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GAUGE AND HIGGS BOSONS

v 1(JPC) =011 ")

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

4 Py nfq—
or gluon I(J7) =00")
Mass m = 0 [2l
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
mz — my = 10.4 + 1.6 GeV
my+ — my,— = —0.2 + 0.6 GeV
Full width ' = 2.085 + 0.042 GeV
(N_+) =15.70 £ 0.35
(Njes) =2.20 + 0.19
(Np) = 0.92 + 0.14
(Ncharged) = 19.39 & 0.08
W™ modes are charge conjugates of the modes below.

P
wt DECAY MODES Fraction (I;/T) Confidence level (MeV/c)
tu [6] (10.86+ 0.09) % -
etv (10.71+ 0.16) % 40192
utv (10.63+ 0.15) % 40192
Tty (11.384+ 0.21) % 40173
hadrons (67.41+ 0.27) % -
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nty < 7 x 1075 95% 40192
DY~ < 13 x 1073 95% 40168
cX (333 + 26 )% —~
< 1
cs Br T8 )% -
invisible [c] (14 £29)% -
Z J=1

HTTP://PDG.LBL.GOV

Charge =0

Mass m = 91.1876 + 0.0021 GeV L]
Full width I = 2.4952 £ 0.0023 GeV
[(¢+¢™) = 83.984 £ 0.086 MeV [l

I (invisible) = 499.0 + 1.5 MeV [e]
r(hadrons) = 1744.4 £ 2.0 MeV

[(utpu~)/M(ete™) = 1.0009 + 0.0028
M(r+77)/T (et e”) = 1.0019 + 0.0032 [f]

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

Couplings to quarks and leptons

g}, = —0.03783 + 0.00041
u _ 0‘254-0.07

gy — —0.06

gy = —0.337 0%

g4 = —0.50123 £ 0.00026
g4 = 0507506

g5 = —0.5237005%

g¥¢ = 0.5008 + 0.0008
g¥e = 0.53 & 0.09
g’n = 0.502 & 0.017

Asymmetry parameters (]

A, = 0.1515 & 0.0019
A, = 0.142 + 0.015
A. = 0.143 % 0.004
Ag = 0.90 + 0.09

A, = 0.670 & 0.027
Ap = 0.923 % 0.020
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Charge asymmetry (%) at Z pole

A0) _ 1714 0.10

FB —

A — 447

AL — 98411
Al — 7.07 + 035
AP — 9.92 + 0.16

Z DECAY MODES

Fraction (I';/T)

Scale factor/
Confidence level (MeV/c)

p

ete™
ptp—
Tt
ot
(te—ete—
invisible
hadrons
(ut+cc)/2
(dd+ss+bb)/3
cc
bb
bbbb
888
70
nvy
wy
1'(958)
Y
Yy
Tt W
pEWT
J/6(15)X
P(25)X
Xcl(]-P)X
Xc2(1P)X
T(1S) X +7(25) X
+7(3S) X
T(1S)X
T(2S)X
T(3S)X
(D°/D°) X
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(5]
[h]

— —

—

—

—_

(13.363 £0.004 ) %
(13.366 +0.007 ) %
( 3.370 +0.008 ) %

( 3.3658+0.0023) %
(42 T92 )x1076
(20.00 +0.06 )%
(69.91 +0.06 )%
(11.6  +06 )%
(156 +04 )%
(12.03 4021 )%
(15.12 +0.05 )%
(36 +13 )x10~4
< 11 %
< 5.2 x 105
< 5.1 x 1072
< 65 x 10~4
< 42 x 1075
< 5.2 x 1072
< 1.0 x 102
< 7 x 105
< 83 x 105
(351 T323 )x10-3
(160 4029 )x10~3
(29 +07 )x10~3
< 3.2 x 10~3
(1.0 405 )x10~4
< 44 x 105
< 139 x 10~4
< 94 x 1072
(207 420 )%
Page 3

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

S=1.1

CL=90%

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

45594
45594
45559

45594
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D*X (122 +17 )% -~
D*(2010)* X [l (114 +£13 )% -
D41(2536)* X (36 +£08 )x1073 -
D, 7(2573)* X (58 +£22 )x1073 -
D*/(2629)ix searched for -
Bt X ] (608 £0.13 )% -
BYX ] (159 +0.13 )% -
B;FX searched for -
/\%X (154 +033 )% -
:CX seen -
_:bx seen -
b-baryon X ] (138 4022 )% -
anomalous 7+ hadrons [k] < 3.2 x 1073 CL=95% -
et e vy [kK] < 5.2 x 1074 CL=95% 45594
w Ty [k] < 5.6 x 1074 CL=95% 45594
Ty [K] < 7.3 x 10~% CL=95% 45559
00~ yy ] < 6.8 x 1076 CL=95% -
qgyy ] < 55 x 1076 CL=95% -
VoYY [ < 31 x 1070 CL=95% 45504
et T LF [i]< 17 x 1076 CL=95% 45594
et F LF []< 98 x 1070 CL=95% 45576
ptrF LF [ < 12 x 1075 CL=95% 45576
pe LB < 1.8 x 1076 CL=95% 45589
p i LB < 18 x 1070 CL=95% 45589
HO J=0
Mass m = 125.7 £+ 0.4 GeV
HO Signal Strengths in Different Channels
Combined Final States = 1.17 +£ 0.17 (S =1.2)

W Ww* = 0.87"033
ZZ*=111703% (S =13)
77 = 158753
bb=11+05

TH7T =0.4+0.6

Zy < 9.5, CL=95%
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Neutral Higgs Bosons, Searches for

Searches for a Higgs Boson with Standard Model Couplings
Mass m > 122 and none 128-710 GeV, CL = 95%
maXx

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

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

A? 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 > 2.900 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 > 2.590 x 103 GeV, CL = 95%  (pp direct search)
Mass m > 1.500 x 103 GeV, CL = 95% (electroweak fit)
Z R 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 > 1.970 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/cosfyy)
Mass m > 2.260 x 103 GeV, CL = 95% (pp direct search)
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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)

Scalar Leptoquarks
Mass m > 830 GeV, CL = 95% (1st generation, pair prod.)
Mass m > 304 GeV, CL = 95% (1st gener., single prod.)
Mass m > 840 GeV, CL = 95% (2nd gener., pair prod.)
Mass m > 73 GeV, CL = 95% (2nd gener., single prod.)
Mass m > 525 GeV, CL = 95% (3rd gener., pair prod.)

(See the Particle Listings for assumptions on leptoquark quan-

tum numbers and branching fractions.)

Diquarks

Mass m > 3.750 x 103 GeV, CL = 95%
Axigluon

Mass m > 3.360 x 103 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%).
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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 7 mass.
[g] Here A = 2gyga/(g3,+82)-
[h] Here ¢ indicates e or p.

[/] 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 (i) 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 = (548.57990946 + 0.00000022) x 107° u
Mass m = 0.510998928 + 0.000000011 MeV
|my — m _|/m< 8x1079, CL = 90%
g+ + q.-|/e < 4x 1078
Magnetic moment anomaly
(g—2)/2 = (1159.65218076 + 0.00000027) x 10~°
(8e+ — 8e-) / Baverage = (—0.5 £ 2.1) x 10712
Electric dipole moment d < 10.5 x 10728 ecm, CL = 90%
Mean life 7 > 4.6 x 1020 yr, CL = 90% 2]

[ J=3

Mass m = 0.1134289267 + 0.0000000029 u
Mass m = 105.6583715 + 0.0000035 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

6 = 0.75047 + 0.00034
P, = 100003318 [4
€P,5/p = 1.0018 739036 [c]
¢ =1.00 + 0.04

¢ =074+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 = 1776.82 4 0.16 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

(6€)(w

¢(m) = 0.993 + 0.022
¢(p) = 0.994 + 0.008
¢(a1) = 1.001 + 0.027

¢)(e or u) = 0.746 + 0.021
(6¢)(e) = 0.734 + 0.028
€)(p) = 0.778 & 0.037

&(all hadronic modes) = 0.995 + 0.007

7T modes are charge conjugates of the modes below.
7+ or KE. “¢" stands for e or w. “Neutrals” stands for v's and/or 70s.

uh:l:vv

stands for

Scale factor/ p
7~ DECAY MODES Fraction (I;/T) Confidence level (MeV/c)
Modes with one charged particle
particle™ > 0 neutrals > 0K° vy (85.35 £0.07 ) % S=1.3 -

(“1-prong”)
particle™ > 0 neutrals > OK%VT (84.71 40.08 ) % S=1.3 -
T R7a [g] (17.41 £0.04 ) % S=1.1 885
T e [e] (36 +04 )x10~3 885
e Tov, [g] (17.83 £0.04 ) % 888
€ VelrY [e] (175 £0.18 )% 888
h= > 0K v, (12.06 £0.06 ) % S=1.2 883
h~ v, (11.53 £0.06 ) % S=1.2 883
T, [g] (10.83 +£0.06 ) % S=12 883
K~ v, [g] (7.00 £0.10 )x 1073  S=1.1 820
h™ > 1 neutralsv, (37.10 £0.10 )% S=1.2 -
h= > 17%, (ex.KO) (36.58 +£0.10 ) % 5=1.2 -
h~n0u, (25.95 +0.09 ) % S=1.1 878
7 mOu, [g] (25.52 +£0.09 )% S=1.1 878
7~ 7% non-p(770) v, (30 £32 )x10-3 878
K= v, [e] (429 £0.15 )x 10~3 814
h= > 2n%u,_ (10.87 £0.11 ) % S=12 -
h= 210w (952 £0.11 )% S=1.1 862
h= 270 (ex.KO) (19.36 +£0.11 )% S=1.2 862
7270, (ex. KO [g] (930 +£0.11 )% S=1.2 862
7270, (ex. K9), < 9 x 10~3 CL=95% 862

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

K=2m%, (ex.K9)  [g] (65 +23 )x10~% 796
h= > 3%, ( 1.35 £0.07 )% S=1.1 =
h= > 37%_(ex. KO) (1.26 £0.07 )% S=1.1 =
h= 3%, (119 +£0.07 )% 836
77370, (ex. KO [g] (1.05 £0.07 )% 836
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K= 3n% (ex. KO, [g] (48 +22 )x1074 765
n)
h= 410, (ex.KO) (1.6 +04 )x10~3 800
h=4n%u_ (ex.Kn) [e] (11 £04 )x103 800
K= >0m% >0K® >0y v, ( 1.572+0.033) % S=1.1 820
K= >1 (7% or KO or %) v, (872 £032 )x1073  s=1.1 -
Modes with KO's
K (particles) ™ v, (92 £04 )x1073 S=15 -
h~ K%, ( 1.00 £0.05 )% S=18 812
7 KO, [c] (84 +£04 )x10-3 S=21 812
7~ KO (54 £21 )x10~4 812
(non-K*(892)7 ) v,
K- Kou, [g] (159 £0.16 ) x 103 737
K= K% > 0r0u, (1318 £0.23 ) x 103 737
h~ K70 (56 +04 )x10~3 794
7~ KOnOu, [e] (40 +04 )x10~3 794
KOy v, (22 +05 )x103 612
K= KO70u,_ ] (1.59 £0.20 ) x 10~3 685
7~ KO > 170, (32 +10 )x10-3 -
7" KOnO0n0p (26 +24 )x10~% 763
K= KOrO070y_ < 16 x 1074 CL=95% 619
7~ KOKOu_ (17 +04 )x10~3 S=18 682
™ KYKLw, [g] (231 £0.17 )x 104  S=1.9 682
™ KK, [g] (12 £04 )x10~3 S=18 682
7 KOKO70p_ (31 £23 )x10~% 614
™~ KYKLmO0u, ( 1.60 +0.30 ) x 10~4 614
™ KYKO O, (31 +12 )x10~4 614
K-KYK%v, < 6.3 x 10=7 CL=90% 466
KKK mO0u, < 4.0 x 1077 CL=90% 337
KOht h—h~ > 0 neutrals vy < 17 x 103 CL=95% 760
KOhth=h~ v, (23 420 )x1074 760
Modes with three charged particles
h=h~h* >0 neutrals > 0K%v, (15.20 £0.08 ) % 5=1.3 861
h™h™ h™ > 0 neutrals v (14.57 +£0.07 )% S=1.3 861
(ex. K% — ata7)
(“3-prong”)
h=h~htu. (9.80 £0.07 )% S=1.2 861
h= h~ ht v (ex.K®) ( 9.46 +£0.06 ) % 5=1.2 861
h=h~ ht v, (ex. KOw) ( 9.42 £0.06 ) % 5=1.2 861
Y L SV (931 +£0.06 )% S=1.2 861
~rt v, (ex. K9) ( 9.02 £0.06 ) % S=1.1 861
~rt 1 v, (ex. K9), < 24 % CL=95% 861

non-axial vector
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=t v, (ex. KO w) ] (899 +£0.06 )% S=1.1 861
h=h™ hT > 1 neutrals v ( 5.39 £0.07 )% S=1.2 -
h=h=ht >17% (ex. KO) ( 5.09 +£0.06 ) % S=1.2 -
h=h= htnOu, (476 £0.06 )% S=1.2 834
h=h~ ht 70u, (ex.K9) ( 4.57 +£0.06 ) % S=1.2 834
h=h=ht 7O (ex. KO, w) (279 +0.08 ) % S=12 834
- ata 70, ( 4.62 £0.06 ) % S=1.2 834
ant " 70u, (ex. K9) ( 4.48 £0.06 ) % S=1.2 834
art T 7%, (ex. KOw)  [g] (270 +£0.08 )% 5=1.2 834
h=h=ht > 2720 (ex. (521 +£0.32 )x 1073 -

K%
h=h~ ht2n0u. ( 5.08 +£0.32 ) x 10~3 797
h=h~ ht 2700, (ex.K9) ( 498 +£0.32 ) x 1073 797
h=h~ht2r0%u, (ex. KOwn) [g] (10 404 )x1073 797
h=h= ht 3700, [e] (23 £06 )x10~% S=12 749
2~ 7t 370, (ex. KO) (21 +04 )x10~% 749
2r~ 7wt 370w (ex.KO, n, (17 +04 )x10~4 -

f,(1285))
21~ 7t 370 v, (ex.KO, n, < 5.8 x 1072 CL=90% -
w, £,(1285))

K~ hT™h™ > 0 neutrals v, (635 £0.24 )x 1073  S=15 794
K~ htn~ v, (ex.KO) (438 £0.19 ) x 1073  S=27 794
K= ht 7~ 7% (ex.K?) (87 +12 )x1074 s=11 763
K~ at7x~ >0 neutrals v, (485 +021 )x1073 S=14 794
K- rntn™ > (375 £0.19 )x 1073  S=15 794

070, (ex.K9)
K- rtn v, (349 +£0.16 )x 1073  S=1.9 794
K—nt 1 v, (ex.KO) [e] (294 £0.15 )x 1073  S=22 794
K= pPu. — (14 £05 )x10-3 -~

K- ntn v,
K- ntn 7%, (135 +£0.14 ) x 103 763
K-nt 7~ 100, (ex.K9) (81 +12 )x10~4 763
K- ntrn 1%, (ex. KOm) [g] (78 +12 )x10-4 763
K= rtn= 7%, (ex. KOw) (37 +09 )x10% 763
K—nt K~ >0 neut. v, < 9 x 1074 CL=95% 685
K= Kt7n~ >0 neut. v, ( 1.50 £0.06 ) x 1073  S=1.8 685
K-Ktn v, [g] ( 1.44 £0.05 )x 1073 S=1.9 685
K-Ktr 70u,_ [g] (61 425 )x1075 S=14 618
K-KTK v, (21 +£08 )x107> S=54 471
K-KTK v, (ex. ¢) < 25 x 1070 CL=90% -
K-KtK—70u_ < 48 x 1076 CL=90% 345
7~ Ktm~ >0 neut. v, < 25 x 1073 CL=95% 794
e~ e etT, 1. (28 +15 )x107> 888
p-e et v,uy < 36 x 105 CL=90% 885
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Modes with five charged particles

3h~2hT > 0 neutrals v,
(ex. K — 7= at)
(“5-prong”)

3h~2ht v, (ex. K9)
3n7 21t v, (ex. KO, w)
3r—2rt . (ex.KO, w,
f,(1285))
K= 2r 27T v,
Kt3nr—ntu,
KtK=2n 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 2ntn0u,
KT3n ntn0u,
3h—2ht 2700,

(1.02 +0.04 )x 1073

[g] (839 £0.35 )x10~4
(83 404 )x10~4
(77 404 )x10~4

< 2.4 x 100
< 5.0 x 100
< 45 x 10~/

[g] (178 +0.27 ) x 10~4
( 1.65 +0.10 ) x 10~ 4
( 1.11 +0.10 ) x 10~4

(36 409 )x107°

< 1.9 x 100
< 8 x 10~ 7
< 34 x 100

Miscellaneous other allowed modes

(5m) v,
4h=3ht > 0 neutrals v,
(“7-prong”)
4h=3hT v,
4h=3ht 700,
X (S5=—1)v,
K*(892)~ > 0 neutrals >
0K v,
K*(892)~ v,
K*(892) v, — n~ Ku,
K*(892)° K= > 0 neutrals v,
K*(892)° K~ v,
K*(892)% 7~ > 0 neutrals v,
K*(892)% 7 v,
(R*(892)7r())_ vy —

K1(1270)" v,
K1(1400)~ v,
K*(1410)~ v,
K%(1430) v,
K5(1430) v,
nT v,
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(76 +05 )x1073

< 3.0 x 10~ 7
< 43 x 107
< 25 x 10~ 7

(2.87 £0.07 )%
(142 +0.18 ) %

(120 +0.07 )%

(79 405 )x10~3
(32 +14 )x10~3
(21 +04 )x1073
(38 +17 )x103
(22 405 )x10~3
(1.0 +04 )x103

) X 103
) X 103

(47
(17

+1.1
+2.6

+1.4

‘10 ) X 10—3

(15
< 5 x 104
3 x 103

< 9.9 x 1079

AN
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S=1.1

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

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

CL=90%

CL=90%
CL=90%
5=1.3
S=1.4

S5=1.8

S=1.7

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

794

794
794

715
715
528
746
746

657
657
687

800
682

682
612

665

665

542
542
655
655

433
335

326

317
316
797
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nmw 70 Uy lg] (1.39
777T_7T07T0VT (181
nK~ vy [g] (152
nK*(892)~ v, (138
nK=70u, (4.8
n K~ 7% (non-K*(892)) v, < 35
n?ow_ vy (93
n?ow_ 70 vV, < 50
nK= Ko, < 9.0
naT 7~ 7~ >0 neutrals v, < 3
nr~ntn" v, (ex.K9) ( 2.25
nr—rtn v, (ex.K9,f(1285)) (9.9
na1(1260)" v, — na—plu, < 39
nnmT Vi < 7.4
nnm 70 vy < 2.0
K™ v, < 3.0
7' (958) 7 v, < 4.0
7' (958) 7~ 70u, < 12
7' (958) K~ v, < 2.4
O Uy ( 3.4
oK v, ( 3.70
f1(1285)7~ v, (39
f(1285) 7~ v, — (1.18
nm R Vs
f(1285) 7~ v, — (5.2
3r7 21w,
m(1300)" v, — (p7) v, — < 1.0
(3m) " v,
m(1300)" v, — < 1.9
(7)) s —wave )~ V7 —
(3m)" v,
h™w > 0 neutrals v, ( 2.41
h~wv, [g] ( 2.00
K wru, (41
h~wrlu, [g] (41
h~w2r0u._ (1.4
7~ w2n0 vy (73
h™2wv, < 5.4
2h™ hTwu, ( 1.20
2n T wu, (8.4
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4+0.10 ) x 10~3
+0.31 ) x 10~4
4+0.08 ) x 10~4
40.15 ) x 10~4
+12 )x107°
x 1072
+15 )x107°
x 1072
x 100
x 1073
4+0.13 ) x 10~4
+16 )x107°
x 104
x 100
x 104
x 100
x 100
x 1070
x 100
+0.6 )x107°
4+0.33 ) x 107°
+05 )x10~4
4+0.07 ) x 10~4

+05 )x107°
x 104

x 10~ 4

+0.09 ) %
+0.08 ) %
+09 )x10~4
+0.4 )x 1073
+05 )x 1074
+17 )x107°
x 107
4+0.22 ) x 10~4
+0.7 ) x107°

S=1.4

CL=90%

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

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

S=1.3

S=1.9
S=1.3

CL=90%

CL=90%

5=1.2

5=1.3

CL=90%

778
746
719
511
665
661
590
430
743
743

637
559
382
620
501
495
585
445
408

708
708
610
684
644
644
249
641
641
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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. 77 — e~ 7r+7r_). B means baryon number violation.
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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
LF
LF
LF
LF
L

LF
L

LF
LF
L

LF
LF
L

LF

ANNNNNANNNANNANNANNNNNNNNNNANNNANNNNANNANNNNNANNNANNNANNNNNNNNA

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
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
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X 10_8
x 10~8
x 10~8
x 107
X 10_8
x 10~8
X 10_8
x 10—8
x 10~8
X 10_8
X 10_8
x 10~8
x 10~8
x 10~8
X 10_8
x 10~8
x 107
x 10~/
X 10_8
x 10~8
x 10~8
x 10~8
X 10_8
X 10_8
X 10_8
x 108
x 10~8
X 10_8
X 10_8
x 10~8
x 10~8
X 10_8
X 10_8
X 10_8
x 108
x 10~8
x 108
x 108
X 10_8

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%

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

596
590
888
882
882
885
885
873
877
877
866
866
813
813
813
736
738
738
800
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p T KT LF < 45 x 1078 CL=90% 800
ptaT K™ L < 48 x 1078 CL=90% 800
p~ KSKY LF < 80 x 1078 CL=90% 696
KT K™ LF < 44 x 1078 CL=90% 699
pt K=K~ L < 47 x 1078 CL=90% 699
e~ 070 LF < 65 x 1076 CL=90% 878
p~ w070 LF < 14 x 1075 CL=090% 867
e nn LF < 35 x 1072 CL=90% 699
wonm LF < 6.0 x 1072 CL=90% 653
e~ 07 LF < 24 x 1075 CL=090% 798
p~ 70 LF < 22 x 1075 CL=090% 784
P LB < 44 x 10~7 CL=90% 618
put T LB < 33 x 10~7 CL=90% 618
Py LB < 35 x 1070 CL=90% 641
pr° LB < 15 x 1075 CL=90% 632
p2m0 LB < 33 x 1075 CL=90% 604
PN LB < 89 x 106 CL=90% 475
pron LB < 27 x 1075 CL=90% 360
A~ LB < 72 x 1078 CL=90% 525
An~ LB < 1.4 x 10~7 CL=90% 525
e~ light boson LF < 27 x 1073 CL=95% -
1~ light boson LF < 5 x 1073 CL=95% -

Heavy Charged Lepton Searches

L:I:

L:I:

— charged lepton
Mass m > 100.8 GeV, CL = 95% [ Decay to v W.

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

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 5, CL = 90%  (reactor)
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Number of Neutrino Types

Number N = 2.984 £+ 0.008 (Standard Model fits to LEP 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?(26015) = 0.846 + 0.021
Am3; = (7.53 £ 0.18) x 107° eV?
sin?(26,3) = 0.999f8:82é (normal mass hierarchy)
sin?(260p3) = 1.000+8:8(1)9 (inverted mass hierarchy)
(
(

Am3, = (2.44 + 0.06) x 103 eV2 1 (normal mass hierarchy)
Am3, = (2.52£0.07) x 1073 eV? [T (inverted mass hierarchy)

sin(2613) = (9.3 & 0.8) 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, T; 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. 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.

m, = 2.3J_r8:§ MeV Charge = % e I,= +%
m,/mg = 0.38-0.58

d 10F) = $G7)
mg = 4-84__823 MeV Charge = —% e I, = —%
mg/my = 17-22
m = (m,+my)/2 = 3.5751 MeV

S /(JP) 0(3™)
ms = 95 + 5 MeV  Charge = —3 e Strangeness = —1
ms / (my + mg)/2) = 27.5 + 1. 0

¢ 1Py =0(3T)

m. = 1.275 £+ 0.025 GeV Charge = % e Charm = +1

b 1(JP) =03 ™)

Nl

Charge = —% e Bottom = —1

mp(MS) = 4.18 + 0.03 GeV
mp(1S) = 4.66 + 0.03 GeV
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t 1(JP) =0(3™)

Charge = % e Top = +1

Mass (direct measurements) m = 173.21 + 0.51 & 0.71 GeV [24]
Mass (MS from cross-section measurements) m = 160J_r?1 GeV [l
Mass (Pole from cross-section measurements) m = 176.7J_rg:2 GeV
my — mz=—02405GeV (S=1.1)

Full width ' = 2.0 &+ 0.5 GeV

F(Wbh)/T(Wq(q=b,s, d)) =0.91 =+ 0.04

t-quark EW Couplings
Fo = 0.690 £+ 0.030
F_ =0.314 £ 0.025
F, =0.008 & 0.016
Fyia < 0.29, CL = 95%

p

t DECAY MODES Fraction (I;/T) Confidence level (MeV/c)
Wq(q = b, s, d) _
Wb -
Lvpanything [c.d] (94+2.4)% -
vq(g=u,c) [e] < 5.9 x 1073 95% -

AT = 1 weak neutral current (T1) modes
Zq(q=u,c) T1  [f] <21 x 1073 95%

b’ (4t Generation) Quark, Searches for

Mass m > 190 GeV, CL = 95% (pp, quasi-stable b')

Mass m > 400 GeV, CL = 95% (pp, neutral-current decays)
Mass m > 675 GeV, CL = 95% (pp, charged-current decays)
Mass m > 46.0 GeV, CL = 95% (eT e, all decays)

t' (4" Generation) Quark, Searches for

Mass m > 782 GeV, CL = 95% (pp, neutral-current decays)
Mass m > 700 GeV, CL = 95% (pp, charged-current decays)

Free Quark Searches

All searches since 1977 have had negative results.
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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 . decay mode, not the sum over them.
[d] Assumes lepton universality and W-decay acceptance.
[e] This limit is for [(t — ~q)/T(t — Whb).

[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
=0 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 £+ 0.018 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 = —0.0315 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~ (2.7 £0.5 ) x 10~4 S=1.1 257
2702y < 12 x 1073 CL=90% 238
4~y < 28 x 10~%  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” < 56 x 106 CL=90% 274
ut (58 +0.8 )x1070 253
2eT2e™ ( 2.40£0.22) x 10~ 274
ntr 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 c < 21 x10~4  CL=90% 162
270 C < 21 x10~4  CL=90% 367
370 C < 23 x 1074 CL=90% 330

’I]'(958) /G(JPC) _ 0—|—(0 — —|—)

Mass m = 957.78 4+ 0.06 MeV
Full width ' = 0.198 + 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 (222 £0.8 )% 239
wey ( 2.754+0.23) % 159
Yy ( 2.20£0.08) % 479
370 ( 2.1440.20) x 103 430
wtp~ 7 ( 1.08£0.27) x 10~4 467
rto~ M pwo < 29 x 1075 90% 401
ata— a0 (3.8 £0.4 )x 1073 428

70 p0 < 4 % 90% 111

2t ) < 24 x 1074 90% 372
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mtr— 270 < 25 x 1073 90% 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
yete™ <9 x 104 90% 479
70y < 8 x 104 90% 469
470 <5 x 10—4 90% 380
ete < 21 x 1077 90% 479
invisible < 5 x 104 90% -
Charge conjugation (C), Parity (P),
Lepton family number (LF) violating modes
ata~ P,CP < 6 x 1072 90% 458
7070 P,CP < 4 x 10—4 90% 459
et e~ c [f] < 1.4 x 10~3 90% 469
nete~ C [f] < 24 x 1073 90% 322
3y C < 1.0 x 10~4 90% 479
pwt =70 C [f] < 6.0 x 1075 90% 445
uwtpu=n C [fl < 15 x 10™5 90% 273
e LF < 47 x 10~4 90% 473
f5(980) U1 1GUPCy =0Tt )
Mass m = 990 4+ 20 MeV
Full width ' = 40 to 100 MeV
fb(980) DECAY MODES Fraction (I';/T) p (MeV/c)
T dominant 476
KK seen 36
Yy seen 495
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ag(980) U/

Mass m = 980 4+ 20 MeV

/G(JPC) — 1—(0++)

Full width ' = 50 to 100 MeV

ap(980) DECAY MODES Fraction (I;/T) p (MeV/c)

nm_ dominant 319

KK seen T

vy seen 490
¢(1020) 1IGUPGY =0~ )

Mass m = 1019.461 + 0.019 MeV (S = 1.1)
Full width [ = 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 K2 (342 +04 )% S=1.1 110
pm + nta= a0 (15.32 +£0.32 ) % S=1.1 -
ny ( 1.30040.024) % S=12 363
70~ ( 1.27 £0.06 ) x 10~3 501
AN — 510

ete ( 2.954£0.030) x 1074  S=1.1 510

ut ( 2.87 +£0.19 ) x 104 499
net e~ ( 1.15 £0.10 ) x 1074 363
nta~ (74 +£13 )x105 490
w0 (47 +05 )x1075 172
Wy < 5 % CL=84% 209
Py < 1.2 x 1072 CL=90% 215
Tty (41 +£13 )x1075 490
f5(980)~ (322 £0.19 ) x10~4%  s=1.1 29
7070+ ( 1.13 +£0.06 ) x 10~4 492
atr ata™ (40 738 )x1076 410
atrta a 70 < 4.6 x 1076 CL=90% 342
et e~ (112 +£0.28 ) x 10 501
7On~y (7.27 £0.30 ) x10~% S=15 346
ap(980)~y (76 +£06 )x107° 39
KOKO~ < 1.9 x 1078 CL=90% 110
n'(958)~ ( 6.25 £0.21 ) x 107> 60
nm0n0y < 2 x 1075 CL=90% 293
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wt =y (14 +05 )x107° 499
PYY < 1.2 x 104 CL=90% 215
nwt = < 18 x 105 CL=90% 288
nut T < 94 x 1070 CL=00% 321
nU — nete < 1 x 1076 CL=90% -
Lepton Family number (LF) violating modes
et T LF < 2 x 10~6 CL=90% 504
hy(1170) 16UPCy =0~ + )

Mass m = 1170 + 20 MeV

Full width ' = 360 + 40 MeV
h1(1170) DECAY MODES Fraction (I;/T) p (MeV/c)
pT seen 308

b1 (1235) 16(JPC =1t + )
Mass m = 1229.5 + 3.2 MeV (S = 1.6)
Full width I = 142 £ 9 MeV (S = 1.2)
p
by (1235) DECAY MODES Fraction (I;/T) Confidence level (MeV/c)
W dominant 348
[D/S amplitude ratio = 0.277 £ 0.027]

Tty ( 1.6+0.4) x 103 607
np seen T
atrta— 0 < 50 % 84% 535
K*(_892):|: K+ seen t
(KK)* 0 < 8 % 90% 248
KK n* < 6 % 90% 235
KK n® < 2 % 90% 235
o < 15 % 84% 147
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a;(1260) (4

/G(JPC) — 1—(1++)

Mass m = 1230 + 40 MeV []
Full width I = 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)7) s —wave seen T
(p(1450)7T)D—Wave seen T
g seen -
fo(980)7r not seen 179
f0(1370)7r seen T
f2(_1270)’/'i‘ seen T
K K*(892)+ c.c. seen t
™y seen 608
£(1270) 16(UPC)y = ot 2+ )
Mass m = 1275.1 + 1.2 MeV (S =1.1)
Full width I = 185.1729 MeV (S = 1.5)
Scale factor/ p

f,(1270) DECAY MODES

Fraction (I';/T) Confidence level (MeV/c)

T (84.8 T35 )% S=1.2 623
atr= 270 (71 f%:é ) % S=1.3 562
KK (4.6 £0.4 )% S=2.8 403
2t 27~ (2.8 £0.4 )% S=1.2 559
nn (4.0 £0.8 )x 1073 S=2.1 326
470 (3.0 £1.0 ) x 103 564
vy ( 1.64+0.19) x 1072 S=1.9 638
nmwmw < 8 x 1073 CL=95% 477
KOK— 7t + cc < 34 x 1073 CL=95% 203
ete < 6 x 10710 cL=90% 638
f1(1285) 16(JPCYy =0t t+ 1)

Mass m = 1281.9 & 0.5 MeV
Full width ' = 24.2 £ 1.1 MeV

HTTP://PDG.LBL.GOV Page 9

(S =1.8)

(

— 1.3)

Created: 8/25/2014 17:06



Citation: K.A. Olive et al. (Particle Data Group), Chin. Phys. C38, 090001 (2014) (URL: http://pdg.Ibl.gov)

Scale factor/ p
f;(1285) DECAY MODES Fraction (I;/T) Confidence level (MeV/c)
47 (33117 24y % S=13 568
a0n0nt 22.0% 15y % S=1.3 566
2rt 2w~ (1ot 90y % S=1.3 563
POrtn— (110" 35 % S=13 336
pO pO seen T
470 < 7 x 1074 CL=00% 568
nnt = (35 +15 )% 479
nmmw (5247 29y % S=1.2 482
ao(980) 7 [ignoring ag(980) — (36 +7 )% 238
KK]
nmm [excluding ag(980) 7] (16 £7 )% 482
KK ( 9.0+ 0.4)% S=1.1 308
K K*(892) not seen +
ata— 70 ( 3.0+ 0.9) x 103 603
pEnF < 3.1 %1073 CL=95% 390
v p° ( 55+ 1.3)% 5=238 407
e ( 7.4+ 2.6)x10~4 236
n(1295) 16(JPCYy =0t~ 1)
Mass m = 1294 &+ 4 MeV (S = 1.6)
Full width ' = 55 £ 5 MeV
1(1295) DECAY MODES Fraction (I';/T) p (MeV/c)
777T+ T seen 487
ap(980) 7 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
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«(1300) DECAY MODES Fraction (I';/T) p (MeV/c)

pT seen 404

T (77)s-wave seen -
a>(1320) 1I6UPCYy = 1— 2+ 1)

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

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 T (10.6 +£3.2 )% 5=13 366
KK (49 £0.8 )% 437
n'(958) (5.3 £0.9 )x 1073 288
nEy ( 2.68+0.31) x 103 652
vy (9.4 £0.7 ) x 1070 659
ete” < 5 x 1079 CL=90% 659

fo(1370) Ul 1G(UPCY =0t (0t )
Mass m = 1200 to 1500 MeV
Full width ' = 200 to 500 MeV
fo(1370) DECAY MODES Fraction (I';/T) p (MeV/c)
T seen 672
41 seen 617
47T0 seen 617
2t 2~ seen 612
at =270 seen 615
pp dominant T
2(mm) s-wave seen -
7T(1300)7T seen T
a1(1260) 7 seen 35
nn seen 411
KK seen 475
KKnm not seen T
o not seen 508
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ww not seen i
Yy seen 685
ete™ not seen 685

m1(1400) ["] 16UPC =1—a1— )

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

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

777TO seen 557

nmT seen 556
n(1405) [l 1G(UPCY =00~ )

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

1(1405) DECAY MODES Fraction (I';/T) Confidence level (MSV/C)
KK seen 424
nmm seen 562
a0(980)7r seen 345
n(77)s-wave seen -
f0(980)77 seen T
4 seen 639
pp <58 % 99.85% T
po ¥ 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

K K*(892)+ c.c. dominant 163
nmwm possibly seen 573
oy seen 349

HTTP://PDG.LBL.GOV Page 12 Created: 8/25/2014 17:06



Citation: K.A. Olive et al. (Particle Data Group), Chin. Phys. C38, 090001 (2014) (URL: http://pdg.Ibl.gov)

w(1420) [

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

16UPCy =0—(1— )

w(1420) DECAY MODES Fraction (I';/T) p (MeV/c)
pT dominant 486
WTT seen 444
b1(1235)ﬂ‘ seen 125
ete™ seen 710
ag(1450) U 6P =17 )

Mass m = 1474 & 19 MeV

Full width ' = 265 + 13 MeV
ap(1450) DECAY MODES Fraction (I;/T) p (MeV/c)
mn seen 627
W?i(958) seen 410
KK seen b47
WTTT seen 4384
30(980) T seen 342
Yy seen 737

p(1450) [r] /G(JPC) _ 1+(1 - )

Mass m = 1465 + 25 MeV [l

Full width I = 400 + 60 MeV U]
p(1450) DECAY MODES Fraction (I';/T) p (MeV/c)
T seen 720
47 seen 669
ete™ seen 732
np possibly seen 311
a2(_1320)7r not seen 54
Kﬁ not seen 541
KK*(892)+ c.C. possibly seen 229
ny possibly seen 630
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f0(500)’y not seen -
f0(980)’y not seen 398
fo(1370)~ not seen 92
£(1270)~ not seen 178
n(1475) 16(PC =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)
KKW dominant 477
K K*(892)+ c.c. seen 245
ag(980) 7 seen 396
Yy seen 738
f5(1500) (! 16(PC) =0T
Mass m = 1505 + 6 MeV (S = 1.3)
Full width ' = 109 + 7 MeV
p
fo(1500) DECAY MODES Fraction (I';/T) Scale factor (MeV/c)
T (34.9+2.3) % 1.2 741
rtn~ seen 740
27TO seen 741
4y (49.5+3.3) % 1.2 691
470 seen 691
2t 27~ seen 687
2(mm) s-wave seen -
pp seen T
7T(1300)7T seen 144
81(1260)7T seen 218
nm ( 5.1+0.9) % 1.4 516
n1'(958) ( 1.940.8) % 1.7 t
KK ( 8.6+1.0) % 1.1 568
Yy not seen 753
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f1,(1525)

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

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

f’2(1525) DECAY MODES Fraction (I';/T) p (MeV/c)
KK (88.7 +£2.2 )% 581
nm (10.4 +22 )% 530
s (82 +1.5)x 1073 750
vy ( 1.1040.14) x 10~ 763
m1(1600) ["] 1I6UPG =11~
Mass m = 16625 MeV
Full width ' = 241 4+ 40 MeV (S = 1.4)
m1(1600) DECAY MODES Fraction (I;/T) p (MeV/c)
T not seen 803
poﬂ'_ not seen 641
H(1270) 7~ not seen 318
b1(1235) 7 seen 357
77/(958) T seen 543
f1(1285) 7 seen 314
12(1645) 16(PC) =0t )
Mass m = 1617 &= 5 MeV
Full width ' = 181 £ 11 MeV
1(1645) DECAY MODES Fraction (I';/T) p (MeV/c)
82(_1320)71' seen 242
K K’/T_ seen 580
K*K seen 404
777T+7T_ seen 685
aQ (980) ™ seen 499
H(1270)n not seen i
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w(1650) I 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

W seen 617

wn seen 500

ete™ seen 835
w3(1670) 16JPCY =0-3 )

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

w3(1670) DECAY MODES Fraction (I';/T) p (MeV/c)
pT seen 645
W seen 615
b1(1235)ﬂ‘ possibly seen 361
m2(1670) 1I6UPGY =1—2— 1)
Mass m = 1672.2 + 3.0 MeV [ (S =1.4)
Full width T = 260 + 9 MeV [ (S =1.2)

p
m9(1670) DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
3 (95.8+1.4) % 809

f(1270) 7 (56.3+£3.2) % 329
T (31 +£4 )% 648
om (10.94+3.4) % -~
@W)S_Wave ( 87:|:34) % -
K K*(892)+ c.c. (42+14)% 455
wp (27£1.1) % 304
vy < 2.8 x 10~ 7 90% 836
p(1450) 7 < 36 x 1073 97.7% 147
b1(1235)7 < 1.9 x 103 97.7% 365
f1(1285) 7 possibly seen 323
82(1320)7T not seen 292
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#(1680) 16UPCY =0—(1— )

Mass m = 1680 + 20 MeV /]
Full width T = 150 &+ 50 MeV [/l

¢(1680) DECAY MODES Fraction (I;/T) p (MeV/c)
K?*(892)—|— Cc.cC. dominant 462
K% Km seen 621
K? seen 680
ete™ seen 840
W not seen 623
KtK ntn— seen 544
p3(1690) 16JPCY =173~ )
Mass m = 1688.8 + 2.1 MeV [l
Full width T = 161 + 10 MeV [l (S = 1.5)

p
p3(1690) DECAY MODES Fraction (I';/T) Scale factor (MeV/c)
4rr (711 + 1.9 )% 790

atata— a0 (67 +£22 )% 787

wT (16 £6 )% 655
T (236 £ 1.3 )% 834
KKn (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.

32(1320)71‘ seen 307
pp seen 335

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

Mass m = 1720 + 20 MeV Il (0 and 7+ 7~ modes)
Full width T = 250 + 100 MeV I (579% and 77 7~ modes)

p(1700) DECAY MODES Fraction (I';/T) p (MeV/c)
2(7T+ ’/T_) large 803
pTT dominant 653

po atr~ large 651
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pi Tt 790 large 652
a1(1260) 7 seen 404
h1(1170)ﬂ‘ seen 447
7T(1300)7T seen 349
pp seen 372
rta— seen 849
T seen 849
K?*(892)—|— c.C. seen 496
np seen 545
32(1320) L not seen 334
KK seen 704
ete™ seen 860
7T0w seen 674
fo(1710) (] 16(JPCy =0T+ 1)

Mass m = 1722fg MeV (S =1.6)
Full width T = 135 £ 7 MeV (S = 1.1)

fo(1710) DECAY MODES Fraction (I';/T) p (MeV/c)

K? seen 705

nn seen 664

T seen 850

ww seen 358
7(1800) 1I6UPGY =1—(0— 1)

Mass m = 1812 + 12 MeV (S = 2.3)
Full width ' = 208 £+ 12 MeV

«(1800) DECAY MODES Fraction (I';/T) p (MeV/c)
rto—n~ seen 879
f0(500) T seen -
5(980) 7~ seen 625
fo(1370) 7~ seen 368
f0(1500)7r_ not seen 250
pT not seen 732
nnmwo seen 661
30(980) n seen 473
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82(1320)77 not seen t
f2(1270)7r not seen 442
fo(1370) 7~ not seen 368
fo(1500) 7~ seen 250
nn'(958) 7~ seen 375
K8(1430) K~ seen T
K*(892) K~ not seen 570
¢3(1850) 16(PC) =0-377)

Mass m = 1854 + 7 MeV
Full width I = 87728 MeV (S = 1.2)

¢3(1850) DECAY MODES Fraction (I';/T) p (MeV/c)
KK seen 785
K K*(892)+ c.c. seen 602

2(1880)

/G(JPC) — 1—(2 — +)

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

£,(1950)

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

Mass m = 1944 £+ 12 MeV (S = 1.5)
Full width ' = 472 £ 18 MeV

f>(1950) DECAY MODES Fraction (I;/T) p (MeV/c)
K*(892) K*(892) seen 387

rtn~ seen 962

7070 seen 963
4 seen 925
nn seen 803
KK seen 837
vy seen 972
pp seen 254
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£(2010) 16(PC) =0t

Mass m = 201150 MeV
Full width I = 202 £ 60 MeV

5(2010) DECAY MODES Fraction (I;/T) p (MeV/c)

Xy seen +

KK seen 876
a4(2040) 1I6UPCY =1~ (4 + 1)

Mass m = 1996 713 MeV (S = 1.1)
Full width T = 255728 MeV (S = 1.3)

a4(2040) DECAY MODES Fraction (I;/T) p (MeV/c)
KK seen 868
at a0 seen 974
pm seen 841
f(1270) 7 seen 580
wm T seen 819
wp seen 624
777'(0 seen 918
77/(958)71‘ seen 761
f4(2050) 16(JPCy = ot@at+ 1)
Mass m = 2018 &+ 11 MeV (S = 2.1)
Full width ' = 237 +£ 18 MeV (S =1.9)
f4(2050) DECAY MODES Fraction (I';/T) p (MeV/c)
ww seen 637
T (17.0+1.5) % 1000
KK (6.8T32)x 1073 880
nn ( 2.140.8) x 1073 848
470 < 12 % 964
a2(1320)7r seen 567
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#(2170) 16UPCY =0—(1— )

Mass m = 2175 + 15 MeV (S = 1.6)
Full width I' = 61 4+ 18 MeV

¢(2170) DECAY MODES Fraction (I';/T) p (MeV/c)
et e seen 1087
¢f0(980) seen 416
KT K~ (980) — seen -
KTK-atrn~
Kt K~ £(980) — KTK~ 7070 seen -
K*O K+ Wi not seen 770
K*(892)0 K*(892)0 not seen 622
£(2300) 16JPCYy =0T+ 1)
Mass m = 2297 £+ 28 MeV
Full width ' = 149 £ 40 MeV
f5(2300) DECAY MODES Fraction (I';/T) p (MeV/c)
¢(b_ seen 529
KK seen 1037
vy seen 1149
£,(2340) 16(UPC)y = ot 2+ )
Mass m = 2339 £+ 60 MeV
Full width T = 319180 MeV
f>(2340) DECAY MODES Fraction (I;/T) p (MeV/c)
1030, seen 573
nn seen 1033

HTTP://PDG.LBL.GOV Page 21 Created: 8/25/2014 17:06



Citation: K.A. Olive et al. (Particle Data Group), Chin. Phys. C38, 090001 (2014) (URL: http://pdg.Ibl.gov)

STRANGE MESONS
(S==+1,C=B=0)

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

K* 1F) = 3007)
Mass m = 493.677 + 0.016 MeV [4] (S =2238)
Mean life 7 = (1.2380 + 0.0021) x 1078 s (S = 1.9)

cr =3.712m
Slope parameter g [V]

(See Particle Listings for quadratic coefficients and alternative
parametrization related to 77 scattering)

K+ - ntrtr— g= —0.21134 + 0.00017

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

g+ —&-)/(g+ +&)=(18+18)x10*
K* decay form factors [2:]
Assuming p-e universality
A (Kig) = Ap(KZ3) = (2.97 £ 0.05) x 1072
Mo(Kf3) = (1.95 £ 0.12) x 1072
Not assuming p-e universality
A (KE3) = (2.98 £ 0.05) x 1072
A (K i) = (2,96 £ 0.17) x 1072
Mo(K ) = (1.96 £ 0.13) x 1072
Kez form factor quadratic fit
Ay (Keig,) linear coeff. = (2.49 4 0.17) x 102
)\”+(K;t3) quadratic coeff. = (0.19 + 0.09) x 1072
K |fs/f| = (-03%5%) x 1072
KL |fr/fi| = (-124+23) x 1072
K, |fs/fi| = (0.2 +0.6) x 1072
Kt |fr/fi| =(-0.140.7) x 1072

— eTvey |Fa+ Fy|=0.133+£0.008 (S=1.3)
KT — utv,y |Fa+ Fy| =0.165 £ 0.013
Kt — eTu.y ‘FA — F\/‘ < 0.49
Kt — utv,y |Fa— Fy| =—0.24t0 0.04, CL = 90%
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Charge

Radius

(r) = 0.560 + 0.031 fm

CP violation parameters

[(cos(0k ,,)>0)—T(cos(0k ,,)<0)

(cos(O ;,)>0)+T (cos(0k ,)<0)

A(K me) = (2.2 +1.6) x 1072
A(KMM = 0.010 + 0.023
A(KY,.)=(00+12)x1073

+
Arp(K,,) =
= 90%

T violation parameters

KT — WO[L+VM Pr =
Kt — ptuv,y  Pp=

Kt — 7%t v, Im(&) = —0.006 + 0.008

(=
(=

< 23x1072 CL

1.7 4+ 2.5) x 1073
0.6 + 1.9) x 1072

K™ modes are charge conjugates of the modes below.

Kt DECAY MODES

Fraction (I';/T)

Scale factor/

p
Confidence level (MeV/c)

Leptonic and semileptonic modes

247
236

228

215

206
203
151

135

205
133
125

236

et v, ( 1.581+0.007) x 10~°
utu, ( 63.55 £0.11 ) % S=1.2
mOet v, ( 5.07 £0.04 )% 5=2.1
Called K.
™ty ( 3.35340.034) % S=1.8
Called K:3.

m0n0etu, ( 22 +04 )x1075
7r+7r e+ ( 4.254:+0.032) x 1075
7r+7r—;ﬁu ( 1.4 409 )x107°
m0n070ety, < 35 x 1076 CL=90%

Hadronic modes
at 0 ( 20.66 +0.08 )% 5=1.2
at70n0 ( 1.7614£0.022) % S=1.1
Tt (559 +£0.04 )% 5=1.3
Leptonic and semileptonic modes with photons

p v,y vz] ( 62 +08 )x1073
pt v,y (SDT) [a,2a] ( 1.33 £0.22 )x107°
1t v,y (SDTINT) [a,aa] < 2.7 x 1075  CL=90%
ptv,7(SD™ + SDTINT)  [aas] < 26 x 104  CL=90%
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et vy ( 94 404 )x107° 247
et vy [yz] ( 256 £0.16 ) x 10~4 228
m0etv,7(SD) [a,2a] < 5.3 x 1075 CL=90% 228
Oty [yz] ( 1.25 £0.25 )x 10~5 215
m0n0et v,y < 5 x 1076 CL=00% 206
Hadronic modes with photons or ££ pairs
770 (INT) (— 42 +09 )x107° -
7+ 70~ (DE) [ybb] ( 6.0 =+£0.4 )x1076 205
ata0n04 vzl ( 76 T§5 )x1076 133
rtatny [vz] ( 1.04 +£031)x10~% 125
7T yy v] ( 92 +07 )x10~7 227
7T 3y V] < 1.0 x 1074 CL=90% 227
nTeTe ( 1.19 £0.13 )x10~8 227
Leptonic modes with £Z pairs
et v vv < 6 x 107> CL=90% 247
ptv,vw < 60 x 1070  CL=90% 236
etv.ete ( 248 £0.20 )x10~8 247
ptuete ( 7.06 £0.31 ) x 108 236
et v ( 1.7 405 )x1078 223
,u+ vy ,u+ 0 < 41 x10~7  CL=90% 185
Lepton Family number (LF), Lepton number (L), AS = AQ (SQ)
violating modes, or AS = 1 weak neutral current (51) modes
Tt e U, SQ < 13 x 1078 CL=90% 203
Tt T, SQ < 3.0 x1076 CL=05% 151
TTet e S1 ( 3.00 £0.09 ) x 10~ 227
TR T S1 ( 94 +06 )x1078  sS=26 172
7 S1 ( 17 +£11 )x10-10 227
at 0w S < 43 x 1075 CL=90% 205
p-veteT LF < 21 x 1078 CL=90% 236
wve LF [d < 4 x 1073  CL=90% 236
atute” LF < 13 x 10711 cL=90% 214
atu et LF < 52 x 10710 CcL=90% 214
nptel L < 5.0 x 10710 CcL=00% 214
7 etem L < 64 x 10710 cL=00% 227
-t pt L [d] < 1.1 x1079  CL=90% 172
ut o, L [d] < 3.3 x 1073  CL=90% 236
mOetm, L < 3 x 1073  CL=90% 228
Ty [cc] < 23 x 1079  CL=90% 227
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KO 1uP) = 1(07)

50% Ks, 50% K|
Mass m = 497.614 + 0.024 MeV (S = 1.6)

Mean Square Charge Radius
() = —0.077 £ 0.010 fm?

