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Bird’s View of BEPCII & BESIII 

Storage ring 

Linac 

BESIII 

detector Beijing electron 

positron collider 

BEPCII 

Beam energy 1.0-2.3 GeV 

Energy spread: 5.16×10-4  

Design luminosity  

1  1033/cm2/s @ (3770) 
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BESIII  Collaboration 
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BESIII  Detector 
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Solenoid Magnet:  1 T Super conducting   
MDC 

small cell & He gas 

σxy=130 μm 

𝛿p/p = 0.5%@1GeV 

 dE/dx=6%  

TOF 

σT =  90 ps   Barrel 

       110 ps  Endcap 

Muon ID: 8~9 layer RPC 

 σRΦ=1.4 cm~1.7 cm 

EMCAL:   CsI crystal 

   ΔE/E  = 2.5% @1 GeV 

   σφ,z = 0.5~0.7 cm/√E 

Trigger: Tracks & Showers 

Pipelined; Latency = 6.4 μs 

Data Acquisition: 

  Event rate = 3 kHz 

  Throughput ~ 50 MB/s 

Hermetic spectrometer for neutral and charged particle 

with excellent resolution, PID, and large coverage 

NIM A614 

345 (2010)  



Features of the BEPCII Energy Region 
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 Rich of resonances, charmonium and charmed mesons 

 Threshold characteristics (pairs of , D, Ds, charmed baryons…) 

 Transition between smooth and resonances, perturbative and 
non-perturbative QCD 

 Energy location of the gluonic matter and glueball, exotic states 
and hybrid 



Charmonium spectroscopy 
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 Charmonium in QCD is like 

positronium in QED 

 Below open charm threshold, all 

states have been observed 

 Rare decays 

 Radiative decays  

 Above open charm threshold, 

situation is complex 

 Many missing states  

 Some states do not fit into c𝒄  slots 

 Details @ Kai’s talk 



Charmonium rare decays 
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 Standard model has surved decades of experimental tests. But  

    there are still room for physics beyond standard model.  Search 

    for it @ energy frontier , e.g. LHC; @ low energy collision with 

    high luminosity.    

 Search for SM-forbidden processes with charmonium samples 

 C-parity violation decays @ EM interaction: J/ gg and gf 

 Charmonium decays are dominated by electromagnetic  and 

strong interaction,  weak decays are rare.  

 Highly suppressed @ SM, observation maybe due to new physics 

 Semileptonic weak decays: J/ Ds*ln, J/ Dsln 

 Two-body hadronic weak decays: J/ Ds*r and D0K*0 



C-parity violation decays 
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 In Standard model , C invariance is held in strong and  

electromagnetic interactions. Evidence for C violation in the EM  

sector would immediately indicate physics beyond SM. 

 Untill now,  No C-violating processes have been observed in  

electromagnetic interactions 

 Use (3686)J/ p+p-  for J/ sample, and search for J/ gg  

and J/  gf 



J/ gg and gf 
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 J/ gg via (3686)J/ p+p-  

 Check recoil mass of p+p- , peak  

     due to background contribution  

 Br(J/ gg ) <  2.7×10-7@90%CL 

 Best @ PDG2014:  5.0×10-6 

 J/ gf via (3686)J/ p+p-  

 invariant mass of K+K-  for f signal  

 Br(J/ gf) <  1.4×10-6@90%CL 

 First upper limit for J/ gf  

PRD90 (2014) 092002 



Semileptonic weak decays 
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 SM predicts ~10-10 for J/ Ds*ln   

by using QCD sum rule 

 Some new interaction couplings  

could enhance  

 Top color model 

 Minimal Supersymmetric SM 

 Two-Higgs-doublet model 

*( / )
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( / )

s

s

Br J D lv

Br J D lv


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




 J/ could decay into a single charmed meson via weak decay  



Search for J/ --> Ds
- e+ υe + c.c 
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Search for J/ --> Ds
*- e+ υe + c.c 
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Two-body hadronic weak decays 
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 SM predicts ~10-9-10-10 by factorization model 

 Top color model 

 Minimal Supersymmetric SM 

 Two-Higgs-doublet model 

 physics beyond SM predict ~10-6-10-5  
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Search for J/ --> Ds
- r+ 
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Search for J/psi --> D0-bar K*0-bar 
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Charmonium radiative decays  
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 JPC= 1--   states can be produced  

directly at e+e- collider. 

 Other JPC  states samples via by 

JPC= 1--  states radiative or hadronic  

decay.  



Search for  (3770)→ghc and ghc(2S) 
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 Use KsKp decay mode to reconstructe hc and hc(2S)  

3-
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c
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PRD89 (2014) 112005 



Search for (3770)→ghc and ghc(2S) 
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PRD89 (2014) 112005 

Intermediate meson loop 

PRD87 (2011) 074005 

PRD79 (2009) 094504 

Lattice QCD 



J/Y→ghc and (3686)→ ghc(2S) 
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 G(J/  →ghc ) 

 PDG2014: 1.58±0.37KeV 

 Large uncertainty 

 Lattice QCD: 2.49±0.19KeV 

 Working but challenge for calorimeter: 50MeV photon   

 (3686)→ghc (2S) 

 With 106M (3686) data at 

2009 

 Working with about 350M 

(3686) data at 2012  

PRL 109 (2011) 042003 



Summary and outlook 
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 BESIII Collaboration studied some charmonium rare decays  

and obtained some best upper limit with 225M J/Ψ and 106M  

Ψ(3686) data samples. 

6( / . .) 1.3 10s eBr J D e v c c - + - +  

* 6( / . .) 1.8 10s eBr J D e v c c - + - +  
5( / ) 1.3 10sBr J D r- + -  

0 *0 6( / ) 2.5 10Br J D K -  

7( / ) 2.7 10Br J  gg -  

6( / ) 1.4 10Br J  gf -  

65 10- 

53.6 10- 

 BESIII Collaboration also searched for charmonium radiative  

decays (3770)→ghc and ghc(2S). 

 With 1.3B J/  and 0.5B (3686) data samples, we expect more  

results on charmonium rare and radiative decays  


