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cc MESONScc MESONScc MESONScc MESONS

ηc(1S)ηc(1S)ηc(1S)ηc(1S) I G (JPC ) = 0+(0−+)

Mass m = 2979.7 ± 1.5 MeV (S = 1.8)

Full width Γ = 16.0+3.6
−3.2 MeV (S = 1.2)

p
ηc (1S) DECAY MODESηc (1S) DECAY MODESηc (1S) DECAY MODESηc (1S) DECAY MODES Fraction (Γi /Γ) Confidence level (MeV/c)

Decays involving hadronic resonancesDecays involving hadronic resonancesDecays involving hadronic resonancesDecays involving hadronic resonances
η′(958)ππ (4.1 ±1.7) % 1319

ρρ (2.6 ±0.9) % 1275

K∗(892)0 K−π++ c.c. (2.0 ±0.7) % 1273

K∗(892)K∗(892) (8.5 ±3.1)× 10−3 1193

φφ (7.1 ±2.8)× 10−3 1086

a0(980)π < 2 % 90% 1323

a2(1320)π < 2 % 90% 1193

K∗(892)K + c.c. < 1.28 % 90% 1307

f2(1270)η < 1.1 % 90% 1142

ωω < 3.1 × 10−3 90% 1268

Decays into stable hadronsDecays into stable hadronsDecays into stable hadronsDecays into stable hadrons

K K π (5.5 ±1.7) % 1378

ηππ (4.9 ±1.8) % 1425

π+π−K+ K− (2.0 +0.7
−0.6) % 1342

2(K+ K−) (2.1 ±1.2) % 1053

2(π+π−) (1.2 ±0.4) % 1457

p p (1.2 ±0.4)× 10−3 1157

K K η < 3.1 % 90% 1262

π+π−p p < 1.2 % 90% 1023

ΛΛ < 2 × 10−3 90% 987

Radiative decaysRadiative decaysRadiative decaysRadiative decays

γγ (3.0 ±1.2)× 10−4 1489
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J/ψ(1S)J/ψ(1S)J/ψ(1S)J/ψ(1S) I G (JPC ) = 0−(1−−)

Mass m = 3096.87 ± 0.04 MeV

Full width Γ = 87 ± 5 keV

Γe e = 5.26 ± 0.37 keV

Scale factor/ p
J/ψ(1S) DECAY MODESJ/ψ(1S) DECAY MODESJ/ψ(1S) DECAY MODESJ/ψ(1S) DECAY MODES Fraction (Γi /Γ) Confidence level (MeV/c)

hadrons (87.7 ±0.5 ) % –
virtualγ → hadrons (17.0 ±2.0 ) % –

e+ e− ( 5.93±0.10) % 1548

µ+µ− ( 5.88±0.10) % 1545

Decays involving hadronic resonancesDecays involving hadronic resonancesDecays involving hadronic resonancesDecays involving hadronic resonances