T-violation parameters in K9-K? mixing [*]
Asymmetry A1 in K%-K? mixing = (6.6 & 1.6) x 1073

CPT-violation parameters [X]
Re§ = (2.5 +2.3) x 1074
Im§ = (—1.5+1.6) x 107>
Re(y), K.3 parameter = (0.4 + 2.5) x 1073
Re(x_), Ke3 parameter = (—2.9 4+ 2.0) x 1073
|Myo — Mio| / Maverage < 6 x 10719, CL = 90% [9¢]
(rKO - I_7())/""’average = (8 +£8) x 10-18

Tests of AS = AQ
Re(x,.), Ke3 parameter = (—0.9 4+ 3.0) x 1073

K$ 1(JF) = 3007)
Mean life 7 = (0.8954 + 0.0004) x 1070s (S =1.1) Assum-
ing CPT
Mean life 7 = (0.89564 + 0.00033) x 1071 s  Not assuming
CPT

cr = 2.6844 cm  Assuming CPT

CP-violation parameters [¢¢]
Im(n4_o) = —0.002 & 0.009
Im(nggo) = (—0.1 £ 1.6) x 1072
In00o| = [A(KS — 370)/AK® — 37%)| < 0.0088, CL =
90%
CP asymmetry Ain tT 1~ eTe™ = (—0.4 = 0.8)%
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Scale factor/ p

Fraction (I'; /I onfidence level (MeV/c

K3 DECAY MODES ; C
Hadronic modes
7070 (30.690.05) % 209
™ (69.2040.05) % 206
at a0 (35 fcl)é ) x 10~ 133
Modes with photons or ££ pairs
mtaTy [zff] ( 1.79+£0.05) x 10—3 206
rtn et e” ( 4.79:£0.15) x 10~ 206
70y [ff] (49 £1.8 )x 108 231
vy ( 2.6340.17) x 1070 $=3.0 249
Semileptonic modes
rteFu, lgg] ( 7.0440.08) x 104 229
CP violating (CP) and AS = 1 weak neutral current (S1) modes
370 cP < 26 x 1078 CL=90% 139
wtp~ s1 <9 x1079  CL=90% 225
et e S1 <9 x 1079 CL=90% 249
et e~ s1 [l (30 T13)x1079 230
O ut S1 (29 T3 )x1079 177
0 Py _ 10—
Ki I(J7) = 3(07)

mKL — mKS
= (0.5293 4 0.0009) x 1010 A s=! (S =1.3) Assuming CPT
— (3.484 4 0.006) x 10712 MeV  Assuming CPT
— (0.5289 + 0.0010) x 1010 1 s~ Not assuming CPT
Mean life 7 = (5.116 & 0.021) x 1078 s (S = 1.1)
cr = 1534 m

Slope parameter g [V]

(See Particle Listings for other linear and quadratic coefficients)
Kz — 777 7% g=0.678+0.008 (S=1.5)
K] — m0x97% h=(+0.59 + 0.20 + 1.16) x 1073

K| decay form factors [*]

Linear parametrization assuming p-e universality
A (KD3) = Ap(K%3) = (2.82 £ 0.04) x 1072 (S = 1.1)
Mo(KD3) = (1.38 £0.18) x 1072 (S =2.2)
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Quadratic parametrization assuming p-e universality
N(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 =12)
Pole parametrization assuming p-e universality
MY, (KO3) = 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 1071 (S = 2.0)
KO |fs/fi|=(1571¢) x 1072
KO |fr/fi] = (5T%) x 1072
Kb |fr/fi] = (12 +12) x 1072
Ki— Ty, K — (700707 e, = —0.205 £
0.022 (S =1.8)
KO — v, KO — 000~ aprp = —1.69 +
0.08 (S=1.7)
K — ntnete™: aj/ap = —0.737 £ 0.014 GeV?
K, — n92~: ay = —0.434+006 (S=15)

CP-violation parameters (<]

A; = (0.332 + 0.006)%
m00| = (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/n+—| = 0.9950 £ 0.0007 Ml (S = 1.6)
Re(¢'/e) = (1.66 + 0.23) x 1073 [hhl (S = 1.6)
Assuming CPT
¢,_ = (43.51 £ 0.05)° (S=1.2)
doo = (43.52 + 0.05)° (S = 1.3)
dpe=dsw = (43.52 £ 0.05)° (S =1.2)
Im(¢/e) = —(¢oo0 — ¢4+_)/3 = (—0.002 £ 0.005)° (S = 1.7)
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Not assuming CPT
¢L_ = (43.44+05)° (S=1.2)
$oo = (43.7 £0.6)° (S=1.2)
b = (43.5 £ 0.5)° (S =1.3)
CP asymmetry A in K(z — mta"ete” = (13.7 £ 1.5)%
Bcp from Kg — ete efe” =—-0.19 £ 0.07
vep from K} — eTe"ete™ =0.01 £0.11 (S =1.6)
jfor K9 — a7~ 7% =0.0012 + 0.0008
ffor K — 77~ =% =0.004 + 0.006
n4—| = (2.35 £ 0.07) x 103
Gy = (44 £ 4)°
€, _|/e < 03, CL=90%
lgg1| for K§ — ntn~y < 0.21, CL = 90%
T-violation parameters
Im(€) in K3 = —0.007 + 0.026

CPT invariance tests

doo — ¢4_ = (0.34 +0.32)°

Re(3n4_ + Lnoo)—2F = (-3 +35)x 1070
AS = —AQin KY; decay

Re x = —0.002 £ 0.006
Im x = 0.0012 £ 0.0021

Scale factor/ p

K?_ DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
Semileptonic modes

rteFu, lgg] (4055 +0.11 )% S=17 229
Called K9;.

muFu, lgg] (27.04 +0.07 )% S=11 216
Called K23.

(7 patom)v ( 1.05 +£0.11 ) x 10~/ 188

mOntefu lgg] (5.20 £0.11 ) x 1075 207

ntefrete lgg] (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

nta~ CPV [ii] ( 1.96740.010) x 10~3 S=15 206

7970 cPVv ( 8.64 +£0.06 ) x 10~4 S=1.8 209
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nteTurgy
T T

3y
ete v
pt =y
ete vy
pt =y

Charge conjugation x Parity (CP) or Lepton Family number (LF)

Semileptonic modes with photons

( 3.79
( 5.65

[z.gg.i]

+0.06 ) x 1073
+0.23 ) x 10~4

Hadronic modes with photons or ££ pairs

< 243 x10~7  CL=90%
[zjj] (415 +£0.15 ) x 1072 S=238
(2.84 £0.11 ) x 1072 $=2.0
[i] ( 1.27340.033) x 10~
(1.62 +£0.17 ) x 10~8
Other modes with photons or £Z pairs
( 5.47 +£0.04 ) x 10~ S=1.1
< 74 x 1078  CL=90%
(9.4 +04 )x10° $=2.0
(359 +£0.11 ) x 10~ 7 $=1.3
il (5.95 +0.33 )x 10~/
Wl (10 *38 )x10-8

violating modes, or AS = 1 weak neutral current (S1) modes

[0) D
- H-ﬁoﬁoﬁoﬂo +
= 3 X o
+H |
D

¥+

D

)

3T o
1)
_H

5
o O
© H W
H Sy
D
HoOE,

S1
S1

S1
S1
S1
S1
S1

( 6.84
(9

[i] (311
< 6.6
< 9.2

( 2.69
( 3.56

CP,S1[kk] < 3.8
CP,S1[kk] < 2.8
CP,S1 [ll] < 2.6

S1
LF
LF
LF
LF

< 8.1
[eg] < 4.7
[gg] < 4.12

[gg] < 7.6
< 17

+0.11 ) x 1079
+6 )« 10-12

4

+0.19 ) x 10~/
x 1079  CL=90%
x 10711 CcL=90%

+0.27 ) x 1079

+0.21 ) x 1078
x 10710 cL=90%
x 10710 cL=90%
x 1078  CL=90%
x10~7  CL=90%
x 10712 CL=90%
x 10711 CcL=90%
x 10711 CL=90%
x 10710 CL=90%

229
216

209
206
206
231
230

249
249
249
225
249

225

225
249

206
209

57
225
249
177
230
231
209
238
225
217
159
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K*(892) 10y = 307)
K*(892)* hadroproduced mass m = 891.66 + 0.26 MeV
K*(892)T in 7 decays mass m = 895.5 + 0.8 MeV
K*(892)° mass m = 895.81 4 0.19 MeV (S = 1.4)
K*(892)T hadroproduced full width I = 50.8 4 0.9 MeV
K*(892)* in 7 decays full width T = 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)
Knr ~ 100 % 289
KO~ ( 2.4640.21) x 103 307
K+~ ( 9.9 £0.9 ) x 10~4 309
Kmm < 7 x 104 95% 223
K1(1270) 1Py =307™)
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 (11.04£2.0) % T
K f5(1370) ( 3.0+2.0) % f
’yKO seen 539
K1(1400) 1JP)=1at)
Mass m = 1403 £ 7 MeV
Full width I = 174 + 13 MeV (S = 1.6)
K;(1400) DECAY MODES Fraction (I';/T) p (MeV/c)
K*(892) (94 £6 )% 402
Kp ( 3.0£3.0) % 293
K f5(1370) ( 2.0+2.0) % f
Kw ( 1.0£1.0) % 284
Ké(1430)7r not seen t
’yKO seen 613
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K*(1410)

1(JF) = 307)

Mass m = 1414 + 15 MeV (S = 1.3)
Full width I = 232 £ 21 MeV (S = 1.1)

K*(1410) DECAY MODES

K*(892)
Km

Kp

7K

p

Fraction (I';/T) Confidence level (MeV/c)
> 40 % 95% 410
(6.6+1.3)% 612
< 7 % 95% 305
seen 619

K3(1430) ["]

1(JP) = (0F)

Mass m = 1425 + 50 MeV
Full width ' = 270 + 80 MeV

K6(1430) DECAY MODES Fraction (I';/T) p (MeV/c)
Kr (93+10) % 619
K3(1430) 1(JF) = 321
K%(1430)* mass m = 1425.6 = 1.5 MeV (S = 1.1)
K3(1430)° mass m = 1432.4 + 1.3 MeV
K3(1430)F full width I = 98.5 £ 2.7 MeV (S = 1.1)
K3(1430)° full width I = 109 + 5 MeV (S = 1.9)

K%(1430) DECAY MODES

Scale factor/ p

Fraction (I';/T) Confidence level (MeV/c)

Knr (49.94+1.2) % 619
K*(892) (24.7£1.5) % 419
K*(892)mm (13.44+2.2) % 372
Kp ( 8.7£0.8) % S=1.2 318
Kw ( 2.940.8) % 311
K+~ ( 2.440.5) x 1073 S=1.1 627
Kn (1.5738)x 103 S=1.3 486
Kwm < 72 x 104 CL=95% 100
KO~ <9 x 10—4 CL=90% 626
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K*(1680) 1(JF) = 3a7)

Mass m = 1717 4+ 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 (38.74£2.5) % 781

Kp (31.4759) % 571

K*(892)m (20.9722) % 618
K2(1770) [°°] 1(JF) = 3(27)

Mass m = 1773 £+ 8 MeV
Full width ' = 186 + 14 MeV

K>(1770) DECAY MODES Fraction (I';/T) p (MeV/c)
Krm 794
K§(1430)’/T dominant 288
K*(892)7T seen 654
K f2(1270) seen 55
K¢ seen 441
Kw seen 607
3(1780) 1(JP) =3(37)

Mass m = 1776 £ 7 MeV (S = 1.1)
Full width ' = 159 &+ 21 MeV (S = 1.3)

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
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K»(1820) [~ 1Py = 3(27)

Mass m = 1816 + 13 MeV
Full width ' = 276 + 35 MeV

K>(1820) DECAY MODES Fraction (I';/T) p (MeV/c)

K§(1430) s seen 327

K*(892)7T seen 681

Kf2(1270) seen 186

Kw seen 638
4(2045) 1Py = 1)

Mass m = 2045 + 9 MeV (S = 1.1)
Full width ' = 198 + 30 MeV

Kz(2045) DECAY MODES Fraction (I';/T) p (MeV/c)
K (9.941.2) % 958
K*(892)wm (9 +5 )% 802
K*(892)mmm (7 £5 )% 768
pKm (5.7£3.2) % 741
wKm (5.04£3.0) % 738
oK (2.84+1.4) % 594
P K*(892) (1.440.7) % 363

CHARMED MESONS
(C=+1)

Dt =cd, D = ¢, D° = cu, D~ = ¢d. similarly for D*'s

1(JP) = 3(07)

Mass m = 1869.61 &+ 0.10 MeV (S = 1.1)
Mean life 7 = (1040 + 7) x 107° s

cr = 311.8 um

c-quark decays

[(c — ¢*anything)/T(c — anything) = 0.096 = 0.004 [99]

[(c — D*(2010)* anything)/T(c — anything) = 0.255 + 0.017
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CP-violation decay-rate asymmetries
Acp(utv) = (8 £8)%

Acp(KS7E) = (—0.41 £ 0.09)%
Acp(KT27%) = (=0.1 £ 1.0)%
Acp(KFTntrt70) = (1.0 £ 1.3)%
ACP(K%W:E’/TO) = (0.3 £0.9)%
ACP(waiwﬂr—) = (0.1+1.3)%
Acp(rT70) = (2.9 £ 2.9)%

Acp(m®n) = (1.0 £ 1.5)% (S = 1.4)
Acp(m®1/(958)) = (—0.5+1.2)% (S =1.1)
Acp(KYKE) = (—0.11 £ 0.25)%
Acp(KT K~ 7%t) = (0.36 + 0.29)%
Acp(KT K*0) = (-=0.3 + 0.4)%
Acp(épnt) = (0.09 £ 0.19)% (S = 1.2)
Acp(K* K3(1430)%) = (81)%

Acp(K* K3(1430)%) = (43730)%
Acp(K* K3(800)) = (-12718)%
Acp(a0(1450)07%) = (~19718)%
Acp(6(1680)7%) = (-9 + 26)%
Acp(ntan—nt) = (-2 £ 4)%
Acp(KOKE T n7) = (=4 £ )%

Acp(KE70) = (-4 £ 11)%
T-violation decay-rate asymmetry
AT(KAKEntr7) = (—12 £ 11) x 1073 [

D+ form factors
f1(0)| Ves| in KO ¢t v, = 0.707 + 0.013
rn=ay/agin K% vy =—-17+05
r=ay/agin KOty = —14 £ 11
f1(0)|Veg| in 797 v, = 0.146 £ 0.007

rn=ay/aginmlty, =—-14+009

r=ay/aginmlty, = —-44+5

f1(0)|Veq| in DT — net v, =0.086 + 0.006

rn=a/agin DT — nety,=-18422

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

ry = Ay(0)/A1(0) in DT D% — petwv, =0.83 £ 0.12

r, = V(0)/A1(0) in K*(892)°¢* 1, = 1.51 £ 0.07 (S =2.2)

ry = Ay(0)/A1(0) in K*(892)° ¢+ v, = 0.807 + 0.025
r3 = A3(0)/A1(0) in K*(892)%¢+ v, = 0.0 + 0.4

M /T in K*(892)° ¢t 1, = 1.13 4 0.08

M /F_in K*(892)°¢* v, = 0.22 +£ 0.06 (S = 1.6)
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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
Dt DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
Inclusive modes
e semileptonic (16.0740.30) % -
pT anything (17.6 £3.2 )% -
K™ anything (25.7 £1.4 ) % -
KOanything + KC%anything (61 +£5 )% -
K anything (59 £08 )% -
K*(892)~ anything (6 +5 )% -
K*(892)%anything (23 +5 )% -
K*(892)% anything < 6.6 % CL=90% -
1 anything (6.3 £0.7 )% -
n' anything ( 1.04+0.18) % -
¢ anything ( 1.03+£0.12) % -
Leptonic and semileptonic modes
et v, < 88 x 1076 CcL=90% 935
ntu, ( 3.82+£0.33) x 10~4 932
U, < 12 x 1073 CL=90% 90
KOetu, ( 8.83+0.22) % 869
KOutu, (9.2 £0.6 )% 865
K-nteTu, ( 4.00+£0.10) % 864
K*(892)%eT v, K*(892)° — ( 3.68+0.10) % 722
K- nt
(K™ 7)) s _wave € Ve ( 2.3240.10) x 10~3 -
K*(1410)%et v, < 6 x 1073 CL=90% -
K*(1410)° - K—xt
K3(1430)% et v, < 5 x 1074 CL=90% -
K3(1430)° — K= 7t
K~ nt et v, nonresonant < 7 x 1073 CL=90% 864
K-ntuty, (38 +£0.4 )% 851
K*(892)% ut v ( 3.52+0.10) % 717
K*(892)° — K—xT
K=—ntpt v,, nonresonant (2.0 £0.5 ) x 1073 851
K ataluTu, < 16 x 1073 CL=90% 825
mOet v, ( 4.05+0.18) x 10—3 930
net v, ( 1.14+£0.10) x 10~3 855
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pOet v,
POutu,
weT v,
1n'(958) e™ v
pet ve

Fractions of some of the following modes with resonances have already

< 9

(2187921 x 103

(2.4 +£0.4 )x10~3
( 1.82+0.19) x 10~3
(22 +05 ) x 104
x 1079

CL=90%

appeared above as submodes of particular charged-particle modes.

*

892)0 et 1,
892)° it v,

1430)° ut v,
1680)° it v,

x| x| %1%

*O %

~ o~ A~ A~

< 24
< 15

( 5.52£0.15) %
( 5.28£0.15) %
x 10~4
x 10~3

Hadronic modes with a K or KKK

+

X X
~OoWno
3y

+

PN

N

)
+

[ss]
(K™ 7T+)$—Wave7r+
K55(1430)°0 7T, [tt]
K§(1430)0 — K7t
K*(892)° 7,
K*(892)° — K~ nt
K*(1410)%7 1, K0 —
K rnt
K35(1430)0 7T, [t]
K35(1430)° — K= 7™
K*(1680)°0 7, [tt]
K*(1680)° — K~ xt
K™ (21%)1=2
K%?T+7TO [ss]
K3t
K*(892)° 7+,
K*(892)° — K%#0
K7+ 70 nonresonant
K= 2nt a0 [uu]
K%27T+7T_ [uu]
K= 3rtn~ [ss]
K*(892)0 27t 7,
K*(892)° — K= x™
K*(892)0 07,
K*(892)° — K—nt
K*(892)% a1 (1260) [w]
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( 1.4740.07) %
( 1.46+£0.05) %

( 9.13+£0.19) %
( 7.3240.19) %
( 1.2140.06) %

( 1.0140.11) %

not seen

(22 +0.7 )x 104

(21 +1.1 )x10~4

( 1.4140.26) %
( 6.99:£0.27) %
(48 £1.0 )%
(13 £06 )%

(9 +7 )x1073
( 5.9940.18) %
( 3.1240.11) %
(5.6 £05 )x 1073
(12 +0.4 )x 1073

(22 +04 )x1073

(9.0 +£1.8 ) x 1073

CL=90%
CL=90%

S=1.1

774

770

771
689
657

722
717

380
105

863
863
846
846
382

714

381

371

58

845
677
714

845
816
814
772
645

239
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K= p2nt

K=3rtn~
KT 2KY
KTK=K%nt

nonresonant

at 70

2t~
POt
mt (7T+ T )S—wave
O‘7T+, o— wtx~

f5(980) 7T,
(980) — 7T~
fo(1370) 7,
fo(1370) — 7w
f>(1270) 7,
f>(1270) — 77w~
p(1450)0 7+,
p(1450)° — 7t~
fo(1500) 7T,
fo(1500) — 7t~
fo(1710) 7T,
fo(1710) — 7t 7~
fo(1790) 7,

fo(1790) — 7t 7~

(7T+ 7T—i_)."i—waveﬂ-_

27T 7~ nonresonant
7t 270
2ntr— o

177r+, n — Tt

w7r+, w— wtr
3rton—

0
0
0

Fractions of some of the following modes with resonances have already

( 1.6840.27) x 10~3
(39 +2.9 )x10~4
(45 +£2.0)x1073
(24 406 )x10~4

Pionic modes
( 1.19+0.06) x 10~3
( 3.1840.18) x 10~3
(81 +1.5)x 104
( 1.78+0.16) x 10~3
( 1.3440.12) x 10~3
( 1.52+0.33) x 10~4

(8 +4 )x107°

(49 +09 )x10~%
< 8 x 1072

(11 +0.4 )x 104

< 5 x 1072
< 6 x 1072
< 1.2 x 10~ 4
< 11 x 104

(46 +0.4 )x10~3
( 1.1340.08) %
(80 +05)x10~%
< 3 x 10~4
( 1.61+0.16) x 10~3

CL=95%

CL=95%

CL=95%

CL=95%
CL=95%

CL=90%

appeared above as submodes of particular charged-particle modes.

nmt

nat 0

wrt

n'(958)

1’ (958) 7+ «0

HTTP://PDG.LBL.GOV

( 3.53+0.21) x 10~3
( 1.38+0.35) x 10~3
< 3.4 x 10~4
( 4.6740.29) x 10~3
(1.6 +£05 )x 1073
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CL=90%

524
772
545

436

925
909
767
909

669

485

338

909
909
910
883
848
763
845

848
830
764
681
654
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Hadronic modes with a KK pair

KT KY
KTK-nt
¢W+,¢—+ KTt K~
K+ K*(892),
K*(892)° — K~ 7t
KT K5(1430)°,
K5(1430)° — K7t
KT K5(1430)0, K3 —
K—nt
KT K§(800), Ky — Kot
ap(1450)° 7", af —
Kt K~
$(1680) 7+, ¢ — KT K~
K+ K~ 7T nonresonant
K+Kgﬁ+w_
KSK=2nt
KtK=2ntn—

[ss]

. . X -
2.8340.16) x 103
. . X -
0.54+0.26) x 103

0.08 _

(265F50g) x 1073

+0.09 -3
(2457537 x 10

( 1.7940.34) x 10~3

(16 T332 )x107*

(6.7 3% )x104

(44 719 ) x10—4

(49 13 )x 105

not seen

( 1.7540.18) x 10~3
( 2.40+0.18) x 10~3
(22 +1.2 )x10~4

A few poorly measured branching fractions:

dmt 70
¢pT
KT K= 7t 7%non-¢
0
K*(892)™ K3

(23 +£1.0)%

< 15 %

(15 T30y %
(1.6 £0.7 )%

Doubly Cabibbo-suppressed modes

K+ 70
K+n
K+ 7' (958)
Ktata—
K+p0
K*(892)% 71, K*(892)° —
Ktn—
Kt 75(980), 1(980) —
ntn—
K35(1430)% 7T, K3(1430)° —
Ktn—
K+ 7t 7~ nonresonant
2Kt K—
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( 1.83+0.26) x 10~4
( 1.08+0.17) x 10~4
( 1.76+0.22) x 10~4
( 5.27+0.23) x 104
(20 +£0.5 ) x 104
(25 +0.4 )x 104

(47 £2.8 )x107°

(42 £29 )x 1072

not seen
(87 £2.0)x107°

$=2.2
S=1.1

CL=90%

793
744

647

613

744
678
678
600

619
260

682
612

864
776
571
846
679
714

846
550
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AC = 1 weak neutral current (C1) modes, or
Lepton Family number (LF) or Lepton number (L) violating modes

nTete” c1 < 11 x 1076 CL=90% 930
1T, — ete bod (17 T35 )x1070 -
Tt C1 < 73 x 1078  CL=90% 918
e, o — ptp” [xx] (1.8 +£0.8 )x 1070 -
ptut ™ C1 < 56 x 1074  CL=90% 757
Ktete™ ] < 1.0 x 1076 CcL=90% 870
KTt p™ y] < 4.3 x 1070 CL=90% 856
et~ LF < 29 x 1070 CL=90% 927
rte put LF < 36 x 1076 CcL=90% 927
Ktet ™ LF < 12 x 1076 CcL=90% 866
Kte pt LF < 2.8 x 1076 CL=90% 866
7 2eT L < 11 x 1076 CL=90% 930
7 2uT 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™T L < 9 x 1077  CL=90% 870
K= 2u™ L < 1.0 x 107  CL=90% 856
K—etput L < 19 x 1070 CL=90% 866
K*(892) 2u™ L < 85 x 1074 CL=90% 703
D" 1(JF) = 5(07)

Mass m = 1864.84 &+ 0.07 MeV (S = 1.1)
Mmps — Mpo = 4.77 £ 0.08 MeV
Mean life 7 = (410.1 4 1.5) x 1071 s

cr = 122.9 um
Impo — mpo| = (0.9575:35) x 1010 ;i s~ 1

1 2 ’

0.14 —
(Tpo = Fpg) /T =2y = (1.207315) x 1072
ja/p| = 0.92" G5
Ar = (—0.125 4+ 0.526) x 1073
+0.23

K 7~ relative strong phase: cos § = 0.817579

K~ 7t 70 coherence factor Ry 0 = 0784[8:%%

K~ n+ 70 average relative strong phase grmm? (2394:5%)0
K~ 7~ 2r™ coherence factor Ri3, = 0364_—8:%3
K~ 7~ 27t average relative strong phase 6%37 = (1184:28)0

0 p+.— _
KSK 7~ coherence factor RK%KTK’ = 0.73 £ 0.08

K% KT 7~ average relative strong phase gKSKm (8 £ 15)°
K* K coherence factor Ry, = 1.00 & 0.16
K* K average relative strong phase 6% K = (26 + 16)°
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CP-violation decay-rate asymmetries (labeled by the D decay)

Acp(KTK™) = (-0.21 £ 0.17)%

ACP(2KO) (—23 + 19)%

Acp(rtm™) = (0.22 + 0.21)%

Acp(2m ) (0i5)%

Acp(rt 7= 70) = (0.3 + 0. 4)%

Acp(p(770)+7r — 7t 70) = (1.2 + 0.9)% [#
Acp(p(770)07ro — 7tr 70) = (=3.1 + 3.0)% [
Acp(p(770)~ 7T — 77— 0) (—1.0 + 1.7)% [=]
Acp(p(1 450)+7r — ata— 2% = (0 £ 70)% [#I
Acp(p(1450)0 7r — 7r+7r_ 0y = (—20 + 40)% I
Acp(p(1450)~ 7" — 7t 0) (6 + 9)% (=]
ACP(,O(1700)+7T — atr 70) = (=5 + 14)% [#]
Acp(p(1700)070 — 7t a—x0) = (13 + 9)% [#]
Acp(p(1700)~ 7t — +7r 79) = (8 + 11)% [#]
Acp(f(980)70 — 7t~ x0) = (0 + 35)% [
Acp(f(1370)70 — 7r+7r_7r0) (25 + 18)% [#]
Acp(£(1500)70 — 777~ 70) = (0 + 18)% [#4
Acp(f(1710)70 — a7 70) = (0 £ 24)% [
Acp(£(1270)70 — 7t 7~ 70) = (=4 + 6)% [
Acp(c(400)70 — ata—70) = (6 + 8)% (%I
Acp(nonresonant 7 7~ 79) = (—13 + 23)% [#]
ACP(2’R‘+27T_)

Acp(KTK=79) = (=1.0 £ 1.7)%

Acp(K*(892)T K~ — KTK~
Acp(K*(1410)t K~ — KT K—70) =
71-0)5—wave K~ — KT K_WO) =

Acp((KT

ACP(¢(1020)7TO — KtK~
ACp(f0(980)7r — KtK— 7% =

79) = (0.9 + 1.3)% [

(=21 + 24)% [=]

(7 + 15)% [
(1.1 £ 2.2)% (22

(=3 + 19)% [=]

70) =

Acp(ag(980)°70 — K+ K= 70) = (=5 + 16)% [#]

Acp(fh(1525)70 — KT K= x0) =
Acp(K*(892)" KT — KT K™

(0 + 160)% [
70) = (=5 + 4)% [#]

Acp(K*(1410)” KT — KT K~ 70) = (=17 + 29)% [#I

ACP(( K~ WO)S—wave K+
Acp(Kgn®

Acp(KSn) =

— KK~ 79) = (-10 + 40)% [#

) = (—0.27 + 0.21)%
(0.5 + 0.5)%

Acp(Ken') = (1.0 £ 0.7)%
Acp(K$d) = (=3 +9)%
Acp(K~71) = (0.1 £ 0.7)%
Acp(Kt77) = (0.0 + 1.6)%
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Acp(K=7t70) = (0.2 £ 0.9)%

Acp(K +7r 70) = (0 £ 5)%
Acp(KSrTm™) = (—0.1 £ 0.8)%
ACP(K*(892) ™ — K&rtnT) = (0.4 £0.5)%
Acp(K*(892)tn~ — K%ntn™) = (14 6)%
Acp(KOp® — K&ntr ):(—0.1:|:0.5)%
Acp(Kow — KO T )=(-13+7)%

Acp (KO £,(980) — KO + —) (—0.4 £ 2.7)%
Acp (KO £5(1270) — K )= (-4 % 5%
Acp(K° f(1370) — KO + —):( 14+9)%
Acp (K9 p0(1450) — K 77) = (-4 £10)%
Acp(K°f(600) — K7 o —)=( 3+5)%
ACP(K*(1410)_7T+—> Kertr) =(-2+9)%
Acp(K5(1430) 7t — Kentn™) = (4 £ 4)%
Acp(K5(1430) T~ — Kert7n™) = (12 £ 15)%
ACP(K§(143O)_7T+ — Klnta7)=(3+6)%

Acp(K3(1430) = — KQrt7n™) = (—10 £ 32)%

ACP(K*(1680) 7r+ — K057T+7T_)
Acp(K—ntnta—) = (0.7 + 1.0)%
Acp(Ktn—atr™) = (-2 4+ 4)%
Acp(K* K= ntn—) = (—8 £ 7)%

)JTK™ = K072t K™) =(-1410)%
)"Kt - K07~ K*) = (-10 £ 32)%
2700t K~ — pOKTK™) = (-7 £ 11)%
)"KT — OK KT) = (10 + 13)%
)JTK™ — K*O TK™)=(-20+ 17)%
Acp(K*(1410)" Kt — KOn=K+) = (-1 + 14)%
Acp(K*OK*® Swave) = (10 + 14)%
Acp(pp® S-wave) = (=3 £ 5)%
Acp(pp® D-wave) = (—37 4+ 19)%
ACP(¢(7T+7T_ )S—wave) = (_9 + 10)%
ACP((K_W+)P—wave (K+7T_)S—wave) = (3 + 11)%
CP-violation asymmetry difference
AAcp = ACP(K+K_) — ACP(W+7T_) = (—0.46 +
0.25)% (S =1.8)

T-violation decay-rate asymmetry
Ar(KTK=nt7n7) =1 +£7)x 103 [

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 = 1.7 £ 0.8
rp = Ay(0)/A1(0) in D — K*(892)~ ¢ty = 0.9 + 0.4
f (0)in DO — K~ ¢ty, = 0.727 + 0.011
f1(0)|Ves| in D° — K~ €T v, = 0.726 £ 0.009
rn=ay/agin DY - K ¢Tuy, =—2.65=+0.35
rn=ay/agin DO — K (ty, =13 +9
f1(0)|Veg| in DO — 77 ¢+ 1, = 0.152 + 0.005
n=ay/aginD% - 7 ¢ty, =—-28+05
r=ay/agin DO — 7 (T, =64+ 3.0

Most decay modes (other than the semileptonic modes) that involve a neu-
0

tral K meson are now given as KS 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).

D% DECAY MODES

Fraction (I';/T)

Scale factor/

Citation: K.A. Olive et al. (Particle Data Group), Chin. Phys. C38, 090001 (2014) (URL: http://pdg.Ibl.gov)

p

Confidence leve(MeV/c)

Topological modes

0-prongs [aaa] (15 6 )%

2-prongs (o 6 )%

4-prongs [bbb] (145 + 05 )%

6-prongs [ccc] (64 + 1.3 )x10~4

Inclusive modes

et anything [ddd] ( 6.49 £+ 0.11 )%

pT anything (67 +£ 06 )%

K™ anything (547 + 28 )% S=1.3
KOanything + KC%anything (47 +£4 )%

K™ anything (34 £ 04 )%

K*(892)~ anything 15 +9 )%
K*(892)%anything (9 +£4 )%

K*(892) T anything < 3.6 % CL=90%
K*(892)%anything (28 + 13 )%

1 anything (95 +£09 )%

n’ anything (248 + 027 )%

¢ anything ( 1.05 + 0.11 )%
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K~ etu,
K= u™ Vi
K*(892)~ et v,
K*(892)~ u™

K- m%etu,

Y

'Koﬁ_e+ye
K- ntn~ e,
K1(1270)" e v,
K_sz_u+wi
(K*(892)m)~ nt v,
w_e+ue
W_M+Vﬂ
p~ et v
K—mt
Kt~
K%WO
K?WO
K%W+W_
K%po
K%w,w-e R
KO (nt ™
5(7T m )S—Wave
K< £,(980),

Semileptonic modes

( 3.55
( 3.31

( 2.16
( 1.91

(1.6
(2.7
(2.8

(7.6

< 12
< 14
( 2.89
( 2.37
(177

+

I+ B H

I+ |+
Wh == 00 O

I+

+
+

+

0.05 ) %
013 )%
0.16 ) %
0.24 ) %
13 o,
) %

)><10_4

—HO A NO O

) X 10~4
x 1073
x 1073

0.08 ) x 1073

0.24 ) x 103

0.16 ) x 103

Hadronic modes with one K

( 3.88

+

( 1.380+

( 1.19
(10.0
[ss] ( 2.83
(6.3
(21

(3.4
(1.22

(980) — w7~

K £,(1370),

(2.8

f(1370) — 77

KQ £,(1270),

£(1270) — 77w

K*(892)~ 7+,

K*(892)~ — K=

K%(1430)" 7T,

K5(1430)" — K¢

K3(1430)" @,

(9

( 1.66

( 2.70

T

(3.4

K3(1430) — K7~

K*(1680)~ 7+,

(4

K*(1680)~ — K%~
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I+ H B I+ H K

| +

+1

0.05 ) %
0.028) x 10~4
0.04 ) %
07 )x1073
0.20 ) %

0.7
0.8

06 )x10~%
0.8 )x1073

0.40
0.24

)><10_3

) X 103

0.9

i3 )x1073

g )><10_5

0.15

017 )%

0.40

034 ) x 1073

1.9

10 )><10_4

4 )x1074

S=1.2

CL=90%
CL=90%
S=1.1

S=1.1

867
864

719
714

861

860

843

498

821
692

927
924

771

861
861
860

860
842

674

670
842

549

262

711

378

367

46
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K*(892)T 7, [eece] ( 1.14
K*(892)* — K%z
K8(1430)+7T_, [eece] < 1.4
K5(1430)7 — K%r ™
K5(1430) " 7, [cce] < 3.4
K5(1430)" — K%r T
K77~ nonresonant (2.5
K~ nt 0 [ss] (13.9
K= pT (10.8
K~ p(1700)*, (7.9
p(1700)" — s
K*(892)~ =, (222
_K*(892)” — K70
K*(892)° 70, (1.88
K*(892)° — K~ 7t
K3(1430)~ @, (46
K§(1430)" — K~ 79
W;;_(1430)07r0, (5.7
K5(1430)° — K—nt
K*(1680)~ 7+, (18
K*(1680)~ — K~ 0
K~ 7770 nonresonant (1.11
K% 270 (9.1
5% (279)-S-wave (26
K*(892)0 79, (7.8
K*(892)° — K%7O
K*(1430)°70, K*0 — (4
K%WO
K*(1680)° 79, K*0 — (1.0
K%WO
K2 £(1270), h — 20 (2.3
2K9 , one K% — 270 (3.2
K= 2rtn~ [ss] ( 8.08
K~ nt pOtotal ( 6.75
K~ 7r+p03—body (51
K*(892)°p°, ( 1.05
K*(892)° — K~ 7t
K~ a1(1260)", (3.6
a1(1260)" — 27t~
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K*(892)° 7 7~ total, (16 + 04 )% 685
K*(892)° — K—nt
K*(892)% 7 7~ 3-body, (9.9 + 23 )x103 685
K*(892)° — K—rnt
K1(1270) 7+, [ff] (29 + 03 )x10~3 484
K1(1270) — K ntn—
K~ 27T 7~ nonresonant (1.88 £+ 0.26 )% 813
Kt nf lggg] (52 + 06 )% 813
KSn,n— 7ta a0 (1.02 + 0.09 )x10~3 772
Klw,w— ntr 70 (99 + 05 )x10-3 670
K= 2rt 7= 70 (42 + 04 )% 771
K*(892)°nt 7= x0, (13 +06 )% 643
K*(892)° — K—nt
K ntw, w— ata— a0 (27 £05 )% 605
K*(892)%w, (65 & 30 )x1073 410
K*(892)° — K—=xT,
w— wtr 70
Kyl (55 + 11 )x10-3 721
K2 20(980), 29(980) — P (65 + 20 )x1073 -
K*(892)%7, K*(892)° — (16 + 05 )x10~3 -
K%WO
KSort2n™ (269 + 031 )x10~3 768
KSpOrtm™, noK*(892)~ (11 + 07 )x10-3 -
K*(892) 27t 7, (5 +8 )x10~* 642
K*(892)~ — K%n~,
no p°
K*(892)~ p%=t, (1.6 + 06 )x1073 230
K*(892) — K7~
K% 27T 27 nonresonant < 1.2 x 1073  CL=90% 768
K= 3rt2n~ (22 + 06 )x1074 713

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.)

Kn (479 + 0.30 ) x 10~3 772
KSw (111 + 0.06 )% 670
K21/ (958) (94 + 05 )x1073 565
K~ a1(1260)" (78 +£11 )% 327
K~ a(1320)* < 2 x1073  CL=90% 198
K*(892)% 7+ 7~ total (24 +05 )% 685

K*(892)° 7t 7~ 3-body (148 + 034 )% 685
K*(892)0 p0 (158 + 034 )% 417
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K*(892)° o0 transverse (17 +06 )% 417
K*(892)0 o0 S-wave (30 + 06 )% 417
K*(892)° p% S-wave long. < 3 x1073  CL=90% 417
K*(892)° p0 P-wave < 3 x 1073 CL=90% 417
K*(892)%p 0D—wave (21 +06 )% 417
K1(1270)~ 7 [ff] (16 + 08 )% 484
K1(1400)—7r+ < 12 % CL=90% 386
K*(892)0 nt 7~ 70 (1.9 +09 )% 643
K- rntw (30 + 06 )% 605
K*(892)%w (11 +05 )% 410
K=t n/(958) (75 + 1.9 )x103 479
K*(892)%4/(958) < 11 x 1073 CL=90% 119
Hadronic modes with three K's
KSKT K™ (447 £+ 034 ) x 103 544
K0 20(980)°, 2 — KT K~ (30 + 04 )x10~3 -
K a9(980)*, aj — KT KY (60 + 1.8 )x10~4 -
K+ a(980)~, ag — K~ K% < 11 x 1074  CL=95% -
K2£(980), fo — KT K~ < 9 x 1075  CL=95% -
K¢, ¢ - KT K™ (205 + 0.16 ) x 10~3 520
K2 £(1370), fy — KT K™ (17 + 11 )x10~4 -
3KY (91 + 13 )x1074 539
KT2K— 7T (221 + 031 )x10~% 434
Kt K~ K*(892)°, (44 + 17 )x107° t
K*(892)° — K~ 7t
K-rto, ¢ — KTK™ (40 + 1.7 )x107> 422
dK*(892)°, ( 1.06 + 0.20 ) x 10~ 4 }
b — KTK™,
K*(892)° — K—nt
K+ 2K~ 7T nonresonant + 15 )x107° 434
2K KE 7 + 13 )x10~4 427
Pionic modes
atw ( 1.402+ 0.026) x 103 S=11 922
270 (820 £+ 0.35 ) x 10~ 4 923
ata— a0 (143 £ 0.06 )% S=19 907
pT ™ (98 =+ 04 )x1073 764
p0 70 (372 £ 022 )x 103 764
p- T (496 + 0.24 )x 103 764
p(1450) T 7, p(1450)t — (1.6 + 20 )x107° —
7T+7TO
p(1450)° 70, p(1450)° (43 + 19 )x1075 -~
I
p(1450)~ 7T, p(1450)~ (26 + 04 )x1074 -
a0
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p(1700)* 7, p(1700)" —
7T+7TO
p(1700)° 70, p(1700)°
tr
(1700)_ + p(1700)~
f0(980) , 15(980) —
f0(500) fo(500) —
f0(1370) , 1(1370) —
f0(150 ) , fo(1500) —
f0(171 ) , fo(1710) —
f2(1270) , 1(1270) —
7T+7T
7t 7~ 70 nonresonant
370
2nt o~
a1(1260) "7, af —
27T 7~ total

a1(1260) "7, af —
P07t Swave

a1(1260) T 7, af —
P07t D-wave

a1(1260) T 7~ af —
ot

20 total
2p0, parallel helicities

2p0, perpendicular helici-

ties

200, longitudinal helicities

Resonant (77~ 7wt 7™
3-body total
ontr~
(980) 7t w1, fy —

ta~

H(1270) 7T 7, fr —

atn—

atr— 270
nm°

w7r0

2t 2= 70
nﬂ+ﬂ
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14 )x10~4
17 )x10~4
11 )x10~4
0.8 )x107°
0.21 )x 104
21 )x107°
15 )x107°
15 )x107°
0.20 ) x 104

0.35 ) x 10—4

x 10~4
0.21 )x 103
0.31 )x 103

CL=90%
S=1.1

0.25 ) x 103
05 )x10~4

07 )x10~%

0.13 )x 103
32 )x107°
06 )x10~%

0.10 ) x 103
0.12 )x 1073

09 )x10~%
05 )x10~%

06 )x10~%

0.09 ) %

07 )x107%
x 104

05 )x1073

0.16 ) x 103

CL=90%

907
908
880

882
846
761
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738
795
678
650
754
537

791
789

739
608

739
608

743

743
743

740
677
614

250

wrta™ [hhh] (1.6 + 05 )x 1073

337~ (42 £ 12 )x1074

7' (958) 70 (9.0 + 1.4 )x10~4

n'(958) 7t (45 + 17 )x1074

2n (1.67 + 0.20 ) x 103
n'(958) (1.05 + 0.26 ) x 103

Hadronic modes with a KK pair

KT K~ (3.96 + 0.08 )x 103 S=1.4

2KY (17 + 04 )x10~% S=2.5

KSK=nt (35 + 05 )x103 S=1.2
K*(892)°K%, K*0 — < 5 x 104 CL=90%

K—nt

KYKtm™ (21 + 04 )x10-3 S=1.3

K*(892)°K%, K*0 — < 18 x 1074 CL=90%
K+W_
KtK—n (329 + 0.14 ) x 1073
K*(892)g , K*(892)T — (146 + 0.07 )x 1073
K*(892)~ KT, K*(892)~ — (52 + 04 )x1074
K~ 70
(KT 719) s _wave K~ (234 + 017 )x 103
(K™ 79 s _wave KT (13 + 04 )x10~4
f0(980)7r0 fo — KTK~ (35 + 06 )x10~4
670, ¢ — KTK™ (64 + 04 )x10~4
2K 70 < 5.9 x 104
KtK— 7t (243 + 012 )x 103
AT T s—waver P — (250 &+ 0.33 )x 10~4
Kt K~

(60°)s—waves ¢ — KTK~ (93 + 12 )x10~4

(¢p0)D—wavev ¢ — KHK- (83 £ 23 )x107°

(KOK*g_ pave, KO — ( 1.48 + 0.30 ) x 10~4
K*rF

(K™ 1) p_wave: (26 =+ 05 )x104
(K+7r_)5—wcwev

K1(1270)T K—, (1.8 =+ 05 )x1074
Ki(1270)t — KOzt

K1(1270)T K—, (1.14 £ 026 )x 1074
K1(1270)t — PO K+

K1(1270)~ KT, (22 £+ 12 )x107°
K1(1270)~ — K*Ozx—

K1(1270)" KT, (146 + 0.25 ) x 10~4
K1(1270)~ — PO K~

K*(1410)T K, (1.02 + 0.26 ) x 10~4
K*(1410)t — KO+
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K*(1410)" KT, (114 + 025 )x 104
K*(1410)~ — K*On~
2KYmtm™ (123 + 024 )x10~3
KYK™2nt ™ < 15 x 1074 CL=90%
KTK ntr 70 (31 £ 20 )x10-3

Other KK X modes. They include all decay modes of the ¢, 1, and w.

on (14 4+ 05 )x10~4

pw < 21 x 1073 CL=90%
Radiative modes

p% < 24 x10~4  CL=90%

Wy < 24 x 1074 CL=90%

o (270 + 0.35 ) x 107>

K*(892)0 (327 + 034 )x 104

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

Kt ¢~ vyvia D° < 22 x 1075 CL=90%

K+ OI;) K*(892)" e~ U, via < 6 x 107>  CL=90%
D

Ktm— DC (1.47 + 0.07 )x 1074 S=2.38

K+ 7~ via DCS (131 + 0.08 ) x 10~4

K+ mvia D° < 16 x 1075 CL=95%

K¢rtr~in D% — DO < 18 x 1074 CL=95%

K*(892)T 7, DC (114 T 999 )x 1074
K*(892)t — K7+t

K5(1430) T 7, DC < 14 x 1075
K§(1430)T — K7™t

K3(1430)" 7, DC < 3.4 x 1075
K3(1430)T — K%z

Kt n—x0 DC (3.04 £ 0.17 ) x 10~4

K+ 7~ n0via DO (73 + 05 )x10~4

Ktat2n— DC (262 + 011 )x 104

Kt nt 27~ via DO < 4 x10~4  CL=90%

1~ anything via D < 4 x 1074  CL=90%

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

vy C1 < 22 x 1070 CL=00%
et e C1 < 79 x 1078 CL=90%
wtp~ c1 < 6.2 x 1079  CL=90%
mOete~ c1 < 45 x 1073 CL=90%
aOut c1 < 18 x 104 CL=90%

673
595
600

489
238

771
768
654
719

861

861

711

844

813
812

932
932
926
928
915
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net e~ c1 < 11 x10~%  CL=90% 852
nut C1 < 53 x10~%  CL=90% 838
ataete” C1 < 3.73 x 1074 CL=90% 922
pPete c1 < 1.0 x10~4  CL=90% 771
I TR T c1 < 55 x 107  CL=90% 894
PO ut c1 < 2.2 x 1075  CL=90% 754
wete C1 < 18 x 1074  CL=90% 768
wpt T C1 < 83 x10™4  CL=90% 751
K-Ktete™ c1 < 3.5 x 104  CL=90% 791
pete” C1 < 5.2 x 1075  CL=90% 654
K-KTptpu~ c1 < 33 x 1073 CL=90% 710
out T C1 < 31 x 1072  CL=90% 631
KOeTe yy] < 1.1 x 104  CL=90% 866
KOutp [yy] < 2.6 x 1074  CL=90% 852
K-ntete C1 < 3.85 x 1074  CL=90% 861
K*(892)%t e~ yy] < 4.7 x 1075  CL=90% 719
K-atutpu~ C1 < 3.59 x 1074  CL=90% 829
K*(892)0 ut [yy] < 2.4 x 1075  CL=90% 700
ata aOut C1 < 81 x 1074  CL=90% 863

+eF LF  [gg] < 26 x10=7  CL=90% 929
et T LF  [gg] < 86 x 1075  CL=90% 924
net T LF  [gg] < 1.0 x 104  CL=90% 848
atr= ety LF  [gg] < 15 x 1075  CL=90% 911
pQet ¥ LF  [gg] < 4.9 x 1075 CL=90% 767
weT uF LF  [gg] < 12 x 1074  CL=90% 764
K~ KtetyuT LF  [gg] < 18 x10~4  CL=90% 754
pe* LF [gg] < 3.4 %1075 CL=90% 648
KOet LF [gg] < 1.0 x10~4  CL=90% 863
K- ntetyF LF  [gg] < 553 x 1074  CL=90% 848
K*(892)0 et T LF [gg] < 83 x 1075 CL=90% 714
21 2et + c.c. L < 112 x 104  CL=90% 922
2 2ut + c.c. L < 29 x 1072  CL=90% 894
K~ 7n~2et+ c.c. L < 2.06 x10~%  CL=90% 861
K= 7~ 2u™+ c.c. L < 39 x10~%  CL=90% 829
2K~ 2et + c.c. L < 152 x 1074  CL=90% 791
2K~ 2uT + c.c. L < 9.4 x 1073  CL=90% 710
o r et ut+ cc L < 79 x 1075  CL=90% 911
K m~eTput+cc L < 218 x10~%  CL=90% 848
2K~ et ut + cc. L < 5.7 x 1075  CL=90% 754
pe~ LB [ii] < 1.0 x 1072  CL=90% 696
pet LB [ < 11 x107°  CL=90% 696
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D*(2007)° 1(JF) = 3a7)

|, J. P need confirmation.

Mass m = 2006.96 + 0.10 MeV
Mp« — Mpo = 142.12 £ 0.07 MeV
Full width T < 2.1 MeV, CL = 90%

5"‘(2007)0 modes are charge conjugates of modes below.

