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

For | =1 (m, b, p, a): ud, (uE—dE)/\/z du;
for I=0(n, 1, h H w o f f) ci(ut+ dd) + c(s3)

rt 16(JPy=17(07)

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

7t — Xy~ form factors [l

Fy = 0.017 + 0.008

Fa = 0.0116 = 0.0016 (S = 1.3)
- +0.009

R = 0.059 13502

7~ modes are charge conjugates of the modes below.

For decay limits to particles which are not established, see the appropriate
Search setions (Massive Neutrino Peak Search Test, A0 (axion), and Other
Light Boson (XO) Searches, etc.).

p

=+ DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
ntuy, [b] (99.9877040.00004) % 30

nt vy [c] (200 4025 )x10~4 30
et v, [b] (1.230 +0.004 )x10~4 70

et vey [c] (161 4023 )x10~' 70
ety nd (1.025 +0.034 )x108 4
etv.ete™ (32 £05 )x1079 70
et v Vv <5 x 1070 90% 70

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

a7 L [d] < 1.5 x 1073 90% 30
U v, LF  [d] < 80 x 1073 90% 30
- etety LF < 16 x 1076 00% 30
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a0 6P =170~ 1)
Mass m = 134.9766 + 0.0006 MeV (S = 1.1)
m.. —m_= 4.5936 £+ 0.0005 MeV
Mean life 7 = (8.4 £ 0.6) x 107" s (S = 3.0)
cr = 25.1 nm
For decay limits to particles which are not established, see the appropriate
Search setions (A0 (axion), and Other Light Boson (XO) Searches, etc.).
Scale factor/ p
70 DECAY MODES Fraction (I;/T) Confidence level (MeV/c)
2y (98.798+0.032) % S=1.1 67
ete v ( 1.19840.032) % S=1.1 67
7 positronium (1.82 +0.29 ) x 1079 67
eteTe e™ ( 3.14 £0.30 ) x 107 67
et e (62 +05 )x10~8 67
4~y < 2 x 1078 CL=90% 67
% [e] < 83 x 107 CL=90% 67
VeTe < 17 x 1070 CL=090% 67
YTy < 31 x 1070 CL=90% 67
7 < 21 x 1070 CL=90% 67
2% < 6 x 10~% CL=90% -
Charge conjugation (C) or Lepton Family number (LF) violating modes
3y C < 31 x 1078 CL=90% 67
ute” LF < 38 x 10710CL=00% 26
et LF < 34 x 1079 CL=90% -
pte  + p et LF < 172 x 108 CL=90% 26
n /G(JPC):0+(O_+)

Mass m = 547.30 + 0.12 MeV
Full width T = 1.18 & 0.11 keV [l (S =1.8)

C—nonconserving decay parameters

7t r~ 70  Left-right asymmetry = (0.09 4 0.17) x 1072
+t77 70  Sextant asymmetry = (0.18 & 0.16) x 102
77~ 7%  Quadrant asymmetry = (—0.17 4+ 0.17) x 1072
ta~~  Left-right asymmetry = (0.9 & 0.4) x 1072
Tr~y B (D-wave) = —0.02 & 0.07 (S = 1.3)
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Dalitz plot parameter

0970 o =-0.031+0.004 (S=1.1)
Scale factor/ p
n DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
Neutral modes
neutral modes (72.0 £ 05 )% S=1.3 -
2y [f] (39.43+ 0.26) % S=1.2 274
370 (32.51+ 0.29) % S=1.2 178
702~ (72 + 1.4 )x 1074 257
other neutral modes < 238 % CL=90% -
Charged modes

charged modes (28.0 £ 0.5 )% S=1.3 -
ata— 70 (226 + 0.4 )% S=1.3 173
Ty ( 468+ 0.11) % S=1.2 235
ete (6.0 + 08 )x1073  S=14 274
ur Ty (31 +04)x104 252
et e < 77 x 1075 CL=90% 274
w T (58 + 08 )x10° 252
ete eTe < 6.9 x 1073  CL=90% 274
atrete (40 T139)x107%  s=58 235
T 2y < 20 x 1073 235
ata— 70y < 5 x 1074  CL=90% 173
aOut =y < 3 x 1076  CL=90% 210

