D~ K*(892)* ( 45 + 07 )x1074
D-wn™t ( 28 + 06 )x103
D~ Kt ( 1.86+ 0.20) x 104
D-Ktrtr ( 35 + 08 )x10"4
D~ K+t KO 3.1 x 1074
D~ Kt K*(892)° ( 88 + 1.9 )x10~%
DOrt o~ ( 88 + 05 )x10~4
D*(2010)~ =+ ( 274+ 0.13) x 103
DOKt K~ ( 59 + 05 )x1075
D~ ntatn— ( 6.0 £ 0.7 )x1073
(D~ 7wt 7T 7~ ) nonresonant ( 39 + 1.9 )x103
D~ nt p0 ( 11 £ 1.0 )x 103
D~ a;(1260)™ ( 60 + 33)x103
D*(2010)~ 7+ 70 ( 15+ 05)%
D*(2010)~ p™ ( 68 + 09 )x103
D*(2010)~ KT ( 212+ 0.15) x 1074
D*(2010)~ KOzt ( 30 + 08)x104
D*(2010)~ K*(892)™ ( 33+ 06)x10%
D*(2010)~ KT K° 47 x 10~4
D*(2010)~ KT K*(892)° ( 1.294 0.33) x 1073
D*(2010)" 7t 7t o™ ( 7.21+ 0.29) x 103
(D*(2010)~ 77+ 7~ ) non- ( 00 + 25)x103
resonant
D*(2010)~ 7+ p° ( 57 + 32)x1073
D*(2010) a;(1260) " ( 130+ 0.27) %
D1(2420)° 7~ 7T, DY — ( 1.47+ 0.35) x 10~4
D*~xt
D*(2010)" KT 7~ # " ( 47 £ 04 )x10"%
D*(2010) " ntata— 70 ( 176+ 0.27) %
D*~3rt 27~ ( 47 £ 09 )x1073
D*(2010) " wn ™t ( 246+ 0.18) x 103
D1(2430)°w, D? — (27738 )x10-*
D*~mt
D*~ p(1450)", pt — wr™ ( 107" 8:‘;2) x 1073
D1(2420)°w, D? — ( 7.0 £ 22 )x1075

D*~xt

S=1.1

CL=90%

CL=90%

S=1.2

2306
2235
2259
2211
2204
2279
2236
2188
2070
2301
2255
2191
2287
2287
2206
2121
2248
2180
2226
2205
2155
2131
2007
2235
2235

2150
2061

2181
2218
2195
2148

1992

1995
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D3(2460)°w, DY — (40 + 1.4 )x107° 1975
D*~xt
D*~ by (1235)", b — < 7 x 1075 CL=90% -
AT
D**~ [e] ( 19 + 09 )x103 —
D (2420)" 7%, D] — (99 T 20 )x105 =
D~ rntn~
D1(2420)~ = *, D] — < 33 x 1072 CL=90% -
_ D*¥rtaT
D3(2460)" 7, (D3)” — ( 2.38+ 0.16) x 1074 2062
D%
D§(2400)~ 7, (D§)~ — ( 76 + 0.8 )x107> 2090
DO~
D3(2460)" 7T, (D3)” — < 24 x 1072 CL=90% -
. _
5;(8460)—;) < 49 x 1073 CL=90% 1974
popo ( 1.4 + 07 )x1075 1868
D*0 DO < 29 x 1074 CL=90% 1794
D~ DT ( 211+ 0.18) x 1074 1864
D* D*F (CP-averaged) ( 61 + 06 )x10"4 -
D~ D} ( 72 + 08 )x103 1812
D*(2010)~ D ( 80 + 1.1 )x1073 1735
D~ D ( 7.4 + 1.6 )x 103 1732
D*(2010)~ DI+ ( 177+ 0.14) % 1649
Dso(2317)" K™, D — ( 42 4+ 14 )x107° 2097
DS 70
Dso(2317)"n", Dy — < 25 x 1079 CL=90% 2128
DS 70
Ds;(2457)" K™, D_; — < 94 x 1076 CL=90% -
DS 70
D, 7(2457)"nt, D, — < 40 x 1070 CL=90% -
DS 70
D_ DY < 36 x 1075 CL=90% 1759
D™ DY < 13 x 1074 CL=90% 1674
D~ D¥* < 24 x10~4 CL=90% 1583
D%,(2317)" D, D:Sr — ( 106+ 0.16)x 1073 S=1.1 1602
D: 79
Dgo(2317)" D=, Df; — < 95 x 1074 CL=90% -
D:+7
Dso(2317)* D*(2010)~, ( 15 + 06 )x103 1509

