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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

wr 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
invisible < 4.4 x 1079 CL=90% -
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
tr~y  left-right asymmetry = (0.9 + 0.4) x 1072
Tr~y B (D-wave) = —0.02 & 0.07 (S = 1.3)

™
™

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

707070

Dalitz plot o« = —0.0296 £ 0.0016

(S=17)

Parameter A in 9 — ¢ ¢~~ decay = 0.721 4 0.011 GeV/c2

Scale factor/ p

n DECAY MODES

Fraction (I';/T)

Confidence level

(MeV/c)

Neutral modes

neutral modes (71.95+0.29) % S=1.3 -
2y (39.3640.18) % S=1.1 274
370 (32.56+0.21) % S=1.2 179
702~ ( 2.55+0.22) x 10~4 257
2702y < 12 x 1073 CL=90% 238
4~y < 238 x10~%  CL=90% 274
invisible < 1.0 x 1074  CL=90% -
Charged modes
charged modes (28.05+0.29) % S=1.3 -
ata— 70 (23.02+0.25) % S=1.2 174
Tty ( 4.28£0.07) % S=1.1 236
ete ( 7.00£0.22) x 103 S=1.1 274
ut Ty (3.1 +0.4 )x10~4 253
ete < 7 x10~7  CL=90% 274
ut (58 +0.8 )x1070 253
2eT2e™ ( 2.40£0.22) x 10~5 274
Ttr ete (v) ( 2.68+0.11) x 10~% 235
ete utp < 16 x 1074 CL=90% 253
2u 2~ (5.0 £1.3 ) x 1079 161
ptpT T < 36 x 1074 CL=90% 113
T e T+ c.C < 17 x 104 CL=90% 256
Tt 2y < 21 x 1073 236
ata— a0y < 6 x10~4  CL=90% 174
mout < 3 x 1076 CcL=90% 210
Charge conjugation (C), Parity (P),
Charge conjugation x Parity (CP), or
Lepton Family number (LF) violating modes
70 c [e] < 9 x 1075 CL=90% 257
T~ P,CP < 44 x 1070 CL=90% 236
270 P,CP < 35 x10~4  CL=90% 238
270~ c < 5 x10~4  CL=90% 238
310~ c < 6 x 1075 CL=90% 179
3y C < 16 x 1079  CL=90% 274
470 PCP < 69 x10~7  CL=90% 40
et e~ c [f] < 8 %1076 CL=90% 257
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aOut c [f] < 5 %1076 CL=90% 210
pte” + pu et LF < 6 x 106 CL=90% 264
fo(500) 16(PC) =0T

also known as o; was f;(600), f;(400-1200)

See the review on "Scalar Mesons below 1 GeV.”
Mass (T-Matrix Pole y/s) = (400-550)—:(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)

™ seen -

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

See the review on " Spectroscopy of Light Meson Resonances.”
T-Matrix Pole /s = (761-765) — i (71-74) MeV
0 mass (Breit-Wigner) = 775.26 = 0.23 MeV [&l
p~ mass (Breit-Wigner) = 775.11 £ 0.34 MeV [l
p0 full width (Breit-Wigner) = 147.4 + 0.8 MeV 8] (S = 2.0)
pE full width (Breit-Wigner) = 149.1 & 0.8 MeV [/

Scale factor/ p

p(770) DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
T ~ 100 % 363

p(770)* decays
Tty ( 45 £05 ) x10~4 S=2.2 375
sty < 6 x 103 CL=84% 152
atat a0 < 20 x 1073 CL=84% 254

p(770)0 decays
Ty ( 9.9 £1.6 )x 1073 362
70 ( 47 £0.8 )x 104 S=1.7 376
N7y ( 3.00+0.21) x 10~4 194
7970~ ( 45 +0.8 )x 1075 363
W [ ( 4.55+0.28)x 107> 373
ete™ [[] ( 4.7240.05) x 10~° 388
at a0 (9 =£4 )x107° 323
VI ( 1.8 £0.9 )x 1075 251
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atn = a0x0 ( 1.6 £0.8 )x 107> 256
nOet e~ < 12 x 1075 CL=90% 376
w(782) 16UPCY =01~ )

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)
atn— a0 (89.2 £0.7 ) % 327
70 ( 8.33+0.25) % S=2.1 380
= ( 1.534+0.12) % S=1.2 366
neutrals (excluding7®~) (7 fg ) x 1073 S=1.1 -
ny (45 +0.4 )x 104 S=1.1 200
nOet e~ (7.7 £0.6 ) x 10~4 380
aOut ( 1.34+0.18) x 10~ 4 S=15 349
et e ( 7.41£0.19) x 10~5 S=1.8 301
atn= 70x0 < 2 x10~4  CL=90% 262
Ty < 36 x 1073 CL=95% 366
ato nt o~ < 1 x 1073 CL=90% 256
7070+ (67 £1.1 )x 107> 367
nm0y < 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 1074 CL=90% 162
270 c < 22 x10~4  CL=90% 367
370 c < 23 x10~4  CL=90% 330
invisible < 7 x 1072  CL=90% -
77’(958) /G(JPC) — 0+(0 — —l—)
Mass m = 957.78 4+ 0.06 MeV
Full width ' = 0.188 + 0.006 MeV
P
7/ (958) DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
Tty (425 +05 )% 232
pO’y(induding non-resonant (29.48 +0.35 ) % 165
)
w0 70n (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
wr Ty ( 1.13 £0.28 ) x 10~4 467
I T (213 £0.13 ) 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
2(rt 7)) ( 851 £0.33 ) x 107> 372
at 270 ( 2.11 £0.15 ) x 10~4 376
2(7T 77) neutrals < 1 % 95% -
2An T )7 < 18 x1073  90% 298
2(rt ) 270 <1 % 95% 197
3(rt77) < 31 x 105 90% 189
K*rF < 4 x 1075 90% 334
rtrete” ( 2.43 +£0.06 ) x 1073 458
7T e v+ cc. < 21 x 10~4 90% 469
yeT e~ (480 +£0.15 ) x 104 479
70y (320 £0.24 ) x 103 469
70~ (non resonant) (62 409 )x10~4 -
nyy < 133 x 10~4 90% 322
470 < 1.2 x 1075 90% 380
ete™ < 5.6 x 109 90% 479
ete ete™ (45 +11 )x107° 479
invisible < 21 x 10~4 90% -
~Dark Photon 5.0 x 10707 t0 3.50 x 10706 90% -
Charge conjugation (C), Parity (P),
Lepton family number (LF) violating modes
T~ P,CP < 18 x 1075 90% 458
7070 P,CP < 4 x1074  90% 459
mOete c [f] < 1.4 x1073  90% 469
70 p0 c < 4 % 90% 111
net e~ c [fl < 2.4 x 10~3 90% 322
3y C < 1.0 x10~4 90% 479
pt 0 C  [fl< 60 x 1075  90% 445
wt Ty C [fl < 15 x 1072 90% 273
e LF < 47 x 1074 90% 473
Tt ALP — < 1.9 x 1075 90% -
ntn~ete”
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fo(980)

/G(JPC) — 0+(0++)

See the review on "Scalar Mesons below 1 GeV."
T-matrix pole /s = (980-1010) — i (20-35) MeV Ul
Mass (Breit-Wigner) = 990 =+ 20 MeV U
Full width (Breit-Wigner) = 10 to 100 MeV Ul

fo(980) DECAY MODES Fraction (I';/T) p (MeV/c)
7T7T_ seen 476
KK seen 36
Yy seen 495
ao(980) 16UPCy =10+ )
See the review on " Scalar Mesons below 1 GeV.”
T-matrix pole /s = (970-1020) — i (30-70) MeV Ul
Mass m = 980 + 20 MeV [l
Full width I = 50 to 100 MeV U
a(980) DECAY MODES Fraction (I;/T) p (MeV/c)
nm_ seen 319
KK seen T
77/7T seen t
pT not seen 138
Yy seen 490
#(1020) 16UPCY =01~ )

Mass m = 1019.460 4 0.016 MeV
Full width ' = 4.249 £+ 0.013 MeV (S =1.1)

Scale factor/ p
¢(1020) DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
Kt K~ (49.9 +05 )% S=15 127
K9 kS (336 +04 )% S=13 110
pm + nta— a0 (149 +04 )% S=1.3 -~
ny ( 1.30640.024) % S=1.2 363
70 ( 1.33 £0.05 ) x 10~3 501
AN — 510

ete” ( 2.964+0.033) x 104  S=1.4 510
wpT (2.86 £0.22 )x 1074 S=12 499
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nete” ( 1.08 £0.04 ) x 10~4 363
rta~ (95 +1.9 )x1072 S=20 490
wmd (47 £05 )x107> 171
wry < 5 % CL=84% 209
Py < 12 x 1072 CL=90% 215
mtaTy (41 +13 )x107° 490
f5(980)~ (322 £0.19 ) x 1074 S=1.1 29
7070 ( 1.13 £0.06 ) x 10—4 492
ata—ata— (39 T28 yx1076 410
rtata— o= a0 < 46 x 1076 CL=90% 342
et e~ (133 7990y x 105 501
m0n~ (7.27 £0.30 ) x 1072  S=15 346
ap(980)y (76 +£06 )x107° 39
KOKO~ < 1.9 x 1078 CL=90% 110
n'(958)~ ( 6.23 £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
nmt = < 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 T < 2 x 1076 CL=90% 504
hy(1170) 16UPCSY =0~ )
Mass m = 1166 + 6 MeV
Full width ' = 375 + 35 MeV
hy (1170) DECAY MODES Fraction (I';/T) p (MeV/c)
pT seen 305
by(1235) 16(UPC)y =1t + )

Mass m = 1229.5 4 3.2 MeV
Full width ' = 142 &+ 9 MeV

by (1235) DECAY MODES

Fraction (I';/T)

(S = 1.6)
(S=12)

p
Confidence level (MeV/c)

wTm

seen

[D/S amplitude ratio = 0.277 £ 0.027]
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ntey ( 1.6+0.4) x 1073 607
np seen 1
atata—x0 < 50 % 84% 535
K*(_892)i K+ seen T
(KK)* 70 < 8 % 90% 248
KKOm* < 6 % 90% 235
KK mt < 2 % 90% 235
s < 15 % 84% 147
a;(1260) [ 1I6UPG =1—1t )

T-Matrix Pole /s = (12097 13)—i(288+13) MeVv

Mass (Breit-Wigner) = 1230 + 40 MeV Ul

Full width (Breit-Wigner) = 250 to 600 MeV Ul

a1 (1260) DECAY MODES Fraction (I';/T) p (MeV/c)
3 seen 577
(/)W)S—wavev p— TT seen 353
(PT)D—waves P — T seen 353
(p(1450) ) s_wave, P — 7 seen i
(p(1450) ) p_wave, p — 7T seen f
f0(500)7r, fo — T seen -
(980)w, fy — =wm seen 179
f0(1370)7r, fo — T seen i
f2(1270)7r, f2 — T seen T
ata— 70 seen 576
7TO ’/TO ’/TO not seen 577
KKm seen 250
K*(892) K seen 1
Ty seen 608
£(1270) 1IGUPC =0Tt

T-Matrix Pole /s = (1260-1283) — i (90-110) MeV

Mass (Breit-Wigner) = 1275.4 + 0.8 MeV

(S = 1.1)

Full width (Breit-Wigner) = 186.6 755 MeV (S = 1.5)

£,(1270) DECAY MODES

Fraction (I';/T)

Scale factor/ p
Confidence level (MeV/c)

T

at =270

(84.3 T28 )%

(7.7 T39) %
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KK (4.6 £0.4 )% S=2.7 404
2n T 27~ (28 +0.4 )% S=1.2 559
nn (40 +0.8 )x 1073 S=2.1 326
470 (3.0 £1.0 )x 1073 565
vy ( 1.42+40.24) x 10~° S=1.4 638
nww < 8 x 1073  CL=95% 478
KOK—nt+ cc. < 34 x 1073 CL=95% 203
et e < 6 x 10710 cL=90% 638
f1(1285) 1IG6(UPC =0t t )
Mass m = 1281.8 + 0.5 MeV (S =1.7)
Full width T = 23.0 = 1.1 MeV (S = 1.6)
Scale factor/ p
f(1285) DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
47 (32.7+ 1.8) % S=1.2 568
aOn0nt (21.8+ 1.2) % S=1.2 566
2t 27~ (10.9+ 0.6) % S=1.2 563
POrtr (10.9+ 0.6) % S=1.2 336
,00,00 seen 1
470 < 7 x 1074  CL=90% 568
777r+7r_ (35 £15 )% 479
nmm (52.2+ 1.9) % S=1.2 482
ap(980) 7 [ignoring ag(980) — (38 £ 4 )% 238
K K]
nrm [excluding ag(980) ] (14 £ 4 )% 482
KK ( 9.0+ 0.4)% S=1.1 308
KW*(892) not seen t
at a0 ( 3.0+ 0.9) x 103 603
pEnF < 3.1 %1073 CL=95% 390
v p° ( 6.1+ 1.0)% S=1.7 407
oy ( 7.4+ 2.6)x10~4 235
et e < 94 x1079  CL=90% 641
n(1295) 16(JPCYy =ot(0— 1)

See the review on " Spectroscopy of Light Meson Resonances.”
Mass m = 1294 + 4 MeV (S = 1.6)
Full width ' = 55 + 5 MeV
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1(1295) DECAY MODES Fraction (I';/T) p (MeV/c)
777T+ ™ seen 487

ag(980) 7 seen 248
777T0 7TO seen 490
n(77)s-wave seen -
an seen -
K?’/T seen 320

7(1300) 16UPCY =10~ )

Mass m = 1300 + 100 MeV Ul
Full width I = 200 to 600 MeV Ul

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

pT seen 404

T (7T)s-wave seen -
a>(1320) 16UPC =12+ )

T-Matrix Pole /s = (1305-1321)—i(52-58) MeV
Mass (Breit-Wigner) = 1318.2 + 0.6 MeV (S = 1.2)
Full width ' = 107 & 5 MeV

Scale factor/ p
a5(1320) DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
3 (70.1 £2.7 ) % S=1.2 624
nm (145 +£1.2 )% 535
W (10.6 £3.2 )% S=13 366
KK (49 £0.8 )% 437
n'(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

fo(1370) 1IGUPC =0Tt

See the review on " Spectroscopy of Light Meson Resonances.”
T-Matrix Pole /s = (1250-1440) —i (60-300) MeV
Mass (Breit-Wigner) = 1200 to 1500 MeV
Full width (Breit-Wigner) = 200 to 500 MeV
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fo(1370) DECAY MODES Fraction (I';/T) p (MeV/c)
T seen 672
47 seen 617
470 seen 617
2t 2n~ seen 612
atr— 270 seen 615
pp seen T
2(mm)s-wave seen -
7T(1300)’/T 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
Yy seen 685
ete™ not seen 685
n(1405) 16JPSY =0t~ 1)

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

Mass m = 1408.7739 MeV (S = 2.2)

Full width T = 50.3 &= 2.5 MeV (S = 1.6)

1(1405) DECAY MODES Fraction (I;/T) Confidence level (M(—fV/C)
KKn seen 424
nmwm seen 562
80(980) ™ seen 344
n(77)s-wave seen -
5(980)n seen 1
41 seen 638
pp <58 % 99.85% t
,00 Y seen 491
K*(892) K seen 122
hy(1415) 16UPCY =0~ t+ )

Mass m = 140973 MeV (S = 1.9)
Full width T = 78 + 11 MeV

https://pdg.Ibl.gov Page 12 Created: 5/30/2025 07:44



Citation: S. Navas et al. (Particle Data Group), Phys. Rev. D 110, 030001 (2024) and 2025 update

f,(1420) 16(PC) =0t t )

See the review on " Spectroscopy of Light Meson Resonances.”
Mass m = 1428.4f%:§ MeV (S =1.8)
Full width ' = 56.7 = 3.3 MeV (S = 1.3)

f(1420) DECAY MODES Fraction (I';/T) p (MeV/c)
KV’/T_ seen 440
K K*(892)+ c.c. seen 167
nmm possibly seen 574
oy seen 350
w(1420) [ 1G(UPCY =017 )

Mass m = 1410 + 60 MeV Ul
Full width T = 290 4+ 190 MeV Ul

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

pT seen 480

W seen 437

by(1235) 7 seen 112

et e seen 705
ag(1450) 16UPCy =10+ )

See the review on " Spectroscopy of Light Meson Resonances.”
T-Matrix Pole /s = (1290-1500) — i (30-140) MeV
Mass (Breit-Wigner) = 1439 + 34 MeV (S = 1.8)
Full width (Breit-Wigner) = 258 + 14 MeV

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

ap(1450) DECAY MODES Fraction (I';/T) p (MeV/c)
o 0.093-£0.020 607
71’ (958) 0.033+0.017 384
KK 0.082-£0.028 523
WTT DEFINED AS 1 458
ag(980) seen 310
vy seen 719
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p(1450) 16UPC) =1ta )

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

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

mta~ 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
’/TO’)/ seen 726
n-y seen 630
f0(500)’y not seen -
f0(980)’y not seen 398
fo(1370)~ not seen 92
£(1270)~ not seen 177

n(1475) 1CUPG =0t~

See the review on " Spectroscopy of Light Meson Resonances.” See
also 1(1405).

Mass m = 1476 + 4 MeV (S = 1.4)

Full width ' =96 £ 9 MeV (S = 1.7)

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

KW*(892)+ c.C. seen 245

ag(980) 7 seen 396
Yy seen 738
K% K%n possibly seen T
745(1020) possibly seen 386
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f5(1500) 16(PC) =0t T+

See the review on " Spectroscopy of Light Meson Resonances.”
T-Matrix Pole /s = (1430-1530) — i (40-90) MeV
Mass (Breit-Wigner) = 1522 + 25 MeV
Full width (Breit-Wigner) = 108 + 33 MeV

fo(1500) DECAY MODES Fraction (I';/T) Scale factor (M(—fV/C)
s (34.5+2.2) % 1.2 749
atn~ seen 748
27TO seen 749
v (48.943.3) % 1.2 700
470 seen 700
2t 2n~ seen 696
2(77)s-wave seen -
pp seen 1
7(1300) 7 seen 163
a1(1260) 7 seen 234
nn ( 6.040.9) % 1.1 528
nn'(958) (2.2+0.8) % 1.4 107
KK ( 85+1.0)% 11 579
Yy not seen 761
f1(1525) 1IGUPCY =0Tt
Mass m = 1517.3 + 2.4 MeV (S = 2.8)
Full width I = 72777 MeV
f5(1525) DECAY MODES Fraction (I';/T) p (MeV/c)
KK (88.8 +2.2 )% 576
nn (10.3 £2.2 )% 525
s (82 +15)x10~3 747
vy ( 1.1240.15) x 10~ 759

£(1565) 16(PCY =0t

See the review on " Spectroscopy of Light Meson Resonances.”
T-Matrix Pole /s = (1495-1560) — i (40-110) MeV
Mass (Breit-Wigner) = 1571 + 13 MeV
Full width (Breit-Wigner) = 132 + 23 MeV (S = 1.1)
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f>(1565) DECAY MODES Fraction (I;/T) p (MeV/c)
T seen 774
ata— seen 773
7TO 7T0 seen 774
,00 po seen 126
2rton— seen 722
nn seen 563
ww seen 64
KK seen 611
Yy seen 785
m1(1600) 16UPC =1—a1— )

See the review on " Spectroscopy of Light Meson Resonances.”
Mass (T-Matrix Pole y/s) = (1480-1680) — i (150-300) MeV
Mass (Breit-Wigner, nm mode) = 1354 £+ 25 MeV (S = 1.8)
Mass (Breit-Wigner, non-nm mode) = 16454511;9 MeV (S =1.3)
Full width (Breit-Wigner, nm mode) = 330 £ 35 MeV
Full width (Breit-Wigner, non-nm mode) = 370f28 MeV

m1(1600) DECAY MODES Fraction (I';/T) p (MeV/c)
T seen 795
poﬂ'_ seen 631
H(1270) 7~ not seen 304
b1(1235) 7 seen 343
77/(958) T seen 532
nm seen 725
f1(1285)’/'i‘ seen 300
a;(1640) 1I6UPG =1—at+ 1)
Mass m = 1655 &+ 16 MeV (S = 1.2)
Full width ' = 250 &+ 40 MeV (S = 1.8)
a;(1640) DECAY MODES Fraction (I';/T) p (MeV/c)
T seen 800
f2(1270)7r seen 314
oT seen -
PTS_wave seen 638
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PT D—wave seen 638
WTTT seen 607
f1(1285)’/'i‘ seen 309
a1(1260)n not seen i

n2(1645) 16(JPCy = ot2— 1)

Mass m = 1617 £+ 5 MeV
Full width ' = 181 £+ 11 MeV

1(1645) DECAY MODES Fraction (I';/T) p (MeV/c)

82(_1320)71' seen 242

K K7T_ seen 580
K*K seen 404
+ —

nmtw seen 685

aQ (980) ™ seen 499

H(1270)n not seen i

w(1650) (! 16(PC =0-a )

Mass m = 1670 + 30 MeV Ul .
Full width I = 315 4+ 35 MeV Ul

w(1650) DECAY MODES Fraction (I;/T) p (MeV/c)
pT seen 647
p(1450) 7 seen 145
WwTmTT seen 617
wn seen 500
ete™ seen 835
’/TO’)/ 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
wmTm seen 615

b1(1235) 7 possibly seen 361
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m2(1670) 1P =17~

Mass m = 1670.6 733 MeV (S = 1.3)
Full width T = 25818 MeV (S = 1.2)

mo(1670) DECAY MODES Fraction (I';/T) Confidence level (M:V/c)
3 (95.8+1.4) % 808
f(1270) 7 (56.3+£3.2) % 327
pT (31 +4 )% 647
om (10 +4 )% -
T (77) s-wave (8.7+£3.4) % -
atatn- (53 +4 )% 806
K K*(892)+ c.c. (4241.4)% 453
wp (2.7+1.1) % 302
¥y ( 7.0£1.2) x 10~4 829
vy < 238 x 10~ 90% 835
nm < 5 % 739
aEonton— < 5 % 735
p(1450) < 36 x 103 97.7% 145
b1(1235)7 < 1.9 x 103 97.7% 364
f1(1285) 7 possibly seen 322
32(1320)71‘ not seen 291
$(1680) 1I6UPSY =0—1— )

Mass m = 1680 + 20 MeV Ul
Full width I = 150 4+ 50 MeV Ul

¢(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
WTT not seen 623

KtK—ntn— seen 544
ngb seen 290
n-y seen 751
f/2(1525)7 not seen 155
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p3(1690)

/G(JPC) — 1+(3— —)

Mass m — 1688.8 & 2.1 MeV

Full width ' = 161 £+ 10 MeV

p3(1690) DECAY MODES

Fraction (I';/T)

(S = 1.5)

p
Scale factor (MeV/c)

47 (711 + 1.9 )% 790
atata— a0 (67 +£22 )% 787
W (6 6 )% 655

T (236 + 1.3 )% 834

KK (38 +12)% 629

KK ( 1.58+ 0.26) % 1.2 685

777T+7T_ seen 727

p(770)n seen 520

e seen 633

ay(1320) 7 seen 307

pp seen 335
p(1700) 1I6UPSY = 1Ta1— )

See the review on " Spectroscopy of Light Meson Resonances.”
Mass m = 1720 + 20 MeV Ul (0 and 7t 7~ modes)
Full width T = 250 + 100 MeV Ul (0 and 7+ 7~ modes)

p(1700) DECAY MODES Fraction (I';/T) p (MeV/c)

2(7T+7T_) seen 803

pTT seen 653
pO rta~ seen 651
pi mt 70 seen 652
81(1260)7T seen 404
h1(1170)7r seen 450
7(1300) 7 seen 349
pp seen 373

rta~ seen 849

T seen 849

K?*(892)+ c.C. seen 496

np seen 545

32(1320)71‘ not seen 334

KK seen 704

et e seen 860
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0w seen 674

7T0’y not seen 855

fo(1500)~ not seen 187
a»(1700) 16UPC) =12+ )

T-Matrix Pole /s = (1630-1780) — i (60-250) MeV
Mass m = 1706 &+ 14 MeV (S = 1.2)
Full width T = 380785 MeV (S = 3.9)

a5(1700) DECAY MODES Fraction (I';/T) p (MeV/c)
nm (2.54+0.6) % 758
77/7T seen 574
vy (7.941.7) x 10~/ 853
pT seen 669
f2(1270)’/'i‘ seen 357
KK (1.3+0.8) % 695
w70 seen 639
wp seen 347
fo(1710) 16(UPC)y = ot (0t )

See the review on " Spectroscopy of Light Meson Resonances.”
T-matrix pole /s = (1680-1820) — i (50-180) MeV
Mass (Breit-Wigner) = 1733J_r§ MeV (S =1.5)
Full width (Breit-Wigner) = 1504_'%(2) MeV (S =1.3)

fo(1710) DECAY MODES Fraction (I';/T) p (MeV/c)
KK seen 712
nmn seen 671
7777/ not seen 417
T seen 856
Yy seen 866
ww seen 372
7(1800) 16UPCy =10~ )

See the review on " Spectroscopy of Light Meson Resonances.”
Mass m = 1810",] MeV (S = 2.2)
Full width T = 21517 MeV
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«(1800) DECAY MODES Fraction (I';/T) p (MeV/c)
I seen 878
fo(500) 7~ seen -
f0(980)7r_ seen 624
fo(1370) 7~ seen 366
fo(1500) 7~ not seen 232
pT not seen 731
nnmT seen 660
30(980)77 seen 471
a5(1320)n not seen i
f2(1270)7r not seen 441
f0(1370)7r_ not seen 366
fo(1500) 7~ seen 232
nn'(958) 7~ seen 373
K3(1430) K~ seen i
K*(892) K~ not seen 568
¢3(1850) 1P =0=377)
Mass m = 1854 £ 7 MeV
Full width T = 87133 MeV (S = 1.2)
¢3(1850) DECAY MODES Fraction (I;/T) p (MeV/c)
KK seen 785
K K*(892)+ c.c. seen 602
m2(1870) 1CUPC) =0t~ )
Mass m = 1842 £+ 8 MeV
Full width ' = 225 £+ 14 MeV
1o(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
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m2(1880) 1P =17~

Mass m = 1874728 MeV (S = 1.6)
Full width I = 237133 MeV (S = 1.2)

mo(1880) DECAY MODES Fraction (I';/T) p (MeV/c)

nnmT seen 702
80(980)77 seen 528
a5(1320)n seen 76
fo(1500) 7 seen 294
f1(1285)7r seen 485

wr™ w0 seen 744
f(1950) 1CUPC) = ot t )

T-Matrix Pole /s = (1830-2020) — i (110-220) MeV
Mass (Breit-Wigner) = 1936 £+ 12 MeV (S = 1.3)
Full width (Breit-Wigner) = 464 + 24 MeV

f5(1950) DECAY MODES Fraction (I';/T) p (MeV/c)
K*(892)W*(892) seen 377
atn— seen 958
’/TO ’/TO seen 959
%y seen 921
nmn seen 798
KK seen 833
Yy seen 968
pp seen 238
a4(1970) 1IGUPG =1—4 1)

Mass m = 1967 &+ 16 MeV (S = 2.1)
Full width I = 324112 MeV

a4(1970) DECAY MODES Fraction (I';/T) p (MeV/c)
K? seen 851
rta~ 7T0 seen 959
pT seen 825
f(1270) 7 seen 559
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0

wm T seen 801
wp seen 601
nm seen 902
77/(958)71‘ seen 743
£,(2010) 16(UPC)y = ot 2+ )
Mass m = 2010f28 MeV
Full width ' = 200 £+ 60 MeV
f5(2010) DECAY MODES Fraction (I';/T) p (MeV/c)
gbgb_ seen 1
KK seen 876
f5(2020) 16(PCY =0T
T-Matrix Pole /s = (1870-2080) — i (120-240) MeV
Mass (Breit-Wigner) = 19824_'5%1:(1J MeV
Full width (Breit-Wigner) = 440 + 50 MeV
fo(2020) DECAY MODES Fraction (I;/T) p (MeV/c)
pTT seen 814
7970 seen 982
pp seen 617
ww seen 608
nn seen 826
77/ 77/ seen 254
f4(2050) 16(UPC)y = ot@at+ )
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 (6.8732)x 1073 880
nn ( 2.140.8) x 1073 848
470 < 12 % 964
Yy seen 1009
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a2(1320)7r seen 567

£(2150) 16(PCY =0t

Mass m = 2157 + 12 MeV
Full width ' = 152 £+ 30 MeV (S = 1.4)

f5(2150) DECAY MODES Fraction (I';/T) p (MeV/c)

nmn_ seen 929

KK seen 959

f2(1270)77 seen 542

a2(1320) ™ seen 666

pp seen 532
$(2170) 1C6(UPCY =0—(17 )

Mass m = 2164 = 5 MeV
Full width T = 8872 MeV (S = 2.5)

¢(2170) DECAY MODES Fraction (I;/T) p (MeV/c)
ete” seen 1082
gbn seen 728
¢77/ seen 439
oYy seen 815
[0} f0(980) seen 401

KT K~ (980) — seen -

KtK-ntn~

Kt K~ 15(980) — K+ K= 7070 seen -
K*O Ki T not seen 762
K*(892)0W*(892)0 not seen 613

£(2300) 16(UPC)y = ot 2+ )

Mass m = 2297 + 28 MeV
Full width ' = 150 + 40 MeV

f5(2300) DECAY MODES Fraction (I';/T) p (MeV/c)
(bgzb_ seen 529
KK seen 1037
vy seen 1149
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AN seen 273
£,(2340) 16(UPC)y = ot + )
Mass m = 2346‘_?% MeV
Full width T = 33117 MeV
f5(2340) DECAY MODES Fraction (I';/T) p (MeV/c)
1030 seen 580
nn seen 1037
77/77/ seen 677
STRANGE MESONS
(S=+1, C=B=0)
Kt =us, KO =ds5, KO =ds, K~ =1Ts, similarly for K*'s
K* 1(J7) = 3007)

Mass m = 493.677 + 0.015 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)

A(KE —
A(KE —

ptv,) = (—0.27 £ 0.21)%
7£79) = (0.4 + 0.6)% P!

CP violation parameters (A = rate difference/sum)

A(KT —
A(KE —
A(KE —
A(KT —
A(KT —

rtete™) = (-22+ 1.6) x 1072

7+t ) = 0.010 £ 0.023
t704) = (0.0 4+ 1.2) x 1073

rErt 7)) = (0.04 £ 0.06)%

7 7070) = (-0.02 + 0.28)%

T violation parameters

Kt — nOutv, Pp=(-17+25)x1073
Kt — purv,y  Pp=(-06=+19)x1072
Kt — n%uTv, Im(¢) = —0.006 & 0.008
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Slope parameter g 4]
(See Particle Listings for quadratic coefficients and alternative
parametrization related to 77 scattering)

K* - ntrtn~ g= —0.21134 + 0.00017

(gr — &)/ (gr +&)=(-15£22)x107*
K+ - 757070 g =0.626 + 0.007

(6r — &)/ (gr +&)=(1.8£18)x10"*
K* decay form factors [2]
Assuming p-e universality
A (Kig) = A (K J3) = (2.959 £ 0.025) x 1072
Mo(Ki5) = (1.76 £0.25) x 1072 (S = 2.7)
Not assuming p-e universality
A (KE3) = (2.956 4 0.025) x 1072
A (Ko) = (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 1072
X'y (K%,) quadratic coeff. = (0.186 £ 0.021) x 1072
N (LINEAR K:—Lr?) FORM FACTOR FROM QUADRATIC FIT)
= (24 +4) x 1073
N’y (QUADRATIC K3 FORM FACTOR) = (1.8 + 1.5) x 1072
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) = 1210 + 50
MeV

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

— (25.4 £ 0.9) x 1073

In(C) (DISPERSIVE SCALAR FORM FACTOR in KfB decays )
— (182 £ 16) x 1073

Kty |fs/fr] = (—0.087035) x 1072

Ka |fr/fi| =(-12217) x 1072
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Ky |fs/fy|=(0.2+0.6) x 1072

Kj;3 |fr/fr] = (—0.1£0.7) x 1072

Kt — etvey |Fa+ Fy|=0.133+0.008 (S =13)
Kt — ptv,y |Fa+ Fy| =0.165 + 0.013

KT — eTvey |Fa— Fy| < 0.49, CL = 90%

Kt — ptuv,y |Fa— Fy| =—-0153+£0.033 (S=11)

Charge radius
(r) = 0.560 + 0.031 fm

Forward-backward asymmetry

+ y _ [(cos(0k)>0)—T(cos(0k ,)<0) 2
AFB(KW;LN) - r(cos(GKZ)>O)—H_(cos(0KZ)<O) < 0.9x107%, CL
= 90%

K™ modes are charge conjugates of the modes below.

Scale factor/ p

K+ DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
Leptonic and semileptonic modes
et v, ( 1.58240.007) x 10~ 247
ut vy, ( 63.56 +£0.11 )% S=12 236
et v, ( 5.07 £0.04 )% S=21 228
Called K.
™ty ( 3.35240.034) % S=19 215
+
Called KM3'
mOm0etu, ( 255 £0.04 )x10~2  S=1.1 206
o0t ( 3.45 +£0.16 ) x 100 156
T ety ( 4.24740.024) x 1070 203
atauTy ( 1.4 409 )x107° 151
m0n070ety, < 54 x 1078 CL=90% 135
Hadronic modes
at 70 ( 20.67 +0.08 )% S=12 205
atn0n0 ( 1.760+0.023) % S=1.1 133
I ( 5.58340.024) % 125
Leptonic and semileptonic modes with photons
v,y [st] ( 62 +£08 )x10~3 236
pt v,y (SDT) [a,u] ( 1.33 £0.22 )x 1075 -~
1t v,y (SDTINT) [au] < 27 x 1075  CL=90% -
ptr,v(SD”™ 4+ SDTINT)  [aul < 26 x 1074 CL=90% -
et vy ( 1.03 £0.14 ) x 107° 247
et vy [st] ( 2.698-+£0.033) x 10~ 4 228
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[a,u] <
5]
<

(

5.3 x 1072
1.25 +£0.25 ) x 1072
5 x 100

Hadronic modes with photons or ££ pairs

e+yeyﬁ

+ —

pr v, v
etv,ete™
+, ot e
,u+yue+e
et Vet
pt vt

Lepton family number (LF), Lepton number (L), AS = AQ (5Q)

[sv]

[s.t]
[s/t]
[s]

[s] <

(— 4.2

(
(
(
(
(

(

+0.9 )x107°
6.0 +0.4 )x107°
4.24 +0.14 ) x 10~
40 +1.1 )x107°
71 405 )x107°
9.65 +0.16 ) x 10~/
1.0 x 10~4
1.19 4+0.13 ) x 10~8

Leptonic modes with £Z pairs

<
<

<

(
(

(

6 x 1072
1.0 x 1076
2.48 +£0.20 ) x 10~8
7.06 £0.31 ) x 10~8
17 4+05 )x10~8
4.1 x 10~ 7

CL=90%

CL=90%

CL=90%

CL=90%
CL=90%

CL=90%

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

w+w+e_?e
W+W+u_ﬁ#
ntete
ot
nTeTe eTe™
mtvo
0

7T 70w

P
Syt
=
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SQ <
SQ <
S1
S1
S1 <

S1

S1
LF
LF [d]

[d]

ANNNNNNANNNNNANNNNAN

Page 28

(
(

1.3 x 108
3.0 x 100
3.00 +£0.09 ) x 10~/
9.17 +0.14 ) x 1078
1.4 x 108
1.14 7939 ) x 10710
4.3 x 1075
8.1 x 10—11
4 x 103
1.3 x 10— 11
5.0 x 10— 10
6.6 x 10—11
3.1 x 1010
4.2 x 10—11
2.9 x 10— 10
5.3 x 10~ 11
4.2 x 10—11
8.5 x 1010
3.3 x 103
3 x 103

CL=90%
CL=95%

S=1.8
CL=90%

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

228
215

206

205
205
133
125
227
227
227

247
236
247
236
223
185

203
151
227
172
227

227

205
236
236
214
154
214
154
214
154
227
172
205
236
228
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Tty [x] < 23 x 1079 CL=90% 227

KO 1uP) = 1(07)

50% Ks, 50% K;
Mass m = 497.611 + 0.013 MeV (S = 1.2)
myo — my+ = 3.934 £ 0.020 MeV (S = 1.6)

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

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

CP-violation parameters
Re(e) = (1.596 + 0.013) x 1073

CPT-violation parameters [’]
Re § = (2.5 +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
Mo — M| / Maverage < 6x 10712, CL = 90% V1
(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) = 3007)
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 [Z]

Im(n4_g) = —0.002 = 0.009
Im000| = |AKS — 379)/A(K? — 3x%)| < 0.0088, CL =
90%

CP asymmetry Ain tT 7~ eTe™ = (—0.4 £ 0.8)%
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Scale factor/ p
k9 DECAY MODES Fraction (I';/T Confidence level (MeV/c
S i
Hadronic modes
7070 (30.690.05) % 209
L (69.2040.05) % 206
at a0 (35 T8 )x107 133
Modes with photons or £¢ pairs

YL e [t.aa] ( 1.7940.05) x 10~3 206
rtrete” ( 4.7940.15) x 10~° 206
79y~ [aa] (4.9 £1.8 )x 108 230

2.6340.17) x 1070 $=3.1 249
vy
wr T < 5.1 x 1012 CL=90% 119

Semileptonic modes
rteTu, [bb] ( 7.14+0.06) x 10~4 229
CP violating (CP) and AS = 1 weak neutral current (S1) modes
370 cP < 26 x 108  CL=90% 139
Wt S1 < 21 x 10710 cL=90% 225
et e S1 < 9 x1079  CL=90% 249
nOet e~ S1 faa] (3.0 T13)x1079 230
aOut S1 (29 715 )x1079 177
K} 1(JF) = 5(07)

mKL — mKS

— (0.5293 + 0.0009) x 1010 s~ 1

(S=1.3) Assuming CPT

— (3.484 4 0.006) x 10712 MeV  Assuming CPT

— (0.5289 + 0.0010) x 1010 s~ ¢
Mean life 7 = (5.116 & 0.021) x 1078 s

cr = 15.34 m

Slope parameters (4]

Not assuming CPT
(S=11)

(See Particle Listings for other linear and quadratic coefficients)

L4l
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7~ 70 h=0.076 + 0.006
0. k= 0.0099 + 0.0015

(S = 1.5)

+ 1.2) x 1073
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K, decay form factors [/]
Linear parametrization assuming u-e universality
A (KD3) = Ap(K3) = (2.82 £ 0.04) x 1072 (S = 1.1)
Mo(KD3) = (1.38 £0.18) x 1072 (S =2.2)
Quadratic parametrization assuming p-e universality
Np(KD3) = N (K23) = (240 £ 0.12) x 1072 (S =1.2)
N (K93) = V1 (K3) = (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, (K93) = M$, (K23) = 878 6 MeV (S = 1.1)
Mg (KO3) = 1252 + 90 MeV (S = 2.6)
Dispersive parametrization assuming p-e universality
A, = (251 4+ 0.06) x 1072 (S = 1.5)
In(C) = (1.75 + O.llz?) x 1071 (S =2.0)
K% |fs/fi| = (1.571¢8) x 1072
K9 |fr/fi|=(5T%) x 1072
KOs |fr/fi] = (12+12) x 1072
KL— 0707y, K= 0700 oy, = —0.205 +
0.022 (S =1.8)
KO = v, KO = e 00~ app = —1.69 £
0.08 (S=1.7)
K — ntnete™: aj/ap = —0.737 £ 0.014 GeV?
K, — 702y ay = —0.434+006 (S=15)

CP-violation parameters (2]

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

Ini_| = (2.232 £0.011) x 1073 (S = 1.8)
le| = (2.228 £ 0.011) x 1073 (S = 1.8)
In00/n4—| = 0.9950 + 0.0007 [ecl (S = 1.6)
Re(¢'/e) = (1.66 + 0.23) x 103 [ec] (S = 1.6)
Assuming CPT
¢y = (4351 £0.05)° (S=1.2)
doo = (43.52 £ 0.05)° (S =1.2)
bc=dsw = (43.52 £ 0.04)° (S =1.2)
Im(¢’/e) = —(doo — ¢4_)/3 = (—0.002 + 0.005)° (S = 1.7)
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Not assuming CPT
¢L_ = (43.44+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 Kg — ete efe™ =—-019 £0.07
vep from K} — ete"ete” =0.01 £0.11 (S =1.6)
jfor K9 = a7~ 7% =0.0012 + 0.0008
ffor K — 77~ =% =0.004 + 0.006
In4—| = (2.35 £ 0.07) x 1073
Gy = (44 £ 4)°
€, |/e < 03, CL=90%
lgg1| for K¢ — ntn~y < 0.21, CL = 90%
T-violation parameters
Im(€) in K3 = —0.007 + 0.026

CPT invariance tests

doo — b4_ = (0.34 +0.32)°

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

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

Scale factor/ p

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

rteTu, [bb] (40.55 £0.11 )% S=17 229
Called KY;.

muFu, [bb] (27.04 £0.07 )% S=1.1 216
Called K23.

(7 patom)v ( 1.05 £0.11 ) x 107 188

mOntefu [bb] ( 5.20 £0.11 ) x 1075 207

nteFrete [bb] ( 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

L CPV [dd] ( 1.967+0.010) x 10~3 S=15 206

7070 cPv ( 8.64 £0.06 ) x 10~4 S=18 209

https://pdg.Ibl.gov Page 32 Created: 5/30/2025 07:44



Citation: S. Navas et al. (Particle Data Group), Phys. Rev. D 110, 030001 (2024) and 2025 update

Semileptonic modes with photons

ety [t,bb,ee] ( 3.79 +£0.06 ) x 10~3 229
™ uFu,y ( 5.65 £0.23 ) x 10~4 216
Hadronic modes with photons or ££ pairs
7070~ < 243 x10~7  CL=90% 209
mta Ty [tee] ( 4.15 £0.15 ) x 1072 S=2.8 206
7T 7~ v(DE) (2.84 £0.11 ) x10~5 S=2.0 206
702y [ee] ( 1.273+£0.033) x 10~© 230
mOvete ( 1.62 £0.17 ) x 108 230
Other modes with photons or £Z pairs
27y ( 5.47 +£0.04 ) x 10~4 S=1.1 249
3y < 74 x 1078  CL=90% 249
ete (9.4 +04 )x107 S=2.0 249
Wy (1359 +0.11 ) x 10~/ S=13 225
ptu T < 23 x1079  CL=90% 119
et e vy [ee] ( 5.95 +0.33 )x 10~ 249
ut =y lee] (1.0 *O8 )x10-8 225
Charge conjugation x Parity (CP) or Lepton Family number (LF)
violating modes, or AS = 1 weak neutral current (S1) modes
wtp~ s1 ( 6.84 £0.11 ) x 10~9 225
ete s1 (o & H)x112 249
rtrete” S1  [ee] (3.11 £0.19 )x10~7 206
mO0n0et e~ S1 < 6.6 x1079  CL=90% 209
OOt S1 < 92 x10711  CcL=90% 57
ptpTete s1 ( 2.69 £0.27 ) x 10~9 225
ete ete™ S1 (356 £0.21 ) x 10~8 249
aOut CP,S1[ff] < 3.8 x 10710 cL=00% 177
nOet e~ CP,S1[ff] < 2.8 x 10710 cL=00% 230
e CP,S1[gg] < 3.0 x1079  CL=90% 230
m0n0uw S1 < 81 x10~7  CL=90% 209
et LF  [bb] < 47 x 10712 cL=00% 238
etet FuF LF  [bb] < 4.12 x 10711 cL=90% 225
O pu*eF LF  [bb] < 76 x 10711 cL=90% 217
nO0n0uteT LF < 17 x 10710 CL=00% 159
Lorentz invariance violating modes
70y < 17 x10~7  CL=90% 230
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K(700) 1(JP) = 3(0™)

also known as x; was K;3(800)

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

Mass (T-Matrix Pole 1/s) = (630-730) — i (260-340) MeV

Mass (Breit-Wigner) = 838 + 11 MeV
Full width (Breit-Wigner) = 463 4+ 27 MeV

K6(700) DECAY MODES Fraction (I';/T) p (MeV/c)
Km 100 % 250
K*(892) 10y = 307)

Mass (T-Matrix Pole y/s) = (890 + 14) — i (26 + 6) MeV
K*(892)T hadroproduced mass m = 891.67 + 0.26 MeV

K*(892)* in 7 decays mass m = 895.5 & 0.8 MeV

K*(892)° mass m = 895.55 + 0.20 MeV (S = 1.7)

K*(892)* hadroproduced full width I = 51.4 + 0.8 MeV

K*(892)T in 7 decays full width I = 46.2 & 1.3 MeV

K*(892)° full width I = 47.3 + 0.5 MeV (S = 2.0)

P
K*(892) DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
Km ~ 100 % 289
KO~ ( 2.4640.21) x 1073 307
K*~ ( 9.8 £0.9 )x10~4 300
Krm < 7 x 104 95% 223
K1(1270) 1Py = 307")
Mass m = 1253 £ 7 MeV (S =2.2)
Full width T = 90 + 20 MeV U]
p

K;(1270) DECAY MODES Fraction (I';/T) Scale factor (MeV/c)
Kp (38 +13 )% 2.2 t
K5(1430) (28 £ 4 )% T
K*(892) (21 £10 )% 2.2 286
Kw (11.04+ 2.0) % i
K f5(1370) ( 3.0+ 2.0) % f
’yKO seen 528
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K1(1400) 1Py =307")

Mass m = 1403 £+ 7 MeV
Full width ' = 174 £+ 13 MeV (S = 1.6)

K1(1400) DECAY MODES Fraction (I';/T) p (MeV/c)
K*(892)m (94 +6 )% 402
Kp ( 3.0+3.0) % 293
K fy(1370) ( 2.0+£2.0) % f
Kw ( 1.0£1.0) % 284
K3(1430)7T not seen T
y KO seen 613
Ko seen 1
K*(1410) 1(JF) = 3a7)

T-matrix pole /s = (1368 =+ 38)— i (106" 25) MeV
Mass m = 1414 £+ 15 MeV (S = 1.3)
Full width T = 232 + 21 MeV (S = 1.1)

P
K*(1410) DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
K*(892) > 40 % 95% 410
Kr (6.6+1.3)% 612
Kp < 7 % 95% 306
v KO < 23 x 10—4 90% 619
Ko seen t
5(1430) 1uP) = 10t)

T-matrix pole /s = (1431 & 6) — i (110 & 19) MeV

Mass m = 1425 + 50 MeV Ul

Full width [ = 270 + 80 MeV U]
K6(1430) DECAY MODES Fraction (I';/T) p (MeV/c)
Kr (93 +£10 )% 619
Kn (867 20 % 486
K??l(958) seen i
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K3(1430) 1(JF) = 321

T-matrix pole \/s = (1424 + 4)— i (66 + 2) MeV
K3(1430)* mass m = 1427.3 = 1.5 MeV (S = 1.3)
K3(1430)° mass m = 1432.4 & 1.3 MeV

K3(1430)* full width ' = 100.0 £ 2.2 MeV (S = 1.1)
K3(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)mm (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 (15733)x 1073 S=13 488
Kwrm < 72 x 104 CL=95% 106
KO~ < 9 x 104 CL=90% 627

K(1460) 1uPy = 1(07)
K(1460) DECAY MODES Fraction (I';/T) p (MeV/c)
K*(892) seen -
Kp seen -
K8(1430)7T 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 ' = 320 4+ 110 MeV (S = 4.2)
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K*(1680) DECAY MODES Fraction (I';/T) p (MeVc)
Kr (38.74£2.5) % 782
Kp (31.4759) % 571
K*(892)m (20.9722) % 618
Ko seen 387
Kn (14739 % 683

K,(1770) (h1]

1(JP) = 3(27)

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

K>(1770) DECAY MODES Fraction (I';/T) p (MeV/c)

Knm 794
K§(1430) ™ seen 287
K*(892) seen 654
K 5(1270) seen 53
Kf0(980) possibly seen 466

Ko seen 441

Kw seen 607
K3(1780) 1Py =3(37)

T-matrix pole /s = (1754 + 13)— i (
Mass m = 1779 & 8 MeV (S = 1.2)

119 + 14) MeV

Full width I = 161 £ 17 MeV (S = 1.1)

p
K§(1780) DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
Kp (31 +9 )% 616
K*(892)m (20 £5 )% 657
K (18.8+ 1.0) % 815
Kn (30 £13 )% 721
K3(1430) 7 < 16 % 95% 292

Ko(1820) [

1(JP) = 3(27)

Mass m = 1819 £+ 12 MeV
Full width ' = 264 + 34 MeV
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K>(1820) DECAY MODES Fraction (I';/T) p (MeV/c)
Knrn seen 819
K§(1430)7T seen 328
K*(892)m seen 683
K f5(1270) seen 191
Kw seen 640
Ko seen 483
5(1950) 1(JF) = 3(0™)
Mass m = 1957 &+ 14 MeV
Full width ' = 170 £ 50 MeV (S = 2.2)
K6(1950) DECAY MODES Fraction (I';/T) p (MeV/c)
K~ nt (52+14) % 011
K5(1980) 1(JP) = 3(2%)
Mass m = 1990 "8 MeV (S = 2.8)
Full width T = 348135 MeV (S = 1.3)
K;(1980) DECAY MODES Fraction (I';/T) p (MeV/c)
K*(892) possibly seen 791
Kp possibly seen 762
K f5(1270) possibly seen 424
Ko seen 627
Kn seen 850
K’(2045) 1(JP) = 5(4)
Mass m = 204878 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)mmm (7 £5 )% 770
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pKm (5.7£3.2) % 744
wKm (5.04£3.0) % 740
oK (2.84+1.4) % 597
»K*(892) (1.4£0.7) % 368
CHARMED MESONS
(C=+1)
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 s
cr = 309.8 um

c-quark decays
[(c — ¢Tanything)/I(c — anything) = 0.096 + 0.004 [l
[(c — D*(2010)*" anything)/l(c — anything) = 0.255 + 0.017

CP-violation decay-rate asymmetries

Acp(ptv) = (8 + 8)%

Acp(KPetv) = (0.6 £ 1.6)%

Acp(KS7rE) = (—0.41 £ 0.09)%

Acp(KYK*) in D¥ — KOK* = (—4.2 £3.4) x 1072

Acp(KT2rn%) = (—0.18 + 0.16)%

Acp(KFrtnt70) = (-03+0.7)%

Acp(KS7rEn0) = (-0.1 £ 0.7)%

Acp(KE7mEn) in D — K%7rtn=(-0.9 £3.1) x 1072
A
A

Acp(rt79) = (04 £13)% (S=1.7)

Acp(mtn) = (0.3 £ 0.5)%

Acp(nTa0n)in D¥ - 7F7% = (=6 £7) x 1072
Acp(r®nn) in DY = 7Epn = (8 £9) x 1072
Acp(m®1/(958)) = (0.41 £ 0.23)% (S = 1.2)
Acp(K®/KOK*®) = (0.11 + 0.17)%

Acp(KSK*) = (—0.01 £ 0.07)%

Acp(KOKE70) in D — KLK*70 = (1 £ 4) x 1072
Acp(KYKEr0) in D — KOK*r0 = (-1 4+ 4) x 1072
Acp(KT K= 7%) = (0.37 £ 0.29)%
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Acp(KTK*0) = (-0.3 + 0.4)%

Acpis(KTK®)in D - K~ K*7% = (-0.3 =+ 0.6) x 1073
Acp(pnt) = (0.01 £ 0.09)% (S = 1.8)

Acpis(¢nt) in D¥ — K~ KTa® = (1.0 £ 0.5) x 1073
Acp(K* K3(1430)°) = (81 4)%

Acp(K* K3(1430)°) = (4373)%

Acp(K* K3(700)) = (-12115)%

Acp(ao(1450)° %) = (—19718)%

$(1680)7E) = (-9 + 26)%

7+279) in DF — 77270 = (5.6 £ 2.7)%
rtr~at) = (0.5 + 2.0)%

7T 20 in DT — 2772 F 70 = (0.3 £ 2.0)%
7t 7 270) in D — 27T T 270 = (-4 + 4)%
tr-atn)in DY - ataTatn = (3+£5)x 1072
KOKEatr™) = (-4 + )%

Acp(KE70) = (=3 £ 5)%

Acp(KEn)in DT — K*p=(-6+11) x 1072

X2 tests of CP-violation (CPV)
Local CPV in D¥ —» ntr— 7T =78.1%
Local CPV in D — KT K 7% =31%
Local CPV in D¥ - KTK~ KT =31.6%

CP violating asymmetries of P-odd ( 7-odd) moments
Ar(KAKEntr ) =(-3+8)x103 Ul (s=11)
Arpio (KT K= K%7E) in D — KTK= K37t = (-33 &

2.71)%

D+ form factors
f1(0)| Ves| in KO+, = 0.7163 + 0.0033
rn=ay/agin K9ty = —-213 £ 0.14
r=ay/agin K%ty =—-3+12 (S=15)
£+ (0)|Vog| in 70T 1y = 0.1407 + 0.0025
rn=ai/agin 700t v, = —2.00 &+ 0.13
r=ap/agin ¢ty = —4+5
f(0)|Veg| in DY — ntt v, (€ =eorv) = (8.4 +0.4) x 1072
rn=ay/agin DT — nety,=-534+27 (S=109)

>
S
Ry

3

Acp

>
A
o

A
T
NN AN AN AN AN AN AN AN S/

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

r, = V(0)/A;(0) in DT,D° — petwv, =1.53 + 0.08

ry = Ay(0)/A1(0) in DT,0° — pet v, = 0.82 £ 0.05

r, = V(0)/A1(0) in K*(892)%¢t 1, = 1.48 +0.05 (S = 1.9)

rp = Ay(0)/A1(0) in K*(892)° ¢+ v, = 0.794 + 0.020
r3 = A3(0)/A1(0) in K*(892)%¢+ v, = 0.0 £ 0.4

M /T in K*(892)° ¢+, = 1.13 4 0.08

M /F_in K*(892)°¢* v, = 0.22 £ 0.06 (S = 1.6)
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Most decay modes (other than the semileptonic modes) that involve a neu-

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

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

21 (KY) = r(k9).