Charge conjugation (C), Parity (P),

Charge conjugation x Parity (CP), or

Lepton Family number (LF) violating modes

at o~ P,.CP < 33 x 10~4  CL=90% 235
7070 PCP < 43 x10~4  CL=90% 238
3y C < 5 x 1074 CL=95% 274
470 P,CP < 6.9 x 1077 CL=90% 39
et e~ c g] < 4 x 1075  CL=90% 257
mOut C  [el< 5 x 106 CL=090% 210
pte” + pem LF < 6 x 1070  CL=90% 263
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fo(600) "

oro

/G(JPC) _ 0—|—(0++)

Mass m = (400-1200) MeV
Full width I = (600-1000) MeV

fo(600) DECAY MODES Fraction (I;/T) p (MeV/c)
T dominant -
Yy seen -
p(770) 11 16UFPC =1t )

Mass m = 771.1 £ 0.9 MeV (S = 2.6)

Full width ' = 149.2 + 0.7 MeV (S =1.1)

Mee = 6.85 & 0.11 keV.

Scale factor/ p
p(770) DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
T ~ 100 % 358
p(770)* decays

nt ey ( 45 £05)x10~%  s=22 372
tn < 6 x 1073  CL=84% 146
rtat a0 < 20 x 1073 CL=84% 249

p(770)0 decays

Tty ( 9.9 £1.6 )x 1073 358
70 ( 7.9 £20 ) x 1074 372
N~y ( 38 +£07 )x10~4 189
7'('07'('0’)/ ( 4.8 f‘;’:g ) x 1072 -
W ] ( 4.6040.28) x 10~° 369
et e ] ( 454+0.10)x10™°  S=1.1 384
at a0 < 12 x10~4  CL=90% 319
ataata~ ( 1.8 £0.9 )x107° 246
atn~70x0 < 4 x 1075  CL=90% 252
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w(782)

Mass m = 782.57 &= 0.12 MeV

16UPCY =0—1— )
(S =1.8)

Full width ' = 8.44 £ 0.09 MeV

[ee = 0.60 & 0.02 keV

Scale factor/ p
w(782) DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
ata— 70 (89.1 +0.7 )% S=1.1 327
70 (87 £04)% 379
nta~ ( 1.704+0.28) % S=15 365
neutrals (excluding7®~) (41 fgé ) x 1073 -
ny (65 +1.1)x104 199
mdete (5.9 £1.9 )x 10~4 379
O ut (9.6 £2.3 )x 107> 349
et e ( 6.9540.15) x 10~° S=1.1 301
ata 7070 < 2 % CL=90% 261
Tty < 36 x 1073 CL=95% 365
LI S b <1 x 1073 CL=90% 256
7070 (7.8 £3.4 )x 107> 367
Wt (9.0 £3.1 )x107° 376
3y < 1.9 x10~%  CL=95% 391
Charge conjugation (C) violating modes
nm0 c <1 x10~3  CL=90% 162
370 c < 3 x10~4  CL=90% 329
7)’(958) /G(JPC) — 0+(0 - —f—)
Mass m = 957.78 4+ 0.14 MeV
Full width T = 0.202 & 0.016 MeV (S = 1.3)
Scale factor/ p
7/ (958) DECAY MODES Fraction (I;/T) Confidence level (MeV/c)
L (443 £15 )% S=1.2 232
p%~ (including non- (29.5 £1.0 ) % S=1.2 169
resonantmt )
w070y (209 £1.2 )% S=12 239
wey ( 3.03+0.31) % 160
vy ( 2.12+0.14) % S=13 479
370 ( 1.5640.26) x 10~3 430
wt Ty ( 1.0440.26) x 10~4 467
ata— 0 < 5 % CL=90% 427
70 p0 < 4 % CL=90% 118
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rtatan < 1 % CL=90% 372
7t xt 7~ 7 neutrals < 1 % CL=95% -
atata— g 70 < 1 % CL=90% 208
om <1 % CL=90% 189
mtneTe < 6 %1073 CL=90% 458
yeT e <9 x 1074 CL=90% -
0~ < 8 x10~%  CL=90% 469
470 < 5 x10~%  CL=90% 379
ete™ < 21 x10~7  CL=90% 479
Charge conjugation (C), Parity (P),
Lepton family number (LF) violating modes
mtr P,CP < 2 % CL=90% 458
7070 P.CP <9 x10~4  CL=90% 459
mOete C  lgl< 14 x 1073 CL=90% 469
net e~ C [g] < 2.4 x 1073 CL=90% 322
3y C < 1.0 x10~%  CL=90% 479
pt a0 C [g] < 6.0 x 105 CL=90% 445
wrpTn C [g] < 1.5 x107°  CL=90% 274
e LF < 47 x 1074  CL=90% -
fb(gso) [k] /G(JPC) _ 0+(0++)

