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GAUGE AND HIGGS BOSONS

v (photon)

1JPC) =011 )

Mass m < 1x 10718 eV
Charge g < 1x1073® ¢
Mean life 7 = Stable

g P\ npq—
or gluon I(J7) =00")
Mass m = 0 2]
SU(3) color octet
graviton J=2
Mass m < 6 x 10732 eV
w J=1

Charge = +1 e

Mass m = 80.385 = 0.015 GeV

W /Z mass ratio = 0.88153 + 0.00017
mz — my, = 10.803 + 0.015 GeV
my+ — my,— = —02+ 0.6 GeV
Full width ' = 2.085 + 0.042 GeV
(N_+) =15.70 £ 0.35

(Ny+) =220 4 0.19

(N,) =0.92 +0.14

(Neharged) = 19.39 + 0.08

W™ modes are charge conjugates of the modes below.

w+ DECAY MODES

p

Fraction (I;/T) Confidence level (MeV/c)

tu
etv
pty
Tty
hadrons
Ty

HTTP://PDG.LBL.GOV

[b] (10.86+ 0.09) %
(10.71+ 0.16) %
(10.63+ 0.15) %
(11.38+ 0.21) %
(67.41+ 0.27) %

< 7 x 100 95%

40192
40192
40173

40192
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DY~ < 13 x 1073 95% 40168
cX (333 + 26 )% -
cs B T8 )% -~
invisible [c] (14 £29)% -
Z J=1
Charge =0

Mass m = 91.1876 + 0.0021 GeV L]
Full width [ = 2.4952 4 0.0023 GeV
[(¢+te~) = 83.984 + 0.086 MeV (7]

[ (invisible) = 499.0 4 1.5 MeV el
["(hadrons) = 1744.4 + 2.0 MeV
M p™)/T(ete™) =1.0009 + 0.0028

M(r+7=)/T(ete™) = 1.0019 + 0.0032 [

Average charged multiplicity
(Neharged) = 20.76 £ 0.16 (S = 2.1)

Couplings to quarks and leptons

g\, = —0.03783 + 0.00041

_ +0.07
gy = 0251506

d — 033790

g4 = —0.50123 + 0.00026
g4 = 0507006

g9 = —0.5237 703

g”t = 0.5008 = 0.0008
g¥e = 0.53 £ 0.09

g’n = 0.502 £ 0.017

Asymmetry parameters ¢!
As = 0.1515 + 0.0019
A.U = 0.142 £+ 0.015
A, = 0.143 4+ 0.004
As = 0.90 £ 0.09
A. = 0.670 £+ 0.027
Ap = 0.923 4+ 0.020
Charge asymmetry (%) at Z pole
ALD — 171+ 0.10
A — 447
A — 98+ 1.1
AL — 7.07 +0.35

ALY — 9.92 +0.16
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Scale factor/ p
Z DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
ete™ ( 3.363 £0.004 ) % 45594
wtp~ ( 3.366 £0.007 ) % 45594
Tt ( 3.370 +0.008 ) % 45559
AN [b] ( 3.36584:0.0023) % -
AN [A] (330 4031 )x107® S=11 45504
invisible (2000 +0.06 )% -
hadrons (69.91 40.06 )% -
(ut+cc)/2 (116  +06 )% -
(dd+ss5+bb)/3 (156  +04 )% -
cc (1203 +021 )% -
bb (1512 £0.05 )% -
bbbb (36 +£13 )x10~% -~
g8g < 11 % CL=95% -
70 < 201 x 1075 CL=95% 45504
ny < 5.1 x 1072 CL=95% 45592
Wy < 65 x 10~% CL=95% 45590
n'(958)~ < 42 x 1072 CL=95% 45589
vy < 1.46 x 1072 CL=95% 45594
7070 < 152 x 1075 CL=05% 45594
YYY < 1.0 x 1070 CL=95% 45594
Tt WF i< 7 x 1075 CL=95% 10162
ptWF [l < 83 x 1075 CL=95% 10136
J/p(1S)X (351 T332 y)x1073 s=11 -
J/¥(18)y < 26 x 1070 CL=05% 45541
P(25) X (1.60 +0.29 )x10~3 -
Xe1(1P)X (29 407 )x1073 -
Xe2(1P)X < 32 x 1073 CL=90% -
T(1S) X +7(25) X (1.0 +05 )x1074 -
+7(35) X
T(1S)X < 3.4 x 1076 CL=95% -
T(25)X < 6.5 x 1076 CL=95% -
T(3S)X < 5.4 x 1076 CL=95% -
(D% / D%) X (207 +20 )% -
D+ X (122 +17 )% -~
D*(2010)* X [l (114 +13 )% -~
Ds1(2536)* X (36 +08 )x10-3 -
D, 7(2573)* X (58 +22 )x1073 -
D*’(2629)iX searched for -
BT X [] (6.08 +013 )% -
BIX ] (159 +0.13 )% -~
Bj_fX searched for -
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AT X (154 +033 )% —~
_:S_X seen -
=pX seen -
b-baryon X ] (138 022 )% -
anomalous ~y+ hadrons [k] < 3.2 x 1073 CL=95% -
ete v [K] < 5.2 x 1074 CL=95% 45594
ut =y [k] < 5.6 x 1074 CL=95% 45594
T Ty [kK] < 7.3 x 10~% CL=95% 45559
(0= yy ] < 6.8 x 1076 CL=95% -
qgyy [] < 55 x 1076 CL=95% -
VoYY [ < 31 x 1070 CL=95% 45594
et LF []< 75 x10~7 CL=95% 45504
et T LF []< 98 x 1076 CL=95% 45576
ptrF LF [ < 12 x 1075 CL=95% 45576
pe LB < 1.8 x 1070 CL=95% 45589
p i LB < 18 x 1070 CL=95% 45589
HO J=0

Mass m = 125.09 4 0.24 GeV
Full width T < 1.7 GeV, CL = 95%

HO Signal Strengths in Different Channels

See Listings for the latest unpublished results.

Combined Final States = 1.10 £+ 0.11
_ +0.18
WW* =1.08" 516

Z77* =1.29792°

vy = 1.16 &+ 0.18
bb=082+030 (S=1.1)
ptu= < 7.0, CL = 95%
7T =1.1240.23

Zv < 9.5, CL = 9%

tTHO Production = 2.3‘_L8:g

P
HO DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
et e <19 x1073 95% 62545
/by <15 x1073 95% 62507
T(15)y <13 x1073 95% 62187
T(2S)y <19 x1073 95% 62143
T(35)y <13 x1073 95% 62116
Ut < 151 % 95% 62532
invisible <58 % 95% -
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Neutral Higgs Bosons, Searches for

Searches for a Higgs Boson with Standard Model Couplings
Mass m > 122 and none 128-1000 GeV, CL = 95%
maXx

The limits for H? and A% in supersymmetric models refer to the my
benchmark scenario for the supersymmetric parameters.

H? in Supersymmetric Models (m,,0 <m
1 persy ( HO Hg)
Mass m > 92.8 GeV, CL = 95%

AP Pseudoscalar Higgs Boson in Supersymmetric Models ("]
Mass m > 93.4 GeV, CL = 95% tanf >0.4

Charged Higgs Bosons (H* and H*¥), Searches for

HE Mass m > 80 GeV, CL = 95%

New Heavy Bosons
(W', Z, leptoquarks, etc.),
Searches for

Additional W Bosons

W’ with standard couplings

Mass m > 3.710 x 103 GeV, CL = 95%  (pp direct search)
Wg (Right-handed W Boson)

Mass m > 715 GeV, CL = 90% (electroweak fit)

Additional Z Bosons

Z/SM with standard couplings
Mass m > 2.900 x 103 GeV, CL = 95%  (pp direct search)
Mass m > 1.500 x 103 GeV, CL = 95% (electroweak fit)
Z| g of SU(2)LXSU(2)RXU(1) (With g = gR)
Mass m > 630 GeV, CL = 95% (pp direct search)
Mass m > 1162 GeV, CL = 95%  (electroweak fit)
Z, of SO(10) — SU(5)xU(1), (with g, =e/cost\y)
Mass m > 2.620 x 103 GeV, CL = 95% (pp direct search)
Mass m > 1.141 x 103 GeV, CL = 95% (electroweak fit)
Zy of Eg — SO(10)xU(1),, (with gy=e/costy)
Mass m > 2.570 x 103 GeV, CL = 95%  (pp direct search)
Mass m > 476 GeV, CL = 95%  (electroweak fit)
Z, of Eg — SU(3)xSU(2)xU(1)xU(1), (with g,=e/costy)
Mass m > 1.870 x 103 GeV, CL = 95% (pp direct search)
Mass m > 619 GeV, CL = 95%  (electroweak fit)
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Scalar Leptoquarks

Mass m > 1050 GeV, CL = 95% (1st generation, pair prod.)

Mass m > 304 GeV, CL = 95% (1st generation, single prod.)

Mass m > 1000 GeV, CL = 95% (2nd generation, pair prod.)

Mass m > 73 GeV, CL = 95% (2nd generation, single prod.)

Mass m > 740 GeV, CL = 95% (3rd generation, pair prod.)
(See the Particle Listings for assumptions on leptoquark quan-

tum numbers and branching fractions.)

Diquarks

Mass m > 4700 GeV, CL = 95% (Eg diquark)
Axigluon

Mass m > 3600 GeV, CL = 95%

Axions (A°) and Other
Very Light Bosons, Searches for

The standard Peccei-Quinn axion is ruled out. Variants with reduced
couplings or much smaller masses are constrained by various data.
The Particle Listings in the full Review contain a Note discussing
axion searches.

The best limit for the half-life of neutrinoless double beta decay with
Majoron emission is > 7.2 x 10%* years (CL = 90%).

NOTES

[a] Theoretical value. A mass as large as a few MeV may not be precluded.
[b] ¢ indicates each type of lepton (e, i, and 7), not sum over them.

[c] This represents the width for the decay of the W boson into a charged
particle with momentum below detectability, p< 200 MeV.

[d] The Z-boson mass listed here corresponds to a Breit-Wigner resonance
parameter. It lies approximately 34 MeV above the real part of the posi-
tion of the pole (in the energy-squared plane) in the Z-boson propagator.

[e] This partial width takes into account Z decays into v7 and any other
possible undetected modes.

[f] This ratio has not been corrected for the T mass.
[g] Here A = 2gvga/(g},+83)-
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[h] Here ¢ indicates e or p.

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

[j] This value is updated using the product of (i) the Z —  bb
fraction from this listing and (ii) the b-hadron fraction in an
unbiased sample of weakly decaying b-hadrons produced in Z-
decays provided by the Heavy Flavor Averaging Group (HFAG,
http://www.slac.stanford.edu/xorg/hfag/osc/PDG_2009/#FRACZ).

[k] See the Z Particle Listings for the « energy range used in this measure-
ment.

[/] For m., = (60 &+ 5) GeV.

[n] The limits assume no invisible decays.
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LEPTONS

e J=13

Mass m = (548.579909070 + 0.000000016) x 107° u
Mass m = 0.5109989461 + 0.0000000031 MeV
|my — m _|/m< 8x1079, CL = 90%
g+ + q.-|/e < 4x 1078
Magnetic moment anomaly

(g-2)/2 = (1159.65218091 + 0.00000026) x 106
(8e+ — 8e-) / Baverage = (—0.5 £ 2.1) x 10712
Electric dipole moment d < 0.87 x 10728 ecm, CL = 90%
Mean life 7 > 6.6 x 1028 yr, CL = 90% 2]

[ J=3

Mass m = 0.1134289257 + 0.0000000025 u
Mass m = 105.6583745 + 0.0000024 MeV
Mean life 7 = (2.1969811 + 0.0000022) x 107° s
7'“+/TM_ = 1.00002 + 0.00008
cr = 658.6384 m
Magnetic moment anomaly (g—2)/2 = (11659209 + 6) x 1010
(glf'_ - g,u_) / 8average — (—0.11 £ 0.12) x 1078
Electric dipole moment d = (—0.1 4 0.9) x 1071% ecm

Decay parameters (]

p = 0.74979 + 0.00026
n = 0.057 & 0.034

§ = 0.75047 + 0.00034
P, = 100003318 [4
€P,5/p = 1.0018 739036 [c]
¢ =1.00 + 0.04

¢ = 0.98 + 0.04

a/A = (0+4)x103

o/ /A = (=10 + 20) x 1073
B/A = (4+6)x103
G/A=(2+7)x1073

7 = 0.02 + 0.08
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,u+ modes are charge conjugates of the modes below.

p

u— DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
e Tevy, ~ 100% 53
e Vel [d] (1.44+0.4) % 53

e Vv et e [e] (3.4+0.4)x 107> 53

Lepton Family number (LF) violating modes

e Vel LF [f] < 1.2 % 90% 53
e~y LF < 5.7 x 1013 90% 53
e ete” LF < 1.0 x 10712 90% 53
e 2y LF <72 x 1011 90% 53

Nl—=

T J =

Mass m = 1776.86 & 0.12 MeV
(m_ — m__)/Maverage < 2.8x 1074 CL = 90%
Mean life 7 = (290.3 & 0.5) x 107 1° s
cr = 87.03 um
Magnetic moment anomaly > —0.052 and < 0.013, CL = 95%
Re(d;) = —0.220 to 0.45 x 10716 ecm, CL = 95%
Im(d,) = —0.250 to 0.0080 x 10716 ecm, CL = 95%

Weak dipole moment
Re(d%) < 0.50 x 1077 ecm, CL = 95%
Im(d®) < 1.1 x 10717 ecm, CL = 95%

Weak anomalous magnetic dipole moment
Re(a%) < 1.1 x 1073, CL = 95%
Im(a¥) < 2.7 x 1073, CL = 95%
7+ — 7* K%y, (RATE DIFFERENCE) / (RATE SUM) =
(—0.36 + 0.25)%

Decay parameters

See the 7 Particle Listings for a note concerning 7-decay parameters.

p(e or u) = 0.745 £+ 0.008
p(e) = 0.747 £ 0.010
p(1) = 0.763 £ 0.020
&(e or ) = 0.985 £+ 0.030
£(e) = 0.994 £ 0.040
£(1) = 1.030 £ 0.059
n(e or p) = 0.013 £+ 0.020
(1) = 0.094 + 0.073
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(6&)(e or ) = 0.746 £ 0.021

(6¢)(e) = 0.734 £ 0.028

(5€)() = 0.778 =+ 0.037

£(r) = 0.993 + 0.022

£(p) = 0.994 + 0.008

¢(ay) = 1.001 £ 0.027

&(all hadronic modes) = 0.995 + 0.007

7T modes are charge conjugates of the modes below.

uh:l:vv

stands for

7+ or KE. “¢" stands for e or w. “Neutrals” stands for v's and/or 70s.

Scale factor/ p
7~ DECAY MODES Fraction (I;/T) Confidence level (MeV/c)
Modes with one charged particle

particle™ > 0 neutrals > 0KOv.. (85.24 + 0.06 )% -

(“1-prong”)
particle™ > 0 neutrals > OK%VT (84.58 + 0.06 )% -
T [g] (17.39 + 0.04 )% 885
T [e] (3.68 + 0.10 ) x 103 885
e Tov, [g] (17.82 + 0.04 )% 888
€ VelrY [e] (184 £ 0.05)% 888
h= >0K9 v, (12.03 + 0.05 )% 883
h~ v, (11.51 + 0.05 )% 883
T, [g] (10.82 + 0.05 )% 883
K v, [e] (6.96 + 0.10 )x 1073 820
h™ > 1 neutralsv, (37.00 + 0.09 ) % -
h= > 170, (ex.KO) (36.51 + 0.09 )% -
h~n%u, (25.93 + 0.09 )% 878
7 nOu, [g] (25.49 + 0.09 )% 878
7~ 7% non-p(770) v, (30 £ 32 )x10-3 878
K= v, [e] (433 £ 0.15)x103 814
h= > 270, (10.81 £ 0.09 ) % -
h= 210w, (9.48 £ 0.10 ) % 862
h= 270 (ex.KO) (932 + 010 )% 862
77270, (ex. KO [g] (926 + 0.10 )% 862
7270, (ex. K9), <9 x 103CL=95% 862

scalar
7279, (ex. K9), < 7 x 1073CL=95% 862
vector

K=2m%, (ex. KO  [g] (65 + 22 )x10~4 796
h~ > 310, (134 + 007 )% —
h= > 37%u_(ex. K9) (125 + 0.07 )% -
h= 3%, (118 + 0.07 )% 836
77310, (ex. KO [g] (1.04 + 007 )% 836
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K_37roy7.(ex.K0, [g] (48 =+
n)
h= 410, (ex.KO) (16 =+
h=4n%u_ (ex.KOn) [g] (11 =+
a1(1260)v, — 7 v, (38 +
K= >0m% >0K® >0y v, ( 1552+
K= >1(x%or K or 7) v- (859 +
Modes with K9's
K%(particles)_VT (944 +
h~KOu, (9.87 +
7~ KOu, ] (840 +
7~ KO (54 =+
(non-K*(892)7 ),
K= KO, ] ( 1.48 +
K= K% > 0r0u, (2.98 +
h~ KOn0u,_ (532 &
7~ KOx0 Vs [g] (382 £
WOp_VT (22 =+
K~ KOﬂ'OI/T ] (150 +
7~ K9 > 179, ( 4.08 +
T~ KO7rOx VT(ex.KO) [g] (26 =+
K= KO7r0n0y < 1.6
7~ KOKOu_ (155 +
“KeKLy, [g] (233 &
“KIKOv, ] (108 +
™~ KYKYv, (233 +
W_KOVOW VT (36 =+
“KKL7O0u, ] (182 &
K KO7TOI/7- — (1.08 +
~KQ K57r v,
f1(1285)7r VT (6.8 +
7~ K% K57r vy
f1(1420)7r vy — (24 +
T KO KO O
7~ K KL'/r vy ] (32 =+
K0 OKO7O0u, (182 +
K~ KO KO uT < 63
k- K3 K57r vy < 40
KOht h— h > 0 neutrals v, < 17
KOhth=h= v, ] (25 =+

HTTP://PDG.LBL.GOV Page 4
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21 )x10~4 765
04 )x10-3 800
04 )x10-3 800
15 )x 104 -
0.029) % 820
0.28 ) x 10~3 -
0.28 ) x 10—3 -
0.14 ) x 103 812
0.14 ) x 103 812
21 )x10~4 812
0.05 ) x 103 737
0.08 ) x 10—3 737
0.13 ) x 103 794
0.13 ) x 103 794
05 )x10—3 612
0.07 ) x 10—3 685
0.25 ) x 10—3 -
23 )x107% 763
10~4CL=95% 619

0.24 ) x 103 682
0.07 ) x 104 682
0.24 ) x 103 682
0.07 ) x 104 682
12 )x10~4 614
0.21 ) x 10—° 614
0.21 ) x 1072 -
15 )x1076 -
08 )x1070 -
12 )x10~4 614
0.21 ) x 102 614
10~/ CL=90% 466

x 107 CL=90% 337

x 1073CL=95% 760

2.0 )x10~% 760
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Modes with three charged particles
(15.21 + 0.06 ) %
(14.55 + 0.06 ) %

h=h™ h™ > 0 neutrals > OKLVT

h= h~ hT > 0 neutrals v
(ex. K% — ata7)
(“3-prong”)

h=h™ hTu,

h= h~ ht v (ex.K®)

h=h~ ht v (ex. KOw)

7 Vs

~atn" v, (ex. KO)

= rt a7 v (ex. KY),
non-axial vector

atn " v, (ex. KO w)

h=h~ ht > 1 neutrals v,

h™ h™ h+ > 17%_ (ex. K?)

h=h~ ht 2700, (ex.K9)
h~h~ ht 270 (ex.KO,w,n)
h~h=ht 370,
2~ 7t 370, (ex. KO)
2n~ 7t 310, (ex. KO, 7
f,(1285))
2n~ 7t 310, (ex. KO, 7
w, £,(1285))
K~ hT™h™ > 0 neutrals v,
K= htn~ v, (ex.K?)
K= ht 7= 7%, (ex.K?)
K~ 7t 7~ > 0 neutrals vy
K-ntn= >
070, (ex.K9)
K nTrn v,
K= rtn~ v, (ex.K?)
K- ntn v (ex. KO w)
K= p° Vi -
K I
K-mata™

0

H
T
T Vs

HTTP://PDG.LBL.GOV

( 9.80
( 9.46
( 9.43
( 9.31
( 9.02
< 24

( 8.99
( 5.29
( 5.0
( 4.76
( 4.57
( 2.79
( 4.62
( 4.49
( 2.74
( 5.17

[g]

( 5.05
( 4.95
(10

( 212
( 1.94
(17

(]

[e] (1.4
( 6.29
( 4.37
( 8.6
( 4.77
( 3.73

( 3.45
( 2.93
( 2.93
(1.4

[g]

(1.31

Page 5

HoH H H B H B K HH HOH W OH

HoH K HH B HHHHHH

HoH H W

0.05 ) %
0.05 ) %
0.05 ) %
0.05 ) %
0.05 ) %

%

0.05 ) %
0.05 ) %
0.05 ) %
0.05 ) %
0.05 ) %
0.07 ) %
0.05 ) %
0.05 ) %
0.07 ) %
0.31 ) x 103

0.31 ) x 103
0.31 ) x 103
4 )x1074
0.30 ) x 104
0.30 ) x 104
0.4 )x10~%

2.7 )x107°

0.14 ) x 103
0.07 ) x 10~3
12 )x10~4
0.14 ) x 103
0.13 ) x 103

0.07 ) x 10—3
0.07 ) x 103
0.07 ) x 103
05 )x10~3

0.12 ) x 103

CL=95%

861
861

861
861
861
861
861
861

861

834
834
834
834
834
834

797
797
797
749
749

794
794
763
794
794

794

794
794

763
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K= nt 7~ 70, (ex.KO) (79
K= rt 7~ 7%, (ex.K%n) (76
K-ntn 100, (ex. KO w) (37
K-atn 100, (ex. KO w,mlel (3.9

K~7nT K™ >0 neut. v,
K=Kt x~ >0 neut. vy
K-Ktrn v,
K-Ktn=a0u,
K KTK v,
K- KTK v, (ex. ¢)
K-KtK=n0u.
7~ Ktm~ >0 neut. v,
e_e_e+?eVT
,u_e_e‘Lﬁul/T

< 9

12 )x1074
12 )x10~4
09 )x10~%
14 )x10~4
x 10~4CL=95%

H W H

( 1.496+ 0.033) x 103
[g] ( 1.435+ 0.027) x 10~3

[g] (6.1
(22

< 25
< 4.8
< 25

(2.8
< 36

+ 1.8 )x 1072

+ 08 )x1072 S=54
x 10~0CL=90%
x 10~0CL=90%
x 10~3CL=95%

+ 15 )x107°
x 1072 CL=90%

Modes with five charged particles

3h~2ht > 0 neutrals v,
(ex. K% — 7o)
(“5-prong”)

3h~ 2ht v, (ex.K9)
3n 2t v (ex. KO, w)
3n 21t v (ex. KO, w,
f,(1285))
K= 2n~ 2rnt v (ex.K9)
Kt3nr=ntu,
KTK 2r—nTuv,
3h~2ht 10u, (ex.K?)
3n72nt 700, (ex. KO)
3r— 27t nlu, (ex.KO, n,
f,(1285))
3r— 27t nlu., (ex.KO, n,
w, £(1285))
K= 2r 2rt 700, (ex.K9)
KT3n ntx0u.
3h—2ht 2700,

(9.9

( 8.22
( 8.21

[e] (769

le] (6
< 5.0

< 45
( 1.64
( 1.62
(111

le] (38

le] (11
< 8
< 34

+ 04 )x107%

+ 032 )x107%
+ 031 )x 104
+ 0.30 ) x 104

+12 )y x 10~
x 1076CL=00%
x 10~ 7CL=90%
+ 011 )x 104
+ 011 )x 104
+ 010 )x 1074

+ 09 )x107°
+ 06 )x107°

x 10~ 7 CL=90%
% 10~0CL=90%

Miscellaneous other allowed modes

(b7) v,
4h=3hT > 0 neutrals Uy
(“7-prong”)
4h=3hT v,
4h=3ht 700,
X (5=-1)v;
K*(892)~ > 0 neutrals >
0K v,

HTTP://PDG.LBL.GOV

(7.8
< 3.0

< 43
< 25
( 2.92
( 1.42
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+ 05 )x1073
x 10~ 7 CL=90%

x 10~ 7 CL=90%
x 10~ 7 CL=90%
+ 0.04 )%
+ 0.18 ) % S=1.4

763
763
763
763
685
685
685
618
472

345
794
888
885

794

794
794

716
716
528
746
746

657
657
687

800
682

682
612

665
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K*(892)~ v,

K*(892)" v, — 7~ Klu,
K*(892)° K~ > 0 neutrals v,

K*(892)° K~ v,

K*(892)% 7~ > 0 neutrals v,

K*(892)%7 v,
(K*(892)m) vy —
7~ Kor0u_

K1(1270)~ v,
K1(1400)~ v,
K*(1410)~ v,

nK*(892)" v,
nK-7%u,

n K~ 70 (non-K*(892)) v,

oy,
nK nm~ 1 v,

nK= K%,

nrta~ 7~ >0 neutrals v
nr~at vy (ex. KO)

(120 +
(783 +
(32 =+
(21
(3.8
(2.2
( 1.0

HoHHH

(47
(17

L+ H

(15

< b
< 3
< 9.9
e] (1.3
e] (1.9
g] (155
(1.38

le] (48
< 35

[e] (94
< 5.0
< 90
< 3

[g] (219 +

HOH H H

H._

nr~rtr v, (ex. K9 f(1285)) (9.9 =+

na1(1260)" v, — nr~ p%u;

T vy
nnr~ 7O,
nnK~ vy
7' (958) 7~ v,
7' (958) 7~ 70u,
n'(958) K~ v,
¢ vr
K™ Vs
f,(1285) 7~ v,
f(1285)7 " v, —
nmwo atn~ Vr
f(1285)7m " v, —
3r2rt v,

m(1300)" v, — (pm)" v, —

(3m) " v,
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3.9
7.4
2.0
3.0
4.0
1.2
2.4

(3.4

le] (44

(3.9

(118

AN AN AN AN ANA
HOH B H

H-

[e] (52

< 1.0
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0.07 ) % S=1.8
0.26 ) x 10—3
14 )x103
04 )x10-3
1.7 )x103
05 )x10—3
04 )x10-3

) X 103
)x 1073 §=17
%g ) X 10—3
x 10~4CL=95%
x 10~3CL=95%
x 107°5CL=95%
0.07 ) x 103
04 )x10~%
0.08 ) x 10~4
0.15 ) x 104
12 )x107°
x 102 CL=90%
15 )x107°
x 102 CL=90%
x 10~6CL=90%
x 10~3CL=90%
0.13 ) x 10~4
16 )x107°
x 10~4CL=90%
x 10~6CL=90%
x 10~4CL=95%
x 10-0CL=90%
x 10~0CL=90%
x 1072 CL=90%
x 10~6CL=90%
0.6 )x10~°
16 )x107°
05 )x10~% S=19
0.07 )x 1074 s=13

04 )x10~°

x 10~4CL=90%

665

542
542
655
655

433
335

326

317
317
797
778
746
719
511
665

661
590
430
744
744

637
559
382
620
591
495
585
445
408
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m(1300) v, —

(7)) s —wave )~ V7 —

(3m) " v,
h™w > 0 neutrals v,
h~wuv,
T WlUs
K- wru,
h~wrlu,
h~w2r0u.
T~ w2n0 vy
h~2wv,
2h™ hTwu,
2~ T wr, (ex. KO)

(g]
(g]
[g]

[g]

[g]

<

<

1.9

( 2.40
( 1.99
(1.95
(4.1
(4.1
(1.4
(7.1

5.4
(1.20

HoH H HHH K

+
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% 10~4CL=90%

0.08 ) %
0.06 ) %
0.06 ) %
0.9 )x10—%
04 )x10—3
05 )x10~%
16 )x107°
x 107 CL=90%
0.22 )x10~%

(84 =+ 06 )x107°

Lepton Family number (LF), Lepton number (L),
or Baryon number (B) violating modes

L means lepton number violation (e.g. 7~ — et 7~ 7). Following
common usage, LF means lepton family violation and not lepton number

violation (e.g. 7~ — e~ T 7). B means baryon number violation.

o

3 0 =2

|
3
o

mmtmtmtmtmtmtmltmltmltmltmtm
| | | |
Exv o33
X & TS mﬁfo

D
T
tlt
|

== O
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LF
LF
LF
LF
LF
LF
LF
LF
LF
LF
LF
LF
LF
LF
LF
LF
LF
LF
LF
LF
LF
LF
LF
LF
LF
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3.3
4.4
8.0
1.1
2.6
2.3
9.2
6.5
1.8
1.2
4.8
4.7
3.2
5.9
3.4
7.0
1.6
1.3
3.2
3.4
3.1
8.4
2.7
2.7
1.7
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x 10~8CL=90%
x 10~8CL=90%
x 1078 CL=90%
x 10~ 7 CL=90%
x 10~8CL=90%
x 10~8CL=90%
x 10~8CL=90%
x 1078 CL=90%
x 1078 CL=90%
x 10~8CL=90%
x 10~8CL=90%
x 10~8CL=90%
x 10~8CL=90%
x 1078CL=90%
x 10~8CL=90%
x 1078 CL=90%
x 10~ 7 CL=90%
x 10~/ CL=90%
x 10~8CL=90%
x 10~8CL=90%
x 10~8CL=90%
x 10~8CL=90%
x 1078 CL=90%
x 10~8CL=90%
x 10~8CL=90%

708
708
708
610
684
644
644
250
641
641

888
885
883
880
819
815
804
800
719
715
716
711
665
659
665
659
630
625

596
590
888
882
882
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N T+
D O
VR
ml ml

L

T
-ﬁlt
|

(OIS S

1)
+

3

3

o o= =
:}|+|
SEE
+ 7+
X X3 A
4+

pron

A~

A~

e~ light boson
1~ light boson

LF
LF
LF
LF
L
LF
L
LF
LF
L
LF
LF
L
LF
LF
L
LF
LF
L
LF
LF
LF
LF
LF
LF
LB
LB
LB
LB
LB
LB
LB
LB
LB
LF
LF

1.8
1.5
2.1
2.3
2.0
2.1
3.9
3.7
3.1
3.2
7.1
3.4
3.3
8.6
4.5
4.8
8.0
4.4
4.7
6.5
1.4
3.5
6.0
2.4
2.2
4.4
3.3
3.5
15
3.3
8.9
2.7
7.2
1.4
2.7
5

ANNNNNANNANNNANNNNNNNANNNANNNANNNNNANNNANNNANNNANNNNNNNNAN

x 10~8CL=90%
x 10~8CL=90%
x 10~8CL=90%
x 10~8CL=90%
x 10~8CL=90%
x 1078 CL=90%
x 10~8CL=90%
x 10~8CL=90%
x 10~8CL=90%
x 10~8CL=90%
x 10~8CL=90%
x 10~8CL=90%
x 10~8CL=90%
x 10~8CL=90%
x 10~8CL=90%
x 10~8CL=90%
x 108 CL=90%
x 10~8CL=90%
x 10~8CL=90%
x 10~0CL=90%
x 107°CL=90%
x 107°CL=90%
x 1072 CL=90%
x 1072 CL=90%
x 107°CL=90%
x 10~ 7 CL=90%
x 10~/ CL=90%
x 10~6CL=90%
x 107°CL=90%
x 107°CL=90%
x 1070 CL=90%
x 1072 CL=90%
x 10~8CL=90%
x 10~ 7 CL=90%
x 1073 CL=95%
x 1073CL=95%

885
885
873
877
877
866
866
813
813
813
736
738
738
800
800
800
696
699
699
878
867
699
653
798
784
618
618
641
632
604
475
360
525
525

Heavy Charged Lepton Searches

L% - charged lepton

Mass m > 100.8 GeV, CL = 95% [f]

— stable charged heavy lepton
Mass m > 102.6 GeV, CL = 95%

L:I:

Decay to v W.
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Neutrino Properties

See the note on “Neutrino properties listings” in the Particle Listings.
Mass m < 2 eV  (tritium decay)
Mean life/mass, 7/m > 300 s/eV, CL = 90% (reactor)
Mean life/mass, 7/m > 7 x 10° s/eV  (solar)
Mean life/mass, 7/m > 15.4s/eV, CL = 90% (accelerator)
Magnetic moment p < 0.29 x 10710 g, CL = 90%  (reactor)

Number of Neutrino Types

Number N = 2.984 + 0.008 (Standard Model fits to LEP-SLC
data)

Number N =2.92 + 0.05 (S =1.2) (Direct measurement of
invisible Z width)

Neutrino Mixing

The following values are obtained through data analyses based on
the 3-neutrino mixing scheme described in the review “Neutrino
Mass, Mixing, and Oscillations” by K. Nakamura and S.T. Petcov
in this Review.
sin®(612) = 0.304 4 0.014
Am3; = (7.53 £ 0.18) x 107° eV?
sin®(63) = 0.51 + 0.05  (normal mass hierarchy)
sin®(623) = 0.50 + 0.05  (inverted mass hierarchy)
Am§2 = (2.44 £ 0.06) x 1073 eV2 [ (normal mass hierarchy)
Am3, = (2.51£0.06) x 1073 eV? [T (inverted mass hierarchy)
sin®(613) = (2.19 & 0.12) x 1072
Stable Neutral Heavy Lepton Mass Limits
Mass m > 45.0 GeV, CL = 95%  (Dirac)
Mass m > 39.5 GeV, CL = 95% (Majorana)
Neutral Heavy Lepton Mass Limits

Mass m > 90.3 GeV, CL = 95%

(Dirac v; coupling to e, u, 7; conservative case(7))
Mass m > 80.5 GeV, CL = 95%

(Majorana v coupling to e, u, T; conservative case(T))
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NOTES

[a] This is the best limit for the mode e~ — v~y. The best limit for “electron
disappearance” is 6.4 x 102 yr.

[b] See the "Note on Muon Decay Parameters” in the p Particle Listings for
definitions and details.

[c] P, is the longitudinal polarization of the muon from pion decay. In
standard V—A theory, P, = 1 and p = § = 3/4.
[d] This only includes events with the - energy > 10 MeV. Since the e™ Vv,

and e~ Vev, v modes cannot be clearly separated, we regard the latter
mode as a subset of the former.

[e] See the relevant Particle Listings for the energy limits used in this mea-
surement.

[f] A test of additive vs. multiplicative lepton family number conservation.
[g] Basis mode for the 7.
[h] LE mass limit depends on decay assumptions; see the Full Listings.

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

The u-, d-, and s-quark masses are estimates of so-called “current-
quark masses,” in a mass-independent subtraction scheme such as
MS at a scale ;1 =~ 2 GeV. The c- and b-quark masses are the
“running” masses in the MS scheme. For the b-quark we also
quote the 1S mass. These can be different from the heavy quark
masses obtained in potential models.

my, = 2.2J_r8:2 MeV Charge = % e I, = +%
m,/mg = 0.38-0.58

d 0Py =331
my = 4.74:8:2 MeV Charge = _% e I, = _%
me/my = 17-22
= (my+mg)/2 = 35737 Mev

S 10P)y =0(3)
mg = 96J_r?1 MeV  Charge = —% e Strangeness = —1
ms / ((m, + mg)/2) =273 £ 0.7

¢ 10P)y =0(3)

m. = 1.27 £+ 0.03 GeV Charge = % e Charm = +1
me/ms =11.72 + 0.25

mb/mc =453 + 0.05

mp—m. = 3.45 £+ 0.05 GeV

Charge = —% e Bottom = —1
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1(JP)

Charge = % e

Mass (direct measurements) m =

Phys. C, 40, 100001 (2016)
1

0(3™)

Top = +1

173.21 & 0.51 + 0.71 GeV [2:2]

Mass (MS from cross-section measurements) m = 160f2 GeV [l

Mass (Pole from cross-section me

my; — my = —0.2 £ 0.5 GeV

asurements) m = 174.2 + 1.4 GeV

(S =1.1)

: 0.19
Full width T = 1417572 GeV (S = 1.4)

F(Wh)/T(Wq(q=>b,s d) =0.957 +0.034 (S=15)
t-quark EW Couplings
Fo = 0.690 + 0.030
F_ =0.314 + 0.025
F, = 0.008 £+ 0.016
Fyia < 029, CL = 95%
P
t DECAY MODES Fraction (I;/T) Confidence level (MeV/c)
t— Wq(g=b,s, d) -
t— Wb -
t — {lvpanything [cd] (9.442.4)% -
t — eveb (13.34£0.6) % -
t— pv,b (13.4+0.6) % -
t— qqgb (66.5+1.4) % -

t— vq(g=u,c) [e] < 5.9

AT = 1 weak neutral current
t— Zq(g=u,c) TI [fl]< 5
t — (tqq (g=d,s,b;, ¢'=u,c) < 16

x 103 95% -
(T1) modes

x 10— 4 95% -

x 103 95% -

b’ (4th Generation) Quark, Searches for

Mass m > 190 GeV, CL = 95%
Mass m > 755 GeV, CL = 95%
Mass m > 675 GeV, CL = 95%
Mass m > 46.0 GeV, CL = 95%

(pp, quasi-stable b’)
(pp, neutral-current decays)
(pp, charged-current decays)
(et e, all decays)
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t' (4*h Generation) Quark, Searches for

m(t'(2/3)) > 782 GeV, CL = 95% (neutral-current decays)
m(t'(2/3)) > 700 GeV, CL = 95% (charged-current decays)
m(t'(5/3)) > 800 GeV, CL = 95%

Free Quark Searches

All searches since 1977 have had negative results.

NOTES

[a] A discussion of the definition of the top quark mass in these measure-
ments can be found in the review “The Top Quark.”

[b] Based on published top mass measurements using data from Tevatron
Run-I and Run-Il and LHC at /s = 7 TeV. Including the most recent un-
published results from Tevatron Run-Il, the Tevatron Electroweak Work-
ing Group reports a top mass of 173.2 + 0.9 GeV. See the note “The
Top Quark’ in the Quark Particle Listings of this Review.

[c] ¢ means e or u decay mode, not the sum over them.
[d] Assumes lepton universality and W-decay acceptance.
[e] This limit is for I'(t — ~q)/T(t — Wb).

[f] This limit is for [(t — Zq)/T(t — Wb).
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LIGHT UNFLAVORED MESONS
(S=C=B=0)

For | =1 (m, b, p, a): ud, (uU—dH)/\/Z du;
forI=0(n, 1, h H w ¢ f, ) c(ut+ dd) + c(s3)

rt 16(Py=17(07)

Mass m = 139.57018 4+ 0.00035 MeV (S = 1.2)
Mean life 7 = (2.6033 £+ 0.0005) x 1078 s (S=1.2)
cr = 7.8045 m

— £*y~ form factors []

Fy = 0.0254 + 0.0017

Fa = 0.0119 £+ 0.0001

Fy slope par(?(r)rg)gter a=0.10 4+ 0.06
_ +0.

xx

7~ modes are charge conjugates of the modes below.

For decay limits to particles which are not established, see the section on
Searches for Axions and Other Very Light Bosons.

P
=+ DECAY MODES Fraction (I;/T) Confidence level (MeV/c)
ntu, [b] (99.9877040.00004) % 30
pt v,y [c] (200 4025 )x10~% 30
et v, [b] (1.230 +0.004 )x 10~4 70
et vy [c] (739 4005 )x10~7 70
et ym0 ( 1.036 +0.006 ) x 108 4
etv,ete™ (32 £05 )x1079 70
et v vD < 5 x 1076 90% 70
Lepton Family number (LF) or Lepton number (L) violating modes
a7 L [d] < 15 x 1073 90% 30
wt v, LF  [d] < 80 x 1073 90% 30
p-etety LF < 16 x 1070 90% 30
PCy _ 1—/n —
70 1C(UPCY =170~ )

Mass m = 134.9766 4 0.0006 MeV (S = 1.1)

m_. — m_g = 4.5936 = 0.0005 MeV

Mean life 7 = (8.52 + 0.18) x 10717 s (S =1.2)
cr = 25.5 nm
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For decay limits to particles which are not established, see the appropriate
Search sections (A0 (axion) and Other Light Boson (XO) Searches, etc.).

Scale factor/ p
70 DECAY MODES Fraction (I;/T) Confidence level (MeV/c)
2y (98.8234-0.034) % S=1.5 67
ete v ( 1.174-£0.035) % S=15 67
~y positronium (1.82 +0.29 ) x 1079 67
etete e™ (334 £0.16 ) x 1075 67
ete™ ( 6.46 +0.33 ) x 10~8 67
4~y < 2 x 1078 CL=90% 67
VU [e] < 2.7 x 10~7 CL=90% 67
VeTe < 17 x 1076 CL=90% 67
VT < 16 x 1076 CL=090% 67
7 < 21 x 1070 CL=90% 67
NUT < 6 x 10~% CL=90% 67

Charge conjugation (C) or Lepton Family number (LF) violating modes
3y C < 3.1 x 1078 CL=90% 67
pte” LF < 38 x 10~10CL=90% 26
p- et LF < 34 x 1079 CL=90% 26
pte  + p et LF < 36 x 10~10CL=90% 26

n /G(JPC):0+(O—+)

Mass m = 547.862 £+ 0.017 MeV
Full width ' = 1.31 4 0.05 keV

C-nonconserving decay parameters

ata~ a0  left-right asymmetry = (0.094:8:%%) x 1072
7t 7~ 70  sextant asymmetry = (0.12f8:i(1)) x 1072

7~  left-right asymmetry = (0.9 + 0.4) x 1072

_l’_

aTr— 7% quadrant asymmetry = (—0.09 + 0.09) x 1072
_|_
Tr~y B (D-wave) = —0.02 & 0.07 (S = 1.3)

CP-nonconserving decay parameters
7t~ et e decay-plane asymmetry A, = (—0.6 & 3.1) x 1072

Dalitz plot parameter
707070 o = —0.0318 4+ 0.0015
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Scale factor/ p
n DECAY MODES Fraction (I;/T) Confidence level (MeV/c)
Neutral modes
neutral modes (72.1240.34) % S=1.2 -
2y (39.414:0.20) % S=1.1 274
370 (32.68+0.23) % S=1.1 179
702~ ( 2.56+0.22) x 10~4 257
2702y < 12 x 1073 CL=90% 238
4~y < 28 x 10~4  CL=90% 274
invisible < 1.0 x 1074  CL=90% -
Charged modes
charged modes (28.1040.34) % S=1.2 -
ata— 70 (22.92+0.28) % 5=1.2 174
Tty ( 4.22:£0.08) % S=1.1 236
ete vy (6.9 £0.4 )x 1073 S=1.3 274
ut Ty (3.1 +£0.4 )x10~4 253
ete” < 23 x 106 CL=90% 274
ut (58 +0.8 )x1070 253
2eT2e™ ( 2.40£0.22) x 10~ 274
tr ete (v) ( 2.68+0.11) x 10~* 235
ete utp < 16 x 1074  CL=90% 253
2u 2~ < 36 x 1074 CL=90% 161
AT N < 36 x 1074 CL=90% 113
1t e T+ cc < 17 x 1074 CL=90% 256
a2y < 21 x 1073 236
ata= a0y < 5 x 10~4  CL=90% 174
70 ,u+ woy < 3 x 1070 CL=90% 210
Charge conjugation (C), Parity (P),
Charge conjugation x Parity (CP), or
Lepton Family number (LF) violating modes
707 c < 9 x 1075 CL=90% 257
Tt P.CP < 13 x 1075 CL=90% 236
270 P,CP < 35 x10~4  CL=90% 238
270~ c < 5 x 1074 CL=90% 238
310+ c < 6 x 1075  CL=90% 179
3y C < 1.6 x 1079  CL=90% 274
470 PCP < 69 x10~7  CL=90% 40
et e~ C [f] < 4 %1075  CL=90% 257
O ut c [f] < 5 x 1070 CL=90% 210
pte” + pu et LF < 6 x 106 CL=90% 264
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fb(500)0f0’ l&] /G(JPC) — 0+(0++)
was f(600)

Mass m = (400-550) MeV
Full width ' = (400-700) MeV

fo(500) DECAY MODES Fraction (I';/T) p (MeV/c)

T dominant -

vy seen -
p(770) [ 16(PC) =1t@ )

Mass m = 775.26 4 0.25 MeV
Full width ' = 149.1 £+ 0.8 MeV
ee = 7.04 £+ 0.06 keV

Scale factor/ p
p(770) DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
T ~ 100 % 363
(770)* d
p ecays
¥y ( 45 £05 ) x 104 S=2.2 375
ey < 6 x 1073 CL=84% 152
atnt a0 < 20 x 1073 CL=84% 254
p(770)° decays
Ty ( 9.9 +16 ) x 103 362
70 ( 6.0 £058 ) x 104 376
ny ( 3.00+£0.20 ) x 10~4 194
7070+ ( 45 +0.8 ) x 1075 363
W [ ( 4554028 ) x 1075 373
ete™ [ ( 4.72+0.05 ) x 1075 388
ata— a0 ( 1017932 +0.34) x 1074 323
L ( 1.8 +0.9 ) x 107° 251
ata= 7070 ( 1.6 £08 ) x 1075 257
n0et e~ < 12 x 105 CL=90% 376
w(782) 16JPCY =0—1— )

Mass m = 782.65 + 0.12 MeV (S = 1.9)
Full width ' = 8.49 £ 0.08 MeV
Moo = 0.60 = 0.02 keV
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Scale factor/ p
w(782) DECAY MODES Fraction (I;/T) Confidence level (MeV/c)
ata— a0 (89.2 £0.7 ) % 327
70 ( 8.2840.28) % 5=2.1 380
atn~ (1537510 % 5=1.2 366
neutrals (excluding7®~) (8 fg ) x 1073 S=1.1 -
ny (46 +0.4 )x 104 S=1.1 200
et e~ (7.7 £0.6 ) x 10~4 380
aOut (13 +£0.4 )x 104 5=2.1 349
ete™ ( 7.2840.14) x 10~° S=1.3 301
ata= x0x0 < 2 x 1074 CL=90% 262
Ty < 36 x 1073 CL=95% 366
rta—ato~ < 1 x 1073 CL=90% 256
7070+ (6.6 £1.1 ) x 1075 367
nm0y < 33 x 1075 CL=90% 162
wtp~ (9.0 £3.1 )x1075 377
3y < 1.9 x10~%  CL=95% 391
Charge conjugation (C) violating modes
nw0 < 21 x10~4  CL=90% 162
270 < 21 x10~4  CL=90% 367
370 < 23 x 1074 CL=90% 330
’I]'(958) /G(JPC) _ 0—|—(0 — —|—)
Mass m = 957.78 4+ 0.06 MeV
Full width ' = 0.197 + 0.009 MeV
p
7/ (958) DECAY MODES Fraction (I;/T) Confidence level (MeV/c)
N (42.9 £0.7 ) % 232
pov(including non-resonant (29.1 £05 ) % 165
mt T )
7970y (22.3 £0.8 )% 239
wey ( 2.6240.13) % 159
weT e~ (2.0 £0.4 )x 104 159
Yy ( 2.21+£0.08) % 479
370 ( 2.2040.20) x 103 430
ut =y ( 1.08£0.27) x 10~4 467
I T < 29 x 1075 90% 401
at a0 ( 3.8240.35) x 103 428
70 p0 < 4 % 90% 111
2(rt 7)) (85 £0.9 )x 107> 372
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atn— 270 (1.8 £0.4 ) x 10~% 376
2(7T 77) neutrals < 1 % 95% -
2(rt ) nO < 19 x 1073 90% 208
2(nt7r)2n0 < 1 % 95% 197
3(rt o~ < 31 x 105 90% 189
atn—ete (24 T13)x1073 458
T e v+ c.c. < 21 x 104 90% 469
yeT e~ ( 4.7040.30) x 10~4 479
70y < 8 x 104 90% 469
470 < 32 x 104 90% 380
ete < 5.6 x 1079 90% 479
invisible < 5 x 104 90% -
Charge conjugation (C), Parity (P),
Lepton family number (LF) violating modes
i P,CP < 6 x 1075 90% 458
7070 P,CP < 4 x 10~4 90% 459
nOet e~ c [f] < 1.4 x 103 90% 469
nete~ C [f]l < 24 x 10~3 90% 322
3y C < 1.0 x 10~4 90% 479
pwt =70 C [f] < 6.0 x 1075 90% 445
utu=n C [fl < 15 x 10™5 90% 273
e LF < 47 x 10~4 90% 473
f(980) Ul 1I6UPC =0Tt

Mass m = 990 4+ 20 MeV

Full width ' = 10 to 100 MeV
fo(980) DECAY MODES Fraction (I';/T) p (MeV/c)
T dominant 476
KK seen 36
Yy seen 495

ag(980) Ul 16(UPC =170+ )

Mass m = 980 + 20 MeV

Full width ' = 50 to 100 MeV
ap(980) DECAY MODES Fraction (I';/T) p (MeV/c)
nm_ dominant 319
KK seen T
Yy seen 490
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#(1020) 16UPCY =0—(1— )

Mass m = 1019.461 + 0.019 MeV (S = 1.1)
Full width I = 4.266 & 0.031 MeV (S = 1.2)

Scale factor/ p
¢(1020) DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
KT K~ (489 +05 )% S=1.1 127
K9 K (342 +04 )% S=1.1 110
pm + wta—al (15.32 +0.32 ) % S=1.1 -
Ny ( 1.30040.024) % S=1.2 363
70 ( 1.27 £0.06 ) x 10~3 501
AN — 510

ete™ ( 2.9544+0.030) x 1074  S=1.1 510

w (2.87 +0.19 ) x 104 499
net e~ ( 1.08 £0.04 ) x 104 363
rta~ (74 +13 )x1075 490
w0 (47 +05 )x1075 172
wy < 5 % CL=84% 209
Py < 12 x 1072 CL=90% 215
mtaTy (41 +13 )x1075 490
f5(980)~ (322 £0.19 ) x 1074  s=1.1 29
7070 ( 1.13 £0.06 ) x 10~4 492
ata—ata~ (40 T28 yx1076 410
atata=a— 70 < 4.6 x 1076 CL=90% 342
nOet e~ (112 £0.28 ) x 1075 501
79ny (7.27 £0.30 ) x10~%  S=15 346
ap(980)~y (76 +£06 )x107° 39
KOKO~ < 19 x 1078 CL=90% 110
n'(958)~ ( 6.25 £0.21 ) x 107> 60
nm0r0~ < 2 x 1075 CL=90% 203
wt Ty (1.4 £05 )x107° 499
pPYY < 1.2 x 104 CL=90% 215
nrt T < 18 x 105 CL=90% 288
nut < 94 x 106 CL=90% 321
nU — nete < 1 x 1070 CL=90% -

Lepton Family number (LF) violating modes

et LF < 2 x 1076 CL=90% 504
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hy(1170) 16(PCY =0-at )

Mass m = 1170 £+ 20 MeV
Full width ' = 360 + 40 MeV

hy (1170) DECAY MODES Fraction (I';/T) p (MeV/c)
pT seen 308
by (1235) 1GUPCYy =1ta )
Mass m = 1229.5 + 3.2 MeV (S = 1.6)
Full width T = 142 £ 9 MeV (S =1.2)
p
by (1235) DECAY MODES Fraction (I;/T) Confidence level (MeV/c)
dominant 348
[D/S amplitude ratio = 0.277 £ 0.027]
¥y ( 1.6£0.4) x 103 607
np seen T
atrta— a0 < 50 % 84% 535
K*(_892):|: K+ seen t
(KK)* 70 < 8 % 90% 248
KS KOt < 6 % 90% 235
KK n® < 2 % 90% 235
o < 15 % 84% 147
a1 (1260) [ 1I6UPG =1—at )

Mass m = 1230 + 40 MeV [l

Full width ' = 250 to 600 MeV
a1 (1260) DECAY MODES Fraction (I';/T) p (MeV/c)
(PT)S—wave seen 353
(pﬂ-)D—wave seen 353
(p(1450) ) s —wave seen T
(p(1450)7‘-)D—Wave seen
g seen -
fb(980)7r not seen 179
f0(1370)7r seen T
f2(_1270)71' seen T
K K*(892)+ c.c. seen t
™y seen 608
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£,(1270)

/G(JPC) _ 0+(2++)

Mass m = 1275.5 £ 0.8 MeV
Full width I = 186.7 732 MeV (S = 1.4)

Scale factor/ p
>(1270) DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
T (842 T23 )% S=1.1 623
ata— 270 (77 f%% ) % S=1.2 563
KK (46 T2 % S=2.7 404
2nt 27~ (2.8 £0.4 )% S=1.2 560
nn (40 +0.8 )x 1073 S=2.1 326
470 (3.0 £1.0 ) x 10~3 565
vy ( 1.42+0.24) x 1072 S=1.4 638
nmwmw < 8 x 1073 CL=95% 478
KoK= nt+ cc < 34 x 1073 CL=95% 293
ete” < 6 x 10710 CL=90% 638

f1(1285) 16(JPCy =0t + 1)
Mass m = 1282.0 + 0.5 MeV (S = 1.8)
Full width T = 24.1 + 1.0 MeV (S = 1.3)

Scale factor/ p
f;(1285) DECAY MODES Fraction (I;/T) Confidence level (MeV/c)
47 (3311 23y % S=1.3 568

mOn0nt = (22.04_r %:g) % S=1.3 566
onton— (110" 35 % S=13 563
POntn— (1ot 90y % S=13 336
,00,00 seen 1
470 < 7 x 104 CL=90% 568
777r+7r_ (35 £15 )% 479
nmwmw (5247 19y % 5=1.2 482
a0(980) 7 [ignoring a9(980) — (36 +£7 )% 238
KK]
nmm [excluding ap(980) 7] (16 £7 )% 482
KKm (9.0+ 04)% S=1.1 308
K K*(892) not seen +
at a0 ( 3.0+ 0.9) x 103 603
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pEnT < 3.1 x1073  CL=95% 390

v p° ( 55+ 1.3)% 5=238 407

e ( 7.4+ 2.6)x 1074 236
n(1295) 1I6(JPCy =ot(0— )

Mass m = 1294 + 4 MeV (S = 1.6)
Full width ' = 55 4+ 5 MeV

1(1295) DECAY MODES Fraction (I;/T) p (MeV/c)

777T+ ™ seen 487

30(980) ™ seen 248

777T0 7TO seen 490

n(77)s-wave seen -
7(1300) 1I6UPCY =1—(0— 1)

Mass m = 1300 + 100 MeV []
Full width ' = 200 to 600 MeV

«(1300) DECAY MODES Fraction (I';/T) p (MeV/c)

pT seen 404

T (77)s-wave seen -
a»(1320) 1I6UPCY =172+ 1)

Mass m = 1318.3702 MeV (S = 1.2)
Full width T = 107 & 5 MeV ]

Scale factor/ p
a5(1320) DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
3 (70.1 £2.7 ) % S=1.2 624
nm (145 +£1.2 )% 535
W (10.6 +£3.2 ) % S=1.3 366
KK (49 £08)% 437
n'(958) (55 +£0.9 )x 1073 288
nt 2.91+0.27) x 10~3 652

Y
vy (9.4 +£07 )x 1076 659
et e < 5 x 1079 CL=90% 659

HTTP://PDG.LBL.GOV Page 10 Created: 10/1/2016 20:05



Citation: C. Patrignani et al. (Particle Data Group), Chin. Phys. C, 40, 100001 (2016)

fo(1370) U 16(JFC) =t (0t 1)

Mass m = 1200 to 1500 MeV
Full width ' = 200 to 500 MeV

fo(1370) DECAY MODES Fraction (I';/T) p (MeV/c)
i seen 672
A7 seen 617
470 seen 617
2t 2n~ seen 612
atr— 270 seen 615
pp dominant T
2(7m) s-wave seen -
7T(1300)7T seen T
a1(1260) 7 seen 35
nn seen 411
KK seen 475
KKnm not seen T
s not seen 508
ww not seen T
vy seen 685
ete™ not seen 635
m1(1400) ["] 1I6UPG =11~

Mass m = 1354 &+ 25 MeV (S = 1.8)
Full width ' = 330 £ 35 MeV

m1(1400) DECAY MODES Fraction (I';/T) p (MeV/c)

777'(0 seen 557

nmT seen 556
n(1405) (! 16(PCy =0t~ 1)

Mass m = 1408.8 + 1.8 MeV [ (S =21)
Full width T = 51.0 £ 2.9 MeV [ (S =1.8)

p
1(1405) DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
KKn seen 424
nmm seen 562
80(980) ™ seen 345
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n(77)s-wave seen -
f0(980)77 seen T
47 seen 639
pp <58 % 99.85% T
po y seen 491
K*(892) K seen 123
f(1420) [°! 1IGUPG =0Tt

Mass m = 1426.4 + 0.9 MeV (S = 1.1)
Full width T = 54.9 + 2.6 MeV

f; (1420) DECAY MODES Fraction (I';/T) p (MeV/c)
K??T_ dominant 438
KK*(892)-|- c.C. dominant 163
nmwm possibly seen 573
oy seen 349
w(1420) (9 1I6UPGY =0—1— )

Mass m (1400-1450) MeV
Full width I (180-250) MeV

w(1420) DECAY MODES Fraction (I';/T) p (MeV/c)

pT dominant 486

WTT seen 444

b1(1235) 7 seen 125

ete™ seen 710
ag(1450) U 1I6UPCY=1—(0+ 1)

Mass m = 1474 + 19 MeV
Full width ' = 265 + 13 MeV

ap(1450) DECAY MODES Fraction (I';/T) p (MeV/c)
™n seen 627
’/'1‘77/(958) seen 410
KK seen 547
W seen 484
ag(980) seen 342
vy seen 737
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p(1450) ] 16JPCY =11~ )

Mass m = 1465 + 25 MeV ]
Full width T = 400 &+ 60 MeV [/l

p(1450) DECAY MODES Fraction (I';/T) p (MeV/c)
T seen 720
47 seen 669
ete™ seen 732
np seen 311
a2(1320)7r not seen 54
KK not seen 541
K?*(892)—|— c.C. possibly seen 229
n-y seen 630
f5(500)~ not seen -
fo(980)’7 not seen 398
f0(1370)’y not seen 92
f2(1270)’y not seen 177
n(1475) [° 1CUPC =0t~

Mass m = 1476 + 4 MeV (S = 1.3)
Full width ' = 85 = 9 MeV (S = 1.5)

1(1475) DECAY MODES Fraction (I';/T) p (MeV/c)

KK dominant 477

K?*(892)+ c.C. seen 245
80(980)7T seen 396

Yy seen 738

K% K% n possibly seen T
fo(1500) ("] 16(JPCYy =0T+ 1)

Mass m = 1504 + 6 MeV (S = 1.3)
Full width ' = 109 + 7 MeV

p

fo(1500) DECAY MODES Fraction (I';/T) Scale factor (MeV/c)
T (34.942.3) % 12 740
R seen 739
270 seen 740
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47 (49.5+3.3) % 1.2 691
470 seen 691
2mt o= seen 686
2(7m) s-wave seen -
pp seen ]
7T(1300)7T seen 143
a1(1260) 7 seen 217

nn ( 5.14£0.9) % 1.4 515

nn'(958) ( 1.940.8) % 1.7 t

KK ( 8.6£1.0) % 1.1 568

Yy not seen 752
12(1525) /G(JPC) _ 0+(2++)

Mass m = 1525 + 5 MeV [/l
Full width I = 7378 Mev [l

f’2(1525) DECAY MODES Fraction (I';/T) p (MeV/c)

KK (88.7 £2.2 ) % 581

nn (10.4 £2.2 )% 530

T (82 +15)x10~3 750

Yy ( 1.1040.14) x 10~ 763
m1(1600) ["! 1I6UPG =11~ )

Mass m = 16625 MeV
Full width T = 241 + 40 MeV (S = 1.4)

m1(1600) DECAY MODES Fraction (I;/T) p (MeV/c)

T not seen 803
poﬂ'_ not seen 641
f2(1270)7r_ not seen 318

b1(1235) 7 seen 357

n'(958) 7w~ seen 543

f1(1285)’/'i‘ seen 314
12(1645) 16(PC) =0t2— )

Mass m = 1617 £ 5 MeV
Full width ' = 181 + 11 MeV
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12(1645) DECAY MODES Fraction (I';/T) p (MeV/c)

a2(_1320)7r seen 242

KK seen 580
K*K seen 404
+ —

nmtmw seen 685

ap(980) 7 seen 499

f2(1270)77 not seen T

w(1650) [ 16(PC) =0-1 )

Mass m = 1670 £+ 30 MeV
Full width ' = 315 + 35 MeV

w(1650) DECAY MODES Fraction (I';/T) p (MeV/c)

pT seen 647

WwmT seen 617

wn seen 500

et e seen 835
w3(1670) 16JPCY =0-3— )

Mass m = 1667 4+ 4 MeV
Full width T = 168 &+ 10 MeV [/l

w3(1670) DECAY MODES Fraction (I;/T) p (MeV/c)
pT seen 645
W seen 615
b1(1235) 7 possibly seen 361
m5(1670) 1I6UPGY =1—2— 1)
Mass m = 1672.2 + 3.0 MeV Il (S =1.4)
Full width T = 260 + 9 MeV [ (S =1.2)

p
mo(1670) DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
3 (95.8+1.4) % 809

f(1270) 7 (56.3+£3.2) % 328
T (31 +4 )% 648
om (10.943.4) % -~
T (77) s-wave (8.7£3.4) % -
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K K*(892)+ c.c. (42+1.4)% 455
wp (27£1.1)% 304
¥y ( 7.0£1.1) x 10~4 830
vy < 2.8 x 10~7 90% 836
p(1450) 7 < 3.6 x 1073 97.7% 147
b1(1235)7 < 1.9 x 103 97.7% 365
f1(1285)7r possibly seen 323
82(1320)7T not seen 292
#(1680) 16JPCY =0—1— )
Mass m = 1680 + 20 MeV [l
Full width I = 150 + 50 MeV U/
¢(1680) DECAY MODES Fraction (I;/T) p (MeV/c)
K?*(892)+ c.C. dominant 462
K% K seen 621
KK seen 680
ete™ seen 840
W not seen 623
KtK—ntn— seen 544
no seen 290
n-y seen 751
p3(1690) 6P =173~ )
Mass m = 1688.8 + 2.1 MeV [l
Full width T = 161 + 10 MeV [ (S = 1.5)
p3(1690) DECAY MODES Fraction (I';/T) Scale factor (M(—fV/C)
Anr (711 £+ 1.9 )% 790
atata— a0 (67 +£22 )% 787
W (16 +6 )% 655
T (236 £ 1.3 )% 834
KK (38 +12)% 629
KK ( 1.58+ 0.26) % 1.2 685
777T+7T_ seen 727
p(770)n seen 520
TP seen 633
Excluding 2p and a5(1320)7.
ay(1320) 7 seen 307
pp seen 335
HTTP://PDG.LBL.GOV Page 16 Created: 10/1/2016 20:05



Citation: C. Patrignani et al. (Particle Data Group), Chin. Phys. C, 40, 100001 (2016)

p(1700) [ 16PC) =1ta )

Mass m = 1720 + 20 MeV [ (0 and 777~ modes)
Full width T = 250 + 100 MeV [ (1% and 7t 7~ modes)

p(1700) DECAY MODES Fraction (I';/T) p (MeV/c)
2(7T+ ) large 803
pTT dominant 653
pO rta~ large 651
pi ¥ 70 large 652
81(1260)7T seen 404
h1(1170) 7 seen 447
7(1300) 7 seen 349
pp seen 372
mta~ seen 849
T seen 849
K?*(892)+ C.C. seen 496
np seen 545
ay(1320) 7 not seen 334
KK seen 704
ete™ seen 860
’/Tow seen 674
fo(1710) [1] 16(UPC)y =0t (0 t+ )

Mass m = 172372 MeV (S = 1.6)
Full width I = 139 + 8 MeV (S = 1.1)

fo(1710) DECAY MODES Fraction (I;/T) p (MeV/c)

K? seen 706

nn seen 665

Vwis seen 851

ww seen 360
7(1800) 16UPC =1—(0— )

Mass m = 1812 &+ 12 MeV (S = 2.3)
Full width ' = 208 £ 12 MeV
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«(1800) DECAY MODES Fraction (I';/T) p (MeV/c)
N seen 879
fo(500) 7~ seen -
5(980) 7~ seen 625
fo(1370) 7~ seen 368
fo(1500) 7~ not seen 250
pT not seen 732
nnmw - seen 661
30(980)77 seen 473
a5(1320)n not seen T
f2(1270)7r not seen 442
f0(1370) T not seen 368
fo(1500) 7~ seen 250
nn'(958) 7~ seen 375
K3(1430) K~ seen T
K*(892) K~ not seen 570
¢3(1850) 16FPC) =037 7)

Mass m = 1854 + 7 MeV
Full width I = 87133 MeV (S = 1.2)

¢3(1850) DECAY MODES Fraction (I';/T) p (MeV/c)

KK seen 785

K K*(892)+ c.c. seen 602
m5(1880) 16UPC =1—2— )

Mass m = 1895 + 16 MeV
Full width ' = 235 + 34 MeV

£(1950) 16(FC) =ot 2t )

Mass m = 1944 4+ 12 MeV (S = 1.5)
Full width ' = 472 £+ 18 MeV
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f>(1950) DECAY MODES Fraction (I';/T) p (MeV/c)
K*(892)W*(892) seen 387
atn— seen 962
7TO ’/TO seen 963
A7 seen 925
nn seen 803
KK seen 837
vy seen 972
pp seen 254
£,(2010) 1I6(JPCYy =ot(2t 1)

Mass m = 201173 MeV
Full width I = 202 £ 60 MeV

f5(2010) DECAY MODES Fraction (I';/T) p (MeV/c)

1030, seen T

KK seen 876
a4(2040) 16(UPC) =174+ )

Mass m = 1995712 MeV (S = 1.1)
Full width I = 257123 MeV (S = 1.3)

a4(2040) DECAY MODES Fraction (I';/T) p (MeV/c)

KK seen 867

rta— 0 seen 973
p seen 841
f2(1270)7r seen 579

WwTm 7TO seen 818
wp seen 623

nm seen 917

77/(958) L seen 760
f4(2050) 16(JPCYy =0T+ 1)

Mass m = 2018 &+ 11 MeV (S = 2.1)
1.