ρπ ( 1.27±0.09) % 1449

ρ0π0 ( 4.2 ±0.5 )× 10−3 1449

a2(1320)ρ ( 1.09±0.22) % 1125

ωπ+π+π−π− ( 8.5 ±3.4 )× 10−3 1392

ωπ+π− ( 7.2 ±1.0 )× 10−3 1435

ω f2(1270) ( 4.3 ±0.6 )× 10−3 1143

K∗(892)0 K∗2(1430)0+ c.c. ( 6.7 ±2.6 )× 10−3 1005

ωK∗(892)K + c.c. ( 5.3 ±2.0 )× 10−3 1098

K+ K∗(892)−+ c.c. ( 5.0 ±0.4 )× 10−3 1373

K0 K∗(892)0+ c.c. ( 4.2 ±0.4 )× 10−3 1371

K1(1400)±K∓ ( 3.8 ±1.4 )× 10−3 –
ωπ0π0 ( 3.4 ±0.8 )× 10−3 1436

b1(1235)±π∓ [ff ] ( 3.0 ±0.5 )× 10−3 1299

ωK±K0
S π
∓ [ff ] ( 2.9 ±0.7 )× 10−3 1210

b1(1235)0π0 ( 2.3 ±0.6 )× 10−3 1299

φK∗(892)K + c.c. ( 2.04±0.28)× 10−3 969

ωK K ( 1.9 ±0.4 )× 10−3 1268

ω f0(1710) → ωK K ( 4.8 ±1.1 )× 10−4 878

φ2(π+π−) ( 1.60±0.32)× 10−3 1318

∆(1232)++ pπ− ( 1.6 ±0.5 )× 10−3 1030

ωη ( 1.58±0.16)× 10−3 1394

φK K ( 1.48±0.22)× 10−3 1179

φ f0(1710) → φK K ( 3.6 ±0.6 )× 10−4 875

p pω ( 1.30±0.25)× 10−3 S=1.3 769

∆(1232)++ ∆(1232)−− ( 1.10±0.29)× 10−3 938

Σ (1385)−Σ (1385)+ (or c.c.) [ff ] ( 1.03±0.13)× 10−3 692

p pη′(958) ( 9 ±4 )× 10−4 S=1.7 596

φ f ′2(1525) ( 8 ±4 )× 10−4 S=2.7 871

φπ+π− ( 8.0 ±1.2 )× 10−4 1365
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φK±K0
S π
∓ [ff ] ( 7.2 ±0.9 )× 10−4 1114

ω f1(1420) ( 6.8 ±2.4 )× 10−4 1062

φη ( 6.5 ±0.7 )× 10−4 1320

Ξ (1530)−Ξ+ ( 5.9 ±1.5 )× 10−4 597

p K−Σ (1385)0 ( 5.1 ±3.2 )× 10−4 645

ωπ0 ( 4.2 ±0.6 )× 10−4 S=1.4 1447

φη′(958) ( 3.3 ±0.4 )× 10−4 1192

φ f0(980) ( 3.2 ±0.9 )× 10−4 S=1.9 1182

Ξ (1530)0 Ξ0 ( 3.2 ±1.4 )× 10−4 608

Σ (1385)−Σ+ (or c.c.) [ff ] ( 3.1 ±0.5 )× 10−4 857

φ f1(1285) ( 2.6 ±0.5 )× 10−4 S=1.1 1032

ρη ( 1.93±0.23)× 10−4 1398

ωη′(958) ( 1.67±0.25)× 10−4 1279

ω f0(980) ( 1.4 ±0.5 )× 10−4 1271

ρη′(958) ( 1.05±0.18)× 10−4 1283

p pφ ( 4.5 ±1.5 )× 10−5 527

a2(1320)±π∓ [ff ] < 4.3 × 10−3 CL=90% 1263

K K∗2(1430)+ c.c. < 4.0 × 10−3 CL=90% 1159

K1(1270)±K∓ < 3.0 × 10−3 CL=90% –
K∗2(1430)0 K∗2(1430)0 < 2.9 × 10−3 CL=90% 588

K∗(892)0 K∗(892)0 < 5 × 10−4 CL=90% 1263

φ f2(1270) < 3.7 × 10−4 CL=90% 1036

p pρ < 3.1 × 10−4 CL=90% 779

φη(1440) → φηππ < 2.5 × 10−4 CL=90% 946

ω f ′2(1525) < 2.2 × 10−4 CL=90% 1003

Σ (1385)0 Λ < 2 × 10−4 CL=90% 911

∆(1232)+ p < 1 × 10−4 CL=90% 1100

Σ0 Λ < 9 × 10−5 CL=90% 1032

φπ0 < 6.8 × 10−6 CL=90% 1377

Decays into stable hadronsDecays into stable hadronsDecays into stable hadronsDecays into stable hadrons