D"‘(2007)0 DECAY MODES Fraction (I;/T) p (MeV/c)
DO 70 (61.9+2.9) % 43
DO~ (38.1£2.9) % 137
D*(2010)* 1uPy=1@a17)
I, J. P need confirmation.

Mass m = 2010.26 &+ 0.07 MeV (S = 1.1)
Mp+(2010)+ — Mp+ = 140.66 £+ 0.08 MeV
Mp+(2010)+ — Mpo = 145.4257 4 0.0017 MeV
Full width I = 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~ ( 1.640.4) % 136
5(2400)° 1Py = L(0H)

Mass m = 2318 + 29 MeV (S = 1.7)
Full width I = 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 = 2421.4 + 0.6 MeV (S = 1.2)
Mmpo — My = 4111+ 0.6 (S =12)

1
Full width [ = 27.4 £ 2.5 MeV (S = 2.3)
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51(2420)0 modes are charge conjugates of modes below.

Dy (2420) DECAY MODES Fraction (I';/T) p (MeV/c)
D*(2010)+ T seen 354
DOrt = seen 425
Dt rn— not seen 473
DO rt = not seen 280
D3(2460)° 1(UP) = 32"
JP = ot assignment strongly favored.
Mass m = 2462.6 + 0.6 MeV (S = 1.2)
Mpso = Mpy = 593.0 £ 0.6 MeV (S = 1.2)
Mpso = Mpey = 452.3 £ 0.6 MeV (S =1.2)
Full width ' = 49.0 + 1.3 MeV (S = 1.5)
5;(2460)0 modes are charge conjugates of modes below.
D%(2460)0 DECAY MODES Fraction (I';/T) p (MeV/c)
Dt rn— seen 507
D*(2010)+ T seen 391
DOrt 7~ not seen 463
DO rt = not seen 326
D3(2460)* 1Py = 3(2h)
JP = ot assignment strongly favored.
Mass m = 2464.3 + 1.6 MeV (S =1.7)
mD§(2460)i — mD§(2460)0 =24+ 1.7 MeV
Ful width T = 37 £ 6 MeV (S = 1.4)
D§(2460)_ modes are charge conjugates of modes below.
D;(2460):|: DECAY MODES Fraction (I;/T) p (MeV/c)
DO T seen 512
D*0 1+ seen 395
Dtntn— not seen 461
D*tntn— not seen 324
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CHARMED, STRANGE MESONS
(C=S=+1)

+ = - _ = .. *1
DI =cs, D_ =<¢s, similarly for D7's

DE 1JP) = 0(07)

Mass m = 1968.30 + 0.11 MeV (S = 1.1)
ms — mp. = 98.69 % 0.05 MeV

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

CP-violating decay-rate asymmetries
Acp(pFv) = (5 + 6)%
Acp(KEKY) = (0.08 + 0.26)%
Acp(KT K= n%) = (=05 £+ 0.9)%
Acp(KEKLT0) = (-2 £ 6)%
Acp(2KS71E) = (3£ 5)%
Acp(KT K~ 7% 70) = (0.0 + 3.0)%
Acp(KEKSrta™) = (-6 £5)%
Acp(KYKT2r®) = (4.1 £2.8)%
Acp(ﬁw—wi) =(-07+31)%
Acp(rtn) = (1.1 £3.1)%
Acp(ntn) = (-2.2 + 2.3)%
Acp(mT N N=(-1+4)%
Acp('m=m%) = (0 £ 8)%
ACP(Ki ) = (27 £24)%
Acp(Ke7%) = (1.2 £ 1.0)% (S =1.3)
Acp(Ki TrT)=(4+5)%
Acp(K*n) = (9 + 15)%
Acp(KE1'(958)) = (6 + 19)%

T-violating decay-rate asymmetry
AT(KAKEatr7) = (—14 £ 8) x 1073 []

D} — ¢£* v, form factors
rn=084+0.11 (S=24)

r, = 1.80 + 0.08
r,/fr=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 [kkk] ( 6.5 +0.4 )% -
7T anything (119.3 +1.4 )% -
7~ anything (432 £09 )% -
79 anything (123 +£7 )% -
K™ anything (18.7 £05 )% -
KT anything (289 £0.7 )% -
K% anything (19.0 £1.1 ) % -
1 anything [ (299 +£2.8 )% -
w anything ( 6.1 £1.4 )% -
n' anything [nnn] (117 +1.8 )% -
f5(980) anything, fy — 77~ < 13 % CL=90% -
¢ anything (157 £1.0 ) % -
K+ K~ anything (15.8 £0.7 ) % -
K% K™ anything ( 5.8 £05)% -
K%OK_anyt.hing ( 1.9 £04 )% -
2K 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
p v, ( 5.5640.25) x 103 981
. ( 5.540.24) % 182
KTK™eTv, — 851

peT v, [ooo] ( 2.49+0.14) % 720
netve + 1/(958) et v, [ooo] ( 3.66£0.37) % -

net v, [ooo] ( 2.67+0.29) % S=1.1 908

n'(958) eT v [ooo] ( 9.9 £2.3 )x 1073 751
wetv, [ppp] < 2.0 x 1073  CL=90% 829
KOetu, ( 37 £1.0 )x 103 921
K*(892) et 1, [ooo] ( 1.8 £0.7 ) x 103 782
0(980) et v, fy — wr A~ ( 2.004+0.32) x 10~3 -~
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Hadronic modes with a KK pair

KT KY ( 1.49+0.06) %
KT KO ( 2.95+0.14) %
KtK—nt [ss] ( 5.394+0.21) %
¢7T+ [oco,qqq] ( 45 +04 )%
¢7T+, ¢ — Kt K~ [agq] ( 2.2440.10) %
K+ K*(892)%, K*0 — ( 2.5840.11) %
K—nt
5(980) 7T, fp — KT K~ ( 1.14£0.31) %
fo(1370)7 ", fy — KT K~ (7 45 )x10~*
fo(1710) 7", fy — KT K~ ( 6.6 £2.9)x10~%
KT K3(1430), K§ — ( 1.8 £0.4 )x 1073
Kt
KT Kr0 ( 1.5240.22) %
2K mt ( 7.7 £0.6 )x 1073
KOKO 7+ —
K*(892)+W0 [ooo] ( 5.4 +£12)%
KtK—ntx0 ( 63 +07)%
¢p+ [ooo] ( 8.4 t%g ) %
KSK—2nt ( 1.66+0.11) %
K*(892)+R*(892)0 [ooo] ( 7.2 £26 )%
KTKYntn— ( 1.03+0.10) %
KtK=2ntn— ( 86 +1.5)x1073
p2rt [ooo] ( 1.21+0.16) %
KT K= p%7t non-¢ < 26 x 10~4
pp0nt, o — KHK— ( 65 +1.3)x1073
$a1(1260)*, ¢ — ( 74 +£12 )x1073
KTK™, af — pOnt
K+ K~ 27T 7~ nonresonant (9 +7 )x107%
2K 2rt o™ (8 +4 )x10~4

Hadronic modes without K's
at 70 < 34 % 104

2t ( 1.09+0.05) %
pOrt ( 2.0 £1.2 )x 1074
T (7T+7T_)S—wave [rrr] (9.0 £0.5 ) x 1073
(1270)7 ", b — wha~ ( 1.0940.20) x 10~3
p(1450)0 7+ )0 — mta— ( 3.0 £1.9 ) x 1074
7t 270 ( 65 +1.3)x10-3
2t 70 —
nat [ooo] ( 1.6940.10) %
wrT [ooo] ( 2.4 £0.6 )x10~3
3nt2r~ ( 7.9 £0.8 )x 1073

S=1.1

CL=90%

CL=90%
5=1.2

850
850
805
712
712
416

732

198
218

805
802
802
683
748

401

744
417
744
673
640
249
181

673
669

975
959
825
959
559
421
960
935
902
822
899
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2t 7= 270
npt
777T+ 7T0
wrt o

3rt 27— 70
w2nt o~
n'(958) 7T

3rt 27~ 270
wnmt
1'(958) p
7' (958) 7wt 70

[o00]
[o00]

[o00]

[nnn,o00]

[o00] <
[nnn,o00]

8.9 £0.8 )%
92 +£1.2 )%
2.8 £0.7 )%
49 +32)%
1.6 +05 )%
3.9440.25) %

2.13 %

(125 +22 )%

(

56 +0.8 )%

Modes with one or three K's

K+ 70
K%W+
Ktn
KTw
f(+ﬁf(958)
Ktntn™
K+p0

[o00]
[o00] <

[o00]

K+ p(1450)°, p0 — 7t n~

K*(892)% 71, K*0 —
Kt
K*(1410
KT
K*(1430)%7T, K*0 —
Ktn—
K+ 7t 7~ nonresonant
KO+ 70
K%2W+W_
Kt wro
Ktwntn™
KTwn
2Kt K—
¢K+, o — KT K™

Oﬂ.—}—, K*O -

~—

[o00] <
[o00] <
[o00] <

(
(

(
(

6.3 £2.1 ) x 10~4
1.21+0.06) x 10~3
1.76+0.35) x 1073
2.4 x 1073
1.8 +£0.6 ) x 1073
6.5 +£0.4 ) x 10~3
25 £0.4 )x 1073
6.9 +2.4 )x 10~4
1.41+0.24) x 1073

1.23+0.28) x 1073
5.0 +3.5 )x 10~4

1.04-£0.34) x 10~3
1.0040.18) %
3.0 £1.1 )x 1073

8.2 x 1073
5.4 x 103
7.9 x 10~3
2.16+0.21) x 10~4

8.8 £2.0 ) x 107>

Doubly Cabibbo-suppressed modes

2Kt 7~
K+ K*(892)0, K*0 —
Ktn—

(
(

1.2640.13) x 104
59 +3.4 )x 107°

Baryon-antibaryon mode
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(

13 +£0.4 ) x 1073

CL=90%

CL=90%

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

902
724
885
802
856
766
743
803
654
465
720

917
916
835
741
646
900
745

775

900
899
870
684
603
366
627

805

295
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AC = 1 weak neutral current (C1) modes,
Lepton family number (LF), or
Lepton number (L) violating modes

ntete™ byl < 13 x 1075 CL=90% 979
ate, ¢ — ete bod (6 T8 )x1076 -~
T ] < 4.1 x 10~7 CL=90% 968
Ktete™ C1 < 37 x 1070  CL=90% 922
Ktutpu~ C1 < 21 x 1075 CL=90% 909
K*(892) " put pu~ C1 < 14 x 1073 CL=90% 765
ntetu~ LF < 12 x 1075 CL=90% 976
TTe ut LF < 20 x 1073 CL=90% 976
Ktetp™ LF < 14 x 1073 CL=90% 919
Kte pt LF < 97 x 106 CL=90% 919
7 2et L < 41 x 1070  CL=90% 979
T 2uT L < 12 x10~7 CL=90% 968
T et ut L < 84 x 1076 CL=90% 976
K~ 2e™ L < 52 x 1070  CL=90% 922
K= 2u™ L < 13 x 1075 CL=90% 909
K—etput L < 61 x 1070  CL=90% 919
K*(892)~ 2u™ L < 14 x 1073 CL=90% 765
* ?
D 1UP) = 0(2)

JP s natural, width and decay modes consistent with 17 .

Mass m = 2112.1 & 0.4 MeV
Mpyer — Mpe = 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)
D~ (94.240.7) % 139
+ .0 0
Dirm ( 5.840.7) % 48
D%,(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)
. — =3494 £+ 06 MeV (S=1.1
Mp: (2317) ~ Mp* eV ( )

Full width ' < 3.8 MeV, CL = 95%

HTTP://PDG.LBL.GOV Page 57 Created: 8/25/2014 17:06



Citation: K.A. Olive et al. (Particle Data Group), Chin. Phys. C38, 090001 (2014) (URL: http://pdg.Ibl.gov)

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

D*,(2317)* DECAY MODES Fraction (I';/T) p (MeVc)

D: ’/TO seen 298

D? 7T0 7T0 not seen 205
D;1(2460)= 1(JP) = 0(17T)

Mass m = 2459.5 + 0.6 MeV (S = 1.1)
Mp,, (2460)= ~

Mp. ., (2460)*
Full width I < 3.5 MeV, CL = 95%

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

Mo = 3473 £ 07 MeV (S = 1.2)
—m_. =491.2+06MeV (S=11)

Scale factor/ p
D51(2460)+ DECAY MODES Fraction (I;/T) Confidence level (MeV/c)
D¥t 70 (48 +11 )% 297
DY~ (18 + 4 )% 442
Dfntn (434 1.3)% S=1.1 363
Dt < 8 % CL=90% 323
D*,(2317) "y (377 39 % 138
D;1(2536)* 1(JP) = o(1T)
J. P need confirmation.
Mass m = 2535.10 + 0.08 MeV (S =1.1)
Full width ' = 0.92 + 0.05 MeV
D1(2536)~ modes are charge conjugates of the modes below.
p
D51(2535)+ DECAY MODES Fraction (I;/T) Confidence level (MeV/c)
D*(2010)* KO 0.85 +0.12 149
(D*(2010)* KO g_ wave 0.61 +0.09 149
DT r= KT 0.028+0.005 176
D*(2007)° K+ DEFINED AS 1 167
D+ KO <0.34 90% 381
DO K+ <0.12 90% 301
D:+’y possibly seen 388
D:_ nta~ seen 437
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D*,(2573) 1(JF) = o7
P

is natural, width and decay modes consistent with 27 .

Mass m = 2571.9 4 0.8 MeV
Full width ' =17 £ 4 MeV (S = 1.3)

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 434

D*(2007)0 K+ not seen 243
* (2700)* 1JP) = 0(17)

Mass m = 2709 + 4 MeV
Full width ' = 117 + 13 MeV

BOTTOM MESONS
(B=+1)

Bt = ub, B = db, B = db, B~ =Tb, 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 BT section, but because of their importance we have
created two new sections: “B¥ /B Admixture” for 7(45)
results and “Bi/BO/BS/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 BY section, while Bg—
Eg mixing data and B-B mixing data for a BO/BS admixture
are found in the Bg section. CP-violation data are found in
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the BE, BY, and BT 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 B+
mass, mean life, CP violation, branching fractions
o B0
mass, mean life, B9-BO mixing, CP violation,
branching fractions
e BE BY Admixtures
CP violation, branching fractions
o Bi/BO/Bg/b—baryon Admixtures
mean life, production fractions, branching fractions
e B*
mass
e B;(5721)°
mass
o B3(5747)°
mass
B
mass, mean life, BS—ES mixing, CP violation,
branching fractions
* BY
mass
o B,1(5830)°
mass
o B%,(5840)°
mass
° Biﬁ
mass, mean life, branching fractions
At the end of Baryon Listings:
[ ] /\b
mass, mean life, branching fractions
o Np(5912)°
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mass, mean life
o A(5920)°

mass, mean life
),

mass, mean life, branching fractions

o =(5945)°
mass, mean life
o2,
mass, branching fractions

e b-baryon Admixture

mean life, branching fractions

B:I:

1(JP) = 3(07)

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

Mass Mgt = 5279.26 + 0.17 MeV

Mean life 7 g = (1.638 + 0.004) x 10712 s

J/¢(1S)KT) = 0.003 + 0.006 (S = 1.8)
J/p(1S)7T) = (0.1 £2.8) x 1072 (S =1.2)

(S = 2.0)

cr = 491.1 um

CP violation
Acp(BT —
Acp(Bt —
Acp(BY — J/ypT) = —0.11+0.14
Acp(BT — J/9K*(892)T) = —0.048 + 0.033
Acp(BY — ncKT) = —-0.02 £ 0.10
Acp(BT — 9(2S)7T) = 0.03 £ 0.06
Acp(BT — 9(2S)KT) = —0.024 + 0.023
Acp(BT — 9(2S)K*(892)*) = 0.08 + 0.21
Acp(BT — xc1(1P)mT) = 0.07 + 0.18
Acp(BY — xcoKT)=-020+0.18 (S=15)
Acp(BT — xc1 KT) = —0.009 + 0.033
Acp(BT — xc1 K*(892)T) = 0.5+ 0.5
Acp(BT — D%°xt) = —0.007 + 0.007
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Acp(BT — Depp1ymt) = 0.035 + 0.024
Acp(BT — Dop(—1yn™) = 0.017 + 0.026
Acp([KFntatr~|prt) =0.13 £ 0.10
Acp(BT — DO°K*)=0.01£0.05 (S=21)
Acp([KFntat 7 |pKT) = —0.42 £ 0.22
rg(BT — DOKT) = 0.096 + 0.008

6g(BT — DOKT) = (115 £ 13)°

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

Acp(BT — [K~nT]pKT) = —058 + 0.21
Acp(BT — [K=atx0pKt) = 0.41 + 0.30
Acp(BY — [K™aT]5K*(892)T) = —0.3 £ 05
Acp(BY — [K~7t]pn™) = 0.00 & 0.09
Acp(BT — [K=atx0pnT) =0.16 +0.27
Acp(BY — [K~at]pmynt) = —0.09 + 0.27
Acp(BY — [K~at]pyn™) = —-07 £ 06
Acp(BT — [K=nt]pryK') = 0.8 + 0.4

ACP(B+ — [K_’/T—i_](D’y) K+) =04+1.0
Acp(BT — [rta~70lpKt) = —0.02 + 0.15
Acp(Bt = Dcp(4+1)KT) =0.170 £ 0.033 (S =1.2)
Asps(BT — DK') = —0.52 +0.15
Aaps(BT — D7) =0.14 + 0.06

Acp(BT — Dep—1)K™) = —0.10 + 0.07
Acp(BT — D*0nt) = —0.014 + 0.015
Acp(BT — (D¢ p(,qy)°m") = —0.02 4 0.05
Acp(BT — (D¢ p(_qy)°m") = —0.09 & 0.05
Acp(BY — D*OKT) = —0.07 + 0.04

ry(BY — D0KT) =0.11413523 (S=12)
§o(BT — DOKt) = (31072)° (S =13)

Acp(BT — Dfp(i1)KT) = ~0.12+ 0.08
Acp(BY — Dfp_yK*) =0.07 £0.10
Acp(BT — Dop(41)K*(892)7) = 0.09 + 0.14
Acp(BT — Dop(_1)K*(892)1) = —0.23 + 0.22
Acp(BT — D ¢)=00+£04

Acp(BY — D**D*0) = —0.15 + 0.11

Acp(BT — D**D°) = —0.06 + 0.13

Acp(BT — Dt D*0) =0.13 +0.18

Acp(BT — Dt D% = —0.03 + 0.07

Acp(BT — K%7rT) = -0.017 £ 0.016
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Acp(BT — K*70) =0.037 + 0.021

Acp(BT — 7' Kt)=0.013 + 0.017

Acp(BT — o/ K*(892)") = —0.26 4+ 0.27
Acp(BT — 1/ K§(1430)T) = 0.06 + 0.20
Acp(Bt — 1/ K3(1430)") = 0.15 + 0.13
Acp(BY — nK*) = —0.37 £ 0.08

Acp(BT — nK*(892)T) = 0.02 & 0.06
Acp(BT — nK§(1430)") = 0.05 + 0.13
Acp(BT — nK35(1430)T) = —0.45 £ 0.30
Acp(BY — wKT) =10.02 £ 0.05

Acp(BY — wK*T) =0.29 +0.35

Acp(BT — w(Km)it) = —0.10 + 0.09
Acp(BT — wK3(1430)%) = 0.14 £ 0.15
Acp(BT — K*¥0xt)=-0.04 £0.09 (S=21)
Acp(BT — K*(892)T %) = —0.06 + 0.24
Acp(Bt —» Kta—at) =0.033 + 0.010
Acp(BT — KT K™ K™ nonresonant) = 0.06 4 0.05
Acp(Bt — f(980)°K*) = —0.08 + 0.09
Acp(BT = £(1270)K+) = —0.68 7312
Acp(BT — f(1500)KT) = 0.28 + 0.30
Acp(BT — f5(1525)°K+) = —0.08 725>
Acp(Bt = pPKt) =037 +0.10

Acp(BT — K3(1430)°7T) = 0.055 + 0.033
Acp(BY — K3(1430)°nt) = 0.05193-2
Acp(BY — K+7079) = —0.06 + 0.07
Acp(BY — KOpt) = —-0.12+£0.17

Acp(BT — K*taTr~) = 0.07 &+ 0.08
Acp(BT — pOK*(892)%) = 0.31 +0.13
Acp(BT — K*(892)T £(980)) = —0.15 + 0.12
Acp(BT — aj K9) =0.12 £ 0.11

Acp(BT — bl K% = -0.03 £ 0.15

Acp(Bt — K*(892)0 pt) = —-0.01 +0.16
Acp(BT — bBIKT) = —0.46 + 0.20

Acp(BT — KO KT) =0.04 +0.14

Acp(BT — KIKT)=-0.21+0.14

Acp(Bt — K+ KLKL) = 0.04"5:02

Acp(BT — Kt K_7r+) =-012+005 (S=12)
Acp(Bt - KtK—K*) = —-0.036 + 0.012 (S =1.1)
Acp(BT — ¢KT)=0.04+£004 (S=21)
Acp(BT — Xo(1550)K™) = —0.04 + 0.07
Acp(BT — K*FKTK™)=0.11 + 0.09
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Acp(BT — ¢K*(892)") = —0.01 + 0.08

Acp(BT — ¢(Km)g") =0.04 £ 0.16
Acp(BT — ¢K1(1270)") = 0.15 4+ 0.20
Acp(BT — ¢K3(1430)1) = —0.23 + 0.20
Acp(BY — Kt $¢) = —0.10 £ 0.08
Acp(BT — K*t[p¢], ) = 0.09 £ 0.10
Acp(BT — K*(892)Tv) = 0.018 £ 0.029
Acp(BY — nKT+) = —0.12 £ 0.07
Acp(BT — ¢KT+)=-013+0.11 (S=1.1)
Acp(BT — pty)=-0.11 £ 0.33
Acp(BY — 7t70) =0.03 £ 0.04
Acp(Bt = atn—at) =0.105 £0.029 (S =1.3)
Acp(BY — pOnt) =0.18139
Acp(Bt — £(1270)7 1) = 0.41 + 0.30
Acp(BT — p°(1450)7t) = —0.17 53
Acp(Bt — #(1370)x%) = 0.72 £ 0.22
Acp(BY — 7t 7~ 7T nonresonant) = —0. 14+8%g
Acp(BT — pTa% =0.02 +0.11
Acp(BT — p+p0) = —0.05 + 0.05
Acp(BT — wrnt) = —0.04 + 0.06
Acp(BT — wpt) = —0.20 + 0.0
Acp(BY — nnt)=-0.14 £0.07 (S =1.4)
Acp(BT — +) = 0.11 4+ 0.11
Acp(BT — 77 7r+) = 0.06 & 0.16
Acp(BT — n/pt) =026+ 0.17
Acp(BT — b7t) =0.05+0.16
Acp(BT — ppnT) = 0.00 + 0.04
Acp(BT — ppKt) = —0.08 £0.04 (S=1.1)
Acp(BT — ppK*(892)"T) =0.21 £ 0.16 (S = 1.4)
Acp(BY — pAy) =0.17 £ 0.17
Acp(BT — pAn9) =0.01 +0.17
Acp(BT — Ktiti—) = -0.02 4+ 0.08
Acp(BT — Ktete ) =0.14+0.14
Acp(BT — Kt uTp~) = —0.003 & 0.033
Acp(BT — K*t{t¢~) = —0.09 & 0.14

—

Acp(BT — K*ete™) = —0.14 + 0.23
Acp(BY — K*ptpu~)=-0.12 +£0.24
~(Bt — D(*)0 K(*)+) (7375)°
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B~ modes are charge conjugates of the modes below. Modes which do not
identify the charge state of the B are listed in the B:l:/B0 ADMIXTURE
section.

The branching fractions listed below assume 50% BOBY 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.

Citation: K.A. Olive et al. (Particle Data Group), Chin. Phys. C38, 090001 (2014) (URL: http://pdg.Ibl.gov)

Scale factor/ p
Bt DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
Semileptonic and leptonic modes
(T vpanything [sss] ( 10.99 +0.28 ) % -
et v, X, (108 +04 )% -
Qﬁ“u@nything ( 98 +£07 )% -
DO ¢ty [sss] ( 227 £0.11 )% 2310
D7ty ( 77 £25 )x1073 1911
D*(2007)% ¢+, [sss] ( 5.69 £0.19 )% 2258
D*(2007)° 7+ v, ( 1.88 £0.20 ) % 1839
D~ mt ity B ( 42 405 )x1073 2306
D;(2420)° ¢+ v, DY — ( 25 +05 )x1073 -
_ D7t _
D3(2460)° ¢+ v, D30 — ( 1.53 +0.16 ) x 10~3 2065
D~ nt
D nmituy,(n > 1) ( 1.87 £0.26 ) % -
D*~ntity B 6.1 +0.6 )x1073 2254
D1(2420)° ¢+ v, DY — ( 3.03 £0.20 ) x 103 2084
_ D*rxt _
D' (2430)° ¢+ v, DY — ( 27 +06 )x10~3 -
_ D¥ gt
5(2460)° ¢+ vy, (101 £024 )x10~3  S=2.0 2065
5;0 — D*nt
Dg*)_ K+t ( 61 +1.0 )x10~4 -
D, Kt Ty, ( 30 T3 )x1074 2242
D" Kt ity ( 29 +19 )x1074 2185
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7T0 £+ Vy
YaRY
't vy
wﬁ"" Vy
Pty

pplt
pput Yy,

DOrnt
Dep(rnym™
Dep(—1ym™

Do)+

DOK+
Dcp(y1) K™
Dep(—1) K™

[K=7F]p K™

[K+7T_]DK+

[K—nT]pnT

[KTn~]pn™

HTTP://PDG.LBL.GOV

[sss]

[sss]

A~ AN AN N~ ~

7.80
3.8
2.3
1.19
1.58

5.8
8.5
8.2
9.8
1.0
1.14
1.56

1.7
2.4

+0.27 ) x 107°
+0.6 )x107°
+0.8 )x107°
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Light unflavored meson modes
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tutrF LF < 72 x 1075  CL=90% 2333
Ktet ™ LF < 91 x 1078  CL=90% 2615
Kte put LF < 13 x 1077 CL=90% 2615
KT et T LF < 91 x 1078  CL=90% 2615
KTeT LF < 43 x 1073  CL=90% 2312
Kte 7T LF < 15 x 1072 CL=90% 2312
KtetrT LF < 3.0 x 1075  CL=90% 2312
Ktutr LF < 45 x 1072 CL=90% 2298
Ktu= 71t LF < 28 x 1075  CL=90% 2298
KtutrT LF < 48 x 1075  CL=90% 2298
K*(892)+ Tu LF < 13 x 1076  CL=90% 2563
K*(892)T e + LF < 9.9 x 10~ CL=90% 2563
K*(892)T e ;ﬁ LF < 14 x 1076 CL=90% 2563
n-etet L < 23 x 1078  CL=90% 2638
TpuT T L < 13 x 1078  CL=95% 2634
T et T L < 15 x10~7 CL=90% 2637
p-etet L < 17 x10~7 CL=90% 2583
p Tt L < 42 x 1077 CL=90% 2578
p- et T L < 47 x 1077 CL=90% 2582
K~ etet L < 3.0 x 1078  CL=90% 2617
K=t pt L < 41 x 1078  CL=90% 2612
K—etput L < 16 x 1077 CL=90% 2615
K*(892)" et et L < 40 x10~7  CL=90% 2564
K*(892)~ ptu™ L < 5.9 x 107 CL=90% 2560
K*(892)~ et u™ L < 30 x 1077  CL=90% 2563
D~ etTeT L < 26 x 1070 CL=00% 2309
D~ et u™ L < 18 x 1076  CL=00% 2307
D= putput L < 6.9 x 1077 CL=95% 2303
D*= ptpt L < 24 x 1076  CL=95% 2251
D_ p* /ﬁ L < 58 x 1077  CL=95% 2267
DOr— 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%  —
NOet LB < 8 x 1078  CL=90% -
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BO

1(JP) = %(07)

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

Mass mgo = 5279.58 + 0.17 MeV
Mpgo — Mgt = 0.32 + 0.06 MeV
Mean life 7 go = (1.519 & 0.005) x 10712 s
cr = 455.4 yum
Tg+/Tgo = 1.076 & 0.004  (direct measurements)

BO-B mixing parameters

Xq = 0.1874 £ 0.0018
Amgo = mgy — mpgo = (0.510 + 0.003) x 10" 7 s~ 1
H L

= (3.337 4 0.033) x 10710 MeV
Xd — AmBo/rBo = 0.774 £ 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]?) = (0.1 £ 0.8) x 1073
AT/cp = 0.005 £ 0.018
Acp(B® — D*(2010)* D™) = 0.037 & 0.034
Acp(B® — [KTK™]pK*(892)%) = —0.45 + 0.23
Acp(B® — [KTn~]pK*(892)°) = —0.08 + 0.08
Acp (BY = Ktz~) = —0.082 & 0.006
Acp(B® — ' K*(892)°) = 0.02 & 0.23

Acp(B® — ' K§(1430)°) = —0.19 £ 0.17
Acp(B® — ' K3(1430)°%) = 0.14 + 0.18
Acp(B® — nK*(892)%) = 0.19 + 0.05
Acp(B® — nK3(1430)%) = 0.06 + 0.13
Acp(B® — nK3(1430)%) = —0.07 £ 0.19
Acp(B® — by KT) = —0.07 £0.12
Acp(B® — wK*0) =0.45 £ 0.25
Acp(B® — w(Km)0) = —0.07 £ 0.09
Acp(B® — wK3(1430)%) = —0.37 £ 0.17
Acp(B® — Kt7~7%) = (0 +£6) x 1072
Acp(B® — p~Kt) =020+ 0.11
Acp(B® — p(1450)~ KT) = —0.10 + 0.33
Acp(B® — p(1700)"K*) = —0.4 + 0.6
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Acp(B® — K+ 7~ n%nonresonant) = 0.10 + 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® — (Km)i0n0) = —0.15 £ 0.11
Acp(B® — K*070) = —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)°KT 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 & 4) x 1072
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(B® — pT7n7)=0134006 (S=1.1)
Acp(B® — p~7t) = —0.08 & 0.08
Acp(B® — a1(1260)*7F) = —0.07 + 0.06
Acp(B® — b 7F) = —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® — KOt p~) = —0.07 + 0.04

Cpi- p+ (B® — D*(2010)~ DT) = —0.01 + 0.11
Spr-p+ (B® — D*(2010)~ D) = —0.72 £ 0.15

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

Chet pr (B = D*tD*7)=0.01+0.09 (S=1.6)
Spw+ pr- (BY = D*tD*~) = —059 £ 0.14 (S =18)
C, (B — D**D*7)=0.00+0.10 (S=1.6)

S, (B9 —» D**D*") = —0.73 £ 0.09

C_(B° - D**D*7)=0.1940.31

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
Chip- (B — DTD7)=-046£021 (S=18)
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Sp+p- (B —» D¥D™) = —0.997 31
Chrpas)z0 (B® = J/$(18)7%) = —0.13 £ 0.13
S/p(as)x0 (B° = J/(18)7°%) = —0.94 £0.29 (S =10)

0 (*) 10y —

CD((;)Ph0 (B — D{ph0) = —0.23 +0.16
0 (*) 10y —

SD(C*‘)PhO (B® — Dgph%) = —0.56 + 0.24

Cyo0 (BY — KO79) =0.00 £0.13 (S =14)

Sko,0 (B® = KOn%) = 0.58 £ 0.17

B — 1/(958)K%) = —0.04 £0.20 (S =2.5)

5,/(958) KO (B — n/(958)K2) = 0.43 £ 0.17 (S = 1.5)

C,y ko (B — /K9 = —0.05 + 0.05

Sy (B = 7' K®) = 0.60 + 0.07

Co kO (B — wK?)=-030+028 (S=1.6)

SwK? (B - wKY%) =043 +0.24

C(B® - KYn070)=02=+05

S(B° — K%WOWO) =0.7+0.7

C 0k (B — pPK%) = —0.04 £ 0.20
S

0 040y +0.17

Cn’(958) K (

Ce K (B — £(980) K%) = 0.29 & 0.20
%Ko (B° — £(980)K2) = —0.50 £ 0.16
SfQK% (B — £(1270)K%) = —0.5 £ 0.5
¢, K (B — £(1270)K%) = 0.3 £ 0.4
S K (B® — £(1300)K2) = —0.2£05
CfXK% (B® — £,(1300)K2) = 0.13 £ 0.35
Sio+— (BY = KO r~ nonresonant) = —0.01 + 0.33
Cro o+~ (BY = KO m~ nonresonant) = 0.01 + 0.26
CKgKg (B — K%Kk%)=00+04 (S=14)
Sk K9 (B - KZKZ)=-08+05
Crot k- KY (B - KtK— KS nonresonant) = 0.06 + 0.08

Sk+ k- KL (B® - K* K~ K2 nonresonant) = —0.66 + 0.11
Ck+ k- KO (B° — KT K~ K inclusive) = 0.01 £ 0.09
Sk+ K- KQ (B° - K*K~KY inclusive) = —0.65 + 0.12

Coka (B — ¢K%)=0.01+0.14
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S¢K°s (B° - ¢K%) =059 +0.14

Cio ks Ks(B® — KsKsKs) = —0.23 +0.14
Skeksks(BY = KsKsKs)=—05+06 (S=30)
Cngov(BO — K%7%y) = 0.36 + 0.33

Sngov(BO — K%n0y) = -08+06

Co, (BY — K*(892)%) = —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
Cogpy (B — K2¢7) = —0.3 £ 0.6

Skog (BY = KP¢7) = 07101

C(B® — K%pOv) = —0.05 £ 0.19

S(B® — K%p%y) =0.11+0.34

C(BY— p%9)=0440.5

S(BY — p09)=-08=+0.7

Cerx (B = 7tm™) = —0.31 4 0.05

Sex (B = wHa™) = —0.67 £ 0.06

Co.0(B%— n0x0) =-043+024

Cor (B = ptn™)=-003+£007 (S=12)

Spr (BY — ptr™) =0.05+0.07

AC,, (B® — ptn~) =0.27 £ 0.06

AS,r (B® — ptn~)=0.01+0.08

Coqo (B — pn0) =027 + 0.24

S0 (B — pOn0) = —0.23+034

Cayr (B® — a1(1260)* ) = —0.05 + 0.11

Sayr (B® — a1(1260)* ) = 02+ 04 (S=3.2)
AC, » (B — 21(1260)*7~) = 0.43 £ 0.14 (S =1.3)
AS, » (B® — a1(1260)* 77) = —0.11 % 0.12

C(B® — by KT)=—-0.22£0.24

AC(B® - bynt) = —1.04 + 0.24

C 0,0 (B® — p%p0%) =0.24+0.9
Spp0 (B — p°p%) =03+07
C,, (B — ptp~)=-005+0.13
S,p (B — ptp7)=—0.06 =+ 0.17

IA] (B® — J/wK*(892)%) < 0.25, CL = 95%
cos 28 (B® — J/yK*(892)%) = 1.7F37 (S =16)
cos 28 (B — [K&ata~]pm 0) =1.013% (S=18)
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) = —0.039 + 0.011
) = —0.009 + 0.015
—0.046 + 0.023

= —0.022 + 0.021

= —0.024 + 0.032

= —0.10 + 0.06

K%) = 0.93 + 0.17

(Sy +5S_)/2(B® - D7t

(S_ — S+)/2 (B - D*—xt
(Sy +S_)/2(B° - D~7F) =
(S_ —S4)/2(B°— D~771)

(Sy +S_)/2(B° — D= pt)

(S- —S4)/2(B* = D pt)

C K (B — n.K%) =0.08 £ 0.13
517 K9 (B0 — 1

CcEK (BO — cecK(*)0) =

sm(2ﬂ) = 0.682 £ 0.019
Ch sy ko (BY = J/H(nS)KO) = (0.5 + 2.0) x 102
S1/p(nsyko (B® = J/%(nS)K®) = 0.676 + 0.021
Crpieo (B = J/K*®) = 0.03 + 0.10

Sy jpkeo (B = J/hK*®) = 0.60 + 0.25

(0.5 + 1.7) x 1072

Crok? (B® = XcoK$) = —0.3%53
S0 K (B = xcoK%) =-07£05

C KO (B® = xc1K%) =0.06 & 0.07

Xcl

Sxer K (B = xc1K%) =0.63 £ 0.10
sin(20e5) (B — ¢ K9) = 0.22 + 0.30
sin(28ef)(B® — ¢ K§(1430)°) = 0.97 7033
sin(28e)(B® — K*K~K2) = 0. 77+g 3

sin(28es7)(B° —

[K%W+
A (B® = [K§7 7]

W_]D(*) ) =0.45 £ 0.28
h%) = 1.01 & 0.08

|sin(26 + )| > 0.40, CL = 90%

2 8+ v = (83 % 60)°

,)/(BOH DOK*O):

= (90 + 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 [sss] ( 10.33+ 0.28) % -
et v X, (10.1 + 0.4 )% -
D¢t vypanything ( 92 +£08)% -
D=ty [sss] ( 219+ 0.12) % 2309
D~ 7rTu, ( 1.03+ 0.22)% 1909
D*(2010)_€+Vg [sss] ( 4.93+ 0.11) % 2257
D*(2010)~ 7 v, ( 1.84% 0.22) % 1837
DOn— ¢ty ( 43 + 06 )x103 2308
D;;(E400)—£+ug, Dy~ — ( 30 £12)x1073 S=18 -~
DO 7~
D;(3460)—£+ug, Dy~ — ( 121+ 033)x10~3 S=1.8 2065
o DO~
DYnrttuy(n > 1) ( 23+ 05)% -
D*0n— ¢ty ( 49 £ 08 )x1073 2256
D1(2420)~ (T v, DT — ( 2.80+ 0.28) x 10~3 -
D0 7=
D' (2430)~ ¢t v, DT — ( 31+ 09)x103 -
E*Oﬁ_
D%(2460)" (T vy, D3~ — ( 68 + 1.2 )x10~% 2065
D* 07—
p LTy [sss] ( 2.94+ 0.21) x 10~4 2583
A [sss] ( 1.45+ 0.05) x 1074 2638
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K= anything (78 £8 )% -
DO X ( 81+ 15)% -
DY X (474 + 28)% -~
DT X < 3.9 % CL=90% -
D~ X (369 + 33)% -
DY X (103 T 21 )% -
D7 X < 26 % CL=90% -
AT X < 31 % CL=090% -
A7 X ( 50T #1)% -
tX (95 +5 )% -
cX (246 + 3.1 )% -
ccX (119 +£6 )% -
D, D*, or Dg modes
D™t ( 268+ 0.13) x 1073 2306
D~ pT ( 78 + 1.3 )x1073 2235
D~ KOxt ( 49 £ 09 )x10~4 2259
D~ K*(892)* ( 45 + 07 )x10"% 2211
D-wn™T ( 28 + 06 )x103 2204
D~ KT ( 197+ 0.21) x 104 2279
D-Ktrtnr ( 38 + 09 )x1074 2236
D~ KT KO < 31 x 1074 CL=00% 2188
D~ Kt K*(892)° ( 88 + 1.9 )x10~% 2070
DOrtn— ( 84 + 09 )x10~4 2301
D*(2010)" 7+ ( 276+ 0.13) x 103 2255
DOK+ K~ ( 47 £ 12 )x 1075 2101
D~ ntatn— ( 6.4 + 07 )x1073 2287
(D~ w7 77 ) nonresonant ( 39 + 1.9 )x103 2287
D~ nt p0 ( 11 £ 1.0 ) x 103 2206
D~ a1(1260)™ ( 6.0 + 33)x1073 2121
D*(2010)~ 7wt 70 ( 15+ 05)% 2248
D*(2010)~ p* ( 6.8 £ 09 )x1073 2180
D*(2010)~ KT ( 214+ 0.16) x 10~ % 2226
D*(2010)~ KO+ ( 30 + 08)x1074 2205
D*(2010)~ K*(892)™ ( 33 4 06 )x10"% 2155
D*(2010)~ KT K° < 47 x 1074 CL=00% 2131
D*(2010)~ Kt K*(892)° 1.20+ 0.33) x 103 2007
D*(2010)" w7t ™ ( 70 £ 08)x1073 S=13 2235
(D*(2010)" 77+ 7~ ) non- ( 00 + 25 )x103 2235
resonant
D*(2010)~ 7+ p° ( 57 + 32 )x1073 2150
D*(2010)~ a1(1260)* ( 130+ 0.27) % 2061
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D1(2420)° 7~ 7, DY —
D*—rnt
D*(2010)" Kt 7~ n*
D*(2010)~ nt nt 7~ 70
D*~ 3rt2on—
D*(2010) " wnt
D1 (2430)°w x
B(D;(2430)° —
D*~rT)
D~ gt
D;(2420)" 7t x B
D~ rt77)
D;(2420)" 7t x B
D*~rt77)
D3(2460)” 7t x
B(D3(2460)~ — D7)
D§(2400) " 7t x
B(D§(2400)~ — DO%7™)
D3(2460)~ 71 x B((D$)~ —
D rtrT)
D3(2460)~ p*
DO DO
D*OEO
D~ Dt
D* D*T (CP-averaged)
D~ DY
D*(2010)~ D
D~ D*t
S
D*(2010)~ D+
Ds(2317)~ Kt x
B(Dso(2317)~ — D, 7°)
Dgo(2317)" 7 x
B(Dso(2317)~ — D_ 79)
D, 7(2457)~ Kt x
B(Ds(2457)" — D_ 7°)
D, ;(2457)" 7+ x
B(Ds(2457)~ — D_ 7°)
- pt
Di_DS+
Di— Di+
DS DS

[xxx]

—

(Dy

(Dy —
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1.4 +

45 +
1.76 +
4.7 +
2.89+
4.1 £

21 +
1.00T

3.3
215+
6.0 £
2.4

4.9
1.4 +
2.9
211+
6.1 £
7.2 £

8.0 +
7.4 £
1.77+
4.2 £+

2.5
9.4
4.0
3.6

1.3
2.4

04 )x10~4

0.7 ) x 104
0.27) %

0.9 ) x 1073
0.30) x 1073
1.6 )x 1074

1.0 ) x 1073
0:35) x 107

x 1072
0.35) x 10~4
3.0 ) x107°

x 1072

x 1073
0.7 ) x 107>

x 104
0.18) x 10~4
0.6 ) x 104
0.8 ) x 1073
1.1 )x 1073
1.6 ) x 1073
0.14) %
14 )x107°

x 1079
x 100
x 106
x 1072

><10_4
x 10~ 4

CL=90%

CL=90%

CL=90%

CL=90%

CL=90%

CL=90%

CL=90%

CL=90%

CL=90%
CL=90%

2181
2218
2195
2148
1992

2062

2090

1975

1868
1794
1864

1812
1735
1732
1649
2097

2128

1759
1674
1583
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50(2317)
B(Ds (2317)
50(2317)
B(D, (2317) — DIt9)
Dso(2317)+ D*(2010)~
B(Dso(2317)* — D 70)
D, ;(2457)" D~
D, ;(2457)" D~ x
B(Dy7(2457)"
D, 7(2457)t D~ x
B(D, (2457)
SJ(2457)

B(D, (2457)
Dfntn™)
D, ;(2457)" D~ x

B(Ds(2457)" — D} x9)
D*(2010)~ D, ;(2457)"
D, ;(2457)" D*(2010) x
B(D, (2457 DY)
D~ D4;(2536)*
B(Ds1(2536)™
+ D*t KO)
D™ D41(2536)™
B(Ds1(2536)*
D*0 KT)
D~ D4;(2536)*
B(Ds1(2536)" —
D*t+ KO)
D*(2010)~ D41 (2536)*
B(Ds1(2536)t — D*OKT
+ D*t K9)
D*(2010)~ D41(2536)*
B(Ds1(2536)*
D*0 KT)
D*~ Dg1(2536)™
B(Ds1(2536)*
D*t+ KO)
D~ D, ;(2573)"
B(D,;(2573)t — DOK™)
D*(2010)~ D, ;(2573)"
B(D,;(2573)t — DOKT)
Dt r—

— D:_’/ro)

— Djv)

— D:+’y)

+ -

N— N N N
X

_ D*O K+
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9.7

9.5

15

3.5
6.5

6.0

2.0

3.6

9.3
2.3

2.8

1.7

2.6

5.0

3.3

5.0

7.8

4 _

T390 )x107%  s=15 1602
x 10~4 CL=90% -

+ 0.6 )x 1073 1509
+ 1.1 )x1073 -

1.7 _

i‘ 4 ) x 10 4 -
x 1074 CL=90% -

x 1074 CL=90% -

x 104 CL=90% -

+ 22 )x1073 -
i‘ 0 3 ) X 10—3 -
+ 07 )x1074 1444
+ 0.6 )x 1074 1444
+ 1.1 )x10~4 1444
+ 1.4 )x10~4 1336
+ 1.1 )x10~4 1336
+ 1.7 )x 1074 1336
x 1074 CL=90% 1414

x 1074 CL=90% 1304

+ 1.4 )x 10~/ 2306
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DY a1(1260)~
D*+ 31(1260)_

DI~ K+t
D K*(892)"
DI~ K*(892)*"
D nt KO
D™ 7t KO
D/ Ktrtr
D_ mt K*(892)°
DY mT K*(892)°
DO KO
EO_K"" T
DO K*(892)°
D3(2460)~ K+ x
B(D3(2460)~

DO K+ 7~ non-resonant
[KT K~ ]pK*(892)°

EOO
[)0 0

DO ¢
DO K+~

DO K*(892)°
25*0,7
D*(2007)° 70
D*(2007)° p°
D*(2007)%
D*(2007)° %/
D*(2007)0 nt 7

HTTP://PDG.LBL.GOV
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2,16+
21 £
2.4
4.1 +
1.9
3.6
2.1
1.7
1.9
2.0
22 £
2.19+
35 £

+ 15
32 7 13

1.10+
1.10

1.8 £+
3.0
1.6
5.2
8.8
4.2
1.8

HOHH

3.7

I+

5.8

2.63+
32 £
1.2 +
2.36%
1.38+
2,53+
1.16

53 £
1.1

25

22 £
5.1

23 +
1.40+
6.2 £
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0.26) x 1072
0.4 )x107°
x 107°
1.3 )x107°
x 1075
x 1070
x 1073
x 10~3
x 104
x 104
0.5 ) x 107°
0.30) x 10>
1.0 ) x 1070
) % 107>
0.33) x 10~4
x 104
0.5 ) x 104
x 1073
x 10~3
0.7 ) x 107°
1.7 )x 1070
0.6 ) x 107>
0.5 ) x 107°

x 1070
1 2 ) X 10=°
0.14) x 104
0.5 ) x 104
0.4 ) x10~4
0.32) x 10~4
0.16) x 104
0.16) x 104

x 1070
32 )x 1070

x 1075

x 107°
0.6 ) x 104

x 104
0.6 ) x 104
0.22) x 104
2.2 ) x 104

S=1.4
CL=90%

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

S=1.8

CL=90%

CL=90%
CL=90%

CL=90%

S=2.5
S=1.3

CL=90%

CL=90%
CL=90%
S$=2.6
CL=90%
5=2.38

2270
2215
2197
2138

2080
2015

2242
2185
2172

2112

2222
2164
2198
2138
2076
2280
2261
2213
2029

2308
2237
2274
2198
2235
2183
2261
2213
2258
2256
2182
2220
2141
2248
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D*(2007)° K9
D*(2007)° K*(892)
D*(2007)° K*(892)°
D*(2007) ntnt r—
D*(2010)* D*(2010)~
5*(2007)0
D*(2010)*
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*~ Dg1(2536)™
B(Ds1(2536)T —
[)*+—}<O)
DO DO KO
D D*(2007)° KO +
D*(2007)° DO KO
D*(2007)° D*(2007)° KO
(D+D*)(D+D*)K

w
NS
D*(2007)°

J/9(1S) KO

J/p(1S) Kt 7
J/1(1S) K*(892)°

J/H(1S)nKS

J/p(18)n KS

J/(185) o K°

J/(1S)w KO

X(3872) K9 x B(X —
J/pw)

Xc0(2P), Xco — J/Yw

HTTP://PDG.LBL.GOV
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3.6 £ 1.2 ) x 1072
6.9 x 1070
4.0 x 1075
2.7 + 05 )x 1073
8.0 + 0.6 )x 104
3.6 + 1.1 )x10~4
6.1 + 1.5 )x 104
9 x 1075
1.07+ 0.11) x 1073
35 4+ 04 )x1073
2.474+ 0.21) x 1073
1.06+ 0.09) %

75 + 1.7 )x 1074
6.4 + 05 )x 103

CL=90%
CL=90%

5=3.1
S=1.6
CL=90%

HOHH

0.7 ) x 1073
2.4 ) x 104

8.1 £
8.0 £

2.7 £
1.1 £+

11 )x10~4
05 ) %103

24 £
3.68+

0.9 ) x 1073
0.26) %

modes
7.9 + 1.2 )x10~4

6.3 + 0.9 )x 104
3.9 x 10~4
4 x 1074
8.73+ 0.32) x 10~4
12 + 06 )x1073
1.32+ 0.06) x 103
8 + 4 )x107°
2.5 x 1070
9.4 + 2.6 )x107°
23 4+ 04 )x1074
6.0 = 3.2 )x 1070

CL=90%
CL=90%

CL=90%

0.9 ) x 107>
05 ) %103
0.16) x 10~°
0.19) x 10~°
0.18) x 10>

21 £
1.3 +
1.76 +
1.23+
4.03+

S=1.1

2227
2157
2157
2219
1711
2180
1790
1715
1574
1478
1479
1366
1568
1473

1360
1336

1574
1478

1365

1751
1646
1157
1253
1683
1652
1571
1508
1271
1224
1386
1140

1102
1390
1728
1672
1716
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J/¢(1S) 7" 7~ nonresonant
J/9(15)1(500),