Full width T = 237 + 18 MeV (S = 1.9)
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f4(2050) DECAY MODES Fraction (I';/T) p (MeV/c)
ww seen 637
T (17.0+£1.5) % 1000
KK (6.873%)x 1073 880
nn (21+0.8) x 1073 848
470 < 12 % 964
ay(1320) 7 seen 567
¢(2170) 16(PC =017 )
Mass m = 2189 + 11 MeV (S = 1.8)
Full width ' = 79 4+ 14 MeV
¢(2170) DECAY MODES Fraction (I';/T) p (MeV/c)
et e seen 1095
ofy (980) seen 434
KT K~ (980) — seen -
KTK atrn™
Kt K~ £(980) — KT K~ 7070 seen -
K*O K+ Wi not seen 780
K*(892)0 K*(892)0 not seen 635
£(2300) 16JPCYy =0t 2+ 1)
Mass m = 2297 £+ 28 MeV
Full width ' = 149 + 40 MeV
f5(2300) DECAY MODES Fraction (I';/T) p (MeV/c)
loYo) seen 529
KK seen 1037
vy seen 1149
£(2340) 16(UPC)y = ot 2+ )
Mass m = 2345‘_?8 MeV
Full width I = 322115 MeV
f5(2340) DECAY MODES Fraction (I';/T) p (MeV/c)
loYo} seen 580
nn seen 1037
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STRANGE MESONS
(S==+1,C=B=0)

KT =us, KO =ds, KO =ds, K~ =Ts, similarly for K*'s

K:I:

1(JP) = 4(07)

(0
Mass m = 493.677 + 0.016 MeV (4l (S =2.8)
Mean life 7 = (1.2380 + 0.0020) x 1078 s (S = 1.8)
cr =3.711 m

CPT violation parameters (A = rate difference/sum)
AKE — pFu,) = (-027 £0.21)%

AKE — 7E70) = (0.4 + 0.6)% [V]

CP violation parameters (A = rate difference/sum)
AKt - nFete™)=(-2241.6)x 1072
A(K* — 7Fut ™) =0.010 £ 0.023
AKE — 7t = (0.0 4+ 1.2) x 1073
A(K*T — atrta—) = (0.04 + 0.06)%

A(KE - 7F7070) = (—0.02 + 0.28)%

T violation parameters
Kt — Outv, Pr=(-17425)x1073
Kt — urv,y  Pp=(-06=+19)x1072
Kt — a%uTv, Im(¢) = —0.006 & 0.008

Slope parameter g [¥]
(See Particle Listings for quadratic coefficients and alternative
parametrization related to 77 scattering)

K+ — rtrtr— g= —0.21134 + 0.00017

(gr —g-) /(g +g)=(-15+22)x107*
K+ — 757970 g = 0.626 + 0.007

(gr — &)/ (gr +&)=(1.8£18)x10"*
K* decay form factors [2.]
Assuming p-e universality
A (K ig) = A (K Z3) = (2.97 £ 0.05) x 1072
Mo(Kf3) = (1.95 £ 0.12) x 1072
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Not assuming p-e universality
A (K%3) = (2.98 £ 0.05) x 1072
A (Kor) = (2,96 £ 0.17) x 1072
Mo(Kj5) = (1.96 % 0.13) x 1072
Ke3 form factor quadratic fit
Ay (Kei3) linear coeff. = (2.49 & 0.17) x 1072
)\”+(Kei3) quadratic coeff. = (0.19 & 0.09) x 102
Ké  |fs/fi| = (-03%5%) x 1072
KL |fr/fi] = (-12+23) x 1072

Kis |fs/fi| = (0.2+0.6)x 1072
Kis |fr/fy| =(-01£07)x 1072

Kt — eTvey |Fa+ Fy| =0.1334£0.008 (S =13)

Kt — ptv,y |Fa+ Fy| =0.165 £ 0.013

KT — etvey |Fa — Fy| < 0.49, CL = 90%

Kt — utv,y |Fa— Fy| =—0.24t00.04, CL = 90%
Charge radius

(r) = 0.560 =+ 0.031 fm

Forward-backward asymmetry

+ _ T(cos(8,,)>0)—T(cos(0 ,,)<0) )
AFB(KWFL,M) - r(cos(GKZ)>O)+r(cos(9KZ)<0) < 23x1077 CL
= 90%

K™ modes are charge conjugates of the modes below.

Scale factor/ p

K+ DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
Leptonic and semileptonic modes

et v, ( 1.582+0.007) x 10~° 247

ntu, ( 63.56 +0.11 )% S=12 236

mOet v, ( 5.07 £0.04 )% S=21 228
Called K.

™ty ( 3.35240.033) % S=1.9 215
Called KZ3.

m0n0ety, ( 255 +£0.04 )x 1075  S=1.1 206

T et v, ( 4.24740.024) x 10~° 203

Ty, ( 1.4 409 )x107° 151

707070ty < 35 x 1076  CL=90% 135
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Hadronic modes

at 0 ( 20.67 +0.08 )% S=12 205
at 700 ( 1.760+0.023) % S=11 133
atata~ ( 5.583:+0.024) % 125
Leptonic and semileptonic modes with photons
v,y [zaa) ( 62 +£08 )x10~3 236
pt v,y (SDT) [a,bb] ( 1.33 £0.22 ) x 105 -~
1t v,y (SDTINT) [a,bb] < 27 x 1075  CL=90% -
ptv,v(SD™ + SDTINT)  [abb] < 26 x 104  CL=90% -
et vy ( 94 404 )x1070 247
et vy [z2a] ( 256 +£0.16 ) x 10~4 228
7m0etv,v(SD) [a,bb] < 5.3 x 1075 CL=90% 228
Oty [z2a] ( 1.25 £0.25 ) x 1075 215
mOm0et v vy < 5 x 1070 CL=90% 206
Hadronic modes with photons or ££ pairs
7+t 70~ (INT) (- 42 £09 )x107° -~
7+ 70~ (DE) [zcc] ( 6.0 +04 )x1070 205
ata0n04 zaa] (76 T8 )x1076 133
rtatny [zaa] ( 1.04 +031 )x 104 125
Tty [z] ( 1.01 £0.06 )x 10~° 227
7T 3y [z2] < 1.0 x10~4 CL=90% 227
nTeTe ( 1.19 £0.13 )x10~8 227
Leptonic modes with £7 pairs
et v vv < 6 x 1072 CL=90% 247
ptu, v < 60 x 10760  CL=90% 236
etv.ete™ ( 248 £0.20 )x10~8 247
prv,ete” ( 7.06 £0.31 ) x 108 236
et v ™ ( 1.7 405 )x1078 223
,u+ vy ,u+ uo < 41 x10~7  CL=90% 185
Lepton family number (LF), Lepton number (L), AS = AQ (5Q)
violating modes, or AS = 1 weak neutral current (51) modes
Tt e U, SQ < 13 x 1078 CL=90% 203
Tt T, 5Q < 30 x1076 CL=95% 151
TTet e s1 ( 3.00 £0.09 ) x 10~7 227
atut T S1 ( 94 +06 )x108 S=26 172
37 S1 ( 17 +£11 )x10-10 227
at a0y S < 43 x 1075  CL=90% 205
p-veteT LF < 21 x 1078 CL=90% 236
U v LF  [d < 4 x 1073  CL=90% 236
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atute” LF < 13 x 10711 cL=00% 214
atu~ et LF < 52 x 10710 cL=00% 214
7 utet L < 5.0 x 10710 cL=00% 214
T et el L < 64 x 10710 cL=00% 227
TpuT T L [d] < 1.1 x1079 CL=90% 172
a7 L [d < 33 x 1073  CL=90% 236
et m, L < 3 x 1073  CL=90% 228
nty [dd] < 2.3 x 1079 CL=90% 227
KO 1(JP) = 3(07)
50% Ks, 50% K|
Mass m = 497.611 + 0.013 MeV (S = 1.2)
Mo — Myes = 3.934 £ 0.020 MeV (S = 1.6)
Mean square charge radius
() = —0.077 £ 0.010 fm?
T-violation parameters in K9-K° mixing 1]
Asymmetry A7 in KO-K® mixing = (6.6 & 1.6) x 1073
CP-violation parameters
Re(e) = (1.596 + 0.013) x 1073
CPT-violation parameters [’
Re § = (2.5 4+ 2.3) x 10~*
Im§ = (—1.5+ 1.6) x 107>
Re(y), K3 parameter = (0.4 + 2.5) x 1073
Re(x_), Koz parameter = (—2.9 4 2.0) x 1073
}mKO — mwo} / Maverage < 6 X 10_19, CL = 90% [ee]
(rKO - I_7())/""’average = (8 + 8) x 10718
Tests of AS = AQ
Re(x4), Ke3 parameter = (—0.9 + 3.0) x 1073
K% 1(JP) = }(07)
Mean life 7 = (0.8954 + 0.0004) x 1070s (S =1.1) Assum-

ing CPT

Mean life 7 = (0.89564 + 0.00033) x 10710 s

CPT

cr = 2.6844 cm  Assuming CPT
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CP-violation parameters (7]

Im(n4_g) = —0.002 + 0.009
|m(77000) = —0.001 £ 0.016

Inooo| = |A(KE — 37°)/A(K® — 3x%)| < 0.0088, CL =

90%
CP asymmetry Ain tT 1~ eTe™ = (—0.4 £ 0.8)%
Scale factor/ p
K9 DECAY MODES Fraction (I';/T Confidence level (MeV/c
S I
Hadronic modes
7070 (30.69+0.05) % 209
T~ (69.2040.05) % 206
at a0 (35 fcl)é ) x 10~ 133
Modes with photons or £¢ pairs
Tty [aa.gg] ( 1.79+£0.05) x 103 206
rtrete” ( 4.7940.15) x 10~ 206
79y [gg] (4.9 £1.8 )x 108 230
vy ( 2.6340.17) x 1070 5=3.0 249
Semileptonic modes
rteFu, [hh] ( 7.04+0.08) x 10~4 229
CP violating (CP) and AS = 1 weak neutral current (SI) modes
370 cP < 26 x 1078 CL=90% 139
wtp~ S1 <9 x 1079  CL=90% 225
et e s1 < 9 x 1079 CL=90% 249
et e~ S1 [gg] (3.0 T13)x1079 230
O ut S1 (29 713 )x1079 177
P 10—
K} I(J7) = 3(07)

mKL — mKS

= (0.5293 4 0.0009) x 1019 A s=! (S =1.3) Assuming CPT

— (3.484 4 0.006) x 10712 MeV  Assuming CPT

— (0.5289 + 0.0010) x 1010 s~ Not assuming CPT

Mean life 7 = (5.116 + 0.021) x 1078 s (S = 1.1)
cr = 15.34 m
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Slope parameters [X]

(See Particle Listings for other linear and quadratic coefficients)
K — ntn= 7% g=0678 £ 0.008 (S=15)
K — ntx= 7% h=0.076 + 0.006
K — 7t x= 7% k=0.0099 + 0.0015
K¢ — 707070 h=(06=+1.2)x1073
K, decay form factors U]

Linear parametrization assuming u-e universality
A (KD3) = A (K3) = (2.82 £ 0.04) x 1072 (S = 1.1)
Mo(KD3) = (1.38 £0.18) x 1072 (S =2.2)

Quadratic parametrization assuming p-e universality
Np(KD3) = N (K23) = (240 £ 0.12) x 1072 (S =1.2)
N (KD3) = N4 (K23) = (020 +£0.05) x 1072 (S = 1.2)
Mo(KD3) = (1.16 £ 0.09) x 1072 (S = 1.2)

Pole parametrization assuming p-e universality
MY, (K93) = MY, (K33) = 878 £ 6 MeV (S =1.1)
MY (K93) = 1252 + 90 MeV (S = 2.6)

Dispersive parametrization assuming p-e universality
A, = (0.251 + 0.006) x 107! (S = 1.5)
In(C) = (1.75 + 0.18) x 10~ (S = 2.0)

KO |fs/fr| = (1.5718) x 1072

KO |fr/fi| = (51%) x 1072

Kbz |fr/fi] = (12 +12) x 1072

KL — (T, K — (700707 e, = —0.205 +
0.022 (S=1.8)

KO — v, KO — e 00~ aprp = —1.69 +
0.08 (S=1.7)

K — ntnete™: aj/ap = —0.737 £ 0.014 GeV?

K, — 702 ay = —0.434+0.06 (S=15)
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CP-violation parameters []

AL = (0.332 + 0.006)%
Inoo| = (2.220 £ 0.011) x 1073 (S = 1.8)

Ini—| = (2.232 £ 0.011) x 1073 (S = 1.8)
le| = (2.228 £ 0.011) x 1073 (S = 1.8)
In00/n4—| = 0.9950 + 0.0007 Il (S = 1.6)
Re(¢'/e) = (1.66 + 0.23) x 1073 [l (S = 1.6)
Assuming CPT
¢L_ = (43.51 £ 0.05)° (S =1.2)
doo = (43.52 + 0.05)° (S = 1.3)
pe=csw = (43.52 £ 0.05)° (S =1.2)
Im(¢/e) = —(do0 — ¢4+_)/3 = (—0.002 £ 0.005)° (S =1.7)
Not assuming CPT
¢pL_ = (43.4+05)° (S=1.2)
doo = (43.7 £0.6)° (S=1.2)
b = (43.5+ 0.5)° (S =1.3)
CP asymmetry Ain K — ntn~eTe™ = (13.7 £ 1.5)%
Bcp from Kg — ete ete™ =-0.19 £ 0.07
vep from K} — eTe"ete™ =0.01 £0.11 (S =1.6)
jfor K¢ — nt 7= 7% = 0.0012 + 0.0008
ffor K — xF 7«0 =0.004 + 0.006
n4—| = (2.35 £ 0.07) x 1073
Gy = (44 £ 4)°
€, _|/e < 03, CL=090%
lgg1| for K — ntn=y < 0.21, CL = 90%
T-violation parameters
Im(€) in KO3 = —0.007 + 0.026

CPT invariance tests

$oo — ¢4+— = (0.34 £0.32)°

Re(314— + 3moo)— 2 = (—3 4 35) x 1070
AS = —-AQin K}; decay

Re x = —0.002 £ 0.006
Im x = 0.0012 £ 0.0021
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Scale factor/ p

K?_ DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
Semileptonic modes
rteFu, [hh] (40.55 £0.11 )% S=17 229
Called K9;.
™ uFu, [hh] (27.04 +0.07 )% S=11 216
Called K23.
(7 patom)v ( 1.05 +£0.11 ) x 107 188
mOntefuy [hh] ( 5.20 £0.11 ) x 1075 207
ntefrete [hh] ( 1.26 £0.04 ) x 1075 229
Hadronic modes, including Charge conjugationx Parity Violating (CPV) modes
370 (19.52 £0.12 ) % S=16 139
ata— a0 (12.54 £0.05 ) % 133
T~ CPV [j] ( 1.96740.010) x 10~3 S=15 206
7970 cPVv ( 8.64 +£0.06 ) x 10~4 S=1.8 209
Semileptonic modes with photons
nteTurgy [aa,hh,kk] ( 3.79 £0.06 ) x 10~3 229
mEuF v,y ( 5.65 +£0.23 ) x 10~4 216
Hadronic modes with photons or ££ pairs
7070+ < 243 x10~7  CL=90% 209
Ty [aa,kk] ( 4.15 +0.15 ) x 1072 S=28 206
7T 7~ ~(DE) (2.84 +£0.11 ) x 107 S=2.0 206
702y [kk] ( 1.27340.033) x 10~0 230
nOvyete~ ( 1.62 £0.17 ) x 108 230
Other modes with photons or £Z pairs
27y ( 5.47 +£0.04 ) x 10~ S=1.1 249
3y < 74 x1078  CL=00% 249
ete (9.4 +04 )x107 S=2.0 249
Wty (1359 +0.11 ) x 107 S=13 225
et e vy [kk] ( 5.95 +0.33 ) x 10~/ 249
ut =y k] (10 08 )x10-8 225

Charge conjugation x Parity (CP) or Lepton Family number (LF)
violating modes, or AS = 1 weak neutral current (51) modes

wtp~ S1 ( 6.84 £0.11 ) x 10~9 225
ete S1 (9 & Hxio 12 249
rtaete” S1  [kk] ( 3.11 £0.19 )x 10~ 7 206
m0n0et e~ S1 < 6.6 x1079  CL=90% 209
00t S1 < 9.2 x 10711 CcL=00% 57
T ete S1 (2.69 +£0.27 ) x 10~9 225
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ete ete™ S1 (356 +£0.21 ) x 10~8 249
O ut CP,S1 [ll] < 3.8 x 10710 cL=00% 177
et e~ CP,S1 [ll] < 2.8 x 10710 CL=00% 230
7 CP,S1[nn] < 2.6 x 1078  CL=90% 230
00w S1 < 81 x 1077 CL=90% 209
et T LF [hh] < 47 x 10712 CL=00% 238
etet FuF LF  [hh] < 4.12 x 10711 cL=00% 225
0 pEeF LF [mh] < 7.6 x10~11  cL=00% 217
7070 ui et LF < 17 x 10710 CcL=00% 159
K*(892) 1(JP) = 3(17)
K*(892)* hadroproduced mass m = 891.66 & 0.26 MeV
K*(892)* in T decays mass m = 895.5 & 0.8 MeV
K*(892)° mass m = 895.81 + 0.19 MeV (S = 1.4)
K*(892)T hadroproduced full width I = 50.8 4 0.9 MeV
K*(892)T in 7 decays full width I = 46.2 + 1.3 MeV
K*(892)° full width I = 47.4 + 0.6 MeV (S = 2.2)
P
K*(892) DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
Km ~ 100 % 289
KO~ ( 2.46+0.21) x 103 307
K*~ ( 9.9 £0.9 )x10~4 300
Krn < 7 x 10~4 95% 223
K1(1270) 1uPy=1ath)
Mass m = 1272 + 7 MeV [/
Full width T = 90 + 20 MeV [
K;(1270) DECAY MODES Fraction (I';/T) p (MeV/c)
Kp (42 +£6 )% 46
K5(1430) (28 +4 )% T
K*(892) (16 £5 )% 302
Kw (11.0£2.0) % T
K f5(1370) ( 3.0+2.0) % f
W/KO seen 539
K1(1400) 1Py =1ath)

Mass m = 1403 + 7 MeV
Full width ' = 174 +£ 13 MeV (S = 1.6)
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K1(1400) DECAY MODES Fraction (I;/T) p (MeV/c)
K*(892)m (94 +6 )% 402
Kp ( 3.0£3.0) % 293
K fy(1370) ( 2.0+£2.0) % f
Kw ( 1.0£1.0) % 284
K3(1430)7T not seen T
W/KO seen 613
K*(1410) 1uPy=1@17)
Mass m = 1414 + 15 MeV (S = 1.3)
Full width ' =232 £ 21 MeV (S =1.1)
P
K*(1410) DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
K*(892) > 40 % 95% 410
Kr (6.6+1.3)% 612
Kp < 7 % 95% 305
’yKO seen 619
5(1430) o] 1JP) = L(0T)
Mass m = 1425 + 50 MeV
Full width ' = 270 £ 80 MeV
K6(1430) DECAY MODES Fraction (I;/T) p (MeV/c)
Kr (93 +£10 )% 619
Kn (867 20 % 486
K??l(958) seen T
K3(1430) 1(JP) = 3(2T)
K3(1430)* mass m = 1425.6 = 1.5 MeV (S = 1.1)
K3(1430)° mass m = 1432.4 & 1.3 MeV
K3(1430)* full width I = 98.5 £ 2.7 MeV (S = 1.1)
K5(1430)° full width I = 109 & 5 MeV (S = 1.9)
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Scale factor/ p
K;(1430) DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
Kr (49.94+1.2) % 619
K*(892) (24.7£1.5) % 419
K*(892)mm (13.4+2.2) % 372
Kp ( 8.7£0.8) % S=1.2 318
Kw (2.940.8) % 311
K+~ ( 2.440.5) x 103 S=1.1 627
Kn (1.573%)x 1073 S=13 486
Kwr < 7.2 x 104 CL=95% 100
KO~ <9 x 10—4 CL=90% 626
* Py_ 11—
K*(1680) 1Py = 307)
Mass m = 1717 &+ 27 MeV (S = 1.4)
Full width I = 322 + 110 MeV (S = 4.2)
K*(1680) DECAY MODES Fraction (I';/T) p (MeV/c)
Kr (38.7£2.5) % 781
Kp (31.4759) % 571
K*(892) (20.9722) % 618
K2(1770) 1#*] 1(JF) = 3(27)
Mass m = 1773 £+ 8 MeV
Full width ' = 186 + 14 MeV
K5(1770) DECAY MODES Fraction (I;/T) p (MeV/c)
Krm 794
K;(1430)7T dominant 288
K*(892)’/T seen 654
Kf2(1270) seen 52
Ko seen 441
Kw seen 607

3(1780) 1uP) =137)

Mass m = 1776 £ 7 MeV (S = 1.1)
Full width T = 159 + 21 MeV (S = 1.3)
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P
K§(1780) DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
Kp Bl £9 )% 613
K*(892) (20 £ 5 )% 656
Kr (18.8+ 1.0) % 813
Kn (30 +£13 )% 719
K5(1430) 7 <16 % 95% 291
K»(1820) [o4! 1(JP) = 3(27)

Mass m = 1816 4+ 13 MeV

Full width ' = 276 £ 35 MeV
K>(1820) DECAY MODES Fraction (I;/T) p (MeV/c)
K§(1430)7T seen 327
K*(892)7T seen 6381
K f5(1270) seen 185
Kw seen 638

4(2045) 1Py = 3(47T)

Mass m = 2045 £ 9 MeV (S =1.1)

Full width ' = 198 £ 30 MeV
KZ(2045) DECAY MODES Fraction (I';/T) p (MeV/c)
Kn (9.94+1.2) % 958
K*(892)mm (9 +5 )% 802
K*(892)mmm (7 £5 )% 768
pKT (5.74+3.2) % 741
wKm (5.04£3.0) % 738
oK (2.84+1.4) % 594
P K*(892) (1.4+0.7) % 363
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CHARMED MESONS
(C=+1)

Dt =cd, DY = ct, D° =Gu, D~ =€d, similarly for D*'s

D 1(JP) = 4(07)

Mass m = 1869.58 £+ 0.09 MeV
Mean life 7 = (1040 4 7) x 10715
cr = 311.8 um

c-quark decays

[(c — ¢Tanything)/l(c — anything) = 0.096 + 0.004 []
[(c — D*(2010)*" anything)/T(c — anything) = 0.255 + 0.017

CP-violation decay-rate asymmetries
Acp(ntv) = (8 £8)%
Acp(Ketv) = (—0.6 £ 1.6)%

CP(ngi) = (—0.41 + 0.09)%

(

A

Acp(KT27%) = (—0.18 + 0.16)%
Acp(KFntnt70) = (=03 £ 0.7)%
Acp(KYn® 0) (—0.1+£0.7)%
Acp(KS 7~) = (0.0 £ 1.2)%
ACP(Wi ) (2 9+ 2.9)%

Acp(ntn) = (1.0 £15)% (S =1.4)
Acp(n1/(958)) = (0.5 +1.2)% (S =1.1)
Acp(K°/KOK*®) = (0.11 + 0.17)%
Acp(KEK*E) = (—0.11 £ 0.25)%
ACP(K+ K~ %) = (0.37 + 0.29)%
ACP(Ki K*0) = (-0.3 + 0.4)%
Acp(¢nt) = (0.09 £ 0.19)% (S = 1.2)
ACP(Ki K3(1430)%) = (8% §)%
Acp(K* K3(1430)°) = (437359)%
Acp(K* Kj(800)) = (- 12+18)%
Acp(a(1450)° %) = (=197 18)%
ACP(¢>(1680) ) =(-9+ 26)%
Acp(ntn™ %) = (=2 £ 4)%

Acp(K OKi trT) = (-4 £ 7)%
Acp(KE70) = (-4 + 11)%
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x? tests of CP-violation (CPV)
Local CPV in DT — rxta—at = 78.1%
Local CPV in DT — KT K- 7% =31%

CP violating asymmetries of P-odd ( T-odd) moments
AT(KAKEat77) = (=12 £ 11) x 1073 Is°]

D+ form factors
£ (0)|Ves| in KO0y = 0.725 £ 0.015 (S =1.7)
rn=ay/agin K9ty =-18+04
r=ay/agin K%ty =-3+12 (S=1.5)
f1(0)|Veg| in 7€ v, = 0.146 £ 0.007
rn=ay/aginmlty,=—1.4+009
r=ay/aginm®lty, = —-44+5
f1(0)|Veq| in DT — net v, =0.086 + 0.006
n=ay/agin DT — nety,=-18+22
r, = V(0)/A1(0) in DT — wet v, =1.24 £ 0.11

r = A>(0)/A1(0) in DT — wet v, = 1.06 + 0.16

r, = V(0)/A;(0) in DT,D° — petwv, =1.48 +0.16

r = A2(0)/A1(0) in DT,D° — petv, =0.83 +0.12

r, = V(0)/A1(0) in K*(892)%¢t 1, = 1.51 £ 0.07 (S =2.2)
ry = A>(0)/A1(0) in K*(892)°¢+ 1, = 0.807 + 0.025

r3 = A3(0)/A1(0) in K*(892)%¢* 1, = 0.0 + 0.4

M /T in K*(892)° ¢+, = 1.13 4 0.08

M /F_in K*(892)°¢* 1, = 0.22 +£ 0.06 (S = 1.6)
Most decay modes (other than the semileptonic modes) that involve a neu-
tral K meson are now given as K% modes, not as KO modes. Nearly always

it is a KO that is measured, and interference between Cabibbo-allowed
and doubly Cabibbo-suppressed modes can invalidate the assumption that

2r(KQ) = r(K9).

Scale factor/ p
Dt DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
Inclusive modes
e semileptonic (16.07+ 0.30) % -
uT anything (176 £ 3.2 )% -
K™ anything (25.7 £ 1.4 )% -
KOanything + K9anything 61 +£5 )% -
K™ anything (59 £ 08)% -
K*(892)~ anything (6 +£5 )% -
K*(892)%anything (23 +£5 )% -
K*(892)% anything < 6.6 % CL=90% -
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1 anything (63 £ 07)%
n' anything ( 1.04+ 0.18) %
¢ anything ( 1.03+ 0.12) %
Leptonic and semileptonic modes
et v, < 88 x 1076  CL=90%
ptu, ( 3.74+ 0.17) x 1074
U, < 12 x 1073  CL=90%
KOetu, ( 8.90+ 0.15) %
WOM""VM (93 +£07)%
K-nteTu, ( 3.91+ 0.11) %
K*(892)%et v, K*(892)° — ( 3.68+ 0.10) %
K- nt
(K™ 7)) s_wave € Ve ( 2.26+ 0.11) x 10~3
K*(1410)%et v, < 6 x 1073 CL=090%
K*(1410)° — K~ 7t
K3(1430)% et v, < 5 x 1074 CL=90%
K35(1430)° — K= 7t
K~ nt et v, nonresonant < 7 x 1073  CL=90%
K-ntuty, (3.9 £ 04)%
K*(892)%ut v, ( 3.52+ 0.10) %
K*(892)° — K—nt
K=t ™ v,, nonresonant (21 + 05)x10°3
K ataluTu, < 16 x 1073 CL=90%
mOet v, ( 4.05+ 0.18) x 103
net v, ( 1.14+ 0.10) x 10~3
,00 et Ve ( 2.184_' 8:%) x 10—3
P utu, (24 + 04 )x1073
wetv, ( 1.69+ 0.11) x 10~3
n'(958) e™ v (22 + 05)x1074
pet v, < 13 x 1075 CL=90%

Fractions of some of the following modes with resonances have already
appeared above as submodes of particular charged-particle modes.

K*(892)° eT v, ( 5.52+ 0.15) %
K*(892)% ( 5.30+ 0.15) %
K5(1430)° it v, < 25 x 1074 CL=090%
K*(1680)% 1t v, < 16 x 1073 CL=00%
Hadronic modes with a K or KKK
Kert ( 1.53+ 0.06) % 5S=238
KOr™ ( 1.46+ 0.05) %
K—2n™t [tt] ( 9.46+ 0.24) % $=2.0

935
932

90
869
865

864
722

864
851

717

851
825
930
855
774

770
771
689
657

722
717
380
105

863
863
846
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(K;7r+)5—wave7r+
K5(1430)07, [uu]
K5(1430)° — K=ot
K*(892)° 7,
K*(892)° — K~ rt
K*(1410)%7+, K*0 —
K rnt
K;_(1430)0 at, [uu]
K5(1430)° — K—n
K*(1680)0, [u]
K*(1680)° — K~ nt
K= (2r")1=2
K%W+7TO [tt]
K%p"'
K%p(1450)+, pt — a0
K*(892)° 7,
K*(892)° — K% 7O
K5(1430)° 7T, K30 —
K%WO
K5(1680)07+, K30 —
K%WO
®Ont, ®0 — K%WO
K% 7T 70 nonresonant

K2 7T 7% nonresonant and
”Ont
(Kgﬂ-o)S—waveﬂ'—i_
K= 2nt a0 [w]
K% 2nt o~ [w]
K= 3rtn~ [tt]
K*(892)0 27t 7,
K*(892)° — K—nt
K*(892)0 07,
K*(892)° — K—nt
K*(892)% a1 (1260)
K= p2nt
K~ 3rt 7~ nonresonant
KT 2KY
KTK™KYnt

[xx]
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( 7.58+ 0.22) %
( 1.26+ 0.07) %

( 1.05+ 0.12) %

not seen

(23 + 08)x1074

(22 + 1.1 )x1074

( 1.47+ 0.27) %
(7.24+ 0.17) %

( 6.04T 00y o4

(15 T 12yx1073
( 2594+ 0.31) x 1073

(27 + 09 )x103

(9 *T.I yx104

10
(6 T2 )x1w3
(3 +4 )x1073
(1357 921y %

(1257 927y %

( 6.14+ 0.16) %
( 3.05+ 0.09) %
(58 + 05 )x103
(12 + 04 )x103

(23 + 04 )x103

(9.4 + 1.9 )x 103
( 1.744 0.28) x 1073
(41 + 30 )x1074
(46 + 21 )x103
(23 +05)x10~%

S=1.1

846
382

714

381

371

58

845

677

714

845

845
816
814

772
645

239

524
772
545

436
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Pionic modes
at 70 ( 1.24+ 0.06) x 10~3 925
2nt ( 3.294+ 0.20) x 10~3 909
pOrt (84 + 15 )x10~4 767
T (7T 77 ) 5 —wave ( 1.85+ 0.17) x 10~3 909
ont, o0 — ntn™ ( 1.39£ 0.12) x 10-3 -
f5(980) 7T, ( 1.58+ 0.34) x 10~% 669
(980) — w7~
fo(1370) T, (8 +4 )x107° -
f(1370) — 7t~
f>(1270) 7, (51 + 09 )x104 485
£(1270) — 7t 7~
p(1450)0 7+, < 8 x 1073  CL=95% 338
p(1450)° — 7t~
fo(1500) T, (11 + 04 )x10~% -
fo(1500) — 7t~
fo(1710) T, < 5 x 107  CL=95% -
fo(1710) — 7t 7~
fo(1790) T, < 7 x 107  CL=95% -
fo(1790) — 7T 7™
(7T 7) s _wave ™ < 12 x 1074 CL=95% 909
27T 1~ nonresonant < 1.2 x 1074 CL=95% 909
nt 270 (47 £ 0.4 )x10-3 910
2rt 70 ( 1.17+ 0.08) % 883
nnt,n— atr a0 (80 £ 05 )x 104 848
wrt, w— ata 70 < 3 x 10~4  CL=90% 763
3nt2n~ ( 1.674 0.16) x 10~3 845
Fractions of some of the following modes with resonances have already
appeared above as submodes of particular charged-particle modes.
nmT ( 3.664+ 0.22) x 10~3 848
natx0 ( 1.38+ 0.35) x 103 830
wrT < 34 x 1074 CL=90% 764
n'(958) T ( 484+ 0.31) x 103 681
1’ (958) 7+ 70 (16 + 05 )x10-3 654
Hadronic modes with a KK pair
KT K% ( 295+ 0.15)x 1073  S=28 793
KtK—nt [tt] ( 9.96+ 0.26) x 1073 S=13 744
ot — KHK— (2777 39%) x 1073 647
KT K*(892)°, (2567 992) 1073 613
K*(892)° — K~ 7t
KT K(1430)0, (1.9 + 0.4 )x 1073 -

K5(1430)° — K7t
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KT K35(1430)%, K3 — (17 + 33 )x104
K—nt
KTK(800), K — K ot (7.0 T 39 )x1074
ap(1450)° 7+, af — (46 T 13 )x10-*
Kt K~
$(1680)7t, ¢ — KT K~ (51 F 43 )x105
K+ K~ 7T nonresonant not seen
KTKYntn™ ( 1.71+ 0.18) x 103
KK 2rt ( 234+ 0.17) x 1073
KtK=2rntn~ (23 + 1.2 )x1074

A few poorly measured branching fractions:

ot 0 (23 + 1.0 )%
ppt < 15 % CL=90%
KT K= 7t 7%non-¢ (15 T %E)%
K*(892)" K¢ (1.7 + 08 )%
Doubly Cabibbo-suppressed modes
Kt n0 ( 1.89+ 0.25) x 10~%  s=1.
Ktn ( 1.12+ 0.18) x 10~4
KT 1 (958) ( 1.83+ 0.23) x 104
Ktrtro~ ( 5.46+ 0.25) x 104
K+ p0 (21 £ 05 )x10~4
K*(892)% 71, K*(892)° — (2.6 £ 04 )x1074
Kt~
KT £,(980), f(980) — (49 + 29 )x1075
rtn~
K3(1430)% 7T, K3(1430)° — (44 £ 3.0 )x1075
Kt~
K+ 7 7~ nonresonant not seen
2KT K~ (9.0 £ 21 )x107°

AC = 1 weak neutral current (C1) modes, or
Lepton Family number (LF) or Lepton number (L) violating modes

TTet e c1 < 11 x 1076 CL=90%
7te, ¢ — ete byl (17 T 35 )x1070

TR T c1 < 73 x 1078  CL=90%
¢, ¢ — ptp” [yy] (18 + 08)x1076

pTptu~ c1 < 5.6 x 10~4  CL=90%
Ktete™ [zz] < 1.0 x 1076  CL=90%
KTt p~ [zz] < 43 x 1076  CL=90%
Ttetu” LF < 2.9 x 1076  CL=90%

744
678
678
600

619
260

682
611

864
776
571
846
679
714

846
550

930

918
757
870
856
927
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e ut LF < 3.6 x 1076 CL=90% 927
Ktetpu™ LF < 12 x 1070 CL=90% 866
Kte pt LF < 2.8 x 106  CL=90% 866
T 2eT L < 11 x 1070 CL=90% 930
T 2u L < 22 x 1078  CL=90% 018
et ut L < 20 x 1070  CL=90% 927
p~2u™ L < 56 x 1074  CL=90% 757
K™ 2e™ L <9 x 1077 CL=90% 870
K= 2u™ L < 1.0 x 1072 CL=90% 856
K= etpu™ L < 1.9 x 1070  CL=90% 866
K*(892) 2u™ L < 85 x 1074 CL=90% 703
DO 1(JP) = 3(007)

Mass m = 1864.83 4+ 0.05 MeV

Mpe — Mpg = 4.75 + 0.08 MeV

Mean life 7 = (410.1 + 1.5) x 107 s
cr = 122.9 um

Mixing and related parameters
- = (0.951041y 5 1010 j s—1
‘ng ng‘ ( —0.44)Jro . )
(I'D(l) - I'Dg)/r = 2y: (1'29—0:18) x 10~

la/p| = 0.92+035

Ar = (—0.125 4 0.526) x 1073
K+ 7~ relative strong phase: cos § = 0.97 + 0.11
K~ nt 70 coherence factor Ry .0 = 0.82 &+ 0.07

. 0
K~ 7+ 70 average relative strong phase K7™ = (164J_r%2)°

K~ 7~ 2r coherence factor R 3, = 0324__8:%

K~ 7~ 2xT average relative strong phase 6537 = (2254_'3(1))c>
K% KT 7~ coherence factor RK%Kw = 0.73 + 0.08

K% K+ 7~ average relative strong phase 5K%KW = (8 £ 15)°
K* K coherence factor Ry , = 1.00 & 0.16

K* K average relative strong phase %" K = (26 + 16)°

CP-violation decay-rate asymmetries (labeled by the D decay)
Acp(KTK™) = (-0.14 £ 0.12)%
Acp(2K%) = (=5 £ 5)%

cp(rTm™) = (0.01 £ 0.15)%

cp(27%) = (0.0 + 0.6)%

cp(nTm=7m0) = (0.3 £ 0.4)%

op(p(770)T 7~ — 7T~ 70 = (1.2 + 0.9)% [222]

> > > D>
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Acp(p(770)°70 — 7t 7= 70) = (=3.1 + 3.0)% [22]
Acp(p(770)~ 7t — ata=70) = (=1.0 + 1.7)% [222]
Acp(p(1450)t 7~ — 77~ 70) = (0 + 70)% [222]
Acp(p(1450)07r0 — 7t 70) = (=20 + 40)% [22]
Acp(p(1450)~ 7t — 7t 7 7r0) (6 + 9)% [222]
Acp(p(1700)+7r — ata—a0) = (=5 + 14)% [224]
Acp(p(1700)070 — 7t x—70) = (13 + 9)% [a24]
Acp(p(1700)" 7t — at7—70) = (8 & 11)% [222]
Acp(5(980)m0 — atx—70) = (0 + 35)% [222]
Acp(f(1370)70 — 7t a—x0) = (25 & 18)% [222]
Acp(f5(1500)70 — 7t~ 70) = (0 + 18)% [222]
Acp(f(1710)70 — 7t 7= 70) = (0 £ 24)% [22]
Acp(f2(1270)7r0 — 7t 70) = (=4 + 6)% [224]
Acp(c(400)70 — nta—70) = (6 £ 8)% [222]
Acp(nonresonant = 79) = (=13 + 23)% [222l
Acp(KTK=7%) = (=1.0 + 1.7)%

Acp(K*(892)t K~ — KT K= 7% = (-0.9 + 1.3)% [224]
Acp(K*(1410)T K~ — KT K~ 70) = (=21 + 24)% [222]
ACP((K+7TO)5—wave K- — Kt K_’/TO) = (7 + 15)% [2aa]
ACP(¢(1020)7TO — KTK=7%) = (1.1 £ 2.2)% [22]
ACp(f0(980)7r — KtK=70) = (=3 + 19)% [22a]
Acp(ag(980)°70 — K+ K= 70) = (=5 + 16)% [224]
Acp(fh(1525) 70 — K+ K= 70) = (0 + 160)% [222]
Acp(K*(892)~ Kt — KT K= n0) = (=5 + 4)% [22]
Acp(K*(1410)” KT — KT K~ 70) = (=17 + 29)% [22]
Acp((K™m0)s—wave K* = KT K™a0) = (=10 + 40)% [222]
Acp(K2m0) = (-0.20 £ 0.17)%

Acp(Kgn (0.5 + 0.5)%

Acp(K (1.0 £ 0.7)%

Acp(KS <i>) ( 3+9)%

Acp(K~=7T) = (0.3 + 0.7)%

Acp(KT77) = (0.0 + 1.6)%

ACP(DCP(il) — KTrt) = (127 + 1.5)%

Acp(K= 7t 7% = (0.1 £ 0.5)%

ACP(K+7r 7r0) (0 £ 5)%
Acp(KSrTn™) = (—0.1 £0.8)%
ACP(K*(892)_7r+ — KQnt7r™) = (0.4 £ 0.5)%
Acp(K*(892)T 7~ — K57r+7r_) =(1+£6)%
Acp(KPp? — Knt7r™) = (-01+05)%
Acp(K0w — ngﬂr—) (-13+ 7)%
Acp(K°£(980) — KQntrn™) =(-04 £27)%
Acp(K°£(1270) — Ke7rT7n™) = (-4 £ 5)%
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Acp(K£(1370) — Kinta™) = (-1£9)%
Acp (KO p0(1450) — KO + )= (—4+10)%
Acp(K°f(600) — Kr o —):( 3+5)%
Acp(K*(1410)~ 7 v Kertr) =(-2+9)%
Acp(K§(1430)" nt — Kg + N =(4+4)%
ACP(K6(1430)+7T_ — Kntn™) = (12 i15)%
Acp(K3(1430) 7t — Kirt7n™) = (3+6)%
Acp(K3(1430) = — K%7rt7n™) = (—10 £ 32)%

) = (0. >t 0 5)%
T 7 )=(-2+ 4%
TK Tt )= (-8+£7)%
= KOrtKT)=(-1+10)%
KOr=Kt) = (—10 + 32)%
PKTKT) = (—7+17)%
PPK~KT) = (10 £ 13)%
— K*O TK™) =(-20+ 17)%
ACp(K*(1410) Kt — KO~ Kt)=(-1+14)%
Acp(K*OK*0 Swave) = (10 + 14)%
Acp(pp® Swave) = (—3 + 5)%
Acp(pp® D-wave) = (—37 4+ 19)%
Acp(o (T T )s_wave) = (=9 £ 10)%
ACP((K_W+)P—wave (K+7T_)S—wave) =B x11)%
CP-even fraction in D — 7t 7~ 70 decays = (97.3 = 1.7)%
CP-even fraction in DO — KT K~ 70 decays = (73 + 6)%
CP-even fraction in D® — 7T 7~ 7T 7~ decays = (73.7+2.8)%

>

Q

N

=X

%
AA/:AA

N

\l
vavv

+
xxxlxx
l l [

CP-violation asymmetry difference
AAcp = ACP(K+ K_) — ACP(W+7T_) = (—0.32 +
0.22)% (S =1.9)
x? tests of CP-violation (CPV)
Local CPV in D%, DO — nt7n= 70 = 4.9%
Local CPV in D9, D° — ntr—ntn— =41%
Local CPV in D9, D° — Kntn™ =96%
Local CPV in D%, D® — K+ K= 79 = 16.6%
Local CPV in D%, D® — KT K= 7nt7~ =9.1%
T-violation decay-rate asymmetry
Ar(KTK=atr™) = (1.7 £ 2.7) x 1073 [ss]
CPT-violation decay-rate asymmetry
Acpr (KT %) = 0.008 £ 0.008
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Form factors
ry = V(0)/A1(0)in D° — K*(892) ¢ty =17 £ 0.8
rp = Ay(0)/A1(0) in D — K*(892)~ ¢ty =0.9 £ 0.4
f,(0)in DO — K~ ¢tu, =0.736 + 0.004
f1(0)|Ves| in DO — K= ¢y = 0.719 £ 0.004
n=ay/aginD% - K (ty, =—240+0.16
r=ay/agin D% — K Ty, =544
f.(0)in DO — 7~ ¢+ v, = 0.637 + 0.009
f1(0)|Veq| in DO — 7 ¢+ 1, = 0.1436 £ 0.0026 (S = 1.5)
n=a/agin D% - 7 Ty, =—-1.97£028 (S=14)
rn=ai/agin DY — 7 ¢ty =—-02+22 (S=17)
Most decay modes (other than the semileptonic modes) that involve a neu-
tral K meson are now given as K% modes, not as KO modes. Nearly always

it is a KO that is measured, and interference between Cabibbo-allowed
and doubly Cabibbo-suppressed modes can invalidate the assumption that

21 (KY) = r(k9).

Scale factor/ p

DO DECAY MODES Fraction (I';/T) Confidence leve(MeV/c)
Topological modes
0-prongs [bbb] (15 £+ 6 )% -
2-prongs (70 +£6 )% -
4-prongs [ccc] (145 £+ 05 )% -
6-prongs [ddd] ( 6.4 + 1.3 )x10~4 -
Inclusive modes
et anything [eece] (6.49 £+ 0.11 )% -
pT anything (67 £ 06 )% -
K™ anything (547 + 28 )% S=1.3 -
KOanything + K9anything 47 +£4 )% -
K™ anything (34 +£04 )% -
K*(892)~ anything 15 +9 )% -
K*(892)%anything (9 +4 )% _
K*(892) T anything < 36 % CL=90% -
K*(892)° anything (28 + 13 )% -
1 anything (95 £09 )% -
n' anything (248 + 027 )% -
¢ anything (1.05 £ 0.11 )% -
Semileptonic modes
K~ et v, ( 3.538+ 0.033) % S=13 867
K- uty, (333 £+ 013 )% 864
K*(892)~ e™ v, (216 + 0.16 )% 719
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-t
K*(892)” u" v,
K- n%etu,
WOW_eJFVe
K- rtr etu,
K1(1270)~ et v,
— =t
K z*ﬂ' I Vﬁ .
(K*(892)m)~ u" vy,
et v,
7T_pb+l/u
p~ et v,

K- nt
Ktn—
K%WO
K?WO

K%po

K%w, w— T

KCS) (W+W_)S—wave
K £,(980),

+

(1.92

(1.6
(2.7
(2.8

(7.6

< 12
< 1.4
( 2.01
( 2.38
( 1.77

I+ I+ I+

| +

+
+

+

5) %
) %

) %

) %X 10~4

Wk HHE 0O O O
HO Rbh No ow N

) X 10—4
x 1073
x 1073

0.04 ) x 1073

0.24 ) x 1073

0.16 ) x 103

Hadronic modes with one K

( 3.93

+

( 1.398+

( 1.20
(10.0

[tt] ( 2.85
(6.4

(2.1
(3.4

(1.23

(980) — 7t~

K £,(1370),

(2.8

f(1370) — 7t

KQ £(1270),

f(1270) — 7T 7w~

K*(892) n T,

K*(892)~ — K%r

K3(1430)~ @,

(9

( 1.68

(273

K3(1430) — K7~

K3(1430)~ 7T,

K3(1430)" — K¢

K*(1680)~ 7+,

- 0
K*(1680)~ — K9

K*(892)T 7,

(3.4

T

(4

T

(7] ( 1.15

K*(892)t — K%r ™

K7 (1430) T 7~

[ff] < 1.4

K5(1430)T — K37t
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+
+

+
+
+
+
+

I+

+1

+

0.04 ) %
0.027) x 10—4
0.04 )%
0.7 )x1073
0.20 ) %

0.7
0.8

06 )x10~%
0.8 )x1073

0.40
0.24

) X 103

) X 103

0.9

13 ) % 10—3

g ) x 1072

0.15

018 ) %

0.40

034 ) x 1073

1.9
1.0

) x 10~4
4 )x1074

0.60

034 )x 1074

x 1072

CL=90%
CL=90%
S=1.1

S=1.2

CL=95%

714

861

860

843

498

821
692

927
924

771

861
861
860
860
842

674

670
842

549

262

711

378

367

46

711
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K3(1430) 7,

K3(1430)T — K%r T

K%7r+7r_ nonresonant
K—ntx0

K= pt

K~ p(1700)*,

p(1700)" — at 70
K*(892)~ =,

K*(892)~ — K70
K*(892)0 70,

K*(892)° — K= x™
K3(1430)~ @,

K3(1430)~ — K~ 79
K35(1430)°070,

K5(1430)° — K7t
K*(1680)~ 7+,

K*(1680)~ — K~ 0
K~ 7T 70 nonresonant

Kg27ro
K% (279)-S-wave
K*(892)079,

K*(892)° — K%n0
K*(1430)°79, K*0 —
_ Ksmo
K*(1680)° 70, K*0 —

0 K% WO 0
K2 £(1270), h — 2n
2K%, one K% — 270

K= 2rtn—
K~ 1 pQtotal
K~ % p93-body
K*(892)0 00,

K*(892)° — K7t

K~ a1(1260)",

a1(1260)" — 27t~

K*(892)° 7 7~ total,
K*(892)° — K~ 7t

K*(892)° 7 ™ 3-body,
K*(892)° — K= 7t

K1(1270)" 7+,

K1(1270) — K ntn~
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[tt]

[tt]

[ggg]

[fff] < 3.4

(26

(14.3
(11.1
(8.1

( 2.28
( 1.93

(4.7

(5.8

(1.9

( 1.14

(91
(26
(7.9

(4

(1.0

(23
(3.2
( 8.06

( 6.73
(5.1
( 1.05
(3.6
(1.6

(9.9

(2.9
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x107°  CL=95%

T6 )x107*

08 )%
0.9 )%
1.8 )x 1073

HOH H o+

| +

0.40
023 )%

+ 026 )%

+ 22 )x1073

+ 5.0

216 ) X 10—3

H._

07 )x103

031 ) %

11 )x1073
07 )x1073
07 )x1073

5=2.2

HoH K

423 )x107°

+ 04 )x1073

11 )x10~4
11 )x10~4
0.23 )%
0.34 ) %
23 )x1073
0.23 )%

H oW W R

+ 06 )%
+ 04 )%
+ 23 )x1073

+ 03 )x1073

842

844
675

711

711

378

379

46

844
843

711

813

609

609

416

327

685

685

484
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K~ 27t 7~ nonresonant

KO +7T_7T0
K577 n— wta 70
sz w— ata 70

K= 2xt a0
?*(892)07r+7r_7ro,
K*(892)° — K= x™
K rntw,w— ntan
K*(892)°w
K*(892)0 — K~
w — ata= a0
Ksnw
KQ a0(980), ag(980) — nm°
?*(892)877, K*(892)°

0

K%ﬂ'
K%27T+ 2w~

KSpP 7T 7™, noK*(892)~

K*(892) 27t 7,
K*(892)~ — K7~
no po

K*(892)~ pO7t,
K*(892) — K7~

K% 27T 27~ nonresonant
K= 3rt2n~

( 1.88
(5.2
( 1.02
(9.9
(4.2
(13

[hhh]

(55
(6.6
(1.6

(271
(1.1
(5
(1.6

< 12

+
+
+
+
+
+

H_

0.26 ) %
0.6 )%
0.09 ) x 103
05 )x1073
0.4 )%
0.6 )%

0.5
3.0

) %
)><1O_3

) X 10-3
) X 103
) X 10-3

1.1
2.0
0.5

0.31 )x 103
07 )x1073
8 )x107%
06 )x1073

x 1073  CL=90%

(22 + 06 )x10~4

Fractions of many of the following modes with resonances have already
appeared above as submodes of particular charged-particle modes. (Modes

for which there are only upper limits and K*(892) p submodes only appear

below.)
K%n
K%w
K%/ (958)

K~ a1(1260)™
K~ ay(1320)™
K*(892)% 7+ 7~ total
K*(892)° 7 7~ 3-body
K*(892)° p°
K*(892)0 pOtransverse
K*(892)%p 0S—wave
K*(892)° p% S-wave long.
K*(892)° p0 P-wave
K*(892)° o0 D-wave
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( 4.85
(111
(9.5
(7.8
< 2
(2.4
( 1.48
( 1.57
(17
( 3.0
< 3
< 3
(21
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0.30 ) x 1073
0.06 ) %
05 )x1073
11 )%
x 103
05 )%
0.34 ) %
0.35 ) %
0.6 )%
0.6 )%
x 103
x 103
06 )%

CL=90%

CL=90%
CL=90%

813
813
772
670
771
643

605
410

721

768

642

230

768
713

772
670
565
327
198
685
685
417
417
417
417
417
417
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K1(1270)~ n* lgeg] (16 =+ 08 )%
K1(1400)~ 7+ < 12 %
K*(892)0 70 (1.9 + 09 )%
K—nt (31 £06 )%

?*(892)%; (11 + 05 )%

K~ 71/ (958) (75 + 19 )x1073

K*(892)%1/(958) < 11 x 1073

Hadronic modes with three K's
KSKT K™ (451 + 0.34 ) x 103

K2 ap(980)°, aJ — KT K™ (30 + 04 )x10-3

K~ a9(980)T, aj — KT KY (60 + 18 )x10~4

KtTap(980)", a, —» K~KY < 11 x 1074

K2£(980), fo — KTK™ < 9 x 1075

K¢, ¢ — KT K™ ( 2.07 + 0.16 ) x 103

K21 (1370), fy — KT K~ (17 £+ 11 )x10~4
3KY (92 + 13 )x10~%
Kt2K— 7t (221 + 032 )x10°%

Kt K~ K*(892)°, (44 + 17 )x1075

K*(892)° — K—nt

K-nte, ¢ - KTK™ (40 £ 1.7 )x107°

$ K*(892)9, ( 1.06 + 0.20 ) x 10~4

¢ — KT K™,
K*(892)° — K—rx™
KT 2K~ 7T nonresonant (33 + 15 )x107°
2K K*EnF (61 + 13 )x10~4
Pionic modes
rta~ ( 1.420+ 0.025) x 103
270 (825 £ 0.25 ) x 10~ 4
ata— a0 ( 1.47 + 0.09 )%
pTm™ ( 1.00 + 0.06 )%
pO 0 (382 £ 0.29 ) x 103
p- T ( 5.00 &+ 0.34 )x10~3
p(1450)+ —, p(1450)T — (16 =+ 20 )x107°
T 71'

p(1450)0 70 p(1450)° — (44 + 19 )x107°
W+W_

p(1450) 7+, p(1450)" — (26 + 04 )x10~4
7 70

p(1700)'g7r“,p(1700)+ — (60 + 15 )x10~4

™

p(1700)° 70, p(1700)° — (74 + 18 )x10~4

ata—

p(1700)~ 7T, p(1700)~ — (47 + 11 )x10~*

7 70
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CL=90%

CL=90%

CL=95%
CL=95%

484
386
643
605
410
479
119

434
427

922
923
907
764
764
764
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f5(980) 70, £(980) —
Tt
f5(500) 70, £5(500) —
ata™
fy(1370) 70, £(1370
+ —
(

l

1500

—

f;
T
f5(1500) 70, £
+ —

!

)
)
T
fo(1710) 70, £,(1710)
ata~
£,(1270) 70, £(1270)
7T+7T
rtr—n
370
2nt o~
a1(1260) T 7, af —
21T 7~ total

a1(1260) " 7, af

l

0 nonresonant

N
P71t S-wave
a1(1260) T 7, af —
P07t D-wave
a1(1260) "7, af —
on T
2,0 total
2p0, parallel helicities
2p0,perpendknﬂarheHcL
ties
200, longitudinal helicities
Resonant (7t 7~ )nt 7~
3-body total
ot
(980) 7T 7, fy —
rta~
H(1270) 7T, fh —

0
ata— 270
nm°
wnd
2rt 2~ 70
nw+w_
wrt T
337~
7' (958) 70
n'(958) T 7~
21
11’ (958)
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(3.7
(121
(5.4
(57
(46
( 1.94

(1.2
< 35
( 7.45
( 4.47

( 3.23

(1.9

(6.2

( 1.83
(8.2
(4.8

(1.25
( 1.49

(37

( 1.01
lii] (6.9
liii] < 2.6
(42
( 1.09
(16
(42
(91
(45
( 1.70
( 1.06

[iii]
[iii]
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+

H

HOH B H B HH H

0.9 )x107° -
022 )x 104 -
21 )x107° -
16 )x107° -
16 )x 1072 -
0.22 )x 104 -
04 )x107% 907

x10~%  CL=90% 908
0.22 ) x 1073 S=12 880
0.32 ) x 1073 -
0.25 ) x 103 -
05 )x10~% -
07 )x10~% -
0.13 )x 1073 518
32 )x107° -
06 )x10~% -
0.10 ) x 1073 -
012 )x 1073 -
09 )x10~% -
05 )x10~% -
06 )x10~% -
0.09 ) % 882
07 )x10~% 846

x10~4  CL=90% 761
05 )x1073 844
0.16 ) x 103 827
05 )x1073 738
12 )x10~4 795
14 )x10~4 678
1.7 )x 1074 650
0.20 ) x 1073 754
0.27 ) x 1073 537
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Hadronic modes with a KK pair
( 401 + 0.07 )x 1073

KtK~
0
KK nt
K*(892)°K%, K*0 —
K- nt
KSKTm~
K*(892)° K2, K*0 —
K+W_
KtK— =
K*(892)T K—, K*(892)" —
K+ 0
K*(892)~ Kt, K*(892)~ —
KOWO
(K+ )5 waveK_
( ) wcwe
f0(980)7r0 fo — K+ K~
670, ¢ — KTK~
2K%WO
KTK—nt

¢ (7"'+ 71-_)S—wcwe: ¢ —

KT K~
(¢p0)5—wavev
(¢pO)D—wavev

¢ — KT K~
o — KTK~

(K*OW*O)S—wavev K0 —

Kiwj_L

(K ™ )P waver

(Kt

)S—wavev

K1 (1270)F K~

K1(1270)*

— K*Ogt

K1 (1270)F K,

K1(1270)" —

pO K+

K1(1270)~ KT,

K1(1270) —

K*0n—

K1(1270)~ KT,

K1(1270) —

POK~

K*(1410)T K,

K*(1410)*

_ K*O 7T+

K*(1410)~ K+,

K*(1410)~
2K%W+W_
KSK—2nt
KtK-ntaz0

_ 7*0,”.—
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(1.8
(3.6
< b

(2.2
< 18

( 3.38
( 1.50

(5.4

( 2.40
(1.3
(3.5
(6.6
< 5.9
( 2.42
( 2.50

(93
(8.2
( 1.48

(26
(18
(114
(22
(145
( 1.02
(114

(1.24
< 15
(3.1
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+
+

HoHH H

HH

0.4 )x10~%
05 )x1073
x 10~4

04 )x1073
x 10~4

0.21 )x 103
0.10 ) x 103

05 )x10~%

0.21 )x 103
05 )x10~%
06 )x10~%
05 )x10~%

x 10~4
012 )x 1073
034 )x 104

12 )x10~4

23 )x107°
0.30 ) x 10—4

05 )x 104
05 )x10~%
0.26 ) x 10~4
12 )x107°
0.25 ) x 10~4
0.26 ) x 10~4
0.25 ) x 10~4

0.24 ) x 1073
x 104
2.0 )x1073

S=1.5
S=2.5
S=1.2
CL=90%

791
789
739
608

S=1.3
CL=90%

739
608

743

743
743

740

677
614

250

673
595
600

CL=90%
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Other KK X modes. They include all decay modes of the ¢, 1, and w.
(14 + 05 )x1074

én
ow

POy
Wy
[
K*(892)0

Kt ¢~ wyvia D°
KT or K*(892)* e~ 7, via
50
Kt~ DC
K+~ via DCS
K+ 7 via D°
K%Tr+7r_in pY — DO
K*(892)T 7, DC
K*(892)T — K%nt
KE§(1430)+ T, DC
K§(1430)" — K%rx
K§(1430)Jr T, DC
K3(1430)" — K7t
Kt n— 70 DC
Kt 7~ nOvia DO
Ktnt2n™ DC
K+ nt 27~ via D°
©~ anything via D°

<

<
<

<
<

<
<

<

<

<
<

2.1

Radiative modes

2.4
2.4

x 103

x 104
x 104

(273 + 035 ) x 107>
(331 + 034 )x10~4

Doubly Cabibbo suppressed (DC) modes or
AC = 2 forbidden via mixing (C2M) modes

2.2
6

( 1.49
(133
1.6
1.8

( 1.15

1.4

3.4

( 3.13
(7.5
( 2.62
4
4

x 1072
x 1072
0.07 ) x 10~4
0.09 ) x 104
x 1072
x 10~4
0.60 —4
0.34 ) x 10
x 1079
x 1072
0.23 )x 104
06 )x10~%
0.11 )x 104
x 10~4
x 10~4

AC = 1 weak neutral current (C1) modes,

Lepton Family number (LF) violating modes,

CL=90%

CL=90%
CL=90%

CL=90%
CL=90%

5=2.9

CL=95%
CL=95%

CL=90%
CL=90%

Lepton (L) or Baryon (B) number violating modes

vy c1
et e C1
ptpe c1
nOet e~ C1
70 ,u+ j C1
net e C1
npt T c1
Tt ete” C1
,00 ete C1
rta~ ,u+ wo C1
POt c1
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<

ANNNANNNANNNANNNA

2.2
7.9
6.2
4.5
1.8
1.1
5.3
3.73
1.0
5.5
2.2
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x 100
X 10_8
X 10_9
x 105
x 10~4
x 104
x 104
X 10_4
x 10~4
x 10~ 7
x 1079

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

489
238

771
768
654
719

861

861

711

844

813
812

932
932
926
928
915
852
838
922
771
894
754
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wete™ c1 < 1.8 x10~4  CL=90% 768
wptp~ C1 < 83 x 1074  CL=90% 751
K- Ktete™ C1 < 3.15 x10~4  CL=90% 791
petT e C1 < 52 x107°  CL=90% 654
K=Ktutpu~ C1 < 33 x107°  CL=90% 710
out T C1 < 31 x 1072  CL=90% 631
KOet e~ [zz] < 1.1 x10~%  CL=90% 866
KOut [zz] < 2.6 x 1074  CL=90% 852
K nTete c1 < 3.85 x 104  CL=90% 861
K*(892)%et e~ [22] < 4.7 x 1075  CL=90% 719
K-ntptu~ c1 < 3.59 x 1074  CL=90% 829
K*(892) ut ™ [2z] < 2.4 x 1075 CL=90% 700
ata aOut c1 < 81 x10~%  CL=90% 863
pt et LF  [hh] < 26 x10~7  CL=90% 929
n0e® T LF [hh] < 86 x 1075  CL=90% 924
net LF  [hh] < 1.0 x 1074  CL=90% 848
atr= et T LF [mh] < 15 x 1075  CL=90% 911
pPet T LF  [hh] < 4.9 x 1075  CL=90% 767
wet T LF  [hh] < 12 x10~4  CL=90% 764
K= KtetyT LF [hh] < 18 x 1074  CL=90% 754
pet T LF  [hh] < 3.4 x 1075  CL=90% 648
KOet ¥ LF [hh] < 1.0 x 1074  CL=90% 863
K-ntetp T LF  [hh] < 553 x 104  CL=90% 848
K*(892)0 et 11T LF [hh] < 83 x 1075  CL=90% 714
217 2eT + c.c. L < 112 x10~%  CL=90% 922
27 2ut + c.c. L < 29 x 1072  CL=90% 894
K—n~2et + c.c. L < 2.06 x 104 CL=90% 861
K=7 2ut + cc. L < 39 x10~%  CL=90% 829
2K~ 2eT + c.c. L < 1.52 x10~%  CL=90% 791
2K~ 2u™ + c.c. L < 94 x 1075  CL=90% 710
r et ut+ cc L < 79 x107°  CL=90% 911
K-n~etut+cc L < 218 x 104 CL=90% 848
2K~ et T+ c.c. L < 5.7 x 1072  CL=90% 754
pe~ LB [ij] < 1.0 x107°  CL=90% 696
pe’ LB [kkk] < 1.1 x107°  CL=90% 696
D*(2007)° 1(JP) = 307)
I, J, P need confirmation.

