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Radiative transitions 
States with unconventional charmonium properties discovered 

about a decade ago, e.g. X(3872),Y(4260), Y(4360)...;  nature of 

the X/Y states remains unclear. 

 

BESIII directly produces Y(4260) in  

e+e- collisions; study the Y(4260) state;  
search for new C-even charmonium(-like)  

states via radiative transition  

 

 

Radiative transitions between the Y(4260) and the lower mass 

charmonium (e.g. χcJ)  is important for understanding the nature 

of the Y(4260) state. 
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Radiative transitions @ BESIII 

1. e+e-  g X(3872)  
2. e+e- 

 g Y(4140) 
3. e+e-  g ccJ 

The results in the talk are based on 

0.5 fb-1  y(4040) at 4.009 GeV 

1.9 fb-1  Y(4260) at 4.23 and 4.26 GeV 

0.5 fb-1  Y(4360) at 4.36 GeV 



X(3872) Properties: 

– confirmed by many experiments 

– very narrow (< 1.2 MeV) 

– mass is very close to D*0D0 mass 

– has JPC = 1++ (LHCb)     

– too light to be the cc1(2P) 

 



e+e- gX(3872) 

• Search for gX(3872) with 
X(3872) ppJ/y at           
Ecm=4.23, 4.26, 4.36 GeV 

  

• Summed over all data X(3872) 
significance = 6.3 s 

  

• Production in Y(4260) decay 

suggestive, but not conclusive 
  

• If from Y(4260)  
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 𝐵(𝑌 4260 → g𝑋 3872 )

𝐵(𝑌 4260 →p+p−J/y)  
  0.1 



 CDF first reported evidence for Y(4140) in M(𝜙𝐽/𝜓) from                   
𝐵+ → 𝜙𝐽/𝜓𝐾+;  the subsequent analysis claim a statistical significance of 

more than 5𝜎.     
 

 Belle does not confirm Y(4140) in the same process and two photon    

production. 

 

 LHCb reported a null search for the Y(4140) in 𝐵+ → 𝜙𝐽/𝜓𝐾+;  
 

 

 CMS and D0 studied the same process, an accumulation near 4.16 GeV/𝑐2 

was observed, resonant parameters are slightly different. 

 

 

 Babar found no evidence for the Y(4140) in the same process recently. 

 
                   

A good candidate for 𝑫𝒔
∗𝑫𝒔

∗ molecular 

The mysterious Y(4140) 

Ref: PRL 102,242002;  arXiv:1101.6058 

PRL 104, 112004 

PRD85, 091103 

arXiv: 1407.7244 

PLB,734,261; PRD89,012004 



Search for Y(4140)f J/y at BESIII 

 e+e-  g f J/y;  J/y e+e-/m+m- 
 

1. f  K+K-  
Partial reconstruction,  only require one K 
 

2. f  KSKL 

Partial reconstruction,  only require KS; the KL not reconstructed. 
 

3. fp+p-p0 

Full reconstruction. 





Sum of all data sets 

eff. curve 

Combine 6 modes ( 3 f modes    2 J/y modes) 



Set upper limit at the 90% CL. for  
𝜎𝐵 × ℬ = 𝜎𝐵 𝑒+𝑒− → 𝛾𝑌 4140 × ℬ(𝑌 4140 → 𝜙𝐽/𝜓) 

𝑠 (GeV/𝑐2 ) Luminosity (pb-1) (1 + 𝛿) 𝜎𝐵 × ℬ 

4.23 1094 0.840 <0.35 

4.26 827 0.847 <0.28 

4.36 545 0.944 <0.33 

Compared with the 𝐗(𝟑𝟖𝟕𝟐) product ion 
𝜎𝐵 𝑒+𝑒− → 𝛾𝑋 3872 × ℬ(𝑋 3872 → 𝜋+𝜋−𝐽/𝜓) 

Take ℬ 𝑋 3872 → 𝜋+𝜋−𝐽/𝜓  = 5%.   arXiv: 0910.3138 

And ℬ(𝑌 4140 → 𝜙𝐽/𝜓) = 30%,  molecular calculation,   PRD 80, 054019.  

𝜎𝐵(𝑒+𝑒−→𝛾𝑌 4140 )

𝜎 𝑒+𝑒−→𝛾𝑋 3872
≤ 0.1 at 𝑠=4.23 and 4.26 GeV.  

No significant Y(4140) signal found @ BESIII 

Systematic error included 



Search for  

 

e+e-  g ccJ      at 𝑠 > 4GeV 

                                
g J/y 

m+m- 



Unbinned likelihood fit to M(gJ/y)  

Signal: a double-Gaussian with 

shape parameters determined from 

MC at 4260 MeV 

 

Background: radiative dimu MC 

shape 

 

Data:  

• limited statistics                  

• is not consistent with being 

background 

 

4009 4230 

4260 4360 



A simultaneous fit to M(gJ/y) at 4 CME 
points with  assuming the production 
s(e+e− gccJ ) at different 𝑠 follows the 
lineshape of Y(4260) 

the stat. significance   
is 0,  2.4, 4.0 s for  

   cc0, cc1, cc2 ,  respectively   

Fit to M(gJ/y) for summing the 

events in the 4 CME points 

the statistical significance  

is 1.2σ, 3.0σ, 3.4σ  for 

    cc0, cc1, cc2  respectively. 

Evidence of e+e−
gccJ  

cc0 

cc2 

 cc1 
cc2 

 cc1 



The measured Born corss-section 
s(e+e− gccJ ) 

e+e - 
gcc0  e+e- gcc1  e+e-

gcc2  

𝑠 𝑠 𝑠 

The upper limits on the cross section of e+e-  gccJ   

are compatible with the theoretical predication.  Ref: arXiv:1310.8597 
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Summary 

• BESIII observed e+e- gX(3872) at 𝑠 > 4GeV,  

perhaps via Y(4260) → gX(3872). 
 

 

• Searched for the Y(4140)f J/y through e+e-  g f 

J/y,  found no evidence. 
 

  

• Found evidence of e+e−
gccJ at 𝑠 > 4 GeV. 

 

  

• We are still analyzing the data; more interesting 

results are expected. 

 



backup 



Signal MC 



Selection for e+e-  gccJ  

• Charged track selection 

 

• Photon selection    

 

• Muon Identification : E/p < 0.35, P > 1.0 GeV 

 

• 5-C Kinematic fit : M(m+m−) = MJ/y, c2 < 40 

 

• p0/h/h’ Veto: |M(gg)-0.135| > 0.025 GeV, |M(gg)-0.548| > 0.030 
GeV, |M(gg)-0.958| > 0.020 GeV 

 

• E glow< 0.403 GeV at 𝑠=4.009 GeV 

 

 

 



The separate fit results on e+e-  gccJ  