Dt DECAY MODES

Scale factor/ p

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

e semileptonic
pT anything

K™ anything
K%anything

K™ anything
K*(892)~ anything
K*(892)%anything
K*(892)° anything
n anything

n’ anything

¢ anything

7T 7T 7~ anything

(16.07
(17.6
(25.7
(33.1
(5.9
(6
(23

< 66
(6.3
( 1.04
(112
(15.25

Inclusive modes

+
+
+
+
+
+
+

+
+
+

+

0.30 ) % -
32 )% -
14 )% -
0.4 )% -
08 )% -
5 )% -~
5 )% -~

% CL=90% -
0.7 )% -
0.18 ) % -
0.04 ) % -
0.20 ) % -

Leptonic and semileptonic modes

et v, < 88
yeT v, < 3.0
utu, ( 3.74
U, (1.20
KOetu, ( 8.81
KOutw ( 8.68
KAr0etu, ( 8.81
(K%WO)S—wave et v, (54
K*(892)%etv,, KO — (8.27
Kg 70
K- nTetv, ( 4.02
K*(892)% et v, K*(892)0 — (377
K- nt
(K=7) [0.8-1.0/Gev €T Ve (1339
(K™ 7r+)5—wave et Ve (228
K*(1410)%et v, < 6
K*(1410)° —» K—at
K3(1430)% et v, < 5
K3(1430)° — K—nt
K~ rt et v, nonresonant < 7
K*(892)%et 1, ( 5.40
https://pdg.Ibl.gov Page 41

HoH B HHH

x 10~0CL=00% 935

x 1072 CL=90% 935
017 )x 104 932
0.27 ) x 10—3 90
0.07 ) % 869
0.10 ) % 865
0.23 )x 103 863
04 )x10~% 863
0.22 ) x 103 -

0.18 ) % $=3.2 864
0.17 ) % 722

0.09 ) % 864

0.11 ) x 103 -
x 1073CL=90% -

x 10~4CL=90% -

% 10—3CL=90% 864
0.10 ) % S=1.1 722
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K- ntuty, (362 + 033 )% 851
K*(892)°ut v, (352 + 0.10 )% 717
K*(892)° — K=«
~nt " v, nonresonant (1.9 + 05 )x1073 851
K*(892)° it (527 + 015 )% S=1.1 717
K-atrOutw, < 15 % 10~3CL=90% 825
K1(1270)° et v, K9 — (1.06 + 0.15 ) x 10~3 -
K= nt 70
© 0 70 0.5 -
K1(1270)% e ve, K3 — (15 T g2 )x1w04 -~
K%W+W_
K§(1430)% v, < 23 x 104 CL=00% 380
K*(1680)% i v, < 14 x 1073CL=90% 105
et v, (372 +£ 017 )x 1073 $=2.0 930
™ty (350 + 0.15 ) x 10~3 927
netu, (111 + 0.07 ) x 103 855
nutu, (1.04 + 011 )x 103 851
7T et v, (245 + 0.08 ) x 1073 924
f5(500)% et v, £(500)° — (62 + 04 )x10~% -
T
Oetu, (1.87 + 0.06 ) x 10~3 774
0 0 _
f0(500)° ut vy, f§ — (72 + 15 )x10~4 -
rtn~
P utu, (164 + 016 ) x 1073 770
wet v, (1.69 + 0.11 )x 1073 771
wptuy, (177 £ 021 ) x 1073 767
n'(958) e™ v (20 + 04 )x10~4 690
0 0 0 0.8 —
a(980)% et v, a(980)° — n7 (17 T g3 )xwo? -~
KIKLety < 154 x 1075 CL=90% 791
Kenetv, < 2.0 x 10™4CL=90% 775
nnet v, < 10 x 10~4CL=90% 757
KTK™eTv, < 210 x 1075CL=90% 794
b1(1235)0eT v, b9 — wrd < 175 x 1074 CL=00% -
det v, < 13 x 10~5CL=90% 657
DOty < 1.0 x 10™4CL=90% 5
Hadronic modes with a K or KKK
Kert ( 1.561+ 0.031) % S=1.7 863
KOrt (146 + 0.05 )% 863
K—2n™t [kk] ( 9.38 + 0.16 )% S=1.6 846
(K7 )s—wavem " (752 £ 017 )% 846
K5(1430)°0 7T, [ (125 + 0.06 )% 382

K5(1430)° — K7t
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K*(892)° 7,

K*(892)° - K~ 7t
K*(1410)% 7+, K0 —
— ot

K™ 0
K5(1430)° 7T,

K3(1430)° - K7t

K*(1680)° 7,

K*(1680)° — K~ nt

K™ (21")1=2

K%?T+7TO

K%p+

K%p(1450)+, pt — 7tz

K*(892)0xT,
K*(892) — K% 7O
K5(1430)%7, K30 —

K%WO

K§(1680)° 7T, K50 —

rt, &

K%WO

0

K%WO

K% 71 70 nonresonant

K% 71 70 nonresonant and

EO at

(Kg WO)S—waveﬂ'—i_

K%W+w
KSrtn

K%ap(980)T, af — =

+

U

[n

[n

(kK]

K§(1430)°7F, Ky — Kn

K 7T 1/ (958)

K= 27t 70

K%27T+7T_

K%7T+27T0
K% a1 (1260)*, aj —

p(770)* 70

K% a1 (1260)*, aj —
_ f[(500)7t, o =
K1(1400)°7F, K9 —

0

K*(892)070, K*0 —

K%WO

™

0

[nn]

[nn]

K*(892)%p%, K*0 - KQ70
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(1.04 + 012 )%

not seen

(23 =+

(22 +

( 1.45
(736

|+ H H

( 6.14

(15

Ho+

( 2.64

H._

(2.7

I +
—
o

(10

(6
(3

I+ B+

( 1.37

( 1.27

(7.1
( 1.27
(133
( 1.38
( 1.90
( 6.25
( 3.10
( 2.89
(8.7

HoH B OH K H K KR+

( 1.0

H-

(23 +

(97 +

07 )x10~%

11 )x10~4

0.26 ) %
0.20 ) %

0% )%

1.2
1.4

) X 103

032 )x 1073

0.9 )x10-3

~

&~ pO

) x 10~4

) X 103
) X 10—3

0.21

0.4p ) %

0.27

033 )%

05 )x10~3

0.05 ) %
0.06 ) %

0.26 ) x 10—3
0.21 ) x 103

0.18 ) %
0.09 ) %
0.09 ) %

16 )x103

0.6 )x10—3

04 )x10—3

09 )x10—3
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K*(892) 7+ 70 non-resonant, (26 + 07 )x103 -
K0 — K0
K%p+7r0 non-resonant (48 + 05 )x10~3 -
K= 2rtn (135 + 012 )x 103 657
Kert 7Oy (122 £ 025 ) x 1073 657
K= 3rntn~ [kk] (57 + 05 )x1073 sS=1.1 772
K*(892)° 27t 7, (12 + 04 )x1073 645
K*(892)° — K—rx™
K*(892)0 p0 7t (23 + 04 )x10-3 239
K*(892)0 - K—rx™
K*(892)%a1(1260)* [oo] (93 + 1.9 )x10~3 t
K= p92nt (172 £ 0.28 ) x 1073 524
K~ 37T 7~ nonresonant (40 + 29 )x10~4 772
Ke2rt a0 (153 + 0.08 )% 773
KSnt3n0 (55 + 05 )x10-3 776
K= 2nt 270 (495 £ 032 ) x 1073 776
KT2KS (254 £ 013 ) x 103 545
KTK™KYnt (24 + 05 )x10~% 436
Pionic modes
at 70 ( 1.247+ 0.033) x 103 925
2nt (327 + 0.09 ) x 10—3 909
POrt (84 + 08 )x1074 767
7T (7T 77 ) s —wave (2.01 + 0.06 )x10~3 909
ont, o= ntn™ (1.38 + 0.10 ) x 10—3 -
(980) 7+, fy — wha~ (157 + 032 ) x 104 669
fo(1370) 7", fo — wta~ (8 +4 )x107° -
wrt, w— 7t7~ (34 + 05 )x107° -
(1270)7 ", fo — wta~ (458 + 0.28 ) x 104 485
p(1450)0 7+, o0 — gta~ (18 + 05 )x10~% 338
p(1700)° 7+, o0 — xta~ (1.9 + 05 )x1074 -
fo(1500) 7T, fy — T~ (11 + 04 )x10~% —~
fo(1710) 7™, fy — mh 7w~ < 5 x 107°CL=95% -
fo(1790) 7", fo — wta~ < 7 X 1072 CL=95% -
(T 7) s _wave ™ < 1.2 x 10~4CL=95% 909
27T 7~ nonresonant < 11 x 10~4CL=95% 909
7t 270 (461 + 0.15 ) x 10~3 910
2rt 70 ( 1.165+ 0.030) % 883
7T 370 (417 + 0.26 ) x 10~3 885
T 470 (19 + 04 )x10-3 851
2rt 270 ( 1.07 £ 0.05 )% 848
3nt2n~ (166 + 016 )x 1073 S=1.1 845
2t~ 370 (342 + 0.35 ) x 10~3 803
3rt2r— 70 (234 £ 027 )x 1073 799

https://pdg.Ibl.gov Page 44 Created: 5/30/2025 07:44



Citation: S. Navas et al. (Particle Data Group), Phys. Rev. D 110, 030001 (2024) and 2025 update

nrT (377 £ 0.09 ) x 1073 848
natn0 (205 £ 035 )x1073 S=22 831
p(770)tn, pt — a0 (19 + 08 )x10~4 -~
a9(980)" 7%, af — ntp (90 + 19 )x10~* -
20(980)%7+, ad — w0 (35 + 11 )x10~% -
a5(1700) T 70, a; — 7Ty (9 +5 )x107° -
ap(1450)T 70, al — 7ty (14 + 06 )x10~% -
n2nt = (341 £ 020 )x 1073 798
nnt 270 (320 + 033 )x 103 801
nt 370 (29 + 05 )x10~3 759
n2rt o~ a0 (388 + 0.34 ) x 1073 755
nnmT (296 + 0.26 ) x 103 700
wrT (28 + 06 )x10~4 764
wrt 70 (39 + 09 )x10-3 742
n'(958) (497 + 019 ) x 103 681
7' (958) 7+ 70 (1.6 + 05 )x1073 654
Hadronic modes with a KK pair
KK (3.04 £ 009 )x1073 S=22 793
KOKT (321 £ 016 ) x 10~3 793
KK+ 0 ( 5.07 + 0.30 ) x 10~3 744
K*(892)* K%, K*+ — (2.80 + 0.30 ) x 10~3 612
KT 7r0
K*(892)° K+, K*0 - (52 + 14 )x10~4 613
K%WO
KO KT 70 (524 + 031 )x10~3 744
KtK—nt [kk] ( 9.68 + 0.18 ) x 1073 744
KT K*(892)°, (249 T 998y 10-3 613
K*(892)° — K~ 7t
KT K5(1430)°, (1.82 + 035 )x 103 -
K5(1430)0 — K7t
KT K3(1430)°, K3 — (16 T 32 )x1074 -
K-nt
KTK§(700), K — K ot (68 T 3% )x1074 -
ap(1450)° 7%, af — (45 T 19 yx1074 -
KT K~
$(1680)7t, ¢ - KT K~ (49 T 19 )x105 -~
o, o - KTK— (260 T 387 ) %1073 647
ot (570 + 0.14 ) x 103 647
KTK—nt70 (6.62 + 0.32 ) x 1073 682
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KSKQnt (297 £

KeK*(892)T, K*T — (2.90 +

K%W+

K(KLnT) = KIKLnT (131 +
KL Km0 (134 +
KIK*n (18 =+
KTKYntn— (1.89 +
K%K+WOWO (58 =+
KSK—2rt (227 +
KtK=2ntn~ (23 +

A few poorly measured branching fractions:

0.10 ) x 103 741
0.11 ) x 103 -
0.34 ) x 10~4 -
0.21 ) x 103 679
05 )x10~% 516
0.13 ) x 1073 678
13 )x 104 683
0.13 ) x 1073 678
12 )x10~4 601
1.0 )% 619

% CL=90% 260
0L )% 682

x 1079CL=90% -
x 1079CL=90% 722

ot 0 (23 +
¢P+ < 15
K+ K~ 7t 7%non-¢ (15 +

Radiative modes
p(770)T ~ < 13
K*(892)* v < 1.8
Doubly Cabibbo-suppressed modes
K+ 70 (2,08 +
Ktn (125 +
K+ 1/ (958) (185 +
K+ 270 (21 =+
K*(892) 1 70 (34 +
Ktatn™ (491 £
K+ p0 (19 =+
K+ na0 (21 +
K*(892)T 7 (44 T
K*(892)° 7+, K*(892)° — (23 +
Kt~
KT 15(980), f(980) — (44 =+
rtn~
K3(1430)0 7+, K3(1430)° — (39 +
Kt~
K+ 7 7~ nonresonant not seen
Kt rtr— 70 (121 +
K+ 7t 7~ 7%nonresonant (110 +
Ktw (57 T
2KT K~ (6.14 +
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021 )x10~% S=14 864
0.16 )x 1074 sS=11 776
0.20 ) x 104 571
04 )x10~% 847
14 )x10~4 714
0.09 ) x 10~4 846
05 )x10~% 679
05 )x10~% 726
18 )x10-4 586
04 )x10~% 714
26 )x107° -
2.7 )x107° -

846
0.09 ) x 103 817
0.07 ) x 10—3 817
52 ) x 1075 675
0.11 ) x 107> 550
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$(1020)° K+ < 21 x 1075CL=90% -
KT ¢(1020), ¢ — KT K~ (44 + 06 )x10° -
KT (KT K™) s_wave (577 £ 012 )x 1070 550

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

ntete C1 < 11 x 10~6CL=90% 930
atmlete < 1.4 x 10~5CL=90% 925
1T, ¢ — ete lpr] (17 T 3d )x1076 -~
atut T C1 < 6.7 x 10~8CL=90% 018
ate, ¢ — ptu [pp] (1.8 + 08 )x107° -
ptut ™ CI < 56 x 104 CL=90% 757
Ktete™ [qq] < 8.5 x 10~ 7 CL=90% 870
Ktnlete™ < 15 x 10~5CL=90% 864
Kirtete < 26 x 10~5CL=90% -~
KeKtete < 11 x 10~5CL=90% 792
Ktutpu~ [qq] < 5.4 x 1078CL=90% 856
TTetu~ LF < 21 x 10~ 7 CL=90% 927
TTe ut LF < 22 x 10~ 7 CL=90% 927
Ktetpu~ LF < 75 x 1078CL=90% 866
Kte pt LF < 1.0 x 10~ 7 CL=90% 866
m~2eT L < 53 x 107 CL=90% 930
T 2u L < 14 x 1078CL=00% 018
et ut L < 13 x 10~ 7 CL=90% 927
p~2u™ L < 56 x 10~4CL=90% 757
K~ 2et L < 9 x 10~ 7 CL=90% 870
KSr—2e™ L < 33 x 10~6CL=90% 863
K~ n92et L < 85 x 10~06CL=00% 864
K= 2u™ L < 1.0 x 1075CL=90% 856
K= et pt L < 1.9 x 106CL=00% 866
K*(892) 2u™ L < 85 x 10~4CL=90% 703
Net LB < 11 x 1070 CL=90% 602
Net LB < 65 x 107 CL=90% 602
30t LB < 17 x 10~6CL=00% 554
30et LB < 13 % 10—-6CL=00% 554
net < 1.43 x 10~2CL=90% 699
net < 2091 x 10™2CL=90% 699
DO 1Py = 3(07)

Mass m = 1864.84 + 0.05 MeV

Mpsy — Mpo = 4.822 + 0.015 MeV

Mean life 7 = (410.3 + 1.0) x 107 s
cr = 123.01 um
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Mixing and related parameters
|mpo — mpo| = (0.997 + 0.116) x 100 i s~ 1
1 2
(ng - ng)/r = 2y = (1.394 4 0.056) x 1072
lq/p| = 0.995 + 0.016

Ar = (0.89 + 1.13) x 10~*

#8002t

K 7~ relative strong phase: cos § = 0.990 + 0.025
K~ xt 70 coherence factor Ry ..o =0.792 £ 0.033

K~ 7t 70 average relative strong phase g (198 £+ 10)°

K~ 7~ 2rt coherence factor Rk 3, = 0. 52+8 (1)8
K~ m—2xT average relative strong phase 6537 =

(14972%)° (S =1.4)

DO — K= 7727t Rk3zx (y cosdX3™ — x singK37) = (—3.0 =
0.7) x 1073 Tev~!

K% K+ 7~ coherence factor RK%KW = 0.70 £ 0.08

0
K% K+ 7~ average relative strong phase sKsKm — (0 £ 16)°
K* K coherence factor Ry, ,, = 0.94 £ 0.12

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

CP-even fractions (labeled by the D? decay)
CP-even fraction in D° KS 7t~ n0 decays = (23.6 £ 0.9)%
CP-even fraction in D® — 777~ 70 decays = (97.3 + 1.7)%
CP-even fraction in D® — 7T 7~ 7T 7~ decays = (74.6 +0.8)%
CP-even fraction in D° 7t 7~ 279 decays = 0.68 + 0.08
CP-even fraction in D 27t 27~ 79 decays = 0.44 + 0.10

CP-even fraction in DO = 0. 52+0 34

7t 77 370 decays = 057
CP-even fraction in D 27T 270~ 270 decays = 0.79 + 0.26
CP-even fraction in D

Kt K= 70 decays = (73 & 6)%
CP-even fraction in D9 KT K~ 7t 7~ decays = (74.1 &
3.0)%

CP-violation decay-rate asymmetries (labeled by the D? decay)
Acp(KTK=) = (4 +5)x 1074
Acp(2KY) = (-1.1 £1.9)% (S =2.0)
Acp(rta™) = (0.13 £ 0.14)%
Acp(m079) = (0.0 £ 0.6)%
Acp(py) = (6 +15) x 1072

Acp(¢7) = (-9 £7) x 1072
Acp(K*(892)°7) = (0.3 £ 2.0) x 1072

N Y
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Acp(rtn~ 7% = (0.4 £ 0.4)%
Acp(natr™)in D% D° — patz™ = (0.9 £ 1.3) x 1072

Acp(p(770)T o = 70) = (1.2 + 0.9)% [
Acp(p(770)0 70 o rtr70) = (=3.1 £ 3.0)% ["]
Acp(p(T70)~ 7t = 7T 7 70 = (=1.0 £ 1.7)% [
Acp(p(1450)T 7~ — at7—70) = (0 £ 70)% ("]
Acp(p(1450)0 70 - rta—x0) = (=20 + 40)% ("]
Acp(p(1450)~ 7t — ata—x0) = (6 + 9)% (]
Acp(p(1700)t 7~ — 7t 70) = (=5 + 14)% [
Acp(p(1700)0 70 % —70) = (13 £ 9)% L]
Acp(p(1700)~ % +7r 79) = (8 £ 11)% [7]
Acp(5(980)70 — 7t 7~ 79) = (0 + 35)% [7]
Acp(f(1370)70 — +7r— 70) = (25 + 18)% [
Acp(H(1500)7° — 77~ 70) = (0 + 18)% []
Acp(f(1710)70 — 7t 7= 70) = (0 + 24)% [
Acp(£(1270)7° — 777~ 70) = (=4 + 6)% ]

Acp(o(400)70 — 7r+7r 79) = (6 + 8)% ]
ACp(nonresonant 7t 70) = (=13 + 23)% [
Acp(rtn=27%) in DO, DO — 7t 77270 = (—2.5 + 2.0)%
Acp(ar(1260)™ w— — 211257 ) = (5 + 6)%
Acp(a1(1260) 7t — 27T 277) = (14 + 18)%
Acp(m(1300)T 7r — 2nt2r7) = (=2 £ 15)%
Acp(m(1300)" 7t — 277 277) = (-6 + 30)%
Acp(a1(1640)T 7~ — 27T 277) = (9 + 26)%
Acp(mo(1670)T 7~ — 277 277) = (7 4+ 18)%
Acp(ofp(1370) — 277 277) = (=15 4+ 19)%
Acp(op(770)° = 27t 277) = (3 £ 27)%

Acp(2p(770)% = 27T 277) = (=6 £ 6)%

Acp(26(1270) — 271 277) = (—28 + 24)%
Acp(rtn=a%)in D%, D° — at7=70n = (-6 £6) x 1072
Acp(KTK=79) = (=1.0 £ 1.7)%

Acp(K*(892)t K~ — KT K= 7% = (-0.9 + 1.3)% [
Acp(K*(1410)T K~ — Kt K= 20) = (=21 + 24)% ("]
ACP((K+7TO)5—wave K- — Kt K_’/TO) = (7 + 15)% [rr]
ACP(¢>(1020)7r0 — KtK=70) = (1.1 £ 2.2)% L]
Acp(fo(980)71' b Kt K= 70) = (=3 + 19)% [l
Acp(a9(980)°70 — Kt K~ 70) = (=5 + 16)% [l
Acp(fh(1525) 70 — K+ K~ x0) = (0 + 160)% (]
Acp(K*(892)" Kt — KT K~ 70) = (=5 + 4)% (]
Acp(K*(1410)~ KT — Kt K= 29) = (=17 + 29)% ("]
Acp((K™7°)s_wave Kt — KT K= 70) = (=10 £ 40)% [
Acp(KTK=n)in D% D% - KtK—n=(-1.4=+3.5)x 1072
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Acp($(1020)n — KT K= n)in DO, D° — ¢(1020)n = (-2 +

4) x 1072
ACP(K ) (—0.20 + 0.17)%
Acp(K 3 (0.5 + 0.5)%
Acp (K31 (1 0+0.7)%

ACP(K5¢) (-3£9)%

Acp(K~7T) = (0.2 + 0.5)%

Acp(KT77) = (-0.9 £ 1.4)%
ACP(DCP(il) — KTr%)=(13.1+ 1.0)%

Acp(K~ ) (0.1 +0.5)%
p(K+7r 70) = (0 £ 5)%
ACP(KO 7)) =(-0.1+0.8)%
P(Kﬂin) in DY, D° — KTz%n=(-1.941.6)x 1072
Acp(KY 0 ) in D%, D% — K%n%p = (-3.9+£3.3) x 1072
Acp(KF 7 70n) in DO, DO—> K¥rt a0y = (-8 £ 5) x 1072
Acp(K*(892)~ 7t — KQ7nt7r™) = (0.4 +0.5)%
ACP(E*( 2)trT = Kinta ) =(1+6)%
p(ﬁ P = KirTr™)=(-0.1%05)%
Acp(Kow — Knta™)=(-13£7)%
Acp(K°£(980) - KQntrn™) = (-04 £2.7)%
Acp (KO £,(1270) — KO )= (-4+5%

Acp(K®fy(1370) — K57r 77)=(-1+9%

Acp(K®p0(1450) — Kentn™) = (-4 £ 10)%
Acp(K°f(600) - Kr + —):( 3+5)%
Acp(K*(1410)~ +—> Kortn™)=(-2+ 9%
Acp(K§(1430)"7F — Kg aTrT) = (4 £ 4)%
Acp(K§(1430)T 7r — Kirtn™) = (12 £ 15)%

Acp(K5(1430)~ 7t — ngﬂr )=(B+6)%

ACP(K§(1430)+ T = KirtrT) = (-10 £ 32)%
ACP(K_W tro) = (o 2+0.5)%
Acp(Kt 7™ 7r N=(-2+4%

ACP(K+K Tt )= (13 +£1.7)%
ACP(2KO Ta7)in D%, DO — 2KQ7nta~ = (—25 £ 1.4) x

102
Acp(Ki(1270)T K~ — KT K atr7) =(-23+1.7)%
Acp(Ki(1270)T K~ — K*¥0ntK™) = (-1 £ 10)%
ACP(K*(1270) Kt — R*%—K ) = (10 + 32)%
ACP(K*(1270)—K+—> KTK=aT77) = (1.7 £35)%
ACP(K*(1270)+K——> PKTKT) = (-7+11)%
Acp(K3(1270) KT — OK KT) = (10 + 13)%
ACP(K1(1400)+ — K+K—7r+ ) =(—44+21)%
Acp(K*(1410)t K~ — K07t K=) = (-20 £ 17)%
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Acp(K*(1410)" KT — K¥07=K+) = (-1 + 14)%

Acp(K*(1680) T K~ — KT K nt7n7) = (—17 £ 29)%

Acp(K*9K*0)in DO, DO — K*OK*0 = (-5 + 14)%

Acp(K*OK*0 Swave) = (—3.9 +2.2)%

Acp(p®)in DO, D% — ¢p% = (1 +9)%

Acp(dp® S-wave) = (=3 £ 5)%

Acp(pp® D-wave) = (—37 + 19)%

ACP(¢(7T+7T_ )S—wave) - (6 + 6)%

Acp(K*(892)° (K™ 7% ) s _wave) = (—10 & 40)%

Acp(KT K- nta~ non—resonant) = (8 +£20)%

ACP((K_W+)P—wave (K ™ )S wave) (3 + 11)%

Acp(KtK—ptp~)in D°, DY — Kt K— *u‘ (—24+6)%

Acp(rta=ptp~)in DO, D0 - et =(29+21)%
CP-violation asymmetry difference

AAcp = Acp(KTK™) — Acp(rntn™) = (—0.154 4+ 0.029)%

X2 tests of CP-violation (CPV) p-values
Local CPV in DO, D° — nta= a0 = = 10.6%

Local CPV in D%, D% — nta—zt7~ = (0.6 + 0.2)%
Local CPV in D°, D° — K%rT 7~ = 96%

Local CPV in DY, DO — K+ K~ 7r0 = 16.6%

Local CPV in D9, D% - KTKntzx~ =9.1%

T-violation decay-rate asymmetry
AT(KTK—mtn™) = (2.9 £ 2.2) x 1073 W]
ATV,-O,(22Kg7r+7r—) in DO, D° — 2K%7tn™ = (-1.9 + 1.4) x
10~
ATVio|(Kgﬂ‘+7T_ﬂ‘0) in DO, 50 — K%?T+7r_7r0 =
(—0.3114) x 1073

CPT-violation decay-rate asymmetry

Form factors
ry = V(0)/A1(0) in D° — K*(892)~ ¢t v, = 1.43 4 0.06
rp = Ax(0)/A1(0) in D® — K*(892)~ (T v, = 0.72 + 0.04
ry = V(0)/A1(0) in D® — p~¢ty, = 1.55 + 0.09
rp = Ax(0)/A1(0) in DO — p~ ¢ty = 0.82 £ 0.06

f+(0) in D — K~ ¢+u, = 0.736 & 0.004

(0)|Ves| in D® — K™ 1w, = 0.7176 + 0.0018
rl_al/ao in D9 - K= ¢ty, = —2.4040.16
r=ay/agin D% - K (tTy, =544
f.(0)in DO — 7~ ¢+ v, = 0.637 + 0.009
f1(0)|Veg| in DO — 7 ¢+ 1, = 0.1436 £ 0.0026 (S = 1.5)
n=ai/ain D% = 7 ¢ty =—-197+028 (S=1.4)
rn=ay/agin D% - 7 ¢ty =-024+22 (S=1.7)
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Most decay modes (other than the semileptonic modes) that involve a neu-
tral K meson are now given as K% modes, not as KO modes. Nearly always
it is a KO that is measured, and interference between Cabibbo-allowed

and doubly Cabibbo-suppressed modes can invalidate the assumption that

21 (KY) = r(k9).

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

Topological modes

0-prongs [ss] (15 +£6 )% -
2-prongs (1 6 )% -
4-prongs [tt] (146 + 05 )% -
6-prongs [uu] (65 + 1.3 )x10~4 -
Inclusive modes
et anything [w] (649 + 0.11 )% -
pT anything (68 +£ 06 )% -
K™ anything (547 + 28 )% S=1.3 -
K%anything (20.75 + 0.23 )% -
K™ anything (34 £04 )% -
K*(892)~ anything 15 +9 )% -
K*(892)Y anything (9 +4 )% -
K*(892) T anything < 3.6 % CL=90% -
K*(892)% anything (28 + 13 )% -
1 anything (95 £ 09 )% -
n’ anything (248 + 027 )% -
¢ anything ( 1.08 + 0.04 )% -
7T 7t m~ anything (17.60 £+ 0.25 ) % -
invisibles < 94 X107  CL=90% -

Semileptonic modes

K~ et v, ( 3.538+ 0.017) % S=1.1 867
K~ ntu, ( 3.418+ 0.019) % 864
K*(892)~ et v, (216 + 0.16 )% 719
K*(892)~ puty, ( 2.06 = 0.05 )% 714
K_7r0e+ue (16 + ég ) % 861
KOn~etu, (144 + 0.04 )% 860

(K°77) s_wave el Ve (79 + 17 )x10~4 860
K-n%utw, (730 £ 0.17 ) x 103 849

(K™ 7%) s—wave T v (421 + 0.35 )x 10~4 849
K= net v, (8 +£4 )x107° 773
K ntn etu, (28 T 1 )xiwo* 843

K1(1270)~ et v, (1.0l + 0.18 ) x 103 511
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K1(1270)" et ve, K{ — (17 T 98 yx104 -
K%W 70
K- nta ptu, < 13 x 1073  CL=90% 821
(K*(892)7)~ utu, < 15 x 1073 CL=90% 692
T etu, (291 £ 0.04 )x10~3 927
™ty (267 £ 012 )x 1073 S=1.3 924
r- Vet v, ( 1.45 + 0.07 ) x 103 922
p~ et v, (1.46 + 0.08 ) x 10~3 S=20 771
Pty (135 + 013 )x 1073 767
a(980) et v, a= — nw~ (133 838 ) x 10—4 -
KIK™ et < 213 x107%  CL=90% 790
b1(1235)" et ve, by = wm™ < 112 x1074%  CL=90% -
Hadronic modes with one K
K—nt ( 3.945+ 0.030) % S=1.2 861
KQ 7O ( 1.240+ 0.022) % 860
K§ 0 (9.76 + 0.32 ) x 103 860
K9n (434 £ 016 ) x 103 772
KO/ (812 + 0.35 ) x 103 S=13 565
Kw (1.16 + 0.04 )% 670
KSrtm— [kk] ( 2.86 £ 0.16 ) % S=1.1 842
K pP (64 T 38 )x10-3 674
Kew, w— 77~ (21 + 06 )x10~4 670
K (7T 77) s —wave (34 + 08 )x10-3 842
K$1(980), fy — w7 (123 T 339 )x 1073 549
K £(1370), fo — ntna~ (28 T 99 )x1073 t
K £H(1270), fh — ntr~ (o T10 )xi10-5 262
K*(892)~nt, K*~ — (168 T 914 ) 711
K%W_
K5(1430)" nt, Ky~ — (273 T 939 )x 1073 378
K%W_
K3(1430)" nt, K3~ — (34 T 18 )x104 367
KSm~
(1680) T, K¥ — (4 +4 )x1074 46
K%W
K*(892)* =, K*t — b (115 T 559 ) x 104 711
K%W+ '
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K5(1430)Tn—, Kyt — ] < 1.4 x1075  CL=95% -
K%W+
K5(1430) T, K3t — [x] < 3.4 x 1075  CL=95% -
K%W+
K77~ nonresonant (26 T %9 yx104 842
K=t x0 [kk] (144 =+ 06 )% S=22 844
K= pT (11.2 + 07 )% 676
K= p(1700)*, pt — 7t x0 (82 + 1.8 )x103 t
K*(892)~ nt, K*(892)~ — (231 T 330 )% 711
K #Y _ '
K*(892)°70, K*(892)° — (1.95 + 025 )% 711
K- nt
K5(1430)~ 7", Ki~ — (48 + 22 )x103 378
K~ 70
K5(1430)%70, K30 — (59 T 39 )x10-3 379
K™=
K*(1680) 7 t, K*~ — (19 + 07 )x103 46
K~ 70
K~ 7t 79 nonresonant (115 T 350 )% 844
K% 2r0 (91 £ 11 )x103 S=22 843
KO 070 (126 + 0.06 )% 843
K2 (27%) s wave (26 + 07 )x10-3 -
K*(892)°79, K*0 — KQ70 (60 + 09 )x1073 711
K*(1430)°7°, K*O — (4 +£23 )x1075 -
K%WO
K*(1680)°7°, K*0 — (1.0 + 04 )x10-3 -
K%WO
K2 £ (1270), £, — 20 (23 + 11 )x10~4 -
2K2, oneK% — 270 (32 £ 11 )x10~4 -~
K2 3r0 (76 + 04 )x10-3 815
K= 2rtn~ [kk] (822 + 0.14 )% S=1.1 813
K~ nt pOtotal (6.86 + 0.31 )% 609
K~ at p23-body (61 + 1.6 )x10-3 609
K*(892)0 0%, K*0 — (1.01 + 0.05 )% 416
—
K
K*@92)0p0transverse, (12 + 04 )% 417
KO - Kot
K~ a1(1260)", af — (432 + 032)% 327
Ot
Ki(1270)~ nt, K| — (39 =+ 04 )x1073 -~

K~ 7t 7~ total
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Ki(1270)~ nt, K] — (66 + 23 )x10~4 484
K*(892)%7—, K*0 -
K~ nt
K~ 27 7~ nonresonant (181 +£ 0.07 )% 813
Kent = nl yy] (53 + 06 )% 813
Ken, n— nt7 aC (117 + 0.03 ) x 10~3 772
Kw, w— 7ta= a0 (9.9 + 06 )x10-3 670
K= nt 270 (88 + 0.23)% 815
K~ 7t 370 (95 + 04 )x1073 774
K%?T+7T_ 270 ( 1.27 £+ 0.06 ) % 771
K= 2rta= a0 B (43 + 04 )% 771
K*(892)°nt 7= #%, K*0 - (13 +06 )% 643
_ Koot
K*(892)%w, K*0 — (65 + 30 )x10-3 410
K nt, w— ata— 70
K ntw (339 + 010 )% 605
K*(892)°w (11 +05 )% 410
KemOw (85 + 06 )x10-3 605
KSnnO ( 1.01 + 0.05 )% 721
K2 a0(980), ag — nm (1.20 = 0.28 )% -
K*(892)%n, K* — K%n0 (29 + 07 )x10~3 -
K~y (1.88 £ 0.05 )% S=14 721
K*(892)%n, K*0 - K=zt (89 T 38 )x10-3 -~
a9(980) T K—, af — nn (74 T 39 )x1073 -
K3(1980)~ nt, K3~ — (22 T 1f )yx1074 -~
K™ n
K=ntn0 (449 + 027 )x10~3 656
Kirtrn (2.80 £ 0.21 ) x 103 651
K% 2r0y (176 + 0.26 ) x 103 656
KQ2nton— (272 £ 029 ) x 1073 768
S
KepOrtm™, noK*(892)~ (11 + 07 )x103 -
K*(892)~ 27t 7™, (5 +8 )x10~* 642
K*(892)~ — K7,
0
no p
K*(892)~ p0xt, (16 £ 06 )x10-3 230
K*(892)~ — K7~
K% 27T 27 nonresonant < 1.3 x 1073  CL=90% 768
K= 3rt2n~ (22 + 06 )x1074 713

https://pdg.Ibl.gov Page 55 Created: 5/30/2025 07:44



Citation: S. Navas et al. (Particle Data Group), Phys. Rev. D 110, 030001 (2024) and 2025 update

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 ( 5.08 £ 0.13 ) x 103 772
KSw (111 £ 0.06 )% 670
K31/ (958) (951 + 032 )x 103 565
K*(892)0 nt 7~ x0 (19 + 09 )% 643
K*(892)%9 (141 + 012 )% 583
K~ 71/ (958) (6.43 + 0.34 )x 103 479
K%/ (958) 70 (252 + 027 ) x 1073 479
K*(892)%4/(958) < 1.0 x 1073 CL=90% 119
Hadronic modes with three K's
KSKT K- (452 + 029 )x10~3 544
K2 a0(980)°, aJ - KT K~ (30 + 04 )x1073 -
K™ ap(980)", al — (61 + 18 )x10~4 -
KT KY
KT ap(980)~, ay — < 11 x10~%  CL=95% -
K~ K%
K2£(980), fo - KTK™ < 9 x 1075  CL=95% -
K%, ¢ —» KTK™ (2.08 + 0.14 ) x 103 520
K9 ¢ (407 £ 023 ) x 103 521
K £H(1370), fp = KTK- (17 + 11 )x10~4 -
3KY (76 + 07 )x10~% S=1.4 539
Kt2K— 7t (225 + 0.32 ) x10™4 434
Kt K~ K*(892)°, K*0 — (45 + 18 )x1073 t
K- nt
K-nte, ¢ - KTK™ (40 =+ 1.7 )x107° 422
pK*(892)°, ¢ - KTK™, (1.08 £ 0.20 ) x 104 t
KO & K- gt
K+ 2K~ 7T nonresonant (34 + 15 )x107° 434
2K KE 7 (61 + 13 )x10~4 427
Pionic modes
T~ ( 1.453+ 0.024) x 10~3 S=14 922
270 (826 + 0.25 )x10~4 923
at o 70 (1.49 + 0.07 )% S=2.3 907
AR ( 1.01 + 0.05 )% 764
pO 0 (3.86 + 0.24 ) x 103 764
p- T (515 + 0.26 ) x 10~3 764
p(1450)t 7=, pt — 7t 0 (1.6 + 21 )x1075 -
p(1450)070, o0 — gt o~ (45 + 20 )x1075 -
p(1450) "7+, p~ = 7 a0 (27 + 04 )x10~% -
p(1700)t 7=, pt — at a0 (61 + 15 )x10~4 -
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p(1700° 70, o0 — atg~
p(1700)~ 7", p~ — 7w
f(980)70, fy — atn~
f(500)70, fy = ata~
f(1370)70, fy — =t a~
fo(1500)70, fy — 7t a~
f(1710)7°, fy — wta~
£,(1270)7°, fhb — wta~
7+ 7~ 7% nonresonant
370
2t 2~
a1(1260) " 7—, af
27+ 7 total
a1(1260) T 7w~ af
07T Swave
a1(1260) " 7,
P27t D-wave
a1(1260) 7,
ort
a1(1260)~ 7, a; —
P07~ Swave

%

N
+
81—>

+
81—>

a1(1260)~ 7 t, a] = o7

m(1300) "7, w(1300)T —

0'7T+
7(1300)" 7+, «(1300)" —

om N

a1(1640)T7—, aj —
POt D-wave

a1(1640)T 7~ a — onT

7o (1670) T 7, W; —
£(1270)%7F, 9 —
Tt

mo(1670) T 7, 71';_ — ot

20 total

200, parallel helicities
2p0, perpendicular helici-
ties

200, longitudinal helicities

2p(770)°, S-wave
2p(770)°, P-wave
2p(770)°, D-wave

Resonant (77~ )nt 7™
3-body total
ontn~
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HOH B B R HHH H H R

H,

1.8 )x 1074
1.1 )x10~4
0.9 )x1072
0.22 )x 104
21 )x1072
16 )x10~°
16 )x107°
0.21 )x 104
0.4 )x10~%
05 )x10~4
0.20 ) x 1073
0.31 )x 103

0.21 )x 103
05 )x10~4
07 )x10~%
09 )x10~%

) x 1072
) x 10~4

3.4

2.7
22 )x1074

16 )x10~4

1.4
0.9

) x 10~4
) x 1074

1.0 )x10~4
0.13 ) x 1073
3.2 )x1072
06 )x10~%

0.10 ) x 1073
13 )x10~4
13 )x10~4
3.0 )x1074
012 )x 1073

09 )x10~%
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o p(770)° (50 + 25 )x10~% -
(980) 7T, fy — (1.8 + 05 )x10~* -
T
H(1270)rt7n~, fh — (37 + 06 )x10~4 -
mta™
26(1270), fo — wta~ (1.6 =+ 1.8 )x1074 -~
(1370)0, fo — + 05 )x103 -
ta~
ata— 270 ( 1.002+ 0.031) % 882
470 (76 + 1.1 )x10~4 883
nm0 [zz] (63 + 06 )x10~4 S=1.1 846
w0 [zz] ( 1.17 + 0.35 ) x 10~% 761
wn (198 + 018 )x 103 S=1.1 648
2rt 25— 70 (13.46 + 0.21 ) x 103 844
ata 370 (153 + 0.21 ) x 103 847
2rt 27~ 270 (48 + 04 )x103 798
nmt = [zz] (1.16 + 0.07 ) x 10~3 827
p(770)°n, p° — wta~ (177 + 025 ) x 10~4 -
a0(980)~ 7t ay — 7 (69 + 1.9 )x107> -
0(980) 7=, aj — nty (51 + 08 )x10~% -
2(1320) 7~, af — nty (24 + 14 )x1075 -
a(1700) 7=, aj — 7ty (6 +4 )x107° -
(7T 7T7) s wave N (45 £ 32 )x107° 827
wrt ™ [zz] (1.33 + 0.20 )x 1073 738
w970 < 1.10 x 1073 CL=90% 740
n2m0 (38 + 13 )x10~4 829
ata= a0y (323 +£ 022 )x10°3 797
n3m0 (236 + 0.28 ) x 1073 799
n2nt2n~ (6.0 & 12 )x104 751
337~ (43 £+ 12 )x1074 795
7' (958) 70 (92 + 10 )x10~4 678
n'(958) 7t 7w~ (45 + 17 )x1074 650
2n (211 + 0.19 ) x 103 S=23 754
2n 0 (73 + 22 )x10~4 699
2nmT ™ (85 + 1.4 )x10~4 623
3n < 13 x10~%  CL=90% 421
nn’(958) (1.01 + 0.19 )x 1073 537
Hadronic modes with a KK pair
KT K~ (408 + 0.06 ) x 103 S=16 791
2KY (141 £ 0.05 ) x 10~4 S=1.1 789
K K= (34 + 05 )x10-3 S=1.1 739
K*(892)°K%, K0 — (83 + 16 )x105 608
K—nt
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K*(892)T K—, K** —

K%W+
K*(1410)°KS, K*0 —
K—nt
K*(1410)* K—, K*t —
K%W+

(K_W+)5—wavng
(K%W_F)S—waveK_
a9(980)" 7T, a; — KIK~
ap(1450)~ 7", ay —

KK~

ap(1320) "7 t, ay —
KK

p(1450)~ 7 t, p= — KIK™

KYKtm™

K*(892)° K%, K*0 —
Kt m™

K*(892)" K*, K*~ —
K%W‘

K*(1410)°K%, K*0 —
Ktnt

K*(1410)" K+, K*~ —
K%W_

(K+7T_)5—waveK%

(Kgﬂ-_)s—waveK_F

a0(980) T, aj — KIKT

ap(1450) T~ ad —

KK

p(1700)T 7=, pt — KIK*
Kt K= =0

K*(892)g , K*(892)T

K*(892 )_ KT, K*(892)~
K= 79
(K+ 0) wave
( )5 wave
f0(980) 0 fH— K+K—
omd, ¢ - KTK—
2K%WO
KtK™n
$(1020) 7
K™ K~ nnonresonant

(1.92

(1.3

(3.2

( 6.1
( 4.0
(1.4
(2.5

(5

(47
(221
(1.14

(6.4

(5

(2.6

(3.8
(1.4
(6

(33

(12
( 3.42
( 1.52

(5.4

( 243
(13
( 3.6
(6.6
< 1.45
(5.9
( 1.81

(9.9
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HoH KKK

H,

HoH KK

H,

HH

H W H

|+ H H

0.30 ) x 103
1.9 )x10~4
1.9 )x10~4

29 )x107%
1.0 )x10~4
14 )x10~4
2.0 )x1072

5 )x10°©

26 )x1072
0.34 )x 103
0.21 )x 104

1.0 )x10~4
8 )x1072
21 )x10~4

19 )x10~4
06 )x10~4
4 )x1074
26 )x107°

06 )x1072
0.15 ) x 103
0.08 ) x 1073

0.4 )x10~%

0.18 ) x 103
05 )x10~4
06 )x10~%
0.4 )x10~%

x 10~4
1.9 )x10~°
0.12 )x 104

0g )x107°

CL=90%

739
739

739
608

739
739

743
743

740
514
489

514
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2K%n (13 + 06 )x1074 508
Kt K= 7970 (69 + 08 )x10~4 681
KtK—atn~ (247 + 011 )x 1073 677
A (T T7) s waver @ — (10 +5 )x107° 614
KT K~
(609 s—wave, ¢ — KTK™ (69 £ 06 )x10~4 250
(0 p—wave, ¢ — KTK~ (40 + 19 )x1075 -
(609 D—wave» ¢ — KTK™ (42 + 14 )x107° -~
(K*(892)° K*(892)%) s_pave: (224 + 013 )x 1074 -
K0 — KEg¥
(K*(892)°K*(892)%) p_ yyave. (120 + 0.08 ) x 10~4 -
K* - K*rF
(K*(892)9K*(892)%) p_pave. (47 + 04 )x1075 -
K* - Ktgot
K*(892)° (K~ 7)) s_wave (14 + 06 )x1074 -~
3-body, K*0 — KTr—
Ki(1270)T K=, K| — (14 + 09 )x10~4 -
K*O7T+
Ki(1270)T K=, K| — (15 + 05 )x10~4 -
K*(1430)%7F, K*O —
Ktn—
Ki(1270)T K=, K| — (22 + 06 )x1074 -
pO KTt
Ki(1270)TK—, K| — (15 + 12 )x1073 -
w(782)K™, w— wt7m™
Ki(1270) KT, K| — (13 + 04 )x10~% -
PO K™
K1(1400)T K=, K{ — (46 + 04 )x10~4 -
K*(892)%7+, K*0 —
Ktr—
K*(1410)~ K+, K*~ — (70 + 1.1 )x10° -
KO 7r—
K1(1680)T K=, K — (89 + 32 )x1075 -
KOt KO Ktn—
K+ K~ at 7~ non-resonant (27 + 06 )x10~4 -
2KYmtm™ (53 £ 09 )x10~4 673
KYK=nt 70 (132 £ 0.16 ) x 103 677
KSK+Tm= 0 (65 + 07 )x10~% 677
KSK=2ntm™ < 15 x10~%  CL=90% 595
KtK—nta 70 (31 + 20 )x1073 600