Mass m = 980 + 10 MeV

Full width ' = 40 to 100 MeV
fb(980) DECAY MODES Fraction (I';/T) p (MeV/c)
T dominant 470
K K seen -

ap(980) ¥ 16(PC)y =17 (0+ )

Mass m = 984.7 + 1.2 MeV (S = 1.5)

Full width ' = 50 to 100 MeV
30(980) DECAY MODES Fraction (I';/T) p (MeV/c)
nm_ dominant 321
KK seen -
Yy seen 492
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#(1020) 16UPCY =0—(1— )

Mass m = 1019.456 + 0.020 MeV (S = 1.1)
Full width I = 4.26 + 0.05 MeV (S = 1.7)

Scale factor/ p
¢(1020) DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
Kt K~ (492 T08 )% 5=1.2 127
K9 KY (337 +05 )% S=1.2 110
P+ ata— 0 (155 +05 )% S=1.3 -
ny ( 1.29940.026) % S=1.2 363
70~ ( 1.24 £0.10 ) x 103 501
et e (296 +0.04 )x 1074 S=1.2 510

- 1 _
wtu (287 TO18 ) x 1074 499
nete~ (1.15 £0.10 ) x 104 363
o~ (73 +13 )x107° 490
0 1. —
W (52 T13 )x1075 -~
wry < 5 % CL=84% 210
Py < 12 x 1072 CL=90% 219
Tty (41 +13 )x107° 490
0.8 _
f5(980) (33 738 )x107% 39
7070~ ( 1.08 £0.19 ) x 10~4 492
_ _ 2. -
atr ntn (40 T28 )x1076 410
atata— a0 < 46 x 1076 CL=90% 341
m0et e~ (12 404 )x107° 501
m0n~y (89 +14 )x107> 346
ap(980)~y (88 +1.7 )x1074 36
1’ (958) (67 T13 )x1075 -~
00y < 2 x 1072 CL=90% -
w Ty (14 +05 )x107° -
pPYY < 5 x 10~% CL=90% -
nrt T < 1.8 x 1073 CL=90% -
nut < 94 x 1070 CL=90% -
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hy(1170) 16JPCYy =0~ + )

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

hy (1170) DECAY MODES Fraction (I';/T') p (MeV/c)
pT seen 310
by (1235) 16(PG =1+t + )

Mass m = 1229.5 + 3.2 MeV (S = 1.6)
Full width T = 142 + 9 MeV (S =1.2)

by (1235) DECAY MODES Fraction (I;/T) Confidence level (M:V/c)
wTm dominant 348
[D/S amplitude ratio = 0.29 + 0.04]
¥y ( 1.6+0.4) x 103 608
np seen -
atata—x0 < 50 % 84% 536
(KK)* =0 < 8 % 90% 248
KKOm* < 6 % 90% 238
KL KO n® < 2 % 90% 238
o < 15 % 84% 146
a;(1260) [ 16UPCy =11+ 1)