Mass m = 2006.85 £ 0.05 MeV

mD*O

(S =1.1)

— mpo = 142.016 + 0.030 MeV (S = 1.5)

Full width ' < 2.1 MeV, CL = 90%
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5*(2007)0 modes are charge conjugates of modes below.

D*(2007)0 DECAY MODES Fraction (I';/T) p (MeV/c)
DO 70 (64.7+£0.9) % 43
DO~ (35.3+0.9) % 137
D*(2010)* 1(JP) = 317)
I, J, P need confirmation.
Mass m = 2010.26 £+ 0.05 MeV
mD*(2010)+ — Mpo = 145.4257 + 0.0017 MeV
Full width ' = 83.4 + 1.8 keV
D*(2010) ™ modes are charge conjugates of the modes below.
D*(2010):|: DECAY MODES Fraction (I;/T) p (MeV/c)
DOt (67.7£0.5) % 39
Dt 70 (30.7£0.5) % 38
Dt~ (1.6+£0.4) % 136
D} (2400)° 1JPy = L(0T)
Mass m = 2318 4+ 29 MeV ( = 1.7)
Full width ' = 267 + 40 MeV
D3(2400)0 DECAY MODES Fraction (I';/T) p (MeV/c)
Dt rn— seen 385
Dy (2420)° 1(JF) = 3a™)
I needs confirmation.
Mass m = 2420.8 +£ 0.5 MeV (S = 1.3)
Mpo — Mp. = 410.6 £0.5 (S =13)
1
Full width T = 31.7 + 2.5 MeV (S = 3.5)
51(2420)0 modes are charge conjugates of modes below.
D, (2420)0 DECAY MODES Fraction (I';/T) p (MeV/c)
D*(2010)+ T seen 353
DOrt = seen 425
Dt rn— not seen 472
DO rt = not seen 279
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5(2460)° 1UP) = 12h)

JP = ot assignment strongly favored.

Mass m = 2460.57 &+ 0.15 MeV (S = 1.1)
Mpyo — Mp. = 590.98 4 0.18 MeV (S = 1.1)
Mpso = Mpe = 450314 0.16 MeV (S = 1.1)
Full width T = 47.7 = 1.3 MeV (S = 2.0)

5;(2460)0 modes are charge conjugates of modes below.

D;(2460)0 DECAY MODES Fraction (I;/T) p (MeV/c)
Dtrn— seen 505
D*(2010)+ T seen 389
DOrtn— not seen 462
DO rt = not seen 324
D3(2460)* 1P = 32"
JP — ot assignment strongly favored.
Mass m = 2465.4 + 1.3 MeV (S = 3.1)
mD§(2460)i — mD§(2460)0 =244+ 1.7 MeV
Full width ' = 46.7 + 1.2 MeV
D§(2460)_ modes are charge conjugates of modes below.
D;(2460):|: DECAY MODES Fraction (I;/T) p (MeV/c)
DO at seen 513
pD*0 ot seen 396
Dtrta— not seen 462
D*tnt o™ not seen 326
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CHARMED, STRANGE MESONS
(C=S=+1)

Dj =cs, D, =7¢s, similarly for D}'s

DE 1(JP) = 0(0™)

Mass m = 1968.27 & 0.10 MeV
Mpe — Mps = 08.69 + 0.05 MeV

Mean life 7 = (500 = 7) x 10715 s (S =1.3)
cr = 149.9 um

CP-violating decay-rate asymmetries
Acp(ptv) = (5% 6)%
Acp(KEKS) = (0.08 £ 0.26)%
Acp(KT K= n%) = (-0.5 £+ 0.9)%
Acp(o7mT) = (—0.38 + 0.27)%
ACP(KiOK%EWO) =(-2+6)%
Acp(2KinF) = (3£ 5)%
Acp(KT K~ 7% 70) = (0.0 + 3.0)%
Acp(KEKSTtan™) = (-6 £5)%
Acp(KYKT2r®) = (4.1 £2.8)%
Acp(rTn=7n%) = (=07 £3.1)%
Acp(rtn) = (1.1 £ 3.1)%
Acp(r®n) = (—2.2 £ 2.3)%

) = (=27 £ 24)%
Acp(K®/KOn®) = (0.4 £ 0.5)%
)=(31+26)% (S=17)
Acp(KEaTn7) = (4 £5)%
Acp(KEn) = (9 £ 15)%
Acp(KE1/'(958)) = (6 £ 19)%
CP violating asymmetries of P-odd ( T-odd) moments
AT(KAKEat77) = (—14 £ 8) x 1073 Is°]
D} — ¢€* v, form factors
ry =084 +0.11 (S =24)

r, = 1.80 £ 0.08
M/l =072+0.18
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Unless otherwise noted, the branching fractions for modes with a resonance

in the final state include all the decay modes of the resonance. DS_ modes

are charge conjugates of the modes below.

Scale factor/

D;" DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
Inclusive modes
e semileptonic [ ( 65 £0.4 )% -
7T anything (119.3 +1.4 )% -
7~ anything (432 £09 )% -
79 anything (123 +£7 )% -
K™ anything (18.7 £0.5 )% -
K™ anything (289 £0.7 )% -
K% anything (19.0 £1.1 ) % -
1 anything [nnn] (299 +2.8 )% -
w anything ( 6.1 £1.4 )% -
n' anything [ooo] (103 +£1.4 )% S=1.1 -
f5(980) anything, fy — w7~ < 13 % CL=90% -
¢ anything (157 £1.0 ) % -
K+ K~ anything (15.8 £0.7 ) % -
K% KT anything ( 5.8 £05)% -
K% K™ anything ( 1.9 £04 )% -
2K(_Jg anything ( 1.70+£0.32) % -
2K T anything < 26 x 1073  CL=90% -
2K~ anything < 6 x 104 CL=90% -
Leptonic and semileptonic modes

et v, < 83 x 107% CL=90% 984
pu, ( 5.5640.25) x 103 981
U, ( 5.55:£0.24) % 182
KTK™eTv, — 851

pet v, [ppp]  ( 2.39+0.23) % S=1.8 720
netve + 1/(958) et v, [ppp]  ( 2.96-£0.29) % -

net v, [ppp]  ( 2.28+0.24) % 908

n'(958) eT v [pop] ( 6.8 £1.6 ) x 1073 751
wetv, [qqq] < 2.0 x 1073  CL=90% 829
KOetu, ( 3.9 £0.9 )x 103 921
K*(892) et 1, [ppp] ( 1.8 £0.4 )x 103 782

Hadronic modes with a KK pair

KT K% ( 1.50+0.05) % 850
K+ K9 ( 2.95+0.14) % 850
KtK—nt [tt] ( 5.45+0.17) % S=1.2 805

gb7T+ [ppp,rrr] (45 £0.4 ) % 712

ot 0 — KTK™ [rrr]  ( 2.27+£0.08) % 712
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K+ K*(892)%, K*0 —
K—nt

(980) 7T, fp — KT K~
fo(1370) 7T, fy — KT K~
f0(1710)71‘+, fo — K+ K~

KTK5(1430)°, K§ —
K- nt
KT Kr0
2K%W+
KOKO 7t
K*(892)T K°
Kt K= ntx0
¢pt
KSK=2nt
K*(892)* K*(892)°
K+Kgﬁ+ﬁ_
KTK=2ntn—
p2nt T
KT K~ pP7t non-¢
ot ¢ — KTK
¢a1(1260)*, ¢ —

KTK™, af — pOr
KT K~ 271 7~ nonresonant

2K%2W+W_

[ppp]

[ppp]

[Ppp]

[prp]

A

AN AN AN AN AN AN~ A~

—~ ~

(
(

2.61+0.09) %

1.15+0.32) %

7 +5 )x1074
6.7 £2.9 ) x 10~4
1.9 +£0.4 ) x 1073

1.52+0.22) %

7.7 £0.6 ) x 1073
54 £1.2 )%

6.3 £0.6 ) %

84 T32)%
1.67+0.10) %

7.2 £2.6 )%
1.03+0.10) %

8.7 +1.5 )x 1073
1.21+0.16) %

2.6 x10~4 CL

6.5 +£1.3 ) x 103
75 +1.2 )x 1073

+7 )x107%

9
9 +4 )x1074

Hadronic modes without K's

a0
2nt o~
POt
mt (7T+ T )5—wave

£(1270) 7T, f, — 7T~
p(1450)° 7t p0 — atza—

7t 270
2nt o
nmt
wrt
3t o~
2t w270

npt
UW+WO
wrt o
3rt 27— 70
w2nt ™

0
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(
(
[sss] (
(
(
(
[ppp]  (
[ppp]  (
(
[ppp]  (
(
[ppp]  (
(
[ppp]  (
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35 x10~4 CL
1.09+0.05) %

2.0 £12 )x 10~4
9.1 £04 )x 1073
1.10-£0.20) x 10~3
3.0 £2.0 ) x 1074
6.5 +£1.3 ) x 103
1.70+0.09) %

2.4 +£0.6 )x 103
8.0 £0.8 ) x 10~3
8.9 £0.8 )%

92 +12 )%

2.8 £0.7 ) %

49 £3.2 )%

1.6 £05 )%

=90%

=90%
S=1.1

416

732

198
218

805
802
802
683
748

401

744
416
744
673
640
249
181

673
669

975
959
825
959
559
421
960
935
902
822
899
902
724
885
802
856
766
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77/(958)7T+ [ooo,ppp] ( 3.9440.25) %
3nt2r~ 270 —
wmr+ [ppp] < 2.13 %
n'(958) p™ [ooo,ppp] ( 5.8 £1.5 )%
7' (958) 7+ 70 ( 56 £0.8 )%
1/ (958) 7 70 nonresonant < 51 %
Modes with one or three K's
K+ n0 ( 63 £21 )x10~4
Kert ( 1.2240.06) x 103
Ktn [ppp] ( 1.77+0.35) x 1073
Ktw [ppp] < 2.4 x 103
K+ 1n/(958) [ppp] 1.8 £0.6 )x 1073
Ktrotn~ 6.6 £0.4 ) x 10~3
K+ p0 25 £0.4 ) x 1073

K+ p(1450)°, p° — mtza—
K*(892)0nt, K*0 —
KTt

7.0 £2.4 )x 1074
1.42+0.24) x 1073

A~ A~ N A~ ~

™
K*(1410)% 7+, K*0 — ( 1.24+0.29) x 103
Kt~
K*(1430)% 71, K*0 — ( 50 £35)x1074
Kt~
K+ 7 7~ nonresonant ( 1.0440.34) x 1073
KO 7t 70 ( 1.0040.18) %
KQort ( 3.0 £1.1 )x 103
Ktwnd [ppp] < 8.2 x 103
Ktwrtn~ [ppp] < 5.4 x 10~3
Ktwn [ppp] < 7.9 x 10~3
2KT K~ ( 2.18+0.21) x 104
dKT, o0 — KTK— ( 89 +£20)x1077°
Doubly Cabibbo-suppressed modes
2Kt 7~ ( 1.27+0.13) x 104
Kt K*(892)°0, K*0 — ( 6.0 £3.4 )x 1075
Kt~
Baryon-antibaryon mode
pn ( 1.3 £0.4 )x1073
AC = 1 weak neutral current (C1) modes,
Lepton family number (LF), or
Lepton number (L) violating modes
nTeTe™ [zz] < 1.3 x 10~5
¢, ¢ — ete” wl (6 T§ )x107S
atut T [zz] < 4.1 x 107
Ktete™ C1 < 37 x 10~0

CL=90%

CL=90%

CL=90%

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

CL=90%

CL=90%
CL=90%

743
803
654
465
720
720

917
916
835
741
646
900
745

775

900
899
870
684
603
366
627

805

295

979

968
922
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Kt utp~ c1 < 21 x 1073  CL=90% 909
K*(892)T T ™ c1 < 14 x 1073 CL=90% 765
et u~ LF < 1.2 x 1073 CL=90% 976
e put LF < 20 x107° CL=90% 976
Ktetpu~ LF < 14 x 107° CL=90% 919
Kte pt LF < 97 x 1076 CL=90% 919
7 2eT L < 41 x 1076  CL=90% 979
7 2ut L < 12 x10~7 CL=90% 968
et put L < 84 x 106 CL=90% 976
K~ 2et L < 5.2 x 1070 CL=90% 922
K= 2u™ L < 13 x 1072 CL=90% 909
K=eTpt L < 6.1 x 1076 CL=90% 919
K*(892) 2u™ L < 14 x 1073 CL=90% 765
*+ ?
D} 1JP) = 0(2")

JPis natural, width and decay modes consistent with 17 .

Mass m = 2112.1 & 0.4 MeV
Mpwr — Mpx = 143.8 + 0.4 MeV

Full width ' < 1.9 MeV, CL = 90%

D:_ modes are charge conjugates of the modes below.

D:+ DECAY MODES Fraction (I;/T) p (MeV/c)
DY~ (93.5+0.7) % 139
D 0 ( 5.840.7) % 48
Dfete ( 6.7+1.6) x 103 139
+(2317)* 1(JP) = 0(0™)
J. P need confirmation.

JP is natural, low mass consistent with ot.

Mass m = 2317.7 & 0.6 MeV (S = 1.1)
Mpe 2317)= ~ Mpt = 349.4 £ 0.6 MeV (S =1.1)

Full width ' < 3.8 MeV, CL = 95%

D:O(2317)_ modes are charge conjugates of modes below.

D:°(2317):|: DECAY MODES Fraction (I;/T) p (MeV/c)
D? 7T0 seen 298
D? ’/TO ’/TO not seen 205
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D;1(2460)% 1(4P) = o(1™)
Mass m = 2459.5 + 0.6 MeV (S = 1.1)
Mp_ (2460)= — mD:i = 3473 £ 0.7 MeV (S =1.2)
Mp_, (2460)= — mDsi =491.2 4+ 0.6 MeV (S =1.1)
Full width ' < 3.5 MeV, CL = 95%

D1 (2460)™ modes are charge conjugates of the modes below.

Scale factor/ p
D51(2460)+ DECAY MODES Fraction (I;/T) Confidence level (MeV/c)
D¥t 70 (48 +11 )% 297
DY~ (18 + 4 )% 442
Dfntm ( 43+ 1.3)% S=1.1 363
DIt < 8 % CL=90% 323
D*,(2317) "y (377 39 % 138

‘ Ds1(2536)* \ 1(JP) = o(1T)

J, P need confirmation.

Mass m = 2535.10 & 0.06 MeV
Full width ' = 0.92 £+ 0.05 MeV

D41(2536) modes are charge conjugates of the modes below.

p
D51(2536)+ DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
D*(2010)* KO 0.85 +0.12 149
(D*(2010) " K% g wave 0.61 +0.09 149
DTr= KT 0.0280.005 176
D*(2007)° K+ DEFINED AS 1 167
Dt KO <0.34 90% 381
DO K+ <0.12 90% 391
D:+’7 possibly seen 388
D: tn~ seen 437
2(2573) 1(JP) = 0(2™)
JP is natural, width and decay modes consistent with 2+,
Mass m = 2569.1 + 0.8 MeV (S = 2.4)
Full width ' = 16.9 £+ 0.8 MeV
D:2(2573)_ modes are charge conjugates of the modes below.
D:2(2573)+ DECAY MODES Fraction (I;/T) p (MeV/c)
DO K+ seen 431
D*(2007)0 K+ not seen 238
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D?,(2700)* 1JP) =0(17)

Mass m = 2708.3739 MeV
Full width ' = 120 £ 11 MeV

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. Previously we arbitrarily included such admixtures
in the B section, but because of their importance we have
created two new sections: “B¥ /B Admixture” for 7'(4S)
results and “Bi/BO/Bg/b—baryon Admixture” for results
at higher energies. Most inclusive decay branching fractions
and x at high energy are found in the Admixture sections.
BO-BO mixing data are found in the BO section, while Bg—
Eg mixing data and B-B mixing data for a BO/BS admixture
are found in the BS section. CP-violation data are found in
the BE, BY, and B¥ BY 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 indicate particle sections and brackets indicate re-
views.
o BT
mass, mean life, CP violation, branching fractions
e B0
mass, mean life, B9-BO mixing, CP violation,
branching fractions
e B+ /B% Admixtures
CP violation, branching fractions
. Bi/BO/BS/b—baryon Admixtures
mean life, production fractions, branching fractions
e B*
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mass

e By(5721)"
mass

o B;(5721)°
mass

o B5(5747) "
mass

o B3(5747)°
mass

e B%(5970) "
mass

e B*%(5970)°
mass

° B(s)
mass, mean life, BS—ES mixing, CP violation,

branching fractions

[ ] B:
mass

e B,1(5830)°
mass

o B2, (5840)°
mass

o B

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 N(5920)°
mass, mean life
),
mass
° Zz
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mass, mean life, branching fractions
° 52(5935)_
mass
o =(5945)°
mass
e =7(5955)~
mass
o2,
mass, branching fractions
e b-baryon Admixture

mean life, branching fractions

B* 1(4P) = 3(07)
I, J, P need confirmation. Quantum numbers shown are quark-model
predictions.

Mass mg. = 5279.31 £ 0.15 MeV (S = 1.1)
Mean life 7 1 = (1.638 £ 0.004) x 10712 s

cr = 491.1 um

CP violation
Acp(BT — J/¥(1S)KT) = 0.003 £ 0.006 (S =1.8)
Acp(Bt — J/p(1S)nT) = (0.1 £2.8)x 1072 (S=1.2)
Acp(BT — J/ypT) = —0.1140.14
Acp(BT — J/9K*(892)T) = —0.048 + 0.033
Acp(BT — n.K*)=10.01+£0.07 (S=22)
Acp(BT — 9(2S)7™) = 0.03 £ 0.06
Acp(BT — 9(2S)KT) =0.012 £ 0.020 (S = 1.5)
Acp(BT — 9(2S)K*(892)*) = 0.08 + 0.21
Acp(BT — xc1(1P)7nT) = 0.07 £ 0.18
Acp(BT — xcoK')=-0.20+0.18 (S=15)
Acp(BY — xc1 KT) = —0.009 + 0.033
Acp(BT — xc1 K*(892)T) = 0.5+ 0.5
Acp(BT — D%°rt) = —0.007 + 0.007

Acp(BY — Dopp1ym™) = 0.035 + 0.024
Acp(BT — Dgp_1ymt) = 0.017 + 0.026
Acp([KFntatr~|prt) =0.13 £ 0.10
Acp(BT — D°K*)=0.007 4+ 0.025 (S = 1.5)
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Acp([KFrtatr—|pKt) = —0.42 £ 0.22
rg(BT — D°K*) = 0.095 + 0.008

6g(BT — DOKT) = (123 + 10)°

rg(BT — DOK*t)=10.17 £ 0.11 (S =2.3)
6g(BT — DOK*T) = (155 + 70)° (S = 2.0)

Acp(BY — [K~7T]pKT) = —058 £ 0.21
Acp(BY — [K~nta%pKT) =0.07+0.30 (S =15)
Acp(BT — [KTK=70pK*) = 0.30 + 0.20
Acp(BT — [rta~70pK*) = 0.05 + 0.09
Acp(BT — [K™nT]5K*(892)T) = —0.3 £ 0.5
Acp(BY — [K~7t]pn™) = 0.00 & 0.09

Acp(BY — [K~nta%pnt) =0.35+0.16
Acp(BT — [KT Km0 pnt) = —0.03 + 0.04
Acp(BT — [rTa~xpnT) = —0.016 & 0.020
Acp(BY — [K™nt]pmynt) = —0.09 £ 0.27
ACP(B+ — [K_7r+](D,y)7r+) =—-0.7+0.6
Acp(BY — [K™ 7] (pnKT) =08+ 0.4

ACP(B+ — [K_’/T—i_](D*y) K+) =04+1.0

Acp(BT — [rta~70lpKT) = —0.02 + 0.15
Acp(BT — [KSKT 7~ ]pKT) = 0.04 + 0.09
Acp(BT — [KLK-7t]pK™T) =0.23 + 0.13
Acp(BT — [Kg K= nt]prt) = —0.052 4 0.034
Acp(BY — [KEKTn |pnt) = —0.025 + 0.026
Acp(BT — [K*(892)" KT]pK™) = 0.03 £ 0.11
Acp(BT — [K*(892)T K~ ]pK™) =0.34 £ 0.21
Acp(BT — [K*(892)T K~ ]pn™) = —0.05 & 0.05
Acp(BT — [K*(892)” KT]pn™) = —0.012 & 0.030
Acp(Bt — Dgp(41)KT) =0.170 £ 0.033 (S =1.2)
Aaps(BY — DK1) = -052+0.15

Aaps(BY — Drt) =0.14 + 0.06

AADS(B+ — [K_7T+]D K+7T_7T+) = —0.33 £ 0.35
Axps(BY — [K=aT]prtn—7t) = —0.01 + 0.09
Acp(BY — Dgp—1)KT) = —0.10 + 0.07

Acp(BT — [KTKT|pKtn~7nt) = —0.04 + 0.06
Acp(BY — [rT7 7 ]pKta 7)) = —0.05 4+ 0.10
Acp(BY — [K-nT]pKT7~7T) = 0.013 4+ 0.023
Acp(BY — [KTK ]prta~nT) = —0.019 + 0.015
Acp(BY — [rT7 ]prta nT) = —0.013 £ 0.019
Acp(BY — [K~nt]prta~nT) = —0.002 + 0.011
Acp(BT — D*¥0nt) = —0.014 + 0.015

Acp(Bt — (D;P(H))%ﬂ = —0.02 4+ 0.05
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Acp(BT — (D;P(_l))oﬁ) = —0.09 4+ 0.05

Acp(BT — D*OK*) = —0.07 + 0.04

0.023
ry(BT — DOKT)=0114"700 (S =12)
§o(BT — DOKt) = (31072)° (S =13)

Acp(BT — Dgpiq)K*) = —0.12 £ 0.08
Acp(BT — Dgp(_qyK*) =0.07 £ 0.10
Acp(BT — Dep(1)K*(892)1) = 0.09 + 0.14
Acp(BT — Dop(—1)K*(892)1) = —0.23 + 0.22
Acp(BT — D ¢)=00+04

Acp(BT — D**D*0) = —0.15 + 0.11
Acp(BT — D**D°) = —0.06 + 0.13
Acp(BT — DY D*0) =0.13 + 0.18

Acp(BT — DT D% = —0.03 + 0.07

Acp(BT — K%rT) = -0.017 + 0.016
Acp(BY — KT 70) =0.037 + 0.021

Acp(BT — 1 KT) = 0.004 + 0.011

Acp(BY — n K*(892)%) = —0.26 4 0.27
Acp(BT — 1 K§(1430)T) = 0.06 + 0.20
Acp(BT — 1 K3(1430)T) = 0.15 + 0.13
Acp(Bt — nKt) = —0.37 £ 0.08

Acp(BT — nK*(892)%) = 0.02 & 0.06
Acp(BT — nK§(1430)") = 0.05 + 0.13
Acp(BT — nK3(1430)7) = —0.45 £ 0.30
Acp(BY — wK*) = —0.02 + 0.04

Acp(BY — wK*T) =0.29 +0.35

Acp(BT — w(Km)5t) = —0.10 & 0.09
Acp(BT — wK3%(1430)T) = 0.14 + 0.15
Acp(BY — K¥0zT) = —-0.04 £0.09 (S=21)
Acp(BT — K*(892)T 70) = —0.06 + 0.24
Acp(BT — Kta—at) =0.027 + 0.008
Acp(BT — KT K~ KT nonresonant) = 0.06 4 0.05
Acp(BT — f(980)°K*) = —0.08 + 0.09
Acp(Bt — £(1270)K*) = —0.68 1312
Acp(BT — f(1500)K™) = 0.28 + 0.30
Acp(BT — f5(1525)°K+) = —0.087 25>
Acp(Bt — pPKt) =037 +0.10

Acp(BT — K3(1430)°7T) = 0.055 + 0.033
Acp(BT — K3(1430)°7t) = 0.057022
Acp(BY — K+7079) = —0.06 + 0.07
Acp(BY — KOpt) = —-0.12+£0.17
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Acp(BT — K*Tata) =0.07 £ 0.08

Acp(BT — pOK*(892)%) = 0.31 +0.13
Acp(BT — K*(892)" f(980)) = —0.15 £ 0.12
Acp(BT — aj K9) =0.12 £ 0.11

Acp(BT — b K% = -0.03 £ 0.15

Acp(BT — K*(892)°pt) = —0.01 + 0.16
Acp(BT — bIKT) = —0.46 + 0.20

Acp(BY — KOKT) =0.04 +£0.14

Acp(BT — KIKT)=-0.21+0.14

Acp(BY — KTK2KS) =0.041002

Acp(BY - KtK—mt) = —0.118 + 0.022
Acp(BY - KTK—K*) = —-0.033 4+ 0.008
Acp(BT — ¢KT)=0.024 £ 0.028 (S =23)
Acp(BT — Xg(1550)KT) = —0.04 & 0.07
Acp(BT — K*TKTK™) =0.11 + 0.09
Acp(BT — ¢K*(892)T) = —0.01 & 0.08
Acp(BT — ¢(Km)gT) =0.04 £ 0.16

Acp(BT — ¢K1(1270)") = 0.15 4+ 0.20
Acp(BT — ¢K3(1430)*) = —0.23 & 0.20
Acp(BY — Kt ¢¢) = —0.10 + 0.08

Acp(BT — K*t[p¢], ) = 0.09 £ 0.10
Acp(BT — K*(892)T+) = 0.018 + 0.029
Acp(BY — nKT+) = —0.12 £ 0.07

Acp(BT — ¢KTv)=—-0.13+0.11 (S=1.1)
Acp(BT — pty)=-0.11 £ 0.33

Acp(BY — 7t70) =0.03 £ 0.04

Acp(Bt = wta—at) =0.057 £ 0.013
Acp(BT — pP7nt) = 0187097

Acp(BT — £(1270)7") = 0.41 + 0.30
Acp(BT — p°(1450)7t) = —0.17 53
Acp(Bt — £(1370)nt) = 0.72 + 0.22
Acp(BY — 7t7~ 7T nonresonant) = —0.144:8:%2
Acp(BT — pTa% =0.02 +0.11

Acp(BY — ptp%) = —0.05 4 0.05

Acp(BY — wnt) = —0.04 + 0.06

Acp(BT — wpt) = —0.20 + 0.09

Acp(BT — nnt)=-0.14 £0.07 (S =1.4)
Acp(BT — npt)=0.11+0.11

Acp(BT — n'mT) =0.06 £ 0.16

Acp(BY — n'pT) =0.26 + 0.17

Acp(BT — b7T) =0.05+0.16
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Acp(BT — ppnt) = 0.00 £ 0.04

Acp(BT — ppK™T)=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 — pAn9) =0.01 +0.17

Acp(BY — KT4T¢7) = —0.02 + 0.08
Acp(BT — Ktete ) =0.14+0.14
Acp(BT — Ktputp™)=0.011 4+ 0.017
Acp(BT — atputpu™)=-011+0.12
Acp(BY — K*T{T¢7)=-0.09 + 0.14
Acp(BT — K*ete )= —0.14 + 0.23

Acp(BY — K*ptpu~)=-0.12 +£0.24
~(Bt — D(*)0 K(*)+) = (70 + 9)
Y(BT — DKtn~aT, Drta—aT) = (74 &+ 20)°

B~ modes are charge conjugates of the modes below. Modes which do not
identify the charge state of the B are listed in the Bi/BO ADMIXTURE
section.

The branching fractions listed below assume 50% BY9BO 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 — Dianything, 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)
Semileptonic and leptonic modes

(T vpanything [ttt] ( 10.99 + 0.28 ) % -
et v X, (108 + 0.4 )% -
D/ vypanything ( 98 +£ 07 )% -
DO¢tu, [ttt] ( 227 + 011 )% 2310
DOrtu. ( 7.7 + 25 )x103 1011
D*(2007)°¢F v, [ttt] ( 5.60 + 0.19 )% 2258
D*(2007)0 7t v, ( 1.88 + 0.20 )% 1839
D= ntity, ( 42 £+ 05 )x103 2306
D (2420)° ¢+ v, DE° — ( 25 + 05 )x10-3 -

_ D7t _
D3(2460)° ¢+ v, D30 — ( 153 £ 0.16 ) x 103 2065

D= rnt
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DH)nretys(n > 1) ( 1.87 &
D*__'/r"'ﬁ"'yg B ( 6.1 =+
D1(2420)° ¢+ v, DY — ( 303 +
_ D~ r* _
D (2430)° ¢t v, DP — (27 +
_ D* gt
D3(2460)° ¢+ vy, ( 1.0l £
5;0 — D* gt
§0W+7T_E+Vg ( 16 +
D¥0nt =ity (8 =+
DS+_K+£+Vg ( 61 =+
D KTty ( 30 T
D" Kt ity (29 +
w00ty ( 7.80 +
rany ( 38 =+
A ( 23 =+
wlT v, [ttt] ( 1.19 +
p0£+ vy [ttt] ( 158 +
pplt (58 ©
pﬁ,tL+Vu 8.5
ppetve (82
et v, 9.8
ntu, 1.0
. ( 1.09 &
(T upy 3.5
et ey 6.1
,LL+VM")/ 3.4
Inclusive modes
DOX ( 86 =+
DY X (79 +
Dt X ( 25 =+
D~ X ( 99 =+
_l’_
DI X (79 T
D_ X ( 110 T
+
AT X ( 21 T
AT X ( 28 T
X (97 &
cX (234 T
c/cX (120 +
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0.26 ) %
06 )x1073
0.20 ) x 1073

06 )x10—3

0.24 ) x 1073

04 )x103
5 )x107%
1.0 )x10~4

1.4
1.2

1.9
0.27
0.6
0.8
0.09
0.11

2.6
2.3

) X 10~4
) X 104
)><10_5
) X 1072
) X 1072
) x 10~4
) x 10~4
) X 10~

%106 CL=90%

WA
wo

)><10_6

x 10~7 CL=90%
x 1070 CL=90%
yx 1074 s=12
x 1070 CL=90%
x 1076 CL=90%
x 1076 CcL=90%

0.24

) %
4 )%
) %
) %
3 )%
32)%
5 )%
) %
) %
) %

N

2254
2084

2065

2301
2248

2242

2185
2638
2611
2553
2582
2583

2467
2446

2467

2640
2639
2341
2640
2640
2639
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DO rt
Depiynym™
Dep(—1ym+
520/f+
DO K+
Dep(r1) KT
Dep(—1) K™
[K=7F]pK*
[KT 7~ ]pK*
[K_7T+7T0]DK+
[Kt 770 p KT
[K—rtata ]pKT
[KTr—nta  ]pKT
[K=nF]pn™
[Ktn~]pn™t
[K—nt 70 pnt
[KT = a0 pnt
[K-ntata ]pnt
[KTr—ata ]pnt
[t a~ 70 p K~
[KEKT7~]p KT
(KKt ]pKT
[K*(892)T K~ |p K™
[KYK= 7T ]pnt
[K*(892)T K~ ]pnT
[K%K+7T_]D7T+
[K*(892)" KT ]pnt

DO K*(892)*
DCP(—l) K*(892)+
_ Dopi1yK*(892)*
DOK+ gt~
DO K+ KO
D° KT K*(892)°
D0_7r+ rta~
DO x+ 7t 7~ nonresonant
DOt o
_ DYay(1260)*
DOwrt

D*(2010)" w7t

D1(2420)°7F, DY —

D*(2010)~ =+
D~ ntat
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D, D*, or D¢ modes

4.80 + 0.15 ) x 10~3

(

[uuu] ( 219 + 0.24 ) x 10~3
[uvy] ( 21 + 04 )x1073
( 134 + 0.18 )%

( 3.69 + 0.17 ) x 10~ 4
[uuu] ( 1.91 + 0.14 ) x 10~4
[usu] ( 1.99 + 0.19 ) x 10~ 4
[vwv] < 2.8 x 107
[w] < 18 x 107
seen
seen
seen
seen
[w] ( 63 4+ 1.1 )x10~'/
( 1.68 + 0.31 )x10~4
seen
seen
seen
seen
( 46 + 09 )x1070
seen
seen
seen
seen
seen
seen
seen
( 53 + 04 )x10~4
[uv] ( 27 + 08 )x10~4
[uv] ( 5.8 + 1.1 )x10~4
( 54 +22 )x10~4
( 55 + 1.6 )x10~4
( 75 + 1.7 )x10~4
( 57 + 22 )x1073
(5 +4 )x103
( 42 + 30 )x1073
(4 +4 )x1073
( 41 + 09 )x10~3
( 135 + 0.22 )x 1073
( 53 + 23 )x10~4
( 1.07 + 0.05 ) x 10~3
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2308

2237
2281

CL=90% -
CL=90% -

2237
2189
2072
2289
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2208
2123
2206
2247
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D~ Ktnat
D5(2400)° K+, DZ0 —
D~ nt
D3(2760)° K+, D30 —
D~ nt
D3(2460)° KT, D30 —
D—nt
D+ KO
Dt K*0
D+?*O
D*(2007)% 7"

D*(2007)%wn ™

D*(2007)° p*

D*(2007)° K+
S W+

D*(2007)° K*(892)
D*(2007)° K+ KO
D*(2007)° K+ K*(892)°
D*(2007)0 nt 7t 7
D*(2007)° a1 (1260)*
D*(2007)° r =7t 7t 70
D037t 27—
D*(2010)* 7
D*(2010)* KO
D*(2010)~ w7t 70
D*(2010) 7t atat ™
'EM@W+
D3 (2420)0
D1(2420)%7T x B(DY —
DOrt ™)
D1(2420)°7 x B(DY —
DO 7+ 7~ (nonresonant))
D3(2462)°0 7 F
x B(D3(2462)° — D~ 7T)
D3(2462)° 7T xB(D30 —
DO7r— )
D3(2462)° 7T xB(D30 —
DO 7~ 7T (nonresonant))
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05 )x107°
24 )x107%

12 )x10~4
0.23 ) x 1073

x 10~6
x 100
x 100
0.26 ) x 103
0.7 )x1073

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

1.0 )x1073

12 )x1073
1.7 )x1073
0.34 )x 104
04 )x10~%

0.33 ) x 10~4

14 )x10~4
x 10~3

04 )x1073

0.12 ) %

05 )%

0.4 )%

12 )x1073
x 100
x 10~6

) %

)><10_3

)><10_3

)><10_3

CL=90%

CL=90%
0.7
0.4
1.3
0.6

1.6
1.4

S=1.3

)x10~%  5=40

1.0 )x10~4
04 )x107%
11 )x10~4

x 104 CL=90%

2260

2278
2211
2211
2256

2149
2181
2227

2156
2132
2009
2236
2063
2219
2196
2255
2225
2235
2217

2082
2082

2082
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D3(2462)° 7t xB(D30 —
_ D*(2010)~7T)
D} (2400)% 7+
x B(Dy(2400)° — D~ )
D1(2421)0 1t
x B(D1(2421)° — D*~ ¥
D3(2462)0
x B(D%(2462)° — D*~x
D'y (2427)% 7t
x B(D}(2427)° — D*~r ™
D1(2420)° 7 xB(DY —
B DOnt717)
D7 (2420)% p*
D3(2460)0 7t
D3(2460)° 7+ xB(D3° —
B D0 rt7)
D3(2460)° p*
DDt
S
D%,(2317)* D°, DI —
DT 70

S —
Dso(2317)T DO x
B(Ds0(2317)" — D;*7)
D0 (2317)* D*(2007)° x
B(Dso(2317)* — DI 79)
D, 7(2457)T DO
D, 7(2457)T D° x
B(Dss(2457)" — D)
3 J(2457)+D X
B(D,;(2457)" —
+
DI ntm _)
D, 7(2457)+ DO x
B(DSJ(24§7)+ — DI 9
D, 7(2457) D° x
B(Ds;(2457)T — DIty)
sJ(2457) D*(2007)°
D, ;(2457)" D*(2007)° x
B(Ds(2457)" — D)
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14 )x10~4
15 )x10~4
05 )x10—4

12 )x10~4

x 100 CL=90%
X 10_3
X 10_3
X 10_5

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

x 103
) X 103

CL=90%
) x 10~4

x 10~4 CL=90%

7 )x107%

) X 103

= O
W OO

) X 10~4

x 104 CL=90%

x 10~4 CL=90%

x 104 CL=90%

( 1.20 + 030 )%

2128

2082

1996

2063

2063

1977
1815

1605

1605

1511

(14 T80 yx10-3
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DO Dy (2536)F x
B(Ds1(2536)" —
D*(2007)° K+ +
D*(2010)* K9)

DO D,1(2536)* x
B(D1(2536)t —
D*(2007)° KT)

D*(2007)° Dy (2536)F x
B(Ds1(2536) —
D*(2007)°K ™)

DO Dy (2536)F x
B(Ds1(2536)t — D*t K9)

DO D, 7(2700)* x
B(D,s(2700)t — DOKT)

D*9 Dy (2536)T, DI —
D*t+ KO

DD, (2573)F, DY, —
DO K+

D*0 D, ;(2573), D, —
DOKT

D*(2007)° D, ;(2573), D,
DO K+

DODIt

D*(2007)° D

D*(2007)° D}

Dg*)‘|‘ﬁ**0

D*(2007)° D*(2010)*

DO D*(2010)* +
D*(2007)° D+

D D*(2010)*

DO D+

DO DT KO

D+ D*(2007)°

D*(2007)° D+ K9

D% D*(2010)+ K9

D*(2007)° D*(2010)+ K©

DODOK+

D*(2007)° DO K+

DO D*(2007)° K+

D*(2007)° D*(2007)° K+

D~ Dt K+

D~ D*(2010)" KT

D*(2010)~ DT KT

D*(2010)~ D*(2010)* K+

—
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+ 1.0 )x1074 1447
+ 07 )x10~4 1447
+ 1.6 )x10~4 1339
+ 1.1 )x10~4 1447
+ 1.8 )x10~% s=17 -
+ 26 )x10~4 1339
+15 ) x 1070 -

x10~% CL=90% 1306

x 10~% CL=90% 1306
+ 1.6 )x1073 1734
+ 1.7 )x1073 1737
+ 024 )% 1651
+12 )% -
+ 1.7 )x10~4 1713

% CL=90% 1792
+ 05 )x10~4 1792
+ 04 )x1074 1866
+ 0.21 )x 1073 1571
+ 1.7 )x10~4 1791
+ 05 )x1073 1475
+ 04 )x1073 1476
+ 12 )x1073 1362
+ 033 )x1073 S=2.6 1577
+ 0.23 ) x 1073 1481
+ 05 )x1073 1481
+ 013 )% 1368
+ 07 )x10~4 1571
+ 1.1 )x10~4 1475
+ 13 )x1074 1475
+ 0.18 ) x 1073 1363
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(D+D*)(D+D*)K

D:-l-pO
Djw

+
D" w
DY a1(1260)°
D** a1(1260)°
D¢

+
Dyt
DY KO

+ 770
DK
D;: K*ésgz)o
Di+K—* 0

*
DT K*(892)
DS_ mt KT
D~ rt KT
S
D_ 't K*(892)F
D™ nt K*(892)*
D7 Kt K+
D*~ Kt K+
S

77(_.K*(892)Jr
neKtrtn™
ne KT w(782)
ne K+
nCK+7r0
ne(2S)K*
nc(2S)K*, ne — pp
77c(25) KT, Ne —
K KFnt

he(LP)K™, he — J/ymtn~

X(3730)° KT, X0 — n.n
X(3730)°Kk*, X0 — p.n®
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X(3872) K™
X(3872)KT, X — pp
X(3872) KT, X —

J/yrtw
X(3872) KT, X —
X(3872)KT, X —
X(3872)KT, X —

J/¥(15)n

X(3872)KT, X —

X(3872)K™, X —

X(3872)KT, X —

X(

X(

J/by

pODO
DD~

DO DO 70
3872)K*T, X — D*ODO
3872)0k+, X0 —
Nem 7w
X(3872)0Kk*, X0 —
ncw(782)
X(3915)0 K+, X0
X(3915)0K*, XxO
X(4014)0K+, X0
X(4014)0 K+, X0
X(3900)°K+ X0
Nem
X(4020)0
Nemtm
X(3872)
J/vy
X(3872) K*(892)*
¢(25)v
X(3872)T KO, x+—>
J/p(1S)
X(3872)KOr +, X =
J/(1S) 7+
X (4430)T KO, X+ — J/yrt
X(4430)T KO, X+ —
P(28) 7T
X(4260)0°K+, X0 —
J/prta~
X(3915)K*, X — J/i~y
(3930)0K+, X0 = J/ihy
J/P(1S
J/
J/

Ne
Ne™
N
Ne™

Ll

)(0

l

*(892) L X -

, X =

SYKT K~ K+

) K
);(%— +r
5)
15)KT, X — pp

(1
(1
X(39
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1141

1141

1141
1141
1141

1141
1141
1141

1141

939

939

1684
1612
1252

< 32 x 1074 CL=90%
< 17 x 1078 CL=95%
( 86 + 08 )x1070
(21 +04 )x1076 s=11
(4 +4 )x1070 s=25
< 77 x 1070 CL=90%
< 6.0 x 1072 CL=90%
< 40 x 1072 CL=90%
( 10 + 04 )x10~4
( 85 =+ 26 )x107° S=14
< 3.0 x 1072 CL=90%
< 6.9 x 1072 CL=90%
< 33 x 1072 CL=90%
< 18 x 1072 CL=90%
< 39 x 1072 CL=90%
< 1.2 x 1072 CL=90%
< a7 x 1072 CL=90%
< 16 x 1072 CL=90%
< 48 x 1070 CL=90%
< 28 x 1072 CL=90%
[zz7] < 6.1 x 100 CL=90%
( 1.06 + 0.31 )x 1072
< 15 x 1072 CL=95%
< a7 x 1072 CL=95%
< 29 x 1072 CL=95%
< 14 x 1072 CL=90%
< 25 x 1076 CcL=90%
( 1.026+ 0.031) x 10~3
( 81 + 13 )x107% s=25
( 337 + 029 )x 1072
< 7.1 x 1078 CL=95%
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J/9(18) K*(892)
J/Y(1S)K(1270)F
J/1(1S) K(1400)*
J/(1S)n K+
Xc—odd(3872) KT,
Xc—oddH J/wn
P(4160) KT, o — J/im
J/p(1S)n' K+
J/(1S) o KT
X(4140)KT, X —
J/9(15)¢
X421 KT, X —
J/9(15)¢

7r0 nonresonant

260)*

v 3o
= + +
'—l

o
I3yt
jo]

o
3
+

P(2S) K*(892) T
VRS)KTntm™
Y(3770) KT

Y(3770) K+,¢ — DODO

Y(3770)K+,p — DT D~
Y(4040) K+
P(4160) K+
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XCO7T+v Xco — Tta
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Xc1(1P) K+

Xc1(1P) K*(892)*

ho(1P)K™
hcr(lp)K+v/7c:'H pp
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DOn— ptput L < 15 x 1070 CL=95% 2295

N0t LB < 6 x 1078 CL=90%  —

N0t LB < 32 x 1078 CL=90%  —

AO it LB < 6 x 1078 CL=90%  —

AOet LB < 8 x 1078 CL=90%  —
B° 1(JF) = 3(07)

I, J, P need confirmation. Quantum numbers shown are quark-model
predictions.
Mass mgo = 5279.62 + 0.15 MeV (S = 1.1)
mgo — mg+ = 0.31 £ 0.06 MeV
Mean life 7 go = (1.520 = 0.004) x 10712 s
cr = 455.7 um
Tg+/Tgo = 1.076 = 0.004  (direct measurements)

BO-B mixing parameters

Xd = 0.1875 + 0.0017
Amgo = mgy — mpgo = (0.5096 + 0.0034) x 10*2 7y s~ 1
H L

= (3.354 + 0.022) x 10710 MeV
Xg = Ampgo /T go = 0.775 £ 0.006
Re(Acp / |Acp|) Re(z) = 0.01 + 0.05
AT Re(z) = —0.007 £+ 0.004
Re(z) = (2 £ 5) x 1072
Im(z) = (—0.8 + 0.4) x 1072

CP violation parameters
Re(ego)/(1+]ego]?) = (—0.4 &= 0.4) x 1073
ATcp = 0.005 £ 0.018
Acp(B® — D*(2010)* D™) = 0.037 & 0.034
Acp(B® — [KTK™]pK*(892)%) = —0.20 + 0.15
Acp(B® — [KT7n~]pK*(892)°) = —0.03 + 0.04
R =T(BY — [rTK™]pK*®) /T(B® — [~ KT]pK*0) =
0.06 + 0.032
R, =T(BY — [r~KT]pK*®) /T(B® — [T K~ ]pK*?) =
0.06 + 0.032
Acp(B® — [rF 7~ ]pK*(892)°) = —0.09 £ 0.22
Acp (BY = K*tzx~) = —0.082 & 0.006
Acp(B® — ' K*(892)°) = —0.07 + 0.18
Acp(B® — ' K§(1430)°) = —0.19 £ 0.17
Acp(B® — n'K3(1430)°) = 0.14 £ 0.18
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Acp(B® —» nK*(892)°) = 0.19 + 0.05
Acp(B® — nK§(1430)%) = 0.06 + 0.13
Acp(B® — nK3(1430)%) = —0.07 £ 0.19
Acp(B® — b KT) = —0.07 £ 0.12
Acp(B® — wK*) =0.45 4+ 0.25

Acp(B® — w(Km)0) = —0.07 £ 0.09
Acp(B® — wK3(1430)%) = —0.37 £ 0.17
Acp(B® — Kt7= 7% = (0 +£6) x 1072
Acp(B® — p~Kt) =10.204+0.11

Acp(B® — p(1450)~ KT) = —0.10 + 0.33
Acp(B® — p(1700)~K*) = —0.4 + 0.6
Acp(B® — KT 71~ n%nonresonant) = 0.10 4 0.18
Acp(B® — KOzt 7n~) = —0.01 + 0.05
Acp(B? —» K*(892)t7—) = —0.22 + 0.06
Acp(B® — (Km)§tn™) = 0.09 & 0.07
Acp(B® — (K7r)*O m0) = —0.15 + 0.11
Acp(B® — K*O 0) —0.15 + 0.13
Acp(B® — K*(892)°nt7~) = 0.07 4+ 0.05
Acp(B® — K*(892)°p%) = —0.06 + 0.09
Acp(B® — K*0£(980)) = 0.07 & 0.10
Acp(BY — K*tp~)=0.21+0.15
Acp(B® — K*(892)°K*T K~) = 0.01 + 0.05
Acp(B® — a] KT) = —0.16 + 0.12
Acp(B® — K°KO) = -0.6+0.7

Acp(BY — K*(892)¢) = 0.00 & 0.04
Acp(BY — K*(892)°K~7T) =02+ 0.4
Acp(B® — ¢(Km)yd) = 0.12 £ 0.08
Acp(B® — ¢K3(1430)%) = —0.11 + 0.10
Acp(B® — K*(892)%y) = —0.002 + 0.015
Acp(B® — K3(1430)%) = —0.08 £ 0.15
Acp(BY — pT77)=0.134006 (S=1.1)
Acp(BY — p~7t) = —0.08 + 0.08
Acp(B® — a1(1260)*7T) = —0.07 + 0.06
Acp(B® — b 7T) = —0.05 £ 0.10
Acp(B® — ppK*(892)%) = 0.05 + 0.12
Acp(B® — pAn~) = 0.04 £ 0.07

Acp(B® — K¢t (=) = —-0.05+0.10
Acp(BY — K®¥eTe™)=—-0.21 +0.19

Acp(B® — K®Outpu~) = —-0.034 + 0.024

Chep- (BY — D*(2010) D*) = -0.01 + 0.11

Sps-p+ (B® — D*(2010)~ D) = —0.72 £ 0.15

Cpwr p- (B® — D*(2010)" D7) = 0.00 + 0.13 (S = 1.3)
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Sp++ p- (B® — D*(2010)*D~) = —0.73 £ 0.14

Cpit pe— (B — D*tD*7) =0.01 £0.09 (S =16)
Sp+ pr— (B = D*tD*7) = —0.59 £ 0.14 (S = 1.8)
C, (B — D**D*7)=0.00+0.10 (S =1.6)

S, (B9 - D*tD*") = —0.73 £ 0.09

C_ (B - D*tD*7)=10.19 £ 0.31

S_(BY— D**D*7)=01+16 (S=35)

C (B® — D*(2010)* D*(2010)~ K%) = 0.01 & 0.29

S (B® — D*(2010)* D*(2010)~ K%) = 0.1 = 0.4
Cpip- (B® = DYD7)=-046£0.21 (S=18)
Sp+p- (B® = D*D™) = —0.997517

C/y(15) 0 (B® — J/¢(18)n%) = —0.13 + 0.13

5 1/(15) 20 (B = J/9p(1S)7%) = —0.94 +£ 029 (S = 1.9)

C(B® — J/4(15)p°) = —0.06 + 0.06
S(B® — J/¥(15)p%) = —0.66 7518

C vy o (BY— DULAO) = —0.02+ 0.08
Deph

S o (B° = DSGLHY) = —0.66 +0.12
bep

Cro0 (B — KO70) =10.00 £0.13 (S =1.4)
Sko.0 (B® = KO70) = 0.58 + 0.17
Cor(958) K2 (B — #/(958)KQ) = —0.04 £0.20 (S =25)
S1/(958) K2 (B — 7/(958)KQ) = 0.43 £ 0.17 (S = 1.5)
Cy ko (B® = n'K) = —0.06 + 0.04
S0 (B° > n'KP) = 0.63 £ 0.06
Cokt (B — wK%)=00+04 (S=3.0)
S.ky (B® = wK@) =070+021
C(B® — K070 =02+05
S(BY - K3x%70) =07 +07
Copo (BO— pPKY) =-0.04+020
A
Sy (89— 17KE) = 050" E

Ce K (B — £(980) K%) = 0.29 & 0.20

SfoK° (B® — £(980)K2) = —0.50 £ 0.16

S
S, K (B® — £(1270)K%) = —0.5 £ 0.5
Cf2K0 (B — £(1270)K2) = 0.3 + 0.4

—0.2=£05

St k9 (B® — £,(1300)K2)
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Ce. K (B® — £,(1300)K2) = 0.13 £ 0.35

SKO it e (B® — KOzt 7~ nonresonant) = —0.01 + 0.33
Cro ot e (B9 — K97t 7~ nonresonant) = 0.01 & 0.26

CK% K (B — K%K2)=00+04 (S=14)
0 0 0y —
Crot k- KS (B - KtK— K% nonresonant) = 0.06 + 0.08

S..._ B® — Kt K~ K2 nonresonant) = —0.66 & 0.11
K+ K Kg( S )

Ckt k- KO (B® — KT K~ K inclusive) = 0.01 £ 0.09
Sk+ K- KQ (B - K*K~ K% inclusive) = —0.65 & 0.12
C¢K% (B — ¢K%)=0.01=+0.14

S kY (B - ¢K%) =059 +0.14

Cio ks ks(B® — KsKsKs) = —0.23 + 0.14
Skeksks(B® — KsKsKs) = —05+0.6 (S=3.0)
CK%WOV(BO — K%7%) = 0.36 + 0.33

Sk x0,(B° — KQ7r%y) = —0.8 £ 0.6

Cys0, (B - K*(892)%4) = —0.04 £0.16 (S =1.2)
Sk, (B® — K*(892)°7) = —0.15 + 0.22

C, Ko~ (B - nK%4) = —-0.3+04

S KO~ (B — nK%y) = —-0240.5

Ckogy (B = K%97) = —0.3 £ 06

Sko g (BY — KO¢7) = 07741

C(B% — K%pP) = —0.05 +0.19

S(B® — K%p%)=0.11+0.34

C(BY— p%9)=04405

S(BY — p09)=-08=+0.7

Crrx (B = 7tm™) = —0.31 4 0.05

Sex (B = wH7™) = —0.67 + 0.06

Co.0(B° — 7070) = —0.43 £ 0.24

Cor (B — pTr™)=-0.03+007 (S=12)
Spr (B® — pTr™) =0.05+0.07

ACy, (B® — ptn~) =0.27 +£0.06

AS,, (B® — pTr~) =0.01+ 0.08

Coq0 (B — p070) = 0.27 + 0.24

S0q0 (B = p070) = —0.23 + 0.34

Cayr (B® — 21(1260)T ) = —0.05 + 0.11

Sayr (B® — a1(1260)t ) = 02+ 04 (S=3.2)
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AC,r (B® — 2,(1260)t7n~) =043 +£0.14 (S =13)
AS, x (B® — a1(1260)" 77) = —0.11 £ 0.12
C(B® — by KT)=-0.22+0.24
AC(B® — by 1r+) = —1.04+0.24
Co,0 (B — p 009) =0.2+0.9
)=03407

C,, (B — p p~) = 0.00 £ 0.09

op )= —-0.14 + 0.13
IA[ (B® — J/wK*(892)%) < 0.25, CL = 95%
cos 28 (B® — J/yK*(892)%) = 1.7738 (S =16)
cos 28 (B — [K&ata~]pm h°) =1.0138 (S=18)

(Sy +S_)/2(B° — D*~nt)=-0.039 + 0.011

(S_ —S.)/2 (B — D*~7nt) = —0.009 + 0.015

(Sy +S_)/2(B° - D7) = —0.046 + 0.023

(S —S4)/2(B° — D~7t) = —0.022 + 0.021
(Sy +S_)/2 (B — D—p+) = —0.024 + 0.032
(s_ ~5.)/2(B° - D~ p*)=—-0.10 £ 0.06
nCKo (B — n.K%) =0.08 £ 0.13

(B — ncK%) =093 +0.17

0 (B — ccK(*)0) = (0.5 + 1.7) x 1072
smfzﬂ) — 0.679 =+ 0.020
Cy sy ko (B® — J/e(nS)K®) = (0.5 £ 2.0) x 1072
SJ/¢(nS) xo (B® = J/9(nS)K®) = 0.676 + 0.021
J/1/)K*0 (B — J/yK*0) =0.03 £ 0.10
J/sz*O (B® — J/ipK*0) = 0.60 £ 0.25

XcOKo (B° = xcoK%) = 03453
S0 K (B — xc0K2)=-07+05
C.., KO (B® = xc1K%) =0.06 & 0.07

sdeos (B° > xc1K%) =0.63 +0.10
sin(20e)(B° — ¢K®) = 0.22 £ 0.30
sin(2Be57)(B® — ¢ K§(1430)°) = 0.97 1323
sin(2ﬂeﬂ.~)(B° Kt K- K°) = 0. 77+g 3
sin(28) (B — [K%m ? — 0.45 + 0.28
26e¢(B° — J/1p°) = 42+ 2)°
Al (B — [KSntnm™ ]D hO) = 1.01 4+ 0.08
|sin(23 + )| > 0.40, CL = 90%
28+ =(83+60)°
(B — DO K*0) = (162 + 60)°

= (93 £ 5)°
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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:/B0 ADMIXTURE
section.