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

0 (1.17 £ 0.04 ) x 103 645
on (18 + 05 )x10~4 489
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dw (65 + 1.0 )x10~4 238
Radiative modes

o0 (1.82 + 032 )x 1075 771

wy < 24 x10~% CL=90% 768

o (281 + 0.19 ) x 1072 654

K*(892)0 (41 + 07 )x10~4 719

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

KT ¢~ w,via DO [a3a] < 2.2 x107%  CL=90% = -

K+ OI;) K*(892)" e~ 7, via < 6 x 107>  CL=90% -
D

Ktn— DC ( 1.50 £ 0.07 ) x 10~4 S=3.0 861

K+ 7~ via DCS ( 1.362+ 0.025) x 10~4 -

KT 7 via D° < 16 x 1075  CL=95% 861

K¢rtr~in DO — DO < 1.8 x10~%  CL=95% -

K*(892)T =, K*t — bDcC (115 T 999 )x 1074 711
K%W+

K5(1430)Tn~, K5t — DC < 14 x 10~5 -
K%W+

K3(1430) 7—, K3t — bc < 34 x 1075 -
K%’R‘+

K+ a0 DC (3.06 £ 0.16 ) x 10~4 S—14 844

K+ 7~ nOvia D° (76 T 32 )yx1074 -

K+ n=2x0 < 3.6 x 104  CL=90% 815

K+t 27~ via DCS (249 + 0.07 )x 1074 -

Kt rtor— DC (2.65 + 0.06 ) x 10~4 813

K+ 7t 27~ via D° (79 + 30 )x1070 812

©~ anything via D° < 4 x10~%  CL=90% -

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

vy C1 < 85 x 10~/  CL=90% 932
et e C1 < 79 x 1078  CL=90% 932
ptp~ CI < 31 x 1079  CL=90% 926
mOete~ c1 < 4 x 1076 CL=00% 928
O ut c1 < 18 x10~%  CL=90% 915
mOuvw < 21 x10~%  CL=90% 928
nete~ C1 < 3 x1070  CL=00% 852
nutpu~ CI < 53 x 1074  CL=90% 838
ata et e™ C1 < 7 x1070  CcL=00% 922
et e c1 < 1.0 x 1074  CL=90% 771
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T ut T c1 (96 + 1.2 )x10~7 894
7T 7~ uwt ™ (non-res) < 55 x10~7  CL=90% -
POut c1 < 22 x 1075  CL=90% 754
wete™ c1 < 6 x 1076  CcL=00% 768
wptp~ C1 < 83 x 1074  CL=90% 751
K-KTete c1 < 11 x107°  CL=90% 791
petT e C1 < 52 x107°  CL=90% 654
K-Ktutpu~ C1 (154 £ 032 )x 10~ 710
K~ K+ u™ p~ (non-res) < 33 x 107>  CL=90% -
dptpT C1 < 31 x 107>  CL=90% 631
KOet e~ [qq] < 2.4 x 1075  CL=90% 866
KOt~ [qq] < 2.6 x 104  CL=90% 852
K- ntete , 675 < (40 + 05 )x10°6 -
Mee < 875 MeV
K-nTete, 1.005 < < 5 x10~7  CL=90% -
Mee < 1.035 GeV
K*(892)0 et e~ [qq] < 4.7 x 1075  CL=90% 719
K-atutpu~ C1 < 3.59 x 1074  CL=90% 829
K-atutpu=, 675 < (42 + 04 )x10°6 -
m,, < 875 MeV
K*(892)° it [qq] < 2.4 x 1075  CL=90% 700
atr a0 ut c1 < 81 x10~%  CL=90% 863
+eF LF  [bb] < 13 x 1078  CL=90% 929
n0e® T LF  [bb] < 8.0 x10=7  CL=90% 924
net T LF  [bb] < 2.25 %1070  CL=90% 848
atn= ety T LF  [bb] < 171 %1076 CL=90% 911
pQet ¥ LF  [bb] < 5.0 x10~7  CL=90% 767
weT pF LF  [bb] < 171 x 1076 CL=90% 764
K~ KtetyuT LF  [bb] < 1.00 x 1076  CL=90% 754
pet T LF  [bb] < 5.1 x10~7  CL=90% 648
KOe® T LF  [bb] < 174 x 1076 CL=90% 863
K-nteru® LF  [bb] < 1.90 %1076 CL=90% 848
K*(892)0 et T LF  [bb] < 1.25 x 1076 CL=00% 714
21~ 2eT L < 91 x 1077 CL=90% 922
2 2u™ L < 152 x 1070  CL=00% 894
K~ 7~ 2e" L < 5.0 x10~7  CL=90% 861
K—rm=2u™ L < 53 x 107  CL=90% 829
2K~ 2e™ L < 34 x10~7 CL=90% 791
2K 2u L < 1.0 x10~7  CL=90% 710
et T L < 3.06 x 1076 cL=00% o911
K-n—etput L < 210 x1070  CL=00% 848
2K~ et T L < 5.8 x 107  CL=90% 754
pe~ LB < 55 x 107  CL=90% 696
pet LB < 69 x10~7  CL=90% 696
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pu- LB < 5.1 x10~7 CL=90% 691
put LB < 63 x 10~/ CL=90% 691
D*(2007)° 1(JP) = 3(17)

Mass m = 2006.85 + 0.05 MeV (S = 1.1)
Mpw — Mpo = 142.014 + 0.030 MeV (S = 1.5)
Full width I < 2.1 MeV, CL = 90%

5*(2007)O modes are charge conjugates of modes below.

p
D*(2007)0 DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
DO 70 (64.7 £0.9 ) % 43
DO~ (35.3 £0.9 ) % 137
DOet e~ ( 3.91+0.33) x 103 137
Wt < 25 x 10~8 90% 998
et e < 17 x 100 90% 1003
D*(2010)* 1(JP) =3(17)

Mass m = 2010.26 £ 0.05 MeV

Mp«(2010)+ — Mp+ = 140.603 4+ 0.015 MeV

M (2010)+ — Mpo = 145.4258 + 0.0017 MeV

Full width ' = 83.4 £+ 1.8 keV

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

D*(2010):|: DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
DO rt (67.7+0.5) % 39
D+ 70 (30.7£0.5) % 38
DT~ (1.6+0.4) % 136
et v, < 11 x 1075 90% 1005
ntuy, < 43 x 106 90% 1002

D7(2300) 1(4P) = 3(0™)

was Dg(2400)

Mass m = 2343 + 10 MeV (S = 1.5)
Full width ' = 229 + 16 MeV
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D6(2300) DECAY MODES Fraction (I';/T) p (MeV/c)
Dﬁi seen 411
D1(2420) 1Py =317™)

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

Mp, (24200 — Mpe+ = 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(JF) = 3a™)

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

Dy (2430)° DECAY MODES Fraction (I';/T) p (MeV/c)
D*(2010)+ T seen 345
5(2460) 1(JP) = 5(27)

Mass m = 2461.1 + 0.8 MeV (S = 6.3)
— mp. =591.5 £ 0.8 MeV (S = 6.0)

mD§(2460)0 — mp., = 4509 + 0.8 MeV (S = 6.0)

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

m
D3(2460)0

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

D;(2460) DECAY MODES Fraction (I;/T) p (MeV/c)
Dn— seen 509
D*(2010) 7~ seen 389
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D3(2750) 1(JP) =3(37)

Mass m = 2763.1 £ 3.2 MeV (S = 2.1)
Full width ' = 66 £ 5 MeV

D;(2750) DECAY MODES Fraction (I';/T) p (MeV/c)
Dr seen 743
Dt~ seen 739
DO ’/T:l: seen 743
D*m seen 639
D*tn— seen 639

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

+ = - _ = .. *1
Dl =cs D_ =<¢s, similarly for D}'s

DE 1(JP) = 0(07)

Mass m = 1968.35 4+ 0.07 MeV
Mpye — Mpe = 08.69 £+ 0.05 MeV

Mean life 7 = (501.2 = 2.2) x 107 1% s (S = 1.3)
cr = 150.3 um

CP-violating decay-rate asymmetries
Acp(pTv) = (-0.2 + 2.5)%
Acp(ttv)in DF — 7tv., D7 —» 777, = (3+5)%
Acp(KEKS) = (0.07 £ 0.24)%
Acp(KTK?) in DF - KTKY = (~1.1 £2.7) x 1072
Acp(KT K= %) = (0.35 + 0.34)%
Acp(omT) = (—0.38 + 0.27)%
Acp(KEKS70) = (—0.9 + 1.9)%
Acp(2K%n) = (1.3 £ 1.6)%
Acp(KT K= 770 = (0.6 + 0.9)%
Acp(KEKLatn™) = (0.7£29)% (S=13)
Acp(KYKT2r®) = (0.7 £1.8)% (S = 1.3)
Acp(rtn=7%) = (=09 + 1.1)%
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Acp(mEn) = (0.24 + 0.29)%
Acp(rtrta=n) = (2.4 + 3.0)%
Acp(rE ) (—0.08 £ 0.17)% (S = 1.2)
Acp(nmE7r9) = (0.9 + 1.5)%
Acp(f 7t 70) = (=15 £ 2.5)%
Acp(KEr9) :( + 4% (S=1.2)
ACP(KO/KO +) = (0.4 + 0.5)%
Acp(K$nF) = (0.20 + 0.18)%
ACP(Ki 7)) =(22+1.9%
Acp(K%rt 0) in D — KQrtnl = (-2 +5)%
Acp(KEata= 70 in DF - K*rtr— 70 = (7 £ 5) x 1072
Acp(KTn) = (1.8 £ 1.9)%
Acp(KE1/(958)) = (6 + 19)%
CP violating asymmetries of P-odd ( 7-odd) moments
Ar(KAKEntr7) = (—8 £ 6) x 1073 Uil

D} — ¢£* v, form factors
r, =0.8340.08 (S=1.8)
r, =176 +£0.07 (S=1.1)
M /T =0.72+0.18
0) |Ves| in DY — neT v, = 0.449 £ 0.009
) [Ve| in DF = nptu, = 0.452 + 0.012
rn = ai/ag in D? — nu*’uﬂ =—-29+06
(AT5)in DY — nutuy, = (~5.9+3.1) x 1072
) |Ves| in DF — 1 et = 0.527 + 0.024
n = ai/ag in D? — n'pty,=-11+5
(AT Vin DY = o ptu, = (=6 + 8) x 1072
f+(0 |Ves| in Df — n/pF v, =050 +0.04
(0) |Ves| in D+ — fo(980)e+ue = 0.50 + 0.04
f+(0)\ Vel in D+ — K%eTv, =0.145 £ 0.010
r, = V(0 )/Al( )in Df — 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, = 2427 + 3.0 MeV

for |Ves| in DY — 77w, = 247.5 £ 2.3 MeV
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Unless otherwise noted, the branching fractions for modes with a resonance

in the final state include all the decay modes of the resonance. DS_ modes
are charge conjugates of the modes below.

Scale factor/ 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 09 )% -
79 anything (123 +7 )% -
K™ anything (187 405 )% -
K™ anything (289 07 )% -
K% anything (190 +1.1 )% -
1 anything [ccc] (1299 +28 )% -
w anything ( 61 +14 )% -
n' anything [ddd] ( 103 +1.4 )% S=1.1 -
f5(980) anything, fy — 77~ < 13 % CL=90% -
¢ anything (157 +£1.0 )% -
K+ K~ anything (158 07 )% -
K%KJranything ( 58 +05 )% -
K%K‘anything (1.9 +04 )% -
2K(_)g anything ( 170 £0.32 )% -
2K T anything < 26 x 1073CL=90% -
2K~ anything < 6 x 10~4CL=90% -
27T + anything (328 +07 )% -
Leptonic and semileptonic modes
et v, < 83 x 1075CL=90% 984
pu, ( 5.37 +£0.11 ) x 103 981
T, ( 5.39 £0.09 )% 182
veT v, < 13 x 10~4CL=90% 984
KtTK eTu, — 851
KEKLet v, < 38 x 10~4CL=90% 849
pet v, [cee] ( 2.34 +£0.12 )% S=1.2 720
K1(1270)% e v, < 41 x 1074 CL=90% 585
b1(1235)0eT v, b9 — wrd < 6.4 x 1074 CL=90% -
put v, ( 224 £0.11 )% 715
net v, [cee] ( 2.27 £0.06 )% 908
n'(958) e™ v [cee] ( 81 404 )x103 751
nut v, ( 224 +£0.07 )% 905
1'(958) T v, ( 80 406 )x10~3 747
weT v, [ff] < 2.0 x 1073CL=90% 829
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KOetu,

K*(892)% et v,
fy(500) et ve, fy — w070
f0(500)e+1/e fo — I
f(980) et v,, fy — w070
f(980)eT v, fo — wT™
fo(980)u vy, fo — K+K—

20(980)% et ve, & — 799

0
70 +Ve

[eee]

( 2.88 +0.26 ) x 1073
( 2.05 £0.20 ) x 103
x 10~4CL=90%
x 10~4CL=90%

(
(

7.3
3.3
7.9
1.64
5.45
1.2
6.4

+15 )x 104
+0.13 ) x 1073

S=1.2

x 10~4CL=90%
x 10~4CL=90%
x 1079CL=90%

Hadronic modes with a KK pair
1.500+0.014) %

KT K2
KT KY
Kt KO
KtK—nt
gt
ort, ¢ — KTK~
K+ K*(892)°
K+ K*(892)°,
K- nt
K+ K*(892)°,
K%WO
(980) 7, fy - KTK™
fo(1370)7t, fy —» KT K™
fo(1710) 7", f5 — KT K~
a0(980)* 70,
ap(1710)" 70, ad —
KT KY
KT K3(1430)°, K —
K- nt _
KT K*(1410)°, K} —
K%WO
KT K x0
K*(892)T K2,
K+ 70
2K%W+
f0(980)7t, f5 —» KLKY
fo(1710)n T, fo — KIKY
K*(892)* K%, K*+ —
K%W+
KOKO 7t
K*(892)1 KY
Kt K= nt 0

K*0

K0

K*t —
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(kK]

[eee, ggg]
[ggg]

[eee]
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(

1.49
2.95
5.45
4.5

2.25

12.7
2.61

4.8

1.12
7.2
6.8
1.1

3.5

1.79

8.8

+0.06 ) %
+0.14 ) %
+0.08 ) %
£0.4 )%
+0.05 ) %

31 0%

+0.05 ) %

+0.4 )x 1073

+0.19 ) %

+3.0 )x10~4
+28 )x 1074
+04 )x1073

+0.6 )x 1073

+0.26 ) x 1073

+28 )x10~4

1.47140.028) %
2.04 +0.32 ) x 1073

7.32
1.8

3.39
3.19

5.4
5.53

+0.14 ) x 1073

x 10~4CL=90%

4+0.31 ) x 1073
+0.29 ) x 1073

+12 )%
+0.15 ) %

S=1.3

850
850
850
805
712
712

685
416

732

198

218

805

802

683

802
683
748
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dpt [ece] ( 5.59 +0.34 )% 401

K1(1270)0 K+, ( 57 +06 )x10-3 -
K1(1270)° — K= p*

K1(1270)0 K+, ( 131 £0.25 )% -
K1(1270)° — K*(892)n

K1(1400)° KT, ( 20 +04 )% -
K1(1400)° — K*(892)n

20(980)°pT, &8 — KT K~ ( 19 +04 )x10-3 -

f(1420)0 7+, £(1420)° — ( 39 +07 )x1073 -
K*(892)F K*

f(1420)°07F, 2 — ( 40 +14 )x10~% -
a9(980)%70, ad —
Kt K~

n(1475) 7T, n — ( 70 28 )x10~% -~
20(980)%70, aJ —
Kt K~

KSK—2nt ( 1.569+0.028) % 744
KTK™KYnt ( 1.27 £0.15 ) x 10~4 527
K*(892)1 K*(892)° [eee] ( 5.64 +£0.35 )% 417
n(1475) KL, n — ( 35 +1.0 )x10~4 -

K*(892)%7+, K*0 -

K- nt
n(1475) 7T, n — ( 35 £1.0 )x10~% -~
K*(892)TK—, K** —
K%W+
n(1475) 7T, n — ( 1.7 £09 )x1073 -~
ao(980)~ 7 t, a; —
KK~
f(1285)7 ", f; — ( 35 +08 )x10~% -~
ap(980)~ 7", a; —
KK~
KTKYnta™ ( 9.34 £0.22 ) x 103 744
KtK=2nt7n— ( 66 +06 )x10~3 673
¢p2rt [ece] ( 1.21 +0.16 ) % 640
607t ¢ - KTK— ( 49 £07 )x10-3 181
$a1(1260)", ¢ — (75 +12 )x1073 t
KTK=, af —
POt
¢2r T T non-p, ¢ — ( 1.4 +05 )x1073 -
KTt K-
KT K~ pP7t non-¢ < 20 x 10™4CL=90% 249
K+ K= 27T 7~ nonresonant ( 1.0 +04 )x10-3 673
2K 2mt o™ ( 80 £33 )x10~4 669
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Hadronic modes without K's

at 0 < 12 x 104CL=90% 975
2nt ( 1.090+0.014) % 959
pOrt ( 1.14 £0.16 ) x 10~4 825
wrt, w— 7t7~ ( 39 +04 )x10~° -
T (T T7) s _wave [hhh] ( 9.23 £0.13 ) x 103 959
(1270) 7™, fo — 7t 7™ ( 142 £0.10 ) x 103 559
f,(1525)°0 7, £l — xta~ ( 58 +£20 )x1070 -
p(1450)0 7+, o0 — mta~ ( 1.8 +06 )x10~4 421
p(1700)° 7+, o0 — xta~ (4 44 )x107° -
7t 270 ( 52 +05 )x10~3 S=1.1 961
f(980) 7, fy — w90 ( 290 406 )x1073 -
f(1370) 7+, fo — 700 ( 13 +06 )x10~3 -
£(1270) 7+, f, — 700 ( 50 +35 )x10~4 -

2rt =70 — 935
wrt [cee] ( 1.93 +0.30 ) x 103 822
nat [ece] ( 1.68640.027) % 902
27t 7™ 7% non—s ( 2.04 £0.09 )% -

f(1370)p™, fop™ — ( 51 £09 )x1073 -

mo T
f(980)°pT, fIpt —

( 26 +05 )x10~3 -
2rt 70
£,(1270)% o, ( 1.9 +04 )x1073 -
£,(1270) pt —
2t =70
(pT P9)s—wave — ( 71 +28 )x10~4 -~
2t 70
(p(1450)" P s_ave — ( 94 +31 )x10~4 -~
2t 70
(pt p(1450)0) p_ave — ( 175 £0.29 ) x 103 -~
2nt T
ot b — prw ( 5.08 £0.35 ) x 103 -
wrt, w— pw ( 1.41 +£0.19 ) x 103 -
a1(1260)" 70, af — ( 26 +04 )x1073 -
(poﬁ+)5—wave
a1(1260)0 7+, a0 — ( 13 +05 )x10-3 -
(PT)s—wave
7(1300)° 7+, 70 — ( 24 +07 )x1073 -
(/”T)P—wave
3nt2n~ ( 80 +08 )x10~3 899
2t 7= 270 — 902
npt [cce] ( 89 £08 )% 724
nrt 0 (910 £0.17 ) % 885
(7t 7% p_wave ( 49 +30 )x10-3 885
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a0(980) t0 7 0+ (21 +04 )% -
a0(980) 10 — prt0
wrtm [cee] ( 2.8 +0.7 )% 802
2Ty ( 3.08 +£0.08 )% 855
a1(1260)* n, aj — ( 171 £0.14 )% -
p(770)0 7+, 0 —
rtn~
a1(1260)*n, aj — ( 25 +09 )x10-3 -
fo(500) 7, fo — whta~
a9(980) " p(770)°, ad — ( 21 409 )x1073 -
nrt
n(1405)7+, n — ( 22 407 )x1074 -
a0(980) 7, ag —
nmw-
n(1405)7+, n — ( 22 407 )x1074 -
a9(980) T 7, af —
nrt
f(1420)7 ", £, — ( 59 +18 )x10~% -
a0(980) " 7t, ag —
nm-
f1(1420)7 ", f; — ( 52 +18 )x10~% -~
20(980) T 7™, ad —
nmt
3rt2r— 70 (49 £32 )% 856
w2rt ™ [cee] ( 1.6 05 )% 766
n'(958) 7T [ddd,eee] ( 3.95 £0.08 )% 743
3rt 27— 270 — 803
wnmT [cee] ( 5.4 +13 )x103 654
7'(958) pT [ddd,eee] ( 5.8 +15 )% 465
7' (958) t 70 ( 6.14 £0.18 )% 720
1’ (958) 7+ 70 nonresonant < 51 % CL=90% 720
Modes with one or three K's
K+ n0 ( 75 +05 )x10~4 917
Kert 1.22 £0.04 ) x 103 916
K*tn [ece] 1.76 +0.08 ) x 103 835
Ktw [ece] 99 +15 )x10~4 741
K+ 1n'(958) [eee] 2.68 +£0.24 ) x 10~3 646
Ktrtn~ 6.23 +0.10 ) x 10~3 900
K+ p0 2.18 £0.25 ) x 10~3 745

K+ p(1450)°, p° — ntn~
KT £(500), fy — at7~
KT 1,(980), fy — at 7~
KT (1370), fy — mtx~

73 +1.7 )x10~% -
45 +3.0 )x1074 -
28 +1.1 )x107% -
12 +06 )x1073 -

e N e e e e e e e

https://pdg.Ibl.gov Page 71 Created: 5/30/2025 07:44



Citation: S. Navas et al. (Particle Data Group), Phys. Rev. D 110, 030001 (2024) and 2025 update

K*(892)° 7+, K*0 — ( 1.68 £0.26 ) x 1073 775
Ktr—
K*(1410)%7F, K0 — (6 +4 )xi0~4 -
Ktm—
K*(1430)% 7+, K*O — (94 +32 )x10~% -
Ktn~
K+ 7w+ 7~ nonresonant ( 99 +32 )x10~4 900
KSmt a0 ( 5.09 +£0.22 ) x 103 899
Kg;ﬂ770)+, pt — 7tad ( 26 +04 )x103 -
KS p(1450)*, pt — 7t a0 ( 1.04 £0.32 ) x 1073 -
K*(892)%7t+, K*0 — ( 43 +£12 )x10~4 -
KQ 70
S
K*(892)tx0, K*+ — ( 23 +£07 )x10~4 -
K%W+
K*(1410)% 7+, K*O — ( 17 +09 )x10~% -
K%WO
KQort ( 28 +1.0 )x10~3 870
Ktrta—x0 ( 97 £06 )x10-3 873
K*(83_2)0p+, K*0 ( 39 +04 )x1073 -
o
K*(8<.i2)gp, K**t — ( 42 +12 )x107*4 -
K™r
K1(12+70)07r+, K — ( 39 +13 )x10~4 t
KT p~
K1(1400)%7F, KO — ( 54 +09 )x10~% -
K*(890)t 7=, K*T —
K+ x0
K1(1400)%7F, K9 — ( 59 +10 )x10~% -
K*(890)°70, K*0 —
K*m=

Kt a1(1260)°, ay — pta~
Kt a1(1260)°, a; — p~ o™

18 +11 )x10~4 -
18 +1.1 )x10~4 -

K+ xt 7~ 7%nonresonant 92 +24 )x107% 873
(KT 79) p_wwave P° 1.01 +0.21 ) x 10~3 688
KT wrO [cee] < 8.2 x 10~3CL=90% 684
Ktwrta™ [ece] < 5.4 x 1073CL=90% 603
Ktwn [eee] < 7.9 x 1073CL=90% 366
2KT K™ ( 218 +£0.20 ) x 10~4 628
dKT, ¢ - KTK™ ( 89 +20 )x107° -
Radiative decays
p(770) Ty < 61 x 10~4CL=90% -
Doubly Cabibbo-suppressed modes
2Kt 7~ ( 1.203+0.027) x 10~4 S=1.1 805
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K+ K*(892)%, K*0 — ( 61 +£34 )x107° -
Ktnr—
2K+ 7= 70 < 17 % 10~4CL=90% 748

Baryon-antibaryon mode
ph ( 122 £0.11 )x 103 205
ppet v, < 20 x 10~4CL=90% 206

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

ntete™ [qq] < 5.5 x 1070 CL=90% 979
t¢, ¢ — ete” [pp] ( 1.17 £0.22 ) x 1072 -~
atnlete~ < 7.0 x 105 CL=00% 974
pTh, ¢ — ete ( 24 +07 )x107° -
NTAN [qq] < 1.8 x 10~ 7 CL=90% 968
Ktete™ C1 < 37 x 1070CL=00% 922
Ktmlete < 71 x 1075 CL=90% 917
Kirtete < 81 x 1075 CL=90% 916
KT utp~ c1 < 14 x 10~ 7 CL=90% 909
K*(892) " put pu~ c1 < 14 x 1073CL=90% 765
atet LF < 11 x 10~0CL=90% 976
e ™ LF < 94 x 1077 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 1076CL=00% 979
7 2ut L < 86 x 10~8CL=90% 968
et ut L < 63 x 10~ 7 CL=90% 976
K™ 2e™ L < 17 x 10~ 7 CL=90% 922
K= 2u™ L < 26 x 1078CL=90% 909
K= etpu™ L < 26 x 1077 CL=90% 919
K*(892) 2u™ L < 14 x 1073CL=90% 765
D:* 1(JP) = 0(17)

Mass m = 2112.2 + 0.4 MeV

Mpyer — Mot = 143.8 + 0.4 MeV

Full width T "< 1.9 MeV, CL = 90%

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

D% DECAY MODES Fraction (T';/T) p (MeVc)
DY~ (93.6 +0.4 ) % 139
DY ¥ ( 5.77+0.35) % 48
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Dfete” (6.7 £1.6 ) x 103 139
etu, (21 T332 )x107° 1056
D%,(2317)* 1(JP) = 0(0™)
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
D* J(2317)% mDi = 349.4 £ 0.5 MeV
Full W|dth r < 38 MeV, CL = 95%
D:0(2317)_ modes are charge conjugates of modes below.
P
D:0(2317):I: DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
DY =0 (1007 ,0) % 298
DY~y < 5 % 90% 323
D*(2112) "~ < 6 % 90% -
D vy < 18 % 95% 323
D¥(2112)* 7Y < 1 % 90% -
DY ntr= < 4 x 1073 90% 104
D:_ 7T0 7T0 not seen 205
D;1(2460)= 1(JP) = 0(17T)
See the review on "Heavy Non-qgq Mesons.”
Mass m = 2459 54 0.6 MeV (S =1.1)
Mp._, (2460)* Di =491.1 £ 0.6 MeV (S =1. 1)
Full width I < 3.5 MeV, CL = 95%
D1 (2460)™ modes are charge conjugates of the modes below.
Scale factor/ p
D51(2460)+ DECAY MODES Fraction (I;/T) Confidence level (MeV/c)
D¥t 70 (48 +11 )% 297
+ 0
D~ (18 + 4 )% 442
Dt (43+ 1.3)% S=1.1 363
Dt < 8 % CL=90% 323
D¥,(2317) "y (377 39 % 138
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D;1(2536)* 1(JP) = o(1™)

J, P need confirmation.

Mass m = 2535.11 4+ 0.06 MeV

Mp_ (2536)= ~ mD:(2111) = 4229 + 0.4 MeV

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

Mp_ (2536)* — Mp+(2007)0 = 528.26 + 0.05 MeV (S =1.1)
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(2536)+ DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
D*(2010)* KO (Bl +£7 )% 149
(D*(2010)* K©) g_ wave (22 +5 )% 149
K% D*(2010) " (17 +4 )% 149
DTn= KT (10.042.5) x 103 176
D*(2007)° K+ (36 +£6 )% 167
Dt KO < 12 % 90% 381
DOK™ < 4 % 90% 391
D:+ y possibly seen 388
D:— atn~ seen 437

D%,(2573) 1(JP) = o2™)
Mass m = 2569.1 &+ 0.8 MeV (S = 2.4)
Full width ' = 16.9 £ 0.7 MeV
D:2(2573)_ modes are charge conjugates of the modes below.

D;2(2573)+ DECAY MODES Fraction (I;/T) p (MeV/c)
DO K+ (37+6) % 431
D*(2007)0 K+ not seen 238
DT 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
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D:1(2700):|: DECAY MODES Fraction (I';/T) p (MeV/c)
DO K+ seen 579
D+ K% seen 573
D*O K+ seen 438
D*+ K% seen 431

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

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

D*3(2860)* DECAY MODES Fraction (I';/T) p (MeVjc)
DO K+ seen 710
D+ K% seen 704
D0 K+ seen 589
D*+ KOS 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'(4S)
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.
BO-BO mixing data are found in the BO section, while Bg—
Eg mixing data and B-B mixing data for a BO/BS admixture
are found in the BS section. CP-violation data are found in
the Bi, BY. and B~ BO Admixture sections. b-baryons are
found near the end of the Baryon section.
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The organization of the B sections is now as follows, where
bullets indicate particle sections and brackets indicate re-
views.

o BF
mass, mean life, CP violation, branching fractions
e BY
mass, mean life, BO-BY 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
o B*, B(5721), B3(5747), B,(5970)
mass, width
° B(S)
mass, mean life, BS—ES mixing, CP violation,
branching fractions
o BY, B51(5830)°, Bz,(5840)°
mass, width
o B
mass, mean life, branching fractions
° BC(25):|:
mass
At the end of Baryon Listings:
o/
mass, mean life, branching fractions
e Np(5912)0, A, (5920)°, A,(6070)°, Ap(6146)°, AL(6152)°
mass, width
),
mass
o X7, Xp(6097)T, Xp(6097)

mass, width

=0 =—
®=p =b

mass, mean life, branching fractions
052(5935)_, _:b(5945)0, =p(5955)7, =5(6100)~, =p(6227),
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=,(6227)°, =,(6327)°, =,(6333)°
mass, width

o2,
mass, mean life, branching fractions

e (2,(6316)~, £2,(6330)~, £25(6340)~, £2,(6350)~
mass

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 = 5279.41 + 0.07 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(BT — J/ypT) = —0.05 £ 0.05
Acp(BT — J/9K*(892)T) = —0.048 + 0.033
Acp(BY — ncKT)=0.01+£0.07 (S=22)
Acp(Bt — ¢(2S)7T) = 0.03 £ 0.06
Acp(BT — 9(2S)KT) =0.012 +£ 0.020 (S = 1.5)
Acp(BT — 9(2S)K*(892)*) = 0.08 + 0.21
Acp(BY = xc1(1P)nt) = 0.07 £+ 0.18
Acp(BY = xcoKT)=-020+0.18 (S =15)
Acp(BY = xc1 KT) = —0.009 + 0.033
Acp(BT — xc1 K*(892)T) = 0.5+ 0.5
Acp(BT — D%*up) = (—0.14 4 0.20) x 1072
Acp(BT — D%°xt) = (-32+35)x 1073
Acp(BT = Depr1ymt) = —0.0088 + 0.0024
Acp(BY = Dgp_1ynt) = —0.003 + 0.012
Acp([KTntntn~]pnT) = 0.070 + 0.020
Acp(BY — [rTrta a7 |pKT) = 0.061 + 0.013
Acp(BY — [rTr 7t a7 |pK*(892)") = 0.02 4 0.11
Acp(BY — [KTK-nt7~]pK*t) = 0.095 + 0.023
Acp(BT — [KTK=nTn~|pnt) = —0.009 + 0.006

https://pdg.Ibl.gov Page 78 Created: 5/30/2025 07:44



Citation: S. Navas et al. (Particle Data Group), Phys. Rev. D 110, 030001 (2024) and 2025 update

Acp(Bt — DP°K*) = —0.018 & 0.004
Acp([KFntntr7|pKT) = —0.32 + 0.04

Acp(BY — [rtatr a7 ]prt) =(-82+3.2)x 1073
Acp(BY — [K~7t]pKT) = —0.58 & 0.21
Acp(BY — [K~aTa0pKT) = —0.27 £0.27 (S =24)
Acp(BT — [KTan~mpKt) = —0.024 + 0.013
Acp(BT — [KTK=70pK*) = 0.07 + 0.07
Acp(BT — [rta~70pK*) =0.11 + 0.04
Acp(BT — DOK*(892)") = —0.007 + 0.019
Acp(BT — [K™ 7T ]5K*(892)") = —0.75 + 0.16
Acp(BT = [K-ata~ nt]5K*(892)") = —0.45 £ 0.25
Acp(BT — [K~at]p7rt) = 0.00 + 0.09
Acp(BT — [K=atx0pnt) =0.08 + 0.0
Acp(BT — [KT K= 70]pnt) = —0.001 + 0.019
Acp(BT — [rta~7%pxT) = 0.001 + 0.010
Acp(BT = [K~at]pmynT) = —0.09 £+ 0.27
ACP(B+ — [K_7T+](D,y)ﬂ'+) =—-0.7+x0.6
Acp(BY = [K™ 7] (pnKT) =08+ 0.4
ACP(B+ — [K_7T+](D,y) K+) =04+1.0
Acp(BT — [rta~70pK*) = —0.02 + 0.15
Acp(BT — [KSKT 77 ]pKT) =0.00 £0.09 (S=1.4)
Acp(BT — [Kg K~ 7T]pK™) = 0.00 & 0.07
Acp(BT = [KEK~7T]pat) = —0.003 + 0.014
Acp(BT — [KYKTr~]pnT) = —0.016 £ 0.025 (S =1.5)
Acp(Bt — [K*(892)" KT]pK™) = 0.08 & 0.05
Acp(BT — [K*(892)T K~ ]pK™) = 0.07 & 0.09
Acp(BT — [K*(892)T K~ ]pm™) = 0.007 £ 0.016

—

Acp(BT — [K*(892)" KT]pn™) = —0.013 +
0.020 (S =1.9)
Acp(B* = Dgp(4+1)KT) = 0132+ 0.015 (S = 1.8)

Aaps(BT — DK') = —0.451 4+ 0.026

Asps(BT — Dzt) =0.129 4+ 0.014

Aaps(BT — [D7]p.KT)=—-06+13

Aaps(BT = [D0] 5. KT) = 0.72 £ 0.29
Aaps(BT = [Dv]p.mt) =0.08 £ 0.13

Aaps(BT — [Dr%]p.nt) = —0.14 + 0.06
Aaps(BY = [K—at|pKTr—7T) =-0334+0.35
Aaps(BT — [K~aT]prT 7~ xt) = —0.01 £ 0.09

ACP(B+ — DCP(—l) K+) = —0.14 + 0.05
Acp(BT — [KTK |pKtn~7nt) = —0.04 & 0.06
Acp(BY — [rTn ]pKtn 7)) = —0.05 £ 0.10
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Acp(BT — [K—at]pKt 7~ nt) =0.013 + 0.023

Acp(BT — [KTK ]pntn~nt) = —-0.019 + 0.015

Acp(BT — [rTn 7 |prTnaT) = —0.013 £ 0.019

Acp(BY — [K-7nt]prta~nT) = —0.002 + 0.011

Acp(BT = [DP4]g. ) = —0.004 + 0.004

Acp(BT — [D°xl]g5.n 1) = 0.0007 + 0.0022

Acp(BT = [507]5*0 e 7+) = 0.000 + 0.015

Acp(Bt — [D° O]D*0 7+) = 0.012 + 0.008
CP(+1)

Acp(BT — [D°n%] 50 @) =—0.09 £ 0.05
CP(-1)

Acp(BT = [D%4]z0KT) = —0.004 £ 0.014

Acp(BT — [DO m]5.0 KT) = 0.017 + 0.007

Acp(Bt — [D° V]D*O s K+) =0.12 £+ 0.06

Acp(BT = [D%70] 5.0 K+) = —0.115 + 0.020
CP(+1)

Acp(BY — [D°7%] 50 K1) =10.07 £0.10
CP(-1)

Acp(BT = Dgp(41)K*(892)1) = 0.08 + 0.06

Acp(BT = Dop(_1)K*(892)1) = —0.23 + 0.22

Acp(BT — DI ¢)=00+04

Acp(BY — DFD%) = (0.5 +0.6)%

Acp(BY — DItDO) = (—05+ 1.5) x 1072

Acp(BT — DI D*0) = (1.1 £1.1) x 1072

Acp(BT — D*TD*0) = (1.3 4+ 2.6) x 1072

Acp(BT — D*tD°% = (3.1 +1.7) x 1072

Acp(BT — DT D*0) = (0.0 +2.4) x 1072

Acp(BT — DYD%) = (2.4 +1.1) x 1072

Acp(BT — K%7rT) =-0.003£0.015 (S=11)

Acp(BT — K+ 70) = 0.027 + 0.012

Acp(BT — o' Kt) =0.004 4+ 0.011

Acp(BT — o/ K*(892)%) = —0.26 4+ 0.27

Acp(BT — 1/ K§(1430)") = 0.06 + 0.20

Acp(BY — 7 K*(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)) = 0.14 + 0.15
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Acp(B*
Acp(BT
Acp(B*
Acp(BT
Acp(BT
Acp(Bt
Acp(BT
Acp(B*
Acp(B*
Acp(B*
Acp(B*
Acp(BT
Acp(BT
Acp(B*
Acp(B*
Acp(BT
Acp(BT
Acp(B*
Acp(B*
Acp(B*
Acp(B*
Acp(BT
Acp(BT
Acp(B*
Acp(B*
Acp(B*
Acp(BT
Acp(BT
Acp(B*
Acp(B*
Acp(B*
Acp(BT
Acp(B*
Acp(B*
Acp(B*
Acp(BT
Acp(BT
Acp(B*
Acp(B*
Acp(B*
Acp(BT

https://pdg.Ibl.gov

—
—
-
—
—
_)

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

K*07rt) = —0.021 + 0.032 (S = 1.5)
K*(892)t70) = —0.39 £ 0.21 (S = 1.6)
Ktn—at) =0.015 + 0.006 (S =1.4)
KT K~ KT nonresonant) = 0.06 + 0.05
f(980)° KT) = —0.08 & 0.09
£(1270)K*) = —0.68 7312

fo(1500) KT) = 0.28 + 0.30
f4(1525)°K+) = —0.08 7352

pPK+) = 0.160 + 0.021

KO7+70) = 0.07 + 0.06
K5(1430)°7F) = 0.061 = 0.032
K§(1430) T %) = 0.26 7018
K3(1430)°7) = 0.057 03

K+ 7070) = —0.06 + 0.07

KOpt) = -0.03+0.15

K** 7t 7~) = 0.07 + 0.08

PP K*(892)%) = 0.31 + 0.13

K*(892)™ £,(980)) = —0.15 4+ 0.12

aj K% =012+ 0.11

b) K9) = —0.03 £ 0.15

K*(892)°p*) = —0.01 + 0.16

PO KT) = —0.46 + 0.20

KOKT) =0.04 +£0.14
KIKT)=-021+0.14

KTKYKZ) =0.025 + 0.031

Kt K—ant) = —0.115 + 0.008

K™ K~ 7T nonresonant) = —0.11 4 0.06
TP KT K™, myey oo < 1.1 GeV) = —0.17 + 0.07
K+ K*(892)%) = 0.04 + 0.05

KT K§(1430)°) = 0.10 + 0.17

¢p7T) =0.1+05

7 (KT K7)s_wave) = —0.66 + 0.04
Kt K—Kt) = —0.036 + 0.004

$KT) =0.017 £ 0.017 (S =1.8)
Xo(1550) KT) = —0.04 + 0.07

K*t Kt K=) = 0.11 & 0.09
$K*(892)*) = —0.01 + 0.08
¢(Km)yt) = 0.04 £ 0.16

»K1(1270)T) = 0.15 £ 0.20

¢ K5(1430)T) = —0.23 £ 0.20

Kt ¢p) = —0.08 + 0.07
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Acp(BT = KT[¢¢], ) = 0.10 = 0.08
Acp(BT — K*(892)Tv) = 0.014 & 0.018
Acp(BT — Xsv) = 0.028 + 0.019
Acp(BT — nKty) = -0.12 £ 0.07
Acp(BT — ¢KT+)=-0134+0.11 (S=11)
Acp(BT — pt+)=—0.11 £+ 0.33
Acp(BT — nt7x0) = -0.01+0.04 (S=11)
Acp(Bt = ntn—at) =0.076 £ 0.008 (S = 1.5)
Acp(BY — at7070) = (9 £7)x 1072
Acp(BT — p%7t) = 0.003 + 0.014
Acp(BT — £(1270)7™) = 0.40 + 0.06
Acp(BT — p°(1450)7%) = —0.11 £ 0.05
Acp(BT — p3(1690)7T) = —0.80 + 0.28
Acp(Bt = 1(1370)7%) = 0.72 + 0.22
Acp(BY — 7tn~ 7T nonresonant) = —0.141’8:%2
Acp(BT — pTa% =0.03 + 0.10
Acp(BT — Xnt, X — n970) =0.18 £ 0.12
Acp(BT — ptp9%) = —0.05 £ 0.05
Acp(BT — wn™) = —0.04 + 0.05
Acp(BT — wpt) = —0.20 £ 0.09
Acp(BT — nrt)=-0.14 £0.07 (S=1.4)
Acp(BT — npt) =0.1140.11
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 — ppK') =0.00£0.04 (S=22)
Acp(BT — ppK*(892)T) = 0.21 £ 0.16 (S = 1.4)
Acp(BT — pAy) =0.17 £+ 0.17
Acp(BY — pAn%) =0.01 +0.17
Acp(BY — KT4T¢7) = —-0.02 + 0.08
Acp(BT — Ktete ) =0.14+0.14
Acp(BT — Ktputp™)=0.011 4 0.017
Acp(BT — 7tpuTp™) = —0.11 4 0.12
Acp(BT — K*t{t¢7) = —-0.09 & 0.14
Acp(BT — K*ete )= —0.14 4+ 0.23

—

Acp(BT K*utpu~™)=-0.12 £+ 0.24
v = (66.4755)°

rg(Bt = DOK*) = (9.881322) x 1072
op(B* = DOK*) = (128.5738)°
rg(BT — DO7nt) = (17 + 5) x 1073
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sg(BT — DOrt) = (347 £ 9)°
rg(Bt = DOK*+) =0.101750%0
op(Bt = DOK*+) = (4718})°
rg(Bt - D*K+) =0.10375317
6p(Bt — D*0K*) = (312.2%53)°

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
and their assumed D, Dq, 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

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

(T X [il] ( 10.99 + 0.28 )% -
et v, X, (108 + 04 )% -
et v, X (108 + 27 )% -
pt v, X (113 + 35 )% -
Ty X, [i] ( 1.65 + 021 )x 103 -~
D¢ty X [il] ( 90 + 06 )% -
DOty lii] ( 226 + 0.07 )% 2310
v X (25 + 04 )% -
DOrtu. ( 7.7 + 25 )x1073 1011
D*(2007)°¢F v, lii] ( 5.26 + 0.10 )% 2258
D*(2007)0 7t v, ( 1.88 + 0.20 )% 1839
DE)nmituy,(n > 1) i) ( 174 + 023 )% -
D= nt 4Ty, [il] ( 3.82 + 0.20 ) x 1073 2306
D3(2460)° ¢+ vy, [ii] ( 159 + 0.10 ) x 103 2065

5;0 — D=t
D (2420)0 ¢+ 1y, il (9 +£5 )x107% s=26 -

580 — D=t
D*~n 4Ty, [i] ( 5.42 + 028 )x 1073 2254
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D1(2420)%¢F vy, DY — [ii] ( 284 + 017 )x1073  S=1.1 2084
_ D* gt o
D) (2430)°¢* vy, DY — fii] ( 17 + 06 )x1073  S=18 -~
_ D* gt
D§(2460)0£Jr vy, [i] ( 1.06 + 0.18 )x 1073  S=17 2065
5;0 — D*~xt
DOrta= oty [ii] ( 173 £ 0.19 )x 103 2301
1 Uy, 1 — L 1.05 14 ) x 10 -
D(2420)° ¢+ v,, DY +0 3
. 507r+7r_
D¥¥0nt =ty lii] ( 70 + 1.7 )x10~4 2248
D_(g*)_K+£+Vg [il] ( 61 + 1.0 )x10~4 -
D Kt ity il (30 T 14 )x10* 2242
D" Kt ity lii] ( 29 + 19 )x10~4 2185
A [ii] ( 7.80 £ 0.27 )x 1075 2638
nlt v, [i] ( 35 + 04 )x1075 2611
aan, [i] ( 24 + 07 )x1075 2553
wlty, [ii] ( 1.19 + 0.09 ) x 10™4 2582
P00ty [ii] ( 158 + 0.11 )x 104 2583
a4y, li] ( 23 + 04 )x1074 2636
ppltu, il (58 T 2% )x1070 2467
pput v, ( 532 + 034 )x107° 2446
ppet v, (82 T 39 )x1076 2467
et v, < 98 x 1077 CL=90% 2640
ntuy, < 86 x10~7 CL=90% 2639
. ( 1.09 £ 024 )x10~% S=12 2341
(T upy li] < 3.0 x 1076 CL=90% 2640
et vay < 43 x 1076 CL=90% 2640
nt vy < 34 x 1076 CL=90% 2639
pt Ty, < 1.6 x 1078 CL=95% 2634
Inclusive modes
DO X ( 86 + 07 )% -
DY X (79 +4 )% —
Dt X ( 25 + 05 )% -
D~ X (99 +12 )% -
D¥ X (79 1% )% -
- 4
D_ X ( 110 T 339 )% —~
AT X (21 T 52 )% -~
e 1.1
tX (97 +4 )% -
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cX (234 T %é ) % -
c/cX (120 +6 )% -
D, D*, or D¢ modes

DOt ( 461 £ 0.10 ) x 1073 2308

DCP(+1)7T+ il ( 2.04 £ 0.20 ) x 1073 -
_DCP(_I)WL il (21 + 04 )x103 -
DO pt (97 £ 11 )x1073  S=21 2237
DOK+ ( 364 £ 015 ) x 104 2281

Depir1y K™ il ( 1.81 + 0.08 )x 104 -

Dep—1y K™ ] ( 2.04 + 0.13 )x10~4 -
DO K+ ( 3.60 + 0.24 ) x 100 2281
[K—nT]pK™T [kkk] < 2.8 x10~7 CL=90% -
[KTn~]pK™T [kkk] < 1.6 x 10™5 CL=90% -
[K_7T+7T0]DK+ seen -
[K+7T_7T0]DK+ seen -
[K_7T+7T+7T_]DK+ seen -
[K+7T_7T+7T_]DK+ seen -
[K—nt]pmt [kkk] ( 63 + 1.1 )x10~7 —~
[KTn pmt ( 172 + 030 ) x 104 -~
[K_7T+7TO]D7T+ seen -
[K+7T_7TO]D7T+ seen -
[K_7T+7T+7T_]D7T+ seen -
[K+7T_7T+7T_]D7T+ seen -
[7t 7= a0 p K~ ( 46 + 09 )x100 -
[K%K+7T_]DK+ seen -
[K%K_W+]DK+ seen -

[K*(892)T K~ ]p K™ seen -
[K%K_W+]D7T+ seen -

[K*(892)T K~ ]p7T seen -
[K%K+7T_]D7T+ seen -
_[K*(892)_K+]D7T+ seen -
DO K*(892)* ( 53 + 04 )x107% 2213

Dep(—1)K*(892)* Uil ( 27 + 08 )x1074 -

Dep(+1)K*(892)F ] ( 6.2 + 07 )x1074 -
DO K*(892)T (54 T 1% )x1070 2213
DKt o™ ( 52 £ 21 )x10~% 2237
DO KT KO ( 373 +£ 034 )x 1074 2189
DO K+ K*(892)° (72 +05 )x10~4 2072
Dont T ( 55 + 20 )x1073  S=36 2289

QO 7T 7T 7~ nonresonant (5 +4 )x103 2289

DO 7t 0 ( 42 + 30 )x1073 2208
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D% a;(1260)*
EOWW+
D*(2010)" w7t
D*(2010)~ K+t
D1(2420)%7+, DY —
D*(2010) "« ™t
D= ntnt (
D~ Ktnt (
D(2300)° K+, DZ0 — (
D~ nt
D3(2460)° K+, D30 — (
D~ nt
D3;(2760)° K+, D30 — (
D~ nt
D+ KO <
DT K+ n— (
Dt n <
D3(2460)° KT, D30 — <
DT 7~
D+ K*0 <
DT K*0 <
D*(2007)0 7+
DZQP(+1)7T+
DEOP(—l)W+
D*(2007)°wnt
D*(2007)% p*
D*(2007)0 K+
D&p(1) KT
5?913(-1) K*
D*(2007)° K+
D*(2007)° K*(892)
D*(2007)° K+ KO
D*(2007)° K+ K*(892)°
D*(2007)0 nt 7t 7
D*(2007)° a1 (1260)*
D*(2007)° r— 7t 7t 70
D035t 27—
D*(2010)* 70 <
D*(2010)* K© <
D*(2010)~ w7t 70 (
D*(2010)" rtxt ot
'5M0W+

A~ A~ A~~~

[/11]
[111]

[111]
[/11]

e e e e e e e e e e e e e e N
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4.1
1.35
8.2
8.4

1.07
7.7
6.1

2.32

3.6

5.6
1.2
6.3

4.9
1.4
5.17
2.9

2.6

4.5
9.8

4.19
2.75
2.31

4.5
8.1
2.9
1.23
1.03
1.9
1.8
5.7
3.6
9.0
1.5
2.6
5.6

+
+
+
+
+

HH

HoH H HH K HH H K I+ R K K H

H o

4 )x10-3
09 )x1073
0.22 ) x 1073
14 )x107°
15 )x10~4

0.05 ) x 103
05 )x107°
24 )x10°6

0.23 ) x 1072
12 )x10

x 100
11 )x1070
x 107
x 10~

x 107
x 100
0.15 ) x 103
0.6 )x1073

1.0 )x10~3

12 )x1073
17 )x10~3

0.31
0.28

035 )x 104

)><10_4

0.31 )x 104

12 )x1070

14 )x10~4

06 )x10~%

0.14 ) x 103

0.12 ) %

05 )%

0.4 )%

12 )x1073
x 100
x 10~6

) %

)><10_3

)><10_3

0.7
0.4
1.2

CL=90%

CL=90%
CL=90%

CL=90%
CL=90%

CL=90%

2123
2206
2247
2206
2081

2299
2260

2278
2260
2272

2211
2211
2256

2149
2182

2227

2227
2156
2132
2009
2236
2063
2219
2196
2255
2225
2235
2217
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D3 (2420)°0 7+ (
D1(2420)° 7 x B(DY — (

DOrt ™)

D1(2420)° 7 x B(DY — (
D% 7 (nonresonant))
D1(2430)° 7%, DY — (
_ D*(2010)" 7
D(2550)° =+, D% — (
B D*(20%O)_ i
D*%(2600)° 7+, D*0 — (
_ D*(2010)" 7t
D3(2462)°x+, D30 — D= nt (
5;(2362)07#, D30 — (

DO = 1+

5%(;465)0’#", 5;0 — <
D%~ 7" (nonresonant)
D3(2462)°x+, D30 — (
_ D*(2010)~
D;(2400)° 7+ (

x B(D§(2400)° — D~ )
§1(2421)0 7+, DY - D*~xt (
D§(2462) *, D0 — (
_ Db~ _

D’1(2427)0+7r+, D — (
_ D'« _

D1(2420)°x* xB(D] — <
B D0t n)

D7 (2420)% p* <
D3(2460)°xt <
D;(E430)E7r+ xB(D30 — <

D* )

D;(2680)0 +, D%(2680)° — (
_ D at

D(2740)07r+, Do — (
B D*(zogO)— A

D3(2750)°x*, D3’ — (
_ D*(2010)~

D3(2760)° 7T, (

D3(2760)°7T — D™t
D3(3000)% 7T, (

D3(3000)° 7T — D™t
D3(2460)° p* <
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15
2.5

2.2

3.5

7.2

6.8

3.56
2.2

1.6

2.1

6.4

7.4
1.98

3.5

1.4
1.3
2.2

8.4

3.3

1.10

1.00

2.0

4.7

)><10_3

) x 10~4

~O0 O

09 )x10~%
06 )x10—4
14 )x107°
13 )x107°

0.24 ) x 104
1.0 )x10~4

x 104
1.0 )x10~4
14 )x10~4

1.0 )x10~4
0.30 ) x 10~4

09 )x10~%

% 100
><10_3
x 10~3

x 1072
21 )x107°
15 )x107°
0.32 ) x 1072
0.22 ) x 1072
14 )x1070

x 10~3

S=1.3
5=3.38

CL=90%

S=1.5

CL=90%

CL=90%

CL=90%
CL=90%

CL=90%

2081
2081

2081

2079

2136

2081

1996

2063
2063

1977
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DODT
S
D:(2317)T D%, Dif —
D+ 0
50(2317)+D0
B(Ds(2317)F — D*+ 7)
50(2317)+ D*(2007)° x
B(Dyp(2317)" — D+ 70)

(2457)*+ DO

sJ
sJ(
B(D(2457)" — D)
; J(2457 +D0 x
B(D,;(2457)" —
Dfntn™)
D, 7(2457)" D° x
B(D, (2457) — DI n9)
SJ(2457)
B(D, (2457
s J(2457)+D*
D, 7(2457)T D*(2
B(D, (2457
DO Dy (2536)F x
B(D51(2536)+
D*(2007)° K+ +
D*(2010)* K?)

