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LIGHT UNFLAVORED MESONS
(S= C= B=0)

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

rt 16(P)y=17(07)

Mass m = 139.57039 + 0.00018 MeV (S = 1.8)
Mean life 7 = (2.6033 4+ 0.0005) x 1078 s (S =1.2)
cr = 7.8045 m

7t — £y~ form factors [4]
Fy = 0.0254 + 0.0017
Fa = 0.0119 £+ 0.0001
Fy slope parameter a = 0.10 4+ 0.06
_ +0.009
R = 0.059 +3-909
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)
ptu, [b] (99.9877040.00004) % 30

p v,y [c] (200 4025 )x10~% 30
et v, [b] (1.230 +0.004 )x10~4 70

et vy [c] (739 4005 )x10~7 70
et v ( 1.036 +0.006 )x 108 4
etv,ete™ (32 £05 )x109 70
pt v, v < 9 x 1076 90% 30
et v T < 16 x 1077 90% 70

Lepton Family number (LF) or Lepton number (L) violating modes

pr U, L [d] < 15 x 1073 90% 30
e LF  [d] < 80 x 1073 90% 30
p-etetw LF < 16 x 1070 90% 30
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0 1P =170~
Mass m = 134.9768 + 0.0005 MeV (S = 1.1)
m_y — m_o = 4.5936 + 0.0005 MeV
Mean life 7 = (8.43 £ 0.13) x 107" s (S = 1.2)
cr = 25.3 nm
For decay limits to particles which are not established, see the appropriate
Search sections (A0 (axion) and Other Light Boson (XO) Searches, etc.).
Scale factor/ p
70 DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
2y (98.823+0.034) % S=1.5 67
ete vy ( 1.174+0.035) % S=15 67
~y positronium (1.82 £0.29 ) x 1079 67
etete e~ (334 £0.16 ) x 107> 67
ete™ ( 6.46 +£0.33 ) x 10~8 67
4~y < 2 x 1078 CL=90% 67
VU [e] < 4.4 x 1079 CL=90% 67
7 < 17 x 1070 CL=90% 67
VLU, < 16 x 1076 cL=90% 67
7 < 21 x 1070 CL=90% 67
%7 < 1.9 x 10~ CL=90% 67

Charge conjugation (C) or Lepton Family number (LF) violating modes

3y C < 31 x 1078 CL=90% 67

pte” LF < 38 x 10~10CcL=90% 26

p- et LF < 32 x 10~10CcL=90% 26
Te  + puet LF < 3.6 x 1010 CL=90% 26
n /G(JPC):0+(O—+)

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

C-nonconserving decay parameters
ata= 70 left-right asymmetry = (0. 09+8 ﬂ) x 1072

atr~ 70  sextant asymmetry = (0. 12+8 icl)) x 1072
at7~ 70  quadrant asymmetry = (—0.09 + 0.09) x 1072
atr =~ left-right asymmetry = (0.9 4 0.4) x 1072
ntr~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
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Other decay parameters

07970 Dalitz plot & = —0.0288 & 0.0012 (S = 1.1)

Parameter A inp — ¢ ¢~ ~ decay = 0.716 & 0.011 GeV/c2

Scale factor/ p
n DECAY MODES Fraction (I;/T) Confidence level (MeV/c)
Neutral modes
neutral modes (71.96+0.30) % S=1.3 -
2y (39.364:0.18) % S=1.1 274
370 (32.57+0.21) % S=1.2 179
702y ( 2.55+0.22) x 10~4 257
2102~ < 12 x 1073 CL=90% 238
4y < 238 x 1074  CL=90% 274
invisible < 1.0 x 1074 CL=90% -
Charged modes
charged modes (28.04+0.30) % S=1.3 -
ata— 70 (23.02+0.25) % S=1.2 174
Tty ( 4.2840.07) % S=1.1 236
ete vy (6.9 £0.4 )x 103 S=1.2 274
ut =y (3.1 +£0.4 )x10~4 253
ete < 7 x 107  CL=90% 274
w (5.8 £0.8 )x 106 253
2eT2e™ ( 2.40+0.22) x 10~5 274
rta" et e (v) ( 2.68+0.11) x 10~4 235
ete utp < 16 x 1074 CL=90% 253
2u 2~ < 36 x 1074 CL=90% 161
putp—mt e < 36 x 1074 CL=90% 113
7te U+ c.C < 17 x 1074  CL=90% 256
Tt 2y < 21 x 1073 236
ata= a0y < 6 x 10~4  CL=90% 174
mout < 3 %1076 CL=90% 210
Charge conjugation (C), Parity (P),
Charge conjugation x Parity (CP), or
Lepton Family number (LF) violating modes
70 [f] < 9 %1075  CL=90% 257
R P.CP < 4.4 x 1070 CL=90% 236
270 PCP < 35 x 1074 CL=90% 238
210~ < 5 x 104 CL=90% 238
310~ < 6 x 1075  CL=90% 179
3y < 16 x107°  CL=90% 274
HTTP://PDG.LBL.GOV Page 3 Created: 8/11/2022 09:37



Citation: R.L. Workman et al. (Particle Data Group), Prog.Theor.Exp.Phys. 2022, 083C01 (2022)

470 P,CP < 6.9 x10~7  CL=90% 40

nOet e~ c [g] < 8 x 1076 CL=90% 257

O ut c [g] < 5 x 1076 CL=90% 210

pte  + p et LF < 6 x 1070 CL=90% 264
fo(500) 16(PC) =0t T

also known as o; was f(600)

See the review on " Scalar Mesons below 1 GeV.”
Mass (T-Matrix Pole /s) = (400-550)—i(200-350) MeV
Mass (Breit-Wigner) = 400 to 800 MeV
Full width (Breit-Wigner) = 100 to 800 MeV

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

T seen -

vy seen -
p(770) 6P =1Ta )

See the review on " Spectroscopy of Light Meson Resonances.”
Mass m = 775.26 4+ 0.23 MeV
Full width ' = 149.1 4+ 0.8 MeV

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
ntn < 6 x 10~3 CL=84% 152

+ +_ -0 -3 =849

T T < 20 x 10 CL=84% 254

p(770)0 decays
Ty ( 99 +16 ) x 103 362
70 ( 47 £038 ) x 104 S=1.7 376
N~y ( 3.00+£0.21 ) x 10~4 194
7070+ ( 45 058 ) x 1075 363
w [A] ( 4.55+0.28 ) x 1075 373
ete™ [A] ( 4.72+0.05 ) x 107° 388
ata— a0 ( 1017832 +0.34) x 1074 323
VI S ( 1.8 +0.9 ) x 107° 251
at o~ 7070 ( 1.6 £0.8 ) x 10~5 257
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mlete™ < 12 % 10~ CL=90% 376

w(782) 16(PC =0—a )

Mass m = 782.66 + 0.13 MeV (S = 2.0)
Full width T = 8.68 & 0.13 MeV

Scale factor/ p
w(782) DECAY MODES Fraction (I;/T) Confidence level (MeV/c)
at o~ 70 (89.2 £0.7 ) % 327
70 ( 8.35+0.27) % S=2.2 380
ata— (1.537011) % S=1.2 366
neutrals (excluding7®~) (7 fi ) x 10~3 S=1.1 -
ny (45 +0.4 )x 104 S=1.1 200
mOet e~ (7.7 £06 )x 1074 380
O ut ( 1.34+£0.18) x 10~4 S=15 349
ete™ ( 7.3840.22) x 10~° S=1.9 301
atn=70x0 < 2 x10~4  CL=90% 262
Ty < 36 x 1073 CL=95% 366
ata - ata~ < 1 x 1073 CL=90% 256
7070 (67 £1.1 )x 107> 367
w0y < 3.3 x 1075 CL=90% 162
W (7.4 £1.8 )x 1075 377
3y < 1.9 x 1074 CL=95% 301
Charge conjugation (C) violating modes
nm0 c < 21 x 104 CL=90% 162
270 c < 22 x 1074 CL=90% 367
370 c < 23 x 1074 CL=90% 330
invisible < 7 x107°  CL=90% -
7'(958) 16(PC) =0t~ )
Mass m = 957.78 + 0.06 MeV
Full width ' = 0.188 + 0.006 MeV
P
r/(958) DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
7 (425 +05 )% 232
pO’y(induding non-resonant (295 +04 )% 165
mt T )
w070n (224 +05 )% 239
Wy ( 252 £0.07 )% 159
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weT e~ (20 +04 )x10% 159
vy ( 2.30740.033) % 479
370 ( 250 £0.17 ) x 103 430
wt Ty ( 1.13 £0.28 ) x 1074 467
I T (20 +04 )x107° 401
at a0 ( 3.61 £0.17 ) x 103 428
(7t 7~ 70) S-wave (38 +05 )x10~3 428
aFpt (7.4 +23 )x10~4 106
70 p0 < 4 % 90% 111
2(rT717) (84 £09 )x107° 372
atr—2x0 (1.8 +04 )x10~% 376
2(7T 77) neutrals < 1 % 95% -
2(nt )0 < 18 x 1073 90% 298
2(rt 7)) 270 <1 % 95% 197
3(rt ) < 31 x 1075 90% 189
KEnF < 4 x 1075 90% 334
ntrn~ete ( 2.42 +£0.10 ) x 1073 458
T e v+ c.c < 21 x 10~4 90% 469
yete™ (491 +£027 )x10~4 479
79y~ (320 £0.24 ) x 103 469
7%~ (non resonant) (62 409 )x10~4 -
ny~y < 1.33 x 1074 90% 322
470 < 4.94 x 1075 90% 380
et e < 5.6 x 1079 90% 479
invisible < 6 x 104 90% -
Charge conjugation (C), Parity (P),
Lepton family number (LF) violating modes
™ < 18 x 1075 90% 458
7070 < 4 x 104 90% 459
mOete [g] < 14 x 103 90% 469
nete~ C [g] < 2.4 x 10~3 90% 322
3y C < 10 x 104 90% 479
pwt =70 c [e] < 6.0 x 1075 90% 445
uwt Ty c [g] < 15 x 1075 90% 273
e < 47 x 10~4 90% 473
fo(980) 16(PC) =0t T

See the review on " Scalar Mesons below 1 GeV."

T-matrix pole /s = (980-1010) — i (20-35) MeV [

Mass m = 990 + 20 MeV ]

Full width T = 10 to 100 MeV []
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fo(980) DECAY MODES Fraction (I';/T) p (MeV/c)
’/T7T_ seen 476
KK seen 36
Yy seen 495
ao(980) 16UPC) =10+ )
See the review on " Scalar Mesons below 1 GeV."
T-matrix pole /s = (960-1030) — i (20-70) MeV [
Mass m = 980 =+ 20 MeV [
Full width T = 50 to 100 MeV []
ap(980) DECAY MODES Fraction (I';/T) p (MeV/c)
nm_ seen 319
KK seen T
77/7T seen i
pT not seen 137
Yy seen 490
$(1020) 16UPCY =01~ )

Mass m = 1019.461 + 0.016 MeV
Full width [ = 4.249 4 0.013 MeV (S = 1.1)

Scale factor/

$(1020) DECAY MODES

Fraction (I';/T)

p

Confidence level (MeV/c)

KT K~
0 K0
K9 KY
P+ I
ny
7T0’7
AN/
et e
pt
ne+e_
T~

OJ’/TO

wry

P
W+W_7
f5(980)~

0
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(49.1 +05 )% S=1.3 127
(339 +04 )% S=1.2 110
(154 +04 )% S=1.2 -
( 1.301+0.025) % S=1.2 363
( 1.32 +0.05 ) x 10~3 501
— 510

( 2.979+0.033) x 1074  5=1.3 510
( 2.85 +0.19 ) x 10~ 4 499
( 1.08 +0.04 ) x 10~ 4 363
(73 +13 )x107° 490
(47 405 )x107° 171
< 5 % CL=84% 209
< 12 x 1072 CL=90% 215
(41 +13 )x107° 490
(322 £0.19 ) x10~4%  S=1.1 29
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7070~ ( 1.12 £0.06 ) x 10~% 492
ata—ata— (39 728 )x1070 410
rtata a0 < 46 x 1076 CL=90% 342
et e~ (133 T ) x 1075 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)~ ( 6.21 £0.21 ) x 107> 60
nm0m0~ < 2 x 1075 CL=90% 293
wt Ty (14 +05 )x107> 499
pPYY < 12 x 104 CL=90% 215
nwt = < 18 x 105 CL=90% 288
npt < 94 x 106 CL=90% 321
nU — nete” < 1 x 1076 CL=90% -
invisible < 17 x 104 CL=90% -
Lepton Family number (LF) violating modes
et uT LF < 2 x 1076 CL=00% 504
hy(1170) 16UPCY =01+ )

Mass m = 1166 + 6 MeV

Full width ' = 375 + 35 MeV
h1(1170) DECAY MODES Fraction (I;/T) p (MeV/c)
pT seen 305

b;(1235) 16UPCy =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)
wT seen 348

[D/S amplitude ratio = 0.277 £ 0.027]
nE Ay ( 1.6+0.4) x 103 607
np seen T
atrta— 0 < 50 % 84% 535
K*(_892):|: K+ seen T
(KK)* 70 < 8 % 90% 248
KK n* < 6 % 90% 235
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KL KO r® < 2 % 90% 235
o < 15 % 84% 147
a1(1260) Ul 16UPC =171t )

Mass m = 1230 + 40 MeV ] .
Full width T = 250 to 600 MeV ]

a1(1260) DECAY MODES Fraction (I';/T) p (MeV/c)
3m seen 577
(/)W)S—wavev p— TT seen 353
(PT)D—waves P — T seen 353
(p(1450)7T)s_wave, P — 7 seen
(p(1450)’/'i‘)D_Wave, p— TT seen T
(500)w, foy — wm seen -
(980)w, fy — wm not seen 179
f0(1370)7r, fo — T seen T
f2(1270)7r, f2 — T seen T
rtrn seen 576
7TO ’/TO ’/TO not seen 577
KK seen 250
K*(892) K seen t
Ty seen 608
£(1270) 16(JPCy =0t 2t 1)

Mass m = 1275.5 £ 0.8 MeV
Full width I = 186.7 752 MeV (S = 1.4)

Scale factor/ p
f>(1270) DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
T (84.2 T22 )% S=1.1 623

—An_0 1.1
T 2n (7.7 T33)% S=1.2 563
KK (46 792 )% S=2.7 404
2n T 27w~ (28 +0.4 )% S=1.2 560
nn (40 £0.8 )x 103 S=2.1 326
470 (3.0 £1.0 )x 1073 565
vy ( 1.42+0.24) x 107° S=1.4 638
nww < 8 x 1073  CL=95% 478
KOK= 7t + cc < 34 x 1073 CL=95% 293
et e < 6 x 10710 cL=90% 638
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f,(1285) 16(PC) =0t

Mass m = 1281.9 + 0.5 MeV (S =1.8)
Full width T = 22.7 + 1.1 MeV (S = 1.5)

Scale factor/ p

f;(1285) DECAY MODES Fraction (I';/T) Confidence level (MeV/c)

A7 (32.7+ 1.9) % S=1.2 568
a0n0ntn— (21.8+ 1.3) % S=1.2 566
2t 2~ (10.94 0.6) % S=1.2 563

POt a~ (10.9+ 0.6) % S=1.2 336
po po seen T

470 < 7 x 1074 CL=00% 568

nmtn~ (35 +15 )% 479

nmwmw (52.2+ 2.0) % S=1.2 482
ap(980) 7 [ignoring ap(980) — (38 £ 4 )% 238

K K]
nmr [excluding ag(980) 7] (14 + 4 )% 482

KKm ( 9.0+ 0.4) % S=1.1 308
KW*(892) not seen T

at o~ 70 ( 3.0+ 0.9) x 103 603

pEnF < 3.1 %1073 CL=95% 390

~ p0 ( 6.1+ 1.0)% S=1.7 406

o ( 7.4+ 2.6) x 1074 236

et e < 94 x1079  CL=90% 641
n(1295) 16(UPC)y = ot (0~ )

See the review on " Spectroscopy of Light Meson Resonances.”
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
ag(980) 7 seen 248

777T0 7TO seen 490

n(77)s-wave seen -
7(1300) 16UPCy =1=(0— )

Mass m = 1300 + 100 MeV [l
Full width T = 200 to 600 MeV L]
HTTP://PDG.LBL.GOV
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w(1300) DECAY MODES Fraction (I;/T) p (MeV/c)

pT seen 404

T (77)s-wave seen -
a>(1320) 1I6UPG =172+ 1)

Mass m = 1318.2 + 0.6 MeV (S = 1.2)
Full width T = 107 + 5 MeV [1]

Scale factor/ p
a5(1320) DECAY MODES Fraction (I;/T) Confidence level (MeV/c)
3 (70.1 £2.7 ) % S=1.2 624
nmw (145 £1.2 )% 535
WTT (10.6 £3.2 )% S=1.3 366
KK (49 £0.8 )% 437
7' (958) (55 +0.9 )x 103 288
Tty ( 2.91+0.27) x 103 652
vy (9.4 £0.7 ) x 1070 659
et e < 5 x1079  CL=90% 659

f(1370) 1IGUPC =0Tt

See the review on " Spectroscopy of Light Meson Resonances.”
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
% seen 617
470 seen 617
2t 2n~ seen 612
atr— 270 seen 615
pp seen T
2(77)s-wave seen -
7T( 1300) m seen T
a1(1260) 7 seen 35
nmn seen 411
KK seen 475
KKnm not seen T
Us not seen 508
ww not seen T
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Yy seen 685
ete™ not seen 685
1(1400) 1I6UPCy =11~ 1)

Coupled channel analyses favor the existence of only one broad 1 — +
isovector state consistent with 71(1600) in the 1400-1600 MeV
region. See the review on " Spectroscopy of Light Meson
Resonances.” See also m1(1600).

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

nm seen 556

p(770) 7 not seen 442
1(1405) 1C(UPCY =0t~ )

See the review on " Spectroscopy of Light Meson Resonances.” See
also 7(1475).

Mass m = 1408.8 &+ 2.0 MeV (S = 2.2)

Full width ' = 50.1 £ 2.6 MeV (S = 1.7)

1(1405) DECAY MODES Fraction (I;/T) Confidence level (M(—fV/C)
KKn seen 424
nmwm seen 562
80(980) ™ seen 345
n(77)s-wave seen -
/’b(980)7r0 — ata 70 not seen -
fo (980) n seen T
4m seen 639
pp <58 % 99.85% t
po Y seen 491
K*(892) K seen 123
hy(1415) 1I6UPS =0~ 1)

was hy(1380)
Mass m = 1416 + 8 MeV (S = 1.5)
Full width ' = 90 + 15 MeV
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f,(1420) 16(UPC) =otat )

See the review on " Spectroscopy of Light Meson Resonances.”
Mass m = 1426.3 = 0.9 MeV (S =1.1)
Full width ' = 54.5 4+ 2.6 MeV

f; (1420) DECAY MODES Fraction (I;/T) p (MeV/c)
K??T_ seen 438
K K*(892)+ c.c. seen 163
nmwm possibly seen 573
oy seen 349
w(1420) ¥ 1I6GUPSY =0—1— )

Mass m = 1410 + 60 MeV ] .
Full width T = 290 + 190 MeV [1]

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

pT seen 480

W seen 437

b1(1235) ™ seen 112

ete™ seen 705
ag(1450) 16UPCy =10+ )

See the review on " Spectroscopy of Light Meson Resonances.”
Mass m = 1474 + 19 MeV
Full width ' = 265 + 13 MeV

Branching fractions are given relative to the one DEFINED AS 1.

ap(1450) DECAY MODES Fraction (I';/T) p (MeV/c)
™n 0.093+0.020 627
71’ (958) 0.033+0.017 410
KK 0.082+0.028 547
W DEFINED AS 1 484
ag(980) seen 342
vy seen 737
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p(1450) 16UPCY =11~ )

See the review on " Spectroscopy of Light Meson Resonances.”
Mass m = 1465 + 25 MeV ]
Full width I = 400 + 60 MeV ]

p(1450) DECAY MODES Fraction (I';/T) p (MeV/c)
T seen 720

atn— seen 719
A7 seen 669
ete™ seen 732
np seen 311
32(1320)71‘ not seen 55
KK seen 541

KT K~ seen 541
K?*(892)+ c.C. possibly seen 229
n-y seen 630
f0(500)’y not seen -
fo(980)’7 not seen 398
fo(1370)~ not seen 92
f2(1270)’y not seen 177

n(1475) 16UPC =0t~ 1)

See the review on " Spectroscopy of Light Meson Resonances.” See
also 7(1405).

Mass m = 1475 + 4 MeV (S = 1.4)

Full width ' =90 £ 9 MeV (S = 1.6)

1(1475) DECAY MODES Fraction (I';/T) p (MeV/c)
KK seen 477

KW*(892)+ c.C. seen 244

80(980) ™ seen 396
Yy seen 738
K% K%n possibly seen T
745(1020) possibly seen 385
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f5(1500) 16(PC) =0t T+

See the review on " Spectroscopy of Light Meson Resonances.”
Mass m = 1506 + 6 MeV (S = 1.4)
Full width ' = 112 4+ 9 MeV

fo(1500) DECAY MODES Fraction (I';/T) Scale factor (M:V/c)
T (34.5+2.2) % 1.2 741

atn~ seen 740

270 seen 741
47 (48.943.3) % 1.2 692

47T0 seen 692

2t 27~ seen 687

2(77)s-wave seen -

pp seen i

7T(1300)’/T seen 145

81(1260)7T seen 219
nn ( 6.0£0.9) % 1.1 517
nn'(958) (22+0.8) % 1.4 20
KK ( 8.5+£1.0) % 1.1 569
Yy not seen 753

£(1525) 1G6(JPCY =ot(2t )

Mass m = 1517.4 + 2.5 MeV (S = 2.8)
Full width ' =86 £ 5 MeV (S = 2.2)
p

f’2(1525) DECAY MODES Fraction (I';/T) Scale factor (MeV/c)
KK (87.6+£2.2) % 1.1 576
nmn (11.6+2.2) % 1.1 525
s ( 8.3+1.6) x 1073 747
vy ( 9.5+1.1)x 10~ 1.1 759

m1(1600) 1I6UPC = 1=~ )

See the review on " Spectroscopy of Light Meson Resonances” and a
note in PDG 06, Journal of Physics G33 1 (2006). See also
m1(1400).

Mass m = 1661713 MeV (S = 1.2)

Full width ' = 240 £ 50 MeV (S = 1.7)
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71(1600) DECAY MODES Fraction (I;/T) p (MeV/c)
T seen 803
poﬂ'_ seen 641
H(1270) 7~ not seen 318
b1(1235)ﬂ‘ seen 357
77/(958) T seen 543
f1(1285) 7 seen 314
a;(1640) 16UPCy =1~ + )
Mass m = 1655 + 16 MeV (S = 1.2)
Full width ' = 254 + 40 MeV (S = 1.8)
a1 (1640) DECAY MODES Fraction (I';/T) p (MeV/c)
T seen 800
H(1270)7 seen 314
oT seen -
PTS_wave seen 638
PT D—wave seen 638
wmTm seen 607
f1(1285)’/'i‘ seen 309
a1(1260)n not seen i
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)
ay(1320) 7 seen 242
KV’/T_ seen 580
K*K seen 404
777T+7T_ seen 685
aQ (980) ™ seen 499
H(1270)n not seen i
w(1650) !/ 16(PC =0-1 )

Mass m = 1670 + 30 MeV ] _
Full width T = 315 4 35 MeV []
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w(1650) DECAY MODES Fraction (I';/T) p (MeV/c)
pT seen 647
p(1450) 7 seen 145
WwTT seen 617
wn seen 500
ete™ seen 835
70 y not seen 830
w3(1670) 16UPCY =0=(3— )

Mass m = 1667 + 4 MeV
Full width ' = 168 & 10 MeV

w3(1670) DECAY MODES Fraction (I';/T) p (MeV/c)
pT seen 645
W seen 615
b1(1235)ﬂ‘ possibly seen 361
m5(1670) 16UPCy =1—2— )
Mass m = 1670.6 733 MeV (S = 1.3)
Full width T = 25878 MeV (S = 1.2)

p
m9(1670) DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
3 (95.8+1.4) % 808

H(1270)7 (56.3+£3.2) % 327

p (31 +4 Y% 647

o (10 £4 )% -

T (77) s-wave ( 8.7+£3.4) % -
A (53 +4 )% 806
K K*(892)+ c.c. (42+1.4)% 453
wp (2.7+£1.1) % 302
nE Ay ( 7.0£1.2) x 10~4 829
vy < 238 x 10~7 90% 835
nm < 5 % 739
atonton— < 5 % 735
p(1450) 7 < 3.6 x 103 97.7% 145
by(1235)m < 19 x 1073 97.7% 364
f1(1285)’/'i‘ possibly seen 322
ay(1320) 7 not seen 291
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#(1680) 16UPCY =01~ )

Mass m = 1680 + 20 MeV ]
Full width T = 150 + 50 MeV [1]

¢(1680) DECAY MODES Fraction (I;/T) p (MeV/c)
K?*(892)—|— c.C. seen 462
K% Km seen 621
KK seen 680
ete™ seen 840
WT T not seen 623

KTK ntn™ seen 544
no seen 290
ny seen 751

p3(1690) 6P =1t 7)

Mass m = 1688.8 &= 2.1 MeV
Full width ' = 161 £+ 10 MeV (S = 1.5)

p3(1690) DECAY MODES Fraction (I';/T) Scale factor (M:V/c)
4rr (711 + 1.9 ) % 790
rtata— 70 67 +22 )% 787
W (16 6 )% 655
T (23.6 + 1.3 )% 834
KK (38 £ 12)% 629
KK ( 1.58+ 0.26) % 1.2 685
777T+ T seen 727
p(770)n seen 520
TP seen 633
ay(1320) 7 seen 307
pp seen 335
p(1700) 1C6(UPC =1t(1 )

See the review on " Spectroscopy of Light Meson Resonances.”
Mass m = 1720 + 20 MeV [T (0 and 7+ 7~ modes)
Full width I = 250 + 100 MeV [l (5% and 77 7~ modes)
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p(1700) DECAY MODES Fraction (I;/T) p (MeV/c)
2(7T+ ’/T_) seen 803
pTT seen 653
po rta— seen 651
pi T ’/TO seen 652
a1(1260) 7 seen 404
h1(1170)ﬂ‘ seen 450
7T(1300)’/T seen 349
pp seen 372
atn~ seen 849
™ 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
7T07 not seen 855
a»(1700) 1I6UPC =172t 1)

Mass m = 1698 + 40 MeV
Full width ' = 265 + 60 MeV

a5(1700) DECAY MODES Fraction (I';/T) p (MeV/c)
nmw (36 £1.1 )% 754
vy (1.1340.30) x 10~° 849
pT seen 664
f2(_1270)77 seen 350
KK (1.9 £12 )% 691
wn™ 70 seen 634
wp seen 338
fb(1710) IG(JPC) — 0+(0 + +)

See the review on " Spectroscopy of Light Meson Resonances.”
Mass m = 1704 + 12 MeV
Full width ' = 123 + 18 MeV
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fo(1710) DECAY MODES Fraction (I';/T) p (MeV/c)

KK seen 694

nn seen 652

T seen 841

Yy seen 852

ww seen 337
m(1800) 1CUPC =170~ 1)

Mass m = 18107, MeV (S = 2.2)
Full width I = 21517 MeV

«(1800) DECAY MODES Fraction (I';/T) p (MeV/c)
rto— seen 878
fo(500) 7~ seen -
5(980) 7~ seen 624
fo(1370) 7~ seen 366
f0(1500)7r_ not seen 247
pT not seen 731
nnmT- seen 660
80(980)77 seen 471
82(1320)77 not seen i
H(1270)7 not seen 441
fo(1370) 7~ not seen 366
f0(1500)7r_ seen 247
nn'(958) seen 373
K5(1430) K~ seen f
K*(892) K™ not seen 568
¢3(1850) 16UPCYy =0=(37 )

Mass m = 1854 +£ 7 MeV
Full width T = 87733 MeV (S = 1.2)

#3(1850) DECAY MODES Fraction (I';/T) p (MeV/c)
KK seen 785
K?*(892)+ C.C. seen 602
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12(1870)

/G(JPC) =0t~ 1)

Mass m = 1842 + 8 MeV
Full width ' = 225 + 14 MeV

1(1870) DECAY MODES Fraction (I;/T) p (MeV/c)

nmwm seen 816

ay(1320) 7 seen 434

H(1270)n seen 119

30(980)71‘ seen 651

vy seen 921
m2(1880) 1I6UPG =172~ 1)

Mass m = 1874f2g MeV (S =1.6)
Full width I = 237733 MeV (S = 1.2)

mo(1880) DECAY MODES Fraction (I;/T) p (MeV/c)

nnmT seen 702
a0(980)77 seen 528
a>(1320)n seen 76
fo(1500) seen 308
f1(1285) 7 seen 485

w70 seen 744
f(1950) 1CUPCG = ottt

Mass m = 1936 + 12 MeV (S = 1.3)
Full width [ = 464 + 24 MeV

f5(1950) DECAY MODES Fraction (I';/T) p (MeV/c)
K*(892) K*(892) seen 377
™ seen 958
7070 seen 959
41 seen 921
nn seen 798
KK seen 833
Yy seen 968
pp seen 238
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a4(1970) 16UPC)y =14+ )

was a4(2040)
Mass m = 1967 + 16 MeV (S = 2.1)
Full width T = 324112 MeV

a4(1970) DECAY MODES Fraction (I';/T) p (MeV/c)

KK seen 851

ata— 70 seen 959
pT seen 825
H(1270)7 seen 559

wr~ 70 seen 801
wp seen 601

nm seen 902

77/(958) ™ seen 743
£,(2010) 16(JPCy =0Tt 1)

Mass m = 201170 MeV
Full width T = 202 £ 60 MeV

f5(2010) DECAY MODES Fraction (I';/T) p (MeV/c)
o9 seen }
KK seen 876
£,(2050) 16(JPC) =0t

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
Yy seen 1009
ay(1320) 7 seen 567
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$(2170) 1CUPGY =01~ )
Mass m = 2162 + 7 MeV Il (S =1.1)
Full width T = 100133 Mev [1 (S = 2.5)
¢(2170) DECAY MODES Fraction (I';/T) p (MeV/c)
et e seen 1081
¢ 1,(980) seen 399
KT K~ (980) — seen -
KTK atrn™
Kt K~ £(980) - KTK= 7070 seen -
K*O K+ Wi not seen 761
K*(892)0 K*(892)0 not seen 612
£(2300) 16(UPC)y = ot 2+ )
Mass m = 2297 £+ 28 MeV
Full width ' = 149 £ 40 MeV
f5(2300) DECAY MODES Fraction (I';/T) p (MeV/c)
(bgzb_ seen 529
KK seen 1037
Y seen 1149
NA seen 273
£,(2340) 16(UPC)y = ot 2+ )
Mass m = 2345‘;518 MeV
Full width T = 322170 MeV
f5(2340) DECAY MODES Fraction (I';/T) p (MeV/c)
loYo} seen 580
nn seen 1037
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STRANGE MESONS
(S=+1, C= B=0)

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

K* 1) = 3007)

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

CPT violation parameters (A = rate difference/sum)
AKE = pFu,) = (-0.27 £0.21)%

AKE = 7E70) = (0.4 + 0.6)% [°]

CP violation parameters (A = rate difference/sum)
AKEt = ntete™)=(-2241.6)x 1072
A(K* = 75 put ™) = 0.010 + 0.023
AKE = 7t = (0.0+12)x 1073
A(K*T = atrta—) = (0.04 + 0.06)%
A(KET — 7t7070) = (-0.02 = 0.28)%

T violation parameters
Kt —» Outv, Pr=(-17+25)x1073
Kt — purv,y  Pp=(-06=+19)x1072
Kt — a%uTv, Im(¢) = —0.006 & 0.008

Slope parameter g (7]

(See Particle Listings for quadratic coefficients and alternative
parametrization related to 77 scattering)
K* - rtrta— g= —0.21134 + 0.00017

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

(gy —g-)/ (g +8-)=(18+18)x10"*
K* decay form factors [2.4]

Assuming p-e universality
A (Kig) = A (KJ3) = (2.959 £ 0.025) x 1072
Mo(Kf3) = (1.76 £ 0.25) x 1072 (S = 2.7)
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Not assuming p-e universality
A (K%3) = (2.956 + 0.025) x 1072
A+ (K i3) = (3.09 £ 0.25) x 1072 (S=1.5)
AO(K/E) = (1.73 £ 0.27) x 1072 (S = 2.6)

Ke3z form factor quadratic fit
Ay (Kei3) linear coeff. = (2.59 & 0.04) x 102
X', (KZ%) quadratic coeff. = (0.186 + 0.021) x 1072
N, (LINEAR Kfﬁ FORM FACTOR FROM QUADRATIC FIT)
= (24 4+ 4)x 1073
N’y (QUADRATIC K3 FORM FACTOR) = (1.8 + 1.5) x 10~2
My (VECTOR POLE MASS FOR KZ; DECAY) = 890.3 + 2.8

MeV

M\, (VECTOR POLE MASS FOR Ki% DECAY) = 878 £ 12
MeV

Ms (SCALAR POLE MASS FOR Ki,, DECAY) = 1215 + 50
MeV

A, (DISPERSIVE VECTOR FORM FACTOR IN K%, DECAY) =
(2.460 + 0.017) x 1072

A, (DISPERSIVE VECTOR FORM FACTOR IN ij3 DECAY)
= (25.4 + 0.9) x 103

In(C) (DISPERSIVE SCALAR FORM FACTOR in Kff3 decays )
— (182 4 16) x 1073

Kb, |fs/fi| = (—0.08702%) x 1072

Kb |fr/fi| = (-12713) x 1072

Ky |fs/fy| =(0.2+0.6) x 1072
Kis |fr/fy] =(-01£07)x1072

Kt — etvey |Fa+ Fy|=0.133+0.008 (S =13)

Kt — ptuv,y |Fa+ Fy| =0.165 £ 0.013

KT — etvey |Fa — Fy| < 0.49, CL = 90%

Kt — uwtv,y |Fa— Fy|=—-01534+0.033 (S=11)
Charge radius

(r) = 0.560 + 0.031 fm

Forward-backward asymmetry

+ _ T(cos(0,,)>0)—T(cos(0 ,,)<0) )
AFB(KW;LN) - r(cos(GKZ)>O)+r(cos(0KZ)<0) < 23x1074 CL
= 90%
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K™ modes are charge conjugates of the modes below.

Scale factor/ p

K+ DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
Leptonic and semileptonic modes
et v, ( 1.582+0.007) x 10~° 247
pu, ( 6356 +0.11 )% S=12 236
m0et v, ( 5.07 £0.04 )% S=21 228
Called K:3.
outy, ( 3.35240.033) % S=19 215
+
Called Ku3'

m0n0etu, ( 255 £0.04 )x10~%  S=11 206
rtr~ety, ( 4.247+0.024) x 1075 203
Tty ( 1.4 409 )x107° 151

07070ety, < 35 %1076  CL=90% 135

Hadronic modes
at a0 ( 20.67 +0.08 )% S=12 205
atx070 ( 1.760+0.023) % S=1.1 133
atatr™ ( 5.583+0.024) % 125
Leptonic and semileptonic modes with photons
p v,y [rs] ( 62 +08 )x1073 236
pt v,y (SDT) [at] ( 1.33 +£0.22 )x107° -
pF v,y (SDTINT) [at] < 27 x 1072 CL=90% -
p v, v(SD™ + SDTINT) [at] < 26 x 1074 CL=90% -
et vy ( 9.4 404 )x107° 247
et vy [rs] ( 266 £0.09 )x 10~4 228
70et v, v(SD) [at] < 5.3 x 1075 CL=00% 228
™ty [rs] ( 125 £0.25 )x 107> 215
m0m0et vy < 5 x 1076  CL=90% 206
Hadronic modes with photons or ££ pairs

7t 70~ (INT) (— 42 +09 )x1070 -
7+ 70~ (DE) [yl ( 60 +04 )x10 205
atalet e~ ( 424 +£0.14 ) x 106 205
ata0n04 [rsl (76 T893 )x10-6 133
rtatny [rs] ( 71 +05 )x10~6 125
7T yy [[] ( 1.01 +0.06 )x 106 227
7T 3y [l < 1.0 x 1074 CL=90% 227
ntete y ( 1.19 £0.13 ) x 10~8 227

HTTP://PDG.LBL.GOV Page 26 Created: 8/11/2022 09:37



Citation: R.L. Workman et al. (Particle Data Group), Prog.Theor.Exp.Phys. 2022, 083C01 (2022)

Leptonic modes with £¢ pairs

et v VD < 6 x 1072  CL=90% 247
pt v, v < 10 x 1070 CL=00% 236
etv,ete™ ( 248 £0.20 ) x 108 247
ptv,ete” ( 7.06 £0.31 ) x 108 236
etvept ™ ( 1.7 405 )x10~8 223
phv,ptp < 41 x 107 CL=90% 185
Lepton family number (LF), Lepton number (L), AS = AQ (5Q)
violating modes, or AS = 1 weak neutral current (S1) modes
Tt e U, SQ < 13 x 1078 CL=90% 203
Ty, 5Q < 3.0 x1076 CcL=05% 151
ntete s1 3.00 £0.09 ) x 10~7 227
atutp S1 94 406 )x1078 S=26 172
7 s1 ( 114 T249 ) x 10710 227
at0uw S1 < 43 x 1072  CL=90% 205
p-vetem LF < 21 x 1078 CL=90% 236
W v, LF  [d< 4 x 1073  CL=90% 236
Tt pte LF < 13 x 10—l CcL=00% 214
atp~ et LF < 6.6 x 10~ 11 cL=00% 214
Tt er L < 42 x 10711 cL=90% 214
7 etem L < 22 x 10710 cL=90% 227
Tt L < 42 x 10711 cL=00% 172
TR 7 L [d] < 3.3 x 1073  CL=90% 236
et m, L < 3 x 1073  CL=00% 228
mty V] < 23 x 1079 CL=90% 227
KO 1(J7) = 3007)

50% Ks, 50% K|

Mass m = 497.611 4 0.013 MeV
myo — my+ = 3.934 &+ 0.020 MeV

(S =12)
(S = 1.6)

Mean square charge radius
() = —0.077 £ 0.010 fm?

T-violation parameters in K9-K? mixing (4]
Asymmetry A7 in KO-K? mixing = (6.6 & 1.6) x 1073

CP-violation parameters

Re(e) = (1.596 + 0.013) x 103
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CPT-violation parameters [¢]
Re § = (2.5 +2.3) x 10~*
Im§ = (—1.5+1.6) x 107°
Re(y), K.3 parameter = (0.4 + 2.5) x 1073
Re(x_), Ko3 parameter = (—2.9 4 2.0) x 1073
‘mKo — m70‘ / Maverage < 6 X 10719, CL = 90% [X]
(rKO - r70)/maverage = (8 + 8) x 10718
Tests of AS = AQ
Re(x4), Ke3 parameter = (—0.9 4+ 3.0) x 1073

K$ 1(JF) = 5007)
Mean life 7 = (0.8954 +0.0004) x1071%s (S =1.1) Assum-
ing CPT
Mean life 7 = (0.89564 + 0.00033) x 107 s  Not assuming
CPT

cr = 2.6844 cm  Assuming CPT

CP-violation parameters V]

Im(n4_g) = —0.002 = 0.009

|m(77000) = —0.001 £ 0.016

Im000| = |[A(KS — 379)/A(K? — 3x%)| < 0.0088, CL =

90%
CP asymmetry Ain tT 1~ eTe™ = (—0.4 £ 0.8)%
Scale factor/ p
Kg DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
Hadronic modes
7070 (30.69+0.05) % 209
T~ (69.2040.05) % 206
at o= 70 (35 fcl)é ) x 10~ 133
Modes with photons or ££ pairs
Ty [sz] ( 1.7940.05) x 10~3 206
rtnete” ( 4.7940.15) x 10~ 206
70~y [2] (49 +£1.8)x1078 230
vy ( 2.634+0.17) x 1070 S=3.1 249
Semileptonic modes

rteTu, [aa] ( 7.04+0.08) x 104 229
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CP violating (CP) and AS = 1 weak neutral current (SI) modes

370 cP < 26 %x10~8  CL=90% 139
w S1 < 21 x 10710 cL=00% 225
ete™ S1 <9 %1079  CL=90% 249
et e~ s1 [z (30 t15)x1079 230
O ut S1 (29 713 )x 1079 177
0 Py _ 1/n—
Ki 1(J7) =3(07)

mKL — mKS
— (0.5293 4 0.0009) x 1012 A s~1 (S =1.3) Assuming CPT
— (3.484 4 0.006) x 10712 MeV  Assuming CPT
— (0.5289 + 0.0010) x 1010 s~ Not assuming CPT
Mean life 7 = (5.116 + 0.021) x 1078 s (S = 1.1)
cr = 15.34 m

Slope parameters [F!

(See Particle Listings for other linear and quadratic coefficients)
K¢ — atr— 7% g=0.678 £0.008 (S = 1.5)
K —» 7t 7= x0 h=0.076 + 0.006
K] = 7t~ n0 k=0.0099 + 0.0015
K] — n0x0%7x% h=(06=+1.2)x1073
K, decay form factors 4]

Linear parametrization assuming u-e universality
A (KO3) = A (K93) = (2.82 £ 0.04) x 1072 (S = 1.1)
Mo(KD3) = (1.38 £0.18) x 1072 (S =2.2)

Quadratic parametrization assuming p-e universality
Np(KD3) = N (K23) = (240 £ 0.12) x 1072 (S =1.2)
N (K93) = N1 (K23) = (0.20 £0.05) x 1072 (S = 1.2)
Mo(KD3) = (1.16 £ 0.09) x 1072 (S = 1.2)

Pole parametrization assuming p-e universality
MY, (KO3) = M§, (K33) = 878 £ 6 MeV (S =1.1)
MY (K93) = 1252 + 90 MeV (S = 2.6)

Dispersive parametrization assuming p-e universality

Ay = (251 +0.06) x 1072 (S = 1.5)
In(C) = (1.75 + 0.18) x 10~ (S = 2.0)
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KO |fs/fi| = (1.571¢8) x 1072

KO |fr/fi|=(5"%) x 1072

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

KL— 0707y, K= 0700 oy, = —0.205 +
0.022 (S =1.8)

K = ety KY — e 00~ app = —1.69 £
0.08 (S=1.7)

K, — ntn ete: aj/ap = —0.737 4 0.014 GeV?