+ +.0
DSO—> Ds7r
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D, ;(2457)T D~ ( 35+ 1.1)x1073 -
Ds;(2457)* D=, D, — (65T 17 )x10* -
D:fy
Ds;(2457)* D=, D, — < 6.0 x 10~4 CL=00% -
D:+7
Ds;(2457)*D~, Df, — < 20 x 1074 CL=00% -
D:W+ﬂ_
Ds;(2457)*D~, Df, — < 36 x 10™4 CL=90% -
D 70
S
D*(2010)~ D, ;(2457) " ( 93+ 22)x103 -
Dy ;(2457)* D*(2010), DY, — (23739 )x103 -
D:fy
D~ Ds1(2536)%, DS, — ( 2.8 + 07 )x10"4 1444
D*O K+ T p*t+ KO
D~ Dg(2536)", D, — ( 17 + 06 )x 104 1444
D*0 K+
D™ D1 (2536)", DS, — ( 26+ 1.1)x107% 1444
D*+ KO
D*(2010)~ D41 (2536) T, ( 50 + 1.4 )x10~% 1336
D — DKt + D*t KO
)
D*(2010)~ D41(2536) T, ( 33+ 11)x10% 1336
Df — DK™
S
D*~ Dg;(2536)", DY, — ( 50 + 1.7 )x 104 1336
D*+ KO
D~ Dy ;(2573)F, Df, — ( 34 + 18 )x107° 1414
DOK™
D*(2010)~ D, ;(2573) T, < 2 x 1074 CL=90% 1304
DY, — DOKT
D~ Dy;(2700)", DS, — (71 4+ 12 )x107% -
DOK™
Dt rn~ ( 74 + 1.3 )x1077 2306
DY n~ ( 216+ 0.26) x 1075 2270
Dt (21 + 04)x107° S=14 2215
DY p~ < 24 x 1075 CL=90% 2197
Dt p~ ( 41 + 13 )x10°5 2138
DY ay < 19 x 1075 CL=00% -
Dt ag < 36 x 1075 CL=00% -
DY a1(1260)~ < 21 x 1073 CL=00% 2080
D** a1(1260)~ < 17 x 1073 CL=00% 2015
Dfay < 19 x 1074 CL=00% -
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+ —
D" a;
DK™
D™ K+
D K*(892)*
D~ K*(892)*
D_ nt K®
D™t KO
DS Ktrtn—
D, mt K*(892)°
D™ 7 K*(892)°
DO KO
DOYK+ 7~
D K*(892)°
D° K*(1410)°
D° K(1430)°
DO K35(1430)°

D§(2300)~ K+, D~

507'('_

D%(2460)~ KT, D3~ —

507'(_

D%(2760)” Kt, D™ —

507'(_

DO K+ 7~ nonresonant
[KT K~ ]pK*(892)°
[7F 7] p K*(892)°
[t 7~ at 7] p K*O

DO 70
DO ,0

<

e N e e T T T N

2.0

27 £
2.19+
35 £

32 T

9.7 +
1.10
1.7 £+
3.0
1.6
52 £
8.8 £
45 £
6.7

21 +
1.9 +

2.03+
1.0

3.7

4.2 £+
6.0 £
46 *
2.63+
3.21+
1.56+
2.36t
1.38+
2,54+
2.3

53 £

25

22 +
5.1

23 £
1.40+
6.2 +
3.6 £

Exp. Phys. 2020,

x 10~4
0.5 ) x 1072
0.30) x 1072
1.0 ) x 107>
13 )x107°
1.4 )x107°

x 104
0.5 ) x 104

x 1073

x 10~3
0.7 ) x 1072
1.7 ) x 107>
0.6 ) x 1072

x 1072
7 )x1070
0.9 ) x 1072
0.9 )x 1072

0.35) x 1072
x 106

x 107°
0.7 ) x 1072
1.1)x107°
0.9 ) x 1072
0.14) x 104
0.21) x 104
0.21) x 104
0.32) x 10~4
0.16) x 104
0.16) x 104

x 100
3.2 )x107°
98 ) X 106

x 1072
0.6 ) x 1074

x 104
0.6 ) x 1074
0.22) x 104
2.2 ) x10~4
1.2 ) x 107>

083C01 (2020)

CL=90%
5=2.7

CL=90%

CL=90%
CL=90%

CL=90%

CL=90%

CL=90%

5=2.5
5=1.3

CL=95%

CL=90%
5=2.6
CL=90%
5=2.8

2242
2185
2172

2112

2222
2164
2198
2138
2076
2280
2261
2213
2062
2058

2057

2029
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*(2007
*(2007

( ) K *(892)

(2007)° K*(892)°

*(2007)0 7t t T
D*(2010)* D*(2010)~
D*(2007)%w

*(2010)T D~

*(2007)° D*(2007)°
D~ DOK+
D~ D*(2007)° K+
D*(2010)~ DOK
D*(2010)~ D*(2007)° K+
D~ Dt KO°
D*(2010)~ DT KO +

D~ D*(2010)* K©

D*(2010)~ D*(2010)* K©

D*~ Dg1(2536)", DY, —

[)*4—;<0
DO DO KO
D D*(2007)° KO +
D*(2007)° DO KO
D*(2007)° D*(2007)° KO
(D+D*)(D+D*)K

1c(1S) K+ 7~ (NR)
X(4100)~ K+, X~ =
Jer -

he(1P) K*O

J/(1S)K®

JIp(1S)K+ 7~
J/9(1S) K*(892)°

~ ~ ~ ~

A~ AN AN AN~ ~

—~~

—~~

Charmonium

~ A~~~

6.9
4.0
2.7
8.0
3.6
6.1
9

1.07+
35 £
247+
1.06+
75 £
6.4 +

+
+
+
+

8.1 £
8.0 £

2.7 £
1.1 +

24 £
3.68+

Exp. Phys. 2020, 083C01 (2020)