DO Dg;(2536)*
B(Ds1(2536)*
D*(2007)° KT)

D*(2007)° Dy (2536) 1 x
B(Ds1(2536)"
D*(2007)° KT)

D®D,;(2536)*

2457)
2457)+ DO x
)

—>D*+)
2007)°

007)°

)
(
(2 X
)" — Df7)

Group), Phys. Rev. D 110, 030001 (2024) and 2025 update

( 93 + 06 )x103 1815
15 -

(79 T 13 )x1w4 1605
< 76 x 10~4 CL=90% 1605

(9 +7 )x1074 1511

1.0 -
(31 F 59 )x1073 -
1.3 _

(46 T 17 )x1074 -
< 22 x 1074 CL=90% -
< 27 x 1074 CL=90% -
< 98 x 1074 CL=90% -

( 120 + 030 )% -

0.7 _

(14 T 3L )yx1073 -

( 40 + 1.0 )x10~4 1447

( 22 + 07 )x1074 1447

( 55 + 1.6 )x10~4 1339

( 23 + 11 )x10~4 1447

B(Ds1(2536)t — D*t KY)

DO D, ;(2700)*
_ B(Dyy(2700)" — DOKT)
D*0Dg(2536)", DY, —
B D*—}-KO
D° Dy ;(2573)", Df, —
DYkt
D*9 D, ;(2573), D, —
DO K+

https://pdg.Ibl.gov

( 56 + 1.8 )x107% s=17 -
( 39 + 26 )x1074 1339
(8 +£15 )x107° -

< 2 x10~4 CL=90% 1306
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DO K+
DODIT
D*(2007)° D
D*(2007)° D}
Dg*)‘f' D#+0
D*(2007)° D*(2010)*
DO D*(2010)* +
D*(2007)° D
D D*(2010)*
DO D+
DODt KO
D+ D*(2007)°
D*(2007)° D+ KO
DO D*(2010)+ K9
D*(2007)° D*(2010)*+ K9
DO DO K+
D*(2007)° DO K+
DO D*(2007)° K+
D*(2007)° D*(2007)° K+
D~ Dt K+

T*(2870)°DF, 720, —

csO

D~ Kt

T* (2900)° D+, T30 —

csl
D~ KT
D~ Dt KT nonresonant
D~ D*(2010)" KT
D*(2010)" DT KT
EFF K+,EFF —
D*(2010)F D*
nc(3945) K™, ne —
D*(2010)F D*
Xc2(3930) KT, Xc2 —
D*(2010)F D*
hc(4000)K*, h. —
D*(2010)F D*
Xc1(4010) K+v Xcl —
D*(2010)F D*
P(4040) KT, o —
D*(2010)F D*
he(4300)K*, h. —
D*(2010)F D*
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D*(2007)° Dy ;(2573), DY

<

e Y N e T T T T N N N N ~ A~ A~~~

—~ o~~~

Page 89

5

7.6
7.0
1.71

2.7

8.1
1.30

3.9
3.8
1.55
6.3
2.1
3.8
9.2
1.45
2.26
6.3
1.12
2.2
1.2

6.7

5.3
6.3
6.0
15

4.6

2.4

7.0

1.38

3.8

1.6

HOH B H K

HOH B B HH H H K KRR

HOH

I+

I+

x 10~4 CL=90% 1306
16 )x1073 1734
1.0 )x10~3 1737
0.24 ) % 1651
12 )% -
1.7 )x10~4 1713

% CL=90% 1792
05 )x10~4 1792
04 )x10—4 1866
0.21 )x 103 1571
1.7 )x10~4 1791
05 )x10-3 1475
04 )x103 1476
12 )x1073 1362
033 )x1073  S=26 1577
0.23 )x 1073 1481
05 )x10-3 1481
0.13 ) % 1368
07 )x10~% 1571
05 )x1072 -
23 )x107° -
1.8 )x107° 1571
11 )x10~4 1475
13 )x10~4 1475
0.4 )x10~% 1475
2.7 _
17 ) x 10 5 -
1.0 —
17 ) x 10 5 -
2.5 —
16 ) x 10 5 -
0.31 —4 _
0.28 ) * 10
1.1 —
09 J)x10 5 -
0.4 —
07 )x107° -
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T:.,(2870)0 KT, T2, — (45 T 12 yx105 -~
D*(2010)F D* '
T%_,(2900)° K+,i T, — (38 T 1L )x10° -
D*(2010)F D
NRKt, NR — (28 T9% yx104 -
D*(2010)F D*
NRKt, NR — (16 T 13 yx105 -
D*(2010)F D*
NRKt, NR — (24 T09% yxi10-4 -
D*(2010)F D*
NRK*, NR — (22 T80 yx10* -
D*(2010)F D*
D*(2010)~ D*(2010) " K ( 132 + 018 ) x 103 1363
(D+D*)(D+D*)K ( 405 + 030 )% -
D_ DI K™ ( 12 + 04 )x10~% 1429
D ¥ ( 16 + 05 )x1075 2270
D¥t 70 < 26 x 1074 CL=90% 2215
Dfn < 14 x 1075 CL=90% 2235
D n < 17 x 1075 CL=00% 2178
DY p° < 3.0 x 1074 CL=90% 2197
Dt O < 4 x 1074 CL=90% 2138
Dfw < 4 x 1074 CL=90% 2195
D w < 6 x 1074 CL=90% 2136
DY a1(1260)° < 18 x 1073 CL=00% 2080
D" a1(1260)° < 13 x10~3 CL=00% 2015
DY KTK™ ( 75 + 1.0 )x100 2149
D¢ < 42 x10~7 CL=90% 2141
Dt ¢ < 12 x 1075 CL=90% 2079
DY KO < 3 x 1070 CL=00% 2242
Dt KO < 6 x10~6 CL=00% 2185
DY K*(892)° < 44 x 1070 CL=90% 2172
DY K*0 < 35 %1076 CL=00% 2172
DT K*(892)° < 35 x 1074 CL=90% 2112
D nt KT ( 1.80 + 0.22 ) x10~4 2222
DI 7t KT ( 1.45 + 0.24 ) x 104 2164
D, nt K*(892)* < 5 x 1073 CL=90% 2138
Di~ 7t K*(892)" < 7 x 1073 CL=90% 2076
D KT Kt ( 97 + 21 )x107° 2149
D" KT K™ < 15 x 1075 CL=90% 2088
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Charmonium modes

ne KT ( 110 &£ 0.07 )x10~3  S=1.1 1751
ne K*(892)* (12 T 9% yx10-3 1646
neKTntn™ < 39 x 1074 CL=90% 1684
ne KT w(782) < 53 x 1074 CL=90% 1475
neKtn < 22 x 10~% CL=90% 1588
ne Kt 70 < 62 x 1075 CL=90% 1723
ne(2S)K™ ( 44 + 10 )x1074 1320
nc(2S)KT, n. — pp ( 35 £ 08 )x108 -~
nc(2S)K*, ne — (34 T 23 yx106 -~
K KFnt '
nc(2S)K™, ne — pprnta— ( 112 + 0.18 ) x 1070 —
he(IP)K™, he — J/yrta~ < 34 x 1076 CL=00% 1401
X(3730)° KT, X0 = n.n < 46 x 1075 CL=90% -~
X(3730)°Kk*, X0 — p.n® < 57 x 1076 CL=00% -
Nea(ID)K™, neo — hery < 37 x 1075 CL=90% -
Nea(1D) 7T K, nes — hevy < 11 x 10~4 CL=90% -~
¥o(3823) KT, 1y — ( 28 £+ 06 )x10~' -~
J/prt
Vo(3823) KT, 2hn — J/2hn (12 T 3L yx1076 -~
V3(3842) K™+, o3 — J/Ym < 6.1 x10~7 CL=90% -
Xc1(3872) KT ( 1.9 £ 06 )x10~% 1141
Xc0(3915) K < 28 x 1074 CL=90% 1100
Xc0(3915) K™, xco — DT D~ ( 81 + 33 )x1070 —~
Xe0(3915) K™, xco — mem < 47 x 10™5 CL=90% -
xc0(3915) KT, xco — 77 < 17 x 1075 CL=90% -~
X(4014)° KT, X0 — n.n < 39 x 1075 CL=90% —~
X(4014)°K+, X0 — pcn® < 12 x 1075 CL=00% -
Tee1(3900)° K+, To, — < a7 x107% CL=00% -
nc7r+7r_
Tee1(3900)° K+, T, — < 43 x 107 CL=90% -
J/n
Tc(4020)0 K+, TO_ — < 16 x 1075 CL=90% -
77c7r+77_
Xc1(3872) K*(892) " < 5 x 1074 CL=00% 940
Xc1(3872)T KO, I — [o00] < 6.1 x 1070 CL=90% -~
J/p(1S) 7t 70
Xc1(3872) KOn T ( 24 + 11 )x1074 1085
Tee1(4430)T KO, TH, — < 15 x 1075 CL=95% -
J/prt
Tee1(4430)T KO, TH, — < a7 x 1075 CL=95% -
P(2S) 7t
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Tee1(44300 K™, T, —
J/n
(42300 K+, ¥0 —
J/prta~
P(4230) K™, v — J/ym
P(4360) K™, v — J/yn
W(4390)K*, o — J/yn
Xc0(3915) K™, xco = J/9y
Xc0(3915)K+v Xco —
Xcl(]-P)”TO
X(3930)° KT, X0 — J/apry

J/p(1S)KT

J/p(1S)KOnt
J/Y(AS)KTntr

J/Y(1S)KT K~ K+

Xc0(3915) K™, xco = PP

J/(1S) K*(892)*

J/(18) K(1270)*+

J/9(1S) K(1400)"
J/(1S)n K™+

Xcl—odd(3872) K+'
Xcl—odd — J/W?

P(4160)Kt, o — J/yn
J/p(1S)n' K+
J/Pp(1S)pK*

J/¢(15)K*(1680)+, K* —
oK+
J/¢(15) K5(1980),
oK+
J/(1S)K(1830)F,
K(1830)" — oK™
Xc1(4140)K+v Xcl —
J/(15)¢
Xc1(4274)K+v Xcl —
J/p(15) ¢
Xc0(4500)K+v Xco —
J/¢(15)¢
Xc0(4700)K+v Xco —
J/¢(15)¢

*
K2—>
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< 127 x 1070 CcL=90% -

< 1.56 x 1072 CL=95% -

< 39 x 10~/ CL=90% -

< 124 x 1076 CL=90% -

< 241 x 1070 CL=90% -

< 1.4 x 1072 CL=90% -

< 38 x 1072 CL=90% -

< 25 x 1076 CcL=90% -

( 1.0204 0.019) x 10~3 1684

( 114 + 011 )x 1073 1651

. . x 107 =2.5

81 + 1.3 1074 s=2 1612

( 337 £ 029 )x 102 1252

< 71 x 1078 CL=95% -

1.43 + 0.08 ) x 1073 1571

( 1.8 + 05 )x1073 1402

< 5 x10~% CL=90% 1308

( 124 + 014 )x10~4 1510

< 38 x 1070 CL=90% -

< 87 x 10~/ CL=90% -

( 31 + 04 )x107° 1273

( 50 + 04 )x107° 1227
10 —

(6 1B )x107° -~
1.9 _

(34 T 33 )x1070 -
0.9 _

(15 T 392 )x1070 -
1.3 —

(13 T 17 )x107° -

100 + 4 x 1076 -

(

2.2 —

(36 © 22 )x107° -
2.1 —

(33 T 27 )x107° -
5 —

(6 T2 )x1076 -~
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Page 92 Created: 5/30/2025 07:44



Citation: S. Navas et al. (Particle Data Group), Phys. Rev. D 110, 030001 (2024) and 2025 update

J/p(1S)wKT ( 320 T 080 ) x 104 1388

xc0(3915) KT, xco — ( 30 T 92 yx10-° 1103

J/Yw

J/Y(1S)rt ( 3.92 £ 0.09 )x10~° 1728
J/wAS)rtat Tt~ ( 117 + 013 ) x 107> 1635

YS)r Tt (19 + 04 )x107° 1304
J/p(18)pT ( 41 4+ 05 )x107° S=14 1612
J/¢(18) 7t 70 nonresonant < 73 x 1070 CL=90% 1717
J/1(1S)a1(1260)" < 12 x 1073 CL=90% 1415
J/Y(1S)pprT < 5.0 x10~7 CL=90% 644
J/9(1S) pA ( 146 + 0.12 ) x 10~° 568
J/p(1S)X0p < 11 x 1075 CL=90% -
J/y(1S)D* < 12 x 1074 CL=90% 871
J/p(1S)DO7xt < 25 x 1075 CL=00% 665
J/p(1S) D} < 28 x 1077 CL=90% 727
P(2S) 7T ( 244 + 030 )x 1070 1348
P(2S)KT ( 624 + 021 )x10~4 1284
$(2S5) K*(892)" ( 67 + 14 )x107% S=13 1116
Y(S)KTrtr ( 43 + 05 )x10~4 1179
(25) ¢(1020) K+ ( 40 + 07 )x10°° 418
P(37T70) K™ ( 43 + 11 )x10~* 1218

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

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

P(3770)K™+, ¢ — pp < 2 x 10~7 CL=95% -
Y(3T70)K™T, o — J/Yn < 46 x 10=7 CL=90% -
Y(4040) K+ ( 1.6 + 05 )x103 1002
Y(4040)K+, v — DT D~ (11 + 05 )x1075 -
P(4160) KT ( 51 + 27 )x10~* 869

Y»(4160)K+, o — DODO (8 +5 )x107° -
Y(4160)K+, v - DT D~ ( 15 £ 06 )x107° -~
P(4415)K™, o — DT D~ ( 20 + 08 )x107° —~
P(4415)KT, o — J/yn < 96 x 107 CL=90% -
XcoT T, Xeo — T < 1 x10~7 CL=90% 1531

xcom™ T, Xeo = mO0n0 < 5 x 107 CL=90% -
Yo KT ( 151 T 313 ) x 1074 1478
xco KOmT ( 145 + 021 ) x 103 1439
Xco K*(892)F < 21 x 1074 CL=90% 1341
Xe1(1P) 7T ( 22 £ 05 )x107° 1468
Xe1(1P)K™T ( 474 £ 022 ) x 104 1412
Xc1(1P)K*(892)™ (30 +£06 )x10~% S=11 1265
Xe1(1P)KOm ( 58 £ 04 )x10~% 1370
Xc1(1P) KT 70 ( 329 + 0.35 )x 104 1373
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Xc1(IP)K T atm™ (

Xc1(2P)K+v Xc1(2P) — <

7r+7r—Xc1(1 )

Xc27r+v Xc2 — 7070 <
X2 KT (
Xc2 KT, Xc2 — pﬁ7T+7T_ <
Xc2 K*(892)* <
X2 KOt (
Xc2 K+ r0 <
Yoo KTnTn™ (
Xc2(3930) K™, xe2 =+ DD~ (
Xc2(3930)7r+v Xc2 — atmw™ <
he(1P) K™+ (

he(LP)K*, he — pp <

KOrt

K+ 70

n K+

7 K*(892)*+
o K%(1430)*
o K3(1430)T
nK*
nK*(892)*
nK3(1430)*
nK3(1430)F

1(1295) K+ x B(1(1295) —

nmw)

n(1405) K+ x B(n(1405) —

nmw)

1(1405) K* x B(n(1405) —

K* K)

n(1475) Kt x B(n(1475) —

K* K)
f(1285)K+

f,(1420) K+ x B(f,(1420) —

nmw)

f,(1420) KT x B(f,(1420) —

K* K)

$(1680) KT x B(¢(1680) —

K*K)
1"0(1500)KJr
wKT

https://pdg.Ibl.gov

3.74 + 030 ) x 10~4

1.1

1.1 £
1.9
1.2
1.24 +
6.2
1.34 +
1.6 =+

3.7 +
6.4

K or K* modes

e e e e e e e e

Page 94

239 +
1.32 £+
7.04 £

48 T
52 +

28 =+

24 +
1.93 £+
1.8
9.1

}_F

I+ H

2.9
1.3

1.2

138 T

2.0
2.9

4.1

3.4

1319
x 1072 CL=90% -
x 107 CL=90% -
04 )x 10—° 1379
x 10~ _
x 1074 CL=90% 1228
0.25 ) x 10—4 1336
x 1072 CL=90% 1339
0.19 ) x10~4 1284
0.6 )x10~2 _
x 107 CL=90% 1437
12 )x107° 1401
x 1078 CL=95% -
0.06 ) x 102 2614
0.04 ) x 102 2615
0.25 ) x 102 2528
1.8 _
1g )x10 6 2472
21 )x107° _
05 )x 10—° 2346
04 )x1076 s=17 2588
0.16 ) x 10> 2534
04 )x107° _
30 )x107© 2414
8? ) x 1070 2455
x 1076 CcL=90% 2425
x 1076 CcL=90% 2425
0.21 -5
018 ) x 10 2406
x 1076 CL=90% 2458
%x10~0 CL=90% 2420
x10~0 CL=90% 2420
x10~0 CL=90% 2344
37 + 22 )x1070 2303
6.5 + 04 )x1070 2558
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wK*(892)* < 74 x 1076 cL=00% 2503
w(Km)yt (28 + 04 )x1075 -
w K§(1430)* ( 24 +05 )x107° -
w K3(1430)* ( 21 + 04 )x107° 2379
a0(980)T KO xB(ap(980)t — < 39 x 1076 CL=90% -
n7)
a0(980)0 K xB(ap(980)° — < 25 x 1076 CL=90% -
n)
K*(892)0 7+ ( 1.01 £ 0.08 ) x 1075 2562
K*(892)t 70 ( 68 £ 09 )x1070 2563
Ktr—nt ( 5.10 £ 0.29 ) x 10~° 2609
K+ 7~ nt nonresonant ( 163 T 8% ) x 1072 2609
w(782) KT (6 +9 )x106 2558
K™ £,(980) x B(f(980) — (94 T 19 yx106 2522
ataT)
f,(1270)0 K+ ( 1.07 £ 0.27 ) x 106 -~
f(1370)° K+ x < 107 x 1075 CL=90% -
B(f(1370)° — =t 77)
p(14500) KT x < 117 x 1075 CL=90% -
B(p(1450)° — 7t 77)
f4(1525) Kt x < 34 x 1070 CL=00% 2394
B(f5(1525) — nt7)
K+ p0 ( 37 £ 05 )x10°6 2559
K3(1430)0 7+ (39 TO% )x107% s=14 2a5
K35(1430)0 7t (56 © 22 )x100 2445
K*(1410)% 7+ < 45 x 1075 CL=00% 2448
K*(1680)° 7+ < 12 x 1075 CL=90% 2358
K+ 7070 ( 1.62 £ 0.19 ) x 1075 2610
f(980) Kt x B(fy — w0x0) ( 28 + 08 )x10° 2522
K- rtzat < 46 x 1078 CL=90% 2609
K~ m+ 7t nonresonant < 56 x 1072 CL=90% 2609
K1(1270)0 7 F < 40 x 1075 CL=90% 2489
K1(1400) 7+ < 39 x 1075 CL=00% 2451
KOzt 70 < 66 x 1075 CL=90% 2609
K(1430) 70 ( 119 * 939 )x1075 -
KO pt (73 719 )x106 2558
K*(892) " 7t 7w~ (75 + 10 )x107° 2557
K*(892)* p° (46 + 11 )x1070 2504
K*(892)™ £,(980) ( 42 + 07 )x10° 2466
a; KO ( 35 + 07 )x1075 -
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bILKox B(bi’ — wrt)
K*(892)0 pt
K1(1400)* 0
K3(1430)* p°

YKt x B(b? — wnP)
bi*' K*0 x B(biL — wrt)

fo(980) K+, fo = KLKY
fo(1710) KT, f5 — KL KY
KT K% K% nonresonant
KKt
KTK—nt
K+ K~ 7T nonresonant
Kt K*(892)°
K+ K5(1430)°
ﬂ:%(f(+_f(__) S—wave
TPKT K™, my oo < 1.1
GeV
KTKTr~
K+ K+ 7~ nonresonant
f,(1525) K+
Kt nt K=
K*(892)™ K*(892)°
Kt Ktn—
KTK= KT
Kt o
f,(980) K+ x B(£,(980) —
KT K™)
a>(1320) KT x
B(ap(1320) — KT K™)
Xo(1550) KT x
B(Xp(1550) = KT K™)
$#(1680) K+ x B(¢(1680) —
KtK™)
fo(1710) K+ x B(f(1710) —
KT K™)
K+ K~ KT nonresonant
K*(892)T K+ K~
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9.6 =+
9.2 +
7.8
1.5
9.1 +
5.9
6.7
1.32 £+
2.4
1.05
1.47

4.8

oI+ H W

2.0
5.1
5.2
1.68
5.9
3.8
8.5
5.4

HoHOH H H

1.1
8.79
1.8 =+
1.18
9.1 +
6.1
3.40

8.8

Ho+ B

9.4
1.1

43 =+

1.1 &£

238
36 +

19 )x10
15 )x107°
x 104
x 1073
2.0 )x107°
x 10~6
x 100
0.17 ) x 10~°
x 1072
0.04 ) x 102
0.33 ) x 102

4.0
2.6

0.4 )x107°

x 107
04 )x10°6
0.26 ) x 10~6
0.8 )x10~'
13 )x10~/
0.9 )x10~7
05 )x1076

) X 10— 7

x 10~8
x 1072
05 )x1076
x 1072
29 )x10~7
x 100
0.14 ) x 102

06 )x107°

32 )x10°6
x 10~6
07 )x10~°
x10~7
0.6 )x10~©

0.28
0.50

05 )x1072

) X 10—°

CL=90%
CL=90%

CL=90%
CL=90%

S=1.2
CL=90%

CL=90%

CL=90%
CL=90%

S=1.1
CL=90%

CL=90%
S=1.4

S=1.1

CL=90%

CL=90%

2504
2388
2381

2593
2578
2521

2521
2577
2578
2578
2540
2421

2578

2578
2578
2394

2524
2485
2524
2523

2516
2522

2449

2344

2327

2523
2466
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K*(892)" ¢ (100 + 20 )x107% s=1.7 2460
KK+ K==t ( 340 + 033 )x10~4 2494
JIWKT, Jp — KOK— 7t ( 54 + 12 )x100 -~
xca1 K1, xe1 = KOK—nt ( 225 + 0.25 ) x 1070 -~
neKt, ne —» KOK— =t ( 283 £ 030 ) x 107> -~
nc(2S)KT, n.(2S) — ( 33 £+ 04 )x10 -~
KOK— 7t
KOKtT KT ™ ( 2.80 + 0.30 ) x 10~4 2494
JIWKT, Jp — KOKTn~ ( 54 + 13 )x100 -~
xc1 KT, xe1 = KOKT 7~ ( 206 £ 0.32 ) x 106 -~
neKt, ne = KOKt o~ ( 3.00 £ 034 ) x 107> -~
nc(2S)K™, nc(2S) — ( 31 +06 )x10° -
KOK+ 7~
P(Km)§™ ( 83 £ 16 )x10 -
# K1(1270)™ ( 61 + 19 )x107° 2380
¢ K1(1400)* < 32 x 1076 CL=00% 2339
®K*(1410)* < 43 x 1070 CL=90% -
P K§(1430)F ( 70 + 16 )x107° -
¢ K3(1430)F ( 84 + 21 )x107° 2332
¢K3(1770)* < 150 x 1075 CL=90% -
¢ K3(1820)F < 163 x 1072 CL=90% -
a; K*0 < 36 x 1076 CL=90% -
Kt oo ( 42 + 08 )x1070 s=22 2306
n'n K+ < 25 x 1072 CL=90% 2339
woKT < 19 x 1076 CcL=90% 2374
X(1812) Kt x B(X — wo) < 32 x 10~7 CL=90% -
K*(892)" ~ ( 392 + 022 )x1075 S=1.7 2564
K1(1270) 1y (44 TOL yx1075 2491
nKtry (79 +£09 )x107° 2588
n Kty (29 T 3% )x1076 2528
dKTy ( 27 £ 04 )x107® s=12 2516
Ktr—aty ( 258 4+ 0.15 )x 107>  S=1.3 2609
K*(892)0 7t ( 233 + 012 )x 1075 2562
Kt p0~ ( 82 + 09 )x10° 2559
(Kt )nr7Hy (99 T30 )yx1076 2609
KOrnt 70y ( 46 + 05 )x107> 2609
K1(1400)T v (10 T2 )x106 2453
K*(1410)t v (27 T 9% yx105 -
K5(1430)°0 7T (132 7 928 )x1076 2445
K3(1430) 1~ ( 1.4 + 04 )x107° 2447
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K*(1680)* ~ ( 67 T 11 )x1075 2360
$(1780) T~ < 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
at 70 ( 531 + 0.26 ) x 100 2636
rtata— ( 152 + 0.14 ) x 1072 2630

POnt ( 83 + 12 )x100 2581
7t 1(980), fo — wta~ < 15 x 1070 CL=00% 2545
7+ £(1270) (22 T 87 )x1070 2484
p(1450)0 7+ p0 — gta~ (14 T35 yx10-6 2434
p(1450)0 7+, o0 — KT K~ ( 1.60 + 0.14 ) x 10~ -
fo(1370) 7™, fy — T 7~ < 40 x 1070 CL=90% 2460
fo(1370)7nt, foy — 7970 < 11 x 1070 CL=00% -
fo(500) 7T, fo — 7T < 41 x 1070 CL=90% -
7T 7~ 7T nonresonant (53 T 13 )x106 2630
at 7070 ( 1.90 £ 0.21 )x 1075 2631
pt 0 ( 106 * 912 )x10-5 2581
p(1450)t 70 pt — 770 (12 +06 )x107° -
7T 7079 nonresonant < 6 x 107 CL=90% 2631
Xpi+,X — 7970 ( 69 + 11 )x100 -~
ata=at a0 < 40 x 1073 CL=90% 2622
pT 0 ( 240 £ 0.19 ) x 107> 2523
pTH(980), fy — wta~ < 20 x 1070 CL=90% 2486
a1(1260)* 70 ( 26 £ 07 )x107> 2494
a1(1260)0 7+ (20 + 06 )x1075° 2494
wrT ( 69 + 05 )x1070 2580
wpT ( 159 + 021 )x 107 2522
nwt ( 4.02 + 027 )x 106 2609
npt ( 70 £29 )x106 s=28 2553
n' 7T ( 27 £09 )x10® s=19 2551
n' pT ( 97 +£ 22 )x1070 2492
ot ( 32 +£ 15 )x10~8 2539
pT < 3.0 x 1070 CL=90% 2480
20(980)° 7T, a8 — nn? < 58 x 1076 CL=90% -
a0(980) T 70, ay — npat < 14 x 1070 CL=90% -
rtateto—n~ < 8.6 x 10~% CL=90% 2608
p%a1(1260)F < 6.2 x 104 CL=00% 2433
p%ap(1320)F < 72 x 1074 CL=90% 2410
Ot bY - wn® ( 67 + 20 )x100 -
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b bf — wrt < 33 x 1070 CL=90% -

atatata= a0 < 63 x 1073 CL=90% 2592
+ 0t + —6 L —g0o _
by p”, bj — wm < 52 x 107% CL=90%
a1(1260)* a1(1260)° < 13 % CL=90% 2336

Bpt, b9 — wrd < 33 x1070 cL=00% -

Charged particle (h*) modes
ht = KT or nt

ht 70 (16 T 9L yx107° 2636
wht (138 F 937 )x1075 2580
h* XO (Familon) < 49 x 1072 CL=90% -
KTX0, X0 ptpu- < 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
ppK™T ( 59 + 05 )x1076 s=15 2348
o(1710)**tp, 6T+ — [ppp] < 9.1 x 108 CL=90% -
pK*
f1(2220)K™, f; — pp  lpppl < 41 x10~7 CL=90% 2135
prnd < 63 x 1070 CL=90% 2440
p/(1520) (31 +06 )x10~7 2322
pp KT nonresonant < 89 x 1072 CL=90% 2348
ppK*(892)F ( 36 T 9% yx106 2215
£1(2220)K**T, f; — pp < 77 x 107 CL=90% 2059
pA (24 T35 yx107 2430
pAy (24 T 92 )x1076 2430
pAr0 ( 30 T 9L yx106 2402
p X (1385)° < a7 x 1077 CL=00% 2362
ATA < 82 x 10~7 CL=90% -
pX~y < 46 x 1070 CL=90% 2413
pArnt ( 113 + 013 )x107° 2368
pAnT 7~ nonresonant ( 59 + 11 )x107° 2368
pAp0, p0 = xta— ( 48 + 09 )x100 2214
pAH(1270), f — 7ta~ ( 20 £ 08 )x10 2026
pAKT K~ ( 41 £ 07 )x10 2132
pAp ( 80 £ 22 )x10~7 2119
PAKT K™ ( 37 +06 )x107° 2132
AATT < 94 x 107 CL=90% 2358
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AAKT ( 34 + 06 )x10 2251
AAK*T (22 T 32 )x1076 2008
A(1520) AK™ ( 22 4+ 07 )x10°° 2126
AA(1520) K+ < 208 x 1070 2126
A%p < 1.38 x 1076 CL=90% 2403
ATTp < 14 x10~7 CL=90% 2403
DT pp < 15 x 107% CL=90% 1860
D*(2010)* pp < 15 x 1075 CL=00% 1786
D pprT ( 372 £ 027 )x10~4 1789
D*0pprt ( 373 £ 032 )x 1074 1709
D~ pprntn— ( 1.66 + 0.30 ) x 104 1705
D*~ pprtw™ ( 1.86 + 0.25 ) x 104 1621

pA°DO ( 143 + 032 )x 1070 -
p/\O D*(2007) < 5 x 1075 CL=90% -
A prt ( 22 + 04 )x107% S=25 1980
/\C pKT ( 89 + 16 )x107° 1849

AZ A(1232) < 19 x 1075 CL=90% 1928

Al Ax(1600)TF ( 46 + 09 )x107° -

Al Ax(2420)* ( 37 +£08 )x107> -~

(A" p)sm™ [qgq] ( 31 =+ 07 )x10~° -

(2 520) < 3 x 1076 CL=00% 1904

> (280 ) ( 26 + 09 )x107° -
A p7r+ ( 1.8 + 06 )x1073 1935
A prtm ( 22 £+ 07 )x103 1880
A prtata” 7r° < 134 % CL=90% 1823
/\j/\ KJr ( 49 + 07 )x1074 739

= (2930)AF, =, — KTAZ ( 1.7 £ 05 )x10~4 -
X (2455)%p (29 +06 )x107° 1038
X (2455)% pr0 ( 35 + 11 )x10~4 1896
X (2455 pr—wt ( 35 + 1.0 )x10~4 1845
3 (2455) " pr ( 234 + 018 )x 1074 1845
4(_.(2593)—//\C(2625)_ prt < 19 x 1074 CL=90% -
=o0at ( 95 + 23 )x10~4 1144
E(g/\;L < 26 %105 CL=05% 1144
=0AF, 20 =tam ( 176 + 0.29 ) x 107> 1144
20A7, 205 AKT T ( 114 £ 026 ) x 107> 1144
Z0AT, 205 pko KAt ( 55 + 19 )x100 -
ATE < 65 x10~4 CL=90% 1023
AT = (2645)° < 79 x 1074 CL=90% -
AT =(2790)° (11 + 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™
AT
p(770) et e~
p(770)" pt p~
p(770)T 0+ 0~
Tt v
KTt~
Ktete™
Ktptp~

K™ ™ 11~ nonresonant

Ktrtr~
Ktov

p+uﬁ
K*(892)T ¢t ¢~

TTet ™
e 7T
atetsrT
At
W+M_T+
ot T
Ktetu™
Kte ut
f<+'ejzﬁf¥
Ktetr™
Kte 7T
KtetrT
Ktutr—
Ktu= 1t
K+Mi7¥
K*(892)F et i~
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B1
B1
B1
B1
B1
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

li] < 4.9
< 54
( 178
4.67
3.81
1.89
1.4
4.7
5.6
4.53
4.37
< 225
( 23
< 3.0
[i] ( 1.01
( 155

( 9.6
< 40
( 43
< 24

( 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
1.53
15
3.0
2.45
5.9
4.8
1.3

ANNNNNANNNNNNNNNNANNNANNNNNA
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HoHH

x 1078 CL=90%

x 1078 CL=90%
0.23 ) x 108

x 107 CL=90%

x 10~7 CL=90%

x 10~7 CL=90%

x 107° CL=90%
05 )x10~7 s=23

06 )x10—7
035 )x10~7 s=138
0.27 ) x 10~ 7

x 1073 CL=90%
0.7 )x107°

x 1072 CL=90%
011 )x1070 s=11

031 ) x 1076

1.0 )x10~ 7/

x 1072 CL=90%
0.4 )x10~7

x 1078 CL=90%

%% ) x 10—8

x 107° CL=90%
x 1073 CL=90%
x 1073 CL=90%
x 10~7 CL=90%
x 107° CL=90%
x 107° CL=90%
x 1072 CL=90%
x 1072 CL=90%
x 1072 CL=90%
x 107° CL=90%
x 1079 CL=90%
x 1079 CL=90%
x 1078 CL=90%
x 107° CL=90%
x 107° CL=90%
x 1072 CL=90%
x 1072 CL=90%
x 1070 CL=90%
x 107° CL=90%
x 1076 CcL=90%

2638
2638
2634

2638
2617
2617
2612
2612
1687
2617
2583
2564

2564

2560
2564
2593
2267

2490

2430
2637
2637
2637
2338
2338
2338
2334
2334
2334
2616
2616
2616
2312
2312
2312
2298
2298
2298
2563
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K*(892)t e ™ LF < 99 x 1077 CL=90% 2563
K*(892)* et 1T LF < 14 x 1070 CL=90% 2563
7 etet L < 23 x 1078 CL=90% 2638
TpuT T L < 40 x 1079 CL=95% 2634
T et T L < 15 x 1077 CL=90% 2637
p-etet L < 17 x 10~/ CL=90% 2583
p Tt L < 42 x 1077 CL=90% 2578
p- et uT L < 47 x 1077 CL=90% 2582
K~ etet L < 3.0 x 1078 CL=90% 2617
K=t pt L < 41 x 1078 CL=90% 2612
K—etput L < 16 x 1077 CL=90% 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 < 30 x 10~7 CL=90% 2563
D~ et eT L < 26 x 1076 CL=90% 2309
D~ et put L < 1.8 x 1076 CL=90% 2307
D= utut L < 6.9 x 1077 CL=95% 2303
D*= ptpt L < 24 x 1070 CL=95% 2251
D ptpt L < 58 x 1077 CL=95% 2267
DO ptput L < 15 x 1070 CL=05% 2295
N0t LB < 6 x 1078 CL=90%  —
N0t LB < 32 x 1078 CL=90% -
AO it LB < 6 x 1078 CL=90%  —
NOet LB < 8 x 1078 CL=90% -
B° 1(JP) = 3(07)

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

predictions.

Mass mpgo = 5279.72 + 0.08 MeV
mpgo — Mgy = 0.31 &+ 0.05 MeV
Mean life 7 go = (1.517 & 0.004) x 1072 s
cr = 454.8 um

Tg+/Tgo = 1.076 & 0.004

BO-BO mixing parameters

x4 (B%-BP mixing probability) = 0.1860 & 0.0011
AmBo = m

AT

Re(z) = (—4 + 4) x 1072

Re(z)

0
BH

— My =
BL

(direct measurements)

(0.5069 + 0.0019) x 10*2 i s~ 1

= (3.336 + 0.013) x 10710 MeV
Xg = Ampgo /T go = 0.7697 £ 0.0035
Re(Acp / |Acp|) Re(z) = 0.047 + 0.022

—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® — D79 = (0.4 + 2.4) x 102

Acp(B® = [KTK™]pK*(892)°) = —0.05 + 0.06

Acp(B® — [KT77]pK*(892)°) = 0.031 + 0.023

Acp(B® = [KTa~ntn~]pK*(892)°) = —0.012 + 0.024

Acp(B® = [K~nt]pK*(892)°) = 0.19 + 0.19

Acp(B® = [K—atatn—]|pK*(892)°) = —0.01 & 0.24

Ry =T(B® - [7TK~]pK*®) /T(B® = [r~ KT]pK*0) =
0.069 + 0.014

R, =T(BY = [r~ KT]pK*®) /T(B® = [rt K~ ]pK*0) =
0.093 + 0.014

Acp(B® — [rT 7~ ]pK*(892)°) = —0.03 £ 0.10

Acp(B® = [rTa~atn~]pK*(892)%) = 0.02 & 0.09

Ry =T(B® - [rTK-7ta"]pK*0) /I(B° —
[7~ KT nt 7~ ]p K*®) = 0.060 + 0.015

R, = rB° - [r~Ktatn |pK*®) /(B —
[7T K~ at 7~ ]p K*®) = 0.038 £ 0.015

Acp (BY - Ktx—) = —0.0831 + 0.0031

Acp(B® — ' K*(892)°) = —0.07 £+ 0.18

A

Acp(B® — 1/ K5(1430)%) = —0.19 £ 0.17
Acp(B® — ' K3(1430)°%) = 0.14 £ 0.18
Acp(B® = nK*(892)%) = 0.19 + 0.05
Acp(B® — nK3(1430)%) = 0.06 + 0.13
Acp(B® — nK3(1430)%) = —0.07 £ 0.19
Acp(B® = b Kt) = —0.07 £ 0.12
Acp(B® - wK*9) =0.45 + 0.25

Acp(B® = w(Km)0) = —0.07 £ 0.09
Acp(B® — wK3(1430)%) = —0.37 £ 0.17
Acp(B® = K7~ 70 = (0 + 6) x 1072
Acp(B® = p~KT)=0.20+0.11

Acp(B® — p(1450)~ KT) = —0.10 + 0.33
Acp(B® — p(1700)~KT) = —0.4 + 0.6
Acp(B® — K+ 71~ n%nonresonant) = 0.10 4 0.18
Acp(B® = KOztn~)=—-0.01 +0.05
Acp(B® - K*(892)tm~) = —0.27 + 0.04
Acp(B® = (Km)§tn™) = 0.02 + 0.04
Acp(B® — K35(1430)T77) = —0.29 + 0.24
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Acp(B® — K*(1680)F 7~) = —0.07 + 0.14
Acp(B® — £(980)K%) = 0.28 + 0.31
Acp(B® = (Km)i0x%) = —0.15 £ 0.11
Acp(B® - K070 = —0.15 + 0.13
Acp(B® — K*(892)°nt7~) = 0.07 4+ 0.05
Acp(BY — K*(892)°p%) = —0.06 + 0.09
Acp(B® — K*0£(980)) = 0.07 & 0.10
Acp(B® - K*Tp~) =10.21 £0.15
Acp(B® — K*(892)°K*+ K~) = 0.01 + 0.05
Acp(B® = a] KT) = —0.16 & 0.12
Acp(B® — KOKO) = —0.6 +0.7

Acp(B® — K*(892)°¢) = 0.00 + 0.04
Acp(B® = 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)%y) = —0.08 £ 0.15
Acp(B® — X,v) = —0.009 + 0.018
Acp(B® = pt77)=0134+0.06 (S=1.1)
Acp(B® — p~7nt) = —-0.08 = 0.08
Acp(B® = ww) = —0.4+ 0.4

Acp(B® — a1(1260)*7T) = —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*0¢t (=) = —0.05 £ 0.10
Acp(BY = K®¥eTe™)=—-0.21 +0.19
Acp(B® = KOt p—) = —0.034 + 0.024

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

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

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

Chet pr (B = D*tD*7) =0.01+0.09 (S=16)

Sps pr- (BY = D*FD*~) = —059 £ 0.14 (S =18)

C, (B - D**D*~)=0.004+0.10 (S=1.6)

S, (B9 - D**D*") = —0.73 £ 0.09

C_ (B - D**D*7)=10.19 +0.31
S_(BY— D**D*7)=-16+05
C (B — D*(2010)* D*(2010)~ K2)
S (B® — D*(2010)* D*(2010)~ K%)
Cpip- (B = DTD7) = —o0.

0.01 + 0.29
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Sprp- (B = D¥D™) = —0.64£0.09 (S=13)
C/y(15) 0 (B® — J/¢(18)7%) = 0.03 + 0.17 (S = 1.5)
S)/ps)a0 (B = J/9(15)7%) = —0.88 £ 032 (S =22)
C(BY — J/4(15)p°) = —0.06 + 0.06

S(B® —» J/9(1S)p%) = —0.66 7315

C vy o (BY— DULAO) = —0.02+0.08
Doph

S0 o (B = DELK) = —0.66 + 0.12
bcp

Cyo0 (B — KO79) =0.00 + 0.08

Sko,0 (B = KO70) = 0.64 +0.13

BY — 7/(958)K%) = —0.04 £0.20 (S =2.5)
S,y(958) KO (B® — 1/(958)K2) = 0.43 £0.17 (S = 1.5)
C,y KO (B® —» 7'K%) = —0.08 £0.04 (S=1.1)

Sy o (B = n'K®) = 0.64 + 0.05

Cng (B » wK%)=00+04 (S=3.0)

SwK? (B — wK%) =0.70 + 0.21

C(B® - K%n0n0) = —0.21 £ 020

S(B® — K%n070) =0.89" 537

Co Ko (B — p°k%) = —0.04 + 0.20

0.1
Sy (B = pOKS) = 0.50755]

Cn’(958) K (

Cro k0 (B® — £,(980) k%) = 0.29 & 0.20

Sfng (B =+ £(980)K2) = —0.50 = 0.16

S, K (B® = £(1270)K%) = —0.5 £ 0.5

szK% (B — £(1270)K%) = 0.3 £ 0.4

sfo% (B — £(1300)K2) = —02+05

Ce. K (B® — £,(1300)K2) = 0.13 £ 0.35

SKO .t (B — KOzt 7~ nonresonant) = —0.01 & 0.33
Cro o+~ (BY = KO m~ nonresonant) = 0.01 + 0.26
Cka k0 (B - KYK%)=0.0+04 (S=14)

Sk K9 (B - KYK2)=-08405

Chor k- KS (BY - Kt K~ K% nonresonant) = 0.06 + 0.08

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

Crr k- KO (B° = KT K~ K% inclusive) = 0.01 £ 0.09
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Sk+ K- KQ (B° -+ K*K~ K2 inclusive) = —0.65 + 0.12

C¢K% (B = ¢K%) =—0.09 £ 0.12
S¢K°s (B° - ¢KQ) =0.58 £ 0.12

CKSKS KS(BO — KS KS Ks) = —0.14 £ 0.12
SKSKS KS(BO — KS KS Ks) = —0.82 + 0.17
CK%WM_W(BO — K%mtnmv) = —0.39 +0.20
SK%WM_W(BO — KYrTm~v)=0.14 £ 0.25
Cero-, (B® = K*(892)%7) = 0.03 = 0.10

S0, (B - K*(892)°4) = —0.08 & 0.17

C ko (B = nK%9) =01£04 (S=14)
SyK0, (BY = nK%y) = -05+05 (S=12)
Cogpy (B = K%97) = —0.3+0.6

Skog (BY = KP¢7) = 07101

(B — K%pPv) = —0.05 £ 0.19

S(B® — K%p%y) = —0.04 £0.23

C(B° = p°4)=04+05

S(BY — p%9)=-08=+0.7

Com (B = 7tm™) = —0.314 + 0.030

Spx (B® = wta™) = —0.670 + 0.030

C o 0(B%— n0x0) =—-0.25+020

Cor (B = ptm™)=-0.03+007 (S=12)

Spr (BY = pTr™) =0.05+0.07

ACy, (B® = ptm~) =0.27 £ 0.06

AS,; (B — ptn7) =0.01+0.08

Co o (BY— pOn0) =0.27 + 0.24

So 0 (BY—= pOn0) = —-02340.34

Cayr (B® — a1(1260)t 7~) = —0.05 + 0.11

Sayr (B® = a1(1260)t77) = —0.24+ 04 (S =3.2)
ACx (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%) =02+0.9

5,00 (B = p9p%) =03+07

C,p (B® = pTp~) =0.00+ 0.09

Spp (BY = pTp~)=-0.1440.13

IA| (B — J/ipK*(892)°) < 0.25, CL = 95%
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cos 28 (B® — J/yYK*(892)%) = 1.7108 (S =16)
cos 28 (B® — [KYmT 7], h%) =0.91 +£0.25
(Sy +S_)/2(B° - D*~xt)=-0.039 + 0.011
(S_ —S.)/2(B% - D* xt) = —0.009 + 0.015
(Sy +S_)/2(B° - D7) = —0.046 + 0.023
S_ —5S5.)/2(B°—~ D~ 7T)=-0.022+ 0.021

(

S, (B® - D~ 7t) =0.058 + 0.023

S_ (B - D*x7)=0.038 + 0.021

L +5S_)/2(B%— D™ pt)=—0.024 + 0.032
_ —5.)/2(B° - D™ p*t)=—0.10 4+ 0.06
Cnc K (B — n.K%) =0.08+0.13

Sne K (B° = ncK®) =093 +0.17

C_ o (B® = ccK()0) = (0.4 £ 1.0) x 1072
sm(2ﬂ) — 0.710 + 0.011
sy ko (BY = J/e(nS)K®) = (0.2 £ 1.0) x 1072
5J/¢(n5) w0 (B® = J/(nS)K®) = 0.711 & 0.011
J/Wo (B® — J/9K*0) = 0.03 + 0.10
J/¢K*0 (B - J/@[JK*O) = 0.60 £ 0.25
XCOKO (B® = xcoK%) = —03%¢32
Sk (B” = XeoK§) = —07 +05

. K (B® = xc1K%) =0.06 £ 0.07

St K (B = xc1K2) =0.63 £ 0.10
sin(zﬁeff)(BO — ¢KY) =0.22 +£0.30
sin(2Be5)(B® — ¢ K35(1430)°) = 0972813§§
sm(2,8eﬂ.-)(B° - KtYK- K°) =077
sin(2Bef) (B — [KY7t 7] 50 h°) = 0.80 £ 0.16
Befr(B® — [ngﬂr—]D () h ) (22 + 5)°
28e(B — J/1pp0) = (4211 1)

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

2 8+~ = (80 + 60)°

a = (84.1733)°

x.(B® = DK*0) = 0.07 + 0.08

x_(B® - DK*0) = —0.18 + 0.08

y+(B® - DK*0) = -0.35+ 0.10

y_(B® - DK*0) = —-0.03 + 0.13

rgo(B® = DK*C) = 0.250 + 0.022

dgo(B® - DK*0) = (202.87793)°

acp(B® = ppK+T77) = (0.5 £ 0.9)%
ap(B® = ppK+T77) = (1.5 £0.9)%
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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.