K, — 702y ay = —0.43+0.06 (S=15)

CP-violation parameters V]

A; = (0.332 £ 0.006)%
Im0o| = (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)
n00/m+—| = 0.9950 + 0.0007 ] (S = 1.6)
Re(€' /e) = (1.66 + 0.23) x 1073 [bb] (S = 1.6)
Assuming CPT
¢,_ = (43.51 £ 0.05)° (S=1.2)
doo = (43.52 + 0.05)° (S = 1.3)
be=dsw = (43.52 + 0.05)° (S =1.2)
Im(¢/e) = —(¢oo — ¢4+_)/3 = (—0.002 + 0.005)° (S = 1.7)
Not assuming CPT
¢ = (43.4+05)° (S=1.2)
doo = (43.7 £0.6)° (S=1.2)
b = (43.5 £ 0.5)° (S =1.3)
CP asymmetry Ain K9 — 777~ eTe™ = (13.7 £ 1.5)%
Bcp from K? — ete~eTe™ = —0.19 £ 0.07
vep from K¢ — ete"ete™ =0.01£0.11 (S =16)
jfor K9 = a7~ 7% =0.0012 + 0.0008
ffor K — 77«0 = 0.004 + 0.006
n4—y| = (2.35 £ 0.07) x 1073
Gy—y = (44 £4)°
€, |/e < 0.3, CL=90%
g 1] for K(z — a1y < 021, CL = 90%
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T-violation parameters
Im(€) in KO3 = —0.007 + 0.026

CPT invariance tests

$oo — b4_ = (0.34 4+ 0.32)°

Re(3n4_ + 3noo)—2F = (—3 +35)x 1070
AS = —AQin K, decay

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

Scale factor/ p

Kg DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
Semileptonic modes
rteFu, [aa] (40.55 +£0.11 )% S=1.7 229
Called KY;.
™ uFu, [aa] (27.04 £0.07 )% S=1.1 216
Called K23.
(7 patom)v ( 1.05 +0.11 ) x 10~/ 188
mOntefuy [aa] ( 5.20 £0.11 ) x 1075 207
nteTrete [aa] ( 1.26 £0.04 ) x 1075 229
Hadronic modes, including Charge conjugation x Parity Violating (CPV) modes
370 (19.52 £0.12 ) % S=16 139
ata— a0 (12.54 £0.05 ) % 133
rta~ CPV [cc] ( 1.96740.010) x 10~3 S=15 206
7070 cPV ( 8.64 +£0.06 ) x 10~4 S=18 209
Semileptonic modes with photons
nteFurgy [s.aa,dd] ( 3.79 +0.06 ) x 103 229
mEuF v,y ( 5.65 +£0.23 ) x 10~4 216
Hadronic modes with photons or ££ pairs
7070+ < 243 x10~7  CL=90% 209
mta Ty [s,dd] ( 4.15 +0.15 ) x 107> S=2.8 206
7T 7~ ~(DE) (2.84 +£0.11 ) x 107> S=2.0 206
702y [dd] ( 1.273£0.033) x 106 230
nOvyete~ ( 1.62 £0.17 ) x 108 230
Other modes with photons or ££ pairs
27 ( 5.47 £0.04 ) x 10~4 S=1.1 249
3y < 74 x 1078  CL=90% 249
ete vy (9.4 +04 )x10 S=2.0 249
wr Ty (1359 +0.11 ) x 10~/ S=13 225
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et e vy [dd] ( 5.95 £0.33 ) x 10~/ 249
wt =y [dd] (10 198 )x10-8 225
Charge conjugation x Parity (CP) or Lepton Family number (LF)
violating modes, or AS = 1 weak neutral current (51) modes
Wt S1 (6.84 +0.11 ) x 109 225
ete S1 (9 & Hx1 12 249
T et e S1  [dd] (311 +£0.19 )x10~7 206
m07r0et e~ s1 < 6.6 x1079  CL=90% 209
7070 ;ﬁ' wo S1 < 9.2 x 10711 cL=00% 57
ptp=ete S1 ( 2.69 £0.27 ) x 10~9 225
ete ete™ S1 (356 +0.21 ) x 10~8 249
mOut CP,Si[ee] < 3.8 x10710  cL=00% 177
mOete” CP,S1[ee] < 2.8 x 10710 CL=00% 230
e CP,S1 [ff] < 3.0 x1079  CL=90% 230
00w S1 < 81 x10~7  CL=90% 209
et T LF  [aa] < 47 x 10712 cL=00% 238
et et T T LF  [aa] < 4.12 x 1011 CL=00% 225
7O puteT LF  [aal < 7.6 x 10711 cL=00% 217
n0n0teF LF < 17 x10710  CL=00% 159
Lorentz invariance violating modes
70 < 17 x1077  CL=90% 230

* Py _ 1
K(700) 1(J7) = 3(0)

also known as x; was K3(800)

See the review on "Scalar Mesons below 1 GeV."
Mass (T-Matrix Pole /s) = (630-730) — i (260-340) MeV
Mass (Breit-Wigner) = 845 + 17 MeV
Full width (Breit-Wigner) = 468 + 30 MeV

K3(700) DECAY MODES Fraction (I';/T) p (MeV/c)
Kn 100 % 256
K*(892) 1(JP) = 3(17)

Mass (T-Matrix Pole \/s) = (890 + 14) — i (26 &+ 6) MeV
K*(892)T hadroproduced mass m = 891.67 + 0.26 MeV
K*(892)T in 7 decays mass m = 895.5 + 0.8 MeV
K*(892)° mass m = 895.55 + 0.20 MeV (S = 1.7)
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K*(892)* hadroproduced full width I = 51.4 + 0.8 MeV
K*(892)* in 7 decays full width I = 46.2 + 1.3 MeV
K*(892)° full width I = 47.3 + 0.5 MeV (S = 1.9)

p

K*(892) DECAY MODES Fraction (I;/T) Confidence level (MeV/c)
Km ~ 100 % 289
KO~ ( 2.4640.21) x 103 307
K*~ ( 9.8 £0.9 )x10~4 300
Kmm < 7 x 104 95% 223
K1(1270) 1Py = 307™)
Mass m = 1253 £ 7 MeV (S = 2.2)
Full width T = 90 + 20 MeV [
p
K1(1270) DECAY MODES Fraction (I';/T) Scale factor (MeV/c)
Kp (38 +13 )% 2.2 t
K5(1430) 7 (28 £ 4 )% T
K*(892) (21 +10 )% 2.2 286
Kw (11.0+ 2.0) % i
K fy(1370) ( 3.0+ 2.0)% f
’yKO seen 528
K1(1400) 1Py = 51

Mass m = 1403 +£ 7 MeV

Full width T = 174 + 13 MeV (S = 1.6)
K;(1400) DECAY MODES Fraction (I';/T) p (MeV/c)
K*(892)m (94 +6 )% 402
Kp ( 3.0£3.0) % 293
K fy(1370) ( 2.0+£2.0) % f
Kw ( 1.0£1.0) % 284
K8(1430)7T not seen T
’yKO seen 613
Ko seen t

K*(1410) 1(JF) = 3a7)

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

K*(1410) DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
K*(892) > 40 % 95% 410
Kr (6.6+1.3)% 612
Kp < 7 % 95% 305
v KO < 23 x 10—4 90% 619
Ko seen t
5(1430) 1uP) = 10t)

Mass m = 1425 + 50 MeV ]

Full width T = 270 + 80 MeV U]
K6(1430) DECAY MODES Fraction (I';/T) p (MeV/c)
K (93 +£10 )% 619
Kn (867 20 % 486
K??l(958) seen i

5(1430) 1Py = 321)

K3(1430)* mass m = 1427.3 = 1.5 MeV (S = 1.3)

K3(1430)° mass m = 1432.4 & 1.3 MeV

K3(1430)F full width I' = 100.0 £ 2.1 MeV

K5(1430)° full width I = 109 + 5 MeV (S = 1.9)

Scale factor/ p

K;(1430) DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
Kr (49.94+1.2) % 620
K*(892) (24.7+1.5) % 420
K*(892) w7 (13.4+2.2) % 373
Kp ( 8.7+0.8) % S=1.2 320
Kw ( 2.940.8) % 313
Kt~ ( 2.440.5) x 1073 S=1.1 628
Kn (1.5738)x 1073 S=13 488
Kwrm < 72 x 104 CL=95% 106
KO~ < 9 x 104 CL=90% 627
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K(1460) 1uP) = 1(07)
K(1460) DECAY MODES Fraction (I';/T) p (MeV/c)
K*(892)7T seen -
Kp seen -
K5(1430) seen -
Ko seen -
K1(1650) 1Py =307")

Mass m = 1650 £+ 50 MeV
Full width ' = 150 + 50 MeV

K*(1680) 1(JP) = 3(17)

Mass m = 1718 + 18 MeV
Full width ' = 322 + 110 MeV (S = 4.2)

K*(1680) DECAY MODES Fraction (I';/T) p (MeV/c)

Kr (38.74£2.5) % 782

Kp (31.4759) % 571

K*(892) (20.9722) % 618

Ko seen 387

Kn (14739 % 683
K»(1770) le¢] 1Py = 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) L seen 287
K*(892) seen 654
K f2(1270) seen 53
Ko seen 441
Kw seen 607
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K3(1780)

1(JP) =3(37)

Mass m = 1779 & 8 MeV (S = 1.2)
Full width I = 161 &+ 17 MeV (S =1.1)

K%(1780) DECAY MODES

K35(1430) 7

p
Fraction (I';/T) Confidence level (MeV/c)
(B1 £ 9 )% 616
(20 £ 5 )% 657
(18.8+ 1.0) % 815
(30 £13 )% 721
< 16 % 95% 292

K2(1820) (=]

1(JP) = 3(27)

Mass m = 1819 + 12 MeV
Full width ' = 264 + 34 MeV

K>(1820) DECAY MODES Fraction (I';/T) p (MeV/c)
Krn seen 819
K§(1430)7T seen 328
K*(892)7T seen 683
Kf2(1270) seen 191
Kw seen 640
Ko seen 483
5(1980) 1Py = 3(2™)

Mass m = 1994723 MeV (S = 2.8)
Full width T = 348735 MeV (S = 1.3)

K;(1980) DECAY MODES Fraction (I';/T) p (MeV/c)
K*(892)7T possibly seen 791
Kp possibly seen 762
Kf2(1270) possibly seen 424
Ko seen 627
K77 seen 850
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K’ (2045) I(JF) = 5(47)

Mass m = 2048‘_L§ MeV (S=1.1)
Full width T = 19917 MeV

KZ(2045) DECAY MODES Fraction (I';/T) p (MeV/c)
Kr (9.94+1.2) % 960
K*(892)mm (9 +5 )% 804
K*(892)rmm (7 +5 )% 770
pKm (5.7£3.2) % 744
wKm (5.043.0) % 740
oK (2.84+1.4) % 597
P K*(892) (1.4+0.7) % 368
Dt =cd, DY = cu, D° = €u, D~ =¢d, similarly for D*'s

D 1(JP) = 4(07)

Mass m = 1869.66 + 0.05 MeV
Mean life 7 = (1033 4 5) x 10715
cr = 309.8 um

c-quark decays

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

CP-violation decay-rate asymmetries
Acp(ptv) = (8 +8)%
Acp K(L)e V)—( 0.6 + 1.6)%
) = (—0.41 + 0.09)%
KO Ki) in DF — KOKE = (—4.2 4+ 3.4) x 1072
K3F27r ) = (—0.18 + 0.16)%
¥7ri7ri7r0) =(—-03£07)%
7)) = (-0.1£0.7)%
Acp Kg n) in DF — K%7rEn = (-0.9 £3.1) x 1072
Acp(KSrEatn ) (0.0 +1.2)%
ACP(Ki tr~ 70 in D — KErta— 20 = —0.04 + 0.06

(
Acp(KS
Acp(
Acp(
Acp(K
Acp(K$

(
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Acp(rm0) = (04 £ 1.3)% (S=1.7)

Acp(ntn) = (0.3+£0.8)% (S=1.2)

Acp(nTa0n)in D¥ - 7F 7% = (=6 £7) x 1072
Acp(rTnn) in D¥ — rEnn = (8 £9) x 1072
Acp(mt1/(958)) = (0.6 + 0.7)%

Acp(K®/KOK*®) = (0.11 + 0.17)%

Acp(KSK*E) = (—0.01 £ 0.07)%

Acp(KOKE70) in D — KQK*70 = (1 £ 4) x 1072
op(K§KEx0) in DF —» KOK*F70 = (—1 £ 4) x 102

cp(pmt) = (0.01 £0.09)% (S = 1.8)

> >>>> >
Q) Q)
) )
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N %
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o
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a1
o
~
o
N
H_
~
I
—
|
[y
o)
_|._
=
[o) N
~
X

) =(-3+£5%
Acp(KTn)in DT — K*n = (-6 11) x 1072

X2 tests of CP-violation (CPV)
Local CPV in DT — ata— 7% =78.1%
Local CPV in DT —» KT K7t =31%

CP violating asymmetries of P-odd ( T-odd) moments
AT(KYKErtn~) = (=12 + 11) x 1073 [l

D form factors
f1(0)| Ves| in KO0ty = 0.719 £ 0.011 (S = 1.6)
rn=ai/agin K9Tv, = -213 £ 0.14
r=ay/agin K% vy =—-3+12 (S=15)
f1(0)|Veg| in 797 1, = 0.1407 £ 0.0025
rn=ay/agin 700t v, = —2.00 &+ 0.13
r=ap/aginm ¢ty = —4+5
£ (0)|Veg| in DT — netuy, (0 =eorv)=(8.4=+0.4)x 1072
rn=aj/agin DT — netv,=-534+27 (S=109)
r, = V(0)/A1(0) in DT — wet v, = 1.24 £ 0.11
r = Ay(0)/A1(0) in DT — wet v, = 1.06 + 0.16
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ry
rn
ry

r

V(0)/A1(0) in DT,D° — pet v, = 1.64+0.10
A>(0)/A1(0) in DT,D® — petuv, =0.84 + 0.06
V(0)/A1(0) in K*(892)°¢+ 1, =1.49 + 0.05 (S =2.1)
A>(0)/A1(0) in K*(892)%¢F 1, = 0.802 + 0.021

(S =12)

r3 = A3(0)/A1(0) in K*(892)%¢* v, = 0.0 + 0.4
M /T in K*(892)° ¢+, = 1.13 4 0.08
M /T_in K*(892)°¢* 1, = 0.22 +£ 0.06 (S = 1.6)

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

tral K meson are now given as K% modes, not as KO modes. Nearly always

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

21 (KY) = r(k9).

Dt DECAY MODES

Fraction (I;/T)

Scale factor/ p
Confidence level (MeV/c)

e semileptonic
pTanything

K™ anything
KOanything + K9anything
K™ anything
K*(892)~ anything
K*(892)%anything
K*(892) anything
1 anything

n' anything

¢ anything

(16.07
(17.6
(25.7
(61
(5.9
(6
(23

< 6.6
(63
( 1.04
(112

Inclusive modes

HoH H B R W H

+
+
+

0.30 ) % -
32 )% -
14 )% -
5 )% -~
08 )% -
5 )% -~
5 )% -~

% CL=90% -
0.7 )% -
0.18 ) % -
0.04 ) % -

Leptonic and semileptonic modes

et v,

vetve
N+V,u

K*(892)%eT v, K*(892)° —

K- ot
(K=7) [0.8-1.0/Gev € Ve
(_K_ 7r+)5—wave et Ve
K*(1410)%et v,
K*(1410)° - K—xt
K35(1430) et v,
K3(1430)° - K~ 7t
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< 88
< 3.0
( 3.74
(120
( 8.72
( 8.76
( 4.02
( 3.77

( 3.39
( 2.28
< 6

< 5

Page 39

HOH R H R

H_

x 1070 CL=90% 935

x 10°CL=90% 935
0.17 )x 10~% 932
0.27 ) x 10—3 90
0.09 ) % 869
0.19 ) % 865
0.18 ) % $=3.2 864
017 ) % 722
0.09 ) % 864
0.11 ) x 103 -

% 10—3CL=90% -

x 10~4CL=90% -
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K~ 7t et v, nonresonant < 7 x 1073 CL=90% 864
K*(892) et v, (5.40 + 0.10 )% S=1.1 722
K-ntutv (365 + 0.34 )% 851

K*(892)0 ut v (352 + 010 )% 717

K*(892)°% — K—rx™

K—mt ™ v,, nonresonant (19 + 05 )x10~3 851
K*(892)° it (527 + 015 )% 717
K- atx0utw < 15 % 10~3CL=90% 825

K1(1270)° et v, K9 — (1.06 + 0.15 ) x 10~3 -
L K= gt x0
K5(1430)° 't v < 23 x 1074 CL=90% 380
K*(1680) ut v < 15 x 1073 CL=90% 105
et v, (372 £ 017 ) x 1073  S=2.0 930
outy, (350 £ 0.15 ) x 10~3 927
net v, (1.11 £ 0.07 ) x 1073 855
nut v, (1.04 + 011 )x 103 851
r T ety (245 £ 0.10 ) x 1073 924

f5(500)% et 1o, £(500)° — (63 + 05 )x10~4 -

rtn~
pPetu, (218 T 317 )x1073 774
PPty (24 + 04 )x10-3 770
weT v, (169 + 011 )x 103 771
wutu, (177 + 021 ) x 103 767
7' (958) e™ v (20 + 04 )x1074 690
a(980)% et v, a(980)° — 770 (17 98 y104 -
b1(1235)0eT v, b9 — wrd < 175 x 10~4CL=00% -
et ve < 13 x 1072 CL=90% 657
DOty < 1.0 x 10~4CL=90% 5
Hadronic modes with a K or KKK
Kert ( 1.562+ 0.031) % S=1.7 863
KOrT (146 + 0.05 )% 863
K—2n™t [i] (938 + 0.16 )% S=1.6 846
(K™ 7)) s _wave ™ (752 £ 017 )% 846
K§5(1430)° 7T, [kk] ( 1.25 + 0.06 )% 382
K5(1430)° — K7t
K*(892)° 7, (1.04 £ 012 )% 714
K*(892)° — K«

?*(1410)07T+, K*0 not seen 381

K rnt

K35(1430)0 7T, [kk] (23 + 07 )x10~4 371

K35(1430)° - K= 7
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K*(1680)° 7",
K*(1680)° — K~
K™ (2r")1=2

K%?T+7TO

K%p+

K%p(1450)+, pt = 7tz

K*(892)0xT,
K*(892) — K% 7O
K§(1430)° 7", K0 —

K%WO
K35(1680)° 7T, K30 —
K%WO
EOW+, 70 — K%WO
K% 7T 70 nonresonant

K% 7t 7%nonresonant and
Roxt
(K%WO)S—WaveW+
KSrtn
K71/ (958)
K= 2ntx0
K% 2t~
K= 2rtny
K%’ﬂ'+ 70n
K= 3rtn~
K*(892)0 27t 7,
K*(892)° — K—rxt
K*(892)0 p0 7+
K*(892)0 - K—rx™
K*(892)%a1(1260)*
K= pY2r™
K= 3rtn~
KT2K%
KTK™KYnt

nonresonant

a0
2t~
Ot
mt (W+7r_)5—wave
O'7T+, oc— wtn~
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[kk] (2.2

( 1.45

] (736

( 6.14

(15
( 2.64

( 2.7

(10

(6
(3
( 1.37

(1.27

( 1.31
( 1.90
( 6.25
( 3.10
(135
(122
(5.7
(1.2

[n
[

Lij]

(2.3

(93
( 1.72
( 4.0
( 2.54
(2.4

[nn]

Pionic modes

+

Ho H I+ I+ W H

HoH HHHHFHRK I+ I+ K I+
o~

H._

HOH R

(1.247+

( 3.27
(83
(1.83
(138

Page 41

+
+
+
+

11 )x104 58
0.26 ) % -
021 )% 845
0.60
0.35 ) 7 677
1.2 -
g )x1073 -
0.32 ) x 1073 714
09 )x10-3 -
) x 10~4 -
5 _
2 )x1073 -
4 )x1073 845
0.21
0.40 ) % -
0.27
0355 ) % 845
0.05 ) % 722
0.21 ) x 103 481
0.18 )% 817
0.09 ) % 814
0.12 ) x 103 657
0.25 ) x 103 657
05 )x1073 S=11 772
04 )x10—3 645
04 )x10—3 239
1.9 )x103 t
0.28 ) x 10—3 524
29 )x10~% 772
0.13 ) x 1073 545
05 )x10~% 436
0.033) x 103 925
0.18 ) x 103 909
15 )x 104 767
0.16 ) x 103 909
0.12 ) x 103 -
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669

485

338

909
909
910
883
845
848
831
798
801
700
764
742
681
654

793
793
744
612
613
744
744

613

f5(980) 7T, (156 + 0.33 ) x 104
(980) — 7t~
fo(1370) 7, (8 +4 )x107>
f(1370) — 77—
f>(1270) 7, (50 + 09 )x10~%
f>(1270) — 7T 7w~
p(1450)0 7+, < 8 x 1075CL=095%
p(1450)0 — 7t~
fo(1500) T, (11 + 04 )x1074
f(1500) — 7w~
fo(1710) 7, < 5 x 1075 CL=95%
fo(1710) — 7t 7~
fo(1790) T, < 7 x 1075 CL=95%
fo(1790) — 7t w—
(7T 77) 5 _wave ™ < 12 x 10~4CL=95%
27T 7~ nonresonant < 11 x 10~4CL=95%
7t 270 (47 + 04 )x10-3
2rt =70 (1.16 + 0.08 )%
3nt2n~ (1.66 + 0.16 ) x 1073 S=1.1
nmT (377 £ 0.09 ) x 1073
natx0 (205 £ 035 )x1073 S=22
n2n T~ (3.41 £ 020 )x 1073
nnt 270 (320 + 0.33 ) x 10~3
nnmt (296 + 0.26 )x 1073
wrT (28 + 06 )x10~4
wrT 0 (39 + 09 )x10-3
n'(958) T (497 + 019 ) x 103
1’ (958) 7t m0 (16 + 05 )x10~3
Hadronic modes with a K'K pair
KK (3.04 £ 009 )x1073 S=22
KOKT (321 £ 016 ) x 1073
KKt 0 ( 5.07 £ 0.30 ) x 10~3
K*(892)" K (289 + 030 ) x 1073
K*(892)0 K+ (52 + 14 )x10~4
KO KT 0 (524 £ 031 )x1073
KtK—nt il (9.68 + 0.18 ) x 10—3
KT K*(892)°, (249 T 0398 )5 10-3
K*(892)° — K~ 7t
KT K(1430)0, (1.82 + 0.35 ) x 1073
K5(1430)° — K=ot
KT K3(1430)°, K — (16 T 32 )yx1074
K—nt
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KT K§(700), Ki— Kot (68 T 32 )x1074 -
ap(1450)° 7+, af — (45 T 19 yx104 -
Kt K~

$(1680) 7+, ¢ - KT K~ (49 T 19 )yx105 -~

ont, o - KTK— (260 T 397 ) %1073 647
ot (570 + 0.14 ) x 103 647
KtK—ntx0 (662 + 032 )x10~3 682
KSKQnt (270 £ 0.13 ) x 10~3 741
KSKLatn0 (134 £ 021 ) x 1073 679
KIK*n (18 £ 05 )x10~4 516
KTKYntn— (1.89 + 0.13 ) x 10~3 678
KL KT 7m0 70 (58 + 13 )x1074 683
KeK—2nt (227 £ 013 ) x 1073 678
KtK=2ntn™ (23 + 12 )x10~4 601

A few poorly measured branching fractions:
dpnt a0 (23 +10 )% 619
ppt < 15 % CL=90% 260
KT K= 7t 7%non-¢ (15 + 8% ) % 682
Doubly Cabibbo-suppressed modes
K+ n0 (208 £ 021 )x10~4 S=14 864
Kty (125 + 016 )x 1074 S=1.1 776
K+ 1n'(958) (1.85 + 0.20 ) x 1074 571
Ktrtrn— (491 + 0.09 ) x10~4 846
K+ p0 (19 £ 05 )x10~4 679
K*(892)% 71, K*(892)° — (23 + 04 )x10~4 714
Kt~

KT 15(980), f(980) — (44 + 26 )x107> -

rtn~

K3(1430)% 7, K3(1430)° — (39 + 27 )x1075 -

Ktr—

K+ 7 7~ nonresonant not seen 846
Ktnta—x0 (121 £ 0.09 ) x 10~3 817
KT nt 7~ 7% nonresonant (110 + 0.07 ) x 1073 817
KT w (57 T 3% )x107° 675
2KT K~ (6.14 + 0.11 ) x 1075 550
$(1020)0 K+ < 21 x 1075CL=90% -

KT ¢(1020), ¢ — KT K~ (44 + 06 )x10°6 —~

KT (KTK™) s_wave (577 £ 012 )x 1070 550
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AC = 1 weak neutral current (C1) modes, or Lepton Family number (LF) ,

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

nTeter C1 < 11 x 10~6CL=90% 930
atnlete < 14 x 105 CL=090% 925
7t¢, ¢ — ete” [oo] (17 T 1¢ )x1076 -~
T C1 < 6.7 x 1078CL=90% 918
te, ¢ — ptu [oo] (1.8 + 08 )x107© -
pTut ™ C1 < 56 x 10~4CL=90% 757
Ktete™ [pp] < 8.5 x 10~ 7 CL=90% 870
Ktnlete < 15 x 10~5CL=90% 864
Kirtete < 26 x 1075 CL=90% -
KeKtete < 11 x 1075 CL=90% 792
KTt p~ [pp] < 5.4 x 10~8CL=90% 856
et~ LF < 21 x 10~ 7 CL=90% 927
eyt LF < 22 x 10~ 7 CL=90% 927
Ktetp™ LF < 75 x 10~8CL=90% 866
Kte put LF < 1.0 x 10~ 7 CL=90% 866
7 2et L < 53 x 10~ 7 CL=90% 930
T 2ut L < 14 x 1078CL=00% 018
et T L < 13 x 10~ 7 CL=90% 927
p~2u™ L < 56 x 10~4CL=90% 757
K~ 2e™ L < 9 x 1077 CL=90% 870
K% 2et < 33 x 100 CL=90% 863
K~ n02et < 85 x 10~6CL=00% 864
K= 2u™ L < 1.0 x 10~5CL=90% 856
K= et L < 1.9 x 106CL=00% 866
K*(892)~ 2u™ L < 85 x 10~4CL=90% 703
Ne™ LB < 11 x 1076CL=00% 602
NeT LB < 6.5 x 10~ 7 CL=90% 602
50t LB < 17 x 10~6CL=90% 554
S0t LB < 13 % 10~6CL=90% 554
Py _ 10—
D° I(J7) = 3(07)

Mass m — 1864.84 £ 0.05 MeV
mp+ — Mpo = 4.822 £ 0.015 MeV

Mean life 7 = (410.3 + 1.0) x 107 s

cr = 123.01 pum

Mixing and related parameters

|m o — mpo| = (0.997 +0.116) x 1010 7 s~ 1
1 2

—
(Dfll
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la/p| = 0.995 + 0.016
Ar = (0.089 + 0.113) x 103

K +0.04
¢"sTT = 0.027 g

K+ 7~ relative strong phase: cos § = 0.97 + 0.11
K~ 7T 70 coherence factor Ry ..o = 0.792 + 0.033

K~ nt 70 average relative strong phase gKmm® (198 + 10)°
0.10

K~ 7~ 2r" coherence factor Rk 3, = 0. 52+0 09
K~ 7~ 2xT average relative strong phase K37 =
26\0
(149732)° (S =1.4)
D® — K= 727t Risr (y cosdK3™ — xsingK3™) = (=3.0 +
0.7) x 1073 Tev~!

K% K+ 7~ coherence factor R = 0.70 + 0.08

KIKm

0 jot. — , KOKm _ o
Ks KT ™ average relative strong phase §"$ = (0 £ 16)
K* K coherence factor Ry, ,, = 0.94 £ 0.12

K* K average relative strong phase 6K K = (=17 + 18)°

CP-violation decay-rate asymmetries (labeled by the D? decay)

Acp(KtK™) = (=0.07 £ 0.11)%

Acp(2KY) = (-1.9 £ 1.1)% (S=1.1)

Acp(rTn™) = (0.13 + 0.14)%

Acp(m079) = (0.0 £ 0.6)%

Acp(py) = (6 £ 15) x 1072
Acp(97) = (=9 £ 7) x 1072
Acp(K*(892)°7) = (—0.3 £ 2.0) x 1072
Acp(ntn=70) = (0.3 £ 0.4)%
Acp(nmtn~)in DY, DO — mr = (0.9 £ 1.3) x 1072
Acp(p(T70)T 7~ = 7t7 70) = (1.2 + 0.9)% ladl
Acp(p(170)°70 = ata—70) = (3.1 + 3.0)% [9d]

0

Acp(p(770)" 7t = ata=70) = (=1.0 + 1.7)% led]
Acp(p(1450)0 70 — 7t 7r—70) = (=20 + 40)% [ad]
Acp(p(1450)~ 7t — at 7= 70) = (6 + 9)% l9dl

(
(
(770)~ )
Acp(p(1450) 7~ — 7ta~ 7r0) =(0+£70)% [a]
E )
(
(

Acp(p(1700)°070 — 77— 70) = (13 & 9)% [4d]
—70) = (8 & 11)% l9d]
Acp(f(980) 70 — 77~ 7r0) = (0 + 35)% ladl
0

)
|
700) 7 — w*vr—w") (=5 + 14)% lad]
)
)7

Acp(5(1370)7° — 7T 7~ 70) = (25 + 18)% lad]
Acp(H(1500)7° — 77~ 70) = (0 + 18)% [adl
Acp(f(1710)70 — 7t 7= 20) = (0 + 24)% [4d]
Acp(H(1270)70 — 7ta—70) = (—4 + 6)% [9d]

HTTP://PDG.LBL.GOV Page 45 Created: 8/11/2022 09:37



Citation: R.L. Workman et al. (Particle Data Group), Prog.Theor.Exp.Phys. 2022, 083C01 (2022)

Acp(c(400)70 — ata—79) = (6 £ 8)% [9d]
Acp(nonresonant 7 7~ 70) = (=13 + 23)% (9]
Acp(a1(1260)T 7~ — 277277 ) = (5 + 6)%

Acp(a1(1260)~ 7t

— 27T 277) = (14 + 18)%

Acp(m(1300)+ o 2rtor~) = (=2 £ 15)%

Acp(m(1300)~

Acp(ar(1640)T 7= — 27T 27~
Acp(mo(1670)T

ACP(O‘ f0(1370)

T 27T 27r7) = (-6 £30)%
) = (9 £ 26)%
77— 21t 2r7) = (7 £ 18)%
— 277277 ) = (=15 4+ 19)%

Acp(op(T70)0 = 27T 277) = (3 £ 27)%

Acp(2p(770)0 — 27t 277) = (=6 £+ 6)%

Acp(26(1270) — 277 277) = (—28 + 24)%
Acp(rtn=a9%)in D%, D° — at7=70n = (-6 £6) x 1072
Acp(KTK=7%) = (1.0 £ 1.7)%

Acp(K*(892)T K~ — KT K= 70) = (—0.9 + 1.3)% l9d]
Acp(K*(1410)T K~ — KT K~ a0) = (=21 + 24)% ld]

Acp((KTa0%)s_
Acp((1020)7°

wave K~ = KT K= 70) = (7 £ 15)% l9d]
— KTK= 7% = (1.1 + 2.2)% lad]

Acp(f5(980) 70 — Kt K—70) = (=3 + 19)% [4d]

Acp(a(980)°

— KtK=79) = (=5 + 16)% l9d]

Acp(fh(1525)70 — K+t K~ x0) = (0 + 160)% 99
Acp(K*(892)" Kt — Kt K~ 70) = (=5 + 4)% lad]

Acp(K*(1410)~
Acp((K~7%)s_

KT — KtK=70) = (=17 £ 29)% [ad]
wave KT = KT K= 70) = (=10 + 40)% [9d]

Acp(KtK=n)in D% D® - KtK—n=(-1.4+35)x1072
Acp(#(1020)n — KT K~n)in D, DO — $(1020)n = (-2 +

4) x 1072

Acp(K20) = (~0.20 + 0.17)%
ACP(Kgn (0.5 + 0.5)%

Acp(K (1.0 + 0.7)%
ACP(K%¢) = ( 3+9)%
Acp(K—7t) = (0.2 £ 0.5)%
Acp(KT77) = (-0.9 £ 1.4)%
ACP(DCP(il) — KTat) = (127 + 1.5)%
Acp(K ) = (0.1 4+ 0.5)%
p(K+7r 70) = (0 + 5)%
Acp(KSrTm™) = (—0.1£0.8)%
P(KH n)in D%, D® — KT atpn = (-1.9 + 1.6) x 1072
Acp(KYm n) in DY, D% — K% On_( 3.94+3.3)x 1072

Acp(KTn¥m
Acp(K*(892)~

On)in DO, DO—> KFrEtn0p = (-8 £ 5) x 1072
= K&rta™) = (0.4 +05)%

Acp(K*(892)Tn~ — Kentn)=(1+6)%

HTTP://PDG.LBL.GOV

Page 46 Created: 8/11/2022 09:37



Citation: R.L. Workman et al. (Particle Data Group), Prog.Theor.Exp.Phys. 2022, 083C01 (2022)

ACP(KOp0—> Krta=) = (-0.1£05)%
Acp(Kow — KO tr )—( 13+ 7%
p(K0f0(980)—> Kertn=)=(-04£27)%

Acp (KO £,(1270) — K% + ) =(-4+5%

Acp(K° f(1370) — sz 77)=(-1%9%

ACP(KO p0(1450) —» K%rT77) = (-4 £10)%

Acp(KO f0(600)—> K + ):( 3+5%

Acp(K*(1410)~ 7t — KO tr7) =(-2+9)%

Acp(K§(1430)" 7 — Kg 7)) =4+ 4%

ACP(K*(1430)+7r— — K§7r+7r ) = (12 + 15)%

ACP(K§(143O)_W+—> KOrtn=)=(3+6)%

Acp(K5(1430)T 71~ — Kimtn) = (—10 £ 32)%

Acp(K—aTnt77) = (0. 2 + 0. 5)%

Acp(KTn—aTn7) = (-2 £+ 4)%

Acp(KTK=aT77) = (1.3 £ 1.7)%

Acp(Ki(1270)T K~ — KT K atr7) =(-23+1.7)%
ACP(K*(1270)+K - KOrtK™)=(-1+10)%
Acp(Ki(1270)" KT — K7~ K*) = (-10 + 32)%
Acp(K3(1270)" KT — KT K at7n7) = (1.7 £ 3.5)%
Acp(KI(1270)T K~ — pPKTK™) = (-7 £ 17)%
Acp(K%(1270)” KT — OK— Kt) = (10 £ 13)%
Acp(K1(1400)T K~ — K+K tn7) =(—44+21)%
Acp(K*(1410)t K~ — K*O07rt K=) = (-20 £ 17)%
Acp(K*(1410)~ KT — K0r=K+) = (-1 4+ 14)%
Acp(K*(1680)T K™ — KT K ntn™) = (=17 £ 29)%

Acp(KOK*0)in DO DO - K*OK*0 = (—5 + 14)%
Acp(K*9K*0 Swave) = (—3.9 +2.2)%
Acp(¢p®) in D%, D — ¢p® = (1 +9)%

Acp(6p° Swave)
Acp(¢p® D-wave) =

(-3

ACP(¢(W+7T_ )S—wave) =
Acp(K*(892)° (K~ nt)s_
Acp(KT K~ 7% 7~ non-resonant) =

+5)%

(=37 + 19)%

(6 + 6)%

wave) - (

—10 £ 40

)%

(8 + 20)%

ACP((K_W )P wave (K m )5 wave) - (3 + 11)%

Acp(KT K™ u p~)in DO,
Acp(rta™ ptp) in DO,

DO - KtK—utpu

DO - rto—putpu

CP-even fractions (labeled by the D? decay)

CP-even fraction in D% —
CP-even fraction in D —
CP-even fraction in D0 —
CP-even fraction in D0 —
CP-even fraction in D0 —

HTTP://PDG.LBL.GOV
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7t 7~ 70 decays =
KT K~ 70 decays =

a7t~ nt 1~ decays =
KSrT 770 decays =
KT K~ 7T 7~ decays =

Created:

= (0+11)%
= (5+4)%

(97.3 + 1.7)%
(73 + 6)%
(76.9 +2.3)%
(23.8 + 1.7)%
(75 + 4)%
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CP-violation asymmetry difference
AACP = ACP(K+ K_) — ACP(W+7T_) = (—0.154 + 0.029)%

x? tests of CP-violation (CPV) p-values

Local CPV in D9, D° —» 7t 7= #0 = 4.9%

Local CPV in D%, D° — #tn~zt7n~ = (0.6 + 0.2)%

Local CPV in D%, D° — K%rxT 7~ = 96%

Local CPV in D% D% — KT K~ 70 =16.6%

Local CPV in D% D° — KTK—ntn~ =9.1%
T-violation decay-rate asymmetry

Ar(KTK=at7) = (2.9 + 2.2) x 1073 [l

Atyiol(Ksmt 7= 70) in D°, D® = Ksatn= 70 = (—03714)x
103

CPT-violation decay-rate asymmetry
Acpr(KT7T) = 0.008 + 0.008

Form factors
ry = V(0)/A1(0) in D® — K*(892)~ (T v, = 1.46 4+ 0.07
rp = Ax(0)/A1(0) in DO — K*(892)~ ¢t v, = 0.68 4 0.06
f (0)in DO — K~ ¢twy, = 0.736 + 0.004
f1(0)|Ves| in DO — K~ ¢F vy = 0.7166 & 0.0030
rn=ay/agin D% - K (ty, =—2.4040.16
rn=ay/aginD% - K (ty, =5+4
f,(0) in D® — 7~ ¢+, = 0.637 £ 0.009
f1(0)|Veq| in DO — 7 ¢+ 1, = 0.1436 £ 0.0026 (S = 1.5)
n=ai/agin D% = 7 ¢ty =—-197+028 (S=14)
rn=ay/agin D% - 7 ¢ty =-024+22 (S=1.7)

Most decay modes (other than the semileptonic modes) that involve a neu-
tral K meson are now given as KOS modes, not as KO modes. Nearly always

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

21 (KY) = r(k9).

Scale factor/ p

DO DECAY MODES Fraction (I';/T) Confidence leve(MeV/c)
Topological modes

0-prongs [l (15 +£6 )% -

2-prongs (1 6 )% -

4-prongs [ss] (146 4+ 05 )% -

6-prongs [tt] (65 + 13 )x10~4 -
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Inclusive modes

et anything [uu] ( 6.49 £ 0.11 )% -
uT anything (68 +£ 06 )% -
K™ anything (547 + 28 )% S=1.3 -
KO9anything + K9anything 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 )% -
n anything (95 £ 09 )% -
n' anything (248 + 027 )% -
¢ anything ( 1.08 + 0.04 )% -
invisibles < 9.4 x 1072  CL=90% -
Semileptonic modes

K~ et v, ( 3.549-+ 0.026) % S=12 867
K- uty, (341 £+ 0.04 )% 864
K*(892)~ e™ v, (215 + 0.16 )% 719
K*(892)~ puty, (1.89 £ 0.24 )% 714
K-m%etu, (16 T332 )% 861
KOn~etu, (144 + 0.04 )% 860
(KO7T™) s_wave € Ve (79 + 1.7 )x10~4 860
K- rtn etu, (28 T 11 )x1074 843

K1(1270) et v, (1.01 £ 0.18 )x 10~3 511
K- ata—puty, < 13 x 1073  CL=90% 821

(K*(892)m )~ pt v, < 15 x1073  CL=90% 692
et v, (291 + 0.04 )x1073 927
Ty, (267 + 012 )x 103 S=1.3 924
Vet v, ( 1.45 + 0.07 ) x 103 922
p~ et v, (150 + 012 )x 103 S=19 771
p~ 1ty (1.35 £ 0.13 )x 1073 767
a(980) et v, a~ — n7a~ (133 T 8:%3 ) x 10~4 -
b1(1235)" et ve, by = wm™ < 112 x1074  CL=90% -

Hadronic modes with one K

K—mt ( 3.947+ 0.030) % S=1.2 861
KQ 7O ( 1.240+ 0.022) % 860
K§ 0 (100 + 07 )x 103 860
KSrtm— [j] (280 + 0.18 )% S=11 842

K pP (63 T 38 )x10-3 674

Kew, w— 7fr (20 + 06 )x10~4 670
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K (m T 77) s _wave (33 + 08 )x10~3 842
K21£(980), fy — w7~ (120 T 329 )x 1073 549
K$£(1370), fo — ntna~ (28 T 93 )x1073 t

K2 £H(1270), fh » 7t~ (o T )x10-5 262

K*(8%2):7r+, K*~ — (164 T 310 )% 711
Ksm

K5(1430)~ 7%, K5~ — (267 T 339 )x 1073 378
K%W_

K3(1430)" o+, K5~ — (34 T 18 )x1074 367
K%W_

K*(1680)" 7+, K*~ — (44 + 35 )x1074 46
K%W‘

K*(892)* =, K*t — wl (113 T 389 ) <104 711
K%W+

K5(1430)T7n—, Kyt — W] < 1.4 x1075  CL=95% -
K%W+

K5(1430) n—, Kyt — [w] < 3.4 x 1075  CL=05% -
K%W+

K77~ nonresonant (25 T %9 yx104 842

K~ nt 0 ] (144 + 05 )% S=2.0 844

K= pT (11.2 + 07 )% 675

K~ p(1700)T, pt — atx0 (82 + 18 )x10~3 t

K*(;ig_z)—ﬁ, K*(892)~ — (231 T 230 )% 711

_ T _

K*(892)° 70, K*(892)° — (1.95 + 0.24 )% 711
K—nt

K5(1430)~ o t, K5~ — (48 + 22 )x103 378
K~ 70

K5(1430)%70, K30 — (59 T 39 )x1073 379
K—nt

K*(1680) 7 t, K*~ — (19 + 07 )x1073 46
K~ 70

K~ 7170 nonresonant (115 T 888 ) % 844

K% 2r0 (91 + 11 )x10-3 S=22 843

K2 (27%) s _wave (26 + 07 )x10-3 -

K*(892)°x0, K*0 — KQ#0 (81 + 07 )x10~3 711

K*(1430)°70, K0 — (4 423 )x1075 -
K%WO
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K*(1680)°70, K*0 — (10 + 04 )x1073 -
K%WO
K2 £(1270), f, — 2x° (23 + 11 )x10~4 -
2K, oneK$ — 270 (32 + 11 )x1074 -
K= 2rtn™ /] (822 + 014 )% S=1.1 813
K~ nt pOtotal (6.87 + 0.31)% 609
K~ p3-body (61 + 16 )x103 609
K*(892)0 0%, K*0 — (1.01 + 0.05 )% 416
KT
K*(E92)0p0transverse, (1.2 +£ 04 )% 417
K0 K-zt
K~ a1(1260)", af — (432 + 0.32)% 327
Ot
Ki(1270)~ 7 *, K| — (39 =+ 04 )x1073 -~
K~ nT 7 total
K1(1270)~ 7, K| — (66 + 23 )x10~4 484
K*(892)%7~, K*0 —
K- nT
K~ 27 7w~ nonresonant (181 +£ 0.07 )% 813
Kertm= a0 [xx] (52 + 06 )% 813
Ken, n— ntr aC ( 1.17 + 0.03 ) x 103 772
Kw, w— 7ta= a0 (9.9 + 06 )x10-3 670
K~ nt 270 (88 + 0.23)% 815
K__27r+7r_7r0 o (43 £ 04 )% 771
K*(892)°nt 7= 79, K*0 — (13 + 06 )% 643
K- nt
K__7r+w, w—>_7r+7r_7r0 (28 £05 )% 605
K*(892)%w, K*0 — (65 + 30 )x1073 410
K- nt, w—
at o 70
K nrO ( 1.01 + 0.05 )% 721
K% a0(980), ag — nm (120 + 0.28 )% -~
K*(892)%, K*0 — K%x0 (29 + 07 )x10-3 -
K—mtn (1.88 + 0.05 )% S=1.4 721
K*(892)%n, K*0 - K=zt (89 T 38 )x10-3 -
a0(980)T K, aj — nnmT (74 T 99 yx1073 -
K3(1980)~ ", K3~ — (22 T 18 )yx1074 -
K™n
K= nt7x0n (449 £ 0.27 ) x 1073 656
Krtrn (280 + 0.21 ) x 103 651
K270y (176 + 0.26 ) x 103 656
K%orton™ ( 2.66 + 0.30 ) x 10~3 768
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KepO 7t ™, noK*(892)~ (11 + 07 )x1073 -
K*(892)~ 2rt 7™, (5 +7 )x10~* 642
K*(892) — K7~
no po
K*(892)~ p2xt, (1.6 + 06 )x10~3 230
K*(892) — K7~
K% 27T 27 nonresonant < 12 x 1073  CL=90% 768
K= 3rt2n~ (22 + 06 )x1074 713

Fractions of some of the following modes with resonances have already
appeared above as submodes of particular charged-particle modes. These
nine modes below are all corrected for unseen decays of the resonances.

Kn (5.00 £ 0.13 )x 103 772
KSw (111 £ 0.06 )% 670
K%/ (958) (949 + 032 )x 1073 565
K*(892)° 77~ 70 (19 + 09 )% 643
K*(892)%7 (141 + 012 )% 583
K ntw (31 + 06 )% 605
K*(892)°w (11 + 05 )% 410
K~ w1/ (958) (643 + 034 )x 103 479
K21/ (958) 0 (252 + 027 ) x 1073 479
K*(892)%4/(958) < 1.0 x 1073 CL=90% 119
Hadronic modes with three K's
KSKT K™ (442 £ 032 )x 103 544
K2 a0(980)°, aJ — KK~ (29 + 04 )x1073 -
K™ ap(980)", al — (59 + 18 )x10~4 -
KT KY
KT ap(980)~, ay — < 11 x10~%  CL=95% = -
K~ K%
K2£(980), f —» KT K™ < 9 x 1075  CL=05% -
K4, ¢ = KT K™ (203 £ 015 ) x 1073 520
K2 £(1370), fo = KTK™ (17 + 11 )x10~% -
3KY (75 + 07 )x10~% S=1.4 539
KT2K— 7+ B (225 + 032 )x10~4 434
Kt K= K*(892)°, K0 — (45 + 1.8 )x107° t
K- nt
K ntg, ¢ = KTK™ (40 £ 1.7 )x107° 422
pK*(892)°, ¢ - KT K™, (1.08 £ 0.21 ) x 10~4 t
KO & K- gt
KT 2K~ 7t nonresonant (34 + 15 )x107° 434
2K KE 7T (59 + 13 )x10~4 427
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R

270

ata 70
prr
070
p-mt
p(1450)t 7=, pt — a0
p(1450)° 70, o0 — gt g~
p(1450)~ 7+, p~ — 770
p(1700)t 7=, pt — 7t #0
p(1700)° 70, o0 — 7t g~
p(1700)~ 7+, p= — 770
f(980)7°, fy — wta~

_l’_ —

3

fo(SOO)ﬂ‘O, fo — T
f(1370)7°, fy — wta~
fy(1500)7°, fy — wta~
fo(1710)70, fy — =tz
£,(1270)7°, fhb — 7ta~
7T 7~ m%nonresonant
370
2t 27w
a1(1260) 7, af —
27+ 7 total N
a1(1260)T 7, a] —
P71t Swave
a1(1260) "7, af —
pO 7t D-wave
a1(1260) "7, af —
ort B
a1(1260)~ 7", a; —
P07~ Swave
a1(1260)~ 7", a;] — om~
7(1300)T 7—, «(1300)" —
+

+

agT
m(1300)~ T, w(1300)" —

om
a1(1640) "7, af —
pO 7T D-wave
a1(1640)" 7, af — ont
mo(1670) T 7, 71';_ —
£(1270)%xF, 9 —
atmw—
mo(1670) T 7, W; — ont
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Pionic modes

( 1.454+
( 8.26
( 1.49
( 1.01
( 3.86
( 5.15
(1.6
(45
(27
( 6.1
(7.4
(48
(3.7
(1.22
(5.5
(5.8
(4.6
( 1.97
(13
( 2.0
(7.56
( 4.53

HoH B B H K B H H B H K HH K K B H

( 3.13

H,

(19 =+

(64 =+

(23 =+

(6.0 =+
(51 =+

(23 =+

(32 =+
(1.8 =+

(20 =+

(26 =+
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0.024) x 103
0.25 ) x 10~4
0.06 ) %
0.04 ) %
0.23 )x 103
0.25 ) x 1073

2.1
2.0
0.4
15
1.8
1.1
0.9

0.22

2.1
1.6
1.6

0.21

0.4
0.5

0.20
0.31

0.21

0.5

0.7

0.9

3.4
2.7

2.2

1.6

1.4
0.9

1.0

) x 1072 -
) x 1072 -
) x 10~4 -
) x 10~4 -
) x 1074 -
) x 1074 -
) x 1072 -
) x 10~4 -
) x 1072 -
) x 1072 -
) x 1072 -
) x 10~4 -
) x 1074
) x 1074
) X 103
) X 103 -

) x 10~3 -
) x 10~4 -
) x 10~4 -
) x 10~4 -

) x 1072 -
) x 1074 -

) x 10~4 -

) X 104 -

) x 1074 -
) x 10~4 -

) x 1074 -
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2p% total (1.85 + 0.13 )x10~3 518
200, parallel helicities (83 =+ 32 )x107° -
200, perpendicular helici- (48 + 06 )x10~4 -

ties
2p0,longhudmalheﬁdtms (127 + 0.10 ) x 1073 -
2p(770)%, S-wave (18 + 13 )x1074 -
2p(770)°, P-wave (53 + 13 )x10~% -
2p(770)°, D-wave (62 =+ 30 )x10~4 -

Resonant (77~ 7wt 7™ (151 + 0.12 )x 1073 -

3-body total
ontrn~ (62 + 09 )x10~4 -
o p(770)° (50 £ 25 )x10~4 -
(980) 7T, fy — (18 + 05 )x10~* -
Tt
H(1270) 7, fh — (37 + 06 )x10~4 -
ta~
26 (1270), fh — 7t~ + 18 )x10% -
(1370)0, fo — + 05 )x103 -
o~
ata— 270 ( 1.02 £ 0.09 )% 882
nm0 yy] (63 + 06 )x10~4 S=1.1 846
w9 [yy] ( 1.17 + 0.35 ) x 10~4 761
wn (198 + 018 )x 103 S=1.1 648
2rt 25— 70 (42 + 05 )x103 844
nrt T [yy] ( 1.16 + 0.07 ) x 103 827
wrtr™ [yy] ( 1.33 £ 0.20 ) x 10~3 738
w070 < 1.10 x 1073 CL=90% 740
n2r0 (38 + 13 )x1074 829
ata= a0y (323 +£ 022 )x10-3 797
3T 3n~ (43 £ 12 )x1074 795
7' (958) 70 (92 + 1.0 )x10~4 678
n'(958) T 7~ (45 + 1.7 )x10~* 650
2n (211 + 019 )x 1073 S=22 754
2n w0 (73 + 22 )x10~4 699
3n < 13 x 1074  CL=90% 421
nn'(958) (1.01 + 0.19 )x 1073 537
Hadronic modes with a KK pair
Kt K~ (4.08 + 0.06 ) x 103 S=16 791
2K (141 £+ 0.05 ) x 10~4 S=1.1 789
KSK—mt (33 £ 05 )x103 S=11 739
K*(892)°K%, K*0 — (82 + 16 )x107> 608
K—nt
K*(892)T K—, K*T — (1.89 + 0.30 )x 1073 -
K%W+
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K*(1410)° K%, K*0 —
K-rt
K*(1410)* K=, K*t —
ng+
(K_W+)5—wave K%
(K%W+)5—wave K™
20(980)~ 7T, ay; — KIK™
ap(1450)~ 7", ay —
0 v—
KeK
ap(1320)" 7", a; —
0 —
KeK
p(1450)~ 7 t, p= — KIK™
KYKT ™
K*(892)° K2, K*0 —
Ktn~
K*(892)" KT, K*~ —
K%W
K*(1410)°KS, K*0 —
Ktrnt
K*(1410)~ KT, K*~ —
K%W_
(K+7r_)5—wave K%

(K%W_)S—wave K+
0(980) T 7™, af —
ag(1450)" 7, ag —
KK
p(1700)™
Kt K= =0
K*(892)+ K—,