The branching fractions listed below assume 50% BYBO 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 — Dianything, 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 vpanything [ttt] ( 10.33% 0.28) % -
et v X, (10.1 + 0.4 )% -
D¢t vyanything ( 92 +£08)% -
D=ty [ttt] ( 2.19+ 0.12) % 2309
D~ 7rTu, ( 1.03+ 0.22)% 1909
D*(2010)~ ¢+ vy [ttt] ( 4.93+ 0.11) % 2257
D*(2010)~ 7 v, ( 1.78% 0.17) % S=1.1 1838
DOn— ¢ty ( 43 + 06 )x103 2308
D§(2400)~ 0 vy, Dg~ — ( 30 +£12)x1073 s=18 -
DO7r—
D%(2460)~ (T vy, Dy~ — ( 1214 033)x1073 S=1.8 2065
o DO 7~
DYnrttuy(n > 1) ( 23+ 05)% -
D*0n— ¢ty ( 49 £ 08 )x1073 2256
D1(2420)~ (T v, DT — ( 2.80+ 0.28) x 103 -
D*0 71—
D' (2430)~ ¢t v, DT — ( 31+ 09)x103 -
E*Oﬁ_
D%(2460)" (T vy, D3~ — ( 68 + 1.2 )x10~% 2065
E*Oﬁ_
D= nta 4Ty, ( 1.3 £ 05 )x1073 2299
D*~nta= Ty, ( 1.4 £ 05 )x1073 2247
AR’ [ttt] ( 2.94+ 0.21) x 10~4 2583
ARy [ttt] ( 1.45+ 0.05) x 10~4 2638
T T U, < 25 x 1074 CL=90% 2338
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K= anything (78 £8 )%
DO X ( 81+ 15)%
DY X (474 + 28)%
DT X < 3.9 %
D~ X (369 + 33)%
DY X (103 T 21 )%
D X < 26 %
AT X < 31 %
A7 X (50T 21y%
cX (95 +5 )%
cX (246 + 3.1 )%
ccX (119 +£6 )%
D, D*, or D¢ modes
D™t ( 252+ 0.13) x 1073
D~ pT ( 75 + 1.2 )x1073
D~ 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-Ktrtnr ( 35 + 08 )x10"4
D~ K+t KO < 31 x 10~4
D~ Kt K*(892)° ( 88 + 1.9 )x10~%
DOrtn— ( 88 + 05 )x10~4
D*(2010)~ =+ ( 274+ 0.13) x 103
DOK+ K~ ( 49 £ 12 )x 105>
D~ ntatn— ( 60 + 07 )x103
(D~ w7 7~ ) nonresonant ( 39 + 1.9 )x103
D~ nt p0 ( 11 £ 1.0 ) x 103
D~ a1(1260)™ ( 60 + 33 )x103
D*(2010)~ 7+ x0 ( 15+ 05)%
D*(2010)~ p* (227 1851073
D*(2010)~ K+ ( 2124 0.15) x 10~%
D*(2010)~ KO+ ( 30 + 08)x1074
D*(2010)~ K*(892)* ( 33 +06)x1074
D*(2010)~ Kt K° < 47 x 1074
D*(2010)~ Kt K*(892)° 1.20+ 0.33) x 103
D*(2010)" 7t at 7~ ( 70 £ 08 )x1073
(D*(2010)" 77+ 7~ ) non- ( 00 + 25 )x103
resonant
D*(2010)~ 7+ p° ( 57 + 32 )x1073
D*(2010)~ a1(1260) " ( 130+ 0.27) %
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CL=90%

CL=90%
CL=90%

CL=90%

S$=5.2

CL=90%

S=1.3

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
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D1(2420)° 7~ 7, DY — ( 14 +
D*~ gt

D*(2010)" Kt 7~ n* ( 45 +

D*(2010)~ nt nt 7~ 70 ( 176+

D*=3nxt 27~ ( 47 +

D*(2010)" wr™ ( 246+
D1(2430)%w, DY — ( 27t

D*~nt

D*~ p(1450)™ ( 107t

D1(2420)°w ( 70 +

D3(2460)°w ( 40 +

D*~ by(1235) ™, by — wm™ < 7

D**~ gt byyl (19 &

D;(2420)" =, D] — (99 *
D-rntrm

D;(2420)"nt, D] — < 33

DY gt

D3(2460)"«+, (D3)” — ( 238+

. DO~

D§(2400)~ 7+, (D§)~ — (76 +
DO 7~

D%(2460)" n T, (D3)” — < 24

DY gt

D3(2460)™ p < 49

DY DO ( 1.4 +

D*0DO < 29

D~ Dt ( 211+

D* D*¥ (CP-averaged) ( 61 +

D™D} (72 %

D*(2010)~ D ( 80 +

D~ D** ( 7.4 +

D*(2010)~ D+ ( 177+

Dso(2317)" K+, Dy — ( 42 +
DS_WO

Dso(2317)"nt, Dy — < 25
D;WO

D, 7(2457)" K™, D, — < 94
D;WO

D, 7(2457)"nt, D, — < 40
D;WO

D; Df < 36
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04 )x10~4

0.7 ) x 104
0.27) %

0.9 ) x 1073
0.18) x 1073

04 ) x 1078

0:34) x 1073

2.2 ) x107°
14 )x107°

x 107°
0.9 )x 1073

2.0 -
55 ) x 10 5
x 1072
0.16) x 10~4
0.8 ) x 107>
x 1072
x 10~3
0.7 ) x 107>
x 104
0.18) x 104
0.6 ) x 104
0.8 )x1073
11 )x10°3
1.6 ) x 10~3

0.14) %
1.4 )x107°

><10_5
X 10_6
X 10_6

x 10~9

S=1.2

CL=90%

CL=90%

CL=90%

CL=90%

CL=90%

CL=90%

CL=90%

CL=90%

CL=90%

2181
2218
2195
2148

1992

1995
1975

2062

2090

1974
1868
1794
1864

1813
1735
1732
1649
2097

2128

1759
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D~ DY
D™ D¥*
D%,(2317)" D™, DI —
+ .0
Dim
Dgo(2317)"D~, Df, —
D:+7
Dso(2317)* D*(2010),
D}, — DI nd
D, ;(2457)" D~
Dy;(2457)"D~, D}, —
Djy
D;(2457)"D~, D}, —
Dt
D;(2457)"D~, D}, —
D:W+W_
D;(2457)"D~, D}, —
+.0
Dirm
D*(2010)~ D, ;(2457)*
Dy 7(2457)T D*(2010), D}, —
D:W

D~ Dg(2536)", D, —
D* KT + D*F KO
D™ D41 (2536)", DY —
D*O Kt
D~ Ds1(2536)*, DY, —
D** KO
D*(2010)~ D1 (2536) T,
D} — DKt + D*tKO
s
D*(2010)~ D4 (2536) ™,
DY, — DK™
D*~ Dy (2536)", DY —
D**+ KO
D~ Dy ;(2573)", D}, —
DOK+
D*(2010)~ D,7(2573)*,
Dl — DOK*
D~ D, ;(2700)", D}, —
DO K+
Dt rn—
D:W_

HTTP://PDG.LBL.GOV
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1.3

2.4

1.04+

9.5

1.5

3.5
6.5

| +

6.0

2.0

3.6

9.3

I+ W

2.3

2.8

1.7

2.6

5.0

3.3

5.0

3.4

7.1

7.4 £
2,16+
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x 1074 CL=90% 1675
x 1074 CL=90% 1583
0.17) x 1073 S=1.1 1602
x 1074 CL=90% -
0.6 ) x 1073 1509
1.1 )x 1073 -
T4 )x 107t -
x 10~% CL=90% -
x 104 CL=90% -
x 104 CL=90% -
2.2 )x1073 -
07 )x 1073 -
0.7 ) x 104 1444
0.6 )x 104 1444
1.1 ) x 104 1444
1.4 )x10~4 1336
11 )x10~4 1336
1.7 )x10~4 1336
1.8 ) x 1072 1414
x 1074 CL=90% 1304
12 )x10~4 -
13 )x10~7 2306
0.26) x 10> 2270
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DY a1(1260)~
D¥t a1 (1260)~
D] a,
D;"ay
DK™
D¥ K+
D_ K*(892)*
D*~ K*(892)"
D nt KO
D™ nt KO
D/ Ktntn~
D_ mt K*(892)°
DI~ 7wt K*(892)°
DO KO
DOYK+r—
DO K*(892)°
DO K*(1410)°
DO K (1430)°
DP K3(1430)°

D(2400)~, Dy~ — D%z~

D3(2460)~ K*t, D~ —
DO~ .
D3(2760)~ K*, D3~ —
o DOrn—
DY K+ 7~ non-resonant
[KT K~ ]pK*(892)°
[x T 7~ ]p K*(892)°
DO 70

DO ¢
DOK+ 7~
DO K*(892)°

HTTP://PDG.LBL.GOV

( 21+
< 24

( 41+
1.9
3.6
2.1
1.7
1.9
2.0
27 +
2.19+
35 +

AN NN AN NA

32 T

0.7 +
< 110
(17 +

19 £
2.03+

~ o~ o~~~

4.7 +
55 +
2.63+
321+
1.56+
2.36*
1.38+
254+
< 116

53 £

e N e e N e N s

—~~
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0.4 )x107°
x 1072
13 )x107°
x 1072
x 1075
x 10~3
x 1073
x 104
x 104
0.5 ) x 107>
0.30) x 10~°
1.0 ) x 1072
13 )x107°
1.4 )x107°
x 104
0.5 ) x 104
x 10~3
x 1073
0.7 ) x 107>
1.7 )x 1072
0.6 ) x 107°
x 1072
7 )x1070
0.9 ) x 107°
0.9 ) x 107>
0.35) x 107°

X 10_6

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

x 107°
32 )x 1070

x 1075

S=1.4
CL=90%

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

5=27

CL=90%

CL=90%
CL=90%

CL=90%

CL=90%

CL=90%

S=2.5
S=1.3

CL=90%

CL=90%

2215
2197
2138

2080
2015

2242
2185
2172

2112

2222
2164
2198
2138
2076
2280
2261
2213
2062
2057
2057

2029

2308
2237
2274
2198
2235
2183
2261
2213
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5*07
D*(2007)° 70
D*(2007)9 p0
D*(2007)%7
5*(2007)077’
D*(2007)0 7t
D*(2007)° KO
D*(2007)° K*(892)
D*(2007)° K*(892)°
D*(2007) ntnt r— ™
D*(2010)* D*(2010)~
D*(2007)%w
D*(2010)" D~
D*(2007)° D*(2007)°
D~ DOK+
D~ D*(2007)° K+
D*(2010)~ DO K+
D*(2010)~ D*(2007)° K+
D~ Dt KO
D*(2010)~ DT KO +
D~ D*(2010)* KO

D*(2010)~ D*(2010)* K©

D*~ Dy (2536)", DY, —

DO pO KO

DO D*(2007)° KO +
D*(2007)° DO KO

D*(2007)° D*(2007)° KO

(D+D*)(D+D*)K

< 25 x 1072 CL=90% 2258
( 22 4+ 06)x107% S=26 2256
< 51 x10~% CL=90% 2182
( 23 +£06)x10~% S=28 2220
( 1.40+ 0.22) x 10~4 2141
( 62 + 22 )x10"4 2249
( 36 £ 12)x1077° 2227
< 6.9 x 1072 CL=90% 2157
< 4.0 x 1072 CL=90% 2157
( 27 + 05 )x103 2219
( 80 + 06 )x104 1711
( 36 + 1.1)x107% S=31 2180
( 61 + 15)x107% S=16 1790
< 9 x 1072 CL=90% 1715
( 1.07+ 0.11)x 1073 1574
( 35 + 04 )x103 1478
( 247+ 0.21)x 1073 1479
( 1.06+ 0.09) % 1366
( 75 + 1.7 )x1074 1568
( 64 + 05)x10"3 1473
8.1 + 0.7 )x 1073 1360

( 80 + 24 )x10~4 1336
( 27 +11)x10"4 1574
( 11 + 05)x103 1478
( 24 + 09 )x103 1365

( 3.68+ 0.26) % -

Charmonium modes

ne K°
ne K*(892)°
77(:(25)K*0
he(1P) K*O
J/(1S) KO
JIY(1S)K+x
J/(1S) K*(892)°
J/H(1S)n K
J/(1S)n KS
J/H(1S) o K°
J/p(1S)w KO
X(3872)K®, X — J/jpw
X(3915), X — J/ipw

HTTP://PDG.LBL.GOV

( 80 + 12 )x10"4 1751
( 63 + 09 )x10"4 1646
< 3.9 x 1074 CL=90% 1157
< 4 x 1074 CL=90% 1253
( 873+ 0.32) x 10~ 4 1683
( 1.15+ 0.05) x 10~3 1652
( 1.28+ 0.05) x 1073 1571
( 54 + 0.9 )x1077° 1508
< 25 x 1072 CL=90% 1271
( 49 + 10 )x107° S=13 1224
( 23 + 04 )x10~4 1386
( 6.0 + 32)x10°° 1140
( 21 + 09 )x107° 1102
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J/¥(1S)K(1270) ( 13+ 05)x103 1391
J/p(18) 70 ( 176+ 0.16) x 107> S=1.1 1728
J/¥(1S)n ( 108+ 0.24)x10™°> S=15 1673
J/p(AS) ( 4.03+ 0.18) x 107> 1716
J/¢(1S) 7" 7~ nonresonant < 12 x 1079 CL=90% 1716
J/(1S)(500), fy — 7w (81T 33 )x1070 -~
J/(1S) f (33732 )x1076 s=16 -
J/(1S) p° ( 254+ 0.14) x 1075 1612
J/zp(ls) (980), fo — < 11 x 1076 CL=90% -
7T T
J/Y(1S)p (1450)0, o0 — ( 30 T (1)9 ) x 1076 -
i
J/p(1700)°, p° — 7t~ ( 20 + 1.3 )x100 -
J/(1S)w (18T 3L )x105 1609
J/Y(1S)KT K~ ( 26 + 04 )x10° 1533
J/¢(15)a0(980), ag — ( 47 + 34 )x10~ 7 -
KT K~
J/(1S) ¢ < 19 x 107 CL=90% 1520
J/¥(1S)n (958) ( 76 + 24 )x10°0 1546
J/¢(15)K0 tr ( 44 + 04 )x10% 1611
J/p(1S)KO K~ 7r+-l— c.c. < 21 x 1075 CL=90% 1467
J/p(AS)KOKT K~ ( 25 4 07)x1072 S=18 1249
J/9p(1S) KO pO ( 54 + 3.0 )x10"4 1390
J/(1S)K*(892) T 7~ (8 +4 )x1074 1514
J/YpAS)rta~rt ( 145+ 0.13) x 1075 1670
J/¥(15) £ (1285) ( 84 + 21)x10° 1385
J/(1S) K”‘(892)0 ta~ ( 66 + 22)x1074 1447
X(3872)" K < 5 x 1074 CL=90% -
X(3872)" K (3872)— —  [zzz] < 42 x 1070 CL=90% -
J/¢(15)W 70
X(3872)K X — J/yYrta ( 43 + 1.3 )x107° 1140
X(3872)K — J/Yy < 24 x 1076 CL=00% 1140
X(3872)K*(892) X — < 28 x 1076 CL=90% 940
J/by
X(3872) KO, X — 4(2S)y < 6.62 x 1076 CL=00% 1140
X(3872) K*(892)°, X — < 44 x 1076 CL=00% 940
$(25)7 B
X(3872)K°, X — DODOx0 (1.7 +£ 08)x1074 1140
X(3872)K°, X — D*OpO ( 12 + 04 )x10% 1140
X(3872)K+tn—, X — ( 79 £ 1.4 )x1070 -
J/prt o~
X(3872) K*(982)%, X — ( 40 + 15 )x10° -~
J/prta~
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X(4430)F KT, X+ — ( 60T 39)x1075 583

P(28) .
X(4430)E KT, X+ — J/yrt ( 54T 19 )x1070 583
X(3900)* KT, X+ - J/ypnt < 9 x 107 -
X(4200)* KT, X+ — J/yprnt (22T 33 )x105 -
J/Y(1S)pPp < 52 x 1077 CL=90% 862
J/P(1S)y < 15 x 1070 CcL=90% 1732
J/4(1S)D° < 13 x 1075 CL=90% 877
¥(28) 70 ( 1174 0.19) x 105 1348
(25) KO ( 58 + 05)x104 1283
Y(3770)K°, ¢ — DODO < 123 x 1074 CL=90% 1217
Y(3770)K°, ¢ — DDt < 188 x 1074 CL=90% 1217
P(28) 7T ( 23 4+ 04)x107° 1331
PY(2S)Kt 7~ ( 58 + 04 )x10~% 1239

¥(25) K*(892)° ( 59 + 0.4 )x10~4 1116
xeo K° ( 147+ 0.27) x 10~4 1477
Xco K*(892)° ( 17 £ 04 )x 104 1342
Yo KO < 15 x 1075 CL=90% 1379
Xe2 K*(892)° (49 £ 12)x107% S=11 1228
Xe1 T ( 1.124 0.28) x 1072 1468
xe1 K© ( 3.93+ 0.27) x 10~4 1411
Xca K™t ( 38 + 04 )x1074 1371

Xe1 K*(892)0 ( 239+ 0.19) x10~4  S=1.2 1265

X(4051)T K=, Xt — ( 30T 19 )x107° -

Xcl7r+
X(4248)T K=, Xt — ( 40 7298 )x 1075 -~
Xcl7r+
K or K* modes

Kt~ ( 1.96+ 0.05) x 105 2615
KO 70 ( 9.9 £ 05 )x10° 2615
n KO ( 66+ 04)x10"5 S=14 2528
n K*(892)° ( 28 + 06 )x100 2472
'K (1430)° ( 63 + 1.6 )x 1076 2346
1’ K3(1430)° ( 1.37+ 0.32) x 1075 2346
nKO ( 1237 327y x 106 2587
n K*(892)° ( 1594 0.10) x 107> 2534
nK(1430)° ( 110+ 0.22) x 1075 2415
nK3(1430)° ( 9.6 + 21 )x100 2414
w KO ( 48 + 0.4 )x10°6 2557
a9(980)° KO, a3 — nn® < 78 x 1076 CL=90% -
KO, B — wnl < 78 x 1076 CL=90% —~
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ag(980)E KT, af — nrt
bl_ KT, bl_ — wWwT
b(lJK*O, b(l) — wm?
by K*t, by — wn™
ao(1450)* KT, aoi — put
K%XO(FamiIon)
wK*(892)°
w(KW)E‘)O
wK3(1430)g
w K%(1430)
w K+ 7~ nonresonant
Ktn—z0
KJr B
T p(1450)~
(1700)
(K+7r T )non—resonant
(Km)ptn=, (Km)§t —
K+7r0
(KW)SOWO, (KW)SO —
KT~
K35(1430)0 70
K*(1680)° 70
0.0
K m
KOrtr
K% 7+ 7~ non-resonant
}(0/90
K*(892)"
K;;(+1430)+
* _
K,'m
K*(1410)*
KOrn+
f(980)K®, foy — wta~
f,(1270) K©
f,(1300) KO, f, —
K*(892)0 0
K5(1430)*

K*(1680 )
Ktn— W+W
POKT

f5(980) K+

K+ 7~ 7T 7~ nonresonant

K*t —

7T+7T

m, fo— mm

HTTP://PDG.LBL.GOV

< 19
( 74 +
8.0
5.0
3.1
5.3
2.0 +
1.84+
1.60+
1.01+
51 +
3.78+
7.0 +
2.4
6
2.8
3.4

VANVANEVANVAN

HoH R

8.6 +

—~

[ccaal

A~ AN AN AN~~~
N
~
H_

[ccaal

7.0

1.8
3.3

oW+ W

(
( 2.7
(
(

< 1.0
[ddaa] < 2.3
( 28

H_

+ 0.5
( 1.4 0.6

< 21
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x 106
1.4 )x 1070

x 100

x 100

x 100

x 1072
0.5 )x 1070
0.25) x 10~°
0.34) x 107>
0.23) x 10~°
1.0 ) x 1070
0.32) x 107°
0.9 )x 107
12 )x 1070
7 )x10~7
0.6 ) x 10~
0.5 ) x 107>

1.7 ) x 1070

x 100
x 100
1.6 ) x 1070
0.24) x 10~°
040, 1-5

— 0.26

0.6 ) x 10~
0.8 )x 107
0.7 ) x 107°
1.6 ) x 1070

x 100

0.9 )x 107
1.3 _

5 ) x10 6

0.7 )x 1070

0.6 ) x 10~

x 100

x 1075

x 104

0.7 )x 1070

) X 10~

x 100

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

CL=90%
CL=90%

CL=90%
CL=90%

S=1.3

S=2.1

$=2.0

CL=90%

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

CL=90%

2445
2358

2609

2558
2563

2522
2459

2563
2445
2358
2600
2543
2506

2600
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K*(892)°nt 7
K*(892)° p°

K*(892)°1(980), fy — =

K1(1270)*
K1(1400)*
a1(1260)~ K+
K*(892)T p~
Kg(1430)* p—
K1(1400)° o0
K*(1430)0p
K*(1430) f5(980),
K3(1430)0
K+ K~
KO KO
KoK=t
K*(892)* KT
W*O KO 4+ K*O?O
Kt K= 70
Kgs Kgs 70
P
KsKsn
KOK+ K~
K9 ¢
f,(980)
f5(1500) K©

f1,(1525)0 KO
fo(1710)KO, fy — KT K~
K9 K+ K~ nonresonant
0 1,0 10
KS KS KS
f0(980)K®, fy — KLKY
f(1710)K°, fy — KL KS
fo(2010)KO, fy — K2 KS
KO K9 KS nonresonant
K$ KO KO
K*(892)0 KTK~
K*(892)0 ¢
Kt K~ 7t 7~ nonresonant
K*(892)° K~ nt
K*(892)° K*(892)°
Kt K+ 7~ 7~ nonresonant

fo — nm
f0(980), fo — 7w

KO fy — KTK-
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( 55
( 39

( 3.9

I+ R

< 3.0
< 27
1.6 =+

( 1.03+

( 28 +
< 3.0
27 +
27 +
8.6 +
13 +
1.214
6.5 +
< 4
< 06

( 22+

< 1.0
< 20
( 249+

~—~
NN
o W
|+ H

—~
=
w

I+

w

w B
w

o N
o

(€3]

= o

w o

w

H H+ I+ H HHH I+

< 16
( 275+
( 1.00+

< 717
( 45 +
(8 =+

< 6.0
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0.5 )x 107>
13 )x 1070
2% )><10_6

x 1072

x 1072
0.4 )x107°
0.26) x 10~°
12 )x 1072

x 1073
0.6 ) x 107°
0.9 )x10~°
2.0 ) x 10~
0.5 ) x 10~/
0.16) x 10~
0.8 )x 1070

x 107

x 107
0.6 ) x 10~

x 107

x 10~0

x 1076
0.31) x 107>
0.7 )x 107
38 )><10_6
Og ) x 1072
2 )><10_7
0.9 )x 107
1.0 ) x 1072
0.5 )x 1070
1.8 ) x 1070
58 )><10_7
6 )x10~/
0.31) x 10~°

x 1070
0.26) x 10~°
0.05) x 10~°

x 1070
13 )x 1070
5 )x10~/

x 10~0

S=1.9
5=3.9

CL=90%
CL=90%

CL=90%

CL=90%
CL=90%

CL=90%
CL=90%

CL=90%
5=3.0

S=1.1

CL=90%

CL=90%

S$=2.2
CL=90%

2557
2504

2466

2484
2451
2471
2504

2388
2381

2593
2592
2578
2540

2579
2578
2515
2452
2522
2516

2398

2522
2521

2521
2521
2467
2460
2559
2524
2485
2559
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K*(892)0 K+

K*(892)° K*(892)°
K*(892)% K*(892)~
K1(1400)° ¢
¢(Km)g

P (Km)p? (1.60<mpy  <2.15]eeas]

K5(1430)0 K7t
K(1430)0 K*(892)°
K5(1430)0 K} (1430)°
*(1430)0 )

0 K*(892)9

0 K;;(1430)

K*(892)0

K*(1410)~

KT 7=~ nonresonant
K*(892)° X(214), X —
KOntn=~
Kt n=n0~
K1(1270)°
K1(1400)°
K3(1430)°

*(1680)°
K§(1780)3
K (2045)

D00 022

[ffaa]

VANVANRVANRIAN

VANVANRVANRIVAN

AN NN N NA

2.2
2

2.0
5.0

( 43 +

1.7
3.18
3.3
8.4

( 39 +

1.7
4.7
3.5
2.7
1.53
1.1

( 68 +

45 +
3.1

(76 +

6.4

( 27 +
( 46 +
( 433+

1.3
2.6
2.26

( 1.95+
( 41 +
5.8
1.2
( 124+
2.0
8.3
4.3

><10_6
x 10~/
x 100
x 103
0.4 )x10
x 100
x 1075
x 100
x 100
0.8 )x 107
x 100
x 100
x 100
x 100
x 105
x 103
0.9 )x 107
0.9 )x 1070
x 105
1.8 )x 1070
x 100
0.7 )x 1070
14 )x 1070
0.15) x 1072
x 104
><10_6
x 10~8

0.22) x 1072

0.24) x 1072
x 10~3
x 1075
x 103

Light unflavored meson modes

Py
p° X(214),
w?y
oy

rta~
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X — ptp”

[ffaa] <

<

( 86 +
1.73

(443

8.5
( 512+
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15 )x 107
x 10~8

L. 8 ) x 10— 7

x 10~ 7
0.19) x 10~

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%

S=1.2

CL=90%

CL=90%

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

CL=90%
CL=90%

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

CL=90%

CL=90%

2524
2485
2485
2339

2403
2360
2222
2333
2360
2222
2238

2381
2333
2305
2337
2587
2528
2516
2615
2565
2451
2615

2609
2609
2486
2454
2447
2361
2341
2244

2583

2582

2541
2636
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nn

77,770

n'n'

#no

n p

n’f0(980), fo — 7T+7T_
np°

nf(980), fo — w7~
wn

wn'

w pO

wf(980), fg — wta~

$1(980), fy — wta—
ow
oo

a0(980)* 7T, aojE — nrt

ao(1450)* 7T, a(jf — prt

atr— 0
p07r0
pFrE
Troata
p07r+7r_
0 p°
(980) 7T 7, fy —
T
p°£(980), fy — wta~
5(980) 5(980), fy —

atrT, fo — wtaT

™

£(980) £(980), fy — w7,

fo — Kt K~
a1(1260)F 7+
ap(1320)F 7+
atr— 7070
ptp”
a1(1260)0 70

(.dﬂ'o
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(
(

<

AN AN NN NN A

A/\/\/\/\/\/\/\/\/\/\

[hh]  (

1.91
4.1
1.0
1.2
1.7
1.2
1.3
9
1.5
4

9.4

1.0

1.6
1.5
1.2
1.5
5

5
3.3
3.8
7
2.8
3.1
2.3
7.2
2.0
2.30
1.12
8.8

3.0

7.8
1.9

2.3

2.6
6.3
3.1
2.77
1.1
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0.22) x 10~6
1.7 )x 10~ 7
x 100
0.6 ) x 10~
x 100
x 100
x 100
x 107
x 100
x 107

0.5 )x 1070
0.23) x 10~°
x 105
x 10~0
15 )x 10~ 7
x 100

25 ) x 10~ 7
x 107

x 107

0.5 ) x 107>
x 100
x 1073
0.19) x 10~°
x 10~3
x 107

CL=90%

S=1.7
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%

5=1.9
CL=90%

CL=90%

CL=90%
CL=90%

2636
2610
2582
2551
2460
2523
2492
2454
2553
2516

2552

2491

2522
2485
2521
2540
2511
2448
2480
2441
2479
2435

2631
2581
2581
2621
2575
2523

2486
2447

2447

2494
2473
2622
2523
2495
2580
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atatar— 770 < 9.0
a1(1260)* p~ < 61
a1(1260)0 p° < 24
bfwi, bit — wrT ( 1.09+

b(lJWO, b(lJ — w0 < 19

b1_p+, by — wrm™ < 14

b(lJ 0, b(l) — w? < 34

rtateto— o=~ < 3.0
a1(1260) " a1 (1260), a] — ( 118+

2nt 7, a, — 2n— T
atatrte a0 < 11
Baryon modes
pp (15 7+

pprt ™ < 25

pp K° ( 2.66+
O(1540)tp, O — pKY [ggas] < 5
f1(2220)K°, f; — pp < 45

ppK*(892)° ( 124t
f_/(2220) KS, fj — pp < 15
pAT™ ( 314+

pﬂﬂ_'y < 65

pX(1385)~ < 26

AOA < 93

pAK™ < 82

pAD~ ( 25 +

pAD*~ ( 34 +

pXOr— < 38

AN < 32

AAKO (a8 F

AAK*O ( 25 T

AADO ( oot

DO XOA+ cc. < 31

AYA0 < 15

AT A < 11

DO pp ( 1.04%

D_ Ap ( 28 &

D*(2007)° pp ( 99 +

D*(2010)~ p7 (14 +

D~ pprt ( 3.32+

D*(2010) ppr ( 47 +
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x 1073 CL=90%
x 1072 CL=90%
x 1073 CL=90%
0.15) x 10~°
x 100 CL=90%
x 1076 CL=90%
x 100 CL=90%
x 1073 CL=90%
0.31) x 1072

% CL=90%

08 ) x 1078
x 104 CL=90%
0.32) x 1070
x 108 CL=90%
x 10~7 CL=90%

0:35) x 107

x 107 CL=90%
0.29) x 1070
x 107 CL=90%
x 10~7 CL=90%
x 107 CL=90%
x 107 CL=90%
0.4 )x107°
0.8 ) x107°
x 1076 CL=90%
x 107 CL=90%

) X 10~

)><10_6

oo o0 o
MW o Vo

g) x 1072

x 1072 CL=90%
x 1073 CL=90%
x 1074 CL=90%

0.07) x 10~4

0.9 ) x 107°

11 )x 1070

04 )x103

0.31) x 10~4

05 )x 104 S=12

2609
2433
2433

2592
2336

2572

2467

2406
2347
2318

2135
2216

2401
2401
2363
2364
2308
1765
1685
2383
2392

2250

2098

1661

1611
2335
2335
1863
1710
1788
1785
1786
1708
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DO pprt o~ ( 30 +£ 05 )x10"4

D*0pprta— ( 19 + 05 )x10~4
O.pnt, 6. — D™ p < 9 x 100 CL=90%
O.pnT, 6. — D*7p < 14 x 105 CL=90%
Y_TATT < 8 x 1074 CL=90%
A prta— ( 1.01% 0.14)x10~3 S=13

Alp ( 152+ 0.18) x 107>

A prd ( 153+ 0.18) x 10~4

>.(2455)"p < 24 x 107
ﬂc_ p7r+7r_ 70 < 5.07 x 1073 CL=90%
Aprta oo < 274 x 103 CL=90%
A pmT @ (nonresonant) ( 54+ 10)x107% s=13

3 (2520)" " pmt ( 1.01+ 0.18) x 10~4
3 (25200 prr— < 31 x 1075 CL=90%

3 (24550 prr— ( 1.07+ 0.16) x 10~4

3 (24559 N0, NO — ( 63+ 1.6 )x1075

pm

> (2455) " pmt ( 1.81+ 0.24) x 1074

A pKtm™ ( 34 £ 07)x10°°

> (2455) " pKT, X7 — ( 87 + 25 )x1070

Z;W_

A7 pK*(892)° < 242 x 1075 CL=90%

ApKT K™ ( 20 £+ 04 )x10°5
A po < 9 x 1070 CL=90%

A pBp < 28 x 100

ACAKT ( 48 £ 1.1 )x107°
AZ AT < 16 x 1075 CL=95%
Ac(2593)" / A.(2625)" p < 11 x 10~4 CL=90%
EOAN E0 - Etata ( 17 £ 1.8 )x107% s=22

AT A KO ( 43 £ 22 )x10~%

1708
1623

1839
1934
2021
1982

1882
1821
1934

1860
1860
1895

1895

1754

1767
1319

1147

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

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

Yy B1 <
ete™ B1 <
ete BI <
ptp~ BI (
ptpmy BI <
ptp= BI <

SP, S— utu, BI [hhaa] <

P— ptp”

Tt B1 <
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3.2
8.3
1.2

3.9

1.6
5.3
5.1

4.1

x 10~ 7 CL=90%

% 108 CL=90%

%10~ 7 CL=90%
i’ %16; ) X 10—10

x 10~ CL=90%

%x10~9 CL=90%

x 109 CL=90%

%103 CL=90%

2640
2640
2640

2638

2638
2629

1952
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70t B1 < 53 x 1078 CL=00% 2638
m0et e~ BI < 84 x 1078 CL=90% 2638
aOut BI < 6.9 x 1078 CL=90% 2634

et e BI < 64 x 1078 CL=90% 2611
nete~ BI < 1.08 x 107 CL=90% 2611
nutpu~ BI < 112 x 107 CL=90% 2607

mOuw BI < 69 x 1075 CL=90% 2638

KOot+ e~ Br [et] ( 31T 38 )x1077 2616
KOet e~ B1 ( 16T 39 )x107 2616
KOt~ BI ( 3.39+ 0.34) x 10~/ 2612

KOvw BI < 49 x 1075 CL=90% 2616

Ovw BI < 208 x 1074 CL=90% 2583

K*(892)0 ¢+ ¢~ Br [trr] ( 9.9 T 12)x1077 2565
K*(892)% et e~ B1 (1037 919y x 1076 2565
K*(892)° it pu~ BI ( 1.02+ 0.09) x 106 2560

ataut ( 2.1 £ 05 )x10"8 2626

K*(892)° v BI < 55 x 1075 CL=90% 2565

1337 B1 < 127 x 1074 CL=00% 2541

et LF  [hh] < 28 x 1079 CL=90% 2639

nOe® T LF < 14 x 1077 CL=90% 2637

KOet T LF < 27 x10~7 CL=00% 2615

K*(892)%et 1~ LF < 53 x 1077 CL=90% 2563

K*(892)% e~ it LF < 34 x 1077 CL=90% 2563

K*(892)0 et 1T LF < 58 x 1077 CL=90% 2563

et F LF  [hh] < 28 x 1075 CL=90% 2341

ptrF LF  [hh] < 22 x 1075 CL=90% 2339

invisible BI < 24 x 1072 CL=90% -

VU BI < 17 x 1072 CL=90% 2640

AT LB < 14 x 1076 CL=00% 2143

Ate™ LB < 4 x 100 CL=90% 2145
B*/B° ADMIXTURE

CP violation

Acp(B — K*(892)7) = —0.003 + 0.017
Acp(b— sv) = 0.015 + 0.020
Acp(b— (s+d)vy) =0.010 + 0.031

Acp(B — X T07) =0.04 +0.11

Acp(B — Xs0107) (1.0 < g% < 6.0 GeV?/c*) = —0.06 +0.22
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Acp(B — Xgt107) (10.1 < g% < 12.9 or g% > 14.2 GeV2 /c*)
—0.19 + 0.18

Acp(B — K*ete )= —-0.1840.15

Acp(B — K*utp~)=—0.03+0.13

Acp(B — K*4t(—) = —0.04 + 0.07

Acp(B — mnanything) = —0.13‘_L8:8‘51

AACP(XS'V) = ACP(BZE - 5'7) - ACP(BO - 5'7) =
0.05 &+ 0.04

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 — Dt 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
(T vpanything [ttt,iiaa] ( 10.86 + 0.16 ) % -
D~ ¢t vyanything [ttt] ( 28 £ 09 )% -
DOyt vpanything [ttt] (73 £ 15 )% -
DTy, ( 242 +£ 012 )% 2310
D*~ ¢t vyanything [jaa) ( 6.7 + 13 )x1073 -
D* (T v, [kkaa] ( 4.95 + 0.11 )% 2257
D** ¢t vy [ttt llaa]  ( 27 £ 07 Y% -
D1(2420) ¢+ vpanything ( 38 + 13 )x1073 S=24 -
D7 ¢T vpanything + ( 26 +05 )% S=15 -
D* 70 vyanything

D7 ¢T vpanything ( 15 £06 )% -
D* 7 ¢T vyanything ( 19 +£04 )% -
D3(2460) (™ vy anything ( 44 +16 )x1073 -
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D*~ 7t ¢ vypanything (  1.00 + 034 )% -
Drta= Ty, ( 162 + 032 )x10"3 2301
D*rtrn= (T, ( 94 +32 )x1074 2247
D, (" vpanything [ttt] < 7 x 1073 CL=90% -

D/ (T vy KT anything [ttt] < 5 x 1073 CL=90% -

DS ¢ vy K%anything [ttt] < 7 x 1073 CL=90% -
X 0T v, ( 10.65 + 0.16 ) % -
X, 0T vy ( 214 + 031 )x10"3 -~
K™ ¢t vyanything [ttt] ( 63 £ 06 )% -
K~ ¢t vyanything [ttt] (10 + 4 )x1073 -
KO/?Oﬁ' vyanything [tet] ( 46 £+ 05 )% -

Drtu. ( 98 + 13 )x103 1911
D*rTu. ( 158 + 012 )% 1838
D, D*, or D¢ modes
D* anything ( 229 +£ 13 )% -
D° /D anything ( 618 +29 )% S=13 -
D*(2010)* anything ( 225 + 15 )% -
D*(2007)%anything ( 260 +27 )% -
DF anything [hh] ( 83 + 08 )% -
D;‘ianything ( 63 +10 )% -
DD () ( 34 + 06 )% -
5D50(2317) seen 1605
D D, 5(2457) seen -
D)D) KO 4 [hh,nnaa] (7.1 T %; ) % -

D DH) kE '
b — cts (22 +4 )% -
Dy () D) [hh,nnaal ( 39 £ 04 )% -
D* D*(2010)* [hh] < 5.9 x 1073 CL=90% 1711
D D*(2010)* + D*D* [hh] < 55 x 1073 CL=90% -
D D* [hh] < 3.1 %1073 CL=90% 1866
Dy (*)iﬁ(*)X(nﬂ‘i) [hh,nnaa] (9 T 2 ) % -
D*(2010)~ < 11 x 1073 CL=90% 2257
D;F'/r_, D:+7r_, D:p_, [hh] < 4 x 10~4 CL=90% -
Dt p=, DI a0, D70,
D:'n, D:+17, D:po,
Dt p0, DYw, DItw
Ds1(2536) " anything < 9.5 x 1073 CL=90% -
Charmonium modes
J/1(1S)anything ( 1.0044+ 0.032) % S=1.1 -
J/¥(1S) (direct) anything ( 78 +04 )x1073 s=11 -

1 (2S)anything
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Xc1(1P)anything ( 386 + 027 )x 103
Xc1(1P)(direct) anything ( 324 + 025)x1073
Xe2(1P)anything ( 14 + 04 )x1073
Xc2(1P)(direct) anything (  1.65 + 031 )x 103
ne(1S)anything < 9 x 1073
K X(3872), X — DODO7x0 1.2 + 04 )x1074
K X(3872), X — D*0pO ( 80 + 22 )x1075
K X(3940), X — D*0pO < 67 x 1075
KX(3915), X — wJ/v [ocaa] ( 71 =+ 3.4 )x107°
K or K* modes
K= anything [hh] ( 789 + 25 )%
K anything ( 66 +£5 )%
K™ anything ( 13 +4 Y%
KO / KO anything [hh] ( 64 +4 )%
K*(892)* anything ( 18 +£6 )%
K*(892)° / K*(892)%anything [hh] ( 146 + 26 )%
K*(892)~ ( 42 £ 06 )x107°
nK~y ( 85 T %g ) x 1070
K1(1400)~ < 127 x 104
K5(1430)~ ( 17 T 58 )x1w®
K>(1770)~ < 12 x 1073
K3(1780)~ < 37 x 1072
K3;(2045)~ < 10 x 1073
K n'(958) ( 83 + 11 )x107°
K*(892)n'(958) 41 4+ 11 )x10°
Kn < 52 x 100
K*(892)n ( 1.8 + 05 )x107°
Koo ( 23 £+ 09 )x10°
b— 3~ (349 + 0.19 ) x 10~4
b— dy ( 92 £ 30 )x107°
b — Sgluon < 68 %
n anything ( 26 T 8:3 ) x 10~4
n' anything ( 42 +09 )x10~4
K™ gluon (charmless) < 187 x 10~4
KOgluon (charmless) ( 19 +07 )x10~4
Light unflavored meson modes
Py ( 139 + 0.25)x10°°
p/wy ( 130 + 023 )x10°°
7+ anything [hh,ppaa] ( 358 7 )%
79 anything (235 +11 )%
1 anything ( 176 +£ 16 )%
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po anything ( 21 +
w anything < 81
¢ anything ( 343 +
» K*(892) < 2.2
7t gluon (charmless) ( 37 +
Baryon modes
/\i’ /ﬂc_anything ( 35 +
/\:ranything < 1.3
ﬂc_ anything < 7
A_ €1 anything < 9
A_ e anything < 18
ZC_ pT anything < - 14
AZ p anything ( 202 +
ﬂc_ pet Ve < 8
2 " anything ( 33 +
fc_ anything < 8
f?__anything ( 36 +
ng(N:por n) < 1.2
_:g_anything, _:(2_ — =gt ( 193 +
Ej, _:jﬁ Zoatgt ( 45 T
p/ P anything [hh] ( 80 =+
p/p (direct) anything [hh] ( 55 =+
pet v, anything < 5.9
A/ A anything [hh] (40 =+
A anything seen
A anything seen
=~ /=T anything [hh] ( 27 +
baryons anything ( 68 +
pp anything ( 247 +
Ap/Ap anything [hh] ( 25 +
AA anything < 5

Phys. C, 40, 100001 (2016)

5 )%

% CL=90%
0.12 ) %

x 1070
0.8 )x10~%

CL=90%

04 )%
% CL=90%
% CL=90%
x 10~4 CL=90%
x 1073 CL=90%
x 1073 CL=90%
033 )%
x 10~4 CL=90%
17 )x1073
x 103 CL=90%
17 )x1073
x 1073 CL=90%
030 )x 1074 S=1.1

%g ) X 10—4

04 )%
05 )%

x 10~4 CL=90%
05 )%

0.6 )x10~3
0.6 )%
0.23 )%
04 )%
x 1073 CL=90%

Lepton Family number (LF) violating modes or
AB = 1 weak neutral current (B1) modes

sete™ BI ( 67 =+
spt BI ( 43 *
st~ Bl [ttt] ( 58 =+
AN BI < 59
mete™ BI < 110
7r,u+,u_ B1 < 5.0
Kete™ BI ( 44 *
K*(892)e™ e~ BI ( 119 +
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2638
2638
2634
2617
2565

17 )x1076 s=20
1.0 )x10°0
13 )x1076 s=18
x 1078 CL=90%
x 107 CL=90%
x 1078 CL=90%
06 )x10~7
020 )x 1076 s=12
Created: 10/1/2016 20:05



Citation: C. Patrignani et al. (Particle Data Group), Chin. Phys. C, 40, 100001 (2016)

Kuptpu~ BI ( 44 + 04 )x10~7
K*(892) ™t ™ BI ( 1.06 + 0.09 )x 10~
Kt~ BI ( 48 + 04 )x1077
K*(892) ¢t ¢~ BI ( 1.05 + 0.10 ) x 1070
Kvo BI < 17 x 1072 CL=90%
K*vo B1 < 76 x 107° CL=90%
setuF LF  [hh] < 2.2 x 1075 CL=90%
met T LF < 92 x 10~8 CL=90%
pet T LF < 32 x 106 CL=90%
Ke® T LF < 38 x 1078 CL=90%
K*(892) et T LF < 51 x 10~7 CL=90%

2612
2560
2617
2565
2617

2637
2582
2616
2563

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

These measurements are for an admixture of bottom particles at high
energy (LHC, LEP, Tevatron, SppS).
Mean life 7 = (1.566 + 0.003) x 10712 s

Mean life 7 = (1.72 4+ 0.10) x 10712 s
admixture
Mean life 7 = (1.58 + 0.14) x 10712 s

mixture

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

Re(ep) / (1 + |ep]?) = (1.2 £ 0.4) x 1073

The branching fraction measurements are for an admixture of B mesons
and baryons at energies above the T(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. b modes 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

Charged b-hadron

Neutral b-hadron ad-

p
(MeV/e)
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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 Averaging
Group (HFAG) as described in the note “B0_BO Mixing" in the BY Particle
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Listings. The production fractions in b-hadronic Z decay or pp collisions
at the Tevatron are also listed at the end of the section. Values assume

B(b — BT)=8B(b— BO)

B(b — BY)+B(b— B%) +B(b— BY) + B(b— b-baryon) = 100%.
The correlation coefficients between production fractions are also re-

ported:
cor(Bg, b-baryon) = —0.240

cor(BY, B¥=B0) = —0.161
cor(b-baryon, Bi:BO) = —0.920.

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

f(b — BO), Br(b — BO)). 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 (404 + 06 )% -
BO (404 + 0.6 )% -
BY (103 + 05 )% -
b-baryon ( 89 +£13)% -

DECAY MODES

Semileptonic and leptonic modes

vanything (231 +£15)% -
{* vpanything [ttt] ( 10.694 0.22) % -
et voanything ( 10.86+ 0.35) % -
put v, anything ( 10.95F 8:%2)% -
D~ /T vyanything [ttt] (22 + 04 )% S=1.9 -

49 + 1.9 )x 1073 -
26 + 1.6 ) x 1073 -
6.81+ 0.34) % -
1.07+ 0.27) % -
23 4+ 1.6 ) x 1073 -
2.75+ 0.19) % -
6 + 7 )x10~4 -
48 + 1.0 )x 1073 -
26 + 0.9 )x 1073 -

D~ 7t ¢ vyanything
_D_7r_£Jr vpanything
DO_EJF vpanything [ttt]
907?_£+ vpanything
DO 7t ¢+ vy anything
D*~ ¢t vyanything [ttt]
D*~ 7w~ ¢t vyanything
D*~ 7T 0T vpanything
Dj-)€+ vpanything x [ttt,qqaa)
B(EJQ — D*Tx7)
DJ._£+ vpanything X [tttqgaa] ( 7.0 + 2.3 ) x 1073 -
B(D; — D°%1™)

e N N N N T N N N
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53(2460)0£+ vpanything
x B(D3(2460)° —
D*~7T)
D3%(2460)~ £+ vpanything
x B(D3(2460)" —
DO7~)
5;(2460)0€+ vy anything
x B(D3(2460)° —
D~ xT)
charmless (v,
7T v_anything
D*~ v anything
€ — {~ Upanything
¢ — (T vanything

< 14

% 10~3 CL=90% -

Ty )x0 -

+ 0.8 )x1073 -

+ 05 )x1073 -

241+ 0.23) % -

+ 4 )x1073 -

8.02+ 0.19) % -

T o5 % -

Charmed meson and baryon modes

DO anything

DO Dsianything
DT D;t anything
DO DO anything

DO D+ anything
D* DF anything
D™ anything

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

D*(2010)F DE anything
DO D*(2010)* anything
D*(2010)* DT anything

D*(2010)* D*(2010)T anything [hh] ( 1.2

D D anything
D§(2460)0 anything
D_ anything
D:anything
/\j_'anything

€/ c anything

HTTP://PDG.LBL.GOV

[ttt] ( 1.7
(
(9
[ttt]
( 16
( 59.0
[hh] (9.1
[hh] ( 4.0
[hh] (5.1
[hh] ( 2.7
[hh] < 9
( 225
(173
( 5.0
[hh] ( 3.3
[hh] ( 3.0
[hh] ( 25
( 10
( 47
(14.7
(101
( 7.6
[ppaa] (116.2
Page 107

+29)% -
T o8)% -

I+

) % -

I +
HiH =N =N

.3
.8
8 )% -
.8
.6

I+

) % -
x 1073 CL=90% -
17 )% -
20 )% -
1.5 ) % -
15 )% -

|+ W W

I+

1.1
00 )% -

| +

o) % -
+ 04 )% -

11
T )% -

+ 27)% -
+21)% -
+ 31)% -
+ 1.1)% -
+ 32)% -

Created: 10/1/2016 20:05



Citation: C. Patrignani et al. (Particle Data Group), Chin. Phys. C, 40, 100001 (2016)

Charmonium modes

J/1(1S)anything ( 116+ 0.10) % -

¥(2S)anything ( 2.83+ 0.29) x 1073 -

Xc1(1P)anything ( 1.4 +04)% -
K or K* modes

e ( 31+ 11)x10°4 -

Svv B1 < 64 x 10~4 CL=90% -

K= anything (74 +£6 )% -

K%anything (290 £ 29)% -

Pion modes

7+ anything (397 +21 )% -

ﬂoanything [ppaa] (278 +60 )% -

¢anything ( 2.824+ 0.23) % -
Baryon modes

p/Panything (131 £ 1.1 )% -

A/ Aanything ( 59 £ 06)% -

b-baryon anything (102 £ 28)% -
Other modes

charged anything [ppaa] (497 + 7 )% -

hadron™ hadron™ ( 17+ (1):9 ) x 1075 -

charmless (7 421 )x1073 -

AB = 1 weak neutral current (B1) modes
uT 1~ anything B1 < 32 x 10~% CL=90% -

B* 1Py = 3017)

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

Mass mg. = 5324.65 + 0.25 MeV

Mg, — Mg = 45.18 £+ 0.23 MeV

Mp.y — Mgy = 45.34 + 0.23 MeV

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

B~ dominant 45
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By(5721)* 1(JF) = 3a™)

-2
|, J. P need confirmation.

Mass m = 5725.91%:? 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(0F) = 3a)

I, J. P need confirmation.

B1(5721)° MASS = 5726.0 + 1.3 MeV (S = 1.2)
Mgo — Mg+ = 446.7 £ 1.3 MeV (S =1.2)
1

Mgo — Mgy = 4014 £ 1.2 MeV (S =1.2)
1
Full width ' = 27.5 £ 3.4 MeV (S =1.1)
31(5721)0 DECAY MODES Fraction (I;/T) p (MeV/c)
B*tn— dominant 363

B3(5747)+ 1(JP) = 5(27)

-2
I, J. P need confirmation.

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

Full width T =20 £ 5 MeV (S = 2.2)

35(5747)"' DECAY MODES Fraction (I';/T) p (MeV/c)
BO 7T+ seen 418
B*O ’/T+ seen 374
5(5747)° 1Py = 3(2T)
I, J. P need confirmation.

B3(5747)% MASS = 5739.5 & 0.7 MeV (S = 1.4)
Mg — Mpgo = 135+ 1.4 MeV (S =1.3)

Mg — Mgy = 460.2 £ 0.6 MeV (S = 1.4)

Full width I = 24.2 + 1.7 MeV
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35(5747)0 DECAY MODES Fraction (I';/T) p (MeV/c)
Bt x— dominant 421
B*t n— dominant 376
?
B,(5970)* 1(0F) = 3%
I, J. P need confirmation.

Mass m = 5964 + 5 MeV

Mp (5970)+ — Mp+0
Full width ' = 62 + 20 MeV

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

Mass m = 5971 £+ 5 MeV

Mp (59700 — Mp++
Full width ' = 81 + 12 MeV

BJ(5970)o DECAY MODES Fraction (I';/T) p (MeV/c)
Bt n— possibly seen 638
B*tn— seen 597
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BOTTOM, STRANGE MESONS
(B==+1,5=7F1)

0_ e _0__ . . y
BS = sb, BS =75b, similarly for B: S

B 1(JP) = 0(07)

S

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

predictions.
Mass Mgo = 5366.82 + 0.22 MeV

Mgy — Mg = 87.35 £ 0.20 MeV

Mean life 7 = (1.510 + 0.005) x 10712 s
cr = 452.7 pum

Alpgo =Tpgo — Fgo = (0.082 + 0.007) x 1012 51

L
BY-B? mixing parameters

Ampgo = mpgo = mgo = (17.757 4 0.021) x 1012 i 571
= (1.1688 + 0.0014) x 1078 MeV

xs = Amgo /T go = 26.81 = 0.10
Ys = 0.499308  0.000005

CP violation parameters in Bg
Re(ego) / (1 + |ego[?) = (—1.9 £1.0) x 1073

Ckk(BY— KTK™)=0.14 £0.11
Skk(BY — KTK™)=10.30+0.13

v =(65+£7)°

5p(BY — DEKT) = (3 +20)°

rp(BY — DT K*) =053 +0.17

CP Violation phase 35 = (0.6 + 1.9) x 1072 rad
IA] (BY — J/(1S)¢) = 0.964 £ 0.020

|A| = 1.02 + 0.07

A, CP violation parameter = O.5f8:§

C, CP violation parameter = —0.3 + 0.4

S, CP violation parameter = —0.1 + 0.4

AL L (Bs — J/¥K*(892)%) = —0.05 + 0.06
Al (By — J/pK*(892)%) = 0.17 + 0.15
AgP(Bs — J/pK*(892)%) = —0.05 & 0.10
Acp(Bs —» mt K~) = 0.263 + 0.035
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Acp(BY — [KTK™]pK*(892)°) = —0.04 £ 0.07
Acp(BY — [nt K=]pK*(892)°) = —0.01 £ 0.04
Acp(BY — [nt7~]pK*(892)°) = 0.06 + 0.13
Aa; < 1.2x10712 GeV, CL = 95%

These branching fractions all scale with B(b — Bg)

The branching fraction B(Bg — DS_ ot vpanything) is not a pure mea-
surement since the measured product branching fraction B(b — BS) X
B(Bg — D_ ot vpanything) was used to determine B(b — Bg), as
described in the note on “B0-BY Mixing"

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

than one.
Scale factor/ p

Bg DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
D_ anything (93 +£25 )% -
lvp X (9.6 £ 08)% -
et v X~ (9.1 + 08)% -
v X (102 £ 1.0 )% -
Ds_ A vpanything [rraa] (81 + 1.3 )% -
D:_ﬁ'uganything (54 +11)% -
Ds1(2536) ut v, (26 + 07 )x1073 -

D, — D" K3
D41(2536)” Xt v, (44 + 13 )x103 -

D, — DK™
D(2573) Xt v, (27 £ 1.0 )x1073 -~

D, — DK+
D, mt ( 3.00+ 0.23) x 10~3 2320
D;p* (69 + 1.4 )x10~3 2249
Dontatn™ (6.1 + 1.0 )x 1073 2301

Ds1(2536) 7T, (25 + 08)x107° -

D, — D/ ntm

DT K= ( 2.27+ 0.19) x 10~4 2203
D Ktrtn™ (32 + 06 )x1074 2249
DD, (44 £ 05 )x103 1824
D_ D (28 £ 05)x104 1875
DT D~ (22 + 06 )x1074 1925
DO DO (1.9 + 05 )x 10~4 1930
D=zt (2.0 £ 05)x10"3 2265
DI K* ( 1.33+ 0.35) x 10~4 -
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D:_p+
D*D- + DI DY
D%‘+ D~
)+ p*)-
QS DS
DOK—nt
DO K*(892)°
DO K*(1410)
DO K;5(1430)
1430)
80)
50)
DK K* 1780)
DOK K* 2045)
DOK_ﬂAXnom
resonant)
D%,(2573)" T,
D%, — DYK~
D% (2700)" 7+,
D¥ — DK~
D7,(2860)~ 7,
D* — DK~
D7%5(2860)" 7™,
D — DK~
DOKT K~
DO £5(980)

(
(
ol
5(
D°K K*(
ol
a(
a(

}

J/¢(15 f0(500), f
mta~

)
J/@D(iS)_pv p—
0 S

J/1(15)15(980), fy —
o
J/¥(15) £5(980)o,

fo — wtm™
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(9.6

+

( 1.29+
( 1.86+

(45

+

( 1.04+

(4.4
(3.9
(3.0
(1.1
< 78
< 11
< 26
< 31
(21

( 2.6

(1.6

(5

(22

(4.4
< 31
( 3.0
< 6.1

+

+
+
+

( 1.07+

< 12
( 3.9

+

( 1.89+

(4.1
(33

+
+

( 213+

< 1.7

(1.34+

(5.1
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+

2.1 )x103
0.22) %
0.30) %

1.4 )%
0.13) x 1073
0.6 ) x 104
35 ) x 1074
0.7 ) x 104
0.4 ) x 104
x 1079
x 10~4
x 1072
x 1079
0.8 ) x 104

0.4 ) x 10~4
0.8 )x 107>
4 )x107°
0.6 ) x 10~°

2.0 ) x 107>
x 1076
0.8 ) x 107>
x 1076
0.08) x 103
x 1073
0.7 ) x 1074
0.12) x 10~°
0.4 )x107°
0.4 ) x 10~4
0.18) x 10~4
x 1076

x 1070
0.15) x 10~4

0.9 ) x 107>

S=1.1

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

CL=90%

CL=90%

CL=90%
S=1.4

CL=90%

CL=90%

2191
1742
1655

2312
2264
2117
2113
2113
1998
1890
1971
1837
2312

2243
2242
2235

1588
1786
1733
1743
1637
1612
1775
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J/1(15) £(1270)o,
fo — o~
J/¥(15) £(1270) ),
fo — o~
J/¥(15)£(1270) |,

fo — o~
J/1(18) 15(1500),
fo — mrm™
J/¢(18) £(1525),
fly — ntn
J/¥(1S) f’2(1525)||,
fly — mta~
J/(1S5) 5 (1525) |,

f’2 — gt

Tt

oy
—
—_
N
o
(€]
~
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(2.6

(38

( 4.6

(73

(37

(43

(1.9

(17

< 4.4
(7.9
(9.3

< 1.2
( 2.6

< 4.8

< 7.3
(7.9
(7.1
(3.3
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+ 0.7 )x 10~/

+ 1.3 )x 10~/
+ 27 )x10~7
1. —

T 18 X070
+ 1.0 )x 10~/
9.0 -

+ 31 ) X 10 8
+ 1.4 )x 107

T oa)x107°

x 1072
+ 0.7 )x10~4
+ 1.3 )x 1074
x 105
+ 06 )x10~4
x 10~
x 100
+ 09 )x107°
+ 1.4 )x107°
+ 0.9 )x 1074

CL=90%

CL=90%

CL=90%
CL=90%

( 129+ 0.35)x 1074

(7.2
(5.4

4+ 1.2 )x 1072
+ 05 )x 104

( 3.12+ 0.30) x 107

(33

+ 05 )x107°

( 2.03+ 0.29) x 10~4

(77
< 21
< 1.0
< 15

< 3.20

(33

< 6.17

+ 2.0 )x 107
x 10~4
x 103
x 10~3
x 10~4
+ 0.7 )x107°
x 10~4

S=1.4
CL=90%
CL=90%
CL=90%
CL=90%

CL=90%

( 1.87+ 0.15) x 1072

(5.6

+ 0.6 )x 1070

( 252+ 0.17) x 1072
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1675
1601
1538
1333
1304

982
1790
1731
1460
1338
1158
1397
1120
1310
1196
1274
2680
2680
2654
2627
2569
2507
2526
2482
2659
2638
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KO KO < 6.6 x 1072 CL=90% 2637
KOrt o~ (15 + 0.4 )x 107> 2653
KOK+rF (7.7 £ 1.0 ) x 1075 2622
K*(892)~ 7t (33 + 1.2 )x10° 2607
K*(892)* KT ( 1.25+ 0.26) x 1075 2585
K2 K*(892)° + c.c. (1.6 + 0.4 )x 1075 2585
KOKt K~ < 35 x 1076 CL=00% 2568
K*(892)0 p0 < 7.67 x 1074 CL=00% 2550
K*(892)% K*(892)° (1114 0.27) x 1075 2531
¢ K*(892)° ( 1.14+ 0.30) x 106 2507
pp (28 T 22 )x1078 2514
A Art (36 £ 1.6 )x 1074 -~
A AT < 8.0 x 1075  CL=95% -
vy BI < 31 x 1076 CL=90% 2683
oy ( 3.52+ 0.34) x 10~° 2587
Lepton Family number (LF) violating modes or
AB = 1 weak neutral current (B1) modes

pt B1 (29 87 )x109 2681
et e BI < 2.8 x 107 CL=90% 2683
p Tt B1 < 12 x 1078 CL=90% 2673

SP, S— utu-, Bl [hhaa] < 1.2 x 1078  CL=90% -

P— ptp”

#(1020) pt i~ BI (82 + 12 )x10~7 2582
I T BI (84 + 1.7 )x 1078 2670
OUT B1 < 5.4 x 1073 CL=90% 2587
et i F LF  [hh] < 11 x 1078 CL=90% 2682

B! 1(JPYy =0(17)

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

predictions.

Mass m = 5415.4f%:§ MeV (S =3.0)

mp; — mMp,

B; DECAY MODES

= 486118 Mev (S=

Fraction (I';/T)

2.8)

p (MeVjc)

Bs~y

dominant
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Bs1(5830)° 1(JP) = o(1™)

I, J. P need confirmation.

Mass m = 5828.63 £+ 0.27 MeV
Mgy — Mg = 503.98 + 0.18 MeV

Full width T = 0.5 = 0.4 MeV.

351(5830)0 DECAY MODES Fraction (I';/T) p (MeV/c)
B*T K~ dominant 97
Bt,(5840)° 1(JP) = o(2t)
I, J. P need confirmation.

Mass m = 5839.84 &+ 0.18 MeV (S =1.1)
"By T "By

Mgy — Mg = 560.53 £+ 0.18 MeV (S = 1.1)
Full width ' = 1.47 £ 0.33 MeV

B;2(5840)o DECAY MODES Fraction (I';/T) p (MeV/c)

Bt K~ dominant 252

BOTTOM, CHARMED MESONS
(B= C=+1)

+ T - .. ,
Bl =cb, B, =¢b, similarly for B”C‘s

Bt 1(JP) = 0(07)
I, J. P need confirmation.
Quantum numbers shown are quark-model predicitions.

Mass m = 6275.1 + 1.0 MeV
Mean life 7 = (0.507 + 0.009) x 10712 s

B; modes are charge conjugates of the modes below.
p

B-C'- DECAY MODES x B(b — B) Fraction (I;/T) Confidence level (MeV/c)

The followi_ng quantities are not pure branching ratios; rather the fraction
r;/l x B(b— B.).

J/9(18) £ vpanything (5.2 f%:‘ll ) x 1070 -
J/lﬂ(ls)ﬂ'+ seen 2371
J/¢(15) K+ seen 2341
J/¢(15)W+TF+TF_ seen 2350
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J/1(1S5)a1(1260) <12 x 1073 90% 2170
J/¢(15)K+ K= rt seen 2203
J/pAS)rtatat e~ seen 2309
Y(2S) 7T seen 2052
J/¢(15) D: seen 1822
J/(1S) D:+ seen 1728
J/¢(15)pﬁﬁ+ seen 1792
D*(2010)* D° < 6.2 x 103 90% 2467
Dt K*0 < 0.20 x 10~6 90% 2783
Dt K*0 < 0.16 x 1076 90% 2783
DY K*0 < 0.28 x 1076 90% 2751
Df K*0 <04 x 10— 90% 2751
D¢ < 0.32 x 10~6 90% 2727
KT KO <46 x 10~ 7 90% 3098
Bdnt/B(b— Bs) (23779:3) x 103 -

cc MESONS
1¢(15) 16(PC) =0t (0~ )
Mass m = 2983.4 + 0.5 MeV (S = 1.2)
Full width ' = 31.8 £+ 0.8 MeV
nc(1S) DECAY MODES Fraction (I';/T) Confidence level (MfV/c)
Decays involving hadronic resonances
n'(958) (41 £1.7 )% 1323
pp (1.8 £05)% 1274
K*(892)° K~ nt + c.c. (20 £0.7 )% 1277
K*(892) K*(892) (70 +1.3 )x 1073 1196
K*(892)° K*(892)° nt 7~ (1.1 £05 )% 1073
dKTK™ (29 £1.4 )x 103 1104
e, ( 1.7540.20) x 10~3 1089
¢2(nt ) < 4 x 1073 90% 1251
ap(980) 7 < 2 % 90% 1327
ay(1320) 7 < 2 % 90% 1196
K*(892)K + c.c. < 1.28 % 90% 1309
£(1270)n < 11 % 90% 1145
ww < 31 x 1073 90% 1270
wao < 17 x 1073 90% 1185
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f(1270) ,(1270) (9.8 25 )x 1073 774
f(1270) £(1525) (9.7 3.2 )x 1073 513
fo(980)77 seen 1264
fo(1500)7n seen 1026
f0(2200)77 seen 496
80(980)71' seen 1327
ag(1320) 7 seen -
30(1450)71‘ seen 1123
ap(1950) 7 seen 859
a5(1950) 7 not seen -
K8(1430)W seen -
K§(1430)W seen -
K8(1950)W seen -
Decays into stable hadrons
KK (7.3 £05 )% 1381
KKn ( 1.35+0.16) % 1265
nrta~ (1.7 £05 )% 1427
n2(rt ) (44 +13)% 1385
KtK—ntn~ (6.9 £1.1 )x 1073 1345
KtK-ntax0 (35 +0.6 )% 1304
KOK—ntr 7t +cc (56 £1.5 )% -
KTK=2(rt77) (75 +2.4 )x103 1253
2(KTK™) ( 1.46+0.30) x 103 1055
at o~ 7070 (47 +£1.0 )% 1460
2(rT 7)) (97 £1.2 ) x 1073 1459
2(rt 7 n9) (17.4 £33 )% 1409
3(rtmT) (1.8 £04 )% 1406
pp ( 1.50+0.16) x 10~3 1160
ppT (36 £1.3 )x 1073 1101
AA ( 1.09:£0.24) x 10~3 990
rtx- (21 +£0.6 )x 1073 900
== (89 +27 )x10~4 692
Tt pp (53 +1.8 )x10~3 1027
Radiative decays
vy ( 1.59+0.13) x 10~4 1492
Charge conjugation (C), Parity (P),
Lepton family number (LF) violating modes
ata~ P.CP < 1.1 x 104 90% 1485
7070 P,CP < 4 x 105 90% 1486
KT K~ P.CP < 6 x 104 90% 1408
K K P,CP < 3.1 x 104 90% 1406
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J/$(15)

16JPCYy =0—1— )

Mass m = 3096.900 + 0.006 MeV
Full width T = 92.9 & 2.8 keV
Moo = 5.55 + 0.14 + 0.02 keV

J/¥(1S) DECAY MODES

Fraction (I';/T)

(S = 1.1)

Scale factor/
Confidence level (MeV/c)

p

hadrons

virtualy — hadrons

888
788

e+e_7

wH(1270)

K*(892)0 K*(892)°
K*(892)T K*(892)F

K*(892)* K*(800)T
n K*(892)° K*(892)°
K*(892)0 K5(1430
K*(892)Y K, (1770
K*(892)° K~ nt + c.c.
wK*(892)K + c.c.
KT K*(892)™ + c.c.
KT K*(892)™ + c.c. —
Kt K= 0
KT K*(892)™ + c.c. —
KOKErF+ cc.
KOK*(892)% + c.c.
KOK*(892)%+ c.c. —
KOKErF+ cc.

K1(1400)* KT
K*(

892)0 K+ 7~ + c.c.

w7r07r0

bi(1235)* 7 ¥
wKE K% ot

HTTP://PDG.LBL.GOV

O-l- c.c. —

(87.7
(13.50
(64.1
(8.8

+05 )%
+0.30 ) %
+1.0 )%
+11 )%

( 5.971+0.032) %

(88

+1.4 )x 1073

( 5.961-0.033) %

( 1.69
(56
( 1.09
(85
(4.0
(86
(43
(23

( 1.00

(1.1

( 1.15
( 6.0
(6.9

(6.1
( 5.12
( 1.97

(3.0

( 4.39
(32

(38

seen
(3.4
(3.0
(3.4
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Decays involving hadronic resonances

+0.15 ) %

+0.7 ) x 1073
+0.22 )%

+3.4 )x 1073
+0.7 ) x 1073
+0.7 ) x 1073
+0.6 )x1073
+0.7 )x10~4

T0dp ) x 1073

Toe )x1073
+0.26 ) x 1073
+0.6 )x 1073
+09 )x10~%

+0.9 )x 1073
+0.30 ) x 10~3
+0.20 ) x 1073

+0.4 )x 1073

+0.31 ) x 1073
+0.4 )x 1073

+1.4 )x1073

+0.8 )x 1073
+05 )x 1073
+0.5 )x 1073

5=2.4

1003
1012

1097
1373

1373

1170
1343
1436
1300
1210
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b1(1235)0 70
nKEKLnT
dK*(892)K + c.c.
wKK

wfy(1710) — wKK
¢2(nt )
A(1232) T pr—
wn
PKK

dfH(1710) — pKK
¢ £(1270)
A(1232)TF A(1232)

5 (1385)~ X(1385)™ (or c.c.)