J/¥(1S)
J/1(18)
J/1(18)
ata~
J/(15)p(1450)°, p° —

J/¢(f§§w
JIY(1S)KT K~
J/¢(15)a0(980),
Kt K~
J/(15) ¢
J/(1S)n' (95 )
J/¢(15)K0 ™
J/p(1S)K
J/(1S) K* (8 2)
J/(1S) K* (8 2)0 7
X(3872)~
X(3872)~
B(X 3872) —
J/p(1S)m~ x°)
X(3872) KO x B(X —
Jpmt )
X(3872) KO x B(X — J/Y7)
X(3872) K*(892)% x B(X —
J/¥7)
X(3872) KO x B(X —
¥(25)7)
X(3872) K*(892)% x B(X —
(25)7)
X(3872) KO x B(X —
DOD0 70)
X(3872) K% x B(X — D*0DO)
X(4430) KF x B(X* —
»(25) 1)
X(4430)* KF x B(X*
/)
J/¥(15)pp
J/(15)y
J/4(1S)D°
Y(2S) KO
Y(3770) KO x B(yp) — DO DO)

fo — nm

f‘
p
7(980), fy —

dap —

— —

AAVV
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1.2 x 1075 CL=90% 1716
2.6 -
65 T 79 )x1076 —~
42 + 0.7 )x 1076 -
2.58+ 0.21) x 1072 1612
1.1 x 1070 CL=90% -
2.5 _

21 T 83 )x1076 -
23 4+ 0.6 ) x 107> 1609
2.6 + 0.4 )x 1070 1533
47 + 3.4 )x 10~/ -
1.9 x 1077 CL=90% 1520
7.4 x 1076 CL=00% 1546
1.0 + 04 )x1073 1611
54 + 3.0 )x 104 1390
8 + 4 )x1074 1514
6.6 + 2.2 )x 104 1447
5 x 104 CL=90% -
4.2 x 1070 CL=90% -
43 + 13 )x107° 1140
2.4 x 1070 CL=00% 1140
2.8 x 1076 CL=90% 940
6.62 x 1076 CL=00% 1140
4.4 x 1076 CL=90% 940
17 +£ 08 )x10~% 1140
12 + 0.4 )x1074 1140
60 T 39 )x1075 575
4 x 1070 CL=95% 575
5.2 x 1077 CL=90% 862
1.6 x 1076 cL=00% 1731
1.3 x 1072 CL=90% 877
6.2 + 05 )x 104 1283
1.23 x 1074 CL=90% 1217
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Y(3770) KO x B(y) — D~ DT) < 188 x 1074
P(2S) ( 23 4 04)x107°
Y(2S)KT 7~ ( 58 + 04 )x1074

¥(25) K*(892)° ( 6.0 + 0.4 )x10~4
xeo K° ( 147+ 0.27) x 10~4
Xco K*(892)° ( 17 £ 04 )x 104
xeo K© < 15 x 105
Xeo K*(892)° ( 50 £ 1.2 )x 107>
Xe1 T ( 112+ 0.28) x 1075
xe1 K© ( 3.93+ 0.27) x 10~%
Xl K™t ( 38 + 04 )x1074

Xe1 K*(892)0 ( 2.42+ 0.21) x 10~4

X(4051)++K— xB(Xt — ( 30T 19 )x1075

XclT )
X(4248)“_: K~ xB(Xt — ( 40 7298 )x1075
Xc17 ")
K or K* modes

Kt~ ( 1.96+ 0.05) x 1072
KO 70 ( 9.9 £ 05 )x10°
n KO ( 66 + 04 )x107°
7 K*(892)° ( 31 £ 09 )x10°
n' K5(1430)° ( 63 £ 1.6 )x 100
n' K3(1430)0 ( 1.37+ 0.32) x 1075
nKO ( 1237 920y x 1076
n K*(892)° ( 159+ 0.10) x 105
nK§(1430)° ( 1.10+ 0.22) x 1075
nK3(1430)° ( 96 £ 21 )x10°
w KO ( 5.0 £ 0.6 )x10°
a0(980)° KO x B(ap(980)° — < 78 x 1076

n)
O KO x B(KY — wn?) < 78 x 1070
a0(980)* KT x B(ap(980)* — < 19 x 1076

)
by KT x B(b] — wm™) ( 74 + 14 )x10°0
Y K*Ox B(b) — wn?) < 80 x 106
by K** x B(b] — wm™) < 5.0 x 106
ao(1450)* KT x < 31 x 1076
B(ag(1450)* — nzt)

K2 X0 (Familon) < 53 x 1072
w K*(892)° ( 20 + 05 )x10°
w(Km)g? ( 1.844 0.25) x 107>
HTTP://PDG.LBL.GOV Page 92

CL=90%

CL=90%
S=1.1

S=1.4

CL=90%

CL=90%
CL=90%

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

CL=90%

, Chin. Phys. C38, 090001 (2014) (URL: http://pdg.Ibl.gov)

1217
1331
1238
1116
1477
1341
1378
1228
1468
1411
1371
1265

2615
2615
2528
2472
2346
2346

2587

2534
2415
2414
2557

2503

Created: 8/25/2014 17:06



Citation: K.A. Olive et al. (Particle Data Group), Chin. Phys. C38,

w K3 (1430)°
wK3(1430)°
w K+ 7~ nonresonant
Ktn— 70
KT p~
KT p(1450)~
KT p(1700)~
(Kt 7~ 79) non-resonant
(Km)gtm™ x B((Km)st —
K+ 70)
(Kw)éowo XB((KW)E;O —
KT77)
K3(1430)° 70 <
K*(1680)° 70 <
K;"(OWO [bbaa]
KOrt 7™
K% 7+ 7~ non-resonant
;(OpO
K*(892) " 7~
K§(1430) T 7~
K;"(‘I' T [bbaal
K*(1410)" 7~ x <
B(K*(1410)T — KOx™)
f5(980) KO x B(fy(980) —
ataT)
f,(1270) K°
£, (1300) KO x B(f, —
ata™)
K*(892)0 7°
K%(1430)T 7~ <
K*(1680)" 7~ <
Ktn—atr™
POKT 7~
f0(980) K+ 7™,
KT 7~ T 7~ nonresonant <
K*(892)°0 nt 7~
K*(892)0 p°
K*(892)°(980), fo —

K1(1270) " 7~ <
K1(1400) " 7~ <
a1(1260)~ K+

fo— nm

[ccaal

HTTP://PDG.LBL.GOV

(
(
(
(
(
(
(

(

Page 93

1.60+
1.01+

51

+

3.78%

7.0
2.4
6

2.8
3.4

8.6

4.0
7.5
6.1
6.5

+
+

+
+
+
+

+
+

1.477T

4.7
8.4
3.3

51
3.8

7.0

2.7
1.8

3.3
6

1.0
2.3
2.8

1.4

2.1
5.5
3.9

3.9

3.0
2.7
1.6

|+ H oW H

|+

L+ H

090001 (2014) (URL: http://pdg.Ibl.gov)

0.34) x 1072
0.23) x 107>
1.0 ) x 1070
0.32) x 107°
0.9 )x 107
1.2 )x 1070
7 )yx10~ 7
0.6 ) x 10~
0.5 ) x 107>

1.7 ) x 1070

x 10~6
x 100
1.6 ) x 1070
0.8 ) x 107>

038) x 1070

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

x 100

0.9 )x 10~

13 )x 1078
0.7 ) x 107

0.6 ) x 1076
x 100
x 105
x 104
0.7 ) x 1070
8% )><1O_6
x 100
0.5 ) x 107>
13 )x 106

Tg)x1070
x 105

x 107°
0.4 ) x 107>

CL=90%
CL=90%

S=1.2
S=2.1

$=2.0

CL=90%

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

CL=90%

S=1.9
5=3.9

CL=90%
CL=90%

2380
2380
2542
2609
2559

2445
2358

2609

2558
2563

2522

2459

2563
2445
2358
2600
2543

2506

2600
2557
2504

2466

2484
2451
2471

Created: 8/25/2014 17:06



Citation: K.A. Olive et al. (Particle Data Group), Chin. Phys. C38,

K*(892)
K5(1430)* p
K1(1400)0p
K*(1430)0p
K*(1430) (980),
K3(1430)°£(980), fo — =m
K+ K~
KOKO
KOK— ot
W*OKO_i_ K*OWO
Kt K70
0 1,0, _0
Kg Kg’ﬂ'
P
KsKsn
KOKT K~
KO ¢
(980)KY, f3 — KT K~
fo(1500) K©

f4(1525)% KO
fo(1710)KO, fy — KT K~
K9 Kt K~ nonresonant
KSKSKS
fo(980) KO, fo — KLKY
fo(1710)KO, fy — KL K
fo(2010) KO, f5 — KL KQ
KO KO KS nonresonant
K$ KO KO
K*(892)0 Kt K=
K*(892)0 ¢
K+ K~ 7t 7~ nonresonant
K*(892)° K~ nt
K*(892)° K*(892)°
K+ KT 7~ 7~ nonresonant
K*(892)0 K+ 7~
K*(892)° K*(892)°
K*(892)T K*(892)~
K1(1400)° ¢
¢ (Km)E

fo — nm

NN NN A

¢ (Km)p? (1.60<my  <2.15)ddaa] <

K3(1430)0 K= 7T

HTTP://PDG.LBL.GOV

<

A~ N AN~~~

e e e e e e

(

1.03+
2.8 +
3.0
2.7 £
2.7 £
8.6 £
13 £
1.21+
7.3 £
1.9
22 £
9

1.0
2.0
2.63+
73 £

~
o
+

I+

1.3

4.4
3.3
6.0
2.7

5.0

Hol+ B H B H I+

1.33+
1.6
2,75+
1.00+
7.17
45 £
8 =+
6.0
2.2

2.0
5.0
43 +
1.7
3.18

Page 94

090001 (2014) (URL: http://pdg.Ibl.gov)

0.26) x 107> 2504
12 )x 1072 -
x 1073 CL=90% 2388
0.6 ) x 107° 2381
0.9 )x10~° -
2.0 ) x 1070 -
05 )x10— 7 2593
0.16) x 10~ 2502
11)x107% s=12 2578
x 10~6 -
0.6 ) x 1070 2579
x10~7 CL=90% 2578
x 1070 CL=00% 2515
x 1070 CL=90% 2452
0.15) x 107°  S=1.3 2522
0.7 )x 1070 2516
3 (5) ) X 10— 6 -
01 yx 1075 2398
2 ) % 10=7 -
0.9 )x 107 -
1.0 ) x 100 2522
05)x107% s=11 2521
1.8 ) x 1070 -
> g ) X 10— -
6 )x10~/ -
0.31) x 10~° 2521
x 1072 CL=90% 2521
0.26) x 10~° 2467
0.05) x 10~° 2460
x 1072 CL=90% 2559
13 )x 1070 2524
5 )x10~7 S=22 2485
x 1070 CL=00% 2559
x 1070 CL=00% 2524
x 107 CL=90% 2485
x 1076 CL=00% 2485
x 1073 CL=90% 2339
0.4 )x10 -
x 1070 CL=90% -
x 1072 CL=90% 2403

Created: 8/25/2014 17:06



Citation: K.A. Olive et al. (Particle Data Group), Chin. Phys. C38,

K3(1430)0K*(892)°
K5(1430)0K}(1430)°
K5(1430)% ¢
1430)° K*(892)°
0 K3(1430)°

K*(892)0
K*(1410)~
K+ 7=~ nonresonant

K*(892)° X(214) x B(X —

< 33
8.4
( 39 %
1.7
4.7
35
2.7
1.53
1.1
( 68 +
45 +
< 31
( 76 +
< 64
( 2.7 +
( 46 +
( 433+
< 13
< 26

A

AN NN N AN A

[eeaa] < 2.26

( 1.95+

( 41 +
< 58
< 12

( 1.24+
< 20
< 83
< 43

090001 (2014) (URL: http://pdg.Ibl.gov)

x 100
x 10~6
0.8 )x 1070
x 10~6
x 100
x 100
x 10~6
x 1072
x 1073
0.9 )x 107
0.9 )x 1070
x 1072
1.8 )x 1070
x 10~6
0.7 ) x 1070
14 )x 1070
0.15) x 1072
x 104
x 1076
x 10~8

0.22) x 1072
0.4 )x 1072
x 1072
x 1072
0.24) x 1072
x 1073
x 1072
x 1073

Light unflavored meson modes

PP X(214)x B(X — ptp)

HTTP://PDG.LBL.GOV

( 86 +
[eeaa] < 1.73
( 44 T
< 85
( 5.12+
( 191+
< 15
< 1.0
(12 +
< 17
< 1.2
< 13
Page 95

15 )x 10~/
x 108
16 ) x 1077
x 107
0.19) x 10~
0.22) x 10~
x 100
x 100
0.6 ) x 10~
x 100
x 100
x 100

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%

S=1.7
CL=90%
CL=90%
CL=90%

2360
2222
2333
2360
2222
2238

2381
2333
2305
2337
2587
2528
2516
2615
2564
2451
2615

2609
2609
2486
2453
2447
2361
2341
2244

2583

2582

2541
2636
2636
2610
2582
2551
2460
2523
2492

Created: 8/25/2014 17:06



Citation: K.A. Olive et al. (Particle Data Group), Chin. Phys. C38,

( 0) x B(#(980) —

7T )

779

n1(980) x B(%(980) —
Tt

wn

/

wn

w pl

w£5(980) x B(f(980) —
Tt

1 (980)x B(fy — ntn™)
ow
olo
a0(980)* 7T x B(ap(980)*
777Ti)
a0(1450)* ¥ x
B(a (1450) — 177T:|:)
7T+7T 71'0

070
pF
atannt T
p T
0 p°
f5(980) 7+
p° 5(980) x B(fy(980) —
ataT)
f5(980) £5(980) x
B2(f(980) — 7t 77)
f5(980) f5(980) x B(fy —
Tta7) x B(fy = KTK™)
a1(1260)F 7+
ap(1320)F 7t
at o~ 7070
ptp~
a1(1260)° 70
w7r0
atata 770

a1(1260)* p~

HTTP://PDG.LBL.GOV

ANNNANNNNANNA

A

[gg] (

[gg] (
[gg] <
<

(

VANVANRVANRAN

Page 96

9.4

I+

10 T

1.6
1.5

1.2 £+
15

3.3
3.8

3.1
2.3

7.2
2.0 +
2.30+
1.93
8.8
73 *
3.8

2.3

26 £
6.3
3.1
242+
1.1

9.0
6.1

090001 (2014) (URL: http://pdg.Ibl.gov)

x 107

x 104
0.5 )x 1070
0.23) x 1072
x 1075
x 100
2.8 ) x 10~/
x 100
x 107

x 10~ 7
x 10~/

05 ) x 107>
x 100
x 10™3
0.31) x 10~°
x 1073
x 107
x 1073
x 1072

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%
CL=90%
CL=90%

2454

2553
2516

2552

2491

2522
2485

2521
2540
2511
2448
2480
2441
2479
2435

2631
2581
2581
2621
2575
2523
2539
2486

2447

2447

2494
2473
2622
2523
2495
2580
2609
2433

Created: 8/25/2014 17:06



Citation: K.A. Olive et al. (Particle Data Group), Chin. Phys. C38,

a1(1260)0 p°
b mEx B(b] — wn)
b(1J7T0>< B(t) — wn?)
by pt x B(b] — wn™)
b(lJpOX B(b(lJ — wn0)
atatata~ g n~
a1(1260)™ a1 (1260)~ x
Bz(af — 2xt T
atrtat T T

o

p
pprt T
pp KO

O(1540)tp, ©T — pK
f1(2220)K°, f; — pp

pPK*(892)°

fJ(2220)K6, fJH pp

pAr—
p3(1385)~
A
pAK™
pfﬂw_

D*(2007

D= pprt

D*(2010)~ ppm™

-Eopﬁﬂ+ﬁ_

D*0pprta—
O.prt, O, — D™ p
()c75ﬂ5+v O, — D" p

oAt

HTTP://PDG.LBL.GOV

)V pp
D*(2010)~ p7

ANVANRVANRVANRIAN

(

e e e e e e N N

Page 97

2.4
1.09+
1.9
1.4
3.4

3.0
1.18+

1.1

Baryon modes

15

25
2.66+
5

45
1247

1.5
3.14+
2.6
9.3
8.2
3.8
3.2

4.8

| +

I+

2.5

| +

1.1

1.5

1.1

1.04+
28 £
9.9 £
1.4 +
3.32+
4.7 £+
3.0 +
1.9 +

1.4
1.0

090001 (2014) (URL: http://pdg.Ibl.gov)

x 103
0.15) x 107>
x 10~6
x 10~6
x 106
x 1073
0.31) x 107°

%

8; ) X 10—8
><10_4
0.32) x 10~6
x 10—8
><10_7

0:35) x 107

x 107
0.29) x 10~
x 10~/
x 10~/
x 10~/
x 100
x 10~ 7

0.07) x 104
0.9 ) x 107>
11 )x 1070
0.4 ) x 1073
0.31) x 10~4
0.5 ) x 104
0.5 ) x 104
05 )x 104

x 1076

x 107°

x 1073

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%

S=1.2

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

2433

2592
2336

2572

2467

2406
2347
2318

2135
2216

2401
2363
2364
2308
2383
2392

2250

2098

1661

2335
2335
1863
1710
1788
1785
1786
1707
1708
1623

1839

Created: 8/25/2014 17:06



Citation: K.A. Olive et al. (Particle Data Group), Chin. Phys. C38,

A prta~
icp
N p7r0
> (2455)"p
ﬂ;pw+w_wo
ﬂ;pﬁ+ﬁ_ﬁ+w_
ﬂ; atmw~
A pmT @ (nonresonant)
3 (2520)" " pmt
3 (2520 prr—
3 (2455)% pr
3 (2455)0N0, NO —
pm
3 (2455)" " prt
A;pK+W_
Y (2455) " pKT, X7 —
Z;W_
AZ pK*(892)°
AZAKT
AZ AT
Nc(2593)™ / A(2625) p
e T T
Cc Cc

(13 +
( 20 +
(19 +

< 30
< 5.07
< 274
( 117+
( 71 +
( 117+
< 31
( 1.04+
( 80 %

( 22+
( 43 +

(11 +

< 2.42
( 38 +
< 6.2

< 11
( 22+

( 54 +

090001 (2014) (URL: http://pdg.Ibl.gov)

04 )x103
0.4 )x107°
05 )x 104
x 1072
x 1073 CL=90%
x 1073 CL=90%
0.23) x 1073
1.4 )x10~4
0.25) x 104
x 1072 CL=90%
0.22) x 104
2.9 ) x 107>

0.4 ) x 104
14 )x107°
0.4 ) x 107>

x 1072 CL=90%
13 )x 1070

x 1072 CL=90%

x 10~4 CL=90%
23 )x107° S=19
3.2 ) x10~4

1934
2021
1982

1882
1821
1934
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

Y
+
+

D
D

D

v

+
+
+

T T T
TEEO®

N
ptp—
SP, S— utu™,
P— ptpu”
-
00t

et e~

Ot
et e~

ne+e_

nut T
Ty

HTTP://PDG.LBL.GOV

B1
B1
B1
B1
B1

B1
B1
B1
B1

B1

3.2
8.3
1.2
6.3
1.6
5.3
5.1

NN NN AN NANA

[ggaa]

4.1
5.3
8.4
6.9
6.4
1.08
1.12
6.9

NN NN NN NA

Page 98

x 10~7 CL=90%
x 1078 CL=90%
x 107 CL=90%
x 10~10CL=90%
x 10~7 CL=90%
x 1079 CL=90%
x 1079 CL=90%

x 1073 CL=90%
x 108 CL=90%
x 1078 CL=90%
x 1078 CL=90%
x 1078 CL=90%
x 10~7 CL=90%
x 107 CL=90%
x 107° CL=90%

2640
2640
2640
2638
2638
2629

1952
2638
2638
2634
2611
2611
2607
2638

Created: 8/25/2014 17:06



Citation: K.A. Olive et al. (Particle Data Group), Chin. Phys. C38,

090001 (2014) (URL: http://pdg.Ibl.gov)

KOt~ Bl [sss] ( 311 38 )x1077 2616
KOet e~ BI ( 16 T 39 )x107 2616
KOt~ B1 ( 34+ 05)x10~7 2612

KOvw BI < 49 x 1075 CL=90% 2616

%7 BI < 208 x 1074 CL=90% 2583

K*(892)0 ¢+ ¢~ Bl [sss] ( 9.9 T 121077 2564
K*(892)0 et e~ B1 ( 1037 31%) x 1076 2564
K*(892)° ut ™ B1 ( 1.05+ 0.10) x 1076 2560

K*(892)0vw B1 < 55 x 1075 CL=90% 2564

1357 B1 < 127 x 1074 CL=00% 2541

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

n0e® T LF < 14 x10~7 CL=90% 2637

KOet T LF < 27 x10~7 CL=90% 2615

K*(892)% et 1~ LF < 53 x 1077 CL=00% 2563

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

K*(892)0 et T LF < 58 x 1077 CL=00% 2563

et rF LF [gg] < 28 x 1075 CL=90% 2341

ptrF LF  [gg] < 22 x10~5 CL=00% 2339

invisible BI < 24 x 1072 CL=90% -

VoY BI < 17 x 1075 CL=90% 2640

AT LB < 18 x 1070 CL=90% 2143

Ate™ LB < 5 x 1076 CL=00% 2145
B*/B® ADMIXTURE

CP violation

Acp(B — K*(892)7) = —0.003 + 0.017
Acp(b— sv) = —0.008 + 0.029
Acp(b— (s+d)y) = —0.01 + 0.05

Acp(B —
Acp(B —
Acp(B —
Acp(B —
Acp(B —

HTTP://PDG.LBL.GOV

Page 99

Xs0T07)=—-0.2240.26
K*ete™) = —0.18 £ 0.15
K*ptpu~) = —0.03 £0.13
K*{T¢7) = —0.04 + 0.07

nanything) = —0.1370-%

0.05

Created: 8/25/2014 17:06



B DECAY MODES

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/
Fraction (I';/T)
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J/1(1S)anything ( 1.0044+ 0.032) %
J/¥(1S) (direct) anything ( 78 + 04 )x1073
¥ (2S) anything ( 3.07 + 021 )x10°3
Xe1(1P)anything ( 3.8 + 027 )x10~3
Xc1(1P)(direct) anything ( 324 + 025 )x10°3
Xc2(1P)anything ( 14 + 04 )x103
Xc2(1P)(direct) anything ( 165 + 031 )x1073
ne(1S)anything < 9 x 1073
K X(3872) x B(X — ( 12 + 04 )x1074

DO DO 70)

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

CL=90%
CL=90%

CL=90%

S=1.1

S=1.1

S=1.9

CL=90%

1711

1866

2257

HTTP://PDG.LBL.GOV Page 101 Created: 8/25/2014 17:06



Citation: K.A. Olive et al. (Particle Data Group), Chin. Phys. C38, 090001 (2014) (URL: http://pdg.Ibl.gov)

K X(3872)x B(X — ( 80 £ 22 )x107° 1141
D*O DO)
K X(3940) x B(X — < 6T x 1072 CL=90% 1084
D*O DO)
Kxco(2P), Xco — wJ/v¢ [nnaa) ( 7.1 =+ 3.4 )x107° 1103
K or K* modes
K= anything [eg] ( 789 £ 25 )% -
K™ anything ( 66 + ) % -
K™ anything ( 13 + ) % -
KO / KO anything eg] ( 64 =+ 4 )% -
K*(892)i anything ( 18 + ) % -
K*(892)° / K*(892)%anything [gg] ( 146 + 26 )% -
K*(892)~ ( 42 + 06 )x107° 2564
nK~ ( 85 T 18 )yx106 2588
K1(1400)~ < 127 x 1074 CL=90% 2453
K35(1430)~ ( 17 T 58 )x1w® 2447
K»(1770)~ < 12 x 1073 CL=90% 2342
K3(1780)~ < 37 x 1072 CL=90% 2341
(2045)7 < 10 x 1073 CL=90% 2244
n'(958) ( 83 + 11 )x107° 2528
K*(892)n’(958) ( 41 +£ 11 )x10° 2472
Kn < 52 x 1076 CL=90% 2588
K*(892) ( 18 + 05 )x107° 2534
Koo ( 23 £+ 09 )x10° 2306
b— sy ( 3.40 + 021 )x10~4 -
b— dy ( 92 +30 )x1070 -
b — Sgluon < 6.8 % CL=90% -
n anything ( 26 T 8:3 ) x 10~4 -
n’ anything ( 42 +09 )x1074 -
KT gluon (charmless) < 187 x 104 CL=90% -
KOgluon (charmless) ( 19 +07 )x1074 -

Light unflavored meson modes
Py ( 139 + 025 )x107% s=12 2583

p/wy ( 130 + 023 )x1070 s=12 -
nt anything [ggooaa] ( 358 £ 7 )% -
79 anything (235 +11 )% -
1 anything ( 176 +£ 16 )% -
po anything (21 +£5 )% -
w anything < 81 % CL=90% -
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¢ anything ( 343
»K*(892) < 2.2
7t gluon (charmless) ( 37

Baryon modes
_l’_ T — .

/\i / /\C.anythlng ( 45

Ac anything < 1.7

A anything < 9

AC__£+anything < 11
N eT anything < 2.3
ZC_ uT anything < 1.8

Ac_p anything ( 26

Ac_pe+ Ve < 1.0

EC:_ anyt-hmg ( 42

ES anythmg < 9.6

Ecanythmg ( 46

ZEN(N:por n) < 1.5

E(C)anything (  1.93

x B(Z? - =—77T)
_:z_ranything ( 45
X B(:_i — ZTatat)

p/P anything leg] (80

p/P (direct) anything [gg] ( 55

A/ A anything [gg] ( 4.0

=~ /=T anything [gg] ( 27

baryons anything ( 6.8

pp anything (247

Ap/Ap anything [gg] ( 25

AA anything < 5

Lepton Family number (LF) violating modes or

AB = 1 weak neutral current (B1) modes

sete” BI ( 47
spt BI ( 43
ST 4~ Bl [sss] ( 4.5
AN BI < 59
mete™ < 1.10
Tt~ < 50
Kete™ BI ( 4.4
K*(892)e™ e~ B1 (119
Ku™p~ BI ( 44
K*(892) ™ ™ BI ( 106
HTTP://PDG.LBL.GOV Page 103

http://pdg.Ibl.gov)

+ 012 )% -
x 1072 CL=90% 2460

+ 08 )x10~4 -
+12 )% -
% CL=90% -

% CL=90% -

x 1073 CL=90% -

x 103 CL=90% -

x 1073 CL=90% -

+ 08 )% -
x 1073 CL=90% 2021

+ 24 )x1073 -
x 103 CL=90% -

+ 24 )x1073 -
x 1073 CL=90% 1938

+ 030 )x107%  S=11 -
i’ %:23 ) X 10— 4 -
+ 04 )% -
£ 05 )% -
+ 05 )% -
+ 06 )x1073 -
+ 06 )% -
+ 023 )% -
+ 04 )% -
x 103 CL=90% -

+ 13 )x1070 -
+ 12 )x1070 -
+ 1.0 )x107° -
x 1078 CL=90% 2638

x 107 CL=90% 2638

x 1078 CL=90% 2634

+ 06 )x10—7 2617
+ 020 )x107% S=12 2564
+ 04 )x10~7 2612
+ 0.09 ) x 10~ 2560
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Kt~ BI ( 48 + 04 )x1077 2617
K*(892) ¢t ¢~ BI ( 1.05 + 0.10 ) x 1076 2564
Kvo B1 < 1.7 x 1072 CL=90% 2617
K*vv B1 < 76 x 107° CL=90% -
setuF LF  [gg] < 22 x 1075 CL=90% -~
wet T LF < 92 x 1078 CL=90% 2637
pet T LF < 32 x 1076 CL=00% 2582
Ket T LF < 38 x 1078 CL=90% 2616
K*(892)e® ;T LF < 51 x 107 CL=90% 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 = (1.568 + 0.009) x 10712 s
Mean life 7 = (1.72 4+ 0.10) x 1071? s  Charged b-hadron
admixture
Mean life 7 = (1.58 & 0.14) x 10712 s Neutral b-hadron ad-
mixture

T charged b—hadron/ T neutral 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.

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 BO Particle
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)=B(b— BO)
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B(b— BT)+B(b— BY) +B(b— BY)+ B(b— b-baryon) = 100 %.

The correlation coefficients between production fractions are also re-
ported:

cor(Bg, b-baryon) = —0.291

cor(BY, B+=B0) = —0.083

cor(b-baryon, Bi:BO) = —0.929.

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

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

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

Scale factor/ p
b DECAY MODES Fraction (I;/T) Confidence level (MeV/c)
Bt (402 + 0.7 )% -
BO (402 + 0.7 )% -
BY (105 + 0.6 )% -
b-baryon (92 +£15)% -
DECAY MODES
Semileptonic and leptonic modes
vanything (231 +£15)% -
¢t vypanything [sss] ( 10.69+ 0.22) % -
et vpanything ( 10.86+ 0.35) % -
ut v, anything ( 10.95F 8:%2)% -
D~ /T vyanything [sss] ( 2.27+ 0.35) % S=1.7 -

49 + 1.9 )x 1073 -
26 + 1.6 ) x 1073 -
6.84+ 0.35) % -
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~ T ¢ vyanything
_D_7r_£Jr vpanything
Do_g—i- vpanything [sss]
907?_£+ vpanything
DO 7t ¢+ vy anything
D*= ¢+ vpanything [sss]
D*~ 7w~ ¢t vyanything
D*~ 7T 0T vyanything
D?€+ vpanything X [sss,ppaal
B(EJQ — D*Tx7)
Dj_£+ vpanything x [sss,ppaa] ( 7.0 £ 2.3 ) x 103 -
B(D; — D°%1™)

e e e N e s N N N
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53(2460)06+ vganything
x B(D3(2460)° —
D*~7T)
D3%(2460)~ £+ vpanything
x B(D3(2460)" —
DO7~)
5;(2460)05+ 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
0 p=* :
D" D_ anything
+ .
D¥ D anything
DO DO anything
DO D+ anything
D* DF anything
D™ anything

D*(2010) ™ anything
D1 (2420)% anything

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

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

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

€/ c anything

HTTP://PDG.LBL.GOV

[sss] ( 1.7
(
(9
[sss] (
( 1.6
( 59.8
[gg] ( 91
gg] ( 4.0
[gg] ( 5.1
gg] ( 27
[gg] < 9
( 233
(173
( 5.0
gg] ( 3.3
gg] ( 3.0
[gg] ( 25
(10
( 47
(14.7
( 10.1
( 97

[ooaa] (116.2

Page 106

+29)% -

T o8)% -

I+ |+
RN RN

I+

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

|+ W W

I+

09 )% -

| +

10 )% -
+ 04 )% -

11
T )% -

+27)% -
+21)% -
+31)% -
+29)% -
+32)% -
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J/1(1S)anything
(2S)anything
Xc1(1P)anything

5y
2%

K= anything
K%anything

7+ anything
79 anything
¢anything

p/Panything
A/ Aanything
b-baryon anything

Charmonium modes

B1

( 1.16+ 0.10) %
( 2.83+ 0.29) x 1073
(1.4 +04)%

K or K* modes

<

( 31 + 11)x107%
6.4
(74 +£6 )%
(290 + 29)%

Pion modes
(397 +21 )%
[ooaa] (278 +60 )%

Baryon

( 2.82+ 0.23)%

modes

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

x 104 CL=90%

Other modes

charged anything [o0aa] (497 £+ 7

hadront hadron™

) % -
(17T 30y <105 -~

charmless (7 421 )x10°3 -
AB = 1 weak neutral current (B1) modes
uT 1~ anything B1 < 32 x 10~% CL=90% -
B* I(JP) = 3017)

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

Mass mg. = 5325.2 & 0.4 MeV

mg. — mg = 45.78 £ 0.35 MeV

Mpey — Mgy = 45.0 £+ 0.4 MeV
B* DECAY MODES Fraction (I';/T) p (MeV/c)
B~ dominant 45
By (5721)° 1(JP) = 3017T)
I, J, P need confirmation.

B;(5721)° MASS = 5723.5 + 2.0 MeV (S =1.1)

Mo — Mgy = 4443 £2.0MeV (S =1.1)
1
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31(5721)0 DECAY MODES Fraction (I';/T) p (MeV/c)
B*t n— dominant -
5(5747)° 1(JP) = 3(2™)
I, J. P need confirmation.

B3(5747)° MASS = 5743 £ 5 MeV (S = 2.9)
Full width T =237 MeV
Mpgso — Mpgo =19+ 6 MeV (S =3.0)

35(5747)0 DECAY MODES Fraction (I';/T) p (MeV/c)
Btn— dominant 424
B*t n— dominant -

BOTTOM, STRANGE MESONS
(B==+1,5=7F1)

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

B? 1(JP) = 0(07)

I, J, P need confirmation. Quantum numbers shown are quark-model
predictions.
Mass Mgo = 5366.77 + 0.24 MeV

Mgy — mg = 87.35 = 0.23 MeV

Mean life 7 = (1.512 + 0.007) x 10712 5
cr = 453.3 um
Algo =Tgo — Fgo = (0.091 + 0.008) x 10" s~

0
BsH

B9-BY mixing parameters

= (17.761 4+ 0.022) x 1012 i s~ 1
= (1.1691 + 0.0014) x 1078 MeV
Xs = Amgo /T 5o = 26.85 + 0.13

Xs = 0.499311 4 0.000007

AmBg = mBO

sH BsL
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CP violation parameters in Bg
Re(ego) / (14 |egol?) = (—1.9 + 1.0) x 1073

Ckk(BY— KTK™)=0.14 £0.11

Skk(BY — KTK™)=030=+0.13

CP Violation phase 3, = (0.0 + 3.5) x 1072
Acp(Bs —» mtK~) = 0.28 + 0.04

Acp(BY — [KTK™]pK*(892)%) = 0.04 + 0.16

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.

Bg DECAY MODES

Scale factor/ p

Fraction (I';/T) Confidence level (MeV/c)

D_ anything

lvp X

D;€+Vganything

Ds1(2536) ut v,
D, — D K

D41(2536)” X ut v,
D — D°K*

D»(2573) Xt v,
D, — DK+

HTTP://PDG.LBL.GOV

(93

(43

(26

£25 )% —
(105 + 0.8 )% -
[ggaal (79 £ 24)% -
(25 + 07 )x1073 -

+

+

( 3.04+

(7.0
(6.3
(25

+
+
+

( 203+

(33
(4.4
(3.6
( 2.2
(1.9

Page 109

+

+
+
+
+

1.7 )x 1073 -
12 ) x 1073 -
0.23) x 1073 2320
15 )x 1073 2249
1.1 )x 1073 2301
0.8 )x107° -

0.28) x 1074  S=13 2203

0.7 )x 1074 2249
05 ) %103 1824
0.8 ) x 104 1875
0.6 ) x 104 1925
0.5 ) x 104 1929
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D~ T
D:™ p*
D:*D; + DI DY
D*t D*~
P+ p-
_Ss s
DYK—m*

DO K*(892)°
DKt K~

—

J/ 15) fo(980), fo —
atmT
J/1(1S5) 5(1370),
fo — wtm™
J/1(15) £,(1270),
fo — wto~
J/p(1S)mT
onant)
J/Y(1S)KT K~
J/( )f§(1525)
(

7w~ (nonres-

HTTP://PDG.LBL.GOV

(20 +
(9.7 +
( 1.28+
( 1.85+

(45 +
(9.9 +
(35 +
(42 +
(24 +
< 6.1
( 1.07+
< 12
(40 +
(1.87+
(44 +
(34 +
( 212+
( 1.39+

+ 08
(39 73

(11 +

+ 11
(18 * 32

(79 +
(26 +
< 48
(33 +
(72 +
(5.4 +
( 2.02+
(76 +
2.1
1.0
1.5
3.20
6.17
(1.91+
(55 +
( 2.49+
< 6.6
(1.9 +

VANVANRVANRVANRIAN
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05 )x 103
2.2 )x 1073
0.23) %
0.30) %

14 )%
15 )x10~4
0.6 ) x 104
1.9 ) x 1072
0.7 ) x 107>
x 10~
0.09) x 10~3
x 103
0.7 ) x 1074
0.17) x 10~°
0.9 ) x 107°
0.5 ) x 104
0.19) x 10~4
0.14) x 10~4

) x 1072

0.4 )x10

) x 1072

0.7 ) x 104
0.6 ) x 1074
x 10~
0.9 ) x 10~ 4
12 )x 1072
0.6 ) x 104
0.30) x 10~ 4
1.9 )x 10~ 7
x 10~4
x 10~3
x 10~3
x 10~4
x 10~4
0.31) x 107>
0.6 ) x 10~
0.17) x 1072
x 105
0.5 ) x 107>

S=1.2

CL=90%

CL=90%
5=1.3

CL=90%

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

CL=90%

2265
2191
1742
1655

2312
2264
2242
2235

1588
1786
1733
1743
1637
1612
1775

1775

1601
1304

982
1338
1397
1120
1274
2680
2680
2654
2627
2569
2526
2482
2659
2638
2637
2653
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KOK+ 7T (97 £ 1.7 )x 10752 2622
KOKt K~ < 4 x 1076 CL=00% 2568
K*(892)9 p0 < 7.67 x 1074 CL=90% 2550
K*(892)0 K*(892)° (28 + 07 )x1075 2531
»K*(892)° ( 113+ 0.30) x 100 2507
pp (28 T 22 )x1078 2514
A At (36 + 1.6 )x 1074 —~
Yy BI < 87 x 1076 CL=90% 2683
oy (36 + 04 )x10"° 2587

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

wtp~ BI (31 £ 07)x109 2681

et e B1 < 28 x10~7 CL=90% 2683

et T LF [gg] < 11 x 1078 CL=90% 2682

p T < 12 x 1078 CL=90% 2673
SP, §$ — /~L+ uo, [ggaa]l < 1.2 x 1078  CL=90% -

P— ptp”

#(1020) 't ™ BI (76 + 1.5 )x10~7 2582

OUT BI < 5.4 x 1073 CL=90% 2587
B 1(JP)y =0(17)

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

Mass m = 5415.4757 MeV (S = 3.0)

mp: — mg_ = 487133 MeV (S = 2.8)

B; DECAY MODES Fraction (I';/T) p (MeV/c)
Bs~y dominant -
Bs1(5830)° 1(JP) = o(11)
I, J, P need confirmation.

Mass m = 5828.7 &+ 0.4 MeV (S = 1.2)

mB(s)l — mp.; = 504.41 + 0.25 MeV
351(5830)0 DECAY MODES Fraction (I';/T) p (MeV/c)
B*T K~ dominant -
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*,(5840)° 1(JP) = 0(2™)

I, J. P need confirmation.
Mass m = 5839.96 + 0.20 MeV
Mgy — Mgo = 10.5 £+ 0.6 MeV
s2 sl
Full width ' = 1.6 & 0.5 MeV

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

B+ K~ dominant 253

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

+ T - .. ,
Bl =cb, B, =¢b, similarly for B's

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

Mass m = 6.2756 + 0.0011 GeV
Mean life 7 = (0.452 & 0.033) x 10?2 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/¢(18) 47 vpanything (5.2 4_’%:‘1‘ ) x 1070 -
J/lﬂ(ls)ﬂ'+ seen 2371
J/¢(15) K+ seen 2342
J/¢(15)7T+7T+7T_ seen 2351

J/¥(15) a1(1260) < 1.2 x 103 90% 2170
J/¢(15)K+ K= rt seen 2203
@D(QS) T seen 2052
J/1(1S) Dj seen 1822
J/¢(15) D:+ seen 1728
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D*(2010)* DY
D+ K*0
D+ K*0
D+ K*O
S
+ 770
Di K*
DY ¢
KT KO
BY7t/ B(b — By)

< 6.2 x 1073 90% 2467
< 0.20 x 106 90% 2783
< 0.16 x 106 90% 2783
< 0.28 x 100 90% 2752
<04 x 1070 90% 2752
< 0.32 x 100 90% 2728
< 4.6 x 10~/ 90% 3098

(2377330 x 1073 -~

cc MESONS

nc(1S)

/G(JPC) — 0+(0—‘|‘)

Mass m = 2983.6 + 0.7 MeV (S = 1.3)
Full width I = 32.2 & 0.9 MeV

nc(1S) DECAY MODES

p
Fraction (I';/T) Confidence level (MeV/c)

Decays involving hadronic resonances

n'(958) w
pp
K*(892)° K~ 7t + c.c.
K*(892) K*(892)
K*OK*0 gt =

KT K~

X

¢2(rt 7))

a0(980) 7

ap(1320) 7
K*(892)K + c.c.
£,(1270)7

ww

w

£,(1270) f,(1270)
f(1270) £, (1525)

HTTP://PDG.LBL.GOV

(41 £17 )% 1323
(1.8 £05 )% 1275
(2.0 £0.7 )% 1277
(7.0 £1.3 )x 1073 1196
(1.1 £05 )% 1073
(29 +1.4 )x 1073 1104
( 1.7640.20) x 10~3 1089
< 4 x 1073 90% 1251
< 2 % 90% 1327
< 2 % 90% 1196
< 1.28 % 90% 1309
< 11 % 90% 1145
< 31 x 1073 90% 1270
< 17 x 1073 90% 1185
(9.8 £2.5 ) x 1073 774
(9.7 £32 ) x 1073 513
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Decays into stable hadrons

KK (7.3 £05 )% 1381
nrta~ (1.7 £05 )% 1428
n2(rt ) (44 +13)% 1385
KtK—atn~ (6.9 +1.1)x10"3 1345
KtK-ntaz0 (35 +0.6 )% 1304
KOK—ntr 7t +cc. (56 £1.5)% -
KTK=2(rt77) (75 +2.4 )x103 1253
2(KTK™) ( 1.47£0.31) x 103 1055
at o~ 7070 (47 +£1.0 )% 1460
2(r T ™) (9.7 £1.2 )x 1073 1459
2(rt 7 n9) (17.4 £33 )% 1409
3(rt ) (1.8 £04 )% 1407
pp ( 1.52+0.16) x 10~3 1160
ppT (36 £1.3 )x 1073 1101
AA ( 1.09+0.24) x 10~3 990
Sty- (21 406 )x 1073 901
==t (89 +27 )x10~4 692
Kn (10 +5 )x10-3 1265
T pp (53 £1.8 )x 1073 1027
Radiative decays
vy ( 1.5740.12) x 10~4 1492
Charge conjugation (C), Parity (P),
Lepton family number (LF) violating modes
I P.CP < 11 x 10~4 90% 1485
7070 P,CP < 35 x 105 90% 1486
Kt K~ P.CP < 6 x 10~4 90% 1408
K K2 PCP < 31 x 1074 90% 1406
J/¥(1S) 16FPC =017 ")

Mass m = 3096.916 + 0.011 MeV

Full width T = 92.9 £ 2.8 keV (S = 1.1)

Moo = 5.55 £ 0.14 + 0.02 keV

Scale factor/ p

J/%(1S) DECAY MODES

Fraction (I';/T)

Confidence level (MeV/c)

hadrons
virtualy — hadrons

888

Y88
ete™

ete vy
pt

HTTP://PDG.LBL.GOV

[rraa]
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(87.7 +£05 )%
(13.50 +0.30 ) %
(641 +1.0 )%
(88 +£1.1 )%
( 5.971+0.032) %
(88 +14 )x103
( 5.961-£0.033) %
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1548
1548
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Decays involving hadronic resonances

P
2070
a,(1320) p
wrntatr—n~
wrta— 70
wrtn™
a)@(1270)
K*(892)0 K*(892)°
K*(892)T K*(892)F

K*(892)* K*(800)T
nK*(892)° K*(892)°
K*(892)° K3(1430

wK*(892)K + c.c.
KT K*(892)™ + c.c.

KT K*(892)™ + c.c. —

KT K70

KT K*(892)" + c.c. —

KOKErT + cc.
KOK*(892)%+ c.c.
KOK*(892)°+ c.c. —
KOKEnT + cc.
K1(1400)* KT
K*(892)K*T 7~ + c.c.

w7r07r0

bi(1235)* 7 ¥
wK* K% T
b1(1235)0 7°
nKEKLTF
HK*(892)K + c.c.
wKK

u)fo(].T].O) — wKV
¢2(rT77)
A(1232) T pr—
w1
PKK

$f(1710) — oK K
$£(1270)
A(1232)T+ A(1232)—

> (1385)~ X(1385)™ (or c.c.)

¢ f1,(1525)

HTTP://PDG.LBL.GOV

)+ cc.
K*(892)0 K»(1770)0 + c.c. —
K*(892)° K~ nt + c.c.