K*(89 )

K= 70

(K+ 0)5 wave
)

( S—wave K
f0(980) 0 fH— K+K—
670, ¢ —» KT K~
2K%WO
KtK™n
$(1020)1)
K K~ nnonresonant
2K%n
KT K= 7070

K+, K*(892)~
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0
KK+

T, pT — K%K+

K*(892)*

(1.3

(3.2

( 6.0
(3.9
(1.3
(25

(5

(4.6
( 217
(112

(6.2
(5
( 2.6

(3.7
(1.4
(6

(3.2

(1.1
( 3.42
( 1.52

(5.4

( 2.43
(1.3
( 3.6
(6.6
< 5.9

( 5.9
( 1.84

(9.9

(1.3
( 6.9
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+

HoH KK

H,

}_F

H H HH

HOH B R

MW I+ H R

1.9 )x10~4 -
1.9 )x10~4 -
29 )x10~% 739
1.0 )x10~4 739
14 )x10~4 -
2.0 )x1072 -
5 )x10°© -
25 )x1072 -
0.34 ) x 103 S=1.1 739
0.21 )x 104 608
1.0 )x10~4 -
8 )x1072 -
20 )x10~% -
1.9 )x10~4 739
06 )x10~4 739
4 )x1074 -
25 )x1072 -
0.6 )x10~2 -
0.14 ) x 1073 743
0.07 ) x 1073 -
04 )x10~% -
0.18 ) x 1073 743
05 )x10~4 743
06 )x10~% -
0.4 )x10~% -

x 10~4 740
1.9 )x10~° 514
012 )x 104 489
02 )x1075 514
06 )x10~4 508
0.8 )x 104 681
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KtK—atn™ (247 + 011 )x 103 677
AT 7)) s—waver P — (10 +£5 )x107° 614
KTK~
(609 s—wave, ¢ — KTK™ (69 £ 06 )x10~% 250
(60°) p_wave» ¢ — KTK™ (40 +£ 19 )x1075 -~
(609 D—wave» ¢ — KTK™ (42 + 14 )x107° -~
(K*(892)° K*(892)%) s_pave: (224 + 013 )x 1074 -
KO — KEn¥
(K*(892)°K*(892)%) p_yyave. (120 + 0.08 ) x 10~4 -
K* —» K*rF
(K*(892)°K*(892)%) p_wave (47 + 04 )x1075 -
K* —» K*nT
K*(892)° (K~ 7)) s_wave (14 + 06 )x1074 -~
3-body, K0 — KTr—
Ki(1270)F K=, K{ — (14 + 09 )x1074 -
K*Oﬂ.—i—
Ki(1270)T K=, K| — (15 + 05 )x10~4 -
K*(1430)% 71, KO —
K+t~
Ki(1270)T K=, K| — (22 + 06 )x10~4 -
pO KTt
Ki(1270)TK—, K| — (15 + 12 )x1073 -
w(782)K™, w— T~
K1(1270)” K*, K| — (13 =+ 04 )x1074 -~
PO K™
K1(1400)T K—, K| — (46 + 04 )x10~4 -
K*(892)%7+, K*0 —
Kt~
K*(1410)~ K+, K*~ — (70 + 1.1 )x10° -
KO7r—
K1(1680)T K, K — (89 + 32 )x107° -
KOt KO Ktn—
K+ K~ at 7~ non-resonant (27 + 06 )x10~4 -
2K mt (53 + 09 )x10~% 673
KYK=nt 70 (132 + 0.16 ) x 103 677
KSK+T 7m0 (65 + 07 )x10~4 677
KSK=2ntm™ < 14 x10~%  CL=90% 595
KTK nta x0 (31 + 20 )x1073 600
Other KK X modes. They include all decay modes of the ¢, 1, and w.
0 (117 + 0.04 )x10~3 645
on (18 + 05 )x10~4 489
pw (65 + 1.0 )x10~4 238
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PPy

wy
[l
K*(892)0

Kt ¢~ vyvia D°

<

Radiative modes

(182 + 0.32 )x107°

2.4

x 10— 4

(281 + 0.19 ) x 1072

(4.1

+ 07 )x10~4

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

KT or K*(892)* e~ 7, via
o

D
Ktn—

K+ 7~ via DCS

Kt 7~ via D°

DC

K%W+W_h1DO—$-EO

K*(892)tn—, K* —

K%W+

K§(1430)T =, Kyt —

K%W+

K3%(1430)T 7,

K%W+
Kt r— 70

Kt 7~ 70via DO

DC

DC
KE* — DC

DC

K+ nt 27~ via DCS

Kt rnton—

DC

K+ at2r~via DY
1~ anything via D

<
<

<
<

<

<

<

2.2
6

( 1.50

+

( 1363+

1.6
1.8

(113

1.4

3.4

( 3.05
(7.6

( 2.49

( 2.65

(7.9
4

+
+
+
+
+

x 1075
x 1075

0.07 ) x 10~4
0.025) x 10~4
x 1072
x 10~4

0.60

034 ) x107%

x 1075
X 10_5

0.15 ) x 10—4

0 )x107*

0.07 ) x 10~4
0.06 ) x 104
30 )x10°6

x 10~4

AC = 1 weak neutral current (C1) modes,

Y c1
ete C1
pt c1
mOete C1
W0M+M_ C1
ne+e_ C1
npt T c1
ata eTe™ C1
pPete C1
W+W_u+u_ C1I
7T 7~ ut ™ (non-res)

POt c1
wete™ C1
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<

NN NN NN NA

<
<
<

8.5
7.9
6.2
4
1.8
3
5.3
7
1.0

(9.6
5.5
2.2
6

Page 57

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

x 10—
x 108
x 10~9
X 10_6
x 104
X 10_6
x 10~4
x 100
x 104

+ 1.2 )x10~7

x 10— 7
X 10_5
x 10~

CL=90%

CL=90%
CL=90%

5=3.0

CL=95%
CL=95%

CL=90%

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

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

771
768
654
719

861

861

711

844

813
812

932
932
926
928
915
852
838
922
771
894
754
768
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wpt

K-KTete™

pet e

K™Kt utp

K~ K+ u™ ™ (non-res)

opt

KOete~

KOut

K- ntete , 675 <
Mee < 875 MeV

K- ntete , 1.005 <
Mee < 1.035 GeV

K*(892)0et e~

K-ntptp~

K-atut =, 675 <
m,, < 875 MeV

K*(892)% it

ata— a0 ,u+

pEeF

n0e® T

netpF

atr= ety

p0e® ¥

weT uF

K- Ktet uF

pet T

KOet

K-t et F

K*(892)0 e 1

2r~ 2et

2 2u™T

K~ m~2eT

K™~ 2u™

2K~ 2e™

2K—2ut

T et ,u‘*'

K-m—etput

2K~ et ™

pe

pet

I
-

C1
C1
C1
C1

C1

C1

~r~r~~~~M~rm~>

~

LB

< 83
< 11
< 5.2
( 1.54
< 33
< 31
[pp] < 2.4

[pp] < 2.6
( 4.0

< 5

[pp] < 4.7
< 3.59
(4.2

[pp] < 2.4

[aa] < 1.3
[aa] < 8.0
[aa] < 2.25
[aa] < 1.71
[aa] < 5.0
[aa] < 1.71
[aa] < 1.00
[aa] < 5.1
[aa] < 1.74
[aa] < 1.90
[aa] < 1.25
9.1
1.52
5.0
5.3
3.4
1.0
3.06
2.10
5.8
[zz] < 1.0

AN

ANNNAN NN NNA

LB [aaa] < 1.1

x 10~4
x 1079
x 1079
+ 0.32 ) x 10~
x 1075
x 1075
x 1075
x 10~4
+ 05 )x1070

x 10~ 7

x 1075
X 10_4
+ 04 )x106

x 1079
x 104
x 108
x 10~ 7
x 1070
X 10_6
X 10_7
x 10~
x 10~
x 10~
X 10_6
x 100
x 10~
x 10~ 7
x 10~
x 107
x 10~
x 10—
x 10~ 7
x 10~
X 10_6
x 10~
x 1079
x 1079

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%

751
791
654
710

631
866
852

719
829

700
863
929
924
848
911
767
764
754
648
863
848
714
922
894
861
829
791
710
911
848
754
696
696

HTTP://PDG.LBL.GOV

Page 58

Created: 8/11/2022 09:37



Citation: R.L. Workman et al. (Particle Data Group), Prog.Theor.Exp.Phys. 2022, 083C01 (2022)

D*(2007)° 1(JF) = 3a7)

I, J, P need confirmation.
Mass m = 2006.85 & 0.05 MeV (S = 1.1)

Mp«w — Mpo = 142.014 4 0.030 MeV (S =1.5)
Full width T < 2.1 MeV, CL = 90%

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

D"‘(Z()(ﬂ)0 DECAY MODES Fraction (I;/T) p (MeV/c)
DO 70 (64.7 £0.9 ) % 43
DO~ (35.3 +£0.9 ) % 137
DOet e~ ( 3.9140.33) x 103 137
D*(2010)* 1(JF) = 307)
I, J. P need confirmation.

Mass m = 2010.26 4+ 0.05 MeV

Mp«(2010)+ ~ Mp+ = 140.603 4+ 0.015 MeV
Mp«(2010)+ — Mpo = 145.4258 + 0.0017 MeV
Full width ' = 83.4 £+ 1.8 keV

D*(2010) ™ modes are charge conjugates of the modes below.

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

DOt (67.7+£0.5) % 39

Dt 70 (30.7£0.5) % 38

Dt~ ( 1.6£0.4) % 136
5(2300) 1JP) = L(0T)

was D{(2400)

Mass m = 2343 + 10 MeV (S = 1.5)
Full width ' = 229 £ 16 MeV

D6(2300) DECAY MODES Fraction (I;/T) p (MeV/c)

Dﬁi seen 411
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D1(2420) 1Py =307")

Mass m = 2422.1 + 0.6 MeV (S = 1.7)

Mp, (24200 ~ Mpet = 411.8 £ 0.6 MeV (S = 1.7)
Mp, (2420) — Mp, (24200 = 4 = 4 MeV

Full width I = 31.3 & 1.9 MeV (S = 2.8)

51(2420) modes are charge conjugates of modes below.

D; (2420) DECAY MODES Fraction (I';/T) p (MeV/c)
D*(2007)0 m seen 359
Dy (2430)° 1(JP) = 3017)

Mass m = 2412 + 9 MeV
Full width ' = 314 + 29 MeV

D1(2430)0 DECAY MODES Fraction (I';/T) p (MeV/c)
D*(2010) T 7~ seen 345
D3(2460) 1(JF) = 321

Mass m = 2461.117 3L MeV (S = 6.2)
— mp. =59151 3 MeV (S =5.9)
M s (2as0y — Mpe+ = 45095 0% MeV (S =5.9)

mD§(2460)i — mD§(2460)0 =244+ 1.7 MeV
Full width ' = 47.3 £ 0.8 MeV (S = 1.5)

m
D}(2460)0

53(2460) modes are charge conjugates of modes below.

D;(2450) DECAY MODES Fraction (I';/T) p (MeV/c)

Drn— seen 509

D*(2010)’/T_ seen 389
D3(2750) 1Py =3(37)

Mass m = 2763.1 + 3.2 MeV (S = 2.1)
Full width ' = 66 £ 5 MeV
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D;(2750) DECAY MODES Fraction (I';/T) p (MeV/c)
Dr seen 743
Dt n— seen 739
DO ’/T:t seen 743
D* seen 639
D*tn— seen 639

CHARMED, STRANGE MESONS
(C==+1,S5=+1)
(including possibly non-q{ states)

+ - = .. *1
DS = (5, DS =Ts, similarly for D}'s

D* 1(JP) = 0(07)

Mass m = 1968.35 4+ 0.07 MeV
mDi — mDi = 08.69 + 0.05 MeV

Mean life 7 = (504 &+ 4) x 107155 (S =1.2)
cr = 151.2 pym

CP-violating decay-rate asymmetries
Acp(ptv) = (-0.2 4+ 2.5)%
Acp(rtv)in DF — 7tv., D7 —» 777, = (3+5)%
Acp(KEKS) = (0.09 £ 0.26)%
Acp(KTKY) |n DE —» K*KY = (~1.1427)x 1072
ACP(K+K ) = (—=0.5 + 0.9)%
Acp(omT) = (—0.38 + 0.27)%
ACP(Ki K270 = (-2 £ 6)%
Acp(2K%7TE) = (3 £5)%
ACP(K+ K~ 7t 70) = (0.0 = 3.0)%
Acp(KEKYntn™) = (-6 £5)%
Acp(KYKT2r®) = (4.1 £2.8)%
ACP(T#W— ) = (0.7 £ 3.1)%
Acp(m®n) = (0.3 + 0.4)%
Acp(n™ i ) (—0.9 + 0.5)%
Acp(nm™ 7 N =(-1+4)%
Acp(n'm=7%) = (0 £ 8)%
Acp(KEr®) =2+ 4% (S=1.2)
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Acp(K?/KO7T) = (0.4 + 0.5)%
Acp(Kn%) = (0.20 £ 0.18)%
Acp(KEnTn™) = (4 £ 5)%
Acp(K&rtr0) in DT — KQntnl = (3+6)%
Acp(K*n) = (1.8 + 1.9)%
Acp(KE1/(958)) = (6 + 19)%
CP violating asymmetries of P-odd ( 7-odd) moments
AT(KAKEratr7) = (—14 + 8) x 1073 [l

D} — ¢£* vy, form factors
rn=084+011 (S=24)
r, = 1.80 4+ 0.08
M /T =0.72 + 0.18
f(0) |Ves| in DF — netve = 0.446 £ 0.007
£ (0) |Ves| in Df — n'et v, =0.48 +0.05
f(0)|Vea| in DY — KOeT v, =0.162 £ 0.019
r, = V(0)/A1(0) in D} — K*(892)%eT v, =17+ 04
rp = Ax(0)/A1(0) in DF — K*(892)%e* 1, = 0.77 £ 0.29
foi |Ves| in DY — ptu, =243 + 5 MeV

for |Ves| in DY — 77w, = 2453 £ 3.0 MeV

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/ p
D;'- DECAY MODES Fraction (I;/T) Confidence level (MeV/c)
Inclusive modes
e semileptonic [bbb] ( 6.33 +£0.15 )% -
7T anything (1193 +1.4 )% -
7~ anything (432 409 )% -
70 anything (123 +7 )% -
K™ anything (187 #05 )% -
K™ anything (289 07 )% -
K% anything (190 +11 )% -
1 anything [ccc] (1299 +£28 )% -
w anything ( 61 *+1.4 )% -
n’ anything [ddd] ( 103 +1.4 )% S=1.1 -
f5(980) anything, fy — 7t~ < 13 %  CL=90% -
¢ anything (157 +£1.0 )% -
KT K~ anything (158 +07 )% -
K%K*’anything ( 58 +05 )% -
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K% K™ anything
2K% anything
2K T anything
2K~ anything

et v,

N+V,u

T,

vetve

KTK™eTv,
pet v,

putv,

netve + 1/(958)et v,

n et Ve

n'(958) e™ v,
nutu,
1'(958) ut v,
wet v,
KOetu,
K*(892)% et v,

<
<

(
(

1.9 +04 )%
1.70 £0.32 ) %

2.6
6

% 10~3CL=90% -

x 10~4CL=90%

Leptonic and semileptonic modes

[eee]
[eee]
[eee]
[eee]

[f]

[eee]

a0(980)% et v, ap(980)° —
0

N

KT K2
KT KY
KTK°
KtK—nt
pmt

ot ¢ — KHK-

<

<

<

(
(

Hadronic modes with a KK pair

KT K*(892)°, K*0 —

K- nt

f(980) 7T, fp — KT K™
fo(1370) 7T, fy — KT K~
f0(1710)71‘+, fo — K+K_
KTK5(1430)°, K§ —

K- rt
KT K%rO
2K%W+
KOWO 7T+
K*(892)T K°
KTt K7t x0
ppt
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(

Ll (
[eee.ggg]  (
(sgg] (
(

(

(

(

(

(

(

[eee] (
(

[eee] (
Page 63

8.3 x 107°CL=90% 984
5.43 +0.15 ) x 1073 981
532 +£0.11 )% 182
1.3 x 10~4CL=90% 984

— 851
2.39 +£0.16 ) % S=1.3 720
1.9 +05 )% 715
3.03 £0.24 ) % -
2.32 +0.08 )% 908
8.0 407 )x1073 751
24 405 )% 905
11 +05 )% 747
2.0 x 1073CL=90% 829
34 +04 )x1073 921
215 £0.28 ) x 1073 S=1.1 782
1.2 x 10~4CL=90% -
1.45340.035) % 850
1.49 +0.06 ) % 850
2.95 +£0.14 ) % 850
538 £0.10 ) % S=1.1 805
45 +04 )% 712
2.22 +0.06 ) % 712
2.58 +0.06 ) % 416
1.11 +0.19 ) % 732
71 +29 )x107% -
6.7 +2.8 )x10~% 198
1.76 +0.25 ) x 10~3 218
152 £0.22 ) % 805
7.7 +06 )x1073 802

— 802
54 +12 )% 683
550 +£0.24 )% S=1.3 748
559 +0.34 )% 401
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K1(1270)°K T,
K1(1270)° — K= pt
K1(1270)° KT,
K1(1270)° — K*(892)n
K1(1400)° KT,
K1(1400)° — K*(892)n
a0(980)%pt, a9(980)° —
Kt K-
f1(1420)0 7+, £(1420)° —
K*(892)T K+
f1(1420)0 7+, £(1420)° —
a0(980)°70, a0(980)° —
Kt K-
n(1475) 7T, n(1475) —
a0(980)° 70, a5(980)° —

K*(892)" K*(892)°

n(1475) K%, n —
K*(892)° 7+, K*0 -
K- rt

n(1475)7t, n —
K*(892)t K—, K*T —

f(1285)7 ", f; —
a9(980)~ 7", ay —
KS K-
K+K%7r+7r_
KtK—2rxtn—
gb27r+7r_
o607t - KTK~
$a1(1260)T, ¢ —
+

KTt K-, a] —
0t

¢2rt T non-p, ¢ —
KT K-

KT K= pPnt non-¢
KT K= 27t 7~ nonresonant
2K(_)g 2t~
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( 57 406 )x1073

(

[eee] (

[eee]

A~~~ A~~~
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1.31

2.0

1.9

3.9

4.0

7.0

1.53
5.64
3.4

3.4

1.7

3.4

9.5
8.6
1.21
6.4
7.4

1.8

2.6

7.8

+0.25 ) %
£0.4 )%

+0.4 )x 1073

+0.7 )x 1073

+14 )x 104

+28 )x10~4

+0.08 ) % S=15 744
+0.35 ) % 417
+1.0 )x10~4 -
+1.0 )x10~4 -
+0.9 )x 1073 -
+0.8 )x 104 -
408 )x 1073 S=1.1 744
+15 )x 1073 673
+0.16 ) % 640
+13 )x 1073 181
+12 )x 1073 t
+0.7 )x 1073 -

x 104 CL=90% 249
+7  )x10~4 673
+33 )x 104 669
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Hadronic modes without K's

at 0 < 12 x 10~4CL=90% 975
2t ( 1.08 +£0.04 )% 959
pOrt ( 19 £12 )x10~% 825
T (T 77 ) 5 —wave [hhh] ( 9.0 +04 )x10~3 959
(1270)7 ", fp — w7~ ( 1.09 £0.19 ) x 10~3 559
p(1450)0 7+ )0 — mta— ( 29 +19 )x10~4 421
7t 270 ( 65 +13 )x10-3 961
2t 70 — 935
nrt [ece] ( 1.68 +0.00 )% S=1.1 902
wrT [eee] ( 1.92 +0.30 ) x 1073 822
3nt2n~ ( 79 +08 )x10-3 899
2rt 7= 270 — 902
npt [cce] ( 89 +08 )% 724
nrt 0 (95 +05 )% 885
(7t 7% p_wave ( 51 +31 )x10-3 885
2Ty ( 3.12 +£0.16 )% 855
a1(1260)* n, aj — ( 173 £0.16 ) % -
p(770)° 7 t, p° —
7
a1(1260)* n, aj — ( 25 +09 )x10-3 -
fo(500) 7, fo — wha~
a0(980) T0 7 0+ (22 404 )% -
a0(980) 10 — 5710
a9(980) " p(770)°, af — ( 21 +£09 )x10~3 -
nrt
n(1405) 7+, n(1405) — ( 22 407 )x1074 -
a0(980)~ 7, ag —
nm
n(1405) 7T, n(1405) — ( 22 407 )x10~4 —~
a0(980) T, af —
nrt
f1(1420)7", f; — ( 59 +18 )x10~4 -
a0(980)~ 7, ag —
nm-
f1(1420)7 ", f; — ( 53 +18 )x10~% -~
20(980)F 7, ad —
nrt
wrt a0 [eee] ( 2.8 +0.7 )% 802
3rt2r— 70 (49 £32 )% 856
w2rt [cee] ( 1.6 +05 )% 766
n'(958) 7T [ddd,eee] ( 3.94 £0.25 )% 743
3rt 27— 270 — 803
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w777r+ [eee] < 213
n'(958) p™ [ddd,ece] ( 5.8
1/ (958) 7+ 70 ( 5.6

7/ (958) 7 70 nonresonant < 51

%
+£15 )%
+08 )%

%

Modes with one or three K's

K+ 70 ( 7.4
Kert ( 1.10
K+77 [eee] ( 1.73
Ktw [eee] ( 8.7
K+ 1/(958) [ece] ( 2.64
Ktrtro— ( 6.5
K+ p0 ( 25
Kt p(1450)°, )0 — 7o~ ( 6.9
K*(892)nt, K*0 — ( 1.40
Ktm—

K*(1410)% 7+, K*0 — ( 122
Kt~

K*(1430)% 7+, K*0 — ( 50
Ktr—

K™ 7T 1~ nonresonant ( 1.03
KOnt 70 ( 1.08
K%2W+W_ ( 28
KT wrO [eee] < 8.2
Ktwntr~ [eee] < 5.4
K+w77 [eee] < 7.9
2KT K™

oKt 6 > KTK™

+05 )x10~4
+0.05 ) x 1073
+0.08 ) x 1073
+25 )x 104
+0.24 ) x 1073
+0.4 )x 1073
+0.4 )x 1073
+24 )x 1074
+0.24 ) x 1073

+0.28 ) x 1073
+34 )x 1074

+0.34 ) x 1073
+0.06 ) %
+1.0 )x1073

CL=90%

CL=90%

% 1073 CL=90%
% 10—3CL=90%
% 10~3CL=90%

( 215 +0.20 ) x 10~4
( 88 +20 )x107°

Doubly Cabibbo-suppressed modes

654
465
720
720

917
916
835
741
646
900
745

775

900
899
870
684
603
366
628

805

295
296

979

968
922
909

2Kt 7~ ( 1.276+0.031) x 10~

Kt K*(892)0, K*0 — ( 60 +34 )x1075

Kt~
Baryon-antibaryon mode
ph ( 122 £0.11 ) x 103
ppet v, < 20 x 10~4CL=90%
AC = 1 weak neutral current (C1) modes,
Lepton family number (LF), or
Lepton number (L) violating modes

ntete™ [pp] < 5.5 x 10~0CL=90%
ate, ¢ — ete o] (6 T8 )x1076
T [pp] < 1.8 x 10~ 7 CL=90%
KTete™ c1 < 37 x 10~0CL=90%
KTptu c1 < 14 x 1077 CL=90%
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K*(892) T ™t pu~ c1 < 14 x 10~3CL=90% 765
TTetu~ LF < 11 x 10-6CL=00% 976
TTe ut LF < 04 x 10~ 7 CL=90% 976
Ktetpu~ LF < 79 x 10~ 7 CL=90% 919
Kte pt LF < 56 x 10~ 7 CL=90% 919
7 2eT L < 14 x 106CL=090% 979
T 2ut L < 86 x 1078CL=90% 968
et put L < 6.3 x 10~ 7 CL=90% 976
K~ 2e™ L < 77 x 1077 CL=90% 922
K= 2u™ L < 26 x 1078CL=90% 909
K= et pt L < 26 x 10~ 7 CL=90% 919
K*(892)~ 2u™ L < 14 x 1073CL=90% 765
D 1JP) = 0(?)

JPis natural, width and decay modes consistent with 17 .

Mass m = 2112.2 4 0.4 MeV
Mpwr — Mpx = 143.8 + 0.4 MeV

Fullwidth T < 1.9 MeV, CL = 90%

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

D%t DECAY MODES Fraction (I';/T) p (MeVc)
D~ (93.5+0.7) % 139
DY 0 ( 5.840.7) % 48
Dfete ( 6.7+1.6) x 10~3 139
s0(2317)* 1Py =00ty
J. P need confirmation.

JP is natural, low mass consistent with ot.

See the review on "Heavy Non-qgg Mesons.”
Mass m = 2317.8 + 0.5 MeV
mD’s‘O(2317)i - mDsi = 349.4 £+ 0.5 MeV

Full width ' < 3.8 MeV, CL = 95%

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

p
D:°(2317):|: DECAY MODES Fraction (I;/T) Confidence level (MeV/c)
DY =0 (1007 ,0) % 298
DY~ < 5 % 90% 323
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D%(2112)*" v < 6 % 90% -

D vy < 18 % 95% 323

D¥(2112)* 79 < 1 % 90% -

Dfntn < 4 x 10~3 90% 194

D? 7T0 7T0 not seen 205
D (2460)* 1(JP) =01 h)

See the review on "Heavy Non-qgg Mesons.”
Mass m = 2459.5 + 0.6 MeV (S =1.1)
Mp., (2460)= ~ szi = 3473 £ 0.7 MeV (S=1.2)

Mp, (2060)+ — Mpt = 491.1 + 0.6 MeV (S =1.1)
Full width I < 3.5 MeV, CL = 95%

D41(2460)™ modes are charge conjugates of the modes below.

Scale factor/ p
D51(2460)+ DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
D¥* 70 (48 +11 )% 297
DY~ (18 + 4 )% 442
DY ntr= (43+ 1.3)% S=1.1 363
Dty < 8 % CL=90% 323
D%,(2317) T v (377 39 % 138

D;1(2536)* 1(4P) = 0(17)

J, P need confirmation.

Mass m = 2535.11 4+ 0.06 MeV

Mp._ (2536)= ~ mD:(2111) = 422.9 + 0.4 MeV

Mp_(2536)f — Mp+(2010)* = 524.85 4+ 0.04 MeV

Mp_ (2536)* — Mp+(2007)0 = 528.26 + 0.05 MeV (S = 1.2)
Full width ' = 0.92 + 0.05 MeV

Branching fractions are given relative to the one DEFINED AS 1.
D41(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)* K9 5_wave 0.61 +0.09 149
DTrn= KT 0.028-:0.005 176
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D*(2007)° K+ DEFINED AS 1 167
Dt KO <0.34 90% 381
DO K+ <0.12 90% 301
+ .
D: vy possibly seen 388
D:_ rta seen 437
D%,(2573) 1(JP) = 0(2™)

Mass m = 2569.1 + 0.8 MeV (S = 2.4)
mD:2(2573) — mpo = 704 + 3.2 MeV
Full width ' = 16.9 £+ 0.7 MeV

D:2(2573)_ modes are charge conjugates of the modes below.

D?,(2573)+ DECAY MODES Fraction (I';/T) p (MeV/c)

DO K+ seen 431

D* (2007)0 Kt not seen 238

D+ K% seen 422

D*+ K% seen 225
D?,(2700)* 1(JP) =0(17)

Mass m = 2714 £ 5 MeV (S = 1.5)
Full width ' = 122 £+ 10 MeV

D*, (2700)* DECAY MODES Fraction (I';/T) p (MeVjc)
DO K+ seen 579
D+ K% seen 573
D*O K+ seen 438
D*+ KOS seen 431

D?3(2860)* 1(JP) =0(37)

Mass m = 2860 + 7 MeV
Full width ' = 53 &+ 10 MeV

D:3(2860):|: DECAY MODES Fraction (I';/T) p (MeV/c)
DO K™+ seen 710
D+ K% seen 704
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DO K+ seen 589
D*+ K% seen 584

BOTTOM MESONS
(B=+1)

Bt = ub, BY = 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 xp at high energy are found in the Admixture sections.
BY-BO mixing data are found in the B9 section, while BS—
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
the Bi, BY. and B~ BO Admixture sections. b-baryons are
found near the end of the Baryon section.

The organization of the B sections is now as follows, where
bullets indicate particle sections and brackets indicate re-
views.

o B*
mass, mean life, CP violation, branching fractions
e BY
mass, mean life, B9-BO mixing, CP violation,
branching fractions
e B+ /B% Admixtures
CP violation, branching fractions
o Bi/BO/Bg/b—baryon Admixtures
mean life, production fractions, branching fractions
e B*

mass
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e B;(5721)"
mass

o B;(5721)°
mass

o B5(5747)"
mass

o B3(5747)°
mass

e B%(5970) "
mass

e B*%(5970)°
mass

o BY
mass, mean life, BS—ES mixing, CP violation,

branching fractions

[ ] B:
mass

e B,1(5830)°
mass

o B2, (5840)°
mass

o BF

mass, mean life, branching fractions
At the end of Baryon Listings:
o /p
mass, mean life, branching fractions
o Np(5912)°
mass, mean life
o /5(5920)°
mass, mean life
),
mass
° Zz

mass
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=0 ——
®=b b
mass, mean life, branching fractions
° E’b(5935)_
mass
o =,(5945)°
mass
° 52(5955)_
mass
o (2,
mass, branching fractions
e b-baryon Admixture

mean life, branching fractions

B* 1(JP) = 4(07)

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

Mass mpy = 5279.34 + 0.12 MeV
Mean life 7 51 = (1.638 + 0.004) x 10712 s

cr = 491.1 um
CP violation
Acp(BT — J/9(1S)KT) = (1.8 £3.0) x 1073 (S = 1.5)
Acp(BT — J/p(1S)nt) = (1.8 £ 1.2) x 1072 (S = 1.3)
Acp(BY — J/ypT) = —0.05 £ 0.05
Acp(BT — J/9K*(892)T) = —0.048 + 0.033
Acp(BT — n.KT)=10.01 £0.07 (S=22)
Acp(BT — ¢(2S)nt) = 0.03 £ 0.06
Acp(BT — ¢(2S)Kt) = 0.012 + 0.020 (S = 1.5)
Acp(BT — 9(2S)K*(892)*) = 0.08 + 0.21
Acp(BY — xc1(1P)7t) = 0.07 + 0.18
Acp(BT — xcoKt)=-020+0.18 (S=1.5)
Acp(BT — xc1 K1) = —0.009 + 0.033
Acp(BT — xc1 K*(892)T) = 0.5+ 0.5
Acp(BT — D% up) = (—0.14 4 0.20) x 1072
Acp(BY — D%xT) = —0.007 £ 0.007
Acp(BY = Dep1ynt) = —0.0080 + 0.0024
Acp(BY = Dop_yym™) = 0.017 + 0.026
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Acp([KFrtatr~|pnt) = 0.02 £ 0.05
Acp(BT — [rnTata 77 |pK™) =0.10 + 0.04
Acp(BY — [rtr 7t a7 |pK*(892)") = 0.02 4 0.11
Acp(BT — D°K*) = —0.017 & 0.005
Acp([KTntatr~|pKT) = —0.31 £ 0.11
Acp(BT — [rtatrn—rn |prt)=(-4+8)x1073
ACP(B+ — [K_7T+]DK+) = —0.58 £ 0.21
Acp(BY = [K—ata0pKT) =0.07£0.30 (S =15)
Acp(BT — [KTK=70pK*) = 0.30 + 0.20
Acp(BT — [rTa~70p Kt) = 0.05 + 0.09
Acp(BT — DPK*(892)") = —0.007 + 0.019
Acp(BT = [K™nT]5K*(892)") = —0.75 + 0.16
Acp(BT = [K-nta~ nt]5K*(892)") = —0.45 £ 0.25
Acp(BY — [K~7t]pn™) = 0.00 & 0.09
Acp(BY — [K~nta%pnt) =0.35 £0.16
Acp(BT — [KTK=70pnt) = —0.03 + 0.04
Acp(BY = [T a~ 7% pat) = —0.016 + 0.020
Acp(BY = [K™aM]pmynt) = —0.09 + 0.27
Acp(BT = [K=7t]p,ymT) = —0.7 £ 0.6
ACP(B+ — [K_W+](D7r) K+) =08+04
ACP(B+ — [K_7T+](D,y) K+) =04+1.0

(Bt — [rTa~ 7% pKT) = —0.02 £ 0.15
Acp(BT — [KEKT7~]pKT) = 0.10 £ 0.09
Acp(BT — [KYK—7T]pKT) = —0.04 £+ 0.08
Acp(BY — [KEK-7t]p7t) = 0.003 & 0.015
Acp(BT = [KIKTn~|pn™) = —0.034 + 0.020
Acp(BT — [K*(892)" KT]pK™) = 0.08 4 0.05
Acp(BT — [K*(892)t K~ ]pK™T) = 0.02 £+ 0.10
Acp(BT — [K*(892)T K~ ]pm™) = 0.007 £ 0.017
Acp(BT — [K*(892) KT]pm™) = —0.020 & 0.011
Acp(B* = Dop(4+1)KT) = 0132+ 0.015 (S = 1.8)

Aaps(BT — DK') = —0.451 4+ 0.026

Aaps(BT — Dzt) =0.129 4 0.014

AADS(B+ — D*(D’y) K+) =-06=+13
Aaps(BY — D*(DrO)K*) =0.72 + 0.29
Aaps(BT — D*(Dy)n™) = 0.08 £+ 0.13
Aaps(BY — D*(Dn%)nt) = —0.14 + 0.06
Aaps(BY = [K—at|pKTn=7T) =-033+0.35
Aaps(BT — [K~nt]pnTa~7T) = —0.01 £+ 0.09

Acp(BT = Dop_1)K+) = —0.10 + 0.07
Acp(BT = [KTK]pKTr—at) = —0.04 + 0.06
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Acp(BT — [rT a7 |pKTa~7T) = —0.05 4+ 0.10
Acp(BY — [K-7t]pKTn~nT) = 0.013 + 0.023
Acp(BY — [KT K |prTan~7nT) = —0.019 + 0.015
Acp(BT [7t7a |prTa~7t) = —0.013 4 0.019
Acp(BY — [K~at]prta~7T) = —0.002 + 0.011
Acp(BT — D*0nt) = —-0.0004 + 0.0021 (S = 1.1)

Acp(BT = (D¢ p(yq))°m") = 0.010 + 0.007
Acp(Bt (DEP(_I))OWJF) = —0.09 + 0.05
Acp(BT — D*OK*) =10.012 £ 0.010 (S =1.5)
Acp(BT = Dfp(iq)K*) = —0.09 £0.05 (S =26)

Acp(BT = Dfp_y)KT) =007 +0.10

-

N

-

N

-

N

-

-

N

-

- Po
Acp(BY = Dop(1)K*(892)7) = 0.08 + 0.06
Acp(BY = Dop(—1)K*(892)7) = —0.23 + 0.22
Acp(BY — DF¢)=0.0+04
Acp(BT — DD = (-0.4+0.7)%
Acp(BT — D**D*0) = —0.15 + 0.11
Acp(BT — D*+D°) = —0.06 + 0.13
Acp(BT — DY D*0) =0.13 +0.18
Acp(BT — DT D°) = 0.016 + 0.025
Acp(BT — K%rT) = -0.017 + 0.016
Acp(BT — K*79) =0.030 + 0.013
Acp(BT — ' KT) =0.004 + 0.011
Acp(BT — o/ K*(892)%) = —0.26 4+ 0.27
Acp(BT — 1/ K§(1430)") = 0.06 + 0.20
Acp(Bt — n'K3(1430)") = 0.15 + 0.13
Acp(BT = nK*) = —0.37 4+ 0.08
Acp(BT — nK*(892)%) = 0.02 + 0.06
Acp(BT — nK3$(1430)") = 0.05 + 0.13
Acp(Bt — nK3(1430)T) = —0.45 £ 0.30
Acp(BT — wK™) = —0.02 + 0.04
Acp(BT — wK*t) =0.29 + 0.35
Acp(BT = w(Km)5t) = —0.10 £ 0.09
Acp(BT — wK3(1430)T) = 0.14 + 0.15
Acp(BT — K*¥0nT)=-0.04 £0.09 (S=21)
Acp(BT — K*(892)t70) = —0.39 £ 0.21 (S = 1.6)
Acp(Bt - Kta—xt) =0.027 + 0.008
Acp(BT — KT K~ KT nonresonant) = 0.06 4 0.05
Acp(BT — f(980)°K*) = —0.08 + 0.09

Acp(Bt — H(1270)K*) = —0.68 312
Acp(BT — f(1500)K+) = 0.28 4 0.30
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Acp(BT — f5(1525)0K+) = —0.081 052
Acp(Bt = pPKt) =0.37 + 0.10
Acp(BY — KOzt 79) =0.07 + 0.06
Acp(BT — K3(1430)%7T) = 0.061 £ 0.032
Acp(BY — K3(1430)T70) = 0.26 1318
Acp(Bt — K3(1430)°7t) = 0.0513-22
Acp(BY = Kt7079) = —0.06 + 0.07
Acp(BY — KOpt) = —-0.03£0.15
Acp(BT — K*trxtn7)=0.07 + 0.08
Acp(BT — pPK*(892)T) = 0.31 £ 0.13
Acp(BT — K*(892)" £5(980)) = —0.15 & 0.12
Acp(BT — af K9) =0.12+0.11
Acp(BT — b K% = -0.03+£0.15
Acp(BT — K*(892)°p*) = —0.01 + 0.16
Acp(BT — bIKT) = —0.46 + 0.20
Acp(BY — KOKT) =0.04 +£0.14
Acp(BT — KIKT)=-021+0.14
Acp(BT — KTKYKY) =0.025 + 0.031
Acp(BY - KtK—=nt) = —0.122 4+ 0.021
Acp(BT — KT K™ 7T nonresonant) = —0.11 + 0.06
Acp(BT — K1TK*(892)%) = 0.12 + 0.10
Acp(BT — KTK((1430)°) = 0.10 £ 0.17
Acp(BT — ¢nT)=01+05
Acp(BT — 7t (KT K™)s_wave) = —0.66 + 0.04
Acp(BtT = KTK— K%)= —0.033 + 0.008
Acp(BT — ¢KT)=0.024 +£0.028 (S =23)
Acp(BT — Xg(1550)K*) = —0.04 + 0.07
Acp(BY - K*T KT K™) =0.11 + 0.09
Acp(BT — ¢K*(892)T) = —0.01 + 0.08
Acp(BT = ¢(Km)gT) =0.04 £0.16
Acp(BT — #K1(1270)*) = 0.15 £ 0.20
Acp(BT — ¢K3(1430)7) = —0.23 £ 0.20
Acp(BT — Kt ¢p) = —0.08 +0.07
Acp(BT — KT[¢¢], ) = 0.10 & 0.08
Acp(BT — K*(892)Tv) = 0.014 & 0.018
Acp(BT — X;v) = 0.028 + 0.019
Acp(BT — nKty) = -0.12 £ 0.07
Acp(BT — ¢KTv)=-0.13+0.11 (S=1.1)
Acp(BT — ptv)=—0.11 4+ 0.33

—

7t 70) = 0.03 £ 0.04
Acp(Bt = nta—at) =0.057 £ 0.013
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Acp(BT — p%nt) = 0.009 £ 0.019

Acp(BT — £(1270)7") = 0.40 + 0.06
Acp(BT — p9(1450)7%) = —0.11 £ 0.05
Acp(BT — p3(1690)7T) = —0.80 + 0.28
Acp(BtY = £(1370)nt) = 0.72 + 0.22
Acp(BY — 7t7~ 7T nonresonant) = _0'141—8:%633
Acp(BT — pTn% =0.02 +0.11

Acp(BY — pTp%) = —0.05 + 0.05

Acp(BT — wrt) = —0.04 £+ 0.05

Acp(BY — wp™) = —0.20 £ 0.09

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

Acp(BT — n'nT) =0.06 + 0.16

Acp(BY — n'pT) =0.26 + 0.17

Acp(BT — bnt) =0.05 £ 0.16

Acp(BT — ppnT) = 0.00 + 0.04

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

Acp(BT — pAn®) =0.01 £0.17

Acp(BY — KT4T¢7) = —-0.02 + 0.08
Acp(BT — Ktete ) =0.14 +0.14
Acp(BT — KtuTp™)=0.011 £+ 0.017
Acp(BT — 7tpuTp~) = —0.11 4 0.12
Acp(BT — K*t{t¢7) = —-0.09 & 0.14
Acp(BT — K*eTe™) = —0.14 + 0.23
Acp(BT — K*putpu™) = —0.12 £+ 0.24

7 = (65.9733)°

rg(Bt = DOK*) = 0.0994 + 0.0026
op(B* = DOK*) = (127.773%)°
rg(BT = DOK**+) = 0.101 73920
6p(B* — DOK**) = (487 33)°
rg(BT = D**K*) =0.10473513
sp(B* — D*OK*) = (31487 (9)°

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

The branching fractions listed below assume 50% 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
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and their assumed D, DS, D*, and v branching ratios to current values
whenever this would affect our averages and best limits significantly.

