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Psi(2S)   
A) Radiative  29% 

1. They are sensitive to inner structure of 
hadrons, quite straightforward to evaluate 
in 𝒄𝒄 potential models. 

2. E1 transition  is well measured in general, 
but still  no one model  explain all the exp. 
results.  

B) Hadronic 56% 
1. The QCD multipole expansion (QCDME) is a 

feasible approach to hadronic transitions. 
2. The calculation depends on experimental 

inputs and works well for transitions of 
heavy qq states below open flavor 
threshold. 

 

Eur. phy.  J.491 C76, 601 (2016) 
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World largest J/ψ, ψ(3686), ψ(3770), … 
samples 

BESIII data samples 
4040 

   0.5 fb-1 

J/ψ 
1× 𝟏𝟎𝟏𝟎 

ψ’ 
𝟎. 𝟓 × 𝟏𝟎𝟗 

2175 
   0.1 fb-1 

Ψ(3770) 
2..9 fb-1 

4600 
   0.5 fb-1 

4420 
   1 fb-1 

4160 
   3 fb-1 

4260++4230 
   1.9 fb-1 

4360 
   0.5 fb-1 

The following charmonium transition 
analysis at BESIII will be reported. 
 

 Study of electromagnetic Dalitz decays 𝝌𝒄𝑱 → 𝝁+𝝁−J/ψ 

 Search 𝒇𝒐𝒓 𝒉𝒄 → 𝝅+𝝅− J/ψ via  ψ(3686) → 𝝅+𝝅−𝝅𝟎  J/ψ 
 Updates of ψ(𝟐𝑺)→𝜸𝝌𝒄𝑱 at BESIII 



Study of electromagnetic Dalitz 
decays 𝝌𝒄𝑱 → 𝝁+𝝁−J/ψ 
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 The decays 𝝌𝒄𝟏 → 𝝁+𝝁−J/ψ and 𝝌𝒄𝟐 → 𝝁+𝝁−J/ψ are 
observed firstly at LHCb. 

 
 Study of EM Dalitz decays plays an important  role in 

revealing the structure of mesons and the 
interactions of the mesons with the electromagnetic 
field. 

 
 The EM Dalitz decays in charmonium transitions have 

access to the EM transition form factors (TFFs) of 
charmonium states. 

PRL 119, 221801 (2017) 
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Study of electromagnetic Dalitz 
decays 𝝌𝒄𝑱 → 𝝁+𝝁−J/ψ 

 Using 4.48 × 108 ψ(3686) events at 
BESIII. 

 Decay channel:  ψ 𝟐𝑺 → 𝜸𝝌𝒄𝑱,   

𝝌𝒄𝑱 → 𝝁+𝝁−J/ψ, 

     J/ψ → 𝒆+𝒆− /𝝁+𝝁−. 

PRD 99, 051101(R) (2019) 
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Transition form factor measurement 

Study of electromagnetic Dalitz 
decays 𝝌𝒄𝑱 → 𝝁+𝝁−J/ψ 

 
Fit results: 
𝜦𝝌𝒄𝟏

= 0.76 ± 0.18 GeV/𝒄𝟐 

𝜦𝝌𝒄𝟐
= 0.71 ± 0.10 GeV/𝒄𝟐 

Mod. Phys. Lett. A 33, 1850001 (2018) 

 The q distributions in the decays 
𝝌𝒄𝟏,𝟐 → 𝝁+𝝁−J/ψ are divided into 4 
and 5 regions, respectively. 
 Parametrization formula:  

       𝑭 𝒒 =
𝟏

𝟏−𝒒𝟐/𝜦𝟐 

      is used to o fit TFF distributions. 

The 𝑭 𝒒  values deviate from one significantly. 
This indicates that the TFF should be 
considered in the branching fraction 
calculation. 

PRD 99, 051101(R) (2019) 



Search for 𝒉𝒄 → 𝝅+𝝅−J/ψ via  
ψ(3686) → 𝝅+𝝅−𝝅𝟎J/ψ 
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 The hadronic transitions of the spin-singlet P-wave state hc(1P1) are 
one of the best places to test the spin-spin interaction between 
heavy quarks. 

 
 In the framework of QCDME, the branching fraction of 𝒉𝒄 →

𝝅+𝝅−J/ψ (including charged and neutral modes) is predicted to be 
2%, while it is predicted to be 0.05% when neglecting the nonlocality 
in time. 
 
 

 The first observation of the 𝒉𝒄 was reported by CLEO in a study of 
the cascade decay ψ(3686)→ 𝝅𝟎𝒉𝒄;  𝒉𝒄 → 𝜸𝜼𝒄; the branching 
fractions 𝓑(ψ(3686) → 𝝅𝟎𝒉𝒄) and 𝓑(𝒉𝒄 → 𝜸𝜼𝒄)  were measured for 
the first time by BESIII . 