[gzg]
[gzg]

[gzg]

[gg]

( 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
(3.4
(3.0
(3.4
(23
(22
( 2.18
( 1.70
(48
( 1.66
(16
( 1.74
( 1.83
(3.6
(7.2
( 1.10
( 1.10
(8
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+0.15 ) %

+0.7 ) x 1073
+0.22 )%

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

<10

+ (1)-2 ) x 10~3

+0.26 ) x 1073
+0.6 )x 1073
+0.9 )x10~4

+0.9 )x1073
+0.30 ) x 10~3
4+0.20 ) x 1073

+0.4 )x1073

+0.31 ) x 1073
+04 )x1073

+1.4 )x 1073

+0.8 )x 1073
+05 )x 1073
+05 )x 1073
+0.6 )x 1073
+0.4 )x1073
+0.23 ) x 1073
+0.32 ) x 1073
+11 )x10~4
+0.23 ) x 1073
+05 )x1073
+0.20 ) x 1073
+0.24 ) x 1073
+0.6 )x10~4
+13 )x10~4
4+0.29 ) x 1073
+0.12 ) x 1073
+4 )x107%4

S=2.4 1448
1448
1123
1392
1418
S=1.1 1435
1142
1266

1266

1003
1012

1097
1373

1373

1170

1343

1436

1300

1210

1300

1278

969

1268

878

1318

1030

S=1.6 1394
S=15 1179
875

1036

938

697

S=2.7 871
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prta™ (9.4
7070 (56
pKEKL AT lgg] (7.2
w f1(1420) ( 6.8
¢n (75
=0=0 ( 1.20
=(1530)" =* (5.9
pK~ X (1385)° (5.1
wn (45
$1/(958) ( 4.0
¢ 1(980) (32
$1(980) — omt ™ (1.8
»1(980) — ¢7T07r0 (17
100(980) — nom (32

$20(980)° — g (5
=(1530)0 =0 (3.2
> (1385) X (or c.c.) lgg] (3.1
¢ 1(1285) (26
777r+7r_ (40
pn (1.93
wn'(958) (1.82
w £5(980) (14
n'(958) ( 1.05
ap(1320)* [eg] < 43
K K5(1430)+ c.c. < 40
K1(1270)* KT < 30
K3(1430)0 K5(1430)° < 29
0 < 6.4
¢n(1405) — onmm < 25
w5 (1525) < 22
wX(1835) — wpp < 39
n¢(2170) — < 252
17 K*(892)° K*(892)°
5 (1385)%A+ c.c. < 8.2
A(1232)Tp <1
A(1520) A+ c.c. — YAA < 41
(1540)@(1540) < 11
K2 sPK N+ cc
(1540) n— KO pK™n < 21
O(1540)K%p — K¢ pK+ < 1.6
O(1540)K*T n — KopK+ < 5.6
O(154 )K%p — K% sPK™n < 11
SO0A <9
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+0.9 )x10~4 S=1.2
+16 )x10~4
+0.8 )x 1074
+2.4 )x10~4
+08 )x10~% S=15
+0.24 ) x 1073
+15 )x10~4
+32 )x10~%

+05 )x10~4 S=1.4
+0.7 )x10~4 $=2.1
+0.9 )x10~4 $=1.9

+0.4 )x10~4

+0.7 )x10~4

+1.0 )x10~%

+4  )x107°

+1.4 )x10~4

+05 )x10~%4

+05 )x10~4 S=1.1

+17 )x10~4

+0.23 ) x 10~4

+0.21 ) x 10~4

+05 )x10~%4

+0.18 ) x 10~4
x 1073  CL=90%
x1073  CL=90%
x 1073 CL=90%
x1073  CL=90%
x1070  CL=90%
x10~%  CL=90%
x10~%  CL=90%
x1076  CL=05%
x10~%  CL=90%

x 1070  CL=90%
x10~%  CL=90%
x 1070  CL=90%
x 107>  CL=90%

x 1072  CL=90%
x 1072  CL=90%
x107°  CL=90%
x 1072  CL=90%
x107°  CL=90%

1365
1366
1114
1062
1320

818

600

646
1446
1192
1178

1032

Created: 8/25/2014 17:06



Citation: K.A. Olive et al. (Particle Data Group), Chin. Phys. C38, 090001 (2014) (URL: http://pdg.Ibl.gov)

Decays into stable hadrons

2(rt )70 (41 +05 )% 5=24
3(rt7)n0 (29 06 )%

at a0 (211 £0.07 )% S=15
ata aOKT K™ (179 £0.29 )% S=22
4(nt )0 (9.0 +£30 )x1073

ata KT K™ (66 +05 )x103

ata KTK™n (1.84 +0.28 ) x 1073

mOnO Kt K~ (245 +£0.31 ) x 10~3

KK (6.1 +£1.0 )x10°3

2(r T ™) (1357 +£0.30 ) x 1073

3(rt ) (43 +£04 )x103

2(rt n~ 70) (1.62 £0.21 )%

2(rt 77 )y (229 £0.24 ) x10~3

(7 )n (72 +15 )x1074

pp ( 2.12040.029) x 103

ppn° ( 1.19 £0.08 ) x 10~3 S=1.1
pprt T (6.0 £05 )x10~3 S=13
pprnt a0 [ssaa] (2.3 409 )x10~3 S=1.9
PPN (2.00 £0.12 ) x 1073

ppp < 31 x10~%  CL=90%
ppw (9.8 +10 )x10~4 S=1.3
ppn’(958) (21 +04 )x10~4

pp o (45 +15 )x107°

nn (2.09 +£0.16 ) x 10~3

nart T (4 +4 )x103

yty- ( 1.50 +0.24 ) x 1073

>050 (1.29 +0.09 ) x 103
2Azr T T )KT K™ (47 £07 )x103 S=1.3
pAT— ( 2.12 +0.09 ) x 1073

nN(1440) seen

nN(1520) seen

nN(1535) seen

=—=t (86 =+£1.1 )x1074 S=1.2
AA (1.61 £0.15 ) x 10~3 S=1.9
AX =7t (or c.c.) [gg] (83 +07 )x10~% S=1.2
pK=A (89 =£1.6 )x10~4

2(KTK™) (76 409 )x10~4

pK— X0 (29 £08 )x10~4

KT K~ (270 £0.17 ) x 10~4

K2 K9 (21 £04 )x10~% 5=3.2
AT~ (43 £10 )x10~3

AAn (1.62 +0.17 ) x 104

AARO (38 +04 )x1075
HTTP://PDG.LBL.GOV Page 117 Created: 8/25/2014

1496
1433
1533
1368
1345
1407
1221
1410
1442
1517
1466
1468
1446
1379
1232
1176
1107
1033
948
774
768
596
527
1231
1106
992
988
1320
1174
984
928
914
807
1074
950
876
1131
819
1468
1466
903
672
998
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872
1542
1034
1466

1548
1548
1548

111

1518
1487

1223
1223

1340
1338
1258
1400
1517

879

1407

891
1336
1223
1286

1075

1500
1220
1283

1173

AnK%+ ce (65 +1.1 )x10~4
L ( 1.47 +£0.14 ) x 10~4
ANX + cc. (2.83 £0.23 ) x 107>
K KY <1 x1076  CL=05%
Radiative decays
3y (116 +£0.22 ) x 10~°
4y < 9 x1076  CL=00%
5 < 15 x 1072  CL=90%
N (1S) (1.7 404 )% S=1.6
yne(1S) — 3y (38 T13 )x1070 S=1.1
vt =270 (83 +31 )x10-3
ynwmw (61 +£1.0 )x10-3
y1o(1870) — ynprta~ (62 +24 )x1074
yn(1405/1475) — YKKm [o] (28 406 )x10~3 S=1.6
vn(1405/1475) — ~~p° (7.8 +20 )x1075 5=1.8
yn(1405/1475) — ~ynata— (30 +£05 )x10~4
vn(1405/1475) — ~~vy¢ < 82 x107°  CL=95%
Ypp (45 +08 )x1073
v pw < 54 x10~%  CL=90%
Ypd < 88 x 1072  CL=90%
v’ (958) ( 515 £0.16 ) x 10~3 S=1.2
y2rt2om— (28 £05 )x10~3 S=1.9
v £(1270) »(1270) (95 +17 )x10~4
v5(1270) £,(1270) (non reso- (82 £1.9 )x10~4
nant)
YKTK ntn~ (21 £06 )x10~3
7 2(2050) (27 +07 )x103
Yww (1.61 +0.33 )x 1073
1 (1405/1475) — ~p° p° (1.7 +04 )x10~3 S=13
v £(1270) (143 +£0.11 ) x 1073
vf(1710) - yKK (85 Tia )x107* S=1.2
vf(1710) — 7w (40 +10 )x107%
v1(1710) —» yww (31 +10 )x104
N ( 1.104£0.034) x 10—3
v£(1420) — yKKn (79 +13 )x107%
v f1(1285) (61 +08 )x1074
v £(1510) — ynprta~ (45 +12 )x10~4
v 5(1525) (45 TOT )x10—*
75 (1640) — yww (28 +1.8 )x10~4
v5(1910) —» yww (20 +14 )x10~4
vf(1800) — ywao (25 +06 )x10~4
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v £(1950) — (7.0 +22 )x1074 -
v K*(892) K*(892)
v K*(892) K*(892) (40 +13 )x103 1266
Yoo (40 +12 )x10~% $=2.1 1166
YpP (38 +1.0 )x10~4 1232
vn(2225) (33 405 )x10~4 749
yn(1760) — ~pY p° (13 +09 )x10~4 1048
yn(1760) — yww ( 1.98 £0.33 ) x 10~3 -
vX(1835) — 7t/ (26 +04 )x104 1006
vX(1835) — ~pp (7.7 i'(l)g ) x 1072 -
v X(1840) — ~43(xT77) (24 i‘gg ) 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
v £;(2220) > 2.50 x1073  CL=99.9% 745
vf;(2220) — y77w (8 +4 )x107° -
vf;(2220) - YKK < 36 x 1075 -
vf;(2220) — ~pp (15 +08 )x107° -
~ fp(1500) ( 1.01 +0.32 ) x 1074 1183
vA — ~invisible [ttaa] < 6.3 x1070  CL=90% -
’yAO — ypt T [uvaal < 2.1 x 1072 CL=90% -
Weak decays
D~ et v+ cc. < 12 x107°  CL=90% 984
DPete™ + cc. < 11 x107%  CL=90% 987
D, etve+ cc. < 3.6 x 1073  CL=90% 923
D=7t + c.c. < 75 x1073  CL=90% 977
DOKO+ c.c. < 17 x10~%  CL=90% 898
D_nt+ cc. < 13 x10~%  CL=90% 916
Charge conjugation (C), Parity (P),
Lepton Family number (LF) violating modes
vy C < 5 x1070  CL=00% 1548
et T LF < 16 x10~7  CL=90% 1547
et T LF < 83 x1070  CL=90% 1039
ptrF LF < 2.0 x1076  CL=00% 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% 920
fo(1370) fo(1710) (66 133 )x1074 721
f(1500) fo(1370) <13 x 1074  CL=90% 920
f(1500) f5(1500) <5 x 107>  CL=90% 805
fo(1500) fo(1710) <7 x107°  CL=90% 557
KTK-nta— 70 (1.1140.26) % 1545
KT K= n970 (5.4 £0.9 ) x 103 1582
KTr~ KO0+ cc. (2.4440.33) % 1581
pT K= K%+ c.c. (1.1840.21) % 1458
K*(892)" K+ 70 — (45 +1.1 ) x 1073 -
Kt~ Ko7+ c.c.
KSKQmt o™ (5.6 £1.0 ) x 103 1579
KT K= nxd (3.0 £0.7 ) x 103 1468
3(rt77) (1.204£0.18) % 1633
K+ K*(892)%7~ + c.c. (7.2 £1.6 ) x 1073 1523
K*(892)% K*(892)° (1.7 £0.6 ) x 1073 1456
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T

7TOT7
7TOn/
nmn
nn

!

mn

ww

wo

KTK~

KsKS

W+W_n

=y

KKt 1~ + cc.

KT Km0

KtK™n

KTK™KYKS

KTK-KTK™

KTK™¢

ol

PP

ppm°

PP

ppw

ppP®

pprt T

ppr0 70

pp K™ K~ (non-resonant)

PPRSKS

pnm—

ﬁnw+

pnmt— T

ﬁnﬁ+ﬁo

AA

Arta=
AA7TT 7~ (non-resonant)
5> (1385)T Ar~ + c.c.
5 (1385)" Art+ c.c.

KTpA+ c.c.

KT pA(1520)+ c.c.

A(1520) A(1520)

5050

Sty

5 (1385)* X (1385)

0
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(8.3340.35) x 103

<138
<11

x 10~4
><1O_3

(2.95+0.19) x 103

<23

x 104 CL=90%

(1.9640.21) x 10~3
(9.5 +1.1 )x 1074
(1.16+0.21) x 10~4
(5.9140.32) x 10—3
(3.10+0.18) x 103

<19
<35
<9
<6
<22

x10~4  CL=90%
x10~%  CL=90%
x 107>  CL=90%
x 107>  CL=90%
x10~%  CL=90%

(1.4 £0.5 ) x 103
(2.7540.28) x 10~3
(9.5 +2.4 ) x10~4
(7.7 £0.7 ) x 10~4
(2.2540.09) x 10~4
(6.8 +0.7 ) x 1074 S=13
(3.5 +0.4 )x 1074
(5.1 £0.6 )x10~4
(5.9 +1.4 ) x 107>
(2.1 £0.7 ) x 1073 S=1.4
(1.0240.27) x 10—3
(1.1940.26) x 10~4

< 8.8

x 10~ 4 CL=90%

(1.2440.11) x 10—3
(1.3440.12) x 10~3
(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 x10~4  CL=90%
<5 x 104  CL=90%
<5 x10™%  CL=90%

(1.2240.12) x 10~3 S=1.3

(2.9 £0.7 ) x10~4
(3.1 +12 )x 1074
(4.4 +04 )x 1074
(3.9 £0.7 ) x 1074 S=17
(1.6 +0.6 ) x10~4

Page 121

1702
1661
1570
1617
1521
1413
1517
1447
1634
1633
1651
1560
1610
1611
1512
1331
1333
1381
1370
1426
1379
1187
1043

876
1320
1324

890

884
1376
1376
1321
1321
1292
1153
1153
1083
1083
1132

858

779
1222
1225
1001
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¥ (1385) X(1385)" (23 +£0.6 ) x 10~* 1001
Z0=0 (3.1 +£0.8 ) x 10~4 1089
— (4.7 £0.7 )x 1074 1081
Radiative decays
~vJ/P(1S) (1.2740.06) % 303
v p° <9 %1076  CL=90% 1619
Yw <8 x1070  CL=90% 1618
Y <6 x1076  CL=90% 1555
vy (2.2340.13) x 10~ 4 1707
Xc1(1P) 16(UPC) =0Tt )
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” KTKY+ cc.
K*(892)° KO 70 —
KTrn= K70+ c.c.
Kt K= nnd
rta~ K% K%
KtK™n
KOKtn~+ cc.
K*(892)° KO+ c.c.
K*(892)T K~ + c.c.
K*(1430)°K%+ c.c. —
KSKT =+ cc.
K*(1430)T K~ + c.c. —
K% KT7~+ cc.
KT K= 0
nﬂ+ﬂ_

a0(980)T 7~ + c.c. —» pmT

HTTP://PDG.LBL.GOV

Hadronic decays

(58 +1.4 )x10~3 S=1.2 1683
7.6 +£2.6 )x 103 1728

(

( 1.22+0.16) % 1729

( 1.4840.25) % 1658

3.9 +£35 )x 103 1657

(

(55 +0.8 ) x 104 1729

(45 +1.0)x 1073 1632

( 1.14+0.28) x 10~3 1634

87 +1.4 )x 103 1632

(

51 +1.2 )x 103 1514

(

(2.4 £0.7 ) x 1073 -

( 1.1440.35) x 10~3 1523

7.0 £3.0 ) x 1074 1630

(

(32 +£1.0 ) x 10~4 1566

7.1 £0.6 )x 103 1661

(

1.0 £0.4 )x10~3 1602

(

(15 +£0.7 ) x 1073 1602
< 8 x10~%  CL=90% -
< 22 x 1073 CL=90% -

( 1.85+0.25) x 1073 1662

(49 +05)x10~3 1701

T (1.8 +0.6 )x 1073 -
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£(1270)7
oy
70£y(980) — mOnta~
KT K*(892)° 7~ + c.c.
K*(892)0 K*(892)°
KTK™KYKS
KTK-KTK™
Kt K=o
ww
wo
ol
PP
ppm°
ppN
ppw
ppP®
pprt T
pp KT K~ (non-resonant)
PPKIKS
pam
ﬁnﬁ+
pnmt— T
ﬁmr+ 790
AA
AMat =
AA7T 7~ (non-resonant)
> (1385)T An~ + c.c.
>(1385)" Art + c.c.
KTpA
K+ BA(1520) + c.c.

0

A(1520) A(1520)
>050
>ty
X (1385)" X (1385)~
5 (1385)~ X(1385)"
_:0?0
==t
e~ + KHK™
K2 K

s™Ss
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(27
(2
< 6
(3.2
(15
< 4
(55
(4.2
(58
(21
(42

+0.8 ) x 1073
+05 )x 1073

x 10~
+2.1 ) x 1073
+0.4 )x 1073

x 10~4
+1.1 )x10~%
+1.6 )x 104
+0.7 )x 1074
+0.6 ) x 1072
+0.5 ) x 10~4

CL=90%

CL=90%

( 7.72+0.35) x 1072
( 1.59+0.19) x 10~4
( 1.48+0.25) x 10~4
( 2.16+0.31) x 104

< 1.8
( 5.0

x 1070
+1.9 )x10~4

CL=90%

( 1.30+0.23) x 10~4

< 45
(3.9
( 4.0

x 10~4
+05 )x 1074
+05 ) x10~4

CL=90%

( 1.0540.12) x 10~3
( 1.03+0.12) x 10~3
( 1.16+0.12) x 10~4

( 3.0
(25
< 13
< 13
(4.2
(1.7

(8.2
< 21
< 6
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+05 ) x 104
+0.6 ) x 10~%
x10~%4  CL=90%
x 1074 CL=90%
+0.4 ) x 10~4 S=1.1
+05 )x 1074
x 10~4
x 1075
x 1079
x 10~4
x 1075
x 1079
4+22 )x 1070
x 103
x 1075

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

CL=90%

1468
1612
1577
1512
1390
1393
1440
1571
1503
1429
1484
1438
1254
1117

962
1381

974

968
1435
1435
1383
1383
1355
1223
1223
1157
1157
1203

950

879
1288
1201
1081
1081
1163
1155

1683
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Radiative decays

~vJ/(1S) (339 £1.2 )% 389

v p° ( 2.2040.18) x 10~4 1670

yw (6.9 £0.8 ) x 1072 1668

v (25 +05)x107° 1607
h.(1P) 1I6(JPCYy =271+ )

Mass m = 3525.38 &= 0.11 MeV
Full width ' = 0.7 & 0.4 MeV

h.(1P) DECAY MODES Fraction (I';/T) Confidence level (M:V/c)
J/¢(15)Wﬂ not seen 312
pp < 15 x 10~4 90% 1492
N (1S)~y (51 +6 )% 500
atn—x0 < 22 x 103 1749
2rt2r 70 (22738) % 1716
3rt 37— 70 < 29 % 1661
Xc2(1P) 16(PC) =0t )
Mass m = 3556.20 4+ 0.09 MeV
Full width ' = 1.93 + 0.11 MeV
Xc2(1P) DECAY MODES Fraction (I';/T) Confidence level (MSV/C)
Hadronic decays
20rT ™) ( 1.0740.10) % 1751
atn=70x0 ( 1.9240.25) % 1752
ptn 70+ cc. (23 +£0.4 )% 1682
470 ( 1.160.16) x 103 1752
KT K= 7070 (22 +0.4 )x 103 1658
KTr= KO0+ cc. ( 1.44+0.21) % 1657
p” KTKY+ cc. (43 £1.3 )x 103 1540
K*(892)° K~ 7t — (31 £08 )x1073 -
K- 7t Ko7+ c.c.
K*(892)° K070 — (40 £0.9 )x 1073 -
Ktn~ Ko7+ c.c.
K*(892)~ K+ 70 — (3.9 £0.9 )x 1073 -
Kt~ Ko7+ c.c.
K*(892)T K07~ — (31 +£08)x 1073 -

KTn KOx0+ cc.
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Kt K= nn® (13 £05 )x 1073
KtK ntn~ (88 +1.0)x10~3
KTK-nta— 70 ( 1.23£0.34) %
K+ K*(892)%7~ + c.c. (22 +1.1)x 1073
K*(892)% K*(892)° (2.4 £05 ) x 1073
3(rtmT) (86 +£1.8)x 1073
e, ( 1.1240.10) x 10~3
ww (88 +1.1 )x10~4
s ( 2.33+0.12) x 1073
POntn~ (38 £1.6 ) x 1073
L (5.0 £1.3 ) x 10~4
L (52 +£1.9 )x10~4
nn (5.7 £0.5 ) x 1074
Kt K~ ( 1.0540.07) x 10~3
_52/(2 (55 £0.4 )x 10~4
KOKT =+ cc. ( 1.3420.19) x 103
KT K~ =0 (32 £0.8 ) x 10~4
KtK™n < 34 x 104
nn' < 6 x 1075
n'n < 1.0 x 104
mra KS K (23 +£0.6 )x 1073
KTK™KYKS < 4 x 10~4
KTK=KTK~ ( 1.7340.21) x 10~3
KTK=¢ ( 1.4840.31) x 10~3
pp (75 £0.4 )x 1072
ppn° (49 +£0.4 )x 104
PPN ( 1.82+0.26) x 10~4
ppw (38 +£05)x10~%
pp o (29 +£0.9 )x10~°
pprt T ( 1.32£0.34) x 10~3
pprOn0 (82 +£25 )x 104
pp K™ K~ (non-resonant) ( 2.00+0.34) x 104
ppKIKY < 79 x 104
pAT— (89 +1.0)x10~%
pnmt (9.3 £0.9 )x 104
pan~ 0 ( 2.27£0.19) x 103
pnrnt 0 ( 2.21+0.20) x 103
AA ( 1.9240.16) x 10~4
AT~ ( 1.31£0.17) x 10~3
AA7T 7~ (non-resonant) (6.9 £1.6 ) x 10~4
>(1385)T Ar + c.c. < 4 x 104
> (1385) Art + c.c. < 6 x 1074
KtPA + cc. (81 +06 )x10~4
KT pA(1520) + c.c. (29 407 )x10~4

90%
90%
90%

90%

90%

90%
90%

1549
1656
1623
1602
1538
1707
1457
1597
1773
1682
1724
1636
1692
1708
1707
1685
1686
1592
1600
1498
1655
1418
1421
1468
1510
1465
1285
1152
1002
1410
1414
1013
1007
1463
1463
1411
1411
1385
1255
1255
1192
1192
1236

992
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A(1520) A(1520) (48 +1.5)x 1074 923
>03°0 < 6 x 1075 90% 1319
yty- < 7 x 1072 90% 1322
5 (1385)" X(1385)~ < 16 x 10—4 90% 1118
5 (1385)" X(1385)™ < 8 x 107> 90% 1118
=0=0 < 11 x 10—4 90% 1197
==t ( 1.4840.33) x 10~4 1189
J/p(1S)rt 7O < 15 % 90% 185
ne(1S)m T m™ < 22 % 90% 459
Radiative decays
~vJ/(1S) (19.2 £0.7 ) % 430
v o0 < 20 x 1075 90% 1694
Yw < 6 x 1076 90% 1692
v < 8 x 1070 90% 1632
vy ( 2.74+0.14) x 10~4 1778
nc(2S) 16(FC) =0t (0~ )

Quantum numbers are quark model predictions.

Mass m = 3639.4 + 1.3 MeV (S = 1.2)
Full width T = 11.373:2 MeV

nc(2S) DECAY MODES

Fraction (I';/T)

p
Confidence level (MeV/c)

hadrons not seen -
KK (1.9+1.2) % 1730
2rton— not seen 1793

po ,00 not seen 1646
3nt3n~ not seen 1750
KTK nta— not seen 1701

K*OW*O not seen 1586
KtK—nta 70 (1.4£1.0) % 1668
KTK—2rnton— not seen 1628
K% K~ 2’/T+7T_+ 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
rta~ n not seen 1767
tn~ 77/ not seen 1681
KT K- n not seen 1638
7t n(1S) < 25 % 90% 539
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Mass m = 3686.109 73912 MeV
Full width T = 299 + 8 keV
Mee = 2.36 £ 0.04 keV

$(25) 16FPC =017 ")

Scale factor/ p

¥ (2S) DECAY MODES Fraction (I;/T) Confidence level (MeV/c)
hadrons (97.85 £0.13 )% -

virtualy — hadrons (173 £0.14 )% S=15 -

ggg (106 +£1.6 )% -

Vg8 ( 1.03 £0.29 ) % -

light hadrons (154 +£15 )% -
ete™ (7.89 +£0.17 ) x 1073 1843
W (79 £09 )x10~3 1840
Tt (31 +04 )x1073 490

Decays into J/v(1S) and anything
J/1(1S)anything (60.9 +0.6 )% -
J/1(1S) neutrals (25.10 +£0.33 ) % -
J/p(AS) (34.45 +0.30 ) % 477
J/p(1S) 7070 (18.13 +0.31 )% 481
J/¢¥(18)n ( 3.36 +0.05 ) % 199
J/(18)n° ( 1.268+0.032) x 10~3 528
Hadronic decays

70 h(1P) (86 +£1.3 )x10~4 85
3(nt )70 (35 +1.6 )x10~3 1746
2(rt )70 (29 +£10 )x1073 S=47 1799

pa>(1320) (26 409 )x10~4 1500
pp (280 +0.11 ) x 10~ 4 1586
AT A (1.28 £0.35 ) x 1074 1371
AA7O < 29 x 1070 CL=90% 1412
AAn (25 +04 )x107D 1197
ApK™T (1.00 +0.14 ) x 104 1327
ApKTntn— (1.8 +04 )x10% 1167
AT~ (28 +06 )x1074 1346
AA (2.8 +£05 )x107% S=26 1467
AXT17+ cc. (140 +0.13 ) x 104 1376
A" rmt+ cc. ( 1.54 £0.14 ) x 10~4 1379
S05KT + cc. ( 1.67 +£0.18 ) x 105 1201
>ty- (26 +£08 )x10~4 1408
>0¥0 (22 £04 )x10~% S=15 1405
5 (1385)" X (1385)™ (11 404 )x10~% 1218
==t (1.8 +06 )x10~% S=28 1284
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_:0?0

=(1530)°=(1530)°

- 0F

™ pp
N(940)p+ c.c. — 70pp
N(1440)p+ c.c. — 7°0pp
N(1520)5+ c.c. — 70pp
N(1535)p+ c.c 9 pp
N(1650)p+ c.c. — 7°0pp
N(1720)5+ c.c. — 70pp
N(2300)p+ c.c. — 70pp
N(2570)5+ c.c. — 70pp
70£(2100) — 70pp

nf(2100) — npp

N(1535)p — npp
wpp
opp
Tt pp
pnm~ or c.C.
pﬁw_ﬁo
2(rt 7 x9)
nﬂ+ﬁ_
nw+w_wo
2(rt 77 )n
#W+W_WO
wrt ™

bleW:F

b?wo

w > (1270)
T KT K™

PO KT K~

K*(892)° K3(1430)°
KtK-—ntn—n
KtK=2(xt77)nO°
KTK=2(rt77)
K1(1270)F KT
K%K%W+W_

r°pp
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(2.8
(5.2

< 73
(153

( 6.4
(7.3

(6.4
(25
(38

( 1.79
(26

(213

(1.1
(6.0
(1.2
(4.4
(6.9
< 24
( 6.0
( 2.48
(3.2
(47
< 16
(95
(1.2
(45
(73
( 4.0
(2.4
(22
(75
(22
(1.9
(13
( 1.00
(1.9
( 1.00
(22
( 5.0
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409 )x10~4 1292
3.2 —
3% )x1070 1025
x 1072 CL=90% 774
40.07 ) x 10~4 1543
1.8 —
f13 )><105 -
1.7 _
TIL )x1075  s=25 -
2.3 —
le )><106 -
+1.0 )x107° -
1.4 _
tl.? ) x 10 5 -
+0.26 -5 _
~0.70 ) x 10
1.2 _
1_0.7 ) x 10 5 -
40.40 _5 _
“031 ) x10
+0.4 )x107° -
+0.4 )x 1070 1373
+0.4 )x107° -
+0.7 )x 1070 -
+21 )x107° 1247
x 1072 CL=90% 1109
+0.4 )x10~4 1491
40.17 ) x 10~4 -
+0.7 )x10~4 1492
+15 )x1073 1776
x 104 CL=90% 1791
+17 )x10~4 1778
+0.6 )x 1073 1758
+21 )x10~4 1692
+12 )x107% S=21 1748
406 )x10% S=11 1635
+0.6 )x10~4 -
+0.4 )x10~4 1515
409 )x107% S=19 1726
+0.4 )x10~4 1616
405 )x10~4 1418
+0.7 ) x 1073 1574
+0.31 ) x 1073 1611
+0.9 )x 1073 1654
+0.28 ) x 1073 1581
+0.4 )x10~4 1724
+22 )x107° 1252
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KT K*(892)° 7~ + c.c.
2(rT717)
p07r+7r
KtK-nta 70
wfy(1710) — wKt K~
K*(892)0K—7r+7r0 + cc
K*(892)+K 7r T~ + cc
K*(892)T K= p% + c.c.
K*(892)0K—p + cc
nKTK™, noneo
wKTK™
wK*(892)T K~ + c.c.
wK3(1430)T K~ + c.c.
wK*(892)0 KO
wK3(1430)° KO
wX(1440) —» wKIK- 7T+

c.c.
wX(1440) — wKt K70
wf(1285) - wKIK- 7w+
c.c.
wf(1285) - wKT K~ 70
3(rT )
pprt T
KT K~
0 K0
KSKL
atrT o
p(2150)7 — w7~ 70
p(770)7 — 7t a 70
R
K1(1400)* KT
K35(1430)* KT
KT K™ x0
K+ K*(892)™ + c.c.
K*(892)° KO 4 c.c.
g
$1(980) — mT 7~
2(KTK™)
dKTK™
2(KtK—)x0
¢
o'
wn'

0

0
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(6.7
(2.4
(2.2
( 1.26
(5.9
(8.6
(9.6
(73
(6.1
(31
( 1.85
( 2.07
(6.1
( 1.68
(5.8
(1.6

( 1.09
( 3.0

(1.2
(35
(73
(7.1
( 5.34
( 2.01

(1.9

(32
(7.8
< 31

(7.1

( 4.07
( 2.9
( 1.09
(117
(6.8
( 6.0
(7.0
( 1.10
( 3.10
(3.1

(3.2
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+2.5
+0.6
+0.6

) X 104
) x 10~4
) % 10—4

4+0.09 ) x 10~3

+2.2
+2.2
+2.8
+2.6
+1.8
+0.4

) x 1070
) x 10~4
) % 10—4
) % 1074
) x 10~4
) x 10—°

4+0.25 ) x 10~4
4+0.26 ) x 10~4

+1.2

) x 1070

+0.30 ) x 10~4

+2.2
+0.4

) X 1072
) x 1070

+0.26 ) x 107°

+1.0

+0.7
+2.0
+0.7
+0.5

) X 10~

) % 10~
) x 10~4
) x 10~4
) x 1072

4+0.33 ) x 1072
40.17 ) x 10~4

+1.2
—-0.4

+1.2
+2.6

+1.3
—-0.9

)><10_4

) % 10-5
) % 10~
x 104

) % 107>

4+0.31 ) x 1072

+0.4

) x 1070

4+0.20 ) x 10~4
+0.29 ) x 10~4

+2.4
+1.4
+1.6

) x 1070
) % 1075
)><10_5

+0.28 ) x 10~4
4+0.31 ) x 1072

+1.6

+2.5
—-21

) % 1075
) % 10—°

S$=2.2
S=1.4

S=1.1

S=1.2

S=1.7
S=1.1

1674
1817
1750
1694

1774
1435
1776
1775

1830

1838
1532

1754
1698
1697
1690

1499
1546
1440
1654
1555

1623
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wTrO

/

PN

PN

w

¢7°

nc7r+7r_7r

pPPKT K™

ﬂnK%-ﬁ- c.c.
f§(1525)
(1540)@(1540)
K2 sPK TN+ cc

0

@(1540)K i — Kng—ﬁ
O(1540)K¢p — KIpKTn
O(1540) KT n — KO pPKTn
O(1540)K%p — KipK~n

Ke KY

YXco(1P)

YXc1(1P)

YXxe2(1P)

Y1 (1S)

777%(25)

")/7'('

v1'(958)

~ £5(1270)
vfp(1710) — 77
vf(1710) — yKK

Yy
Yn
ynmt
~vn(1405) — 7K77T
yn(1405) — n7t
yn(1475) — KK
yn(1475) — n7t
y2(rt 7))
YKOKT 7~ + cc
’}/K*OW*O
7K%K+7r_+ c.c.
YyKTK=ntr
YPP

7£(1950) — ~vpp
71(2150) — ~vpp
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(21
(1.9
(22
< 11
< 4
< 10
(27
(8.1
(4.4
< 88

1.0
7.0
2.6
6.0
4.6

AN N AN AN

( 9.99
( 9.55
( 9.11
(3.4
(7
(16
(1.23
(21
( 3.0
( 6.0
< 14
(1.4
(8.7
<9
(3.6
< 14
< 88
( 4.0
(3.7
(2.4
(2.6
(1.9
(3.9
(1.20
(7.2
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+0.6 )x107°

T13 )x0

+0.6 )x107°
x 1072
x 107
x 1073
+0.7 )x107°
+1.8 )x107°
+16 )x107°
x 100

x 1072
x 100
x 107°
x 100
x 106

Radiative decays

+0.27 ) %
+0.31 ) %
+0.31 ) %
+05 )x 1073
+5 )x1074
+0.4 )x 1070
+0.06 ) x 10~4
+0.4 )x10~4
+13 )x107°
+16 )x107°
x 10~4
+05 )x 1070
+21 )x10~4
x 1072
+25 )x107°
x 104
x 1072
+0.6 )x10~4
+0.9 )x10~4
+0.7 )x10~4
+05 )x10~4
+05 )x 1074
+05 )x107°
4+0.22 ) x 1072
+1.8 )x 1070

S=1.1
CL=90%
CL=90%
CL=90%

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

CL=90%
CL=90%

CL=90%

CL=90%

CL=90%
CL=90%

1757
1625

1717
1715
1699
1118
1324
1321

261
171
128
636
46
1841
1719
1623

1843
1802
1791
1569

1817
1674
1613
1753
1726
1586
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vX(1835) — ~vpp (4.6 i_tllg ) x 1076 -

vyX — ypp [vvaal < 2 x 1070 CL=90% -
YTt T pp (28 +14 )x105 1491
V2(r T AT )KT K™ < 22 x 10~% CL=90% 1654
v3(rt ) < 17 x 1074 CL=90% 1774
YKTK=KT K™ < 4 x 1075 CL=90% 1499
vy /i (31 T19 yx10* 542

Other decays
invisible < 1.6 % CL=90% -

¥(3770) 16JPCY =0—1— )

Mass m = 3773.15 £ 0.33 MeV
Full width ' = 27.2 +£ 1.0 MeV
lee = 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/v (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 ¢ only

(ADAMS 06).
Scale factor/ p

v(3770) DECAY MODES Fraction (I;/T) Confidence level (MeV/c)
DD 9 *& )% $=2.0 286

DO DO (52 +5 )% 5=2.0 286

Dt D~ (41 +4 )% $=2.0 252
J/prta~ ( 1.9340.28) x 10~3 560
J /070 (80 +£3.0 ) x 1074 564
J/Yn (9 +4 )x10~% 360
J/pnO < 28 x 1074 CL=90% 603
ete™ (9.6 £0.7 ) x 1070 S=1.3 1887

Decays to light hadrons

b1(1235) 7 < 14 x 107>  CL=90% 1683
on' < 7 x 104 CL=90% 1607
wn' < 4 x 104  CL=90% 1672
pon' < 6 x 104  CL=90% 1674
on (31 +0.7 ) x 104 1703
wn < 1.4 x 1072  CL=90% 1762
p°n < 5 x 104  CL=90% 1764
om0 < 3 x 1075  CL=90% 1746
w0 < 6 x10~% CL=90% 1803

HTTP://PDG.LBL.GOV Page 131 Created: 8/25/2014 17:06



Citation: K.A. Olive et al. (Particle Data Group), Chin. Phys. C38, 090001 (2014) (URL: http://pdg.Ibl.gov)

ata— a0
pT
K*(892)T K~ + c.c.
K*(892)° KO + c.c.
K2 K9
7T

¢ 15 (980)

KtK-nta—x0
KT K= pox0
KtK=ptn—
wKTK™
gb7r+7r_7r0
KOK- 7t 70+ cc.

KtK-ntn + cc.

Kt K= atr=2q0
KTK=2(rt77)
KtK=2(rt77)x0
nKT K=
nKTK-ntn~
POKT K~
2(KTK™)
PKTK™

2(K™
2(K™
KK nt
K%K_TF+7TO

K—)rO
K_)7r+7r_

HTTP://PDG.LBL.GOV
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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
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x 10~
x 100
x 105
x 103
x 1072
x 1073
x 103
%
x 10~4
x 103
%
%
x 103
x 103
x 1073
x 103
%
%
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
%

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%

1874
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
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KSK=pT < 66 x 1073  CL=90% 1664
K K= 2nt o™ < 87 x 1073  CL=90% 1739
KSK=atp0 < 16 % CL=90% 1621
KSK=nty < 13 % CL=90% 1669
KSK=2rtm= a0 < 4.18 % CL=90% 1703
KSK=2ntn < 48 % CL=90% 1570
KSK=nt2(rtnm) < 1.22 % CL=90% 1658
KL K= nt 270 < 265 % CL=90% 1742
KK KT K=" < 49 x 1073  CL=90% 1490
KK KTK™nt 70 < 30 % CL=90% 1427
KSK- KT K=ty < 22 % CL=90% 1214
KOK=nt+ cc. < 97 x 1073 CL=90% 1722
ppn° < 12 x 103 1595
pprt ™ < 58 x 1074 CL=90% 1544

AA < 12 x10~%  CL=90% 1521
pprnt a0 < 185 x 1073 CL=90% 1490

wpp < 29 x10~% CL=90% 1309

AARO < 7 x 1075  CL=90% 1469
pp2(rT77) < 2.6 x 1073 CL=90% 1425
npp < 5.4 x 1074  CL=90% 1430
npprt T < 33 x 1073  CL=90% 1284
P pp < 17 x 1073 CL=90% 1313
ppKT K~ < 32 x 104 CL=90% 1185
nppKT K~ < 6.9 x 1073 CL=90% 736
O ppKT K~ < 1.2 x 103 CL=90% 1093
opp < 13 x 104 CL=90% 1178
AT T~ < 25 x 1074  CL=90% 1405
ApKT < 238 x 104 CL=90% 1387
ApKTntrn— < 63 x 1074 CL=90% 1234
AAn < 1.9 x 1074  CL=90% 1262
>ty- < 10 x10~% CL=90% 1464
>0¥0 < 4 x 1075  CL=90% 1462
=t=- < 15 x 1074 CL=90% -
=0=0 < 14 x 104  CL=90% 1353

Radiative decays

VX2 < 9 x10~%  CL=90% 211
YXel (29 +0.6 )x 1073 253
YX 0 (73 +0.9 )x10~3 341
v’ < 1.8 x 104 CL=90% 1765
N < 15 x 104  CL=90% 1847
70 < 2 x10~4  CL=90% 1884
HTTP://PDG.LBL.GOV Page 133 Created: 8/25/2014 17:06



Citation: K.A. Olive et al. (Particle Data Group), Chin. Phys. C38, 090001 (2014) (URL: http://pdg.Ibl.gov)

X(3872) 16(UPC)y = ot + )

Mass m = 3871.69 £+ 0.17 MeV
mx(3872) — mJ/dj =775 + 4 MeV

Mx(3872) — My(25)
Full width I < 1.2 MeV, CL = 90%

X(3872) DECAY MODES Fraction (I';/T) p (MeV/c)
mt ™ J/(1S) > 2.6 % 650
wJd/P(1S) > 1.9% f
DO DO 70 >32 % 117
D*0po >24 % t
v d /4 >6 x1073 697
v (25) [xxaa] > 3.0 % 181
7T n(1S) not seen 746
pp not seen 1693
X(3900)* 1(JF) =201

Mass m = 3888.7 £ 3.4 MeV (S = 1.3)
Full width ' = 35 £ 7 MeV

X(3900):|: DECAY MODES Fraction (I;/T) p (MeV/c)
J/¢ nt seen 700
hc 7Ti not seen -
(DE*)i seen -
XC0(2P) /G(JPC) :0+(0++)
was X(3915)

Mass m = 3918.4 & 1.9 MeV
Full width ' =20 £ 5 MeV (S =1.1)

Xc0(2P) DECAY MODES Fraction (I;/T) p (MeV/c)
w J/¢ seen 222
’/T—ZT_ 77(_-(15) not seen 785
KK not seen -
Yy seen 1959
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Xc2(2P)

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

Mass m = 3927.2 & 2.6 MeV
Full width ' = 24 + 6 MeV

Xc2(2P) DECAY MODES Fraction (I;/T) p (MeV/c)
vy seen 1964
DD seen 615

Dt D~ seen 600

DO 50 seen 615
7T n(1S) not seen 792
KK not seen 1901

$(4040) b7+

16UPCY =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

p

Fraction (I';/T) Confidence level (MeV/c)

ete™
DD
p°D°
D+ D~
D*D+ c.c.
D*(2007)°D° + c.c.
D*(2010)" D~ + c.c.
D* D*
D*(2007)° D*(2007)°
D*(2010)* D*(2010)~
DOD~ 7t 4c.c. (excl.
D*(2007)°D° +c.c.,
D*(2010)" D~ +c.c.)
D D* 7 (excl. D* D*)
DOD*~ 1t 4c.c. (excl.
D*(2010)™ D*(2010)7)
DI DC

S S
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(1.0740.16) x 10>
seen
seen
seen
seen
seen
seen
seen
seen
seen

not seen

not seen

seen

seen

2019
775
775
764
569
575
561
193
225
193

452
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J/brt o™ < 4 x 1073 90% 794
J /070 <2 x 103 90% 797
J/dn (5.2 £0.7 ) x 1073 675
J/pn® <28 x 10~4 90% 823
Jjpata xO <2 x 103 90% 746
Xc1?Y <11 % 90% 494
Xc27Y < 1.7 % 90% 454
eyt~ w0 <11 % 90% 306
Xeam T m™m0 <32 % 90% 233
ho(1P)m T ™ <3 x 1073 90% 403
ot~ <3 x 1073 90% 1880
AT~ <29 x 104 90% 1578
AA7O <9 x 105 90% 1636
AAn < 3.0 x 104 90% 1452
yty- <13 x 10~4 90% 1632
>030 <7 x 105 90% 1630
=t=- <16 x 104 90% -
=0=0 <18 x 10—4 90% 1533
1(4160) 23] 16UPCY =0—1— )

Mass m = 4191 + 5 MeV
Full width ' = 70 & 10 MeV
[ee = 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.

1(4160) DECAY MODES Fraction (I';/T) Confidence level (M:V/c)
ete™ (6.9+£3.3) x 1076 2096
,u+ wo 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 603
D*(2010)+ D*(2010)_ seen 592
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DD~ T —+c.c. (excl. not seen -
D*(2007)°D° +c.c.,
D*(2010)" D~ +c.c.)
DD*r+c.c. (excl. D* D¥) seen -
DO D*— 7t —+c.c. (ech. not seen -
D*(2010)™ D*(2010)7)
D:— Ds_ not seen 720
D:+ DS_ +c.c seen 385
J/prt o~ <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% 821
J/2pO <1 x 1073 90% 944
J/n <5 x 1073 90% 457
J/prt a0 <1 x 1073 90% 879
Pp(2S)rt < 4 x 1073 90% 396
X1 <7 x 1073 90% 625
X2 <13 % 90% 587
Xcl atr—m <2 x 1073 90% 496
Xeomtm—m <8 x 1073 90% 445
he(LP)mtn <5 x 1073 90% 556
h(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
X(4260) 1GUPCY =271~ )
Mass m = 4251 +£ 9 MeV (S = 1.6)
Full width T = 120 + 12 MeV (S = 1.1)
X(4260) DECAY MODES Fraction (I';/T) p (MeV/c)
J/¢7T+7T_ seen 967
J/1£(980), £(980) — 7T 7~ seen -
X(3900)F 7T, XT — J/prt  seen -
J/¢7T0W0 seen 969
J/¢K+K_ seen 512
X(3872)~ seen 363
J/n not seen 876
J/¢ﬂ0 not seen 991
J/w 7}' not seen 552
J/¢7T+7T_7TO not seen 930
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J/¢nn not seen 311
¢(25) ntn~ not seen 459
»(2S)n not seen 129
Xcow not seen 265
Xc1?Y not seen 676
Xc27Y not seen 638
Xcl ata— a0 not seen 560
X2 N not seen 512
he(1P)rt 7™ not seen 613
q257T+ T not seen 1993

¢ 1(980) — (ﬁ?T+ T not seen -
DD not seen 1020

DO EO not seen 1020

DT D~ not seen 1011
D*E-l—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 E*(2007)0 not seen 700

D*(2010)" D*(2010)~ not seen 691

DD~ 7zt —+c.c. (ech. not seen -

D*(2007)° D*0 4c.c.,

D*(2010)" D~ +c.c.)
DE*W—FC.C. (excl. D*E*) not seen 723
DO D*— at —+c.c. (ech. not seen -

D*(2010)™ D*(2010)7)

DO D*(2010)_’/T+ —+c.c. not seen 716
D*D* 1 not seen 449
D:— Ds_ not seen 803
D:+ DS_ +c.c. not seen 615
D:+ D:_ not seen 239
pp not seen 1907
K% Ki nt not seen 2048
Kt K70 not seen 2049

X(4360) 16(JPCy =271~ )
X(4360) MASS = 4361 + 13 MeV
X(4360) WIDTH = 74 + 18 MeV
X(4360) DECAY MODES Fraction (I';/T) p (MeV/c)
»(25) ata™ seen 567
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1(4415) b= 1P =0ma =)

Mass m = 4421 + 4 MeV
Full width ' = 62 + 20 MeV
[ee = 0.58 + 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.

p

1 (4415) DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
DE o not seen 1187
DO DO seen 1187
Dt D~ seen 1179
D*E-i- cc. not seen 1063
D*(2007)0 DO+ c.c. seen 1066
D_*(2010)+ D™+ c.c. seen 1059
D* D* o not seen 919
D*(2007)0 D*(2007)0 + c.c. seen 927
D*(2010)* D*(2010)~ + c.c. seen 919
DO D~ 7t (excl. D*(2007)° D° < 23 % 90% -

_4c.c., D*(2010)* D™ +c.c.
DD35(2460) — DD~ 7t +c.c. (10 +£4 )% -~
DO D*~ nt +c.c. <11 % 90% 926
D? Ds_ not seen 1006
D:+ DS_ +c.c. seen -
D:+ D:_ not seen 652
J/dm < 6 x 10~3 90% 1022
ete™ (19.443.2) x 1076 2210
X (4660) 16(JPCy =271~ )
X(4660) MASS = 4664 & 12 MeV
X(4660) WIDTH = 48 £+ 15 MeV

X(4660) DECAY MODES Fraction (I';/T) p (MeV/c)
¢(25) P seen 838
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bb MESONS

T(15)

1I6UPCy =01~ )

Mass m = 9460.30 & 0.26 MeV
Full width ' = 54.02 £ 1.25 keV
Nee = 1.340 £ 0.018 keV

T(1S) DECAY MODES

(S = 3.3)

p
Fraction (I';/T) Confidence level (MeV/c)

-
ete™
ptp—

888

788

7'(958) anything
J/9¥(1S) anything
Xco anything

Xc1 anything

Xc2 anything
¥(2S) anything
pT

w0

Tt

KT K~

pp

ata— a0
PKTK™
wrta™
K*(892)° K= 7t + c.c.
¢ f1,(1525)

w >(1270)

p(770) a»(1320)

K*(892)° K5(1430)° + c.c.

K1(1270)* KT
K1(1400)* KT

by (1235)* 7T
T 7070

K% Ktn~+ cc.
K*(892)° KO + c.c.
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( 2.60
( 2.38
( 2.48

40.10 ) % 4384
+0.11 ) % 4730
+0.05 ) % 4729

Hadronic decays

(81.7
(22
( 2.94
(65

< 5

(23

(3.4

(2.7
3.68
3.90
5
5
5

(21

(24

(45

(4.4

< 1.63

< 179

< 224
( 3.0

< 241
( 1.0

< 125
(1.28
(1.6
( 2.9

NN AN NANA
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£0.7 )% -
+0.6 )% -
+0.24 ) % -
+0.7 )x10~4 4223
x 10~3 90% -
+0.7 )x10~4 -
+1.0 )x10~4 -
+0.9 )x10~4 -
x 100 90% 4697
x 100 90% 4697
x 104 90% 4728

x 104 90% 4704
x 1074 90% 4636
+0.8 )x 1070 4725
+05 )x 1070 4622
+1.0 )x1070 4694
+0.8 )x 1070 4667

% 10— 6 90% 4549
x 100 90% 4611
% 100 90% 4605

+0.8 )x 1070 4579

x 100 90% 4631
+0.4 )x 1070 4613

x 1076 90% 4649
+0.30 ) x 10~° 4720
+0.4 )x 1070 4696
+0.9 )x 1070 4675
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K*(892)” KT+ c.c. < 111 x107%  00% 4675
D*(2010)* anything (252 +0.20 ) % -
d anything ( 2.86 £0.28 ) x 10~ -~
Sum of 100 exclusive modes ( 1.200£0.017) % -
Radiative decays

yrto~ (63 +£1.8 )x107° 4728
7070 (1.7 +07 )x1075 4728
77r077 < 24 x 1070 90% 4713
YKT K™ [zzaa] ( 1.14 £0.13 ) x 10~ 4704
PP [aabb] < 6 x 10~6 90% 4636
y2hT2h™ (70 +£15 )x10~4 4720
v3hT3h (54 +20 )x10~4 4703
y4ht 4h~ (74 +35 )x1074 4679
yrtr~ Kt K™ (29 +£09 )x10~4 4686
y2rt2om— (25 +£09 )x10~4 4720
y3n T3~ (25 +12 )x10~* 4703
y2rT2r T KT K™ (24 +12 )x1074 4658
vt~ pp (15 +£06 )x10~4 4604
v2rt2r~ pp (4 £6 )x107° 4563
Y2KT2K™ (2.0 £20 )x107° 4601
vn'(958) < 19 x 1070 90% 4682
YN < 1.0 x 1076 90% 4714
7 15(980) < 3 x 1072 90% 4678
v }(1525) (38 +09 )x107° 4607
v (1270) ( 1.01 4£0.09 ) x 10~% 4644
yn(1405) < 82 x 107 90% 4625
7 f5(1500) < 15 x 1072 90% 4610
v1f(1710) < 2.6 x 10~4 90% 4573

vf(1710) — yKT K~ < 7 x 1070 90% -

v fy(1710) — ~7O70 < 14 x1076  00% -

vfo(1710) — ~nn < 18 x 100 90% -
7 12(2050) < 5.3 x 1072 90% 4515
v1(2200) — yKT K™ < 2 x 10~4 90% 4475
v£;(2220) — YKT K™ < 8 x 10~7 90% 4469
v£;(2220) — y7t T < 6 x 10~7 90% -
v£;(2220) — ~pp < 11 x 10~6 90% -
y1(2225) — v¢o < 3 x 1073 90% 4469
v1c(1S) < 5.7 x 1075 90% 4260
VX co < 65 x 1074 90% 4114
VXl < 23 x 1075 90% 4079
VX2 < 76 x1070  90% 4062
v X(3872) — wta™ J/4 < 16 x 1070 90% -
vX(3872) — wta— 70U/ < 28 x1076  00% -
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YXxc0(2P) — wJ /1 < 3.0 x 106 90% -
v X(4140) — ¢J/9 < 22 x 1070 90% -
v X [bbbb] < 4.5 x 100 90% -
Y XX (mx < 3.1 GeV) [ccbb] < 1 x 1073 90% -
Y XX(mx < 4.5 GeV) [ddbb] < 2.4 x 10~4 90% -
vX — ~+ > 4 prongs [eebb] < 1.78 x 1074 95% -
vad — yputuT [ffbb] < 9 x 100 90% -~
vad — yrtrT [zzaa] < 1.30 x 1074 90% -~
val — vgg [ggbb] < 1 % 90% -~
73? — 7YSS [ggbb] < 1 x 1073 90% -
Lepton Family number (LF) violating modes
ptrF < 6.0 x1076  95% 4563
Other decays
invisible < 30 x 10~4 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
2r T 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 2T KT K™ (1.1 406 )x10~4 4861
2rt2r~ Kt K= 70 < 27 x 104 90% 4846
2rt2r~ Kt K= 270 < 5 x 1074 90% 4828
3rt2r” K~ K%n0 < 1.6 x 10~4 90% 4827
3n7T 3~ < 8 x 10™5 90% 4904
3rt 37— 270 < 6 x 104 90% 4881
3nT3r" KT K™ (24 +£12)x10™4 4827
3rt3n~ KT K~ #0 < 10 x 10~3 90% 4808
AT 4~ < 8 x 1072 90% 4880
4t 4270 < 21 x 10~3 90% 4850
J/pJ/P < 7 x 1075 90% 3836
J/p(2S) < 1.2 x 1074 90% 3571
»(2S5)1(25) < 3.1 x 1075 90% 3273
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Xea(1P) 1

/G(JPC) —otat+*)
J needs confirmation.

Mass m = 9892.78 + 0.26 + 0.31 MeV

Xp1(1P) DECAY MODES Fraction (I';/T) Confidence level (MfV/c)
v T(1S) (33.942.2) % 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% 270 < 6 x 1074 90% 4863
2rt 27~ 270 ( 8.0£2.5) x 10~4 4921
2T 2T KT K™ ( 1.54+0.5) x 10~4 4878
2rt2r~ Kt K= 70 ( 35+£1.2) x 10~4 4863
2rt 2™ KT K= 270 ( 8.6+3.2) x 10~4 4845
3rt2r” K~ K%n0 ( 9.3£3.3) x 10~4 4844
3nT3n~ ( 1.940.6) x 10~4 4921
3rt 37— 270 ( 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
4t 4 270 ( 1.4£0.6) x 103 4867
J/pJ/Y < 27 x 1072 90% 3857
J/(2S) < 17 x 107° 90% 3594
»(2S5)1(25) < 6 x 1072 90% 3298
hp(1P) 16(PC) =271+ )

Mass m = 9899.3 &+ 1.0 MeV

hp(1P) DECAY MODES

Fraction (I';/T) p (MeV/c)

np(1S)y

(49f§) % 489
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Xea(1P) 1"

/G(JPC) =ot@t*)

J needs confirmation.