x 107°

x 1072
0.5 )x 1073
0.6 ) x 1074
1.1)x10~4
15 )x10~4

x 1075
0.11) x 10~3
0.4 )x 1073
0.21) x 103
0.09) %
1.7 )x 1074
0.5 ) x 1073

0.7 )x 1073
2.4 ) x 104

1.1 )x10"4
0.5 ) x 1073

0.9 )x 1073
0.26) %

modes

8.0 £
6.0 £
6.2 £
20 £

1.9
1.6

4.9
3

I+ H I+ W W

4.4

5.2

I+ |+

4.2

3.9
1.4

4
8.68+
1.15+
1.27+

1.1 )x10~4
0.7 ) x 1074
1.3 )x107°
1.0 ) x 107°

15 )x 104
0.4 )x10~4

x 10~4
0.30) x 10~4
0.05) x 10~3
0.05) x 10~3

CL=90%
CL=90%

5=3.1
S=1.6
CL=90%

CL=90%

CL=90%

2157
2157
2219
1711
2180
1790
1715
1574
1478
1479
1366
1568
1473

1360
1336

1574
1478

1365

1751
1722

1395
1387

1386
1166

1646

1159
1401
1253
1683
1652
1571
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J/H(1S)nKS
J/H(1S)n K°
J/w(15)¢K°
J/p(1S)w KO
Xc1(3872) K°,
J/Yw
X(3915), X — J/yw
J/¢(15)K(1270)0
(
(

Xcl —

J/p(15)n
J/p(1S)rt w
J/p(1S)m*

J/Y(1S)f
J/Y(1S)f;
J/4(18) p°

J/l/)( 5) 5(980),

7T T
J/9(15) p(1450)°, p0 —

7T nonresonant
(500), fo — w7

Y Sh

fo—)

J/p(1700)°, p0 — ata—
J/(1S)w
J/p(AS)KT K~
J/1p(1S) ap(980),
KtK—
J/¥(15) ¢
J/¥(15)n'(958)
J/p(AS)KOntn—
J/p(IS)KOK~ 7t + cc.
JY(1S)KOKT K~
J/p(1S) KO p°
J/Y(1S)K*(892) T 7~
J/YAS)nta
J/4(15) ,(1285)
J/p(1S)K*(892)°0 nt 7~
xc1(3872)” KT
Xc1(3872)_ K+,
Xc1(3872)_ —
J/p(18)m~ 70
Xc1(3872)f(01 Xcl —

ap —

J/yrtw
Xc1(3872) KO, xc1 = J/vy
Xc1(3872);<*(892)0v Xcl —

/by

(

<

A~ AN AN AN~

A~ N AN AN~ ~

[f] <

A

5.4
2.5
4.9
2.3
6.0

2.1
1.3

+

+

+
+

1.66+
1.08+
3.94+

1.2
8.8
3.3

+ 1
-1

+

2.55 1

11

2.0
1.8

+

+ 0.7
-0

2,50+

4.7

1.9
7.6
4.3
2.1
25
5.4
8

+

+

142+

8.4
6.6

4.2

4.3

2.4
2.8

+
+

0.9 ) x 107>

x 1072
1.0 ) x 107°
0.4 )x10~4
3.2 )x 1070

CL=90%
5=1.3

0.9 ) x 1072
0.5 ) x 1073
0.10) x 1072
0.23) x 1072
0.17) x 1072

x 107

S=15

CL=90%
% ) X 1076
0.5 )x10°°

0:16) X 1072

x 10~6
lg )><10_6

1.3 )x 1070
5 ) x 1072

0.35) x 10~
3.4 )x 10~

x 107
2.4 )x1070
0.4 )x10~4
x 107
0.7 ) x 107>
3.0 ) x 1074
4 )x10~4
0.12) x 1072
2.1 )x1070
2.2 ) x10~4
x 1074 CL=90%
x 1076 CL=00%

CL=90%

CL=90%
S=1.38

1.3 )x 1070

% 100 CL=90%
%106 CL=90%

1508
1271
1224
1386
1140

1102
1402
1728
1673
1716
1716

1609
1534

1520
1546
1611
1467
1249
1390
1515
1670
1385
1447

1140

1140
940
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Xc1(3872) KO, xco1 — ¥(2S)y < 6.62 x 1076 CL=00% 1140
Xc1(3872) K*(892)0, X1 — < 44 x 1076 CL=00% 940
¥(25)y
XC1(3872)K Xel — ( 1.7 £ 08 )x10~4 1140
DODO° 7r0 _
xc1(3872) KO, xc1 — D*0DO ( 12 + 04 )x1074 1140
Xc1(3872) KT 7™, xe1 — ( 79 + 1.4 )x10°6 —~
J/yrt
Xc1(3872) K*(892)°, o1 — ( 40 + 1.5 )x 106 =
J/prta~
Xc1(3872)7, Xc1 — < 51 x 10~7 CL=90% -
J/prta~
Z (4430)t KT, ZF ( 607F 39 )x10°5 583
¢(25)7Ti
Z (4430)F KT, ZF ( 541 491076 583
J/pmE
Z,(3900)* KF, ZF < 9 x 10~7 -
J/prE
Z.(4200)F KT, X+ - (22T L3 )x10-5 -
J/pmE '
J/¥(1S)pp ( 45 + 06 )x10~7 862
J/(18)y < 15 x 1070 CcL=90% 1732
J/¢(15)§0 < 13 x 1075 CL=090% 877
(28)7° ( 117+ 0.19) x 1072 1348
Y»(2S)KO ( 58 + 05)x10% 1283
Y(3770)K°, o — DODO < 123 x 1074 CL=90% 1217
¢(3770)K0 Y — D™Dt < 188 x 1074 CL=90% 1217
P(2S) 7t ( 221+ 0.35)x 1072 1331
¥(25) KJr ( 58 + 04 )x1074 1239
@b(25)K*(892)0 ( 59 + 04 )x10% 1116
xeo K° ( 111t 324 x 106 1477
xco K*(892)° ( 1.7 + 04 )x10~4 1342
Xcl1 T ( 1.12+ 0.28) x 102 1468
xe1 KO ( 3.95+ 0.27) x 10~4 1411
Xeim KT ( 4.97+ 0.30) x 1074 1371
Xe1 K*(892)° ( 238+ 019)x 1074 S=12 1265
X(4051)" KT, X~ — ( 30 T 19 )x10°5 -
Xcl1T
X(4248)" KT, X~ — (40 7290 )x1075 -
Xc1T
Xerm T KO ( 32 + 05 )x10~4 1318