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

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

Scale factor/ p

B+ DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
Semileptonic and leptonic modes
(T X [i] ( 10.99 + 0.28 )% -
et v X, (108 + 0.4 )% -
(T X, ( 1.65 + 021 ) x 103 -
D¢ty X (96 + 07 )% -
DO¢tu, [il] ( 230 £ 0.09 )% 2310
DOrtu. ( 7.7 + 25 )x10-3 1011
D*(2007)°¢F v, lii] ( 558 + 022 )% 2258
D*(2007) 7t v, ( 1.88 + 0.20 )% 1839
D= nt ity ( 44 £ 04 )x10-3 2306
D}(2420)° ¢t vy, D — ( 25 £ 05 )x10-3 -
_ D7t _
D3(2460)% ¢ v, D30 — ( 153 £+ 0.16 ) x 103 2065
D~ rnt
DX nzety(n > 1) (185 + 025 )% -
D*~nt Ty, ( 60 + 04 )x10-3 2254
D1(2420)°¢% vy, DY — ( 3.03 + 020 )x1073 2084
D*~nt
D} (2430)°¢T vy, DY — (27 +06 )x1073 -
D*~nt
D3(2460)° ¢+ vy, ( 1.01 + 024 )x10=3  S=2.0 2065

5;0 — D*~xt

DOrta—ttuy, ( 16 + 04 )x1073 2301
DO0rt =ty (8 +5 )x1074 2248
D_(g*)_K+£+Vg ( 61 + 1.0 )x10~4 -
D, Kt Ty, ( 30 T 1% )yx1* 2242
D" Kttty ( 29 +19 )x10~% 2185
e ( 7.80 + 0.27 ) x 107> 2638
nlt v, ( 39 £ 05 )x107° 2611
aan, ( 23 £ 08 )x107° 2553
wlty, [ii] ( 1.19 + 0.09 ) x 10~4 2582
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Ay [ii] ( 158 + 0.11 )x 104 2583
a4y, ( 23 £ 04 )x10~% 2636
pplt (58 2% )x1070 2467
pput Y, ( 532 + 034 )x10"0 2446
= 4, —
ppet v, (82 T 39 )x1076 2467
et v, < 98 x 1077 CL=90% 2640
ntu, < 86 x10~7 CL=90% 2639
. ( 1.09 + 024 )x10~% S=12 2341
(T < 30 x 1070 CL=90% 2640
et ey < 43 %1070 CL=90% 2640
v,y < 34 x 1076 CL=90% 2639
pwtppty, < 16 x 1078 CL=95% 2634
Inclusive modes
DO X ( 86 + 07 )% -~
DY X (79 +4 )% —
Dt X ( 25 £ 05 )% -
D~ X (199 +£12 )% -
D¥ X (79 1% )% —~
_ + 0.40 _
D_X (110 7 535 )%
AT X (21 52 )% -~
e 1.1
AZ X (28 T 53 )% -
cX (97 +£4 )% -
cX (234 T 22 )% -~
c/cX (120 +6 )% -
D, D*, or D¢ modes
DO rt ( 468 + 0.13 )x 103 2308
DCP(+1)7r+ il ( 2.05 £ 0.20 ) x 1073 -
Dep—pym™ Uil ( 21 + 04 )x1073 -
DO pt ( 134 + 018 )% 2237
DO K+ ( 369 £ 0.16 ) x 10~4 2281
Depir1y K™ il ( 1.83 + 0.08 )x 104 -
Dep(—1y K+ il ( 1.99 £+ 0.19 ) x 10~4 -
DO K+ ( 3.64 + 0.25 ) x 100 2281
[K—nT]pK™T [kkk] < 2.8 x10~7 CL=90% -
[KTn~]pK™T [kkk] < 2.0 x 10™5 CL=90% -
[K_7T+7T0]DK+ seen -
[K+7T_7T0]DK+ seen -
[K_7T+7T+7T_]DK+ seen -
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[Kta~ntr ]pK™
[K=nF]pn™
[Ktn~]pn™
[K— 7t 70 pnt
[KT = a0 pnt
[K—ntata"pnt
[KTr—ata ]pnt
[7t 7= 2O p K~
[KEKT7~]p KT
(KKt ]pKT
[K*(892)* K~ |pK™
[KYK= 7T ]pnt
[K*(892)T K~ ]pnT
[K%K+W_1DW+
_ [K*(892)" KT]pnt
DO K*(892)*
Dep(—1)K*(892)"
Dep(41) K*(892)F
DO K*(892)*
DOK*+xtn—
DOKTKO
DO K+ K*(892)°
DOrtatn—
DY 7+ 7t 7~ nonresonant
DOt 0
- Zjial(1260)+
wT
D*(2010) " 7t #t
D*(2010)~ K+t
D1(2420)°7F, DY —
D*(2010)~ 7t
D~ ntxt
D= KTrt
D%(2300)° KT, DZ0 —
D~ nt
D3(2460)° KT, D30 —
D~ nt
D3(2760)° KT, D30 —
D~ nt
D+ KO
Dt K+ n—
D3(2460)° KT, D30 —
Dt r~

HTTP://PDG.LBL.GOV

seen
( 63
( 17
seen

[kkK]

seen
seen
seen
( 46
seen
seen
seen
seen
seen
seen
seen
5.3
2.7

6.2

Liii]
Liii]
5.4

5.2
5.5
7.5
5.6
5
4.2
4
4.1
1.35
8.2
8.4

e e e e e e e e e e e —~ o~~~

( 1.07
( 77
( 6.1
( 232

( 3.6

( 56

Page 79

+
+

+

HoHHHHHHH KKK I+ H HH

1.1 )x10—7
04 )x107%

0.9 )x10°6

0.4
0.8

0.7

1.8
4.0

2.1
1.6

) x 1074
) x 1074
) x 10~4

)><10_6

) x 10~4
) x 10~4
17 )x10~4
21 )x1073
4 )x1073
3.0 )x1073
4 )x1073
09 )x1073
0.22 )x 1073
14 )x107°
15 )x10~4

0.05 ) x 103
05 )x1072
24 )x107°

0.23 ) x 102
12 )x107°
x 10~

11 )x107°
x 107

CL=90%

CL=90%

2213

2237
2189
2072
2289
2289
2208
2123
2206
2247
2206
2081

2299
2260

2278
2260
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Dt K*0 < 49 x 1077 CL=90% 2211
D+ K*O < 14 x 1070 CL=00% 2211
D*(2007)0 7t ( 518 + 0.15 ) x 10~3 2256
Egop(ﬂyﬁ [ ( 29 + 06 )x10-3 -
D*COP(_I)W+ [ ( 26 + 10 )x10-3 -~
D*(2007)0wnr ™ (45 + 12 )x1073 2149
D*(2007)% pt (98 + 17 )x1073 2181
D*(2007)0 K+ (420 F 931y x10-4 2227
Egop(ﬂ) K+ [ ( 275 + 0.35 ) x 10~4 -~
EZQP(_I) K+ [ ( 231 + 031 )x 104 -
D*(2007)° K+ (45 + 12 )x10°° 2227
D*(2007)° K*(892)* (81 + 14 )x10~% 2156
D*(2007)° Kt KO < 1.06 x 1073 CL=90% 2132
D*(2007)° K+ K*(892)° (15 + 04 )x1073 2009
D*(2007)0 7t 7t 7~ ( 1.03 + 012 )% 2236
D*(2007)° a1 (1260)* (19 +05 )% 2063
D*(2007)° r— 7t 7t 70 (18 + 04 )% 2219
D*037t 27~ ( 57 + 12 )x10-3 2196
D*(2010)F 70 < 36 x 106 2255
D*(2010)*+ KO < 90 x 1070 CL=90% 2225
D*(2010) " nt 7t 70 (15 +07 )% 2235
D*(2010)" 7t atat ™ ( 26 + 04 )x103 2217
D0t [nnn] (5.7 + 12 )x1073 -
D3(2420)° 7 F (15 + 06 )x10~3 S=13 2081
D1(2420)% 7 x B(DY — (25 T 18 )x1074 s=39 2081
DOrt )
D1(2420)° 7 x B(DY — (22 +10 )x107% 2081
DOzt 7~ (nonresonant))
D1(2430)°7 ", DY — ( 35 + 06 )x107% 2079
D*(2010)~ =+
D(2550)° 7+, DO — (72 + 14 )x1075° -
D*(2010)~ =+
D*(2600)° 7+, D*0 — ( 68 + 13 )x107° -
D*(2010)~ =+
D3(2462)° 7T, D30 — D7 ( 356 + 024 )x 10~% -
D3(2462)° 7 F, D30 — (22 + 10 )x10~4 -
_507r_ at _
D3(2462)°x+, D30 — < 17 x 1074 CL=00% -
DO 7~ T (nonresonant)
D3(2462)° 7T, D30 — (22 +11 )x1074 -

D*(2010)~ 7+
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Dy (2400)% 7 (64 + 14 )x1074 2136
x B(Dy(2400)° — D~ )
Dy(2421)°7F, D9 — D*~xt ( 74 + 10 )x1074 -
D3(2462)° 7T, D30 — ( 1.98 + 030 )x 10~% -
D*~ T
D (2427)°x T, DP — ( 35 +09 )x107% sS=15 -
D*~ T
D1(2420)° 7T xB(DY — < 6 x 1076 CL=00% 2081
DOt )
D3 (2420)0 p+ < 14 x 1073 CL=00% 1996
D3(2460)°0 7T < 13 x 1073 CL=90% 2063
D3(2460)° 7T xB(D30 — < 22 x 1075 CL=00% 2063
DOt )
D3(2680)° 7T, D3(2680)° — (84 +21 )x1075 -
_ Dt
D(2740)° 7+, D° — (33 + 15 )x107° -
D*(2010)~
D3(2750)% 7T, D30 — ( 110 + 032 )x 1075 1013
D*(2010)~
D3(2760)% 7T, ( 1.00 + 022 ) x 1075 -
D3(2760)° 7T — D~ xt
D3(3000)° 7T, ( 20 + 14 )x107 -
D3(3000)°7T — D™t
D3(2460)° pT < a7 x 1073 CL=00% 1977
D°DF ( 90 £ 09 )x10-3 1815
D*,(2317)* D°, DIt — (80 T 1% yxi—* 1605
D+ 0
50(2317)+ DO x < 76 x 1074 CL=90% 1605
B(Dso(2317)" — Dity)
D0 (2317)* D*(2007)° x (9 +7 )x1074 1511
B(Dso(2317)" — DI 70)
D, ;(2457)* D° ( 31 T3 yx10-3 -
Dy7(2457)" DO x (46 T 13 yx104 -
B(D;s(2457)* — D)
SJ(2457)+D < 22 x 1074 CL=90% -
B(D, (2457)™
Dfntn™)
DSJ(2457)+50>< < 27 x 104 CL=90% -

B(Ds;(2457)" — D} 79
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+DO x <
2457) — DIty)
D, J(2457 D*(2007) (
D, 7(2457)" D*(2007)° x
B( sJ(2457) — DF7)
DO D, (2536) " (
B(D51(2536)+
D*(2007)°K* +
D*(2010)* KO)
D° D,;(2536)* x (
B(D1(2536)*
_ D*(2007)°K ™)
D*(2007)° Dy (2536)* x (
B(Ds1(2536)™
_ D*(2007)°K™)
D° D¢1(2536) " x (
_ B(Ds1(2536)T — D*tKO)
D° D, ;(2700)* x (
B(D,;(2700)t — DOKT)
D*0 Dy (2536)T, DI, — (
pD*+ KO
DD, ;(2573)", Df, — (
_ DK+
D*9D,;(2573), D, — <
_ DOkt
D*(2007)° Dy ;(2573), DS, — <
DO K+
DO p*t
)
D*(2007)° D
D*(2007)° D}
[)(*)+‘Zj**0
_s
D*(2007)° D*(2010) *
D° D*(2010)* + <
__D*(2007)° D
D° D*(2010)*
DO D+
DO DT KO
D+ D*(2007)°
D*(2007)° D+ K9
D° D*(2010)™ K©
D*(2007)° D*(2010)*+ K©
DODOK+
D*(2007)° DO K+

D,;(2457
B(Ds

\_/\_/Av

~ A~ A~~~

e N N e e N N e N

9.8

1.20 +
14 T

40 =+

22 +

55 =+

23 +
56 =+

39 +

x 104 CL=90%

0.30 ) %

0g )x1073

1.0 )x10~4

07 )x10~%

16 )x10~4

11 )x10~4
18 )x107%  s=17

26 )x10~4

8 +15 )x1070

7.6
8.2
1.71

2.7

8.1
1.30

HoH H H

3.9
3.8
1.55
6.3
2.1
3.8
9.2
1.45
2.26

HOH BB HHH H R
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x 104 CL=90%
x 104 CL=90%

16 )x10~3
1.7 )x1073
0.24 ) %

12 )%
17 )x10~4
% CL=90%

05 )x10~4
04 )x10~%
0.21 ) x 103
17 )x10~4
05 )x1073
04 )x1073
12 )x10~3
033 )x1073  S=26
0.23 )x 1073

1447

1447

1339

1447

1339

1306

1306

1734
1737
1651

1713
1792

1792
1866
1571
1791
1475
1476
1362
1577
1481
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DO D*(2007)° K+ ( 63 + 05 )x1073
D*(2007)° D*(2007)° K+ (112 + 013 )%
D~ DT KT ( 22 £ 07 )x10~%
Xo(2900) DT, Xy — ( 12 4+ 05 )x107°
D~ KT
X1(2900) D7, X; — ( 67 + 23 )x107°
D— KT

D~ Dt KT nonresonant
D~ D*(2010)* K+
D*(2010)~ DT KT
D*(2010)~ D*(2010)* K+

53 + 1.8 )x107°
63 + 11 )x10~4
6.0 + 13 )x10~4
1.32 + 0.18 ) x 1073

A~ AN AN A~~~

(D+D*)(D+D*)K 4.05 + 0.30 )%
D 0 16 + 05 )x107D
Dt 70 < 26 x 10~4 CL=90%
Dfn < 4 x 1074 CL=90%
Dy < 6 x 1074 CL=90%
DY p° < 3.0 x 1074 CL=90%
Dt p0 < 4 x 104 CL=90%
Dfw < 4 x 10~4 CL=90%
D w < 6 x 104 CL=90%
DY a1(1260)° < 18 x 1073 CL=00%
D** a1(1260)° < 13 x 1073 CL=90%
DYKt K~ ( 72 + 11 )x100
D¢ < 42 x 107 CL=90%
D ¢ < 12 x 1075 CL=90%
Df KO < 8 x 104 CL=90%
DT KO < 9 x 10~4 CL=90%
D K*(892)° < 44 x 1076 CL=90%
DY K*0 < 35 x 1076 CL=090%
DT K*(892)° < 35 x 1074 CL=90%
D 7m KT ( 1.80 + 0.22 )x10~4
D" 7t KT ( 1.45 + 0.24 ) x 104
D, nt K*(892)* < 5 x 1073 CL=90%
Dy~ 7T K*(892)" < 7 x 1073 CL=90%
D KTK* ( 97 + 21 )x107°
D" KTK™ < 15 x 1072 CL=90%
Charmonium modes

ne KT ( 1.09 + 0.08 ) x 10~3

ne KT, ne » KYKFr* ( 27 + 06 )x1075
ne K*(892)™ (11 T3> yx10-3
ne Kt ntn~ < 39 x 104 CL=90%

1481
1368
1571

1571
1475
1475
1363

2270
2215
2235
2178
2197
2138
2195
2136
2079
2015
2149
2141
2079
2242
2185
2172
2172
2112
2222
2164
2138
2076
2149
2088

1751

1646
1684
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ne KT w(782) < 53 x 1074 CL=90% 1475
neKTn < 22 x 104 CL=90% 1588
ne K+ 70 < 62 x 1075 CL=00% 1723
ne(2S)K™ ( 44 + 10 )x1074 1320
nc(2S)K™T, n. — pp ( 35 + 08 )x1078 —
nC(i(So)ﬁjz' Tle (34 T 23 yx1076 -
S s
nc(2S)K™, ne — pprta~ ( 112 + 0.18 ) x 1070 —
he(1P)K™, he — J/yYmrtr < 34 x 1070 CL=90% 1401
X(3730)°Kk*, X0 — n.n < 46 x 1075 CL=90% -
X(3730)°Kk*, X0 — p.n® < 57 x 1076 CL=00% -
Ne2(ID)YK™, neo — hery < 37 x 105 CL=90% -
nea(1D) 7t KS, nea = hey < 11 x 10~4 CL=90% -~
¢2(3823)K+, Py — ( 28 +£ 06 )x10~7 -
J/prt 7r_
Xc1(3872)K ( 21 + 07 )x10~4 1141
Xc0(3915) K < 28 x 1074 CL=90% 1101
Xe0(3915) KT, xoo — DT D~ ( 81 £ 33 )x10 -~
xc0(3915) K™, xco = Men < 47 x 1072 CL=90% -
(Xchz)c0(3915) KT, Xco — < 17 x 1072 CL=90% -
X(4014)0 KT, X% = n.n < 39 x 1075 CL=90% —~
X(4014)0K+, X0 — p.n® < 12 x 1075 CL=00% -
Z.(3900)°K*, Z9 — < 47 x 1075 CL=00% -
+ —
Nemw '
X(4020)°K+, X0 — < 16 x 1075 CL=90% -
+ —
Nem '
Xc1(3872) K*(892)F < 6 x 1074 CL=90% 940
Xc1(3872)T KO, T — [oo0] < 6.1 x 1076 CL=90% -
J/p(1S) 7t 7O
Xc1(3872) KOn T ( 28 + 12 )x10~4 1085
Z.(4430)t KO, ZF — J/yrT < 15 x 1075 CL=05% -
Z.(4430)t KO, ZF — < 47 x 1075 CL=095% -
P(2S) Tt
( 0) + 0 -5 _QEo —
P(4230)° K™, ¢° — < 156 x 1072 CL=95%
J/prt
xc0(3915) K™, xco — J/¥y < 14 x 1072 CL=90% -
Xc0(3915) K™, xco — < 38 x 1072 CL=90% -
Xcl(]-P)”TO
X(3930)° K+, X0 = J/ihy < 25 x 1076 CL=00% -
J/Y(1S)K ( 1.020+ 0.019) x 10~3 1684
J/¢(15)K0 + ( 114 + 011 )x 1073 1651
J/Y(AS)KTnt ( 81 + 13 )x10~% S=25 1612
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J/p(IS) KT K= K+

Xco(3915) K™, xco = PP

J/9(15) K*(892)*
J/(18) K(1270)+
J/9(15) K(1400)+
J/(1S)nK*
Xcl—odd(3872) K+'
Xcl—odd — J/%/”?

P(4160)Kt, o — J/yn

J/p(1S)n K+

J/p(1S)p K™

J/(1S) K1 (1650), Ky —
pKT

J/y(1S) K*(1680)", K* —

KT

J/¥(1S)K5(1980), K5 —

pKT
J/¢(1S)K(1830) ™,
K(1830)t — oK™
Xc1(4140)K+v Xcl —
J/Y(1S)¢
Xc1(4274)K+v Xcl —
J/Y(18)¢
Xc0(4500) KT, X9 —
J/p(18)¢
Xc0(4700)K+v Xc0 —
J/(18)¢

J/P(1S)wK™
Xc0(3915)K+v Xco —
J/pw
J/p(1S) 7t
J/YpAS)rtat et
YRSt
J/p(1S)p™
J/(1S) 7+ 70 nonresonant
J/4(15) a1 (1260)+
J/p(1S)ppr
J/(15) pA
J/6(18)0p
J/6(18) D+
J/p(1S)DOnt
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~ A~~~

3.37
7.1
1.43
1.8
5
1.24
3.8

7.4
8.8
5.0

6

3.4

1.5

1.3

10

3.6

3.3

3.20

3.0

3.92
1.17
1.9
4.1
7.3
1.2
5.0
1.46
1.1
1.2
2.5
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+

+
+

+

+

+10

| +

| +

I+

HoH O H

0.29 ) x 102
x 10~8
0.08 ) x 1073
05 )x1073
x 104
0.14 ) x 10~4
x 10~6

x 10~6
x 1072
04 )x1072
6 ) X 10—6

) X 10~6

N
N ©

) X 10~6

oo
;o

=W

) X 10~6

==

) x 1070

IS

) X 10—6

=N
0N

YN
N

) X 10—6
2 ) X 106

03 ) x 107

07 )x107°
0.08 ) x 1072
0.13 ) x 102
0.4 )x1072
05 )x1072
x 106
x 10~3
x 107
0.12 ) x 1072
x 1072
x 104
x 1072

CL=95%

CL=90%

CL=90%

CL=90%
CL=90%

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

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

1252

1571
1402
1308
1510

1273
1227

1388

1103

1728
1635
1304
1611
1717
1415
643
567
871
665
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P(2S) 7t ( 244 + 030 )x10° 1347
P(2S)KT ( 624 + 020 )x10~4 1284
P(2S) K*(892) " ( 67 + 14 )x107% S=13 1116
Y(S)K Tt ( 43 + 05 )x1074 1179
$(25) ¢(1020) K+ ( 40 + 07 )x10° 418
P(37T70) KT ( 43 + 11 )x10~* 1218

Y(3770) K+, — DODO (15 £ 05 )x10~% S=14 1218

Y(37T70) K+, — DT D~ ( 94 + 35 )x107° 1218

Y(3770)K™+, ¢ — pp < 2 x 10~7 CL=95% -
Y(4040) KT < 13 x 104 CL=90% 1003
Y(4040)K+, v — DT D~ (11 + 05 )x1075 -
P(4160) KT ( 51 + 27 )x10~* 868

Y(4160)K+, o — DODO (8 +5 )x1075 -~
Y(4160)K+, v - DT D~ ( 15 £ 06 )x107° -~
Y(4415)KT, ¢ — DT D~ ( 20 £ 08 )x107° -~
X0, Xeo — T < 1 x 107 CL=90% 1531
xco KT ( 151+ 913104 1478
Xco K*(892)F < 21 x 1074 CL=90% 1341
Xe1(1P) T ( 22 £ 05 )x107° 1468
Xe1(1P)K™T ( 474 £ 022 ) x 1074 1412
Xc1(1P)K*(892)™ (30 +£06 )x10~% S=11 1265
Xc1(1P)KOm™ ( 58 + 04 )x1074 1370
Xc1(1P) KT 70 ( 329 + 0.35 )x 104 1373
Xe1(1P)Ktntn ( 374 £ 030 )x 1074 1319

Xc1(2P)K™, xc1(2P) — < 11 x 1075 CL=90% -

7 Xc1(1P)

X2 KT ( 11 + 04 )x107° 1379
X2 KT, Xc2 — pﬁ7r+7r_ < 19 x 10~/ -
X2 K*(892)T < 12 x 1074 CL=90% 1228
Xeo KOt ( 116 + 0.25 ) x 10~4 1336
Yo KT 70 < 62 x 1075 CL=90% 1339
XYoo Kt nto™ ( 134 + 019 )x10~4 1284
Xe2(3930)K™, xeo — DT D™ (16 + 06 )x107° -
Xe2(3930) 7", X — wh@T < 1 x 107 CL=90% 1437
ho(LP)K™ (37 + 12 )x107° 1401

ho(1P)K™, h. — pp < 64 x 1078 CL=95% -

K or K* modes

KOrt ( 237 £ 0.08 ) x 107> 2614
K+ =0 ( 129 + 0.05 ) x 107> 2615
n KT ( 7.04 £ 025 )x107° 2528
n K*(892)*F (48 T 18 yx1076 2472
n' K§(1430)" ( 52 £+ 21 )x10° -~
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n' K3(1430)"

nK*

nK*(892)*

nK§(1430)"

nK5(1430)"

n(1295) KT x B(n(1295) —
nwm)

n(1405) K+ x B(n(1405) —
nmm)

n(1405) K+ x B(n(1405) —
K* K)

n(1475) K+ x B(n(1475) —
K* K)

f1(1285) K™

f1(1420) KT x B(f(1420) —
nmm)

f1(1420) KT x B(f(1420) —
K* K)

$(1680) KT x B(¢(1680) —
K* K)

fo(1500) K+

wKTt

wK*(892)*

w(Km)st

wK3(1430) T

w K3(1430) T

a0(980)" K9 xB(ap(980)" —
nmt)

a0(980) K+ xB(ap(980)° —
)

K*(892)0 nt

K*(892) 1 70

Ktn—nt
K+ 7~ 7T nonresonant
w(782) KT
K+ £,(980) x B(f(980) —

ata)
£,(1270)0 K+
f(1370)° K+ x
B(f(1370)° — 7t 77)

p2(1450) Kt x

B(p°(1450) — 7t 77)
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2.8
2.4
1.93
1.8
9.1

~ AN AN~~~

2.9

< 13

< 1.2

( 1.38

< 20
< 29

< 41
< 34

( 3.7
( 65
< 7.4
( 2.8
( 2.4
( 21
< 39

1.01
6.8
5.10

1.63

~ AN N~~~

9.4

( 1.07
< 107

< 117
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I+ H W HH W

I+ H I+ K HH

H._

05 )x107°
04 )x107°
0.16 ) x 102
04 )x1072
30 )x10°6

0.8

o7 )x107°

><10_6
><10_6

0.21

0'g ) x107°

><10_6
% 100

x 100
x 100

) x 10~
) x 10~

x 1076
) x 1072
) x 1072
) x 1072

x 100

2.2
0.4

0.4
0.5
0.4

x 100

0.08 ) x 10~°
0.9 )x10~6
0.29 ) x 1072

0.21
0.15

9 )x107©

15 )x107°

)><10_5

0.27 ) x 10~°
x 1072

x 10~9

CL=90%

CL=90%

CL=90%
CL=90%

CL=90%

CL=90%

CL=90%

CL=90%

CL=90%

CL=90%

CL=90%

2346
2588
2534

2414

2455

2425

2425

2407

2458
2420

2420

2344

2398
2558
2503

2379

2562
2563
2609

2609
2558
2522
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f,(1525) Kt x
B(f5(1525) — nt7)
KTt pO

K(1430)°

™

Or

Or

07

K3(1430

K*(1410

K*(1680
Kt 7070

+
+
+
+

— N N ~—r

f(980) Kt x B(fy — w0x0)

K- ntnt
K~ 7T 7 nonresonant
Kq(1270)0 7t
K1(1400)0 7+
KO7rt 70
K(1430) T 70
i<0/f+
K*(892) Tt 7w~
K*(892)* p°
K*(892)™ £,(980)
af KO
b KOx B(b] — wn™)
K*(892)0 pt
K1(1400)* p°
K3(1430)* p°
KT x B(b? — wrP)
bf K*0 x B(bf — wr™)
BY KT x B(b) = wn?)
Kt KO
KoKt 70
0 40
K+t K% KQ
f(980) KT, fy — KLKS
fo(1I7TI0)KT, fH — KLKS
KT K% K2 nonresonant
KSKQmt
KtK—nt
KT K~ m" nonresonant
K+ K*(892)°
KT K§(1430)°
7t (KTK™) s_
wave
KTKTn~
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< 34

( 3.7
( 3.9

( 56

< 45
< 12
( 1.62
( 28
4.6
5.6
4.0
3.9
6.6

AN N NN A

( 119

7.3

7.5
4.6
4.2
35
9.6
9.2
< 78
< 15
( 9.1
< 59
< 67
( 131
< 24
1.05

1.47

N e e e e T

4.8

2.0
< 51
5.2
1.68
5.9
3.8
8.5
< 11

A~ A~ A~~~
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| +

HoH K HH K L+ | +

Hol+ W

HOH W

><10_6

05 )x10~6

08 )x107°

2.2
1.5

) X 10—6
x 1072
x 1072

0.19 ) x 1072

0.8 )x10°6

x 108

x 1072

x 1072

x 1072

x 1072

0.20
0.23

1.0
1.2

1.0 )x107°
11 )x107°
07 )x10~©
0.7 )x1072
1.9 )x107°
15 )x1070
x 104
x 10~3
2.0 )x107©
x 100
x 100
0.17 ) x 106
x 1072
0.04 ) x 102
0.33 ) x 1072

4.0
2.6

04 )x1072

x 107
04 )x107°
0.26 ) x 10~°
0.8 )x10~7
13 )x10~7
09 )x10~'

x 1078

) X 1075

)><10_6

) X 10~/

CL=90%

S=1.4

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%

2394

2559
2445

2445

2448
2358
2610
2522
2609
2609
2489
2451
2609

2558

2557
2504
2466

2504
2388
2381

2593
2578
2521

2521
2577
2578
2578
2540
2421
2578
2578
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K+ KT 7~ nonresonant
f5(1525) K+
K*tnt K~
K*(892)+ K*(892)°
K*T Ktn—
KtK— Kt
Kt ¢
f(980) K+ x B(f(980) —
KtK™)
ap(1320) K+ x
B(a2(1320) - KT K™)
Xo(1550) K+ x
B(Xp(1550) - KT K™)
$(1680) KT x B(¢(1680) —
KtK™)
fo(1710) KT x B(f(1710) —
KtK™)
KT K~ KT nonresonant
K*(892)T KT K~
K*(892)* ¢
+
¢ (Km),
¢ K1(1270)*
¢ K1(1400)*
¢ K*(1410)™
¢ K3(1430) "
¢ K35(1430)
(1770)
)

+ T+

¢ K5(1770
P K3(1820)F
ai—f(*o
Kt oo
n'n KT
wpKT
X(1812) KT x B(X = w¢)
K*(892)" ~
K1(1270) 1y
nK*y
n Kty
PKTy
K+W_W+7
K*(892)0 7t~
KT Py
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< 879
( 18
< 118
( 9.1

< 6.1
( 3.40

( 88
( 9.4

< 11

( 43

2.38

3.6
10.0
8.3
6.1
< 32
< 43
( 7.0
( 8.4
< 150
< 1.63
< 3.6
( 42
< 25
< 19
< 32
3.02

~ A~ A~~~

4.4
7.9
2.9

2.7
2.58
2.33
8.2

A~ AN AN AN AN~~~
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H Ko+

HoH O R

H_

T A TS

x 107°
05 )x10~6
x 1072
2.9 )x10~'
x 100
0.14 ) x 102

0.7
0.6

32 )x107©

) X 10—6

x 10~6
07 )x10~°
x 10~ 7
06 )x10-6

0.28
0.50

0.5
2.0
1.6

1.9

) x 1072

) x 1072
) X 10~
) x 1070
) X 1076
x 100
x 10~0
) x 1070
) X 10~
x 1072
x 1072
x 100
) x 10~
x 1072
x 100
x 10~
) x 1072

1.6
2.1

0.8

0.22

0.7
0.6

0.9

1.0
0.9

04 )x107°
0.15 ) x 102
0.12 ) x 1072
0.9 )x107°

) X 1075
) X 10~
) X 10—6

CL=90%
S=1.1
CL=90%

CL=90%
S=1.4

S=1.1

CL=90%

CL=90%

S=1.7

CL=90%
CL=90%

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

$=2.2
CL=90%
CL=90%
CL=90%

S=1.7

S=1.2
S=1.3

2578
2394

2524
2485
2524
2523

2516
2522

2449

2306
2338
2374

2564
2491
2588
2528

2516
2609
2562
2559
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_ 1.7 -
(KT77)NRTT Y (99 * 25 )x1076 2609
KOnt 0~ ( 46 + 05 )x107° 2609
5 _
K1(1400)" ~ (10 T3 )x107° 2453
0.8 —
K*(1410)" v (27 T 3% )x1075 -~
0 0.26 _
K3(1430)° 7~ (132 7 335 )x107° 2445
K3(1430) 1~ ( 1.4 £ 04 )x107° 2447
1.7 —
K*(1680)" v (67 T 14 )x1075 2360
K3%(1780) T v < 39 x 1075 CL=90% 2340
K3 (2045) 1~ < 99 x 1073 CL=90% 2242
Light unflavored meson modes
pTy (98 + 25 )x10~7 2583
nt 70 ( 55 + 04 )x1070 S=12 2636
rtata— ( 152 &+ 0.14 ) x 1072 2630
pOrt ( 83 + 12 )x100 2581
7T 1(980), fo — wta~ < 15 x 1070 CL=00% 2545
0.7 _
7T £5(1270) (22 T 38 )x1076 2484
0 0 - 0.6 —
p(1450)° 7+, ¥ — 7t rx (14 T 39 )x1076 2434
p(1450)07+, o0 — KT K~ ( 1.60 + 0.14 ) x 10~ -
fo(1370) 7™, fy — mt 7™ < 40 x 1070 CL=90% 2460
fo(500) 7T, fy — 7T < 41 x 1070 CL=90% -
7T 7~ T nonresonant (53 T1° )x1076 2630
at 7070 < 89 x 1074 CL=90% 2631
pt 0 ( 1.09 + 0.14 ) x 107 2581
ata~at a0 < 40 x 1073 CL=90% 2622
ptp0 ( 240 + 0.19 ) x 1075 2523
pT1(980), fo — 7wt~ < 20 x 1070 CL=90% 2486
a1(1260)* 70 (26 +07 )x1075 2494
a1(1260)0 7+ (20 +£06 )x1075 2494
wrT ( 69 + 05 )x1070 2580
wpT ( 159 + 021 )x107° 2522
nrt ( 402 + 027 )x 1070 2609
npt ( 70 £29 )x106 s=28 2553
n' 7t ( 27 £09 )x107® s=19 2551
n' pT ( 97 £+ 22 )x10 2492
ot ( 32 +£ 15 )x10~8 2539
dpt < 30 %1070 CL=90% 2480
20(980)° 7T, & — nn? < 58 x 1076 CL=90% -
20(980)T 7%, al — nnt < 14 x 1070 CL=90% -
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Tttt o~ < 86 x 1074 CL=90% 2608
p%a1(1260)F < 62 x 104 CL=00% 2433
p%ay(1320)F < 72 x 1074 CL=00% 2410

O+, bY - wn? ( 67 + 20 )x106 -

b0 b = wrt < 33 x 1076 CL=90% -

atatata— a0 < 63 x 1073 CL=90% 2592
bf o9, bf — wrt < 5.2 x 1070 CL=00% -
a1(1260)* a1(1260)° < 13 % CL=90% 2336

Bpt, b9 — wrd < 33 x1070 cL=00% -

Charged particle (h*) modes
ht = kT or 7t

ht 70 (16 T 3L yx105 2636
wht (138 F 937 )x1075 2580
h* XO (Familon) < 49 x 1072 CL=90% -
KTX% X0 ptp~ < 1 x 10~7 CL=95% -
Baryon modes
pprt ( 1.62 £ 0.20 ) x 10~ 2439
pp7T nonresonant < 53 x 1072 CL=90% 2439
pprt a0 ( 46 + 1.3 )x106 2407
ppKT ( 59 +£05 )x1070 s=15 2348
o(1710)**tp, 6T+ — [ppp] < 9.1 x 10~8 CL=90% -
pK*
f1(2220)K™, f; — pp  lpppl < 41 x10~7 CL=90% 2135
p/(1520) (31 +06 )x10~7 2322
pP KT nonresonant < 89 x 1072 CL=90% 2348
ppK*(892)T ( 36 T 9% yx106 2215
f1(2220)K**T, f; — pp < 77 x 107 CL=90% 2059
pA (24 T35 yx107 2430
pAy (24 T 9% yx1070 2430
pAr0 ( 30 T 3L yx1076 2402
pX(1385)° < 47 x 1077 CL=00% 2362
ATA < 82 x 10~7 CL=90% -
pX < 46 x 1076 cL=90% 2413
pArt ™ ( 113 4+ 0.13 ) x 107 ° 2367
p At 7~ nonresonant ( 59 + 11 )x1070 2367
pAp0, p0 = xta— ( 48 + 09 )x100 2214
pAH(1270), fr — 7ta~ ( 20 £ 08 )x10 2026
pAKT K~ ( 41 £ 07 )x10 2132
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pAd ( 80 + 22 )x10~7 2119
PAKT K~ ( 37 +£06 )x107° 2132
AATT < 94 x 1077 CL=90% 2358
AAKT ( 34 + ) x 10~ 2251
AAK*T (22 T J3 )x1076 2008
A(1520)AK T ( 22 + 07 )x10°° 2126
AA(1520) K+ < 208 x 1070 2126
Alp < 1.38 %1076 CL=90% 2403
ATTp < 1.4 x10~7 CL=90% 2403
Dt pp < 15 x107° CL=90% 1860
D*(2010)* pp < 15 x 1075 CL=00% 1786
DOpprt ( 372 £ 027 )x10~4 1789
D*0pprt ( 373 + 032 )x 1074 1709
D= pprtn— ( 1.66 + 0.30 ) x 10~4 1705
D*~ pprtn— ( 1.86 £ 0.25 ) x 10~4 1621
pA°DO ( 143 + 032 )x 1075 -
pAYD*(2007)° < 5 x 1075 CL=90% -
A_prt ( 23 + 04 )x100% S=22 1980

AZA(1232)1F < 19 x 107 CL=90% 1928

AZ Ax(1600)TF ( 47 + 10 )x107° -

Al Ax(2420)F ( 37 +08 )x107° -

(A p)sm™ [qqg] ( 31 =+ 07 )x107° -~

¥ (2520)°%p < 3 x 1070 CL=90% 1904

¥ .(2800)°p ( 26 + 09 )x107> -
A prta® ( 1.8 £ 06 )x10-3 1935
A prntata™ ( 22 +£07 )x1073 1880
A prtatr= a0 < 134 % CL=90% 1823
ATAZKT ( 49 £ 07 )x10~% 739

Z(2930)AF, =, — KTAZ ( 1.7 + 05 )x10~4 -
3 (2455)%p ( 29 + 07 )x1075 1938
3 (2455)0 p70 ( 35 + 11 )x1074 1896
3 (2455)0 pr— ot ( 35 + 11 )x10~4 1845
3 (2455) " prtat ( 237 + 020 )x 104 1845
Ac(2593)~ /A (2625) prt < 19 x 1074 CL=90% -
=ont ( 95 + 23 )x10~4 1144
2047, 20 =g ( 176 £ 0.29 ) x 107> 1144
20nr, 20— AKT o ( 114 + 0.26 ) x 107> 1144
20nT, 20 pKT KT ( 55 £ 1.9 )x10° -~
ATE" < 65 x 1074 CL=90% 1023
AT =(2645)° < 79 x 10™4 CL=00% -
AT = (2790)° (1.1 + 04 )x1073 -
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Lepton Family number (LF) or Lepton number (L) or Baryon number (B)

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

AN
ntete™
ot

v

KTt
Ktete~
Ktptp~

K™ ™ 1~ nonreso-
nant

Ktrtr~

Ktou

p+uﬁ

K*(892)T ¢t ¢~
K*(892)t et e~
K*(892)" p* ™

K*(892) T vw

Ktnta=putpu~

PRt p~

ﬂpu?

K*(892)t et ™
K*(892)t e T
K*(892)t et 1T
- etet
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B1
B1
B1
B1
B1
B1
B1
B1

B1
B1
B1
B1

B1

B1
B1
B1

B1

LF
LF
LF
LF
LF
LF
LF
LF
LF
LF
LF
LF
LF
LF
LF
LF
LF
LF
LF
LF
LF
L

[iii]

ANNNNNNNNNNNNANNNNANNNNNNNNNA

(

4.9
8.0
1.78
1.4
4.7
5.6
4.53
4.37

2.25
1.6
3.0
1.01

1.55

9.6
4.0
4.3

7.9

3.0
6.4
6.4
1.7
7.4
2.0
7.5
6.2
4.5
7.2
7.0
6.4
9.1
4.3
1.5
3.0
4.5
2.8
4.8
1.3
9.9
1.4
2.3
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HOHH

| +

| +

x 108
x 108
0.23 ) x 108
x 102
05 )x10~7
06 )x10~7
0.35 ) x 10~/
0.27 ) x 10~ 7

x 10~3
x 10>
x 10>
0.11 ) x 10~°

031 ) x 1076

1.0 )x10~ 7/
x 102
0.4 )x10~7

%% ) X 108

x 1075
x 10~3
x 103
x 10~/
x 105
x 10>
x 102
x 1072
x 1072
x 1075
x 1079
x 109
x 108
x 10>
x 10>
x 1072
x 1072
x 1072
x 105
x 10~
x 107
x 106
x 108

CL=90%
CL=90%

CL=90%
$=2.3

5=1.8

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

S=1.1

CL=90%

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

2638
2638
2634
2638
2617
2617
2612
2612

1687
2617
2583
2564

2564

2560
2564
2593

2490

2430
2637
2637
2637
2338
2338
2338
2334
2334
2334
2616
2616
2616
2312
2312
2312
2298
2298
2298
2563
2563
2563
2638
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|
T

T T L < 4.0 x 1079 CL=95% 2634
et ut L < 15 x 1077 CL=90% 2637
p-etet L < 17 x 10~/ CL=90% 2583
p T T L < 42 x 10~7 CL=90% 2578
p- et T L < 47 x 107 CL=90% 2582
K~ etet L < 3.0 x 1078 CL=90% 2617
K= ptput L < 41 x 1078 CL=90% 2612
K= et L < 16 x10~7 CL=90% 2616
K*(892) et e™ L < 40 x 10~7 CL=90% 2564
K*(892)™ pt u™ L < 5.9 x 107 CL=90% 2560
K*(892) et u™ L < 3.0 x 107 CL=90% 2563
D~ et eT L < 26 x 1076 CL=90% 2309
D= et u™ L < 18 x 1070 CL=90% 2307
D= utut L < 6.9 x 1077 CL=95% 2303
D*~ pt T L < 24 x 1070 CL=95% 2251
D ptput L < 58 x 107 CL=95% 2267
DO ptput L < 15 x 1070 CL=95% 2295
A0yt LB < 6 x 1078 CL=90% -
N0 et LB < 32 x 1078 CL=90%  —
A0t LB < 6 x 1078 CL=90%  —
AOet LB < 8 x 1078 CL=90%  —
B° 1(JF) = 3007)

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

predictions.

Mass mgo = 5279.66 + 0.12 MeV
mgy — mge = 0.32 £ 0.05 MeV
Mean life 7 go = (1.519 + 0.004) x 10712 s

Tg+/Tgo = 1.076 & 0.004

BO9-BO mixing parameters
x4 (B9-B mixing probability) = 0.1858 & 0.0011

cr = 455.4 um

(direct measurements)

Amgo = mgy — mpgo = (0.5065 + 0.0019) x 10" /i s~ 1
H L

= (3.334 4+ 0.013) x 10710 MeV

Xg = Ampgo /T go = 0.769 + 0.004

Re(Acp / |Acp|) Re(z) = 0.047 £ 0.022

AT

Re(z) = (—4 + 4) x 1072

Re(z) =

—0.007 + 0.004 ps—1!

(S = 1.4)

Im(z) = (—0.8 + 0.4) x 1072
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CP violation parameters
Re(ego)/(1+]ego]?) = (0.5 £ 0.4) x 1073
At /cp(B° +» B%) = 0.005 =+ 0.018
Acp(B® — D*(2010)* D~) = 0.013 4+ 0.014
Acp(B® = [KTK™]p K*(892) ) = —0.05 + 0.10
Acp(B® — [K+7r_]D K*(892)°
—
—

) = 0.047 + 0.029
Acp(BY = [KTn ntn ]DK*(892) ) = 0.037 & 0.034
Acp(B® = [K—at]pK*(892)°) = 0.19 + 0.19
Acp(B® = [K—atntn]|pK*(892)°) = —0.01 + 0.24
R =T(BY = [rTK™]pK*®) /T(B® = [~ KT]pK*0) =
0.064 + 0.021
R, =T(B® - [7~KT]pK*®) /T(B® = [rT K™ ]pK*®) =
0.095 + 0.021

Acp(B® — [T 7~ ]pK*(892)°) = —0.18 + 0.14
Acp(BY = [rTa~ntn]pK*(892)°) = —0.03 £+ 0.15
Ry =T(B° —» [#TK nT7 " |pK*®) /(B® -

[7~ KTat7n~]p K*®) = 0.074 + 0.026
R, =T(BY = [r~ KtnTr~|pK*0) /(B® -

[t K= 7t 7~ ]p K*O) = 0.072 + 0.025
Acp (B® - K*tzx~) = —-0.0834 + 0.0032
Acp(B® — 1/ K*(892)°) = —0.07 £ 0.18

Acp(B® — o' K§(1430)%) = —0.19 £ 0.17
Acp(B® — ' K3(1430)°) = 0.14 £ 0.18
Acp(B® - nK*(892)%) = 0.19 + 0.05
Acp(B® — nK(1430)%) = 0.06 + 0.13
Acp(B® — nK3(1430)%) = —0.07 £ 0.19
Acp(B® = b KT) = —0.07 £ 0.12
Acp(B® = wK*9) =0.45 £ 0.25

Acp(B® — w(Km)®) = —0.07 £ 0.09
Acp(B® — wK3(1430)%) = —0.37 £ 0.17
Acp(B® - Kt7~ 7% = (0 + 6) x 1072
Acp(B® = p~Kt) =0.204+0.11

Acp(B® — p(1450)~ KT) = —0.10 + 0.33
Acp(B® — p(1700)"KT) = —0.4 + 0.6
Acp(B® — K+ 7~ n%nonresonant) = 0.10 + 0.18
Acp(B® — KOzt7~) = —-0.01 4+ 0.05
Acp(B® - K*(892)t7~) = —0.27 + 0.04
Acp(B® — (Km)§tn™) = 0.02 & 0.04
Acp(B® — K3(1430)* 77) = —0.29 & 0.24
Acp(B® — K*(1680)*7~) = —0.07 + 0.14
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Acp(B® — £(980)K%) = 0.28 + 0.31
Acp(B® = (Km)iPxY) = —0.15 £ 0.11
Acp(B® — K070 = —0.15 + 0.13
Acp(B® — K*(892)°7t7~) = 0.07 4+ 0.05
Acp(BY — 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°K®) = —0.6 + 0.7

Acp(B® — K*(892)°¢) = 0.00 + 0.04
Acp(BY — K*(892)°K~nT) =02+ 0.4
Acp(B® — ¢(Km)yd) = 0.12 £ 0.08
Acp(B® — ¢K3(1430)%) = —0.11 £ 0.10
Acp(B® — K*(892)%4) = —0.006 + 0.011
Acp(B® — K3(1430)%) = —0.08 £ 0.15
Acp(B® = X;v) = —0.009 + 0.018
Acp(B® = pt7n7)=0134+0.06 (S=1.1)
Acp(B® = p~nt) = —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(B® = K®¥eTe™)=—-0.21 +0.19
Acp(BY = K¥Outp~) = —0.034 + 0.024

Cpi- p+ (B® = D*(2010)~ DT) = —0.02 + 0.08

Sps-p+ (B® = D*(2010)~ D) = —0.83 + 0.09

Cpus p- (B® = D*(2010)" D7) = —0.03 £ 0.09 (S = 1.1)
Sps+ p- (BY = D*(2010)* D~) = —0.80 + 0.09

Chet pr (B = D*tD*7)=0.01+0.09 (S=16)
Sp+ ps— (B = D*FD*7) = —0.59 £ 0.14 (S = 1.8)
C, (B - D**D*~)=0.004+0.10 (S=1.6)

S, (B - D**D*") = —0.73 £ 0.09

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

S_ (B = D**D*")=01+16 (S=35)

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

S (B® — D*(2010)* D*(2010)~ K%) = 0.1 = 0.4

Cpip- (B® = DYD7)=-022+024 (S=25)
Sprp- (B9 = DtD™) = —0767315 (5=12)
C/(15) 0 (B® — J/¢(18)7%) = 0.03 + 0.17 (S = 1.5)
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S)ps)m0 (B = J/¥(15)n%) = —0.88 £ 032 (S =22)
C(BY — J/4(15)p°) = —0.06 + 0.06
S(B® — J/¥(1S5)p%) = —0.66 7918

C v o (BY— D(C*])gho) = —0.02 + 0.08
Doph )

S _(» B% » Dgph%) = —0.66 & 0.12
Di), 0 ( cph’)

Cro0 (B® = KOn0) =0.00 £0.13 (S = 1.4)

Sio,0 (B = KOn0) = 0.58 + 0.17

(B — n/(958)K%) = —0.04 £ 0.20 (S = 2.5)
Syosey ko (B = 1/(958)KY) = 0.43 £ 0.17 (S =15)
Crxo (B = 7' K®) = —0.06 + 0.04

Syko (BY = 7/ K®) =0.63 + 0.06

Cuk® (B » wK%)=00+04 (S=3.0)

Sng (B - wkK%)=0.70 £ 0.21

C(BY - K%n0x0) = —0.21 4+ 0.20
S(B® —» K%m070) =0.89103

Cn’(958) K

Couo (B = p°KY) = —0.04 +0.20
P Rs
0 040y _ +0.17
Ce K (B® — £(980) K%) = 0.29 & 0.20

St K (B =+ £(980)K2) = —0.50 = 0.16

St K (B = £(1270)K%) = —0.5 + 0.5
Ch ke (B® = £(1270)K%) = 0.3 £ 0.4

S K (B® — £(1300)K2) = —02+£05
Cr 4o (BY = £,(1300)K%) = 0.13 + 0.35

SKO it e (B® - KOzt 7~ nonresonant) = —0.01 + 0.33
Cro .+ — (BY = KO n~ nonresonant) = 0.01 + 0.26

CKgKg (B - KYK%)=0.0+04 (S=14)
0 0 1,0y —
Ska ko (BY = KIKG) = —0.8+05
Cror k- K2 (BY - Kt K~ K% nonresonant) = 0.06 + 0.08

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

Coka (B — ¢K%)=0.01=+0.14
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0 _
S¢K°s (B° = ¢K%) =059 +0.14
Cro ko ks(B® = KsKsKs) = —0.14 + 0.12
Sk ks ks(B® = KsKsKs) = —0.82 + 0.17
CK%WOW(BO — K%7%y) =036 +0.33

SKgWOW(BO — K%7%) = -0.8+0.6
CK%WM_W(BO — KYnTm~v)=-0.39+020
SK%WM_W(BO — K&ntn~y)=0.14 £0.25

Cyr0., (B = K*(892)%7) = —0.04 £0.16 (S =12)
Sy (B = K*(892)°7) = —0.15 + 0.22
C ko~ (B = 1nK%9) =01£04 (S=14)
Sk~ (BY = 1nK%) = —-05+05 (S=12)
Cogyy (B = K297) = —0.3+0.6
Skogy (B = KO¢y) = 07701
g((gg : ;((0%/)(?7) = :0.05 + 0.19
gp )= —0.04 £ 0.23
C(BY— p%9)=04405
S(BY = p%9)=-08=+0.7
Cerx (B = 7tm™) = —0.314 + 0.030
Sprx (B = wta™) = —0.670 + 0.030
Co,0(B® = n%70) =-033+022
Cor (B = ptm™)=-003+007 (S=12)
Spr (B® = pTr™) =0.05+0.07
ACy, (B® = ptm~) =0.27 £ 0.06
AS,. (B® = pTn) =0.01+0.08
Copo (B = pO7°%) = 0.27 £ 0.24
S 070 (B® —» p%79%) = —0.23 +£0.34
Cayr (B® = a1(1260)* ) = —0.05 + 0.11
Sayr (B® = a1(1260)tn7) = —0.24+ 04 (S =3.2)
AC,r (B® - 21(1260)*7~) =043 +£0.14 (S =13)
AS, = (B® — a1(1260)" 77) = —0.11 £ 0.12
C(B® — by KT)=-022+0.24
AC(B® - bynt) = —1.04 +0.24
C 0,0 (B® — p%p%) =0.24+0.9
S0,0 (B = p9p%) =03+07
Cop (B = pTp7) =0.00 + 0.09
Syp (B = ptp7)=-014+013
IA| (B — J/ipK*(892)°) < 0.25, CL = 95%
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cos 23 (BY — J/4 K*(892)0) =170 (S =1.6)
cos 28 (B® — [KYmT 7] 5 h°) =0.91 +£0.25
(Sy +S_)/2(B° — D*— +) = —0.039 + 0.011
(S_ —S.)/2(B° - D* xt) = —-0.009 + 0.015
(Sy +S_)/2(B° - D~ 7t) = —0.046 + 0.023
(S_ —S.)/2(BY - D~ nt) = —-0.022 + 0.021
S, (B® - D~ 7%) =0.058 + 0.023
S_ (B - D*7~)=0.038 + 0.021
(Sy +S_)/2(B° = D~ pt) = —0.024 + 0.032
( ~5.)/2(B° - D™ pT)=—-0.10 £ 0.06
G K (B — n.K%) =0.08 £ 0.13

ne K2 (B® =+ ncK®) =093 £0.17

CCfK (B® — ceK()0) = (-0.5 £ 1.5) x 1072

sm(2,B) = 0.699 £ 0.017
Chrpinsy k0 (B = J/(nS)K®) = (—0.8 + 1.7) x 1072
S1pp(nsyko (B® = J/$(nS)K®) = 0.701 + 0.017
CJ/w o (B = J/pK*0) =0.03 £ 0.10
Syppre0 (B = J/YK*0) = 0.60 £ 0.25

Crokd (B” = XcoK$) = —0.3753
SXC o (B = xc0K%)=-07%£05
CXC KO (B® = xc1K%) =0.06 £ 0.07

K2 (B® = xc1K%) =0.63 +0.10

s.n(zﬁeff)(BO — ¢KY) =0.22 +0.30
sin(2ferr) (BY — ¢ £5(1430)°) = 0,971 083
sin(2B8e)(B° = Kt K- K°) = 0. 77+g 3
sin(28e5) (B — [KYntm ]D h%) = 0.80 + 0.16
Bese (B° — [Kg.wm—]D h°) = (22 £ 5)°
266t (B° = J/wp°) = (42“0)

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

28+~ =(83+60)°

a = (85.2738)°

x.(B% - DK*0) =0.04 +0.17

x_(B% - DK*0) = -0.16 + 0.14

y+(B® — DK*9) = —0.68 + 0.22

y_(B% - DK*)=020+025 (S=12)
rgo(B® = DK*0) = 0.257 0021

0go(B® = DK*0) = (194.173:5)°
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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% BY9BO and 50% BT B~
production at the 7(4S). We have attempted to bring older measurements
up to date by rescaling their assumed 7(4S) production ratio to 50:50
and their assumed D, DS, D*, and ) branching ratios to current values
whenever this would affect our averages and best limits significantly.

