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BES III 
(Beijing Spectrometer) 

Linac 

Storage ring 2 

beam energy: 1.0 – 2.3 GeV           

BEPC II  
(Beijing Electron-positron collider) 
2004: started BEPCII upgrade, 
            BESIII construction 
2008: test run 
2009 - now: BESIII physics run    

•1989-2005  (BEPC):  

          Lpeak=1.0x1031 /cm2s  

•2008-now (BEPCII):    

Lpeak=7x1032/cm2s  (design: 1x1033/cm2s) 
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Features of the BEPC Energy Region 

 Rich of resonances: charmonia and charmed mesons 
 Threshold characteristics (pairs of , D, Ds, …) 
 Transition between smooth and resonances, perturbative 

and non-perturbative QCD 
 Energy location of the glueballs, hybrids and multi-quark 

states 
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PDG 
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Physics of τ-charm region 

Charmonium physics:    
   - Spectroscopy  
   - transitions and decays  
Light hadron physics:   
   - meson & baryon spectroscopy   
   - glueball, hybrid, multiquark   
   - two-photon physics  
   - e.m. form factors of nucleon  
Open Charm physics:   
   - (semi) leptonic + hadronic decays 
   - decay constant, form factors  
   - CKM matrix: Vcd, Vcs   
   - D0-D0bar mixing and CP violation  
   - rare/forbidden decays  
Tau physics:   
   - tau decays near threshold  
   - tau mass scan  
…and many more.  

Previous 
Data 

BESIII now Goal 

J/ψ BESII 58 M 1.2 B 20x 10 B 

ψ (3686) CLEO: 28M 0.5 B 20x 3 B 

ψ (3770) CLEO: 
0.8/fb   

2.9/fb 3.5x 20/fb 

Above 
open 
charm 
threshold 

CLEO: 
0.6/fb@41
60 

0.4/fb @4040, 
2/fb@4260, 0.5/fb 
@4360, Data for 
lineshape 

5-10/fb 

R scan & τ BESII R 
@2.23,2.4,2.8,3.4, 
25/pb tau 

3.3/fb for XYZ study 
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Hadron spectrum 

• Hadron spectroscopy is a key tool to investigate QCD 
 
- testing QCD in the confinement regime  
- providing insights into the fundamental degrees of freedom 

Not established yet 

Continuous  efforts in 
experiment and theory 
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Where are the QCD exotics 

BES provides some ideal hunting grounds 

ГγG > ГγH > ГγM ? 
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“gluon-rich” 

molecules 

tetraquarks 

threshold effects 

hybrids 

hadrocharmonium Produce Y’s directly 
e+e- @4260/4360/… 

Power of high statistics 



High lights from BESIII (1) 

• Zc(3900),  Zc(4020) & Zc(4025) 

• New information on the X(3872) 
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BESIII: Observation of the Zc(3900)   
— a charged charmonium-like structure  

• Select e+e- +-J/ @ 4.26 GeV 

BESIII: PRL110, 252001 (2013) 

525/pb @4.26 GeV 

BESIII: (e+e- +-J/) = (62.91.93.7) pb, 
Agree with BaBar & Belle! Best precision! 
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BESIII 

Significance  
>8 

• M = 3899.03.64.9 MeV 
•  = 461020 MeV 
• 307  48 events 

BESIII: PRL110, 252001 (2013) 
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CLEOc data at 4.17 GeV    
      arXiv: 1304.3036 

• M = 388551 MeV 
•  = 34124 MeV 
• 81  20 events 
• 6.1 

BELLE：e+e- +-J/ from ISR 
Belle: PRL 110, 252002(2013) 

• M = 3894.56.64.5 MeV 
•  = 632426 MeV 
• 159  49 events 
• >5.2 

586/pb 
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• Couples tocc 
• Has electric charge 

The nature of Zc(3900)? 

• DD* molecule? 
• Tetraquark state? 
• Threshold effect? 
•  … 

Further experimental studies are vitally important  

Smoking gun signature of exotic 
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N(hc)=41628    
Lum=827/pb 
B= 41.02.87.4 pb 

N(hc)=35725   
Lum=544/pb 
B= 52.33.79.2 pb 

Ecm=4.26 GeV Ecm=4.36 GeV 

Observation of e+e- +-hc(1P) at BESIII 



Observation of Zc(4020) in e+e- +-hc(1P) 

Ecm=4.26 GeV Ecm=4.36 GeV 

Simultaneous fit to 4.26/4.36 GeV data and 16 c decay modes.  
 