Xerm 0Kt ( 35+ 06 )x10"4 1321
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Xc2 KO < 15
Xeo K*(892)° ( 49 +
Xeam KT (72 £
Yo tn™ KO < 170
Yeom 0Kt < 74
¥(4660) KO, o — AT A < 23
¥(4260)0K0, 0 — < 17
J/prta~
K or K* modes
Kt~ ( 1.96+
KO 70 (9.9 +
n KO ( 66 +
7' K*(892)° (28 +
n' K3(1430)° ( 63+
n' K5(1430)° ( 137+
nKO ( 1237
7 K*(892)° ( 159+
nK3(1430)° ( 110+
nK3(1430)° (96 +
wkKO ( 48 +
29(980)° KO, a3 — nnO < 78
bcl)KO, bcl) — wn® < 78
a9(980)F KT, af — nrt < 19
by KT, by — wn™ ( 74 +
OK*, b0 — wrl < 80
bl_K*+, by — wm™ < 50
ao(1450)* KT, aoi — prt < 31
K% X0 (Familon) < 53
wK*(892)° (20 +
w(Km)g? ( 1.84+
wK(1430)° ( 1.60+
w K3(1430)° ( 101+
w K+ 7~ nonresonant ( 51 +
K+7n— =0 ( 378+
KJr ( 70 +
(1450) ( 24 +
(1700) (6 =+
(K+7r m ) nonresonant (28 +
(Kﬂ')o : (K7T)E';+ ( 3.4 +
K+ x0
(Kﬂ')goﬂ'o, (Kﬂ')go — ( 86 +

Ktn—

Exp. Phys. 2020,

x 1072
1.2 )x107°
1.0 ) x 107>
x 10~4
x 1079
x 10~4
x 1079

0.05) x 10>
0.5 ) x 1076
0.4 )x 1072
0.6 ) x10~°
1.6 ) x 1070
0.32) x 1072

0:54) x 1070

0.10) x 1072
0.22) x 1072
2.1 )x 1070
0.4 )x 106
x 1076
x 100
x 10~6
14 )x 1070
x 100
x 10~6
x 100
x 107°
0.5 ) x10~°
0.25) x 1072
0.34) x 1072
0.23) x 1072
1.0 ) x 1070
0.32) x 1072
0.9 ) x 106
12 )x 1070
7 )x10~7
0.6 ) x10~°
0.5 ) x 1072

1.7 )x 1070

083C01 (2020)

CL=90%
S=1.1

CL=90%
CL=90%
CL=90%
CL=90%

CL=90%
CL=90%
CL=90%

CL=90%
CL=90%
CL=90%
CL=90%

1379
1228
1338
1282
1286

2615
2615
2528
2472
2346

2346
2587
2534
2415

2414
2557

2503

2380
2380
2542
2609
2559

2609
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;(1430) 70
%

X X

K*O 0
;(0
KO 7T+ 7~ nonresonant
/<0P0
K*(892)*
K(1430)"
Ki+7r_
K*(1410)*
K07r+
(Km)gtn™, (Km)§t —
;(0 +
f0(980)K0, fo = mtm
K £,(500)
KO £,(1500)
£,(1270) K©
£, (1300)K0,f, — 7w~
*(892)0 0
K3(1430)"
K*(1680)T 7
Ktn— F+W
PO Kt~
f(980) K+
K+ 7~ 7t 7~ nonresonant
K*(892)0 7t 7
K*(892)0 p°
K*(892)°1(980), fy — =
K1(1270)™
K1(1400)™
a1(1260)~ KT