Mass m = 9912.21 + 0.26 + 0.31 MeV

Xp2(1P) DECAY MODES

Fraction (I';/T)

p
Confidence level (MeV/c)

v T(1S) (19.1£1.2) % 442
DO X < 7.9 % 90% -
e~ Kt K= 70 (8 £5 )x 1075 4902
21t T K™ KY < 1.0 x 104 90% 4901
2t K~ K% 2n0 ( 5.3£2.4) x 10~4 4873
2rt2r— 270 ( 3.5+£1.4) x 10~4 4931
2T 21T KT K™ ( 1.14+0.4) x 1074 4888
2rt 2~ KT K= =0 ( 2.1£0.9) x 10~4 4872
2rt 2™ KT K= 270 ( 3.9+£1.8) x 10~4 4855
3rt2r” K~ KYn0 < 5 x 10—4 90% 4854
337~ ( 7.0£3.1) x 105 4931
3rt 37~ 270 ( 1.0£0.4) x 103 4908
3rT3n KT K™ < 8 x 1075 90% 4854
3rt3r~ KT K= =0 ( 3.6+1.5) x 10~4 4835
4rt4m— (8 44 )x107° 4907
4ntan— 270 ( 1.840.7) x 103 4877
J/vd/ < 4 x 107 90% 3869
J/p(25) < 5 x 107 90% 3608
¥(25)(25) < 16 x 107 90% 3313
T(2S) 16UPCY =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

e = 0.612 + 0.011 keV

Scale factor/ p

T(2S) DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
TAS)nt 7~ (17.85+ 0.26) % 475
T(18) 7070 (86 + 04)% 480
Tt~ ( 2.004+ 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=90% 531
T(1S)n (29 + 04 )x107%  s=20 126
J/¥(1S) anything < 6 x 1073 CL=90% 4533
d anything (34 4+ 06 )x107° -
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hadrons

g88&

788
dKT K™
wrt ™
K*(892)° K~ nt + c.c.
¢ f1,(1525)
w f>(1270)
p(770) a»(1320)
K*(892)° K5(1430)° + c.c.
K1(1270)F KT
K1(1400)* KT
by(1235)* 7 ¥
p
Tt
(.U7TO
ata=x070
K KT+ cc.
K*(892)° KO + c.c.
K*(892)~ KT + c.c.
Sum of 100 exclusive modes

0

(94 +11 )%
(58.8 £ 1.2 )%
(88 + 1.1)%
(16 + 04 )x107°

< 258 x 10~

(23 + 07 )x10°
< 133 x 10~
< 5.7 x 10~ 7
< 88 x 10~ 7

(15 + 06 )x 1070
< 322 x 1070
< 83 x 10~ 7
< 4.0 x 10~7
< 1.16 x 100
< 8.0 x 10~ 7
< 163 x 10~

( 1.30+ 0.28) x 1072
( 1.144+ 0.33) x 107
< 422 x 1076
< 145 x 1070
( 2.904+ 0.30) x 10~3

Radiative decays

CL=90%

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

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

CL=90%
CL=90%

vXp1(1P) (6.9 + 04 )%

vYXp2(1P) ( 7.15+ 0.35) %

vXpo(1P) (38 £04)%

v 1f5(1710) < 5.9 x 1074  CL=90%

v f}(1525) < 53 x 1074 CL=90%

v (1270) < 241 x 1074  CL=90%

v1c(1S) < 27 x 1072 CL=90%

VX co < 1.0 x 1074 CL=90%

Y Xel < 36 x 1076  CL=90%

YXe2 < 15 x 1072 CL=90%

v X(3872) — wtw—J/y < 8 x 1077 CL=90%

vX(3872) — wta—a0J/4 < 24 x 1076 CL=90%

Yxe0(2P) — wJ/y < 2.8 x 1076  CL=90%

vX(4140) — ¢ J /4 < 1.2 x 1076 CL=90%

v X(4350) — ¢ J /1 < 13 x 1076 CL=90%

vnp(1S) (39 + 1.5 )x 1074

ynp(1S) — ~Sum of 26 exclu- < 37 x 1076 CL=90%
sive modes

YX 5 — vSum of 26 exclusive < 49 x 1076 CL=90%
modes
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vX — v+ > 4 prongs [iibb] < 1.95 x10~% CL=95% -
~vA% —  ~hadrons < 8 x 1072 CL=90% -
73? — oyt < 83 x 1070  CL=90% -
Lepton Family number (LF) violating modes
et 7 F LF < 32 x 1076 CL=00% 4854
pErF LF < 33 x 1076 CL=00% 4854
T(1D) 1I6UPCY =027 )

Mass m = 10163.7 + 1.4 MeV (S = 1.7)

T(1D) DECAY MODES Fraction (I';/T) p (MeV/c)
vy T(1S) seen 679
X (1P) seen 300
n T(].S) not seen 426
7t~ T(1S) (6.6+1.6) x 103 623
Xb0(2P) [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 (MfV/c)
v T(25) (4.64+2.1) % 207
v T(1S) (9 +£6 )x 103 743
DO X <82 % 90% -~
ata KT K70 <34 x 10~5 90% 5064
2r T T K™ KY <5 x 105 90% 5063
2t ™ K~ K% 270 <22 x 104 90% 5036
2t 275~ 270 <24 x 104 90% 5092
2rt 2~ KT K~ <15 x 10~4 90% 5050
2t 2~ Kt K—#0 <22 x 104 90% 5035
2t 2~ Kt K— 270 <11 x 10~3 90% 5019
3rt2r” K~ K%n0 <7 x 104 90% 5018
3nt3r~ <7 x 1075 90% 5001
37t 37— 270 <12 x 10~3 90% 5070
3rt3n~ KT K™ <15 x 10~4 90% 5017
3rt3r Kt K—#0 <7 x 104 90% 4999
Ar T 4n— <17 x 10~4 90% 5069
Ant 4n— 270 <6 x 104 90% 5039
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Xe1(2P) 1

/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 (MeV/c)

w T(1S5) (1637939 % 135
v T(25) (19.9 £1.9 )% 230
v T(1S) (92 4+08)% 1.1 764
77 xp1(1P) (9.1 £1.3 )x 1073 238
DO X (88 £1.7 )% -~
atr Kt K= 70 (3.1 £1.0 )x 10~4 5075
2r T T K™ KY (1.1 £0.5 ) x 10~4 5075
2t K~ K% 2x0 (7.7 £32 ) x 1074 5047
2rt2n— 270 (59 +£2.0 ) x10~4 5104
22T KT K™ (10 +4 )x107° 5062
2rt2r~ Kt K~ 70 (55 £1.8 )x10~% 5047
2rt 2™ KT K= 270 (10 +4 )x10~4 5030
3rt2r K~ KYn0 (6.7 £2.6 ) x 10~4 5029
337~ (1.2 £04 )x 1074 5103
3rt 37— 270 (1.2 £0.4 )x 103 5081
3rT3n KT K™ (2.0 £0.8 )x 104 5029
3rt3r~ Kt K= 70 (6.1 £2.2 )x 104 5011
Anta4n— (1.7 £0.6 ) x 10~4 5080
4ntan— 270 (1.9 £0.7 ) x 103 5051
xb2(2P) [hhbb] ,G(JPC) _ 0+(2 + +)
J needs confirmation.
Mass m = 10268.65 + 0.22 + 0.50 MeV
mXb2(2p) — mXbl(QP) = 13.5 + 0.6 MeV
Scale factor/ p
Xxp2(2P) DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
w T(15) (1101533 % 194
v T(25) (10.6 £2.6 ) % $=2.0 242
v T(1S) (7.0 £0.7 )% 777
77 xp2(1P) (5.1 +0.9 )x 1073 229
DO X < 24 % CL=90% -
ata Kt K= 70 < 11 x10~%  CL=90% 5082
2r T T K™ KY <9 x 1075  CL=90% 5082
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2t~ K~ K% 270 < 7 x 1074  CL=90% 5054
2rt 27— 270 (3.9 £1.6 ) x 10~4 5110
2t 2n = KT K™ (9 +4 )x107° 5068
2rt2r~ Kt K= 70 (24 £1.1)x 104 5054
2rt 2™ KT K= 270 (47 £23 ) x 1074 5037
3rt2r K~ KYn® < 4 x 1074  CL=90% 5036
337~ (9 +4 )x107° 5110
3rt3r— 270 (1.2 £0.4 )x 103 5088
3nt3n KT K™ (1.4 £07 )x10~4 5036
3rt3r~ Kt K~ 70 (42 £1.7 )x 1074 5017
Anta4n— (9 45 )x107° 5087
4ntan— 270 (1.3 £0.5 ) x 103 5058
T(3S) 16UPCy =0—(1— )
Mass m = 10355.2 4+ 0.5 MeV
m'r(35) — m'r(25) = 331.50 £+ 0.13 MeV
Full width ' = 20.32 4 1.85 keV
Moo = 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)rTm~ ( 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)7° < 5.1 x 1074 CL=90% 208
TAS)rt 7~ ( 4.3740.08) % 813
T(1S) %70 ( 2.20+0.13) % 816
T(1S)n < 1 x 1074 CL=90% 677
T(15) O < 7 x 1075 CL=00% 846
hp(1P) 70 < 12 x 1073 CL=90% 426
hp(1P) 70 — ~np(1S) 70 (43 +£1.4 )x10~4 -
hp(LP) ™t 7™ < 12 x 1074 CL=90% 353
Tt ( 2.2940.30) % 4863
W ( 2.18£0.21) % S=21 5177
ete™ seen 5178
gg8g (35.7 £2.6 )% -
vgg (97 +£1.8 ) x 1073 -
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Radiative decays

YXp2(2P) (13.1 +£1.6 ) % S=3.4 86
vXp1(2P) (126 £1.2 )% S=2.4 99
vXbo(2P) (59 406 )% S=1.4 122
YXp2(1P) (9.9 £1.3 )x 1073 $=2.0 434
~vA% —  ~hadrons < 8 x 1079  CL=90% -
vxp1(1P) (9 +5 )x10~% S=1.9 452
Yxbo(1P) (27 £0.4 )x 1073 484
v1(25) < 6.2 x 1074  CL=90% 350
ynp(1S) (51 +07 )x 1074 913
vX — ~+ > 4 prongs [iibb] < 2.2 x10~%  CL=95% -
’yacl) — yptu < 5.5 x 1070 CL=90% -
vad — yrtr [kkbb] < 1.6 x10~4  CL=90% -~
Lepton Family number (LF) violating modes
et 7 F LF < 42 x1076  CL=00% 5025
pErF LF < 31 %1076 CL=00% 5025
2,57
Xb(3P) 1C(UPC) =27 (2™
Mass m = 10534 + 9 MeV
xp(3P) DECAY MODES Fraction (I';/T) p (MeV/c)
T(1S)~ seen 1019
T(2S)~ seen 498
T(4S) /G(J'DC):0_(1__)
or T(10580)
Mass m = 10579.4 + 1.2 MeV
Full width ' = 20.5 £+ 2.5 MeV
Mee = 0.272 £ 0.029 keV (S = 1.5)
P
T(4S) DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
BB > 96 % 95% 327
BT B~ (51.4 +£0.6 ) % 332
D? anything + c.c. (17.8 £2.6 ) % -
BOBO (48.6 +£0.6 ) % 327
JIWKS I/, ne) KS < 4 x 10~7 90% -
non-B B < 4 % 95% -
ete™ ( 1.5740.08) x 10~ 5290
pTpT < 57 x 10~6 90% 5233
HTTP://PDG.LBL.GOV Page 149 Created: 8/25/2014 17:06



Citation: K.A. Olive et al. (Particle Data Group), Chin. Phys. C38, 090001 (2014) (URL: http://pdg.Ibl.gov)

K*(892)° K° < 20 x 100 90% 5240
J/¥(1S) anything < 1.9 x 10~4 95% -
D*T anything + c.c. < 74 % 90% 5099
¢ anything (7.1 £06 )% 5240
on < 18 x 1070 90% 5226
on < 43 x 1070 90% 5196
pn < 13 x 1070 90% 5247
pn’ < 25 x 1070 90% 5217
T(1S) anything < 4 x 103 90% 1053
T(S) 77~ (81 £06 )x 107> 1026
T(1S)n ( 1.96+0.28) x 104 924
TQS)r T~ (86 £1.3 )x 107> 468
hb(].P) atn— not seen 600
d anything < 13 x 1079 90% -
T(10860) 16UPCy =0—(1— )

Mass m = 10876 £+ 11 MeV
Full width ' = 55 + 28 MeV
[ee = 0.31 £ 0.07 keV (S =1.3)

T(10860) DECAY MODES

p
Fraction (I';/T) Confidence level (MeV/c)

BBX
BB
BB* + c.c.
B* B*
BB®™) ¢
BB~
B*Bn + BB*r
B*B* 1
BBrm
*) =k
Bg )B__(g )
Bs B
BSE: + c.c
B B;
no open-bottom
ete
K*(892)°K°
T(S)r 7~
TQRS)r 7~

HTTP://PDG.LBL.GOV

(762 720 )% —

( 55 +£1.0 )% 1303
(13.7 £1.6 )% -
(381 £3.4 )% 1102
< 107 % 90% 990
( 00 +12)% 990
( 7.3 £23)% —
( 1.0 £1.4 )% 701
< 89 % 90% 504
(201 £3.1)% 877
(5 +5 )x1073 877
( 1.35+0.32) % -
(17.6 £2.7 )% 495
( 38 T29)% —~
( 56 +3.1)x1070 5438
< 1.0 x 1072 90% 5390
( 53 406 )x103 1297
( 78 +1.3 )x 1073 774
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T@ES)rt 7~ (48 719 )x1073 429
T(1S)KT K~ ( 61 +£1.8)x10~% 947
hp(1P) 7wt~ ( 35 719 )x1073 894
hp(2P) T 7~ ( 60 721 )x1073 534
Inclusive Decays.
These decay modes are submodes of one or more of the decay modes
above.
¢ anything ( 13.8 f%? ) % -
DO anything + c.c. (108 +8 )% -
Dy anything + c.c. (46 +6 )% -
J/4 anything ( 2.06+0.21) % -
BO anything + c.c. (77 +£8 )% -
BT anything + c.c. (72 +£6 )% -
7T(11020) 16UPCY =0—(1— )
Mass m = 11019 + 8 MeV
Full width ' = 79 4+ 16 MeV
[Nee = 0.130 £ 0.030 keV
T(11020) DECAY MODES Fraction (I';/T) p (MeV/c)
ete™ (1.6£0.5) x 10~ 5510
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NOTES

[a] See the “Note on 7+ — (T v~ and K= — (T v~ Form Factors” in the
nE Particle Listings for definitions and details.

[b] Measurements of ['(e™ ve) /I (1 1,) always include decays with ~'s, and

measurements of [(e™ v, v) and ['(T v, ) never include low-energy +'s.
Therefore, since no clean separation is possible, we consider the modes
with v's to be subreactions of the modes without them, and let [[(e™ v,)
+ (™ Vu)]/rtotal = 100%.

[c] See the 7 Particle Listings for the energy limits used in this measure-
ment; low-energy ~'s are not included.
[d] Derived from an analysis of neutrino-oscillation experiments.

[e] Astrophysical and cosmological arguments give limits of order 10713; 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 fy(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® — ptpu~) =T(p° — etTe)
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 (generic for all A,B,E,G) 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-qg mesons” in the Particle Listings in PDG 06,
Journal of Physics (generic for all A,B,E,G) 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 fy(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] The definition of the slope parameter g 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):

M2 =1+ g(s3 — s())/m72r+ + -

[x] For more details and definitions of parameters see the Particle Listings.
[y] See the K* Particle Listings for the energy limits used in this measure-
ment.
[z] Most of this radiative mode, the low-momentum + part, is also included
in the parent mode listed without v's.
[aa] Structure-dependent part.
[bb] Direct-emission branching fraction.
[cc] Violates angular-momentum conservation.
[dd] Derived from measured values of ¢, ¢qo, ‘77‘ ‘mKO — ng" and

T k0, as described in the introduction to “Tests of Conservation Laws.”
S

[ee] 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? — 7ta7)

=€+ ¢
A(K% — 7ta7)

Ny— = }77+—‘ei¢+‘ =

A(KY — 7070)

=e— 2€
A(K% — 7m970)

Moo = \ﬂoo\ewoo =

MKY — 7= ty) = T(KY — 777 v)

B MK — 7= etv) + (K — rtev)

r(K% _ 7T+7T_7TO)CP viol.

F(K(L) — atr= a9

Im(n1_0)* =

F(K% — 797079)

MK — 797979) '

Im(1000)? =

where for the last two relations CPT is assumed valid, i.e., Re(ny _q) =~
0 and Re(nggg) ~ 0.

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

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

[hh] Re(€’' /e) = € /e to a very good approximation provided the phases satisfy
CPT invariance.
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[ii] This mode includes gammas from inner bremsstrahlung but not the direct
emission mode K(Z — 7wt 7~ ~(DE).

[i/] See the K(L) Particle Listings for the energy limits used in this measure-
ment.

[kk] Allowed by higher-order electroweak interactions.

[/] 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.

[nn] See the “Note on f3(1370)" in the fy(1370) Particle Listings and in the
1994 edition.

[00] 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
K>(1820)" in the K5(1770) Particle Listings .

[pp] See the “Note on K,(1770) and the K,(1820)" in the K5(1770) Particle
Listings .

[qq] This result applies to Z® — ¢ decays only. Here ¢ is an average (not
a sum) of e™ and ™ decays.

[rr] See the Particle Listings for the (complicated) definition of this quantity.

[ss] 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.

[tt] These subfractions of the K~ 27 mode are uncertain: see the Particle
Listings.

[uu] Submodes of the Dt — K~ 27+ 79 and K% 27+ 7~ 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.

[vv] The unseen decay modes of the resonances are included.

[xx] This is not a test for the AC=1 weak neutral current, but leads to the
7t 0T 4~ final state.

[yy] This mode is not a useful test for a AC=1 weak neutral current because
both quarks must change flavor in this decay.

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

[aaa] This value is obtained by subtracting the branching fractions for 2-, 4-
and 6-prongs from unity.

[bbb] This is the sum of our K 2rta~, K 2rta z°
KO2rt2n—, Kt2K—nt, 2zt 2r—, 272t 27— 70, KT K—ntn~, and
KtK ntr— =0, branching fractions.
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[ccc] This is the sum of our K~ 37 27~ and 37 37~ branching fractions.
[ddd] The branching fractions for the K~ eTv,, K*(892) et ve, 7~ eT v,
and p~ e" v, modes add up to 6.19 & 0.17 %.
[eee] This is a doubly Cabibbo-suppressed mode.
[fff] The two experiments measuring this fraction are in serious disagreement.
See the Particle Listings.

[ggg] Submodes of the DO — K%?T+7T_ 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.

[hhh] This branching fraction includes all the decay modes of the resonance in
the final state.

[iii] This limit is for either D or D° to pe~.
[jij] This limit is for either D° or D° to pe™.

[kkk] This is the purely e™ semileptonic branching fraction: the e™ fraction
from 77 decays has been subtracted off. The sum of our (non-7) e™
exclusive fractions — an e™ v, with an 7, 7/, ¢, K®, K*O, or 5(980) —
is 7.0+ 0.4 %

[/ll] This fraction includes 1 from 1’ decays.

[nnn] Two times (to include 1 decays) the ' e v, branching fraction, plus the
n' 7, n' pT, and 7Y KT fractions, is (18.6 & 2.3)%, which considerably
exceeds the inclusive 7’ fraction of (11.7 4= 1.8)%. Our best guess is that
the ' p* fraction, (12.5 + 2.2)%, is too large.

[0oo] This branching fraction includes all the decay modes of the final-state
resonance.

[ppp] A test for uTi 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,

[qaq] We decouple the D:’ — ¢m " branching fraction obtained from mass
projections (and used to get some of the other branching fractions) from
the D} — ¢nt, ¢ — KT K~ branching fraction obtained from the
Dalitz-plot analysis of D;r — KT K~ 71, Thatis, the ratio of these two

branching fractions is not exactly the ¢ — KT K~ branching fraction
0.491.

[rrr] 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.

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

[ttt] An CP(+1) indicates the CP=+1 and CP=—1 eigenstates of the D9-D°
system.

[uuu] D denotes DO or DO.
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[vvv] Dgop+ decays into D970 with the DO reconstructed in CP-even eigen-
states KT K~ and 7" 7.

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

[yyy] X(3872)" is a hypothetical charged partner of the X(3872).

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

[aaaa] (A p)s denotes a low-mass enhancement near 3.35 GeV/c?.
[bbaa] Stands for the possible candidates of K*(1410), K;(1430) and
K3(1430).

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

[ddaa] This decay refers to the coherent sum of resonant and nonresonant JP
= 01 K components with 1.60 < my, < 2.15 GeV/c2.

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

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

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

[hhaa] These values are model dependent.

[iiaa] Here “anything” means at least one particle observed.

[jjaa] Thisisa B(B® — D*~ ¢t ;) value.

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

[llaa] D*)D™) stands for the sum of D*D*, D*D, DD*, and DD.

[nnaa] X(3915) denotes a near-threshold enhancement in the w J/v mass spec-
trum.

[00aa] Inclusive branching fractions have a multiplicity definition and can be
greater than 100%.

[ppaal Dj represents an unresolved mixture of pseudoscalar and tensor D**
(P-wave) states.

[ggaa] Not a pure measurement. See note at head of Bg Decay Modes.
[rraa] For E. > 100 MeV.

[ssaa] Includes pp7™ 7™~ and excludes ppn, ppw, pp7 .

[ttaa] For a narrow state A with mass less than 960 MeV.

[uuaa] For a narrow scalar or pseudoscalar A? with mass 0.21-3.0 GeV.
[vvaa] For a narrow resonance in the range 2.2 < M(X) < 2.8 GeV.

[xxaa] BHARDWAJ 11 does not observe this decay and presents a stronger
90% CL limit than this value. See measurements listings for details.
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[yyaa] JPC known by production in e™ e~ via single photon annihilation. 16
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(7F77) < 9.2 GeV

[aabb] 2 GeV < m .y o < 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 < mx < 5.0 GeV

[ffbb] 201 MeV < M(ut u™) < 3565 MeV

[ggbb] 0.5 GeV < mx < 9.0 GeV, where my 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 < mx < 5.0 GeV
[kkbb] For m_, __in the ranges 4.03-9.52 and 9.61-10.10 GeV.

HTTP://PDG.LBL.GOV Page 157 Created: 8/25/2014 17:06



Citation: K.A. Olive et al. (Particle Data Group), Chin. Phys. C38, 090001 (2014) (URL: http://pdg.Ibl.gov)

N BARYONS
(S=0,I/=1/2)

p, Nt = uud;  n, N° = udd

P 1P =3G1)

Mass m = 1.00727646681 + 0.00000000009 u
Mass m = 938.272046 + 0.000021 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 = 2.792847356 4+ 0.000000023 1 py

(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 = 0.8775 4+ 0.0051 fm []
Magnetic radius = 0.777 + 0.016 fm

Mean life 7 > 2.1 x 1029 years, CL = 90% [¢]  (p — invisible mode)
Mean life 7 > 103! to 1033 years [¢]  (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 — vm > 112 (n), > 16 (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— ptK
N— vK
n — VK%
p— et K*(892)°
N — vK*(892)

Ll bl

p —
p— pty
n— vy

p— etyy
n— vyy

HTTP://PDG.LBL.GOV
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> 19 (n), > 162 (p)
> 320

> 780

> 108

> 17 (n), > 1000 (p)
> 26 (n), > 1600 (p)
> 86 (n), > 2300 (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
> 28

> 100
> 219

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— etutpu” > 359 90% 457
p— etvy > 17 90% 469
n— ete v > 257 90% 470
n— pute v > 83 90% 464
n— putuTv > 79 90% 458
p — pﬁ' et e > 529 90% 463
p— pututpu~ > 675 90% 439
p — M+VI/ > 21 90% 463
p— e utut > 6 90% 457
n— 3v > 0.0005 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 — wiaT > 0.7 90% -
pn — a0 > 2 90% -
nn— wtg~ > 0.7 90% -
nn — 7970 >34 90% -
pp — etet > 5.8 90% -
pp — et put > 3.6 90% -
pp — ,u+ u"’ > 1.7 90% -
pn — et > 2.8 90% -
pn — ,Lﬁﬁ >1.6 90% -
nn — VeV, > 1.4 90% -
nn— v,v, > 1.4 90% -
pn — invisible > 0.000021 90% -
pp — invisible > 0.00005 90% -
p DECAY MODES
Partial mean life p
P DECAY MODES (years) Confidence level (MeV/c)
pP— e v > 7 x 10° 90% 469
pP— u vy > 5 x 104 90% 463
p— e x0 > 4 x 10° 90% 459
p— p-mo > 5 x 104 90% 453
p— e n >2x 104 90% 309
P— pun > 8 x 103 90% 207
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p— e K% > 900 90% 337
p— u K2 > 4% 103 90% 326
p— e K¢ > 9 x 103 90% 337
p— pu K > 7 x 103 90% 326
p— e vy > 2 x 104 90% 469
P — uoyy > 2 x 104 90% 463
p— € w > 200 90% 143
n 1(UF) = 3G

Mass m = 1.0086649160 + 0.0000000004 u
Mass m = 939.565379 + 0.000021 MeV [l
(m, — mp)/ m,=(9+6)x107>
m, — m, = 1.2933322 + 0.0000004 MeV
= 0.00138844919(45) u
Mean life 7 = 880.3 £ 1.1s (S =1.9)
cr = 2.6391 x 108 km
Magnetic moment p = —1.9130427 £ 0.0000005 ppy
Electric dipole moment d < 0.29 x 10725 ecm, CL = 90%
Mean-square charge radius <r%> = —0.1161 + 0.0022
fm2 (S = 1.3)

Magnetic radius \/(r3,) = 0.862 0302 fm

Electric polarizability o = (11.6 4 1.5) x 10~# fm3

Magnetic polarizability 8 = (3.7 & 2.0) x 10~% fm3

Charge g = (—0.2 £ 0.8) x 10721 ¢

Mean nm-oscillation time > 8.6 x 107 s, CL = 90% (free n)
Mean n7i-oscillation time > 1.3x 108 s, CL = 90% ] (bound n)
Mean nn’-oscillation time > 414 s, CL = 90% &l

pe~ ve decay parameters [/l
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)° I
D=(-1.2+20)x104Ul
R = 0.004 + 0.013 U
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n DECAY MODES Fraction (I;/T)

p
Confidence level (MeV/c)

pe Vg 100 % 1
pe Vg [k] ( 3.0940.32) x 10~3 1
Charge conservation (Q) violating mode
PUaTe Q < 8 x 1027 68% 1
N(1440) 1/27* 1P = 3G3)
Breit-Wigner mass = 1410 to 1450 (=~ 1430) MeV
Breit-Wigner full width = 250 to 450 (& 350) MeV
Pbeam = 0.59 GeV/c 47X%2 = 32.2 mb
Re(pole position) = 1350 to 1380 (~ 1365) MeV
—2Im(pole position) = 160 to 220 (~ 190) MeV
N(1440) DECAY MODES Fraction (I;/T) p (MeV/c)
N 5575 % 391
Nn (0.04+1.0) % t
N7 30-40 % 338
AT 20-30 % 135
A(1232) 7, P-wave 15-30 % 135
Np <8 % T
Np, 5=1/2, P-wave (0.0£1.0) % f
N(mm)E0 10-20 % -
py 0.035-0.048 % 407
p~y, helicity=1/2 0.035-0.048 % 407
n~y 0.02-0.04 % 406
n+y, helicity=1/2 0.02-0.04 % 406

N(1520) 3/2~ 1Py = 3(37)

Breit-Wigner mass = 1510 to 1520 (= 1515) MeV
Breit-Wigner full width = 100 to 125 (~ 115) MeV
Pbeam = 0.73 GeV/c 47X%2 = 23.9 mb
Re(pole position) = 1505 to 1515 (=~ 1510) MeV
—2Im(pole position) = 105 to 120 (~ 110) MeV
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N(1520) DECAY MODES Fraction (I;/T) p (MeV/c)
N 55-65 % 453
Nn (2.3+£0.4) x 1073 142
N 20-30 % 410
Am 15-25 % 225
A(1232) 7, S-wave 10-20 % 225
A(1232) 7w, D-wave 10-15 % 225

Np 15-25 % T
Np, 5=3/2, S-wave (9.0+1.0) % t
N(ﬂw){sfveave <8% -
Py 0.31-0.52 % 467
p7y, helicity=1/2 0.01-0.02 % 467
p7y, helicity=3/2 0.30-0.50 % 467
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~

1JP) = 3(37)

Breit-Wigner mass = 1525 to 1545 (=~ 1535) MeV
Breit-Wigner full width = 125 to 175 (~ 150) MeV

Pbeam = 0.76 GeV/c

47X2 = 225 mb

Re(pole position) = 1490 to 1530 (=~ 1510) MeV
—2Im(pole position) = 90 to 250 (=~ 170) MeV

N(1535) DECAY MODES Fraction (I;/T) p (MeV/c)
N 35-55 % 468
N7 (42 +10 )% 186
N 1-10 % 426
AT <1% 244
A(1232) 7, D-wave 0-4 % 244

Np <4 % t
Np, 5=1/2, S-wave ( 2.0+ 1.0) % t
Np, 5=3/2, D-wave ( 0.0+ 1.0)% 1
N(mm)E=0 (2 £1)% -
N(1440)7 (8 £3 )% T
Py 0.15-0.30 % 481
p7y, helicity=1/2 0.15-0.30 % 481
n~y 0.01-0.25 % 480
n+y, helicity=1/2 0.01-0.25 % 480
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N(1650) 1/2~

1(JP) = 3(37)

Breit-Wigner mass = 1645 to 1670 (= 1655) MeV
Breit-Wigner full width = 110 to 170 (= 140) MeV
Pbeam = 0.97 GeV/c 47X2 = 16.2 mb
Re(pole position) = 1640 to 1670 (=~ 1655) MeV
—2Im(pole position) = 100 to 170 (= 135) MeV

N(1650) DECAY MODES Fraction (I';/T) p (MeV/c)
N 50-90 % 551
Nn 5-15 % 354
NK 3-11 % 179
Nz 10-20 % 517
Am 0-25 % 349
A(1232) 7, D-wave 0-25 % 349

Np 4-12 % T
Np, 5=1/2, S-wave ( 1.0+£1.0) % t

Np, 5=3/2, D-wave (13.04+3.0) % 1
N(Wﬁ)gfveave <4% -
N(1440)7 <5% 168
Py 0.04-0.20 % 562
p7, helicity=1/2 0.04-0.20 % 562
nvy 0.003-0.17 % 561
n+y, helicity=1/2 0.003-0.17 % 561

N(1675) 5/2~

1Py =15)

Breit-Wigner mass = 1670 to 1680 (=~ 1675) MeV
Breit-Wigner full width = 130 to 165 (=~ 150) MeV
Re(pole position) = 1655 to 1665 (=~ 1660) MeV
—2Im(pole position) = 125 to 150 (~ 135) MeV
Pbeam = 1.01 GeV/c 47X%2 = 15.4 mb

N(1675) DECAY MODES Fraction (I;/T) p (MeV/c)
N 35-45 % 564
Nn (0 +7 )x10-3 376
NK <1% 216
N 50-60 % 532
A 50-60 % 366
A(1232) 7w, D-wave (50 +£15 )% 366

Np <1-3% T
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Np, S=1/2, D-wave ( 0.0+ 1.0) % 1
Np, S=3/2, D-wave ( 1.0+ 1.0)% t
N(mm)E0 ( 7.0+ 3.0)% -
Py 0-0.02 % 575
p7, helicity=1/2 0-0.01 % 575
p~y, helicity=3/2 0-0.01 % 575
nvy 0-0.15 % 574
n-, helicity=1/2 0-0.05 % 574
n+y, helicity=3/2 0-0.10 % 574
N(1680) 5/2 1Py =36
Breit-Wigner mass = 1680 to 1690 (=~ 1685) MeV
Breit-Wigner full width = 120 to 140 (=~ 130) MeV
Re(pole position) = 1665 to 1680 (~ 1675) MeV
—2Im(pole position) = 110 to 135 (= 120) MeV
Pbeam = 1.02 GeV/c 47X% = 15.0 mb
N(1680) DECAY MODES Fraction (I;/T) p (MeV/c)
N 65-70 % 571
Nn (0+7)x 1073 386
Nrr 30-40 % 539
Am 5-15 % 374
A(1232) 7, P-wave (10£5) % 374
A(1232) 7, F-wave 0-12 % 374
Np 3-15% T
Np, S=3/2, P-wave <12;% T
Np, S=3/2, F-wave 1-5 % T
N(Wﬁ)gfv?lave (11£5) % -
Py 0.21-0.32 % 581
p7, 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

N(1700) 3/2~

1JP)=337)

Breit-Wigner mass = 1650 to 1750 (=~ 1700) MeV
Breit-Wigner full width = 100 to 250 (= 150) MeV

Pbeam = 1.05 GeV/c

47X2 = 14.5 mb

Re(pole position) = 1650 to 1750 (~ 1700) MeV
—2Im(pole position) = 100 to 300 MeV
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N(1700) DECAY MODES Fraction (I;/T) p (MeV/c)
N (12 £5 )% 581
Nn ( 0.0£1.0) % 402
NK < 3 % 255
N 85-95 % 550
A(1232) 7, S-wave 10-90 % 386
A(1232) 7w, D-wave <20 % 386
Np < 35 % T
Np, 5=3/2, S-wave ( 7.0+1.0) % t
Py 0.01-0.05 % 591
p7y, helicity=1/2 0.0-0.024 % 591
p7y, 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+ 1(JP) =3GT)
Breit-Wigner mass = 1680 to 1740 (=~ 1710) MeV
Breit-Wigner full width = 50 to 250 (=~ 100) MeV
Pbeam = 1.07 GeV/c 47X%2 = 14.2 mb
Re(pole position) = 1670 to 1770 (=~ 1720) MeV
—2Im(pole position) = 80 to 380 (= 230) MeV
N(1710) DECAY MODES Fraction (I';/T) Scale factor (M(—fV/C)
N 5-20 % 588
Nn 10-30 % 412
Nw (8£5) % t
NK 5-25 % 269
N 40-90 % 557
Am 15-40 % 394
Np 5-25 % T
N(mm)E=0 10-40 % -
Py 0.002-0.08 % 598
p7, helicity=1/2 0.002-0.08 % 598
nvy 0.0-0.02% 597
n+y, helicity=1/2 0.0-0.02% 597
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N(1720) 3/27F

1JP) =33

Breit-Wigner mass = 1700 to 1750 (= 1720) MeV
Breit-Wigner full width = 150 to 400 (~ 250) MeV

Pbeam = 1.09 GeV/c
Re(pole position) = 1660 to 1690 (~ 1675) MeV
—2Im(pole position) = 150 to 400 (~ 250) MeV

47X%2 = 13.9 mb

N(1720) DECAY MODES Fraction (I;/T) p (MeV/c)
N (11+ 3) % 594
Nn (4+ )% 422
AK 1-15 % 283
N >70 % 564
A(1232) 7, P-wave (75£15) % 402
Np 70-85 % 74
Np, 5=1/2, P-wave large 74
Py 0.05-0.25 % 604
p7y, 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 =337
Breit-Wigner mass = 1820 to 1920 (=~ 1875) MeV
Breit-Wigner full width
Re(pole position) = 1800 to 1950 MeV
—2Im(pole position) = 150 to 250 MeV
N(1875) DECAY MODES Fraction (I;/T) Scale factor (MSV/C)
N (7 £6 )% 695
Nn (124 1.8) % 2.3 559
Nw (20 =+ 4 )% 371
K (7 + 4 )x10-3 384
A(1232) 7, S-wave (40 +£10 )% 520
A(1232) 7w, D-wave (17 £10 )% 520
Np, §=3/2, S-wave (6 £6 )% 379
N(mr){iv(\)/ave (24 £24 )% -
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Py 0.008-0.016 % 703
p7, helicity=1/2 0.006-0.010 % 703
p~y, helicity=3/2 0.002-0.006 % 703

N(1900) 3/2+ 10F) =331

Breit-Wigner mass ~ 1900 MeV
Breit-Wigner full width ~ 250 MeV
Re(pole position) = 1900 + 30 MeV
—2Im(pole position) = 200‘_“28 MeV

N(1900) DECAY MODES Fraction (I;/T) Scale factor (M(—fV/C)
N ~ 5 % 710
Nn ~ 12 % 579
Nw (13 +£9 )% 3.1 401
NK 0-10 % 477
> K ( 5.0£2.0) % 410
N(2190) 7/2~ 1Py =3G7)
Breit-Wigner mass = 2100 to 2200 (= 2190) MeV
Breit-Wigner full width = 300 to 700 (~ 500) MeV
Pbeam = 2.07 GeV/c 47X2 = 6.21 mb
Re(pole position) = 2050 to 2100 (=~ 2075) MeV
—2Im(pole position) = 400 to 520 (=~ 450) MeV
N(2190) DECAY MODES Fraction (I';/T) p (MeV/c)
N 10-20 % 888
Nn (0.04£1.0) % 791
Nw seen 676
NK seen 712
Nz seen 870
/Vp seen 680
py 0.02-0.06 % 894
p7y, helicity=1/2 0.02-0.04 % 894
p7, helicity=3/2 0.002-0.02 % 894
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N(2220) 9/2t 10P) = 131

Breit-Wigner mass = 2200 to 2300 (= 2250) MeV
Breit-Wigner full width = 350 to 500 (~ 400) MeV
Pbeam = 2.21 GeV/c 47X%2 = 5.74 mb
Re(pole position) = 2130 to 2200 (~ 2170) MeV
—2Im(pole position) = 400 to 560 (~ 480) MeV

N(2220) DECAY MODES Fraction (I;/T) p (MeV/c)
N 15-25 % 924
N(2250) 9/2~ 1Py =3(37)

Breit-Wigner mass = 2200 to 2350 (= 2275) MeV
Breit-Wigner full width = 230 to 800 (~ 500) MeV
Pbeam = 2.27 GeV/c 47X%2 = 5.56 mb
Re(pole position) = 2150 to 2250 (~ 2200) MeV
—2Im(pole position) = 350 to 550 (~ 450) MeV

N(2250) DECAY MODES Fraction (I;/T) p (MeV/c)
N 5-15 % 938
N(2600) 11/2~ 1uP) =14

Breit-Wigner mass = 2550 to 2750 (=~ 2600) MeV
Breit-Wigner full width = 500 to 800 (~ 650) MeV
Pbeam = 3.12 GeV/c 47X%2 = 3.86 mb

N(2600) DECAY MODES Fraction (I;/T) p (MeV/c)

Nr 5-10 % 1126
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A BARYONS
(5=0,/=3/2)

ATt = wuu, AT =uud A° =udd A = ddd

A(1232) 3/2F

1F) = 3G37)

Breit-Wigner mass (mixed charges) = 1230 to 1234 (~ 1232)

MeV

Breit-Wigner full width (mixed charges) = 114 to 120 (~ 117)

MeV

Pbeam = 0.30 GeV/c

47X2 = 94.8 mb

Re(pole position) = 1209 to 1211 (~ 1210) MeV
—2Im(pole position) = 98 to 102 (=~ 100) MeV

A(1232) DECAY MODES Fraction (I;/T) p (MeV/c)
N 100 % 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) 3/2t 1(4P) =33
Breit-Wigner mass = 1500 to 1700 (= 1600) MeV
Breit-Wigner full width = 220 to 420 (=~ 320) MeV
Pbeam = 0.87 GeV/c 47X%2 = 18.6 mb
Re(pole position) = 1460 to 1560 (~ 1510) MeV
—2Im(pole position) = 200 to 350 (= 275) MeV
A(1600) DECAY MODES Fraction (I';/T) p (MeV/c)
N 10-25 % 513
N 75-90 % 477
Am 40-70 % 303
Np <25 % T
N(1440) 7 10-35 % 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
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A(1620) 1/2~

1JP)=3(37)

Breit-Wigner mass = 1600 to 1660 (=~ 1630) MeV
Breit-Wigner full width = 130 to 150 (= 140) MeV

Pbeam = 0.93 GeV/c

47X2 = 17.2 mb

Re(pole position) = 1590 to 1610 (=~ 1600) MeV
—2Im(pole position) = 120 to 140 (= 130) MeV

A(1620) DECAY MODES Fraction (I';/T) p (MeV/c)
N 20-30 % 534
N7 70-80 % 499
AT 30-60 % 328
Np 7-25 % T
N~ 0.03-0.10 % 545
N, helicity=1/2 0.03-0.10 % 545
A(1700) 3/2~ 147y =337)
Breit-Wigner mass = 1670 to 1750 (=~ 1700) MeV
Breit-Wigner full width = 200 to 400 (= 300) MeV
Pbeam = 1.05 GeV/c 47X%2 = 14.5 mb
Re(pole position) = 1620 to 1680 (~ 1650) MeV
—2Im(pole position) = 160 to 300 (~ 230) MeV
A(1700) DECAY MODES Fraction (I;/T) p (MeV/c)
N 10-20 % 581
N 80-90 % 550
AT 30-60 % 386
A(1232) 7, S-wave 25-50 % 386
A(1232) 7w, D-wave 5-15 % 386
Np 30-55 % 1
Np, S=3/2, S-wave 5-20 % t
A(1232)n (5.0+2.0) % f
N~ 0.22-0.60 % 591
N+, helicity=1/2 0.12-0.30 % 591
N+, helicity=3/2 0.10-0.30 % 591
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A(1905) 5/2F 10P) =33

Breit-Wigner mass = 1855 to 1910 (= 1880) MeV
Breit-Wigner full width = 270 to 400 (= 330) MeV
Pbeam = 1.40 GeV/c 47X%2 = 10.1 mb
Re(pole position) = 1805 to 1835 (~ 1820) MeV
—2Im(pole position) = 265 to 300 (~ 280) MeV

A(1905) DECAY MODES Fraction (I;/T) p (MeV/c)
N 9-15 % 698
N 85-95 % 673
Ar <25 % 524
Np >60 % 385
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) 1/2 1Py =33
Breit-Wigner mass = 1860 to 1910 (= 1890) MeV
Breit-Wigner full width = 220 to 340 (= 280) MeV
Pbeam = 1.42 GeV/c 47X%2 = 9.89 mb
Re(pole position) = 1830 to 1880 (~ 1855) MeV
—2Im(pole position) = 200 to 500 (~ 350) MeV
A(1910) DECAY MODES Fraction (I';/T) p (MeV/c)
N 15-30 % 704
2 K (9+ 5) % 400
Ar (60£28) % 531
N~ 0.0-0.02 % 712
N+, helicity=1/2 0.0-0.02 % 712
A(1920) 3/2F 147y =337)

Breit-Wigner mass = 1900 to 1970 (= 1920) MeV
Breit-Wigner full width = 180 to 300 (= 260) MeV
Pbeam = 1.48 GeV/c 47X%2 = 9.37 mb
Re(pole position) = 1850 to 1950 (=~ 1900) MeV
—2Im(pole position) = 200 to 400 (= 300) MeV
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A(1920) DECAY MODES Fraction (I;/T) p (MeV/c)
N 5-20 % 723
2K ( 2.14+0.30) % 431
A(1232)n (15 +8 )% 336
N~ 0.0-0.4 % 731
N+, helicity=1/2 0.0-0.2 % 731
N+, helicity=3/2 0.0-0.2 % 731
A(1930) 5/2~ 1P =3G37)
Breit-Wigner mass = 1900 to 2000 (= 1950) MeV
Breit-Wigner full width = 220 to 500 (= 360) MeV
Pbeam = 1.54 GeV/c 47X2 = 8.91 mb
Re(pole position) = 1840 to 1960 (~ 1900) MeV
—2Im(pole position) = 175 to 360 (= 270) MeV
A(1930) DECAY MODES Fraction (I';/T) p (MeV/c)
N 5-15 % 742
N~ 0.0-0.02 % 749
N~, helicity=1/2 0.0-0.01 % 749
N+, helicity=3/2 0.0-0.01 % 749
A(1950) 7/2t 1(JP) =33
Breit-Wigner mass = 1915 to 1950 (= 1930) MeV
Breit-Wigner full width = 235 to 335 (& 285) MeV
Pbeam = 1.50 GeV/c 47X2 = 9.21 mb
Re(pole position) = 1870 to 1890 (~ 1880) MeV
—2Im(pole position) = 220 to 260 (~ 240) MeV
A(1950) DECAY MODES Fraction (I';/T) p (MeV/c)
N 35-45 % 729
Nz 706
AT 20-30 % 560
Np <10 % 442
N~ 0.08-0.13 % 737
N+, helicity=1/2 0.03-0.055 % 737
N+, helicity=3/2 0.05-0.075 % 737
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A(2420) 11/2t 1P = 3(%7)

Breit-Wigner mass = 2300 to 2500 (= 2420) MeV
Breit-Wigner full width = 300 to 500 (= 400) MeV
Pbeam = 2.64 GeV/c 47X2 = 4.68 mb
Re(pole position) = 2260 to 2400 (~ 2330) MeV
—2Im(pole position) = 350 to 750 (~ 550) MeV

A(2420) DECAY MODES Fraction (I';/T) p (MeV/c)
N 5-15 % 1023
A BARYONS
(S=—1, I = 0)

N0 = uds

A IJ7) =03%)

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 — 73) / 7A = —0.001 £ 0.009
cr = 7.89 cm
Magnetic moment p = —0.613 + 0.004 upy
Electric dipole moment d < 1.5 x 10716 ecm, CL = 95%

Decay parameters

pr a_ = 0.642 4+ 0.013
prt ay = —0.71 + 0.08
pr $¢_ = (—6.5 + 3.5)°

" v_ =076l

" A_ = (8+4)
nmO ap = 0.65 & 0.04

pe” 7, ga/gy = —0.718 + 0.015 [/l

A DECAY MODES Fraction (I;/T) p (MeV/c)
pr (63.9 £0.5 ) % 101
nm0 (35.8 £0.5 ) % 104
nvy ( 1.7540.15) x 10~3 162
pT Yy [n]( 8.4 +1.4 )x 10~4 101
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pe U, ( 8.32+0.14) x 10~4 163
pu= T, ( 1.57+0.35) x 10~4 131
A(1405) 1/2~ 1(4F) =0(37)

Mass m = 1405.1"]-3 MeV
Full width ' = 50.5 £ 2.0 MeV
Below K N threshold

A(1405) DECAY MODES Fraction (I';/T) p (MeV/c)
X 100 % 155
A(1520) 3/2~ 1(4F) =0(37)

Mass m = 1519.5 & 1.0 MeV [©]
Full width T = 15.6 & 1.0 MeV [©]
Pbeam = 0.39 GeV/c 47X%2 = 82.8 mb

A(1520) DECAY MODES Fraction (I';/T) p (MeV/c)

NK 45 + 1% 243

> 42 + 1% 268

Arm 10 +£ 1% 259

2w 0.9 +£0.1% 169

Ny 0.85 + 0.15% 350
A(1600) 1/2 I(JF) =03 ™)

Mass m = 1560 to 1700 (~ 1600) MeV
Full width ' = 50 to 250 (=~ 150) MeV
Pbeam = 0.58 GeV/c 47X%2 = 41.6 mb

A(1600) DECAY MODES Fraction (I';/T) p (MeV/c)
NK 15-30 % 343
> 10-60 % 338
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A(1670) 1/2~ 1Py =0(37)

Mass m = 1660 to 1680 (= 1670) MeV
Full width I = 25 to 50 (= 35) MeV
Pbeam = 0.74 GeV/c 47X2 = 28.5 mb

A(1670) DECAY MODES Fraction (I';/T) p (MeV/c)

NK 20-30 % 414

> 25-55 % 394

An 10-25 % 69

N K*(892), S=3/2, D-wave (5+4) % T
A(1690) 3/2~ 1(4F) =0(37)

Mass m = 1685 to 1695 (= 1690) MeV
Full width ' = 50 to 70 (=~ 60) MeV
Pbeam = 0.78 GeV/c 47X%2 = 26.1 mb

A(1690) DECAY MODES Fraction (I;/T) p (MeV/c)

NK 20-30 % 433

> 20-40 % 410

ANrm ~ 25 % 419

>nm ~ 20 % 358
A(1800) 1/2~ 1(4F) =0(37)

Mass m = 1720 to 1850 (~ 1800) MeV
Full width T = 200 to 400 (~ 300) MeV
Pbeam = 1.01 GeV/c 47X2 = 17.5 mb

A(1800) DECAY MODES Fraction (I';/T) p (MeV/c)
NK 25-40 % 528
> seen 494
2(1385) T seen 349
An (6+5) % 326
NK* (892) seen i
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A(1810) 1/2+

1(JP) =0(3™)

Mass m = 1750 to 1850 (~ 1810) MeV
Full width ' = 50 to 250 (=~ 150) MeV

Pbeam = 1.04 GeV/c

47X2 = 17.0 mb

http://pdg.Ibl.gov)

A(1810) DECAY MODES Fraction (I';/T) p (MeV/c)
NK 20-50 % 537
2 10-40 % 501
Z(_1385)7T seen 357
N K*(892) 30-60 % T
A(1820) 5/2t I(JF) =03 ™)
Mass m = 1815 to 1825 (=~ 1820) MeV
Full width I = 70 to 90 (~ 80) MeV
Pbeam = 1.06 GeV/c 47X%2 = 16.5 mb
A(1820) DECAY MODES Fraction (I';/T) p (MeV/c)
NK 55-65 % 545
> 8-14 % 509
2 (1385)7 5-10 % 366
N K*(892), S=3/2, P-wave (3.0+1.0) % f
A(1830) 5/2 1Py =0(37)
Mass m = 1810 to 1830 (~ 1830) MeV
Full width I = 60 to 110 (~ 95) MeV
Pbeam = 1.08 GeV/c 47X%2 = 16.0 mb
A(1830) DECAY MODES Fraction (I';/T) p (MeV/c)
NK 3-10 % 553
> 35-75 % 516
>(1385)w >15 % 374
> (1385) 7, D-wave (52+£6) % 374
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A(1890) 3/2t 1Py =03 )

Mass m = 1850 to 1910 (~ 1890) MeV
Full width ' = 60 to 200 (~ 100) MeV
Pbeam = 1.21 GeV/c 47X%2 = 13.6 mb

A(1890) DECAY MODES Fraction (I';/T) p (MeV/c)

NK 20-35 % 599

> 3-10 % 560

Z(_1385) s seen 423

NK* (892) seen 236
A(2100) 7/2~ 1Py =0(%7)

Mass m = 2090 to 2110 (~ 2100) MeV
Full width ' = 100 to 250 (=~ 200) MeV
Pbeam = 1.68 GeV/c 47X2 = 8.68 mb

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
Pbeam = 1.70 GeV/c 47X%2 = 8.53 mb

A(2110) DECAY MODES Fraction (I';/T) p (MeV/c)
NK 5-25 % 757
> 10-40 % 711
Nw seen 455
> (1385)7 seen 591
NK*(892) 10-60 % 525
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A(2350) 9/2 1Py =03 )

Mass m = 2340 to 2370 (~ 2350) MeV
Full width ' = 100 to 250 (=~ 150) MeV
Pbeam = 2.29 GeV/c 47X%2 = 5.85 mb

A(2350) DECAY MODES Fraction (I;/T) p (MeV/c)
NK ~12% 915
 m ~ 10 % 867
2 BARYONS
(S=-1,1=1)
St =uus, ¥0=uds, X~ =dds

I+ 1(JP) =1(37)

Mass m = 1189.37 + 0.07 MeV (S = 2.2)
Mean life 7 = (0.8018 + 0.0026) x 10710 s
cr = 2.404 cm
(754 — 75 )/ 75+ = (=06 + 1.2) x 10-3
Magnetic moment pu = 2.458 + 0.010 upy (S = 2.1)
(hs+ + py-)/ pyy = 0.014 £ 0.015
N+t — nltv)/T(Z- — nl"D) < 0.043
Decay parameters

+O 017

" b = (36 + 34)°
" 7 = 0.16 [l
" Ay = (187 + 6)° ]
nmt o, = 0.068 + 0.013
" ¢4 = (167 +20)° (S =1.1)
" vy = —0.97 U
" A+ _ ( 73—|—133) 1
Py ay = —0.76 £ 0.08

HTTP://PDG.LBL.GOV Page 22 Created: 8/21/2014 13:13



Citation: K.A. Olive et al. (Particle Data Group), Chin. Phys. C38, 090001 (2014) (URL: http://pdg.Ibl.gov)

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 [n] (45 £05)x10~4 185
Net v, (20 £05)x107° 71

AS = AQ (SQ) violating modes or

AS = 1 weak neutral current (S1) modes
net v, Y] < 5 x 1070 90% 224
npt v, Y] < 30 x 1072 90% 202
pete S1 < 7 x 100 225
put s1 (o 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=222x10"N'm

Transition magnetic moment }H}_‘/\} =1.61 4+ 0.08 pupy

p
=0 DECAY MODES Fraction (I;/T) Confidence level (MeV/c)
Ny 100 % 74
Ny < 3% 90% 74
NeT e~ [p] 5x1073 74

5= 1P =137

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)°
" ~_ =0.98 [l

" A = (2497 T3y° I
ne U, ga/gy = 0.340 + 0.017 [l
" f(0)/f(0) = 0.97 + 0.14

" D =0.11=+0.10

Ne™ 7, gv/ga =0.01+0100 (S=15)

" gWM/gA=2.4:|:1.7 [A]

X~ DECAY MODES Fraction (I';/T) p (MeV/c)
nm— (99.84840.005) % 193
nmwT Ay [n]( 46 =+06 )x10~4 193
ne~ U, ( 1.017-+0.034) x 10~3 230
nuT T, (45 +04 )x10~4 210
Ne™ Ug ( 5.73 +£0.27 ) x 107 79
> (1385) 3/2t 1Py =137")

5 (1385)*mass m = 1382.80 + 0.35 MeV (S = 1.9)

5(1385) mass m = 1383.7 + 1.0 MeV (S = 1.4)

3 (1385)"mass m = 1387.2 + 0.5 MeV (S = 2.2)

5 (1385) T full width I' = 36.0 + 0.7 MeV

5(1385)0 full width ' = 36 + 5 MeV

5(1385)~full width T = 39.4 + 2.1 MeV (S =

Below K N threshold
p

¥ (1385) DECAY MODES Fraction (I;/T) Confidence level (MeV/c)
Vs (87.0 £1.5 ) % 208
2w (11.7 £15 )% 129
A~y (1.257013) % 241
>ty (7.0 £1.7 )x 1073 180
>y < 24 x 104 173
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> (1660) 1/2+ 1Py =13

Mass m = 1630 to 1690 (~ 1660) MeV
Full width ' = 40 to 200 (~ 100) MeV
Pbeam = 0.72 GeV/c 47X%2 = 29.9 mb

¥(1660) DECAY MODES Fraction (I';/T) p (MeV/c)

NK 10-30 % 405

Nr seen 440

> seen 387
X (1670) 3/2~ 1Py =137)

Mass m = 1665 to 1685 (~ 1670) MeV
Full width ' = 40 to 80 (=~ 60) MeV
Pbeam = 0.74 GeV/c 47X%2 = 28.5 mb

¥(1670) DECAY MODES Fraction (I';/T) p (MeV/c)

NK 7-13 % 414

N 5-15 % 448

> 30-60 % 394
X(1750) 1/2~ 1Py =1(37)

Mass m = 1730 to 1800 (=~ 1750) MeV
Full width I = 60 to 160 (=~ 90) MeV
Pbeam = 0.91 GeV/c 47X%2 = 20.7 mb

¥ (1750) DECAY MODES Fraction (I';/T) p (MeV/c)
NK 10-40 % 486
Nr seen 507
o <8 % 456
2 15-55 % 98
NK*(892), S=1/2 (8+4) % t
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> (1775) 5/2~

1JP) =1(37)

Mass m = 1770 to 1780 (=~ 1775) MeV
Full width T = 105 to 135 (= 120) MeV
Pbeam = 0.96 GeV/c 47X%2 = 19.0 mb

http://pdg.Ibl.gov)

¥ (1775) DECAY MODES Fraction (I';/T) p (MeV/c)
NK 37-43% 508
AT 14-20% 525
>m 2-5% 475
2 (1385)w 8-12% 327
A(1520) 7, P-wave 17-23% 201
X (1915) 5/2+ 1Py =13
Mass m = 1900 to 1935 (=~ 1915) MeV
Full width ' = 80 to 160 (=~ 120) MeV
Pbeam = 1.26 GeV/c 47X2 = 12.8 mb
X (1915) DECAY MODES Fraction (I';/T) p (MeV/c)
NK 5-15 % 618
A7 seen 623
> seen 577
2 (1385)w <5% 443
5 (1940) 3/2— 1(JPy=137)
Mass m = 1900 to 1950 (=~ 1940) MeV
Full width ' = 150 to 300 (= 220) MeV
Pbeam = 1.32 GeV/c 47X%2 = 12.1 mb

X(1940) DECAY MODES Fraction (I';/T) p (MeV/c)
NK <20 % 637
Ar seen 640
> seen 595
Z(l385)7r seen 463
/\(1520)’/‘1‘ seen 355
A(_1232)7 seen 410
N K*(892) seen 322
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> (2030) 7/2+ 1Py =13 1)

Mass m = 2025 to 2040 (=~ 2030) MeV
Full width ' = 150 to 200 (=~ 180) MeV
Pbeam = 1.52 GeV/c 47X%2 = 9.93 mb

¥ (2030) DECAY MODES Fraction (I;/T) p (MeV/c)
NK 17-23 % 702
N 17-23 % 700
2T 5-10 % 657
=K <2 % 422
> (1385)m 5-15 % 532
A(1520) 7 10-20 % 430
A(1232)K 10-20 % 498
N K*(892) <5% 439
X (2250) 1JPy =1(2%)

Mass m = 2210 to 2280 (~ 2250) MeV
Full width ' = 60 to 150 (=~ 100) MeV
Pbeam = 2.04 GeV/c 47X%2 = 6.76 mb

¥ (2250) DECAY MODES Fraction (I';/T) p (MeV/c)
NK <10 % 851
N seen 842
> seen 803
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= BARYONS

(S=-

=0

=" = uss,

2,1=1/2)

=" = dss

=0

P is not yet measured; + is the quark model prediction.