2(π+π−)π0 ( 3.37±0.26) % 1496

3(π+π−)π0 ( 2.9 ±0.6 ) % 1433

π+π−π0 ( 1.50±0.20) % 1533

π+π−π0 K+ K− ( 1.20±0.30) % 1368

4(π+π−)π0 ( 9.0 ±3.0 )× 10−3 1345

π+π−K+ K− ( 7.2 ±2.3 )× 10−3 1407

K K π ( 6.1 ±1.0 )× 10−3 1440

p pπ+π− ( 6.0 ±0.5 )× 10−3 S=1.3 1107

2(π+π−) ( 4.0 ±1.0 )× 10−3 1517

3(π+π−) ( 4.0 ±2.0 )× 10−3 1466

nnπ+π− ( 4 ±4 )× 10−3 1106

Σ0 Σ0 ( 1.27±0.17)× 10−3 992

2(π+π−)K+ K− ( 3.1 ±1.3 )× 10−3 1320
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p pπ+π−π0 [jjj] ( 2.3 ±0.9 )× 10−3 S=1.9 1033

p p ( 2.12±0.10)× 10−3 1232

p pη ( 2.09±0.18)× 10−3 948

p nπ− ( 2.00±0.10)× 10−3 1174

nn ( 2.2 ±0.4 )× 10−3 1231

Ξ Ξ ( 1.8 ±0.4 )× 10−3 S=1.8 818

ΛΛ ( 1.30±0.12)× 10−3 S=1.1 1074

p pπ0 ( 1.09±0.09)× 10−3 1176

ΛΣ−π+ (or c.c.) [ff ] ( 1.06±0.12)× 10−3 945

p K−Λ ( 8.9 ±1.6 )× 10−4 876

2(K+ K−) ( 7.0 ±3.0 )× 10−4 1131

p K−Σ0 ( 2.9 ±0.8 )× 10−4 820

K+ K− ( 2.37±0.31)× 10−4 1468

ΛΛπ0 ( 2.2 ±0.6 )× 10−4 998

π+π− ( 1.47±0.23)× 10−4 1542

K0
S K0

L ( 1.08±0.14)× 10−4 1466

ΛΣ + c.c. < 1.5 × 10−4 CL=90% 1032

K0
S K0

S < 5.2 × 10−6 CL=90% 1466

Radiative decaysRadiative decaysRadiative decaysRadiative decays

γηc (1S) ( 1.3 ±0.4 ) % 116

γπ+π−2π0 ( 8.3 ±3.1 )× 10−3 1518

γηππ ( 6.1 ±1.0 )× 10−3 1487

γη(1440) → γK K π [p] ( 9.7 ±1.7 )× 10−4 1223

γη(1440) → γγρ0 ( 6.4 ±1.4 )× 10−5 1223

γη(1440) → γηπ+π− ( 3.0 ±0.5 )× 10−4 –
γρρ ( 4.5 ±0.8 )× 10−3 1343

γη2(1870) → γπ+π− ( 6.2 ±2.4 )× 10−4 –
γη′(958) ( 4.31±0.30)× 10−3 1400

γ 2π+2π− ( 2.8 ±0.5 )× 10−3 S=1.9 1517

γK+ K−π+π− ( 2.1 ±0.6 )× 10−3 –
γ f4(2050) ( 2.7 ±0.7 )× 10−3 874

γωω ( 1.59±0.33)× 10−3 1337

γη(1440) → γρ0ρ0 ( 1.7 ±0.4 )× 10−3 S=1.3 1223

γ f2(1270) ( 1.38±0.14)× 10−3 1286

γ f0(1710) → γK K ( 8.5 +1.2
−0.9 )× 10−4 S=1.2 1075

γη ( 8.6 ±0.8 )× 10−4 1500

γ f1(1420) → γK K π ( 7.9 ±1.3 )× 10−4 1220

γ f1(1285) ( 6.1 ±0.8 )× 10−4 1283

γ f1(1510) → γηπ+π− ( 4.5 ±1.2 )× 10−4 –

γ f ′2(1525) ( 4.7 +0.7
−0.5 )× 10−4 1173

HTTP://PDG.LBL.GOV Page 77 Created: 10/8/2002 11:05



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

γ f2(1950) →
γK∗(892)K∗(892)