¢ f1,(1525)
ot~
dm070
pKEKLaT
w f1(1420)
ol

:_0§0
=(1530)" ="
pK~ X (1385)°
w7r0
¢n'(958)
¢ (980)
¢fo(980) — omt
¢1(980) — GmOm0

¢m0 1 (980) — ¢m0mta—
pn01y(980) — 0 pO70

1o H(980) — nem T
$a9(980)° — pnm®
=(1530)0 =0
> (1385) X (or c.c.)
¢ f(1285)
»f(1285) —
¢ f5(980) —
dpr0nt o~
»f(1285) —
¢ fo(980) —
¢ 7070
nw+w_
np
wn'(958)
w f5(980)
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[hh]

[hh]

[hh]

[hh]

(23
(22
(218
( 1.70
(48
( 1.66
(16
(174
( 1.83
(36
(7.2
( 1.10
( 1.10
(8

(9.4
(56
(7.2
(68
(75
( 1.20
(59
(5.1
(45
(4.0
(3.2
(18
(17
(45
(17
(32
(5

(32
(3.1
(26
(9.4

(2.1

(4.0
( 1.93
( 1.82
(1.4
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+0.6 )x1073
+0.4 )x 1073
+0.23 ) x 1073
+0.32 ) x 1073
+1.1 )x10~4
+0.23 ) x 1073
+05 )x 1073
+0.20 ) x 1073
+0.24 ) x 1073
+06 )x10~%4
+13 )x10~4
+0.29 ) x 1073
+0.12 ) x 1073
+4 )x107%
+0.9 )x10~4
+16 )x10~4
+0.8 )x10~%
+2.4 )x10~4
+0.8 )x 1074
+0.24 ) x 1073
+15 )x10~4
+32 )x1074
+05 )x 1074
+0.7 )x10~4
+0.9 )x10~4
+0.4 )x10~4
+0.7 )x10~%4
+1.0 )x 1070
+0.6 )x 1070
+1.0 )x10~%
+4  )x107°
+1.4 )x10~4
+05 )x10~%4
+05 )x10~%
+2.8 )x 10~/

+22 )x10~/

+17 )x10~4
+0.23 ) x 1074
+0.21 ) x 10~4
+05 )x 1074

S=1.6
S=1.5

S=2.7
S=1.2

S=1.5

S=1.4
S=2.1
S=1.9

955

1487
1396
1279
1267
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n'(958) ( 1.05 +0.18 ) x 104
ap(1320)* [hh] < 4.3 x 1073
K K5(1430)+ c.c. < 40 x 1073
K1(1270)* KT < 30 x 103
K3(1430)° K5(1430)° < 29 x 1073
0 3%x1076 or 1 x 10~7
#n(1405) — ¢nmt (20 +£1.0 )x10~5
wf}(1525) < 22 x 10~4
wX(1835) — wpp < 3.9 x 106
»X(1835) — on7T < 28 x 10~4
#X(1870) — on7t < 6.13 x 1075
n¢(2170) — n¢£(980) — (12 +04 )x10~4

nortmT
n¢(2170) — < 252 x 1074

7 K*(892)° K*(892)°
5 (1385)9A+ c.c. < 82 x 100
A(1232)"p < 1 x 1074
A(1520) A+ c.c. — YAA < 41 x 1076
@(1540)@(1540) < 11 x 107>

K9 sPK TN+ cc
@(1540)K n— K%pK n < 21 x 1072
©(1540) Ksp — K2 <PKTn < 16 x 1072
O(1540)K T n — KOpK+ < 5.6 x 1072
O(1540) K2 p — K%pK_ﬁ < 11 x 1075
SO0A <9 x 1075

Decays into stable hadrons

2(nt )70 (41 +05 )%
3(rt7)a0 (29 +06 )%
ata— a0 (211 £0.07 )%
Tt nOKT K= (179 £0.29 )%
4(nt ) n0 (90 +30 )x1073
atr KT K™ (66 +05 )x103
7T KTK™n (1.84 £0.28 ) x 103
OO K+ K~ ( 2.45 £0.31 ) x 103
KKm (61 £1.0 )x10~3
2(rT717) (1357 £0.30 ) x 103
3(rtmT) (43 £04 )x103
2(rt 7 x9) (1.62 +£0.21 )%
2(r 7))y (229 +£0.24 ) x 103
3(rt 7))y (72 £15 )x1074
pp ( 2.12040.029) x 10~3
ppn° ( 1.19 +0.08 ) x 10~3
ppr T (6.0 +05 )x103
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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%
CL=90%

S=2.4

S5=1.5
5=2.2

S=1.1
S=1.3

1281
1263
1159
1231

604
1377

946
1003

578

628

912
1100

1496
1433
1533
1368
1345
1407
1221
1410
1442
1517
1466
1468
1446
1379
1232
1176
1107
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pprt w0 [ttaa] ( 2.3 =+0.9
PPN ( 2.00 +0.12
ppp < 31
ppw (9.8 +1.0
pp1’ (958) (21 =+0.4
pPag(980) — pp7nln (68 +1.8
ppo (45 +£15
nn ( 2.09 +£0.16
nant o~ (4 +4
yty- ( 1.50 +0.24
5030 ( 1.29 +0.09
2AzrT T )KT K™ (47 +07
pAT™ ( 212 +0.09
nN(1440) seen
nN(1520) seen
nN(1535) seen
==t (86 =11
AA ( 1.61 £0.15
AZ 7t (or c.c.) [hh] ( 83 =407
pK—A (89 +16
2(KTK™) (7.6 +0.9
pK— X0 (29 +08
KT K~ (2.86 +0.21
K2KY (21 +04
Artr~ (43 =+1.0
A (1.62 +0.17
AATO (38 £04
AnK%+ ce. (65 +1.1
rta~ ( 1.47 +0.14
ANY + cc. ( 2.83 £0.23
KSKY < 1
Radiative decays
3y ( 1.16 +0.22
4y < 9
5y < 15
070 ( 1.15 +0.05
N (1S) (1.7 404
71c(18) — 3y (38 13
vt a—2x0 (83 +3.1
ynmww (6.1 +1.0
y12(1870) — ynpmrt T (62 +24
yn(1405/1475) — YK Km o] (28 =06
vn(1405/1475) — ~p° (7.8 +2.0
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) X 103
) X 10~3

x 104
) x 10~4
) x 10~4
) x 1072
) X 1072
) X 103
) X 103
) X 103
) X 1073
) X 1073
) X 1073

) x 10~4
) X 103
) X 104
) x 10~4
) x 10~4
) x 10~4
) x 10~4
) X 104
) X 103
) X 104
) X 1072
) X 104
) X 104
) X 1072

x 1070

) X 1072
x 100
x 102

) X 103

) %

) X 106

) X 1073
) X 103
) x 10~4
) X 103
) X 1072

S=1.9

CL=90%
S=1.3

S=1.2
S=1.9
S=1.2

CL=95%

CL=90%

CL=90%

S5=1.5
S=1.1

S=1.6
S=1.8

1033
948
774
768
596

527
1231
1106

992

088
1320
1174

984

928

914

807
1074

950

876
1131

819
1468
1466

903

672

998

872
1542
1034
1466

1548
1548
1548
1543

111

1518
1487

1223
1223
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yn(1405/1475) — ~ynrt o~
’yn(1405/1475) — fyﬂygb
YPp

Y pw
VP
vn'(958)
y2rt2nT

~ £,(1270) £,(1270)

~ £, (1270) f,(1270) (non reso-

nant)

YKTK-nt ™
~ 2(2050)
Yww
v1(1405/1475) — ~p®p°
~ ,(1270)
v f(1370) — yKK
v f(1710) — yKK
vfp(1710) — ~7w
vfp(1710) — yww
7fo(1710) — vnn
N -
~vf(1420) - YKK~
~ f,(1285)
v £(1510) — ynprta~
v }(1525)
7f5(1525) — 71
v (1640) — yww
~v£(1910) — yww
7f(1800) — yw¢
7£(1810) — ~n7
~£(1950) —

v K*(892) K*(892)
v K*(892) K*(892)
Yoo
PP
vn(2225)

vn(1760) — 5 p°p°
yn(1760) — yww
v X(1835) — 7t

v7X(1835) — ~vpp
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(3.0
< 82
(45
< 54
< 88
( 5.15
(28
(95
(8.2

(2.1
(2.7
( 1.61
(1.7
( 1.64
(4.2

( 1.00

(3.8
(31

(2.4

+05 )x 1074
x 1072
+0.8 )x 1073
x 10~4
x 1072
+0.16 ) x 1073
+05 )x 1073
+17 )x10~4
+1.9 )x10~4

+0.6 )x 1073
+0.7 ) x 1073
+0.33 ) x 1073
+0.4 )x 1073
+0.12 ) x 1073
+15 )x10~4

+0.11
—0.09

+05 )x10~4
+1.0 )x1074

+1.2
—-0.7

) X 103

) X 104

( 1.10440.034) x 10~3

(7.9
(6.1
(45

(5.7

(3.4
(28
(20
(25

(5.4
(7.0

(4.0
(4.0
(38
(33
(13
(1.98
(26

(7.7
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)y x 10~4
) x 10~4
) X 104

+1.3
+0.8
+1.2

+0.8
—0.5

+1.4
+1.8
+1.4
+0.6

+3.5
—24

+22

) X 104
) x 1072
) X 104
) x 10~4
) x 10~4
) X 1072
) x 10~4

)x10_3
) x 10~4
) x 10~4
+05 )x1074
+09 )x10~%
+0.33 ) x 1073
+0.4 )x10~4

+1.5
—-0.9

+1.3
+1.2
+1.0

) X 1072

CL=95%

CL=90%
CL=90%
S=1.2
5=1.9

S=1.3
S=1.3

S=1.5

1340
1338
1258
1400
1517

878

1407

891
1336
1223
1286

1075

1500
1220
1283

1173

1266
1166
1232

749
1048

1006
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vX(1835) — YKL KLy (33 729 )x1075 -
v X(1840) — ~43(nt77) (24 4_'85 ) x 1072 -
v(KK) [J'DC =0~ 1] (7 +4 )x107% S=2.1 1442
a0 (3.49 7033 )x10°5 1546
ypprt T < 79 x 1074  CL=90% 1107
yYAA < 13 x10~%  CL=90% 1074
~v1(2100) — ~nn (113 i‘ggg ) x 10~4 -
v%(2100) — 7w (62 +10 )x10~4 -
v(2200) — yKK (59 £13 )x1074 -~
vf(2220) —» ~7w < 3.9 x 1072 CL=90% -
v£;(2220) — YKK < 41 x 1072  CL=90% -
vf;(2220) — ~pp (15 +08 )x107° -
~v£(2340) — ~nn (5.6 i’gg ) x 1072 -
vf(1500) — 7w ( 1.09 +0.24 ) x 104 1183
71(1500) — ~ynn (17 +98 )x105 -
vA — ~invisible [uuaa] < 6.3 x1070  CL=90% -
yAY — Ayt [waa] < 2.1 x 1075  CL=90% -~

Dalitz decays
et e~ (76 +£1.4 )x10~7 1546
nete~ ( 1.16 +£0.09 ) x 107> 1500
n'(958)eT e~ ( 5.81 £0.35 ) x 10> 1400

Weak decays
D~ et v+ c.c. < 12 x 1072  CL=90% 984
D%et e+ cc. < 11 x107%  CL=90% 987
D, et ve+ c.c. < 13 x1076  CL=00% 923
D" et v+ cc. < 18 x1070  CL=00% 828
D~ 7mt+ cc. < 75 x107%  CL=90% 977
DOKO+ c.c. < 17 x10~%  CL=90% 898
DOK* O+ cc. < 25 x1076  CL=90% 670
D nt+ cc. < 13 x10™4  CL=90% 916
D, pt+ cc < 13 x1075  CL=90% 663

Charge conjugation (C), Parity (P),
Lepton Family number (LF) violating modes

vy C < 27 x10~7  CL=90% 1548
v C < 14 x1076  CL=00% 1381
et LF < 16 x10=7  CL=90% 1547
et ¥ LF < 83 x1076  CL=90% 1039
ptrF LF < 20 x 1076 CL=90% 1035

Other decays
invisible < 7 x10~%  CL=90% -
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Xco(1P) 16UPC) =0ttt

Mass m = 3414.75 & 0.31 MeV
Full width ' = 10.5 & 0.6 MeV

Scale factor/ p
Xc0(1P) DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
Hadronic decays
2(7r+7r—) (2.2440.18) % 1679
POrtr (8.7 £2.8 ) x 103 1607
f0(980) f5(980) (6.5 +£2.1 ) x 10~4 1391
at o~ 7070 (33 £0.4 )% 1680
ptn 10+ cc. (2.8 £0.4 )% 1607
470 (32 £0.4 )x 103 1681
T KTK— (1.75+0.14) % 1580
K3(1430)0K}(1430)0 — (96 733 )x1074 -
atr KT K™
K5(1430)0K5(1430)° + c.c. — (78 t19 ) x 1074 -
Tt KT K™
K1(1270)T K~ + c.c. — (6.1 £1.9 ) x 103 -~
atr Kt K™
K1(1400)Jr K™+ cc. — <26 x1073  CL=90% -
T KTK™
f0(98 ) f5(980) (16 759 )x1074 1301
f5(980) £5(2200) (78 732 )x 1074 584
fo(1370) f5(1370) <27 x 1074  CL=90% 1019
fo(1370) f5(1500) <17 x10™%  CL=90% 921
fo(1370) fo(1710) (66 133 )x1074 720
f(1500) fo(1370) <13 x 1074  CL=90% 921
f(1500) f5(1500) <5 x 107>  CL=90% 807
fo(1500) fo(1710) <7 x107°  CL=90% 557
KtK nta— 70 (8.6 £0.9 ) x 103 1545
K KEnFrta— (42 +£0.4 ) x 1073 1544
KT K= 7070 (5.4 £0.9 )x 103 1582
Kt~ Ko70+ c.c. (2.44+0.33) % 1581
pt K=K+ cc. (1.184+0.21) % 1458
K*(892) Kt 70 — (45 +1.1 ) x 1073 -
Kt 1= K979+ c.c.
KSKQmtm™ (5.6 £1.0 ) x 1073 1579
KT K= nxd (3.0 £0.7 ) x 1073 1468
3(rt ) (1.2040.18) % 1633
KT K*(892)° 7~ + c.c. (7.2 £1.6 ) x 1073 1523
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K*(892)° K*(892)°

T

70n

70 77/

7TOnc

nn

i

'

Www

wo

wKTK™

KT K~

KsKS

W+W_n

mr o

KOKt 7~ + cc.

KT Km0

KtK™n

KTK™KYKS

KTK-KTK™

KTK™¢

KKt 1= ¢+ cc.

KtK=70¢

dprta a0

ol

PP

ppml

ppN

ppw

ppP®

pprta~

ppml 7O

pp KT K~ (non-resonant)

PPKIKY

pnm

ﬁnﬁ+

pnmt— T

ﬁnw+wo

AA

AMat o=
AA7T 7~ (non-resonant)
> (1385)T An~ + c.c.
5 (1385)" Art + c.c.

KTpA+ c.c.

0
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(1.7 £0.6 ) x 103
(8.334+0.35) x 10~3

<18 x 10~4
<11 x 103
<16 x 103

(2.95+0.19) x 103

<23 x 10—4

(1.9640.21) x 10~3
(9.5 +1.1 )x10~4
(1.16+0.21) x 10~4
(1.9440.21) x 10—3
(5.9140.32) x 10—3
(3.1040.18) x 103

<19 x 10~4
< 35 x 10~4
<9 x 107>
<6 x 107>
<22 x 10~4

(1.4 £0.5 ) x 103
(2.7540.28) x 10~3
(9.5 +2.4 ) x10~4
(3.7 £0.6 ) x 103
(1.9040.35) x 10~3
(1.1840.15) x 10~3
(7.7 £0.7 ) x 10~4
(2.254+0.09) x 10~4
(6.8 +0.7 ) x 1074
(3.5 +0.4 )x 1074
(5.1 £0.6 ) x10~%4
(5.9 +1.4 ) x 107>
(21 +0.7 ) x 1073
(1.0240.27) x 10~3
(1.194+0.26) x 10~ 4

<88 x 10~ 4

(1.2440.11) x 10—3
(1.34+0.12) x 103
(2.2940.21) x 10~3
(2.1640.18) x 103
(3.214+0.25) x 10~4
(1.1540.13) x 10—3

<5 x 10~ 4
<5 x 10—4
<5 x 104

(1.2240.12) x 10~3

CL=90%

CL=90%

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

CL=90%

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

S=1.3

1456
1702
1661
1570

384
1617
1521
1413
1517
1447
1457
1634
1633
1651
1560
1610
1611
1512
1331
1333
1381
1326
1329
1525
1370
1426
1379
1187
1043

876
1320
1324

890

884
1376
1376
1321
1321
1292
1153
1153
1083
1083
1132

Created: 10/1/2016 20:05



Citation: C. Patrignani et al. (Particle Data Group), Chin. Phys. C, 40, 100001 (2016)

KT pA(1520)+ c.c. (2.9 £0.7 ) x 10~4 858
A(1520) A(1520) (3.1 £1.2 ) x 104 779
5030 (4.4 £0.4 ) x 10~4 1222
yty- (3.9 £0.7 ) x 10~4 S=1.7 1225
5 (1385)" X(1385)~ (1.6 £0.6 ) x 10~% 1001
> (1385) X(1385)™ (23 £0.6 ) x 10~4 1001
K=AZt+ cc. (1.9040.34) x 10~4 873
=0=0 (3.1 +£0.8 ) x 10~4 1089
==t (4.7 £0.7 ) x 10~4 1081
NemTm™ <7 x 1074  CL=90% 308
Radiative decays
~vJ/P(1S) (1.2740.06) % 303
v o0 <9 %1076  CL=90% 1619
Yw <8 x1070  CL=90% 1618
v <6 x1070  CL=90% 1555
vy (2.2340.13) x 10~ 4 1707
Xc1(1P) 16(PC) =0t t
Mass m = 3510.66 £+ 0.07 MeV (S = 1.5)
Full width ' = 0.84 + 0.04 MeV
Scale factor/ p

Xc1(1P) DECAY MODES

Fraction (I';/T)

Confidence level (MeV/c)

p~ KT K+ cc.
K*(892)° KO 70 —
Ktr= K079+ c.c.
Kt K= nnrd
ta~ K%K%
KtK™n
KOKT 7=+ cc.

HTTP://PDG.LBL.GOV

Hadronic decays

(58 +1.4)x10~3
(76 +£2.6 )x10~3
( 1.2240.16) %

( 1.4840.25) %

(3.9 £35)x1073
(55 +0.8 )x10~%
(45 +1.0 ) x 1073
( 1.14+0.28) x 10~3
( 1.1540.13) %

(75 408 )x10~3
(87 +1.4 )x 1073
(51 +1.2 )x 1073
(24 +07 )x 1073

( 1.14+0.35) x 10~3
(7.0 £3.0 ) x10~4
(32 +£1.0 ) x 10~4
(7.1 +0.6 )x 1073

Page 127

S=1.2

1683
1728
1729
1658
1657
1729
1632
1634
1598
1596
1632
1514

1523
1630
1566
1661
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K*(892)° KO + c.c.
K*(892)t K~ + c.c.
K*(1430)°K%+ c.c. —
K% KTn~+ cc.
K*(1430)T K~ + c.c. —
K% KTn~+ cc.
KTK—x0
nw+w_

a0(980)T 7"+ c.c. — natw

f2(1270)77

Tty

KT K~ 1n'(958)
K3(1430)T K~ + c.c.

f5(980)7'(958)

fo(1710) 1’ (958)

f1(1525)7'(958)
70£(980) — mOntn~
KT K*(892)° 7~ + c.c.
K*(892)0 K*(892)°
KTK™KYKY
KTK-KTK™
KTK™¢
KOKtn~ ¢+ cc.
KTK= %
dprtn— a0
Ww
wKTK~
wo
ol
PP
ppml
ppN
ppw
ppP®
ppr
pp KT K~ (non-resonant)
PPKEKY
pnm
ﬁnﬁ+
pnmt— T
ﬁmr+ 70
AA

0
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(1.0 £0.4 )x 103
(15 407 )x 1073
< 8 x 104

< 22 x 103

( 1.85+0.25) x 1073
(49 +05 )x 1073
(1.8 +£0.6 )x 1073
(27 £0.8 )x 1073
(23 405 )x10~3
(88 +0.9 )x 104

(6.4 T22)x1074

2.8
(1.6 732 )x10*
(7 T )x107>
(9 46 )x107°

< 6 x 1076

(32 +21)x1073
(15 +0.4 )x 103
< 4 x 10~4
(55 +1.1 ) x10~4
(42 +£1.6 )x10~4
(33 +05 ) x1073
( 1.6240.30) x 10~3
(75 +£1.0 ) x 10~4
(5.8 +0.7 ) x 104
(7.8 £0.9 ) x10~4
(21 +£06 )x107°
(42 +05 ) x 104
( 7.72+0.35) x 10~
( 1.59+0.19) x 10~4
( 1.48+0.25) x 10~4
( 2.16+0.31) x 10~4
< 18 x 1072
(50 £1.9 ) x 10~4
( 1.30+0.23) x 10~4
< 45 x 10~4
(39 +£05)x10~%
(40 +£05)x10~%
( 1.05+0.12) x 10~3
( 1.03+0.12) x 10~3
( 1.16+0.12) x 104

Page 128

CL=90%

CL=90%

CL=90%

CL=90%

CL=90%

CL=90%

1602
1602

1662
1701

1467
1612
1461

1460

1106
1225

1577
1512
1390
1393
1440
1387
1390
1578
1571
1513
1503
1429
1484
1438
1254
1117

962
1381

974

968
1435
1435
1383
1383
1355

Created: 10/1/2016 20:05



Citation: C. Patrignani et al. (Particle Data Group), Chin. Phys. C, 40, 100001 (2016)

At = (3.0 £05 ) x 1074 1223
AA7T 7~ (non-resonant) (25 +£0.6 )x10~4 1223
> (1385)T An~ + c.c. < 13 x10~% CL=90% 1157
5 (1385)" Art+ c.c. < 13 x 1074  CL=90% 1157

KtpA (42 +0.4 )x10~4 S=1.1 1203

KT pA(1520)+ c.c. (1.7 £05 ) x 10~ 950

A(1520) A(1520) < 10 x 1074 CL=90% 879

5030 < 4 x 1075  CL=90% 1288

yty- < 6 x 1075  CL=90% 1201

5 (1385)" X(1385)~ < 1.0 x10~% CL=90% 1081

5 (1385)~ X(1385)™ < 5 x107%  CL=90% 1081

K=A=T+ cc. ( 1.3840.25) x 10~4 963

=0=0 < 6 x 1075 CL=90% 1163

=—=t (82 £22)x1075 1155

ata” + KTK™ < 21 x 1073 —~

K K2 < 6 x 1075  CL=90% 1683

Nem ™ < 32 x 1073  CL=90% 413

Radiative decays

~vJ/(1S) (339 £1.2 )% 389

v p0 ( 2.2040.18) x 10~4 1670

yw (6.9 £0.8 ) x 1072 1668

v (25 +£05 ) x 107 1607
he(1P) 16(PC) =271+ )

Mass m = 3525.38 &= 0.11 MeV
Full width ' = 0.7 &£ 0.4 MeV

P
h.(1P) DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
J/¢(15)Wﬂ not seen 312
pp < 15 x 10~4 90% 1492
N (1S)~ (51 £6 )% 500
ata— a0 < 22 x 103 1749
2rt2r— 70 (22708 1716
3rt3r— 70 < 29 % 1661

Xc2(1P) 1G(UPCYy =0t (2t )

Mass m = 3556.20 + 0.09 MeV
Full width ' = 1.93 £ 0.11 MeV
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Xc2(1P) DECAY MODES

Fraction (I';/T)

p
Confidence level (MeV/c)

2(rt77)

at 7070
pTr 7%+ cc.

470

K+ K= 7070

Kt~ Ko7+ cc.
p” KT KO+ cc.
K*(892)°K— 7t —

K 7t KOx0 4+ cc.

K*(892)° K% 70 —

KTn KO7x0+ cc.

K*(892)~ Kt 70 —

KTn KO0+ cc.

K*(892)t KOr— —

KTn KOx0+ cc.

KT K= nxd

KtK - ntn~
KTK-ntn— 70

K% KEnTatn~

KT K*(892)° 7~ + c.c.
K*(892)0 K*(892)°
3(rt )

X

ww
wKTK=
T

P

HTTP://PDG.LBL.GOV
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Hadronic decays

( 1.07+£0.10) %
( 1.9140.25) %
(23 +£04 )%
( 1.16+0.16) x 10~3
(22 404 )x10~3
( 1.4440.21) %
(43 +£13)x103
(31 +0.8 )x10~3

(40 +£0.9 )x 1073
(3.9 £0.9 )x 1073
(3.1 408 )x103

(13 +05 ) x 1073
(89 +1.0 ) x 1073
( 1.1740.13) %

(73 408 )x10"3
(22 +11)x1073
(2.4 +05 )x 1073
(86 +1.8)x10~3
( 1.1240.10) x 10~3
(88 +1.1 )x10~4
(73 +£0.9 )x 104
( 2.33+0.12) x 1073
(38 +1.6 )x10~3
(5.0 £1.3 ) x10~4
(52 +1.9 )x10~4
(5.7 £0.5 ) x 1074
( 1.0540.07) x 10~3
(55 +04 )x10~%
( 1.34+0.19) x 10~3
(32 +0.8 ) x 104

< 3.4 x 10~4
( 1.9440.34) x 10~ 4
< 6 x 1070
< 1.0 x 10~4
(23 +0.6 )x 1073
< 4 x 10~4

( 1.73+0.21) x 10~3

90%

90%
90%

90%

1751
1752
1682
1752
1658
1657
1540

1549
1656
1623
1621
1602
1538
1707
1457
1597
1540
1773
1682
1724
1636
1692
1708
1707
1685
1686
1592
1488
1600
1498
1655
1418
1421
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KTK™¢
KOKtn~ ¢+ cc.
KtK—n%¢
dprtn— a0
PP
ppml
ppN
ppw
ppP®
pprta~
ppml 7O
pp KT K~ (non-resonant)
PPKIKS
pnm
ﬁnﬁ+
pnmt— T
ﬁmr+ 70
AA
AMat =
AA7T 7~ (non-resonant)
> (1385)T An~ + c.c.
5 (1385)" Art+ c.c.
KTPpA + c.c.
KT pA(1520) + c.c.
A(1520) A(1520)
5050
ty-
5 (1385)" X (1385)
5 (1385)~ X (1385)"
K=A=Z"+ cc.

0

( 1.4840.31) x 10~3
(48 +£0.7 ) x 1073
(27 £0.5 ) x 1073
(93 +1.2 ) x10~4
(75 +£0.4 )x 1072
(49 +£0.4 )x10~4
( 1.82+0.26) x 10~4
(38 +£05)x10~%
(29 +£0.9 )x 107>
( 1.3240.34) x 10~3
(82 +25 )x 104
( 2.00+0.34) x 10~4
< 79 x 10~4
(89 +1.0 ) x 10~ 4
(93 +£0.9 )x 104
( 2.27+0.19) x 10~3
( 2.21+0.20) x 1073
( 1.92+40.16) x 10~4
( 1.3140.17) x 10~3
(6.9 +1.6 ) x 104
< 4 x 10~4
< 6 x 10~4
(81 +0.6 )x 104
(29 +0.7 ) x 104
(48 +1.5 ) x10~4

< 6 x 1072
< 7 x 1075
< 16 x 10~4
< 8 x 105
( 1.84+0.34) x 10~4
< 11 x 10~4
( 1.48+0.33) x 10~4
< 15 %
< 3.2 x 103
< 5.4 x 1073

Radiative decays
(19.2 £0.7 ) %

< 20 x 1072
< 6 x 10~
< 8 x 10~

( 2.74+0.14) x 10~4

90%

90%
90%

90%
90%
90%
90%

90%

90%
90%
90%

90%
90%
90%

1468
1416
1419
1603
1510
1465
1285
1152
1002
1410
1414
1013
1007
1463
1463
1411
1411
1385
1255
1255
1192
1192
1236

992

923
1319
1322
1118
1118
1004
1197
1189

185

512

459

430
1694
1692
1632
1778
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n¢(2S) 16(UPC) =0t~ )

Quantum numbers are quark model predictions.

Mass m = 3639.2 + 1.2 MeV
Full width T = 11.373:2 MeV

nc(2S) DECAY MODES Fraction (I';/T) Confidence level (MSV/C)
hadrons not seen -
KKm (1.9+1.2) % 1730
KKn (5 +4 )yx1073 1638
2t 27~ not seen 1793
po po not seen 1646
3T 3~ not seen 1750
KtK - ntn~ not seen 1701
K*0 K*0 not seen 1586
KTK-ntn— 70 ( 1.4+1.0) % 1668
KtK=2nT2n~ not seen 1628
K% K= 2rtm~ + c.c. seen 1667
2KT 2K~ not seen 1471
1030 not seen 1507
pp < 20 x 1073 90% 1559
vy (1.9+13)x 1074 1820
nta~ n not seen 1767
nta~ 77/ not seen 1681
7t n(1S) <25 % 90% 539
¥(25) 16UFPC =017 7)
Mass m = 3686.097 & 0.025 MeV (S = 2.6)
Full width ' = 296 + 8 keV
ee = 2.34 £ 0.04 keV
Scale factor/ p
v¥(2S) DECAY MODES Fraction (I;/T) Confidence level (MeV/c)
hadrons (97.85 +£0.13 ) % -
virtualy — hadrons (173 £0.14 )% S=1.5 -
ggg (106 +1.6 )% -
Y88 (1.03 £0.29 )% -
light hadrons (15.4 £15 )% -
ete™ (7.89 +£0.17 ) x 10~3 1843
wtp~ (79 £09 )x10~3 1840
Tt (31 +04 )x1073 489

HTTP://PDG.LBL.GOV Page 132 Created: 10/1/2016 20:05



Citation: C. Patrignani et al. (Particle Data Group), Chin. Phys. C, 40, 100001 (2016)

Decays into J/4(1S) and anything

I/
I/

(1S)anything

(1
J/y(1

(1

(1

(1

eutrals

S

S

S)nt
J/9(18)mOn O
S)n
S)x0

)
)n
)
)
)
)

(61.0

(25.14
(34.49
(18.16
( 3.36

£06 )%
+0.33 ) %
+0.30 ) %
+0.31 ) %
+0.05 ) %

( 1.268-+0.032) x 103

Hadronic decays

ApKT
ApKTntr
ANt

AA

At~ + cc
AYX "1t + cc
SO5K*T+ cc.
Z+Z_

>050
}:(1385)+ 5 (1385)~

=(1530)°=(1530)°
K=A=ZT+ cc.
=(1690)" =+ — K= AZT+

c.c. o o
=(1820)— =t - K AZH+

K~ >:0 =ticc

- 0F
0 .—

HTTP://PDG.LBL.GOV

(86
(35
(2.9
(26
( 2.88
(1.28
< 29
(25
( 1.00
(18
(28
( 3.57
( 1.40
( 1.54
( 1.67
( 2.51
( 2.32
(1.1
( 2.64
( 2.07

(5.2

( 3.9
(5.2

(120

(3.7
(47
(153

( 6.4
(7.3

(6.4
(25
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+13 )x10~4
+16 )x1073
+1.0 )x 1073
+0.9 )x10~4
+0.09 ) x 10~4
4+0.35 ) x 10~4

x 100
+0.4 )x107°
4+0.14 ) x 10~4
+0.4 )x10~4
+0.6 )x10~4
4+0.18 ) x 10~4
40.13 ) x 10~4
+0.14 ) x 10~4
4+0.18 ) x 107°
+0.21 ) x 1074
40.16 ) x 10~4
+0.4 )x10~4
40.18 ) x 10~4
4+0.23 ) x 10~4

£33 )x07®

+0.4 )x107°
+16 )x107°

+0.32 ) x 107°

+0.4 )x107°
+1.0 )x107°
4+0.07 ) x 10~4

+1.8
—-1.3

+1.7
—-15

+2.3
—1.8

+1.0 )x107°

)><10_5
)><10_5

)><10_6

CL=90%

477
481
199
528

85
1746
1799
1500
1586
1371
1412
1197
1327
1167
1346
1467
1376
1379
1291
1408
1405
1218
1284
1201

1025
1114

1060
774
1543
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N(1650)p+ c.c. — 79pp
N(1720)p+ c.c. — 7°0pp
N(2300)5+ c.c. — 70pp

N(2570)p+ c.c. — 7°0pp
70£(2100) — 70pp

npp
nf(2100) — npp
N(1535)p — npp
wpp
opp
Tt pp
pnm— or c.c.
pnmT— 70
2(rt 7 x9)
nrt e
777r+7r_ 70
20T )n
nrt 70
wrta™
bljE ot
b(l) 70
w > (1270)
TrTKTK™
POKT K™
K*(892)° K (1430)°
KTK-ntn™n
KtK=2(rtn )0
KTK=2(nt ™)
K1 (1270)F KT
KSKQnt
P’ pp

Kt K*(892)° 7~ + c.c.

2(rT 7))
p07r+7r
KtK—ntn 70

wfy(1710) - wKT K™
K*(892)0K— 7r+7r0 + cc
TrT 4+ cc

K*(892)* K
K*(892)t K= p% + c.c.
K*(892)0K p + cc.

nKTK~, nono
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(3.8
( 1.79
(2.6

(213

(11
(6.0
(1.2
(4.4
(6.9
< 24
(6.0
( 2.48
(3.2
(48
< 16
(95
(1.2
(45
(73
( 4.0
(2.4
(2.2
(75
(2.2
(1.9
(13
( 1.00
(1.9
( 1.00
(2.2
(5.0
(6.7
(2.4
(2.2
( 1.26
(5.9
(86
(9.6
(73
(6.1
(31

Page 134

+1.4
—-1.7
+0.26
—0.70
+1.2
—-0.7
+0.40
—0.31
+0.4
+0.4
+0.4
+0.7
+2.1

+0.4
+0.17
+0.7
+1.5

+1.7
+0.6
+2.1
+1.2
+0.6
+0.6
+0.4
+0.9
+0.4
+0.5
+0.7
+0.31
+0.9
+0.28
+0.4
+2.2
+25
+0.6
+0.6
+0.09
+2.2
+2.2
+2.8
+2.6
+1.8
+0.4

) X 1072
) x 1072
) X 1072

) x 1072

) X 1072
) x 1070
) x 1072
) x 1072
) x 1070

x 1070
) X 104
) X 104
) X 104
) X 103

x 104
) x 10~4
) X 103
) x 10~4
) x 10~4
) x 10~4
) x 10~4
) X 104
) x 10~4
) X 104
) X 104
) X 103
) X 103
) X 103
) X 103
) X 104
) x 1072
) X 104
) x 10~4
) x 10~4
) X 103
) X 1072
) x 10~4
) X 10~4
) X 104
) X 104
) x 1072

CL=90%

CL=90%

S=2.1
S=1.1

S=1.9

S$=2.2
S=1.4
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wKTK™

wK*(892)T K~ + c.c.
wK3(1430)F K~ + c.c.
wK*(892)° KO

w K5(1430)° KO

wX(1440) —» wKIK- 7T+

C.C.
wX(1440) - wKT K~ 70
wf(1285) — wKIK—at+
)

c.c.
wf(1285) - wKT K~ 70
3(rt )
pﬁ7r+7r_7r
KT K~
K2KY
ata~mw
p(2150)7 — w7~ 70
p(770)7 — 7t 7~ 70
R
K1(1400)* KT
K3(1430)* KT
KT K™ 0
KT K*(892)™ + c.c.
K*(892)° KO+ c.c.
ot~
$1(980) — mT 7~
2(KTK™)
PKT K™
2(KTK—)xO
¢
o1
wn

(.Uﬂ'o

pn

P

w

¢7°

Ne I s
BﬁK+ K™
/\nK%—l— c.c.
¢f’2(1525)

0

0

0
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( 1.62
( 2.07
( 6.1
(168
(5.8
(16

( 1.09
( 3.0

(1.2
(35
(7.3
(7.5
( 5.34
( 2.01

(1.9

(3.2
(7.8
< 3.1

(7.1

( 4.07
(2.9
( 1.09
(117
(6.8
( 6.0
(7.0
( 1.10
( 3.10
(3.1

(3.2
(21
(1.9
(2.2
< 11
< 4
< 1.0
( 2.7
(81
(4.4
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4+0.11 ) x 10~4
+0.26 ) x 10~4
+12 )x107°
+0.30 ) x 10~4
+22 )x107°
+0.4 )x107°

+0.26 ) x 1072
+1.0 )x 1070

) X 1076
) X 104
+0.7 )x10~4
+05 )x107°
+0.33 ) x 107°
40.17 ) x 10~4

Toa )x0t

+1.2
+2.6

+0.7
+2.0

) x 1070
) X 1076
x 10~4

+1.3
—-0.9

4+0.31 ) x 1072
+0.4 )x107°
4+0.20 ) x 10~4
4+0.29 ) x 10~4
+25 )x107°
+14 )x107°
+16 )x107°
+0.28 ) x 10~4
+0.31 ) x 1072
+16 )x107°

+2.5
—-21

+0.6

+1.7
—-1.2

+0.6

) X 1072

) x 1072
) X 1072
) x 1072
)><10_5

x 107

x 107

x 1073
) x 1070
) X 1072
) x 1070

+0.7
+1.8

+1.6

S=1.1

S=1.7

S=1.8

CL=90%

S=1.7
S=1.2

S=1.1
CL=90%
CL=90%
CL=90%

1614
1482
1253
1481
1251

1774
1435
1776
1775

1830

1838
1532

1754
1698
1697
1690

1499
1546
1440
1654
1555

1623
1757
1625

1717
1715
1699

513
1118
1324

1321
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@(1540)@(1540)
K9 sPK TN+ cc

@(1540)K n— KpK™n

1540)K%p — KIpK™n
S

1540 K+n—> KSpK™n

(

(1540) K% p — KOpK i

)
g}
[c]

Ke KY

YXco(1P)
YXc1(1P)
YXc2(1P)
Y1 (1S)
777%(25)
")/7'('
1'(958)
~ £5(1270)

v f(1370) — YKK
~f5(1500)
v }(1525)
vfp(1710) — ~7w
vh(1710) — 7KK
~vf(2100) — ~7w
71(2200) — YKK
vf;(2220) — @
vF(2220) — YKK
7Y

yn

ynataT
yn(1405) — yKKm
vn(1405) — nat
yn(1475) — KKn
yn(1475) — nat T

y2(rt 7T

YKOKT 17+ cc.

’}/K*OW*O

YKEK 7+ cc.

YKTK-nTr

PP

71(1950) — ~vpp
71(2150) — ~vpp

v X(1835) — ~vpp

HTTP://PDG.LBL.GOV

<

AN N AN NN

<
<
<

<

<
<

8.8

1.0
7.0
2.6
6.0
4.6

( 9.99
( 9.55
( 9.1
(3.4
(7

(16
(1.23

( 2.73

(31
(92
(33
(35
(66
(48
(3.2
5.8
9.5
1.5
(14
(87
9
(36
1.4
8.8
(4.0
(37
(24
(26
(1.9
(3.9
(1.20
(7.2

( 4.6

Page 136

% 10~0 CL=90%

x 1072 CL=90%
x 1076 CL=90%
x 107° CL=90%
x 100 CL=90%
x 106

Radiative decays

+£0.27 ) %
+0.31 ) %
+0.31 ) %
+05 )x 1073
+5 )x10~4
+0.4 )x 1070
+0.06 ) x 10~4

035 ) x107¢

+1.7 )x107°
+1.9 )x107°
+0.8 )x107°
+0.6 )x107°
4+0.7 )x107°
+1.0 )x 1070
+1.0 )x 1070
x 1070 CL=90%
x 1070 CL=00%
x 10~4 CL=90%
+05 )x 1070
+21 )x10~4
x 1072 CL=90%
+25 )x107°
x 104 CL=90%
x 1072 CL=90%
+0.6 )x10~4
+09 )x10~4
+0.7 )x10~4
+05 )x 1074
+05 )x10~4
+05 )x107°
+0.22 ) x 107°
+1.8 )x 1070

T40 ) x107°

S=1.3

S=1.8

261
171
128
636
47
1841
1719

1622

1588
1536
1528

1244
1193
1168
1168
1843
1802
1791
1569

1817
1674
1613
1753
1726
1586
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yX — ypp [xxaa] < 2 x 1070 CL=90% -
yrt T pp (28 +14 )x107° 1491
VAt )KT K™ < 22 x 1074 CL=90% 1654
y3(nt ) < 17 x 1074 CL=90% 1774
YKTKTKTK™ < 4 x 1075 CL=90% 1499
vy /e (31 719 )x107* 542
Other decays
invisible < 16 % CL=90% -
¥(3770) 16JPCYy =0—1— )
Mass m = 3773.13 + 0.35 MeV (S = 1.1)
Full width ' = 27.2 + 1.0 MeV
[ee = 0.262 + 0.018 keV (S = 1.4)
In addition to the dominant decay mode to DD, v(3770) was found
to decay into the final states containing the J/¢ (BAI 05, ADAM 06).
ADAMS 06 and HUANG 06A searched for various decay modes with light
hadrons and found a statistically significant signal for the decay to ¢n only
(ADAMS 06).

Scale factor/ p
¥(3770) DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
DD 9 T8 )% S=2.0 286

DY DO (2 T3 )% 5=2.0 286

Dt D~ (41 +4 )% $=2.0 253
J/prta~ ( 1.9340.28) x 10~3 560
J/m0x0 (8.0 £3.0 ) x 10~4 564
J/Yn (9 +4 )x10~% 360
J /O < 28 x 1074 CL=90% 603
et e (9.6 £0.7 ) x 107© S=1.3 1887

Decays to light hadrons

b1(1235) 7 < 14 x 107>  CL=90% 1683
on' < 7 x10~4  CL=00% 1607
wn' < 4 x10~%  CL=90% 1672
O < 6 x 1074  CL=90% 1674
on (31 +0.7 )x10~4 1703
wn < 1.4 x 1072  CL=90% 1762
On < 5 x 104 CL=90% 1764
0 < 3 %1075  CL=90% 1746
w0 < 6 x10~% CL=90% 1803
ata— a0 < 5 x1070  CL=90% 1874
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pT
K*(892)t K~ + c.c.
K*(892)° KO + c.c.

KSKQ

2(rt77)

2(rt )70

2(rt 7 n9)
wrta™

3(rt )

3(rt7)n0

3(rt7r)2n0

nﬂ+ﬁ_

ata 270

,007r+7r_

n3m

n2(rt )
nplatr

n' 3w

KTK-nta™
ot

KT K~ 2xr0

d(rt7T)

4(nt )0

¢ 15 (980)

KtK-atnx0
Kt K= p2x0
KtK=ptn—
wKTK=
gb7r+7r_7r0

KOK— 7t 7%+ cc.

KtK—ntn + cc.

KtK=nta 270
KTK=2(nt ™)
KtK=2(rtn )0
nKT K~
nKTK-ntn~
POKT K-
2(KTK™)

PKT K™
2(KTK™)n®
2AAKTK )t o™
KSK—nt
K%K_TF+7TO
KIK=pT
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1.4
1.2
1.2
1.12
1.06
5.85
6.0
9.1
1.37

11.74
1.24
8.9
6.9
1.34
2.43
1.45
2.44
9.0
4.1
4.2
1.67
3.06
4.5
2.36

1.46
3.4
3.8
1.62
3.23
2.67
1.03
3.60
4.1
1.24
5.0
6.0
7.5
2.9
3.2
3.2
1.33
6.6
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x 100
x 105
x 103
x 1072
x 103
x 103
%
x 10~4
x 103
%
%
x 103
x 103
x 103
x 1073
%
%
x 103
x 10~4
x 10~4
x 103
%
%
x 10~4
x 103
x 10~4
%
x 10~4
x 103
%
%
%
%
%
x 10~4
%
x 103
x 10~4
x 10~4
x 10~4
x 103
x 103
%
x 103

Created

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=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%

1804
1745
1744
1820
1861
1843
1821
1794
1819
1792
1760
1836
1862
1796
1824
1804
1708
1740
1772
1737
1774
1757
1720
1597
1741
1624
1622
1664
1722
1693
1692
1705
1702
1660
1712
1624
1665
1552
1598
1493
1425
1799
1773
1664
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KSK—2rtm™ < 87 x 1073
K% K= nt p0 < 16 %
KSK—ntny < 13 %
K%K_27r+7r_7r0 < 4.18 %
KiK=2ntn™n < 48 %
KK mt2(rtn) < 1.22 %
K K= nT 270 < 265 %
KK- KT K-t < 49 x 103
KK KTK™nt 70 < 30 %
KK KTK nTy < 22 %
KOK— 7t + cc. < 97 x 1073
ppro < 4 x 1075
pprT T < 58 x 104
AA < 1.2 x 10~4
pprt a0 < 1.85 x 1073
wpp < 29 x 10~4
AATO < 7 x 1075
pp2(nt 7)) < 26 x 10~3
npp < 5.4 x 10~4
nppr T < 33 x 1073
O pp < 17 x 10~3
pPKT K~ < 32 x 104
nppK+T K™ < 6.9 x 10~3
O ppKT K~ < 12 x 1073
opp < 13 x 104
AT T~ < 25 x 104
APpK™T < 2.8 x 10~4
APKTntn— < 63 x 10~4
AAn < 19 x 104
>Sty- < 1.0 x 10~4
5030 < 4 x 105
E(;L§0_ < 15 x 104
== < 14 x 1074
Radiative decays
VX2 < 6.4 x 10~4
Y Xel ( 2.4840.23) x 10~3
¥Xeo (7.0 £0.6 )x 103
YN < 7 x 104
v1(25) < 9 x 10~4
v < 18 x 104
N < 15 x 10~4
A0 < 2 x 104

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=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%

1739
1621
1669
1703
1570
1658
1742
1490
1427
1214
1722
1595
1544
1521
1490
1309
1468
1425
1430
1284
1313
1185

736
1093
1178
1404
1387
1234
1262
1464
1462
1346
1353

211
253
341
707
132
1765
1847
1884
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1(3823)

G PCy _ 27y — —
was X(3823), Uy =2 )

J, P need confirmation.

Mass m = 3822.2 £+ 1.2 MeV
Full width ' < 16 MeV, CL = 90%

v(3823) DECAY MODES Fraction (I;/T) p (MeV/c)

Xcl1?Y seen 299

Xc27Y not seen 257
X(3872) 16(JPCy =0t + 1)

Mass m = 3871.69 & 0.17 MeV
mx(3872) — mJ/,(p =775+ 4 MeV

Mx(3872) — My (25)
Full width ' < 1.2 MeV, CL = 90%

X(3872) DECAY MODES Fraction (I;/T) p (MeV/c)
a7t r™ J/¢(1S) > 26% 650
wJ/P(1S) > 1.9% T
DO DO 70 >32 % 117
D*0 po >24 % 3
~vJ /P >6 x1073 697
v (25) > 3.0% 181
7T 1 n(1S) not seen 746
pp not seen 1693
X(3900) 1I6UPC =1t t )

Mass m = 3886.6 + 2.4 MeV (S = 1.6)
Full width ' = 28.1 £ 2.6 MeV

X(3900) DECAY MODES Fraction (I';/T) p (MeV/c)
J/¢ﬁ seen 699
hc ¥t not seen 318
Ne atn— not seen 759
(DE*)i seen -

DO D*— + c.c. seen 150

D— D*0 + c.c. seen 141
wﬁi not seen 1862
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J/n not seen 509

Dt D*— + c.c seen -

DOE*O + c.c seen -
X(3915)

|G JPC —0T(Qor2t+t+
was x0(3915) ( ) (0or )

Mass m = 3918.4 & 1.9 MeV
Full width ' =20 £5 MeV (S =1.1)

X(3915) DECAY MODES Fraction (I;/T) p (MeV/c)
w.//@b seen 222
’/T+7T_77C(15) not seen 785
Nen not seen 665
Ne™ not seen 815
KK not seen 1896
vy seen 1959
x2(2P) 1e(UPC) =0t @t )

Mass m = 3927.2 &+ 2.6 MeV
Full width ' = 24 + 6 MeV

Xc2(2P) DECAY MODES Fraction (I';/T) p (MeV/c)
7Y seen 1964
DD seen 615
D+_D_ seen 600
DO DO seen 615
W‘ZT_ nc(1S) not seen 793
KK not seen 1901
X (4020) 1JP) = 1029

Mass m = 4024.1 & 1.9 MeV
Full width ' =13 £ 5 MeV (S =1.7)

X (4020) DECAY MODES Fraction (I';/T) p (MeV/c)
hc(].P)’/T seen 450
D* D* seen 85
DD*+ c.c. not seen 542
Ne atn~ not seen 872
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1(4040) [vyaal /G(JPC) —0—(1— )

Mass m = 4039 + 1 MeV
Full width ' = 80 & 10 MeV
[ee = 0.86 + 0.07 keV

Due to the complexity of the cT threshold region, in this listing, “seen”
(“not seen”) means that a cross section for the mode in question has been
measured at effective /s near this particle’s central mass value, more
(less) than 20 above zero, without regard to any peaking behavior in /s
or absence thereof. See mode listing(s) for details and references.

1(4040) DECAY MODES Fraction (I';/T) Confidence level (M:V/c)
ete™ (1.0740.16) x 1075 2019
DD seen 775
DOEO seen 775
Dt D~ seen 764
D*D+ c.c. seen 569
D*(2007)0 DY+ c.c. seen 575
D*(2010)+ D™+ c.c. seen 561
D* D* seen 193
D*(2007)0 5*(2007)0 seen 226
D*(2010)+ D*(2010)_ seen 193
DD~ xt +c.c. (excl. not seen -
D*(2007)°D° +c.c.,
D*(2010)" D~ +c.c.)
DE*’R‘(GXCL D* 5*) not seen -
DOD*~ 7t 4c.c. (excl. seen -
D*(2010)™ D*(2010)™)
Dj DS_ seen 452
J/prt o~ <4 x 1073 90% 794
J /070 <2 x 1073 90% 797
J/dn (5.2 £0.7 ) x 1073 675
J/aprO <28 x 10—4 90% 823
Jjpat o xO <2 x 103 90% 746
X1 < 3.4 x 1073 90% 494
Xc27Y <5 x 1073 90% 454
Xcl at o= 70 <11 % 90% 306
Xeom T w <32 % 90% 233
he(1P)rt 7™ <3 x 1073 90% 403
prta~ <3 x 1073 90% 1880
AMat o= < 2.9 x 1074 90% 1578
AArO <9 x 1075 90% 1636
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AAn < 3.0 x 10~4 90% 1452
sty- <13 x 1074 90% 1632
5030 <7 x 1075 90% 1630
=t=- <16 x 1074 90% 1527
z0=0 <18 x 10~4 90% 1533
X (4140) 16(JPCy = 0T (2" 1)
Mass m = 4146.9 + 3.1 MeV (S = 1.3)
Full width T = 1518 MeV
X(4140) DECAY MODES Fraction (I';/T) p (MeV/c)
J/¢¢ seen 217
Yy not seen 2073
¥(4160) bv=2] 1GUPGY =0 (17 )
Mass m = 4191 £ 5 MeV
Full width ' = 70 4+ 10 MeV
Moo = 0.48 £ 0.22 keV
Due to the complexity of the cT threshold region, in this listing, “seen”
(“not seen”) means that a cross section for the mode in question has been
measured at effective /s near this particle’'s central mass value, more
(less) than 20 above zero, without regard to any peaking behavior in /s
or absence thereof. See mode listing(s) for details and references.
p
1(4160) DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
ete™ (6.9 £3.3) x 1076 2096
,u+ w seen 2093
DD seen 956
DO DO seen 956
DT D~ seen 947
D*D+ c.c. seen 798
D*(2007)0 DO+ c.c. seen 802
D*(2010)+ D™+ c.c. seen 792
D* D* seen 592
D*(2007)° D*(2007)° seen 604
D*(2010)+ D*(2010)_ seen 592
DD~ nt —+cC.c. (excl. not seen -
D*(2007)°D° +c.c.,
D*(2010)" D~ +c.c.)
D D*m+-c.c. (ech. D*E*) seen -
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DO D*~nt —+c.c. (ech. not seen -
D*(2010)™ D*(2010)™)

D? Ds_ not seen 720
D:+ DS_ +c.c. seen 385
J/prt ™ <3 x 103 90% 919
J/pm0x0 <3 x 10~3 90% 922
J/YKT K™ <2 x 1073 90% 407
J/vn <8 x 103 90% 822
J/apO <1 x 1073 90% 944
J/n <5 x 1073 90% 457
Jjprnt a0 <1 x 1073 90% 879
V(2S)rt <4 x 1073 90% 396
X1 <5 x 1073 90% 625
X2 <13 % 90% 587
Xcl at a0 <2 x 1073 90% 496
Xeom T m <8 x 1073 90% 445
he(1P)mtn <5 x 1073 90% 556
ho(1P) 7070 <2 x 1073 90% 560
ho(1P)n <2 x 1073 90% 348
he(1P) 70 <4 x 104 90% 600
ot <2 x 1073 90% 1961
v X(3872) — ~J/yprt < 6.8 x 1072 90% -
v X(3915) — ~yJ/ypmt T < 1.36 x 1074 90% -
vX(3930) — ~yJ/Yrta— < 118 x 10~4 90% -
v X(3940) — ~J/yprt T < 1.47 x 10~4 90% -
vX(3872) — ~~vJ/¢ < 1.05 x 104 90% -
vX(3915) — ~yJ/9 < 1.26 x 104 90% -
vX(3930) — ~vJ/¢ <88 x 1072 90% -
vX(3940) — ~~J/¢ < 1.79 x 104 90% -

X (4260) 16(JPCY =271 )

Mass m = 4251 +£ 9 MeV (S = 1.6)
Full width I = 120 + 12 MeV (S = 1.1)

X(4260) DECAY MODES Fraction (I';/T) p (MeV/c)
J/¢7T+7T_ seen 967

J/v£(980), £(980) — 7T 7~ seen -

X(3900)F7F, X+ — J/prt  seen -
J/¢7T0W0 seen 969
J/¢K+K_ seen 512
J/w K% K% not seen 501
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X(3872)~ seen 363
J/n not seen 876
J/¢7T0 not seen 991
J/w 7}' not seen 552
J/¢7T+W_WO not seen 930
J/¢nﬁ0 not seen 801
J/nm not seen 311
V(2S) T not seen 459
@D(25)7] not seen 129
Xcow not seen 265
Xc1?Y not seen 676
Xc27Y not seen 638
Xcl at a0 not seen 560
Xc2 at a0 not seen 512
hc(lp)ﬂ+7r_ not seen 613
¢7T+7T_ not seen 1993

¢/’b(980) — ¢7T+ T not seen -
DD not seen 1020

DY DO not seen 1020

Dt D~ not seen 1011
D* D +c.c. not seen 887

D*(2007)0 DO +c.c. not seen -

D*(2010)+ D™ +c.c. not seen -
D* D* not seen 691

D*(2007)0 5*(2007)0 not seen 701

D*(2010)+ D*(2010)_ not seen 691

DD~ 7t +c.c. (excl. not seen -

D*(2007)° D*0 4-c.c.,
D*(2010)" D~ +c.c.)

DE*W—FC.C. (excl. D*E*) not seen 723
DO D*—rnt +-c.c. (excl. not seen -
D*(2010)™ D*(2010)7)

DO D*(2010)_7T+ +c.c. not seen 716
D* D* ™ not seen 449
D? Ds_ not seen 803
D:+ DS_ +c.c. not seen 615
D:+ D:_ not seen 239

3] not seen 1907
K% Ki nt not seen 2048
KT K- ’R‘O not seen 2049
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X (4360) 16(UPCY =271 )

X(4360) MASS = 4346 + 6 MeV
X(4360) WIDTH = 102 + 10 MeV

X (4360) DECAY MODES Fraction (I';/T) p (MeV/c)

Y(2S) T seen 552

¢(3823) ata~ possibly seen 416
¥(4415) braal 16UPCYy =01~ )

Mass m = 4421 + 4 MeV
Full width ' = 62 + 20 MeV
[ee = 0.58 + 0.07 keV

Due to the complexity of the c€ threshold region, in this listing, “seen”
(“not seen”) means that a cross section for the mode in question has been
measured at effective \/s near this particle’'s central mass value, more
(less) than 20 above zero, without regard to any peaking behavior in /s
or absence thereof. See mode listing(s) for details and references.

v(4415) DECAY MODES Fraction (I;/T) Confidence level (M:V/c)
DD seen 1187
DO 50 seen 1187
Dt D~ seen 1179
D*E—i— c.c. seen 1063
D*(2007)0 DY+ c.c. seen 1067
D*(2010)+ D™+ c.c. seen 1059
D* D* seen 919
D*(2007)0 5*(2007)0 + c.c. seen 927
D*(2010)+ D*(2010)_ + c.c. seen 919
DO D~ 7t (excl. D*(2007)° D° < 23 % 90% -
+c.c., D*(2010)" D~ +c.c.
DD35(2460) — DD~ 7t +c.c. (10 +£4 )% -
DO D*~ 7t 4c.c. <11 % 90% 926
D? DS_ not seen 1006
WXe2 possibly seen 330
D:+ Ds_ +c.c. seen -
D:+ D:_ not seen 652
¥(3823) 7t possibly seen 494
J/dn < 6 x 1073 90% 1022
Xc1?Y < 8 x 10~4 90% 817
Xe27Y < 4 x 1073 90% 780
et e (9.4+3.2) x 106 2210
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X (4430)* 1(JF) = 2(11)

Quantum numbers not established.

Mass m = 4478‘_%2 MeV
Full width ' = 181 + 31 MeV

X(4430):|: DECAY MODES Fraction (I';/T) p (MeV/c)

’/T+7,[J(25) seen 711

T J/@D seen 1162
X (4660) 16(JPCy =271~ )

X(4660) MASS = 4643 + 9 MeV (S = 1.2)
X(4660) WIDTH = 72 & 11 MeV

X(4660) DECAY MODES Fraction (I';/T) p (MeV/c)
Y(2S)n T seen 820
n6(15) 16(FC) =0t~

Mass m = 9399.0 & 2.3 MeV (S = 1.6)
Full width I = 1077 MeV

p
np(1S) DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
hadrons seen -
3hT3h~ not seen 4673
2ht2h~ not seen 4689
Yy not seen 4700
pt <9x 1073 90% 4698
T <8% 90% 4351
T(1S) 16JPCY =0—1— )

Mass m = 9460.30 + 0.26 MeV (S = 3.3)
Full width T = 54.02 & 1.25 keV/
[ee = 1.340 & 0.018 keV
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T(1S) DECAY MODES

Fraction (I';/T)

p
Confidence level (MeV/c)

7t
ete™
ptp—

888

788

7'(958) anything

J/¥(1S) anything
J/9(1S)n.
J/4(15) xeo
J/¢(1S)Xc1

J/¢(1S)Xc2

J/9(18)nc(2S)

J/1(15) X (3940)
J/1(15) X(4160)

Xco anything

Xc1 anything

Xc2 anything

¥(2S) anything

atr— 0

OKT K~

wrtn~

K*(892)° K~ nt + c.c.
¢f§(1525)

w f>(1270)

p(770) a»(1320)

K*(892)0 K3(1430)° + c.c.

K1 (1270)F KT
K1(1400)* KT

HTTP://PDG.LBL.GOV

(2.60 £0.10 ) %
(238 +£0.11 )%
(248 +£0.05 )%

Hadronic decays
(81.7 +07 )%

(22 06 )%
(294 £024 )%
(65 07 )x
< 2.2 X
< 3.4 X
(39 +12 )x
< 1.4 X
< 2.2 X
< 54 X
< 54 X
< b X
(23 07 )x
(34 +10 )x
(27 +09 )x
< 3.6 X
< 6.5 X
< 45 X
< 21 X
< 3.2 X
< 29 X
< 29 X
< 3.68 X
< 3.90 X
< b X
< b X
< b X
(21 408 )x
(24 £05 )x
(45 +1.0 )x
(44 +08 )x
< 1.63 X
< 1.79 X
< 224 X
(30 +08 )x
< 241 X
(1.0 04 )x
Page 148

104
100 90%
100 90%
10— 6
10— 6 90%
100 90%
100 90%
10— 6 90%
103 90%
104
104
104
10— 6 90%
10— 6 90%
100 90%
100 90%
10— 6 90%
10— 6 90%
100 90%
10— 6 90%
100 90%
104 90%
104 90%
104 90%
10—6
10— 6
10— 6
10— 6
10— 6 90%
100 90%
10— 6 90%
10— 6
100 90%
10— 6

4384
4730
4729

3345
3124
3070
3043
2993
2797
2642
4697
4697
4728
4704
4636
4725
4622
4694
4667
4549
4611
4605
4579
4631
4613
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by (1235)* 7T < 125 x 106
ata= 7070 (1.28 £0.30 ) x 1075
K K n~+ cc (1.6 £04 )x10°
K*(892)°K? + c.c. (29 409 )x1076
K*(892)~ Kt + c.c. < 111 x 106
D_”‘(2010)i anything (252 £0.20 ) %
2H anything (285 £0.25 ) x 1072
Sum of 100 exclusive modes ( 1.200£0.017) %
Radiative decays
yrta~ (63 +£18 )x107°
7070 (17 +07 )x1075
ya9n < 24 x 10~6
YKTK™ [zzaa] ( 1.14 £0.13 ) x 1079
PP [aabb] < 6 x 1070
y2hT2h~ (70 +£15 )x10~4
v3ht3h~ (54 +£20 )x1074
y4hT 4h™ (74 +35 )x10~%
yrt T KT K™ (29 409 )x1074
yort2n~ (25 +09 )x10~4
v3rt3n~ (25 +12 )x10~4
y2rt2r— KT K= (24 +£12 )x1074
YTt T pp (15 406 )x10~4
y2rt2r T pp (4 +6 )x107°
y2KtT 2K~ (2.0 £20 )x1075
v’ (958) < 19 x 10~6
v < 10 x 100
v 15(980) < 3 x 1075
v} (1525) (38 +09 )x107°
v (1270) (1.01 +0.09 ) x 10™4
vn(1405) < 82 x 1075
7 f5(1500) < 15 x 1075
v 15(1710) < 26 x 1074
vf(1710) — yKT K~ < 7 x 1070
vfy(1710) — 7070 < 14 x 106
~vfp(1710) — ~nn < 18 x 106
7 f2(2050) < 53 x 1072
vf(2200) — yKT K~ < 2 x 10~4
v£;(2220) — YKT K~ < 8 x 107
v£;(2220) — yw Tt < 6 x 107
vf;(2220) — ~vpp < 11 x 1070
vn(2225) — ~v¢¢ < 3 x 1073
v1(1S) < 5.7 x 1075
VX co < 65 x 104

90%

90%

90%

90%

90%
90%
90%

90%
90%
90%
90%
90%
90%
90%
90%
90%
90%
90%
90%
90%
90%

4649
4720
4696
4675
4675

4728
4728
4713
4704
4636
4720
4703
4679
4686
4720
4703
4658
4604
4563
4601
4682
4714
4678
4607
4644
4625
4611
4573

4515
4475
4469

4469
4260
4114
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Y Xel < 23 x 107 90% 4079
VX2 < 76 x 100 90% 4062
v X(3872) — wt o= J/4 < 16 x 1076 90% -
v X(3872) — wta—a0J/4 < 28 x 10~6 90% -
vX(3915) — wJ/y < 3.0 x 106 90% -
v X (4140) — ¢J/v < 22 x 1070 90% -
v X [bbbb] < 4.5 x 100 90% -
Y XX (my < 3.1 GeV) [ccbb] < 1 x 1073 90% -
Y XX(mx < 4.5 GeV) [ddbb] < 2.4 x 10~4 90% -
X — ~y+ > 4 prongs [eebb] < 1.78 x 104 95% -
vad — yputuT [ffbb] < 9 x 100 90% -~
vad — yrtr [zzaa] < 1.30 x 1074 90% -~
73? — vg8g lggbb] < 1 % 90% -
73? — 7YSS [ggbb] < 1 x 1073 90% -
Lepton Family number (LF) violating modes
pt T < 6.0 x1076  95% 4563
Other decays
invisible < 3.0 x 1074 90% -
XbO(lP) [hhbb] ,G(JPC) — 0+(0 + +)
J needs confirmation.
Mass m = 9859.44 + 0.42 4+ 0.31 MeV
xpo(1P) DECAY MODES Fraction (I';/T) Confidence level (MSV/C)
v T(1S5) ( 1.76+0.35) % 391
DO x < 10.4 % 90% —
atr” Kt K= 70 < 16 x 104 90% 4875
21t T K™ KY < 5 x 1075 90% 4875
2t~ K~ K% 270 < 5 x 104 90% 4846
2t 2= 270 < 21 x 104 90% 4905
2T 2n = KT K™ (1.1 +£0.6 )x10~4 4861
2rt2r~ Kt K= 70 < 27 x 104 90% 4846
2rt2r~ Kt K= 270 < 5 x 104 90% 4828
3rt2r” K~ K%n0 < 1.6 x 10~4 90% 4827
3nT 3~ < 8 x 1075 90% 4904
3nt3n~ 270 < 6 x 104 90% 4881
3nT3r" KT K™ (24 +£12)x10™4 4827
3rt3r~ Kt K= 70 < 1.0 x 103 90% 4808
AT 4~ < 8 x 1072 90% 4880
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4t 4r— 270 < 21 x 1073 90% 4850
J/pd/ < 7 x 1072 90% 3836
J/p(2S) < 1.2 x 104 90% 3571
»(2S5)1(25) < 3.1 x 107 90% 3273
Xb1(1P) [hhbb] ,G(JPC) —otat++)
J needs confirmation.
Mass m = 9892.78 + 0.26 + 0.31 MeV
p
xp1(1P) DECAY MODES Fraction (I;/T) Confidence level (MeV/c)
v T(1S) (33.94£2.2) % 423
DO X (12.64£2.2) % -~
atr Kt K= 70 ( 2.0£0.6) x 10~4 4892
2r T T K™ KY ( 1.3£0.5) x 10~4 4892
2t K~ K% 2x0 < 6 x 1074 90% 4863
2rt2r— 270 ( 8.0£2.5) x 10~4 4921
2T 2T KT K™ ( 1.540.5) x 10~4 4878
2rt 2~ KT K= =0 ( 3.5+£1.2) x 10~4 4863
2rt 2™ KT K= 270 ( 8.6+3.2) x 10~4 4845
3rt2r K~ KYn® ( 9.3+3.3) x 10~4 4844
337~ ( 1.940.6) x 10~4 4921
3rt 37270 ( 1.7£0.5) x 103 4898
3nT3r" KT K™ ( 2.6+0.8) x 10~4 4844
3rt3r~ Kt K= 70 ( 7.5+£2.6) x 10~4 4825
4T 4~ ( 2.640.9) x 10~4 4897
4ntan— 270 ( 1.4£0.6) x 103 4867
J/pd/P < 27 x 1072 90% 3857
J/(2S) < 17 x 1072 90% 3594
¥(25)(2S) < 6 x 1072 90% 3298
hp(1P) 16(PC) =271+ )
Mass m = 9899.3 + 0.8 MeV
hy(1P) DECAY MODES Fraction (I';/T) p (MeV/c)
15(15)7y (5212) % 488
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Mass m = 9912.21 + 0.26 + 0.31 MeV

sz(lp) [hhbb] ,G(JPC) _ 0+(2 + +)
J needs confirmation.