1JP) =33

Mass m = 1314.86 &+ 0.20 MeV
m=_ — m= = 6.85 + 0.21 MeV
Mean life 7 = (2.90 4+ 0.09) x 10710 s

cr =

8.71 cm

Magnetic moment p = —1.250 + 0.014 upy

Decay parameters

a = —0.406 £+ 0.013
¢ = (21 + 12)°

v =0.85 Ul

A = (2187 35)° [
a = —0.70 & 0.07
a=—0.8=x0.2
a = —0.69 £+ 0.06
g1(0)/f(0) = 1.22 + 0.05
£(0)/£(0) = 2.0 + 0.9

A70

NetT e~
}:07
Tte v,
Ste 7,

p
=0 DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
A0 (99.524+0.012) % 135
Ay ( 1.17 +0.07 ) x 1073 184

Nete™ (76 +06 )x107° 184
>0~ (1333 £0.10 ) x 103 117
Ste 7, ( 2.52 £0.08 ) x 104 120
Stutw, ( 2.33 £0.35 ) x 1070 64

AS = AQ (SQ) violating modes or
AS = 2 forbidden (52) modes
S etuy, 5@ < 9 x 10~4 90% 112
S pty, S < 9 x 10~4 90% 49
pr 2 < 8 x 1070 90% 299
pe T, $2 < 13 x 1073 323
P T, $2 < 13 x 1073 309
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P is not yet measured; + is the quark model prediction.

(m= —m=,) / m=_
Mean life 7 = (1.639 & 0.015) x 1010 s
cr = 4.91 cm

Decay parameters

=~ DECAY MODES

a = —0.458 £+ 0.012
[(Z7)a—(A) — a(EH)ar(A)] / [sum ] = (0 + 7) x 10~
¢ =(—2.1+08)°

1JP) = 3(3h)

Mass m = 1321.71 & 0.07 MeV

(-34+9)x107°

~ =0.89 [l
A = (175.9 + 1.5)° [l
ga/gy = —0.25 + 0.05 [

Fraction (I';/T)

(r=- — 7=¢) /7= =-0.01+0.07
Magnetic moment p = —0.6507 4 0.0025 ppy
(hz- + p=:) / |nz-| = +0.01 £ 0.05

(S = 1.8)

p
Confidence level (MeV/c)

Ar—
27y
Ne  Ug
Ap~— oy,
07,
Zou_ﬁ,u

e 17,

nm

ne Vg
np vy
pmm
pTT e Vg
P p vy
pup g

<
<

(99.887+0.035) %
(127 £0.23 )x 10~
( 5.63 +0.31 ) x 10~ 4

(35

(87
8

2.3

£33 yxw

+17 )x107°
x 10~4
x 10™3

AS = 2 forbidden (52) modes

52
52
52
52
52
52
L

<

AN AN NN NN

1.9
3.2
1.5
4

4
4
4

x 1072
X 10_3
%

x 10~4
x 104
x 104
x 108

90%
90%

90%
90%
90%
90%
90%
90%
90%

140
118
190

163

123
70
7

304
327
314
223
305
251
272
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=(1530) 3/2+ 1Py =3G3")
=(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 = 9.9 1-{ MeV
P
=(1530) DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
=7 100 % 158
=7 <4 % 90% 202
—_— ?
=(1690) 1Py =1@"
Mass m = 1690 + 10 MeV [°]
Full width ' < 30 MeV
=(1690) DECAY MODES Fraction (I';/T) p (MeV/c)
/\W_ seen 240
2 K seen 70
=7 seen 311
Zntn possibly seen 213
=(1820) 3/2~ 1Py =337
Mass m = 1823 £ 5 MeV [°]
Full width T = 24115 MeV [°]
=(1820) DECAY MODES Fraction (I';/T) p (MeV/c)
/\K large 402
K small 324
-7 small 421
=(1530) 7 small 237
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=(1950)

1Py = 507)

Mass m = 1950 + 15 MeV [°]
Full width T = 60 &+ 20 MeV [l

=(195 Fraction (I';/T p (MeV/c
=(1950) DECAY MODES j

/\W_ seen 522
> K possibly seen 460
=7 seen 519

=(2030)

0Py =4(>3"

Mass m = 2025 4+ 5 MeV [°]
Full width T = 2012 MeV [l

=(2030) DECAY MODES Fraction (I;/T) p (MeV/c)
NK ~ 20 % 585
K ~ 80 % 529
= small 574
:_(].530)7T small 416
AK T small 499
YKn small 428

2 BARYONS
(S=-3,1=0)

27 = sss

P

esta

1(JP) =0(31)

= %+ is the quark-model prediction; and J = 3/2 is fairly well
blished.

Mass m = 1672.45 + 0.29 MeV

(mo —mgy)/ mo = (-1+8)x 107°

Mean life 7 = (0.821 + 0.011) x 10710 s
cr = 2.461 cm

(Tg- — Tg+) / To- =0.00 £ 0.05

Magnetic moment p = —2.02 & 0.05 pupy
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Decay parameters

AK™  «a=0.0180 £ 0.0024
AK™, AKT (a + @)/(a — @) = —0.02 + 0.13

=vr" a =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
A~ 2 < 29 x 106 90% 449
02(2250)~ 1(JP) =0(?")
Mass m = 2252 + 9 MeV
Full width ' = 55 + 18 MeV
02(2250)— DECAY MODES Fraction (I;/T) p (MeV/c)
ot K™ seen 532
_:(1530)0 K~ seen 437
/\?:udc, Zj*’zuuc, Zi':udc, Zgzddc,
:_j:': usc, Egzdsc, _Qg:ssc
A 1) =031

J is not well measured; % is the quark-model prediction.

Mass m = 2286.46 + 0.14 MeV
Mean life 7 = (200 + 6) x 107 s (S = 1.6)
cr = 59.9 um
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Decay asymmetry parameters

—0.91 + 0.15
—0.45 + 0.32
—0.86 + 0.04

ArT Qo
>+ 70 Qo
yan” o

(o + @)/(a—@) in /\+ — Axnt
(a + @)/(a—a) in /\+ — Aetve, A7 — Ae v, = 0.00+0.04

Nearly all branching fractions of the /\j are measured relative to the
pK™ 7t mode, but there are no model-independent measurements of this
branching fraction. We explain how we arrive at our value of B(/\;_i' —

pK™ 7r+) in a Note at the beginning of the branching-ratio measurements
in the Listings. When this branching fraction is eventually well determined,
all the other branching fractions will slide up or down proportionally as the

true value differs from the value we use here.

/\C—>/\7T

= —0.07 £ 0.31

Scale factor/ p
/\;_" DECAY MODES Fraction (I;/T) Confidence level (MeV/c)
Hadronic modes with a p: S = —1 final states
p KO (23 + 06)% 873
pK—nt (50 £ 1.3 )% 823
pK*(892)° (16 + 05)% 685
A(1232) T K~ (86 + 3.0)x103 710
A(1520) 7™ (1.8 + 06 )% 627
p K~ 7w nonresonant (28 £ 08)% 823
p KO0 (33 + 1.0)% 823
pK%n (12 + 04 )% 568
pKOrtn (26 +07)% 754
pK~nt 70 (34 £+ 1.0)% 759
pK*(892) (11 +05)% 580
p(K ) onresonant (36 £1.2)% 759
(1232) (892) seen 419
pK—ntatrw (1.1 + 08 )x1073 671
pK—xt 07r0 (8 + 4 )x10-3 678
Hadronic modes with a p: S = 0 final states

prT (35 + 20)x1073 927
p5(980) (28 + 19 )x103 614
prtaton— 7w~ (1.8 + 1.2 )x 1073 852
pKT K~ (77 + 35 )x 1074 616
po (82 + 27)x107% 590
pKT K~ non-¢ (35 + 1.7 )x 104 616
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Hadronic modes with a hyperon: S = —1 final states

Art
Art 70
Ap™
Artatn—
>(1385) Tt~ , I*T —
At
>(1385) " wtat, IFT —
A~
/\7T+/)0
7 (1385)t p0, =*t — Axnt
Ant T 77 nonresonant
ATt 7~ 7O0total
Artny
3 (1385)Tn
Artw
Artata=79 nonorw
AKT KO
Z(1690)° K+, =*0 . AKO
0n+
>+ 70
>ty
Stotna—
Z+p0
Y atgt
307+ 70
SO0gtpt -
Strta— 70
Stw
StKTK—
>to
=(1690)° K+, =*0
StK-
>+ KT K~ nonresonant
Okt
= Ktxat
=(1530)° K

( 1.07+ 0.28) %
(36 +13)%

< 5 %
(26 +07)%
(7 +4 )x103

(55 + 1.7 )x 1073

(11 +05)%

(37 +31)x103
< 8 x 1073
(1.8 £ 08)%
] (1.8 + 06)%
[l (85 + 33)x10~3
] (12 + 05)%
< 7 x 1073

(47 + 15 )x103
(13 + 05)x103
( 1.05+ 0.28) %
( 1.00+ 0.34) %
(55 + 23 )x1073
(36 +1.0)%

< 14 %
(17 + 05)%
(1.8 + 08 )%

(83 + 31)x103

] (27 £ 1.0)%
(28 + 08)x1073
[l (31 +09)x103
(81 + 30)x10~%
< 6 x 104

(39 + 1.4 )x103
(51 + 1.4 )x103
(] (26 + 1.0)x10"3

CL=95%

CL=90%

CL=90%

S=1.2

CL=95%

CL=90%

Hadronic modes with a hyperon: S = 0 final states

AKT
AKtTntn—
SO+
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(50 + 16 )x1074
< 4 x 10~4
(42 + 13 )x107%

CL=90%

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
295
286

349
653
565
473

781
637
735

Created: 8/21/2014 13:13



Citation: K.A. Olive et al. (Particle Data Group), Chin. Phys. C38, 090001 (2014) (URL: http://pdg.Ibl.gov)

SOK+rt ™ < 21 x 1074 CL=90% 574
STKTn~ (1.7 £ 07 )x 1073 670
>+ K*(892)° [l (28 + 1.1)x103 470
STKTrt < 1.0 x 1073 CL=90% 664
Doubly Cabibbo-suppressed modes
pKtn~ < 23 x 1074 CL=90% 823
Semileptonic modes
VAR [s] (20 + 06 )% 871
Net v, (21 + 06)% 871
Apt oy, (20 £ 07)% 867
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 -
s+ anything [t] (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 CI < 55 x 1076  CL=90% 951
put C1 < 4.4 x 107  CL=90% 937
pet ™ LF < 9.9 x 1070  CL=90% 947
pe pt LF < 19 x 107% CL=90% 947
p2eT LB < 27 x 1076  CL=90% 951
p2ut LB < 904 x 1070  CL=90% 937
pet ut LB < 16 x 1075  CL=90% 947
Sutpt L < 7.0 x 1074 CL=90% 812
Ac(2595)+ 1(4F) =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 + 0.28 MeV
m-m,, = 305.79 4+ 0.24 MeV

Full width T = 2.6 + 0.6 MeV
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AT 77 and its submode X .(2455) ™ — 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)
Afrata [u] ~ 67 % 117
> (2455)T T ™ 24+ 7% t
5 (2455)0 7t 24+ 7% t
AL 7 7~ 3-body 18 + 10 % 117
/\j— 70 [v] not seen 258
_|_
/\C y not seen 288
Ac(2625)+ 1Py =0(37)

JP has not been measured; %_ is the quark-model prediction.

Mass m = 2628.11 + 0.10 MeV (S = 1.1)
m—m,, =341.65% 013 MeV (S=11)
Full width T < 0.97 MeV, CL = 90%

/\j7r7r and its submode X(2455) 7 are the only strong decays allowed to

an excited /\j— having this mass.

p
/\c(2625)+ DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
Afrta~ [ =~ 67% 184
. (2455) T 1~ <5 90% 102
5 (2455)0 7t <5 90% 102
/\j I 3-body large 184
/\2_ 70 [v] not seen 293
_|_
/\C y not seen 319

A-(2880)+ 1(JP) =03 ™)

There is some good evidence that indeed JP = 5/27F

Mass m = 2881.53 4+ 0.35 MeV
m-—m, = 595.1 £+ 0.4 MeV

Full width T = 5.8 + 1.1 MeV
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/\c(2880)+ DECAY MODES Fraction (I';/T) p (MeV/c)
/\j— ata~ seen 471
ZC(2455)0 gt seen 376
ZC(2520)0’++ e 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 gt seen -
X (2455) 10y =1(3™)

5 .(2455) T mass m = 2453.98 & 0.16 MeV

.(2455)" mass m = 2452.9 4+ 0.4 MeV

5 (2455)° mass m = 2453.74 + 0.16 MeV
Moty — M, = 167.52 + 0.08 MeV

Moy — M, = 166.4 + 0.4 MeV

m}:(c) — mA? = 167.27 £ 0.08 MeV

Mype = Mo = 0.24 £ 0.09 MeV (S =1.1)

Myy — Mgy = —0.9 £ 0.4 MeV
XC(24%5)++fuICI width [ = 2.26 + 0.25 MeV

>.(2455)% full width T < 4.6 MeV, CL = 90%
5 (2455)% full width I = 2.16 4 0.26 MeV (S = 1.1)

/\?ﬂ' is the only strong decay allowed to a 3. having this mass.

X (2455) DECAY MODES Fraction (I';/T) p (MeV/c)

/\gL I ~ 100 % 94
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X(2520) 10F) =13")

JP has not been measured; %+ is the quark-model prediction.

5>.(2520) T mass m = 2517.9 & 0.6 MeV (S = 1.6)

>.(2520)" mass m = 2517.5 & 2.3 MeV

5.(2520)° mass m = 2518.8 + 0.6 MeV (S = 1.5)
My (2500)++ — m/\? = 2314+ 0.6 MeV (S = 1.6)

—m ., = 2310+ 2.3 MeV
—m, =2323+05MeV (S =L16)

My (2520)+
My (2520)0
My (2520)++ — Mx_(2520)0

>.(2520)TF full width I = 14.9 & 1.5 MeV

5.(2520)"  full width I < 17 MeV, CL = 90%
5.(2520)°  full width T = 14.5 & 1.5 MeV

/\2—7'(' 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
>(2800) 1(4P) = 1(77)

5.(2800)*F mass m = 28011 ¢ MeV
5.(2800)" mass m = 279212 MeV
5.(2800)° mass m = 28063 MeV (S = 1.3)
_pgt4
_ +14
M5 (2800)+ ~ m/\j = 505" "¢ MeV
_ +5 _
My (2800)0 ~ m/\i = 51977 MeV (S =1.3)
5.(2800)*7 full width I = 75722 MeV
>(2800)" full width I = 62753 MeV
5.(2800)° full width I = 72122 MeV

X .(2800) DECAY MODES Fraction (I';/T) p (MeV/c)

/\j— ™ seen 443
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=7 1U7) = 3G
JP has not been measured; %"' is the quark-model prediction.
Mass m = 2467.8‘_L8::31 MeV
Mean life 7 = (442 & 26) x 10715 s (S = 1.3)
cr = 132 pm
p
E'c" DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
No absolute branching fractions have been measured.
The following are branching ratios relative to =~ 2r+.
Cabibbo-favored (S = —2) decays — relative to =~ 27+
p2K$ 0.087+0.021 767
AKO 7t — 852
5 (1385)t KO [l 1.0 =+05 746
AK=2rt 0.32340.033 787
AK*(892)0 7+ [r] <0.16 90% 608
>(1385)T K~ nt [r] <0.23 90% 678
STK- 7t 0.94 £0.10 810
T K*(892)° [l 0.81 +£0.15 658
SOKk—27t 0.27 £0.12 735
=0t 0.55 +£0.16 877
=2nt DEFINED AS 1 851
=(1530)% 7+ [r] <0.10 90% 750
=07+t 70 23 +0.7 856
=0r—2nt 1.7 405 818
ety 23 TO1 884
Q- Ktrgt 0.07 40.04 399
Cabibbo-suppressed decays — relative to =~ 27+
pK—rnt 0.21 +£0.04 944
pK*(892)° [F] 0.11640.030 828
Statna— 0.48 40.20 922
>—2ont 0.18 =£0.09 918
STKTK™ 0.15 £0.06 579
>to [r] <0.11 90% 549
=(1690)° K+, =(1690)° — <0.05 90% 501
StK-
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= _ 1.1
_2 1(JP) = 331)
JP has not been measured; %+ is the quark-model prediction.
Mass m = 2470.88 7333 MevV (S = 1.1)
M—y — M_; = 3.1f8'g MeV
=0 =t .
- 13 ~1
Mean life 7 = (1127 73) x 10715 s
cr = 33.6 um
Decay asymmetry parameters
=t 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-z 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 0.210+0.028 906
AK— 7t 1.07 +0.14 856
/\KO7T+’/T_ seen 787
AK ntata— seen 703
o DEFINED AS 1 875
Zoatatr 33 414 816
N-K*T 0.297+0.024 522
=" e, 31 +1.1 882
=~ ¢t anything 1.0 +05 -
Cabibbo-suppressed decays — relative to =~ 7+
=Kt 0.028-£0.006 790
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 = 2575.6 &+ 3.1 MeV
m_y — m_, = 107.8 £+ 3.0 MeV
The Eé+—5+ 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 = 2645.9702 MeV (S = 1.1)
=.(2645)% mass m = 2645.9 4+ 0.5 MeV
M= oeasy+ — M=o = 175.070¢ MeV (S = 1.2)

M= (26450 — M=+ = 178.1 £ 0.6 MeV

=.(2645)T full width I < 3.1 MeV, CL = 90%
=.(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)

_:?: ot seen 102

:_j_ T seen 107
=,(2790) 0Py =337)

JP has not been measured; %_ is the quark-model prediction.

=.(2790)" mass = 2789.1 + 3.2 MeV
=.(2790)° mass = 2791.8 + 3.3 MeV
M= (2790)+ ~ m_:(c) = 318.2 + 3.2 MeV

M= (27900 — 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)
_:271' seen 159
Z(2815) 17 =337
JP has not been measured; %_ is the quark-model prediction.

=.(2815)" mass m = 2816.6 & 0.9 MeV
-(2815)° mass m = 2819.6 + 1.2 MeV
m_, = 348.8 £ 0.9 MeV

M= (2815)0 — m_:g = 348.7 £ 1.2 MeV
=.(2815)7 full width I < 3.5 MeV, CL = 90%
=.(2815)° full width I < 6.5 MeV, CL = 90%

M= (2815)+ —

The =_ 77 modes are consistent with being entirely via =_(2645) .

=.(2815) DECAY MODES Fraction (I';/T) p (MeV/c)
_:i_ mta~ seen 196
=0rt seen 191

C
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-— ?
=(2980) 1(JP) = 3"
=.(2980)" m = 2971.4 + 3.3 MeV (S = 2.1)
=.(2980)° m = 2968.0 + 2.6 MeV (S = 1.2)
=.(2980)T width I =26 +£7 MeV (S = )
=.(2980)° width ' =20 £ 7 MeV (S =
=.(2980) DECAY MODES Fraction (I';/T) p (MeV/c)
/\;FWW seen 231
ZC(2455)W seen 134
/\j? not seen 414
=27 seen -
=.(2645) 7 seen 277
-— ?
=c(3080) 1(4P) = 39
=.(3080)" m = 3077.0 & 0.4 MeV
=.(3080)° m = 3079.9 + 1.4 MeV (S = 1.3)
=.(3080)" width ' = 5.8 4+ 1.0 MeV
=.(3080)° width I = 5.6 4 2.2 MeV
Ec(3080) DECAY MODES Fraction (I';/T) p (MeV/c)
/\j?ﬂ seen 415
ZC(2455)W seen 342
T (2455)K + X (2520)K seen -
/\j— K not seen 536
/\i_ Krntn~ not seen 143
0 P 1
Q2. 1(J7) =0(3T)

JP has not been measured; %+ is the quark-model prediction.

Mass m = 2695.2 & 1.7 MeV
Mean life 7 = (69 &+ 12) x

cr = 21 pum
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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 689
_0 K- nt seen 901
= K 7T+ + seen 830
Q- Ve seen 829
- seen 821
2~ 0 seen 797
2~ + + seen 753
2.(2770)° I(JF) =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)

_ng presumably 100% 70

BOTTOM BARYONS
(B=-1)

AN =udb, =9 = usb, =, = dsb, 2, =ssb

A9 1(JP) =03 ™)

/(JP) not yet measured; O(%+) is the quark model prediction.
Mass m = 5619.5 + 0.4 MeV
mu — Mgo = 339.2 £ 1.4 MeV
b

2~ mg. = 339.7 + 0.7 MeV

Mean life 7 = (1.451 + 0.013) x 10712 5
cr = 435 um
ACP(Ab — p’/T_) = 0.03 + 0.18
Acp(Ap — pK™) =0.37 £ 0.17
a decay parameter for A, — J/1pA = 0.05 £+ 0.18

m
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The branching fractions B(b-baryon — A£™ Tpanything) and B(/\g —

/\jé_vganything) 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 — ﬂcanything, 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) (5.8 £0.8 ) x 1075 1740
pDOr— (59 739 )x 1074 2370
pDOK— 43 39 )x 1075 2269
At m™ (5.7 732 )% 1073 S=1.6 2342
AT K™ (42 728 )x1074 2314
_|_ —
N a1(1260) seen 2153
Afatn— 8 T3 )x1073 S=16 2323
A(2595) 7, 37 738 )x1074 2210
Ac(2595)T — Afntr
Ne(2625)F 7, (36 57 )x1074 2103
N(2625)T — /\+ atw
(245507t~ 29 — 6 T3 )x1074 2265
/\:ﬁr
S (2455) T, £ (35 738 )x1074 2265
ATt
Cc
/\jé‘ﬁganything [x] (99 £22 )% -
AT 0T, (65 32 )% S=1.8 2345
A a7 D, (5.6 £3.1 )% 2335
Ne(2595)T 1~ 7, (8 +5 )x103 2212
A (2625) 1 (~ 7, (14 39 )% 2195
ph™ [y] < 2.3 x107°  CL=90% 2730
pr (4.1 £0.8 ) x 100 2730
pK~ (4.9 £0.9 ) x 1076 2708
Aut ™ (1.0840.28) x 10~6 2695
Ny <13 x1073  CL=90% 2699
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N5(5912)° JP 1=

Mass m = 5912.1 & 0.4 MeV
Full width T < 0.66 MeV, CL = 90%

Ap(5912)0 DECAY MODES Fraction (I';/T) p (MeV/c)
/\2 rtn— seen 86
Ap(5920)° JP=3-

Mass m = 5919.73 + 0.32 MeV
Full width ' < 0.63 MeV, CL = 90%

/\b(5920)0 DECAY MODES Fraction (I';/T) p (MeV/c)
/\?j ata~ seen 108
X I(7) =1(37)

I, J. P need confirmation.

Mass m(£}) = 5811.3 £ 1.9 MeV

Mass m(% ) = 5815.5 + 1.8 MeV
mey —me_ = —42+ 1.1 MeV
Zz}r E 4.0
M(x})=97137 Mev
[(Z,)=49"33 MeV

X, DECAY MODES Fraction (I';/T) p (MeV/c)
/\271‘ dominant 134
b3+ 1Py =13h
I, J. P need confirmation.

Mass m(Z}") = 5832.1 & 1.9 MeV
Mass m(X},~) = 5835.1 & 1.9 MeV
mzz+ — m}__z_ = —3.0:%:8 MeV
M(;7) =115 + 2.8 MeV
[(X;7)=75%23MeV

mzz — my, =212+ 2.0 MeV
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Z; DECAY MODES Fraction (I';/T) p (MeV/c)
/\271’ dominant 161
=0 =—— Py _ 1/1
I, J. P need confirmation.

m(Z,) =5794.9 £ 0.9 MeV (S = 1.1)
m(=9) = 5793.1 £ 2.5 MeV (S = 1.1)

m—_ —m

~b

mMm—p — M

b

o = 176.2 + 0.9 MeV
b

0 = 174.8 £ 2.5 MeV
b

m—_ —m— =3+ 6 MeV

b

Mean life 7__ = (

Mean life 7=

1.56 7931) x 10712 s

= (1.497019) x 10712 s

p

=), DECAY MODES Fraction (I;/T) Scale factor (MeV/c)
Zp— Z U0 XxB(b— Z) (39 £12)x107* 1.4 —~
=, — J/W="xB (1.0270-20) x 10-5 1783
=0 — pDoK~ x B(b (18 T13 )x 1076 -
=0 — ATKTxB(b— ) (8 +7 )x10~7 -
= 0 P _ 3+
=,(5945) P =3
Mass m = 5949.3 £ 1.2 MeV
Full width ' = 2.1 + 1.7 MeV
Eb(5945)° DECAY MODES Fraction (I';/T) p (MeV/c)
:_b_ at seen 69
2, 1P =0(3 1)
I, J. P need confirmation.

Mass m = 6048.8 + 3.2 MeV (S = 1.5)

m _
Qb

— My = 426.4 £+ 2.2 MeV

Mean life 7 = (1.1733) x 10712 s
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'Qb- DECAY MODES Fraction (I';/T) p (MeV/c)

J/p Q2™ xB(b — 2p) 29152y x 1076 1808

b-baryon ADMIXTURE (A, Zp, Zp, 25)

Mean life 7 = (1.449 + 0.015) x 10712 s

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:=p ZpS2p) Fraction (I';/T) p (MeV/c)
pp~ vanything (53T %g) % -
p{lTyanything (51+ 1.2)% -
panything (64 +21 )% -
AL~ vyanything ( 3.5+ 0.6)% -
A/ Aanything 36 +£7 )% -
=~ (" Uyanything ( 6.0+ 1.6) x 10~3 -
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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 |mp,—m5|/m, and |q, + g5|/e are not independent, and both use
the more precise measurement of |g5/m5|/(qp/m)).

[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] 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.

[f] 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.

[g] 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
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).

[h] The parameters ga, gv, and gy for semileptonic modes are defined by
Brlva(gv + gars) + i(@wm/ms;) ox, q”]B;, and ¢ay is defined by

gA/gy = }gA/gv‘e"d’A\/. See the “Note on Baryon Decay Parameters”
in the neutron Particle Listings.

[/] Time-reversal invariance requires this to be 0° or 180°.
[/] This coefficient is zero if time invariance is not violated.
[k] This limit is for v energies between 15 and 340 keV.

[/] The decay parameters v and A are calculated from « and ¢ using

v = V1-a? cosp, tanA = —% V1—a2 sing.

See the “Note on Baryon Decay Parameters” in the neutron Particle List-
ings.

[n] See the Listings for the pion momentum range used in this measurement.
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[0] The error given here is only an educated guess. It is larger than the error
on the weighted average of the published values.

[p] A theoretical value using QED.
[q] See the note on “/\2_L Branching Fractions” in the /\i’ Particle Listings.

[r] This branching fraction includes all the decay modes of the final-state
resonance.

[s] An £ indicates an e or a ;4 mode, not a sum over these modes.

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

[u] Assuming isospin conservation, so that the other third is /\;r 7070,

[v] A test that the isospin is indeed 0, so that the particle is indeed a /\:_r.

[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

Limits are based on the Minimal Supersymmetric Standard Model
(MSSM) with additional assumptions as follows:

1) )2? (or ) is lightest suBersynlmetric particle; 2) R-parity is conserved;
3) With the exception of t and b, all scalar quarks are assumed to be

degenerate in mass and mg dr = Mg, - 4) Limits for charged sleptons refer

to the ER states. 5) Unless otherwise stated, gaugino mass unification
at the GUT scale is assumed. For squarks and gluinos, the Constrained
MSSM (CMSSM) limits and simplified model limits are presented.

See the Particle Listings for a Note giving details of supersymmetry.
)Z? — neutralinos (mixtures of 5, Z°, and Fl?)
Mass meo > 46 GeV, CL = 95%
1
[all tans, all mg, all m—y — m]
X2 X1
Mass m%o > 62.4 GeV, CL = 95%
[1<tanﬂ <40, all mg, all m_ 0~ My o]
Mass m%o > 09.9 GeV, CL = 95%
[1<tanﬂ <40, all mg, all m—y — mo]
X2 X1
Mass myo > 116 GeV, CL = 95%
4
[I<tan( <40, all mg, all m—g — m]
X2 X1
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—t : : T+ e
X; — charginos (mixtures of W= and H:")

Mass me+ > 94 GeV, CL = 95%
1
[tanG < 40, m_. — m-o > 3 GeV, all mg]
X3 X1

v — sneutrino
Mass m > 94 GeV, CL = 95%
[1 <tang < 40, Megp— Mo >10 GeV]
1

e — scalar electron (selectron)
Mass m > 107 GeV, CL = 95% [all m’é’R—m%O]
1

fi — scalar muon (smuon)

Mass m > 94 GeV, CL = 95%

[1 <tang < 40, mﬁR—m;{? > 10 GeV]

T — scalar tau (stau)

Mass m > 81.9 GeV, CL = 95%

[mz, — mso >15 GeV, all ;]

g — scalar quark partners (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 p and tanf. Limits assume two-
generations of mass degenerate squarks (g; and gr) and gaugino mass pa-
rameters that are constrained by the unification condition at the grand uni-
fication scale. The second limit assumes a simplified model with a 100%
branching ratio for the prompt decay ¢ — qi(l).

Mass m > 1110 GeV, CL = 95% [tan8=10, u >0, Ap=0]

Mass m > 750 GeV, CL = 95%

[iets + 7, g — qi(l) simplified model, mso= 0 GeV]

b — scalar bottom (sbottom)
Mass m > 89 GeV, CL = 95%
[b — bxl, — mso > 8 GeV, all 0]

Mass m > 600 GeV CL = 95%
[ jets + K, b— le simplified model, meo= 0 GeV |
1

t — scalar top (stop)
Mass m > 95.7 GeV, CL = 95%
[t — X% m; — mse > 10 GeV, all 6]
Mass m > 650 GeV, CL = 95%
[1 6% + jets + Bp, T — ti(l) simplified model, m>~<(1)20 GeV]
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g — gluino

The first of these limits is within the CMSSM for (mz 25GeV), and in-
cludes the effects of cascade decays, evaluated assuming a fixed value of
the parameters p and tanf3. Limit assumes GUT relations between gaug-
ino masses and the gauge couplings. The second limit assumes a simpli-
fied model with a 100% branching ratio for the prompt 3 body decay g —
qﬁi{cl), independent of the squark mass.

Mass m > 800 GeV, CL = 95%  [any mg]
Mass m > 950 GeV, CL = 95%
[iets + F7, &8 — qﬁf{cl) simplified model, m%(l) =0 GeV]

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).

Searches for

Quark and Lepton Compositeness,

Scale Limits A for Contact Interactions

(the lowest dimensional interactions with four fermions)

If the Lagrangian has the form
2 _ _
£ 2o vyt 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.

/\‘LLL(eeee)
N/ (eeee)
A1 (eeup)
Ap(eepp)
/\ZFL(eeTT)
N/ (eeTT)
N (eeee)

N (eeee)
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8.5 TeV, CL = 95%
9.5 TeV, CL = 95%
7.9 TeV, CL = 95%
7.2 TeV, CL = 95%
9.1 TeV, CL = 95%
10.3 TeV, CL = 95%
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N (eeuu) > 233 TeV, CL = 95%
A (eeuu) > 125 TeV, CL = 95%
Nf(eedd) > 11.1TeV, CL =95%
N (eedd) > 26.4 TeV, CL = 95%
N/ (eecc) > 9.4TeV, CL = 95%
A (eecc) > 5.6 TeV, CL = 95%
N[ (eebb) > 9.4 TeV, CL = 95%
N (eebb) > 10.2 TeV, CL = 95%
N (prgq) > 9.6 TeV, CL = 95%
A (pprgq) > 13.1TeV, CL = 95%
A(Evev) > 3.10 TeV, CL = 90%
Nevqq) > 2.81 TeV, CL = 95%
N (qqqq) > 7.6 TeV, CL = 95%
A (ggqq) > 7.6 TeV, CL = 95%
N (vvqq) > 5.0 TeV, CL = 95%
A (vvqq) > 5.4 TeV, CL =95%

Excited Leptons

The limits from £*T /*~ do not depend on A (where ) is the £¢* transition
coupling). The A-dependent limits assume chiral coupling.

e*T — excited electron

Mass m > 103.2 GeV, CL = 95% (from e*e*)
Mass m > 2.200 x 103 GeV, CL = 95% (from ee*)
Mass m > 356 GeV, CL = 95% (if A, = 1)

@ — excited muon
Mass m > 103.2 GeV, CL = 95%  (from p*pu*)
Mass m > 2.200 x 103 GeV, CL = 95%  (from pp*)

7+ — excited tau

Mass m > 103.2 GeV, CL = 95%  (from 7% 7%)
Mass m > 185 GeV, CL = 95%  (from 77%)

v* — excited neutrino

Mass m > 102.6 GeV, CL = 95%  (from v*v*)
Mass m > 213 GeV, CL = 95%  (from vv*)
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g* — excited quark

Mass m > 338 GeV, CL = 95% (from g* g*)
Mass m > 3.500 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 fundamental gravity scale
Mpr > 32TeV,CL=95% (pp— eTe™, utu~, vv)
Mo > 4.16 TeV, CL = 95% (pp — ()
Mp > 216 TeV,CL=95% (pp — G — (F)
Constraints on the radius of the extra dimensions,
for the case of two-flat dimensions of equal radii
R < 30 um, CL = 95%  (direct tests of Newton's law)
R< 23 um, CL=95% (pp — jG)
R < 0.16-916 nm  (astrophysics; limits depend on technique and assump-
tions)
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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
+

T

rn— 7r0’y)/|_tot3|

27"07)/rtota|

37"07)/rtota|

37)/Ttotal

0et e )/Ttotal

rn— 0 M+ 1)/ Ttotal

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

7w~ ~ parameter 3 (D-wave)

MNn —
MNn —
MNn —
MNn —

[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%
<5x 1076, CL = 90%

PARITY (P) INVARIANCE

e electric dipole moment

w electric dipole moment

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

F(n — 27%)/Tiora)

F(n — 47l'0)/rtota|

r(n/(958) — 7r+7r_)/rtota|
r(/(958) — 7070)/Tioral
F(n(1S) — L 7 )/Ttotal

HTTP://PDG.LBL.GOV Page 1

<10.5 x 1028 ecm, CL = 90%
(—0.1+£0.9) x 10719 ecm

—0.220 to 0.45 x 10710 ecm, CL = 95%
<1.3x 1072, CL = 90%

<3.5x 104, CL = 90%

<6.9x 10—/, CL = 90%

<6 x 1072, CL = 90%

<4 x 104, CL = 90%

<1.1 x 104, CL = 90%
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M(nc(1S) — 70n0)/Mopal
F(ne(15) — Kt K™)/Ttotal
F(nc(1S) — K% K%)/rtotal
p electric dipole moment

n electric dipole moment

A electric dipole moment

<3.5x 1072, CL = 90%

<6 x 1074,

CL = 90%

<3.1x 104, CL = 90%

<0.54 x 10~23 ecm

<0.29 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
o /A
/A
Re(d. = 7 electric dipole moment)
Pr 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(DF — KekErtam)
Ap(DO — Kt K= 7t n™)
+ _
Ap(DE — KYKkErtzm)

Asy (S;—,K% a SZ+,Kg)
85T 7 g = 5 )
ACT (CE_*,K‘; a C;r,Kg)
ACT (c;’K% - Ce_+,Kg)

p electric dipole moment

n electric dipole moment

n — pe” U, decay parameters
® Ay, phase of g4 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]
(6]

[d]
[d]

<10.5 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 +25)x 1073

(—0.6 &+ 1.9) x 1072

—0.006 £ 0.008

(6.6 + 1.6) x 10~3

—0.007 + 0.026
(—12 + 11) x 103
(14+7)x103
(—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
<0.29 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(d¥)
Im(d¥)
n — atr—ete™ decay-plane asymmetry
F(n — 7r+7r—)/rtota|

M(n — 270)/Toral

F(n — 47°)/Tioral

r(n/(958) — 7r+7r_)/rtota|

r(n/(958) — 70 WO)/rtota|

Kt - rtata—
7t 7070

T 7r0fy rate difference/average
rtrtaT (g — )/ (ef +&)

at 70,0 (g+ -g.)/ (g+ +g_)
A(K:t ) = r(K;ee)_r(K;ee)
Tee r(K:ee)-i-F(K;ee)

_ r(K;W)—r(K;W)
MK HT(K,

T m
COT(KEL )KL

Iy

MK TR )

As =[T(KE = 77 etuy)-T(KE = nTe 7,)]
/ SUM

Im(n4_g) = Im(A(KE — 7+ 7770, CP-violating)
/A(K(Z — 7T+7T_7T0))

Im(nggo) = Im(A(KE — 707070)/a(K} —
7r07r071'0))

nooo| = |AKKE — 370)/A(K9 — 370)]

rate difference/average
KE -
KE -
KE -
KE -

rate difference/average

A(KE
T

) .
+ )
A(Kﬂ'ﬂ"y) -

CP asymmetry A in K% — ata—ete
r(K% - 3770)/rtota|

linear coefficient j for K? — atr— 0
quadratic coefficient f for K? — gta=x0
’6;_7’/6 for K(L) — nta 7y

’gEl‘ for K? — 7r+7r_fy

F(KY — 70t 1)/ Tiotal

r(KY — n0ete™) /Mol

MK — 70um)/Tigtal

ACP(D:E — /ftu)

ACP(D:t — K%ﬂ'i)

Acp(DE - KFort)

ACP(Di — K:Fﬂ':l:ﬂ'j:ﬂ'o)

HTTP://PDG.LBL.GOV Page 3

<0.50 x 10717 ecm, CL = 95%
<1.1x 10717 ecm, CL = 95%

(—0.6 & 3.1) x 1072
<1.3x 1072, CL = 90%
<3.5x 104, CL = 90%
<6.9 x 107, CL = 90%
<6 x 1072, CL = 90%
<4 x 1074, CL = 90%
(0.08 + 0.12)%

(0.0 + 0.6)%

(0.9 + 3.3)%

(15 +22)x 1074

(1.8 + 1.8) x 104

(—2.2 4+ 1.6) x 1072

0.010 £ 0.023

(0.0 £ 1.2) x 10~3
(2 + 10) x 1073

—0.002 £ 0.009

(—0.1 +1.6) x 1072

<0.0088, CL = 90%
(—0.4 +0.8)%

<2.6 x 1078, CL = 90%
0.0012 = 0.0008

0.004 + 0.006

<0.3, CL = 90%

<0.21, CL = 90%

<3.8x 10710, cL = 90%
<2.8x 10710, cL = 90%
<2.6 x 1078, CL = 90%
(8 + 8)%

(—0.41 =+ 0.09)%

(0.1 + 1.0)%

(1.0 + 1.3)%
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Acp(D*
Acp(D*
Acp(D*E
Acp(DE
Acp(DE
Acp(D*
Acp(D*
Acp(DE
Acp(DE
Acp(D*
Acp(D*
Acp(D*E
Acp(DF
Acp(DE
Acp(D*E
Acp(D*
Acp(DE —

A

Lol

Lol

0
Ks
K% rtat o= )
rt 71'0)

ntn)
nt 7/ (958))

K Kk+)

Kt K= %)
K:l: K*O)

g E)

K+ K3(1430)0)
K+ K3(1430)0)
KE K (800))
30(1450)07T:t)
$(1680) 7T)
atn~ wi)

K% KErt )
K+ 7r0)

e 71'0)

’q/p‘ of DO-D0 mixing
A of p0-po mixing

(0.3 + 0.9)%

(0.1 + 1.3)%

(2.9 +2.9)%

(1.0 £ 1.5)% (S = 1.4)
(—0.5+1.2)% (S =1.1)
(—0.11 + 0.25)%

(0.36 + 0.29)%
(—0.3+0.4)%

(0.09 £ 0.19)% (S = 1.2)
6 5)%

43120)%

(121 18)%
(~197F18)%

(—9 £ 26)%

(—2+ 4%

(—4+7)%

(—4 £+ 11)%

+0.12
0.92 " 5g9

(—0.125 + 0.526) x 103

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(DO
Acp(D°
Acp(D°
Acp(D°
Acp(D°
Acp(D°
Acp(D°
Acp(D°
Acp(D°
Acp(D°
Acp(D? —

L T e e e

KT K™)
KSKS)

atrT)

70 7r0)

ata— 7r0)

p(770) T 7~ — 7r+71'_71'0)
p(770)071'0 — 7T+7T_7T0)
p(770) "7t — 7r+71'_71'0)
p(1450) T 7~ — 7t x— 7r0)
p(1450)071'0 — 7T+7T_7T0)
p(1450)" 7t — 7t~ 7r0)
p(1700) T 7~ — at 7™ 7r0)
p(1700)071'0 — 7T+7T_7T0)
p(1700) " nt — 7t 71— 7r0)
f0(980)71'0 — 7T+7T_7T0)
f0(1370)71'0 — ata~ 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)7r0 — ata— 71'0)

HTTP://PDG.LBL.GOV

(g]
[g]
(g]
(g]
(g]
(g]
(g]
[g]
(g]
(g]
(g]
[g]
[g]
(g]
(g]

(—0.21 + 0.17)%
(—23 + 19)%
(0.22 + 0.21)%
(0 £ 5)%

(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)%
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Ac p(nonresonant DO — ata—x

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(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(D°
Acp(DO
Acp(D°
Acp(D°
Acp(D°
Acp(D°
Acp(DO
Acp(D°
Acp (D0 —
Acp(DO —
Acp(DO —
Acp(D? —
Acp(D? —

R e e A e

%)

Kt K= x9)

K*(892)T K~ — Kt K~ x0)
K*(1410)t K— — KT K—#0)
(KTa0)gk™ — Kt k= x0)
$(1020) 70 — KT K= =0)
f5(980) 790 — Kt K—#0)
ap(980)979 — 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_pave KT — KT K= x0)

K%TK’O)

Kn)

K2

)

K—xTt)

Ktx™)

K_7r+71'0)

K+7r_71'0)

K%ﬂ+7T_)

K*(892) " nt — K%7r+7r_)
K*(892)T 7~ — K%7r+7r_)
K%po — K%W+7T_)
K%w — ng+7r_)
K2 £(980) — KLt z)

K2 £(1270) = KLatn7)

K 5(1370) — KLatn7)
KO0(1450) — K&ntn)

KO f5(600) — K%ﬂ+7T_)
K*(1410)~ 7=t — K%ﬂ+7T_)
K6(1430)_7T+ — K%7r+7r_)
K6(1430)_7T+ — K%7r+7r_)
K§(1430)_7T+ — K%W+7T_)
K5(1430)F 7~ — KQat77)
K rtata)

Ktn—atza)

KtTK—ntz™)

Ki(1270)t K~ — KOxt K™)
Ki(1270)~ K+ — K07~ kt)

HTTP://PDG.LBL.GOV

[g]

&]
&]
&]
&]
&]
&]
&]
&]
&]
&]

(—13 + 23)%
(-1.0 £ 1.7)%
(0.9 + 1.3)%
(=21 + 24)%
(7 £ 15)%
(1.1 + 2.2)%
(=3 +19)%
(-5 + 16)%
(0 + 160)%
(=5 + 4%
(—17 + 29)%
(—10 + 40)%
(—0.27 + 0.21)%
(0.5 4 0.5)%
(1.0 + 0.7)%
(-3 4+ 9%
(0.1 +0.7)%
(0.0 + 1.6)%
(0.2 + 0.9)%
(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)%
(0.7 + 1.0)%
(-2 4+ 4%
(-8 +7)%
(-1 +10)%
(—10 + 32)%
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Acp(D? — Ki(1270)t K= — PO KT K™)
Acp(DO — KI(1270)" KT — POk~ KT)
Acp(D0 — K*(1410)t K~ — K*0rtK)
Acp(D0 — K*(1410)~ Kt — K*0n— k)
ACP(DO — K*0K*0 S-wave)

ACP(DO — ¢p9 S-wave)

ACP(DO — ¢p9 D-wave)

ACP(DO - ¢(W+7r_)5—wave)

AAB?: = Acp(KTK™) = Agp(ntn™)
Acp(DE — )

Acp(Dy — KEKY)
Acp(DE — KT K= %)
Acp(DE — Kt K= 7t x0)
Acp(DE — KQKkFort)
Aop(OF — wtamx)
ACP(DgE — 7ty
Acp(DE — mt )
Acp(Dy — KEx0)
Acp(DF — KZn¥)
ACP(OF — K x0)
Acp(DE — KEn)
Acp(DE — KE4f (958))
Acp(BT — J/p(1S)K™T)
Acp(BT — J/p@aS)nt)
Acp(BT — J/ppT)
Acp(BT — J/ypK*(892)T)
ACP(B+ - ncK+)
Acp(BY — ¢(25)T)
Acp(BT = $(25)KT)
Acp(BT — (25)K*(892)T)
Acp(BT — xc1(1P)n™)
Acp(BT — xcoK™T)
ACP(B+ - Xc1K+)
Acp(BT — xc1 K*(892)T)
Acp(BT — DOx)
Acp(BT = Dop(11y7™)
Acp(BT — Dap—1)m™)

Acp(BT — DYkT)
rp(BT — DOKT)
sp(BT — DOKT)

HTTP://PDG.LBL.GOV Page 6

(—7 £ 17)%
(10 + 13)%

(—20 + 17)%

(-1 +£14)%

(10 + 14)%

(-3 +5)%

(=37 + 19)%

(-9 + 10)%

(—0.46 + 0.25)% (S = 1.8)
(5+6)%

(0.08 + 0.26)%

(0.5 + 0.9)%

(0.0 + 3.0)%

(4.1 + 2.8)%

(-0.7 £3.1)%

(1.1 4 3.1)%

(—2.2 +£23)%

(=27 + 24)%

(1.2 + 1.0)% (S = 1.3)
(4 + 5)%

(9 + 15)%

(6 £ 19)%

0.003 + 0.006 (S = 1.8)
(0.1 £2.8) x 1072 (S = 1.2)
—0.11+0.14

—0.048 + 0.033

—0.02 + 0.10 (S = 2.0)
0.03 + 0.06

—0.024 + 0.023

0.08 + 0.21

0.07 + 0.18

—0.20 + 0.18 (S = 1.5)
—0.009 + 0.033

0.5+ 0.5

—0.007 + 0.007

0.035 + 0.024

0.017 + 0.026

0.01 + 0.05 (S = 2.1)
0.096 + 0.008

(115 + 13)°
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rp(BT — DOK*t)

sp(Bt — DOK*T)

Acp(BY — [K™xT]pKT)
Acp(BT — [K™nTl5K*(892)T)
Acp(BT — [K™aT]pnT)
Acp(BtT — [K_7T+](Dﬂ_)7r+)
Acp(BtT — [K—wﬂ(D,y)ﬁ)
Acp(BT — [K_w+](D7r) KT)
Acp(BtT — [K—w+](D,y) KT)
Acp(BT — [rta=x0]pKT)
Aspg(BT — DrT)

Acp(BY — Dop_1)K™)
Acp(BT — DOxt)

ACP(B+ - (Dgp(+1))07r+)
ACP(B+ - (Dgp(_l))oﬂ’_F)
Acp(BT — D*0k)

(BT — D*0kT)

55 (BT — D0k

+ *0 +
ACP(B — DCP(+1)K )

Acp(BT — KT)

Dep(-1)
Acp(BT = Dcp(y1)K*(892)T)

Acp(BtT — Dep(-1) K*(892)T)
+ -
Acp(BY — DT ¢)
ACP(B+ — D*+5*O)
Acp(BT — D*tDO)
Acp(BT — DTD*0)
Acp(BY — DTDO)
Acp(BT — K%zt)
Acp(BT — KT70)
ACP(B+ — n/K+)
Acp(BT — o K*(892)T)
Acp(BT — o K§(1430)T)
Acp(BT — 7' K3(1430)T)
Acp(BY — nK*(892)T)
Acp(BT — nK}(1430)T)
Acp(BT — nK3(1430)T)
Acp(BT — wkT)
Acp(BT — wk*T)
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0.17 4 0.11 (S = 2.3)
(155 + 70)° (S = 2.0)
—0.58 + 0.21
—03+05

0.00 + 0.09

—0.09 + 0.27
—0.7+06

0.8 + 0.4

04 +10

—0.02 £ 0.15
0.14 £+ 0.06
—0.10 £ 0.07
—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+ 04
—0.15 £ 0.11
—0.06 + 0.13
0.13 +0.18
—0.03 £ 0.07
—0.017 £+ 0.016
0.037 £ 0.021
0.013 £ 0.017
—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 + 0.05
0.29 + 0.35
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Acp(BT
Acp(B*
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(B*
Acp(B*
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BY
Acp(BT
Acp(BT
Acp(BT
Acp(B*
Acp(B*
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(B*
Acp(B*
Acp(B*
Acp(B*
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT

HTTP://PDG.LBL.GOV
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L

!