( 7.0 ±2.2 )× 10−4 –

γK∗(892)K∗(892) ( 4.0 ±1.3 )× 10−3 –
γφφ ( 4.0 ±1.2 )× 10−4 S=2.1 1166

γp p ( 3.8 ±1.0 )× 10−4 1232

γη(2225) ( 2.9 ±0.6 )× 10−4 834

γη(1760) → γρ0ρ0 ( 1.3 ±0.9 )× 10−4 1048

γ (K K π)
JPC =0−+ ( 7 ±4 )× 10−4 S=2.1 –

γπ0 ( 3.9 ±1.3 )× 10−5 1546

γp pπ+π− < 7.9 × 10−4 CL=90% 1107

γγ < 5 × 10−4 CL=90% 1548

γΛΛ < 1.3 × 10−4 CL=90% 1074

3γ < 5.5 × 10−5 CL=90% 1548

γ fJ (2220) > 2.50 × 10−3 CL=99.9% –
γ fJ (2220) → γππ ( 8 ±4 )× 10−5 –
γ fJ (2220) → γK K ( 8.1 ±3.0 )× 10−5 –
γ fJ (2220) → γp p ( 1.5 ±0.8 )× 10−5 –
γ f0(1500) <( 5.7 ±0.8 )× 10−4 1184

γ e+ e− ( 8.8 ±1.4 )× 10−3 –

χc0(1P)χc0(1P)χc0(1P)χc0(1P) I G (JPC ) = 0+(0 + +)

Mass m = 3415.1 ± 0.8 MeV

Full width Γ = 16.2 ± 2.3 MeV

Scale factor/ p
χc0(1P) DECAY MODESχc0(1P) DECAY MODESχc0(1P) DECAY MODESχc0(1P) DECAY MODES Fraction (Γi /Γ) Confidence level (MeV/c)

Hadronic decaysHadronic decaysHadronic decaysHadronic decays
2(π+π−) (2.44±0.33) % 1679

π+π−K+ K− (1.8 ±0.6 ) % S=1.9 1580

ρ0π+π− (1.6 ±0.5 ) % 1608

3(π+π−) (1.24±0.22) % 1633

K+ K∗(892)0π−+ c.c. (1.2 ±0.4 ) % 1522

K+ K− (5.9 ±0.9 )× 10−3 1635

π+π− (5.0 ±0.7 )× 10−3 1702

K+ K−K+ K− (2.1 ±0.5 )× 10−3 –
K0

S K0
S (2.0 ±0.6 )× 10−3 –

π+π−p p (1.8 ±0.9 )× 10−3 S=1.6 1320

φφ (9 ±5 )× 10−4 –
p p (2.2 ±0.5 )× 10−4 1427

K0
S K+π−+ c.c. < 7.1 × 10−4 CL=90% –
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Radiative decaysRadiative decaysRadiative decaysRadiative decays

γ J/ψ(1S) (1.02±0.17) % 303

γγ (1.9 ±0.4 )× 10−4 1708

χc1(1P)χc1(1P)χc1(1P)χc1(1P) I G (JPC ) = 0+(1 + +)

Mass m = 3510.51 ± 0.12 MeV

Full width Γ = 0.92 ± 0.13 MeV

p
χc1(1P) DECAY MODESχc1(1P) DECAY MODESχc1(1P) DECAY MODESχc1(1P) DECAY MODES Fraction (Γi /Γ) Scale factor (MeV/c)

Hadronic decaysHadronic decaysHadronic decaysHadronic decays
3(π+π−) ( 6.3±1.4)× 10−3 1683

2(π+π−) ( 5.6±2.6)× 10−3 2.2 1727

π+π−K+ K− ( 4.9±1.2)× 10−3 1.1 1632

ρ0π+π− ( 3.9±3.5)× 10−3 1659

K+ K∗(892)0π−+ c.c. ( 3.2±2.1)× 10−3 1576

K0
S K+π− ( 2.5±0.8)× 10−3 –

π+π−p p ( 5.4±2.1)× 10−4 1381

K+ K−K+ K− ( 4.2±1.9)× 10−4 –
p p ( 7.2±1.3)× 10−5 1483

π+π− + K+ K− < 2.1 × 10−3 –

Radiative decaysRadiative decaysRadiative decaysRadiative decays

γ J/ψ(1S) (31.6±3.2) % 389

χc2(1P)χc2(1P)χc2(1P)χc2(1P) I G (JPC ) = 0+(2 + +)