K*t —

fo— nm
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net e BI < 1.08 x10~7 CL=90% 2611
nut T BI < 112 x 10~7 CL=90% 2607
7 BI < 9 x 1076 CL=00% 2638
KO¢t o~ Bl [ ( 317F 38 )x107 2616
KOete™ B1 (16T 9 )x107 2616
KOut B1 ( 3.39+ 0.34) x 10~ 7 2612
KOvw BI < 26 x 1075 CL=90% 2616
Ovo B1 < 40 x 1075 CL=90% 2583
K*(892)0 ¢t ¢~ Bl [a] ( 99t 121077 2565
K*(892)% et e~ B1 ( 103T 319y %106 2565
K*(892)° it pu~ B1 ( 9.4 + 05 )x107 2560
ataut T BI ( 21 + 05)x10°8 2626
K*(892)%vw B1 < 18 x 1075 CL=00% 2565
invisible B1 < 24 x 1072 CL=90% -
VU B1 < 17 x 107° CL=90% 2640
%7 B1 < 127 x 10~% CL=90% 2541
et T LF  [n] < 10 %1079 CL=90% 2639
n0e® T LF < 14 x10~7 CL=90% 2637
KOe® T LF < 27 x10~7 CL=90% 2615
K*(892)%et ™ LF < 16 x 1077 CL=90% 2563
K*(892)% e~ it LF < 12 x 1077 CL=00% 2563
K*(892)0 e* 1T LF < 18 x10~7 CL=00% 2563
et T LF  [n]< 28 x 1075 CL=90% 2341
pErT LF [ < 14 x 1075 CL=95% 2339
AT LB < 14 x 1076 CL=00% 2143
Afem LB < 4 x 1076 CL=00% 2145
B*/B% ADMIXTURE
CP violation
Acp(B — K*(892)7) = —0.003 + 0.011
Acp(B — sv) = 0.015 £ 0.011
Acp(B — (s+d)y) = 0.010 £ 0.031
Acp(B — Xg0T47) =0.04 £ 0.11
Acp(B = Xs0107) (1.0 < g% < 6.0 GeV?/c*) = —0.06 +0.22
Acp(B — Xgf107) (10.1 < q®> < 12.9 or g% > 14.2 GeV? /c*)
= 0.19 £ 0.18

Acp(B — K*ete™)=—-0.18 +0.15

Acp(
Acp(

B— K*utpu")=-0.03+0.13
B — K*{T(~)=—0.04 +0.07
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Acp(B — nanything) = —0.13‘:8:8‘;

AAC’P(XS'Y) = AC’P(Bi - XS'Y) - ACP(BO - XS'Y) =
0.041 £+ 0.023

Acp(B = Xs7) = (Acp(BY = Xs7) + Acp(B® —
X57))/2 = 0.009 + 0.012

AAcp(B = K*7) = Acp(BT — K*Tv) — Acp(B® —
K*0~) = 0.024 + 0.028

Acp(B = K*y) = (Acp(BT = K*tq) + Agp(B® —
K*04))/2 = —0.001 + 0.014

The branching fraction measurements are for an admixture of_B mesons at
the T(4S). The values quoted assume that B(7(4S) — BB) = 100%.

For inclusive branching fractions, e.g., B — D+ anything, the treatment
of multiple D’s in the final state must be defined. One possibility would
be to count the number of events with one-or-more D’s and divide by
the total number of B's. Another possibility would be to count the to-
tal number of D’'s and divide by the total number of B's, which is the
definition of average multiplicity. The two definitions are identical if only
one D is allowed in the final state. Even though the “one-or-more” def-
inition seems sensible, for practical reasons inclusive branching fractions
are almost always measured using the multiplicity definition. For heavy
final state particles, authors call their results inclusive branching fractions
while for light particles some authors call their results multiplicities. In the
B sections, we list all results as inclusive branching fractions, adopting a
multiplicity definition. This means that inclusive branching fractions can
exceed 100% and that inclusive partial widths can exceed total widths,
just as inclusive cross sections can exceed total cross section.

B modes are charge conjugates of the modes below. Reactions indicate
the weak decay vertex and do not include mixing.

Scale factor/ p
B DECAY MODES Fraction (I';/T) Confidence level (MeV/c)

Semileptonic and leptonic modes
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D** ¢t y, [at] ( 27 +£07 )% -

D1(2420) ¢+ vpanything ( 38 + 13 )x1073 sS=24 -~

D¢t vyanything + ( 26 +05 )% S=1.5 -
D* 7T vyanything

D7 T vpanything ( 15 £06 )% -

D* 7T vyanything ( 19 +£04 )% -

D3(2460) (" vy anything ( 44 + 16 )x10°3 -
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Charmonium modes

J/1(15)anything ( 1.004+ 0.032) % S=1.1 -
J/¥(1S) (direct) anything ( 78 +£ 04 )x1073 S=11 -
¥ (2S)anything ( 307 + 021 )x103 -
Xc1(1P)anything ( 355 + 027 )x1073 S=13 -
Xc1(1P)(direct) anything (  3.08 + 019 )x 103 -
Xc2(1P)anything ( 100 + 1.7 )x107% S=16 -
Xc2(1P) (direct) anything ( 75 + 11 )x10~% -
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KX61(3872) Xe1 — ( 12 + 04 )x1074 1141
DY DO 70
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D*0 pO
K X(3940), X — D*0DO < 67 x 1072 CL=90% 1084
K X(3915), X — wJ/¢ V] ( 71 + 34 )x10°° 1103
K or K* modes
K= anything [n] ( 789 £ 25 )% -
K anything ( 66 + ) % -
K™ anything ( 13 + ) % -
KO/WOanything [n] ( 64 +4 )% -
K*(892)F anything ( 18 =+ ) % -
K*(892)° / K*(892)%anything [n] ( 146 + 26 )% -
K*(892)~ ( 42 4+ 06 )x107° 2565
nK~y ( 85 T 1% )x106 2588
K1(1400)~ < 127 x 1074 CL=90% 2454
K3(1430)~ ( 17 3% yx105 2447
K>(1770)~ < 12 x 1073 CL=00% 2342
K3(1780)~ < 37 x 1072 CL=90% 2341
K;(2045)~ < 10 x 1073 CL=90% 2243
K n'(958) ( 83 + 11 )x107> 2528
K*(892)n’(958) ( 41 + 11 )x10°6 2472
Kn < 52 x 1070 CL=90% 2588
K*(892)n ( 1.8 + 05 )x107° 2534
Koo ( 23 +£ 09 )x107° 2306
b — 3v ( 3.49 + 0.19 ) x 1074 -~
b— dy ( 92 430 )x10°6 -~
b — Sgluon < 68 % CL=90% -
n anything ( 26 T 8:3 ) x 10~4 -
n' anything ( 42 +09 )x1074 -
KT gluon (charmless) < 187 x 10~% CL=90% -