Citation: S. Navas et al. (Particle Data Group), Phys. Rev. D 110, 030001 (2024) and 2025 update

BO DECAY MODES

Scale factor/ p

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

(T X [il] ( 10.33% 0.28) % -
et e X, (101 + 0.4 )% -
0ty X, [i] ( 1.51% 0.19) x 10~3 -
Dty X lii] ( 9.1 + 0.8 )% -
D= (T, [i] ( 2.10+ 0.07) % 2309
D~ 1tuv. ( 98 + 21 )x103 1909
D*(2010)~ £ v, [ii] ( 4.87+ 0.09) % 2257
D*(2010)~ 7" v, ( 1.48+ 0.09) % S=12 1838
D) nmityy(n > 1) lil] ( 22 + 0.4 )% -

DOn= ¢ty [ii] ( 3.64+ 0.20) x 103 2308
$(2300)~ £ T vy, [ii] < 4.4 x 10~4 CL=90% -
Dy~ — DO7—
5(2460)~ (T vy, [i] ( 1414+ 020)x1073  S=17 2065
Dy~ — DOr—
D*0n= ¢ty lii] ( 5.44+ 0.28) x 10~3 2256
D1(2420)~ 0T vy, DT —  [ii] ( 2.85+ 0.25) x 1073 -
D07~
D1(2420)~ (T vy, DT —  [ii] ( 1.02+ 0.16) x 1073 -~
. D= ntn~ .
D{(2430) (T vy, DT — [iii] ( 25 + 06 )x1073 -~
D07~
D3(2460)~ (T vy, D5~ — [ii] ( 6.6 + 1.1 )x1074 2065
D*0r—
D= ntr= Ty, [ii] ( 1.45+ 0.22) x 10~3 2299
D*ata= Ty, li] ( 5.1 + 23 )x10"% 2247
AR’ [i] ( 2.94+ 0.21) x 10~4 2583
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Ay [ii] ( 1.50+ 0.05) x 10~ 2638
T T, < 25 x 1074 CL=90% 2339

Inclusive modes

K+ X (78 +£8 )% —
DO X ( 81+ 15)% —~
DO X (474 + 28)% -
DT X < 3.9 % CL=90% -
DX (369 + 33)% -
DY X (103 T 23 H)% -
D, X < 26 % CL=90% -
AT X < 31 % CL=90% -
AZX ( 5071 21y% -
cX (95 +5 )% -
cX (246 £ 31)% -
c/cX (119 +£6 )% -
D, D*, or Dg modes

D~ rt ( 251+ 0.08) x 1073 2306
D~ pT ( 76 + 1.2 )x103 2235
D~ KOxt ( 49 + 09 )x10~4 2259
D~ K*(892)* ( 45 + 07 )x10~% 2211
D-wn™T ( 28 + 06 )x103 2204
D~ KT ( 2.05+ 0.08) x 104 2279
D-Ktrtnr ( 35 + 08 )x10"4 2236
D~ KT KO ( 1.64+ 0.26) x 10~4 2188
D~ Kt K*(892)° ( 77 + 06 )x10% 2070
DOrt o~ ( 88 + 05 )x10~4 2301
D*(2010)~ =+ ( 2.66+ 0.07) x 103 2255
DOK+ K~ ( 61 + 05)x107> 2101
D~ ntatn— ( 6.0 + 0.6 )x1073 2287
(D~ w7 7~ ) nonresonant ( 39 + 1.9 )x103 2287
D~ nt 0 ( 11 £ 1.0 )x 1073 2206
D~ a1(1260)™ ( 6.0 + 33)x1073 2121
D*(2010)~ 7+ «0 ( 15+ 05)% 2248
D*(2010) p* ( 6.8 £ 09 )x1073 2180
D*(2010)~ KT ( 216+ 0.08) x 10~ % 2226
D*(2010)~ KO+ ( 30 + 08)x1074 2205
D*(2010)~ K*(0892)+ ( 33 +06)x1074 2155
D*(2010)" KT K ( 1.8 + 04 )x10~% 2131
D*(2010)~ Kt K*(892)° ( 131+ 0.13) x 1073 2007
D*(2010) " 7t wt o~ ( 7.21+ 0.29) x 103 2235
(D*(2010)" 77+ 7~ ) non- ( 00 + 25 )x103 2235

resonant
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D*(2010)~ 7+ p°
_ D*(2010)~ a4 (1260)* (
D1(2420)° 7= nF, DY —
D*~xt
D*(2010)" Kt 7~ n™
D*(2010)~ nt nt 7~ 70
D*=3rt 21~
D*(2010)" wrt
D1(2430)°w, D? —
D*~xt
D*~ p(1450)", pt — wn™ (
D1(2420)°w, D? — (
__ D7t
D3(2460)°w, DY — (
D*~xt
D*~ by (1235)*, b} — <
o wrt
D**~nt
D;(2420)~ 7,

~ A~ A~~~

[nnn]  (
Dl_ — (

s
D1(2420)~ 7+, D] — <
, Dy — (
, Dy~ — (

D3(2460)~ n, D}~ — <
_ D*¥7ta”
D3(2460)~ p+ <
DYDY (
D*0DO <
D— D+
D* D*T (CP-averaged)
D~ DY
D*(2010)~ D
D~ DIt
D*(2010)~ DX *
Dso(2317)" KT, Dy —
D/ 70
Dsp(2317)"nt, Dy — <
D/ 70

~—

e e e e e N N
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5.7 £
1.30+
1.47+

4.7 £+
1.76 +
4.7 +
246+

27 T

1.07T
7.0 +

4.0 £+

19 +
9.9

I+

3.3

2.38+

7.6 £+

2.4

4.9
1.4 +
2.9
211+
6.1 +
8.1 £

8.2 £
7.4 £
1.77+
4.2 £+

2.5

3.2 )x1073
0.27) %
0.35) x 10~4

0.4 ) x 104
0.27) %

0.9 )x 1073
018) x 1073  S=1.2
0.8 -

04 )x107*

0.40 _3

0.34) < 10

2.2 ) x107°
14 )x107°

x 1072 CL=90%

0.9 )x 1073
35 )x107°

x 1072 CL=90%

0.16) x 10~4
0.8 ) x 1072

x 1072 CL=90%

x 1073
0.7 ) x 1072

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

CL=90%

CL=90%

x 1072 CL=90%

2150
2061

2181
2218
2195
2148

1992

1995

1975

2062

2090

1974

1868
1794
1864

1812
1735
1732
1649
2097

2128
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D, 7(2457)" KT, D, — < 94 x 1076 cL=90% -
DS 70
Dy 7(2457)"nt, D, — < 40 x 1070 CL=90% -
DS 70
D_ DY < 36 x 1075 CL=90% 1759
D~ DY < 13 x 1074 CL=90% 1675
D™ DIt < 24 x 1074 CL=00% 1584
D*,(2317)" D, D:(J)F — ( 105+ 0.16)x10~3 S=11 1602
+.0
Dirm
Dgo(2317)F D~, Df; — < 95 x 1074 CL=00% -
D;‘Jrv
D4o(2317)* D*(2010)~, ( 15 + 0.6 )x103 1509
Djo — D:WO
D, 7(2457)t D~ ( 35 + 1.1 )x103 -
Dy;(2457)*D~, D}, — (65T 1 )yx104 -
D:’y
Dy;(2457)*D~, D}, — < 60 x 1074 CL=90% -
D:+'y
Dy;(2457)*D~, D}, — < 20 x 10~4 CL=90% -
D:W+W_
Dy;(2457)"D~, D}, — < 36 x 1074 CL=90% -
DT 70
S
D*(2010)~ D, ;(2457) " ( 93+ 22)x103 -
Dy;(2457)* D*(2010), DY, — ( 23739 )x1073 -
Djv
D™ Ds1(2536)%, DS, — ( 28 + 07)x10% 1444
DK+ + D*t KO
D~ Ds1(2536)*, DS, — ( 1.7 + 06 )x10~4 1444
D*O KT
D~ Ds1(2536)", Df; — (26 + 1.1)x107% 1444
D*+ KO
D*(2010)~ D41 (2536) T, ( 50 + 1.4 )x10~% 1336
D, — DKt + D*tKO
s
D*(2010)~ D41(2536) T, ( 33+ 11)x10°4 1336
DY, — D*K*
D*~ Dy (2536)", DY — ( 50 + 1.7 )x 1074 1336
p*t+ KO
D~ D, ;(2573)", D}, — ( 34+ 18)x1075 1414
DOK+
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D*(2010)~ D, ;(2573) 7, < 2 x 1074 CL=90% 1304
DY, — DOKT
D~ D, ;(2700)", D}, — ( 71 £ 1.2 )x 1074 -
DO KT
Dt n— ( 73 £ 12)x10°7 2306
Dfn~ ( 2.03+ 0.18) x 107> 2271
Dt ( 21 4 04)x1072 S=14 2215
DY p~ < 24 x 1075 CL=90% 2197
Dt p~ ( 41 £+ 1.3 )x107° 2138
DY ay < 19 x 1075 CL=90% -
DIt ay < 36 x 1075 CL=90% -
DY a1(1260)~ < 21 x 1073 CL=90% 2080
D" 21(1260)~ < 17 x 1073 CL=90% 2015
DY a; < 19 x 104 CL=090% -
DIt ay < 20 x 10~4 CL=90% -
D K+ ( 27 £ 05)x107% S=27 2242
Dy K™ ( 219+ 0.30) x 107 2185
Dg1(2536)T K=, D — ( 51 + 0.6)x100 -
D*(2007)° K~
D, K*(892)" ( 35+ 1.0 )x107° 2172
DI~ K*(892)* (327 13 )x1073 2112
D nt KO ( 97 £ 1.4 )x1075 2222
D™ nt KO < 110 x 1074 CL=90% 2164
D Ktntn™ ( 1.7 + 05 )x107% 2198
D_ mt K*(892)° < 30 x 1073 CL=90% 2138
DY~ nt K*(892)° < 16 x 1073 CL=90% 2076
DY KO ( 55 + 0.4 )x1075 2280
DOKtn— ( 88 £ 1.7 )x 107> 2262
DO K*(892)° ( 45 + 06 )x1075 2213
DO K*(1410)° < 67 x 1075 CL=90% 2062
DP K3 (1430)° (7 +£7 )x1076 2058
DO K3(1430)° ( 21 + 09 )x1075 2057
D§(2300)~ K+, D§~ — ( 1.9 + 09 )x107° -
DO7—
D3(2460)~ KT, D3~ — ( 2.03+ 0.35)x 107> 2029
DO7—
D%(2760)~ Kt, D}~ — < 10 x 1070 CL=90% -
. 507?_
DY K+ 7~ nonresonant < 37 x 1072 CL=90% 2262
[KT K~ ]pK*(892)° ( 37 +05)x1075 -
[7F 7~ ]p K*(892)° ( 50 + 08 )x1075 -
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[_7r0+7(r)_7r+7r_]D K*0
D"

[)0 0

D%
DOK*n—

DO K*(892)°
25*0,y
D*(2007)° 70
D*(2007)° o0
D*(2007)°7
D*(2007)° n’
D*(2007)° 7+
D*(2007)° K+
D*(2007)° K©
5*(2007)0 K*(892)°
D*(2007)° ¢
D*(2007)° K*(892)
D*(2007)° 7t nt r— 7™
D*(2010)" D*(2010)~
5*(2007)0
D*(2010)* D
D*(2007)°D D*(2007)

D~ DOKT
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*~ Dg;(2536)", DY —

[)*%—}<0
DO DO KO
DODO K+ 7~
D D*(2007)° KO +
D*(2007)° DO KO
D*(2007)° D*(2007)° K©
(D+D*)(D+D*)K

ncf<0
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4.0

+

2,67+
321+
1.56+
2,56+
1.38+
254+

7.7
5.3
3.0
2.5
2.2
5.1
2.3

+
+
+
+

+

1.40+

6.2
5.2
3.6
6.9
2.2
4.0
2.7
8.0
3.6
6.1
9

+
+
+

H_

HOH R R

1.07+

3.5

+

247+
1.06+

7.5
6.4

8.1
8.0

2.7
3.5
1.1

2.4

+
+

+
+

+
+
+

+

3.68+

0.6 )x 1072
0.09) x 10~ 4
0.21) x 104
0.21) x 10~4
0.12) x 10~4
0.16) x 10~4
0.16) x 10~ 4
2.3 )x10~/
32 )x 1076
0.6 ) x 100
x 1072
0.6 ) x 104
x 104
0.6 ) x 104
0.22) x 10~4
2.2 )x1074
1.9 ) x 1072
12 )x107°
x 1072
0.6 ) x 1076
x 107°
05 )x103
0.6 )x 104
1.1 )x 104
15 )x10~4
x 1072
0.11) x 10~3
0.4 ) x 1073
0.21) x 1073
0.09) %
1.7 ) x 10~4
05 )x 103

0.7 )x 1073
2.4 ) x 104

1.1 )x 104
0.5 ) x 104
05 )x 103

0.9 )x 1073
0.26) %

Charmonium modes
( 9.0 £ 1.1 )x1074

Page 113

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

CL=90%

CL=90%

S=3.1

S=1.6
CL=90%

2308
2237

2274
2198
2235
2183
2262
2213
2258
2256
2182
2220
2141
2249
2207
2227
2157
2125
2157
2219
1711
2180
1790
1715
1574
1478
1479
1366
1568
1473

1360
1336

1575
1476
1478

1365

1751
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ne(1S) Ktn~ (
nc(1S)K* 7~ (NR) (
Tz(4100)" K™, T —
NeT

ne(1S) K*(1410)° (
nc(15) K§(1430)° (
nc(1S) K3(1430)° (

nc(15) K*(1680)° (
1c(15) K§(1950)° (
Ne K*(89 ) (

nc(2S)KZ, ne — pprtae (
nc(25)K*0 <
he(1P) K9
ho(1P) K*0 <
J/9(18) KO
J/p(1S)Kt 7

J/9(15) K*(892)°
J/(1S)nKS
J/(1S)n' K <
J/9(1S) o KO
J/(1S)w KO

Xc0(3915), xco — J/Yw
J/4(18) K(1270)°
J/(1S)x°
J/¥(18)n
J/Y(S)rtn

J/¥(1S)7 " 7~ nonresonant <

J/(15)15(500), fo — w7 (
J/¢(15)f (
)p

J/¥(1S) p° (
J4(1S) 5(980), £ <

J/1(15)p(1450)°, p° — (

N

T
J/pp(1700)°, O — ata—
J/Y(1S)w
J/W(IS)KT K~
J/¢(15)30(980), ap —
KT K™

~ A~~~
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6.5 + 0.7 ) x 10~4 1722
6.7 + 1.4 ) x10~° -
22 + 1.1 )x107° -
2.1 + 1.6 )x10~4 1395
1.8 + 0.4 )x10~4 1387
5.4 T 24 )x1075 1386
4 + 4 )x107° 1166
3.2 _
48 T 28 )x1075 -
53 T 08 )x107% s=17 1646
1.4 -
42 T 15y x 1077 -
3.9 x 1074 CL=90% 1159
1.4 x 1072 1401
4 x 1074 CL=90% 1253
8.91+ 0.21) x 10~4 1683
1.15+ 0.05) x 1073 1652
1.27+ 0.05) x 1073 1572
54 4+ 0.9 )x107° 1508
2.5 x 1072 CL=90% 1271
49 + 1.0 )x107° S=13 1224
23 + 04 )x10~4 1386
2.1 + 0.9 )x107° 1102
13 + 05 )x1073 1402
1.65+ 0.08) x 1072 1728
1.08+ 023)x 1072 S=15 1673
3.99+ 0.15) x 1072 1716
1.2 x 1072 CL=90% 1716
1.2 _
88 = 1€ )x1070 -
33 T 02 )x1070  s=15 -~
+ 0.18 —5
2557 01¢) x 10 1612
1.1 x 1070 CL=90% -
1.6 _
20 7 39 ) %1076 -
2.0 +£ 1.3 )x 1070 -
0.7 _
18 © 0L )x107> 1609
2.53+ 0.35) x 1070 1534
47 + 3.4 )x10~ 7 -
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J/p(18) K*(892)F 7~
J/YAS) Tt at
J/1(15) £,(1285)
J/p(1S)K*(892)°0 nt 7~
77c2(1D)K%, Nex — hery
Ne2(1D)7~ KT, nep = hey
xc1(3872)” K+
xc1(3872)” KT,
Xc1(3872)7 —
J/p(1S) 7 70
xc1(3872) KO
xc1(3872) K*(892)°
Xc1(3872) K+ 7~
Xc1(3872)y
Toz1(4430)F KT,
Y(28)
Tez1(4430)F KT,
J/yrt
Tez1(3900)* KT,
J/pm*E
Tez1(4200)* KT,
J/yrt
J/¥(15)pp
J/(15)y
Jputp, Jjp— ptpm
J/$(15)D°
$(28) w0
Y(2S) KO
P(2S)KOntn~
Y(3770)K®, o — DODO
Y(3770)K°, ¢ — D~ DT
V(2S) T
Y(2S)Kt 7~
¥(25) K*(892)°
Xc0 KO
Xco K*(892)°
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1.1
7.6 £
45 £
2.1
25 £
54 £
8 =+
1.44+
8.4 £
6.6 £
3.5
1.0

5

4.2

1.1 £+

1.8 +
1.2

6.0

54 1

22 t

45 +
1.5
1.0
9.6
1.17+
5.8 £
281+
1.23
1.88
2,24+
58 +
59 +
19 +
1.7 +

x 10~7 CL=90% 1520
2.4 ) x 100 1546
0.4 ) x 104 1611
x 1072 CL=90% 1468
0.7 )x10~° S=1.8 1249
3.0 ) x 1074 1390
4 )x1074 1515
0.12) x 10-° 1670
2.1 )x 100 1385
2.2 ) x 10— 4 1447
x 107° CL=90% -
x 104 CL=90% _
x 104 CL=90% _
x 1076 CL=90% _
0.4 ) x 104 1140
5 )x107° 040
0.7 ) x 104 1087
x 107° CL=90% 1220
39 )x107° 583
3’{18 ) x 107° 583
x 107 _
05 ) x 1072 -
0.6 ) x 10~/ 862
x 1076 CL=90% 1732
x 1079 CL=95% _
x 107 CL=90% 877
0.19) x 1072 1348
0.5 ) x 104 1283
0.30) x 104 1177
x 104 CL=90% 1217
x 1074 CL=90% 1217
0.35) x 10-° 1332
0.4 ) x 10—4 1239
0.4 ) x 10— 4 1116
0.4 ) x10~4 1478
0.4 ) x10~4 1342
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Xe1 T ( 1124 0.28) x 1072 1468
xe1 KO ( 3.95+ 0.27) x 10~4 1411
Xcim KT ( 4.97+ 0.30) x 1074 1372

Xe1 K*(892)0 ( 238+ 0.19) x10~4  S=1.2 1265

Tz(4050)" KT, T__ — ( 30 T 19 )x107° -

Xc1T
Tz(4250)" KT, T — (40 7290y 105 -
Xc1T

xerm T KO ( 32 + 05 )x10"4 1318
Xeim mOKT ( 35+ 06 )x10"4 1321
xeo K© < 15 x 1075 CL=90% 1379
Xe2 K*(892)° ( 49 £ 12)x107% S=11 1228
X2 KT ( 72 + 1.0 )x107° 1338
Yeom T~ KO < 170 x 1074 CL=90% 1282
Yeorm mOKT < 74 x 1075 CL=90% 1286
1(4660) KO, o — ATAZ < 23 x 1074 CL=90% -
¥(4230)° KO, 0 — < 17 x 1075 CL=90% -

J/prt

K or K* modes

Kt~ ( 2.00+ 0.04) x 1075 2615
KO 70 ( 1.01+ 0.04) x 10~5 2615
n KO ( 66+ 04)x1075 S=14 2528
7 K*(892)° ( 28 + 06 )x1076 2472
' K5(1430)° ( 63 + 1.6 )x100 2346
n' K3(1430)° ( 1.37+ 0.32) x 1075 2346
nKO ( 1237 327y x 100 2587
n K*(892)° ( 159+ 0.10) x 107> 2534
nK(1430)° ( 110+ 0.22) x 1075 2415
nK3(1430)° ( 9.6 + 21 )x100 2414
w KO ( 48 + 04 )x 106 2557
29(980)° KO, a3 — nn < 78 x 1076 CL=90% -
KO, B — wnl < 78 x 1076 CL=90% —~
a9(980)F KT, af — nrt < 19 x 10~6 CL=90% -

by KT, by — wn™ ( 74 + 1.4 )x10°° -

OK*, b0 — wrl < 80 x 1076 CL=00% -
by K*', bl — wm™ < 5.0 x 1076 CL=00% -
ag(1450)* KT, af — nrt < 31 x 1076 CL=00% ~
K2 X0 (Familon) < 53 x 1075 CL=00% -
wK*(892)° ( 20 + 05 )x1076 2503
w(Km)gP ( 1.84% 0.25) x 1075 -
w K5 (1430)° ( 1.60+ 0.34) x 1075 2380
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wK3(1430)° ( 1.01+ 0.23) x 107> 2380
w KT 7~ nonresonant ( 51+ 1.0 )x107° 2542
K+ 7n= =0 ( 3.78+ 0.32) x 1075 2610
Kt p~ ( 70 £ 09 )x107° 2559
K+p(1450) ( 24 £ 12)x1070 -~
T p(1700)™ (6 +7 )x10~7 -
(K+7r 70) nonresonant ( 28 + 06 )x10° 2610
(Km)gtn=, (Km)gt — ( 34 + 05)x1075 -
K+ x0
(Km)r0, (Km)0 — ( 86 + 1.7 )x 1076 -
Kt
K3(1430)0 70 < 40 x 1076 CL=00% 2445
K*(1680)° 70 < 75 x 1076 CL=00% 2358
K070 [rrr] ( 6.1 + 1.6 ) x 100 -
KOrtn ( 4.97+ 0.18) x 107> 2609
K97+ 7~ nonresonant ( 1.397F 8:%2) x107° S=16 2609
KO 0 ( 34+ 11)x1070 s=23 2558
K*(892)* ( 75 + 04 )x10° 2563
K3(1430) " ( 334 07)x107° S=20 -
Kitn= [rrr] ( 5.1 + 1.6 ) x 100 -
K*(1410)+7r—, K**t — < 38 x 1076 cL=90% -
KO
(Km)gtn™, (Km)§t — ( 1.62+ 0.13) x 1075 -
KOnt
f(980) KO, fy — wta~ ( 81 +08)x1076 s=13 2522
KO £,(500) (16 T 22)x1077 —
KO f,(1500) ( 13 + 08 )x10°6 2303
f>(1270) K© (27 T 13)x106 2459
£, (1300) KO,f, — w7~ ( 1.8 £ 07 )x107° -
K*(892)0 0 ( 33 + 06 )x10°6 2563
K5(1430)" 7 ( 3.65+ 0.34) x 1070 2445
K*(1680) " 7 ( 1.41+ 0.10) x 1072 2358
Ktn— 7r+7r [sss] < 2.3 x 1074 CL=90% 2600
PO KT ™ ( 28 £+ 07 )x10° 2543
f(980)KTn~, fy = = (14T 92 )x1076 2506
KT 7~ 7+ 7~ nonresonant < 21 x 1070 CL=90% 2600
K*(892)0 7t 7~ ( 55+ 05)x1075 2557
K*(892)° p° (39 +13)x100 sS=19 2504
K*(892)°1(980), fy — = ( 30t 2l)x1076 s=39 2466
K1(1270) " 7~ < 3.0 x 1075 CL=90% 2489
K1(1400) " 7~ < 27 x 1075 CL=90% 2451
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a1(1260)~ K+
K*(892)+
K5(1430) " p
K1(1400)0 p°
K*(1430)0p
K*(1430) 7(980), fo — =wm
K5(1 430)°£,(980), fy — 7x
K+ K~
KOKO
KOK— ot
K*(892)* KT
7*0 KO + K*OWO
Kt K70
0 k0.0
Kg ng
N
KsKsn
KOK+T K~
KO ¢
fo(980) KO, fo — KK~
f5(1500) K©
f4(1525)% KO
fo(1710)K°, fo — KT K~
KY K+ K~ nonresonant
0 1«0 1,0
KsKsKs
fo(980) KO, f5 — KL KY
fo(1710) KO, f5 — KL K
£(2010)K®, £, — KIKY
K% K% K% nonresonant
0 10 10
KsKsK|
K*(892)0 KT K~
K*(892)% ¢
KT K~ 7t 7~ nonresonant
K*(892)° K~ n
K*(892)° K*(892)°
KT KT 7~ 7 nonresonant
K*(892)° K+ 7~
K*(892)° K*(892)°
K*(892)T K*(892)~
K1(1400)% ¢
P (Km)E0

P (Km)E0 (1.60<my , <2.15) [ett] <
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1.6 +
1.03+
2.8 +
3.0
2.7 +
2.7 +
8.6 +
7.8 +
1.21+
6.7 +
4

9.6
22 +
9

1.0
2.0
2.68+

N~
o w
I+ H

H.
w
| +

4.4
3.3
6.0
2.7

= oo
w o

@

H H I+ H+ H H H I+

fay
(e)]

2,75+
1.00+
7.17
45 +
8.3 £
6.0
2.2

2.0
5.0
43 £
1.7

04 )x107°
0.26) x 107>
12 )x107°
x 1073
0.6 ) x 1072
0.9 )x 10~
2.0 ) x 1076
15 ) x 1078
0.16) x 10~
0.5 )x 1070
x 107
x 10~ 7
0.6 ) x 10~
x 107
x 1076
x 10~0
0.11) x 1072
0.7 )x 107
38 )><10_6
Og ) X 107>
2 ) x 10~7
0.9 )x 10~
1.0 ) x 107°
0.5 )x 1070
1.8 ) x 1070
58 ) x 10~7
6 )x10~7
0.31) x 1072
x 1072
0.26) x 10~
0.05) x 10—°
x 1072
13 )x 1070
2.4 ) x 10~
x 10~6
x 1076
x 10~ 7
x 100
x 1073
0.4 )x10°0
x 100

CL=90%

CL=90%
CL=90%

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

S=1.1

CL=90%

CL=90%

S=1.5
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%

CL=90%

2471
2504

2388
2381

2593
2593
2578
2540

2579
2578
2516
2453
2522
2516

2393

2522
2521

2521
2521
2467
2460
2559
2524
2485
2559
2524
2485
2485
2340
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K5(1430)0 K~ 7t
K5(1430)0K*(892)°
K(1430)0 K (1430)0

K*(892)%y

K*(1410)~

K™ 7™~ nonresonant
K*(892)° X(214), X —
KOntn=~
Kt~ 7r0'y
K1(1270)°
K1(1400)°
K3(1430)°
K*(1680)°
K§(1780)3
K3 (2045)

22222

VANVAN

AN NN N ANA

[uuy] <

3.18 x 1072
3.3 x 100
8.4 x 100
39 + 0.8 )x1070
1.7 x 100
4.7 x 100
3.5 x 10~6
2.7 x 10~
1.53 x 1072
1.1 x 10™3

6.8 = 0.9 )x 1070
3.7 £ 0.7 )x 1070

3.1 x 10~9
76 + 1.8 )x 1070
6.4 x 100

2.7 + 0.7 )x 1070
46 + 1.4 )x 1070
418+ 0.25) x 107°

1.3 x 10~ 4
2.6 % 10— 6
2.26 x 10~8

1.994+ 0.18) x 10—°
41 + 0.4 )x107°

5.8 x 1072
1.2 x 1072
1.244+ 0.24) x 10~°
2.0 x 10~3
8.3 x 107°
4.3 x 10™3

Light unflavored meson modes

POy
0 X(214), X — ptpu~

wy

oy

£(1270)y, f —
(KS)(KS)°

f’2(1525)7, f’2 —
(KS)°(KS)°

P

7070

nmo
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8.6 + 1.5 )x 10~/

1.73 % 10—38

1.8 _
44 T 18 )x1077
1.0 x 10~ 7
3.1 x 10~
2.1 x 10~

5.37+ 0.20) x 1070
1.55+ 0.17) x 1076
41 + 1.7 yx 10~

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

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

S=1.2

S=1.3
CL=90%

CL=90%

S=2.1

CL=90%

CL=90%
CL=90%

CL=90%
CL=90%

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

CL=90%

CL=90%

5=13
S=1.1

2404
2360
2222
2333
2360
2222
2238

2381
2332
2305
2338
2587
2528
2516
2615
2565
2451
2615

2609
2610
2491
2454
2447
2360
2340
2243

2583

2582
2541

2636
2636
2610

Created: 5/30/2025 07:44



Citation: S. Navas et al. (Particle Data Group), Phys. Rev. D 110, 030001 (2024) and 2025 update

nn < 10 x 1076 CcL=00% 2582
n 70 (12 +06)x100 s=17 2551
n'n < 17 x 1076 CL=00% 2460
n'n < 12 x 1076 CL=00% 2523
7 p° < 13 x 1076 CL=90% 2492
n £(980), fy — wta— < 9 x10~7 CL=90% 2454
np° < 15 x10~6 CcL=00% 2553
nf(980), fy — 7T 7~ < 4 x10~7 CL=90% 2516
wn (94T 39 )x107 2552
wn' (1071 3% )x1070 2491
w pO < 16 x 1076 cL=00% 2522
wfy(980), fy — w7~ < 15 x 1070 CL=90% 2485
ww ( 1.40+ 0.25) x 10~ 2521
O < 15 x10~7 CL=00% 2540
on < 5 x10~7 CL=90% 2511
o' < 5 x 1077 CL=90% 2448
ontn~ ( 1.8 £ 05)x107 2533
¢ p° < 33 x10~7 CL=90% 2480

¢ (980), fg — wta~ < 3.8 x 107 CL=90% 2441
pw < 7 x10~7 CL=90% 2479
oY) < 27 x 1078 CL=00% 2435
a9(980) 7 ¥, af — nrt < 31 x 1076 CL=90% -
ag(1450)* ¥, ay — nrt < 23 x 10~6 CL=90% -
ata— a0 < 72 x 1074 CL=90% 2631
pO 70 ( 20 £ 05 )x100 2581
pF [bb] ( 2.30+ 0.23) x 105 2581
ata-ata~ < 112 x 1072 CL=90% 2621
POt~ < 88 x 1070 CL=90% 2575
p9 p0 ( 96 + 15 )x107 2524
(980) 7T 7, fy — < 30 x 1070 CL=90% -

T
p°£y(980), fy — wta~ ( 78 £ 25 )x10~7 2486
f5(980) 5(980), fy — < 19 x10~7 CL=90% 2447
atn—, fo — rta~
f(980) £5(980), fy — w7, < 23 x 1077 CL=90% 2447
fy = KtK-

a1(1260)F 7+ [bb] ( 2.6 £ 05)x107% S=19 2495
ap(1320)F 7+ [bb] < 6.3 x 1076 CL=00% 2473
ata= x070 < 31 x 1073 CL=90% 2622
ptp~ ( 277+ 0.19) x 107 2524
a1(1260)% 70 < 11 x 1073 CL=00% 2495
wO < 5 x10~7 CL=90% 2580
atatn— a0 < 9.0 x 1073 CL=90% 2609
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a1(1260)" p~ < 61 x 1075 CL=90% 2433

a1(1260)° o0 < 24 x 1073 CL=90% 2433

b nt, b = wat ( 1.09+ 0.15) x 107> -
pO70 bY — wn? < 19 x 1076 CL=90% -
by pT, bl — ww™ < 14 x 1070 CL=90% -
p0p0, BY — wnd < 34 x 1076 CL=00% -
rtateto— o=~ < 3.0 x 1073 CL=90% 2592

a1(1260) T a1 (1260)~, a] — ( 118+ 0.31) x 1075 2336

2t~ al_ — 2 xt
atatatr—n a0 < 11 % CL=90% 2572
Baryon modes

pp ( 127+ 0.14) x 1078 2467
pprt T ( 2.87+ 0.19) x 1070 2406
pPKT 1~ ( 63 £ 05 )x1070 2306
pp KO ( 2.66+ 0.32) x 100 2347

O(1540)*p, ©F = pK%L [wm] < 5 x 108 CL=90% 2318

f1(2220)K°, f; — pp < 45 x 1077 CL=90% 2135
pPK*(892)° ( 124T 328y 106 2216

f1(2220) K, f; — pp < 15 x 107 CL=90% -
pPKT K™ ( 121+ 0.32) x 10~ 7 2179
ppn° ( 50 + 1.9 )x10~7 2440
pppPP ( 22 + 04 )x10°8 1735
pAmT~ ( 3.16+ 0.24) x 1070 2401
pAT v < 65 x 1077 CL=90% 2401
pX(1385)~ < 26 x 1077 CL=90% 2363
A(1232)tp + A(1232)7p < 16 x 1076 -
A%A < 93 x10~7 CL=90% 2364
pAK™ < 82 x 1077 CL=90% 2308
pAD~ ( 25 + 04 )x107° 1765
pAD*~ ( 34 + 08 )x107° 1685
pXOn— ( 12 £ 04 )x10° 2383
AA < 32 x 1077 CL=90% 2393
AAKO (48 T 9 )x1070 2250
ANK*0 (25 T 33 )x1070 2008
AADO ( 100" 33%)x 105 1662
D°>0A+ cc. < 31 x 1075 CL=90% 1611
A0 A0 < 15 x 1073 CL=90% 2335
AT A= < 11 x 1074 CL=90% 2335
D%pp ( 1.04% 0.07) x 10~4 1863
D_Ap ( 2.8+ 09)x107° 1710
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D*(2007)° pp (9.9 + 1.1 )x105 1788
D*(2010)~ pn ( 14 + 04 )x103 1785
D~ ppn™t ( 3.324 0.31) x 1074 1786
D*(2010)~ pp7™ ( 47 £ 05)x107% S=12 1708
DO pprtn— ( 3.0 £ 05 )x10~4 1708
D0 pprtn— ( 1.9 + 05 )x10~4 1623
O.pnT, 6. — D7 p < 9 x 106 CL=90% -
o.prt, 6. — D* p < 14 x 1073 CL=90% -
Y_TATT < 8 x 10~% CL=90% 1839
A prta— ( 1.01+ 0.14)x10~3 S=1.4 1934
Ap ( 152+ 0.17) x 1079 2021
A pr® ( 1.53+ 0.18) x 10~4 1982
> (2455)" p < 24 x 1072 -
A prt o= a0 < 507 x10~3 CL=90% 1883
A prta ot < 274 x 1073 CL=90% 1821

A p7T 7~ (nonresonant) ( 54 + 10)x107% S=13 1934

3 (2520)" " pmt ( 1.01+ 0.18) x 10~4 1860

3 (25200 prr— < 31 x 1075 CL=00% 1860

3 (2455) prr— ( 1.08+ 0.09) x 10—4 1895

3 (2455)0N0, NO ( 63+ 1.6 )x1075 -
pT

3 (2455)" " pm T ( 1.89+ 0.15) x 10~4 1895
AZpKtm™ ( 34 £ 07)x107° 1786

Y (2455)" " pKT, X7 — ( 87 + 25)x10°° 1754

Z;W_

AZ pK*(892)° < 242 x 1075 CL=90% 1647
A pKTK™ ( 2.0 £ 04 )x107° 1588
A po < 9 x 1076 cL=90% 1567
A ppp < 28 x 106 677
ACAKT ( 48 + 1.1 )x107° 1767
AZ AT < 16 x 1075 CL=95% 1319
Ae(2593)" / A.(2625)" p < 11 x 10~4 CL=90% -
oAt ( 11 + 08 )x1073 1147
ZOANE. o Etaa ( 23+ 10)x1072 S=18 1147
ZOAT E0 o pKTr ( 52 £ 1.6 ) x 1070 -~
AT A KO ( 40 + 09 )x10~4 732
Ac(2910)~ p, A — ( 12 4+ 04 )x107° -

3 (2455) " x T
Ac(2910)~ p, AT — (10 +4 )x1070 -~

3 (2455)0 7~
Zc(2930)"AF, =T = AZ KO ( 24 + 06 )x10"4 -
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Q7,20 — o rf < 97 x 1078 CL=95% —
2.(27170)°A, 20 - @~ x < 312 x 1077 CL=95% -
20N, 20— o rt < 95 x 108 CL=95% -
2.(27170)°70, 20 - @~ xt < 1.00 x 1077 CL=95% -
AMppg [xxx] < 0.13-5.2 x 10~° -

Lepton Family number (LF) or Lepton number (L) or Baryon number (B)
violating modes, or/and AB = 1 weak neutral current (B1) modes

vy BI < 64 x 1078 CL=00% 2640
et e BI < 25 x 1079 CL=90% 2640
et e vy B1 < 12 x 1077 CL=90% 2640
wtp~ BI < 15 x 10710CcL=00% 2638
prp Tt T BI < 1.8 x 10710CL=05% 2629

SP, S— utu~, BI [yy] < 6.0 x 10~10CL=95% -

P— ptp”

aa, a— putp” B1 < 23 x 10~10CL=095% -
TrrT BI < 21 x 1073 CL=95% 1952
00t e B1 [ii] < 38 x 1078 CL=90% 2638
et e~ BI < 79 x 1078 CL=90% 2638
O ut BI < 59 x 1078 CL=90% 2634
A BI  [iii] < 48 x 1078 CL=90% 2611
net e BI < 1.05 x10~7 CL=90% 2611
nut T B1 < 94 x 1078 CL=90% 2607
p(770)0 et e~ B1 < 455 x 10~7 CL=90% -
wete™ B1 < 3.07 x 1077 CL=90% 2582
wptp~ B1 < 249 x 107 CL=90% 2577
wlt e B1 < 220 x 107 CL=90% 2582
mOuw BI < 9 x 1076 CL=90% 2638
KOot+ e~ Bl  [ii] ( 33 + 0.6 )x10~7 2616
KOet e~ B1 (25 T 33 )x1077 S=13 2616
KOyt~ BI ( 339+ 035)x10~7 S=11 2612
KOvw BI < 26 x 1075 CL=90% 2616
%7 BI < 40 x 1075 CL=90% 2583
K*(892)0 ¢/t ¢~ Br [ii] ( 99 F 121077 2565
K*(892)% et e~ BI (1037 919y x 1076 2565
K*(892)° it pu~ BI ( 9.4 + 05 )x107 2560
K*(892)0 rt 7~ B1 < 31 x 1073 CL=90% 1404
DOyt BI < 40 x 1078 CL=90% 2305
ataut BI ( 2.1 £ 05 )x10"8 2626
K*(892)° v B1 < 18 x 1075 CL=90% 2565
invisible B1 < 24 x 1072 CL=90% -
VU B1 < 16 x 1072 CL=90% 2640
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odpt T BI < 32 x 1079 CL=90% 2537
VU B1 < 127 x 1074 CL=00% 2541
et T LF [bb] < 1.0 x 1079 CL=90% 2639
n0e® T LF < 14 x10~7 CL=90% 2637
KOe* ;ﬁ LF < 38 x 1078 CL=90% 2615
K*(892)%e™ 1 LF < 6.8 x 1079 CL=90% 2563
K*(892)% e~ it LF < 57 x 1079 CL=90% 2563
K*(892)0 e 1/ F LF < 101 x 1078 CL=90% 2563
K*(892)° 7+ 1~ LF < 1.0 x 1075 CL=00% 2221
K*(892)0 7~ pt LF < 82 x 1076 CL=00% 2221
et T LF  [bb] < 16 x 1075 CL=90% 2341
ptrF LF [bb] < 1.4 x 1075 CL=05% 2340
pu- LB < 26 x 1079 CL=90% 2555
AT LB < 14 x 1076 CL=90% 2143
ATe” LB < 4 x 1076 CL=00% 2145
B*/B° ADMIXTURE
CP violation

Acp(B — K*(892)y) = —0.003 + 0.011

Acp(B — sv) = 0.015 + 0.011

Acp(B — (54 d)7y) = 0.010 = 0.031

Acp(B = Xgft07) =0.04 +0.11

Acp(B — X 0T 07) (1.0 < g° < 6.0 GeV?/c*) = —0.06 £0.22

Acp(B — X ¢t07) (10.1 < g% < 12.9 or g% > 14.2 GeV?/c?)
=0.194+0.18

Acp(B — K*eTe™)=-0.18 £0.15

Acp(B — K*utp~)=—-0.03+0.13

Acp(B — K*{T{~) = —0.04 £ 0.07

Acp(B — mnanything) = —0. 13+8 8‘;
AACP(XS'V) = ACP(BZE — Xs'y) ACP(BO — Xs'y) =
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*tv) + Acp(B°
K*04))/2 = —0.001 + 0.014

The branching fraction measurements are for an admixture of_B mesons at
the T(4S). The values quoted assume that B(7(4S) — BB) = 100%.
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For inclusive branching fractions, e.g., B — Dt anything, the treatment
of multiple D's in the final state must be defined. One possibility would
be to count the number of events with one-or-more D’'s and divide by
the total number of B's. Another possibility would be to count the to-
tal number of D’'s and divide by the total number of B's, which is the
definition of average multiplicity. The two definitions are identical if only
one D is allowed in the final state. Even though the “one-or-more” def-
inition seems sensible, for practical reasons inclusive branching fractions
are almost always measured using the multiplicity definition. For heavy
final state particles, authors call their results inclusive branching fractions
while for light particles some authors call their results multiplicities. In the
B sections, we list all results as inclusive branching fractions, adopting a
multiplicity definition. This means that inclusive branching fractions can
exceed 100% and that inclusive partial widths can exceed total widths,
just as inclusive cross sections can exceed total cross section.

B modes are charge conjugates of the modes below. Reactions indicate

the weak decay vertex and do not include mixing.

B DECAY MODES

Fraction (I';/T)

Scale factor/ p
Confidence level (MeV/c)

Semileptonic and leptonic modes
(T vpanything liiizzz] ( 10.82 + 0.15 )% -
D~ ¢t vypanything il ( 26 =+ 05 )% -
DO ¢+t vpanything il (72 £ 15 )% -
DTy, ( 241 + 012 )% 2311
D*~ ¢t vyanything [aaaa] ( 67 + 13 )x1073 -
D* Ty, [bbaa] (  4.95 £ 0.11 )% 2257
D** ¢t vy liiiiccaal (27 + 0.7 )% -
D1(2420) ¢+ vpanything ( 38 + 13 )x1073 S=24 -
D7 ¢T vyanything + ( 26 +05 )% S=15 -~
D* 14T vyanything

D7 ¢T vyanything ( 15 +£06 )% -
D* 10T vyanything ( 19 +£04 )% -
D3(2460) (™ vy anything ( 44 + 16 )x1073 -
D*~ 7t vypanything ( 1.00 £ 034 )% -
Drta= Ty, ( 162 + 032 )x10"3 2301
D*ntn 4Ty, ( 94 + 32 )x1074 2247
D, (" vpanything li] < 7 x 1073 CL=90% -
D/ (T vy KT anything liil] < 5 x 103 CL=90% -
D " vy K%anything lil < 7 x 1073 CL=90% —~
X AT v, ( 10.63 + 0.15 )% -
AR ( 1.92 + 021 )x1073 -
X, et v, ( 157 + 0.19 )x 1073 -
Xupnt v, ( 162 + 021 )x10"3 -~
KT 0T vpanything il] (63 £ 05 )% -
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K~ ¢T vpanything

KO /K%¢+ vyanything
Drru,
D*rtu,

L]
[iii]

D, D*, or Ds modes

D* anything

D° /DO anything

D*(2010)* anything

D*(2007)%anything

Djilanythir?g

D = anything

DD

D Dy(2317)

D D, 5(2457)

D) D) KO
D) D) k*

b— ccs

D, ) D)

D* D*(2010)*

D D*(2010)* + D*D*

D D*

D, ED ) X (nn)

D*(2010) v

Diw, Dyt a, Dfp~.
D:+p_, D;}-WO, D:+7TO,
D n, DI, D0,
Dt p0, Dfw, Difw

D;1(2536) anything

[bb]

[bb,ddaa]

[bb,ddaal]

[bb,ddaal]

Charmonium modes

J/1(1S)anything
J/1(1S) (direct) anything
(2S)anything
Xc1(1P)anything
Xc1(1P)(direct) anything
Xc2(1P)anything
Xc2(1P)(direct) anything
nc(1S)anything
K x1(3872)
K X(3940), X — D*0pY
KXC0(3915), Xco — wJ/@D [eeaa]

https://pdg.Ibl.gov

[bb] <
[bb] <
[bb] <

[bb] <

(
(
(
(

A~ AN AN AN N~

(

(
(

(

(
(
(
(
(
(
(

(
(

10
4.6
8.3
1.42

23.1
64.6
22.5
26.0
10.6

6.3

3.4

seen

seen

7.1

22
5.0
5.9
55
3.1

4

9.5

+
+
+
+

H H H H H H H

I+
=N
ENEN

1.094+

7.8
3.07
3.55
3.08
9.9
7.5
9
1.9
6.7
7.1

Page 126

+
+
+
+
+
+

+

+

4 )x1073 _
05 )% _
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2.1
15
2.7
0.6
1.0
0.6

) % -
) %
) % -
) % -
) %
) % -
) % -

) % -

N

) % -
) % -
x 1073 CL=90% 1711
x 1073 CL=90% _
x 1073 CL=90% 1866

2 )% -
CL=90% 2257
CL=90% -

x 10—3
X 10_4

x 103 CL=90% -

0.032) % S=1.1 -~
04 )x1073 s=11 -
0.21 )x 1073 _
0.27 ) x 1073
0.19 ) x 10—3 -
1.7 )x10~4
1.1 )x10~4 -

x 1073 CL=90% _
07 )x10~4

x 1070
3.4 )x1072

CL=90%
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K or K* modes

K= anything [bb] ( 789 + 25 )% -
K+ anything ( 66 +£5 )% -
K™ anything (13 +4 )% _

KO/WOanything [bb] ( 64 + 4 )% -

K*(892)ianything ( 18 +£6 )% -

K*(892)° / K*(892)%anything [bb] ( 146 + 26 )% -

K*(892)~y ( 42 +£06 )x107° 2565

nK~y ( 85 T 1% yx106 2588

K1(1400)~ < 127 x 10™4 CL=90% 2454

K’(1430) ( 17 T3 yx105 2447

K> (1770) < 12 x 1073 CL=00% 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 ( 23 409 )x10° 2306

b— 37 ( 3.49 + 0.19 ) x 1074 -~

b— dvy ( 92 + 30 )x1076 -~

b — Sgluon < 68 % CL=90% -
n anything ( 26 T 8:3 ) x 10~4 -
n' anything ( 42 +09 )x1074 -
K™ gluon (charmless) < 187 x 10~% CL=90% -
KOgluon (charmless) ( 19 +07 )x1074 -

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

p/wy ( 130 + 023 )x107% s=12 -
7+ anything [bb,ffaa] ( 358 +7 )% -~
79 anything (235 +11 )% -
1 anything ( 176 +£ 16 )% -
P9 anything (21 +£5 )% -
w anything < 81 % CL=90% -
¢ anything ( 343 £012)% -

»K*(892) < 22 x 1072 CL=90% 2460

7T gluon (charmless) ( 37 +08 )x1074 -

Baryon modes

/\j:r / ﬂc_ anything ( 355 + 035)% -
/\j’anything < 1.3 % CL=90% -
ﬂc_ anything < 7 % CL=90% -
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ﬂc_ (T anything < 9 x 10~% CL=90% -

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

ZC— uT anything < - 14 x 1073 CL=90% -
ﬂc_p anything ( 202 £032)% -
A petu, < 8 x 1074 CL=90% 2021
X _ " anything ( 33 + 17 )x1073 -
Y anything < 8 x 1073 CL=90% -
>Yanything ( 36 + 17 )x103 -
SON(N = por n) < 12 x 1073 CL=90% 1938
=%anything, =% —» =~ #* (193 £ 030 )x10~4 s=11 -
_:i', _:i' - ZTqatqaT ( 45 T }g ) x 10~4 -
p/ P anything [bb] ( 80 + 04 )% -
p/p (direct) anything [bb] ( 55 + 05 )% -
peT Ve anything < 5.9 x 104 CL=90% -
A/ A anything [bb] ( 40 £ 05 )% -
A anything seen -
A anything seen -
=~ /=T anything [bb] ( 27 + 06 )x1073 -~
baryons anything ( 68 +£06 )% -
pp anything ( 247 £ 023)% -
Ap/Ap anything [bb] ( 25 + 04 )% -
AA anything < 5 x 1073 CL=90% -

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

sete™ BI ( 67 + 17 )x107% s=20 -
sput T BI ( 43 + 10 )x10°6 -~
ST i~ Bl [ii] ( 58 + 13 )x1070 s=138 —~
AN BI < 59 x 1078 CL=90% 2638

mete” BI < 110 x 10~/ CL=90% 2638

Tt BI < 50 x 1078 CL=90% 2634
Kete™ BI ( 44 + 06 )x10~7 2617
K*(892)e™ e~ B1 ( 119 + 020 )x1070 S=12 2565
Kuptpu~ BI ( 44 + 04 )x1077 2612
K*(892) ™ ™ BI ( 1.06 + 0.09 )x 10~ 2560
Kot e~ BI ( 48 + 04 )x1077 2617
K*(892) 4™ ¢~ BI ( 1.05 + 0.10 ) x 107° 2565
Kvo B1 < 16 x 1072 CL=90% 2617
K*vo B1 < 27 x 1072 CL=90% -
VU B1 < 8 x 1076 cL=90% 2638
%7 B1 < 28 x 1072 CL=90% 2583
setuF LF  [bb] < 2.2 x 10~5 CL=90% -~
ret T LF < 92 x 1078 CL=90% 2637
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pet T LF < 32 %1076 CL=90% 2582
Ket T LF < 38 x 1078 CL=00% 2616
K*(892) e* T LF < 51 x 1077 CL=90% 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 = (1.5673 4 0.0029) x 10712 5
Mean life 7 = (1.72 4+ 0.10) x 1071? s  Charged b-hadron
admixture
Mean life 7 = (1.58 4 0.14) x 1071%s  Neutral b-hadron ad-
mixture

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

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

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

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

_ Scale factor/ p
b DECAY MODES Fraction (I';/T) Confidence level (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 “BO-BO Mixing” in the B
Particle Listings. We no longer provide world averages of the b-hadron
production fractions, where results from LEP, Tevatron and LHC are av-
eraged together; indeed the available data (from CDF and LHCb) shows
that the fractions depend on the kinematics (in particular the pT) of the
produced b hadron. Hence we would like to list the fractions in Z de-
cays instead, which are well-defined physics observables. The production
fractions in pp collisions at the Tevatron are also listed at the end of the
section. Values assume

B(b— BT)=8B(b— BO)
B(b — BY) +B(b— B%) +B(b— BY) + B(b— b-baryon) = 100%.
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The correlation coefficients between production fractions are also re-
ported:
cor(BO, b-baryon) = 0.064
s
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 )% —
B (100 + 0.8 )% —~
b-baryon ( 84 +£11)% -

DECAY MODES

Semileptonic and leptonic modes

vanything (231 +£15)% -
¢t vyanything [il] ( 10.69+ 0.22) % -
et veanything ( 10.86+ 0.35) % -
ut vy anything ( 10.95T 8:%2)% -
D~ ¢T vpanything lil] ( 22 + 04 )% S=1.9 -

49 + 1.9 )x 1073 -
26 + 1.6 ) x 1073 -
6.79+ 0.34) % -
1.074+ 0.27) % -
23 + 1.6 ) x 1073 -
2.75+ 0.19) % -
6 + 7 )x1074 -
48 + 1.0 )x 1073 -
2.6 + 0.9 )x 1073 -

D~ nt ¢ vyanything
_D_7r_€+uganything
DO_EJF vpanything [iii]
907?_£+ vpanything
DO 7t ¢F vpanything
D*~ ¢T vpanything [iii]
D*~ 1w~ 4T vypanything
D*~ 7T 0T vpanything
Dj-)£+ vpanything X [iii,ggaal
B(EJQ — D*t ™)
D ¢ vpanything x liiggaal ( 7.0 + 2.3 )x 1073 -
B(D; — D7)
D%(2460)° ¢ vy anything < 14 x 103 CL=90% -
x B(D3(2460)° —
D*~ )

e e e N N T T N N
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D§(2460)_€+uganything ( a2 T %g ) x 10~3 -
x B(D35(2460)" —
DOz )
5;(2460)0€+Vganything ( 1.6 + 08 )x10~3 -
x B(D3(2460)° —
D~ nT)
charmless (7, [il] ( 1.7 + 05 )x10~3 -
7T v_anything ( 241+ 023)% -
D*~ v anything (9 +4 )x1073 -
¢ — {~ Uyanything [ii] ( 8.02+ 0.19) % -
(

¢ — (T vanything 16 T g:g ) % -

Charmed meson and baryon modes

DO anything (587 £ 28)% -
0 p* : 4.0 o
D" D_ anything bb] ( 91 T 58 )% -
+ . 23 o
D¥ D anything [bb] ( 40 T T3 )% -
NOo N0 : 2.0 yo
D* D¥ anything [bb] ( 51 T 18 )% -
0 p=* : + 1.8 o -
D* D+ anything bb] (27 T 76)%
D* DF anything [bb] < 9 x 1073 CL=90% -
D™ anything (227 £ 16 )% -
D*(2010)* anything (173 £ 20 )% -
D; (2420)° anything ( 50 + 1.5)% -
D*(2010)F Dfanything bb] ( 33 T %g ) % -
DO D*(2010)* anything [bb] ( 3.0 T éé ) % -
+ ; 1.2 Vo
D*(2010)* DT anything bb] ( 25 T 10 )% -
D*(2010)* D*(2010)T anything [bb] ( 1.2 + 0.4 )% -
D Danything (10 J_F%(IJ ) % -
D3(2460)Oanything (47 +£27)% -
D_ anything (147 £21)% -
D:anything (101 £ 31)% -
+ : 0
Al anything (76 £11)% -
€/ c anything [ffaa] (116.2 + 3.2 )% -
Charmonium modes
J/1(1S)anything ( 116+ 0.10) % -
¥ (2S)anything ( 3.06+ 0.30) x 10—3 -
Xco(1P)anything ( 30 + 06 )x10"3 -
Xe1(1P)anything ( 59 + 15)x1073 S=12 -
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Xc2(1P)anything

Xc(2P)anything, x. = ¢¢

nc(1S)anything
nc(2S)anything, ne — ¢¢
Xc1(3872)anything, xc1 —

X0y
Xc0(3915)anything, xco —

ol

5y
svv

K= anything
K%anything

7+ anything
70 anything
¢anything

p/Panything
A/ Aanything
b-baryon anything

charged anything
hadron™ hadron™

charmless

B1

( 16 + 1.2 )x103

< 28 x 10~ 7 CL=95%

( 57 + 07 )x10"3
( 41 + 16 )x10~7

< 45 x 10~ 7 CL=95%

< 31 x 10~ 7 CL=95%

K or K* modes

( 31+ 11)x10"4

< 6.4 x 104 CL=90%

(74 +6 )%
(290 + 29)%

Pion modes

(397 +21 )%
(280 +60 )%
( 282+ 0.23)%

Baryon modes

(131 + 1.1)%
( 59 +06)%
(102 + 2.8 )%

Other modes

(497 +£7 )%

1.0 -
(17 52 )x1075
(7 421 )x1073

AB = 1 weak neutral current (B1) modes

uT 1~ anything

< 32 x 104 CL=90%

B*

1(JF) = 37)
I, J. P need confirmation.