Mass m = 3556.18 ± 0.13 MeV

Full width Γ = 2.08 ± 0.17 MeV

Scale factor/ p
χc2(1P) DECAY MODESχc2(1P) DECAY MODESχc2(1P) DECAY MODESχc2(1P) DECAY MODES Fraction (Γi /Γ) Confidence level (MeV/c)

Hadronic decaysHadronic decaysHadronic decaysHadronic decays
2(π+π−) ( 1.41±0.20) % 1751

π+π−K+ K− (10 ±4 )× 10−3 S=2.0 1656

3(π+π−) ( 9.2 ±2.2 )× 10−3 1707

ρ0π+π− ( 7 ±4 )× 10−3 1683

K+ K∗(892)0π−+ c.c. ( 4.8 ±2.8 )× 10−3 1601

φφ ( 2.0 ±0.8 )× 10−3 –
π+π− ( 1.52±0.25)× 10−3 1773
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K+ K−K+ K− ( 1.5 ±0.4 )× 10−3 –
π+π−p p ( 1.4 ±0.6 )× 10−3 S=1.5 1410

K+ K− ( 8.1 ±1.9 )× 10−4 1708

K0
S K0

S ( 6.1 ±2.3 )× 10−4 –

p p ( 7.4 ±1.0 )× 10−5 1510

J/ψ(1S)π+π−π0 < 1.5 % CL=90% 185

K0
S K+π−+ c.c. < 1.06 × 10−3 CL=90% –

Radiative decaysRadiative decaysRadiative decaysRadiative decays

γ J/ψ(1S) (18.7 ±2.0 ) % 430

γγ ( 2.19±0.32)× 10−4 1778

ψ(2S)ψ(2S)ψ(2S)ψ(2S) I G (JPC ) = 0−(1−−)

Mass m = 3685.96 ± 0.09 MeV

Full width Γ = 300 ± 25 keV

Γe e = 2.19 ± 0.15 keV

p
ψ(2S) DECAY MODESψ(2S) DECAY MODESψ(2S) DECAY MODESψ(2S) DECAY MODES Fraction (Γi /Γ) Confidence level (MeV/c)

hadrons (98.10±0.30) % –
virtualγ → hadrons ( 2.9 ±0.4 ) % –

e+ e− ( 7.3 ±0.4 )× 10−3 1843

µ+µ− ( 7.0 ±0.9 )× 10−3 1840

τ+ τ− ( 2.7 ±0.7 ) × 10−3 –

Decays into J/ψ(1S)and anythingDecays into J/ψ(1S)and anythingDecays into J/ψ(1S)and anythingDecays into J/ψ(1S)and anything

J/ψ(1S)anything (55.7 ±2.6 ) % –
J/ψ(1S)neutrals (23.9 ±1.2 ) % –
J/ψ(1S)π+π− (30.5 ±1.6 ) % 477

