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Observation of ηc(2S)→ 3(π+π−) 

arXiv:2206.08807

Looking for new decay modes of ηc(2S) such as 3(π+π−) will provide more concrete 
avenues of approach of ηc(2S) in experimental and theoretical research and better 
understand its properties.

Observed ηc(2S)→ 3(π+π−) for the first time which significance is 9.3σ.
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Data: (448.1 ± 2.9) × 106 ψ(2S)
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Observation of ηc(2S)→ 3(π+π−)

arXiv:2206.08807
Mass and width of ηc (2S) are measured which are consistent with the world average 
values within 2σ.
  
  M [ηc(2S)]  = 3643.4 ± 2.3 ± 4.4 MeV/c2           Γ [ηc(2S)] = 19.8 ± 3.9 ± 3.1 MeV

Using B[ψ(2S) →γηc(2S)] =(7.0−2.5+3.4) × 10−4 [13], we obtain B[ηc(2S)→ 3(π+π−)] and 
update B[χcJ→ 3(π+π−)] at the same time.
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Data: (448.1 ± 2.9) × 106 ψ(2S)
✓

✓

Compared to the world average values, the measured values are almost twice as large. 
To validate our results, we perform a number of cross-checks and the results are 
consistent with each other and agree with the nominal results.

✓

[13] Chin. Phys. C 46, 071001(2022).



 Study of the hc meson via ψ(2S)→π0hc decays 

arXiv:2204.09413
The hc resonance features are of particular importance inside the theoretical framework 
built to explain the c� spectrum. 

Using the π0 recoil mass distribution to reconstruct the hc mass, both inclusively
(ψ(2S) → π0hc) and by tagging the decay via the electric dipole (E1) transition photon 
from hc → γηc.
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Data: (448.1 ± 2.9) × 106 ψ(2S)
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 Study of the hc meson via ψ(2S)→π0hc decays 

arXiv:2204.09413

The fit results are summarized in the table which shows the improved precision of this 
measurement with respect to the PDG values [5]and compatibility within 1σ.
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Data: (448.1 ± 2.9) × 106 ψ(2S)
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[5] PTEP 2020, 083C01(2020).
[11] Phys. Rev.Lett. 104, 132002 (2010). 
[23] Phys. Rev.Lett.101,182003 (2008)
                                   



JHEP05(2022)108  

First search for the hc →      X 
(X = π+π−π0, η, π0) decays.

The decay channel hc →      η 
is observed for the first time 
with a 5.1σ statistical 
significance.

Evidence for the decay  
hc →      π+π−π0 is found with a 
statistical significance of 4.9σ.

No obvious signal for hc →       
π0 is seen. 
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Data: (448.1 ± 2.9) × 106 ψ(2S)
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Observation of hc→       η pp
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JHEP05(2022)108  
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Data: (448.1 ± 2.9) × 106 ψ(2S)
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Observation of hc→       η pp

The branching fractions of hc →      X are determined by 

The branching fractions obtained in this analysis are at the level of ~10−3, which is 
the same level as the previously observed decays of hc → 2(π+π−)π0,      π+π− [6] and hc 
→ K+K−π+π−π0, π+π−π0η, K0

SK±π∓ π+π− [7].

[6]Phys. Rev. D 99, (2019) 072008
[7] Phys. Rev. D 102, (2020) 112007
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Search for the decay hc→π0J/ψ 
JHEP 05(2022)003 
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Data: L = 11 fb-1, � = 4.189 — 4.437 GeV

✓ In 1992, the E760 Collaboration reported an evidence of the hc in the π0J/ψ decay mode. 
Until now, there is no experimental result to confirm this. 

Search for hc → π0J/ψ is reported using e+e− → π+π−hc events from data samples at � = 
4.189 — 4.437 GeV.

Additionally, the decay hc→γηc→γK+K−π0 is used as the normalization channel.✓

✓



Search for the decay hc→π0J/ψ 
JHEP 05(2022)003 
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Data: L = 11 fb-1 , � = 4.189 — 4.437 GeV
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No significant signal is seen for the hc → π0J/ψ decay, while a clear peak is present 
for the hc → γηc decay. 

The branching ratio B(hc → π0J/ψ)/B(hc → γηc → γK+K−π0) is calculated with



Search for the decay hc→π0J/ψ 
JHEP 05(2022)003 
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Data: L = 11 fb-1 , � = 4.189 — 4.437 GeV

✓
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B(hc → π0J/ψ)/B(hc → γηc → γK+K−π0) < 7.5 × 10−2  at 90% C.L. 

Upper limit on the branching fraction B(hc → π0J/ψ) at 90% C.L. can be determined 
to be  

 B(hc → π0J/ψ) < 4.7 × 10−4. 

This is the first upper limit measurement of  B(hc → π0J/ψ) which the results are not 
consistent with the measurements by the E760 Collaboration , while in agreement 
with the E835 Collaboration.

The hc total width is 0.7 ± 0.4 MeV from the PDG, and we take 1.1 MeV as the hc 
total width conservatively. The upper limit on the partial width for hc → π0J/ψ is 
conservatively determined to be 

Γ(hc → π0J/ψ) < 0.52 keV,

which is one order-of-magnitude lower than the current theoretical predictions 
(several keV) .



Summary
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BESIII has collected large data samples at  � = 2 — 4.95GeV, which provide 
essential opportunity for the study of charmonium decay.

•     Observation of ηc(2S)→ 3(π+π−)
•     Study of the hc meson via ψ(2S)→ π0hc decays
•     Observation of hc→       η 
•     Search for the decay hc→ π0J/ψ

  
In the future, more data will be collected, more detailed studies will be done and 
more results will come out !
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