Mass m = 1230 + 40 MeV [7]
Full width ' = 250 to 600 MeV

a1(1260) DECAY MODES Fraction (I';/T) p (MeV/c)
(P7)s—wave seen -
(PT)D—wave seen -
(p(1450)7) s —wave seen -
(p(1450)7) p—wave seen -
om seen -
f0(980)71' not seen -
fo(1370) 7 seen -
H(1270) 7 seen -
KR*(892)+C.C. seen -
Ty seen 607
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£(1270) 16(PC) =0t T+

Mass m = 1275.4 £ 1.2 MeV
Full width I = 185.173¢ MeV (S = 1.5)

Scale factor/ p
f5(1270) DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
T (847 T23) % S=13 622
atn— 270 (71 t32)% S=13 562
KK (46 +£05 )% S=238 403
2t 2n~ (2.8 £0.4 )% S=1.2 559
nn (45 £1.0 )x 103 S=2.4 327
470 (3.0 £1.0 )x 1073 564
vy ( 1.41£0.13) x 10~° 637
nmww < 8 x 1073 CL=95% 475
KOK— 7t + cc < 34 x 1073 CL=95% 203
ete™ < 6 x 10710 CL=90% 637

f,(1285) 16(UPCy =0t + 1)
Mass m = 1281.9 + 0.6 MeV (S = 1.6)
Full width T = 24.0 £ 1.2 MeV (S = 1.4)

Scale factor/ p
f; (1285) DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
4rr (3311 23y % S=13 563

OOt (2207 13) % S=1.3 566

o2rt2r— (1.0 30 % S=13 563

POrtn— (110" 35 % S=13 340

,00,00 seen -

470 < 7 x 1074 CL=90% 568

nww (52 £16 )% 479

ao(980)  [ignoring ag(980) — (36 +7 )% 234
KK]

nrm [excluding ap(980) 7] (16 +7 )% -

KKr ( 9.0+ 0.4) % S=1.1 308

K K*(892) not seen -

v p0 ( 55+ 1.3)% X 410

oy ( 7.4+ 2.6)x10~4 236

HTTP://PDG.LBL.GOV Page 9 Created: 6/18/2002 15:52



Citation: K. Hagiwara et al. (Particle Data Group), Phys. Rev. D 66, 010001 (2002) (URL: http://pdg.Ibl.gov)

n(1295) 16(UPCy =0t (0~ )

Mass m = 1293 £ 5 MeV (S = 1.9)
Full width ' = 55 £ 5 MeV

1(1295) DECAY MODES Fraction (I';/T) p (MeV/c)

777T+7T_ seen 488

30(980)7'(' seen 245

nmwoT seen -

n(77)s-wave seen -
(1300) 6P =170~ )

Mass m = 1300 + 100 MeV [7]
Full width T = 200 to 600 MeV

«(1300) DECAY MODES Fraction (I';/T) p (MeV/c)
pT seen 406
a,(1320) 16UPC) =12+ )

Mass m = 1318.0 + 0.6 MeV (S =1.1)
Full width T = 107 & 5 MeV [

Scale factor
a9(1320) DECAY MODES Fraction (I';/T) Confidence Ieve/l (MepV/c)
pT (70.1 £2.7 )% S=1.2 419
nm (145 £1.2 )% 535
W (106 +32 )% S=13 362
KK (49 £08 )% 437
n'(958) (53 £0.9 )x 103 287
nty ( 2.68+0.31) x 1073 652
vy (9.4 +£0.7 )x 1070 659
Tt < 8 % CL=90% 621
et e < 6 x 1079 CL=90% 659
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£,(1370) ¥