Quantum numbers shown are quark-model predictions.
Mass mg. = 5324.75 & 0.20 MeV
Mpe — Mg = 45.18 £+ 0.20 MeV
Mgy — Mgy = 45.34 £+ 0.20 MeV

B* DECAY MODES

Fraction (I';/T)

p (MeVc)

B~y

seen

45
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B;(5721) 1uPy = 1ath)
I, J, P need confirmation.
B1(5721) mass = 5726.0 73> MeV
Mgy — Mg = 401.2‘_@:‘71 MeV
1
B1(5721)° mass = 5726.1 + 1.2 MeV (S = 1.2)
g0 — Mgy = 446.7 £ 12 MeV (S = 1.2)
1
Mgo — Mg = 4014 £12MeV (S =12)
1

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

m

B, (5721) DECAY MODES Fraction (I';/T) p (MeV/c)
B*r seen 365
5(5747) 1uP) = 1h)
I, J. P need confirmation.

B3(5747)" mass = 5737.3 + 0.7 MeV
Mgy — Mpgo = 457.5 + 0.7 MeV
2

B5(5747)° mass = 5739.6 + 0.7 MeV (S = 1.4)
Mg — Mpgo = 135+ 1.4 MeV (S =1.3)

B ~ Mg+ = 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

B;(5747) DECAY MODES Fraction (I';/T) p (MeV/c)
Brm seen 420
B*r seen 376
B,(5970) 1(JP) = 3(7%)
I, J. P need confirmation.

B;(5970)" mass m = 5965 + 5 MeV
Mg (5070)+ — MpBo = 685 + 5 MeV
B;(5970)° mass m = 5971 + 5 MeV
Mg (50700 — Mp+ = 691 + 5 MeV
B;(5970)" full width I' = 62 & 20 MeV
B;(5970)° full width I' = 81 + 12 MeV
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B (5970) DECAY MODES Fraction (I';/T) p (MeV/c)
Br possibly seen 633
B* seen 592

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

0_ e _0__ . . i
B, = sb, B, =5b, similarly for B: s

BY 1(JP) = 0(07)

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

Mass mgo = 5366.93 + 0.10 MeV
mgo — mpg = 87.37 £ 0.12 MeV
Mean life 7 = (1.516 + 0.006) x 1071 s

cr = 454.5 um

Algo=Tpgo = Tgo = (0.082 =+ 0.005) x 1012 s~!

sH

B° Bg mixing parameters

mpgo = (17.765 + 0.006) x 1012 7i s~ 1
sL

= (1.1693 + 0.0004) x 10~8 MeV
= AmBo/F 0 = 26.93 £ 0.10

X (BO BO m|X|ng parameter) = 0.499314 + 0.000005

AmBO = mBO
s sH

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

Ckk(BY — KTK™)=0.162 £ 0.035

Skk(BY— KTK™)=0.14 £0.05 (S=13)

rp(BY — DT K*) =0.377023

rp(BY — D;F K* 7t xT) = 0.47 £ 0.08

5p(B? — DEKT) = (358 £ 14)°

op(BY » DEKTatr¥) = (-6113)°

CP Violation phase 3, (b — cCs) = (2.0 & 0.8) x 1072 rad
CP Violation phase 8, (b — s3s) = (3.7 + 3.5) x 1072 rad

IA] (B = J/(1S)¢) = 0.988 £ 0.009
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|A| (b = c€s) =0.989 + 0.008

A, CP violation parameter = —0.79 + 0.08
C, CP violation parameter = 0.19 + 0.06

S, CP violation parameter = 0.17 + 0.06

AL L (Bs — J/¢¥K*(892)%) = —0.05 + 0.06
Al (B

— J/YK*(892)%) = 0.17 £ 0.15
A5p(Bs — J/¢YK*(892)%) = —0.05 + 0.10
Acp(Bs = mtK™) = 0.224 + 0.012
Acp(BY — [KTK~]pK*(892)%) = 0.06 + 0.04
Acp(BY — [nt K~]pK*(892)°) = —0.009 £ 0.023
Acp(BY — [nt 7~ ]pK*(892)°) = 0.00 + 0.06
Acp(BY — [KTn~nt 7~ ]pK*(892)%) = —0.029 £ 0.024
Acp(BY — [nta=ata™]pK*(892)°) = 0.02 + 0.05
R =T(BY — [7~KT]pK*®) /T(B? = [T K~ ]pK*0) =
0.004 + 0.006
R, =T(BY = [rTK-]pK*®) /T(B? = [~ KT]pK*0) =
0.004 + 0.006

RI =1(BY —» [r~KTrTn~|pK*?) /[(BY -
[7T K~ T2~ ]p K*®) = 0.019 + 0.008

R, =T(BY —» [r"K nT7 " |pK*0) /(B? -
[7~ KT nt 7~ ]p K*®) = 0.015 + 0.008

S(B? — ¢v) =0.43 £0.32

(B2 — ¢v)=0.11+031

AR(BY = ¢y)=—0.7+£0.4

Aa; < 1.2x10712 GeV, CL = 95%

Aay = (—0.9 + 1.5) x 107 GeV

Aay = (1.0 £ 2.2) x 1071 GeV

Aay = (—3.8+2.2) x 10714 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 )% -
D7 anything (92 +11 )% -
D° /D anything (38 +£10 )% -
12794 (9.6 £ 08)% -
etv X~ (9.1 + 08)% -
pt v X~ (102 + 1.0 )% -
D;€+Vganything [hhaa] (81 + 1.3 )% -
D~ ¢+ vpanything (54 + 1.1)% -
D pty, ( 229+ 0.21) % 2321
D puty, (52 + 05)% 2266
Ds1(2536) p* v, Dy — (27 + 07 )x103 -
D*~ K%
Ds1(2536)" Xputv, D — (44 + 1.3 )x103 -
DOKT
Dsp(2573)" Xptv, D — (27 + 1.0 )x 1073 -
DOK+
K™ ntu, ( 1.06 0.09) x 104 2660
D mt ( 2.98+ 0.14) x 103 2320
D pt (68 + 1.4 )x 1073 2249
DEE SN S (61 + 1.0)x1073 2301
Ds1(2536)" 7, D — (2.4 £+ 08)x107° -~
D;W+W_
DT K= ( 225+ 0.12) x 10~4 2203
Ds1(2536)F K+, D — ( 2.48+ 0.28) x 1075 -
D*(2007)° K~
D Ktrtn~ (32 + 06 )x10"4 2249
DD (45 + 06 )x1073  S=1.3 1824
D_ DT (31 £ 05)x1074 1875
Dt D~ (22 + 06 )x104 1925
D*+ D*~ ( 2.14+ 0.32) x 1074 1778
DO DO (1.9 + 05 )x10~4 1930
DI nt (19 T 32 )x1073 2265
DT K* (1.327F 039y x 104 -~
D;™ p* (95 + 20 )x103 2191
Dt D- + DI DY (1.51+ 0.13) % 1742
DIt DI ( 1.58+ 0.20) % S=13 1655
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* *)—
i
B*OROS
DOKO
DOK— 7t
D*(2007)° K~ 7t
DO K*(892)°
DOK*(1410
DK} (1430
D°K K*(1430
(
Ko
3(
4

DK K* 1780
DK K* 2045)
DO K_ 7+ (non-resonant)
[KT K~ ]p K*(892)°
7
[ 7~ ]p K*(892)°
[t a7t 7] p K*(892)°
D5 (2573)"n*, Dy, —
DO K~
D%, (2700)” 7, DYy —
DO K~
D7,(2860)” 7, DYy —
DO K~
D%3(2860)" 7+, D3 —
Dk~
DOKT K~
DO £,(980)

)
)
)
80)
50)
)

https://pdg.Ibl.gov

(45
( 4.0
(28
(43
( 1.04
(73
(4.4
(3.9
( 3.0
(1.1
< 78
< 11
< 26
< 31
(21
(4.4
(4.4
(4.4
(2.6

(16
(5
(22

(56
< 31
( 2.30
(32
< 6.1
(5.0
(18
( 1.03

(118

< 121
( 4.0

+
+

+
+
+
+

+
+
+
+

HOH R R

+
+

+
+
+
+

1.4 )% -
0.7 ) x 1074 1801
11 )x10~4 2278
0.9 ) x 104 2330
0.13) x 1073 2312
2.6 ) x 104 2259
0.6 ) x 104 2264
35 ) x 1074 2117
0.7 ) x 104 2113
0.4 ) x 104 2112

x 1072  CL=90% 1997
x 1074 CL=90% 1884
x 1072  CL=90% 1970
x 1072  CL=90% 1835

0.8 )x 104 2312
0.6 ) x 104 -
0.6 ) x 104 -
0.6 ) x 104 -
0.4 ) x 104 -
0.8 ) x107° -
4 )x107° -
0.6 ) x 107° -
0.9 ) x 107° 2243

x 1070 CL=90% 2242
0.25) x 1072 2235
0.4 ) x107° 2178

x 1070 CL=90% -
0.9 )x10~4 1663
0.7 ) x 1074 1840
0.04) x 1073 1588
0.14y . 10—5 764

— 0.16

+

( 1.92+

(4.1
(33

+
+

( 2.02+

< 4
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x 1072 CL=90% 1787
07 )x10~%  s=14 1733

0.14) x 1072 1743
0.4 ) x107° 1637
0.4 )x 104 1612

017) x 10~4  s=17 1775
x 1076 cL=90% -
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J/w(AS)p, p— wha~ < 3.4 x 1076 CcL=90% -
J/¥(15)1%(980), fy — (1.24+ 0.15) x 1074  s=21 -
+7T
J/zp(l )f2(1270), > — (1.0 + 0.4 )x10°0 -
J/¢(15)f§(1270)0, f — (73 £ 1.7 )x1077 -
J/¢(15) (1270)), f — ( 1.05+ 0.33) x 10~0 -
7T+7T
J/¥(18) (1270) ,, f, — (13 4+ 07 )x10° -
Tt
J/¢(i5)_@(1370), fo — (44 F 98 )x1075 -
™ T
J/@b(JlrS)fo(lSOO), fo — (2047 932y 1075 -
T
J/(1S) F5(1525), fh — ( 1.03+ 0.22) x 1070 -
Tt
J/(1S) f/2(1525)||, f/2 — (12 i_ %g ) X 10~7 -
Tt
J/(15) 5 (1525) |, £} — (5 +4 )x107' -
Tt
J/¢(i5)f0(1790), fo — (49 T199)x10-6 -~
™ T
J/¢(1S) 7t 7~ (nonresonant) (1747F (1):%2) x 1075 1775
JY(1S)KOnt < 44 x 1075 CL=00% 1675
J/P(1S)KT K™ (79 + 07 )x10~4 1601
J/W(AS)KOK= 7T+ cc. (95 + 1.3 )x 1074 1538
J/Y(1S)KOKT K~ < 12 x 1075 CL=90% 1333
J/1p K*(892)0 K*(892)° ( 1.08+ 0.09) x 10~4 1083
J/(1S) f’2(1525) (26 + 06 )x104 1310
J/¢¥(1S)pp (36 + 0.4 )x10°0 982
J/¢(15) < 73 x 1076 cL=90% 1790
J/put T, J/¢)—% ;[%u_' < 26 x 1079 CL=95% -
J/p(AS)ntr (75 + 08 )x107° 1731
J/¢(15)i(1285) (72 + 1.4 )x107° 1460
J/(1S) DO < 1.0 x 1076 CL=00% 996
»(2S)n (33 + 09 )x10"4 1338
»(2S) 1 ( 1.294 0.35) x 104 1158
P(2S) (69 + 1.2 )x107° 1397
»(2S) ¢ (52 + 04 )x10~% 1120
¥(2S) KO (1.9 £ 05 )x 107> 1352
Y(2S)K~ 7t (31 + 04)x107° 1310
¥(25) K*(892)° (33 + 05)x1075 1196
Xc1 @ ( 1.95+ 0.25) x 10~4 1275
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Xc1(3872)
Xcl(
Xc1(3872)
=

™
0

@ 1(980

+ o

¢ p°

pmt
X
PP
mt K=
KtK—
KO KO
KOrtrx
KOK* 7T
K*(892)_

K*(892)* K
K5(1430)* Kqﬁ
K3(1430)* KT
K*(892)° KO+ c.c.
K(1430) K%+ c.c.
K3(1430)°KO+ c.c.
KO K*(892)° + c.c.
KO KtK-
K*(892)0 p°
K*(892)° K*(892)°
¢ K*(892)°
pp
pPKT K™
ppKT ™
pprt T
pPPPP
pAK™ + c.c.
A;AW+
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¢
3872)(K+K ) non—a¢o
7T+7T

(980), £,(980) — 7T 7w~
65(1270), £(1270) —
T

(9.7
(7.6
(3.7
(7.2
7.7
1.0
1.43
3.20
8.16
6.5
(33 +
< 82
( 1.12+

HoH W

NN NN NN

+ 1.8
(61 + 18

(2.7 +
(35 +
( 1.84+
(22 +
(5.9 +
( 2.72+
( 1.76+
(9.5
( 8.4
(2.9
(1.9
(3.1
(1.0
( 2.0
(33
(1.7
(1.6
(13

< 7.67
(1.11+
(1.14+

< 4.4
(45 +
( 1.39+
(43 +
(23 +
(55 +
(36 +

H oW H H H H H W H R
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33 )x107°
3.0 ) x 1072
15 )x107°
1.0 ) x 10~/
x 100
x 10~3
x 10~4
x 104
x 1076
x 1072
0.7 )x 1072
x 107
0.21) x 10~

)><10_7

0.8 )x 10~/
0.5 ) x 1076
0.14) x 107
0.6 ) x 10~
0.7 ) x 107
0.23) x 107°
0.31) x 107°
2.1 )x 1070
0.9 ) x 107°
1.1 ) %1070
0.5 ) x 1072
25 )x 107
1.7 ) x 1072
0.6 ) x 1072
1.0 ) x 1072
2.2 )x 1072
0.4 )x10~°
0.6 ) x 1076

x 104
0.27) x 107°
0.30) x 10~

x 10~9
0.5 )x 107
0.26) x 10~
2.0 )x 10~/
1.0 ) x 1078
1.0 ) x 1070
1.6 ) x 10~4

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

CL=90%

CL=90%

CL=90%

936

961
1264
2680
2680
2654
2627
2569
2573
2568
2507
2495

2526
2579
2482
2165
2659
2638
2637
2653
2622
2607
2585

2585
2468
2467
2585
2568
2550
2531
2507
2514
2231
2355
2454
1797
2358
1979
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ATAT

C C

< 8.0

x 1079 CL=95%

1405

Lepton family (LF), lepton (L), baryon (B) number violating modes or
AB = 1 weak neutral current (B1) modes

vy BI < 3.1 x 1076 cL=90% 2683
oy B1 (34 + 04 )x1072 2587
£2(1270)~ BI (9 T2 )x1wo® 2532
f1,(1525) BI (66 + 92 )x1070 2469
#(1680)y, ¢ — KTK~ BI (92 + 24 )x1077 -
$3(1850)y, ¢3 — BI (7 T2¢ )x1wo-8 -~

KTK~
£(2010)y, fh — BI (10 + 8% yx10-7 -~

KTtK—
wtp~ BI ( 3.34+ 0.27) x 1079 2681
et e B1 < 94 x1079 CL=90% 2683
TrrT B1 < 6.8 x 1073 CL=95% 2011
wt Ty BI < 42 x 1078 CL=95% 2681
prp T T BI < 86 x 10710 cL=05% 2673

SP, S— utu-, Bl [yyy] < 22 x 1079 CL=95% -

P— ptp”

aa, a— putp” BI < 58 x 10710 cL=95% -
#(1020) ™ B1 (83 + 0.4 )x10~7 2582
F5(1525) ut BI ( 1.60+ 0.22) x 10~/ 2464
K*(892)° it pu~ BI (29 + 1.1 )x 108 2605
ataut BI (84 + 1.7 )x10°8 2670
DOyt~ BI < 12 x10~7 CL=90% 2354
Y7 BI < 5.4 x 1073 CL=90% 2587
et T LF  [bb] < 5.4 x 1079 CL=90% 2682
et 7 F LF < 14 x 1073 CL=90% 2389
ptrF LF < 42 x 1075 CL=95% 2388
duteT LF < 16 x 1078 CL=90% 2586
putrT LF < 1.0 x 1075 CL=90% 2241
pu LB < 121 x 1078 CL=90% 2600

B} 1(JP) = 0(17)

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

predictions.

Mass m = 5415.4 + 1.4 MeV (S

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

Mass m = 5828.73 & 0.20 MeV
BO — mpg.; = 503.98 + 0.17 MeV

Full Wldth =05+ 0.4 MeV

351(5830)0 DECAY MODES Fraction (I';/T) p (MeV/c)
B*T K~ seen 97
Bt,(5840)° 1(JP) = o2)
I, J. P need confirmation.

Mass m = 5839.88 + 0.12 MeV
B*O — mpg = 560.48 +0.12 MeV

FullWidth I = 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~ 0.09340.018 141
BOK? 0.43 +0.11 245
B*0 KY 0.04 +0.04 -

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

+ T - .. ,
Bl =cb, B, =¢b, similarly for B’gs

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

Mass m = 6274.47 & 0.32 MeV
mB+ B0—9078:|:05MeV

Mean life 7 = (0.510 + 0.009) x 1012 s
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The following quantities are not pure branching ratios; rather the fractions

r;/T x B(b = B,). B_ modes are charge conjugates of the modes
below.

p
B;_" DECAY MODES x B(b -+ B.) Fraction (I';/T) Confidence level (MeV/c)

J/(18) 4" vpanything seen -
J/p(1S)u™ Yy seen 2372
J/p(AS) Tt v, seen 1932
J/¢(15)W+ seen 2370
J/¢(15) K+ seen 2341
J/¢(15)7T+7T+7T_ seen 2350

J/@D(].S) a 1260) not seen 2169
J/¢(15)K+ K= rt seen 2203
J/wAS)rtat T seen 2309
»(2S) 7T seen 2051
J/¢(15) DOK+ seen 1539
J/¢(15) D*(2007)0 K+ seen 1411
J/4(15) D*(2010)*+ K*O seen 919
J/(1S) Dt K*0 seen 1122
J/¢(15) D: seen 1821
J/(1S) D:+ seen 1727
J/¢(15)pﬁﬁ+ seen 1791
pﬁﬁ+ not seen 2970
DO K™ seen 2837
DOrt not seen 2858
D*Ont not seen 2814
D*O K+ not seen 2792
DF DY <7.2x 1074 90% 2483
D¥ DO <3.0 x 1074 90% 2483
D+D° <1.9 x 1074 90% 2521
D+ DO <1.4x 104 90% 2521
D+ DO <5.3x 10~4 90% 2425
DY D*(2007)° <4.6 x 10~4 90% 2427
D+ DO <9 x1074 90% 2425
DY D*(2007)° <6.6 x 104 0% 2427
D*(2010)* D° <3.8 x 1074 90% 2467

D*(2010)+50, D*t — not seen -

D0/
D+ D*(2007)° <6.5 x 10~4 90% 2466
D*(2007)* D° <2.0 x 1074 90% -
D*(2010)+ DO, D*t — not seen 2467
D+ 70/
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D D*(2007)° <37x1074 0% 2466
D**'D*(2007)° <1.3x 1073 90% 2366
D D*(2007)° <1.3x 1073 90% 2366
D*(2010)* D*(2007)° <1.0 x 1073 90% 2410
D*(2010)* D*(2007)° <7.7 x 1074 90% 2410
Dt 5*0 not seen 2783
DT K*0 not seen 2783
D:_ K*0 not seen 2751
Dj K*0 not seen 2751
D: 10} not seen 2727
K+ KO B not seen 3098
BSW+/ B(b — BS) seen =
B.(2S)* 1(JF) =0(07)
Mass m = 6871.2 £ 1.0 MeV

The following quantities are not pure branching ratios; rather the fractions

F;/T x B(b — B.(25)).

BC(2S):|: DECAY MODES x B(b —+ B.(2S))  Fraction (I';/I) p (MeV/c)
Bi_ atn~ seen 504
cc MESONS
(including possibly non-qq states)
7c(1S) 1e(UFC) =0t )
Mass m = 2984.1 + 0.4 MeV (S = 1.2)

Full width ' = 30.5 £ 0.5 MeV (S =1.2)

Scale factor/ p
nc(1S) DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
Decays involving hadronic resonances
7' (958) 7 (2.0 £04 )% S=1.4 1323
n'(958) K K ( 1.73+£0.35) % 1131
7' (958)nn (3.4 +£0.6 )x10~3 1081
pp (1.8 £04 )% 1275
K*(892)° K~ nt + c.c. (1.8 £05)% 1278
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K*(892) K*(892)

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

dKT K™

ol

d2(rT )

20(980) 7

22(1320) 7

K*(892) K + c.c.

£(1270)7

f(1270)1

ww

wo

f2(1270) £,(1270)
1270) 1 (1525)

/

KK

KKn

nrt
n2(rt )
KTK—ntnx
KtK—nta— =0

KOK—ntr— 7t + cc.

KTK=2(rt77)
2(KTK™)
ata 70

7T+7T 71'071'0

https://pdg.Ibl.gov

(7.0 £1.2 )x 1073
(1.4 £0.6 )%

(33 T12)x10-3
(1.8 +0.4 )x 103

< 4 x 1073

seen

seen

< 1.28 %

seen
seen
(2.7 £0.9 )x 1073

< 25 x 104

( 1.08+£0.27) %
(9.7 £32 )x 1073
seen

seen

seen

seen

seen

seen

seen

seen

seen

seen

seen

seen

seen

seen

seen

seen

seen

Decays into stable hadrons

(7.1 £04 )%
( 1.32+0.15) %
(1.6 £0.4 )%
(43 +13)%
(83 +1.8)x1073
(3.4 £0.6 )%
(54 +15)%
(84 +2.4)x103
(1.4 +0.4 )x10~3

< 4 x 104

(46 £1.0 )%
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1196
1074

1104

S=2.3 1089
CL=90% 1251
1327

1196

CL=90% 1310
1145

984

S=2.1 1270
CL=90% 1185
774

524

1265
1130
1016

623

498

1140
999
994
860

1086

1084
742

S=1.1 1381
1265

1428

1386

S=1.9 1345
1304

1302

1254

S=1.4 1056
CL=90% 1476
1461
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2(rT ™) (96 £1.5 )x 103 S=14 1459
2(rt 7 x9) (15.9 £2.0 ) % 1409
3(rtmT) ( 1.8940.34) % 1407
pp ( 1.334+0.11) x 10—3 S=1.1 1160
ppn° (34 £1.3 )x 103 1101
pprT T (3.7 £05 ) x 1073 1027
AA ( 1.1040.28) x 10~3 S=1.5 901
Kt pPA+ c.c. (25 +0.4 )x10~3 773
A(1520) A+ c.c. (30 £1.3 )x 103 694
yty- (26 +£05)x10"3 901
=—=t ( 1.07£0.24) x 103 692
Radiative decays
vy ( 1.66+0.13) x 104 S=1.2 1492
Charge conjugation (C), Parity (P),
Lepton Family number (LF) violating modes

ata~ P.CP < 13 x 1074  CL=90% 1485
7070 P,CP < 4 x 1075  CL=00% 1486
KT K~ PCP < 7 x 1074 CL=90% 1408
K K PCP < 4 x10~4  CL=90% 1407

J/¥(1S) 1e(UPEYy =01 )

Mass m = 3096.900 + 0.006 MeV
Full width ' = 92.6 £ 1.7 keV (S = 1.1)
Scale factor/ p

J/4(1S) DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
hadrons (87.7 £ 05 )% -

virtualy — hadrons (13.46 + 0.07 ) % -

gg8g (641 + 1.0 )% -

Y8& (88 + 11 )% -
et e ( 5.971+ 0.032) % 1548

ete [iaa) (88 + 1.4 )x1073 1548
ptu ( 5.961+ 0.033) % 1545
ete ete (55 + 05 )x107° 1548
ete ut " (353 + 0.26 ) x 107> 1545
ptu T (111 + 0.11 )x 1070 1530

Decays involving hadronic resonances

pT (1.88 + 0.12 )% S=2.6 1448

pO 0 (62 =+ 06 )x10-3 1448
a5(1320)% 7t 7~ — (2.8 + 06 )x1073 -

2n T )7
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ay(1320) 7= 7%+ c.c —
2(nt )70
a>(1320)p
nrta~
np
nw+w_w
nw+w_3wo
ne(2170) — n¢fy(980) —
nomtT ™
n$(2170) —
17 K*(892)° K*(892)°
nKT K=
nKEKLnF
n K*(892)0 K*(892)°
pn'(958)
piﬁ$w+w_2wo
p+p_w+ﬁ_wo
pPKTK™n~+ cc—
KtK-nta— =0
pFKEKYS
p(1450) 7

0

p(1700) 7

p(1700)7 — T 7~ 70
p(2150) 7

p(2150)7 — 7T~ 70
wm?

wr® = gt rx
wrtn~
w070
w30
w f>(1270)
w1
wrtr™w
wwon
wrtrto— 7~
wrtr= 270
wn' mtr~
wn'(958)
w p(980)

0

0
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[bb]

(37

( 1.09
(3.8
( 1.93
(1.17
( 4.9
(1.2

< 252

( 8.6
(2.2
( 1.15
(8.1
(2.8
(6

(35

(1.9
(2.2
(33
(2.7
(33

(16
(10

(45
(16
(85
(3.4
(1.9
(43
(1.74
(4.0
( 3.4
(85
(33
( 1.12
( 1.89
(1.4
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+

HOH K HHH

H H H H H- H HH HH HH

H_

H_

H HHHHHHEHHHFEHFHFHFH

07 )x1073

0.22 )%
0.7 )x10~4
0.23 )x10~4
0.20 ) %
1.0 )x103
04 )x10~%

x 10— 4

3.0 )x10~4
04 )x1073
0.26 ) x 10—3
0.8 )x1072
0.8 )%

4 )x10~3
0.8 )x10~3

04 )x1073
)><10_4
) x 10~4
)><10_4
)><10_6

1.1
0.6
0.6
0.7

11 )x1074

40 )x 1070

)><10_4
)><10_5
) x 10—3
) x 10—3
06 )x1073
0.6 )x10~3
0.20 ) x 10—3
07 )x1073
17 )x1074
34 )x1073
05 )%

0.13 ) x 10—3
0.18 ) x 10~4
05 )x10~4

0.5
0.7
1.0
0.8

CL=90%

1123
1487
1396
1470
1419

628

1065

790

1446
1435
1436
1419
1142
1394
1418
1363
1392
1394
1173
1279
1267
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wfy(1710) - wKK (48 + 1.1 )x10~4 878
w f1(1420) (68 =+ 24 )x1074 1060
w5 (1525) < 22 x 104  CL=90% 1007
wX(1835) — wpp < 3.9 x 1076 CL=95% -
wKTK™n (333 £+ 0.12 ) x 10™4 996
wX(1835), X = n'nta~ < 6.2 x 107° -
WwKTK™ (152 + 031 )x 1073 1268
wKEKL T [bb] (34 + 05 )x103 1210
wKK (1.9 + 04 )x10-3 1268
wK*(892)K + c.c. (61 + 09 )x103 1097
n K**KF (1.48 + 0.13 ) x 103 -
n KOKO+ c.c. (166 + 0.21 ) x 103 1000
n' h1(1415) — 7' K*K+ c.c. (216 + 031 )x10~4 —
0 hi(1415) — o K*EKT (151 + 023 )x 104 -
0’ hy(1415) — yn'nf (a7 +t 11 yx107 -
WK*(892)+C.C. seen 1373

K K*(892)+c.c. — (48 + 05 )x103 -

K KE7T

KT K*(892)™ + c.c. (60 T 98 )x1073 $S=209 1373

KT K*(892)” + c.c. — (260 T 923 )x 1073 -

K+ K= 0 ‘
KT K*(892)™ + c.c. — (30 + 04 )x103 -

KOKEaF+ cc.

KOK*(892)° + c.c. + 04 )x1073 1373
KOK*(892)° 4 c.c. — + 04 )x1073 -
KOKErF + cc.
K*(892)°K*+ 7~ + c.c. (57 + 08 )x1073 1343
K*(892)* KT 70 (41 + 13 )x10-3 1344
*(892)T K%~ + cc. (20 + 05 )x10~3 1342
K*(892)T K¢7~+ c.c. — (67 + 22 )x10~4 -
K% K%7T+7T
K*(892)° K~ 7r+—|— c.c. — (38 £ 05 )x10-3 -
KtK-nt
K*(892)°KS — ~KLKY (63 T 3% )x10-0 -~
K*(892)0 K% 70 (7 +4 )x1074 1343
K*(892)* K*(?OO) (11 T30 yx10-3 -
K*(892)% K*(892)° (23 + 06 )x10~4 1266
K*(892)* K*(892) (100 T 3221073 1266
K1(1400)* K (38 + 14 )x1073 1170
K*(1 410)K—|—C C. seen 1165
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K*(1410)K +c.c — (7 +4 )x107° -
K* KT 70
K*(1410) K+ c.c. — (8 +£5 )x107° -
KKEnT
K§(1430)?—|—C.C. seen 1158
K%(1430)K +c.c. — (10 + 05 )x10~4 -
KT KT 70
K3(1430) K+ c.c. — (38 + 10 )x1074 -
K KEnT
K3(1430)K + c.c. < 4.0 x 1073 CL=90% 1158
K3(1430)T K~ + c.c. — (260 T 325 )x1074 -~
Kt K~ 70
K3(1430)°K =77+ c.c. — (26 + 09 )x1073 -
KtK - ntn~
K3(1430)T K7™+ c.c. (36 + 1.8 )x1073 1116
K3(1430)° K*(892)° + c.c. (467 + 0.29 ) x 10~3 1011
K%(1430)~ K*(892)" + c.c. (34 + 29 )x1073 1011
K%(1430)~ K*(892)" + (4 +4 )x107* -
c.C. —
K*(892)T K%~ + c.c.
K3(1430)0 K5(1430)° < 29 x 1073 CL=90% 601
K5(1770)° K*(892)° + c.c. — (69 + 09 )x10~% -
K*(892)° K~ nt + c.c.
K3(1980)T K~ + c.c. — (110 T 599 )x 1075 -
Kt K= 0
K;(2045)T K~ + c.c. — (62 T 22 )x1070 -
KT K n°
K1(1270)F KT < 30 x 1073 CL=90% 1240
K1(1270)KS — vKZKQ (85 + 25 )x10~7 -
ay(1320)* 7T [bb] < 4.3 x 1073 CL=90% 1263
0 3%x1076 or 1 x 107 1377
ot~ (94 £ 15 )x1074 S=1.7 1365
¢m9n0 (49 + 1.0 )x10~4 1366
¢2(n ) (1.60 + 032 )x 103 1318
on (74 + 06 )x10~4 S=12 1320
o' (958) (46 + 05 )x1074 S=22 1192
onn (232 + 017 ) x 10~4 885
¢ 15(980) (32 +09 )x1074 S=19 1178
$1(980) — omt ™ (258 £ 0.34 )x 104 -~
$15(980) = o070 (17 + 05 )x10~4 -
pn01y(980) — 0t (45 + 1.0 )x 106 -
pm0£(980) — o0 p070 (1.7 + 06 )x100 1045
$1(980)n — nemta— (32 + 10 )x1074 -
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$(1680)°70 — 7O
X(2000)°70 —  ¢n70
h1(1900)0 70 — 7O
¢ £(1270)
¢ £,(1285)

¢ f(1285) —

0 5(980) —

dpr0nt o~

¢ f(1285) —

70 1(980) — 30
én(1405) — ¢nmta—
¢ £5(1525)

X(1835) — ¢pp
X(1835) — ¢nmt
»X(1870) — on7™
dKK
$fy(1710) — ¢KK
KT K~

OKSKS
PK=KG T
¢K*(892) K—|— c.c.
b1(1235)
by (1235)% 7
f’2(1525) K+ K~
A(1232)Tp
A(1232)TF
A(1232)++ A(1232)
5 (1385)%pK
> (1385)%A+ c.c.
> (1385)" X T+ c.c.
>(1385)T X+ c.c.
5(1385)~ £(1385)" + c.c.
(1385) f(1385) + c.c.
5 (1385)9x(1385)°

A(1520) A+ c.c. = YAA
A(1520) A+ c.c.
=0=0
=(1530)" =" + c.c.
=(1530)° =9
@(1540)@(1540)

K9 sPK N+ cc

(6.7
( 1.70

(8.4

(32
(26
(9.4

(2.1

(20
(8
< 21
< 28
< 6.13
( 1.77
(3.6
(82
(58
(7.2
( 218
( 3.0
(2.3
( 1.04
< 1
(16
( 1.10
(5.1
< 8.2
( 3.0
(3.3
( 1.08
(1.25
( 1.07
< 41
< 1.80
(117
( 3.18
(3.2
Ljaal < 1.1

[bb]

[bb]

[bb]

[bb]

@(1540)K n— KipK™7 [jaa] < 21

https://pdg.Ibl.gov

Page 149

I+ H

HoH H

HoH HHH K H R

HoH R

HoH H K H

HH

11 )x1076 -
033 ) x 1070 -
%:é ) X 106 -
06 )x10~% 1036
05 )x10~% 1033
28 )x10~7 952
22 )x10~7 955
10 )x107° 946
) x 10~4 S=2.7 877

x 10~  CL=90% -
x10~%  CL=90% 578

x 1072  CL=90% -

0.16 ) x 10—3 S=13 1179
06 )x10~% 875
1.1 )x10~4 1179
15 )x10~4 1176
08 )x107% 1114
0.23 )x 1073 969
05 )x1073 1300
0.6 )x10~3 1300
0.35 ) x 103 897
x 104  CL=90% 1100

05 )x1073 1030
0.29 ) x 1073 938
32 )x 1074 646
x1076  CcL=90% o011

07 )x107% 855
08 )x107% 861
0.06 ) x 103 697
0.07 ) x 103 697
0.08 ) x 1073 697
x 1070 CL=00% -

x 1073  CL=90% 807

0.04 ) x 10~3 818
0.08 ) x 104 600
14 )x10~4 608
x 1072  CL=90% -

x 1072  CL=90% -
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O(1540)K%p — KLPK'n [jaa] < 1.6 x107%  CL=90%
O(1540)K+tn — KIPK™n [jas] < 56 x 1075  CL=90%
O(1540)K%p — KLpK™n [jjaa] < 1.1 x107%  CL=90%
Decays into stable hadrons
2(nt )70 (42 + 04 )% 5=21
3(rt7m)a0 (29 + 06 )%
ata~ 370 (19 £ 09 )%
pEaF 070 (141 + 022 )%
ptp~ 0 (60 + 11 )x10-3
atn 4x0 (65 + 1.3 )x10-3
ata— a0 ( 2.00 £ 0.07 )% $=2.0
2(rt n~ x0) (1.61 + 0.20 )%
ata aOKT K™ (152 £ 027 )% S=1.4
rto~ (1.47 + 0.14 )x 1074
2rt (320 + 025 )x 1073 S=1.2
3(rtmT) (43 + 04 )x103
2(rt77)37° (62 £ 09 )%
4(nt ) n0 (90 + 30 )x1073
2(r 7 )n (229 + 028 )x 1073
3(rt 7))y (72 £ 15 )x1074
2(rt =70 (1.6 + 05 )x103
ata=x070y (24 + 05 )x1073
pEnt a0y (1.9 + 08 )x103
Kt K™ (3.06 + 0.05 )x 104
K2KY (1.95 £ 0.11 ) x 10~4 S=2.4
K K2 < 14 x 1078  CL=95%
KK (6.1 =+ 1.0 )x1073
K+ K= =0 (288 + 012 )x10~3
K KEnT (53 + 05 )x1073
K K9 7O (206 £ 0.26 ) x 10~3
K*(892)°K® + c.c. — (1.21 + 018 ) x 10~3
KL K9 7O
K5(1430)°K%+ c.c. — (43 + 13 )x10~4
KS K9 7O
KtK—ntn~ (70 £ 1.0 )x1073
KT K= 7070 (213 £ 022 ) x 103
KT K= 707070 (161 + 0.29 ) x 103
KL KEnF 7070 (53 + 07 )x1073
KSKEnFata— (63 =+ 04 )x10-3
K K* p(770)* 70 (29 + 08 )x10-3
KSKOmtm™ (38 =+ 06 )x103
KL KO nO0r0 (19 =+ 04 )x10-3

1496
1433
1497
1421
1298
1470
1533
1468
1368
1542
1517
1466
1435
1345
1446
1379
1381
1448
1326
1468
1466
1466
1442
1442
1440

1440

1407
1410
1371
1369
1366
1406
1408
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0 40
KsKin

KIKLrta™
K¢K%Wiwo

KS KEaTF p(770)°
KTK=2(rt77)
KtK-ntn—n

2(KTK™)

Kt K™ KYKY

KS K*(892)0 7t 7™
K2 K*(892)0 7070

KT K*(892)* rtn—
K*(892)* K*(892)0 T
KT K*(892)* 70 70
K*(892)1 K*(892)~ 70

Pp

pp°
pprt T
pﬁw+w_w
ppP7

ppp

ppw
ppn’'(958)

0

ppao(980) — ppr¥y

ppP¢

pAT

nn
nart ™
nN(1440)
nN(1520)
nN(1535)
AA

AA7O
AMrtr—
Azn

Az_ﬁ++CL
At + cc

pK‘E&cc
pK— X0

pKLZ +cc.

ﬂnK%+cc.
Af}:cc
yty-
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[kkaa]

[bb]

( 1.45
( 1.68
(5.7
(3.1
(3.1
(4.7
(7.2
(4.2
(1.7
( 1.01
( 3.4
(48
( 1.57
( 1.12

HHHHHHHHFEHEHFHFHFHFH

( 2.120+

( 1.19
( 6.0
(2.3
( 2.00
< 31
(9.8
( 1.29
(6.8
( 5.19
( 2.12
( 2.09
(4
seen
seen
seen
( 1.88
(3.8
(43
( 1.62
( 1.26
( 1.21
( 8.6
(2.9
( 2.73
(6.5
( 2.83
( 1.07
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+
+
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H HHHHHH

HH HHHHHFHHFEHFHFH

0.33 ) x 10~3
0.19 ) x 10—3
05 )x10~3
05 )x10~3
13 )x103
0.7 )x 103
0.8 )x10~4
07 )x10~4
0.6 )x10~3
0.18 ) x 10—3
12 )x1073
1.0 )x1073
0.32 ) x 10—3
0.23 ) %
0.029) x 10—3
0.08 ) x 10—3
05 )x 103
09 )x1073
0.12 ) x 1073
x 10~4
1.0 )x10~4
0.14 ) x 10~4
1.8 )x107°
0.33 ) x 102
0.09 ) x 10—3
0.16 ) x 10—3
4 )x10~3

0.08 ) x 10—3
04 )x1072
1.0 )x103
0.17 ) x 10~4
0.05 ) x 10—3
0.07 ) x 10—3
11 )x1074
0.8 )x10~4
0.05 ) x 10~4
11 )x10~4
0.23 ) x 1072
0.04 ) x 10—3

1328
1406
1408

1320

1221

1131

1127

1304

1306

1305

1213

1308

1214

1232

S=1.1 1176
S=1.3 1107
S=19 1033
948

CL=90% 774

S=1.3 768
$=2.0 596

527

1174

1231

1106

978

928

917

S=2.6 1074
998

903

672

S=1.2 950
S=1.8 945
876

819

819
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1034

992
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50350 ( 1.172+ 0.032) x 103 S=14 988
>t¥X—n (63 =+ 04 )x107° 498
=—=t (97 =+ 08 )x1074 S=14 807
Radiative decays
N (1S) (141 + 0.14 )% S=1.3 111
’ync(ls) — 3y seen -
Y1e(1S) = ynnn’ seen -
3y (116 + 022 ) x 10> 1548
4~y < 9 x 1070  CL=90% 1548
5y < 15 x 1072  CL=90% 1548
70 (339 + 0.08 ) x 107> 1546
7070 ( 1.15 + 0.05 ) x 103 1543
y2rt2m— (28 £ 05 )x1073 S=1.9 1517
v5(1270) f,(1270) (95 + 1.7 )x1074 878
v5(1270) f,(1270) (non reso- (82 =+ 1.9 )x1074 -
nant)
vt o= 2x0 (83 + 31 )x103 1518
vKE K (81 + 04 )x10~4 1466
v(KK) [J'DC =0~ 1] (7 +4 )x107% S=2.1 1442
YKTK ntn~ (21 £ 06 )x1073 1407
v K*(892) K*(892) (40 + 13 )x103 1266
YN ( 1.090+ 0.013) x 10~3 1500
ynm0 (214 £ 031 )x 1075 1497
vap(980)° — ~ynx° < 25 %1076 CL=95% -~
va5(1320)° — ynnO < 6.6 %1076 CL=95% -~
ynmww (6.1 + 1.0 )x1073 1487
y1o(1870) — ynprta~ (62 =+ 24 )x10~4 -
1’ (958) (528 + 0.06 ) x 10—3 S=1.3 1400
Ypp (45 + 08 )x1073 1340
v pw < 54 x 104  CL=90% 1338
YPP < 88 x 1075  CL=90% 1258
yww (161 + 033 )x10~3 1336
Yod (40 + 12 )x10~4 S=2.1 1166
yn(1405/1475) — YK K (28 + 06 )x1073 S=16 1223
vn(1405/1475) — ~~p° (78 £ 20 )x1075 S=1.8 1223
yn(1405/1475) — ~ynata— (30 £ 05 )x104 -~
vn(1405/1475) — ~p°p° (1.7 + 04 )x1073 S=13 1223
vn(1405/1475) — ~v¢ < 82 x 1072  CL=95% -
yn(1405) — ~£(980) 70 — (150 £ 0.16 ) x 10~> -~
7W+W_W
yn(1405) — ~£(980) 70 — (71 £ 1.1 )x 106 -
YU T
vn(1405) — vy~ < 2.63 x 1070  CL=00% -

https://pdg.Ibl.gov Page 152 Created: 5/30/2025 07:44



Citation: S. Navas et al. (Particle Data Group), Phys. Rev. D 110, 030001 (2024) and 2025 update

Yn(1475) = yyy
vn(1760) — 5 p° p°
yn(1760) —» yww
Yn(1760) — vy
v1(2225)
’7f2(1270)

v£(1270) = KL KY

~ £,(1285)
~ f5(1370) —

vKK

vf(1370) — vKL KY

’7f0(1500 —

)
Y f0(1500)
~ f5(1500)
Y f1(1510)
7 f}(1525)

_>
_>
_>

vf5(1525) — yKL KY

YyKKm
YT
ynn

0 1,0
TK5Ks
7nw+w_

7f’2(1525) — ynn

~ £,(1640) —
~ f5(1710) —

~£,(1810) —

Yww
Yy

YKK
Yww
ynn
Ywe
TKSKS

ynm

y11(1855) — 1/
~v£(1910) - yww
v1(1950) —

~ K*(892) K*(892)
v1(2020) — o'
~ £,(2050)
v(2100) = ynn
vf(2100) - 77
7 f5(2200) _

v (2200) - vKK
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x 1070 CL=90% -
09 )x10~% 1048
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x 1070 CL=00% -
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0.12 )x 1073
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0.8 )x10~% 1283
15 )x10~4 -
04 )x1072 -
13 )x 1074 1220
0.24 )x10~4 1183

0.6
1.4

) x 104 752
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) X 1075 -

) X 1075 -
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) X 10~4

) x 1072 -

) x 1072 -
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) X 1074
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wo

) X 107> -
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0.19

— 0.50

v£(2200) = KL KY (272 +
~f;(2220) seen
vf;(2220) — @ < 3.9
v£;(2220) - YKK < 41
~vf;(2220) — ~vypp (15 =+
vf(2330) — YKL KY (49 =+
v1(2330) — 'y (6.1 T
~v£(2340) — ~nn (56 T
v£(2340) — YKL KY (55 T
v5(2340) — yn'n (87 T
v 1(2470) — 'y (82 T
v X(1835) — 7w tan (27 +
vX(1835) — ~pp (77 *
~vX(1835) — 'ngK%n (33 T
vX(1835) — v~ < 3.56
v X(1835) — ~43(nt77) (24 T
yn(2370) = YKT K1/ (1.8 =+
vn(2370) — WK%K%U’ (12 =+
yn(2370) — ynnn < 9.2
yDO +c.c. < 9.1
PP (38 =+
ypprt T < 79
YAAN < 13
yAY — yinvisible [llaa] < 1.7
yAD 5 < 49
yAY — Ayt [nnaa] < 7.8
Dalitz decays
mlete (76 +
nete (142 +
n'(958) et e~ (659 +
n(1405)e™ e 7 (2.04 +
f,(980) w0 et e —
at a0 e+ -
X(1835)eT e, X — (358 +
Tty
X(2120)eTe™, X — (82 =+
=y
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1.0

1.4

0.08
0.18
0.22

0.25
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) X 10~4

x 107°
x 1075
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) x 1072

) X 10~6
) x 1072
) X 1075
) X 10—
) X 10~/
) x 10~4
) X 107>
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x 1070
) X 107>
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) x 1072
X 10_6
x 108
) x 10~4
x 10~4
x 10~4
x 100
x 10~ 7
x 10~ 7

) x 10~
) X 107
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) X 10~/

) X 10~

) x 10~7

CL=90%
CL=90%
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CL=90%
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CL=90%
CL=90%
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n(2370)et e, n— wta (1.08 + 0.17 )x 1070 —~
nU — netTe™ [0caa] < 9.11 x 107 CL=90% -
n'(958) U — 1'(958)eT e~ [oocaa] < 2.0 x10~7  CL=90% -
petT e < 12 x10~7  CL=90% 1381
Weak decays
D~ etv,+ cc. < 71 x 1078  CL=90% 984
D~ ptv,+ cc < 56 x10~7  CL=90% 980
DPete™+ cc. < 85 x 1078  CL=90% 987
D, etve+ cc. < 13 x1070  CcL=00% 923
D~ et v+ cc. < 18 x 1070  cL=00% 828
D7t + cc. < 70 x 1078  CL=90% 977
D~ pT+ cc < 6.0 x10=7  CL=90% -~
DO704 c.c < 47 x10~7  CL=90% -
DOK® + c.c. < 17 x10~4  CL=90% 898
DOK*0 4 cc. < 25 x 1076  CL=90% 670
D%+ cc < 6.8 x10=7  CL=90% -~
DOp% 4 c.c < 52 x10~7  CL=90% -
D nt+ cc. < 13 x 1074  CL=90% 915
D_ pt+ cc < 13 x 1075  CL=90% 663
Charge conjugation (C), Parity (P),
Lepton Family number (LF) violating modes
vy C < 27 x10~7 CL=90% 1548
v C < 14 x 1070  CL=00% 1381
et T LF < 16 x10~7  CL=90% 1547
et 7 F LF < 75 x 1078  CL=90% 1039
ptrF LF < 2.0 x 1076 CL=90% 1035
At e +ec < 6.9 x 1078  CL=90% 704
Other decays
invisible < 7 x 1074  CL=90% -
Xco(1P) 16(UPE) =0t
Mass m = 3414.71 £+ 0.30 MeV
Full width ' = 10.9 £ 0.6 MeV (S = 1.1)
Scale factor/ p
Xc0(1P) DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
Hadronic decays

20r T ™) (2.1840.11) % S=12 1679

POt r— (85 £2.7 ) x 103 1607

f(980) f5(980) (6.7 £2.1 ) x 10~4 1391
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at = 70,0

p 7~ 7%+ c.c.
4 0
T KTK—

K;;(1430)0 K§(1430)°

T KTK™

K5(1430)°K5(1430)° + c.c. = (8.0 T30 ) x 104

T KTK™

K1(1270)* K~ + c.c. —

K1(1400)T K~ + c.c. —

T KTK™
fo(980) ,(980)

f5(980) f5(2200)

fo(1370) (1370
f5(1370) (1500

f(1370) £5(1710

)

)
fo(1500) fy(1370
fo(1500) f5(1500
fo(1500) fp(1710

KtK-nta— =0
K% KEnFrtrm
K+ K= 7070
Kt~ K979+ cc.
pT K=K+ cc.
K*(892)~ Kt 70 —

— — N N N N

KTn  KOx0+ cc.