PRD 97, 052008 (2018) 

PRD 37, 1210 (1988) Phys. Rev. D 52, 1710 (1995) 
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Search for 𝒉𝒄 → 𝝅+𝝅−J/ψ via  
ψ(3686) → 𝝅+𝝅−𝝅𝟎J/ψ 

 4.48 × 108 ψ(3686) events at 
BESIII are used. 

 The J/ψ is reconstructed in its 
decay to an 𝒆+𝒆− or 𝝁+𝝁− pair. 

Dominant component:  ψ(3686) → 𝜼J/ψ 

Signal MC 

Data 

PRD 97, 052008 (2018) 
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Search for 𝒉𝒄 → 𝝅+𝝅−J/ψ via  
ψ(3686) → 𝝅+𝝅−𝝅𝟎J/ψ 

 No signal is observed.  
 The upper limit of the product of branching 

fractions 𝓑(ψ(3686) → 𝝅𝟎 𝒉𝒄 )∙ 𝓑(𝒉𝒄 →
𝝅+𝝅−J/ψ ) at the 90% C.L. is determined 
to be 2.0 × 10−6.  

 Using the PDG value for the branching 
fraction of ψ(3686) → 𝝅𝟎 𝒉𝒄, the upper 
limit on 𝓑(𝒉𝒄 → 𝝅+𝝅−J/ψ )  is determined 
to be 2.4 × 10−3. 

It is noted that the measured branching fraction is smaller than the prediction(2.0%) 
in theory by one order in magnitude,  
but does not contradict the prediction(0.05%). 

It is the most stringent upper limit to date. 
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Updates of ψ(𝟐𝑺) → 𝜸𝝌𝒄𝑱 at BESIII 

Exclusive  

Inclusive  
 Using 1.06 × 108 ψ(3686) events at BESIII. 

 

 Unbinned maximum simultaneous fits to 
the photon energy distributions of data. 
 

 𝓑 𝝍 𝟑𝟔𝟖𝟔 → 𝜸𝝌𝒄𝑱 =
𝑵𝝍(𝟑𝟔𝟖𝟔)→𝜸𝝌𝒄𝑱

𝝐𝝍(𝟑𝟔𝟖𝟔)→𝜸𝝌𝒄𝑱
×𝑵𝝍(𝟑𝟔𝟖𝟔) 

 

 
 

 𝓑 𝝍 𝟑𝟔𝟖𝟔 → 𝜸𝝌𝒄𝑱 × 𝓑 𝝌𝒄𝑱 → 𝜸𝑱/𝝍  

        =  
𝑵

𝝌𝒄𝑱→𝜸𝑱/𝝍

𝝐𝝌𝒄𝑱→𝜸𝑱/𝝍×𝑵𝝍(𝟑𝟔𝟖𝟔)
 

 

 𝓑 𝝌𝒄𝑱 → 𝜸𝑱/𝝍  

                          =  
𝓑 𝝍 𝟑𝟔𝟖𝟔 →𝜸𝝌𝒄𝑱 ×𝓑 𝝌𝒄𝑱→𝜸𝑱/𝝍

𝓑 𝝍 𝟑𝟔𝟖𝟔 →𝜸𝝌𝒄𝑱
= 

                          = 
𝝐𝝍(𝟑𝟔𝟖𝟔)→𝜸𝝌𝒄𝑱)×𝓑 𝝌𝒄𝑱→𝜸𝑱/𝝍

𝝐𝝌𝒄𝑱→𝜸𝑱/𝝍×𝑵𝝍(𝟑𝟔𝟖𝟔)→𝜸𝝌𝒄𝑱

 

Inclusive:  ψ(𝟐𝑺) → 𝜸 𝑿;          Exclusice: ψ 𝟐𝑺 → 𝜸𝝌𝒄𝑱, 𝝌𝒄𝑱 → 2/4 prong 

PRD 96, 032001 (2017) 
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New results are consistent with previous measurements, but more 
precise.  

Updates of ψ(𝟐𝑺) → 𝜸𝝌𝒄𝑱 at BESIII 
PRD 96, 032001 (2017) 



 BESIII has obtained many results about charmonium transitions since its 
first physics run started from 2009. 
 

 The decays 𝝌𝒄𝑱 → 𝝁+𝝁−J/ψ through the radiative transitions ψ(𝟐𝑺) →
𝜸𝝌𝒄𝑱 have been observed. 
 

 A search for the hadronic transition 𝒉𝒄 → 𝝅+𝝅−J/ψ is carried out via 
ψ(3686) → 𝝅+𝝅−𝝅𝟎J/ψ.  No signal is observed. 
 

 Using a sample of 106 million ψ(3686) decays, the branching fractions of 
ψ(𝟐𝑺) → 𝜸𝝌𝒄𝑱 are measured with improved precision. 
 

 After 2018’s J/ψ data taking, the amount of total J/ψ events has increased  
      from 1.3 billion to 10 billion. More and more interesting results are   
      expected in the near future. 

2019/5/16 13 

Summary 

Thanks! 



Backup  
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Study of electromagnetic Dalitz 
decays 𝝌𝒄𝑱 → 𝒆+𝒆−J/ψ 

PRL 118, 221802 (2017) 