/G(JPC) =0ttt

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

fo(1370) DECAY MODES Fraction (I;/T) p (MeV/c)
T seen -
47 seen -
470 seen -
2t on— seen -
atr— 270 seen -
pp dominant -
2(77)s-wave seen -
U/ seen -
KK seen -
vy seen _
ete™ not seen -
f1(1420) "] 16(JPCy =0t t+ 1)
Mass m = 1426.3 + 1.1 MeV (S = 1.3)
Full width ' = 55.5 £+ 2.9 MeV
f;(1420) DECAY MODES Fraction (I;/T) p (MeV/c)
KR?T_ dominant 439
K K*(892)+ c.c. dominant 155
nmww possibly seen 571
oy seen -
w(1420) [°] 16(PC) =0—1 )
Mass m = 1419 + 31 MeV
Full width ' = 174 + 60 MeV
w(1420) DECAY MODES Fraction (I;/T) p (MeV/c)
pT dominant 488
WTT possibly seen -
b1(1235) 7 seen -
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n(1440) [»! 16(JPCY =0T (0— 1)

Mass m = 1400 - 1470 MeV (7]
Full width T = 50 - 80 MeV [

1(1440) DECAY MODES Fraction (I';/T) p (MeV/c)

KK?T seen —

KK*(892)+ c.c. seen -

ks seen -
30(980)71' seen -
n(77)s-wave seen -

f0(980)7] seen -

4 seen -
ag(1450) 16UPCy =10+ )

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

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

m™n seen 613

F?i(958) seen 392

KK seen 530
p(1450) [ 16(PC) =1ta )

Mass m = 1465 + 25 MeV [™]
Full width I = 310 &+ 60 MeV [

p(1450) DECAY MODES Fraction (I;/T) Confidence level (MepV/c)
T seen 719
47 seen 665

WwT <2.0% 95% 512
ete™ seen 732
np <4 % 317
a,(1320) 7 not seen -
o <1 % 358
KK <1.6x 1073 95% 541
ny possibly seen -
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f5(1500) [ 16(PC) =0t *+)

Mass m = 1507 &+ 5 MeV (S = 1.2)
Full width ' = 109 = 7 MeV

fo(1500) DECAY MODES Fraction (I;/T) p (MeV/c)
777)/(958) seen -
nn seen 513
47 seen -
470 seen 690
2nt on~ seen 686
T seen -
ata~ seen 737
270 seen 738
KK seen 563
vy not seen —
f1,(1525) 16(JPC) =0t t )

Mass m = 1525 4+ 5 MeV [m]
Full width T = 76 + 10 MeV [

f5(1525) DECAY MODES Fraction (I';/T) p (MeV/c)
KK (88.8 +3.1 )% 581
nn (10.3 £3.1 )% 531
s (82 +15)x10~3 750
vy ( 1.23+0.17) x 10~ 763
[s]
W(1650) /G(JPC) =0 (17 )

was w(1600)

Mass m = 1649 4+ 24 MeV (S = 2.3)
Full width T = 220 + 35 MeV (S = 1.6)

w(1650) DECAY MODES Fraction (I';/T) p (MeV/c)
pT seen 637
W seen 601
wn seen -
et e seen 824
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w3(1670) 1P =0=377)

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

w3(1670) DECAY MODES Fraction (I';/T) p (MeV/c)
pT seen 647
W seen 614
b1(1235) 7 possibly seen 359
m(1670) 16(UPC =172 1)

Mass m = 1670 & 20 MeV [
Full width I = 259 + 10 MeV [ (S = 1.4)

P
m9(1670) DECAY MODES Fraction (I;/T) Confidence level (MeV/c)
3 (95.84+1.4) % 806
> (1270) (56.2£3.2) % 325
p (Bl £4 Y% 649
oT (13 £6 )% -
1 (1370) 7 (87+3.4) % -
K K*(892)+ c.c. (4241.4)% 453
wp (27+£11)% -
p(1450) < 36 x 103 97.7% -
by(1235)m < 19 x 1073 97.7% -
#(1680) 1I6(UPCY =017 )
Mass m = 1680 + 20 MeV [
Full width I = 150 + 50 MeV [™]
¢(1680) DECAY MODES Fraction (I';/T) p (MeV/c)
KR*(892)+ c.c. dominant 463
K% Km seen 620
KK seen 681
ete™ seen 840
WTT not seen 622
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p3(1690)