KOgluon (charmless) ( 1.9 + 07 )x1074 -
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Light unflavored meson modes
Py ( 139 + 025 )x107% s=12 2583

p/wy ( 130 + 023 )x106 s=12 -
7+ anything [nx] (38 +7 )% -
79 anything (235 11 )% -
1 anything ( 176 +£ 16 )% -
o9 anything (21 +£5 )% -
w anything < 81 % CL=90% -
¢ anything ( 343 £012)% -

¢ K*(892) < 22 x 1072 CL=90% 2460

7T gluon (charmless) ( 37 +08 )x10~4 -

Baryon modes

/\;" / A_ anything ( 36 +£04 )% -
/\janything < 1.3 % CL=90% -
A_ anything < 7 % CL=90% -
z; (T anything < 9 x 104 CL=90% -

A_ et anything < 18 x 1073 CL=90% -

Z; pTanything < - 14 x 1073 CL=90% -
Zc_p anything ( 204 £033)% -
A petu, < 8 x 1074 CL=90% 2021
3 _ " anything ( 33 + 17 )x10°3 -
f; anything < 8 x 1073 CL=90% -
fcc)anything ( 37 +17 )x10°3 -
SON(N = por n) < 12 x 1073 CL=90% 1938
=V%anything, =9 —» =—#* (193 £ 030 )x10~4 sS=11 -~
= Eh o Zmatat ( 45 T 13 yx10* -
p/P anything [n] ( 80 =+ 04 )% -
p/p (direct) anything [Nl ( 55 £05 )% -
peT v, anything < 5.9 x 104 CL=90% -
A/ A anything [n] ( 40 +£05 )% -
A anything seen -
A anything seen -
=~ /=T anything [Nl ( 27 +06 )x103 -
baryons anything ( 68 +£06 )% -
pp anything ( 247 £ 023)% -
AP/ Ap anything [n] ( 25 +£04 )% -

AA anything < 5 x 1073 CL=90% -
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Lepton Family number (LF) violating modes or
AB = 1 weak neutral current (B1) modes

sete” BI ( 67 + 17 )x106 s=20
sput B1 ( 43 £+ 10 )x107°
siT i~ Bl [a ( 58 + 13 )x10% s=18
AN BI < 59 x 1078 CL=90%
Tet e BI < 110 x 107 CL=90%
Tt B1 < 50 x 1078 CL=90%
Kete™ B1 ( 44 + 06 )x1077
K*(892)e™ e~ BI ( 119 + 020 )x1076 s=12
Kuptp™ B1 ( 44 + 04 )x1077
K*(892) ™ ™ BI (106 + 0.09 )x 106
Kete— B1 ( 48 + 04 )x1077
K*(892) ¢+ ¢~ BI ( 105 £ 0.10 ) x 10~
Kvo B1 < 16 x 1072 CL=90%
K*vv B1 < 27 x 1072 CL=90%
TV B1 < 8 x 1076 CcL=90%
pvU B1 < 28 x 1072 CL=90%
setuF LF [ < 22 x 1075 CL=90%
metyF LF < 92 x 10~8 CL=90%
pet T LF < 32 x 1076 CL=90%
Ket T LF < 38 x 1078 CL=90%
K*(892) et uT LF < 51 x 1077 CL=90%

2638
2638
2634
2617
2565
2612
2560
2617
2565
2617

2638
2583

2637
2582
2616
2563

B*/B%/B?/b-baryon ADMIXTURE

These measurements are for an admixture of bottom particles at high
energy (LHC, LEP, Tevatron, SppS).
Mean life 7 = (1.5668 4 0.0028) x 10712 5
Mean life 7 = (1.72 + 0.10) x 10712 s  Charged b-hadron
admixture

Mean life 7 = (1.58 + 0.14) x 10712 s Neutral b-hadron ad-

mixture

T charged b—hadron/TneutraI b—hadron = 1.09 £ 0.13
|ATp| /7,5 = —0.001 £ 0.014

The branching fraction measurements are for an admixture of B mesons
and baryons at energies above the 7(4S). Only the highest energy results
(LHC, LEP, Tevatron, SppS) are used in the branching fraction averages.
In the following, we assume that the production fractions are the same at
the LHC, LEP, and at the Tevatron.

For inclusive branching fractions, e.g., B — Dianything, the values
usually are multiplicities, not branching fractions. They can be greater
than one.



The modes below are listed for a b initial state. bmodes are their charge
conjugates. Reactions indicate the weak decay vertex and do not include
mixing.