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

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

Scale factor/ p
B0 DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
(T X [il] ( 10.33% 0.28) % -
et e X, (101 + 0.4 )% -
0ty X, ( 151+ 0.19) x 1073 -

Dty X ( 93 + 08)% -

D= (T, li] ( 2.24+ 0.09) % 2309

D~ 7rTu, ( 1.05+ 0.23)% 1909

D*(2010)~ £ v, [i] ( 4.97+ 0.12) % 2257

D*(2010)~ 7" v, ( 1.58+ 0.09) % S=1.1 1838

DOn= 0ty ( 41 £+ 05 )x103 2308
D§(2300)~ £ vy, D5 — ( 30 £ 12)x1073 s=18 -

DO7r—
D%(2460)" (T vy, D3~ — ( 121+ 033)x1073 S=1.8 2065
. DOr—
D nattyy(n > 1) ( 23 +05)% -
D*0n= ¢ty ( 58 + 08)x10"3 S=14 2256
D1(2420)" ¢t vy, DT — ( 2.80+ 0.28) x 103 -
D*0n—

D) (2430)" ¢ty DT — ( 31+ 09 )x1073 -~
D*0n—

D%(2460)~ (T vy, D3~ — ( 68 + 12 )x1074 2065
D07~

D= nta= 4Ty, ( 1.3 + 05 )x1073 2299

D*~nta= (T, ( 1.4 + 05 )x1073 2247

AR’ [i] ( 2.94+ 0.21) x 10~4 2583

I [i] ( 1.504 0.06) x 104 2638

S < 25 x 104 CL=90% 2339
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Inclusive modes

K+ X (78 +8 )% -
DO X ( 81+ 15)% -
DY X (474 + 28)% -~
DT X < 39 % CL=90% -
D~ X (369 + 33)% -
D¥ X (103 T 22)% -
D7 X < 26 % CL=90% -
AT X < 31 % CL=90% -
AZ X (50T 21y% -
tX (95 +5 )% -
cX (246 + 3.1 )% -
c/cX (119 +6 )% -
D, D*, or D¢ modes
D~ rnt ( 251+ 0.08) x 10~3 2306
D= pt ( 76 £ 1.2 )x1073 2235
~ KOt ( 49 + 09 )x10~4 2259
D~ K*(892)* ( 45 + 07 )x1074 2211
D~wn™T ( 28 + 06 )x103 2204
D™ KT ( 2.05+ 0.08) x 104 2279
D-Ktrtn ( 35 + 08 )x10"% 2236
D~ KT KO < 31 x 1074 CL=90% 2188
D~ Kt K*(892)° ( 88 + 1.9 )x 104 2070
DOnto~ ( 88 + 05 )x10~4 2301
D*(2010)~ «* ( 274+ 0.13) x 1073 2255
DOKt K~ ( 61 £ 05)x107> 2101
D-ntatn— ( 6.0 = 06 )x1073 2287
(D~ w7t 7)) nonresonant ( 39+ 19)x1073 2287
D~ xt 0 ( 11+ 1.0 )x103 2206
D~ a1(1260)" ( 6.0 £ 33)x10"3 2121
D*(2010)~ 7wt 70 ( 15 + 05)% 2248
D*(2010)~ p* ( 6.8 + 09)x103 2180
D*(2010)~ KT ( 212+ 0.15) x 10~% 2226
D*(2010)~ KOzt ( 30 + 08)x1074 2205
D*(2010)—i<i%892)+ ( 33 4 06 )x 10—;l 2155
D*(2010)" K™ K < A7 x 107% CL=90% 2131
D*(2010)~ Kt K*(892)° ( 1.29+ 0.33) x 10~3 2007
D*(2010)~ w7t ™ ( 7.21+ 0.29) x 10~3 2235
(D*(2010)" 7T 7+ 7~ ) non- ( 00 + 25 )x103 2235
resonant

D*(2010)~ 7t pO ( 57 + 32)x1073 2150
D*(2010)~ a1(1260) " ( 130+ 0.27) % 2061
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D1(2420)°7~ 7, DY — ( 1.47+ 0.35) x 104 -
D*~xt
D*(2010)" Kt 7~ n " ( 47 + 04 )x10~% 2181
D*(2010)~ nt nt 7~ 70 ( 176+ 0.27) % 2218
D*~3rt2n~ ( 47 £ 09 )x1073 2195
D*(2010) " wn™ ( 246+ 0.18) x 1073 S=12 2148
D1(2430)°w, D? — (27738 )x104 1992
D*~rnt
D*~ p(1450)T, pt — wrt ( 107t 8:@9&) x 1073 -
D1(2420)°w, D? — ( 70 £ 22)x1075 1995
__ D mt
D3(2460)°w, DI — (40 + 1.4 )x1075 1975
D*~xt
D*~ by (1235)", b} — < 7 x 1075 CL=90% -
 wrt
D**~ gt [nnn] (1.9 + 0.9 ) x 1073 -
Dy (2420)~ 7", D] — (99 T 29)x105 -
D~ ntn~
D;(2420)~ 7 t, D7 — < 33 x 1072 CL=90% -
_ D¥7taT
D3(2460)" 7, (D3)” — ( 238+ 0.16) x 104 2062
. DO~
D§(2400)~n, (D§)~ — ( 76 £ 08 )x107° 2090
DO~
D3(2460)" «t, (D3)” — < 24 x 1073 CL=90% -
DY@~
D%(2460)~ p < 49 x 1073 CL=90% 1974
poD° ( 14 + 07 )x1075 1868
D*0DO < 29 x 1074 CL=90% 1794
D~ D" ( 211+ 0.18) x 10~4 1864
D+ D*¥F (CP-averaged) ( 6.1 + 06 )x104 -
D~ D/ ( 72 + 08 )x103 1812
D*(2010)~ D} ( 80 + 1.1 )x103 1735
D~ Dt ( 74 £ 16 )x 1073 1732
D*(2010)~ DI+ ( 177+ 0.14) % 1649
Dso(2317)" K™, D, — (42 4+ 14 )x107° 2097
DS_WO
Dso(2317)"n, Dy — < 25 x 1079 CL=90% 2128
DS_WO
Dsy(2457)" KT, D_; — < 94 x 1070 CL=90% -
DS_WO
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D, y(2457)"nt, D, —
D/ 70
D, D]
D, D¢
D™ DIt
D%,(2317)" D=, Dif —
DT 70
S
Dgo(2317)" D=, Dfj —
D:Jrv
Ds(2317)* D*(2010)~,
+ + 0
Dlfy— DS~
D, j(2457)T D~
Dy;(2457)*D~, D}, —
+
Ds vy
Dy;(2457)*D~, D}, —
D:+'y
Dy;(2457)*D~, D}, —
D:W+W_
Dy;(2457)*D~, D}, —
DT 70
s
D*(2010)~ D, ;(2457) "
Dy ;(2457)* D*(2010), DY, —
+
Ds ¥
D™ Ds1(2536)%, DS, —
DK+ + D*t KO
D~ Ds1(2536)", Df; —
D*O KT
D™ D41 (2536)", DY, —
D*+ KO
D*(2010)~ Ds1(2536) 7,
DI — DKt + D*tKO
S
D*(2010)~ Ds1(2536)7,
DY, — D*OKT
D*~ Dg;(2536)", DY —
D*+ KO
D~ D, ;(2573)", D}, —
DOKT
D*(2010)~ D, ;(2573) ™,
DY, — DOKT

HTTP://PDG.LBL.GOV

< 40 x 1076 CL=90% -
< 36 x 1075 CL=90% 1759
< 13 x10~% CL=90% 1674
< 24 x 1074 CL=90% 1583

( 1.06+ 0.16)x 1073 S=1.1 1602
< 95 x 104 CL=90% -

( 15 + 06 )x103 1509

( 35 + 1.1 )x10°3 -

1.7 _

(6571 14)x1074 -
< 6.0 x 10~4 CL=90% -
< 20 x 10~4 CL=90% -
< 36 x 10~4 CL=90% -

( 93 + 22)x103 -

0.9 —

(23733 )x1073 -

( 28 + 07 )x10"4 1444

( 1.7 + 06 )x10~4 1444

( 26 + 1.1 )x10~4 1444

( 50 + 1.4 )x10~4 1336

( 33+ 11)x10"4 1336

( 50 + 1.7 )x10~4 1336

( 34 + 18)x107° 1414
< 2 x 1074 CL=90% 1304
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D~ Dg;(2700)", D}, — ( 71+ 12)x107% -
DO KT
DT n~ ( 73 +12)x10°7 2306
Dfn~ ( 2.03+ 0.18) x 1075 2270
Dt (21 + 04)x107% S=14 2215
DY p~ < 24 x 1075 CL=90% 2197
Dt p~ ( 41 + 1.3 )x107° 2138
DY a, < 19 x 1075 CL=90% -
Dt ay < 36 x 1075 CL=90% —~
DY a1(1260)~ < 21 x 1073 CL=90% 2080
D¥* a1 (1260)~ < 17 x 1073 CL=90% 2015
DY a; < 19 x 104 CL=90% -
D" ay < 20 x 10~4 CL=90% -
D K+ ( 27 £ 05)x107% S=27 2242
Dy K™ ( 219+ 0.30) x 107 2185
D_ K*(892)" ( 35+ 1.0 )x107° 2172
DI~ K*(892)* (327 13 )x1075 2112
D mt KO ( 97 + 1.4 )x1075 2222
D nt K® < 110 x 1074 CL=90% 2164
D Ktntm™ ( 1.7 £ 05 )x104 2198
D, mt K*(892)° < 30 x 1073 CL=00% 2138
D m K*(892)° < 16 x 1073 CL=90% 2076
DO KO 52 + 0.7 )x 1075 2280
DOKtn~ E 8.8 £ 1.7 ;x 10—5 2261
DO K*(892)° ( 45+ 06 )x1075 2213
DO K*(1410)° < 67 x 1075 CL=90% 2062
DO K3(1430)° (7 +£7 )x1076 2058
DP K3(1430)° ( 21+ 09)x1073 2057
D§(2300)” Kt, D~ — ( 1.9 + 09 )x107° -
o
D;([2)4g0)— K*, D3~ — ( 2.03+ 0.35) x 1072 2029
S
Dg([2)7g0)— K+, D} — < 1.0 x 1070 CL=90% -
Y
DO E+77rr_ nonresonant < 37 x 1075 CL=90% 2261

[Kt K~ ]pK*(892)°
[7T 7] p K*(892)°
[7t 7~ ata|p K*O

42 4+ 0.7 )x107° -
6.0 + 1.1 ) x 10~° -
46 + 09 )x107° -

A~ AN AN AN~~~

DO 70 2.63+ 0.14) x 10~4 2308
DO 0 3.21+ 0.21) x 10~4 2237
DO f, 1564+ 0.21) x 1074 -~
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DOy
DO 77/
DOw
D¢
DOK+m—

DO K*(892)°
5*07
D*(2007)° 70
D*(2007)9 p0
D*(2007)%7
5*(2007)077’
D*(2007)0 ™t
D*(2007)° KO
D*(2007)° K*(892)
D*(2007)° K*(892)°
D*(2007)0 tatro oo
D*(2010)*
D*(2007)%w
D*(2010)* D~
D*(2007)° D*(2007)°
D~ DK™
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*(2010)~

D*~ Dy (2536)", DY —

D*+K0
DO pO KO
DODO K+ 7~
D D*(2007)° KO +
D*(2007)° DO KO
D*(2007)° D*(2007)° K°
(D+D*)(D+D*)K

ne K°
ne(1S)K*r
ne(1S) KT 7~ (NR)
X(4100)" K+, X~ —
NeT
ne(1S) K*(1410)°
nc(15) K§(1430)°

HTTP://PDG.LBL.GOV

( 236+
( 1.38+
( 254+
< 23

( 53 +
( 30 +
< 25

( 22 +
< 51

( 23 +
( 1.40+
( 62 +
( 36 +
< 6.9

< 40

( 27
( 80
( 36
( 6.1
< 9
1.07+
35 +
2.47+
1.06+
75 +
6.4 +

HoOH W

( 81 =+
( 80 +

( 27 +
( 35+
( 11+

( 24 +
( 3.68+

Charmonium modes
8.0 +

6.0 £
6.2 £
20 +

( 1.9
( 1.6

HH

Page 105

0.32) x 1074 S=25 2274
0.16) x 1074 S=13 2198
0.16) x 104 2235

x 1070 CcL=05% 2183
3.2 ) x 1070 2261
0.6 ) x 10~ 2213

x 1072 CL=90% 2258
06 )x10~4 S=26 2256

x10~4 CL=90% 2182
0.6 )x10~4 S=28 2220
0.22) x 10~4 2141
2.2 ) x 104 2249
12 )x107° 2227

x 1072 CL=90% 2157

x 1072 CL=90% 2157
0.5 ) x 10~3 2219
0.6 )x 104 1711
11 )x107% Ss=31 2180
15)x107% S=16 1790

x 1072 CL=90% 1715
0.11) x 1073 1574
0.4 )x103 1478
0.21) x 1073 1479
0.09) % 1366
1.7 )x 10~4 1568
0.5 ) x 1073 1473
0.7 ) x 1073 1360
2.4 ) x 104 1336
1.1 )x10~4 1574
05 )x10~4 1476
0.5 ) x 1073 1478
0.9 ) x 1073 1365
0.26) % -
11 )x10~4 1751
0.7 ) x 1074 1722
1.3 )x107° -
1.0 ) x 10~° -
15 ) x10~4 1395
0.4 ) x 104 1388
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nc(15) K5(1430)°
1nc(1S) K*(1680)°
1c(1S) K§5(1950)°

ne K*(89 )

KSv Ne — pprt T

he(1P) K9
h.(1P) K*0
J/9(18)K®
J/p(AS)K*m

J/1(1S) K*(892)°
J/H(1S)nKS
J/(18)n' K
J/9(18) ¢ KO
J/9(18)w KO

XCO(3915)v Xco — J/@DW
J/¢(15) K(1270)°
J/¢(18) 7O
J/¥(1S)n
J/¢(15)7r+7r_

J/¢(1S)7 ™ 7 nonresonant

J/1(15) £(500),
J/P(15)1
)P

J/p(1S
J/P(15)f

7T+7T

J/4(15)p(1450)°, p° —

fo —» nm

5(980), fy —

J/@bp&?OO)O, p° = wta—
J/P(1S)w
J/Y(AS)KT K~
J/¢(15)30(980), ap —
KT K~

J/p(15)¢
J/¥(15)n'(958)
J/zb(15)K0 T
J/p(1S)KO K~ 7T+—|—cc
JIY(1S)KOKT K~
J/p(1S) KO p°
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( 5.0
( 3
( 4.4

I+ H 1+

( 52

I+ |+

( 42

< 39
1.4

< 4
8.91+
1.154
1.7+

A

4.9
2.3
2.1
1.3
1.66+
1.08+
4.00+

HOHH

( 33T

( 25571

2.0 +
18 T

254+
4.7 +

—~ A~ ~

< 11
( 76 +
( 45 +

< 21
( 25 +
( 54 +

Page 106

53 )x 1075 1386
4 )x107° 1166
38 ) x 10— 5 -
08 )x107% s=16 1646
%:‘21 ) X 10~ -

x10~% CL=90% 1159

x 1072 1401

x 1074 CL=90% 1253
0.21) x 104 1683
0.05) x 10~3 1652
0.05) x 1073 1572
0.9 ) x 107° 1508

x 1072 CL=90% 1271
10 )x107° S=13 1224
0.4 ) x10~4 1386
0.9 )x10~° 1102
05 )x 103 1402
0.10) x 107° 1728
0.23) x 107> S=15 1673
0.15) x 1072 1716

x 1072 CL=90% 1716
15 ) %107 -
02 )x1076  s=15 -~
0-18) x 1075 1612

x 1070 CL=00% -
07 )x107° -
13 )x 1070 -
01 ) x 105 1609
0.35) x 1070 1534
3.4 )x 10~ -

x 1077 CL=90% 1520
2.4 )x107 1546
0.4 ) x10~4 1611

x 1072 CL=90% 1467
07 )x1072 S=1.8 1249
3.0 )x10~4 1390
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J/P(1S)K*(892) T 7~ (8 +4 )x10~* 1515
J/YpAS)rt ( 144+ 0.12) x 107> 1670
J/¥(1S) f(1285) ( 84 + 21)x107° 1385
J/p(1S) K*(892)0 wt o~ ( 66 + 22 )x10~4 1447
nc2(I1D)KS, nea = hey < 35 x 1075 CL=90% -
Ne2(1D)7T~ KT, nep — hey < 10 x 104 CL=90% -
Xc1(3872) " KT < 5 x 10~4 CL=90% -
Xc1(3872)” KT, [ooo] < 4.2 x 1070 CL=90% -
Xc1(3872)" —
J/p(1S) 7 70
xc1(3872) KO ( 11+ 04 )x10~4 1140
xc1(3872) K*(892)° ( 1.0 + 05 )x10~4 940
Xc1(3872) KT ™ ( 21 + 08 )x1074 1087
Xc1(3872)y < 13 x 1072 CL=90% 1220
Z.(4430)* !fF, zF - ( 60T 39)x1075 583
P(2S)m
ZC(4430)i KT, zF > ( 54T 491070 583
J/m
Z.(3900)* KT, zE¥ — < 9 x 10~7 -
J/yrt
ZC(4200)i KT, X+ = (22T 33 )x10° -
J/m
J/¥(1S)pp ( 45 + 06 )x107 862
J/9(1S)y. < 15 x 1070 CcL=00% 1732
J/4(15)DO° < 13 x 1075 CL=90% 877
/
¥(28) 70 ( 117+ 0.19) x 107> 1348
(25) KO B ( 58 + 05 )x10~4 1283
Y(3770) KO, + — DODO < 123 x 1074 CL=00% 1217
Y(3770)K°, ¢ — D~ DT < 188 x 1074 CL=00% 1217
P(2S) ( 224+ 0.35)x 107> 1332
P(S)KT 7~ ( 58 + 0.4 )x104 1239
¥(25) K*(892)° ( 59 + 04 )x10~% 1116
xeo K° ( 1.9 £ 04 )x 104 1477
Xco K*(892)° ( 17 £ 04 )x 104 1342
Xe1 T ( 1.124 0.28) x 107> 1468
xe1 K© ( 3.95+ 0.27) x 10~4 1411
Xcim KT ( 4.97+ 0.30) x 1074 1371
Xe1 K*(892)0 ( 238+ 0.19) x10~4  S=1.2 1265
X(4051)" Kt, X~ — ( 30T 19 )x1075 -
Xc1T
X(4248)" K+, X~ — ( 40 7298 )x1075 -
Xc1T
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xerm T~ KO ( 32 + 05 )x10"4 1318
Yerm mOKT ( 35+ 06 )x10"4 1321
Yo KO < 15 x 1075 CL=90% 1379
Xe2 K*(892)0 ( 49 £ 12)x107% S=11 1228
Yo KT ( 72 £ 1.0)x107° 1338
Xeom T~ KO < 170 x10~4 CL=90% 1282
Xeom mOKT < 74 x 1075 CL=00% 1286
¥(4660) KO, ¢ — ATAZ < 23 x 1074 CL=90% -
1(4230)0K0, 0 — < 17 x 1075 CL=090% -
J/prta~
K or K* modes
Kta— ( 1.96+ 0.05) x 107° 2615
KO 70 ( 9.9 + 05 )x 106 2615
n KO ( 6.6 + 04)x10"5 s=14 2528
n K*(892)° ( 28 + 06 )x100 2472
n' K3(1430)° ( 63+ 16)x100 2346
'K3(1430)° ( 1.374 0.32) x 1075 2346
n KO ( 123T 327y x 1076 2587
nK*(892)° ( 1.59+ 0.10) x 1075 2534
nK§(1430)° ( 1.10+ 0.22) x 105 2415
nK3(1430)° ( 96 + 21 )x1076 2414
w KO ( 48 + 0.4 )x100 2557
a0(980)° KO, aJ — nm0 < 78 x 1076 CL=090% -
BOKO, B — wnl < 78 x 1076 CL=00% -
ag(980)t KT, af — nrt < 19 x 10~6 CL=90% -
by KT, bl — wn™ ( 7.4 £ 1.4 )x1070 -~
oK, BY — wrd < 80 x 1076 CL=00% -
by K*t, b] — wm™ < 5.0 x 1076 CL=90% -
ag(1450)t KT, af — nrt < 31 x 1076 CL=00% ~
K2 X0 (Familon) < 53 x 1072 CL=90% -
wK*(892)° ( 20 £ 05)x100 2503
w(Km)g? ( 1.84+ 0.25) x 1075 -
w K} (1430)° ( 1.60+ 0.34) x 105 2380
w K3(1430)° ( 1.01+ 0.23) x 1075 2380
w KT 7~ nonresonant ( 51+ 1.0)x107° 2542
Kt a7 ( 378+ 0.32) x 107> 2609
K+ - ( 7.0 £ 09 )x1070 2559
* p(1450)~ ( 24+ 12)x10°° -
K+p(1700) (6 +7 )x107 -~
(K+7r 7r ) nonresonant ( 28 + 06 )x10° 2609
(Km)§Tm™, (Km)§t — ( 34 + 05)x1075 -
K+7r0
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(KW)SOWO, (KW)Z‘)O —

Kt~
K35(1430)0 70 < 40
K*(1680)° 70 < 75
Kj;oﬂ'o [rrr] (6.1 £
KOrnt ™ ( 497+
K97t 7~ nonresonant ( 1397F
KO 0 ( 34 +
K*(892)" (75 +
K5(1430)* ( 33+
Ki+7r_ [rrr] (5.1 £
K*(1410)+7r—, Kt — < 38
f(O
(Km)gtn=, (Km)§t — ( 1.62+
f(O +
f0(980)K0, fo — ntn~ ( 81 +
K £,(500) (167
KO £,(1500) (13 %
f,(1270) K (277t
£, (1300) KO,f, — w7~ ( 1.8 +
K*(892)0 7© ( 33 +
K%(1430)" ( 3.65+
K*(1680) " 7~ ( 141+
Ktn—ntn [sss] < 2.3
POKT 28 +
f0(980)K+7T_, fo — nm ( 14 i_
K+ 7~ T 7~ nonresonant < 21
K*(892)°0 nt 7~ ( 55 +
K*(892)0 p° ( 39 +
K*(892)° £,(980), fo — =m ( 3971
K1(1270) " 7~ < 30
K1(1400) " 7~ < 27
81(1260)_ K+ [sss] ( 1.6 =
K*(892) B ( 103+
K5(1430)™ p 2.8 +
(1400)0 p < 30
(1430)0p (27 +
K5(1430)°£(980), fo — =m ( 27 +
(1430) 7(980), fy — = ( 86 +
K+i<— ( 78 &
KO KO ( 121+
HTTP://PDG.LBL.GOV Page 109

( 86 + 1.7 )x107°

x 100
x 10~6
1.6 ) x 1070
0.18) x 1072

§35) x10-

1.1 )x 1070
0.4 )x10
0.7 ) x 1072
1.6 ) x 106

x 100

0.13) x 1072

0.8 )x 107
2.5 _
16 ) x 10 7
0.8 )x 1070
1.3 -
5 ) x10 6
0.7 )x 1076
0.6 ) x 1076
0.34) x 1070
0.10) x 1072
x 104
0.7 )x 107
05 -
6 ) x 10 6
x 10~6
0.5 ) x 107°
13 )x 1070
2.1 _
g ) x10 6
x 1072
x 1072
0.4 ) x107°
0.26) x 107>
12 )x107°
x 10~3
0.6 ) x 107°
0.9 )x 107
2.0 )x 1070
15 ) x 1078
0.16) x 10~

CL=90%
CL=90%

S=1.3

CL=90%

CL=90%

S=1.9
5=3.9

CL=90%
CL=90%

CL=90%

2445
2358

2609
2609

2558
2563

2522

2397
2459

2563
2445
2358
2600
2543

2506

2600
2557
2504

2466

2489
2451
2471
2504

2388
2381

2593
2593
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KOK—xt
K*(892)* KT
7*0 KO + K*OWO
Kt K70
0 k0.0
Kg ng
N
KsKsn
KOK+T K~
KO ¢
f(980) KO, fo — KT K~
f5(1500) K©
f4,(1525)% KO
fo(1710)K°, fo —» KT K~
K9 KT K~ nonresonant
0 1«0 10
K2 K2 KQ . .
fo(980) KO, f5 — KL KQ
fo(1710) KO, f5 — KL KY
£(2010)KO, £ — K2 KY
K% K% K% nonresonant
0 1«0 1,0
KsKsK|
K*(892)0 KT K~
K*(892)% ¢
KT K~ 7t 7 nonresonant
K*(892)° K~ n
K*(892)° K*(892)°
Kt K+ 7~ 7~ nonresonant
K*(892)° K+ 7~
K*(892)° K*(892)°
K*(892)T K*(892)~
K1(1400)% ¢
P (Km)El

P (Km)E0 (1.60<my , <2.15) [ett]

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

K5(1430)%¢

K3(1430)0 K*(892)°

K;;(1430)0 K;;(1430)

*(1680)% ¢

*(1780)° ¢
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CL=90%
CL=90%
CL=90%
CL=90%

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

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

2578
2540

2579
2578
2515
2453
2522
2516
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2467
2460
2559
2524
2485
2559
2524
2485
2485
2339

2403
2360
2222
2333
2360
2222
2238

Created: 8/11/2022 09:37



Citation: R.L. Workman et al. (Particle Data Group), Prog.Theor.Exp.Phys. 2022, 083C01 (2022)

K*(2045)0 ¢ < 153 x 1075 CL=90% -
K3(1430)° p° < 11 x 1073 CL=90% 2381
K3(1430)%¢ ( 68 +09)x100 s=12 2332
K¢ o ( 37 £07)x1076 s=13 2305
n' n' KO < 31 x 1075 CL=90% 2337
nKO~ ( 76 + 1.8 )x 1070 2587
7 KOy < 64 x 1076 CL=00% 2528
KO ¢~ ( 27 £ 07 )x10° 2516
Ktr—~ ( 46 + 1.4 )x10°0 2615
K*(892)0 ( 418+ 025)x 1072 S=21 2565

K*(1410)~ < 13 x 1074 CL=90% 2451

KT 7™~ nonresonant < 26 x 1076 CcL=00% 2615
K*(892)° X(214), X — [uu] < 2.26 x 1078 CL=00% -
KOntn=~ ( 1.99+ 0.18) x 1075 2609
K+ n— 79 ( 41 + 04 )x10°5 2609
K1(1270)% < 58 x 1075 CL=00% 2491
K1(1400)° < 12 x 1075 CL=00% 2454
K3(1430)0y ( 1.24+ 0.24) x 1075 2447
K*(1680)% < 20 x 1073 CL=90% 2360
K%(1780)° < 83 x 1075 CL=90% 2340
K} (2045)0 < 43 x 1073 CL=00% 2243

Light unflavored meson modes

o0 ( 86 + 15)x10~7 2583
P°X(214), X — ptu~ [uwu] < 173 x 1078 CL=90% -
w7y (44 T 18107 2582
Py < 10 x 107 CL=90% 2541
ata~ ( 5.12+ 0.19) x 10~ 2636
7970 ( 159+ 0.26)x 1076 S=14 2636
nm0 ( 41+ 1.7 )x10"7 2610
nn < 10 x 1070 CL=00% 2582
n w0 (12 +06)x100 s=17 2551
n'n < 17 x 1076 CL=00% 2460
n'n < 12 x 1076 cL=00% 2523
' p° < 13 x 1070 CL=90% 2492
n' 15(980), fo — w7~ < 9 x 107 CL=90% 2454
1 p° < 15 x 1070 CL=90% 2553
nf(980), fy — w7~ < 4 x 107 CL=90% 2516
wn (94T 39)x1077 2552
wn! (10T 92 )x1076 2491
w p? < 16 x 1076 CL=90% 2522
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wfy(980), fy — wha~ < 15 x 1076 CL=00% 2485
ww ( 12 + 04 )x10°° 2521
0 < 15 x10~7 CL=90% 2540
on < 5 x10~7 CL=90% 2511
on < 5 x 1077 CL=00% 2448
ot~ ( 1.8 £ 05)x10~7 2533
¢ p° < 33 % 10~7 CL=90% 2480
1 (980), fo — wta~ < 3.8 x 107 CL=90% 2441
pw < 7 x 107 CL=90% 2479
oY) < 27 x 1078 CL=00% 2435
a9(980) 7 ¥, af — nrt < 31 x 106 CL=90% -
ag(1450)* ¥, ay — nrt < 23 x 1076 CL=90% -
ata— a0 < 72 x 1074 CL=90% 2631
p0 70 ( 20 £ 05 )x10°0 2581
pF [aa] ( 2.30+ 0.23) x 1075 2581
Tt < 112 x 1075 CL=90% 2621
P Ontn— < 88 x 1076 CL=00% 2575
p9 p0 ( 96 + 15 )x107 2523
(980) 7T, fy — < 30 x 106 CcL=90% -
ata~
pO f(980), fy — wtx~ ( 7.8 £ 25 )x10~7 2486
f5(980) 5(980), fy — < 19 x10~7 CL=90% 2447
atrT, fp —» wtaT
f(980) £5(980), fy — 7wt~ < 23 x 1077 CL=90% 2447
fy = KTK™
a1(1260)F 7+ [aa] ( 2.6 = 05 )x1075 S=19 2494
ap(1320)F 7+ [aa] < 6.3 x 1076 CL=00% 2473
ata= 7070 < 31 x 1073 CL=90% 2622
ptp~ ( 277+ 0.19) x 1075 2523
a1(1260)° 70 < 11 x 1073 CL=00% 2495
w© < 5 x10~7 CL=90% 2580
atatn— a0 < 9.0 x 1073 CL=90% 2609
a1(1260)" p~ < 61 x 1079 CL=90% 2433
a1(1260)0 p° < 24 x 1073 CL=90% 2433
b nt, b = wnat ( 1.09+ 0.15) x 1075 -
pO70 bY — wn? < 19 x 1076 CL=90% -
by pT, bl — ww < 14 x 1076 CL=90% -
b0, b9 — wrd < 34 x 1076 CL=90% -
atateta= =~ < 30 x 1073 CL=90% 2592
a1(1260) " a1 (1260)~, af — ( 118+ 0.31) x 1075 2336
2nt a, — 2n— T
atatata— = x0 < 11 % CL=90% 2572
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Baryon modes
pp ( 1.25+
pprt ™ ( 287+
ppK+T 7™ ( 63 +
pp KO ( 2.66+

©(1540)"p, ©F = pKL [l < 5

f1(2220)K°, f; — pp < 45
ppK*(892)° ( 1247

fK2220)K6, fj — pp < 15
pPKT K™ ( 121+
pprO ( 50 +
pppp < 20
pAm™ ( 3.14+
pﬂﬁ_'y < 65
pX(1385)~ < 26
A(1232)Tp + A(1232)" p < 16
AOA < 93
pAK™ < 82
pAD™ ( 25 +
pAD*~ ( 34 +
pX0r— < 338
AN < 32
AAKO ( 48 T
AAK*O ( 25t
AADO ( 1007t
DOS0A+ cc. < 31
AV AC < 15
ATT A < 11
DO pp ( 1.04%
D_Ap ( 28 +
D*(2007)° pp (99 +
D*(2010)~ p7 (14 +
D= pprt ( 3.32+
D*(2010)~ pp7™ ( 47 +
DO pprntn— ( 30 +
D0 pprta— ( 1.9 +
O.pnT, 6. — D7 p < 9
O.pnT, 6. — D*7p < 14
r_ ATt < 8
ﬂc_ p7r+7r_ ( 1.02+
Acp ( 1.54+
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0.4 )x103
0.31) x 10~4
0.5 ) x 104
0.5 ) x 104
0.5 ) x 104
x 100

x 1072

x 10~4
0.14) x 103
0.18) x 107

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=1.3

2467
2406
2306
2347
2318

2135
2216

2179
2440
1735
2401
2401
2363

2364
2308
1765
1685
2383
2392

2250

2098

1662

1611
2335
2335
1863
1710
1788
1785
1786
1708
1708
1623

1839
1934
2021
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520) pT
2455)0pﬂ'
X (24550 N0, NO —
_ pm
3 (2455)~
/\C_pK+7r_
> (2455)" " pKT, X7 —
Ao
AZ pK*(892)°
AZpKTK™
Ao po
A pPPP
ACAKT
AZ AT
A (2593)

prt

/ A(2625)~

N Rt o

pPKT 7~

= = AZKO

c’ c

(

<

A

A~ A~ A~~~

1.55+ 0.19) x 10~4
2.4 x 1072
5.07 x 1073
2.74 x 1073
55 + 1.0 ) x 10~4
1.02+ 0.18) x 104
3.1 x 1072
1.08+ 0.16) x 10~4
6.4 + 1.7 ) x107°

CL=90%
CL=90%
S=1.3

CL=90%

0.24) x 104
0.7 ) x 1072
2.5 ) x 1076

1.83+
34 £

8.8 *

2.42 x 1072
2.0 £ 0.4 )x 1072
1.0 x 1072
2.8 x 106
48 + 1.1 )x107°
1.6 x 1072
1.1 x 1074
12 + 08 )x1073
24 + 1.1 )x107°
53 + 1.7 ) x 1070
4.0 + 09 )x10~4
24 4+ 0.6 )x 104

CL=90%

CL=90%

CL=95%

CL=90%

S=1.8

oW W

1982

1883
1821
1934

1860
1860
1895

1895
1786

1754

1647
1588
1567

677
1767
1319

1147
1147

732

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

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

Yy B1
ete™ B1
e+e_7 B1
pt BI
pt =y BI
pt BI
SP, S— utu~, B1
P— ptpu”
Tt B1
00t~ B1
m0et e~ BI
W0u+u_ B1
et e~ B1
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2640
2640
2640

2638

2638
2629

1952
2638
2638
2634
2611

< 32 x 107 CL=90%

< 25 x 1079 CL=90%

< 12 x 10~ 7 CL=90%

(7 B Hyxiwo1 s=1s

< 20 x 1079 CL=95%

< 6.9 x 10~10CL=095%

[xxx] < 6.0 x 10710 CL=05%

< 21 x 1073 CL=95%

< 53 x 1078 CL=90%

< 84 x 1078 CL=90%

< 6.9 x 1078 CL=90%

< 6.4 x 1078 CL=90%
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net BI < 1.08 x10~7 CL=90% 2611
nutpu~ BI < 112 x 1077 CL=90% 2607
%y BI < 9 x 1076 CL=00% 2638
KOot+ e~ Bl  [ii] ( 33 + 0.6 )x10~' 2616
KOet e~ B1 (25 T r3)x1077 s=13 2616
KOt = B1 ( 339+ 0.35)x10~7 S=1.1 2612
KOvw BI < 26 x 1075 CL=90% 2616
POvo B1 < 40 x 1075 CL=90% 2583
K*(892)0 ¢+ ¢~ Br il ( 99 T 12)x1077 2565
K*(892)% et e~ B1 ( 103" J1%) x 100 2565
K*(892)0 1t BI ( 9.4 + 05 )x10~7 2560
I TR T BI ( 21 + 05)x10°8 2626
K*(892)° v B1 < 18 x 1075 CL=00% 2565
invisible B1 < 24 x 1072 CL=90% -
VU B1 < 16 x 1072 CL=90% 2640
137 B1 < 127 x 1074 CL=00% 2541
=T LF  [aa] < 1.0 x 1079 CL=90% 2639
n0e® T LF < 14 x10~7 CL=90% 2637
KOet T LF < 38 x 1078 CL=90% 2615
K*(892)0 et ™ LF < 16 x 1077 CL=90% 2563
K*(892)% e~ it LF < 12 x 1077 CL=90% 2563
K*(892)0 e 1/ F LF < 18 x10~7 CL=90% 2563
et rF LF  [aa] < 16 x 1075 CL=90% 2341
ptrF LF  [aa] < 1.4 x 1075 CL=05% 2340
AT LB < 14 x 1076 CL=00% 2143
Afe” LB < 4 x 1076 CL=00% 2145
B*/B® ADMIXTURE
CP violation
Acp(B = K*(892)7) = —0.003 + 0.011
Acp(B = sv) = 0.015 + 0.011
Acp(B = (s+d)v) = 0.010 = 0.031
Acp(B — Xs0T¢7) =0.04 £+ 0.11
Acp(B — X (t67) (1.0 < g% < 6.0 GeV?/c*) = —0.06 £0.22
Acp(B = Xs0107) (10.1 < g < 12.9 or g% > 14.2 GeV?/c*)
=0.19 £ 0.18

ACP(B — K* e+

e”) =—0.18 +0.15

Acp(B — K*uTp~) = —0.03+0.13
Acp(B — K*€T¢7) = —0.04 £ 0.07
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Acp(B — mnanything) = —0.13+8:8§,1

AAcp(Xsv) = ACP(BZE — Xs7) — ACP(BO — Xs7) =
0.041 4+ 0.023

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

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

Acp(B = K*y) = (Acp(BT = K*t7) + Agp(B® —
K*04))/2 = —0.001 + 0.014

The branching fraction measurements are for an admixture of_B mesons at
the T(4S). The values quoted assume that B(71(4S) — BB) = 100%.

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

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

Scale factor/ p

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

(T vpanything liiyyy] ( 10.84 + 0.16 ) % -
D~ ¢t vyanything il ( 26 =+ 05 )% -
DO ¢+t vpanything il (73 £ 15 )% -
DTy, (242 +£ 012 )% 2310
D*~ ¢t vyanything [zzz] ( 67 + 1.3 )x1073 -
D* ¢t vy [aaaa] ( 495 + 0.11 ) % 2257
D** Ty, [iii,bbaa]) ( 27 £ 07 )% -
D1(2420) ¢+ vpanything ( 38 + 13 )x1073 S5=24 -

D7 lT vyanything + ( 26 +05 )% S=15 -~

D* 14T vyanything

57r€+l/ganything ( 15 £06 )% -

D* 10T vyanything ( 19 +£04 )% -
D3(2460) (™ vy anything ( 44 +16 )x1073 -

HTTP://PDG.LBL.GOV Page 116 Created: 8/11/2022 09:37



Citation: R.L. Workman et al. (Particle Data Group), Prog.Theor.Exp.Phys. 2022, 083C01 (2022)

D*~ 7t ¢ vypanything (  1.00 + 034 )% -
Drta= Ty, ( 162 + 032 )x10"3 2301
D*rtn= (T, ( 94 +32 )x1074 2247
D, (" vpanything lil < 7 x 1073 CL=90% -

D, T vy Kt anything li] < 5 x 1073 CL=90% -

D ¢ vy, K%anything lil < 7 x 1073 CL=90% —~
X 0ty ( 10.65 + 0.16 ) % -
X, 0T vy ( 191 + 027 )x 103 -~

X, et v, ( 157 + 0.19 )x 103 -

Xypt v, ( 1.62 + 021 )x1073 -
K ¢t vyanything il ( 63 £ 06 )% -
K~ ¢t vyanything il ( 10 + 4 )x10~3 -
KO/?Oﬁ' vyanything il ( 46 =+ 05 )% -

Drtu, ( 82 + 08 )x1073 1911
D*rtu, (146 + 0.08 )% 1838

D, D*, or D modes

D* anything ( 231 +£12 )% -
DO /DO anything ( 616 + 29 )% S=1.3 -
D*(2010)* anything ( 225 + 15 )% -
D*(2007)%anything ( 260 +27 )% -
D;tanything [aa] ( 83 £ 08 )% -
D:ianything ( 63 +10 )% -
DD ( 34 +06 )% -
5D50(2317) seen 1605
D D, 7(2457) seen -
DD KO 4 [aa,ccaa] ( 7.1 T %; ) % -

D& D) kE '
b— cCs (22 +4 Y% -
Dy () D) [aa,ccaa]l ( 39 £ 04 Y% -
D* D*(2010)* [aa] < 5.9 x 1073 CL=90% 1711
D D*(2010)* + D*D* [aa] < 55 x 1073 CL=90% -
D D* [aa] < 3.1 x 1073 CL=90% 1866
Dy (*)iﬁ(*)X(nﬂ‘i) [aa,ccaa) (9 T 2 ) % -
D*(2010)~ < 11 x 1073 CL=90% 2257
D;L'/r_, D:+7r_, D:p_, [aa] < 4 x 10~4 CL=90% -

Dt p=, DI =0, Dt 70,

D:n, D:+17, D:po,

Dt p0, DYw, DItw
D41(2536) ™ anything < 9.5 x 103 CL=90% -
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Charmonium modes

J/1(1S)anything ( 1.004+ 0.032) % S=1.1 -

J/¥(1S) (direct) anything ( 78 + 04 )x1073 S=11 -
¥ (2S)anything ( 307 + 021 )x103 -
Xc1(1P)anything ( 355 + 027 )x1073 S=13 -

Xc1(1P)(direct) anything (  3.08 + 0.19 )x 103 -
Xc2(1P)anything ( 100 + 1.7 )x107% S=16 -

Xc2(1P)(direct) anything ( 75 + 11 )x10~4 -
ne(1S)anything < 9 x 103 CL=90% -
K x1(3872) ( 23 407 )x1074 1141
K X(3940), X — D*0pY < 67 x 1075 CL=90% 1084
Kxc0(3915), xco — wJd/w[ddaa] ( 7.1 + 3.4 )x107° 1103

K or K* modes

Kianything [aa] ( 789 +£ 25 )% -

K+ anything ( 66 +£5 )% -

K™ anything ( 13 +4 Y% -
KO/WOanything [aa] ( 64 +4 )% -
K*(892)* anything ( 18 &+ ) % -
K*(892)° / K*(892)%anything [aa] ( 146 + 26 )% -
K*(892)~ ( 42 + 06 )x107° 2565
nK~ ( 85 T 1% )x106 2588
K1(1400)~ < 127 x 1074 CL=90% 2454
K3(1430) ( 17 T3 yx105 2447
K>(1770)~ < 12 x 1073 CL=90% 2342
K3(1780)~ < 37 x 1072 CL=90% 2340
K3;(2045)~ < 10 x 1073 CL=90% 2243
K n'(958) ( 83 + 11 )x107° 2528
K*(892)n'(958) ( 41 + 11 )x10°6 2472
Kn < 52 x 1070 CL=90% 2588
K*(892)n ( 1.8 + 05 )x107° 2534
Koo ( 23 £+ 09 )x10° 2306
b — 35y ( 3.49 + 0.19 ) x10~4 -~
b— dvy ( 92 + 30 )x10°6 -~
b — Sgluon < 68 % CL=90% -

7n anything ( 26 T 82 ) x 104 -

n' anything ( 42 +09 )x1074 -

KT gluon (charmless) < 187 x 10~% CL=90% -

KOgluon (charmless) ( 19 +07 )x1074 -

Light unflavored meson modes

Py ( 139 + 025 )x107% s=12 2583
p/wy ( 130 + 023 )x107% s=12 -

HTTP://PDG.LBL.GOV Page 118 Created: 8/11/2022 09:37



Citation: R.L. Workman et al. (Particle Data Group), Prog.Theor.Exp.Phys. 2022, 083C01 (2022)

2638
2638

nt anything [aa,eeaal ( 358 +7 )%
79 anything (235 +11 )%
1 anything ( 176 +£ 16 )%
pY anything (21 +£5 )%
w anything < 81 % CL=90%
¢ anything ( 343 £012)%
¢ K*(892) < 22 x 1072 CL=90%
7T gluon (charmless) ( 37 +08 )x1074
Baryon modes
/\j:r / ﬂc_ anything ( 36 +£04 )%
/\j’anything < 1.3 % CL=90%
ﬂc_ anything < 7 % CL=90%
A_ 0T anything < 9 x 1074 CL=90%
XC_ et anything < 1.8 x 1073 CL=90%
ZC_ p T anything < - 14 x 1073 CL=90%
ﬂc_p anything ( 204 £033)%
A petu, < 8 x 104 CL=90%
X _ " anything ( 33 + 17 )x103
Y _anything < 8 x 1073 CL=90%
fganything ( 37 + 17 )x1073
TIN(N = porn) < 12 x 1073 CL=90%
=%anything, =% — =—xt (193 £ 030 )x10~4 s=11
:_i', :_i' - Zoatat ( a5 T %% ) x 10~4
p/ P anything [aa) ( 80 + 04 )%
p/P (direct) anything [aa) ( 55 +£ 05 )%
peT v, anything < 5.9 x 104 CL=90%
A/ A anything [aa) ( 40 + 05 )%
A anything seen
A anything seen
=~ /=T anything [aa) ( 27 + 06 )x103
baryons anything ( 68 +£06 )%
pp anything ( 247 £023)%
Ap/Ap anything [aa) ( 25 + 04 )%
AA anything < 5 x 103 CL=90%
Lepton Family number (LF) violating modes or
AB = 1 weak neutral current (B1) modes
sete” BI ( 67 + 17 )x1076 s=20
sutT T BI ( 43 +10 )x100
ST 4~ Bl [ii] ( 58 + 13 )x1070 s=138
AN BI < 59 x 10~8 CL=90%
mete™ BI < 110 x 10~7 CL=90%
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Tt BI < 50 x 1078 CL=90%
Kete™ BI ( 44 £ 06 )x1077
K*(892)e™ e~ BI ( 119 £ 020 )x107% s=12
Kuptp~ BI ( 44 + 04 )x1077
K*(892) ™t ™ BI ( 1.06 + 0.09 )x 10~
Kete— BI ( 48 + 04 )x1077
K*(892) ¢t ¢~ BI ( 1.05 + 0.10 ) x 1070
Kvo B1 < 1.6 x 1072 CL=90%
K*vv B1 < 27 x 1072 CL=90%
TUD BI < 8 x 1070 CL=90%
prU B1 < 28 x 1072 CL=90%
setuT LF  [aa] < 22 x 10~5 CL=90%
met T LF < 92 x 10~8 CL=90%
pet T LF < 32 x 1076 CL=90%
Ke* T LF < 38 % 10~8 CL=90%
K*(892) et 1T LF < 51 x 10~7 CL=90%

2634
2617
2565
2612
2560
2617
2565
2617

2638
2583

2637
2582
2616
2563

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

These measurements are for an admixture of bottom particles at high
energy (LHC, LEP, Tevatron, SppS).

Mean life 7 = (1.5672 4 0.0029) x 10712 5

Mean life 7 = (1.72 £ 0.10) x 107'2's  Charged b-hadron

admixture

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

mixture

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

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.
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p
(MeV/c)

PRODUCTION FRACTIONS

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

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

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

cor(BY, B+=B0) = —0.633

cor(b-baryon, Bi:BO) = —0.813.
The notation for production fractions varies in the literature (fd, dBO’
f(b— EO), Br(b — EO)). We use our own branching fraction notation
here, B(b — BO).