Xp2(1P) DECAY MODES Fraction (I;/T) Confidence level (M:V/c)
v T(1S) (19.1£1.2) % 442
DO x < 79 % 90% —~
atr Kt K= 70 (8 +£5 )x 1075 4902
21t T K™ KY < 1.0 x 104 90% 4901
2t~ K~ K% 270 ( 5.3£2.4) x 10~4 4873
2rt 27~ 270 ( 3.5+1.4) x 10~4 4931
22T KT K™ ( 1.140.4) x 1074 4888
2rt2r~ K+ K= 70 ( 2.1£0.9) x 10~4 4872
2rt 2™ KT K= 270 ( 3.9+£1.8) x 10~4 4855
3rt2r” K~ K%n0 < 5 x 104 90% 4854
3nT3n~ ( 7.043.1) x 105 4931
3rt 37— 270 ( 1.0£0.4) x 103 4908
3nT3r" KT K™ < 8 x 1072 90% 4854
3rt3r~ KT K= =0 ( 3.6+1.5) x 10~4 4835
Anta4n— (8 £4 )x107° 4907
4t 4 270 ( 1.84£0.7) x 103 4877
J/pJ/Y < 4 x 1075 90% 3869
J/(25) < 5 x 107° 90% 3608
»(2S5)1(25) < 16 x 1072 90% 3313
T(2S) 16(UPCy =0—(1— )

Mass m = 10023.26 + 0.31 MeV

m'r(35) — m'r(25) = 331.50 £+ 0.13 MeV

Full width ' = 31.98 4 2.63 keV

[ee = 0.612 4 0.011 keV

Scale factor/ p

T(2S) DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
T(S)rt 7~ (17.85+ 0.26) % 475
T(18) 7070 (86 + 04)% 480
Tt ( 2.00+ 0.21) % 4686
wtp~ ( 1.93+ 0.17) % S=22 5011
et e ( 1.91+ 0.16) % 5012
T(15) O < 4 x 1075 CL=090% 531
T(1S)n (29 + 04 )x107%  s=20 126
J/¥(1S) anything < 6 x 1073 CL=90% 4533
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S/ (1S)nc
J/¥(1S) xco
J/¢(15 Xcl

)

|
J/¥(15)n:(25)
J/4(15) X(3940)
J/4(15) X (4160)

P(2S)nc

¥(25) X(4160)
2H anything
hadrons

888

Y& &
dKTK™
wrnt ™
K*(892)° K~ 7t + c.c.
¢f’2(1525)
w f>(1270)
p(770) a5 (1320)
K*(892)° K5(1430)° + c.c.
K1(1270)* KT
K1(1400)* KT
by(1235)* 7 ¥
pT
ato w
w0
atr— 7070
K% KTn~+ c.c.
K*(892)° KO 4 c.c.
K*(892)~ KT + c.c.
Sum of 100 exclusive modes

0

Yxb1(1P)
YXp2(1P)
Yxbo(1P)
’7f0(1710)
v 4(1525)
’yf2(1270)
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< 54 x 1070
< 3.4 x 100
< 12 x 100
< 20 x 100
< 25 x 100
< 20 x 100
< 20 x 10~
< 5.1 x 100
< 47 x 100
< 25 x 1070
< 19 x 100
< 33 x 1070
< 3.9 x 100
< 3.9 x 10~

(278 939 51075
(94 +11 )%
(588 + 1.2 )%
( 1.87+ 0.28) %
(16 + 04 )x107°

< 258 x 10~

(23 + 07 )x10°
< 133 x 10~0
< 5.7 x 10~ 7
< 88 x 10~ 7

(15 + 06 )x 1070
< 322 x 100
< 83 x 10~7
< 40 x 10~7
< 116 x 100
< 8.0 x 10~ 7
< 1.63 x 10~

( 1.30+ 0.28) x 1072
( 1.144 0.33) x 1070
< 422 x 1070
< 1.45 x 1070
( 2.90+ 0.30) x 103

Radiative decays
(69 + 04)%
( 7.15+ 0.35) %
(38 £ 04)%

< 5.9 x 104

< 53 x 104

< 241 x 10—4
Page 153

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%

S=1.2

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%

3984
3808
3765
3744
3706
3555
3440
3732
3536
3488
3464
3421
3250
3118

130
110
162
4864
4896

4930
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Y1c(15) < 27 x 107 CL=90% 4568
YX 0 < 10 x 1074 CL=90% 4430
YXel < 36 x 1070 CL=90% 4397
VX2 < 15 x107° CL=90% 4381
v X(3872) — wta= J/4p < 8 x 10~ CL=90% -
vX(3872) — wta—a0J/4 < 24 x 1070  CL=90% -
vX(3915) — wJ /1 < 28 x 1070 CL=90% -
v X (4140) — ¢J /9 < 12 x 1070 CL=90% -
v X(4350) — ¢J/v < 13 x 1070 CL=90% -
ynp(1S) (39 + 1.5 )x1074 605
ynp(1S) — ySum of 26 exclu- < 37 x 1070 CL=90% -
sive modes
yX 5 — vSum of 26 exclusive < 49 x 1076  CL=90% -
modes
vX — ~y4 > 4 prongs [iibb] < 1.95 x 104 CL=95% -
vA® —  ~hadrons < 8 x 1075 CL=90% -
vad — yptuT < 83 x 1070 CL=90% -
Lepton Family number (LF) violating modes
et rT LF < 32 x 1070 CL=90% 4854
s LF < 33 x 1076 CL=00% 4854
T(1D) 16UPCy =0—(2— )

Mass m = 10163.7 + 1.4 MeV (S = 1.7)

T(1D) DECAY MODES Fraction (I;/T) p (MeV/c)
Yy T(].S) seen 679
’YXbJ(]-P) seen 300
n T(1S) not seen 426
7t r= T(1S) (6.641.6) x 1073 623
XbO(zP) [hhbb] /G(JPC) — 0+(0 + ‘|—)
J needs confirmation.

Mass m = 10232.5 & 0.4 & 0.5 MeV

xpo(2P) DECAY MODES Fraction (I';/T) Confidence level (MSV/C)
v T(25) (4.6+2.1) % 207
v T(1S) (9 +6 )x 103 743
DO X <82 % 90% -
atr Kt K= 70 < 3.4 x 1075 90% 5064
21T T K™ KY <5 x 1075 90% 5063
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2rt K™ K%27r0
21t 27— 270
2rton~ KT K~
2t 2r~ Kt K= =0
2t 2~ Kt K= 270
3ntor— K~ K%WO
3t 3n~

3rt 37~ 270
3Int3r KT K™
3rt3r Kt K70
Art4n—

Ant 4x— 270

2.2
2.4
15
2.2
11
7
7
1.2
15
7
1.7
6

ANNNANNNANNNANNNNNNA

x 10~4
x 10~4
x 10~4
x 10~4
x 103
x 10~
x 107>
x 103
x 10~4
x 10~4
x 10~4
x 10~4

90%
90%
90%
90%
90%
90%
90%
90%
90%
90%
90%
90%

5036
5092
5050
5035
5019
5018
5091
5070
5017
4999
5069
5039

Xb1(2P) [PhP*]

/G(JPC) —otat++)

J needs confirmation.

Mass m = 10255.46 + 0.22 + 0.50 MeV
mXb1(2P) — mXbO(QP) =235+1.0 MeV

Xp1(2P) DECAY MODES

Fraction (I';/T)

p
Scale factor (MeVjc)

w T(15) (1637939 % 135
v T(25) (19.9 £1.9 )% 230
v T(1S) (92 £08)% 1.1 764
77 xp1(1P) (9.1 £1.3 )x 1073 238
DO X (88 £1.7 )% —
e Kt K= 70 (3.1 £1.0 )x 10~4 5075
2r T T K™ KY (1.1 £05 ) x 10~4 5075
2t K~ K% 2n0 (7.7 £32 )x 10~4 5047
2rt2r— 270 (59 +£2.0 )x10~4 5104
2T 2n = KT K™ (10 +4 )x107° 5062
2rt 2~ KT K= =0 (55 +£1.8 ) x 10~4 5047
2rt 2~ KH K= 270 (10 +4 )x10~4 5030
3rt2r” K~ K%n0 (6.7 £2.6 ) x 10~4 5029
3T 3n~ (1.2 £0.4 )x 1074 5103
37t 37— 270 (1.2 £0.4 )x 103 5081
3t 3n KT K™ (2.0 £0.8 ) x10~4 5029
3rt3r~ Kt K= 70 (6.1 £2.2 )x 1074 5011
4rt4m— (1.7 £0.6 ) x 10~4 5080
4t 4 270 (1.9 +0.7 ) x 103 5051
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/G(JPC) =ot@t*)
J needs confirmation.

Mass m = 10268.65 + 0.22 + 0.50 MeV
mXb2(2p) — mXbl(QP) =134+ 0.6 MeV

Xe2(2P) 1"

Scale factor/ p

Xp2(2P) DECAY MODES

Fraction (I';/T)

Confidence level (MeV/c)

w T(1S5) (1101533 % 194
v T(25) (10.6 +£2.6 ) % $=2.0 242
v T(1S) (7.0 £0.7 )% 777
7 xp2(1P) (5.1 +0.9 )x 1073 229
DO X < 24 % CL=90% -
ata Kt K70 < 11 x10~%  CL=90% 5082
2t K~ KY <9 x 1075  CL=90% 5082
2t K~ K% 2n0 < 7 x10~% CL=90% 5054
2rt 270~ 270 (3.9 £1.6 ) x 10~4 5110
2T 2n~ KT K™ (9 +4 )x107° 5068
2rt 2~ KT K= =0 (24 £1.1 ) x10~4 5054
2rt 2™ KT K= 270 (47 £23 ) x10~4 5037
3rt2r” K~ K%n0 < 4 x10~4  CL=90% 5036
337~ (9 +4 )x107° 5110
3nt3n~ 270 (12 +0.4 )x 103 5088
3nt3n KT K™ (1.4 £07 )x10~4 5036
3rt3r~ Kt K~ 70 (42 £1.7 )x 1074 5017
4rt4m— (9 +5 )x107° 5087
4ntan— 270 (1.3 £0.5 ) x 103 5058
T(3S) 16UPCY =0—1— )

Mass m = 10355.2 + 0.5 MeV

m'r(35) — m'r(25) = 331.50 £+ 0.13 MeV

Full width ' = 20.32 + 1.85 keV

Mo = 0.443 + 0.008 keV

Scale factor/ p

T(3S) DECAY MODES

Fraction (I';/T)

Confidence level (MeV/c)

T(2S)anything (10.6 £0.8 ) % 296
TS)rT 7~ ( 2.8240.18) % S=1.6 177
T(25) 7070 (1.85+0.14) % 190
T(25)y~y (50 £0.7 )% 327

T(25) 0 < 51 x 1074 CL=090% 208

TAS)rt 7~ ( 4.3740.08) % 813

T(18) %70 ( 2.20+0.13) % 816
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T(1S)n <1 x 1074 CL=90% 677
T(15) O <7 x 1075 CL=90% 846
hp(1P) 7O < 12 x 1073 CL=90% 426

hp(1P) 70 — ~Anp(1S) 7O (43 +£1.4 )x 1074 -
hp(LP) ™t 7™ < 12 x 1074 CL=90% 353
= ( 2.2940.30) % 4863
W ( 2.18+0.21) % S=21 5177
ete™ seen 5178
ggg (35.7 £2.6 )% -
V88 (9.7 £1.8 ) x 1073 -
2H anything ( 2.33+0.33) x 1072 -

Radiative decays
vYXp2(2P) (13.1 £1.6 )% S=3.4 86
vXb1(2P) (126 £1.2 )% S=2.4 99
v Xbo(2P) (59 +£06 )% S=1.4 122
YXp2(1P) (9.9 £1.3 )x 1073 $=2.0 434
vA® —  ~hadrons < 8 x 1075 CL=90% -
vxp1(1P) (9 +5 )x10~% S=1.9 452
Yxbo(1P) (27 404 )x103 484
v1p(25) < 6.2 x 1074  CL=90% 350
v1p(1S) (5.1 +0.7 ) x 10~4 912
vX — v+ > 4 prongs [iibb] < 2.2 x10~%  CL=95% -
’ya? — ’yu+ uw < 55 x 1070 CL=90% -
vad — yrtrT [kkbb] < 1.6 x10=4  CL=90% -
Lepton Family number (LF) violating modes

et ¥ < 42 %1076 CL=00% 5025
pErF < 31 %1076 CL=00% 5025

xb1(3P) 16(UPC) =0t t )

Mass m = 10512.1 4+ 2.3 MeV

Xp1(3P) DECAY MODES Fraction (I';/T) p (MeV/c)
T(].S)’y seen 999
T(QS)’)/ seen 477
T(35)7 seen 156
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T(4S)

G /PCy_ g—(1— —
or T(10580) U =0

Mass m = 10579.4 & 1.2 MeV
Full width ' = 20.5 £ 2.5 MeV
[ee = 0.272 + 0.029 keV (S = 1.5)

T(4S) DECAY MODES Fraction (I;/T) Confidence level (M:V/c)
BB > 96 % 95% 326
BT B~ (51.4 +0.6 )% 331
Dj anything + c.c. (17.8 £2.6 ) % -
BOBO (48.6 +0.6 ) % 326
JIWKS + (/v ne)KS < 4 x 10~7 90% -
non- BB < 4 % 95% -
ete” ( 1.57+£0.08) x 10~ 5290
ptp~ < 5.7 x 10~6 90% 5233
K*(892)° KO < 20 x 10~6 90% 5240
J/¥(1S) anything < 19 x 104 95% -
D*T anything + c.c. < 74 % 90% 5099
¢ anything (7.1 £06 )% 5240
on < 18 x 100 90% 5226
on' < 43 x 1070 90% 5196
pn < 13 x 1070 90% 5247
pn’ < 25 x 10~ 90% 5217
T(15) anything < 4 x 1073 90% 1053
T(S)rt 7~ (81 406 )x107° 1026
T(1S)n ( 1.9640.28) x 10~ 4 924
TQ2S)rt 7~ (86 £1.3 )x107° 468
hp(1P) 7T not seen 600
hp(1P)n ( 2.1840.21) x 10~3 390
2H anything < 13 x 1072 90% -

X(10610)* 16(JP) = 1+t

Mass m = 10607.2 + 2.0 MeV
Full width ' = 18.4 £+ 2.4 MeV
X(10610) ™ decay modes are charge conjugates of the modes below.

X(10610)T DECAY MODES Fraction (I';/T) p (MeV/c)
T(15) at seen 1077
T(QS) at seen 551
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T(35) at seen 207
hb(lp)ﬂ+ seen 671
hp(2P) 7t seen 313
X(10610)° 16(UPy =1ta)
Mass m = 10609 + 6 MeV
X(10510)0 DECAY MODES Fraction (I';/T) p (MeV/c)
T(].S) 7T0 not seen 1079
T(25) 79 seen 554
T(35) 79 seen 212
T(10860) 16UPCY =0—1— )
Mass m = 10891 + 4 MeV
Full width I = 54 + 7 MeV
Moo = 0.31 + 0.07 keV (S = 1.3)
P
T(10860) DECAY MODES Fraction (I;/T) Confidence level (MeV/c)
BBX (762 T20 )% -~
BB ( 55 £1.0 )% 1334
BB* + c.c. (13.7 £16 )% -
B* B* (381 £3.4)% 1141
BB x < 19.7 % 90% 1031
BB B ( 00 £1.2 )% 1031
B*Bmr + BB*r ( 73 £23)% -
B*B*n ( 1.0 +14)% 761
BBrmm < 89 % 90% 580
Bg*)E_(g*) (201 +£3.1)% 923
B Bs (5 45 )x1073 923
BsB; + c.c. ( 1.354+0.32) % -
B: B} (176 £2.7 )% 572
no open-bottom ( 38 fgg ) % -
etem ( 57 +£15)x1070 5446
K*(892)° KO < 10 x 1075 90% 5398
TS)r 7~ ( 53 406 )x103 1311
TQ2S)rt 7~ ( 78 £1.3 )x 103 789
T@ES)rt 7~ (48 719 )x1073 446
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TAS)KT K~ ( 61 +1.8)x10% 966
hy(1P) 7~ ( 35 719 )x1073 908
hp(2P) 7™ (60 T32)x1073 550
xpo(1P) T = 70 < 63 x 1073 90% 900
Xbo(1P)w < 39 x 1073 90% 640
x0(1P) (7T 7~ 7)) non—w < 48 x 1073 90% -
xp1(1P) w7~ 70 ( 1.85+0.33) x 1073 867
xp1(1P)w ( 1.57+0.30) x 1073 501
b1 (1P) (7T 7~ 1) non—w ( 52 +£1.9 )x 10~4 -
xp2(1P) T = 70 ( 1.1740.30) x 1073 847
Xp2(1P)w ( 6.0 £2.7 )x10~% 561
Xp2(1P) (7T+7T_ 7To)non—w (6 +4 )xi07* -
v Xp — YT(1S)w < 3.8 x 1072 90% -

Inclusive Decays.

These decay modes are submodes of one or more of the decay modes

above.
¢ anything ( 13.8 +2§ ) % -
DO anything + c.c. (108 +8 )% -
Dg anything + c.c. (46 +6 )% -
J/4 anything ( 2.06+0.21) % -
BO anything + c.c. (77 +£8 )% -
BT anything + c.c. (72 +£6 )% -
T(11020) 1I6UPG =0~ )

Mass m = 10987.5f1%:2 MeV
Full width T = 61,2 MeV
[ee = 0.130 = 0.030 keV

T(11020) DECAY MODES Fraction (I';/T) p (MeV/c)

ete 21151y x 1076 5494
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NOTES

[a] See the “Note on 7+ — (T v~ and K¥ — (v~ Form Factors” in

the 7+ Particle Listings for definitions and details.
[b] Measurements of (et v,)/T (1" v,) always include decays with 7',

and measurements of (et ve7) and [(u*v,~) never include low-
energy v's. Therefore, since no clean separation is possible, we consider
the modes with +'s to be subreactions of the modes without them, and
let [M(eTve) + M(p™ Vu)l/Ttotal = 100%.

[c] See the 7% Particle Listings for the energy limits used in this measure-
ment; low-energy 7's are not included.

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

[e] Astrophysical and cosmological arguments give limits of order 10~13;
see the 70 Particle Listings.

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

[g] See the “Note on scalar mesons” in the f3(500) Particle Listings . The
interpretation of this entry as a particle is controversial.

[h] See the “Note on p(770)" in the p(770) Particle Listings .

[/] The wp interference is then due to wp mixing only, and is expected to
be small. If ey universality holds, T(p® — put =) =T(p° — ete™)
x 0.99785.

[/] See the “Note on scalar mesons” in the f3(500) Particle Listings .

[k] See the “Note on a1(1260)" in the a;(1260) Particle Listings in
PDG 06, Journal of Physics G33 1 (2006).

[/] This is only an educated guess; the error given is larger than the error
on the average of the published values. See the Particle Listings for
details.

[n] See the “Note on non-qgG mesons” in the Particle Listings in PDG 06,
Journal of Physics G33 1 (2006).

[0] See the “Note on the 1(1405)" in the 1(1405) Particle Listings.

[p] See the “Note on the f;(1420)" in the 7(1405) Particle Listings.

[q] See also the w(1650) Particle Listings.

[r] See the “Note on the p(1450) and the p(1700)" in the p(1700) Particle
Listings.

[s] See also the w(1420) Particle Listings.

[t] See the "Note on f(1710)" in the fy(1710) Particle Listings in 2004
edition of Review of Particle Physics.

[u] See the note in the K* Particle Listings.
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[v] Neglecting photon channels. See, e.g., A. Pais and S.B. Treiman, Phys.
Rev. D12, 2744 (1975).

[x] The definition of the slope parameters of the K — 37 Dalitz plot
is as follows (see also “Note on Dalitz Plot Parameters for K — 37
Decays” in the K= Particle Listings):

M =1+ g(s3 — s0)/m>, + -

[y] For more details and definitions of parameters see the Particle Listings.

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

[aa] Most of this radiative mode, the low-momentum = part, is also included
in the parent mode listed without 7's.

[bb] Structure-dependent part.

[cc] Direct-emission branching fraction.

[dd] Violates angular-momentum conservation.

[ee] Derived from measured values of ¢, _, ¢go, ‘n‘ }mK(L) — mK%}, and
T 0., aS described in the introduction to “Tests of Conservation Laws.”

3

[ff] The CP-violation parameters are defined as follows (see also “Note on
CP Violation in Kg — 37" and “Note on CP Violation in K(L) Decay”
in the Particle Listings):

A(K(L) — 7ta7)

n_:’]’]_ei¢+*: =€ + €
#= =[] AKS = 7tno)

/

AKY — 70x0)

A(K% — 71079)

100 = \ﬂoo\ei%o = =€ — 2¢

MK — 7= ety) = T(KY — ate7vw)
MKY — 7 tv) + T(KY — 777 v) ,

r(K%—> 7T+7T_7TO)CP viol.

F(Kg — atr=x9)

|m(77+—0)2 =

F(K% — 107070)

F(Kg — 0070y

Im(1000)? =

where for the last two relations CPT is assumed valid, i.e., Re(ny_q) ~
0 and Re(nooo) ~ Q.

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

[hh] The value is for the sum of the charge states or particle/antiparticle
states indicated.
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[ii] Re(¢’/e) = €'/e to a very good approximation provided the phases
satisfy CPT invariance.

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

[kk] See the K(L) Particle Listings for the energy limits used in this measure-
ment.

[/] Allowed by higher-order electroweak interactions.

[nn] Violates CP in leading order. Test of direct CP violation since the
indirect CP-violating and CP-conserving contributions are expected to
be suppressed.

[00] See the “Note on f3(1370)" in the f3(1370) Particle Listings and in the
1994 edition.

[pp] See the note in the L(1770) Particle Listings in Reviews of Modern
Physics 56 S1 (1984), p. S200. See also the “Note on K5(1770) and
the K5(1820)" in the K,(1770) Particle Listings .

[qq] See the “Note on K»(1770) and the K»(1820)" in the K»(1770) Particle
Listings .

[rr] This result applies to Z9 — T decays only. Here ¢T is an average
(not a sum) of e™ and p™ decays.

[ss] See the Particle Listings for the (complicated) definition of this quan-
tity.

[tt] The branching fraction for this mode may differ from the sum of the
submodes that contribute to it, due to interference effects. See the
relevant papers in the Particle Listings.

[uu] These subfractions of the K~ 27 mode are uncertain: see the Particle
Listings.

[v] Submodes of the D* — K~ 27770 and K277~ modes were
studied by ANJOS 92C and COFFMAN 92B, but with at most 142
events for the first mode and 229 for the second — not enough for

precise results. With nothing new for 18 years, we refer to our 2008
edition, Physics Letters B667 1 (2008), for those results.

[xx] The unseen decay modes of the resonances are included.

[yy] This is not a test for the AC=1 weak neutral current, but leads to the
7t 0T 0~ final state.

[zz] This mode is not a useful test for a A C=1 weak neutral current because
both quarks must change flavor in this decay.

[aaa] In the 2010 Review, the values for these quantities were given using a
measure of the asymmetry that was inconsistent with the usual defini-
tion.
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[bbb] This value is obtained by subtracting the branching fractions for 2-, 4-
and 6-prongs from unity.

[ccc] This  is  the sum of our K~ onta—, K 2nta— 0
KO2rnt2r—, KT 2Kzt 2rt 27—, 27t 27~ 70, KT K~ nt 7™, and
KtK-atn— 70, branching fractions.

[ddd] This is the sum of our K~ 37" 27~ and 37" 37~ branching fractions.

[eee] The branching fractions for the K~ et v,, K*(892) et ve, 7~ eT v,
and p~ eT v, modes add up to 6.19 + 0.17 %.

[fff] This is a doubly Cabibbo-suppressed mode.

[ggg] The two experiments measuring this fraction are in serious disagree-
ment. See the Particle Listings.

[hhh] Submodes of the DO — K% 7+ 7~ 70 mode with a K* and/or p were
studied by COFFMAN 92B, but with only 140 events. With nothing
new for 18 years, we refer to our 2008 edition, Physics Letters B667 1
(2008), for those results.

[iii] This branching fraction includes all the decay modes of the resonance
in the final state.
[jij] This limit is for either D or D° to pe~.
[kkk] This limit is for either D® or D° to pe™.
[/ll] This is the purely e™ semileptonic branching fraction: the e™ fraction
from 71 decays has been subtracted off. The sum of our (non-7) e™

exclusive fractions — an et v, with ann, 1/, &, KO, K*0 or 5(980) —
is7.0+04%

[nnn] This fraction includes 7 from 7’ decays.

[000] Two times (to include i decays) the i’ e™ v, branching fraction, plus
the n’7T, ' p™, and o/ KT fractions, is (18.6 £ 2.3)%, which con-
siderably exceeds the inclusive 1’ fraction of (11.7 + 1.8)%. Our best
guess is that the 1’ p™ fraction, (12.5 4 2.2)%, is too large.

[ppp] This branching fraction includes all the decay modes of the final-state
resonance.

[gqq] A test for ut or dd content in the D:. Neither Cabibbo-favored nor
Cabibbo-suppressed decays can contribute, and w — ¢ mixing is an
unlikely explanation for any fraction above about 2 x 1074

[rrr] We decouple the D;" — @7 branching fraction obtained from mass
projections (and used to get some of the other branching fractions)

from the D? — ¢, ¢ — KT K~ branching fraction obtained from
the Dalitz-plot analysis of DY — K™K~ ™. That is, the ratio of

these two branching fractions is not exactly the  — K+ K~ branching
fraction 0.491.
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[sss] This is the average of a model-independent and a K-matrix parametriza-
tion of the 777~ S-wave and is a sum over several f; mesons.

[ttt] An £ indicates an e or a ;x mode, not a sum over these modes.

[uuu] An CP(+1) indicates the CP=+1 and CP=—1 eigenstates of the DO-
DO system.

[vwv] D denotes D° or D9,

[xxx] Dgop+ decays into D970 with the DO reconstructed in CP-even eigen-
states KT K~ and 7t 7.

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

[zzz] X(3872)T is a hypothetical charged partner of the X(3872).

[aaaa] ©(1710)TT is a possible narrow pentaquark state and G(2220) is a
possible glueball resonance.

[bbaa] (A_ p)s denotes a low-mass enhancement near 3.35 GeV/c2.
[ccaa] Stands for the possible candidates of K*(1410), K{j(1430) and
K3(1430).

[ddaal BO and BS contributions not separated. Limit is on weighted average
of the two decay rates.

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

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

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

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

[iiaa] These values are model dependent.
[jjaa] Here “anything” means at least one particle observed.
[kkaa] This is a B(B® — D*~ ¢t ;) value.
[llaa] D** stands for the sum of the D(11P;), D(13Py), D(13P;), D(13P),
D(21Sp), and D(21S;) resonances.
[nnaal D)D) stands for the sum of D*D*, D*D, DD*, and DD.

[0oaa] X(3915) denotes a near-threshold enhancement in the wJ/¢¥ mass
spectrum.

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

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

[rraa] Not a pure measurement. See note at head of Bg Decay Modes.
[ssaa] For E,, > 100 MeV.
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[ttaa] Includes ppm™ 7~ and excludes ppn, ppw, pp7 .

[uuaa] For a narrow state A with mass less than 960 MeV.

[vvaa] For a narrow scalar or pseudoscalar A? with mass 0.21-3.0 GeV.
[xxaa] For a narrow resonance in the range 2.2 < M(X) < 2.8 GeV.

[yyaa] JPC Kknown by production in et e~ via single photon annihilation.

1G is not known; interpretation of this state as a single resonance is
unclear because of the expectation of substantial threshold effects in
this energy region.

[zzaa] 2m, < M(7777) < 9.2 GeV
[aabb] 2 GeV < m ., . < 3 GeV
[bbbb] X = scalar with m < 8.0 GeV
[ccbb] X X = vectors with m < 3.1 GeV
[ddbb] X and X = zero spin with m < 4.5 GeV
[eebb] 1.5 GeV < myx < 5.0 GeV
[ffbb] 201 MeV < M(u™ ™) < 3565 MeV

[ggbb] 0.5 GeV < mx < 9.0 GeV, where myx is the invariant mass of the
hadronic final state.

[hhbb] Spectroscopic labeling for these states is theoretical, pending experi-
mental information.

[iibb] 1.5 GeV < mx < 5.0 GeV
[ijbb] 1.5 GeV < my < 5.0 GeV
[kkbb] For m_, __in the ranges 4.03-9.52 and 9.61-10.10 GeV.
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N BARYONS
(S=0,I/=1/2)

p, Nt = uud;  n, N° = udd

P 1P =3G1)

Mass m = 1.00727646688 + 0.00000000009 u
Mass m = 938.272081 + 0.000006 MeV [4]

|m, — mg|/m, < 7x 10710, CL = 90% [#]
| /() = 0.99999999991 -+ 0.00000000009

gp + gp|/e < 7x 10710, CL = 90% [*]

‘qp—kqe‘/e < 1x1072L [

Magnetic moment p = 2.792847351 4+ 0.000000009 1 p

(hp + 1p) [ Hp = (0 +5) x 107°

Electric dipole moment d < 0.54 x 1 ecm

Electric polarizability a = (11.2 & 0.4) x 10~ fm?3

Magnetic polarizability 3 = (2.5 + 0.4) x 1074 fm3 (S = 1.2)
Charge radius, 11p Lamb shift = 0.84087 + 0.00039 fm (9]
Charge radius, ep CODATA value = 0.8751 4+ 0.0061 fm []
Magnetic radius = 0.78 + 0.04 fm [e]

Mean life 7 > 2.1 x 1029 years, CL = 90% [fl  (p — invisible mode)
Mean life 7 > 103! to 1033 years [fl  (mode dependent)

0—23

See the “Note on Nucleon Decay” in our 1994 edition (Phys. Rev. D50,
1173) for a short review.

The “partial mean life” limits tabulated here are the limits on T/B,-, where
7 is the total mean life and B; is the branching fraction for the mode in
question. For N decays, p and n indicate proton and neutron partial

lifetimes.
Partial mean life p
p DECAY MODES (1030 years) Confidence level (MeV/c)
Antilepton + meson
N— etr > 2000 (n), > 8200 (p) 90% 459
N— ptr > 1000 (n), > 6600 (p) 90% 453
N— vr > 1100 (n), > 390 (p) 90% 459
p— etn > 4200 90% 309
p— utn > 1300 90% 297
n— vn > 158 90% 310
N— eTp > 217 (n), > 710 (p) 90% 149
N — ptp > 228 (n), > 160 (p) 90% 113
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N— vp
p— etw
p— putw
n— vw
N — eTK
N— putK
N— vK
n — VK%
p— et K*(892)°
N — vK*(892)

Ll bl

p—
p— pty
n— vy

p— etyy
n— vyy

p— et X
p— ptX

HTTP://PDG.LBL.GOV

> 19 (n), > 162 (p)
> 320

> 780

> 108

> 17 (n), > 1000 (p)
> 26 (n), > 1600 (p)
> 86 (n), > 5900 (p)
> 260

> 84

> 78 (n), > 51 (p)

Antilepton + mesons

> 82
> 147
> 52
> 133
> 101
> 74
> 18

Lepton + meson

> 65
> 49
> 62
>7
> 32
> 57

Lepton + mesons

> 30
> 29
> 17
> 34
> 75
> 245

Antilepton + photon(s)

> 670
> 478
> 550
> 100
> 219

Antilepton + single massless

> 790
> 410

Page 2 Created

90%
90%
90%
90%
90%
90%
90%
90%
90%
90%

90%
90%
90%
90%
90%
90%
90%

90%
90%
90%
90%
90%
90%

90%
90%
90%
90%
90%
90%

90%
90%
90%
90%
90%

90%
90%

149
143
105
144
339
329
339
338

45

45

448
449
449
425
427
427
319

459
453
150
115
340
330

448
449
425
427
320
279

469
463
470
469
470
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Three (or more) leptons

p— etete™ > 793 90% 469
p— etutu > 359 90% 457
p— etvy > 170 90% 469
n— ete v > 257 90% 470
n— pte v > 83 90% 464
n— putuTv > 79 90% 458
p — pﬁ' ete > 529 90% 463
p— pututpu~ > 675 90% 439
p — u+ vv > 220 90% 463
p— e utu" > 6 90% 457
n— 3v >5x 104 90% 470
Inclusive modes
N — et anything > 0.6 (n, p) 90% -
N — pT anything > 12 (n, p) 90% -
N — et x0anything > 0.6 (n, p) 90% -
AB = 2 dinucleon modes
The following are lifetime limits per iron nucleus.
pp — whaT > 72.2 90% -
pn— mtz0 > 170 90% -~
nn— wtg~ > 0.7 90% -
nn — w070 > 404 90% -
pp — KTKT > 170 90% -
pp — etet > 5.8 90% -
pp — el ,u+ > 3.6 90% -
pp — ,u+ u"’ > 1.7 90% -
pn— e'v > 260 90% -
pn— utw > 200 90% -
pn — T, > 29 90% -
nn — Velg > 1.4 90% -
nn— v,v, > 1.4 90% -
pn — invisible >21x107° 90% -
pp — invisible >5x107° 90% -
p DECAY MODES
Partial mean life p
P DECAY MODES (years) Confidence level (MeV/c)
pP— e v > 7 x 10° 90% 469
P— puy > 5 x 104 90% 463
p— e 0 > 4 % 10° 90% 459
p— pmo > 5 x 104 90% 453
p— e n > 2 x 104 90% 309
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T > 8 x 103 90% 297
p— e K% > 900 90% 337
p— u K > 4% 103 90% 326
p— e K¢ > 9 x 103 90% 337
p— u K? > 7 x 103 90% 326
pP— e vy > 2 x 104 90% 469
P — uoyy > 2 x 104 90% 463
p— e w > 200 90% 143
n 1Py = 3G

Mass m = 1.0086649159 4+ 0.0000000005 u
Mass m = 939.565413 + 0.000006 MeV [l
(mp — mp )/ mp =(9+6)x107°
m, — mp = 1.2933321 + 0.0000005 MeV
= 0.00138844919(45) u
Mean life 7 = 880.2 £ 1.0s (S =1.9)
cr = 2.6387 x 108 km
Magnetic moment p = —1.9130427 £ 0.0000005 ppy
Electric dipole moment d < 0.30 x 10725 ecm, CL = 90%
Mean-square charge radius (r?) = —0.1161 £ 0.0022
fm2 (S = 1.3)

Magnetic radius ,/<r%\/[> = 0.864f8:88§ fm

Electric polarizability a = (11.8 £ 1.1) x 10~% fm3

Magnetic polarizability 8 = (3.7 & 1.2) x 10~% fm3

Charge g = (—0.2 £ 0.8) x 107! e

Mean n7-oscillation time > 2.7 x 108 s, CL = 90% (free n)
Mean nT-oscillation time > 1.3x108 s, CL = 90% [&] (bound n)
Mean nn’-oscillation time > 414 s, CL = 90% [/l

pe~ v, decay parameters []
A=ga /gy =—1.2723 £0.0023 (S =22)
A= —0.1184 + 0.0010 (S = 2.4)
B = 0.9807 =+ 0.0030
C = —0.2377 + 0.0026
a = —0.103 & 0.004
dav = (180.017 + 0.026)° Ul
D=(-1.2+20)x104[
R = 0.004 + 0.013 [l
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P
n DECAY MODES Fraction (I;/T) Confidence level (MeV/c)
pe Vg 100 % 1
pe Vg ] ( 3.0940.32) x 103 1
Charge conservation (Q) violating mode
PUeTe Q < 8 x 1027 68% 1
N(1440) 1/2+ 1Py =33")

Breit-Wigner mass = 1410 to 1450 (=~ 1430) MeV
Breit-Wigner full width = 250 to 450 (& 350) MeV

N(1440) DECAY MODES Fraction (I;/T) p (MeV/c)
N 55-75 % 391
Nn <1% T
N 25-50 % 338
A(1232) 7 20-30 % 135
A(1232) 7, P-wave 13-27 % 135
No 11-23 % -
p7, helicity=1/2 0.035-0.048 % 407
n-y, helicity=1/2 0.02-0.04 % 406
N(1520) 3/2~ 1Py =3G37)

Re(pole position) = 1505 to 1515 (~ 1510) MeV
—2Im(pole position) = 105 to 120 (~ 110) MeV
Breit-Wigner mass = 1510 to 1520 (= 1515) MeV
Breit-Wigner full width = 100 to 125 (~ 115) MeV

N(1520) DECAY MODES Fraction (I';/T) p (MeV/c)
N 5565 % 453
Nn <1% 142
N 25-35 % 410
A(1232) 7 22-34 % 225
A(1232) 7, S-wave 15-23 % 225
A(1232) 7, D-wave 7-11 % 225

No <2% -
py 0.31-0.52 % 467
p7y, helicity=1/2 0.01-0.02 % 467
p~, helicity=3/2 0.30-0.50 % 467
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nvy 0.30-0.53 % 466
n+y, helicity=1/2 0.04-0.10 % 466
n+y, helicity=3/2 0.25-0.45 % 466

N(1535) 1/2~ 1(P) = 3(37)
Re(pole position) = 1490 to 1530 (~ 1510) MeV
—2Im(pole position) = 90 to 250 (= 170) MeV
Breit-Wigner mass = 1525 to 1545 (= 1535) MeV
Breit-Wigner full width = 125 to 175 (=~ 150) MeV

N(1535) DECAY MODES Fraction (I;/T) p (MeV/c)

N= 35-55 % 468

Nn 32-52 % 186

N 3-14 % 426

A(1232) 7w, D-wave 1-4 % 244

No 2-10 % -

N(1440)7 5-12 % ]

p~y, helicity=1/2 0.15-0.30 % 481

n+y, helicity=1/2 0.01-0.25 % 480

N(1650) 1/2~ 1P =3G37)

Re(pole position) = 1640 to 1670 (=~ 1655) MeV
—2Im(pole position) = 100 to 170 (= 135) MeV
Breit-Wigner mass = 1645 to 1670 (=~ 1655) MeV
Breit-Wigner full width = 110 to 170 (=~ 140) MeV

N(1650) DECAY MODES Fraction (I;/T) p (MeV/c)

Nm 50-70 % 551

Nn 14-22 % 354

NK 5-15 % 179

Nmm 8-36 % 517

A(1232) 7, D-wave 6-18 % 349

No 2-18 % -

N(1440) 7 6-26 % 168

p~y, helicity=1/2 0.04-0.20 % 562

n-y, helicity=1/2 0.003-0.17 % 561

HTTP://PDG.LBL.GOV

Page 6

Created: 10/1/2016 20:05



Citation: C. Patrignani et al. (Particle Data Group), Chin. Phys. C, 40, 100001 (2016)

N(1675) 5/2~ 1Py =337

Re(pole position) = 1655 to 1665 (~ 1660) MeV
—2Im(pole position) = 125 to 150 (= 135) MeV
Breit-Wigner mass = 1670 to 1680 (=~ 1675) MeV
Breit-Wigner full width = 130 to 165 (=~ 150) MeV

N(1675) DECAY MODES Fraction (I';/T) p (MeV/c)
N 35-45 % 564
Nn <1% 376
N 25-45 % 532
A(1232) 7w, D-wave 23-37 % 366
No 3-7% -
py 0-0.02 % 575
p~y, helicity=1/2 0-0.01 % 575
p~y, helicity=3/2 0-0.01 % 575
n~y 0-0.15 % 574
n-, helicity=1/2 0-0.05 % 574
n+y, helicity=3/2 0-0.10 % 574
N(1680) 5/2F 10P) =13

Re(pole position) = 1665 to 1680 (~ 1675) MeV
—2Im(pole position) = 110 to 135 (~ 120) MeV
Breit-Wigner mass = 1680 to 1690 (=~ 1685) MeV
Breit-Wigner full width = 120 to 140 (=~ 130) MeV

N(1680) DECAY MODES Fraction (I;/T) p (MeV/c)
N 65-70 % 571
Nn <1% 386
N 20-40 % 539
A(1232) 7 11-23 % 374
A(1232) 7w, P-wave 4-10 % 374
A(1232) 7, F-wave 7-13 % 374

No 9-19 % -
Py 0.21-0.32 % 581
p7y, helicity=1/2 0.001-0.011 % 581
p~y, helicity=3/2 0.20-0.32 % 581
nvy 0.021-0.046 % 581
n+y, helicity=1/2 0.004-0.029 % 581
n+y, helicity=3/2 0.01-0.024 % 581
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N(1700) 3/2~

1JP)=337)

Re(pole position) = 1650 to 1750 (=~ 1700) MeV
—2Im(pole position) = 100 to 300 MeV
Breit-Wigner mass = 1650 to 1750 (=~ 1700) MeV

Breit-Wigner full width = 100 to 250 (=~ 150) MeV

N(1700) DECAY MODES Fraction (I;/T) p (MeV/c)
N 7-17 % 581
N77 seen 402
N 60-90 % 550
A(1232) 7 55-85 % 386
A(1232) 7, S-wave 50-80 % 386
A(1232) 7w, D-wave 4-14 % 386
N(1440)x 3-11% 215
N(1520) 7 <4% 120
/Vp, 523/2, S-wave seen T
No 2-14 % -
Py 0.01-0.05 % 591
p~, helicity=1/2 0.0-0.024 % 591
p~y, helicity=3/2 0.002-0.026 % 591
nvy 0.01-0.13 % 590
n+y, helicity=1/2 0.0-0.09 % 590
n+y, helicity=3/2 0.01-0.05 % 590
N(1710) 1/2 10P) = 3(37T)
Re(pole position) = 1670 to 1770 (~ 1720) MeV
—2Im(pole position) = 80 to 380 (= 230) MeV
Breit-Wigner mass = 1680 to 1740 (=~ 1710) MeV
Breit-Wigner full width = 50 to 250 (=~ 100) MeV
N(1710) DECAY MODES Fraction (I;/T) p (MeV/c)
N= 5-20 % 588
Nn 10-50 % 412
Nw 1-5 % t
NK 5-25 % 269
2 K seen 138
Nrm seen 557
A(1232)7T, P-wave seen 394
N(1535) 7 9-21 % 106
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Np, 521/2, P-wave seen T
p7y, helicity=1/2 0.002-0.08 % 598
n+y, helicity=1/2 0.0-0.02% 597
N(1720) 3/2F 1Py =33")
Re(pole position) = 1660 to 1690 (~ 1675) MeV
—2Im(pole position) = 150 to 400 (= 250) MeV
Breit-Wigner mass = 1700 to 1750 (=~ 1720) MeV
Breit-Wigner full width = 150 to 400 (~ 250) MeV
N(1720) DECAY MODES Fraction (I';/T) p (MeV/c)
N 8-14 % 594
Nn 1-5 % 422
AK 4-5 % 283
N 50-90 % 564
A(1232) 7, P-wave 47-77 % 402
A(1232) 7, F-wave <12 % 402
Np 70-85 % 74
Np, 521/2, P-wave seen 74
No 2-14 % -
N(1440) 7 <2% 235
N(1520) 7, S-wave 1-5 % 145
Py 0.05-0.25 % 604
p7, helicity=1/2 0.05-0.15 % 604
p~y, helicity=3/2 0.002-0.16 % 604
nvy 0.0-0.016 % 603
n+y, helicity=1/2 0.0-0.01 % 603
n+y, helicity=3/2 0.0-0.015 % 603
N(1875) 3/2~ 1P =3(37)
Re(pole position) = 1800 to 1950 MeV
—2Im(pole position) = 150 to 250 MeV
Breit-Wigner mass = 1820 to 1920 (=~ 1875) MeV
Breit-Wigner full width = 250 + 70 MeV
N(1875) DECAY MODES Fraction (I';/T) p (MeV/c)
N= 2-14 % 695
Nn <1% 559
Nw 15-25 % 371
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NK seen 454
> K seen 384
Nz 670
A(1232) 7 10-35 % 520
A(1232) 7, S-wave 7-21 % 520
A(1232) 7, D-wave 2-12 % 520
/Vp, 523/2, S-wave seen 379
No 30-60 % -
N(1440)m 2-8 % 373
N(1520) 7 <2% 301
Py 0.001-0.025 % 703
p7, helicity=1/2 0.001-0.021 % 703
p7, helicity=3/2 <0.003 % 703
n~y <0.040 % 702
n+y, helicity=1/2 <0.007 % 702
n~, helicity=3/2 <0.033 % 702
N(1900) 3/2t 1Py =33

Re(pole position) = 1900 to 1940 (=~ 1920) MeV
—2Im(pole position) = 130 to 300 MeV
Breit-Wigner mass = 1900 + 30 MeV
Breit-Wigner full width = 200 + 50 MeV

N(1900) DECAY MODES Fraction (I';/T) p (MeV/c)
N <10 % 710
Nn 2-14 % 579
Nw 7-13 % 401
NK 2-20 % 477
2K 3-7% 410
N 40-80 % 686
A(1232) 7 30-70 % 539
A(1232) 7, P-wave 9-25 % 539
A(1232) 7, F-wave 21-45 % 539

No 1-7 % -
N(1520)m 7-23 % 324
N(1535) 7 4-10 % 306
Py 0.001-0.025 % 718
p~y, helicity=1/2 0.001-0.021 % 718
p7y, helicity=3/2 <0.003 % 718
n~y <0.040 % 718
n+y, helicity=1/2 <0.007 % 718
n+y, helicity=3/2 <0.033 % 718
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N(2190) 7/2~

1JP) = 3(37)

Re(pole position) = 2050 to 2100 (=~ 2075) MeV
—2Im(pole position) = 400 to 520 (~ 450) MeV
Breit-Wigner mass = 2100 to 2200 (= 2190) MeV
Breit-Wigner full width = 300 to 700 (=~ 500) MeV

N(2190) DECAY MODES Fraction (I;/T) p (MeV/c)
N 10-20 % 888
N77 seen 791
NK 0.2-0.8;% 712
Nrm 22-80;% 870
A(1232) 7w, D-wave 19-31 % 740
Np, §=3/2, D-wave seen 680
No 3-9 % -
Py 0.014-0.077 % 894
p~y, helicity=1/2 0.013-0.062;% 894
p~, helicity=3/2 0.001-0.014;% 894
n~y <0.04 % 893
n+y, helicity=1/2 <0.01;% 893
n+y, helicity=3/2 <0.03 % 893
N(2220) 9/2F 1Py =3(537)
Re(pole position) = 2130 to 2200 (=~ 2170) MeV
—2Im(pole position) = 400 to 560 (~ 480) MeV
Breit-Wigner mass = 2200 to 2300 (= 2250) MeV
Breit-Wigner full width = 350 to 500 (= 400) MeV
N(2220) DECAY MODES Fraction (I;/T) p (MeV/c)
N 15-25 % 924

N(2250) 9/2~

1Py =4(57)

Re(pole position) = 2150 to 2250 (=~ 2200) MeV
—2Im(pole position) = 350 to 550 (= 450) MeV
Breit-Wigner mass = 2250 to 2320 (= 2280) MeV
Breit-Wigner full width = 300 to 600 (~ 500) MeV
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N(2250) DECAY MODES Fraction (I;/T) p (MeV/c)
N 5-15 % 941
N(2600) 11/2~ 1Py = 3(%7)

Breit-Wigner mass = 2550 to 2750 (=~ 2600) MeV
Breit-Wigner full width = 500 to 800 (~ 650) MeV

N(2600) DECAY MODES Fraction (I';/T) p (MeV/c)
N 5-10 % 1126
A BARYONS

(5=0,1=3/2)

ATt = yuu, AT =uud A° = udd A = ddd

A(1232) 3/2t 1Py =33")

Re(pole position) = 1209 to 1211 (=~ 1210) MeV
—2Im(pole position) = 98 to 102 (= 100) MeV
Breit-Wigner mass (mixed charges) = 1230 to 1234 (~ 1232)

MeV
Breit-Wigner full width (mixed charges) = 114 to 120 (~ 117)
MeV
A(1232) DECAY MODES Fraction (I';/T) p (MeV/c)
N 99.4 % 229
N~ 0.55-0.65 % 259
N~, helicity=1/2 0.11-0.13 % 259
N, helicity=3/2 0.44-0.52 % 259
A(1600) 3/2+ 1(JP) =33

Re(pole position) = 1460 to 1560 (=~ 1510) MeV
—2Im(pole position) = 200 to 350 (~ 275) MeV
Breit-Wigner mass = 1500 to 1700 (=~ 1600) MeV
Breit-Wigner full width = 220 to 420 (=~ 320) MeV
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A(1600) DECAY MODES Fraction (I;/T) p (MeV/c)
N= 10-25 % 513
Nmm 75-90 % 477
A(1232) 7 73-83 % 303
A(1232) 7, P-wave 72-82 % 303
A(1232) 7, F-wave <2% 303
N(1440)’/T, P-wave seen 98
N~ 0.001-0.035 % 525
N+, helicity=1/2 0.0-0.02 % 525
N+, helicity=3/2 0.001-0.015 % 525
A(1620) 1/2~ 1Py =3(37)
Re(pole position) = 1590 to 1610 (=~ 1600) MeV
—2Im(pole position) = 120 to 140 (~ 130) MeV
Breit-Wigner mass = 1600 to 1660 (=~ 1630) MeV
Breit-Wigner full width = 130 to 150 (=~ 140) MeV
A(1620) DECAY MODES Fraction (I';/T) p (MeV/c)
N 20-30 % 534
Nmm 55-80 % 499
A(1232) 7, D-wave 52-72 % 328
/Vp, 521/2, S-wave seen T
/Vp, 523/2, D-wave seen T
N(1440) 7 3-9% 138
N+, helicity=1/2 0.03-0.10 % 545
A(1700) 3/2~ 147y =337)
Re(pole position) = 1620 to 1680 (~ 1650) MeV
—2Im(pole position) = 160 to 300 (= 230) MeV
Breit-Wigner mass = 1670 to 1750 (=~ 1700) MeV
Breit-Wigner full width = 200 to 400 (~ 300) MeV
A(1700) DECAY MODES Fraction (I;/T) p (MeV/c)
N= 10-20 % 581
Nmm 10-55 % 550
A(1232) 7 10-50 % 386
A(1232) 7, S-wave 5-35 % 386
A(1232) 7, D-wave 4-16 % 386
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/Vp, 523/2, S-wave seen T
N(1520) 7, P-wave 1-5 % 120
N(1535) 7 0.5-1.5 % 90
A(1232)n 3-7% 1
N~ 0.22-0.60 % 591

N, helicity=1/2 0.12-0.30 % 591

N+, helicity=3/2 0.10-0.30 % 591

A(1905) 5/2t 1P =33

Re(pole position) = 1805 to 1835 (~ 1820) MeV
—2Im(pole position) = 265 to 300 (= 280) MeV
Breit-Wigner mass = 1855 to 1910 (= 1880) MeV
Breit-Wigner full width = 270 to 400 (~ 330) MeV

A(1905) DECAY MODES Fraction (I;/T) p (MeV/c)
N 9-15 % 698
Nz 673
A(1232) 7, P-wave 23-43 % 524
A(1232)7T, F-wave seen 524
Np, 5=3/2, P-wave seen 385
N(1535) 7 <1% 288
N(1680)m, P-wave 5-15 % 133
A(1232)n 2-6 % 282
N~ 0.012-0.036 % 706
N+, helicity=1/2 0.002-0.006 % 706
N~, helicity=3/2 0.01-0.03 % 706
A(1910) 1/27F 1(0P) =33

Re(pole position) = 1830 to 1880 (~ 1855) MeV
—2Im(pole position) = 200 to 500 (~ 350) MeV
Breit-Wigner mass = 1860 to 1910 (= 1890) MeV
Breit-Wigner full width = 220 to 340 (~ 280) MeV

A(1910) DECAY MODES Fraction (I';/T) p (MeV/c)
N 15-30 % 704
2K 4-14 % 400
Nz 680

A(1232) 7 34-66 % 531
N(1440) 7 3-9% 386
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A(1232)7
N+, helicity=1/2

5-13 % 296
0.0-0.02 % 712

A(1920) 3/2F

1JP) =33

Re(pole position) = 1850 to 1950 (=~ 1900) MeV
—2Im(pole position) = 200 to 400 (=~ 300) MeV
Breit-Wigner mass = 1900 to 1970 (=~ 1920) MeV
Breit-Wigner full width = 180 to 300 (= 260) MeV

A(1920) DECAY MODES Fraction (I;/T) p (MeV/c)
N 5-20 % 723
2K 2-6 % 431
N 699
A(1232) 7 50-90 % 553
A(1232) 7, P-wave 8-28 % 553
A(1232) 7, F-wave 44-72 % 553
N(1440)m, P-wave <4 % 411
N(1520) 7, S-wave <5% 341
N(1535)m <2% 324
N a5(980) seen 41
A(1232)n 5-17 % 336
A(1930) 5/2~ 1Py =3G7)

Re(pole position) = 1840 to 1960 (=~ 1900) MeV
—2Im(pole position) = 175 to 360 (= 270) MeV
Breit-Wigner mass = 1900 to 2000 (=~ 1950) MeV
Breit-Wigner full width = 220 to 500 (~ 360) MeV

A(1930) DECAY MODES Fraction (I;/T) p (MeV/c)
N 5-15 % 742
N~ 0.0-0.01 % 749
N+, helicity=1/2 0.0-0.005 % 749
N+, helicity=3/2 0.0-0.004 % 749

A(1950) 7/2F

1JP) = 3(5h)

Re(pole position) = 1870 to 1890 (=~ 1880) MeV
—2Im(pole position) = 220 to 260 (=~ 240) MeV
Breit-Wigner mass = 1915 to 1950 (=~ 1930) MeV
Breit-Wigner full width = 235 to 335 (& 285) MeV
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A(1950) DECAY MODES Fraction (I;/T) p (MeV/c)
N 35-45 % 729
2K 0.3-0.5 % 441
Nrr 706

A(1232) 7, F-wave 1-9 % 560
N(1680) 7, P-wave 3-9% 191
A(1232)n <1% 349

A(2420) 11/2F 1UF) = 3(%1)

Re(pole position) = 2260 to 2400 (=~ 2330) MeV
—2Im(pole position) = 350 to 750 (~ 550) MeV
Breit-Wigner mass = 2300 to 2500 (~ 2420) MeV
Breit-Wigner full width = 300 to 500 (= 400) MeV

A(2420) DECAY MODES Fraction (I;/T) p (MeV/c)
N 5-15 % 1023
A BARYONS
(S=—1, = 0)

N0 = uds

A 1(JP) =03 T)

Mass m = 1115.683 £ 0.006 MeV
(ma—mz) / mp=(-01+11)x10"° (S=16)
Mean life 7 = (2.632 & 0.020) x 1070 s (S = 1.6)
(tA — 77) / 7A = —0.001 + 0.009
cr = 7.89 cm
Magnetic moment p = —0.613 = 0.004 upy
Electric dipole moment d < 1.5 x 10710 ecm, CL = 95%

Decay parameters

pm a_ = 0.642 4+ 0.013
prT ap = —0.71 £ 0.08
pr $_ = (—6.5 + 3.5)°

" ~_ =0.76 [l

" A_ = (8+4)ll
nnO ap = 0.65 & 0.04

pe” 7, ga/gy = —0.718 + 0.015 [
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A DECAY MODES Fraction (I;/T) Confidence level (MSV/C)
pT— (63.9 £0.5 ) % 101
nm0 (35.8 £0.5 ) % 104
n~y ( 1.75+0.15) x 10~3 162
Py [o] (84 +1.4)x10~4 101
pe Ve ( 8.3240.14) x 10~ 4 163
pu- T, ( 1.57+0.35) x 104 131
Lepton (L) and/or Baryon (B) number violating decay modes
Tte” LB < 6 x 10~/ 90% 549
Tt LB < 6 x 107 90% 544
et LB < 4 x 10~7 90% 549
e LB < 6 x 10~ 7 90% 544
Kte™ LB < 2 x 1070 90% 449
KT LB < 3 x 10~0 90% 441
K~ e™ LB < 2 x 1076 90% 449
K= u™ LB < 3 x 1076 90% 441
KSv LB < 2 x 1075 90% 447
prT B <9 x 1077 90% 101
A(1405) 1/2~ 1Py =0(37)

Mass m = 1405.171-3 MeV
Full width ' = 50.5 £+ 2.0 MeV
Below K N threshold

A(1405) DECAY MODES Fraction (I';/T) p (MeV/c)
m 100 % 155
A(1520) 3/2~ 1Py =0(37)

Mass m = 1519.5 & 1.0 MeV [P]
Full width T = 15.6 & 1.0 MeV [P]

A(1520) DECAY MODES Fraction (I;/T) p (MeV/c)
NK (45 +1 )% 243
 m (42 +1 )% 268
Vs (10 +1 )% 259
Samw (09 £0.1)% 169
N~y ( 0.854+0.15) % 350
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A(1600) 1/2F 1Py =0(3T)
Mass m = 1560 to 1700 (~ 1600) MeV
Full width ' = 50 to 250 (=~ 150) MeV
A(1600) DECAY MODES Fraction (I';/T) p (MeV/c)
NK 15-30 % 343
> 10-60 % 338
A(1670) 1/2~ 1(4F) =0(37)
Mass m = 1660 to 1680 (= 1670) MeV
Full width I = 25 to 50 (~ 35) MeV
A(1670) DECAY MODES Fraction (I;/T) p (MeV/c)
NK 20-30 % 414
2T 25-55 % 394
An 10-25 % 69
N K*(892), 5=3/2, D-wave (5+4) % T
A(1690) 3/2~ 1Py =0(37)
Mass m = 1685 to 1695 (~ 1690) MeV
Full width ' = 50 to 70 (=~ 60) MeV
A(1690) DECAY MODES Fraction (I';/T) p (MeV/c)
NK 20-30 % 433
> 20-40 % 410
biie ~25% 419
2w ~20 % 358
A(1800) 1/2~ 1Py =0(37)
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A(1800) DECAY MODES Fraction (I';/T) p (MeV/c)
NK 25-40 % 528
e seen 494
> (1385)7 seen 349
An (6£5) % 326
N K*(892) seen 1
A(1810) 1/27F 1(JP) =0(3™)

Mass m = 1750 to 1850 (=~ 1810) MeV

Full width I = 50 to 250 (= 150) MeV
A(1810) DECAY MODES Fraction (I';/T) p (MeV/c)
NK 20-50 % 537
X 10-40 % 501
Z(_1385)7T seen 357
N K*(892) 30-60 % ]

A(1820) 5/2t 1Py =03 )

Mass m = 1815 to 1825 (~ 1820) MeV

Full width ' = 70 to 90 (~ 80) MeV
A(1820) DECAY MODES Fraction (I';/T) p (MeV/c)
NK 55-65 % 545
PRy 8-14 % 509
5 (1385)7 5-10 % 366
N K*(892), S=3/2, P-wave (3.0+1.0) % f

A(1830) 5/2~

1JP)=0(37)

Mass m = 1810 to 1830 (~ 1830) MeV
Full width ' = 60 to 110 (= 95) MeV
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A(1830) DECAY MODES Fraction (I';/T) p (MeV/c)
NK 3-10 % 553
2 35-75 % 516
> (1385)w >15 % 374
> (1385) 7, D-wave (52+£6) % 374
A(1890) 3/2t 1(JF) =03 ™)
Mass m = 1850 to 1910 (= 1890) MeV
Full width I = 60 to 200 (=~ 100) MeV
A(1890) DECAY MODES Fraction (I;/T) p (MeV/c)
NK 20-35 % 599
2T 3-10 % 560
X(_1385)7T seen 423
N K*(892) seen 236
A(2100) 7/2~ 1Py =0(%7)
Mass m = 2090 to 2110 (= 2100) MeV
Full width ' = 100 to 250 (=~ 200) MeV
A(2100) DECAY MODES Fraction (I;/T) p (MeV/c)
NK 25-35 % 751
2T ~5% 705
An <3% 617
=K <3% 491
Nw <8 % 443
N K*(892) 10-20 % 515
A(2110) 5/2F 1(JP) =0(3™)

Mass m = 2090 to 2140 (=~ 2110) MeV
Full width ' = 150 to 250 (=~ 200) MeV
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A(2110) DECAY MODES Fraction (I';/T) p (MeV/c)

NK 5-25 % 757

> 10-40 % 711

Nw seen 455

Z(_1385) m seen 501

N K*(892) 10-60 % 525
A(2350) 9/27F 1(JP) =0(3H)

Mass m = 2340 to 2370 (=~ 2350) MeV
Full width I = 100 to 250 (= 150) MeV

A(2350) DECAY MODES Fraction (I';/T) p (MeV/c)
NK ~ 12 % 915
7 ~ 10 % 867
2 BARYONS
(S5=-1,1=1)
St =uus, X0=uds X~ =dds
I+ 1Py =1(37T)

Mass m = 1189.37 & 0.07 MeV (S = 2.2)
Mean life 7 = (0.8018 + 0.0026) x 10710
cr = 2.404 cm

(T}_—+ -

75.)/ Ty = —0.0006 + 0.0012

Magnetic moment p = 2458 £ 0.010 upy (S =12.1)
(st + py- { i —0014i0015
Jriz-

M=t — net

— né~ V < 0.043

Decay parameters

prd

0.017
ag = —0.980 " ) 01L
¢o = (36 £ 34)°

7o = 0.16 (7]

Ay = (187 + 6)° ]
a = 0.068 + 0.013
¢y = (167 £20)° (S =1.1)

vy = —0.97 [
A+ ( 73+133) [n]
= —0.76 + 0.08

Oy
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P
>+ DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
pr© (51.57+0.30) % 189
nmT (48.3140.30) % 185
Py ( 1.2340.05) x 10~3 225
nmtay [o] (45 £05 )x10~4 185
Net v, (20 +£05 )x 1075 71

AS = AQ (SQ) violating modes or
AS = 1 weak neutral current (S1) modes
net v, Y] < 5 x 1070 90% 224
npt v, o) < 30 x 1072 90% 202
pet e S1 < 7 x 100 225
put s1 (9 T3 )x1078 121
1
50 1Py =131
Mass m = 1192.642 + 0.024 MeV
ms_ — myo = 4.807 + 0.035 MeV (S =1.1)
mso — mp = 76.959 + 0.023 MeV
Mean life 7 = (7.4 = 0.7) x 10720 s
cr =222x 107N m
Transition magnetic moment }H}_‘/\} =1.61 4+ 0.08 pupy

p
50 DECAY MODES Fraction (I;/T) Confidence level (MeV/c)
Ny 100 % 74
Ny < 3% 90% 74
NeT e~ [q] 5x103 74

- 1(JP) =1(31)

Mass m = 1197.449 4+ 0.030 MeV (S = 1.2)

msy_ — my, =8.08 4 0.08 MeV (S =1.9)

ms_ — mp = 81766 + 0.030 MeV (S =1.2)

Mean life 7 = (1.479 & 0.011) x 10710 s (S = 1.3)
cr = 4.434 cm

Magnetic moment ¢ = —1.160 £ 0.025 ppy (S = 1.7)

2~ charge radius = 0.78 + 0.10 fm
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Decay parameters

nm a_ = —0.068 + 0.008
" ¢_ = (10 + 15)°
" v_ =0.98 []

" A_ = (2497 ,32)° [n]
ne U, ga/gy = 0.340 £ 0.017 []
" f(0)/f(0) = 0.97 + 0.14
" D=0.114 0.10
Ne™ 7, gv/ga=001+01001 (S=15)
" gwm/8a =24+ 17 [7]

X~ DECAY MODES Fraction (I';/T) p (MeV/c)

nm™ (99.848-£0.005) % 193

nmwT Ay [o]( 46 +0.6 )x10~4 193

ne” U ( 1.017-+0.034) x 10~3 230

np T, (45 +04 )x10~4 210

Ne™ U, ( 5.73 £0.27 ) x 1072 79
> (1385) 3/27F 1Py =1(37T)

5 (1385)*mass m = 1382.80 4+ 0.35 MeV (S = 1.9)

5(1385)° mass m = 1383.7 = 1.0 MeV (S = 1.4)

2 (1385)"mass m = 1387.2 £ 0.5 MeV (S = 2.2)

5(1385) " full width ' = 36.0 + 0.7 MeV

5 (1385)° full width I = 36 + 5 MeV

2 (1385) full width ' = 39.4 +£ 2.1 MeV (S = 1.7)
Below K N threshold

p
X(1385) DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
Vs (87.0 £1.5 ) % 208
>m (11.7 £15 )% 129
A~y (1.257913) % 241
>ty (7.0 £1.7 )x 1073 180
Sy < 24 x 10~4 90% 173
5(1660) 1/2+ 1Py =13

Mass m = 1630 to 1690 (~ 1660) MeV
Full width T = 40 to 200 (= 100) MeV
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¥(1660) DECAY MODES Fraction (I';/T) p (MeV/c)
NK 10-30 % 405
Vs seen 440
e seen 387
> (1670) 3/2~ 1Py =137)
Mass m = 1665 to 1685 (= 1670) MeV
Full width ' = 40 to 80 (= 60) MeV
X(1670) DECAY MODES Fraction (I';/T) p (MeV/c)
NK 7-13 % 414
v 5-15 % 448
> 30-60 % 394
5 (1750) 1/2~ 1Py =1(37)
Mass m = 1730 to 1800 (=~ 1750) MeV
Full width ' = 60 to 160 (=~ 90) MeV
X(1750) DECAY MODES Fraction (I';/T) p (MeV/c)
NK 10-40 % 486
N7 seen 507
T <8 % 456
rn 15-55 % 98
N K*(892), S=1/2 (8+4) % T
X(1775)5/2~ 1Py =137)
Mass m = 1770 to 1780 (= 1775) MeV
Full width ' = 105 to 135 (=~ 120) MeV
¥ (1775) DECAY MODES Fraction (I;/T) p (MeV/c)
NK 37-43% 508
N 14-20% 525
PRy 2-5% 475
2 (1385)w 8-12% 327
A(1520) 7, P-wave 17-23% 201
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1(JP) =

X (1915) 5/2+

137)

Mass m = 1900 to 1935 (=~ 1915) MeV
Full width I = 80 to 160 (= 120) MeV

X (1915) DECAY MODES Fraction (I';/T) p (MeV/c)
NK 5-15 % 618
N7 seen 623
> seen 577
2 (1385)w <5% 443
X (1940) 3/2~ 1Py =137)

Mass m = 1900 to 1950 (=~ 1940) MeV

Full width ' = 150 to 300 (=~ 220) MeV
¥ (1940) DECAY MODES Fraction (I';/T) p (MeV/c)
NK <20 % 637
Vs seen 640
2 seen 595
2(1385)7T seen 463
/\(1520)7T_ seen 355
A(1232) K seen 410
NW*(892) seen 322

X (2030) 7/2t 1Py =1(3")

Mass m = 2025 to 2040 (=~ 2030) MeV

Full width ' = 150 to 200 (=~ 180) MeV
X(2030) DECAY MODES Fraction (I';/T) p (MeV/c)
NK 17-23 % 702
A 17-23 % 700
T 5-10 % 657
=K <2% 422
> (1385)w 5-15 % 532
A(1520) 10-20 % 430
A(1232)K 10-20 % 498
N K*(892) <5% 439
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X (2250) 1JP) =102

Mass m = 2210 to 2280 (= 2250) MeV
Full width ' = 60 to 150 (~ 100) MeV

¥ (2250) DECAY MODES Fraction (I';/T) p (MeV/c)
NK <10 % 851
AT seen 842
>m seen 803
= BARYONS
(S=—2,1=1/2)
=0 — yss, = = dss
=0 10P) = 3G

P is not yet measured; + is the quark model prediction.