16(FC) =1t(3 )

Mass m = 1691 + 5 MeV [7]

Full width I = 161 + 10 MeV [7]

p3(1690) DECAY MODES

Fraction (I';/T)

(S = 15)

p
Scale factor (MeVjc)

47 (711 + 1.9 )% 788
atata—x0 (67 +22 )% 788
W (16 +6 )% 656

T (236 + 1.3 )% 834

KK (38 +12)% 628

KK ( 1.58+ 0.26) % 1.2 686

777T+7T_ seen 728

p(770)n seen -
p(1700) L] 16JPCY =171~ )

Mass m = 1700 + 20 MeV [ (5% and 77 7~ modes)
Full width T = 240 + 60 MeV [™ (0 and 7+ 7~ modes)

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

2(rt ) large 792

pTT dominant 640
POntn large 640
pEr ¥ 0 large 642

ata~ seen 838

T seen 839

K?*(892)+ c.c. seen 479

np seen 533

a,(1320) 7 not seen -

KK seen 692

ete™ seen 850

mOw seen 662
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£,(1710) [

/G(JPC) =0ttt

Mass m = 1713 + 6 MeV
Full width ' = 125 + 10 MeV

fo(1710) DECAY MODES Fraction (I;/T) p (MeV/c)
KK seen 690
nn seen 648
T seen 837
(1800) 16UFPC =170~ )
Mass m = 1801 + 13 MeV (S = 1.9)
Full width ' = 210 £ 15 MeV
w(1800) DECAY MODES Fraction (I;/T) p (MeV/c)
7L S seen -
5(980) 7~ seen 623
fo(1370) 7~ seen -
pT not seen 728
nnmT seen -
ag(980)7n seen 459
fo(1500) 7~ seen 240
nn'(958) seen -
K6(1430) K~ seen -
K*(892) K~ not seen 560
¢3(1850) 16UPCY =037 )
Mass m = 1854 £ 7 MeV
Full width T = 87733 MeV (S = 1.2)
#3(1850) DECAY MODES Fraction (I;/T) p (MeV/c)
KK seen 785
K K*(892)+ c.c. seen 602
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£,(2010) 16(PC) =0t T+

Mass m = 20111"28 MeV
Full width ' = 202 + 60 MeV

f5(2010) DECAY MODES Fraction (I';/T) p (MeV/c)
og0) seen -
a4(2040) 16JPCY =1~ (4 + 1)
Mass m = 2011 + 13 MeV
Full width ' = 360 + 40 MeV
a4(2040) DECAY MODES Fraction (I';/T) p (MeV/c)
KK seen 892
ata— a0 seen -
777T0 seen 941
n'(958) seen -
f4(2050) 16(JPCYy =0T @at+ 1)
Mass m = 2025 + 8 MeV (S = 1.7)
Full width ' = 194 4+ 13 MeV (S = 2.2)
f4(2050) DECAY MODES Fraction (I;/T) p (MeV/c)
ww not seen 658
T (17.0£1.5) % 1012
KK (6.8732)x 1073 895
nn ( 2.140.8) x 1073 863
470 < 12 % 977
a(1320) 7 seen -
£,(2300) 16(JPCYy =0T 2+ 1)
Mass m = 2297 + 28 MeV
Full width ' = 149 + 40 MeV
f>(2300) DECAY MODES Fraction (I;/T) p (MeV/c)
loYo} seen 529
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£,(2340) 16(JPCy =0T+ 1)

Mass m = 2339 + 60 MeV
Full width T = 3191530 MeV

f5(2340) DECAY MODES Fraction (I';/T) p (MeV/c)

loYo} seen 573
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