!

e bbb bbbl

L

I

w(Km)§h)
wK3%(1430)T)
K*0 ﬂ_—|—)
K*(892) T x0)
Ktrn— 7r+)
KT K~ K™ nonresonant)
£(980)0 K1)
fo(1500) K1)
F(1525)0 K T)
K5(1430)0 7 )
K35(1430)0 7 )
K+ 70 71'0)
KOpT)

K*+ 7r+71'_)
PO K*(892) 1)
K*(892) T £,(980))
ai" KO)

bi KO)
K*(892)0 pT)
bIKT)

KO k™)

KT KL KY)
KTK—=t)
KTK—KT)
¢KT)
Xp(1550) KT)
K*t Kt K™)
$K*(892)T)
#(Km)§T)

¢ K1 (1270)T)
¢K3(1430)T)
KT ¢¢)

Kt ledl,,)
K*(892)1 )
nKT )
KT )

Pt )

~t 71'0)

ata— 7r+)

PO )

Page 8

—0.10 =+ 0.09
0.14 + 0.15

—0.04 + 0.09 (S = 2.1)
—0.06 + 0.24

0.033 + 0.010

0.06 + 0.05

—0.08 + 0.09

0.28 + 0.30

+0.05
—0.08__¢.04

0.055 + 0.033

+0.29
0.05_ 55,

—0.06 + 0.07
—0.12 £ 0.17
0.07 = 0.08
0.31 £0.13
—0.15 £ 0.12
0.12 £ 0.11
—0.03 £ 0.15
—0.01 £ 0.16
—0.46 + 0.20

0.04 + 0.14

+0.04
0.04_0'05

—0.12 +0.05 (S = 1.2)
—0.036 + 0.012 (S = 1.1)
0.04 + 0.04 (S = 2.1)
—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

0.105 + 0.029 (S = 1.3)

+0.09
0.187 417
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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(B*
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(Bt —

L A A A

f5(1270) 7 T)
p0(1450) = T)
atr ot nonresonant)
pt )
pto0)
wnT)
wp™)

nmt)

npt)

n'=t)

' pt)
@W+)
pprTt)
pBKT)
pPK*(892)T)
pA7)
pAn0)
Ktetoe)
KTete™)
KT ptp™)
K*t i)
K*eTe™)
K*¥ptp™)

Re(e go)/(1+]€go|?)

AT/CP

Acp(BY
Acp(B°
Acp(BO
Acp(BY
Acp(BY
Acp(BO
Acp(BO
Acp(BO
Acp(BY
Acp(BY
Acp(BP
Acp(BP
Acp(B°
Acp(BY
Acp(BY

L e A
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D*(2010)T D7)
[KTK™]1pK*(892)0)
[K+ 7~ ]pK*(892)°)
n' K*(892)0)

n' K§(1430))

n' K3(1430)0)
nK3(1430)0)
nK’(1430)0)

by KT)

wKw)

w(Km)E0)
wK35(1430)0)

KTr— 71'0)

p~ KT)

p(1450)~ K1)

Page 9

0.41 £ 0.30

0.4
—01 05

+0.23
—0.14 016

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

—0.08 + 0.04 (S = 1.1)
0.21 + 0.16 (S = 1.4)
0.17 + 0.17

0.01 + 0.17

—0.02 + 0.08

0.14 + 0.14

—0.003 + 0.033

—0.09 + 0.14

—0.14 + 0.23

~0.12 + 0.24

(0.1 +0.8) x 10~3
0.005 + 0.018

0.037 + 0.034

—0.45 + 0.23

—0.08 + 0.08

0.02 + 0.23

—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 10~2
0.20 + 0.11
~0.10 £+ 0.33
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Acp(B® — p(1700)~ K1)
ACP(BO — Kt7r— 70 nonresonant)
ACP(BO — K07r+71'_)
Acp(BY — K*(892)tn)
Acp(BY — (Km)§tr™)
Acp(B — (Km)§PxO)
Acp(B° — Kk*0x0)
Acp(BY — K*(892)0xtn—)
Acp(BY — K*(892)0 o)
Acp(BY — K*0£,(980))
Acp(BY — K*tp™)
Acp(BY — K*(892)0 KT K™)
Acp(BY — ap KT)
Acp(B° — KOKO)

Acp(BY — K*(892)0¢)
Acp(BY — K*(892)0 K~ )
Acp(B® — ¢(Km)s0)
Acp(BY — ¢K35(1430)0)
Acp(BY — K*(892)0+)
Acp(BY — K3(1430)0+)
Acp(BY — pta)

Acp(BY — p~xT)

Acp(BY — ap(1260)E )
Acp(B — bl )

Acp(B® — ppK*(892)0)
Acp(BY — pArT)

Acp(BY — K*0ut )
Acp(BY — K*0etem)
Acp(BY — K*0putum)

Cp(2010)- D+ (B9 — D*(2010)~ D)
Cp(2010)+ D- (B9 — D*(2010)t D7)
Cpt pr (BY — D*FD*7)

¢, (B9 — D*tp*7)

c_ (BO N D*+D*_)

s (BO _ D*+D*_)

€ (BY — D*(2010)" D*(2010)~ KY)

s (B0 — D*(2010)* D*(2010)~ K2)
Cp+p- (B9 — DT D7)

Crp(as)-0 (B = J/4(15)0)
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~0.4 £ 0.6
0.10 + 0.18
—0.01 & 0.05
—0.22 & 0.06
0.09 + 0.07
—0.15 4+ 0.11
~0.15 4 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 & 4) x 1072
0.2+ 0.4

0.12 4 0.08
—0.11 £ 0.10
—0.002 + 0.015
~0.08 £ 0.15
0.13 4 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 4 0.19
—0.07 + 0.04
—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)
—0.13 +0.13
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C o (89— DG H0)

()
Deph )
S (B9 — DY) h0y

(+) cP

Dp O

Co0 (BO = KOx0)

0 / 0
C(osgy ko (B® = 7(958)KS)

Sy (958) KO (B — 1/ (958) k)
Cy o (B% — 7' KO)

ch% (B — wkQ)

szg (B0 — wkQ)

c (B0 — K%WOWO)

S (8% — K00

CpOKg (B — p0kQ)

0 040
SpOK% (BY — p KS)

0o_, 0
¢ (080) Ko (B 5(980) KQ)

St,(980) KO (BO — 5(980)KkQ)

. 0
Sp(1270) K2 (B9 — £(1270)kQ)

0_, 0
Ce (1270) K (B f,(1270) KY)

0 g
Sfx(lsoO)Kg (B £,(1300) K2)

0
Cfx(1300)K% (BO — £,(1300) k)

S0+ - (B — KOx
CKO7r+7T_ (BO — KOnta
€k K (B9 — Kk KQ)

7 nonresonant)

~ nonresonant)

SK% K (B — Kk2kQ)

C (B0 — KtK™ K% nonresonant)

— 50
KTK KS

C KT K~ KY inclusive)

K+ K- K% (8 —

(bKO (B - ¢K)

¢K% (B — ¢kQ)

CKSKSKS(BO — KSKSKS)
0
SKsKsKs(B™ = KsKsKs)
0 0.0
CKgﬂ'Ofy(B — Kgm9)
0 0.0
SK%WO'}/(B — Kgm-v)

0 * 0
CK*(892)0'y (BY — K*(892)"~)
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—0.23 £ 0.16
—0.56 + 0.24

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

0.43 + 0.17 (S = 1.5)

—0.05 + 0.05
—0.30 + 0.28 (S = 1.6)

0.43 £ 0.24

0.2+ 05
0.7 £0.7
—0.04 £ 0.20

+0.17
0.50 1 5’51

0.29 + 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 = 1.4)

—0.8£05
0.06 + 0.08
0.01 + 0.09
0.01 +0.14
0.59 + 0.14

—0.23 +0.14
—0.54 0.6 (S = 3.0)
0.36 + 0.33

—08+0.6

—0.04 +0.16 (S = 1.2)
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0 * 0
5K*(892)0'y (B¥ — K¥(892)%~)
C (B9 — 5KO~)

nKOy

S KO~ (B — nkOy)

Cxo g (BO = K047

S0y (B = KO97)

(B9 — K%p0y)

(89 — K%pov)

c (B — p0v)

s(BY — pofy)

Cop (BO — 7t 77)

€ 0.0(B% — 790)

pr (BO - P 7"_)

sp,f (B — ptr7)
o (B9 — p+7r—)

0)

0
Coq0 (BY — PO

(BO — ay(1260)t77)

Saym (B9 — aq(1260)F =)

ACalw(B — a1(1260) T 77)
AS, n (B9 — a;(1260)F =)
c(BY — b KT)

AC (BO — by wT)
0)

317‘(’

o(BO—>pp

A (BO — U/ K*(892)0)

cos 28 (BY — J/9 K*(892)9)
cos 203 (B0 — [K 57r+
(Sy +5_)/2(B% — D*~xT)
(S_ —54.)/2(8% —
(Sy +5_)/2 (8% — D~ at)
(S_ —5,)/2(BY— p=rt)
(Sy +5_)/2(B% — D™ pT)
(S_ —5,)/2(B%— D~ pt)
“ne K2 (8% = nekg)

CCEK(*)O (BO — CEK(*)O)
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—0.15 + 0.22
—-03+04
—-0.2+05

—0.3+ 0.6

+0.7
07771

—0.05 + 0.19
0.11 £ 0.34

0.4 £05
—08 £ 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

—0.24 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

—0.05 £ 0.13

~0.06 £ 0.17

<0.25, CL = 95%
17797 (s = 1.6)
10738 (s = 18)

—0.039 £ 0.011

—0.009 + 0.015

—0.046 + 0.023

—0.022 £+ 0.021

—0.024 £ 0.032

~0.10 £ 0.06

0.08 + 0.13

(0.5 + 1.7) x 10~2
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Aa

J/u(ns) Ko (B® = J/w(nS)KP)

Cyrpie0 (BY = J/wK*0)
Sy k0 (BY = J/wK*0)
“xeoKY (B% = xeoK3)
chng‘ (B% = xeoK3)
“Xer KL (B = Xe1K5)

sin(287) (B — ¢KO)

sin(287) (B — ¢ K (1430)0)

Sin(2ﬂeﬂ:)(50 - [ng+ﬁ_]D(*) ho)

Al (B9 — [Kgﬁw—]D(*) )

’sin(2ﬁ + *y)’

28+

~(BO — DO k*0)

ACP(B — K*(892)’y)

ACP(b — s7)

ACP(b — (s+d)7v)

ACP(B — Xs£+€_)

Acp(B — K*ete)

Acp(B— K*ptpu™)

Acp(B — K*etem)

Acp(B — mnanything)

Re(eBg) /(1 + |eBgy2)

CP Violation phase 3

Acp(Bg — 7T K™)

Acp(B? — [KT K~ ]pK*(892)0)

r(ne(18) — 71'—i'ﬂ’_)/rtotal

r(ne(18) — 71'07"0)/rtotal

r(nC(IS) — KT K_)/rtotal

Fnc(1S) = KLKL)/Miotal
(a+@)/(a—@)inA— pr—, A— prt
[(Z)a-(N)—a(Z)ay(A)]
[a(Z7)a-(A)+a(=T)ar (A)]

(a +@)/(a—a@)in 2~ — AK—, 2t - Akt
(@ +@)/(a—a)in AT = Axt A- — An~
(e + @)/(a—@) in /\2_ — /\e+ue, Z; — Ae" 7,

ACP(/\b — p7m)
ACP(/\b — pK™)
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(0.5 + 2.0) x 1072
0.03 & 0.10

0.60 = 0.25

+0.5
-031g2

—0.7£05
0.06 + 0.07

0.22 + 0.30

+0.03
0.97_0'52

0.45 £+ 0.28
1.01 £ 0.08

>0.40, CL = 90%
(83 + 60)°

(162 + 60)°
—0.003 + 0.017
—0.008 =+ 0.029
—0.01 + 0.05
~0.22 +0.26
~0.18 + 0.15
~0.03+0.13

—0.04 £+ 0.07

+0.04
—0.13 7405

(—1.9+1.0)x 1073

(0.0 + 3.5) x 10~2

0.28 + 0.04

0.04 4 0.16
<1.1x10~4, CL = 90%
<3.5x 1072, CL = 90%
<6 x 10~%, CL = 90%
<3.1x 104, CL = 90%
0.006 + 0.021
(0+7)x10~4

—0.02 + 0.13

—0.07 £ 0.31

0.00 + 0.04

0.03 + 0.18

0.37 4+ 0.17
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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)%
A(e) = [[(r~eTv,) — M(rT e~ 7,)]/sum (0.334 4+ 0.007)%
parameters for K(Z — 21 decay
Ingo| = [AKY — 270 / (2.220 4 0.011) x 1073 (S = 1.8)
AKS — 279)]
g | = [AKY - xFa7) / AKE — (2.232 4 0.011) x 1073 (S = 1.8)
7r+7r_)‘
le] = (2|ny_| + |mgol)/3 (2.228 £ 0.011) x 1073 (S = 1.8)
Inoo/n4 | [A] 0.9950 + 0.0007 (S = 1.6)
Re(' /e) = (1—|ngo/n4_|)/3 [A] (1.66 % 0.23) x 1073 (S = 1.6)
Assuming CPT
¢4, phase of (43.51 4+ 0.05)° (S = 1.2)
$00. phase of ngq (43.52 4+ 0.05)° (S = 1.3)
be = (204 _ + 00)/3 (43.52 + 0.05)° (S = 1.2)
Not assuming CPT
¢4, phase of (43.4 £ 05)° (S=1.2)
b0, phase of ngq (43.7 £ 0.6)° (S =1.2)
be = (204 _ + 00)/3 (43.5 £ 0.5)° (S = 1.3)
CP asymmetry A in K(Z — rta 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=y, CP (235 + 0.07) x 1073
vioIating)/A(K% — 7r+7r7'y)‘
¢y _~ =phaseof n (44 + 4)°
MK — 75 77)/Tiotal [i] (1.967 + 0.010) x 103 (S = 1.5)
r(KY — 7970)/Motal (8.64 + 0.06) x 10~% (S = 1.8)
Acp(BtT — Dep(+1) KT) 0.170 + 0.033 (S = 1.2)
Asps(BT — DKT) ~0.52 + 0.15
Acp(BT — nKT) —0.37 £ 0.08
Acp(BT — £(1270)KT) —0-68f8j%3
Acp(BT — pOk™) 0.37 4 0.10
Acp(BT — fy(1370)7T) 0.72 £ 0.22
~(BT — D)0 K(¥)+) (7131 8)°
Acp (B — Kta) —0.082 + 0.006
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Acp(BY — nK*(892)0)

Sp(2010)- D+ (B9 — D*(2010)~ DT)
Sp*(2010)+ D (B9 — D*(2010)* D7)
Sper pe (B — D*FD*7)

S, (BY — D*tp*7)

Sp+p- (B — DT D7)

S /(1) 0 (BY = J/6(15)%)
Syo0 (B9 — KOx0)

S, ko (BO — 1 KO)

) KT K~ K% nonresonant)

Kt K= K% (8% —

S (B — KT Kk~ K inclusive)

K+ K= KY
Sin (BO — ata7)
ACpﬂ. (B0 — pT7a7)

BO — 5. k)
sin(28) (B — J/yKQ)
S J/b(nS) KO (BO — J/9(nS)KO)

S BO _, K9
XclKg( Xel S)

sin(2865,)(BY — KT K~ KY)
Q

Re(ep) / (1 + |ep|?)

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)
0.58 + 0.17

0.60 + 0.07

—0.66 + 0.11

—0.65 £+ 0.12

—0.67 + 0.06
0.27 + 0.06

0.93 £ 0.17

0.682 £ 0.019
0.676 £+ 0.021

0.63 = 0.10

+0.13
077 _ 0112
(90 & 5)°

(1.2 + 0.4) x 10~3

CPT INVARIANCE

(mw+ - mW,) / Maverage
(me-i- - me_) / Maverage
]qe+ + qe—‘/e

(8o+ — 84-) / Baverage

(7

(gu+ - g/f) / 8average

T _

pt T T )/Taverage

(m7_+ -m__ )/maverage
mt — mf

(mﬂ—+ - mw,) / Maverage

(Tﬂ—-i- Tﬂ——) / Taverage

(mK+ - me) / Maverage

(TK+ - TKf) / Taverage
K=E +

— pTy, rate difference/average
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—0.002 + 0.007
<8x 1079, CL = 90%
<4 %1078

(—0.5 4+ 2.1) x 1012
(2+8)x107°

(—0.11 + 0.12) x 10~8
<2.8x10~4, CL = 90%
—0.2+ 0.5 GeV (S = 1.1)
(2+5)x1074
(6+7)x10~4

(—0.6 +1.8) x 1074
(0.10 + 0.09)% (S = 1.2)
(—0.5 + 0.4)%
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K:l: — 71':‘:71'0

§in KO — KO mixing
real part of §

rate difference/average

imaginary part of §
Re(y), K3 parameter
Re(x_), Ka3 parameter

’mKO - m70| / Maverage
(rKO - r70)/’"average
phase difference ¢gg — ¢4 _
Re(g + 1 )_A_L
37+— 300/~ 2
Acpp(D0 — K= =)

_|_ —
ASEH (Se+,/<g _

ASE,

_|_
Se+,Kg)
st — 5=
pr e+,KY e+,Kg)

(C,|

+
AC s

+
CPT - Cg+’ K2 )

ACEPT(CZ,K% a Ce_+,/<g)
|[mp—mp|/mp

(7 -2 7

lap + apl/e

(kp + 1p) /[ bp

(mp —mgz)/ my

(mp — mz) [ my

(TA —73)/ 7A
Tyt =75 )/ T5s
(hyy + b5 )/ byt
(mE— - m§+) / m—_
(7':__ — 7'?_,_) / T
(W= +u=y)/ [n=]|
(mQ, — m§+) / me_
(TQ_ — T§+)/TQ_
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U]

[K]

[/l

[/l

(0.8 £ 1.2)%

(2.5 +£2.3) x 10~4
(—1.5 + 1.6) x 107>
(0.4 + 2.5) x 1073
(—2.9 +20)x 1073
<6x 10719, CL = 90%
(8 +8)x 1018

(0.34 £ 0.32)°

(-3 +35)x 107
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

(—0.6 +1.2) x 1073
0.014 + 0.015
(—34+9)x 1072
—0.01 + 0.07

40.01 + 0.05
(—1+8)x107°

0.00 + 0.05
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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)/Ttotal

e et e”)/Ttotal

e 27)/Tiotal

™ 7)/Ttotal

17 7)/Ttotal

e 71'O)/rtotal

B 71'0)/rtota|

e K%)/rtotal

B KOS)/rtotaI

e 1)/Ttotal

17 m)/Total

e po)/rtotal

B po)/rtotal

e” w)/Tiotal

1~ w)/Tiotal

e” K*(892)%) /Ty otal
n K*(892)0)/Tioy
e” K*(892)%) /Tt otal
T K*(892)0)/Tioy
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[n]
[n]
[n]

<1.7x1076, 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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M~ — e 1/(958))/Tiotal <1.6 x 10—/, CL = 90%
M~ — 1= 7 (958))/Tiotal <13x 1077, CL = 90%
M7~ — 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)/Tiotal <8.4 x 10~8, CL = 90%
M~ — e ete )/Motal <2.7 x 1078, CL = 90%
M~ — e pT ™) /Tiotal <2.7 x 1078, CL = 90%
M~ — et pu™ u™)/Tiotal <1.7 x 1078, CL = 90%
M~ — p et e )/Tiotal <1.8 x 1078, CL = 90%
M~ — pte e )/Tiotal <15 x 1078, CL = 90%
M= — p ot ™)/ Miotal <2.1x 1078, CL = 90%
M~ — e 77 )/Tiotal <2.3x 1078, CL = 90%
M~ — p= 7T 77)/Tiotal <2.1x 1078, CL = 90%
M~ — e 7T K7)/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%
M~ — p= 7t K7)/Teotal <8.6 x 1078, CL = 90%
M~ — p= 7 K1) /Tiotal <4.5 x 1078, CL = 90%
rr= — n= KK /Miotal <8.0 x 1078, CL = 90%
M~ — u= KT K™)/Tiotal <4.4 x 1078, CL = 90%
F(r— — e 7979)/Fotal <6.5 x 107%, CL = 90%
F(r— — p=7979) /Mial <1.4 x 1072, CL = 90%
M~ — e 1)/ Total <3.5x 1072, CL = 90%
M~ — 17 01)/Tiotal <6.0 x 1072, CL = 90%
M~ — e 799)/Total <2.4 x 1072, CL = 90%
M~ — = 799)/Tiotal <22 x 1072, 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

sin2(2615) 0.846 + 0.021

Am3, (7.53 £ 0.18) x 1072 eV?2

sin2(2023) (normal mass hierarchy) 0.9991_8:8(1%

sin2(2023) (inverted mass hierarchy) 1.0001_8:8(1)9

Am%2 (normal mass hierarchy) [p] (2.44 £ 0.06) x 1073 ev2

Am%2 (inverted mass hierarchy) [p] (2.52 £ 0.07) x 1073 ev2

sin?(2613) (9.3 +0.8) x 1072
Frt — wtve)/Tiotal [q] <8.0x 1073, CL = 90%
Frt — p=etetv)/Migtal <1.6 x 107°, CL = 90%
M0 — pte™)/Miotal <3.8 x 10710, cL = 90%
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M0 — p=et)/Miotal <3.4 x 1079, CL = 90%
M0 — pte + p=et)/Miotal <3.6 x 10710, cL = 90%
Mn— pte + pet)/Miotal <6 x 1076, CL = 90%
F(n/(958) — eu)/Tiotal <4.7x 1074, CL = 90%
M(¢(1020) — e*puF)/Tyotal <2x 1070, CL = 90%
KT — pvetel)/Mtal <2.1x 1078, CL = 90%
MKT — 1T ve)/Tiotal [q] <4x1073, CL = 90%
Mkt — xtpte ) /Tiotal <13 x 10711, CL = 90%
Mkt — 7ot p=et)/Tiotal <5.2 x 10710, CL = 90%
MK = e* i) /Tiotal [n] <4.7x 10712, CL = 90%
MK — et e® uT 1) /Tigtal [n] <4.12x 10711, CL =90%
F(KQ — 70t eT)/Miotal [n] <7.6x 1011, CL = 90%
r(KY — 79701 eF)/Migtal <1.7 x 10710, cL = 90%
(ot — 7tet u™)/Miotal <2.9 x 107°, CL = 90%
(DT — 7t e uh)/Miotal <3.6 x 1076, CL = 90%
(DT — Ktetu™)/Miotal <1.2x 1076, CL = 90%
(Dt — Kte put)/Miotal <2.8 x 1070, CL = 90%
r(D0 — uEeF) /Mgl [n] <2.6x10~7, CL = 90%
r(D% — 70e® 1 F)/Tyotal [n] <8.6x 1072, CL = 90%
r(D9 — ne® uF)/Miotal [n] <1.0 x 1074, CL = 90%
r(D0 — nta= e uF)/Mioral [] <1.5x1072, CL = 90%
r(p0 — p0e® uF)/Moral [n] <4.9x1072, CL =90%
M0 — we® uF)/Tiotal [n] <1.2x 1074, CL = 90%
r(D0 — K=Kt etuF)/Mial [n] <1.8x10~% CL =90%
r(D0 — ¢e® uF)/Tiotal [n] <3.4x 1072, CL = 90%
r(D0 — KOed 1 F)/ital [n] <1.0x 1074, CL = 90%
r(p0 — K= xte®uF)/Motal [n] <5.53x 1074, CL = 90%
r(p0 — K*(892)0 e uF)/Miotal [n] <83x1072, CL =90%
r(of — =tet u™)/Motal <1.2x 1073, CL = 90%
r(Dj — atem ut) /Miotal <2.0 x 1072, CL = 90%
r(0F — Ktetun™)/Mioal <1.4 % 1075, CL = 90%
r(D — Kte u®)/Miotal <9.7 x 1076, CL = 90%
(BT — =tetu™)/Motal <6.4 x 1073, CL = 90%
r(Bt — ate ut)/Miotal <6.4 x 1073, CL = 90%
r(Bt — ate®u¥)/Mital <1.7x 1077, CL = 90%
(BT — ntets7)/Miotal <7.4x 1079, CL = 90%
(BT — nate 71)/Miotal <2.0 x 1079, CL = 90%
r(Bt — ate®rF)/Motal <7.5 x 1072, CL = 90%
rBt — 7t ut77)/Tiotal <6.2 x 1072, CL = 90%
r(BY — atu=77)/Tiotal <4.5x 1079, CL = 90%
r(Bt — =t u®7F)/Miotal <7.2x 1072, CL = 90%
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KT e—i',u_)/rtotal
Kte™ '“+)/rtotal

KT et 1) /Teotal
Ktetr™ )/Ttotal
Kte™ 7-—i_)/r’cotal

KT et ) /Ttotal
Ktptr™ )/Ttotal
Ktu~ 7-—i_)/r’cotal

Kt t“i 7-:F)/r’cotal
K*(892)T e ™) /Tiotal
K*(892) T e~ 1) /Tiotal
K*(892) 1 e® uF) /Toral
et ”:F)/rtotal

n0et 1)/ Teotal

KO et 1)/ Teotal
K*(892)% et 11 7) /Tiotal
K*(892)% e~ 1) /Tiotal
K*(892)0 et 1 F) /Ty
e+ 1) /Ttotal

“:t 7—:F)/rtotal

M(B — seTuF)/Miotal
r(B — metuF) /Mol
r(B - pe:l:,u:':)/rtotal

rB —

rB —

r(e% —
s

KeT '“:F)/rtotal
K*(892) e 1F) /T yoral

et ”:F)/rtotal

F(J/w(1S) — e uT)/Miotal
F(J/w(1S) — eT7F)/Tigral
F(J/¥(1S) — wF7F)/Migtal
M(T(S) — pFrF)/Fital
F(T(2S) — eF7F)/Tigtal
r(r@2S) — u7F)/Miotal
M(13S) — eT7F)/Motal
M(7(3S) — pFrF)/Migtal

I'(/\+ —
C
rAr —
C

pet )/Ttotal
pe /ﬁ_)/rtotal
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[n]
[n]
[n]

[n]

<9.1 %1078, CL = 90%
<13 x 1077, CL = 90%
<9.1x 1078, CL = 90%
<4.3x 1072, CL = 90%
<1.5x 1072, CL = 90%
<3.0 x 1072, CL = 90%
<45 x 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%
<2.8x 1079, CL = 90%
<1.4x 1077, CL = 90%
<2.7x 1077, CL = 90%
<5.3x 107, CL = 90%
<3.4x 107, CL = 90%
<5.8x 10—/, CL = 90%
<2.8x 1072, CL = 90%
<22 %1072, CL = 90%
<22 %1072, CL = 90%
<9.2 %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—/, CL = 90%
<83 %1079, CL = 90%
<2.0x 1070, CL = 90%
<6.0 x 1070, CL = 95%
<3.2x1079, CL = 90%
<3.3x1079, CL = 90%
<42 x 1070, CL = 90%
<3.1x 1070, CL = 90%
<9.9x 1079, CL = 90%
<1.9 x 102, CL = 90%
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TOTAL LEPTON NUMBER

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

N(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 - et 325%) / <9x 10710 cL = 90%
o(p™ 32g _, V/L32P*)
o(p 127 — et 127Tgp¥y <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))/ TNiotal <2.0 x 1078, CL = 90%
M~ — ut e 77)/Tiotal <3.9x 1078, CL = 90%
M~ — et n™ K7)/Tiotal <3.2x 1078, CL = 90%
M~ — et K™ K™)/Tiotal <3.3x 1078, CL = 90%
Fr~ — T 77 K7)/Tiotal <4.8 x 1078, CL = 90%
M~ — T 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(po
r(po
r(po
r(po
r(po
r(po
r(po
r(po

—

L 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

r 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(or
S
r(or
S
r(o7T
S
r(pr
S
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 1) /Teotal
K*(892) ™ 21) /T total
m et et)/Migtal
ot “+)/rtotal

m et ) Miotal

p~ et et) Total

Pt ) Tiotal
p-et “+)/rtotal

K~ et el)/Tigtal

K™ 0t ut)/Teotal

K~ et u™)/Tiotal
K*(892) " et eT)/Tiotal
K*(892) ™ 1 1) /Tiotal
K*(892) ™ e ™) /Tiotal
D~ et e—i_)/rtotal

D~ et ”+)/rtotal
D™t “+)/rtotal

D*~ “+)/rtotal

Ds_ pt /ﬁ_)/rtotal
DOr—put ”+)/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%
<13 x 1078, 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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rd% — /\jﬂ—)/rtotal
—|— _

re% — A e )/ Total

M= — pu 1)/ Tiotal

r(/\;r — p2eT)/Tiotal
rAL = p2ut)/Tiotal
FAT — Bet 1) /Miotal
I'(/\j:' — X M+M+)/rtota|

M(Z = pe)/Tiotal
NZ — pu)/Tiotal
N~ — pu™ 1 )/Tiotal
rr— — I_3M+N_)/rtota|

Nt~ — P7)/Ttotal
rr— — /_’WO)/rtotal
M~ — B210)/Tiotal
N(r™ — Pn)/Ttotal
rr— — ﬁﬂon)/rtotal
M= — An7)/Tiotal
MNr— — Zw—)/rtota|
r(D% — pe™)/Tiotal

r(0% — Be™)/Tiotal

r(BT — A%ut)/Mital
r(BT — A%et)/Tiotal
r(Bt — A0ut)/Miotal
r(Bt — Met)/Mial
reo — /\j’_rﬂ—)/rtotal

—|- _
reo — AT e7) [Tiotal

p mean life

<1.8x 1070, CL = 90%
<5x 1076, cL = 90%

<4 x 1078, CL = 90%

<2.7x1076, CL = 90%
<9.4 x 1076, CL = 90%
<1.6 x 102, CL = 90%
<7.0 x 10~%, CL = 90%

BARYON NUMBER

<1.8x 1076, CL = 95%
<1.8x 1076, CL = 95%
<44 x 1077, CL = 90%
<33 x1077, CL = 90%
<35 x 1070, CL = 90%
<1.5x 1072, CL = 90%
<33 x 1079, CL = 90%
<8.9x 1070, CcL = 90%
<2.7x 1072, CL = 90%
<7.2x 1078, CL = 90%
<14 x 1077, CL = 90%
[r] <1.0x 1072, CL = 90%
[s] <1.1x107°, CL = 90%
<6 x 1078, CL = 90%
<32 x 1078, CL = 90%
<6 x 108, CL = 90%
<8 x 10™8, CL = 90%
<1.8 x 1076, CL = 90%
<5x 1076, CL = 90%
[t] >2.1 x 1029 years, CL = 90%

A few examples of proton or bound neutron decay follow. For limits on many other nucleon decay channels,

see the Baryon Summary Table.
(N — et )

(N — pt )
(N — et K)
(N - ptTK)

limit on n7 oscillations (free n)

limit on n7 oscillations (bound n)

HTTP://PDG.LBL.GOV

> 2000 (n), > 8200 (p) x 1030 years, CL
= 90%

> 1000 (n), > 6600 (p) x 1030 years, CL
= 90%

> 17 (n), > 1000 (p) x 1030 years, CL =
90%

> 26 (n), > 1600 (p) x 1030 years, CL =
90%

>0.86 x 108 s, CL = 90%

[u] >1.3x108s CL = 90%
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r(/\;r — p2e1)/Tiotal
FAL = p2ut)/Tiotal
FAT — Bet 1) /Miotal

<2.7%1079, CL = 90%
<9.4 x 1070, CL = 90%
<1.6 x 1072, CL = 90%

ELECTRIC CHARGE (Q)

e — Vg7 and astrophysical limits

F(n — pre?e)/Tiotal

[v] >4.6 x 1020 yr, CL = 90%
<8x 10727 CL = 68%

AS = AQRULE

Violations allowed in second-order weak interactions.

MKt - 7t ot e Ta)/Ttotal
Nkt — 7r+7r+u_?'u)/rtota|
Re(x4.), K3 parameter

<1.3x 1078, CL = 90%
<3.0x 1079, CL = 95%
(—0.9 +3.0) x 1073

x=AKO = 770t u)/A(KO = 77T ) = A(AS=—AQ)/A(AS=AQ)

real part of x
imaginary part of x
Nzt — neto)/I(Z= — nt™7)
F(Z+ — ne+ue)/rtota|
=t — n,u+1/'u)/rtota|
M=0 - == etu,)/Miotal
r=0 - s—pt v)/Ttotal

—0.002 =+ 0.006
0.0012 = 0.0021

<0.043

<5x 1076, CL = 90%
<3.0x 1072, CL = 90%
<9 x 104, CL = 90%
<9 x 1074, CL = 90%

AS = 2 FORBIDDEN

Allowed in second-order weak interactions.

P )/Ttotal
pe” Ve)/Tiotal
Pu U/L)/rtotal

M=~ — nm7)/Tiotal
M=~ — ne 7g)/Tioral
NnNz=— — ”:“_U,u)/rtotal
N=" — pr 7 )/Tiotal
N=" — pr e 7.)/Tiotal
M= = pm 17 7))/ Total
NR2= — A7) /Tiotal

HTTP://PDG.LBL.GOV Page 24

<8 x 1070, CL = 90%
<13 x 1073
<13x103

<1.9 x 107, CL = 90%
<3.2x 1073, CL = 90%
<15 x 1072, CL = 90%
<4x 1074, CL = 90%
<4 x 1074 CL = 90%
<4 x 1074 CL = 90%
<2.9x 1070, CL = 90%
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AS = 2 VIA MIXING

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

m.o — m g (0.5293 = 0.0009) x 1010 7 s—1 (S = 1.3)
L S

mo = m (3.484 + 0.006) x 10~12 MeV
L S

AC = 2 VIA MIXING

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

0.41 -
’mD? — ng’ =zl (0.951_0.44) x 1010 s~ 1

0.14 -
(rD(lj - ng)/r =2y (12075 7g) x 1072

AB = 2 VIA MIXING
Allowed in second-order weak interactions, e.g. mixing.
Xd 0.1874 + 0.0018
— _ 12 -1
Ampy = mB?—/ mB(L) (0.510 + 0.003) x 10*“ K s
xg = Amgo /T g 0.774 + 0.006
12 -1
Amg=mgy —mpgg (17.761 £ 0.022) x 10~ K s
Bs BsH BsL
xs = Am 5o /T g0 26.85 + 0.13
S S

Xs 0.499311 + 0.000007

AS =1 WEAK NEUTRAL CURRENT FORBIDDEN

Allowed by higher-order electroweak interactions.

Mkt — atete™)/Miotal (3.00 + 0.09) x 107

MKt — 7t ut ™) /Miotal (9.4 + 0.6) x 1078 (S = 2.6)
MKt — 7t wD)/Miogal (1.7 +1.1) x 10710

Mkt — 7t 70u%)/Mtal <43 %1079, CL = 90%
FKS — w17)/Miotal <9x 1079, CL = 90%

r(k® — ete)/Miotal <9x 1079, CL = 90%

r(k% — m0ete™)/Mioal [x] (3.0%13)x 1079

MK — 790t 1) /Tioral (29713) x 1079

MK — utu7)/Tiotal (6.84 + 0.11) x 1079

HTTP://PDG.LBL.GOV Page 25 Created: 8/21/2014 13:46



0
F(KL

0
I'(KL

r(k9
0
r(x9

0
F(KL

0
F(KL

0
I'(KL

0
I'(KL

0
F(KL

0
F(KL

rt —
rEt —

r(ot —
r(pt —
r(p+t —

r(po
r(po
r(po
r(po0
r(po
r(p0
r(p0
r(po
r(po
r(po
r(po
r(po
r(po
r(po
r(po0
r(po
r(po
r(po0
r(po0
r(po

HTTP://PDG.LBL.GOV

|

et bl

—

L A e A

Citation: K.A. Olive et al. (Particle Data Group), Chin. Phys. C38, 090001 (2014) (URL: http://pdg.Ibl.gov)

e—i'e_)/rtotal
atr—et e )/Total
7070t e )/Tiotal
w00 1 ™) Mot
phu=et e”)/Ttotal
etTe et e )/Total
70 pt
mOet

17 )/Teotal
e”)/Ttotal
0 v?)/Tiotal
00 v7)/Tiotal
pete” )/Ttotal
Pt 7))/ Teotal

™

[v]

(97%) x 10712

(3.11 + 0.19) x 10~/
<6.6 x 1079, CL = 90%
<9.2x 10711, CcL = 90%
(2.69 + 0.27) x 109
(3.56 + 0.21) x 10~8
<3.8x 10710, cL = 90%
<2.8x 10710, cL = 90%
<2.6 x 1078, CL = 90%
<8.1x10~7, CL = 90%
<7x 1070

(973) x 108

AC =1WEAK NEUTRAL CURRENT FORBIDDEN

Allowed by higher-order electroweak interactions.

7T+ e+
ot ot
pTut

e )/Ttotal
#7)/Total
#7)/Total
YY)/ Ttotal

et e )/Ttotal

phu™ )/Ttotal

net e )/Total
w01t ™) /Miotal
net e )/Ttotal

"7”+ /L_)/rtotal
ata— et e )/Tiotal
pO et e )/Tiotal

L T T )/Ttotal
PO 1 1) Thotal
wet e )/Total

wpt p” )/Ttotal

K= KT ete™)/Tiotal
pe e )/Ttotal

K™ KTt #7)/Tiotal
out £ )/ Teotal
K—ntet e )/Tiotal
K™t ut ™) /Miotal
LA phu )/Ttotal

Page 26

<1.1x 1075, CL = 90%
<7.3x 1078, CL = 90%
<5.6 x 10~4, CL = 90%
<2.2x 1076, CL = 90%
<7.9x 1078, CL = 90%
<6.2 x 1079, CL = 90%
<4.5x 1072, CL = 90%
<1.8x 10~4, CL = 90%
<1.1x10~%4, CL = 90%
<5.3x 1074, CL = 90%
<3.73x 1074, CL = 90%
<1.0 x 104, CL = 90%
<5.5x 10"/, CL = 90%
<2.2x 1072, CL = 90%
<1.8 x 104, CL = 90%
<8.3x 104, CL = 90%
<3.15 x 1074, CL = 90%
<5.2x 1072, CL = 90%
<3.3x 1072, CL = 90%
<3.1x 1072, CL = 90%
<3.85 x 10~4, CL = 90%
<3.59 x 10~4, CL = 90%
<8.1 x 104, CL = 90%
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r(0 — Ktete )/ Mgl <3.7x 1076, CL = 90%
r(oF — Kt utu™)/Tiotal <2.1x 1072, CL = 90%
r(DF — K*(892) Tt 17)/Tiotal <1.4 x 1073, CL = 90%
r(/\j — pete™)/Motal <5.5x 10706, CL = 90%
rAL = put 7))/ Tiotal <4.4 x 1072, CL = 90%
AB = 1 WEAK NEUTRAL CURRENT FORBIDDEN
Allowed by higher-order electroweak interactions.
rBt — =t et e7)/Mal <4.9 x 10~8, CL = 90%
rBt — rtete )/ Motal <8.0 x 10~8, CL = 90%
(BT — =t utu™)/Miotal <5.5 x 1078, CL = 90%
F(BYT — atuvD)/Tiotal <9.8x 1072, CL = 90%
r(BT — KTt e7)/Tiotal [2] (451 +0.23)x 1077 (S =1.1)
(BT — Ktete™)/Motal (5.5 +0.7) x 1077
Bt — KT utu™)/Tiotal (4.49 + 0.23) x 10~ 7 (S = 1.1)
M(BY — KTou)/Tital <1.6 x 1072, CL = 90%
F(BT — pTvD)/Tiotal <2.13x 1074, CL = 90%
r(Bt — K*(892)* ¢ e7)/Tioal [2] (1.29 +0.21) x 10~
r(Bt — K*(892)* et e™)/Miotal (1.557039) x 106
r(BT — K*(892)" uT ™) /Motal (1.12 + 0.15) x 10~
r(BT — K*(892)1vo)/Miotal <4.0x 1075, CL = 90%
r(BY — 49)/Tiotal <32x 1077, CL = 90%
r(BY — et e )/Tiotal <83 x 1078, CL = 90%
r(BY — et e 4)/Miotal <12x 1077, CL = 90%
r(B% — utu™)/Meotal <6.3x 10710, cL = 90%
r(BY — utu™7)/Tiotal <1.6x 1077, CL = 90%
r(BY — 7+ 77)/Miotal <4.1x 1073, CL = 90%
r(BY — w0¢te7)/Motal <5.3 x 1078, CL = 90%
r(B% — m9ete™)/Moal <8.4 x 1078, CL = 90%
r(B% — 79ut u™)/Meotal <6.9 x 10~8, CL = 90%
r(BY — n0uo)/Motal <6.9x 1072, CL = 90%
r(B0 — KOt o) /Tiotal 2] (31738) %1077
r(80 — KOete™)/Miial (16759 x 1077
r(B9 — KOut ™) /Miotal (3.4 +£0.5) x 1077
r(B9 — KOum)/Tiotal <4.9x 1075, CL = 90%
r(BY — pO0um)/Miotal <2.08 x 1074, CL = 90%
r(B0 — K*(892)00% ¢7)/Motal 2] (9.971%) x 1077
r(B9 — K*(892)0e® e™)/Toral (1.03731%) x 106
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r(B% — Kk*(892)0 ut 1) /Tyotal (1.05 £ 0.10) x 10~

r(BY — K*(892)0vm)/liotal <5.5x 1072, CL = 90%

M(BY — ¢vD)/Tiotal <1.27 x 1074, CL = 90%

F(BY — invisible)/Tyo1a <2.4x 1072, CL = 90%

M(BY — vo4)/Tiotal <1.7x 1079, CL = 90%

M(B — sete™)/Tiotal (47 +13)x 1070

F(B — sut u7™)/Tiotal (43+1.2)x 1070

M(B — st ™) /Miotal [2] (4.5 +1.0)x 1070

M(B — 70T 07)/Tiotal <5.9 x 1078, CL = 90%

M(B— Kete )/Tiotal (4.4 +0.6) x 1077

M(B — K*(892)ete™)/Miotal (1.19 £ 0.20) x 1076 (S = 1.2)

M(B— Kutu™)/Tiotal (4.4 +0.4) x 1077

M(B — K*(892)ut ™) /Miotal (1.06 + 0.09) x 106

M(B — KeTe)/Tiotal (4.8 +0.4) x 1077

M(B — K*(892)¢167)/Tiotal (1.05 + 0.10) x 10~

M(B — Kuo)/Tiotal <1.7x 1079, CL = 90%

M(B — K*vD)/Tiotal <7.6x 1072, CL = 90%

F(b — 570)/Tiotal <6.4 x 1074, CL = 90%

r(b— ete™ anything) /T ota —

F(b — pT u™ anything)/Tyotal <3.2x 1074, CL = 90%

F(b — vwanything)/Tiotal —

r(BY — v%)/Tiotal <8.7 x 1076, CL = 90%

r(BY — uTp™)/Total (3.1+0.7) x 1079

r(BY — ete™)/Tiotal <2.8x 10~ 7, CL = 90%

r(BY — ¢(1020) i 1=)/Tiotal (7.6 + 1.5) x 10~/

r(BY — ¢v7)/Tiotal <5.4 x 1073, CL = 90%
AT =1WEAK NEUTRAL CURRENT FORBIDDEN

Allowed by higher-order electroweak interactions.
M(t— Zq(q=u,c))/Tiotal [aa] <2.1x 1073, CL = 95%
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NOTES

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

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

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

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

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

[k] Derived from measured values of ¢, _, ¢qo, ‘77‘ ‘mKo - m and
L

Kg"
T k0, as described in the introduction to “Tests of Conservation Laws.”
S
Il The {|m,—m5|/m, and |q, + gz|/e are not independent, and both use
p—Mp|/Mp P p
the more precise measurement of |g5/mz|/(qp/m)).

[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 Am2, is not known at this time. The range quoted is for

g 32 g
the absolute value.

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

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

[s] This limit is for either 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 — €7 79) > 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
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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+. 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(L) 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] This limit is for ['(t — Zq)/T(t — W b).
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