M(Zc(4020)) = 4021.81.02.5 MeV 

(Zc(4020)) = 5.73.41.1 MeV                               6.4 

N= 6419      N= 5617      

LP2013, C. Z. Yuan 



         

Observation of e+e- - (D*D*)++c.c. @4.26 GeV 

• 827 pb-1 data at Ecm=4.26 GeV 
• Tag a D+ and a bachelor -, reconstruct one 0 to suppress 

the background. 
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Observation of Zc(4025) in e+e-
- (D*D*)++c.c. 

Fit to  recoil mass yields 40147 Zc(4025) events.     >10  
M(Zc(4025)) = 4026.32.63.7 MeV;   
(Zc(4025)) = 24.85.77.7 MeV 

LP2013, C. Z. Yuan 



BESIII: Observation of e+e- X(3872)+-J/ 

Clear ISR ’ signal for data validation 
X(3872) signal at around 4.23-4.26 GeV 

Ecm=4.01 GeV Ecm=4.23 GeV 

Ecm=4.26 GeV Ecm=4.36 GeV 

LP2013, C. Z. Yuan 
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BESIII: Observation of e+e- 
X(3872) 

ISR ’ signal is used for rate, mass, and mass resolution calibration. 
N(’)=1242 ;   Mass=3685.960.05 MeV;   M=1.84 0.06 MeV 
 
N(X(3872))=15.03.9              5.3  
M(X(3872)) = 3872.10.80.3 MeV    [PDG: 3871.68 0.17 MeV] 

LP2013, C. Z. Yuan 



BESIII: Observation of e+e- 
X(3872) 

LP2013, C. Z. Yuan 



High lights from BESIII (2) 

• 𝑋 𝑝𝑝 𝑖𝑛 𝐽/𝜓, 𝜓′ → 𝛾𝑝𝑝  

• 𝑋 1835 𝑖𝑛 𝐽/𝜓 → 𝛾𝜂′𝜋+𝜋− 

• 𝑖𝑠𝑜𝑠𝑝𝑖𝑛 𝑣𝑖𝑜𝑙𝑎𝑡𝑖𝑛𝑔 𝑑𝑒𝑐𝑎𝑦 𝑖𝑛 𝐽/𝜓 →
𝛾𝜂 1405 , 𝜂 1405 → 𝜋𝑓0(980) 

 
using 2009 data sets ( 225∗106 𝐽/𝜓,106∗106 𝜓′)  
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Enhancement at 𝑀𝑝𝑝 threshold  in 𝐽/𝜓 → 𝛾𝑝𝑝  
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Mpp-2mp (GeV) 

0 0.1 0.2 0.3 

PRL 91, 02201 (2003) 

𝐽/𝜓 → 𝛾𝑝𝑝  𝜓′ → 𝜋+𝜋−𝐽/𝜓, 𝐽/𝜓 → 𝛾𝑝𝑝  

Chinese Physics C34, 4 (2010) 

Observed at BES2 
Agree with spin zero expectation 

𝑀 = 1859−10
+3

−25

+5
 𝑀𝑒𝑉/𝑐2, Γ < 30 𝑀𝑒𝑉/𝑐2 (90% 𝐶𝐿) 

Confirmed at BES3 

𝑀 = 1861−13
+6

−26

+7
 𝑀𝑒𝑉/𝑐2, Γ < 38 𝑀𝑒𝑉/𝑐2 (90% 𝐶𝐿) 

Many possibilities: 
ordinary meson/𝑝𝑝  bound state/multiquark/glueball/final state interaction (FSI) 
Spin-parity analysis  
 is essential for determining place in the spectrum and possible nature 



PWA of 𝐽/𝜓 → 𝛾𝑝𝑝   
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• PWA of 𝐽/𝜓 → 𝛾𝑝𝑝  was first 
performed 

• The fit with a BW and S-wave FSI 
(I=0) factor can well describe 𝑝𝑝   
mass threshold structure. 