Mass m = 1314.86 4+ 0.20 MeV
m—_ — m— — 6.85 + 0.21 MeV
Mean life 7 = (2.90 + 0.09) x 10710 s
cr =8.71 cm
Magnetic moment p = —1.250 + 0.014 upy

Decay parameters

A0 o = —0.406 + 0.013

" ¢ = (21 £ 12)°

" v = 0.85 [1]

" A = (218713 [n]
Ny a = —0.70 + 0.07
NeT e~ a=-08+02
504 a = —0.69 + 0.06

Ste v, g1(0)/f(0) = 1.22 £ 0.05
Ste v, £(0)/f(0) =2.04 0.9

HTTP://PDG.LBL.GOV Page 26 Created: 10/1/2016 20:05



Citation: C. Patrignani et al. (Particle Data Group), Chin. Phys. C, 40, 100001 (2016)

P
=0 DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
Ar0 (99.524+0.012) % 135
Ny ( 1.17 +0.07 ) x 1073 184

Nete™ (76 +06 )x107° 184
>0 (13.33 £0.10 ) x 103 117
Ste 7, ( 2.52 £0.08 ) x 104 120
Tt o, (233 +£0.35 ) x 107° 64

AS = AQ (SQ) violating modes or
AS = 2 forbidden (52) modes
S eTy, SQ < 9 x 104 90% 112
S pty, S < 9 x 10~4 90% 49
pr 2 < 8 x 106 90% 299
pe T, $2 < 13 x 1073 323
pu= T, 2 < 13 x 1073 309
=- 1Py =3
P is not yet measured; + is the quark model prediction.
Mass m = 1321.71 4+ 0.07 MeV
(mE,<—ln§+)//n5,::(—3:t9)x10_5
Mean life 7 = (1.639 & 0.015) x 10710 s
cr =491 cm
(r=- — 7=¢) /7= =-0.01+0.07
Magnetic moment p = —0.6507 4 0.0025 ppy
(hz- + p=+) / |n=-| = +0.01 £ 0.05
Decay parameters
A~ o= —0458 +0.012 (S =1.8)
[(Z7)a—(A) — a(ET)asr(A)] / [sum] = (0 £ 7) x 1074
" ¢ =(—2.1+08)°
" ~ =0.89 [l
" A = (175.9 £ 1.5)° 7]
Ne~Te  ga/gy = —0.25 + 0.05 [l

P
=~ DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
Ar— (99.88740.035) % 140
>y (127 £0.23 )x 10~ 118
Ne™ U, ( 5.63 +0.31 ) x 10~4 190
Ap~ D, (35 733 )x10~* 163
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07, (87 +17 )x1075 123
SOu~p, < 8 x 1074 90% 70
e~ 7, < 23 x 103 90% 7
AS = 2 forbidden (52) modes
nm— 2 < 19 x 107 90% 304
ne v, 2 < 32 x 1073 90% 327
npT v, $2 < 15 % 90% 314
prmT T 2 < 4 x 1074 90% 223
prT e U, 2 < 4 x 10~4 90% 305
pTT U T, 2 < 4 x 10~4 90% 251
P L < 4 x 108 90% 272
=(1530) 3/2F 1Py =331

=(1530)° mass m = 1531.80 4+ 0.32 MeV (S = 1.3)

=(1530)" mass m = 1535.0 £ 0.6 MeV

=(1530)° full width I = 9.1 & 0.5 MeV

=(1530)~ full width I = 9.971-{ Mev

p
=(1530) DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
=7 100 % 158
=7 <4 % 90% 202
=(1690) 1Py = 1027

Mass m = 1690 + 10 MeV [P]
Full width T < 30 MeV

=(1690) DECAY MODES Fraction (I';/T) p (MeV/c)

/\W_ seen 240

2 K seen 70

-7 seen 311

Zatn possibly seen 213
=(1820) 3/2~ 147y =337)

Mass m = 1823 + 5 MeV [Pl
Full width I = 24715 MeV [l
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=(1820) DECAY MODES Fraction (I;/T) p (MeV/c)
/\K large 402
> K small 324
=7 small 421
=(1530) 7 small 237
=(1950) 1Py = 127

Mass m = 1950 + 15 MeV [Pl

Full width I = 60 + 20 MeV [Pl
=(1950) DECAY MODES Fraction (I';/T) p (MeV/c)
ANK seen 522
K possibly seen 460
=7 seen 519

=(2030) 1Py =1(> 3"

Mass m = 2025 + 5 MeV [Pl

Full width T = 20112 MeV [Pl
=(2030) DECAY MODES Fraction (I';/T) p (MeV/c)
AK ~ 20 % 585
2K ~ 80 % 529
=7 small 574
:_(].530)7T small 416
AKT small 499
YKn small 428
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2 BARYONS
(S=-3,1=0)

27 = sss

o 1(JP) =0(37)

JP = %+ is the quark-model prediction; and J = 3/2 is fairly well

established.

Mass m = 1672.45 £ 0.29 MeV

(mg —mgy)/ mo = (—1+8)x 107°

Mean life 7 = (0.821 & 0.011) x 10710 s
cr = 2.461 cm

(Tg- — 7g+) / T =0.00 £+ 0.05

Magnetic moment p = —2.02 & 0.05 pupy

Decay parameters

NK™ a = 0.0180 £ 0.0024
AK=, AKT (a + @)/(a —@) = —0.02 £ 0.13
=07— o = 0.09 + 0.14
-7 a=0.05+0.21
p
22— DECAY MODES Fraction (I;/T) Confidence level (MeV/c)
NK™ (67.84+0.7) % 211
=V (23.640.7) % 294
= ( 8.6+0.4) % 289
EoataT ( 3.71’8:2) x 104 189
=(1530)%7~ < 7 x 1075 90% 17
e~ 7, ( 5.6+2.8) x 1073 319
Ty < 46 x 10~4 90% 314
AS = 2 forbidden (52) modes
Am™ 2 < 29 x 106 90% 449
02(2250)~ 1(JP) =0(?")

Mass m = 2252 + 9 MeV
Full width ' = 55 &+ 18 MeV
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2(2250)— DECAY MODES Fraction (I';/T) p (MeV/c)
= ot K- seen 532
_:(1530)0 K~ seen 437

CHARMED BARYONS
(C=+1)

AY =ude, It =uue, IF=ude, £9=ddc,

=+ _ =0 _ 0 _
=! =usc, =.=dsc, _Qc—ssc
+ Py _ (1
AL 1J7)=0(31)
J is not well measured; % is the quark-model prediction.
Mass m = 2286.46 + 0.14 MeV
Mean life 7 = (200 & 6) x 10715 s (S = 1.6)
cr = 59.9 um
Decay asymmetry parameters
Art a=—091 + 0.15
Tt 0 o = —0.45 + 0.32
AT v, a = —0.86 + 0.04
(a +a)/(a—a)in AT - Axt, A_ — Ax~ = —0.07 £ 0.31
(a + @) /(a—a) in AT — AeTv,, AZ — Ae” D, = 0.00+0.04
Scale factor/ p
/\;__" DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
Hadronic modes with a p: S = —1 final states
pKS ( 1.58+ 0.08) % S=1.2 873
pK—mt ( 6354+ 0.33) % S=1.4 823
pK*(892)° [r] (1.98+ 0.28) % 685
A(1232) T K~ ( 1.09+ 0.25) % 710
A(1520) 7+ [r] (22 + 05)% 627
p K~ 7 nonresonant (35 + 04)% 823
pK O ( 1.99+ 0.13) % S=1.1 823
pK%n (16 + 04 )% 568
pKYmta~ ( 1.66+ 0.12) % S=1.1 754
pK~nt 70 (49 + 04)% S=13 759
pK*(892) wT [l (15 + 05)% 580
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p(K™ '/T—i'lnonresonantﬂ'0 (46 £09)%
A(1232) K*(892) seen
pK—2rnt 7™ (1.4 £ 1.0 )x 1073
pK~nt 270 (1.0 £ 05)%
Hadronic modes with a p: S = 0 final states
prta~ (44 £ 23 )x1073
p5(980) [r[] (35 + 23)x10"3
p2rnt2n~ (23 £ 15 )x1073
pKT K™ (10 + 4 )x107%
po [r] (1.04+ 0.21) x 10~3
pKT K~ non-¢ (44 + 1.8 )x1074
Hadronic modes with a hyperon: S = —1 final states
AT ( 1.30+ 0.07) % S=1.2
Art 70 (7.1 £ 04)% S=1.2
ApT < 6 % CL=95%
Ar—2nt (37 +04)% S=1.9
>(1385) T T, IFF — (1.0 + 05)%
Ant
> (1385) 27T, I*T — (7.8 + 1.6 )x 1073
N~
At p0 (15 + 06 )%
7 (1385)F 0, X*t — AxT (5 +4 )x10-3
An~ 27t nonresonant < 11 % CL=90%
Ar~ 79277 total (23 +08)%
AnTn [l (23 +05)%
> (1385)T 7 [r] (1.08+ 0.32)%
Artw ] (15 £ 05)%
Ar~7927F  nonorw < 8 x 1073  CL=90%
AK+T KO (57 + 1.1 )x10~3  $=2.0
=(1690)° K+, =0 . AKO (1.6 + 05 )x103
>0+ ( 1.29+ 0.07) % S=1.1
>t40 ( 1.24+ 0.10) %
>ty (7.0 £ 23 )x1073
Stoata~ ( 457+ 0.29) % S=1.2
>+ 0 < 17 % CL=95%
y—ont (21 £ 04)%
S0+ 70 (23 £ 09)%
S0x—2gt ( 1.134+ 0.29) %
Stata— a0 —
Stw [r] ( 174+ 0.21)%
STKTK™ (36 £ 04 )x10"3
>T¢ [l (40 + 06 )x10~3  s=11
=(1690)° K+, =*0 ( 1.03+ 0.26) x 103
STK™
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759
419
671
678

927
614
852
616
590
616

864
844
636
807
688

688

524
363
807
757
691
570
517
757
443
286
825
827
713
804
575
799
803
763
767
569
349
2905
286
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>+ K+ K~ nonresonant < 8 x 1074 CL=90%
=0kt (50 £ 1.2 ) x 1073
=T Ktat (62 + 06 )x1073  S=1.1

=(1530)° K+ [l (33 + 09)x1073

Hadronic modes with a hyperon: S = 0 final states

AKT (6.1 £ 1.2 )x 1074
AKT g™ <5 x 1074  CL=90%
SO+ (52 + 08 )x10~4
SOK+rt = < 26 x 10~4  CL=90%
StKtn— (21 + 06 )x1073

>t K*(892)0 [l (36 + 1.0 )x1073
Yo Ktrt < 12 x 1073 CL=90%

Doubly Cabibbo-suppressed modes
pKT 7~ < 29 x 1074 CL=90%
Semileptonic modes
NeT v, (36 £ 04)%
Inclusive modes

eT anything (45 £ 1.7)%
pet anything (18 £09)%
p anything (50 +£16 )%

p anything (no A) (12 +19 )%
n anything (50 +16 )%

n anything (no A) (29 +17 )%
/A anything (35 +£11 )% S=14
Xianything [s] (10 £5 )%
3prongs 24 +£8 )%

AC = 1 weak neutral current (C1) modes, or
Lepton Family number (LF), or Lepton number (L), or
Baryon number (B) violating modes

pete C1 < 55 x 1076  CL=90%
put T CI < 4.4 x 1072 CL=90%
pet LF < 9.9 x 1076 CL=90%
pe pt LF < 19 x 1072 CL=90%
p2et LB < 27 x 1076  CL=90%
p2ut LB < 94 x 1070  CL=90%
pet T LB < 16 x 107 CL=90%
Soptut L < 70 x 10~%  CL=90%

349
653
565
473

781
637
735
574
670
470
664

823

871

951
937
947
947
951
937
947
812
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Ac(2595)* 1(JF) = 0(37)

The spin-parity follows from the fact that X_(2455)7 decays, with

little available phase space, are dominant. This assumes that JP =
1/27 for the X.(2455).

Mass m = 2592.25 4+ 0.28 MeV
m-—m, = 305.79 4+ 0.24 MeV
Full width T = 2.6 + 0.6 MeV

AT 77 and its submode X .(2455) T — the latter just barely — are the
c

only strong decays allowed to an excited /\j_ having this mass; and the
submode seems to dominate.

/\c(2595)+ DECAY MODES Fraction (I';/T) p (MeV/c)
/\j:r at T t] — 117
> (2455) T ™ 24+ 7% t
5 (2455)0 7t 24+ 7% i
AT nt 7™ 3-body 18 + 10 % 117
/\j— 70 [u] not seen 258
_|_
/\C y not seen 288
Ac(2625)* 1(JP) =0(37)

JP has not been measured; %_ is the quark-model prediction.

Mass m = 2628.11 + 0.19 MeV (S = 1.1)
m—m, =341.65+013MeV (S=11)
Full width T < 0.97 MeV, CL = 90%

/\?ﬂ'ﬂ' and its submode X(2455) 7 are the only strong decays allowed to

an excited /\;__" having this mass.

p
/\c(2625)+ DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
A ratn [t] =~ 67% 184
5 (2455)T T 1~ <5 90% 102
5 (2455)0 7t <5 90% 102
/\j N 3-body large 184
/\j— 70 [u] not seen 293
_|_
/\C y not seen 319
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A-(2880)* 1(JF) = 0(3™)

There is some good evidence that indeed JP = 5/2+

Mass m = 2881.53 + 0.35 MeV
m-—m,. = 595.1 + 0.4 MeV

Full width I = 5.8 + 1.1 MeV

A(2880)+ DECAY MODES Fraction (I';/T) p (MeV/c)
/\2_ atn~ seen 471
ZC(2455)0 gt seen 376
ZC(2520)0 g seen 317
pDO seen 316
Ac(2940)* 1(JP) =0(?")
Mass m = 2939.37 12 MeV
Full width I = 1778 MeV
/\c(2940)+ DECAY MODES Fraction (I';/T) p (MeV/c)
pDO seen 420
ZC(2455)0 ot seen -
X(2455) 10F) =1(3")

5. (2455) " mass m = 2453.97 + 0.14 MeV

5>.(2455)T mass m = 2452.9 4 0.4 MeV

5 (2455)° mass m = 2453.75 + 0.14 MeV
Mgy — m, = 167.510 + 0.017 MeV

My — M, = 166.4 + 0.4 MeV
mso — m ;. = 167.290 £ 0.017 MeV
Myre — myo = 0.220 % 0.013 MeV
m}__i — mZOC: —0.9 £ 0.4 MeV
5(2455) T full width I = 1.897098 MeV (S = 1.1)

5.(2455)T full width I < 4.6 MeV, CL = 90%
5(2455)° full width I = 1.8370-13 MeV (S = 1.2)
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AT

T is the only strong decay allowed to a 3. having this mass.

X _(2455) DECAY MODES Fraction (I';/T) p (MeV/c)

+
/\C7r

~ 100 % 94

>,(2520)

1JP) =1(31)

JP has not been measured; %+ is the quark-model prediction.

5 (2520)*tmass m = 2518.41 7927 MeV (S = 1.1)
>.(2520)" mass m = 2517.5 & 2.3 MeV
5.(2520)° mass m = 2518.48 & 0.20 MeV (S = 1.1)

+0.17
My (2520)++ — m/\? = 231957575 MeV (S =1.3)
My (2520)+ — M+ = 231.0 £ 2.3 MeV
< 40.15 B
m):c(2520)0 - m/\z_ = 232.02_0_14 MeV (S = 13)

mZC(2520)++ - mzc(2520)0 = 0.01 4+ 0.15 MeV

5(2520)7F full width I = 14.78 1 5-30 MeV
.(2520)T  full width T < 17 MeV, CL = 90%
5.(2520)°  full width I = 153153 MeV

/\jﬂ' is the only strong decay allowed to a 3. having this mass.

X (2520) DECAY MODES Fraction (I;/T) p (MeV/c)
At ~ 100 % 179
X.(2800) 1JP) =102

5.(2800)*F mass m = 28011 ¢ MeV
5.(2800)* mass m = 2792712 MeV
5.(2800)° mass m = 28063 MeV (S = 1.3)

_ +4
_ +14
M5 (2800)+ — m/\j = 505" "¢ MeV

— +5 —
My (28000 ~ mA? =519"7 MeV (S =1.3)

5.(2800)*7 full width I = 75722 MeV
>(2800)T full width I = 62753 MeV
5.(2800)° full width I = 72122 MeV
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X (2800) DECAY MODES Fraction (I;/T) p (MeV/c)
/\2_ T seen 443
= 1U7) = 3

JP has not been measured; %+ is the quark-model prediction.

Mass m = 2467.93 7328 MeV
Mean life 7 = (442 & 26) x 1071 s (S = 1.3)

cr = 132 um
P
E_CF DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
No absolute branching fractions have been measured.
The following are branching ratios relative to =~ 2x+.
Cabibbo-favored (S = —2) decays — relative to =~ 27+
p2KS 0.08740.021 767
AKOt — 852
5 (1385)T KO [l 1.0 +£05 746
AK™ 27T 0.32340.033 787
AK*(892)0 7t [r] <0.16 90% 608
>(1385) T K~ nt [r] <0.23 90% 678
STK 7T 0.94 £0.10 811
ST K*(892)° [l 081 +0.15 658
SOK— 27t 0.27 £0.12 735
=0rt 0.55 +£0.16 877
=2t DEFINED AS 1 851
=(1530)0 7t [r] <0.10 90% 750
=07+t 70 23 £07 856
=0r—2ont 1.7 £05 818
ety 23 TO1 884
Q- Ktrt 0.07 40.04 399
Cabibbo-suppressed decays — relative to =~ 27+
pK—nt 0.21 40.04 944
pK*(892)° [F] 0.11640.030 828
Stata~ 0.48 £0.20 922
>—2ont 0.18 £0.09 918
STKTK™ 0.15 40.06 580
>to [r] <0.11 90% 549
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=(1690)° KT, =0 — <0.05 90% 501
STK—

=0 Py _ 1/1

=0 1J7) = 3(3™)

JP has not been measured; %+ is the quark-model prediction.

m—o — m_; =293 £ 0.24 MeV

Mean life 7 = (1124_'%8) x 10715 s
cr = 33.6 um

_ +0.28
Mass m = 2470.85 020 MeV

Decay asymmetry parameters
= xt a=-06=+04

No absolute branching fractions have been measured. Several measure-
ments of ratios of fractions may be found in the Listings that follow.

:-2 DECAY MODES Fraction (I';/T) p (MeV/c)

No absolute branching fractions have been measured.
The following are branching ratios relative to =~ 7.

Cabibbo-favored (S = —2) decays — relative to =~ 7+

pK— K- nt 0.34 +0.04 676
pK~ K*(892)° 0.21 +0.05 413
pK~ K~ 7t (no K*9) 0.21 +0.04 676

AKY 0.21040.028 906

AK— 7t 1.07 +0.14 856

/\VO 7T+ T seen 787

AK ntata™ seen 703

= qt DEFINED AS 1 875

Zatata- 33 +1.4 816

Q- KTt 0.29740.024 522

Z etu, 31 +£1.1 882

=~ ¢t anything 1.0 +05 -

Cabibbo-suppressed decays — relative to =~ 7+

=Kt 0.0280.006 790

AKT K~ (no ¢) 0.02940.007 648

N 0.034+0.007 621
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=+ Py_1/1
= 7)) = 3(31)
JP has not been measured; %"' is the quark-model prediction.
Mass m = 2575.7 &+ 3.0 MeV
m_y — m_, = 107.8 £+ 3.0 MeV
The EL_‘F—E;" mass difference is too small for any strong decay to occur.
E’c+ DECAY MODES Fraction (I';/T) p (MeV/c)
=+
=7 seen 106
=0 Py _1/1
= 7)) = 3(31)
JP has not been measured; %+ is the quark-model prediction.
Mass m = 2577.9 £ 2.9 MeV
M—p — M=o = 107.0 &+ 2.9 MeV
The E/CO - :_(g mass difference is too small for any strong decay to occur.
E’co DECAY MODES Fraction (I';/T) p (MeV/c)
=0
=7 seen 105
Zc(2645) 1P =33

JP has not been measured; %+ is the quark-model prediction.

(2645)" mass m = 2645.9 + 0.5 MeV (S = 1.1)
=.(2645)° mass m = 2645.9 4+ 0.5 MeV
— m=o =175.0 £ 0.6 MeV (S =1.1)
— m_. = 178.0 + 0.6 MeV

M=_(2645)+

M= (2645)0

M= (2645)+ — M= (2645)0 = 0.0 £ 0.5 MeV
=.(2645)T full width I = 2.6 & 0.4 MeV
=.(2645)° full width I < 5.5 MeV, CL = 90%
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= is the only strong decay allowed to a = resonance having this mass.

=.(2645) DECAY MODES Fraction (I';/T) p (MeV/c)
_:?: nt seen 102
:_j_ T seen 107
= 1/,1—
=:(2790) 1Py =337)
JP has not been measured; %_ is the quark-model prediction.

=-(2790)" mass = 2789.1 + 3.2 MeV
=.(2790)° mass = 2791.9 + 3.3 MeV
M= (2790)+ ~ m_:g = 318.2 £+ 3.2 MeV
M= (2790)0 — M=+ = 324.0 + 3.3 MeV
=,(2790)* width < 15 MeV, CL = 90%
=.(2790)° width < 12 MeV, CL = 90%

=.(2790) DECAY MODES Fraction (I';/T) p (MeV/c)
:_/C’/T seen 159
Z(2815) 1) =337
JP has not been measured; %_ is the quark-model prediction.

=.(2815)T mass m = 2816.6 & 0.9 MeV
=.(2815)% mass m = 2819.6 4 1.2 MeV

M= (2815)+ ~ m_:j = 348.7 £ 0.9 MeV

M= (2g15)0 ~ m_:g = 348.8 £ 1.2 MeV
=.(2815)T full width I < 3.5 MeV, CL = 90%
=.(2815)° full width ' < 6.5 MeV, CL = 90%

The =77 modes are consistent with being entirely via =.(2645) 7.

=.(2815) DECAY MODES Fraction (I;/T) p (MeV/c)

_:j_ atn™ seen 196

_:?: i seen 191
=.(2970)

Py _ 1.7
was =.(2980) IU7) =3
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Z.(2970)" m = 2970.7 + 2.2 MeV (S = 1.5)
=.(2970)° m = 2968.0 + 2.6 MeV (S = 1.2)
=.(2970)" width I = 17.9 + 3.5 MeV
=.(2970)° width ' = 20 + 7 MeV (S = 1.3)
=.(2970) DECAY MODES Fraction (I';/T) p (MeV/c)
/\;FWW seen 231
ZC(2455)W seen 134
/\j? not seen 414
=2 seen 385
=.(2645) 7 seen 277
=.(3055) 1(4P) =227
Mass m = 3055.1 +£ 1.7 MeV (S = 1.5)
Full width T = 11 + 4 MeV
- ?
=c(3080) 1Py = 39
=.(3080)" m = 3076.94 + 0.28 MeV
=.(3080)° m = 3079.9 + 1.4 MeV (S = 1.3)
=.(3080)" width ' = 4.3 + 1.5 MeV (S = 1.3)
=.(3080)° width I = 5.6 + 2.2 MeV
Ec(3080) DECAY MODES Fraction (I';/T) p (MeV/c)
/\j?ﬂ seen 415
. (2455)K seen 342
ZC(2455)W + ZC(2520)W seen -
/\j? not seen 536
/\;F Krntn~ not seen 143
2 I(JP) =03 )

JP has not been measured;

Mass m = 2695.2 4+ 1.7

Mean life 7 = (69 + 12) x

cr =21 um
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No absolute branching fractions have been measured.

flg DECAY MODES Fraction (I';/T) p (MeV/c)
Z+K_K_7T+ seen 639
_0 K- nt seen 901
= K 7T+ + seen 830
2~ Ve seen 829
- seen 821
2~ 0 seen 797
2~ + + seen 753
3
2.(2770)° 1Py =03 )
JP has not been measured; %+ is the quark-model prediction.

Mass m = 2765.9 + 2.0 MeV (S = 1.2)

The _QC(2770)0—_QO mass difference is too small for any strong decay to
c
occur.

'QC(277°)0 DECAY MODES Fraction (I;/T) p (MeV/c)

Q(C)’y presumably 100% 70

BOTTOM BARYONS
(B=-1)

AN =udb, =9 = usb, =, =dsb, 2, =ssb

A9 1(JP) =0(3™)

/(JP) not yet measured; O(%‘I') is the quark model prediction.
Mass m = 5619.51 + 0.23 MeV
m . — mpgo = 339.2 + 1.4 MeV

N

b

my — mgy = 339.72 + 0.28 MeV
b

Mean life 7 = (1.466 + 0.010) x 10712 s
cr = 439.5 um

AC’P(Ab — p7T_) = 0.06 + 0.07
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Acp(Ap — pK™) =10.00£0.19 (S =24)
Acp(Ap — pKO7m~) =0.22 +£0.13

AAcp(J/Ypr= /KT) = Acp(J/Ypr™) — Acp(J/YpK™)

= (5.7 £2.7) x 1072
a decay parameter for A, — J/1p/A = 0.18 + 0.13
AL p(pp) in Ay — Aptp~ = —0.05 + 0.09
AL o(pT)in Ay — A(pm)ptu~ = —0.29 £ 0.08
f7, (11 t) longitudinal polarization fraction in Ay — Au™ ™
0617011
The branching fractions B(b-baryon — A£™ Tpanything) and B(/\% —

Ai_é_ﬁganything) are not pure measurements because the underlying
measured products of these with B(b — b-baryon) were used to determine
B(b — b-baryon), as described in the note “Production and Decay of
b-Flavored Hadrons."”

For inclusive branching fractions, e.g., Ay — annything, the values
usually are multiplicities, not branching fractions. They can be greater

than one.
Scale factor/ p

/\g DECAY MODES Fraction (I;/T) Confidence level (MeV/c)
J/p(1S)Ax B(b — A9) (58 408 )x107° 1740
pDOr— (6.4 £0.7 ) x 10~4 2370
pDO K~ (47 £0.8 )x 1075 2269
pJ/hm™ (26 792 )x1075 1755
pJ/ YK~ (32 T3% ) x10-4 1589

P.(4380)*K~, P. — [v] (27 £1.4 )x107> -

pJ/

P.(4450)* K~, P. — [v] (1.3 £0.4 )x107> -

_pd/Y
pKOm— (1.3 £0.4 )x 1075 2693
pKOK— < 35 x 106 CL=90% 2639
AT m™ (49 +£0.4 )x 1073 S=12 2342
/\j:r K™ ( 3.59+0.30) x 104 S=1.2 2314
/\i_ a1(1260)~ seen 2153
AT D~ (46 £0.6 )x 10~4 1886
AT D; ( 1.1040.10) % 1833
Afatn— (7.7 £1.1 )x 1073 S=1.1 2323

Ne(2595)T 7, (3.4 £15)x 1074 2210

Ac(2595)T — AT at
Ne(2625)T 7, (33 +13)x1074 2193

N(2625)T — /\i’ ata~
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(245507t 7, 29 — (5.7 £22 )x 1074 2265
Aiw‘
S (2455) T, I — (32 +£16 )x 1074 2265
ATt
Cc
Ajﬁ‘iﬁanthng [x] (103 £2.2)% -
AT, (62 T13)% 2345
At rta= 77, (56 £3.1)% 2335
A (2595)F ¢~ 7, (7.9 732 )x10-3 2212
A(2625)T 1, (13 132 )% 2195
ph™ [y] < 2.3 x 1072  CL=90% 2730
pr (42 +08 )x1070 2730
pK~ (51 +1.0 )x 1070 2708
pD_ < 48 x 1074 CL=90% 2364
puT T, (41 +£1.0 ) x10~4 2730
Apt ™ ( 1.08+0.28) x 10~° 2695
Ny < 13 x 1073 CL=90% 2699
NOp (9 *I )x10-6 -~
A9/ (958) < 31 x 1076 CL=00% -
0 JP _1—

Mass m = 5912.11 4 0.26 MeV
Full width ' < 0.66 MeV, CL = 90%

Ap(5912)0 DECAY MODES Fraction (I';/T) p (MeV/c)
/\?j P seen 86
Np(5920)° P =3~

Mass m = 5919.81 + 0.23 MeV
Full width ' < 0.63 MeV, CL = 90%

/\b(5920)0 DECAY MODES Fraction (I';/T) p (MeV/c)
/\?j ata~ seen 108
5 I(7) =137

|, J. P need confirmation.
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Mass m(£}) = 5811.3 + 1.9 MeV
Mass m(X ) = 5815.5 + 1.8 MeV

m —mce_ =—42 4+ 1.1 MeV
):3; Zb+4o
M(<,)=49%37 MeVv

X, DECAY MODES Fraction (I';/T) p (MeV/c)
/\?)’/T dominant 134
I} 1Py =13h
I, J. P need confirmation.

Mass m(Z}") = 5832.1 & 1.9 MeV

Mass m(X,~) = 5835.1 + 1.9 MeV
_ +1.0

mzz+ — m}__z_ = —3.0" 59 MeV

M(;h) =115 & 2.8 MeV

F(Zz_) =7.5 4+ 2.3 MeV
ms. — my, =212+ 2.0 MeV
b

Z; DECAY MODES Fraction (I';/T) p (MeV/c)
/\271’ dominant 161
=0 = 1P =361
I, J. P need confirmation.

m(=,) =5794.5 + 1.4 MeV (S = 4.0)
m(=}) = 5791.9 £ 0.5 MeV

m:_b, —mp = 177.9 £ 0.9 MeV (S =2.1)

m:_?) — mAg = 172.5 + 0.4 MeV

m__ —mz =59+ 0.6 MeV

Mean life r:b_ = (1.560 4 0.040) x 10712 s

Mean life T:_(Z = (1.464 + 0.031) x 10712 5

Scale factor/ p

=}, DECAY MODES Fraction (I';/T)  Confidence level (MeV/c)
Zp— Z 07, Xx B(b— ZIp) (3.9 £1.2 ) x 1074 S=1.4 -~
=, = JWE"xB(b— =) (1027928 105 1782
=0 — pDO°K~ x B(b — =) (1.8 £0.6 ) x 10° 2374
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=9 — pK°7r~x B(b — <16 x1070  CL=00% 2783
=p)/B(b — BY)

=0 — pKOK= x B(b — <11 x 1070 CL=00% 2730
=,)/B(b — B9)

=0 — ATKTx B(b— ) (6 +4 )x10~7 2416

= - /\b7r x B(b — (5.7 £2.0 ) x 1074 100

=,)/B(b— 1)

=4 (5935)" SF=3t

Mass m = 5935.02 £+ 0.05 MeV
m— \(5035)~ _0 — m__ = 3.653 & 0.019 MeV

Full W|dth <O 08 MeV, CL = 95%

EL(5935)- DECAY MODES Fraction (I';/T) p (MeV/c)

0= x B(b— (11.8£1.8) % 31
=4(5935)7)/B(b — =9)

=5(5945)° JP =3+
Mass m = 5948.9 £+ 1.6 MeV
Full width ' = 2.1 4+ 1.7 MeV
Eb(5945)0 DECAY MODES Fraction (I;/T) p (MeV/c)
__; T seen 71
=*(5955)~ JP =3+
—-b =3
Mass m = 5955.33 4+ 0.13 MeV
m_*(5955), — m_o —m__ =23.96 + 0.13 MeV
Full Wldth r=1. 65 + 0. 33 MeV
E;(5955)- DECAY MODES Fraction (I';/T) p (MeV/c)
0= x B(b— (20.7£3.5) % 84

=%(5955)7)/B(b — =9)

2, 147 = 0(3")
|, J. P need confirmation.
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Mass m = 6046.4 4 1.9 MeV
mQ; — mAg = 426.4 £+ 2.2 MeV

Mean life 7 = (1.57f8:%g) x 10712 s

.Q; DECAY MODES Fraction (I';/T) p (MeV/c)

J/p Q2™ xB(b — 2) 29131y x 1076 1806

b-baryon ADMIXTURE (A, Zp, Zp, 25)

Mean life 7

These branching fractions are actually an average over weakly decaying b-
baryons weighted by their production rates at the LHC, LEP, and Tevatron,
branching ratios, and detection efficiencies. They scale with the b-baryon
production fraction B(b — b-baryon).

The branching fractions B(b-baryon — A{™ Tpanything) and B(/\% —

/\jf_ﬁganything) are not pure measurements because the underlying
measured products of these with B(b — b-baryon) were used to determine
B(b — b-baryon), as described in the note “Production and Decay of
b-Flavored Hadrons."”

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

b-baryon ADMIXTURE DECAY MODES

(Ap:=pZp:f2p) Fraction (I';/I) p (MeV/c)
pu~ vanything (5571 %g) % -
p{lTyanything ( 53+ 1.2)% -
panything (66 +21 )% -
AL~ TUyanything ( 3.6+ 0.6)% -
ALT vpanything ( 3.0+ 0.8) % -
Aanything B7 £7 )% -
=" (" Uyanything ( 6.2+ 1.6) x 1073 -

EXOTIC BARYONS

P.(4380)*

Mass m = 4380 £+ 30 MeV
Full width ' = 205 + 90 MeV
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Mode
Mode Fraction (I';/T) p (MeV/c)
J/¢p seen 741
P.(4450)*

Mass m = 4449.8 & 3.0 MeV

Full width ' = 39 £ 20 MeV
Mode
Mode Fraction (I';/T) p (MeV/c)
J/¢p seen 820

NOTES

[a] The masses of the p and n are most precisely known in u (unified atomic
mass units). The conversion factor to MeV, 1 u = 931.494061(21) MeV,
is less well known than are the masses in u.

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

[c] The limit is from neutrality-of-matter experiments; it assumes q, = qp, +
ge. See also the charge of the neutron.

[d] The up and ep values for the charge radius are much too different to
average them. The disagreement is not yet understood.

[e] There is a lot of disagreement about the value of the proton magnetic
charge radius. See the Listings.

[f] The first limit is for p — anything or " disappearance” modes of a bound
proton. The second entry, a rough range of limits, assumes the dominant
decay modes are among those investigated. For antiprotons the best
limit, inferred from the observation of cosmic ray p's is 75 > 107
yr, the cosmic-ray storage time, but this limit depends on a number of
assumptions. The best direct observation of stored antiprotons gives
75/B(p — e y) > 7 x 10° yr.

[g] 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.

[h] Lee and Yang in 1956 proposed the existence of a mirror world in an
attempt to restore global parity symmetry—thus a search for oscillations
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between the two worlds. Oscillations between the worlds would be max-
imal when the magnetic fields B and B’ were equal. The limit for any
B’ in the range 0 to 12.5 uT is >12's (95% CL).

[/] The parameters g4, gy, and gy for semileptonic modes are defined by
Brlva(gv + gars) + i(gwm/mB,) ox, q7]Bi, and gay is defined by
gA/8v = }gA/g\/‘e"‘bAV. See the “Note on Baryon Decay Parameters”
in the neutron Particle Listings.

[/] Time-reversal invariance requires this to be 0° or 180°.
[k] This coefficient is zero if time invariance is not violated.
[/] This limit is for v energies between 15 and 340 keV.

[n] The decay parameters v and A are calculated from « and ¢ using

v =V 1-a? cosp, tanA = —% 1—a? sing .
See the “Note on Baryon Decay Parameters” in the neutron Particle List-
ings.

[0] See the Listings for the pion momentum range used in this measurement.

[p] The error given here is only an educated guess. It is larger than the error
on the weighted average of the published values.

[q] A theoretical value using QED.

[r] This branching fraction includes all the decay modes of the final-state
resonance.

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

[t] See AALTONEN 11H, Fig. 8, for the calculated ratio of /\z_r7r07r0 and

/\j'7r+7r_ partial widths as a function of the A.(2595)" — /\2_L mass
difference. At our value of the mass difference, the ratio is about 4.

[u] A test that the isospin is indeed 0, so that the particle is indeed a /\:T.
[v] P:__L is a pentaquark-charmonium state.
[x] Not a pure measurement. See note at head of /\g Decay Modes.

[y] Here h~ means 7~ or K.
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SEARCHES FOR
MONOPOLES,
SUPERSYMMETRY,
TECHNICOLOR,
COMPOSITENESS,
EXTRA DIMENSIONS, etc.

Magnetic Monopole Searches

Isolated supermassive monopole candidate events have not been con-
firmed. The most sensitive experiments obtain negative results.
Best cosmic-ray supermassive monopole flux limit:
< 1.4x10710 em=2sr 1571 for1.1x 1074 < <1

Supersymmetric Particle Searches

Presently all supersymmetric mass bounds are model dependent.

This table contains a selection of bounds indicating the range of
possibilities. For a more extensive set of cases consult the detailed
listings.

The limits are based on the Minimal Supersymmetric Standard Model
(MSSM) with additional assumptions as follows:

1) )2? is lightest supersymmetric particle; 2) R-parity is conserved;

See the Particle Listings for a Note giving details of supersymmetry.

)Z? — neutralinos (mixtures of 7, 79, and Fl?)
Mass meo > 0 GeV, CL = 95%
1
[general MSSM, non-universal gaugino masses]
Mass meo > 46 GeV, CL = 95%
1
[all tang, all mg, all m—g — m]
X2 X1
Mass mey > 62.4 GeV, CL = 95%
2
[I<tan( <40, all mg, all m—g — m]
X2 X1

Mass m-o > 345 GeV, CL = 95%
2

~+ 20 070 o _ _
[X7 Xa — WX3Zx3, simplified model, m%% = Mg, Myo = 0 GeV]
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Mass mio > 09.9 GeV, CL = 95%
[1<tanﬁ <40, all mg, all msy = My 0]

Mass mio > 116 GeV, CL = 95%
[1<tanﬁ <40, all mgp, all myg = m>~<(1)]

557: — charginos (mixtures of W+ and Flli)

Mass m%i > 94 GeV, CL = 95%
[tanﬁ < 40, mxi — m~0 > 3 GeV, all mg]
Mass Mo+ > 345 GeV CL = 95%

1
[simplified model, m>~<1i = m%g, m%? =0 GeV]

v — sneutrino

Mass m > 94 GeV, CL = 95%
[CMSSM, 1 < tanf < 40, Mep— Mo >10 GeV]
1

e — scalar electron (selectron)
Mass m(e;) > 107 GeV, CL = 95% [all mg

Mass m(eg) > 97.5 GeV, CL = 95%
[Am > 11 GeV, |u| >100 GeV, tan3=1.5]

R m)?fl’]

f — scalar muon (smuon)

Mass m > 94 GeV, CL = 95%
[CMSSM, 1 < tanf < 40, Miig=Mso > 10 GeV]
1

T — scalar tau (stau)
Mass m > 81.9 GeV, CL = 95%

[mz, — mse >15 GeV, all 0., B(7 — 7X9) = 100%]

q — squarks of the first two quark generations

The first of these limits is within CMSSM with cascade decays, evaluated
assuming a fixed value of the parameters 1 and tan3. The first two limits
assume two-generations of mass degenerate squarks (g; and gr) and gaug-
ino mass parameters that are constrained by the unification condition at the
grand unification scale. The third limit assumes a simplified model with a
100% branching ratio for the prompt decay g — q5<’(1).
Mass m > 1450 GeV, CL = 95%
[CMSSM, tan3 = 30, Ag = —2max(mg, my5), p > 0]
Mass m > 850 GeV, CL = 95%
[iets + £, g — qu(l) simplified model, m_ o= 0 GeV]
Mass m > 520 GeV, CL = 95% 1
[ — q%?, simplified model, single light squark, m%(l) = 0]
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b — scalar bottom (sbottom)
Mass m > 650 GeV, CL = 95% [b — by, m_g = 0]
1

Mass m > 600 GeV, CL = 95% [b — bx?, m_g < 250 GeV]
1

t — scalar top (stop)

Mass m > 730 GeV, CL = 95%
[EH ti(lj, m%(l) = 100 GeV, my > m; + m>~<(1)]

Mass m > 500 GeV, CL = 95%
[+ + jets + B, T — bXT, m_s =2 m_g, 100 GeV < m_y < 150
GeV] h o “

e

Mass m > 240 GeV, CL = 95%

[t — c%cl),m;l—m%? <85 GeV]

g — gluino
The first limit assumes a simplified model with a 100% branching ratio for
the prompt 3 body decay, independent of the squark mass. The second of
these limits is within the CMSSM (for mz 2 5GeV), and includes the effects
of cascade decays, evaluated assuming a fixed value of the parameters p and
tan(. The limit assumes GUT relations between gaugino masses and the
gauge couplings. The third limit is based on a combination of searches.
Mass m > 1225 GeV, CL = 95% [g — qﬁi{?, meo = 0]
1
Mass m > 1150 GeV, CL = 95%
[CMSSM, tanf8=30, Ag=—2max(mq,my /5), pu >0]
Mass m > 1150 GeV, CL = 95%
[general RPC g decays, meo < 100 GeV]
1

Technicolor

The limits for technicolor (and top-color) particles are quite varied
depending on assumptions. See the Technicolor section of the full
Review (the data listings).
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Quark and Lepton Compositeness,
Searches for

Scale Limits A for Contact Interactions
(the lowest dimensional interactions with four fermions)

If the Lagrangian has the form
2 —
+ 25 YLy YL
(with g2 /47 set equal to 1), then we define A = /\ﬁ. For the full definitions

and for other forms, see the Note in the Listings on Searches for Quark and
Lepton Compositeness in the full Review and the original literature.

/\ﬂ(eeee) >

8.3 TeV, CL = 95%

A (eeee) > 10.3 TeV, CL = 95%
N (eepp) > 85 TeV, CL =95%
A (eepp) > 9.5TeV, CL = 95%
N (eeTr) > 7.9 TeV, CL = 95%
A (eerT) > 7.2TeV, CL = 95%
N (eeee)y > 9.1 TeV, CL =95%
AL (600 > 103 TeV, CL = 95%
N (eeuu) > 233 TeV, CL = 95%
A (eeuu) > 125 TeV, CL = 95%
N[ (eedd) > 11.1TeV, CL = 95%
N (eedd) > 26.4TeV, CL = 95%
N/ (eecc) > 9.4TeV, CL = 95%
N/ (eecc) > 5.6 TeV, CL =95%
N[ (eebb) > 9.4 TeV, CL =95%
N/ (eebb) > 10.2 TeV, CL = 95%
N (npgq) > 125 TeV, CL = 95%
N (pprgq) > 16.7 TeV, CL = 95%
AN{lviv) > 3.10 TeV, CL = 90%
Nevqq) > 2.81 TeV, CL = 95%
N (gqqq) > 9.0 TeV, CL = 95%
A (ggqq) > 12.0 TeV, CL = 95%
N (vvqq) > 5.0TeV, CL = 95%
N (vvqgq) > 5.4 TeV, CL=95%
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Excited Leptons

The limits from £*T¢*~ do not depend on A (where \ is the £/* transition
coupling). The A-dependent limits assume chiral coupling.

*+ __ excited electron

Mass m > 103.2 GeV, CL = 95% (from e*e*)
Mass m > 3.000 x 103 GeV, CL = 95% (from ee*)
Mass m > 356 GeV, CL = 95% (if A, = 1)

€

p*t — excited muon

Mass m > 103.2 GeV, CL = 95%  (from p* pu*)
Mass m > 3.000 x 103 GeV, CL = 95%  (from pp*)

7t — excited tau

Mass m > 103.2 GeV, CL = 95%  (from 7*7%)
Mass m > 2.500 x 103 GeV, CL = 95%  (from 77%)

v* — excited neutrino

Mass m > 1.600 x 103 GeV, CL = 95%  (from v*v*)
Mass m > 213 GeV, CL = 95% (from v* X)

g* — excited quark

Mass m > 338 GeV, CL = 95% (from g* g*)
Mass m > 4.060 x 103 GeV, CL = 95% (from g* X)

Color Sextet and Octet Particles

Color Sextet Quarks (gg)
Mass m > 84 GeV, CL = 95% (Stable gg)

Color Octet Charged Leptons (/g)
Mass m > 86 GeV, CL = 95%  (Stable /g)

Color Octet Neutrinos (vg)
Mass m > 110 GeV, CL =90% (vg — rg)

Extra Dimensions

Please refer to the Extra Dimensions section of the full Review for a
discussion of the model-dependence of these bounds, and further
constraints.

Constraints on the radius of the extra dimensions,
for the case of two-flat dimensions of equal radii

R < 30 pm, CL = 95%  (direct tests of Newton's law)
R< 15 um, CL=95% (pp — JjG)
R < 0.16-916 nm  (astrophysics; limits depend on technique and assumptions)
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Constraints on the fundamental gravity scale
Mprr > 6.3 TeV, CL =95% (pp — dijet, angular distribution)
M, > 4.16 TeV, CL = 95% (pp — ¢{)

Constraints on the Kaluza-Klein graviton in warped extra dimensions
Mg > 273TeV,CL=95% (pp— ete, utu")

Constraints on the Kaluza-Klein gluon in warped extra dimensions
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TESTS OF DISCRETE SPACE-TIME SYMMETRIES

CHARGE CONJUGATION (C) INVARIANCE

r(r% — 3v)/Tiotal

n C-nonconserving decay parameters
T 70 left-right asymmetry

0

0

T mwY sextant asymmetry

quadrant asymmetry

T~y left-right asymmetry

+

atrn
+

7T ™~ parameter 3 (D-wave)

rn— 7r0’y)/|_tot3|

rn — 27F0’Y)/rtota|

F(n — 3799)/Total

F(m— 37)/Ttotal

F(n— m9ete™)/Miotal

70T 1) Meotal

M(w(782) — 779)/Tiotal

M(w(782) — 279)/Mioral

M(w(782) — 379)/Tiotal

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

F(n/(958) — m0e™e™)/Miqtal

M(n(958) — net e )/Tiotal

F(n'(958) — 37)/Ttotal

M1/ (958) — wh u™ 70)/Tioal

M(n/(958) — wtu™n)/Teotal

F(J/$(1S) = ¥7)/Tiotal

F(J/¥(1S) = 78)/Tiotal

Mn—

[2]

<3.1x1078, CL = 90%

(0.097012) x 1072
(0.127319) x 102
(—0.09 =+ 0.09) x 10~2
(0.9 + 0.4) x 1072
—0.02 + 0.07 (S = 1.3)
<9 x 1072, CL = 90%
<5x 1074, CL = 90%
<6 x 1072, CL = 90%
<1.6 x 1072, CL = 90%
<4 x 1072, CL = 90%
<5x 1076, CL = 90%
<2.1x 1074, CL = 90%
<2.1x 104, CL = 90%
<2.3x 104, CL = 90%
—0.03 £ 0.04

<1.4 x 1073, CL = 90%
<2.4 %1073, CL = 90%
<1.0 x 104, CL = 90%
<6.0 x 1072, CL = 90%
<1.5x 1072, CL = 90%
<2.7x10~7, CL = 90%
<1.4 x 1076, CL = 90%

PARITY (P) INVARIANCE

e electric dipole moment

w electric dipole moment

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

F(n — 27l'0)/rtota|

F(n — 47l'0)/rtota|

r(n'(958) — =+ 7 )/Ttotal
F(/(958) — 7070)/Tioral
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<0.87 x 10728 ecm, CL = 90%
(—0.1+£0.9) x 10719 ecm

—0.220 to 0.45 x 1010 ecm, CL = 95%

<1.3x 1072, CL = 90%
<3.5x 1074, CL = 90%
<6.9x 10—/, CL = 90%
<6 x 1072, CL = 90%
<4 x 104, CL = 90%
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r(nc(15) - 7T+7T—)/rtota|
F(nc(1S) — 71'07"0)/rtotal
F(nc(1S) — K+t K™)/Ttotal
M(nc(15) — KSK)/Motal
p electric dipole moment

n electric dipole moment

A electric dipole moment

<1.1x 1074, CL = 90%

<4 %1072,
<6 x 1074,

CL = 90%
CL = 90%

<3.1x 1074, CL = 90%

<0.54 x 10~23 ecm

<0.30 x 10725 ecm, CL = 90%
<1.5 x 1016 ecm, CL = 95%

TIME REVERSAL (T) INVARIANCE

e electric dipole moment
w electric dipole moment
u decay parameters
transverse et polarization normal to plane of u
spin, et momentum
a /A
/A
Re(d,. = 7 electric dipole moment)
Pp in Kt — 71’0,u_|'1/,u
Pr in Kt — /ﬁ'uﬂfy
Im(&) in Kt — 70 pwt vy decay (from transverse
pol.)
asymmetry AT in Kk0_-K0 mixing
Im(&) in K23 decay (from transverse p pol.)
Ap(DE — KEKkErtrm)
Ap(DO — Kt K= 7t a™)
Ap(DE — KO KkEata)

AsT (S;*,K% B SZ_JF,K%)
AST (SZ’_’K% - Se_+,Kg)
AC# (CE_—,K‘; B C;r,Kg)
AC}(C;’K(; - C15_+,Kg)

p electric dipole moment

n electric dipole moment

n — pe” U, decay parameters
® Ay Phase of gy relative to gy,
triple correlation coefficient D
triple correlation coefficient R

A electric dipole moment

triple correlation coefficient D for ¥~ — ne™ 7,

HTTP://PDG.LBL.GOV Page 2

(5]
(5]
(5]

[d]
[d]

<0.87 x 10728 ecm, CL = 90%
(—0.1+0.9) x 10719 ecm

(—2+£8)x

10—3

(—10 + 20) x 103

(24+7)x1073

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

(—0.6 &+ 1.9) x 102

—0.006 £ 0.008

(6.6 + 1.6) x 10~3
—0.007 + 0.026

(—12 + 11) x 103
(1.7 £27) x 1073
(—14 £ 8) x 1073

~1.37 £ 0.15

1.17 £ 0.21

0.10 = 0.16

0.04 + 0.16

<0.54 x 10_23 ecm
<0.30 x 10725 ecm, CL = 90%

(180.017 + 0.026)°
(—12+20)x 104

0.004 + 0.013

<1.5 x 1016 ecm, CL = 95%

0.11 £ 0.10
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CP INVARIANCE

Re(dY)
Im(d¥)

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

F(n — 27%)/Tioal

F(n — 47°)/Tiotal

r(n/(958) — 7r+7r_)/rtota|

r(n/(958) — 70 )/rtota|

Kt - 7fete rate difference/sum

Kt - 7t pT p~ rate difference/sum

Kt - :tﬂ'o"y rate difference/sum

Kt - afata rate difference/sum

Kt — 71':‘:71* 70 rate difference/sum
KE— rbrtr= (g, —8.) /(e +6)
KT — 75970 (g, —g )/ (ef +8.)

As=[T(KE = net
/ SUM

Im(n4_g) = Im(A(K% — at a0, CP-violating)
/ AKY — at 7= x0))

Im(11900) = Im(A(K — 707070)/A(KQ —
71'071'071'0))

AKS — 370)/AKD — 370)|

_e_|_ e_

ve) -T(KY — nte p,)]

[moo00| =
CP asymmetry A in K% — 7tx
M(K% — 370)/Tiotal

linear coefficient j for K(Z — gt 0
quadratic coefficient f for K(L) — ata— 70
’e/_i__,y’/e for K(L) — ata Ty

]gE1| for K(Z — 7T~y

F(KY — 7Ot u=) Miopal

F(KE — et e”)/Ttotal

F(KE - 71'oyv)/rtotal

Acp(DF —
Acp(DE —
Acp(DE —
Acp(DE —
Acp(DF —
ACP(Di — K%ﬂ'iﬂ'o)
ACP(Di — K%wiw+7r_)
Acp(DE — 7E70)

pEv)
K? et v)

K% 7r:|:)

K+ 27r:l:)
KFrtrt 71'0)
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<0.50 x 10717 ecm, CL = 95%
<1.1x 10717 ecm, CL = 95%

(—0.6 4 3.1) x 1072
<13 x 1079, CL = 90%
<3.5x 104, CL = 90%
<6.9 x 107, CL = 90%
<6 x 1072, CL = 90%
<4 x 104, CL = 90%
(—2.2 + 1.6) x 102
0.010 & 0.023

(0.0 £ 1.2) x 10~3
(0.04 + 0.06)%

(—0.02 + 0.28)%
(—15+22)x 1074

(1.8 + 1.8) x 10~4
(2 +10) x 1073

—0.002 £ 0.009

—0.001 £+ 0.016

<0.0088, CL = 90%
(—0.4 +0.8)%

<2.6 x 1078, CL = 90%
0.0012 = 0.0008

0.004 + 0.006

<0.3, CL = 90%

<0.21, CL = 90%

<3.8x 10710, cL = 90%
<28 x 10710, cL = 90%
<2.6 x 1078, CL = 90%
(8 + 8)%

(—0.6 + 1.6)%

(—0.41 + 0.09)%

(—0.18 £ 0.16)%

(=03 +0.7)%
(—0.1 4+ 0.7)%

(0.0 + 1.2)%
(2.9 + 2.9)%
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ACP(Di —
Acp(DF —
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mtn)
nt 0/ (958))

Acp(KO /KO k)

Acp(DE —
Acp(DE —
Acp(DF —
Acp(DF —
Acp(DE —
Acp(DE —
Acp(D*
Acp(D*
Acp(DE
Acp(DE
Acp(D*
Acp(DF —
Local CPV in
Local CPV in

L

Lol

K k)

K+t K= %)

K:I: K*O)

prt)

KE K} (1430))
KE K3(1430)0)
KE K (800))
ap(1450)0 7 %)
$(1680) 7T)

at o~ Wi)

K% K* T r™)
K* 7r0)

Dt & sta—at
DT - KtK—#*

’q/p‘ of DO-D0 mixing
Ar of p0-po mixing

(1.0 £ 1.5)% (S = 1.4)
(0.5 +1.2)% (S = 1.1)
(0.11 £+ 0.17)%

(—0.11 £ 0.25)%

(0.37 & 0.29)%
(—0.3+0.4)%

(0.09 + 0.19)% (S = 1.2)
6T 0)%

(43730)%

(121 18)%

(191 1%

(-9 + 26)%

(=2 £ )%

(-4 +7)%

(—4 +11)%

78.1%

31%

+0.12
0.92 " 5g9

(—0.125 + 0.526) x 10~3

Where there is ambiguity, the CP test is labelled by the pO decay mode.

Acp(DO —
Acp(D? —
Acp(D°? —
Acp(D°
Acp(D°
Acp(D°
Acp(D°
Acp(D°
Acp(D°
Acp(D°
Acp(D°
Acp(D°
Acp(D°
Acp(DO
Acp(D°
Acp(D°
Acp(D°
Acp(DO
Acp(D° —
Acp(D? —

L e e e e

Ac p(nonresonant DO — ata—x

KT K™)
KSKS)
atr7)

70 7r0)
ata— 7r0)
p(770) T 7~
p(770)071'0 — 7T+7T_7T0)
p(770) "7t — 7r+71'_71'0)
p(1450) T 7~ — 7t 7r0)
p(1450)071'0 — ata— 71'0)
p(1450) " 7t — 7t~ 7r0)
p(1700) T 7~ — 7t x— 7r0)
p(1700)071'0 — 7T+7T_7T0)
p(1700) " xt — 7t~ 7r0)
f0(980)71'0 — 7T+7T_7T0)
f0(1370)71'0 — xta~ 71'0)
f0(1500)71'0 — 7r+7r_71'0)
f0(1710)71'0 — 7r+7r_71'0)
f2(1270)71'0 — ata~ 71'0)
0(400)71'0 — ata— 71'0)

%)

0)

— 7r+71'_71'
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[g]
[g]
[g]
[g]
(g]
(g]
(g]
(g]
(g]
(g]
(g]
[g]
(g]
(g]
(g]
[g]

(—0.14 + 0.12)%
(=5 +5)%
(0.01 + 0.15)%
(0.0 + 0.6)%
(0.3 + 0.4)%
(1.2 + 0.9)%
(=3.1 +£3.00%
(-1.0 + 1.7)%
(0 + 70)%
(=20 + 40)%
(6 +9)%

(=5 + 14)%
(13 £ 9)%

(8 £ 11)%

(0 £ 35)%

(25 + 18)%

(0 + 18)%

(0 + 24)%
(-4 +6)%

(6 +8)%
(—13 + 23)%
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Acp(DO —
Acp(D° —
Acp(D° —
Acp(DO
Acp(DO
Acp(D°
Acp(D°
Acp(DO
Acp(DO
Acp(D°
Acp(D°
Acp(D°
Acp(D°
Acp(D°
Acp(DO
Acp(D°
Acp(D°
Acp(DO
Acp(DO
Acp(D°
Acp(D°
Acp(DO
Acp(DO
Acp(DO
Acp(D°
Acp(D°
Acp(DO
Acp(DO
Acp(DO
Acp(D°
Acp(D°
Acp(DO
Acp(DO
Acp(DY
Acp(D?
Acp(DO
Acp(DO
Acp(DO
Acp(D°

L A A T e e A A A
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Kt K= x9)

K*(892)T K~ — Kt K~ x0)
K*(1410)t K~ — KT K~ x0)
(KTr0)gk™ — Kt k= x0)
$(1020) 70 — KT K= =0)
f5(980) 70 — Kt K—#0)
ap(980)970 — Kt K—#0)
f’2(1525)71'0 — Kt K~ 7r0)
K*(892)~ KT — Kt K~ x0)
K*(1410)~ Kt — KT K~ x0)

(K~ 1) s _wave KT — KT K= x0)

K%ﬂ'o)

Kn)

K%'

K2 ¢)

K—xTt)

KT7x™)

K—ﬂ.—i-ﬂ.O)

K-l-ﬂ.—ﬂ.O)

K%ﬂ+7T_)

K*(892)nt — K&rtr)
K*(892)T 7~ — K%7r+7r_)
K% 0_, K%7r+7r_)
K%w—> K%W+W_)

K2 f(980) — K&rtr7)

K £(1270) — KQxtx)
K%f0(1370) — K%W+7T_)
70p0(1450) — K%7r+7r_)

KO f5(600) — K%W+7T_)
K*(1410)~ 7=t — K%ﬂ+7T_)
K6(1430)_7T+—> K%ﬂ+7T_)
K6(1430)_7T+ — K%W+7T_)
K§(1430)_7T+ — K%W+7T_)
K;(1430)+7T_ — K%W+7T_)
K*(1680) ~ 7T — K%at7™)
K xtata)

K-l-ﬂ.—ﬂ.-i-ﬂ.—)

KtK—ntz7)

Ki(1270)F K= — K0zt K™)
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&]
&]
&]
&]
&]
&]
&]
&]
&]
&]

(-1.0 + 1.7)%
(0.9 + 1.3)%
(—21 + 24)%
(7 £ 15)%
(1.1 +2.2)%
(=3 +19)%
(=5 + 16)%
(0 + 160)%
(=5 + )%
(—17 + 29)%
(—10 + 40)%
(—0.20 £ 0.17)%
(0.5 4 0.5)%
(1.0 + 0.7)%
(=3 £ 9)%
(0.3 +0.7)%
(0.0 + 1.6)%
(0.1 + 0.5)%
(0 £ 5)%
(0.1 +0.8)%
(0.4 + 0.5)%
(1+6)%
(0.1 4+ 0.5)%
(-13+7)%
(0.4 +£2.7)%
(-4 +5)%
(=1 + 9)%
(-4 + 10)%
(=3 £ 5)%
(-2 4+ 9%

(4 £ 4)%

(12 + 15)%

(3 +6)%
(—10 + 32)%
(0.2 + 0.5)%
(-2 4+ 4%
(-8 +7)%
(-1 +10)%
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Acp(DO — Ki(1270)" KT — K*0x~ k™)
Acp(DO — KI(1270)t K= — POkt K™)
Acp(DO — K¥(1270)" KT — POk~ KT)
Acp(DO — K*(1410)t K~ — K*0xt k™)
Acp(D0 — K*(1410)~ Kt — K*0x— k)
Acp(DY — K*0K*0 5 \wave)

ACP(DO — ¢p9 S-wave)

ACP(DO — ¢ D-wave)

ACP(DO - ¢(W+7r_)5—wave)

Acp((K™ 7T+)P—wave (K+7r_)$—wave)
CP-even fraction in DO — 7t 7= 70 decays
CP-even fraction in D9 — K+ k=70 decays
CP-even fraction in DO — 7t a—7ntra— decays
AAB?: = Acp(KTK™) = Agp(ntn™)

Local CPV in D9, DO — 77— 70
Local CPV in D9, DY — ntr—xtn—
Local CPV in DO, DO — KQnt
Local CPV in D9, D9 — KT K~ x0
Local CPV in D9, DO — Kt Kzt 7~
ACP(D;t — lftu)

Acp(DE — KT KY)

Acp(DE — KT K~ xt)
Acp(DE — ¢rt)

Acp(DE — KkEKQx0)

Acp(DE — 2kQxt)

Acp(DE — Kt K=t x0)
Acp(DE — KEKYat )
Acp(DE — KQ KFor)
ACP(D;t — 7r+71'_7r:l:)

Acp(DE — xtp)

Acp(DE — nEy)

ACP(D;t — 'r]Tl':tﬂ'O)

ACP(D;t — n/wiﬂ'o)

Acp(DE — KkE0)
Acp(KO /KO xE)

Acp(DE — KQn)
ACP(D;t — K:l:ﬂ'+ﬂ'_)
Acp(DE — KEn)
Acp(DE — KE4/(958))

HTTP://PDG.LBL.GOV Page 6

(—10 + 32)%
(-7 +17)%
(10 + 13)%
(—20 + 17)%
(-1 +14)%
(10 + 14)%
(-3 +5)%
(=37 + 19)%
(-9 + 10)%
(3+11)%
(97.3 + 1.7)%
(73+£6)%
(73.7 + 2.8)%
(—0.32 £ 0.22)% (S = 1.9)

4.9%

41%

96%

16.6%

9.1%

(5+6)%

(0.08 + 0.26)%
(0.5 + 0.9)%
(—0.38 £ 0.27)%
(=2 + 6)%

(3 +5)%

(0.0 + 3.0)%
(=6 +5)%
(4.1 + 2.8)%
(0.7 £3.1)%
(1.1 4 3.1)%
(—2.2 +2.3)%
(-1+ 4%

(0 + 8)%
(=27 + 24)%
(0.4 + 0.5)%
(3.1 +26)% (S = 1.7)
(4 £5)%

(9 + 15)%

(6 £ 19)%
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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(BT
Acp(BT
Acp(BT
Acp(BT
rB(B‘|’ —
sg(BT —
rB(B+ —
sg(BT —
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(B*
Acp(B*
Acp(BT
Acp(BT
Acp(BT
Acp(BY
Acp(BT
Acp(BY
Acp(B*
Acp(BT
Acp(BT
Acp(BT
Acp(B*
Acp(B*
Acp(BF
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J/p(1S)KT)
J/p(1S)7T)
J/pT)

J/9 K*(892)T)
ne K1)
$(2S)7T)
$(2S)KT)
¥(25) K*(892)T)
Xc1(1P) 7 )
Xc1 K*(892)T)
Do 7 T)
Dep(4+1)™ )
Dep(—1)™ )
DOKT)

DO Kk+)
DO K+)
DO K*"‘)
poO K*"—)

L

Ll

Ll

!