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

Bt (408 + 0.7 )%
BO (408 £ 0.7 )%
BY (100 + 0.8 )%
b-baryon ( 84 +£11)%
DECAY MODES
Semileptonic and leptonic modes
vanything (231 £ 15)%
(* vyanything [i] ( 10.69+ 0.22) %
eT vpanything ( 10.86+ 0.35) %
ut vy anything ( 10.95F 8:%%)%
D~ ¢T vpanything lil] ( 22 + 04 )% S=1.9
D~ 7T T vpanything ( 49 + 1.9 )x103

100%.
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2 (T vpanything
D0_£+ vpanything
907?_£+ vpanything
DO 7t ¢+ vy anything
D*~ ¢t vyanything
D*~ 7w~ 4T vypanything
D*~ 7T 0% vypanything
D?EJF vpanything X
B(D} — D*frn™)
DJ._E‘LVganything X
B(D; — D%n7)
53(2460)06Jr vganything
x B(D3(2460)° —
D*~7)
D3%(2460)~ £+ vpanything
x B(D3(2460)" —
B DO7~)
D§(2460)0€+ vy anything
x B(D%(2460)° —
D~ nT)
charmless (v,
71 v_anything
D*~ v anything
C — {~ Upanything
¢ — (T vanything

[iii, ffaa)

[iii,ffaa] ~ (

2.6
[iii]

2.3
[iii]
6

4.8
2.6

e e e e e N

7.0

[iii] 1.7

(

(

( 9
i) (
(

1.6

+

6.79+
1.07+

+

2.75+

+
+
+

+

241+

+

8.02+

+

1.6 ) x 10~3 -
0.34) % -
0.27) % -
1.6 ) x 1073 -
0.19) % -
7 )x1074 -
1.0 ) x 1073 -
0.9 )x 1073 -

2.3 ) x 1073 -

%103 CL=90% -

g )x 1073 -

0.8 ) x 1073 -

0.5 ) x 1073 -
0.23) % -
4 )yx10—3 -
0.19) % -

08 )% -

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)¥ DF anything
DO D*(2010)* anything

HTTP://PDG.LBL.GOV

( 58.7
( 9.1

[aa]  (
[aa]  (

( 2.7

[aa]
4.0
5.1

[aa]

[aa]) < 9
(227
(17.3
( 5.0

( 3.3

[aa]

[aa] ( 3.0

Page 122

+
+

I+ |+

I+

|+ W W

I+

2.8 )% ~

) % -
%103 CL=90% -
1.6 )% -~
2.0 )% -
15 )% -

1.
1.2 ) % N

09 )% -
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D*(2010)* DT anything

D*(2010)* D*(2010)F anything [aa] ( 1.2

D D anything
D§(2460)0 anything
D_ anything
D:anything
/\:ranything

€/ c anything

J/1(1S)anything ( 116+ 0.10) %
1 (2S)anything ( 3.06+ 0.30) x 1073
Xco(1P)anything ( 15 + 06 )%
Xc1(1P)anything ( 14 +£04)%
Xe2(1P)anything ( 62 + 29 )x103
Xc(2P)anything, x. — ¢¢ < 28 x 1077 CL=95%
ne(1S)anything 56 + 0.9 )x 1073
ne(2S)anything, n. — ¢¢ ( 39 + 1.4 )x10~ 7
Xc1(3872)anything, xc1 — < 45 x 107 CL=95%
of
Xc0(3915)anything, X0 — < 31 x 10~7 CL=95%
ox)

K or K* modes
e ( 31+ 11)x10"4
Svv B1 < 6.4 x 104 CL=90%
K* anything (74 +£6 )%
K%anything (29.0 £29)%

Pion modes

7+ anything (397 +£21 )%
79 anything [eeaa] (278 £60 )%
¢anything ( 282+ 0.23)%

Baryon modes
p/Panything (131 + 1.1 )%
A/ Aanything ( 59 £ 06)%
b-baryon anything (102 £ 28)%

Other modes
charged anything [eeaa]l (497 £+ 7 )%
hadron™ hadron™ (17T 30y <105
charmless (7 421 )x10-3
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AB = 1 weak neutral current (B1) modes
p T anything BI < 32 x 10~% CL=90% -

B* 1(JP) = 3(17)
|, J. P need confirmation.

Quantum numbers shown are quark-model predictions.
Mass mg. = 5324.71 & 0.21 MeV
mpg. — mg = 45.21 £+ 0.21 MeV
Mpey — Mgy = 45.37 £+ 0.21 MeV

B* DECAY MODES Fraction (I';/T) p (MeV/c)
B~ seen 45
B;(5721) 1Py =1ath)

I, J, P need confirmation.
B1(5721) mass = 5725.9 73> MeV

me — Mg = 401.2‘_@:‘71 MeV

B;(5721)° mass = 5726.1 + 1.3 MeV (S = 1.2)
Mgy — Mg+ = 446.7 +£ 1.3 MeV (S =1.2)

Mgy — Mgy = 401.4 £ 1.2 MeV (S=1.2)

Full width T'(B;(5721)T) =31 £ 6 MeV (S = 1.1)
Full width T(B;(5721)°) = 27.5 + 3.4 MeV (S = 1.1)

B, (5721) DECAY MODES Fraction (I;/T) p (MeV/c)
B*n seen 365
5(5747) 1uP) = 1h)
I, J. P need confirmation.

B3(5747)" mass = 5737.2 + 0.7 MeV
Mgy — Mo = 457.5 + 0.7 MeV
2

B5(5747)° mass = 5739.5 + 0.7 MeV (S = 1.4)
Mg — Mpgo = 134+ 1.4 MeV (S=13)

B ~ Mp+ = 460.2 £ 0.6 MeV (S = 1.4)

Full width [(B3(5747)") =20 £ 5 MeV (S = 2.2)
Full width [(B5(5747)%) = 24.2 + 1.7 MeV

m
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33(5747) DECAY MODES Fraction (I';/T) p (MeV/c)

Br seen 420

B* seen 376
B,(5970) 1(4P) = 3(%)

I, J, P need confirmation.
B;(5970)" mass m = 5964 + 5 MeV

Mg (s970)+ — Mpo = 685 + 5 MeV

B;(5970)° mass m = 5971 + 5 MeV

B;(5970)" full width I = 62 & 20 MeV
B;(5970)° full width I = 81 + 12 MeV

B (5970) DECAY MODES Fraction (I';/T) p (MeV/c)
Br possibly seen 633
B*nm seen 592

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

0 __ p RO < i *1
B; = sb, B =5b, similarly for B}'s

B? 1(JP) = 0(07)

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

Mass Mgo = 5366.92 + 0.10 MeV

Mgo — Mp = 87.42 £ 0.14 MeV

Mean life 7 = (1.520 + 0.005) x 10712 s
cr = 455.7 um
ATpgo =Tgo = Fgo = (0.084 +0.005) x 1012 s=1 (S =1.7)
BY-B? mixing parameters
- mg = (17.765 £ 0.006) x 10" f s~ 1
sL

= (1.1693 + 0.0004) x 1078 MeV
Xs = Am g /T go = 27.01 + 0.10

Xs (BB mixing parameter) = 0.499318 & 0.000005

AmBO = mBO
s sH
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CP violation parameters in Bg
Re(ego) / (1 + |ego|?) = (—0.15 £+ 0.70) x 1073

Ckk(B? - KTK~)=0.162 + 0.035

Skk(BY = KTK™)=014=£0.05 (S=13)
r5(B) — DT K*)=037155

rg(BY — DT KExE7rF) =047 £ 0.08

op(BY — DT KT) = (358 + 14)°

0p(BY = DI KT rtrF)=(-6%13)°

CP Violation phase 35 = (2.5 + 1.0) x 1072 rad
IA| (B = J/(15)¢) = 1.001 £ 0.018 (S = 1.2)
|A| = 0.999 + 0.017

A, CP violation parameter = —0.79 £+ 0.08

C, CP violation parameter = 0.19 4 0.06

S, CP violation parameter = 0.17 4+ 0.06

AL L (Bs — J/¢¥K*(892)%) = —0.05 + 0.06
A%P(Bs — J/YK*(892)%) = 0.17 + 0.15

AL p(Bs — J/ipK*(892)°) = —0.05 + 0.10
Acp(Bs = mtK™) = 0.224 + 0.012

Acp(BY — [KTK~]pK*(892)°) = —0.04 & 0.07
Acp(BY — [T K™ ]pK*(892)°) = —0.01 £ 0.04
Acp(BY — [ntn~]pK*(892)°) = 0.06 + 0.13
S(BY — ¢v) =0.43 +0.32

(B2 —» ¢v)=011+031

AR(BY - ¢y)=—-07+04

Aa; < 1.2x10712 Gev, CL = 95%

Aaj = (—0.9 + 1.5) x 10714 GeV

Aay = (1.0 £ 2.2) x 1071 GeV

Aay = (—3.8 £ 2.2) x 1071 GeV

Re(¢) = —0.022 + 0.033

Im(€) = 0.004 + 0.011

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

The branching fraction B(Bg — DS_ ot vpanything) is not a pure mea-
surement since the measured product branching fraction B(b — Bg) X
B(Bg — D_ ot vpanything) was used to determine B(b — BS) 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.
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Scale factor/ p

Bg DECAY MODES Fraction (I;/T) Confidence level (MeV/c)
D_ anything (62 +£6 )% -
12794 (9.6 £ 08)% -
et v X~ (91 £ 08)% -
utvX— (102 + 1.0 )% -
Ds_ A vpanything [ggaa] (81 + 1.3 )% -
D:_ﬁ'uganything (54 £ 1.1)% -
D ptu, ( 2444+ 0.23) % 2321
D pnty, (53 + 05)% 2266
Ds1(2536) " p* v, D — (27 £ 07 )x1073 -

D*~ K%
Ds1(2536)" Xputv, D — (44 + 1.3 )x103 -

50 KT
Ds»(2573)" Xputv, D, — (27 £ 1.0 )x1073 -

DO K+
K- uty, ( 1.06+ 0.09) x 10~4 2660
D, mt ( 2.98+ 0.14) x 103 2320
D pt (68 + 1.4 )x10~3 2249
D ntatm™ (6.1 + 1.0 )x 1073 2301

Ds1(2536)" 7", D — (24 + 08)x107° -

D;W+W_
DT K* ( 2.25+ 0.12) x 10~4 2203
D Ktntn— (32 + 06 )x104 2249
DY D; (44 + 05 )x10-3 1824
D_ DT (28 + 05)x10"% 1875
Dt D~ (22 + 06 )x1074 1925
DO DO (1.9 + 05 )x10~4 1930
Dt (19 9% )x10-3 2265
*F ot + 0.40 —4 _

DK (1327 (735) x 10
Dy p* (95 + 20 )x103 2191
Dt D- + DI DY ( 139+ 0.17) % 1742
Dt D¥~ ( 144+ 0.21) % S=1.1 1655
Dz*)+ Dg*)_ (45 + 14)% -
D*~ DY (39 + 08 )x104 1801
D*9KO (28 + 1.1 ) x10~4 2278
DOK? (43 + 09 )x 104 2330
DOK— 7t ( 1.04+ 0.13) x 103 2312
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DO K*(892)°
DO K*(1410)
DO K;5(1430)
1430)
80)
50)
DK K* 1780)
DK K* 2045)
DOK 7T (non-resonant)
D5 (2573)" 7", Dy, —
DVK~
D3 (2700)"x*, D —
DO K~
D,(2860)"x*, D —
. DK~ .
D} (20860) ., D¥; —

(
(
ol
5(
D°K K*(
ol
a(
a(

. Dk~
DOK+ K~
D0f0(980)

D%
D*0¢

,0, p — rta~
J/w(ls 7(980), fy —

HTTP://PDG.LBL.GOV

(44 + 06 )x1074 2264
(39 + 35 )x104 2117
(30 +07)x107% 2113
(11 + 04 )x107% 2112
< 78 x 1072 CL=90% 1997
< 11 x 1074  CL=90% 1890
< 26 x 1075  CL=90% 1970
< 31 x 1072 CL=90% 1835

21 + 08 )x104 2312
(
(26 + 04 )x10~4 -

(16 + 08 )x10~2 -
(5 +4 )x107° -

(22 + 06 )x1072 -

(56 + 09 )x1072 2243
< 31 x 1070 cL=90% 2242
(30 + 05)x107° 2235
(37 £ 06 )x1072 2178
< 6.1 x 1076 cL=90% -
(50 + 09 )x10% 1663
(18 + 07 )x1074 1840
( 1.04+ 0.04) x 1073 1588
(1207 91351075 764
< 12 x 1073 CL=90% 1787
(40 £ 07)x107% s=14 1733
( 1.92+ 0.14) x 1072 1743
(41 + 04 )x1072 1637
(33 + 04 )x104 1612
( 202+ 0.17)x 1074  s=17 1775
< 4 x 1076 CcL=90% -
< 3.4 x 1076 CcL=90% -

( 124+ 0.15)x 1074  s=21 -
(1.0 + 04 )x107° -
(73 + 1.7 )x10~/ -

( 1.054+ 0.33) x 107 -
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J/9(18)H(1270) |, H — (13 + 07 )x10°° -
rtn~
J/(1S) fy(1370), fy — (44 F 98 )x105 -
rtn~ '
J/¢(15) f(1500), fy — (2047 032y x 1075 -
T
J/(1S) F(1525) 9, fh — ( 1.03+ 0.22) x 1070 -
rtn~
J/p(18) 4 (1525), fh — (12 28 )x1077 -
atn~
J/p(18) 5 (1525) |, fh — (5 +4 )x107/ -
rtn~
J/(1S) f(1790), fy — (49 T100) 5 10-6 -
atn~
J/¥(1S) 7t 7~ (nonresonant) (1747 (1):%2) x 1072 1775
JIYp(A1S)KO o~ < 44 x 1075 CL=90% 1675
J/P(1S)KT K~ (79 + 07 )x 1074 1601
J/p(AS)KOK— 7t + cc. (95 + 13 )x10~4 1538
J/IYp(1S)KO KT K~ < 12 x 1075 CL=90% 1333
J/¢ K*(892)0 K*(892)° ( 1.10+ 0.00) x 10—4 1083
J/(1S) £} (1525) (26 + 06 )x1074 1310
J/¢(1S)pp (36 + 04 )x10 982
J/¥(1S)y < 73 x 1070 CL=90% 1790
J/YpAS)rtant (75 + 08 )x107° 1731
J/¥(1S) f(1285) (72 + 1.4 )x107° 1460
»(2S)n (33 + 09)x10"4 1338
»(2S)n' ( 1.294 0.35) x 104 1158
P(2S) Tt~ (69 + 1.2 )x107> 1397
P(2S) ¢ (52 + 04 )x1074 1120
Y(2S)K~ 7t (31 + 04)x107° 1310
¥(25)K*(892)° (33 + 05)x1075 1196
Xc1 @ ( 1.97+ 0.25)x 104 1274
Xc1(3872) ¢ (11 + 04 )x10~4 936
Xc1(3872) (KT K™) non—a (86 + 35)x107° 961
Tt~ (7.0 £ 1.0)x 107 2680
7070 < 21 x10~4 CL=90% 2680
nw0 < 1.0 x 103 CL=90% 2654
nn < 1.43 x 1074 CL=90% 2627
p° 0 < 3.0 x 1074 CL=90% 2569
n'n < 65 x107% CL=90% 2568
n'n (33 + 07)x10°3 2507
n ¢ < 82 x 1077 CL=90% 2495
$1(980), £(980) — mT 7~ ( 112+ 0.21) x 10~6 -
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$£(1270), £(1270) — (61 T 18 )x1077
rtn~ .
¢ p° (27 + 0.8 )x10~7
prt T (35 + 05)x10°
10Y0) ( 1.85+ 0.14) x 102
b (22 + 06 )x100
Tt K~ (58 + 07 )x100
KT K~ ( 2.66+ 0.22) x 107
KO KO ( 1.76+ 0.31) x 1075
KOrtn— (95 + 2.1 )x106
KOKﬂEw]F (84 + 09 )x1075
K*(892)~ = (29 + 1.1 )x10°0
K*(892)jE KjF (1.9 + 05 )x1075
K*(1430) (31 + 25)x107°
K3(1430)* K (1.0 £ 1.7 ) x 107>
(892)0 K°+ c.c. (2.0 + 06 )x1075
K3(1430) KO + c.c. (33 + 1.0 )x1075
K*(1430)0 K%+ cc. (17 + 22 )x 1075
KO K*(892)° + c.c. (16 + 04 )x1075
K0K+K— (13 + 0.6 )x1070
K*(892)0 p0 < 767 x 1074 CL=90%
K*(892)% K*(892)° (1114 0.27) x 1075
¢ K*(892)° ( 1.14+ 0.30) x 10~
pp < 15 x 1078  CL=90%
pPKT K™ (45 + 05 )x1070
ppKT 7~ ( 1.39+ 0.26) x 106
pprT T (43 + 20)x1077
pAK™ + c.c. (55 + 1.0 )x 1070
A Ant (36 £ 1.6 )x 1074
ADNE < 80 x 1075  CL=95%

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

vy B1 < 31 x 1076 CcL=90%

oy B1 (34 + 04 )x1072

ptp~ BI ( 3.01+ 0.35) x 1079

et e B1 < 94 x 1079 CL=90%

Tt B1 < 68 x 1073 CL=95%

wr Tt BI < 25 x 1079 CL=95%
SP, S— utu~, BI [ox] < 22 x 1079 CL=95%

P— ptpu”
#(1020) ™ B1 (84 £ 04)x107

2526
2579
2482
2165
2659
2638
2637
2653
2622
2607
2585

2585
2468
2467
2585
2568
2550
2531
2507
2514
2231
2355
2454
2358
1979

1405

2683
2587
2681
2683
2011
2673

2582
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F5(1525) ™t ™ ( 1.62+ 0.22) x 10~/ 2464

K*(892)0 it ™ BI (29 £ 1.1 )x 108 2605

ataut BI (84 + 1.7 )x10°8 2670

oUT B1 < 54 x 1073 CL=90% 2587

et T LF [aa] < 5.4 %1079 CL=90% 2682

pE T LF < 42 x 1075 CL=95% 2388
B} 1(JP) = 0(17)

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

Mass m = 54154718 MeV (S = 2.9)

mp: — mp_ = 48.51’%:? MeV (S =12.9)

B: DECAY MODES Fraction (I';/T) p (MeV/c)
Bs’y seen 48
Bs1(5830)° 1(JF) =01 ™)
I, J. P need confirmation.

Mass m = 5828.70 & 0.20 MeV
Mgy — Mg.y = 503.99 £ 0.17 MeV
sl

Full width ' = 0.5 + 0.4 MeV

B, (5830)0 DECAY MODES Fraction (I';/T) p (MeV/c)
B*+ K~ seen 97
+2(5840)° 1(JP) = o2h)
I, J, P need confirmation.

Mass m = 5839.86 + 0.12 MeV
Mg — Mgy = 560.52 + 0.14 MeV

Full width T = 1.49 + 0.27 MeV

Branching fractions are given relative to the one DEFINED AS 1.

B*,(5840)0 DECAY MODES Fraction (I';/T) p (MeV/c)
Bt K~ DEFINED AS 1 252
B*t K— 0.093+0.018 141
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BO k% 0.43 £0.11 245
B*0 KY 0.04 +0.04 -
BOTTOM, CHARMED MESONS
+ T - .. ,

Bl =cb, B =7¢b, similarly for BY's

+ Py _ —
B} Py =00")
I, J, P need confirmation.
Quantum numbers shown are quark-model predictions.
Mass m = 6274.47 + 0.32 MeV
Mgy — Mpgo = 907.8 + 0.5 MeV
Mean life 7 = (0.510 + 0.009) x 10712 s
B; modes are charge conjugates of the modes below.
p
B'c" DECAY MODES x B(b -+ B.) Fraction (I;/T) Confidence level (MeV/c)
J/¢(15)£+ vpanything seen -
J/@[J(].S);L—i_ Yy seen 2372
J/p(AS) T v, seen 1932
J/lﬂ(lS)W+ seen 2370
J/¢(15) K+ seen 2341
J/¢(15)W+ atn seen 2350
J/1(15) a1(1260) not seen 2169
.//¢(15)K+ K= nt seen 2203
J/YAS)n T at rt T seen 2309
¢(25)7r+ seen 2051
J/(1S) DOK+ seen 1539
J/1(1S) D*(2007)0 K+ seen 1411
J/4(18) D*(2010)+ K*O seen 919
J/(1S) DT K*0 seen 1122
J/(1S) D: seen 1821
_l’_
J/¢(15) D: seen 1727
J/¢(15)pﬁﬂ'+ seen 1791
Ot (24133) x 1075 2205
pﬁﬁ+ not seen 2970
DO K™ seen 2837
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DO 7T+ not seen 2858
D*O 7T+ not seen 2814
D*Oi<+ not seen 2792
DfDP <72 % 104 90% 2483
Dj DO < 3.0 % 104 90% 2483
Dt DY <19 x 10~4 90% 2521
Dt D_0 < 1.4 x 10~4 90% 2521
D:+ DO <53 % 104 90% 2425
DY D*(2007)° < 4.6 x 1074 90% 2427
D+ DO <9 x 104 90% 2425
DY D*(2007)° < 6.6 x 1074 0% 2427
D*(2010)* D° <38 x 10—4 90% 2467

D*(2010)+ DO, D>|<+ — not seen -

DA%/
D+ D*(2007)° < 6.5 x 1074 90% 2466
D*(2007)* D° < 2.0 x 10~4 90% -
D*(2010)+ DO, D*t — not seen 2467
D0/

D D*(2007)° <37 x 10~4 90% 2466
D" D*(2007)° <13 x 1073 90% 2366
D** D*(2007)° <13 x 103 90% 2366
D*(2010)* D*(2007)° < 1.0 x 103 90% 2410
D*(2010)* D*(2007)° <77 x 1074 90% 2410
D+E*0 not seen 2783
D+ K*O not seen 2783
D? K*O not seen 2751
D:_ W*O not seen 2751
D? 10} not seen 2727
K+ KO B not seen 30908
BSTF+/ B(b — Bs) seen —

B.(25)* 1(JP) = 0(07)

Mass m = 6871.2 &= 1.0 MeV

B.(25)* DECAY MODES Fraction (I';/T) p (MeVjc)

Bj 7T+ ™ seen 504
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cc MESONS

(including possibly non-q{ states)

nc(1S)

/G(JPC) ot~ 1)

Mass m = 2983.9 &+ 0.4 MeV (S =1.2)
Full width ' = 32.0 £ 0.7 MeV

nc(1S) DECAY MODES

p

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

n'(958)wm
7(958) K K
pp

K*(892)° K~ 7t + c.c.

K*(892) K*(892)

K*(892)0 K*(892)0 7t 7~

dKT K™
ol
¢2(nt )
20(980) 7
32(1320)71‘
K*(892)K + c.c.
H(1270)n
H(1270)
ww
wo
£(1270) £,(1270)
,(1270) £, (1525)
500)7
500) 7’
980)7
980) /'
1500) 7
1710) 7/
2100)7n/
£,(2200)7
a0(1320) 7
ap(1450)
)
)

ShehShShSh

o
AN AN AN AN N N N /N

ah

ag(1700
a0(1950

™
™

HTTP://PDG.LBL.GOV

Decays involving hadronic resonances

(41 £1.7 )% 1323
(35 +15)% 1131
(1.8 £05)% 1275
(20 +£07)% 1278
(6.9 +1.3 ) x 1073 1196
(1.1 +£0.5 )% 1073
(29 +1.4 )x 1073 1104
( 1.74+0.19) x 10~3 1089
< 4 x 10~3 90% 1251
seen 1327
< 2 % 90% 1196
< 1.28 % 90% 1310
< 11 % 90% 1145
seen 984
(29 408 )x10~3 1270
< 25 x 10~4 90% 1185
(9.8 £2.5 ) x 1073 774
(95 +3.2 )x 1073 524
seen -
seen -
seen 1264
seen 1130
seen 1025
seen 653
seen T
seen 498
seen -
seen 1123
seen -
seen 860
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K§(1430)K seen -
K§(1430)W seen -
K8(1950)W seen -
Decays into stable hadrons
KKn (73 £04 )% 1381
KKn ( 1.36:£0.15) % 1265
nwt = (1.7 £0.6 )% 1428
n2(rt ) (44 +£1.6 )% 1386
KtK ntn~ (66 +1.1)x10~3 1345
KtK-ntax0 (35 +0.6 )% 1304
KOK—ntn— 7t +cc (56 £1.9 )% -
KTK=2(rt77) (75 +2.4 )x103 1254
2(KTK™) ( 1.4340.30) x 103 1056
atn 70 < 5 x 104 90% 1476
at o 7070 (47 £1.4 )% 1460
2(rT 7)) (9.1 +1.2)x103 1459
2(nt 7 n9) (15.8 +£2.3 ) % 1409
3(rtmT) (17 £04 )% 1407
pp ( 1.44+0.14) x 10~3 1160
ppn° (36 £1.5 )x 1073 1101
AA ( 1.0640.23) x 10~3 901
KTpA+ c.c. (25 +0.4 )x10~3 772
A(1520) A+ c.c. (31 +1.3)x103 694
Sty- (21 406 )x 1073 901
==t (9.0 £2.6 )x10~4 692
Tt T pp (53 +21)x1073 1027
Radiative decays
vy ( 1.61+0.12) x 10~ 4 1492
Charge conjugation (C), Parity (P),
Lepton family number (LF) violating modes
= P.CP < 1.1 x 104 90% 1485
7070 PCP < 4 x 105 90% 1486
KT K~ P.CP < 6 x 104 90% 1408
K K2 PCP < 3.1 x 104 90% 1407
J/¥(1S) 1e(UPCYy =01 )
Mass m = 3096.900 + 0.006 MeV
Full width T = 92.6 = 1.7 keV (S = 1.1)
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J/¥(1S) DECAY MODES

Fraction (I';/T)

Scale factor/ p
Confidence level (MeV/c)

hadrons (87.7 £ 05 )% -
virtualy — hadrons (13.50 + 0.30 ) % -
ggg (641 + 1.0 )% -
Y88 (88 + 11 )% -
et e ( 5.971+ 0.032) % 1548
ete vy [hhaa] (8.8 + 1.4 )x 103 1548
wtp~ ( 5.961+ 0.033) % 1545
Decays involving hadronic resonances
pT (1.69 + 0.15 )% S=24 1448
pO 0 (56 =+ 07 )x10-3 1448
a5(1320)p (1.09 + 022 )% 1123
nwt = (38 £ 07 )x1074 1487
nrt = 70 (117 + 0.20 )% 1470
natr™ 3n0 (49 + 1.0 )x10-3 1419
np (193 + 023 )x 104 1396
n(2170) — nofH(980) — (12 + 04 )x10% 628
neTt e
n¢(2170) — < 252 x 1074 CL=90% -
n K*(892)° K*(892)°
nKEKLTT [aa] (22 £ 04 )x1073 1278
n K*(892)0 K*(892)° (115 + 0.26 ) x 103 1003
pn'(958) (81 + 08 )x107° S=16 1281
pEaFtata 270 (28 + 08 )% 1364
pJr P ata— a0 (6 + 4 )x1073 1186
pT KEKS (19 + 04 )x10-3 1269
p(1450)7 — T~ 70 (23 + 07 )x1073 -
p(1450)F 77 — KL KEnT (35 + 06 )x10~4 -
p(1450)070 — K+ K= 70 (2.7 + 06 )x10~4 -
p(1450) 7' (958) — (33 + 07 )x1070 -
7T 7' (958)
p(1700) 7 — w7~ 70 (17 + 11 )x10~% -
p(2150)7 — T~ 70 (8 +40 )x10°© -
wmd (45 £ 05 )x10~4 S=1.4 1446
wrd = 7ta= a0 (17 + 08 )x1075 -
wrtr™ (72 + 1.0 )x1073 1435
w970 (34 + 08 )x10-3 1436
w370 (19 £ 06 )x10-3 1419
w f(1270) (43 + 06 )x1073 1142
wn (174 + 020 ) x 1073 S=16 1394
wrt ™70 (40 £ 07 )x10-3 1418
w9 (34 + 17 )x1074 1363
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wrtatr= ™ (85 + 34 )x1073 1392
wrt ™ 270 (33 £ 05 )% 1394
wn' mta~ (112 £ 013 )x 1073 1173
n'(958) (1.89 + 0.18 ) x 10~4 1279
w f5(980) (14 + 05 )x1074 1267
wfy(1710) - wKK (48 + 11 )x10~% 878
w f1(1420) (68 + 24 )x1074 1062
wf}(1525) < 22 x 1074 CL=90% 1007
wX(1835) — wpp < 3.9 x 1076 CL=95% -
wX(1835), X — n/'nta~ < 6.2 x 1072 -
wKEKLF [aa] (3.4 + 05 )x1073 1210
wKK (1.9 =+ 04 )x1073 1268
wK*(892)K + c.c. (61 + 09 )x1073 1007
n K** KT (148 + 0.13 ) x 103 -
n K*OK%+ c.c. (1.66 + 0.21 ) x 103 1000
n' h1(1415) — 7' K*K+ c.c. (216 + 031 )x10~4 —
n' hi(1415) — o/ K*= KT (151 + 0.23 )x 10~4 -~
KK*(892)+c.c. — (50 + 05 )x103 -
K KERT
KT K*(892)™ + c.c. (60 T 9% yx1073 $S=29 1373
KT K*(892)™ + c.c. — (260 T 923 )x1073 -~
Kt K= 0
KT K*(892)™ + c.c. — (30 + 04 )x103 -
KOKErF + cc.
KOK*(892)% + c.c. + 04 )x1073 1373
KOK*(892)° + c.c. — + 04 )x1073 -
KOKEnF+ cc.
K*(892)° KT 7~ + c.c. (77 + 16 )x1073 1343
K*(892)* KT 70 (41 + 13 )x1073 1344
K*(892)T K%7m~ + c.c. (20 + 05 )x1073 1342
K*(892) T K&r~+ cc. — (67 + 22 )x10~4 -
KEKSrtm™
K*(892)°KS — ~KLKY (63 T 3% )x10-0 -~
K*(892)0 K% 70 (7 +4 )xi04 1343
K*(892)* K*(700)F (11 T30 yx10-3 -
K*(892)0 K*(892)° (23 + 06 )x1074 1266
K*(892)* K*(892) (100 T 3221073 1266
K1(1400)* K (38 + 14 )x1073 1170
K*(1410)K—|—c.c — (7 +4 )x107° -
KEKF 70
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K*(1410)K + c.c. —
K KEnT
K%(1430)K +c.c. —
KE KT 70
K5(1430)K + c.c. —
K KEnT
K3(1430)K + c.c.
K%(1430)T K~ + c.c. —
Kt K= 0
K3(1430)T KS 7~ + c.c.
K3(1430)° K*(892)° + c.c.

K3(1430)~ K*(892)" + c.c.

K3(1430)~ K*(892)T +
c.C. —

*(892) T K™+ cc.

(
K3(1430)° K5(1430)°

K5(1770)° K*(892)° + c.c. —

K*(892)° K~ nt + c.c.
K5(1980) T K~ + c.c. —

KT K70
K;(2045)" K~ + c.c. —

KT K70
K1(1270)* KT
K1(1270) K¢ — vKZK?Q
ap(1320)*
¢
ot
¢m070
p2(rt )
®n
¢n'(958)
onn
¢ 1,(980)

¢ fo(980)
¢15(980)

70 £(980)
0 £(980)
$(980)n
$ap(980)°
¢ H(1270)
¢ (1285)

-
N
-
-

%
%
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(8
(1.0

( 4.0

( 2.69

(3.6
( 4.67
(3.4
(4

< 29
(6.9

( 1.10

(6.2

< 3.0
(85
[aa] < 4.3

3x 1076
(9.4
( 5.0

( 1.60
(7.4
( 4.6

( 2.32
(3.2

( 2.60
(1.8
(4.5
(1.7
(3.2
(4.4
(3.2
(26
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+

+

| +

| + H oK H R

H_

o
=

HoH B HHHHH KK HF R

6 )x107°
05 )x10~4

1.0 )x10~4

x 103

0.25

0’19 ) x107%

18 )x1073
0.29 ) x 1073
29 )x1073
4 )x1074

x 1073
09 )x1074

0.60

014 )x 1072

fe )x107°
x 1073
25 )x10~7
x 1073
1x10~ 7
15 )x10~4
1.0 )x10~4
0.32 ) x 10—3
0.8 )x10~%
05 )x10~%
0.17 ) x 10~4
09 )x10~%
0.34 )x 1074
05 )x1074
1.0 )x107°
0.6 )x107°
1.0 )x10~4
14 )x10°0
06 )x10~%
05 )x10~%

CL=90%

CL=90%

CL=90%

CL=90%

1158

1116
1011
1011

601
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¢ f(1285) —
pm0£,(980) —
<;57T07T+7r_
¢ f(1285) —
¢70 £,(980) — $3n°
#n(1405) — ¢nmt
¢ £1(1525)
$X(1835) — ¢pp
$X(1835) — on7T
#X(1870) — on7™
PKK
Pf(1710) —» oK K
%ﬁzK—
Lt
PKEKSTT
pK*(892)K + c.c.
b1 (1235)*
bl(1235)07r0
f1,(1525) K+
A(1232)1p
A(1232)++ﬁ7r
(1232)+"+2§(1232) -
(1385) pK™
5 (1385)9A+
>(1385)" X (or c.c.)
(1385) 7(1385) (or c.c.)
5 (1385)% X(1385)°
A(1520) A4 c.c. = YAA
A(1520) A+ c.c.
=0=0
=(1530)" =t + c.c.
=(1530)° =9
©(1540) ©(1540) —

KO pK~n+ c.c.
@(1540)K‘ﬁ — K2 spK™h
O(1540)K%p — KO pK*tn
UBMDK+n—+ Kg5K+n
O(1540)K%p — KipK™n

(9.4 + 28 )x10~'

(21 + 22 )x10~'

(20 + 10 )x107°

(8 +4 )x107%

< 21 x 10~7

< 28 x 10~4

< 6.13 x 1072
(177 + 0.16 ) x 1073

(36 + 06 )x10~4

(83 + 11 )x10~4

(59 + 15 )x10~4

[aa] (72 + 08 )x107%
(218 + 023 )x 1073

[aa] (3.0 + 05 )x1073
(23 + 06 )x1073

(1.06 + 0.35 ) x 103

<1 x 10~4
(16 + 05 )x10~3

(1.10 + 0.29 ) x 103

(51 =+ 32 )x10~4

< 82 x 100

[aa] (31 + 05 )x10~%
[aa] ( 1.16 + 0.05 ) x 10—3
( 1.07 + 0.08 ) x 103

< 41 x 1070

< 1.80 x 1073
(1.17 + 0.04 ) x 1073

(3.18 + 0.08 ) x 10~4

(32 + 14 )x10~4

liiaa] < 1.1 x 107°
liiaa] < 2.1 x 1070
[iiaa] < 1.6 x 1072
[iiaa] < 5.6 x 1072
liiaa] < 1.1 x 1070

Decays into stable hadrons

2(nt )70
3(rt7m)a0
ata~ 370
atn~ 4n0
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(3.71
(2.9
(1.9
(65

+ 028 )%
+ 06 )%
+ 09 )%
+ 13 )x1073
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S=2.7
CL=90%
CL=90%
CL=90%

S=1.3

CL=90%

CL=90%

CL=90%
CL=90%

CL=90%

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

S=1.3

952

955

946
877

578

1179
875
1179
1176
1114
969
1300
1300
897
1100
1030
938
646
911
855
697
697

807
818
600
608

1496
1433
1497
1470
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pEnF a0z (141 + 022 )% 1421
ot p— 0 (60 + 1.1 )x10-3 1208
at o 70 (210 £ 0.08 )% S=16 1533
2(rt = 70) (161 + 0.20 ) % 1468
Tt nOKT K~ (1.20 £ 0.30 ) % 1368
L (147 + 014 )x10~4 1542
2rt (357 + 0.30 ) x 103 1517
3(rt 7)) (43 + 04 )x103 1466
2(rt77)37° (62 £ 09 )% 1435
4(nt77)n0 (90 + 30 )x1073 1345
20T )n (229 + 0.28 ) x 103 1446
3(rt 7))y (72 £ 15 )x1074 1379
2(rt 7 70)n (16 + 05 )x10-3 1381
ata=x070y (24 + 05 )x10-3 1448
pEaF a0y (19 + 08 )x103 1326
Kt K~ (286 + 021 )x10~4 1468
KK (1.95 £ 0.11 ) x 10~4 S=2.4 1466
Ke K2 < 14 x 1078  CL=95% 1466
KKm (6.1 + 1.0 )x10—3 1442
Kt K~ 0 (2.88 + 0.12 ) x 103 1442
K KERT (56 + 05 )x10~3 1440
KS K9 7O (2.06 £ 0.26 ) x 10~3 1440
K*(892)°K% 4 c.c. — (121 + 018 ) x 1073 -
K K970
5(1430)°K%+ c.c. — (43 + 13 )x 1074 -
K KOO

KtK—atn~ (6.8 + 028 )x10~3 1407
KT K= 7070 (213 £ 022 ) x 1073 1410
KSKOmtm™ (38 £ 06 )x10-3 1406
KS K9 7070 (19 =+ 04 )x10-3 1408
K2KIn (145 £ 0.33 ) x 103 1328
KSKLmtm™ (1.68 £ 0.19 ) x 10~3 1406
KT K nE 7O (57 + 05 )x10-3 1408
KTK=2(rt77) (31 + 13 )x103 1320
KtK—ntn—n (47 + 07 )x1073 1221
2(KTK™) (72 + 08 )x10~% 1131
KTK™KYKS (42 £ 07 )x10~% 1127
pp ( 2.120+ 0.029) x 10~3 1232
ppn° (119 + 0.08 ) x 103 S=1.1 1176
pprT T (6.0 + 05 )x10~3 S=13 1107
pprnt a0 [jaa] (23 + 09 )x10~3 S=1.9 1033
PPN (2.00 + 0.12 ) x 1073 948
ppp < 3.1 x10~%  CL=90% 774
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ppw
pp1’(958)
pPag(980) — pprln
ppP®

pAm

nn
nAntt ™
nN(1440)
nN(1520)
nN(1535)
AA

AA7O
AMrtr—
AAn

AZ =7t (or cc.)
pK~ A+c.c.
pK— X0
ﬂnK%+cc.
AN+ cc.
>ty-
>030
:=—§?+

Radiative decays

Ync(1S)
Yne(1S) = 3y

Yc(18) = ynnn’
3y
4y
5y
y
7W0W0
y2rt2nT
v £(1270) £,(1270)
v £,(1270) £,(1270) (non reso-
nant)
vt 2x0
7K K
y(KK) [JFC =0~
YKTK-ntn~
v K*(892) K*(892)
ol
ynm°
7a0(980)° —
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[aa]

(9.8
( 1.29
(6.8
( 5.19
( 2.12
( 2.09
(4

seen

HoH H H B HH

seen
seen
( 1.89
(38
(43
( 1.62
(83
(86
(29
(65
( 2.83
( 1.07
( 1172+
(97 =+

HoH H BB HH R

1.0 )x10~4
0.14 ) x 1074
1.8 )x107°
0.33 ) x 102
0.09 ) x 103
0.16 ) x 103
4 )x1073

0.09 ) x 103
04 )x1072
1.0 )x1073
0.17 ) x 1074
07 )x10~%
11 )x10~4
0.8 )x10~4
1.1 )x10~4
0.23 ) x 1072
0.04 ) x 10—3
0.032) x 10~3
08 )x10~%

(1.7 +£04 )%
(38 T 13 )x10°
(49 + 08 )x107°
(116 + 022 ) x 1072
<9 x 1070
< 15 x 1070
(356 + 0.17 ) x 1072
( 1.15 + 0.05 ) x 103
(28 + 05 )x1073
(95 + 1.7 )x10~4
(82 + 19 )x10~4
(83 + 31 )x1073
(81 =+ 04 )x10~4
(7 +4 )x1074
(21 + 06 )x1073
(40 + 13 )x10-3
( 1.085+ 0.018) x 103
(214 + 031 )x107°
< 25 x 1070
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S=1.3
$=2.0

S=1.4
S=1.4

S=1.5
S=1.1

CL=90%
CL=90%

CL=95%

768
596
527

1174

1231

1106
978
928
917

1074
998
903
672
950
876
819
872

1034
992
988
807

111

1548
1548
1548
1546
1543
1517

878

1518
1466

1442
1407
1266
1500
1497
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va5(1320)° — 4 paO < 6.6 x 1076 CcL=095% -
ynmww (6.1 + 1.0 )x10~3 1487
y12(1870) — yn7tw (6.2 + 24 )x10~4 -
n'(958) (525 + 0.07 )x 1073 S=1.3 1400
Ypp (45 + 08 )x1073 1340
v pw < 54 x10~% CL=90% 1338
VPP < 88 x 1075 CL=90% 1258
yww (161 + 033 )x1073 1336
Yod B (40 + 12 )x10~4 S=2.1 1166
yn(1405/1475) — YK K (28 + 06 )x1073 S=1.6 1223
1n(1405/1475) — ~vp° (78 £ 20 )x1075 S=1.8 1223
n(1405/1475) — ~ynmt o~ (30 + 05 )x1074 -
1n(1405/1475) — ~p°p° (17 £ 04 )x10-3 S=13 1223
n(1405/1475) — ~~v¢ < 82 x 107>  CL=95% -
yn(1405) — vy < 263 x 1070 CL=90% -
n(1475) — vy < 1.86 x 1070 CL=90% -
n(1760) — ~p°p° (13 + 09 )x10~4 1048
n(1760) - yww (198 + 033 )x 1073 -
n(1760) — vy~ < 4.80 x 1070 CL=90% -
vn(2225) (314 T 939 )x 1074 752
7 £,(1270) (1.64 + 012 ) x 1073 S=1.3 1286
v£(1270) = KL KY (258 = 389 )x 1075 -
v f1(1285) B (61 + 08 )x1074 1283
vf(1370) - vKK (42 + 15 )x10~4 -
v f(1370) — fyi(%K% (11 + 04 )x107° -~
vf(1420) - vKK= (79 + 13 )x10~4 1220
vf(1500) — 77w (1.09 + 0.24 ) x 10~4 1183
~ f(1500) Ynn (17 T (1):2 ) x 1072 -
vf(1500) — yKL K2 (150 T 323 )x10-5 -~
v£(1510) — yn7rta (45 £ 12 )x1074 -~
v 5(1525) (57 T 98 yx104 S=15 1177
v£5(1525) — yK2 K (80 T 9L )yx107® -~
Y5(1525) — ~ynn (34 + 1.4 )x107° -
vH(1640) - yww (28 + 18 )x1074 -
vf(1710) — 77 (38 + 05 )x10~4 -
v (1710) = yKK (95 T 52 yx104 S=15 1075
v1(1710) — yww (31 + 10 )x1074 -
Vfo(1710) = ~ynn (24 F 12 yx104 -
v1(1710) —» ywe (25 + 06 )x1074 -
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~f(1750) — vK% K%

)
75(1810) = 11
~v£(1910) - yww
vH(1950) —
v K*(892) K*(892)
~ £3(2050)
7(2100) = 711
vf(2100) — ymm
v1(2200) = YKK
v£(2200) — KL KY
71‘](2220) — T
~vf;(2220) - YKK

7 15(2220) — VPP

71(2340) — 11
v£(2340) - YKL KY
vX(1835) — ~yrta—n

vX(1835) — ~pp
vX(1835) — YKL KLy
vX(1835) — v

v X(1835) — ~43(nt77)
vX(2370) = yKT K~/
v X(2370) — vKgKgn’
vX(2370) — ynn1'
PP

vpprtm

YAAN

YA — ~yinvisible

vAY = gt
mlete

nete~

7'(958)eT e~

nU — nete™

n'(958) U — n'(958)e™ e~

pet e
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( 1.11

(5.4

(20
(7.0

(2.7
( 1.13

( 6.2
( 5.9
( 2.72

< 3.9

< 41
(15
(4.9

(5.6
(55
(27
(77

(33
< 3.56
(24

(1.8

(1.2

< 9.2

(38

< 79

< 13

[kkaa] < 1.7
[Mflaa] < 5

I+

I+ W H I+ K HH I+

I+ H H

I+ I+ 1+

I+
= o 00 = NN O O

WO Vo1 o 1O N N ©

HoH I+

H_

Dalitz decays

(7.6

( 1.42

( 6.59

[nnaa] < 9.11
[nnaa] < 2.0
< 1.2

Page 143

+
+
+

0.20
0.33

3151 ) X 10~°

14 )x10~4
22 )x1074

) X 1075

0.7 )x 103

0:50 ) x107*

1.0 )x10~4
13 )x10~4

0:50 ) x 107*

x 107°
x 1070
) x 1072
) x 1072

) x 1072
) X 1075
) X 10~4
) x 1072

) X 1075
x 100
07 )y 10-5

0.7 )x1072
05 )x1072
x 1070
1.0 )x10~4
x 10~4
x 10~4
x 1070
x 100

14 )x10~ 7
0.08 ) x 102
0.18 ) x 102
x 10~ 7
x 10~
x 10~ 7

CL=90%
CL=90%

CL=90%

CL=90%

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

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

1546
1500
1400

1381
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Weak decays

D~ et v+ cc. < 71 x 1078  CL=90% 984
DOet e+ cc. < 85 x 1078  CL=90% 987
D, etve+ cc. < 1.3 x 1076 CcL=00% 923
D™ etve+ cc. < 18 x1070  CcL=00% 828
D nt+ cc < 75 x 1075  CL=90% 977
DOKO+ c.c. < 17 x10~4  CL=90% 898
DOK*0 4 c.c. < 25 x1076  CL=90% 670
D 7"+ cc. < 13 x 1074  CL=90% 915
D-pT+ cc. < 1.3 x107%  CL=90% 663
S p
Charge conjugation (C), Parity (P),
Lepton Family number (LF) violating modes
vy C < 27 x 1077  CL=90% 1548
v c < 14 x 1076 cL=00% 1381
et LF < 16 x10=7  CL=90% 1547
et rF LF < 75 x 1078  CL=90% 1039
ptrF LF < 20 x 106  CL=00% 1035
AT e  +cc. < 6.9 x 108  CL=90% -~
Other decays
invisible < 7 x 1074  CL=90% -
G PCy _
Xco(1P) 18(J7S) =0t (0t )

Mass m = 3414.71 4 0.30 MeV
Full width ' = 10.8 & 0.6 MeV

Scale factor/ p
Xc0(1P) DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
Hadronic decays
20r T ™) (2.3440.18) % 1679
POntn~ (9.1 £2.9 ) x 103 1607
f0(980) f5(980) (6.6 +2.1 )x 10~4 1391
at o= 7070 (33 £0.4 )% 1680
ptn 7%+ cc. (2.9 £0.4 ) % 1607
470 (33 £0.4 ) x 103 1681
T KT K™ (1.8140.14) % 1580
K3(1430)0K}(1430)0 — (98 753 )x 1074 -
atr Kt K™
K5(1430)0K5(1430)%+ c.c. » (80 T30 )x 1074 -
rtr Kt K™
K1(1270)* K~ + c.c. — (6.3 £1.9 ) x 103 -
Tt KT K™

HTTP://PDG.LBL.GOV Page 144 Created: 8/11/2022 09:37



Citation: R.L. Workman et al. (Particle Data Group), Prog.Theor.Exp.Phys. 2022, 083C01 (2022)

K1(1400)" K~ + c.c. — <27 x 1073 CL=90% -
atr Kt K™
f5(980) f5(980) (16 T35 )x1074 1301
f5(980) f5(2200) (7.9 759 )x 1074 586
f(1370) f(1370) <27 x10~4  CL=90% 1019
f(1370) f5(1500) <17 x10~4  CL=90% 920
f5(1370) f5(1710) (6.7 733 )x 1074 740
fo(1500) f5(1370) <13 x10~4  CL=90% 920
fo(1500) f5(1500) <5 x107°  CL=90% 804
fo(1500) f5(1710) <7 x 1072 CL=90% 581
KTK-ntn— 70 (8.6 £0.9 ) x 10~3 1545
KSKEnFatn— (42 £0.4 )x 103 1543
KT K= 7070 (5.6 £0.9 ) x 1073 1582
KTr~ KO0+ cc. (2.4940.33) % 1581
pT K= K%+ c.c. (1.2140.21) % 1458
K*(892)~ K+ 70 — (46 £1.2 ) x 1073 -
Ktn= K79+ c.c.
KSKQatm™ (5.7 £1.1 ) x 103 1579
Kt K= nn° (3.0 £0.7 ) x 1073 1468
3(rt77) (1.204£0.18) % 1633
KT K*(892)%7~ + c.c. (7.5 +£1.6 ) x 1073 1523
K*(892)% K*(892)° (1.7 £0.6 ) x 1073 1456
s (8.5140.33) x 10~3 1702
707 <18 x 10—4 1661
70/ <11 x 103 1570
70, <16 x 1073 CL=90% 383
nn (3.0140.19) x 103 1617
nn (9.1 +1.1 ) x 107> 1521
n'n (2.1740.12) x 103 1413
ww (9.7 +£1.1 ) x 10~4 1517
wao (1.414+0.13) x 10~ 4 1447
wKTK™ (1.9440.21) x 10~3 1457
Kt K~ (6.05+0.31) x 10~3 1634
K K2 (3.16£0.17) x 103 1633
Tt < 2.0 x10~%  CL=90% 1651
oy <4 x 1074  CL=90% 1560
KKt 71~ + cc. <9 x1075  CL=90% 1610
KTK—x0 <6 x1075  CL=90% 1611
KtK™n <23 x 1074  CL=90% 1512
KTK™KYKS (1.4 £05 ) x 103 1331
KLKIKL KY (5.8 £0.5 ) x 10~ 4 1327
KtTK=KTK~ (2.8240.29) x 103 1333
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KTK™ ¢

KoKt~ ¢+ cc.