• It is much better than that without 
FSI effect (Δ2lnL = 5, 7.1𝜎) 

• Different FSI models  Model 
dependent uncertainty   

Spin parity, mass, width and branching ratio: 

𝐽𝑃𝐶 = 0−+, > 6.8𝜎 𝑏𝑒𝑡𝑡𝑒𝑟 𝑡ℎ𝑎𝑛 𝑜𝑡ℎ𝑒𝑟 𝐽𝑃𝐶𝑎𝑠𝑠𝑖𝑔𝑛𝑚𝑒𝑛𝑡𝑠, 
𝑀 = 1832−5

+19 𝑠𝑡𝑎𝑡 −17
+18 𝑠𝑦𝑠 ± 19 𝑚𝑜𝑑𝑒𝑙 𝑀𝑒𝑉/𝑐2, 

Γ = 13 ± 39 𝑠𝑡𝑎𝑡 −13
+10(𝑠𝑦𝑠) ± 4 𝑚𝑜𝑑𝑒𝑙 𝑀𝑒𝑉/𝑐2,  Γ < 76 𝑀𝑒𝑉/𝑐2 90% 𝐶𝐿 ,   

𝐵 𝐽/𝜓 → 𝛾𝑋 𝐵 𝑋 → 𝑝𝑝 = 9.0−1.1
+0.4 𝑠𝑡𝑎𝑡 −5.0

+1.5 𝑠𝑦𝑠 ± 2.3 𝑚𝑜𝑑𝑒𝑙 ∗ 10−5 

Phys. Rev. Lett. 108, 112003 (2012) 



𝑀𝑝𝑝  threshold structure in 𝜓′ → 𝛾𝑝𝑝    
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BESII: PRL 95,262001(2005) 

Theoretical interpretation: 
 pp̅ bound state,  η excitation  …. 
 Are X(pp̅) and X(1835) from the same source? 

Statistical Significance ~ 6  Statistical Significance ~ 5.1  

 X(1835) in ’+- 

M=1833.7±6.1(stat)±2.7(syst)MeV 

=67.7±20.3(stat)±7.7(syst)MeV 

𝑱/𝝍 → 𝜸𝜼′𝝅+𝝅− @ BESII 

𝜂′ → 𝛾𝜌 

𝜂′ → 𝜂𝜋𝜋 
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 Fit with four resonances (acceptance weighted BW     gaussian) 
 Three background components: 

① Contribution from non-’ events estimated by ’ mass sideband 

② Contribution from   𝑱/𝝍 → 𝜼′𝝅+𝝅−𝝅𝟎 with re-weighting method 

③ Contribution from “PS  background”:  

𝒇𝒃𝒌𝒈 𝒙 = 𝒙 −𝒎𝟎

𝟏
𝟐 + 𝒂𝟎 𝒙 −𝒎𝟎

𝟏
𝟐 + 𝒂𝟏 𝒙 −𝒎𝟎

𝟓
𝟐,𝒎𝟎 = 𝟐𝒎𝝅 +𝒎𝜼′ 

Red line:  estimated contribution of ①+ ② 

Black line: total background 



 X(1835) in J/ψγη’π+π- at BESIII 
BESIII: PRL 108 (2011)112003 

Stat. sig. is conservatively estimated: 
fit range,  background shape, 
contribution of extra resonances 

narrow!! 
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•  With bin-by-bin mass spectrum fit, we can obtain 
background-subtracted, acceptance-corrected 
angular distribution 

• Consistent with the expectation for a pseudoscalar, 
other assumptions are not excluded. 

The angular distribution of the X(1835) 
BESIII: PRL 108 (2011)112003 
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Why are X(2120) and X(2370) interesting? 

PRD73,014516(2006) Y.Chen et al 

 First distinct resonant 
structures observed above 2 
GeV    

• LQCD predicts the lowest 
lying 0-+ glueball:  around 2.4 
GeV/c2.  

 

• J/-->ππ' decay is  a good 
channel for finding 0-+ 
glueballs.  