L

[K~ 7 FT]pK™T)

(K==t x0]p k)
[KTK=xO]pKT)
[7T+7T_7T0]D KT)
(K™t ]5K*(892))
[K~ = T]pnT)
[K_7T+7TO]D7T+)
[KT K= 20 pnT)
[t~ 7T0]D7T+)
[K_W+](D7r)7f+)
[K_”Jr](D’Y)”Jr)
[K_WJF](DW) KT)
(K™l (py) KT)
[7T+7T_7TO]D KT)
[KIKkT == ]pKT)
[KEKk==t]pKT)
[K K= T]paT)
[KEKkF 7= ]pnt)
[K*(892)~ KT]pKT)
[K*(892)T K~ 1pKT)

Page 7

0.003 + 0.006 (S = 1.8)
(0.1 £2.8) x 1072 (S = 1.2)
—0.11 £ 0.14

—0.048 + 0.033

0.01 + 0.07 (S = 2.2)
0.03 & 0.06

0.012 4 0.020 (S = 1.5)
0.08 4 0.21

0.07 +0.18

—0.20 £ 0.18 (S = 1.5)
—0.009 + 0.033
05405

—0.007 =+ 0.007

0.035 + 0.024

0.017 £ 0.026

0.007 4 0.025 (S = 1.5)
0.095 + 0.008

(123 + 10)°

0.17 £ 0.11 (S = 2.3)
(155 + 70)° (S = 2.0)
—0.58 + 0.21

0.07 + 0.30 (S = 1.5)
0.30 =+ 0.20

0.05 =+ 0.09

~03+05

0.00 & 0.09
0.35 + 0.16
—0.03 £ 0.04
—0.016 £ 0.020
—0.09 + 0.27
—0.7+£ 0.6

0.8 £0.4
04+1.0
—0.02 £ 0.15
0.04 £+ 0.09
0.23 £ 0.13
—0.052 £+ 0.034
—0.025 £+ 0.026

0.03 £0.11
0.34 £ 0.21
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Acp(BT — [K*(892)T K™ |pnT)
Acp(BT — [K*(892)~ KT]pnT)
Acp(BT = Dop(y1)K™)

Aapsg(BT — DKT)
Aspg(BT — DnT)
AADS(B+—> [K_7T+]DK+7T_7T+)
AADS(B+_’ [K_7T+]D7T+7T_7T+)

Acp(BT — Dop(_1)K™)
[KTKT]pKTn—7nT)

Acp(Bt —

ACP(B+ — [7T+7T_]DK+7T_7T+)
Acp(BT — [K=aT]pKTx—at)
Acp(BT — [KT KT |prtr—at)
ACP(B+ — [7T+7T_]D7T+7T_7T+)
ACP(B+ — [K_7T+]D7T+7T_7T+)
ACP(B+ — 5*07r+)

Acp(BF — (DZ*P(+1))0“+)

Acp(BT — (DZ*P(—l))0“+)
Acp(BT — D*0kT)

(BT — D*0kT)

5Bt — D*0KT)
Acp(BY — D*CQP(—H) KT)
Acp(BT — D& p(—1) KT)
Acp(BT — Dep(41) K*(892)1)
Acp(BtT — Dep(-1) K*(892)1)

+ -
Acp(BY — DT ¢)
ACP(B+ — D*+5*O)
Acp(BT — D*tDO)
Acp(BT — DTD*0)
Acp(Bt — DT DY)
Acp(BT — K%zt)
Acp(BT — KT70)
ACP(B+ — n/K+)
Acp(BT — o K*(892)1)
Acp(BT — o K§(1430)T)
Acp(BT — 7' K3(1430)T)
Acp(BT — nK*(892)1)
Acp(BT — nK3(1430)T)
Acp(BT — nK3(1430)T)
Acp(BT — wKT)
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—0.05 + 0.05
—0.012 £ 0.030
0.170 £ 0.033 (S = 1.2)

—0.52 £ 0.15
0.14 £ 0.06

—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
—0.014 £+ 0.015
—0.02 + 0.05

—0.09 + 0.05

—0.07 £ 0.04

0.114 79033 (s = 1.2)

(310732)° (S = 1.3)

—0.12 + 0.08
0.07 £ 0.10

0.09 + 0.14
—0.23 +0.22
0.0 + 0.4
—0.15 4+ 0.11
—0.06 + 0.13
0.13 + 0.18
—0.03 + 0.07
—0.017 + 0.016
0.037 + 0.021
0.004 + 0.011
—0.26 + 0.27
0.06 + 0.20
0.15 + 0.13
0.02 + 0.06
0.05 + 0.13
—0.45 + 0.30
—0.02 + 0.04
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Acp(BT —
Acp(Bt —
Acp(Bt —
Acp(BT —
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT

bbbl

L e

L e

bbb
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wK*T)
w(Km)§h)
wK3(1430)T)
K*O 7T+)
K*(892) 1 x0)
Kt =t)
KT K~ KT nonresonant)
£(980)0 k1)
fo(1500) K+)
F,(1525)0 k)
K5(1430)0 7 )
K35(1430)0 7 )
K+ 70 71'0)
KOpT)
K*trtz™)
O K*(892)T)
K*(892) T £,(980))
ai" KO)

b} KO)
K*(892)0 pT)
b KT)

KO K“r)

0 4«0
KTKLKQ)
KTK—=t)
KTK—KT)
SKT)
Xp(1550) KT)
K¥*t KT K™)
$K*(892)T)
$(Km)§™)
¢ Kq(1270)T)
¢K%(1430)T)
KT $9)
Ktodl, )
K*(892)T )
nKT)
oK)
0
T 71'0)

T nt)

Page 9

0.29 + 0.35
—0.10 + 0.09

0.14 + 0.15

—0.04 + 0.09 (S = 2.1)
—0.06 + 0.24

0.027 + 0.008

0.06 + 0.05

—0.08 + 0.09

0.28 + 0.30

+0.05
—0.08 "¢ 04

0.055 + 0.033

+0.29
00570124

—0.06 + 0.07
—0.12 £ 0.17
0.07 + 0.08
0.31 + 0.13
—0.15 + 0.12
0.12 £ 0.1
—0.03 +0.15
—0.01 + 0.16
—0.46 + 0.20

0.04 £ 0.14

+0.04
0.04_ 505

—0.118 + 0.022
—0.033 4 0.008

0.024 + 0.028 (S = 2.3)
—0.04 +0.07

0.11 + 0.09

—0.01 + 0.08

0.04 + 0.16

0.15 + 0.20

—0.23 + 0.20

—0.10 + 0.08

0.09 + 0.10

0.018 + 0.029

—0.12 £ 0.07

—0.13 £ 0.11 (S = 1.1)
—0.11 + 0.33

0.03 + 0.04

0.057 4 0.013
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Acp(B
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Acp(BT
Acp(BT
Acp(BT
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!
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f5(1270) 7 T)
p0(1450) = 1)

ata— ot nonresonant)
pt0)

pt oY)

wrT)

wp™)

nmt)

np™)

n'=t)

' pT)

bg-) 7T

pprT)

pPKT)

ppK*(892)T)

pAY)

pAr0)
Ktete)
KTete™)
Kt pt )
K*t i)
K*eTe™)
K*¥ptp™)

Re(ego)/(1+ego?)

AT/CP

Acp(B°
Acp(BO
Acp(BY
Acp(BY
Acp(B°
Acp(BO
Acp(BO
Acp(BY
Acp(BY
Acp(B°
Acp(BO
Acp(BY
Acp(BY
Acp(BY

I
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[KT K™ ]1pK*(892)0)
[KT 7~ ]pK*(892)9)
[T 71 p K*(892)0)
n' K*(892)0)

n' K§(1430))

n' K3(1430)0)
nk3(1430)0)
nK’(1430)0)

by K1)

wK*O)

w(Km)0)
wK’(1430)0)

Ktn— 71'0)
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+0.09
0.18 " 517

0.41 + 0.30

+0.4

—0.1_0_0523
+0.

~0.147 32

0.02 + 0.11
—0.05 + 0.05

—0.04 + 0.06

—0.20 + 0.09

—0.14 £ 0.07 (S = 1.4)
0.11 + 0.11

0.06 + 0.16

0.26 + 0.17

0.05 + 0.16

0.00 + 0.04

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

0.01 + 0.17

—0.02 + 0.08

0.14 + 0.14

0.011 + 0.017

—0.09 + 0.14

—0.14 + 0.23

—0.12 + 0.24

(—0.4 +0.4) x 1073
0.005 + 0.018

0.037 + 0.034
—0.20 + 0.15
—0.03 + 0.04
—0.09 + 0.22
—0.07 + 0.18
—0.19 + 0.17
0.14 + 0.18
0.06 + 0.13
—0.07 + 0.19
—0.07 + 0.12
0.45 + 0.25
—0.07 + 0.09
—0.37 £ 0.17
(0 + 6) x 1072
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Acp(BY — p~KT)
Acp(BY — p(1450)~ K1)
Acp(BY — p(1700)~ K1)
ACP(BO — K+7r_7r0nonresonant)
ACP(BO — K07r+71'_)
Acp(BY — K*(892)Tx7)
Acp(B® — (Km)3ta)
Acp(BY — (Km)§0x0)
Acp(B° — Kk*0x0)
Acp(BY — K*(892)0ntn)
Acp(BY — K*(892)0p0)
Acp(BY — K*0£)(980))
Acp(BY — K*Fp™)
Acp(BY — K*(892)0 KT K™)
Acp(BY — al KT)
Acp(BY — KOKO)
Acp(BY — K*(892)0¢)
Acp(BY — K*(892)0K—7T)
Acp(B® — ¢(Km)E0)
Acp(BY — ¢K3(1430)0)
Acp(BY — K*(892)0+)
Acp(BY — K3(1430)0+)
Acp(BY — pta)
Acp(B — p~ )
Acp(BY — a1(1260)F 7 T)
Acp(BY — b 7 t)
Acp(BY — ppk*(892)0)
Acp(B® — pAn7)

Acp(BY — K*0ut i)
Acp(BY — K*0etem)
Acp(BY — K*0ut )

0 * - p+
CD*(2010)*D+ (BY — D*(2010)~ DT)

Cp*(2010)* D- (B9 — D*(2010)T D7)
Cpwt po- (BY — D*FD*7)

C, (B9 - D*tD*7)

Cc_ (BO N D*—!—D*—)

S (BO _ D*—I—D*—)

€ (BY — D*(2010)" D*(2010)~ KY)

s (B0 — D*(2010)* D*(2010)~ K2)

Cprp- (B0 — Dt D7)
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0.20 + 0.11
—0.10 + 0.33
—0.4+06
0.10 + 0.18
—0.01 £ 0.05
—0.22 + 0.06
0.09 + 0.07
—0.15 + 0.11
—0.15 + 0.13
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 4 0.04
02404

0.12 + 0.08
—0.11 + 0.10
—0.002 + 0.015
—0.08 +0.15
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
—0.01 4 0.11

0.00 + 0.13 (S = 1.3)

0.01 = 0.09 (S = 1.6)
0.00 + 0.10 (S = 1.6)
0.19 + 0.31

0.1+ 1.6 (S =3.5)
0.01 + 0.29

01404

—0.46 + 0.21 (S = 1.8)
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CJjp(15)x0 (B9 — J/y(15)70)
C(BO — J/¢(1S)p8
hO)

C (%) (B — D
Deph

(%) hO)
S (. (B — D
D(C)Pho CcP

CKOT('O (BO—> KOTl'O)
0 / 0
C?’]/(958) K% (B - n (958) KS)

0 / 0
577/(958) K% (B - n (958) KS)

Cy o (B% = 0'KO)
c KO (B0 — wkQ)

wKO (B —>wK)

C(BO — K%70z0)
(B0 — KQx0x0)
oK (B — p0kQ)
Sy (B = 0K
Cr (980) K (B — £,(980)K2)

0 g
Sf,(980) K (B fo(980) K2)

0
5f2(1270)K0 (B — £(1270)KY)

f2(1270)K° (B9 — £(1270)kQ)

fx(1300)K% (B0 — £,(1300)k2)

0 0

Cfx(1300)Kg (B7 = £ (1300)Kg)
5K071-+7r— (BO — KOnt 7= nonresonant)
CK07r+71-* (B0 — KOg+ 7 nonresonant)
CKg K (B0 — k2K

0 0 k0
SK?;K% (BY — KSKS)
C L0 (BO — KT K= KY nonresonant)

K+K KS S

CK"‘ K- KO (BO — KtK— K% inclusive)

¢K0 (B - ¢K)

Spig (B% = 9K3)

Cio KoK (B = KsKsKs)
Sk ks Ks(B® = KsKsKs)
CK%WOW(BO — K%704)
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—0.13 £ 0.13

—0.06 + 0.06
—0.02 + 0.08

—0.66 + 0.12

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

0.43 £ 0.17 (S = 1.5)

—0.06 = 0.04
0.0 + 0.4 (S = 3.0)

0.70 £ 0.21

0.2+ 05
0.7+ 0.7
—0.04 £ 0.20

+0.17
0.50 20

0.29 + 0.20
—0.50 + 0.16
—05=£05
0.3+04
—0.2+05
0.13 +0.35

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

—0.8+ 0.5
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
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SKgWOW(BO — Kk%r0y)

0 * 0
CK*(892)07 (BY — K*(892)"~)

SK*(892)0’Y (BO - K*(892)07)
. (B9 — nkOy)

S

nKOPY (BO - 77K0'Y)

K0¢ (B - KO¢’Y)
K0¢,}, (BO - K0¢”Y)
C(BO — K%po'y)
S(B0 — K%pofy)
(B — p0v)

s (80 — pov)

Crr (B0 — ata7)
C_0.0(B0 — «90)
Cor (B = ptam)
Spﬂ. (BO — pTa7)
ASp7T (BO — pT77)
€0 70 (B0 — p0x9)

5po7r0 (BO — p070)

a17r

(B9 — aq(1260)77)
alW(B — a1(1260) T 77)
AC, - (BY — ay(1260) T 7 ™)
AS, ;- (BY — a1(1260)F 7 )
C(BY — by KT)

AC(BY — by )

C BO
popo( — p0,0)

S BO 0
popo( — p0,9)
Cop (B — ptp7)

Spp (B = pTp7)
Al (BO — U/ K*(892)0)
cos 23 (BO — J/¢K*(892)0)

cos 23 (BO — [K%WJFW—]D(*) h0)

(Sy +5_)/2 (B — D*~ =)
(S_ —5,)/2 (B — D*~ =)
(Sy +5_)/2(B% — D™ xT)
(S_ —54)/2(B% — D™ xT)
(Sy +5_)/2 (8% — D™ pt)
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—0.8+ 0.6

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

—02+05

—03£0.6

+0.7
0.77771

—0.05 £ 0.19
0.11 £ 0.34

0.4 £ 05
—-0.8+0.7
—0.31 £ 0.05
—0.43 £ 0.24

—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

~0.2+ 0.4 (S =3.2)

0.43 + 0.14 (S = 1.3)

~0.11 + 0.12

~0.22 +0.24

~1.04 + 0.24

0.2 + 0.9

0.3+0.7

0.00 + 0.09

~0.14 £ 0.13

<0.25, CL = 95%
1750 (s = 1.6)
10758 (s = 18)

~0.039 + 0.011

~0.009 + 0.015

—0.046 + 0.023

~0.022 + 0.021

—0.024 + 0.032
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(S_ —5,)/2(B%— D~ pt)
e KO (B = nek3)

jo (B9 — cek(*)0)

BO — J/y(nS)KO)

CCEK(*
J/(ns) KO (
g0 (BY = J/HK*0)
k0 (B = J/9K*0)
(B — xc0KY)

A a0

XCOK%
K (B > xc0k9)

0

Xc0
KY (B9 — xc1KQ)

sin(287) (B — ¢KO)

sin(287) (B0 — ¢ K (1430)0)

sin(2B)(BY — [K&nT 7] () 10)

A (89 — [K%WJFW—]D(*) o)

]sin(2,8 + 7)]

28+

’y(BO - pO K*O)

Acp(B — K*(892)7)

Acp(b — s7)

Acp(b— (s+d)7)

Acp(B — XstTem)

Acp(B — K*eTe)

Acp(B — K*utu™)

Acp(B— K*¥ete™)

Acp(B — nanything)

Re(eBg) /(1 + \63212)

CP Violation phase 3

Acp(Bg — mTK™)

Acp(BY — [KTK™]1pK*(892)0)

r(nc(IS) - 71'—i_ﬂ'_)/rtotal

F(ne(18) — 71'07"0)/rtotal

F(ne(15) — Kt K™)/Ttotal

F(n(1S) — K% K%)/rtotal
(a+@)/(a—a@)inA— pr—, A— prt
[a(Z7)a (N)—a(Z )y (A)]

[(=7 ) (N +a(Z1) ot (A)]

(a +@)/(a—a@)in 2~ — AK—, 2T — Akt
(0 +@)/(a—a)in AT — Axt A — An~
(0 +@)/(a—a)in AT — Aetvg, A — Aew

Xm
(9}
A

e
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—0.10 + 0.06
0.08 + 0.13

(0.5 + 1.7) x 10~ 2
(0.5 + 2.0) x 10~2

0.03 + 0.10

0.60 + 0.25

+0.5
—03 752

—0.7+£05
0.06 &+ 0.07

0.22 + 0.30

+0.03
0.97 _g52

0.45 + 0.28
1.01 + 0.08

>0.40, CL = 90%
(83 + 60)°

(162 + 60)°
—0.003 £+ 0.017
0.015 £ 0.020
0.010 £ 0.031
0.04 £0.11
—0.18 £ 0.15
—0.03 £ 0.13

—0.04 £ 0.07

+0.04
—0.13 " 005

(—1.9 4+ 1.0) x 1073

(0.6 £ 1.9) x 10~2 rad
0.263 = 0.035

—0.04 £ 0.07

<1.1x 104, CL = 90%
<4 x 1072, CL = 90%
<6 x 1074, CL = 90%
<3.1x 1074, CL = 90%
0.006 =+ 0.021
(0+7)x10~4

—0.02 £ 0.13

—0.07 £ 0.31

0.00 + 0.04
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ACP(/\b — pm )
ACP(/\b — pK™)

0.06 + 0.07
0.00 + 0.19 (S = 2.4)

CP VIOLATION OBSERVED

Re(e) (1.596 + 0.013) x 103
charge asymmetry in K23 decays
A| = weighted average of A; (1) and A (e) (0.332 £ 0.006)%
Ap(p) = M@= utw,) = Tt p=w,)]/sum (0.304 + 0.025)%

Al(e) =[M(n~eTu,) — Mzt

0

parameters for KL — 271 decay
Ingol = IAKY — 279y /
AKS — 2x0)]

e Tg)]/sum (0.334 + 0.007)%

(2.220 + 0.011) x 1073 (S = 1.8)

g | = [AKY - xFa7) / AKE — (2.232 £ 0.011) x 1073 (S = 1.8)
7r+7r_)‘

le| = Jnp_| + |ngol)/3 (2.228 + 0.011) x 10~3 (S = 1.8)

1100 /M4 —| [h] 0.9950 + 0.0007 (S = 1.6)

Re(€/€) = (1—|ngo/ny_|)/3
Assuming CPT

¢+_, phase of Ny—

$00o- Phase of ngg

be = (204_ + 600)/3
Not assuming CPT

¢+_, phase of Ny—
®00o- Phase of ngg
¢ = (264 _ + ¢00)/3

[A] (1.66 & 0.23) x 10~3 (S = 1.6)

(43.51 + 0.05)° (S = 1.2)
(43.52 4+ 0.05)° (S = 1.3)
(43.52 + 0.05)° (S = 1.2)

(43.4 + 0.5)° (S = 1.2)
(43.7 £ 0.6)° (S = 1.2)
(43.5 £ 0.5)° (S = 1.3)

CP asymmetry A in K? — ata ete™ (13.7 £ 1.5)%
Bcp from K? — ete ete™ —0.19 4+ 0.07
vcp from K? — ete ete™ 0.01 £ 0.11 (S = 1.6)

parameters for K(Z — ot 7 7y decay
| = [AKY — 7Fx=, CP (2.35 £ 0.07) x 10~3
vioIating)/A(K% — 7r+7r_fy)‘

q§_|__,y = phase of Ny
r(K(B — 7T+7T_)/rtota|
r(K(B — 7T07r0)/rtota|
Acp(BT = Dop(r1)kK™)
Asps(BT — DK¥)
Acp(BT — nK™)
Acp(BT — £(1270)KT)
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(44 + 4)°

[i] (1.967 + 0.010) x 103 (S = 1.5)
(8.64 + 0.06) x 104 (S = 1.8)
0.170 + 0.033 (S = 1.2)

—0.52 £ 0.15

—0.37 £ 0.08

+0.19
—068 417
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Acp(BT — pOkT)
Acp(BT — fy(1370)7T)
~(BT — D)0 K(¥)+)
Acp (B — Ktx)
Acp(BY — nKk*(892)0)
0 _, p* - p+
Sp+(2010)- D+ (B D*(2010)~ DT)
0 _, p* + p—
Sp+(2010)+ - (B D*(2010)t D7)
SD*+D*— (BO - D*+D*_)
S, (BY — p*tp*7)
Sp+p- (B — DT D7)
0._, 0
5J/z/1(15)7r0 (B J/P(1S)7Y)
S(B9 — J/y(18)p0)
SKOTFO (BO — KOTFO)
S, ko (BO — 1 KO)

S KT K~ K% nonresonant)

KT K=K (89 —

S (B — KT K~ K inclusive)

K+ K= KY
Sin (BO — ata7)
ACpﬂ. (BO — pta7)

B — 5. KY)
sin(28) (B — J/yKQ)

S sy ko (BY = J/4(nS)KO)

S B0 K9
Xc1 Kg( — Xel S)

sin(20865,)(BY — KT K™ KY)
07

Re(ep) / (1 + |ep|?)

0.37 £ 0.10
0.72 + 0.22

(70 + 9)°
—0.082 + 0.006
0.19 + 0.05
—~0.72 £ 0.15

—0.73 £ 0.14

—0.59 + 0.14 (S = 1.8)

—0.73 £ 0.09

+0.17
—0.99 014

—0.94 +0.29 (S = 1.9)

+0.16
—0.66 " 59>

0.58 + 0.17
0.63 + 0.06

—0.66 + 0.11
—0.65 + 0.12

—0.67 + 0.06
0.27 £ 0.06

0.93 + 0.17

0.679 £ 0.020
0.676 £+ 0.021

0.63 = 0.10

+0.13
0.77 2512

(93 £ 5)°
(1.2 + 0.4) x 10~3

CPT INVARIANCE

(mw+ - mW,) / Maverage
(me-i- - me_) / Maverage
g +a,|/e

(ge+ - ge_) / 8average

(7

(g‘u+ - g'u,) / 8average

T _

pwt T T )/Taverage

(m7_+ -m__ )/maverage

mt—mf
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—0.002 + 0.007
<8x 1079, CL = 90%
<4 %108

(=05 + 2.1) x 10712
(2+8)x107°

(—0.11 + 0.12) x 10~8
<2.8 x 1074, CL = 90%
—0.24 0.5 GeV (S = 1.1)
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(mﬂ--i- - mﬂ-—) / Maverage

(7'71-+ 7'71-7) / Taverage

(mK+ - mK_) / Maverage
(TK+ - TKf) / Taverage
KT — ,u:l: Yy
KE +.0

— T T

rate difference/sum
rate difference/sum
s in KO — KO mixing

real part of §

imaginary part of §
Re(y), K3 parameter
Re(x_), Ka3 parameter
’mKO - m70| / Maverage
(rKO - r70)/’"average
phase difference ¢ — ¢+_
Re(3n,_ + Lngo)-2f
Acpr(DP — K= =)
BSEer g ST
ASopr (SZJF,K% - 515_+,Kg)

(C,

+
AC s

+
CPT - Cg+’ K2 )

ACEPT(CZ,K% B Ce_+,/<g)
]mp—mﬁ|/mp

(7 -2 7

lap + apl/e

(p + vp) [ bp

(mp = mz)/ my

(mp — mz) / m 4

(rp = 72/ 7a
(Tz-i- - Tf—)/Tz-i-
(hyy + b5 )/ byt
(mE_ — m§+) / m—_
(TE_ — 7'?_,_) / T
(W= +u=y)/ |n=]|
(m_Q, — m§+) / meo-
(TQ_ — T§+)/TQ_

HTTP://PDG.LBL.GOV Page 17

U]

[K]

[/l

[/l

(2+5)x 104
(6+7)x10~4

(—0.6 +1.8) x 10~%
(0.10 £ 0.09)% (S = 1.2)
(—0.27 + 0.21)%

(0.4 + 0.6)%

(2.5 +£2.3) x 10~4
(—1.5 + 1.6) x 1072
(0.4 4+ 2.5) x 10~3
(—2.9 +20)x 1073
<6 x 10719 CL = 90%
(8 +8)x 1018

(0.34 + 0.32)°

(-3 +35)x 1076
0.008 + 0.008

0.16 + 0.23

—0.03 £ 0.14
0.14 £ 0.17
0.03 + 0.14

<7x 10710 cL = 90%
(-9 +9)x1011
<7x 10710 cL = 90%
(0 +5) x 1070

(9 + 6) x 107°
(—0.1+1.1)x 1072 (S = 1.6)
—0.001 + 0.009
—0.0006 + 0.0012
0.014 + 0.015
(—=3+09)x107°
—0.01 + 0.07

40.01 + 0.05
(—1+8)x107°

0.00 + 0.05
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Lepton family number conservation means separate conservation of each of L, L'u, L.
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TESTS OF NUMBER CONSERVATION LAWS

LEPTON FAMILY NUMBER

M(Z = & 1)/ Tiotal
NZ — eFrF)/Tiotal
Nz — ”iT:F)/rtotal
olete™ — eiT:F) Jo(ete™ — ptpu™)
olete” = pErF) /o(ete™ — ptu7)
limit on 4= — e~ conversion

o(u=32s — e~ 32s)/

o(u= 325 — v, 32p%)

o(p~Ti— e Ti)/

o(p~ Ti — capture)

o(p~ Pb— e~ Pb)/

o(p™ Pb — capture)

limit on muonium — antimuonium conversion Rg =

Ge / G

Mu- —
M(w™
M(w™
F(w™
rr—
rr—
rr—
rr—
rr—
rr—
rr—
rr—
rr—
rr—
rr—
rr—
rr—
rr—
rr—
rr—

L e e e

e Veg,u)/rtotal

e 7)/Total

e et e )/Total

e” 27)/Tiotal

™ 7)/Tiotal

1Y)/ Tiotal

e 71'O)/rtotal

B 71'0)/rtota|

e K%)/rtotal

B KOS)/rtotaI

e 1)/Ttotal

1= 1m)/Ttotal

e po)/rtotal

B po)/rtotal

e” w)/Tiotal

1= w)/Tiotal

e” K*(892)%) /Ty otal
1T K*(892)0)/Tegpa
e” K*(892)%) /Tt otal
™ K*(892)0)/Tegral

HTTP://PDG.LBL.GOV
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[n]
[n]
[n]

<7.5x 1077, CL = 95%
<9.8x 1076, CL = 95%
<1.2x 1072, CL = 95%
<8.9x1076, CL = 95%
<4.0x1076, CL = 95%

<7x 10711 CcL = 90%

<43 % 10712, CL = 90%
<4.6 x 10711, cL = 90%
<0.0030, CL = 90%

<12 x 1072, CL = 90%
<5.7 x 10713, CL = 90%
<1.0 x 10712 cL = 90%
<72x10711 CcL = 90%
<3.3x 1078, CL = 90%
<4.4x 1078, CL = 90%
<8.0x 1078, CL = 90%
<1.1x10~7, CL = 90%
<2.6 x 1078, CL = 90%
<2.3x 1078, CL = 90%
<9.2x 1078, CL = 90%
<6.5x 1078, CL = 90%
<1.8 x 1078, CL = 90%
<12 x 1078, CL = 90%
<4.8x 1078, CL = 90%
<4.7x 1078, CL = 90%
<32 x 1078, CL = 90%
<5.9 x 1078, CL = 90%
<3.4x 1078, CL = 90%
<7.0x 1078, CL = 90%
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Mt~ — e 1/(958))/Tiotal <1.6 x 10—/, CL = 90%
M~ — = 1'(958))/Total <13 x 1077, CL = 90%
M~ — e £5(980) — e~ mt 77 )/Tiotal <3.2x 1078, CL = 90%
Mt~ — u~f(980) — pu~ 7t 77)/Tiotal <3.4 x 1078, CL = 90%
M~ — e ¢)/Tiotal <3.1x 1078, CL = 90%
M~ — 1™ 6)/Trotal <8.4 x 1078, CL = 90%
Mr~ — e ete)/Tiotal <2.7x 1078, CL = 90%
M~ — e pT ™) /Tiotal <2.7 x 1078, CL = 90%
M~ — et pu™ ™) /Tiotal <1.7 x 1078, CL = 90%
Mr~ — u= et e™)/Miotal <1.8 x 1078, CL = 90%
Fr~ — ute” e )/Tiotal <1.5x 1078, CL = 90%
M~ — p ot ™)/ Miotal <2.1x 1078, CL = 90%
M~ — e 77 )/Tiotal <23 x 1078, CL = 90%
Mr~ — pu= 7T 77)/Tiotal <2.1x 1078, CL = 90%
Mr~ — et K™)/Tiotal <3.7x 1078, CL = 90%
M~ — e 7 KT)/Tiotal <3.1x 1078, CL = 90%
rr= — e KEKY)/Tiotal <7.1x 1078, CL = 90%
M~ — e KT K™)/Tioal <3.4 x 1078, CL = 90%
Mr~ — w7 K7)/Tiotal <8.6 x 1078, CL = 90%
M~ — w7 K1) /Tiotal <4.5 x 1078, CL = 90%
rr= — n= KIKL)/Miotal <8.0 x 1078, CL = 90%
M~ — u= KT K™)/Tiotal <4.4 x 1078, CL = 90%
F(r= — e 7070)/Fotal <6.5 x 1076, CL = 90%
M~ — u 71979) /Myotal <1.4 x 1073, CL = 90%
M~ — e 1)/ Total <3.5x 1072, CL = 90%
M~ — 1~ 01)/Tiotal <6.0 x 1072, CL = 90%
F(r~ — e 710n)/Total <2.4 x 1073, CL = 90%
M~ — u™ 7199)/Tiotal <2.2x 1073, CL = 90%
F(r— — e~ light boson)/Myotal <2.7x 1073, CL = 95%
F(r— — u~ light boson)/Tyotal <5x 1073, CL = 95%

LEPTON FAMILY NUMBER VIOLATION IN NEUTRINOS

sin(615) 0.304 + 0.014

Am3, (7.53 + 0.18) x 1072 eV?2

sin2(023) (normal mass hierarchy) 0.51 + 0.05

sin2(023) (inverted mass hierarchy) 0.50 &+ 0.05

Am%2 (normal mass hierarchy) [p] (2.44 £ 0.06) x 1073 ev2

Am%2 (inverted mass hierarchy) [p] (2.51 £ 0.06) x 1073 ev2

sin?(613) (2.19 + 0.12) x 102
Frt = 1)/ Miotal [q] <8.0x 1073, CL =90%

Fat — p=etetv)/Migral <1.6 x 107°, CL = 90%
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M0 — pte™)/Miotal <3.8 x 10710 cL = 90%
M0 — p=et)/Miotal <3.4 x 1079, CL = 90%
M0 — pte + p=et)/Miotal <3.6 x 10710, cL = 90%
Fn— pte™ + p”eT)/Tigtal <6 x 1070, CL = 90%
F(n/(958) — eu)/Tiotal <4.7 x 1074, CL = 90%
[(¢(1020) — e* 1 F)/Tioral <2x 1076, CL = 90%
r(kt — p=vetel)/Motal <2.1x 1078, CL = 90%
MKt = utu)/Tiotal [q] <4x1073, CL = 90%
Mkt — xtpte™)/Tiotal <13 x 10711, CL = 90%
r(kt — 7tp=et)/Miotal <5.2 x 10710, cL = 90%
MK = e* i) /Tiotal [n] <47x10712 CL =90%
MK — et e® uF 1) /Tigtal [n] <4.12x 10711, CL = 90%
MK — 70t eT)/Miotal [n] <7.6x 1071, CL = 90%
r(KY — 79701 eF)/Migtal <1.7 x 10710, cL = 90%
(ot — atetu™)/Miotal <2.9 x 107%, CL = 90%
(ot — ate  ut)/Miotal <3.6 x 107°, CL = 90%
(Dt — Ktetu™)/Miotal <1.2x107°, CL = 90%
(Dt — Kte put)/Miotal <2.8 x 1070, CL = 90%
r(D0 — ureF) /Mgl [n] <2.6x10~7, CL = 90%
r(D0 — n0e®uF)/Miotal [n] <8.6x 1072, CL =90%
r(D0 — ne*uF)/Miotal [n] <1.0x 1074, CL = 90%
r(D0 — wta= e uF)/Mioral [n] <1.5x1072, CL =90%
r(p0 — pOe® uF)/Moral [n] <4.9x1072, CL =90%
M0 — wetpyF) /Mol [n] <1.2x10~% CL =90%
r(D0 — K=Kt et uF)/Moal [n] <1.8x 1074, CL =90%
r(D0 — ¢e® uF)/Tiotal [n] <3.4x 1072, CL = 90%
r(p0 — KOe® uF)/Myoral [] <1.0x 1074 CL = 90%
r(p0 — K= xte®uF)/Motal [n] <5.53x10~%, CL = 90%
r(p% — K*(892)0e® uF)/Myoral [n] <83x107°, CL = 90%
F(D:‘ — atet 1) Feotal <1.2x 1072, CL = 90%
r(of — =te uh)/Motal <2.0 x 1072, CL = 90%
r(0F — Ktetun™)/Mioal <1.4 x 1073, CL = 90%
r(Dj — Kt e i) /Tiotal <9.7 x 1076, CL = 90%
r(Bt — ntetu™)/Motal <6.4 x 1073, CL = 90%
r(Bt — nte uT)/Motal <6.4 x 1073, CL = 90%
(BT — =t et u®)/Motal <1.7x 1077, CL = 90%
r(BY — atets7)/Miotal <7.4x 1075, CL = 90%
(BT — 7te 71)/Tiotal <2.0x 1079, CL = 90%
r(Bt — ntexrF) /Mol <7.5 x 1072, CL = 90%
r(BY — atut77)/Tiotal <6.2x 1072, CL = 90%
r(BY — atu=77)/Tiotal <4.5x 1079, CL = 90%
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r(s+
r(+
r(B+
r(s+
r(s+
r(B+
r(B+
r(s+
r(s+
r(B+
r(B+
r(s+
r(s+
r(so
r(so
r(so
r(so
r(so
r(so
r(Bo
r(so

L T T et A A A A A A A |
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nt ”:t 7':F)/rto’cal

K+ e+'“_)/rtotal
Kte™ '“+)/rtotal

KT et ”:F)/rtotal
Ktetr™ )/Ttotal
Kte™ 7'+)/rtotal

KT et ) /Ttotal
Ktptr= )/Ttotal

Kt u~ 7-—i_)/r’cotal

K+ '“i ) /Ttotal
K*(892)T e ™) /Tiotal
K*(892) T e~ ™) /Tiotal
K*(892) 1 e® uF) /Toral
e+ 1)/ Teotal

n0et 1)/ Teotal

KO et ”:F)/rtotal
K*(892)% et 117 /Tiotal
K*(892)0 e~ 1) /Tiotal
K*(892)0 et 1 F) /Ty
et 7—:F)/rtotal

”:t 7':F)/rto’cal

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

rB —

rB —

r(eY —
s

Ke® :“:F)/rtotal
K*(892) e 1F) /T yoral

et pt )/Ttotal

F(J/9(1S) — e uT)/Tiotal
F(J/p(1S) — et rF) /Mol
F(J/9(1S) — pE7F) /Tt

r(r(s)
r(r(2s)
r(r(2s)
r(r(s)
r(r(s)
I'(/\j:' —
I'(/\j:' —

- :“i ) /Ttotal
— oF ) /Ttotal
- :“i 7-:F)/rto’cal
— et 7-:F)/r’cotal
- :“i ) /Ttotal

pet ™ )/Ttotal
pe” pt )/Ttotal

HTTP://PDG.LBL.GOV

[n]

[n]
[n]
[n]

[n]

<7.2x 1072, CL = 90%
<9.1x 1078, CL = 90%
<13 x 1077, CL = 90%
<9.1 x 1078, CL = 90%
<4.3 %1072, CL = 90%
<1.5x 1072, CL = 90%
<3.0 x 1072, CL = 90%
<4.5x 1072, CL = 90%
<2.8x 1072, CL = 90%
<4.8 x 1072, CL = 90%
<1.3x 1079, CL = 90%
<9.9x 107, CL = 90%
<1.4 x 1070, CL = 90%
<2.8x1079, CL = 90%
<1.4x 1077, CL = 90%
<27 %107, CL = 90%
<5.3x 107, CL = 90%
<3.4x 1077, CL = 90%
<5.8x 10—/, CL = 90%
<2.8x 1072, CL = 90%
<22 %1072, CL = 90%
<2.2%x 1072, CL = 90%
<9.2 x 1078, CL = 90%
<3.2x1079, CL = 90%
<3.8x 1078, CL = 90%
<5.1x 107, CL = 90%
<1.1x 1078, CL = 90%
<1.6 x 10~ 7, CL = 90%
<83 x 1070, CL = 90%
<2.0 x 1070, CL = 90%
<6.0 x 1079, CL = 95%
<3.2x1079, CL = 90%
<3.3x 1070, CL = 90%
<42 x 1070, CL = 90%
<3.1x1079, CL = 90%
<9.9x 1079, CL = 90%
<1.9 x 1072, CL = 90%
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TOTAL LEPTON NUMBER

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

M(Z — pe)/Tiotal <1.8x 1076, CL = 95%
N(Z = pu)/Tiotal <1.8x 1076, CL = 95%
limit on p= — eT conversion
o(p= 325 - et325%) / <9x 10710 cL = 90%
o(p™ 32g _, V/L32P*)
o(p 127 5 et 127Tgpxy <3x 10710 cL = 90%
o(p™ 127 _, anything)
o(u~Ti— et Ca)/ <3.6 x 10711, cL = 90%
o(p~ Ti — capture)
Mr~ — eta 7))/ Tiotal <2.0 x 1078, CL = 90%
M~ — ut e 77)/Tiotal <3.9 x 1078, CL = 90%
M~ — et n™ K7)/Tiotal <3.2x 1078, CL = 90%
M~ — et K™ K™)/Tiotal <3.3x 1078, CL = 90%
M~ — T 7™ K7)/Tiotal <4.8 x 1078, CL = 90%
M~ — uT K™ K™)/Tiotal <4.7x 1078, CL = 90%
M~ = pu” 17)/Tiotal <4.4x 1077, CL = 90%
M~ — put ™)/ Tiotal <33 x 1077, CL = 90%
Mt~ — B7)/Ttotal <3.5 x 1076, CL = 90%
F(r~ — p79)/Tiotal <15 x 1072, CL = 90%
F(r— — p210)/Tiotal <33 x 1072, CL = 90%
M~ — Pn)/Total <8.9 x 107°, CL = 90%
M~ — p790)/Tiotal <2.7 x 1072, CL = 90%
M~ — A77)/Tiotal <7.2x 1078, CL = 90%
M~ — A7) /Tiotal <1.4x 1077, CL = 90%
t1/2( 70Ge — 765e 4 267 ) >1.9 x 1025 yr, CL = 90%
Frt — w7.)/Motal [q] <1.5x1073, CL =90%
KT — 7=t et)/Miotal <5.0 x 10710, CL = 90%
MKt — 7= etet)/Miotal <6.4 x 10710, CL = 90%
MKt — 7 ptut)/Miotal [q] <1.1x1079, CL =90%
MKt = 0t 52)/Tiotal [q] <3.3x1073, CL =90%
KT — 79eto,)/Miotal <3x 1073, CL = 90%
M0t — 77 2eT) /Mol <1.1x 1076, CcL = 90%
(Dt — 7= 2uF)/Fiotal <2.2x 1078, CL = 90%
(ot — 7= et ut)/Miotal <2.0 x 107°, CL = 90%
r(Dt — p~2uT)/Tiotal <5.6 x 1074, CL = 90%
r(0t — K~ 2et)/Tiotal <9x 10~7, CL = 90%
(Dt — K= 2uh)/Tiotal <1.0 x 1072, CL = 90%
(bt — K= et ut)/Miotal <1.9 x 107°, CL = 90%
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(DT — K*(892)~ 2u™T)/Tiotal

r(po
r(po
r(po
r(p0
r(po
r(po
r(po0
r(po
r(po0
r(po
r(po

—

L A A A

—

2r2et + c.c.)/Tiotal
217 2T + c.c.)/Tiotal

K~ n 2t + c.c.)/Tiotal
K—n2ut + c.c.)/Tiotal
2K~ 2eT + c.c.)/Tiotal
2K~ 2T+ c.c.) /Tiotal
et ut+ c.c.)/Tiotal
K n—etut+ c.c.)/Tiotal
2K~ et pt + c.c.)/Tiotal
pe”)/Tiotal

Pet)/Tiotal

F(D:' — 77 2eT)/Tyotal
r(D;r — 7 2u) Tiotal
F(D:’ — 7 et ut)/Miotal

r(of
r(of
r(oy
r(oy
r(s+
r(B+
r(B+
r(B+
r(s+
r(B+
r(e+
r(s+
r(s+
r(s+
r(e+
r(s+
r(s+
r(s+
r(B+
r(B+
r(s+
r(s+
r(B+
r(B+
r(B+
r(s+
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—

L e e T e e e e A A

K™ 2'5'—+-)/|_total

K™ 2"ﬂ_)/l_total

K et '“+)/rtotal
K*(892) ™ 2u™)/Total
et e—i_)/rtotal
ot “+)/rtotal

m et “+)/rtotal
p-et e—i_)/rtotal

P~ ) Teotal
p-et “+)/rtotal

K™ et e+)/rtotal

K™ ut ”+)/rtotal
K™et ”+)/rtotal
K*(892)~ eT eT)/Tiotal
K*(892)~ pt N+)/rtota|
K*(892) ™ e ™) /Tiotal
D™ et e—i_)/rtotal

D~ et ”+)/rtotal

D™ ut “+)/rtotal

D*~ pt “+)/rtotal

Ds_ pt /ﬁ_)/rtotal
DO~ pt ”+)/rtotal

A0 ”+)/rtota|

A0 e+)/rtotal

A0 '“+)/rtotal

A0 e+)/rtotal
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[s]

<8.5x 104, CL = 90%
<1.12 x 1074, CL = 90%
<2.9x 1072, CL = 90%
<2.06 x 10~4, CL = 90%
<3.9x 1074, CL = 90%
<1.52 x 1074, CL = 90%
<9.4 x 1072, CL = 90%
<7.9x 1072, CL = 90%
<2.18 x 10~4, CL = 90%
<5.7 x 1072, CL = 90%
<1.0 x 1072, CL = 90%
<1.1x 1072, CL = 90%
<4.1x 1075, CL = 90%
<1.2x10~7, CL = 90%
<8.4x 1075, CL = 90%
<52 x 1076, CL = 90%
<1.3x 1072, CL = 90%
<6.1x 1076, CL = 90%
<1.4 x 1073, CL = 90%
<2.3x 1078, CL = 90%
<4.0x 1079, CL = 95%
<1.5x 107, CL = 90%
<1.7x10~7, CL = 90%
<42 x10~7, CL = 90%
<4.7x10~7, CL = 90%
<3.0 x 1078, CL = 90%
<4.1x 1078, CL = 90%
<1.6 x 10—/, CL = 90%
<4.0 x 107, CL = 90%
<5.9 x 107, CL = 90%
<3.0x 107, CL = 90%
<2.6 x 1076, CL = 90%
<1.8x 1076, CL = 90%
<6.9 x 107, CL = 95%
<2.4x1076, CL = 95%
<5.8x10~7, CL = 95%
<1.5x 1075, CL = 95%
<6 x 1078, CL = 90%
<3.2x 1078, CL = 90%
<6 x 1078, CL = 90%
<8x 1078, CL = 90%
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r(BY — AT 17)/Tiotal <1.4 x 1076, CL = 90%
r(B% — AT e™)/Miotal <4x 1070, CL = 90%
MA — 7t e™)/Miotal <6 x 1077, CL = 90%
MA — 7t 17 /Teotal <6 x 1077, CL = 90%
FA — 77 eT)/Tiotal <4x 1077, CL = 90%
FA — 7w /Tiotal <6 x 1077, CL = 90%
MA— Kte )/Tiotal <2x 1070, CL = 90%
MA— Kt u™)/Tiotal <3x 1070, CL = 90%
FA — K™ et)/Tiotal <2x 1070, CL = 90%
FA — K™ )/ Teotal <3x 1070, CL = 90%
rA = K%v)/Tioal <2 x 1072, CL = 90%
M=~ — pu™ 17 )/Total <4x 1078, CL = 90%
FAY — B2eT)/Tigtal <2.7x 1076, CL = 90%
rAY — p2u™)/Miotal <9.4 x 107°, CL = 90%
rAL — pet u®)/Miotal <1.6 x 1072, CL = 90%
rA — ==t uh)/Miotal <7.0x 1074, CL = 90%

BARYON NUMBER

[(Z — pe)/Tiotal <1.8x107°, CL = 95%
M(Z — pu)/Tiotal <1.8x107°, CL = 95%
Mt~ — pu™ 1)/ Tiotal <4.4x 1077, CL = 90%
M~ — put ™)/ Tiotal <33 x 1077, CL = 90%
M~ = P7)/Ttotal <3.5x107°, CL = 90%
M~ — B70)/Tiotal <1.5x 1072, CL = 90%
M~ — p279)/Tiotal <3.3x 1072, CL = 90%
Mt~ — B)/Tiotal <8.9 x 1076, CL = 90%
M= — Br0n)/Tiotal <2.7x 1079, CL = 90%
M~ — A77)/Tiotal <7.2x 1078, CL = 90%
Mt~ — A77)/Teotal <1.4 x 1077, CL = 90%
r(D% — pe™)/Tiotal [f] <1.0x 1075, CL = 90%
r(D0 — pet)/Miotal [s] <1.1x1072, CL=90%
r(BT — A%ut)/Mital <6 x 1078, CL = 90%
r(Bt — A%et)/Miotal <3.2x 1078, CL = 90%
r(B+t — 2%u+)/Miotal <6 x 1078, CL = 90%
r(BT — A%et)/Tiotal <8x 1078, CL = 90%
r(B% — AT 17)/Tiotal <1.4 x 107°, CL = 90%
r(BY — Ate™)/Miotal <4x 1070, CL = 90%
p mean life [t] >2.1x 1029 years, CL = 90%

A few examples of proton or bound neutron decay follow. For limits on many other nucleon decay channels,
see the Baryon Summary Table.
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(N — eTm) > 2000 (n), > 8200 (p) x 1030 years, CL
= 90%

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

(N — et K) > 17 (n), > 1000 (p) x 1030 years, CL =
90%

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

limit on n7 oscillations (free n) >0.86 x 108 s, CL = 90%
limit on n7 oscillations (bound n) [u] >1.3x108s CL = 90%
FA — 7te™)/Tiotal <6 x10~7, CL = 90%
FA — 7t 07) Tiotal <6x 1077, CL = 90%
MA — 7~ et)/Miotal <4 %1077, CL = 90%
MA — 7~ 1) /Total <6 x 1077, CL = 90%
A — KTe)/Tiotal <2x 1076, CL = 90%
FA — KT u7)/Teotal <3x 1070, CL = 90%
FA — K~ et)/Tiotal <2x 1076, cL = 90%
MA— K= pt)/Tiotal <3x 1070, CL = 90%
rA— K%v)/Miotal <2x 1072, CL = 90%
FA — ) /Tiotal <9x 1077, CL = 90%
r(/\z_L — P2eT)/Tiotal <2.7x 1076, CL = 90%
rAY — p2u™)/Miotal <9.4 x 1076, CL = 90%
r(/\;r — pet ) /Miotal <1.6 x 1072, CL = 90%

ELECTRIC CHARGE (Q)

e — Vg7 and astrophysical limits [v] >6.6 x 1028 yr, CL = 90%
M(n— pre¥a)/Tiotal <8x 10727, CL = 68%

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

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

Re(x,.), Kg3 parameter (—0.9 +3.0) x 1073
x=AKO = 77t u)/A(KO = 77T v) = A(AS=—AQ)/A(AS=AQ)

|'(K+ — 7r+7r+e_ﬁe)/l'tota|
MKT = 77t 07 7,)/Miotal

real part of x —0.002 £ 0.006
imaginary part of x 0.0012 4+ 0.0021
M=t — netv)/I(Z7 — nt™D) <0.043

M=t — netvy)/Miotal
=+t — n,ﬁuu)/rtotal
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<5x 1079, CL = 90%
<3.0 x 1072, CL = 90%

Created: 10/3/2016

15:03



Citation: C. Patrignani et al. (Particle Data Group), Chin. Phys. C, 40, 100001 (2016)

ME0 — == et w) Mgl <9 % 10™4, CL = 90%
r=0 — s—ut V) Thotal <9 x 104, CL = 90%

AS = 2 FORBIDDEN

Allowed in second-order weak interactions.

M0 — pr)/Tiotal <8 x 1076, CL = 90%
r(EO — pe” Ve)/Tiotal <1.3x 1073

M=% — pu=7,)/Trotal <13x 103

M=~ — n77)/Tiotal <1.9 x 1072, CL = 90%
M=~ — ne”7.)/Tiotal <3.2x 1073, CL = 90%
ME" = 007 7,)/Miotal <15 x 1072, CL = 90%
M=~ — pr 7 )/Tiotal <4x 1074, CL = 90%
M=~ — pr e 7e)/Tiotal <4x 1074, CL = 90%
ME~ — pr 1 7,)/Miotal <4 x 1074 CL = 90%
MR~ — A77)/Tiotal <2.9 x 107°, CL = 90%

AS = 2 VIA MIXING

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

mo — m g (0.5293 =+ 0.0009) x 1010 7 s—1 (S = 1.3)
L S

0o —m
L

—12
m 0 (3.484 £ 0.006) x 1012 MeV
K K3

AC = 2 VIA MIXING

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

0.41 _

!thl) - ng! = al (0.957944) x 1010 7 s—1
0.14 _
("Dflj - ng)/r =2y (1.297718) x 1072
AB = 2 VIA MIXING
Allowed in second-order weak interactions, e.g. mixing.

Xd 0.1875 + 0.0017
Ampg = Mgy ~ Mpgo (0.5096 =+ 0.0034) x 1012 f s~ 1
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xg = Amgo /T o 0.775 + 0.006

Ampgy = mgy = mg (17.757 £ 0.021) x 1012 i s~ 1
s sH sL

Xg = AmBg/ng 26.81 + 0.10

Xs 0.499308 + 0.000005

AS =1 WEAK NEUTRAL CURRENT FORBIDDEN

Allowed by higher-order electroweak interactions.

MKt — ntete™)/Miotal (3.00 + 0.09) x 10~/
Mkt — 7ot ut ™)/ Miotal (9.4 £+ 0.6) x 1078 (S = 2.6)
MKt — 7t D) /Miotal (1.7 + 1.1) x 10710
r(kt — =t 7902)/Meoral <43 x 1072, CL = 90%
MKS — 1T 7)) /Tiotal <9x 1079, CL = 90%
FKS — et e™)/Tiotal <9x 1079, CL = 90%
r(kY — m0ete™)/Miotal [l (3.0713) %1079
MK — 70t =) /Miotal (29713) x 1079
MK =t 17)/Tiotal (6.84 £ 0.11) x 10~9
Mk — ete™)/Motal (979) x 10712
MK — 7ta=ete™)/Miotal [y] (3.11 +0.19) x 10~/
r(KY — 7970ete™)/Tiotal <6.6 x 1079, CL = 90%
MK — 7070t =) /Miotal <9.2 x 10711, CL = 90%
MK — pH et e™)/Migtal (2.69 + 0.27) x 10~9
MK — etemete™) /Mol (3.56 & 0.21) x 10~8
r(KY — 7OuF 1) /Tiotal <3.8 x 10710, CL = 90%
r(KY — 7Ot e™)/Miptal <2.8 x 10710, CL = 90%
r(K — 70uD)/Tioal <2.6 x 1078, CL = 90%
r(K9 — 7070um)/rora <8.1x 1077, CL = 90%
(=t — pete ) /Motal <7x 1076
MET — putu™)/Tiotal (9Fg) x 1078
AC =1 WEAK NEUTRAL CURRENT FORBIDDEN

Allowed by higher-order electroweak interactions.
(DT — 7tete™)/Miotal <1.1x 1076, CL = 90%
r(ot — ot ut ™) /Miotal <7.3x 1078, CL = 90%
(Dt — pTut ™) /Tiotal <5.6 x 1074, CL = 90%
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YY)/ Ttotal

et e )/Total

phu™ )/Ttotal

net e )/Ttotal
w01t 17) /Miotal
net e )/Total

et 1) Tiotal
ata— et e )/Tiotal
pO et e )/Ttotal

rtr et 17 )/ Total
P21t 17 Tiotal
wet e )/Ttotal

wp 1)/ Teotal
K=Kt eTe™)/Tiotal
get e )/Total

K™ KTt 17)/Tiotal
¢M+ .U_)/rtotal
K—ntet e )/Total
K™ atutp™ )/Ttotal
= 70t 1) Miotal
Ktet e )/Ttotal
Kt b 17) /Tiotal
K*(892)+ N+ N_)/rtotal
pet e )/Total

Pt 1) /Tiotal

<2.2x 1070, CL = 90%
<7.9x 1078, CL = 90%
<6.2x 1079, CL = 90%
<45 x 1072, CL = 90%
<1.8 x 104, CL = 90%
<1.1x 1074, CL = 90%
<53 x 1074, CL = 90%
<3.73x 1074, CL = 90%
<1.0 x 104, CL = 90%
<55 x 1077, CL = 90%
<22 x 1075, CL = 90%
<1.8 x 104, CL = 90%
<8.3x 104, CL = 90%
<3.15 x 1074, CL = 90%
<5.2x 1079, CL = 90%
<3.3x 1072, CL = 90%
<3.1x 1072, CL = 90%
<3.85 x 1074, CL = 90%
<3.59 x 1074, CL = 90%
<8.1x10~%, CL = 90%
<3.7x 1076, CL = 90%
<2.1x 1072, CL = 90%
<1.4x 1073, CL = 90%
<5.5x 1070, CL = 90%
<4.4 x 1075, CL = 90%

AB =1 WEAK NEUTRAL CURRENT FORBIDDEN

Allowed by higher-order electroweak interactions.

7T+€+€_)ﬂ_total
ntet e )/Total
mtut )/Ttotal

L v7)/Tiotal

KTt g_)/rtotal

KT et e )/Total

Kt ptu )/Ttotal

KT vv)/Tiotal

pt v?)/Tiotal
K*(892) T ¢ 07) /Tiotal
K*(892)T e e™)/Tiotal

HTTP://PDG.LBL.GOV

<4.9 x 1078, CL = 90%
<8.0 x 1078, CL = 90%
(1.79 £ 0.23) x 10~8

<9.8 x 1072, CL = 90%

(451 +0.23) x 10~ 7 (S = 1.1)

(5.5 +0.7) x 10~/

(4.43 + 0.24) x 1077 (S = 1.2)

<1.6 x 1072, CL = 90%
<2.13 x 1074, CL = 90%

(1.01 £0.11) x 1076 (S = 1.1)

(1557 039) x 106
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K* (892)+ N+ I )/rtotal
K*(892) 1 1) /T iotal
Ktatr=ptp~ )/Ttotal
¢ KT M+ I )/rtotal
’Y’Y)/rtotal
et e )/Ttotal
ete” 7)/Ttotal
w7 Teotal
1 1T 9) Teotal
w7 Teotal

SP, S — u+u_, P — u+u_)/rtota|

7'—‘_7'_)/rtotal
71"Og—i_g_)/rtotal

net e )/Total

Ot #7)/Tiotal
77€+£_)/rtotal

net e )/Ttotal

"7”+ /L_)/rtotal

0 v7)/Tiotal

KOo+ £7)/Tiotal

KOet e )/Ttotal

KO 1t ™) /Teotal

KO v7)/Tiotal

pO v7)/Tiotal

K*(892)0 41 07) /T iotal
K*(892)0 et e™)/Myotal
K*(892)0 it~ )/Ttotal
K*(892)0 D) /Ty otal
ovV)/Tiotal
invisible) /Ty ¢4
v7Y)/Tiotal

set e )/Total

sut 1)/ Tiotal
Sg—i_g_)/rtotal

met e )/Ttotal

met e )/Total

mut 1)/ Tiotal

KeT e )/Ttotal
K*(892)eT e ™) /Tiotal
Kut #7)/Tiotal
K*(892) ut 117) /Total

HTTP://PDG.LBL.GOV

(9.6 + 1.0) x 10~/

<4.0 x 1072, CL = 90%
(4.4 +0.4) x 10~ 7
(7.9721) x 10-8
<3.2x10~7, CL = 90%
<8.3x 1078, CL = 90%
<1.2x10~7, CL = 90%
(3.971-0) x 10-10

<1.6 x 10—/, CL = 90%
<53 x 1079, CL = 90%
<5.1x1079, CL = 90%
<4.1x 1073, CL = 90%
<5.3 x 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—/, CL = 90%
<1.12x 1077, CL = 90%
<6.9 x 1072, CL = 90%
(31798 x 1077
(16159 x 1077

(3.39 + 0.34) x 10~/
<4.9 x 1072, CL = 90%
<2.08 x 1074, CL = 90%
(9.9712) x 1077
(1.03731%) x 106
(1.02 £ 0.09) x 10~
<5.5 x 1072, CL = 90%
<1.27 x 10~4, CL = 90%
<2.4x 1072, CL = 90%
<1.7 x 1072, CL = 90%
(6.7 £ 1.7) x 1070 (S = 2.0)
(4.3 +1.0) x 1070

(5.8 + 1.3) x 1070 (S = 1.8)
<5.9 x 1078, CL = 90%
<1.10 x 10~ 7, CL = 90%
<5.0 x 1078, CL = 90%
(4.4 +0.6) x 10~/

(1.19 + 0.20) x 1070 (S = 1.2)
(4.4 +0.4) x 10~ 7

(1.06 =+ 0.09) x 10~
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M(B — K¢Te™)/Tiotal (48 +0.4)x 1077

M(B — K*(892)¢17)/Tiotal (1.05 + 0.10) x 10~
[(B — Kvp)/Tiotal <1.7 x 1072, CL = 90%
M(B — K*uD)/Tiotal <7.6x 1072, CL = 90%
F(b — 37v)/Tiotal <6.4 x 1074, CL = 90%
r(b— ete™ anything) /T otal —

F(b — ut ™ anything)/Tiotal <3.2x 1074, CL = 90%
F(b — vwanything)/Tiotal —

r(B2 — 77)/Tiotal <3.1x107°, CL = 90%
r(BY — utu™)/Meotal (29780 x 1079

r(BY — ete™)/TMiotal <2.8x 10~ 7, CL = 90%
M8 — whu=ut i) Mioal <1.2x 1078, CL = 90%
rBY — sP, s— utu=, P— uFp7)/Ttal [aa] <1.2x 1078 CL = 90%
r(B2 — ¢(1020) it 1™)/Tiotal (82+1.2)x 1077
r(BY — 77~ 1wt ™) /Miotal (8.4+1.7)x 1078
r(BY — ¢v7)/Tiotal <5.4 x 1073, CL = 90%

AT =1WEAK NEUTRAL CURRENT FORBIDDEN
Allowed by higher-order electroweak interactions.

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

NOTES

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

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

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

[e] Allowed by higher-order electroweak interactions.

[f] Violates CP in leading order. Test of direct CP violation since the in-
direct CP-violating and CP-conserving contributions are expected to be
suppressed.

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

[h] Re(€’' /e) = €/ /€ to a very good approximation provided the phases satisfy
CPT invariance.
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[/] This mode includes gammas from inner bremsstrahlung but not the direct
emission mode K(Z — 7t 7~ ~(DE).

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

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

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

[/] The |m,—mg5|/m, and |q, + qp|/e are not independent, and both use

the more precise measurement of |q5/m|/(qp/mp).

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

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

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

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

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

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

[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 T > 107
yr, the cosmic-ray storage time, but this limit depends on a number of
assumptions. The best direct observation of stored antiprotons gives
75/B(p — e ) > 7 x 10° yr.

[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 “electron
disappearance” is 6.4 x 10%* yr.

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

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

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

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

[bb] This limit is for [(t — Zq)/T(t — Wb).
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