KTK=n%%

pntn—x0

ol

PPn

pp

ppmo

PPN

ppw

ppPo

pprt T

pp7070

pp K™ K~ (non-resonant)

PPKIKS

pnm—

ﬁnw+

pnmt— T

ﬁmrJr 70

AA

At a=
AA7T 7~ (non-resonant)
5 (1385)T Ar~ + c.c.
> (1385)" Art 4+ c.c.

KTPA+ cc.

anZ + c.c.

K*(892)T pA+ c.c.

KT pA(1520)+ c.c.

A(1520) A(1520)

5050

X+5K%+ c.c.

SO5KT + cc.

>ty-

y-xt

5 (1385)" X (1385)

5 (1385)~ x(1385)"

K=AZ"+ cc.

=0=0

==t

Ne 7r+7r_

0

7J4¢(15)
vp
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(9.7 £2.5 ) x 10~4
(3.7 £0.6 ) x 103
(1.9040.35) x 10~3
(1.1840.15) x 103
(8.0 £0.7 ) x 10~4
(8.4 +1.0 ) x 10~
(2.214+0.08) x 10~4
(7.0 £0.7 ) x 10~4
(3.5 +£0.4 ) x 10~ 4
(5.2 +£0.6 ) x 10~4
(6.0 +1.4 ) x 107°
(2.1 £0.7 ) x 103
(1.0440.28) x 103
(1.224+0.26) x 10~4
< 838 x 10~4
(1.2740.11) x 10~3
(1.3740.12) x 10~3
(2.3440.21) x 10—3
(2.2140.18) x 103
(3.59+0.15) x 10~ 4
(1.1840.13) x 103

<5 x 10—4
<5 x 10~ 4
<5 x 10~ 4

(1.2540.12) x 10—3
(6.6 £0.5 ) x 10~ 4
(4.8 £0.9 ) x 10~4
(2.9 +0.7 ) x 1074
(3.1 +£1.2 )x10~4
(4.68+0.32) x 10~ 4
(3.5240.27) x 10~4
(3.03+£0.20) x 10~4
(4.6 £0.8 ) x 10~ 4
(5.1 £0.5 )x 10~ 4
(1.6 +0.6 ) x 10~ 4
(2.3 £0.7 ) x 10~4
(1.944+0.35) x 10~4
(3.1 £0.8 ) x10~4
(4.8 £0.7 )x 1074
<7 x 104

Radiative decays
(1.4040.05) %
<9 x 1076
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S=1.3

CL=90%

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

5=1.3

CL=90%

CL=90%

1381
1326
1329
1525
1370
1100
1426
1379
1187
1043

876
1320
1324

890

884
1376
1376
1321
1321
1292
1153
1153
1083
1083
1132
1129

845

859

780
1222
1089
1090
1225
1217
1001
1001

873
1089
1081

307

303
1619
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Yw <8 x1070  CL=90% 1618
v <6 x1076  CcL=90% 1555
vy (2.0440.09) x 10~4 1707
ete J/Y(1S) (1.3340.29) x 10~4 303
ptp J/9(1S) <19 x107%  CL=90% 226
Xc1(1P) 16(UPC) = ot T
Mass m = 3510.67 + 0.05 MeV (S = 1.2)
Full width ' = 0.84 + 0.04 MeV
Scale factor/ p
Xc1(1P) DECAY MODES Fraction (I;/T) Confidence level (MeV/c)
Hadronic decays
3(rtmT) (58 +1.4 )x103 S=12 1683
2(rt77) (7.6 £2.6 )x 103 1728
ata~ 7070 ( 1.19+0.15) % 1729
pT 70+ cc ( 1.45+£0.24) % 1658
POt r— (3.9 £35 ) x 103 1657
470 (5.4 +£0.8 )x 104 1729
T KT K™ (45 +1.0)x1073 1632
KT K= 7070 ( 1.1240.27) x 103 1634
KTK nta 70 ( 1.15+0.13) % 1598
K KEnF ot (75 +£0.8 )x 1073 1596
Ktn= KO0+ cc (86 +1.4 )x 103 1632
p~ KT K+ c.c. (5.0 £1.2 )x 1073 1514
K*(892)° KO 70 — (23 +£06 )x 1073 -
Ktn= Ko7+ c.c.
KT K= nn0 ( 1.1240.34) x 103 1523
mra KK (69 +£2.9 )x10~4 1630
KtK™n (32 £1.0 )x10~4 1566
KOKt7n~+ cc (7.0 £0.6 ) x 1073 1661
K*(892)° K%+ c.c. (10 +4 )x1074 1602
K*(892)T K~ + c.c. (1.4 £06 )x 103 1602
K*(1430)°K%+ c.c. — < 8 x 1074 CL=90% -
KSKT =+ cc.
K*(1430)" K~ + c.c. — < 21 x 1073 CL=90% -
K% Ktr~+ c.c.
KT K~ =0 ( 1.8140.24) x 103 1662
nmt = ( 4.62:£0.23) x 10~3 1701
a0(980) T 7™+ c.c. = nprt AT (32 +£04 )x 1073 $=2.2 -~

a>(1320)" 7~ + c.c. = nmw
a>(1700)" 7~ + c.c. = nmw
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( 1.76+0.24) x 10~4
(46 +£0.7 )x107°
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f(1270)n — nata~
f4(2050)n — nw T
71 (1400) T 7~ + c.c. —
UW+W_
71(1600) T 7~ + c.c. —
nw+w_
m(2015) 7~ + c.c. —
nw+w_
£(1270)n
rta—n
K+ K= 11/(958)
K3(1430)T K~ + c.c.

£(980)1(958)

fo(1710)7/(958)
f1,(1525)7'(958)
70£(980) — Ont 7~
Kt K*(892)° 7~ + c.c.
K*(892)0 K*(892)°
KTK™KYKS
KSKSKSKS
KtK-KtK—
KTK=¢
KOKT 7~ ¢+ c.c.
KTK= %
dprtn— a0
ww
wKTK™
W
ol
Pon
pp
ppm°
ppn
ppw
ppPo
ppr T
ppr070
pp K™ K~ (non-resonant)
PPRSKS
pnm
ﬁnw+
pﬁw‘wo
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(35 +£0.6 ) x 104
(25 +0.9 ) x107°

< 5 x 1075
< 15 x 1075
< 8 % 10— 6

(67 £1.1 ) x10~4
(22 +0.4 )x103
(88 +0.9 )x 104

(6.4 T22)x 1074

(16 t14yx104

0.7
(7 I )x1075
(9 +6 )x1072

(35 +0.9 ) x 10~/
(32 +2.1)x1073
(1.4 +0.4 )x10~3
< 4 x 10~4
(35 +1.0 ) x107°
(5.4 +1.1 )x10~4
(41 +1.5 ) x 104
(33 +05 )x1073
( 1.6240.30) x 10~3
(75 +£1.0 ) x 10~4
(57 £0.7 )x10~4
(7.8 £0.9 ) x10~4
(27 £0.4 )x107°
(42 +05 ) x 104
(3.0 +£05)x10~%
( 7.60+0.34) x 107°
( 1.55+0.18) x 10~4
( 1.45+0.25) x 10~4
( 2.12+40.31) x 10~4
< 17 x 1072
(50 £1.9 ) x 10~4
< 5 x 1074
( 1.27+40.22) x 10~4
< 45 x 104
(3.8 £0.5 ) x 10~4
(3.9 £0.5 ) x 10~4
( 1.0340.12) x 10~3
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CL=90%

CL=90%

CL=90%

CL=90%

CL=90%

CL=90%

CL=90%

1467
1612
1461

1460

1118
1229

1577
1512
1390
1387
1393
1440
1387
1390
1578
1571
1513
1503
1429
1172
1484
1438
1254
1117

962
1381
1385

974

968
1435
1435
1383
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pnnt 0 ( 1.01£0.12) x 103 1383
AA ( 1.27£0.08) x 10~4 1355
AT~ (2.9 £05 ) x 104 1223
AA7T 7~ (non-resonant) (25 +06 )x10~% 1223
> (1385)T An~ + c.c. < 13 x 104  CL=90% 1157
> (1385)" Art 4 c.c. < 13 x 1074 CL=90% 1157
KT pA+c.c. (42 +0.4 )x10~4 S=12 1203
nK%A + cc. ( 1.66+0.17) x 10~4 1200
K*(892)T pA+ c.c. (49 £07 )x 104 935
KT pA(1520)+ c.c. (1.7 £0.4 )x 104 951
A(1520) A(1520) < 9 x107°  CL=90% 880
>03°0 (42 £0.6 )x 107> 1288
STPKY+ cc. ( 1.53+0.12) x 10~4 1163
SO5KT + cc. ( 1.46+0.10) x 10~4 1163
yty- (36 +£0.7 )x10~° 1201
>yt (5.7 £1.5 ) x 1075 1283
> (1385)T X(1385)~ <9 x107°  CL=90% 1081
> (1385)~ X(1385)™ < 5 x107°  CL=90% 1081
K=A=t+ cc. ( 1.3540.24) x 10~4 963
=0=0 < 6 x 1075  CL=90% 1163
=—=t (8.0 £2.1)x10"5 1155
T 4+ KTK™ < 21 x 10—3 -
K K2 < 6 x 1075  CL=90% 1683
Nemt ™ < 32 x 1073  CL=90% 413
Radiative decays
~vJ/¥(1S) (343 £1.0 )% 389
v p0 ( 2.1640.17) x 10~4 1670
yw (6.8 £0.8 )x107° 1668
v (24 +05 )x107° 1607
vy < 63 x1070  CL=90% 1755
et e J/Y(1S) ( 3.4640.22) x 10~3 389
pwt = J/9(1S) ( 2.33+0.29) x 10~4 335
h-(1P) 16UPCY =0~ t+ )

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

p

h.(1P) DECAY MODES Fraction (I;/T) Confidence level (MeV/c)
J/p(1S) T not seen 312
J/Yp(AS) < 23 x 1073 90% 305
pp < 15 x 104 90% 1492
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pprt T ( 2.940.6) x 1073 1390
ppr0 0 < 5 x 10~4 90% 1394
at o~ 70 ( 1.6+0.5) x 103 1749
ata=x0n ( 7.2+2.3) x 1073 1695
2rt2r— 70 (81+1.8) x 103 1716
3rt3r— 70 < 9 x 103 90% 1661
KtK—atn~ < 6 x 104 90% 1640
KTK-ntn— 70 ( 3.2+0.8) x 10~3 1606
KtK—atn—n < 23 x 1073 90% 1480
KT K= x0 < 6 x 104 90% 1670
KTK— 7%y < 21 x 103 90% 1532
KtK™n < 9 x 104 90% 1574
2K+ 2K—#0 < 24 x 104 90% 1339
K KErT < 6 x 10—4 90% 1668
KSKEnF oo~ ( 2.8+1.0) x 10~3 1604
Radiative decays
N (47+21)x 1074 1720
v’ (958) ( 1.5+0.4) x 103 1633
N (1S) (50 +9 )% 500
Xc2(1P) 16(PC) = ot 2t )

Mass m = 3556.17 & 0.07 MeV
Full width ' = 1.97 &+ 0.09 MeV

Xc2(1P) DECAY MODES Fraction (I';/T) Confidence level (M(—fV/C)
Hadronic decays
20rT ™) ( 1.0240.09) % 1751
ata~ 7070 ( 1.83£0.23) % 1752
ptn 10+ cc. ( 2.19+0.34) % 1682
470 ( 1.11+0.15) x 103 1752
KT K= 7070 (21 £04 )x 1073 1658
Kt~ K70+ c.c. ( 1.38+0.20) % 1657
p~ KT K+ c.c. (41 +12 )x 1073 1540
K*(892)°K— 7t — (2.9 £08 )x 1073 -
K7t K979+ c.c.
K*(892)° K070 — (3.8 £0.9 )x 1073 -
Kt~ K979+ c.c.
K*(892)~ Kt 70 — (37 08 )x 1073 -
Ktn= Ko7+ c.c.
K*(892)tKO0n— — (2.9 £08 )x 1073 -

KTn KO7x0+ cc.
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Kt K= nnd

KTK ntn—
KtK—atn— 70
K%KiW:FW+7T_

Kt K*(892)° 7~ + c.c.

K*(892)° K*(892)°
3(rt )

ol

Pon

ww
wKTK~
w

T
POt
at
p(770)* 7

(892)* KT

(892)0K0 + c.c.
(1430)* KT
(
(

X X X

*
2
*
2 =+

5(1780)F KF

K3(1780)° K%+ c.c.

a5(1320)0 70
ap(1320)* 7 F
KOKT 7=+ cc.
Kt K~ x0
KtK™n
K+ K~ 1/(958)
nn

!/
P K% K%
KTK™KYKS
KSKSKS KS
KtK-KTK-
KtK—¢
KOK+ 7~ ¢+ c.c.
KTK= %
prtn— a0

HTTP://PDG.LBL.GOV

7~ 79 (non-resonant)

1430)°K% + c.c.

Page 151

(1.3 +0.4 )x 103
(84 +0.9 )x103
( 1.17+£0.13) %
(73 408 )x10"3
(21 +1.1 )x 1073
(23 404 )x103
(86 +1.8)x10~3
( 1.06+0.09) x 10~3
(53 +06 )x10~%
(84 +£1.0 )x10~4
(73 +£0.9 )x 104
(9.6 £2.7 )x 1070
( 2.2340.09) x 10~3
(3.7 £1.6 )x 1073
(2.0 +0.4)x10~°
(6 +4 )x107°
(48 +1.3 )x 104
(50 +£1.8 ) x10~4
(5.4 +0.4 )x 104
( 1.01+0.06) x 10~3
(52 +0.4 )x 104
( 1.4440.21) x 10~4
( 1.24+0.27) x 10~4
( 1.48+0.12) x 10~3
( 1.2440.17) x 10~3
(52 +0.8 ) x10~4
(5.6 +2.1 )x10~4
( 1.2940.34) x 10~3
(1.8 +£0.6 )x 103
( 1.28+0.18) x 10~3
(3.0 08 )x10~%
< 32 x 10~4
( 1.9440.34) x 10~ 4
(22 +05 ) x107°
(46 +0.6 )x10~2
(22 +05 ) x 1073
< 4 x 10~4
( 1.13+0.18) x 10~4
( 1.6540.20) x 10~3
( 1.42+0.29) x 10~3
(48 +0.7 ) x 1073
(27 £05 ) x 1073
(93 +1.2 ) x10~4

90%

90%

1549
1656
1623
1621
1602
1538
1707
1457
1206
1597
1540
1529
1773
1682
1765

1724
1636
1692
1708
1707
1627
1627

1443

1274

1530
1685
1686
1592
1488
1600
1498
1655
1418
1415
1421
1468
1416
1419
1603
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pp

ppm°
pB1
ppw
ppP®
pprt T
pp0 70

pp K™ K~ (non-resonant)

PPRSKS
pnm
ﬁnw+
pnmt— T
ﬁnﬁ+ﬁo
AA
AT~

0

Arta~ (non-resonant)
Y (1385)" An— + c.c.
5 (1385)" ArT 4+ c.c.

KTPpA + c.c.
nK%X-+C£
K*(892)T pA+ c.c.
KT pA(1520)+ c.c.
A(1520) A(1520)
5050
Z+5K%+CL
SO5K*T + cc.
sty

o3t

> (1385)% X (1385)
5 (1385)~ X(1385)"
K=A=T+ cc.
=0=0

==t
J/p(1S)rt 7O
Wonc

ne(1S)rta~

vJé@D(lS)
P
yw
v
vy

HTTP://PDG.LBL.GOV
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( 7.3340.33) x 10~°
(47 0.4 )x10~4
( 1.74+0.25) x 10~4
(36 +£04 )x10~%
(28 +£0.9 )x107°
( 1.32+0.34) x 1073
(7.8 £2.3 )x 104
( 1.91+0.32) x 10~4
< 79 x 10~4
(85 +0.9 )x10~%
(89 +0.8 )x 104
( 2.17+0.18) x 10~3
( 2.1140.18) x 10~3
( 1.83+0.16) x 10~4
( 1.2540.15) x 10~3
(6.6 £1.5)x 104
< 4 x 10~4
< 6 x 10~4
(7.8 £0.5 ) x10~4
( 3.58+0.28) x 104
(82 +1.1 )x10~4
(28 +0.7 ) x 10~ 4
(46 £1.5)x 104
(37 £0.6 ) x107°
(82 +£0.9 )x107°
(9.1 +0.8 )x107°
(3.4 +£0.7 )x107°
(44 £18 )x107°

< 1.6 x 10~4

< 8 x 1070
( 1.76+0.32) x 104

< 1.0 x 10~4
( 1.42+40.32) x 104

< 15 %

< 32 x 10~3

< 5.4 x 1073

Radiative decays

(19.0 £0.5 ) %

< 19 x 1075
< 6 x 10— 6
< 7 % 10— 6

( 2.85+0.10) x 10~4

90%

90%
90%

90%
90%

90%

90%
90%
90%

90%
90%
90%

1510
1465
1285
1152
1002
1410
1414
1013
1007
1463
1463
1411
1411
1384
1255
1255
1192
1192
1236
1233

976

992

924
1319
1197
1197
1322
1314
1118
1118
1004
1197
1189

185

511

459

430
1694
1692
1632
1778
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ete” J/Y(1S)
pt = J/(1S)

( 2.1540.14) x 10~3 430
( 2.024+0.33) x 104 381

nc(2S)

/G(JPC) — 0+(0—+)

Quantum numbers are quark model predictions.

Mass m = 3637.5 + 1.1 MeV (S = 1.2)
Full width I = 11.3732 MeV

nc(2S) DECAY MODES Fraction (I;/T) Confidence level (M(—fV/C)
hadrons not seen -
KK (1.9+1.2) % 1729
KKn (5 +4 )x103 1637
2nt o~ not seen 1792

pO pO not seen 1645
3nT3n~ not seen 1749
KtK—ntn™ not seen 1700

K*0 |0 not seen 1585
KTK-ntn— 70 ( 1.4£1.0) % 1667
Kt K= 2nT2n~ not seen 1627
K% K= 2rtm~ + c.c. seen 1666
2KT2K~ not seen 1470

[030) not seen 1506
pp seen 1558
pﬁﬁ+ T seen 1461
vy (1.9+1.3)x10~4 1819
~vJ/1(1S) < 14 % 90% 500
atr~ n not seen 1766
rta~ 77/ not seen 1680
7t n(1S) <25 % 90% 537

¥(25) 16(PC =0-1 )

Mass m = 3686.10 + 0.06 MeV (S = 5.9)
Full width ' = 294 £ 8 keV

¥(2S) DECAY MODES

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

hadrons

virtualy — hadrons

888
788

HTTP://PDG.LBL.GOV

(97.85 +0.13 ) % -
( 1.73 +0.14 ) % S=15 -
(106 +16 )% -
( 1.03 +0.29 ) % -
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light hadrons
K% anything

(15.4
(16.0
(793
( 8.0
(3.1

£15 )%
+1.1 )%
4+0.17 ) x 1073
+0.6 )x 1073
+0.4 )x1073

Decays into J/4(1S) and anything

I/
I/

(1S)anything

(1
J/y(1

(1

(1

(1

neutrals
7r+7r

/Y
I/
J/b

Ln kn kn n nh n

)
)
)
)7
)
) 0

T

T
ata— 70

T
p(770)7 — 77~ 70
(

2150)7 — 7t 70

wH(1270)
HTTP://PDG.LBL.GOV

(61.4
(25.38
(34.68

+£06 )%
+0.32 ) %
+0.30 ) %

(18.24 +0.31 ) %
( 3.37 £0.05 )%

( 1.268+0.032) x 103

Hadronic decays

(7.8
( 2.01
(3.2

(1.9

(24
(22
(29
( 2.6
(5.3
(1.4
< 27
(35
(48
(35
( 1.42
< 16
(9.5
(1.2
< 4
< 21
< 21
(22
(45

(1.9

(21
(73
(8.7
( 4.0
(2.2

Page 154

+26 )x1070
40.17 ) x 10~4
+12 )x107°

+1.2
—-0.4

+0.6
+0.6
+1.0
+0.9
+0.9
+1.0

) x 10~4

) x 1074
)><10_4
) x 1073
) x 10~4
)><10_3
)><10_3
x 1073
) x 1074
+15 )x 1073
+16 )x1073
+0.31 ) %
x 104
) x 1074
)><10_3
x 104
x 10~3
x 10~3
) x 1072
) x 10~4

)><10_5

+2.0

+1.7
+0.6

+0.6
+2.1

+1.7
—-1.2

+0.6
+1.2
+2.4
+0.6

+0.4

) x 1072
) x 10~4
)><10_3
) x 1074
) x 10~4

S=1.7
S=1.8

$=2.2
S=1.4
S=4.7

CL=90%
$=2.8

CL=90%

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

S=1.1

1843
1840
489

477
481
199
528

1838
1830

1817
1750
1799
1500
1800
1778
1737
1774
1776
1746
1748
1791
1778
1758
1760
1736
1705
1717
1692

1625

1757
1748
1715
1635

1515
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w70 (111 +0.35 ) x 103 1749
w370 < 8 x 1074 CL=90% 1736
b9 70 (2.4 +06 )x10~4 -
wn < 11 x 1079 CL=90% 1715
wn' (32 F2° yx1075 1623
0 < 4 x10~7 CL=90% 1699
ot~ (1.18 £0.26 ) x 1074 S=15 1690
$1(980) — 7t~ (75 +33 )x107° S=16 -
on ( 3.10 £0.31 ) x 10~° 1654
n$(2170), ¢(2170) — < 22 x 1076 CL=90% -
#1(980), fy — wta—
on' ( 1.54 +0.20 ) x 10~° 1555
¢ 11(1285) (30 +13 )x107° 1436
#n(1405) — ¢nt 777 (85 +£1.7 )x1070 -~
¢ f1,(1525) (44 +16 )x10~° 1325
Kt K™ (75 +05 )x107° 1776
KtK—nt (73 +05 )x10~% 1754
KT K= x0 ( 4.07 £0.31 ) x 1072 1754
Ke K2 < 46 x 100 1775
K2 KY ( 534 +£0.33 ) x 1075 1775
KL K9 7O < 30 x 1074 CL=90% 1753
KT K= 7070 (26 +13 )x10~% 1728
KtK nta 70 (1.26 £0.09 ) x 10~3 1694
wfy(1710) - wKT K™ (59 +22 )x107° -
K*(892)° K~ 7t 7% + c.c. (86 +22 )x10~4 -
K*(892)T K~ nt 7~ + cc. (96 +28 )x10~% -
K*(892)T K~ p° 4+ c.c. (73 +26 )x107% -
K*(892)°K~ pt + c.c. (61 +18 )x10~4 -
KSKLatm™ (22 +04 )x10~4 1724
KS K9 7070 (13 +06 )x10-3 1726
K2KIn (13 £05 )x10-3 1661
KT K= p° (22 +04 )x10~% 1616
K*(892)% K(1430)° (1.9 +05 )x10~4 1417
KtK—atn—n (1.3 407 )x1073 1574
KTK=2(nt ™) (19 409 )x103 1654
KtK=2(xt7n7)n° (1.00 +£0.31 ) x 1073 1611
KT K*(892)™ + c.c. (29 +04 )x107° S=12 1698
2(KTK™) (63 +13 )x107° 1499
2(KTK™)n® (110 +£0.28 ) x 10~4 1440
KTK=¢ (7.0 +16 )x107° 1546
K1 (1270)F KT ( 1.00 +£0.28 ) x 10~3 1588
KT K*(892)° 7~ + c.c. (67 +25 )x10~% 1674
nKTK=, nono ( 3.49 £0.17 ) x 1075 1664
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X(1750)n — KT K™ n
K1(1400)* KT
K3(1430)* KT
K*(892)0KO + c.c.
wKT K~

wKS KY

wK*(892)T K~ + c.c.
wK3(1430)T K~ + c.c.
wK*(892)° KO
wK35(1430)0 KO

wX(1440) = wKIK= 7t +

C.C.
wX(1440) - wKt K70
wf(1285) = wKIK-at+
)

c.c.

wf(1285) = wKT K~ 0

pp

nn

ppm°
N(940)p+ c.c. — ppm
N(1440)p+ c.c. — p
N(1520)p+ c.c. = p
N(1535)p+ c.c. — p
N(1650)p+ c.c. = p
N(1720)p+ c.c. —» ppm
N(2300)p+ c.c. = ppm
N(2570)p+ c.c. —» ppm

pprtm

pPPKT K™

ppn
N(1535)p+ c.c. = ppn

pﬁ7r+7r_ 70

ppp°

ppw

ppn’

ppP®

¢X(1835) — pp¢
pnm~ or c.C.
pnm— 70
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(4.8
< 31

(7.1

( 1.09
( 1.62
(7.0
( 2.07
(6.1
( 1.68
(5.8
(1.6

( 1.09
( 3.0

(1.2
( 2.94
( 3.06
( 1.53

( 6.4
(7.3

(6.4
(25
(38

( 1.79
(2.6

(213

( 6.0
( 2.7
( 6.0

(45

(73
(5.0
(6.9
( 1.10
(6.1
< 1.82
( 2.48
(3.2

Page 156

+2.8 )x1070
x 104

53 ) x07

4+0.20 ) x 10~4
40.11 ) x 10~4
+05 )x107°
+0.26 ) x 10~4
+12 )x107°
+0.30 ) x 10~4
+22 )x107°
+0.4 )x107°

4+0.26 ) x 10~°
+1.0 )x 1070

+0.7 )x 1070
+0.08 ) x 10~4
40.15 ) x 10~4
40.07 ) x 10~4

£15 %078

i‘%g ) X 10™°

+2 ) x 10—6

1
+1.0 )x107°
+% ) x 1072

+ 8)><10‘5

3
8
0
4
7
2
7
% ) x 1072
4

0.
0.
+1.
—0.
40.40
—0.31
+0.4 )x10~4
4+0.7 )x107°
+0.4 )x107°

06 )x107°

+0.7 )x10~4
+22 )x107°
+21 )x107°
40.13 ) x 10~°
+0.6 )x 1070

x 10~ 7
40.17 ) x 10~4
4+0.7 )x10~4

) X 1075

CL=90% 1532

1697
S=1.1 1614
1612
1482
1252
1481
1250

1586
1586
1543

S5=25 -

1491
1118
1373

1435
1252
1247
1141
1109
CL=90% -

1492
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AA (381 £0.13 )x 104 S=14 1467
AA7O < 2.9 x 1076 CL=00% 1412
AAn (25 +£04 )x107° 1197
AT~ (28 +06 )x10~% 1346
ApK™T ( 1.00 +0.14 ) x 104 1327
APK*(892)T + c.c. (63 +07 )x107° 1087
ApKtTatn™ (1.8 +04 )x107% 1167
AnK%+ cc. (81 +18 )x107° 1324
ATT AT (128 +0.35 ) x 104 1371
AXTr7+ cc. (140 +0.13 ) x 104 1376
AYX "1t + cc (1.54 £0.14 ) x 1074 1379
ANX04 cec. (1.6 £07 )x106 1437
SO05KT + cc. ( 1.67 £0.18 ) x 107> 1201
Z+ > (243 +£0.10 )x10~% S=1.4 1408
>050 (235 £0.09 ) x10~% S=1.1 1405
> (1385)T X(1385)~ (85 407 )x107° 1218
}_'(1385)—7(1385)Jr (85 408 )x107° 1218
5(1385)% X(1385)° (6.9 +07 )x1075 1218
=—=t (287 £0.11 )x 1074 S=11 1284
=0=0 (23 £04 )x107% S=42 1201
=(1530)° =(1530)° (6.8 +04 )x1075 1025
A=TK™ + cc. (39 +04 )x107° 1114
=(1530)~ (1530) ( 1.15 £0.07 ) x 10~4 1025
=(1530)~ (70 +12 )x10°° 1165
=(1530)° EO (53 +05 )x10~6 1169
Z(1690)" =T — K- A=T+ (52 +16 )x10° -
(1820) =t o KTAZT 4+ (120 £0.32 ) x 1075 -
XO?+ K_-l— c.c. (37 £04 )x1075 1060
- 0F (566 £0.30 )x 1072 S=1.3 774
nentn— ad < 1.0 x 10~3 CL=90% 512
he(1P) w0 (86 +£1.3 )x10~4 85
Afpete + cc. < 17 x 1076 CL=90% 830
©(1540) ©(1540) — liiaa] < 8.8 x 1070 CL=90% -
KO pK~n+ c.c.
@(1540)K 7— KQ SpK™T  [ilaa] < 1.0 x 1072 CL=90% -
©(1540)K%p — K0 PKTn  liaa] < 7.0 x 1076 CL=00% -
O(1540)K*T n — K%ﬁKJFn liiaa] < 2.6 x 1075 CL=90% —~
O(1540)K%p — KLpK™n  liiaa] < 6.0 x 1070 CL=00% -
Radiative decays
YXco(1P) (1979 £0.20 )% 261
vXc1(1P) (975 £0.24 )% 171
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Y Xc2(1P) (952 £0.20 ) % 128
¥1c(15) (34 405 )x1073 5=13 635
v1(25) (7 +5 )x107% 48
A0 (1.04 £022 )x10~0 S=14 1841
y2(rt 7T (40 +06 )x104 1817
y3(nt ) < 17 x 1074 CL=90% 1774
v1'(958) (124 +0.04 ) x 10~4 1719
7 £5(1270) (273 7922 )x1074 s=18 1622
v f(1370) - YKK (31 +£1.7 )x107° 1588
7 f5(1500) (93 +£1.9 )x107° 1535
v f}(1525) (33 408 )x107° 1531

vf(1710) — 77w (35 406 )x107° -

vf(1710) - yKK (66 407 )x107° -
v1(2100) — y7w (48 +10 )x107° 1244
7%(2200) - YKK (32 +£1.0 )x107° 1193
v£(2220) —» 7w < 5.8 x 1070 CL=90% 1168
v£;(2220) - YKK < 95 x 1070 CL=90% 1168
N (92 +18 )x10~ ' 1802
ynmt T (87 +21 )x1074 1791

yn(1405) — yKKm <9 x 1075 CL=90% 1569

yn(1405) — ynmtw™ (36 +25 )x107° -

yn(1405) — % (980)7° — < 50 x 10~7 CL=90% -

'y7r+7r_ 70

yn(1475) — YKKm < 14 x 10~4 CL=90% -

yn(1475) — ynrtm™ < 88 x 1075 CL=90% -
YKOKT 17+ cc. (37 £09 )x10~% 1674
v K*O K0 (24 £07 )x10~% 1613
YKEK 77+ cc (26 +05 )x10~4 1753
YKTK ntn~ (1.9 +05 )x1074 1726
YKTK=2(nt77) < 22 x 1074 CL=90% 1654
Y2(KTK™) < 4 x 1075 CL=90% 1499
PP (39 405 )x107° S=20 1586

v£(1950) — ~pp (120 £0.22 ) x 10~° -

v5(2150) — vpp (72 +18 )x107° -

vX(1835) — ~pp (46 T38 )x1076 -

vX — vpp [ooaa]l < 2 x 1070 CL=00% -
ypprt T (28 +14 )x107° 1491
vy < 15 x 1074 CL=90% 1843
vy /e (31 719 )x1074 542
ete 7 (1.90 £0.26 ) x 1070 1719
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et e xco(1P) ( 1.06 +0.24 ) x 1073 261
et e xc1(1P) (85 406 )x1074 171
et e  xeo(1P) (70 +08 )x104 128
Weak decays
DOete+ cc < 14 x10~7 CL=90% 1371
Other decays

invisible < 16 % CL=90% -

¥(3770) 16UPSY =0—1— )

Mass m = 3773.7 = 0.4 MeV (S = 1.4)
Full width ' = 27.2 + 1.0 MeV
Scale factor/ p

v(3770) DECAY MODES Fraction (I;/T) Confidence level (MeV/c)
DD 9 *& )% S=2.0 287

DO DO 52 T3 )% 5=2.0 287

Dt D~ (41 +4 )% $=2.0 254
J/p X (5.0 £2.2 )x 1073 -
J/prta~ ( 1.9340.28) x 10~3 561
J/m0x0 (8.0 +3.0 ) x 10~4 565
J/Yn (9 +4 )x10~4 361
J/prO < 28 x 1074 CL=90% 604
ete™ (9.6 £0.7 ) x 1070 S=1.3 1887

Decays to light hadrons

b1(1235) 7 < 14 x 1072  CL=90% 1684
on < 7 x 104 CL=90% 1607
wn' < 4 x 104 CL=90% 1672
o°n < 6 x10~4  CL=00% 1674
on (31 +0.7 )x10~4 1703
wn < 1.4 x 1072  CL=90% 1762
On < 5 x 104  CL=00% 1764
0 < 3 x 1075  CL=90% 1746
w0 < 6 x10~% CL=90% 1803
ata— a0 < 5 x1070  CL=90% 1874

p < 5 x 1070 CL=90% 1805
K*(892)T K~ + c.c. < 1.4 x107° CL=90% 1745
K*(892)°K%+ c.c. < 12 x 1073 CL=90% 1745
KeKY < 12 x107%  CL=90% 1820
2(rtmT) < 112 x1073  CL=90% 1861
2(nt )70 < 1.06 x 1073 CL=90% 1844
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2(rt n~ 70) < 585 % CL=00% 1821

wrta™ < 6.0 x 104 CL=90% 1794
3(rt 7)) < 91 x 1073 CL=90% 1820
3(rt7)a0 < 137 % CL=90% 1792
3(rt7r)2n0 < 11.74 % CL=90% 1760
nwt = < 1.24 x 1073  CL=90% 1836
ata 270 < 89 x1073  CL=00% 1862
POrta— < 6.9 x 1073 CL=90% 1796
n3m < 1.34 x 1073  CL=90% 1824
n2(rt ) < 243 % CL=90% 1804

npntn < 1.45 % CL=90% 1708
n' 3w < 2.44 x 1073  CL=90% 1741
KtK-ntn < 9.0 x 1074  CL=90% 1773

ot < 41 x 1074  CL=90% 1737
KT K= 2x0 < 42 x 1073 CL=90% 1774
d(rt7T) < 1.67 % CL=90% 1757
4(nt ) n0 < 3.06 % CL=90% 1720
¢ 15(980) < 45 x 1074  CL=90% 1597
KTK-ntn 70 < 236 %1073 CL=90% 1741

KT K= p0x0 < 8 x 1074  CL=90% 1624

KtK=ptn™ < 1.46 % CL=90% 1623

WKTK™ < 34 x 1074 CL=90% 1664

pnt = n0 < 38 x10~3  CL=90% 1723

KOK- 7t 0%+ cc. < 162 % CL=90% 1694

K**K=ntr~+ cc < 3.23 % CL=90% 1693
KTK-ntn— 270 < 2.67 % CL=90% 1705
KTK=2(nt ™) < 1.03 % CL=90% 1702
KtK=2(rt77)x0 < 3.60 % CL=90% 1661
nKT K= < 41 x 1074  CL=90% 1712
nKTK-ntn~ < 1.24 % CL=90% 1624
POKT K™ < 50 %1073 CL=90% 1666
2(KTK™) < 6.0 x10~% CL=90% 1552
dKT K~ < 75 x10~% CL=90% 1598
2(KTK™)n® < 29 x 1074  CL=90% 1494
2AAKTK )nt o™ < 32 x 1073 CL=90% 1426
KK nt < 3.2 x 1073 CL=90% 1799
KSK=nt a0 < 1.33 % CL=90% 1773
KLK=pT < 66 %1073 CL=90% 1665
KiK=2ntm < 87 x 1073  CL=90% 1740
KSK=mtp0 < 16 % CL=90% 1621
KSK—ntny < 13 % CL=90% 1670
KSK=2rt om0 < 418 % CL=90% 1703
KSK=2ntn™n < 48 % CL=90% 1570
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KK nt2(rtn) < 1.22 % CL=90% 1658
KL K= nt 270 < 265 % CL=90% 1742
KKKt K-t < 4.9 x 1073 CL=90% 1491
KSK= KT K= nt 70 < 30 % CL=90% 1427
KSK- KT K=ty < 22 % CL=90% 1214
KOK-nt+ cc. < 97 x 1073 CL=90% 1722
ppr0 < 4 x 1075  CL=90% 1595
pprt ™ < 58 x 1074 CL=90% 1544
AA < 1.2 x 1074  CL=90% 1522
pprnt a0 < 185 x10~3  CL=90% 1490
wpp < 29 x 104 CL=90% 1310
AATO < 7 x 1075  CL=90% 1469
pp2(n 7)) < 26 x 1073 CL=90% 1426
npp < 5.4 x 1074  CL=90% 1431
nppr T < 33 x 1073  CL=90% 1284
O pp < 17 x 1073  CL=90% 1314
pPKT K™ < 32 x 1074 CL=90% 1186
nppK+T K™ < 6.9 x 1073 CL=90% 737
O ppKT K~ < 1.2 x 103 CL=90% 1094
opp < 13 x10~% CL=90% 1178
Art = < 25 x 1074 CL=90% 1405
APpK™T < 2.8 x 1074 CL=90% 1387
APKTntn— < 63 x 1074  CL=90% 1234
AAn < 19 x 1074  CL=90% 1263
>Sty- < 1.0 x 1074 CL=90% 1465
50350 < 4 %1075  CL=90% 1462
=t=- < 15 x 1074  CL=90% 1347
=0=0 < 14 x 104  CL=90% 1353
Radiative decays
VX2 < 6.4 x 1074  CL=90% 211
YXel ( 2.49+0.23) x 10~3 254
¥Xco (6.9 +£0.6 )x10~3 342
YNe < 7 x 1074 CL=90% 707
v1c(25) <9 x 1074  CL=90% 134
v’ < 1.8 x 104 CL=90% 1765
N < 15 x 104  CL=90% 1847
A0 < 2 x10~4  CL=90% 1884
12(3823) 16UPCY =02~ )
I, J. P need confirmation.

was 1(3823), X(3823)

Mass m = 3823.7 £ 0.5 MeV (S =1.1)
Full width ' < 5.2 MeV, CL = 90%
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Branching fractions are given relative to the one DEFINED AS 1.

p
95(3823) DECAY MODES Fraction (I;/T) Confidence level (MeV/c)
J/p(AS)rt <0.06 90% 607
J/9(18) 70 =0 <0.11 90% 610
J/p(18) 70 <0.030 90% 646
J/(1S)n <0.14 90% 431
X0 <0.24 90% 387
Xe1 7 DEFINED AS 1 300
X2y 0.28 791 258
13(3842) 16FC =037 7)
J, P need confirmation.

Seen by a single experiment only.
Mass m = 3842.71 + 0.20 MeV
Full width ' = 2.8 4+ 0.6 MeV

y3(3842) DECAY MODES Fraction (I';/T) p (MeV/c)
Dt D~ seen 443
DOEO seen 463
Xc1(3872) 1C(UFC) =0ttt

also known as X(3872)

Mass m = 3871.65 4+ 0.06 MeV

mxcl(3872) — mJ/w =775 £ 4 MeV

Full width I = 1.19 & 0.21 MeV (S = 1.1)

p

Xc1(3872) DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
ete” < 28 x 106 90% 1936
7t r™ J/¢(1S) (38+ 1.2)% 650
’/T+7T_’/T0J/7,[J(15) not seen 588
wne(1S) <33 % 90% 368
wJd/P(1S) (43+ 2.1)% f
loYo} not seen 1646
DO DO 70 (49 T28 )9 116
D*Opo (37 £ 9 )% t
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vy <11 % 90% 1936
pO DO < 29 % 90% 519
DT D~ <19 % 90% 502
7% %o < 4 % 90% 273
710 %c1 ( 3.4+ 1.6)% 319
70 xc0 < 70 % 90% -
7t n(1S) < 14 % 90% 745
T Xe1 < 7 x 103 90% 218
pp < 24 x 1072 95% 1693
Radiative decays
yDt D~ < 4 % 90% 502
~ D9 DO < 6 % 90% 519
yJ /4 (8 + 4 )x103 697
Y Xel < 9 x 1073 90% 344
VX2 < 32 % 90% 303
v (2S) (45+ 2.0)% 181
C-violating decays

nd/y < 1.8 % 90% 491

Z.(3900) 16UPCY = 1T+ )
was X(3900)

Mass m = 3887.1 + 2.6 MeV (S =1.7)
Full width ' = 28.4 + 2.6 MeV

Z_(3900) DECAY MODES Fraction (I;/T) p (MeV/c)
J/¢ﬂ seen 699
hc 7Ti not seen 318
Ne tr not seen 759
(DE*):E seen -

DO D*~ + c.c. seen 152

D~ D*O—i— c.C. seen 143
wﬂ'i not seen 1862
J/dn not seen 510
Dt D*~ + c.c seen -
DOE*O + c.c seen -
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Xc0(3915) 16(UPC) =0+ )
was X(3915)

Mass m = 3921.7 + 1.8 MeV (S = 1.5)
Full width ' = 18.8 & 3.5 MeV

Xc0(3915) DECAY MODES Fraction (I';/T) p (MeV/c)
w J/¢ seen 231
D*0po not seen 312
Dt D~ seen 591
7T n(1S) not seen 788
Nen not seen 668
Ne™T not seen 817
KK not seen 1898
Yy seen 1961
70 Xcl not seen 368
X2(3930) 16(UFC) =0t @t )

Mass m = 3922.5 + 1.0 MeV (S = 1.7)
Full width T =352+ 22 MeV (S =1.2)

Xc2(3930) DECAY MODES Fraction (I';/T) p (MeV/c)
Y seen 1961
DD seen 607
D+_D_ seen 592
DO DO seen 607
’/T—iZT_ 77(_-(15) not seen 788
KK not seen 1898
X(4020):I: /G(JPC) _ 1+(??—)

Mass m = 4024.1 4 1.9 MeV
Full width ' =13 £ 5 MeV (S = 1.7)

X(4020):|: DECAY MODES Fraction (I';/T) p (MeV/c)
he(1P)m seen 450
D* D* seen 85
DD*+ c.c. not seen 542
Ne mta~ not seen 872
J/?,[J(].S)Wi not seen 811
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1(4040) (7P

Mass m = 4039 + 1 MeV

16UPCYy =01~ )

Full width ' = 80 £+ 10 MeV

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(4040) DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
ete™ (1.0740.16) x 10~ 2019
DE seen 775
DOEO seen 775
Dt D~ seen 763

D*E-i- c.C. seen 569
D*(2007)0 DY+ cec. seen 575
D*(2010)+ D™+ c.c seen 561

D* D* seen 193
D*(2007)0 5*(2007)0 seen 226
D*(2010)+ D*(2010)_ seen 193
DD~ 7t +-c.c. (excl. not seen -

D*(2007)°D° +c.c.,
D*(2010)" D~ +c.c.)

D D* 7 (excl. D* D*) not seen -

DOD*~ 7t 4c.c. (excl. seen -
D*(2010)™ D*(2010)™)

D? Ds_ seen 452
J/prt o~ <4 x 1073 90% 794
J/pmO70 <2 x 1073 90% 797
J/dn (5.2 £0.7 ) x 10~3 675
J/apO <28 x 10—4 90% 823
J/pat o xO <2 x 103 90% 746

X1 < 3.4 x 1073 90% 494

Xc27Y <5 x 1073 90% 454

Xcl at o= 70 <11 % 90% 306

Xeo® T m <32 % 90% 233

he(1P)rt 7™ <3 x 1073 90% 403

prta~ <3 x 10™3 90% 1880

A ta= <29 x 10~4 90% 1578

AA7O <9 x 1075 90% 1636
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AAn < 3.0 x 10~4 90% 1452
AA <6 x 100 90% 1683
ytx- <13 x 10—4 90% 1632
y030 <7 x 10~5 90% 1630
=t= < 1.6 x 10~4 90% 1527
=0=0 <18 x 10—4 90% 1533
wtp~ (9 +6 )x106 2017
Xc1(4140) 16(PCY =0t

was X(4140)

Mass m = 4146.5 + 3.0 MeV (S = 1.3)
Full width T = 197 MeV

Xc1(4140) DECAY MODES Fraction (I';/T) p (MeV/c)

J/¢¢ seen 216

Yy not seen 2073
1(4160) [Pr22] 16UPCY =01~ )

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

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.

v(4160) DECAY MODES Fraction (I';/T) Confidence level (M(—fV/C)
ete™ (6.9 £3.3) x 1076 2096
,u+ wo seen 2093
DD seen 956
DO 50 seen 956
DT D~ seen 947
D*E—i— c.c. seen 798
D*(2007)0 DO+ c.c. seen 802
D*(2010)+ D™+ c.c. seen 792
D* D* seen 592
D*(2007)° D*(2007)° seen 604
D*(2010)+ D*(2010)_ seen 592
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DO D~ xnt +c.c. (excl. not seen -

D*(2007)°D° +c.c.,

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

D*(2010)™ D*(2010)7)
D:— Ds_ not seen 719
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/n <8 x 103 90% 822
J/2pO <1 x 1073 90% 944
J/n <5 x 1073 90% 457
J/prt a0 <1 x 1073 90% 879
P(2S)rt < 4 x 1073 90% 396
X1 <5 x 1073 90% 625
X2 <13 % 90% 587
Xcl rto—m <2 x 1073 90% 496
Xeomtm—m <8 x 1073 90% 445
he(1P)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
¥Xc1(3872) <18 x 1073 90% 308
YXc0(3915) — ~J/hm T < 1.36 x 10~4 90% -
vX(3930) — ~yJ/Yrta— < 118 x 10~4 90% -
v X(3940) — ~J/yprat T < 1.47 x 1074 90% -
Yxc0(3915) — vy J/v < 1.26 x 10~4 90% -
v X(3930) — vy J/v < 8.8 x 1072 90% -
v X(3940) — ~yyJ/v < 1.79 x 10~4 90% -
pppp not seen 834
AA <15 x 106 90% 1774

1(4230) 1I6UPSY =0—a1— )
also known as Y'(4230); was 1/(4260)
Mass m = 4222.7 + 2.6 MeV (S =1.7)
Full width T = 49 + 8 MeV (S = 3.5)

v(4230) DECAY MODES Fraction (I;/T) p (MeV/c)
utp~ (3.1+2.8) x 1072 2107
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77(_-(15) A not seen 1027
77(:(15)7T+7T_7T0 seen 992
J/¢7T+7T_ seen 942

J/v£(980), £(980) — 7T 7T~  seen -
Z.(3900)* 7F, ZE - J/prt  seen -

J/¢7T07T0 seen 944
J/¢K+K_ seen 460
J/¢ K% K% not seen 447
J/wn seen 848
J/w 70 not seen 966
J/¢ 77, seen 504
J/¢W+W_WO not seen 904
J/w 777T0 not seen 770
J/nm not seen 211
¢(25)7T+7T_ seen 426
@D(QS)?] not seen 1
XcoWw seen 171
Xcl ata— a0 not seen 527
X2 ata— a0 not seen 477
hc(1P)7T+7T_ seen 583
¢7T+ T not seen 1976
¢f0(980) — ¢7T+ T not seen -
DD not seen 987
DO DO not seen 987
Dt D~ not seen 978
D* D +c.c. not seen 887
D*(2007)0 D%+c.c. not seen -
D*(2010)+ D™ +c.c. not seen -
D*(2007)0 5*(2007)0 not seen 652
D*(2010)+ D*(2010)_ not seen 641
DD~ 7t +c.c. (excl. not seen -

D*(2007)°D*0 4c.c.,
D*(2010)" D~ +c.c.)

