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The “12% rule” in vector charmonium decays
M. Appelquist and H. D. Politzer, PRL34, 43 (1975)

QV =
Bψ(2S)→X

BJ/ψ→X
=

Bψ(2S)→e+e−

BJ/ψ→e+e−
= 12%

≈ 13.3% [PDG2021 data]

Qv=13.3%



 Violation found by Mark-II , confirmed by BESI at higher sensitivity. 

 Extensively studied by BESI/BESII/CLEOc/BESIII

 Dozens of models, none satisfactory

“12% rule” and “ρπ puzzle” 

K*K

ρπ

MARK-II

BESIII: ψ’  
7.9k evts

BESIII: J/ψ
1.9 M evts

ψ’ / J/ψ→ π+π-π0
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Extension of “12% rule” to pseudoscalar charmonia
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• Kuang-Ta Chao, Yi-Fan Gu, and S.F. Tuan, Commun. Theor. Phys. 25 (1996) 471-478,

QP=1

• Mauro Anselmino, Marco Genovese, and Enrico Predazzi, Phys. Rev. D 44, 1597 (1991),

“12% rule”

QP= QV

• Qian Wang, Xiao-Hai Liu, and Qiang Zhao, Physics Letters B 711 (2012) 364–370, 

QP=1.18±0.81    [PDG2021]



Experimental data [PDG2021]
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• PDG only listed a few modes with large errors in BFs.
• Experimental measurements were not used properly.
• QP was not calculated for any mode.   Let’s do it!



Data on ηc & ηc(2S) production and decays
ηc … ηc(2S)  … experiments

γγ ηc hadrons γγ ηc(2S)  hadrons BaBar, Belle, Delphi, AMY, CLEO

𝑝𝑝�̅�𝑝 ηc γγ 𝑝𝑝�̅�𝑝 ηc(2S)  γγ E760, E835

B+ ηc K+ B+ ηc(2S) K+ BaBar, Belle, LHCb

ψ(2S)  π0hc π0 γ ηc ψ(2S)  γ ηc(2S) BESIII, CLEO

E835, PLB 566 (2003) 45BaBar Belle, PLB 706 (2011) 139

B+ ηc
(,) K+ BESIII, PRL 109, 042003 (2012)

ψ(2S)  γ ηc(2S) 

BESIII, PRD 86, 092009 (2012)
hc γ ηc

6Usually both ηc(2S) & ηc are measured in the same analysis, many systematic bias cancels out.



Data on ηc & ηc(2S) production and decays
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• Data from J/ψ γ ηc are not used [BES, DM2, MK3, CBAL, …]
• Interference with non-ηc amplitude not treated properly

• Strong model dependence in ηc line shape

• Early experiments used wrong (too narrow) ηc width

Jorge Segovia and Jaume Tarrús Castella, PRD 104, 074032 (2021)



Global analysis to extract ηc & ηc(2S) decay BFs

• Measurements used in the analysis
• all measured ηc(2S) decay modes & corresponding ηc decay modes
• A few additional modes with large ηc decay BFs
• ηc & ηc(2S) widths — for Γγγ determination

• 97 input data from the AMY, BaBar, Belle, BESIII, CLEO, DELPHI, E760, 
E835, and LHCb experiments

• 29 free parameters
• Least square fit assuming Gaussian errors
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Experimental measurements
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Experimental measurements
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Experimental measurements
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Experimental measurements
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ηc(2S) widthηc width



Fit results (hadronic decays)
• χ2/ndf=86/68, C.L.=5.7%  reasonable fit
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A few observations & questions:
• Q<1 for all the modes with significant signals and 

some modes with upper limits

• 𝑄𝑄𝑝𝑝�̅�𝑝 ≪ 1 (>40σ below 1), very strange
• Problem in theoretical assumptions?
• Problem in experimental data (neglecting 

interference, …)?
• Glueball mixing in ηc or/and η’c ?
• Exotic decays of ηc or/and η’c ?

• Relevant to B.3 “… heavy meson loops”
• Are there dominant decay modes of η’c ?

Γ𝜂𝜂𝑐𝑐′→ℎ
Γ𝜂𝜂𝑐𝑐→ℎ

≠
Γ𝜂𝜂𝑐𝑐′→2𝑔𝑔
Γ𝜂𝜂𝑐𝑐→2𝑔𝑔

?
Γ𝜂𝜂𝑐𝑐′→ℎ
Γ𝜂𝜂𝑐𝑐→ℎ

≠
Γ𝜂𝜂𝑐𝑐′
Γ𝜂𝜂𝑐𝑐

?
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Fit results & discussions
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PDG2021

32.0±0.7 MeV

11.3−2.9
+3.2 MeV

5.15±0.35 keV

Not available

(10.8±0.8)×10-4

(4.4±1.0)×10-4

(7±5)×10-4

(4.3±1.0)×10-4

Chao, Gu, Tuan: 

This study:

First 
result!

2.6σ lower than LQCD result 
of 6.57±0.17 keV 
[ Meng, Feng, Liu, Wang, 
Zou, arXiv:2109.09381v2 ] PDG average is 3.7σ

lower than LQCD result 
of 6.57±0.17 keV 

≈1



Summary & Discussions
• BESIII with 10B J/ψ, 3B ψ’ events, Belle II & LHCb with large B-decay samples, Belle II with 

more two-photon collision data will supply more information on these decays.
• We should try to understand these puzzles.
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K*K

ρπ

• Anselmino, Genovese, Predazzi (1991), trigluonium-
charmonium mixing

• Chao, Gu, Tuan (1996) : bigluonium-charmonium mixing

• Qiang Zhao et al., 

• 1110.6235, ηc mixing effects on charmonium and B 
meson decays

• 1712.02550, Revisiting the pseudoscalar meson and 
glueball mixing and key issues in the search for a 
pseudoscalar glueball state

• Qian, Xiaohai and Qiang, 1202.3026, Updated study of 
the ηc and ηc’ decays into light vector mesons

• Ying Chen et al., 2107.12749, the glueball content of ηc

• …



On QV and QP, with minimal assumption
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Assuming only   Γ(2𝑆𝑆→ℎ)
Γ(1𝑆𝑆→ℎ)

= ∑𝑛𝑛 Γ(2𝑆𝑆→𝑛𝑛𝑔𝑔)
∑𝑛𝑛 Γ(1𝑆𝑆→𝑛𝑛𝑔𝑔)

, one reaches QV≈14% and QP≈1

Kuang-Ta Chao, Yi-Fan Gu, S.F. Tuan, Commun. Theor. Phys. 25 (1996) 471-478

QP = 𝐵𝐵(𝜂𝜂𝑐𝑐(2𝑆𝑆)→ℎ)
𝐵𝐵(𝜂𝜂𝑐𝑐→ℎ)

= Γ(𝜂𝜂𝑐𝑐(2𝑆𝑆)→ℎ)/Γ𝜂𝜂𝑐𝑐(2𝑆𝑆)

Γ(𝜂𝜂𝑐𝑐→ℎ)/Γ𝜂𝜂𝑐𝑐
= 1

Mo, Yuan, Wang, CPC 31 (2007) 686-701, hep-ph/0611214

was ~26%



Thank you!
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Kuang-Ta Chao, Yi-Fan Gu, and S.F. Tuan, Commun. Theor. Phys. 25 (1996) 471-478
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Justify 

= 2.33±0.04 keV
5.53±0.10 keV

=0.42±0.01

Γ𝜂𝜂𝑐𝑐 = 32.2 ± 0.7 MeV ⇒ Γ𝜂𝜂𝑐𝑐′ ≈ 13 MeV 20
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