 

 Nature of X(2120)/X(2370)  
   -pseudoscalar/tensor 
glueballs?  
    -/ excitations?  
   - … 

PRD82,074026,2010  

J.F. Liu, G.J. Ding and M.L.Yan 

PRD83:114007,2011  

J.S. Yu, Z.-F. Sun, X. Liu, Q. zhao  

 and more…  27 

http://www.slac.stanford.edu/spires/find/wwwhepau/wwwscan?rawcmd=fin+"Yu, Jie-Sheng"
http://www.slac.stanford.edu/spires/find/wwwhepau/wwwscan?rawcmd=fin+"Sun, Zhi-Feng"
http://www.slac.stanford.edu/spires/find/wwwhepau/wwwscan?rawcmd=fin+"Sun, Zhi-Feng"
http://www.slac.stanford.edu/spires/find/wwwhepau/wwwscan?rawcmd=fin+"Sun, Zhi-Feng"
http://www.slac.stanford.edu/spires/find/wwwhepau/wwwscan?rawcmd=fin+"Liu, Xiang"
http://www.slac.stanford.edu/spires/find/wwwhepau/wwwscan?rawcmd=fin+"zhao, qiang"
http://www.slac.stanford.edu/spires/find/wwwhepau/wwwscan?rawcmd=fin+"zhao, qiang"


J/ 
  

(1405/1475)  f0(980)  

  

  

  

Isospin-violating decay of J/    
BES III, Phys. Rev.Lett. 108, (2012) 182001 
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f0(980) is extremely narrow:   10 MeV.  

PDG: (f0(980))  40~100 MeV.  

 

Anomalously large isospin violation:  

J/ 
  

(1405/1475)  f0(980)  
  

  
  

Isospin-violating decay of J/   
newly appeared in PDG review 2012   

29 



High lights from BESIII (3) 

• resonance parameters of the ηc: 
 charmonium ground state 

0 

  

• properties of the hc : 
  most recently discovered 
charmonium state 

• M1 transition ψ’γη’c: 
 first observation 

KK 

BESIII: PRD 86, 092009 (2012) 

BESIII: PRL 104, 132002 (2010), 
PRD 86, 092009 (2012) 

BESIII:  PRL109, 042003 (2012) 
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• Crystal Ball’s “first observation” of ' X never been confirmed 

           PRL 48 70 (1982) 

• Observed in different production mechanisms 
 

• BKc(2S)  
• c (2S)KK 
• double charmonium production 

 
 
 
 
 
 

• M1 transition ’c(2S)  

     CLEOc found no signals in 25M ’.   
      BF(’c(2S)) < 7.6×10-4            CLEOc: PRD 81 052002 (2010) 

   
 

 c (2S) 

Belle: PRL 89 102001 (2002), NPPS.184 220 (2008),  
            PRL 98 082001(2007) 
CLEOc: PRL 92 142001 (2004)   
BaBar: PRL 92 142002 (2004); PR D72 031101(2005), 
             PR D84 012004 (2011)  

Experimental challenge : detect photons of 50 MeV 
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First observation of 
c(2S)@BESIII 

• Observed signal in KsK+-+c.c.，found evidence in K+K-0 

• First measured Br(‘ c(2S))=(6.8±1.1±4.5) ×10-4    

          Potential model expectation:  (0.1-6.2)10-4      PRL 89 162002 (2002) 

             CLEOc: <7.6×10-4                                                    PRD 81 052002 (2010) 

Statistical significance >10  BESIII:  PRL109, 042003 (2012) 
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Charm physics @ BESIII 

 - semi-leptonic form factors 
 - fD & fDs decay consts.  
 - CKM matrix: Vcd, Vcs   
 - D0-D0 mixing and CPV         
 - strong phases 
 - rare decays 
 
Advantage of open charm at threshold 
 Threshold production: clean  
 Known initial energy and quantum numbers   
 D tagging  
 Absolute measurements 

” 

“tag side” 

“signal side” 
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0047.00062.02218.0  MeV,)97.172.591.203( :)(2.9 ypreliminar BESIII 1 

cdD Vffb

D+   (BESIII: 2.9 fb-1 ) 

Most precise measurement of |Vcd| 

arXiv:1209.0085 

Precise test of LQCD calculation of fD 
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CHARM2012, G. Rong 



D0  K-/- e+ (BESIII: 0.9 fb-1 ) 

f+
D(0) f+

DK(0) From J. Rademacker @ FPCP2012 

CHARM2012, C. L. Liu 

0||  missmiss PEU
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Summary 

• BEPCII is operating near design luminosity 
& BESIII is performing at state-of-art 
levels 
– 0.5 Billion of (2S) and 1.2 Billion of J/ 

events accumulated 

– 2.9 fb-1 at (3770) so far. 

– 3.3 fb-1 data for high statistic studies of XYZ 

• Excellent for precision measurements and 
new discoveries. Charming program of 
physics for the future.  
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