J/ψ(1S)π0π0 (18.2 ±1.2 ) % 481

J/ψ(1S)η ( 3.13±0.21) % 200

J/ψ(1S)π0 ( 9.6 ±2.1 )× 10−4 527

Hadronic decaysHadronic decaysHadronic decaysHadronic decays

3(π+π−)π0 ( 3.5 ±1.6 )× 10−3 1746

2(π+π−)π0 ( 3.0 ±0.8 )× 10−3 1799

ω f2(1270) < 1.7 × 10−4 90% –
ρa2(1320) < 2.3 × 10−4 90% –

π+π−K+ K− ( 1.6 ±0.4 )× 10−3 1726

K∗(892)K∗2(1430)0 < 1.2 × 10−4 90% –

K1(1270)±K∓ ( 1.00±0.28)× 10−3 –
π+π−p p ( 8.0 ±2.0 )× 10−4 1491

K+ K∗(892)0π−+ c.c. ( 6.7 ±2.5 )× 10−4 1673

b±1 π
∓ ( 5.2 ±1.3 )× 10−4 –

HTTP://PDG.LBL.GOV Page 80 Created: 10/8/2002 11:05



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

2(π+π−) ( 4.5 ±1.0 )× 10−4 1817

ρ0π+π− ( 4.2 ±1.5 )× 10−4 1751

p p ( 2.07±0.31)× 10−4 1586

ΛΛ ( 1.81±0.34)× 10−4 1467

3(π+π−) ( 1.5 ±1.0 )× 10−4 1774

p pπ0 ( 1.4 ±0.5 )× 10−4 1543

∆++ ∆−− ( 1.28±0.35)× 10−4 –
Σ0 Σ0 ( 1.2 ±0.6 )× 10−4 –
Σ∗+ Σ∗− ( 1.1 ±0.4 )× 10−4 –
K+ K− ( 1.0 ±0.7 )× 10−4 1776

π+π−π0 ( 8 ±5 )× 10−5 1830

ρπ < 8.3 × 10−5 90% 1760

π+π− ( 8 ±5 )× 10−5 1838

Ξ−Ξ+ ( 9.4 ±3.1 )× 10−5 1285

K1(1400)±K∓ < 3.1 × 10−4 90% –
Ξ∗0 Ξ∗0 < 8.1 × 10−5 90% –
Ω−Ω+ < 7.3 × 10−5 90% –
K+ K−π0 < 2.96 × 10−5 90% 1754

K+ K∗(892)−+ c.c. < 5.4 × 10−5 90% 1698

φ f ′2(1525) < 4.5 × 10−5 90% –

Radiative decaysRadiative decaysRadiative decaysRadiative decays

γχc0(1P) ( 8.7 ±0.8 ) % 261

γχc1(1P) ( 8.4 ±0.7 ) % 171

γχc2(1P) ( 6.8 ±0.6 ) % 127

γηc (1S) ( 2.8 ±0.6 )× 10−3 639

γη′(958) ( 1.5 ±0.4 )× 10−4 1719

γγ < 1.4 × 10−4 90% 1843

γη < 9 × 10−5 90% 1802

γη(1440) → γK K π < 1.2 × 10−4 90% 1569

ψ(3770)ψ(3770)ψ(3770)ψ(3770) I G (JPC ) = 0−(1−−)

Mass m = 3769.9 ± 2.5 MeV (S = 1.8)

Full width Γ = 23.6 ± 2.7 MeV (S = 1.1)

Γee = 0.26 ± 0.04 keV (S = 1.2)

p
ψ(3770) DECAY MODESψ(3770) DECAY MODESψ(3770) DECAY MODESψ(3770) DECAY MODES Fraction (Γi /Γ) Scale factor (MeV/c)

D D dominant 242

e+ e− (1.12±0.17)× 10−5 1.2 1885
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ψ(4040)ψ(4040)ψ(4040)ψ(4040) [kkk] I G (JPC ) = 0−(1−−)

Mass m = 4040 ± 10 MeV

Full width Γ = 52 ± 10 MeV

Γee = 0.75 ± 0.15 keV

ψ(4040) DECAY MODESψ(4040) DECAY MODESψ(4040) DECAY MODESψ(4040) DECAY MODES Fraction (Γi /Γ) p (MeV/c)

e+ e− (1.4±0.4)× 10−5 2020

D0 D0 seen 777

D∗(2007)0 D0 + c.c. seen 578

D∗(2007)0 D∗(2007)0 seen 232

ψ(4160)ψ(4160)ψ(4160)ψ(4160) [kkk] I G (JPC ) = 0−(1−−)

Mass m = 4159 ± 20 MeV

Full width Γ = 78 ± 20 MeV

Γee = 0.77 ± 0.23 keV

ψ(4160) DECAY MODESψ(4160) DECAY MODESψ(4160) DECAY MODESψ(4160) DECAY MODES Fraction (Γi /Γ) p (MeV/c)

e+ e− (10±4)× 10−6 2079

ψ(4415)ψ(4415)ψ(4415)ψ(4415) [kkk] I G (JPC ) = 0−(1−−)

Mass m = 4415 ± 6 MeV

Full width Γ = 43 ± 15 MeV (S = 1.8)

Γee = 0.47 ± 0.10 keV

ψ(4415) DECAY MODESψ(4415) DECAY MODESψ(4415) DECAY MODESψ(4415) DECAY MODES Fraction (Γi /Γ) p (MeV/c)

hadrons dominant –
e+ e− (1.1±0.4)× 10−5 2207
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