KLKLmT

KT K= nnd
3(rt )

Kt K*(892)° 7~ + c.c.
K*(892)° K*(892)°
Viwis

7r077

70 77/

70 N

nmn

nn'

n'n

ww

w

wKTK™

https://pdg.Ibl.gov

(3.3 £0.4 )% 1680
(2.9 £0.4 )% 1607
(3.3 £0.4 ) x 103 1681
(1.81+0.16) % S=12 1580
(9.9 739 )x 1074 -~
(6.3 £1.9 ) x 1073 -
<27 x1073  CL=90% -
(16 759 )x1074 1391
(80 T30 )x1074 586
<27 x10~%  CL=90% 1019
<17 x10~%  CL=90% 907
(67 33 )x 1074 709
<13 x10~%  CL=90% 907
<5 x 1072  CL=90% 774
<7 x107°  CL=90% 515
(8.6 +£0.9 ) x 10~3 1545
(4.2 £0.4 ) x 103 1543
(5.6 £0.9 ) x 1073 1582
(2.50+0.33) % 1581
(1.214£0.21) % 1458
(4.6 £1.2 ) x 1073 -
(5.7 +£1.1 ) x 103 1579
(3.0 £0.7 ) x 103 1468
(1.96+0.22) % S=3.4 1633
(7.4 £1.6 ) x 103 1523
(1.7 £0.6 ) x 103 1456
(8.6 +0.4 ) x 1073 S=1.2 1702
<18 x 10~4 1661
<11 x 1073 1570
<16 x1073  CL=90% 383
(3.024+0.25) x 10~3 S=1.3 1617
(9.1 +1.1 ) x 107> 1521
(2.1840.12) x 103 1413
(9.7 +1.1 )x 1074 1517
(1.424+0.13) x 10~4 1447
(1.9440.21) x 10—3 1457
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Kt K™ (6.0740.33) x 10~3 S=11 1634
Ke KY (3.184£0.19) x 103 S=1.1 1633
Tty < 2.0 x 104  CL=90% 1651
I <4 x10™%  CL=90% 1560
KKt 1~ + cc. <9 x1075  CL=90% 1610
Kt K~ =0 <6 x107%  CL=00% 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
KTK-KTK~ (2.8 £0.4 ) x 103 S=15 1333
KtTK™ ¢ (9.7 £2.5 ) x 10~4 1381
KKt~ ¢+ cc (3.7 £0.6 ) x 1073 1326
KtK=n%¢ (1.9040.35) x 103 1329
3(KTK™) (1.084£0.22) x 107> 693
dprtn— a0 (1.1840.15) x 103 1525
10Y0) (8.484+0.31) x 10~ 4 1370
oon (8.4 +1.0 ) x 1074 1100
pp (2.214+0.14) x 10~ 4 S=16 1426
ppn° (7.0 £0.7 ) x 10~4 S=13 1379
PPN (3.6 £0.4 ) x10~4 1187
ppw (5.3 +0.6 ) x 10~ 4 1043
pp o (6.0 +1.4 ) x 107° 876
pprT T (21 +0.7 ) x 1073 S=1.4 1320
pprOn0 (1.04+0.28) x 10~3 1324
pp KT K~ (non-resonant) (1.2240.26) x 10~4 890
ppKI K <88 x 1074 CL=90% 884
pPKIK= 7t + cc (2.6 £0.4 ) x 1075 763
pAT— (1.2740.11) x 10—3 1376
pnmt (1.3740.12) x 10~3 1376
pan~ 0 (2.35+£0.21) x 103 1321
pnnt a0 (2.2240.19) x 103 1321
AA (3.6140.16) x 104 S=11 1292
AT~ (1.18+0.13) x 103 1153

AA7TT 7~ (non-resonant) <5 x 104  CL=90% 1153

5 (1385)T Ar~ + c.c. <5 x10~%  CL=90% 1083

5 (1385)" Art 4+ c.c. <5 x1074  CL=90% 1083
AAn (2.3 £0.4 )x 1074 979
NAw (2.3840.34) x 10~4 781
AA@ (3.0 £1.3 ) x 107° 499
KtpPA+ cc. (1.2540.12) x 10~3 S=13 1132
nKIA + cc. (6.7 £0.5 ) x 10~4 1129
K*(892)T pA+ c.c. (4.8 £0.9 ) x 1074 845
KT pA(1520)+ c.c. (3.0 £0.8 ) x 1074 859
pA(1520) KS 7T + c.c. (1.6 £0.7 ) x 1075 722
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A(1520) A(1520) (31 +1.2 ) x10~% 780
>03°0 (4.70£0.32) x 10~4 1222
StPKY+ cc. (3.54+0.27) x 10~4 1089
S05KT + cc. (3.05+£0.20) x 10~ 4 1090
yty- (4.7 £0.8 ) x 10~4 S=26 1225
>t¥ng (1.2740.24) x 10~ 4 868
>yt (5.2 £0.5 ) x 10~4 1217
> (1385)T X(1385)~ (1.6 £0.6 ) x 10~% 1001
> (1385)~ X(1385)™ (23 £0.7 ) x 1074 1001
K=A=t+ cc. (1.9540.35) x 10~4 873
=0=0 (45 +£05 ) x 10~4 S=1.7 1089
=—=t (4.48+0.20) x 10~4 1081
N-0F (3.5 +£0.6 ) x 107° 343
Nemt o™ <7 x10™4  CL=90% 307
Radiative decays
~vJ/(1S) (1.4140.09) % S=1.7 303
v 00 <9 %1076  CL=90% 1619
Yw <8 x1070  cL=90% 1618
yo <6 x1076  CL=90% 1555
vy (2.06+0.10) x 10~4 S=1.1 1707
et e J/Y(1S) (1.3440.30) x 104 303
pwt ™ J/p(1S) <19 x 1075  CL=90% 226
Xc1(1P) 1C(UPC) =0ttt
Mass m = 3510.67 & 0.05 MeV (S = 1.2)
Full width T = 0.84 & 0.04 MeV (S = 1.1)
Scale factor/ p

Xc1(1P) DECAY MODES

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

https://pdg.Ibl.gov

(14 T13)x1077 1755
Hadronic decays
( 1.04+£0.16) % S=46 1683
(76 +£26 )x103 1728
( 1.1940.15) % 1729
( 1.4540.24) % 1658
(3.9 +35)x1073 1658
(5.4 +0.8 )x 104 1729
(45 +1.0)x1073 1632
( 1.1240.27) x 10~3 1634
( 1.15+£0.13) % 1598
(75 +0.8 ) x 1073 1596
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KTr K70+ cc.
p” KTKY+ cc.
K*(892)° K070 —
Kt~ K979+ c.c.
K+K_nw0
atn™ K% K%
KTK™n
KOKtn—+ cec.
K*(892)°KY+ c.c.
K*(892)* K~ + c.c.
K*(1430)°K%+ c.c. —
K% Ktr=+ cc.
K*(1430)" K~ + c.c. —
K% Ktr=+ cc.
Kt K= x0
nw+w_

20(980) 1~ + c.c. — nwt
+ o
T

a>(1320) T 7~ + c.c. = 7
a>(1700)" 7~ + c.c. = nmw
f(1270)n — nrt
f4(2050)n — nat T~
71(1400) T 77+ c.c. —
nw+w_
71(1600)T 7~ + c.c. —
nw+w_
71(2015) T 7 + c.c. —
nrta
£(1270)
atr
K+ K~ 1/(958)

K3(1430)T K~ + c.c.
f5(980) 7’ (958)

fo(1710)7/(958)

f1,(1525)7'(958)
K3(1430)T K~ + c.c.
K35(1430) KO + c.c.
710£y(980) = Ont
KTK*(892)%7~ + c.c.
K*(892)° K*(892)°
KTK™ K2 KY
KSKSKSKS
KtK-KTK-
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(86 +£1.4 )x 103
(50 +1.2 ) x 1073
(23 +06 )x 1073

( 1.12+0.34) x 10—3
(6.9 £2.9 )x10~4
(32 £1.0 )x 1074
(7.0 £0.6 )x 103
( 1.03+0.15) x 10~3
( 1.21+0.23) x 10—3
< 8 x 104

< 21 x 10—3

( 1.81+0.24) x 10—3

( 4.62+0.24) x 10~3
T (32 +0.4 )x103
( 1.76+£0.24) x 10~4
(46 £0.7 )x 107>
(35 406 )x 104
(25 £0.9 )x 107>

< 5 x 1075
< 15 x 1072
< 8 % 10—6

(6.7 +£1.1 ) x10~4
(22 +04 )x10-3
(88 £0.9 )x10~4

(6.4 T22)x10~*

(1.6 732 )x10*

7 _
(7 L )yx107>
(9 +6 )x1072
( 1.6140.31) x 10~3

( 1.17+£0.20) x 10—3
(35 £0.9 )x 107
(32 +21)x1073
(1.4 +0.4 )x10~3
< 4 x 104
(35 £1.0 ) x 1072
(54 £1.1)x10~4
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CL=90%

CL=90%

S=2.1

CL=90%

CL=90%

CL=90%

CL=90%

1632
1514

1523
1630
1566
1661
1602
1602

1467
1612
1461

1460

1100

1229
1416
1416

1577
1512
1390
1387
1393
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KTK™ ¢

KOK+ 7~ ¢+ c.c.

KtK—n%¢

3(KTK™)

dprta a0

Ww

wKTK™

W

ol

PPn

pp

ppmo

PPN

ppw

ppP®

pprt e

ppr0 0

pp KT K~ (non-resonant)

PPKLKS

pPKIK™ 7T+ cc.

pnm

ﬁnw+

pnmt— T

ﬁmrJr 70

AA

At a=
AA7T 7~ (non-resonant)
> (1385)T Ar~ + c.c.
> (1385)" Art 4+ c.c.

AAn

NMuw

AN

KT pA+c.c.

nK%ﬂ + c.c.

PA(1520) K& 7T + c.c.

K*(892)T pA+ c.c.

KT pA(1520)+ c.c.

A(1520) A(1520)

5050

STPKY+ cc.

SO05KT + cc.

sty-

>t¥X—n

yoxt

0

https://pdg.Ibl.gov
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(41 +15)x10~4
(33 +05 ) x1073
( 1.62+0.30) x 10~3
(42 +11)x107°
(75 +1.0 ) x 10~4
(5.7 £0.7 ) x 10~4
(7.8 £0.9 ) x10~4
(27 £0.4 )x107°
( 4.26+0.21) x 104
(3.0 £0.5 ) x 10~4
(7.6 £0.4 )x107° S=1.2
( 1.55+0.18) x 10~4
( 1.45+0.25) x 10~4
( 2.12+0.31) x 10~4

< 17 x 1072  CL=90%

(50 £1.9 ) x 10~4

< 5 x10~%  CL=90%

( 1.27+0.22) x 10~4

< 45 x10~%  CL=90%

(42 +£05 )x107°
(3.8 £0.5 ) x 10~4
(3.9 +0.5 ) x 10~4
( 1.0340.12) x 10~3
( 1.0140.12) x 10~3
( 1.27+0.09) x 10~4 S=1.1
(29 +05 ) x 104
(25 +0.6 ) x 104

< 13 x10~%  CL=90%
< 13 x10~%  CL=90%

(59 £1.5 ) x 1072
( 1.0140.16) x 10~ 4
(6.0 £1.0 ) x 107°
(42 +0.4 )x10~4 S=1.2
( 1.66+0.17) x 104
(41 +£0.9 )x107°
(49 +0.7 )x10~4
(17 +0.4 )x10~4

< 9 x 1075  CL=90%

(42 +0.6 )x107°
( 1.53+0.12) x 10~4
( 1.46+0.10) x 10~4
(3.6 £0.7 ) x107°
(51 +1.4 )x107°
(57 £1.5 ) x107°

1440
1387
1390

779
1578
1571
1513
1503
1429
1172
1484
1438
1254
1117

962
1381
1385

974

968

857
1435
1435
1383
1383
1355
1223
1223
1157
1157
1059

877

634
1203
1200

829

935

951

880
1288
1163
1163
1291

958
1283
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> (1385)" X (1385) <9 x1075  CL=90% 1081
> (1385)” X(1385)™ < 5 x 1075  CL=90% 1081
K=AZt+ cc. ( 1.35+0.24) x 10~4 963
=0=0 (75 £1.3 ) x 107> 1163
==t ( 6.0 £0.6 ) x 107° 1155
N-0F ( 1.49:£0.25) x 10~5 533
atrT + KTK™ < 21 x 10—3 -
KSKY < 6 x 1075  CL=90% 1683
Nemt ™ < 32 x 1073  CL=90% 413
Radiative decays
~vJ/(1S) (343 £1.3 )% S=13 389
v p0 ( 2.164+0.17) x 10~4 1670
yw (6.8 +£0.8)x102 1668
v (24 +05 )x107° 1607
vy < 63 x1070  CcL=90% 1755
et e J/Y(1S) ( 3.46+0.24) x 103 389
pwt = J/9(1S) ( 2.33+0.29) x 10~4 335
hc(1P) 16UPSY =0~ t+ )
Mass m = 3525.37 &+ 0.14 MeV (S = 1.2)
Full width ' = 0.78 + 0.28 MeV
h.(1P) DECAY MODES Fraction (I';/T) Confidence level (M(—fV/C)
J/(18)7° < 5 x 10~4 90% 382
J/W(1S)mm <9 x 1072 90% 312
J/p(AS) 7t n~ < 9 x 10~4 90% 305
pp < 4 x 1070 90% 1492
ppr° < 8 x 10~4 90% 1447
pprt ™ (33 £0.6 )x10~3 1390
pprOn0 < 6 x 10~4 90% 1394
pprt a0 (44 £1.3 )x 1073 1331
PPN (7.4 £2.2 )x 1074 1264
ata— a0 ( 1.57+0.13) x 103 1749
Tty < 5 x 104 90% 1709
ata 7% (83 £2.4 )x 103 1695
2t 2n— a0y (7.2 £1.7 ) x 103 1648
2rt2r 70 (9.4 £1.7 ) x 1073 1716
21T 217 < 6 x 104 90% 1674
3rt3r— 70 (9.1 £1.5 )x 103 1661
2T 2w (39 +£1.0 )x 1073 1627
KtK-atn~ < 7 x 104 90% 1640
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KTK-ntn—n0 (38 £0.8 )x 1073 1606
KtK-ntn™n < 27 x 1073 90% 1480
Kt K~ =0 (3.8 £0.9 ) x 10~4 1670
KT K= 70y < 24 x 103 90% 1532
KtK™n (36 £1.2 )x10~4 1574
2K+ 2K—#0 < 2.8 x 104 90% 1339
K KErT (7.1 £1.9 ) x 10~4 1668
KSKEnFatn— (32 +£1.0 ) x 1073 1604
Radiative decays
N (3.8 +£06 )x10~% 1720
v’ (958) ( 1.4140.15) x 10~3 1633
0 < 5 x 105 1760
N (1S) (60 +4 )% 500
et e n.(19) (35 +07 )x 103 500
Xc2(1P) 6Py =0ttt
Mass m = 3556.17 &+ 0.07 MeV
Full width T = 1.97 & 0.09 MeV (S = 1.1)
Scale factor/ p

Xc2(1P) DECAY MODES

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

KT K= 7070

Kt~ KO0+ c.c.
p” KTKY+ cc.
K*(892)°K— 7t —

K 7t KO0+ cc.

K*(892)° K070 —

KTn  KOx0+ cc.

K*(892)~ Kt 70 —

KTn  KOx0+ cc.

K*(892)T KOn— —

Kt~ K979+ cc.

KT K= nnd
KtK-ntn—
KtK-nta—x0

K% KEnTrta—

KT K*(892)° 7~ + c.c.

https://pdg.Ibl.gov

Hadronic decays

( 1.12:£0.08) % S=15 1751
( 1.86:£0.24) % 1752
( 2.22+0.35) % 1682
( 1.1340.15) x 10~3 1752
(21 +0.4 )x10~3 1658
( 1.40+£0.20) % 1657
(42 +1.3 )x 1073 1540
(3.0 £0.8 )x 1073 -
(3.9 £09 )x 1073 -
(38 +£0.8 )x 1073 -
(3.0 +0.8 )x 1073 -
(1.3 +£0.4 )x 1073 1549
(84 +1.1)x10"3 S=12 1656
( 1.1740.13) % 1623
(73 +0.8 )x 1073 1621
(21 +£1.0 )x 1073 1602
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K*(892)% K*(892)°
3(rT )

PP

PPn

w w
wKTK™
we

T
POt
ﬂ:+
p(770)*

(892)
K*(892)° K0-|- c.c.
K35(1430)* KT
K5 (

K3%(1780

a,(1320)0 7
ap(1320)*
KOKtn— + cc.
Kt K= =0

Kt K~ n

K+ K~ 1/(958)
nn'

,’7/ 77/

T K K
KTK™KYKS
KIKGKIKS
KTK-KTK~
KTK=¢
KOK+ 7~ ¢+ c.c.
KtK—m0%¢
3(KTK™)
ot~ 70
pp
pp°
PP
ppw

https://pdg.Ibl.gov

7~ 79 (non-resonant)

1430)0 KO + c.c.

)= K
K3%(1780)° i(<)0+ c.c.
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(22 +£09 )x10-3
( 1.53+0.19) %
( 1.23+0.07) x 10—3
(54 +£07 )x10~4
(86 +£1.0)x10~4
(7.3 £0.9 )x10~4
(97 +28)x10°0
( 2.26+0.10) x 10—3
(40 £1.7 )x 1073
(2.0 £0.4 )x 107>
(6 +4 )x107°
(49 +1.3 )x 104
(51 +£1.9 )x10~4
(55 +0.4 )x10~4
( 1.02+0.15) x 10—3
(53 +£0.4 )x 104
( 1.4640.21) x 10~ 4
( 1.2640.27) x 10~ 4
( 1.51+0.13) x 10~3
( 1.26+0.17) x 10~3
(52 408 )x10~4
(5.7 £2.1 )x 104
( 1.31+£0.35) x 10—3
(1.8 £0.6 )x 103
( 1.30+£0.19) x 10—3
(3.1 +£08)x10"4
< 33 x 104
( 1.9440.34) x 10~4
(22 405 )x10~°
(46 +£0.6 )x107°
(22 +05)x10-3
< 4 x 104
( 1.15+0.18) x 10~4
( 1.67+£0.22) x 10~3
( 1.44+0.30) x 10~3
(48 +0.7 ) x 1073
(2.7 £05 )x 1073
(72 £15 ) x 100
(93 1.2 )x10~4
(73 £0.4 )x10~°
(47 £04 )x 104
( 1.774£0.25) x 10~4
(3.7 £04 )x 1074

S=2.2
5=3.38
S=1.9

CL=90%

CL=90%

S=1.1

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

818
1603
1510
1465
1285
1152
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ppP¢

pprt T

ppr00

pp K™ K~ (non-resonant)

pPKSKS

pPKI K= 7T+ cc.

pAT

ﬁnﬁ+

pnmt— T

ﬁmr+ 70

AA

Art =
AA7T 7~ (non-resonant)
> (1385)T An~ + c.c.
> (1385)" AnT 4+ c.c.

AAn

ANw

AAp

KtTpA + cc.

nK%A + c.c.

K*(892)T pA+ c.c.

KT pA(1520)+ c.c.

PA(1520) KS 7 + c.c.

A(1520) A(1520)

y050

XJFﬁK%-l- c.C.

SO5KT + cc.

yty-

>ty

> xt

> (1385)T X(1385)~

¥ (1385)~ X (1385)™

K=AZT + cc.

E;OE?O

==+

-0+

J/p(1S)nt 70

70 1)c

ne(1S)n T 7~

0

vJ/%(1S)
vp°
yYw
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(2.8 £0.9 )x 107>
( 1.32+0.34) x 10~3
(8.0 £2.4 )x10~4
( 1.94+0.32) x 10~4
< 79 x 104
(5.7 +£0.6 ) x 10~°
(87 +£1.0 )x 104
(9.1 £0.8 )x 10~ 4
( 2.21+0.18) x 10~3
( 2.14+0.19) x 10~3
( 1.86+£0.16) x 10~4
( 1.27+£0.16) x 10—3
(6.7 £15 ) x10~4
< 4 x 104
< 6 x 104
( 1.07+£0.26) x 10~4
( 1.42+0.22) x 10~4
(7.2 £0.9 )x 107>
(7.9 £0.5 ) x 10~4
( 3.63+0.29) x 10~4
(83 +12)x10~4
(2.9 +£0.7 )x 104
(41 +£1.0 ) x107°
(47 £15)x10~4
(3.7 £0.6 ) x 1072
(84 +£1.0)x107°
(9.3 £0.8 )x 107>
(3.4 +£0.7 )x107°
(55 +£13)x107°
(45 +£18 )x107°
< 16 x 104
< 8 x 1072
( 1.7940.32) x 10~4
( 1.8640.22) x 10~4
( 1.46+0.12) x 10~4
( 4.52+0.30) x 107°

< 15 %
< 3.2 x 1073
< 5.4 x 1073

Radiative decays
(19.5 £0.7 ) %

< 1.9 x 1072
< 6 x 106
Page 164

CL=90%

CL=90%
CL=90%

CL=90%
CL=90%

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

S=1.5
CL=90%
CL=90%

1002
1410
1414
1013
1007
900
1463
1463
1411
1411
1384
1255
1255
1192
1192
1096
921
691
1236
1233
976
992
876
924
1319
1197
1197
1322
998
1314
1118
1118
1004
1197
1189
604
185
511
459

430
1694
1692

Created: 5/30/2025 07:44



Citation: S. Navas et al. (Particle Data Group), Phys. Rev. D 110, 030001 (2024) and 2025 update

v
vy
et e J/Y(1S)
php J/9(1S)

< 8 % 10~

CL=90%

( 2.91+0.12) x 10~4 S=13
( 2.20+0.15) x 10~3
( 2.07+0.34) x 10~4

1632
1778
430
381

nc(2S)

Quantum numbers are quark model predictions.

Mass m = 3637.8 £ 0.6 MeV (S =1.1)

/G(JPC) ot~ 1)

Full width ' = 11.6 £ 1.4 MeV

1c(2S) DECAY MODES

Fraction (I';/T)

p
Confidence level (MeV/c)

hadrons
KKn
KKn
27T 27~
ag(1450) 7
a>(1700) 7
ag(1710) 7
p°p°
3r T 31~
KtK—ntn—™
K*O W*O
KtK=atr=n0
Kt K= 2nton—

K% K 2rT7~ + c.c.

2Kt2K~

K3(1430)K + c.c.

K3(1950) K + c.c.

K§(2600) K + c.c.
ol

pp

pprt T

Y

vJ/9(15)

W+W_n

Ty

https://pdg.Ibl.gov

seen

(L9T12) %

(7 T3 )x1073

<26 x 103
seen
seen
seen
<23 x 10~3
1779 %
<25 x 103
< 4 x 103

(15759) %
< 1.8 %
(14t %

<14 x 103
seen
seen
seen
< 1.4 x 103
< 3.2 x 10~4

seen

(1.8719) x 1074

< 1.8 %

(557 33) x 1073

(27129) x 1073

1
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90%

90%

90%
90%

90%

90%

90%
90%

90%

1729

1637

1792
1531
1415
1412
1645

1749

1700
1585

1668
1627
1666

1470
1493
1231

1506
1558
1461

1819
501
1766

1680
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7t 7 n(1S) <4 % 90% 538

¥(2S) 16UPCYy =01~ )

Mass m = 3686.097 & 0.011 MeV (S = 1.1)
Full width T =293 £ 9 keV (S = 1.2)

Scale factor/ p
v¥(2S) DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
hadrons (97.85 £0.13 )% -

virtualy — hadrons ( 1.79 £0.04 )% -
g8g8 (106 +16 )% -
Y88 (1.03 £0.29 )% -
light hadrons (154 £15 )% -
K%anything (16.0 +1.1 )% -
ete (794 £022 )x1073 S=13 1843
W (80 +£06 )x1073 1840
Tt~ (31 +04 )x1073 489

Decays into J/4(1S) and anything
J/1(1S)anything (61.5 +0.7 )% S=1.3 -
J/1¥(1S) neutrals (25.4 +05 )% S=1.6 -
J/p(AS)nt (34.69 +0.34 )% S=1.1 477
J/p(1S) 7070 (182 +05 )% S=16 481
J/Y(1S)n ( 3.37 +£0.06 )% S=1.2 199
J/(18)n° ( 1.268+0.032) x 10~3 528
Hadronic decays

ata~ (78 +26 )x107° 1838
at o~ 70 (201 £0.17 )x10~% S=17 1830
p(770)7 — 7t 7~ 70 (32 +12 )x107% s=18 -
p(2150)7 — T 7~ 70 (1.9 fé:ﬁ ) x 10~4 -
2(rT 7)) (24 406 )x107% S=22 1817
POntn (22 406 )x10~% s=14 1750
2(nt )70 (29 +£1.0 )x1073 S=47 1799
pa>(1320) (26 +09 )x10~4 1500
at 707070 (53 £1.0 )x10-3 1800
pEaF 070 < 27 x 1073 CL=90% 1737
at = 4n0 (14 +1.0 )x10-3 1778
3(rtmT) (35 420 )x10~% S=28 1774
2(rtrx9) (48 +15 )x1073 1776
3(rt 7 )a0 (35 +16 )x1073 1746
2(rt77) 370 (142 £0.31 )% 1748
nrt T < 16 x 1074 CL=90% 1791
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777r+7r_7r0
n2(rt77)
777r+7r_7r07r0
777r+7r_37r0
n2(nt 7= 70)
PN
77/7r+7r_7r
n'p
w0
wrtn™
wrt g 270
bliW]F
w f>(1270)
w970
w30
bgwo
wn
wn'
¢
¢W+W_
$1(980) — 7t~
én
n$(2170), ¢(2170) —
#1(980), fo — wTa~
o'
Yoo
¢ (1285)
#n(1405) — ¢nt 77
¢f’2(1525)
KT K-
KtK—ntn—
Kt K= x0
KgKé 0
CRAYAd
Kt K= 7070
Kt K= 707070
K%Ki’ﬁ:‘:ﬁoﬁo
K%Kiw¢7r+7r_
KtK-nta— =0
wfp(1710) — wKT K~
K*(892)° K~ 7t 70 + c.c.

0

https://pdg.Ibl.gov

(9.5
(1.2
< 4
< 21
< 21
(2.2
(45

(1.9

(21
(73
(87
( 4.0
(2.2
( 1.11
< 8
(2.4
< 11

(3.2

< 4
(118
(7.5
( 3.10

< 22

( 1.54
( 1.46
( 3.0
(85
(4.4
(75
(73
( 4.07
< 46
( 5.34
< 30
(26
(6.6
(17
(22
(1.26
(5.9
(8.6
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+1.7 )x10~4 1778
+0.6 )x1073 1758
x10~% CL=90% 1760
x 1073 CL=90% 1736
x 1073 CL=90% 1705
406 )x107° S=11 1717

+21 )x1074 1692
17 ) x1075 1625
+0.6 )x107° 1757
+12 )x107% S=21 1748
+2.4 )x1073 1715
+06 )x10~% S=1.1 1635
+0.4 )x10~4 1515
4+0.35 ) x 1073 1749

x 104 CL=90% 1736
+0.6 )x10~4 -

x 107° CL=90% 1715
25 <1075 1623
x 10~7 CL=90% 1699
4026 )x 1074 S=15 1690
+33 )x107° S=16 -
4+0.31 ) x 1072 1654
x 1076 CL=90% -

4+0.20 ) x 107° 1555
4+0.18 ) x 107° 989
+13 )x107° 1436
+1.7 )x 1070 -
+16 )x107° 1325
+05 )x107° 1776
+05 )x10~4 1726
+0.31 ) x 107° 1754

x 100 1775
4+0.33 ) x 1072 1775

x10~% CL=90% 1753
+13 )x10~4 1728
+28 )x 1074 1696
+0.6 )x 1073 1694
+0.4 )x1073 1692
+0.09 ) x 10~3 1694

+22 )x107° -
+22 )x10~4 -
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K*(892)T K~ 7T 7~ + c.c. (96 +28 )x10~4 —
K*(892)T K~ p° 4+ c.c. (73 +26 )x107% -
K*(892)°K~ pt + c.c. (61 +18 )x10~4 -
KSKQmtm™ (22 +04 )x10~% 1724
KS K9 7070 (13 +06 )x10-3 1726
K2 K*(892)0 7070 (30 +13 )x10~4 1645
K K* p(770)F 70 < 7 x 1074 CL=00% -
KS KExT p(770)° < 7 x 1074 CL=90% -
KT K*(892)* 70 70 (7.0 +29 )x10~4 1646
K*(892)1 K*(892)~ 70 (36 +1.8 )x10~3 1573
KKy (13 £05 )x1073 1661
KT K= p° (22 +04 )x10~4 1616
K*(892)° K3(1430)° (1.9 +05 )x10~4 1417
KtK-ntnn (13 +07 )x103 1574
KTK=2(rt77) (19 +09 )x10-3 1654
KtK=2(rtn )0 ( 1.00 £0.31 ) x 103 1611
KT K*(892)™ + c.c. (29 404 )x107° S=12 1698
2(KTK™) (63 +13 )x107° 1499
2(KTK—)x0 (110 +£0.28 ) x 10~ 4 1440
KTK=¢ (70 +16 )x107° 1546
KKL g ( 353 £0.29 ) x 10~> 1543
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
nKTK~ < 26 x 10~ CL=90% 1664
X(1750)n - KT K™ (48 428 )x10° -
K1(1400)* KT < 31 x 1074 CL=90% 1532
K35(1430)* KT (71 T33 )x1075 -
K*(892)° KO+ c.c. ( 1.09 £0.20 ) x 104 1697
wKTK™ (162 £0.11 )x10~% S=11 1614
wK K (70 £05 )x107> 1612
wK*(892)T K~ + c.c. ( 2.07 £0.26 ) x 10~% 1482
wK3(1430)T K~ + c.c. (61 +12 )x107° 1252
wK*(892)0 KO (1.68 +£0.30 ) x 104 1481
w K5(1430)° KO (58 £22 )x1075 1250
wX(1440) » wKIK- 7T+ (1.6 +04 )x1075 -
C.C.
wX(1440) - wKT K~ 70 (1.09 £0.26 ) x 1075 -
wf(1285) = wKIK— 7t + (30 +1.0 )x1070 -
C.C.
wf(1285) - wKT K~ 70 (12 +07 )x10~6 -
pp (2.94 £0.09 ) x10~% S=13 1586
nn ( 3.06 £0.15 ) x 10~4 1586
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ppr° ( 1.53 +0.07 ) x 10~4 1543
N(940)p+ c.c. — ppro ( 6.4 ‘_L%g ) x 1072 -
N(1440)p+ c.c. — ppn° (73 TI yx107% s=25 -~
N(1520)p+ c.c. - ppn° (64 T23 )x100 -
N(1535)p+ c.c. — ppn° (25 +1.0 )x1075 -
N(1650)p+ c.c. — ppro (3.8 J_Fi:‘?* ) x 1072 -
N(1720)p+ c.c. — ppn° (179 7926y 105 -
N(2300)p+ c.c. — ppn° (26 32 )x107° -
N(2570)p+ c.c. - ppn° (213 79439 ) x 105 -

pprt T (6.0 +04 )x1074 1491

ppKT K~ (27 407 )x107° 1118

PPN (60 +04 )x107° 1373
N(1535)p+ c.c. = ppn (45 ‘_ng ) x 1072 -

pprnt a0 (73 +07 )x10~4 1435

ppP° (50 £22 )x107> 1252

ppw (69 +21 )x107° 1247

pp”n ( 1.10 +0.13 ) x 10~° 1141

ppo (6.1 +06 )x1070 1109
»X(1835) — ppo < 1.82 x 107 CL=90% -

pAT ™ or C.C. ( 2.48 +0.17 ) x 10~4 -

pAn~ w0 (32 +07 )x10~4 1492

AA (381 £0.13 )x104 S=14 1467

AA7O (14 +07 )x100 1412

AAn (243 +0.32 )x107° 1197
A(1670)A — AAn (13 407 )x107° -

AAY (73 +10 )x107° 892

NAAw(782) (33 404 )x107° 1037

AT~ (28 +06 )x10~% 1346

ApK™T ( 1.00 +0.14 ) x 104 1327

APK*(892)T + c.c. (63 +07 )x107° 1087

ApKTatn™ (1.8 +04 )x107% 1167

AnKS+ 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

ANX0+ cc. (16 +07 )x1070 1437

SO05KT + cc. ( 1.67 £0.18 ) x 107> 1201

yty- (243 +£0.10 )x10~% S=1.4 1408

>03°0 (235 £0.09 ) x 104 S=1.1 1405
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>yt (2.82 £0.09 ) x 1074 1401
>t¥X—n (96 +£24 )x1070 1108
Sty w (1.89 £0.28 ) x 1075 926
STty —¢ (30 +07 )x107° 686

(85 407 )x10~° 1218

5(1385)+ £(1385)~

(1385) 3(1385)" (85 408 )x107° 1218
(1385) 3 (1385)° (69 +07 )x105 1218
= (287 £0.11 )x 1074 S=11 1284

_:0:0 B (23 +04 )x10~4 sS=42 1201
=(1530)°=(1530)° (68 +04 )x1075 1025
AZTK™ +cc B ( 3.67 £0.22 )x 1075 1114
=(1690)" =T — K- A=t + (62 +£21 )x107% s=15 -
cc. .
=(1820)" =" — K- A=T+ (148 £0.29 ) x 107>  S=1.2 -
C.C.
=(1530)~ (1530) ( 1.15 £0.07 ) x 10~4 1025
=(1530)~ (70 +12 )x107° 1165
_(1_530)0_0 (53 +05 )x1076 1169
SOEtK +cc (37 +04 )x1075 1060
QK =% cc (28 +04 )x100 606
- 0F (566 +£0.30 ) x 1072 S=1.3 774
nent a0 < 1.0 x 10~3 CL=90% 512
he(1P) w0 (74 £05 )x10~4 85
Afpete + cc. < 17 x 1070 CL=90% 830
@(15610)5(1540) — ljaa] < 8.8 x 1070 CL=90% -
KepK™n+ c.c.
S
@(1540)K—ﬁ — KYpK™7A [jaa] < 1.0 x 1075 CL=90% -
O(1540)K%p — KUBKTn  [jaal < 7.0 x 1070 CL=90% —~
S S
O(1540)K™n — KEpKTn [jas] < 26 x 105 CL=90% -~
O(1540)K2p — KLpK™7n  [jjaa] < 6.0 x 1076 cL=90% -
Radiative decays
YXco(1P) (975 £0.22 )% S=1.1 261
vYXc1(1P) (975 £0.27 ) % S=1.1 171
Y Xc2(1P) (938 £0.23 )% S=1.2 128
v1(1S) (36 405 )x1073 S=13 635
N (2S) ( 5.4 i‘g:g ) x 10~4 48
y2(rt 7T (40 +06 )x104 1817
y3(nt ) < 17 x 1074 CL=90% 1774
n’(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 fo(1500) (93 +£1.9 )x107° 1529
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v} (1525) (33 +08 )x107° 1531
vy f0(1710) seen 1436
vf(1710) — 7w (35 406 )x107° -
7f(1710) - yKK (6.6 +£07 )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 +1.8 )x10— '/ 1802
ynmT T (87 +21 )x1074 1791
~n(1405) seen 1574
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% -
’77T+7T_ 70
777(1475) seen 1548
yn(1475) - yKKm < 14 x 10~% CL=90% -
yn(1475) — yna T~ < 88 x 1072 CL=90% -
YKOKT 1~ + cc. (37 +09 )x10~4 1674
~ K*0K*0 (2.4 +07 )x10~4 1613
YKIKT 17+ cc. (26 +£05 )x10~4 1753
YKTK ntn~ (1.9 +£05 )x10~4 1726
YKTK=2(zrt77) < 22 x 1074 CL=90% 1654
y2(KTK™) < 4 x 1072 CL=90% 1499
Ypp (39 +05 )x107° S=20 1586
v£(1950) — ~pp (120 £0.22 ) x 10~° -
v5(2150) — ~vpp (72 +18 )x107° -
vX(1835) — ~pp (46 38 )x1070 -~
¥yX = ypp [ppaa] < 2 x 1070 CL=90% -
ypprt T (28 +14 )x107° 1491
0% < 15 x10~% CL=90% 1843
vy d /Y (31 T19 )x10* 542
ete 1 (1.90 £0.26 ) x 10~ 1719
et e n.(19) (38 404 )x107° 635
et e xco(1lP) ( 1.05 +0.25 ) x 10~3 261
et e xc1(1P) (85 407 )x10~4 171
et e xe2(1P) (68 +08 )x10~4 128
Weak decays
DOete+ cc < 14 x10~7 CL=90% 1371
ATT +ce < 14 x 1075 CL=090% 586
Other decays
invisible < 16 % CL=90% -
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¥(3770) 16UPSY =0—1— )
Mass m = 3773.7 £ 0.7 MeV (S = 2.3)
Full width ' = 27.2 £ 1.0 MeV
Scale factor/ p

v(3770) DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
DD 9 T8 )% S=2.0 287

DY DO (2 T3 )% $=2.0 287

Dt D~ (41 +4 )% $=2.0 254
J/p X (5.0 £22 )x 1073 -
J/prta~ ( 1.9340.28) x 10~3 561
J /070 (80 +£3.0 ) x 1074 565
J/dn (87 +1.2 )x10~4 361
J/2pO < 28 x 1074 CL=90% 604
et e (9.6 £0.7 ) x 1076 S=1.3 1887

Decays to light hadrons

b1(1235) 7 < 14 x 1072  CL=90% 1684
on < 23 x107°  CL=90% 1607
wn' < 4 x 104  CL=90% 1672
o0n < 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 CcL=90% 1805
KTt K~ not seen 1821
K*(892)T K~ + c.c. < 1.4 x 1072  CL=90% 1745
K*(892)° KO 4 c.c. < 12 x 1073 CL=90% 1745
K2 K (26 T1¢)x1075 1820
2(rt ) < 112 x 1073 CL=00% 1861
2(nt )70 < 1.06 x 1073 CL=90% 1844
2(rt 7 x9) < 585 % CL=90% 1821
wrtr™ < 6.0 x10~%  CL=90% 1794
3(rtmT) < 9.1 x 1073 CL=90% 1820
3(xt 7 )n0 < 137 % CL=90% 1792
3(rt7r)2n0 < 11.74 % CL=90% 1760
Nt < 1.24 x 1073  CL=90% 1836
ata— 270 < 89 x 1073 CL=90% 1862
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POntn < 6.9 x 1073 CL=00% 1796
n3m < 134 x1073  CL=90% 1824
n2(rta~) < 2.43 % CL=90% 1804

npnta— < 1.45 % CL=90% 1708
n' 3w < 2.44 x 1073  CL=90% 1741
KtK—atn~ < 9.0 x 104 CL=90% 1773

prtwT < 41 x 1074  CL=90% 1737
KT K= 2x0 < 42 x 1073  CL=90% 1774
4(rt77) < 167 % CL=90% 1757
4(nt7)n0 < 3.06 % CL=90% 1720
¢ 15(980) < 45 x 1074 CL=90% 1597
KTK-nta— 70 < 236 x1073  CL=90% 1741

KT K= pOr0 < 8 x10~4  CL=90% 1624

KtK=ptr™ < 1.46 % CL=90% 1623

wKTK= < 34 x 1074  CL=90% 1664

pnt w0 < 38 x1073  CL=90% 1723

KOK— 7t 70+ cc. < 1.62 % CL=90% 1694

K"K~ nTn~ + cc. < 3.23 % CL=90% 1693
KTK-ntn— 270 < 2.67 % CL=90% 1705
KTK=2(rt77) < 1.03 % CL=90% 1702
KtK=2(rt77)x0 < 3.60 % CL=00% 1661
nKT K~ < 41 x 1074  CL=90% 1712
nKTK-rta~ < 1.24 % CL=90% 1624
POKT K- < 5.0 x 1073 CL=90% 1666
2(KTK™) < 6.0 x10~%  CL=90% 1552
dKTK™ < 75 x 1074  CL=90% 1598
2(KT K—)x0 < 29 x 1074 CL=00% 1494
2AAKTK )t a™ < 32 x 1073 CL=90% 1426
KSK—nt < 32 x 1073  CL=90% 1799
KLK=nt 70 < 1.33 % CL=90% 1773
KSK=pT < 66 %1073 CL=90% 1665
K K™ 2ntr < 87 x 1073  CL=90% 1740
KSK=mtp0 < 16 % CL=90% 1621
KSK=ntny < 13 % CL=90% 1670
KK 2nt =70 < 418 % CL=90% 1703
KYK—2ntn < 48 % CL=90% 1570
KOK=nt2(ntn) < 1.22 % CL=90% 1658
KO K= nt 270 < 2.65 % CL=90% 1742
KSK- Kt K=t < 4.9 x10~3  CL=90% 1491
KKKt K= nt 70 < 3.0 % CL=90% 1427
KIK- KT K=ty < 22 % CL=90% 1214
KOK— 7t + cc. < 97 x 1073  CL=90% 1722
pp not seen 1637
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ppr° < 4 x 1075  CL=90% 1595
pprt ™ < 58 x 1074 CL=90% 1544
AA < 12 x 1074  CL=90% 1522
pprnt a0 < 185 x 1073 CL=90% 1490
wpp < 29 x 10~%  CL=90% 1310
AATO < 7 x 1075  CL=90% 1469
pp2(rT77) < 2.6 x 1073 CL=90% 1426
npp < 5.4 x 1074 CL=90% 1431
npprt T < 33 x 1073  CL=90% 1284
P’ pp < 17 x 1073 CL=90% 1314
ppKT K~ < 32 x 1074 CL=90% 1186
nppKT K~ < 6.9 x 1073 CL=90% 737
O ppKT K~ < 1.2 x 103  CL=90% 1094
opp < 13 x 1074 CL=90% 1178
AT~ < 25 x 1074 CL=90% 1405
APpKT < 28 x 1074 CL=90% 1387
APKTntn— < 63 x 1074  CL=90% 1234
AAn < 1.9 x 1074  CL=90% 1263
>ty- < 10 x 1074 CL=90% 1465
>0¥0 < 4 x 1075  CL=90% 1462
=0=0 < 34 x 104  CL=90% 1353
=—=t (1.4 £0.4 )x 1074 1347
A=K~ + cc. < 10 x10~% CL=90% 1185
SOZ+HK—+ cc < 34 x 104  CL=90% 1134
Radiative decays
VX2 < 6.4 x 1074  CL=90% 211
YXel ( 2.49+0.23) x 103 254
Y Xco (6.9 +£0.6 )x 1073 342
YNe < 7 x 1074  CL=90% 707
v1(25) < 9 x 1074  CL=90% 133
v < 18 x 1074 CL=90% 1765
N < 15 x10~%  CL=90% 1847
A0 < 2 x 1074  CL=90% 1884
1(3823) 16(PCY =072 )
I, J. P need confirmation.

was 1(3823), X(3823)

Mass m = 3823.51 + 0.34 MeV
Full width ' < 2.9 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(1S)rt <0.06 90% 607
J/¢(15)7r° 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 7911 258
13(3842) 16FC) =037 ")
J, P need confirmation.

Mass m = 3842.71 4 0.20 MeV
Full width ' = 2.8 & 0.6 MeV

v3(3842) DECAY MODES Fraction (I';/T) p (MeV/c)

D+_D_ seen 443

DO DO seen 463
Xc1(3872) 16FPC) =0t )

also known as X(3872)

Mass m = 3871.64 £+ 0.06 MeV
mxcl(3872) — mJ/w =775+ 4 MeV
Full width T = 1.19 & 0.21 MeV (S = 1.1)

Xc1(3872) DECAY MODES Fraction (I;/T) Confidence level (MSV/C)
et e < 27 x 107 90% 1936
7r+7r 70 < 1.0 % 90% 1924
T~ J/¢(1S) (43+ 1.4)% 650
T WOJ/¢(15) not seen 588
wne(1S) < 40 % 90% 368
p(770)° J/2(15) (3.4+ 1.1)% -
wJd/P(1S) ( 5.0+ 1.9) % f
not seen 1646

DO DO 70 (55 +28 )% 116
D*0po (46 +16 )% t
vy <13 % 90% 1936
DO DO < 32 % 90% 519
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Dt D~ <22 % 90% 502
70 X2 < 5 % 90% 273
%1 (38F 19 319
7% %0 < 16 % 90% 411
7t n(1S) < 16 % 90% 745
7070 X c0 < 7 % 90% 347
7979y < 5 % 90% 228
7970y o < 22 % 90% 156
at o~ Xc0 < 24 % 90% 340
T Xe1 < 8 x 1073 90% 218
pp < 27 x 1072 95% 1693
mtr Ty < 5 x 1073 90% 1887
Radiative decays
yDt D~ < 4 % 90% 502
~ D9 DO < 7 % 90% 519
yJ /4 (10 + 4 )x103 697
Y Xel < 1.0 % 90% 344
Y Xc2 < 4 % 90% 303
77,[1(25) possibly seen 181
v1)2(3823) < 33 x 103 90% 48
C-violating decays
nd /v < 21 % 90% 491
Xc0(3915) 16(JFC) =0t (0t )

was X(3915)

Mass m = 3922.1 + 1.8 MeV (S = 1.5)
Full width T = 20 & 4 MeV (S = 1.1)

Xc0(3915) DECAY MODES Fraction (I';/T) p (MeV/c)
w J/w seen 232
D*0po not seen 313
Dt D~ seen 592
D:_ DS_ seen 1
7T n(1S) not seen 788
Nen not seen 668
Ne™ not seen 817
KK not seen 1898
vy seen 1961
7¢(25) not seen 229
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70 Xcl not seen 368
xc2(3930) 16(JPCy =0t t+ 1)
Mass m = 3922.5 & 1.0 MeV (S = 1.7)
Full width T = 35.2 £ 2.2 MeV (S = 1.2)
Xc2(3930) DECAY MODES Fraction (I';/T) p (MeV/c)
Y seen 1961
KKm not seen 1878
K_:K_ at a0 not seen 1822
DD seen 607
D+_D_ seen 592
DO DO seen 607
7T_|ZT_ nc(1S) not seen 788
KK not seen 1898
1)(4040) [9923] 16UPC =01 )
Mass m = 4040 4+ 4 MeV
Full width ' = 84 4+ 12 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” (1.02+0.17) x 1075 2020
DD o seen 776
DO DO seen 776
D_+D_ seen 764
D*D+ c.c. o seen 570
D*(2007)0 DY+ c.c. seen 576
D_*(2010)+ D™+ c.c. seen 562
D* D* o seen 196
D*(2007)0 D*(2007)0 seen 228
'D*(2010)* D*(2010)~ seen 196
DDm (excl. D* D) not seen -
DD~ xt —+c.c. (excl. not seen -
_ D*(2010)" D~ +4c.c.)
D D* ’/T(eXC|. D* D*) not seen -
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DOE*_ T +c.c. (excl. seen -
D*(2010)™ D*(2010)™)
D? Ds_ seen 453
atatoe—n~ 7r0 seen 1979
J/¢(15) hadrons seen -
J/prta~ <4 x 1073 90% 795
J/pmO70 <2 x 1073 90% 797
J/vn (5.2 £0.7 ) x 103 676
J/apO <28 x 10—4 90% 824
J/pat a0 <2 x 103 90% 747
Xe1?Y < 34 x 1073 90% 494
Xc27Y <5 x 1073 90% 455
xerm P~ w0 <11 % 90% 307
X2 L < 3.2 % 90% 234
ho(1P)mt ™ <3 x 1073 90% 404
ot~ <3 x 1073 90% 1880
At r— <29 x 10~4 90% 1579
AA7O <9 x 10~5 90% 1636
AAn < 3.0 x 104 90% 1452
AN <6 x 10~0 90% 1684
yty- <13 x 10~4 90% 1632
>0350 <7 x 1075 90% 1630
=t=- <16 x 104 90% 1527
=0=0 <18 x 10—4 90% 1533
==t <6 x 1072 90% 1527
A=t K™+ cc. <7 x 1072 90% 1386
SOE+HK+ cc <15 x 105 90% 1343
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 I = 1977 MeV

Xc1(4140) DECAY MODES Fraction (I';/T) p (MeV/c)
J/¢¢ seen 216
Yy not seen 2073
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1(4160) 952

Mass m = 4191 £+ 5 MeV
Full width ' = 69 + 10 MeV

1I6UPSY =0—a1— )

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.