Scale factor/

b DECAY MODES Fraction (I;/T) Confidence level
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p
(MeV/c)

PRODUCTION FRACTIONS

The production fractions for weakly decaying b-hadrons at high energy
have been calculated from the best values of mean lives, mixing parame-
ters, and branching fractions in this edition by the Heavy Flavor Averagmg
Group (HFLAV) as described in the note “BO_BO Mixing” in the B
Particle Listings. We no longer provide world averages of the b-hadron
production fractions, where results from LEP, Tevatron and LHC are av-
eraged together; indeed the available data (from CDF and LHCb) shows
that the fractions depend on the kinematics (in particular the PT) of the
produced b hadron. Hence we would like to list the fractions in Z de-
cays instead, which are well-defined physics observables. The production
fractions in pp collisions at the Tevatron are also listed at the end of the
section. Values assume

B(b » BT)=8B(b— BO)
B(b— BT)+ B(b— BY) +B(b — BY) + B(b— b-baryon) =
The correlation coefficients between production fractions are also re-

ported:
cor(Bg, b-baryon) = 0.064

cor(BY, B¥=B0) = —0.633
cor(b-baryon, Bi:BO) = —0.813.

The notation for production fractions varies in the literature (fd, dBO,

f(b— EO), Br(b — EO)). We use our own branching fraction notation
here, B(b — BO).

Note these production fractions are b-hadronization fractions, not the con-
ventional branching fractions of b-quark to a B-hadron, which may have
considerable dependence on the initial and final state kinematic and pro-
duction environment.

Bt (408 + 0.7 )%
BO (408 + 0.7 )%
BY (100 + 0.8 )%
b- baryon ( 84 +11)%
DECAY MODES

Semileptonic and leptonic modes

vanything (231 +£15)%
(T vpanything [a] ( 10.69+ 0.22) %
e’ vganything ( 10.86+ 0.35) %

0.29

/L+uuanything ( 10.95T 0.25) %

100%.
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D~ ¢T vpanything
D~ 7t T vpanything
D~ 7~ {7 vpanything
DO ¢+ vyanything
D7~ ¢+ yyanything
DO 7t ¢t vpanything
D*~ ¢+ vpanything
D*~ 7~ {T vyanything
D*~ nt¢* vpanything
E?E‘L vpanything x
B(EJQ — D*t ™)
DJ._EJF vpanything x
B(D; — D7)
D%(2460)° (T vy anything
x B(D3(2460)° —
D*~ )
D3%(2460)~ £+ vpanything
x B(D3(2460)" —
DO7™)
5;(2460)06Jr vpanything
x B(D3(2460)° —
D~ rT)
charmless (v,
77 v_anything
D*~ Tv_anything
¢ — {~ Uyanything
¢ — (T vanything

[a]

[a.y]

[a,y]

[a]

22 +
49 £
26 £
6.79+
1.07+
23 £
2,75+
6 =+
4.8 £
26 £

( 7.0 +

1.4

(16 +

(17 +
( 241+
(9 =+
( 8.02+
( 16 T

Exp. Phys. 2020, 083C01 (2020)

04 )% S=1.9
1.9 ) x 1073

1.6 ) x 1073

0.34) %

0.27) %

1.6 ) x 1073

0.19) %

7 )x10~4

1.0 )x 1073

0.9 )x103

2.3 )x1073

x 103 CL=90%

1 )x 1073

0.8 )x1073

0.5 )x 1073
0.23) %
4 )x1073
0.19) %

08 )%

Charmed meson and baryon modes

DO anything

DO Dsianything
DF Dsianything
DO DY anything

DO D* anything
D* D¥ anything
D™ anything

D*(2010) " anything
D; (2420)° anything

D*(2010)F D;t anything

[n]
[n]

[n]

(58.7 +
( 9.1

I+ |+

( 4.0

I+

( 5.1

| +

( 2.7

9
(227
(173
( 50

( 33

I+ H B

2.8 )%
39 )%

8

6 )%
x 103 CL=90%

1.6 )%

2.0 )%

15 )%

15 )%
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DO D*(2010)* anything [n] ( 30 T )%
D*(2010)* DT anything [ ( 25 j 2%
D*(2010)* D*(2010)T anything [n] ( 12 + 0.4 )%
D D anything (10 +10 ) %
D§(2460)Oanything (47 +£27)%
D_ anything (147 £21)%
D:anything (101 £ 31)%
/\janything (77 £11)%
€/ c anything [x] (1162 + 3.2 )%
Charmonium modes
J/1(1S)anything 1.16+ 0.10) %
1(2S)anything ( 2.86+ 0.28) x 1073
Xco(1P)anything ( 15 +£06)%
Xc1(1P)anything ( 1.4 £ 04)%
Xc2(1P)anything ( 62 + 29 )x103
Xc(2P)anything, x. — ¢¢ < 28 x 10~7 CL=95%
nc(1S)anything ( 45 £ 1.9)%
ne(2S)anything, n. — ¢¢ ( 32+ 17)x107°
Xc1(3872)anything, x.1 — < 45 x 10~7 CL=95%
oL
X(3915)anything, X — ¢¢ < 31 x 10~7 CL=95%
K or K* modes
e ( 31+ 11)x10°4
5% BI < 64 x 104 CL=90%
Kianything (74 +£6 )%
K%anything (290 £ 29)%
Pion modes
7+ anything (397 +21 )%
79 anything [x] (278 +£60 )%
¢anything ( 282+ 0.23)%

p/Panything
A/ Aanything
b-baryon anything

charged anything
hadron™ hadron™

charmless

Baryon modes
(131 + 1.1 )%
( 59 + 06 )%
(102 + 28 )%

Other modes
[x] (497 ) %

( 17739 )x10-°

+ 7

(7 +21 )x1073
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AB = 1 weak neutral current (B1) modes
wT p anything BI < 32 x 10~% CL=90% -

B* 1(JP) = 37)

I, J, P need confirmation.