DD*r —+-c.c. (excl. D* E*) not seen 723
DO D*— xt +c.c. (excl. not seen -
D*(2010)* D*(2010)")

DO D*(2010)_7T+ +c.c. seen 716
D1(2420)5+ c.C. not seen t
D*D* 1 not seen 367
D: Ds_ not seen 760
D:+ DS_ +c.c. not seen 615
D:+ D:_ not seen +
pp not seen 1890
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pﬁﬁo not seen 1854
ppn not seen 1712
ppw not seen 1610
== not seen 1645
atate—n~ not seen 2087
atotnn~ 7TO not seen 2071
K% Ki nt not seen 2032
K% K:l:’/'i‘:FWO not seen 2009
K% K:l: ’/T:Fn not seen 1917
Kt K= =0 not seen 2033
KTK ntn— not seen 2008
K+K_’/T+7T_’/T0 not seen 1981
KTKTK- K~ not seen 1813
KtKtK—K— =9 not seen 1762
pﬁﬂ+ T not seen 1810
pﬁﬂ+ 7m0 not seen 1764
pppp not seen 864
AN not seen 1791

Radiative decays

77(_-(15)’)/ possibly seen 1055

nc(1S) 70y not seen 1049

Xc1?Y not seen 650

Xc27Y not seen 612

XC1(3872)’)/ seen 334
Xc1(4274) 1P =otat

was X (4274)

Mass m = 428675 MeV (S = 1.7)
Full width T = 51 + 7 MeV

Xc1(4274) DECAY MODES Fraction (I;/T) p (MeV/c)
J/¢¢ seen 522
1(4360) 1CUPG =01~ )

also known as Y'(4360); was X(4360)

1(4360) MASS = 4372 + 9 MeV (S = 2.9)
(4360) WIDTH = 115 + 13 MeV (S = 2.2)
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v(4360) DECAY MODES Fraction (I;/T) p (MeV/c)
he o~ seen 721
V(2S) T seen 577
¢(3770) nta~ possibly seen 493
1»(3823) Tt~ possibly seen 442
J/wn seen 981
D1(2420)5+ c.c. possibly seen 426
ppn not seen 1805
ppw not seen 1707

¢(4415) [ppaal

16UPC =0~ )

Mass m = 4421 + 4 MeV
Full width ' = 62 + 20 MeV

Due to the complexity of the c€ threshold region, in this listing, “seen”
(“not seen”) means that a cross section for the mode in question has been
measured at effective /s near this particle’s central mass value, more
(less) than 20 above zero, without regard to any peaking behavior in /s
or absence thereof. See mode listing(s) for details and references.

1(4415) DECAY MODES

Fraction (I';/T)

p
Confidence level (MeV/c)

DD
DO DO
D+ D~
D*D+ c.c.
D*(2007)°DO + c.c.
D*(2010)" D~ + c.c.
D* D*
D*(2007)° D*(2007)° + c.c.
D*(2010)" D*(2010)~ + c.c.
DO D~ 7t (excl. D*(2007)° D°
+c.c., D*(2010)" D~ +c.c.

DD35(2460) — D°D~ 7t +c.c.

DO p*— Wi—l—C.C.
D1(2420) D+ C.C.
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¢(3770) rtn~ possibly seen 541
J/dn < 6 x 1073 90% 1022
Xc1? < 8 x 104 90% 817
Xc27Y < 4 x 1073 90% 780
AA < 31 x 106 90% 1908
ete™ ( 9.443.2) x 1076 2210
wtp~ ( 2.0£1.0) x 1075 2208
Z.(4430) 16(UPCy =1t + )

G, C need confirmation.
was X (4430)*

Quantum numbers not established.

Mass m = 4478‘_%2 MeV
Full width ' = 181 + 31 MeV

Z_(4430) DECAY MODES Fraction (I';/T) p (MeV/c)

’/T+7,[J(25) seen 711

T J/@D seen 1162
1(4660) 1CUPG =01 )

also known as Y'(4660); was X(4660)

1(4660) MASS = 4630 + 6 MeV (S = 1.4)
1(4660) WIDTH = 72F13 MeV (S = 1.7)

1(4660) DECAY MODES Fraction (I';/T) p (MeV/c)
et e not seen 2315
V(ST seen 809
J/wn not seen 1192
DO D*— 7t not seen 1153
Xcl1?Y not seen 984
Xc27Y not seen 949
/\j— N seen 363
D: D51(2536)_ seen 534
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bb MESONS
(including possibly non-q{ states)

n6(1S) 16(UPC) =0t~ )

Mass m = 9398.7 + 2.0 MeV (S = 1.5)
Full width I = 1072 MeV

np(1S) DECAY MODES Fraction (I;/T) Confidence level (MSV/C)
hadrons seen -
3hT3h™ not seen 4672
2hT2h™ not seen 4689
AhT4h— not seen 4648
Yy not seen 4699
Wt <9 x 1073 90% 4698
Tt <8% 90% 4350

T(15) 16UPCY =01 )

Mass m = 9460.30 + 0.26 MeV (S = 3.3)
Full width ' = 54.02 4 1.25 keV
Scale factor/ p
T(1S) DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
Tt (2.60 £0.10 ) % 4384
ete™ (238 +£0.11 ) % 4730
w (248 +0.05 )% 4729
Hadronic decays

ggg (81.7 +£0.7 )% -
Y88 (22 +06 )% -
7'(958) anything (2,94 £0.24 )% -
J/¥(1S) anything (54 404 )x10~% S=14 4223

J/Y(1S)n. < 22 x 1070 CL=90% 3623

J/9(1S) xeo < 3.4 x 1076 CL=90% 3429

J/Y(1S) xc1 (39 +12 )x107° 3382

J/(1S) x 2 < 14 x 1070 CL=00% 3359

J/1¥(1S)n.(25) < 22 x 1070 CcL=00% 3317

J/¥(15) X(3940) < 54 x 1079 CL=00% 3148

J/¥(15) X (4160) < 5.4 x 1070 CL=90% 3020
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X(4350) anything, X —
J/p(15) ¢
Z.(3900)* anything, Z. —
J/p(18)m*
Z.(4200)* anything, Z. —
J/p(18)m*
Z.(4430)* anything, Z. —
J/p(1S)m*
Xcis anything, X —
J/pK*
1(4230) anything, ¥ —
J/Yp(1S)n T~
¥ (4230) anything, ¢ —
J/P(1S)KT K™
Xc1(4140) anything, xc1 —
J/(15)¢
Xco anything
Xc1 anything
Xcl(lP)Xtetra
Xc2 anything
¥(2S) anything
P(25)nc

4230) anything, ¢ —
P(2S)nT ™
1(4360) anything, ¥ —
P(2S)nT ™
1(4660) anything, ¢ —
P(2S)nT ™
X(4050)* anything, X —
$(2S)m=
Z.(4430)* anything, Z. —
$(2S)m*
Xc1(3872)anything
Z,(4200)*+ Z.(4200)~
Z.(3900)* Z.(4200)F
Z,(3900)+ Z_(3900)~
X(4050)" X (4050)~
X(4250)" X(4250)~
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< 81 x 106
< 13 x 1072
< 6.0 x 1072
< 49 x 1072
< 5.7 x 100
< 38 x 107°
< 75 x 10~6
< 5.2 x 106
< 4 x 10™3

( 1.90 +0.35 ) x 10~ 4
< 3.78 x 1072

(28 408 )x10~4
(1.23 £0.20 ) x 10~ 4

< 36 % 100
< 65 % 10— 6
< 45 % 10— 6
< 21 % 100
< 32 % 100
< 29 % 10— 6
< 29 x 10~
< 79 x 10~9
< 5.2 x 10~9
< 22 x 10~9
< 88 x 1072
< 6.7 % 10~9
< 25 x 104
< 223 x 1072
< 81 % 100
< 1.8 x 100
< 1.58 x 1072
< 2.66 x 1072
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X(4050)F X(4250)F < 442 x 1075 CL=00% -
Z.(4430)" Z.(4430) < 2.03 x 1072 CL=90% -
X (4055)* X (4055)T < 233 x 1075 CL=90% -
X (4055)* Z.(4430)F < 455 x 1075 CL=90% -
p < 3.68 x 1076 CL=90% 4697
w0 < 3.90 x 1070 CL=90% 4697
ata~ < 5 x 1074 CL=90% 4728
KT K~ < 5 x 104 CL=90% 4704
pp < 5 x 1074 CL=90% 4636
ata— a0 (21 +08 )x10° 4725
dKTK™ (24 £05 )x1070 4622
wrt ™ (45 +10 )x107° 4694
K*(892)° K~ 7t + c.c. (44 408 )x1076 4667
¢ f},(1525) < 1.63 x 1070 CL=90% 4551
w f>(1270) < 179 x 1070 CL=90% 4611
p(770) a(1320) < 224 x 1070 CL=90% 4605
K*(892)° K3(1430)° + c.c. (30 408 )x1076 4578
K1(1270)* KT < 241 x 1076 CL=00% 4634
K1(1400)* KT (1.0 +04 )x10~6 4613
by (1235)* 7T < 1.25 x 1076 CL=00% 4649
at o~ 7070 (1.28 £0.30 ) x 107> 4720
KKt~ + cc. (16 +04 )x100 4696
K*(892)9K? + c.c. (29 409 )x1076 4675
K*(892) KT+ c.c. < 111 x 1070 CL=00% 4675
f1(1285) anything (46 +31 )x103 -
D*(2010)* anything (252 £0.20 ) % -
1(1285) Xietra < 6.24 x 1072 CL=90% -
2H anything (285 +0.25 ) x 107 -
Sum of 100 exclusive modes ( 1.200£0.017) % -
Radiative decays

yrta~ (63 +£1.8 )x107° 4728
7070 (17 +07 )x1075 4728

vy (S-wave) (46 407 )x107° 4728
ym9n < 24 x 1076 CL=00% 4713
YKT K™ [qgaa] ( 1.14 £0.13 ) x 1072 4704
PP [rraa] < 6 x 1070 CL=90% 4636
y2hT2h™ (70 +15 )x10~% 4720
v3ht3h~ (54 +£20 )x1074 4703
y4hT 4h~ (74 +£35 )x1074 4679
yrtrT KT K™ (29 £09 )x10~4 4686
y2rt 2w~ (25 409 )x10~4 4720
v3rt3r~ (25 +12 )x10~% 4703
yort2r— KT K= (24 +£12 )x1074 4658
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yrtn~ pp (15 +06 )x10~4
y2rt2nr~ pp (4 +6 )x107°
y2KT 2K~ (2.0 £20 )x107°
v’ (958) < 19 x 106
v < 10 x 100
v 15(980) < 3 x 1072
7 f}(1525) (29 406 )x107°
v (1270) (1.01 +0.06 ) x 1074
~vn(1405) < 82 x 1072
7 f5(1500) < 15 x 1072
7f(1500) — YKt K~ (1.0 +£04 )x107°
v 1(1710) < 26 x 1074
vf(1710) — yKT K~ (1.01 +0.32 )x107°
vf(1710) — 7wt o~ (53 +20 )x107°
vfy(1710) — 7070 < 1.4 x 1076
vfo(1710) — ~vnn < 18 x 10~0
7 12(2050) < 53 x 1072
v%(2200) - YKt K~ < 2 x 10~4
v£;(2220) - YKT K~ < 8 x 10~7
v£;(2220) = ywt AT < 6 x 107
v1;(2220) — ~vpp < 11 x 10~6
vn(2225) — v¢¢ < 3 x 1073
vnc(1S) < 29 x 1072
v1(25) < 4 x 104
Y Xco < 6.6 x 1072
YXc1 (47 T28 )x1075
Y X2 < 76 x 10~6
vxc1(3872) < 4 x 1072
vYXc1(3872), xc1 — < 28 x 106
rta= 70 /4y
Yxc0(3915) = wJ/v < 3.0 x 1070
vXc1(4140) — o J/¢ < 22 x 10~0
v X [ssaa] < 4.5 x 100
Y XX (myx < 3.1 GeV) [ttaa] < 1 x 1073
Y XX(mx < 4.5 GeV) [uuaa] < 2.4 x 10~4
vX — ~+ > 4 prongs [waa] < 1.78 x 1074
va(lJ — 7u+ w [xxaa] < 9 x 100
vad — yrtr [qgaal < 1.30 x 104
va) = vgg [yyaa] < 1 %
vad — s3 [yyaa] < 1 x 1073
Lepton Family number (LF) violating modes
ptrF LF < 6.0 x 10~6

083C01 (2022)

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

CL=95%

4563

HTTP://PDG.LBL.GOV Page 175 Created: 8/11/2022 09:37



Citation: R.L. Workman et al. (Particle Data Group), Prog.Theor.Exp.Phys. 2022, 083C01 (2022)

invisible
hadrons

Other decays

< 3.0 X
(97 5 )%

10~4 CL=90%

XbO(lP) [zzaa]

/G(JPC) — 0+(0+ +)
J needs confirmation.

Mass m = 9859.44 4 0.42 4 0.31 MeV

Xxpo(1P) DECAY MODES Fraction (I';/T) Confidence level (M:V/c)
v T(1S) ( 1.9440.27) % 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% 2x0 < 5 x 104 90% 4846
2rt2n 270 < 21 x 10~4 90% 4905
2T 2n = KT K™ (1.1 0.6 )x10~4 4861
2rt2r~ KT K= =0 < 27 x 10~4 90% 4846
2rt 2~ K+ K= 270 < 5 x 10—4 90% 4828
3rt2r” K~ K%n0 < 16 x 10—4 90% 4827
3nt 3~ < 8 x 1079 90% 4904
3rt 37— 270 < 6 x 10—4 90% 4881
3nT3r" KT K™ (24 +12)x10~4 4827
3rt3r~ Kt K~ 70 < 1.0 x 103 90% 4808
4rt4m— < 8 x 1070 90% 4880
4t 4 270 < 21 x 10~3 90% 4850
J/pd/ < 7 x 1072 90% 3836
J/)(2S) < 1.2 x 1074 90% 3571
$(25)1(25) < 31 x 1072 90% 3273
J/1(1S)anything < 23 x 1073 90% -
Xbl(lP) [zzaa] /G(JPC) _ 0+(1++)
J needs confirmation.
Mass m = 9892.78 + 0.26 + 0.31 MeV
xp1(1P) DECAY MODES Fraction (I';/T) Confidence level (M:V/c)
v T(1S) (35.2 £2.0) % 423
DO X (12.6 +£2.2) % -
e~ Kt K= 70 ( 2.0 £0.6) x 10~4 4892
2t K~ KY (1.3 £0.5) x 10~4 4892
2t K~ K% 2n0 < 6 x 104 90% 4863
2rt2r~ 270 ( 8.0 £2.5) x 10~4 4921
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22T KT K™ (1.5 +05) x10~4 4878
2rt 2~ KT K= =0 (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
337~ (1.9 £0.6) x 10~4 4921
3nt3n~ 270 (1.7 +£0.5) x 10~3 4898
3nT3r" KT K™ (2.6 £0.8) x 10~4 4844
3rt3r~ Kt K~ 70 (7.5 £2.6) x 10~4 4825
4rt4m— (2.6 +£0.9) x 10~4 4897
4ntan— 270 (1.4 £0.6) x 10-3 4867
wanything (49 £1.4)% -
W X¢etra < 4.44 x 10~4 90% -
J/pJ/y < 27 x 1072 90% 3857
J/¥(2S) < 17 x 1072 90% 3594
P(25)(25) < 6 x 1072 90% 3298
J/1(1S)anything < 11 x 1073 90% -
J/(1S) Xietra < 227 x 104 90% -
hy(1P) 1I6UPSY =0~ )

Mass m = 9899.3 + 0.8 MeV

hp(1P) DECAY MODES

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

np(15)~

(5278) % 488

sz(lP) [zzaa]

/G(JPC) — 0+(2 + +)
J needs confirmation.

Mass m = 9912.21 + 0.26 + 0.31 MeV

Xp2(1P) DECAY MODES

v T(1S)

DO X

ata KT K70
2nt K™ K%
2nt K~ K%27r0
25t 27~ 270
2rton~ KT K—
2t 2r~ Kt K—#0
2t 2~ Kt K= 270
3rt2n— K~ K%WO

HTTP://PDG.LBL.GOV

Fraction (I';/T) Confidence level (M(—fV/C)
(18.0+1.0) % 442
< 7.9 % 90% -
(8 +£5 )x10~° 4902
< 1.0 x 104 90% 4901
( 5.3+2.4)x 1074 4873
(35+1.4)x 104 4931
(1.1+0.4)x 1074 4888
(21+0.9) x 10~4 4872
(3.9+1.8)x 10~ 4 4855
< 5 x 104 90% 4854
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3nT3n~ ( 7.04£3.1) x 1072 4931
3rt 37— 270 ( 1.0£0.4) x 103 4908
3nT3r KT K™ < 8 x 1072 90% 4854
3rt3r~ KT K= =0 ( 3.6+1.5) x 10~4 4835
Antan— (8 £4 )x107° 4907
4ntan— 270 ( 1.840.7) x 103 4877
J/pJ/y < 4 x 1075 90% 3869
J/¥(2S) <5 x 1072 90% 3608
»(25)1(25) < 16 x 1072 90% 3313
J/1(1S)anything ( 1.540.4) x 103 -
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
Scale factor/ p
T(2S) DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
T(1S)rt (17.85+ 0.26) % 475
rs)« 070 (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)7° < 4 x 1072 CL=90% 531
T(1S)n (29 + 04 )x107%  S$=20 126
J/¥(1S) anything < 6 x 1073 CL=90% 4533
J/Y(1S8)n. < 5.4 x 1070 CL=90% 3984
J/9(15) xeo < 3.4 x 1076 CL=00% 3808
J/(1S) X1 < 12 x 1070 CL=90% 3765
J/(1S) x 2 < 2.0 x 1076 CL=00% 3744
J/¥(18)n.(25) < 25 x 1070 cL=90% 3707
J/¥(15) X (3940) < 20 x 1070 CL=90% 3555
J/¥(15) X (4160) < 2.0 x 1070 CL=90% 3442
Xc1anything (22 +05)x10~% -
Xe1(1P)® Xietra < 367 x 1075  CL=90% -
Xc2 anything (23 +08)x10"% -
»(2S8) 7, < 5.1 x 1070 CcL=90% 3732
¥(25) xco < 47 x10~6 CL=00% 3536
¥(2S) X1 < 25 x 1070 CL=90% 3488
¥(25) X2 < 19 x 1070 CL=90% 3464
¥(25)n.(25) < 33 x 1070 CL=90% 3422
¥(25) X(3940) < 3.9 x 1070 CL=90% 3250
1 (25) X(4160) < 39 x 1076 CL=90% 3120
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Z.(3900)" Z.(3900)~ < 1.0 x 1070 CL=90% -

Z.(4200)" Z.(4200)~ < 167 x 1072  CL=90% -

(3900)i Z.(4200)F < 73 x 1070 CL=90% -
X (4050)" X(4050)~ < 1.35 x 1072 CL=90% -
X(4250)" X(4250)~ < 267 x 107  CL=90% -
X(4050)* X(4250)F < 272 x 1075 CL=00% -
Z.(4430)" Z.(4430) < 2.03 x 1073 CL=90% -
X (4055)* X (4055)F < 111 x 1075 CL=90% -
X(4055)* Z.(4430)F < 211 x 1075 CL=00% -
2H anything (278% 9391075 s=12 -~
hadrons (94 +£11 )% -

ggg (58.8 £ 1.2 )% -

Y88 (1.87+ 0.28) % -
PKTK™ (16 + 04 )x107° 4910
wrt ™ < 258 x 1070 CL=90% 4977
K*(892)° K~ nt + c.c. (23 + 07 )x10° 4952
¢ f1,(1525) < 133 x 1070 CL=90% 4842
w f>(1270) < 5.7 x 1077 CL=90% 4899
p(770) a(1320) < 88 x 107 CL=90% 4894
K*(892)° K5(1430)° + c.c. (15 + 06 )x 1076 4869
K1 (1270)* KT < 3.22 x 1070 CL=00% 4921
K1(1400)* KT < 83 x 1077 CL=90% 4901
by (1235)* < 40 x 1077 CL=00% 4935
p < 116 x 1070 cL=90% 4981
ata— 70 < 80 x10~7 CL=90% 5007
w0 < 1.63 x 1070 CL=00% 4980
at o~ 7070 ( 1.30+ 0.28) x 10~> 5002
K K n~+ cc ( 1.14+ 0.33) x 1076 4979
K*(892)°KO + c.c. < 422 x 1070 CL=00% 4959
K*(892)” KT+ c.c. < 145 x 1070 CL=00% 4960
f1(1285) anything (22 + 1.6 )x 1073 -
1(1285) Xietra < 6.47 x 1072 CL=90% -
Sum of 100 exclusive modes ( 2.90+ 0.30) x 103 -

Radiative decays

vXp1(1P) (69 + 04)% 130
vYXp2(1P) ( 7.15+ 0.35) % 110
vXpo(1P) (38 + 04)% 162
v 1fp(1710) < 5.9 x 1074 CL=90% 4867
v f}(1525) < 53 x 1074 CL=90% 4897
v (1270) < 241 x 1074 CL=90% 4930
vnc(1S) < 27 x 1072 CL=90% 4567
Y Xc0 < 1.0 x 1074 CL=90% 4430
Y Xel < 3.6 x 1070 CL=90% 43907
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VX2 < 15 x 1072 CL=90% 4381

vxc1(3872) < 21 x 1072 CL=90% 4264
xc1(3872), Xc1 — < 24 x 1076 CcL=90% -

rta= 70 /4y

Yxc0(3915) = wJ/v < 238 x 1076 CcL=90% -

YXxc1(4140) — @ J/9 < 12 x 1070  CL=90% -

vX(4350) — ¢J /1 < 13 x 1076 CL=90% -

Ynp(1S) (55 T 55 )x107%  s=12 605

ynp(1S) — ~Sum of 26 exclu- < 3.7 x 1070  CL=90% -
sive modes

¥X p5 — 7Sum of 26 exclusive < 49 x 1070 CL=90% -
modes

vX — ~+ > 4 prongs [aabb] < 1.95 x 1074 CL=95% -

vA® — ~hadrons < 8 x 1072 CL=90% -

vad = yutp” < 83 x 1076 CL=90% -~

Lepton Family number (LF) violating modes

et rT LF < 32 x 1070 CL=90% 4854
ptrF LF < 33 x 1076 CL=00% 4854
T2(1D) 1P =027 )
was T(1D)
Mass m = 10163.7 = 1.4 MeV (S =1.7)
T5(1D) DECAY MODES Fraction (I';/T) p (MeV/c)
Yy T(].S) seen 679
¥ Xp.7(1P) seen 300
n T(1S) not seen 426
7t~ T(1S) (6.6£1.6) x 103 623

XbO(zP) [zzaa]

/G(JPC) — 0+(0++)

J needs confirmation.

Mass m = 10232.5 & 0.4 & 0.5 MeV

Xpo(2P) DECAY MODES

Fraction (I';/T)

p
Confidence level (MeV/c)

v T(25)

v T(15)

DO X

ata Kt K70
2t~ K™ K%

HTTP://PDG.LBL.GOV

(1.38£0.30) %
(3.8 £1.7 ) x 1073

< 8.2 %

< 3.4 x 1079

<5 x 1079
Page 180

207
743
90% -
90% 5064
90% 5063
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2t K~ K% 270 <22 x 104 90% 5036
2rt 2n~ 270 <24 x 104 90% 5092
22T KT K™ <15 x 104 90% 5050
2rt2r~ Kt K= 70 <22 x 104 90% 5035
2rt 2™ KT K= 270 <11 x 103 90% 5019
3rt2r K~ Kn® <7 x 10—4 90% 5018
337~ <7 x 1072 90% 5001
3rt 37— 270 < 1.2 x 103 90% 5070
3nT3r" KT K™ <15 x 10~4 90% 5017
3rt3r~ Kt K= 70 <7 x 104 90% 4999
4T 4~ <17 x 104 90% 5069
4t 4 270 <6 x 104 90% 5039
Xb1(2P) [zzaa] /G(JPC) —ot@at )
J needs confirmation.
Mass m = 10255.46 £+ 0.22 + 0.50 MeV
mXb1(2P) — mXbO(QP) = 23.5 £+ 1.0 MeV
Xxp1(2P) DECAY MODES Fraction (I';/T) p (MeV/c)
w T(15) (1.637939) % 135
v T(2S) (18.1 £1.9 )% 230
v T(15) (9.9 £1.0 )% 764
77 xp1(1P) (9.1 £1.3 )x 1073 238
DO X (88 £1.7 )% -
Tt~ Kt K= 70 (3.1 £1.0 ) x 10~4 5075
2r T T K™ KY (1.1 £05 ) x 10~4 5075
2t K~ K% 2x0 (7.7 £32 )x 10~4 5047
2rt2r— 270 (5.9 +£2.0 ) x 1074 5104
2T 2n = KT K™ (10 +4 )x107° 5062
2rt 2~ KT K= =0 (55 +£1.8 ) x 10~4 5047
2rt 2~ KT K= 270 (10 +4 )x10~4 5030
3rt2r” K~ K%n0 (6.7 £2.6 ) x 10~4 5029
337~ (1.2 £0.4 )x 1074 5103
37t 37— 270 (1.2 £0.4 )x 103 5081
3nt3n KT K™ (2.0 £0.8 ) x10~4 5029
3rt3r~ Kt K~ 70 (6.1 £2.2 )x 1074 5011
4rt4m— (1.7 £0.6 ) x 10~4 5080
4t 4 270 (1.9 +0.7 ) x 1073 5051
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hy(2P) 16UPCY =01+ )

Mass m = 10259.8 4= 1.2 MeV

hp(2P) DECAY MODES Fraction (I;/T) p (MeV/c)
hadrons not seen -
np(1S)~y (22+ 5) % 825
np(25)~ (48+13) % 257
xp2(2P) =] 1C(UPCy =0t (2t )
J needs confirmation.

Mass m = 10268.65 + 0.22 + 0.50 MeV
mXb2(2P) — mXb1(2P) = 13.10 =+ 0.24 MeV

Xp2(2P) DECAY MODES Fraction (I;/T) Confidence level (M(—fV/C)
w T(15) (1107334 % 194
v T(25) (89 £12 )% 242
v T(1S) (6.6 £0.8 )% 777
7 xp2(1P) (5.1 £0.9 ) x 103 229
DO x <24 % 90% —
atr” Kt K= 70 <11 x 10—4 90% 5082
2r T T K™ KY <9 x 105 90% 5082
2t K~ K% 270 <7 x 10—4 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 1074 5054
2rt2r~ KT K= 270 (47 £2.3 ) x 1074 5037
3rt2r” K~ K%n0 <4 x 10~4 90% 5036
3t 3n~ (9 +4 )x1075 5110
3rt 37— 270 (12 £0.4 ) x 103 5088
3nT3r" KT K™ (1.4 £0.7 ) x 10~4 5036
3rt 3~ KT K~ x0 (42 +£1.7 ) x 10~4 5017
Anta4n— (9 +5 )x107° 5087
4ntan— 270 (1.3 £0.5 ) x 1073 5058
T(3S) 16UPCY =0—1— )

Mass m = 10355.2 + 0.5 MeV
m'r(35) — m'r(25) = 331.50 + 0.13 MeV
Full width ' = 20.32 £+ 1.85 keV
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Scale factor/ p
T(3S) DECAY MODES Fraction (I;/T) Confidence level (MeV/c)
T(2S)anything (106 + 0.8 )% 296
TQRS)r 7~ ( 2.82+ 0.18) % S=1.6 177
T(2S) 7070 (1.85+ 0.14) % 190
T(25)y~y (50 £ 07)% 327
T(25) 0 < 5.1 x 1074 CL=90% 208
TAS)rt 7~ ( 437+ 0.08) % 813
T(18) 7070 ( 2204 0.13) % 816
T(1S)n <1 x 1074  CL=90% 677
T(15) 70 < 7 x 1075 CL=90% 846
hp(1P) 70 < 12 x 103 CL=90% 426
hp(1P) 70 — ~np(1S) 70 (43 + 1.4 )x 1074 -
hp(1P) 7T 7~ < 12 x 10~%  CL=90% 353
7t ( 2.29+ 0.30) % 4863
ptp~ ( 218+ 0.21) % S=2.1 5177
ete™ ( 2.184+ 0.20) % 5178
hadrons (93 +£12 )% -
ggg (35.7 £ 26 )% -
V88 (9.7 + 1.8 )x 1073 -
2H anything ( 233+ 0.33) x 1072 -
Radiative decays
vXp2(2P) (131 + 16 )% S=3.4 86
vXp1(2P) (126 + 1.2 )% S=2.4 99
v Xbo(2P) (59 + 06 )% S=1.4 122
Yxp2(1P) (10.0 £ 1.0 )x 103 s=1.7 434
Yxp1(1P) (9 +5 )x100% s=18 452
Yxbo(1P) (27 + 04 )x103 484
v1p(25) < 6.2 x 104 CL=90% 350
v1p(1S) (51 + 07 )x1074 912
~vA% — ~hadrons < 8 x 1072 CL=90% -
vX — 7+ > 4 prongs [bbbb] < 2.2 x 104 CL=95% -
vad = yptp” < 55 x 1076 cL=90% -
vad — yrtr [ccbb] < 1.6 x 10~4  CL=90% -~
Lepton Family number (LF) violating modes
et 7 F LF < 42 x 1076 CL=00% 5025
ptrF LF < 3.1 x 1076 CL=00% 5025
Xp1(3P) =] 16(UPC) =0t t

J needs confirmation.
Mass m = 10513.4 + 0.7 MeV
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Xp1(3P) DECAY MODES Fraction (I;/T) p (MeV/c)
T(].S)’y seen 1000
T(QS) y seen 479
T(35) vy seen 157

Xb2(3P) [zzaa]

J needs confirmation.

/G(JPC) — 0+(2++)

Mass m = 10524.0 & 0.8 MeV

Xp2(3P) DECAY MODES Fraction (I';/T) p (MeV/c)
T(35)’y seen 167
T(4S) 1CUPG =01 )

also known as 77(10580)

Mass m = 10579.4 & 1.2 MeV
Full width ' = 20.5 £ 2.5 MeV

T(4S) DECAY MODES

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

BB
BT B~
D? anything + c.c.
BOBO
IR + (), ) KS
non-B B
et e
ptpT
K*(892)° KO
J/1(1S) anything
D** anything + c.c.
¢ anything
ol
on’
PN
p1'
T(1S) anything
T(S)n T 7~

HTTP://PDG.LBL.GOV

> 96 % 95% 326
(51.4 +£0.6 ) % 331
(17.8 +£2.6 ) % -
(48.6 +£0.6 ) % 326

< 4 x 10~ 90% -

< 4 % 95% -
( 1.57+0.08) x 1072 5290

< 5.7 x 10~ 90% 5233

< 2.0 x 100 90% 5240

< 19 x 10~4 95% -

< 74 % 90% 5099
(7.1 +£0.6 )% 5240

< 18 x 100 90% 5226

< 43 x 100 90% 5196

< 13 x 100 90% 5247

< 25 x 10~ 90% 5217

< 4 x 10~3 90% 1053
(82 +0.4 )x107° 1026
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T(1S)n ( 1.8140.18) x 10~ % 924
T(1S)y (34 +£09 )x 107> -
TQRS)r 7~ (82 08 )x107> 468
hp(1P) 7T 7~ not seen 600
hp(1P)n ( 2.1840.21) x 103 390
np(1S)w < 18 x 10~4 90% -
2H anything < 13 x 1072 90% -
Double Radiative Decays

vy T(D) = vyn T(1S) < 23 x 1070 90% -

Z(10610) 16UPC)y =1t + )

was X(10610)
Mass m = 10607.2 + 2.0 MeV
Full width ' = 18.4 + 2.4 MeV

Z,(10610) DECAY MODES Fraction (I;/T) p (MeV/c)
T(1S)rt (5.4712) %1073 1077
T(15) 70 not seen 1077
T(2S)7+ (36753 % 551
T(25)’/T0 seen 552
T(3S)nt (21738 % 207
T(35)7T0 seen 210
hp(1P)m ™t (35752) % 671
hp(2P) 7t (47710 % 313
Bt EO not seen 505
B+ B*0 + B*t B0 (85.673°3) % -

Z;,(10650) 16(UPC)y =1t + )

I, G, C need confirmation.
was X(10650)F

Mass m = 10652.2 4+ 1.5 MeV
Full width ' = 11.5 £+ 2.2 MeV
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Z},(10650) ~ decay modes are charge conjugates of the modes below.

Z;,(10650)+ DECAY MODES Fraction (I';/T) p (MeV/c)
T@aS)nt (1.7738) x 103 1117
T(2S)n ™t (14700 % 505
T(3S)nt (16730 % 259
hp(1P) 7t (84722)% 714
hp(2P) 7t (15 +4 )% 360
Bt §O o not seen 703
Bt B*O + B*t BO not seen -
B*+ B*0 (74 T¢ )% 122

T(10860)

1I6UPSY =0—a1— )

Mass m = 10885.2 738 MeV
Full width I = 37 + 4 MeV

T(10860) DECAY MODES

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

BBX
5B
BB* + c.c.
B* B*
BB®™)
BBr
B*Br + BB*m
B*B*n
BBrm
() 5(*)
B, %
Bs Bs
BsB; + cc.
B¢ B,
no open-bottom
et e o
K*(892)° KO
TAS)r 7~
T(1S)n
T(1S)n

HTTP://PDG.LBL.GOV

(762 T20 )% —

( 55 +£1.0 )% 1322
(137 +1.6 )% -
(381 £3.4 )% 1127
< 197 % 90% 1015
( 00 £1.2)% 1015
( 7.3 £23)% -
( 1.0 £1.4 )% 739
< 89 % 90% 551
(201 £3.1)% 905
(5 +5 )x103 905
( 1.35+0.32) % -
(17.6 £2.7 )% 543
( 38 T29)% -
( 83 +21)x10°° 5443
< 1.0 x 1072 90% 5395
( 53 406 )x103 1306
( 85 +1.7 )x10~% 1229
< 6.9 x 1072 90% 985
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TQRS)r 7~ ( 78 £1.3 )x 103 783
T(2S)n ( 41 406 )x103 639
T@RS)ntn~ (48 T19)x1073 440
TAS)KT K~ ( 61 +1.8)x10"4 959
n7T,(1D) ( 48 +1.1 )x 103 -
hp(1P) 7t 7~ ( 35 719 )x1073 903
hp(2P) T 7~ ( 57 T30 )x1073 544
xpy(1P) 7t 7~ 70 ( 25 +£23 )x 103 894
xpo(1P) 7t 7= 70 < 63 x 1073 90% 894
xbo(1P)w < 39 x 1073 90% 631
x0(1P) (7T 7~ 1) non—cw < 48 x 1073 90% -
xp1(1P) 7t 7= 70 ( 1.85+0.33) x 103 861
Xp1(1P)w ( 1.5740.30) x 103 582
Xb1(IP) (7T 77 7)) non—w ( 52 +£1.9 )x10~4 —~
xp2(1P) 7t 7= 70 ( 1.17+0.30) x 103 841
Xp2(1P)w ( 6.0 £2.7 )x 104 552
Xp2(1P) (7 77 7°)non—u (6 =+4 )x107* -
Y Xp = YT (1S)w < 38 x 1070 90% -
np(1S)w < 13 x 1073 90% 1177
np(2S)w < 56 x 1073 90% 399

Inclusive Decays.

These decay modes are submodes of one or more of the decay modes

above.
¢ anything (138 f%‘; ) % -
DO anything + c.c. (108 +8 )% -
Dg anything + c.c. (46 +6 )% -
J/1) anything ( 2.06+£0.21) % -
BO anything + c.c. (77 +£8 )% -
BT anything + c.c. (72 +6 )% -
7T(11020) 16(UPCY =017 )

Mass m = 11000 + 4 MeV
Full width I = 2418 Mev

T(11020) DECAY MODES Fraction (I';/T) p (MeV/c)
ete (5.4132) x 1076 5500
xps(1P) 7t 7= 70 (9 3 )x1073 1007
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Xb1(1P)7r+7T_’R‘O seen 975
Xb2(1P)’/r+7T_ﬂ‘0 seen 956
NOTES

[a] See the review on “Form Factors for Radiative Pion and Kaon Decays”
for definitions and details.

[b] Measurements of '(e*v,)/I(1Fv,) always include decays with 7',

and measurements of ['(eT ve7) and [(u*v,~) never include low-
energy v's. Therefore, since no clean separation is possible, we consider
the modes with v's to be subreactions of the modes without them, and
let [M(eT ve) + T(1" v)]/Tiotal = 100%.

[c] See the 7+ Particle Listings for the energy limits used in this measure-
ment; low-energy v's are not included.

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

[e] Astrophysical and cosmological arguments give limits of order 10~13,
but they are model dependent and for the summary value we use the
best laboratory limit, which includes any final state of invisible particles.

[f] Forbidden by angular momentum conservation.
[g] C parity forbids this to occur as a single-photon process.

[h] The wp interference is then due to wp mixing only, and is expected to
be small. If ey universality holds, T'(p® — puT =) =T(p° = ete™)
x 0.99785.

[i] Our estimate. See the Particle Listings for details.

[j/] See the “Note on a;(1260)" in the a1(1260) Particle Listings in
PDG 06, Journal of Physics G33 1 (2006).

[k] See also the w(1650).
[/] See also the w(1420).
[n] See the note in the KT Particle Listings.

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

[p] The definition of the slope parameters of the K — 3x Dalitz plot
is as follows (see also “Note on Dalitz Plot Parameters for K — 37
Decays” in the KT Particle Listings):

2 _ 2
M2 =1+ g(s3 — s0)/m2, +
[g] For more details and definitions of parameters see the Particle Listings.

[r] See the K= Particle Listings for the energy limits used in this measure-
ment.
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[s] Most of this radiative mode, the low-momentum -y part, is also included
in the parent mode listed without v's.

[t] Structure-dependent part.

[u] Direct-emission branching fraction.

[v] Violates angular-momentum conservation.

[x] Derived from measured values of ¢, _, ¢go, ‘n‘ }mK(L) — mK%}, and

T 0, aS described in the introduction to “Tests of Conservation Laws.”
3
[y] The CP-violation parameters are defined as follows (see also “Note on

CP Violation in Kg — 37" and “Note on CP Violation in K(Z Decay”
in the Particle Listings):
A(K(L) — 7t r7)

A(K% — 7ta7)

Ny— = }77+—‘ei¢+* = =c + ¢

AKY — 70x0)
A(KY — 79 70)
MK —» 7= ety) = T(KY —» atemv)

MK —» 7= etv) + T(KY — at i)

|-(K(~%_> 7T+7T_7TO)CP viol.

=¢c— 2¢

M00 = \ﬂoo\ei%o =

Im(n4_0)? = :
- F(K(L) — ntr~ a9
0 0.0_0
I > _ NKg — 77 '7")
m(n000) 0.0.0

F(K(L) — 707070y
where for the last two relations CPT is assumed valid, i.e., Re(n1_g) =~
0 and Re(nooo) ~ 0.
[z] See the K% Particle Listings for the energy limits used in this measure-
ment.
[aa] The value is for the sum of the charge states or particle/antiparticle
states indicated.
[bb] Re(€'/e) = €’ /e to a very good approximation provided the phases
satisfy CPT invariance.
[cc] This mode includes gammas from inner bremsstrahlung but not the
direct emission mode K(Z — 7wt 7 ~(DE).
[dd] See the K(L) Particle Listings for the energy limits used in this measure-
ment.
[ee] Allowed by higher-order electroweak interactions.

[ff] Violates CP in leading order. Test of direct CP violation since the
indirect CP-violating and CP-conserving contributions are expected to

be suppressed.
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[gg] See our minireview under the K,(1770) in the 2004 edition of this
Review.

[hh] This result applies to Z0 — ¢€ decays only. Here /T is an average
(not a sum) of e™ and u* decays.

[ii] See the Particle Listings for the (complicated) definition of this quan-
tity.

[i/] 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.

[kk] These subfractions of the K~ 27+ mode are uncertain: see the Particle
Listings.

[//] Submodes of the DT — K~ 2770 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.

[nn] The unseen decay modes of the resonances are included.

[0oo] This is not a test for the AC=1 weak neutral current, but leads to the
7t 0T ¢~ final state.

[pp] This mode is not a useful test for a A C=1 weak neutral current because
both quarks must change flavor in this decay.

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

[rr] This value is obtained by subtracting the branching fractions for 2-, 4-
and 6-prongs from unity.

[ss] This is the sum of our K~ onta—, K 2nta— 0
KO2nton—, Kt2K—nt, 2zt 2r—, 2nt 2770, KT K= 7t n~, and
KtK-atn— 70, branching fractions.

[tt] This is the sum of our K~ 3727~ and 37" 37~ branching fractions.

[uu] The branching fractions for the K~ et v,, K*(892) et v, 7~ eT v,
and p~ eT v, modes add up to 6.17 + 0.17 %.

[vv] This is a doubly Cabibbo-suppressed mode.

[xx] Submodes of the DO — K% 7t 7~ 70 mode with a K* and/or p were
studied by COFFMAN 92B, but with only 140 events. With nothing
new for 18 years, we refer to our 2008 edition, Physics Letters B667 1
(2008), for those results.

[yy] This branching fraction includes all the decay modes of the resonance
in the final state.

[2z] This limit is for either D° or D° to pe™.
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[aaa] This limit is for either D? or D° to pe™.
[bbb] 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 et v, with an 7, 7/, ¢, K9, or K*0 — is
5.99 + 0.31 %.

[ccc] This fraction includes 1 from 7’ decays.
[ddd] The sum of our exclusive 1’ fractions —n' e T ve, ' pt vy, /7%, 0/ p™T,
and n KT — is 11.8 + 1.6%.

[eee] This branching fraction includes all the decay modes of the final-state
resonance.

[fff] 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 10™4.

[ggg] 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 Dj — KTK—xT. That is, the ratio of

these two branching fractions is not exactly the  — K+ K~ branching
fraction 0.491.

[hhh] This is the average of a model-independent and a K-matrix parametriza-
tion of the 77 7~ S-wave and is a sum over several f; mesons.

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

[ij] An CP(+£1) indicates the CP=+1 and CP=—1 eigenstates of the DO-
DY system.

[kkk] D denotes D° or DP.
I D9, decays into D979 with the DO reconstructed in CP-even eigen-
[ cP+ y g
states KT K~ and 77 7.
[nnn] D** represents an excited state with mass 2.2 < M < 2.8 GeV/c?.
[000] x¢1(3872)T is a hypothetical charged partner of the x.1(3872).

[ppp] ©(1710)T is a possible narrow pentaquark state and G(2220) is a
possible glueball resonance.

[qqq] (AZ p)s denotes a low-mass enhancement near 3.35 GeV/c2.
[rrr] Stands for the possible candidates of K*(1410), K{(1430) and
K35(1430).

[sss] B® and Bg contributions not separated. Limit is on weighted average
of the two decay rates.

[ttt] This decay refers to the coherent sum of resonant and nonresonant JP
= 01 K components with 1.60 < my, < 2.15 GeV/c2.

HTTP://PDG.LBL.GOV Page 191 Created: 8/11/2022 09:37



Citation: R.L. Workman et al. (Particle Data Group), Prog.Theor.Exp.Phys. 2022, 083C01 (2022)

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

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

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

[yyy] These values are model dependent.
[zzz] Here “anything” means at least one particle observed.
[aaaa] This is a B(BY — D*~ ¢t 1) value.
[bbaa] D** stands for the sum of the D(11P;), D(13Py), D(13P;), D(13P,),
D(21Sy), and D(21S;) resonances.
[ccaa) D)D) stands for the sum of D*D*, D*D, DD*, and DD.

[ddaa] X(3915) denotes a near-threshold enhancement in the wJ/1¢ mass
spectrum.

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

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

[ggaa] Not a pure measurement. See note at head of BS Decay Modes.
[hhaa] For E., > 100 MeV.

[iiaa] ©(1540) is a hypothetical pentaquark state of 1.54 GeV/c? mass and
a width of less than 25 MeV/c?.

[jjaa] Includes pp7+ 7~ ~ and excludes ppn, ppw, pp7.

[kkaa] For a narrow state A with mass less than 960 MeV.

[/laa] For a narrow scalar or pseudoscalar A? with mass 0.21-3.0 GeV.
[nnaa] For a dark photon U with mass between 100 and 2100 MeV.
[0ooaa] For a narrow resonance in the range 2.2 < M(X) < 2.8 GeV.

[ppaal JPC Kknown by production in et e~ via single photon annihilation.

1G s not known; interpretation of this state as a single resonance is
unclear because of the expectation of substantial threshold effects in
this energy region.

[ggaa] 2m, < M(7T77) < 9.2 GeV

[rraa] 2 GeV < m, 1 o < 3 GeV

[ssaa] X = scalar with m < 8.0 GeV

[ttaa] X X = vectors with m < 3.1 GeV

[uuaa] X and X = zero spin with m < 4.5 GeV
[vvaa] 1.5 GeV < myx < 5.0 GeV

[xxaa] 201 MeV < M(u™ p~) < 3565 MeV
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[yyaa] 0.5 GeV < mx < 9.0 GeV, where myx is the invariant mass of the
hadronic final state.

[zzaa] Spectroscopic labeling for these states is theoretical, pending experi-
mental information.

[aabb] 1.5 GeV < mx < 5.0 GeV
[bbbb] 1.5 GeV < mx < 5.0 GeV
[ccbb] For m_, __ in the ranges 4.03-9.52 and 9.61-10.10 GeV.
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