¥(4160) DECAY MODES

Fraction (I;/T)

p
Confidence level (MeV/c)

ete™
ptp—
DD
DO DO
D+ D~
D*D+cc.
D*(2007)°D° + c.c.
D*(2010)* D™ + c.c.
D* D*
D*(2007)° D*(2007)°

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

DOD~ 7t +c.c. (excl.

~ D*(2010)* D~ +c.c.)
DD*rm+c.c. (excl. D*D*)

DO D*~ 7t 4c.c. (excl.

D*(2010)™ D*(2010)7)
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(6.9 +3.3) x 1070 2096
seen 2093
seen 956
seen 956
seen 947
seen 798
seen 802
seen 792
seen 592
seen 604
seen 592
not seen -
seen -
not seen -
not seen 719
seen 478
<3 x 103 90% 919
<3 x 1073 90% 921
<2 x 1073 90% 407
<8 x 1073 90% 821
<1 x 10~3 90% 944
<5 x 10~3 90% 456
<1 x 10~3 90% 879
< 4 x 10~3 90% 395
<5 x 10~3 90% 625
<13 % 90% 587
<2 x 10—3 90% 496
<8 x 10~3 90% 444
<5 x 10~3 90% 556
<2 x 1073 90% 560
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he(1P)n <2 x 1073 90% 348
he(1P) 70 <4 x 104 90% 600
wrnt ™ seen 2013
ot <2 x 1073 90% 1961
vXc1(3872) <16 x 1073 90% 307
YXc0(3915) — ~J /Yt < 1.36 x 10~4 90% -
vX(3930) — ~yJ/Yprta— < 118 x 10~4 90% -
vX(3940) — ~J/Yprt A~ < 1.47 x 10~4 90% -
Yxc0(3915) — vy J/v < 1.26 x 10~4 90% -
vX(3930) — vy J/v < 838 x 1072 90% -
v X(3940) — vy J/v < 1.79 x 10~4 90% -
W’R‘O not seen 2020
wn not seen 1984
KTK~ not seen 2037
K% Ki nt seen 2017
pppp not seen 834
AA <15 x 1070 90% 1774
yty- < 2.0 x 10~4 90% 1725
=0=0 <14 x 10~4 90% 1632
==t <8 x 1075 90% 1626
pK~ A+ cc. <6 x 10~6 90% 1659
AN=T K™ + c.c. seen 1494
SO+t K— 4 cc. <31 x 100 90% 1454
1(4230) 1I6(UPCY =017 )
also known as Y'(4230); was 1(4260)
Mass m = 4222.2 + 2.4 MeV (S =1.7)
Full width T = 51 &= 8 MeV (S = 3.7)

v(4230) DECAY MODES Fraction (I';/T) p (MeV/c)
utp~ (3.0+£2.7) x 1072 2107
77(_-(15) I not seen 1027
nc(15)7r+7r_7r0 seen 992
J/¢7T+7T_ seen 942

J/@D f0(980), f0(980) — 7T T seen -

Tee1(3900)F 77, T, — seen -

J/pnt

J/¢7T07T0 seen 944
J/¢K+K_ seen 460
J/¢ K% K% not seen 447
J/wn seen 848
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J/?,Zmro
J/bn'
J/prt a0
J/ipnmO
J/Ynm
P(2S)
¥(25)n
XcoWw
Xcl rta— 70
X2 atr— a0
ho(1P)mt ™
ot~

1 (980) — om T

D*D+c.c.
D*(2007)°DO +c.c.
D*(2010)" D~ +c.c.

D* D*

D*(2007)° D*(2007)°

D*(2010)* D*(2010) ™

DD +c.c.

DOD= 7t +cc. (excl.
D*(2007)° D*0 4c.c.,
D*(2010)" D~ +c.c.)

D D*r+c.c. (excl. D* D¥)
DO D*(2010)~ 7t +c.c.
D;(2420) D+ c.c.

D*D* 1

DO D*~ xt

DiDS

D" D_ +c.c.

Dt D¥

pp

ppm°

PPN

w7r+
ppPw_
=— =

™
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not seen
seen

not seen
not seen
not seen
seen

not seen
seen

not seen
not seen
seen

not seen
not seen
not seen
not seen
not seen
not seen
not seen
possibly seen
possibly seen
not seen
not seen
not seen
not seen
not seen
not seen
not seen

not seen

not seen
seen
not seen
seen
seen
not seen
not seen
not seen
not seen
not seen
not seen
seen
not seen

not seen

181

966
504
904
770
211
426

171
527
477
583
1976

1856
1854
1947
1864
987
987
978
835
839
829
641
652
641
847

723
650

l
367
364
760

538

T
1890
1854
1712
2028
1610
1645
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atatan n~ not seen 2087
atotnn~ 7TO not seen 2071
w 7T0 not seen 2035
wn not seen 1999
K% Ki nt not seen 2032
K% Ki T 7TO not seen 2009
K% K+ 7T:F77 not seen 1917
KT K~ ’R‘O not seen 2033
KTK nta— not seen 2008
KtK—atn— 70 not seen 1981
KTKTK- K~ not seen 1813
K+K+K_K_’fi‘0 not seen 1762
pﬁﬁ+ T not seen 1810
pﬁﬂ+ 7m0 not seen 1764
pppp not seen 864
AA not seen 1791
yty- not seen 1743
pK_Z-i- C.C. not seen 1677
A=t K™ + c.c. not seen 1514
ZO =tK- + c.c. not seen 1474

Radiative decays

77(_-(15)’)/ possibly seen 1055

77(_-(15) ’R‘O’y not seen 1048

Xc1?Y not seen 650

X2 not seen 612

XC1(3872)’)/ seen 334
Xe1(4274) PG =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
¥(4360) 1CUPG =01 )

also known as Y'(4360); was X(4360)

Mass m = 4374 £ 7 MeV (S = 2.4)
Full width T = 120 + 12 MeV (S = 2.1)
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v(4360) DECAY MODES Fraction (I';/T) p (MeV/c)
ete™ seen 2187
hc atn~ seen 723
J/¢7T+7T_ seen 1063
¢(25)’R‘+7T_ seen 579
¢(3770) nta~ possibly seen 495
¢2(3823)W+7T_ seen 444
J/wn seen 982
DO D*—nt not seen 868
DtD-ntn— seen 862
D1(2420) D+ c.c. possibly seen 431
on not seen 2030
wmd not seen 2115
wn not seen 2080
ppn not seen 1806
ppw not seen 1708
Xc1?Y not seen 778
X2 not seen 741
rtx- not seen 1835
=—=t not seen 1742
pK_Z—l— C.C. not seen 1773
A=TK 4+ cc. not seen 1620
SO=+ K- + c.c. not seen 1582

¢(4415) CLEE]

1CUPCYy =01~ )

Mass m = 4415 + 5 MeV
Full width ' = 110 £+ 13 MeV (S = 1.6)

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.

¥(4415) DECAY MODES

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

DD
DO DO
D* -
D*D+ c.c.

D*(2007)°D° + c.c.
D*(2010)" D~ + c.c.

D* D*

https://pdg.Ibl.gov

seen 1181
seen 1181
seen 1173
seen 1057
seen 1060
seen 1052
seen 911
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D*(2007)0 5*(2007)0 + c.c. seen 919

D*(2010)+ D*(2010)_ + c.c. seen 911
D% D~ 7t (excl. D*(2010)* D~ < 23 % 90% -

+c.c.

DD35(2460) — D°D~ 7t +c.c. (10 +£4 )% -
DO D*~ 7t 4c.c. <31 % 90% 918
D1(2420) D+ c.c. possibly seen 523
D? DS_ not seen 999
WX (9 +4 )x10-3 317
D:+ Ds_ +c.c seen 842
D:+ D:_ seen 641
5(3823) 7t ™ possibly seen 486
¢(3770) ata™ possibly seen 535
J/vn < 1.0 % 90% 1017
X1 < 13 x 1073 90% 811
Xc27Y < 7 x 1073 90% 775
AA < 5 x 106 90% 1905
yty- < 1.8 x 10~4 90% 1859
=0=0 < 14 x 10~4 90% 1773
==t < 6 x 1072 90% 1768
pK~— A+ c.c < 10 x 1075 90% 1798
AN=TK™+cc < 4 x 1072 90% 1647
SOZ+HK~+ cc < 25 x 10~4 90% 1610
w0 not seen 2136
wn not seen 2102
ete (3.2+1.2) x 106 2207
Wt ( 1.14£0.4) x 1072 2205

1(4660) 16UPSY =0—1— )
also known as Y'(4660); was X (4660)

Mass m = 4623 + 10 MeV (S = 3.7)
Full width ' =55 £ 9 MeV (S = 1.9)

1(4660) DECAY MODES Fraction (I';/T) p (MeV/c)
ete” not seen 2311
P(2S) seen 803
J/n not seen 1186
DO D*— 7t not seen 1146
D*0 p*— at seen 1011
¢2(3823)7T+ T seen 684
Xc1?Y not seen 978
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Xc1 @ not seen 387
X2 not seen 943
Xc2 ¢ not seen 275
/\j— /\C_ seen 338
D: D51(2536)— seen 517
D: D:2(2573)_ seen -
wﬂ'o not seen 2243
wn not seen 2211
yty- not seen 1982
==t not seen 1896
pK_Z—i— c.c. not seen 1924
A=t K™+ cc. not seen 1784
SO=+ K- + c.c. not seen 1749

bb MESONS
(including possibly non-q{ states)

n6(1S) 16UPC) =0t~ )

Mass m = 9398.7 + 2.0 MeV (S = 1.5)
Full width T = 1072 MeV

p
np(1S) DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
hadrons seen -
3ht3h~ not seen 4672
2hT2h~ not seen 4689
4ht 4h— not seen 4648
Yy not seen 4699
Wt <9 x 1073 90% 4698
Thr <8 % 90% 4350
T(1S) 16UPCY =0—1— )
Mass m = 9460.40 £ 0.10 MeV
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™ ( 239 +£0.08 )% 4730
W (248 +0.04 )% 4729
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88

YEE

7'(958) anything
J/¢(1S) anything

Hadronic decays

(817 +07 )% _
(22 406 )% _
(2.94 £0.24 )% _

(54 +04 )x107%

J/w(ls)nc <
J/¥(18) xco <
J/Y(15) X1 (
J/(1S) xc2 <
J/(15)1c(25) <
J/1(1S5) X(3940) <
J/¥(15) X(4160) <
X(4350) anything, X — <
J/p(15)¢
Tz1(3900)* anything, <
TcEl — J/¢(1S)Wi
Tz1(4200)% anything, <
Z. — J/y(1S)n*
Tz1(4430)F anything, <
Tez1 = J/Y(18)n*
XciS anything, X — <
J/pKE
1 (4230) anythmg Y — <
J/(1S) T
1 (4230) anythmg ) — <
J/Y(1S)KT K~
Xc1(4140) anything, xc1 — <
J/(15)¢
Xco anything <

Xc1 anything
Xcl(lP)Xtetra
Xc2 anything
¥(2S) anything

) X(4160)

4230) anything, ¢ —

P28t

1(4360) anything, ¢ —
P28t 7

https://pdg.Ibl.gov

2.2
3.4
3.9
1.4
2.2
5.4
5.4
8.1
1.3
6.0
4.9

5.7

3.8

7.5

5.2

4

S=1.4 4223
% 100 CL=90% 3623
% 100 CL=90% 3429

+1.2 )x1070 3382

x 1070 CL=90% 3359
% 100 CL=90% 3317
% 1076 CcL=90% 3148
x 1070 CL=90% 3020
x 100 CcL=90% _
x 1072 CL=90% _
x 1072 CL=90% _
x 1072 CL=90% _
x 100 CcL=90% _
x 1072 CL=90% _
x 1070 CL=90% -

%1070 CL=90% -

x 1073 CL=90% _

(1.90 £0.35 ) x 104 _

< 3.78

x 1072 CL=90% _

(28 +08 )x10~4 _
(123 £0.20 ) x 104 _

ANNN NN AN NA

VAN

Page 186

3.6
6.5
4.5
2.1
3.2
2.9
2.9
7.9

5.2

%106 CL=90% 3345
% 100 CL=90% 3124
% 100 CL=90% 3070
%106 CL=90% 3043
%1070 CL=90% 2994
% 100 CL=90% 2797
%106 CL=90% 2645
x 1072 CL=90% -

x 1072 CL=90% _
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1 (4660) anything, 1 — < 22 x 1072 CL=90% -
»(2S)mt
T.=(4050)* anything, X — < 88 x 1075 CL=00% -
$(2S) 7=
Tz1(4430)F anything, < 6.7 x 1072 CL=90% -
Teer — ¢(25)7Ti
Xc1(3872) anything < 22 x 104 CL=90% -
T, 31(4200)Jr T.z1(4200)~ < 223 x 1075 CL=90% -
Tez1(3900)F Tz (4200)F < 81 x 1076 CL=90% -
Tez1(3900)" T.=1(3900)~ < 1.8 x 10~6 CL=90% —
T.=(4050)" T.=(4050)~ < 158 x 1075 CL=90% -
T=(4250)" T.(4250)~ < 2.66 x 1075 CL=90% -
T.=(4050)F T z(4250)T < 442 x 1075 CL=90% -
Tee1(4430)" Toz1(4430) < 2.03 x 1072 CL=90% -
T.=(4055)* T.z(4055)F < 233 x 1075 CL=90% -
T.=(4055)* Tz (4430)F < 455 x 1075 CL=90% -~
pT < 3.68 x 1076 CL=00% 4697
w0 < 3.90 x 1076 CL=00% 4697
Tt < 5 x 10~% CL=90% 4728
KT K~ <5 x 104 CL=90% 4704
pp < 5 x 104 CL=90% 4636
at a0 (21 +08 )x106 4725
dKTK™ (2.4 £05 )x1070 4623
wrt ™ (45 +1.0 )x107° 4694
K*(892)° K~ 7t + c.c. (44 408 )x1076 4667
¢ f},(1525) < 1.63 x 1070 CL=90% 4551
w f(1270) < 1.79 x 1070 CL=90% 4611
p(770) a>(1320) < 224 x 1070 CL=00% 4605
K*(892)° K3(1430)° + c.c. (30 +08 )x1076 4579
K1(1270)F KT < 241 x 1070 CL=00% 4634
K1(1400)* KT (1.0 +04 )x1076 4613
by (1235)F 7T < 1.25 x 1070 CL=00% 4649
at o~ 7070 (1.28 £0.30 ) x 10~> 4720
KK n~+ cc (16 +04 )x10~6 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 (2.85 £0.25 ) x 107> -
Sum of 100 exclusive modes ( 1.200£0.017) % -
Radiative decays
yrta~ (63 +£1.8 )x107° 4728
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7970
7w (S-wave)
yrOn
YKT K™
PP
y2hT2h™
v3hT3h™
y4hT 4h~
yrtr~ Kt K™
y2rt 2w~
v3rt3r~
vt 2r T KT K™
yrt T pp
y2rt2n~ pp
Y2KT2K™
vn'(958)
yn
7 f5(980)
7 f}(1525)
’7f2(1270)
~v1(1405)
~ fp(1500)
7f(1500) — YKt K~
~ fp(1710)
vf(1710) - yKT K~
v f(1710) — 7wt~
vfy(1710) — 7070
Vfo(1710) = ~n

~ £,(2050)

v£(2200) — yKt K~

v£(2220) » yKT K~

v£(2220) = yrt AT

v£,(2220) — ~vpp

Yn(2225) = v¢ ¢

Y1 (1S)

Y1c(2S)

Y Xco

Y Xcl

Y Xc2

YXc1(3872)
vXc1(3872), xc1 —

7r+7r_7r0J/zp

vYXc0(3915) = wJ /¢

https://pdg.Ibl.gov

(17

(4.6

< 24

[rraa] ( 1.14
[ssaal < 6

(7.0

(54

(74

(29

(25

(25

(24

(15
(4

(20

< 19

< 1.0
< 3

(29

( 1.01

< 8.2

< 15

( 1.0

< 26

( 1.01

(53

1.4

1.8

5.3
2
8
6

1.1
3

2.9
4

6.6

ANNNNANNNANNNNANNNA

(47

7.6
4
< 2.8

AN A

< 3.0
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+0.7 )x107°
+0.7 ) x107°
x 10~6

4+0.13 ) x 1072
x 100
) X 10—4
) X 10—4
) x 1074
) x 1074
) x 10~4
) X 10—4
+12 )x10~4
+0.6 )x10~4
+6 )x107°
+2.0 )x107°
x 10~6

x 10~6

x 1072

+0.6 )x107°
4+0.06 ) x 10~4
x 1072

x 1072

+0.4 )x107°
x 104

4+0.32 ) x 107°
+2.0 )x107°
x 100

x 10~6

x 1072

x 1074

x 107

x 10~ 7

x 10~6

x 1073

x 1072

x 10~4

x 1072

+1.5
+2.0
+3.5
+0.9
+0.9
+1.2

f%g ) X 10—>
% 10~
x 10~9

% 100

x 100

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%
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YXc1(4140) — ¢ J /1 < 22 x 1076 CL=90% -
Y XX (myx < 3.1 GeV) [ttaa] < 1 x 1073 CL=90% -
Y XX(mx < 4.5 GeV) [uuaa] < 2.4 x 10~4 CL=90% -
vX — ~+ > 4 prongs [waa] < 1.78 x 1074 CL=95% -
7A0 — 7u+ w- [xxaa] < 9 x 1070 CL=90% -
yAQ — Nt [rraa) < 1.30 x 10~4 CL=90% —
vAY = ~Ngg [yyaa] < 1 % CL=90% -
vA? — ~s3 [yyaa] < 1 x 10~3 CL=90% -~
Lepton Family number (LF) violating modes
et T LF < 39 x10~7 CL=90% 4730
s LF < 27 x 1076 CL=00% 4563
et 7T LF < 27 x 1076 CL=00% 4563
vetuF LF < 42 x 1077 CL=90% 4730
yuErT LF < 6.1 x 1076 CL=00% 4563
yet rF LF < 65 x 1076 CL=00% 4563
Other decays
invisible < 3.0 x 104 CL=90% -
hadrons (96 +4 )% -
Xbo(1P) 16(PC) = ot (0t )
J needs confirmation.
Mass m = 9859.44 £ 0.42 + 0.31 MeV
xpo(1P) DECAY MODES Fraction (I;/T) Confidence level (M(—fV/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 10~5 90% 4875
2t~ K~ K% 270 < 5 x 104 90% 4846
2rt 27~ 270 < 21 x 10~4 90% 4905
2T 2T KT K™ (1.1 406 )x10~4 4861
2rt2r~ Kt K= 70 < 27 x 104 90% 4846
2rt2r~ Kt K= 270 < 5 x 104 90% 4828
3rt2r” K~ K%n0 < 1.6 x 10~4 90% 4827
3n T3~ < 8 x 1079 90% 4904
3rt 37— 270 < 6 x 10~4 90% 4881
3nT3r" KT K™ (24 +£12)x10™4 4827
3rt3n~ KT K~ x0 < 10 x 10~3 90% 4808
AT 4~ < 8 x 1072 90% 4880
4t 4 270 < 21 x 103 90% 4850
J/pJ/Y < 7 x 1072 90% 3836
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J/p(2S) < 1.2 x 10~ 90% 3571
¥(2S5)(2S) < 31 x 1072 90% 3273
J/(1S)anything < 23 x 1073 90% -
Xb1(1P) 1C(UPC) = ottt
J needs confirmation.

Mass m = 9892.78 & 0.26 &+ 0.31 MeV
mXbl(l'D) — m'r(ls) = 43210 + 028 I\/IeV

Xp1(1P) DECAY MODES Fraction (I';/T) Confidence level (M(—fV/C)
v T(1S) (35.2 +£2.0) % 423
DY X (12.6 £2.2) % -~
atr” Kt K= 70 ( 2.0 £0.6) x 10~4 4892
2r T T K™ KY (1.3 £0.5) x 10~4 4892
2t~ K~ K% 270 < 6 x 10—4 90% 4863
2rt 27— 270 ( 8.0 £2.5) x 10~4 4921
2T 2 KT K™ (1.5 +05) x 10~4 4878
2rt2r~ K+ K= 70 (35 £1.2) x 10~4 4863
2rt2r~ Kt K= 270 (8.6 £3.2) x 10~4 4845
3rt2r” K~ K%n0 (9.3 £3.3) x 10~4 4844
3nT3n~ (1.9 £0.6) x 10~4 4921
3rt 37— 270 (1.7 £0.5) x 103 4898
3nT3r" KT K™ (2.6 +£0.8) x 10~4 4844
3rt3r~ Kt K~ 70 (7.5 £2.6) x 10~4 4825
AT 4~ (2.6 +£0.9) x 10~4 4897
4t 4r— 270 (1.4 £0.6) x 1073 4867
wanything (49 £1.4)% -

W X¢etra < 4.44 x 10~4 90% -
J/pd /0 < 27 x 1072 90% 3857
J/(25) < 17 x 1072 90% 3594
$(25)1(25) < 6 x 1075 90% 3298
J/1(1S)anything < 11 x 1073 90% -

J/(18) Xietra < 227 x 104 90% -

hy(1P) 1I6UPS =0~ )

Mass m = 9899.3 + 0.8 MeV

hyp(1P) DECAY MODES Fraction (I;/T) Confidence level (M(—fV/C)
1b(1S)y (52 2% 488
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T(15) 0 < 18 x1073 90% 408
xb2(1P) 1C(UPCy =0t (2t )
J needs confirmation.

Mass m = 9912.21 + 0.26 + 0.31 MeV

Xxp2(1P) DECAY MODES Fraction (I';/T) Confidence level (M:V/c)
v T(1S) (18.0+£1.0) % 442
DO X < 7.9 % 90% -
e~ Kt K= 70 (8 £5 )x 1075 4902
2t K™ KY < 1.0 x 10—4 90% 4901
2t K~ K% 2n0 ( 5.3+£2.4) x 10~4 4873
2rt2n— 270 ( 3.5+£1.4) x 10~4 4931
22T KT K™ ( 1.140.4) x 1074 4888
2rt 2~ KT K= =0 ( 2.1£0.9) x 10~4 4872
2rt2r KT K= 270 ( 3.9+£1.8) x 10~4 4855
3rt2r” K~ K%n0 < 5 x 1074 90% 4854
337~ ( 7.0£3.1) x 105 4931
3nt3n~ 270 ( 1.0+0.4) x 103 4908
3nT3r" KT K™ < 8 x 1075 90% 4854
3rt3r~ KT K= =0 ( 3.6+1.5) x 10~4 4835
4rt4m— (8 +4 )x107° 4907
4ntan— 270 ( 1.840.7) x 103 4877
J/wJ/yY < 4 x 1072 90% 3869
J/(2S) <5 x 1072 90% 3608
P(25)9(25) < 16 x 1072 90% 3313
J /1 (1S)anything ( 1.540.4) x 1073 -
T(25) 1I6UPSY =0—1— )

Mass m = 10023.4 £+ 0.5 MeV
m'r(25) — m'r(ls) =562.81 £ 0.11 MeV
Full width ' = 31.98 + 2.63 keV

Scale factor/ p
T(2S) DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
TS)rt 7~ (17.85+ 0.26) % 475
T(18) 7070 (86 + 04)% 480
Tt ( 2.00+ 0.21) % 4686
wtp~ ( 1.93+ 0.17) % S=22 5011
ete™ ( 1.91+ 0.16) % 5012
T(15) 7O < 4 x 1075 CL=090% 531
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T(1S)n (29 4+ 04 )x107%  S=20 126
J/¥(1S) anything < 6 x 1073 CL=90% 4533

J/Y(1S)n. < 5.4 x 1070 CL=90% 3984

J/9(1S5) xco < 3.4 x 1076 CL=00% 3808

J/(1S) x 1 < 12 x 106 CL=00% 3765

J/(1S) x 2 < 20 x 1076 CL=00% 3745

J/¥(15)n(25) < 25 x 1070 CL=90% 3706

J/¥(15) X (3940) < 2.0 x 1070 CL=90% 3555

J/¥(15) X (4160) < 20 x 1076 CL=90% 3442
Xc1anything (22 + 05)x10°% -
Xe1(1P)° Xietra < 3.67 x 1075 CL=90% -
Xcpanything (23 +08)x107% -
»(2S) ¢ < 5.1 x 1070 CL=90% 3732
¥(25) xco < 47 x 106 CL=90% 3536
¥(2S) X1 < 25 x 1070 CL=90% 3488
»(2S) X2 < 19 x 1070 CL=90% 3464
¥(2S5)n(25) < 33 x 1076 cL=90% 3422
1 (25) X(3940) < 39 x 1076 CL=90% 3250
¥ (25) X (4160) < 3.9 x 1076 cL=90% 3120
Tez1(3900)" T.«1(3900)~ < 1.0 x 1070 CL=90% -
TC31(4200)Jr Tcz1(4200)~ < 167 x 107 CL=90% -
Tez1(3900)F Tz (4200)F < 73 x 1076  CcL=90% -
T.=(4050)" T.=(4050)~ < 135 x 107>  CL=90% -
Tec(4250)" Toz(4250)~ < 267 x 107  CL=90% -
T=(4050)* Tz(4250)F < 272 x 105 CL=90% -
Tee1(4430)T To=1(4430) < 2.03 x 1075 CL=90% -
T, E(4055)i T.=(4055)F < 111 x 1075 CL=90% -
T.=(4055)F T z1(4430)F < 211 x 1072 CL=90% -
2H anything (278t 03 26) x107°  5=1.2 -
hadrons (94 =£11 )% -

ggg (58.8 £ 1.2 )% -

Y88 (1.87+ 0.28) % -
dKTK™ (1.6 + 0.4 )x107° 4910
wr T < 2.58 x 1076 CcL=00% 4977
K*(892)° K~ 7t + c.c. (23 + 07 )x10°6 4952
¢ f1,(1525) < 133 x 1070 CL=90% 4843
w f>(1270) < 5.7 x 107 CL=90% 4899
p(770) a5(1320) < 8.8 x 107 CL=90% 4894
K*(892)° K3(1430)° + c.c. (15 + 0.6 )x 1076 4869
K1(1270)F KT < 3.22 x 1070 CL=00% 4921
K1(1400)* KT < 83 x 1077 CL=90% 4901
by (1235)* < 40 x 107 CL=00% 4935
p < 116 x 1070 CcL=90% 4981
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ata— 70 < 80 x10~7 CL=90% 5007
w0 < 1.63 x 1076 CL=00% 4980
at o~ 7070 ( 1.30+ 0.28) x 10~5 5002
KK n~+ cc ( 1.14+ 0.33) x 106 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% -
DY Ds1(2536), D — (1.6 + 04 )x107° -
K~ D*(2007)°
DY Ds1(2536), D — (84 + 23 )x100 -
K% D*(2010)~
Dt Dy (2536)~, D, — (14 + 04 )x105 -
K~ D*(2007)°
D" Dy (2536)~, D, — (82 + 31)x106 -
K% D*(2010)~
D D%, (2573)7, DX, — (1.4 + 04 )x1075 -
K= DO
DY D%,(2573)", DX — (6.9 + 3.0 )x106 -
KeD~
DIt D%,(2573)", DIy — (9 +5 )x10°° -
K~ DO
Dt D%, (2573), DIy — (5 +£6 )x1070 -
KeD~
Sum of 100 exclusive modes ( 2.90+ 0.30) x 103 -
Radiative decays
vXp1(1P) (69 + 04)% 130
YXp2(1P) ( 715+ 0.35) % 111
vXbo(1P) (38 4+ 04)% 163
v 1p(1710) < 5.9 x 1074 CL=90% 4862
v} (1525) < 53 x 1074 CL=90% 4897
v (1270) < 241 x 1074 CL=90% 4931
v1c(1S) < 27 x 1072 CL=90% 4568
Y X0 < 10 x 1074 CL=90% 4430
Y Xel < 36 x 1076 cL=90% 4397
VX2 < 15 x 1072 CL=90% 4381
vxc1(3872) < 1.8 x 1072 CL=90% 4264
vxc1(3872), Xc1 — < 24 x 1070 cL=90% -
ata— 70 J/4
YXe0(3915) — wJ/v < 2.8 x 1070 cL=90% -
YXxc1(4140) — /9 < 12 x 1070 CL=90% -
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vX(4350) — ¢J/v < 13 x 1076 CL=90% -

vnp(1S) (55 T 3a)x107%  s=12 605

vnp(1S) — Sum of 26 exclu- < 37 x 1070 CL=90% -
sive modes

¥X 5 — 7Sum of 26 exclusive < 49 x 1070  CL=90% -
modes

vX — v+ > 4 prongs [zzaa] < 1.95 x10~% CL=95% -

~vA% — ~hadrons < 8 x 1072  CL=90% -

yAD = Ayt < 83 x 106 CL=00% -

Lepton Family number (LF) violating modes
et rT LF < 112 x 1076 CL=00% 4854
s LF < 23 x10~7 CL=00% 4854
T2(1D) 16(UPC =027 ")
was T(1D)

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

T5(1D) DECAY MODES Fraction (I';/T) p (MeV/c)
vy T(1S) seen 679
’YXbJ(]-P) seen 300
n T(].S) not seen 426
Tt r= T(1S) (6.6+1.6) x 1073 623
X60(2P) 1P =0t )
J needs confirmation.

Mass m = 10232.5 & 0.4 & 0.5 MeV

xpo(2P) DECAY MODES Fraction (I';/T) Confidence level (MSV/C)
v T(25) (1.38£0.30) % 207
v T(1S) (3.8 £1.7 ) x 1073 743
DO X < 8.2 % 90% -
atr= Kt K= 70 < 3.4 x 105 90% 5064
2r T T K™ KY <5 x 10~5 90% 5063
2t K~ K% 2x0 <22 x 10~4 90% 5036
21t 27— 270 <24 x 104 90% 5092
2rt2n~ KT K~ <15 x 10~4 90% 5050
2rt2n = Kt K—#0 <22 x 10~4 90% 5035
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2rt2r~ Kt K= 270 <11 x 103 90% 5019
3rt2r” K~ K%n0 <7 x 10~4 90% 5018
3nT 3~ <7 x 1075 90% 5091
3rt 37— 270 <12 x 103 90% 5070
3nT3r KT K™ <15 x 104 90% 5017
3rt 3~ KT K= x0 <7 x 10—4 90% 4999
AT 4~ <17 x 104 90% 5069
4t 4 270 <6 x 104 90% 5039
Xb1(2P) 16(PC) = ot T )
J needs confirmation.

Mass m = 10255.46 + 0.22 + 0.50 MeV

mXb1(2P) - mXbO(zp) = 23.5 + 1.0 MeV

mXb1(2P) - m'r(ls) = 793.6 = 0.8 MeV
Xxp1(2P) DECAY MODES Fraction (I;/T) p (MeV/c)
w T(15) (1.637939) % 134
v T(2S) (18.1 £1.9 ) % 229
v T(1S) (9.9 £1.0 )% 764
77 xp1(1P) (9.1 £1.3 )x 1073 238
DY X (88 £1.7 )% -~
e~ Kt K= 70 (3.1 £1.0 )x 10~4 5075
2r T T K™ KY (1.1 £0.5 ) x 10~4 5075
2t K~ K% 2x0 (7.7 £32 ) x 1074 5047
2rt2r— 270 (5.9 £2.0 ) x 10~4 5104
2T 2T 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~ KYn® (6.7 £2.6 ) x 1074 5029
337~ (1.2 £0.4 )x 1074 5103
3rt 37— 270 (1.2 £0.4 )x 103 5081
3Int3n KT K™ (2.0 £0.8 ) x 10~4 5029
3rt3r~ Kt K= 70 (6.1 £22)x 104 5011
Anta4n— (1.7 £0.6 ) x 10~4 5080
4ntan— 270 (1.9 £0.7 ) x 103 5051

hy(2P) 1I6UPSY =0~ 1)

Mass m = 10259.8 + 1.2 MeV
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p
hp(2P) DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
hadrons not seen -
np(1S)~y (22 +5 )% 825
np(2S)~ (48 +£13 )% 257
T(15)n (717 39 %1073 559
T(15)7° < 18 x 1073 90% 757

xb2(2P) 16(PC) =0Tt
J needs confirmation.

Mass m = 10268.65 =+ 0.22 + 0.50 MeV
My y(2P) = My, (2P) = 13.2 £ 0.4 MeV (S = 1.8)

Xxp2(2P) DECAY MODES Fraction (I';/T) Confidence level (M:V/c)
w T(15) (110793%) % 104
v T(25) (89 £12 )% 242
v T(1S) (6.6 £0.8 ) % 776
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 1075 90% 5082
2t K~ K% 2x0 <7 x 10~4 90% 5054
2rt2r 270 (3.9 £1.6 ) x 10~4 5110
2T 2n = KT K™ (9 +4 )x1075 5068
2rt 2~ KT K= =0 (24 £1.1 ) x 10~4 5054
2rt2r~ Kt K= 270 (47 £23 ) x 1074 5037
3rt2r” K~ K%n0 <4 x 10—4 90% 5036
3nt 3~ (9 +4 )x107° 5110
37t 37— 270 (1.2 +£0.4 ) x 103 5088
3t 3n KT K™ (1.4 +£0.7 )x 1074 5036
3rt3r~ Kt K= 70 (42 £1.7 ) x 10~4 5017
4rt4m— (9 +5 )x1075 5087
4ntan— 270 (1.3 +0.5 ) x 103 5058
T(3S) 16UPSY =0—a1— )

Mass m = 10355.1 + 0.5 MeV
m'r(35) — m'r(25) = 33182 + 008 MeV (S = 19)
Full width ' = 20.32 £+ 1.85 keV

https://pdg.Ibl.gov Page 196 Created: 5/30/2025 07:44



Citation: S. Navas et al. (Particle Data Group), Phys. Rev. D 110, 030001 (2024) and 2025 update

Scale factor/ p

T(3S) DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
T(2S)anything (106 + 0.8 )% 296

TRS)r T~ ( 282+ 0.18) % S=16 176

T(2S) 7070 (1.85+ 0.14) % 190

T(25)y~y (50 £ 07)% 326
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)mt 7~ < 1.2 x 1074 CL=90% 352
7t ( 2.29+ 0.30) % 4863
u T ( 218+ 0.21) % S=2.1 5176
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
v Xp2(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) (100 + 1.0 )x1073  s=17 433
vxp1(1P) (9 +5 )x107% s=18 452
Yxbo(1P) (27 + 04 )x103 484
v1p(25) < 6.2 x 1074 CL=90% 350
v1p(1S) (51 + 07)x10"% 912
vA® — ~hadrons < 8 x 1072 CL=90% -
vX — ~+ > 4 prongs [aabb] < 2.2 x 1074 CL=95% -
yAY — Ayt < 55 x 1076 CL=90% -~
yAD 5 Nt [bbbb] < 1.6 x 1074 CL=90% -~
Lepton Family number (LF) violating modes

et ¥ LF < 42 x 1070 CL=00% 5025
et T LF < 3.6 x10~7 CL=90% 5177
ptrF LF < 31 x 1076 CL=00% 5025

xb1(3P) 16(UPC) =t

J needs confirmation.

Mass m = 10513.4 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)’)/ seen 479
T(35)7 seen 157
xp2(3P) 16(JPC) =0t2t )
J needs confirmation.
Mass m = 10524.0 & 0.8 MeV
Xp2(3P) DECAY MODES Fraction (I';/T) p (MeV/c)
T(35)’y seen 168

T(4S)

also known as 77(10580)

16UPCY =01~ )

Mass m = 10579.4 & 1.2 MeV
Full width ' = 20.5 £ 2.5 MeV

T(4S) DECAY MODES

Fraction (I';/T)

p
Confidence level (MeV/c)

BB
Bt B~

D? anything + c.c.

BYBO

JKE + (J/9, nc)KS

non-B B

ete™

ptpm

K*(892)° KO

J/1(1S) anything

D** anything + c.c.

¢ anything
o
on'

pn

p’

T(1S) anything
T(S)n T 7~
T(1S)n

T(1S)n

https://pdg.Ibl.gov

> 96 %
(51.4 £0.6 )%
(17.8 +£2.6 ) %
(48.6 +£0.6 ) %

< 4 x 10~ 7
< 4 %

( 1.57+0.08) x 1072
< 5.7 x 100
< 20 x 100
< 1.9 x 10~4
< 7.4 %

(7.1 +£0.6 )%
< 18 x 1070
< 43 x 10~
< 13 x 10~0
< 25 x 1070
< 4 x 103

(82 +0.4 )x107°
( 1.81+0.18) x 10~4
(34 +£0.9 )x107°

Page 198

95% 326
331

326

90% -
95% -
5290

90% 5233
90% 5240
95% -
90% 5099
5240

90% 5226
90% 5196
90% 5247
90% 5217
90% 1053
1026
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TRS)n 7 (82 408 )x107° 468
hb(].P) rtn not seen 600
hy(1P)n ( 2.18+0.21) x 1073 390
np(1S)w < 18 x 10~4 90% -
2H anything < 13 x 1070 90% -
Double Radiative Decays
vy T(D) = ~vyyn T(1S) < 23 x 1072 90% -
7(10860) 16UPCY =0—(1— )
Mass m = 10885.2 738 MeV
Full width ' = 37 + 4 MeV
P

T(10860) DECAY MODES

Fraction (I';/T)

Confidence level (MeV/c)

BBX
55
BB* + c.c.
B* B*
BB®™)
BBr
B*Bmr + BB*m
B*B*r
BBrm
(x) 5(*)
B, i?
Bs Bs
BsB; + cc.
B¢ B,
no open-bottom
ete™ o
K*(892)° KO
TAS) 7~

T(1S)KT K~
nT,(1D)

hp(1P) 7t 7™
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762 720 )%
55 +1.0 ) %
13.7 +£16 )%
38.1 £3.4 )%
19.7 %
0.0 £1.2 )%
7.3 £23 )%
1.0 £1.4 )%
8.9 %
20.1 £3.1 )%
5 +5 )x1073
1.35+0.32) %
176 +2.7 )%
38 722 ) %
8.3 £2.1 )x 106
1.0 x 1072
53 +0.6 ) x 10~3
85 +1.7 )x 10~ 4
6.9 x 1072
7.8 £1.3 )x 1073
41 +0.6 ) x 1073

48 719 )x 1073

6.1 +1.8 )x 10~ 4
48 +1.1 )x 1073

35 719 ) %1073

90%

90%

90%

90%

1322

1127
1015
1015

739
550
904
904

543

5443
5395
1306
1229
985
783
639

440
959

903
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hp(2P) ( 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 < 3.9 x 10~3 90% 631

Xb0(LP) (7T 77 ) non—w < 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

b1 (1P) (7T 7~ 1) non—cw ( 52 +£1.9 )x 1074 -~
xp2(1P) 7t 7= 70 ( 1.17+0.30) x 103 841

Xp2(1P)w ( 6.0 £2.7 )x 104 552

Xb2(1P) (7T 77 7)o (6 +4 )xi0* -
Y Xp = YT (1S)w < 38 x 1070 90% -
np(1S)w < 13 x 1073 90% 1177
np(2S)w < 5.6 x 10~3 90% 399

Inclusive Decays.
These decay modes are submodes of one or more of the decay modes
above.

¢ anything (138 +24 ) % -
DO anything + c.c. (112 +6 )% -
Dg anything + c.c. (447 £26 )% -
J/1) anything ( 2.06+£0.21) % -
BO anything + c.c. (77 +£8 )% -
BT anything + c.c. (72 +6 )% -

7T(11020) 16UPCY =01~ )

Mass m = 11000 + 4 MeV
Full width I = 2418 Mev

T(11020) DECAY MODES Fraction (I';/T) p (MeV/c)
ete™ (5.4132) x 1070 5500
xps(1P) 7t 7= 70 (9 3 )x1073 1007

Xbl( P) 0 seen 975

Xb2( P) 0 seen 956
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OTHER MESONS

Tce1(3900) 16UPC =1t )
was Z.(3900), X(3900)

Mass m = 3887.1 & 2.6 MeV (S =1.7)
Full width ' = 28.4 £ 2.6 MeV

T¢1(3900) DECAY MODES Fraction (I;/T) p (MeV/c)
J/¢7T seen 699
hc 7Ti not seen 318
Ne atn~ not seen 758
nc(1S) p(??O)i seen -
(DE*):E seen -
DO D*— + c.c. seen 152
D~ D*0 + c.C. seen 143
wﬂ'i not seen 1862
J/wn not seen 510
Dt D*~ + c.c seen -
DOE*O + c.c seen -
T=(4020) 16(JPCY = 1t(27)

was X(4020)

Mass m = 4024.1 &= 1.9 MeV
Full width ' =13 £ 5 MeV (S = 1.7)

T=(4020) DECAY MODES Fraction (I';/T) p (MeV/c)
hc (1_P) T seen 450
D*_D>|< seen 85
DD*+ c.c. not seen 542
Ne I not seen 872
nc(ls)p(770)i not seen -
J/?,[J(].S)Wi not seen 811
Tee1(4430) 16UPG = 1T+ )
G, C need confirmation.

was Z.(4430), X(4430)*

Mass m = 4478‘_%2 MeV
Full width ' = 181 + 31 MeV
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TC?1(4430)+ DECAY MODES Fraction (I';/T) p (MeV/c)

7r+¢(25) seen 711

T J/w seen 1162
T ecee(6900)° 1G(JPCy = ot (27 )

was X(6900)

Mass m = 6914 £+ 11 MeV (S = 1.6)
Full width ' = 137 + 21 MeV

chﬁ(GQOO)o DECAY MODES Fraction (I';/T) p (MeV/c)
J/¢ J/¢ seen 1504
T,5(10610) 16UPC) =1t + )

was Z,(10610), X(10610)

Mass m = 10607.2 & 2.0 MeV
Mass m = 10609 &+ 6 MeV
Full width ' = 18.4 + 2.4 MeV

T, 51 (10610) DECAY MODES Fraction (I';/T) p (MeV/c)
T@AS)nt (5.4712)x 103 1077
T(lS) 0 not seen 1077
TS)nt (36753 % 551
T(25)’/T0 seen 552
T(3S)rt (21708 % 207
T(35)’/T0 seen 210
hp(1P)m ™t (35752) % 671
hb(2_P)7rJr (47710 % 313
B+ BO not seen 504
B+B*0 + B*t B (85.673°3) % -
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T 5 (10650) 1I6UPS = 1T+ )

was

I, G, C need confirmation.
Z5(10650), X(10650)*

Mass m = 10652.2 4 1.5 MeV
Full width ' = 11.5 £+ 2.2 MeV

Tb31(10650) DECAY MODES Fraction (I;/T) p (MeV/c)
T@AS)nt ( 1.7418:2) x 103 1117
T(2S)7+ (14708 % 595
T(3S)nt (16730 % 259
hp(1P) 7+ (84722)% 714
hp(2P) 7t (15 +4 )% 360
B+ §O . not seen 703
B+ B*O -+ B*+ BO not seen -
B*+ B*0 (74 T¢ )% 120
NOTES

[a] See the review on “Form Factors for Radiative Pion and Kaon Decays”
for definitions and details.

[b] Measurements of (et v,)/I (1T v,) always include decays with ~'s,

and measurements of [(eTve7) and (" v,~) never include low-
energy v's. Therefore, since no clean separation is possible, we consider
the modes with 7's to be subreactions of the modes without them, and
let [T(e™ ve) + (1t v)]/Tiotal = 100%.

[c] See the 7E 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] Forbidden by angular momentum conservation.

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

[g] As measured in et e™ — 0.

[h] As measured in et e — 777~ 7% and 7 decays.

[i] 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.

[j] Our estimate. See the Particle Listings for details.
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[k] See the “Note on a1(1260)" in the a;(1260) Particle Listings in
PDG 06, Journal of Physics G33 1 (2006).

[/] See also the w(1650).
[n] See also the w(1420).
[0] See the note in the KT Particle Listings.

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

[g] 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):

‘I\/I‘2 =1+ g(s3 — so)/m72r+ + o

[r] For more details and definitions of parameters see the Particle Listings.

[s] See the K= Particle Listings for the energy limits used in this measure-
ment.

[t] Most of this radiative mode, the low-momentum -y part, is also included
in the parent mode listed without v's.

[u] Structure-dependent part.

[v] Direct-emission branching fraction.

[x] Violates angular-momentum conservation.

[y] Derived from measured values of ¢, _, ¢qo, ‘n‘ }mKo — Mo } and

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

[z] The CP-violation parameters are defined as follows (see also “Note on

CP Violation in Kg — 37" and “Note on CP Violation in K? Decay”

in the Particle Listings):
A(K(Z — 7ta7)

A(K% — 7ta7)

Ny— = }77+—‘ei¢+* = =c + ¢

AKY — 7070)

=€ — 2¢
A(K% — 7079

100 = \ﬂoo\ei%o =

MKY = 7 tv) = T(KY - 7t )

COT(KY = ) + (KO = mtew)

|-(K(~%_> 7T+7T_7TO)CP viol.

F(K(L) — ntr~ a9

|m(77+—0)2 =

F(K% — 7T07T07T0)

Im(1000)? = :
F(K(L) — 7r07r07r0)
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where for the last two relations CPT is assumed valid, i.e., Re(ny _q) =~
0 and Re(nggg) ~ 0.

[aa] See the K% Particle Listings for the energy limits used in this measure-
ment.

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

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

[dd] This mode includes gammas from inner bremsstrahlung but not the
direct emission mode K9 — 7+ 7~ ~(DE).

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

[ff] Allowed by higher-order electroweak interactions.

[gg] Violates CP in leading order. Test of direct CP violation since the
indirect CP-violating and CP-conserving contributions are expected to
be suppressed.

[hh] See our minireview under the K5(1770) in the 2004 edition of this
Review.

[ii] This result applies to Z% — T decays only. Here (T is an average
(not a sum) of e™ and u™ decays.

[ij] See the Particle Listings for the (complicated) definition of this quan-
tity.

[kk] 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.

[//] These subfractions of the K~ 27" mode are uncertain: see the Particle
Listings.

[nn] See the listings under "D — Kmmm partial wave analyses” and our
2008 Review (Physics Letters B667 1 (2008)) for measurements of
submodes of this mode.

[00] The unseen decay modes of the resonances are included.

[pp] This is not a test for the AC=1 weak neutral current, but leads to the
7t 0T ¢~ final state.

[qq] This mode is not a useful test for a A C=1 weak neutral current because
both quarks must change flavor in this decay.

[rr] 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.

[ss] This value is obtained by subtracting the branching fractions for 2-, 4-
and 6-prongs from unity.
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[tt] This is the sum of our K 2rta~, K 2rta x°
K027r+27r_, KT2K—nt 27t 2n—, 27t 270 70, Kt K~ 7t 7, and
KT K= 7t 7~ 79, branching fractions.

[uu] This is the sum of our K~ 37+ 27~ and 37" 37~ branching fractions.

[vv] The branching fractions for the K™ e™ v, K*(892)  eT v, 7~ e v,
and p~ et v, modes add up to 6.17 & 0.17 %.

[xx] This is a doubly Cabibbo-suppressed mode.

[yy] Submodes of the D% — K% 7+ 7~ 70 mode with a K* and/or p were
studied by COFFMAN 92B, but with only 140 events. With nothing
new for 18 years, we refer to our 2008 edition, Physics Letters B667 1
(2008), for those results.

[zz] This branching fraction includes all the decay modes of the resonance
in the final state.

[aaa] This limit assumes the average of B(D® — K~ et 1,) and B(D? —
K~ utw,) for the B(D® — K¢t u) value.

[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 7’ fractions — 1’ e v, o/ p* vy, ' nt, o/ pT,
and ' 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 Dj. Neither Cabibbo-favored nor
Cabibbo-suppressed decays can contribute, and w — ¢ mixing is an
unlikely explanation for any fraction above about 2 x 104

[ggg] We decouple the Dj — ¢7T branching fraction obtained from mass
projections (and used to get some of the other branching fractions)

from the D: — ¢, ¢ — KT K~ branching fraction obtained from
the Dalitz-plot analysis of DY — K™K~ ™. That is, the ratio of

these two branching fractions is not exactly the ¢ — K+ K~ branching
fraction 0.491.

[hhh] This is the average of a model-independent and a K-matrix parametriza-
tion of the 7™ 7~ S-wave and is a sum over several f; mesons.

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

[iij] An CP(+£1) indicates the CP=+1 and CP=—1 eigenstates of the DO-
DY system.

[kkk] D denotes D® or DO.
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[/ Dgop+ decays into D970 with the DO reconstructed in CP-even eigen-
states KT K~ and 7t 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
K3(1430).

[sss] BO 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.

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

[vvv] ©(1540)" denotes a possible narrow pentaquark state.
[xxx] ¥ pg is a GeV-scale dark sector antibaryon (mass range 1-4 GeV/c?).

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

[zzz] These values are model dependent.
[aaaa] Here “anything” means at least one particle observed.
[bbaa] This is a B(B® — D*~ ¢+ 1) value.
[ccaa] D** stands for the sum of the D(11Py), D(13Py), D(13P;), D(13P,),
D(21Sp), and D(21S;) resonances.
[ddaa] D*)D*) stands for the sum of D*D*, D*D, DD*, and DD.

[eeaa] X(3915) denotes a near-threshold enhancement in the wJ/¢ mass
spectrum.

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

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

hhaa] Not a pure measurement. See note at head of BO Decay Modes.
S
[iiaa] For E, > 100 MeV.

[jjiaa] ©(1540) is a hypothetical pentaquark state of 1.54 GeV/c? mass and
a width of less than 25 MeV/c2.

[kkaa] Includes pp7™ 7w~ « and excludes ppn, ppw, pp7’.
[/laa] For a narrow state A with mass less than 960 MeV.
[nnaa] For a narrow scalar or pseudoscalar A? with mass 0.21-3.0 GeV.
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[00aa] For a dark photon U with mass between 100 and 2100 MeV.
[ppaa] For a narrow resonance in the range 2.2 < M(X) < 2.8 GeV.

[gqaal JPC Known by production in et e~ via single photon annihilation.

I~ is not known; interpretation of this state as a single resonance is
unclear because of the expectation of substantial threshold effects in
this energy region.

[rraa] 2m,; < M(7FT77) < 9.2 GeV

[ssaa] 2 GeV < m 1 o < 3 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

[yyaa] 0.5 GeV < mx < 9.0 GeV, where my is the invariant mass of the
hadronic final state.

[zzaa] 1.5 GeV < mx < 5.0 GeV
[aabb] 1.5 GeV < mx < 5.0 GeV
[bbbb] For m_.__ in the ranges 4.03-9.52 and 9.61-10.10 GeV.
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