Quantum numbers shown are quark-model predictions.
Mass mg. = 5324.70 & 0.21 MeV
mpg. — mg = 45.21 £+ 0.21 MeV
Mg — Mgy = 45.37 £ 0.21 MeV

B* DECAY MODES Fraction (I';/T) p (MeV/c)
B’y seen 45
By(5721)* 1(JP) = 3a™)
I, J, P need confirmation.

Mass m = 5725.9‘_%? MeV
me — Mg = 401.2‘_@:‘71 MeV
Full width ' =31 £ 6 MeV (S =1.1)

31(5721)+ DECAY MODES Fraction (I';/T) p (MeV/c)
B*0 -+ seen 363
B, (5721)° 1(JF) = 3a™)
I, J P need confirmation.

B;(5721)° MASS = 5726.1 + 1.3 MeV (S = 1.2)
— mg, =446.7 £ 1.3 MeV (S =1.2)

Mgo — M. = 4014 £ 1.2 MeV (S =1.2)
1
Full width T = 27.5 + 3.4 MeV (S = 1.1)

m o
B}

B; (5721)0 DECAY MODES Fraction (I';/T) p (MeVc)

B*t n— seen 363
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) = 3(27)
P need confirmation.

B3(5747)* 1(JF
l, J,

Mass m = 5737.2 + 0.7 MeV
mB;+ — mgo = 457.5 + 0.7 MeV

Full width T =20 &= 5 MeV (S = 2.2)

B;(S747)+ DECAY MODES Fraction (I';/T) p (MeV/c)

BOrt seen 418

B*0 seen 374
B3(5747)° 1(JF) = 3(2*)

I, J P need confirmation.

B3(5747)° MASS = 5739.5 = 0.7 MeV (S = 1.4)
Mg — Mpgo = 134+ 1.4 MeV (S=13)

Mg — Mg = 460.2 £ 0.6 MeV (S = 1.4)

Full width T = 24.2 + 1.7 MeV

B3(5747)0 DECAY MODES Fraction (I';/T) p (MeVc)
B+ T seen 421
B*t x— seen 376
B,(5970)* 1(4P) = 1079
I, J, P need confirmation.

Mass m = 5964 + 5 MeV
Mg (s970)+ — Mpo = 685 + 5 MeV
Full width ' = 62 £+ 20 MeV

B ,(5970)+ DECAY MODES Fraction (I';/T") p (MeV/c)
BO 7+ possibly seen 632
B*O nT seen 591
B,(5970)° 1(4P) = 1079
I, J, P need confirmation.

Mass m = 5971 + 5 MeV
Mg (5970)0 — Mp+ = 691 + 5 MeV
Full width ' = 81 £+ 12 MeV
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BJ(5970)° DECAY MODES Fraction (I';/T) p (MeV/c)

Bt n— possibly seen 638

B*t 1~ seen 596
NOTES

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

[b] An CP(41) indicates the CP=+1 and CP=—1 eigenstates of the D°-D°
system.

[c] D denotes D° or D°.

[d] D*CQP+ decays into D70 with the DO reconstructed in CP-even eigen-
states KT K~ and 7t 7.

[e] D** represents an excited state with mass 2.2 < M < 2.8 GeV/c?.

[f] xc1(3872)T is a hypothetical charged partner of the x1(3872).

[g] ©(1710)* " is a possible narrow pentaquark state and G(2220) is a
possible glueball resonance.

[A] (A p)s denotes a low-mass enhancement near 3.35 GeV/c2.

[/] Stands for the possible candidates of K*(1410), Kg(1430) and
K3(1430).

U] BO and Bg contributions not separated. Limit is on weighted average of
the two decay rates.

[k] This decay refers to the coherent sum of resonant and nonresonant JP
= 0 K components with 1.60 < my, < 2.15 GeV/c2.

[[] X(214) is a hypothetical particle of mass 214 MeV/c? reported by the
HyperCP experiment, Physical Review Letters 94 021801 (2005)

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

[o] ©(1540)" denotes a possible narrow pentaquark state.

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

[q] These values are model dependent.

[r] Here "anything” means at least one particle observed.

[s] This is a B(B® — D*~ ¢t 1) value.

[t] D** stands for the sum of the D(11P;), D(13Py), D(13P;), D(13P,),
D(21Sy), and D(2S;) resonances.

[u] DXYD™) stands for the sum of D*D*, D*D, DD*, and DD.
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[v] X(3915) denotes a near-threshold enhancement in the wJ/v¢ mass spec-
trum.

[x] Inclusive branching fractions have a multiplicity definition and can be
greater than 100%.

[v] D; represents an unresolved mixture of pseudoscalar and tensor D** (P-
wave) states.



