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Outline 

The BESIII experiment 

The Zc states discovered at BESIII 

Zc(3900)/Zc(3885) 

Zc(4020)/Zc(4025) 

The nature of the Zc states 

Summary 
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Beijing Electron Positron Collider (BEPC) 

My office 

LINAC 

BEPCII 

(Beijing electron-

positron collider) 

BESIII 

detector 

Main entrance to IHEP 

Satellite view of IHEP, Beijing 

• Founded: 1984, Ecm=2-5 GeV  

• 1989-2005  (BEPC):  

            Lpeak=1.0x1031 /cm2s  

• 2008-now (BEPCII):    

            Lpeak=7.5x1032/cm2s 
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BEPC II: a double-ring machine 
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Beam energy:  

     1-2.3 GeV 

Luminosity:  

     1×1033  cm-2s-1 

Optimum energy: 

     1.89 GeV 

Energy spread: 

     5.16 ×10-4 

No. of bunches: 

      93 

Bunch length: 

     1.5 cm 

Total current: 

      0.91 A 

SR mode: 

  0.25A @ 2.5 GeV 

Compton back-scattering 

for high precision beam 

energy measurement 

BESIII is here 



The BESIII Detector 

Be beam pipe 

    

  SC magnet, 1T 
Magnet yoke  

  MDC, 120 mm  

  CsI(Tl) calorimeter, 2.5 %@ 1 GeV 

TOF, 90ps   

RPC 

A total weight of 

730t, ~40,000 

readout channels, 

data rate 6,000Hz 

~50Mb/s 
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Korea (1) 
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Univ. of Punjab 
COMSAT CIIT 

~400 members 
55 institutions from 11 countries   

BESIII  Collaboration 
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BESIII Collaborators 

The only photo I can find myself in 20s!  
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BESIII data samples 

2009:  & J/  

2010: ’’  

Note that luminosity is lower at J/,  

and machine is optimal near ’’ peak   

Integrated lum.: Jan. 2009– June 2014  

about 9 fb-1 @ different energies 

Note increase in slopes!   

’’:   2.9 fb-1 

:    0.5 B 

J/:  1.3 B 

XYZ:  5.0 fb-1   [2013-14] 

2012:  

 & J/ 
[0.35B & 1.0B]  

2011: ’’ &  

    (4040)  



BESIII data samples for XYZ study (5/fb) 
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 Zc states discovered at BESIII 
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The BESIII experiment discovered 

several Zc states, including: 

 

Zc(4020)±, Zc(4020)0, Zc(4025)± 

Close toD*D* threshold 

 

Zc(3900)±, Zc(3900)0, Zc(3885)± 

Close toD*D threshold 

 



Belle with ISR data (PRL 110, 252002) CLE0c data at 4.17 GeV (PLB 727, 366) 

4260 MeV 

A 4-quark 
particle?! 
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Discovery of Zc(3900)±  
BESIII: PRL 110, 252001 (2013)  



Studying the                            process  

A structure on 0J/ψ invariant mass 

spectrum can be observed: 

 
Mass = 3894.8±2.3±2.7 MeV 

Width = 29.6±8.2±8.2 MeV  

Significance = 10.4 s 
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The neutral isospin partner: 0(3900)cZ

Isospin triplet is established! 

BESIII 
preliminary 

BESIII 
preliminary 

BESIII 
preliminary 

0 0 /e e J    

CLE0c data at 4.17 GeV (PLB 727, 366) 

3.7s! 



Observation of  Zc(3885)±in e+e− → π±(DD ∗)∓ at 
s = 4.26GeV  using single D tag method            

PRL 112, 022001(2014) 

Mass = 3883.9±1.5±4.2 MeV, (fit with BW function) 

Width = 24.8±3.3 ±11.0  MeV  
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525pb-1 at 𝑠 = 4260𝑀𝑒𝑉 

525pb-1 at 𝑠 = 4260𝑀𝑒𝑉 

PRL 112, 022001(2014) 



Confirmation of  Zc(3885)±in e+e− → π±(DD ∗)∓ 
using double D tag method 

Mass = 3884.3±1.2±1.5 MeV,  

Width = 23.8±2.1 ±2.6  MeV  
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Method: Tag the bachelor 
πand double D mesons 

1090 pb-1@4.23GeV 

827 pb-1@4.26GeV 

1090 pb-1@4.23GeV 

827 pb-1@4.26GeV 

𝑒+𝑒− → 𝜋+𝐷0𝐷∗− 𝑒+𝑒− → 𝜋+𝐷−𝐷∗0 

The measured mass, width and  
Jp number are consistent with  

single D tag results.  
 

BESIII 
preliminary 

BESIII 
preliminary 

BESIII preliminary 

BESIII 
preliminary 

NEW! 



Comparison between Zc(3885)± 

and Zc(3900)±  

    The mass and width are consistent within 2s!   

Different 
dynamics in 
Y(4260)-Zc(3900) 
system!   
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Single D tag results,  
PRL 112, 022001(2014) 



PRL 111, 242001(2013) 

Discovery of Zc(4020)± 

 in               ce e h    

4230 + 4260+4360 MeV 

hcghc,  

hc 16 hadronic decay modes 

2.1s 

The cross section of                                       
is measured, and the shape is not 
trivial. 
 
A structure,                     , is observed. 

 
 

 
A weak evidence for   

ce e h    

(4020)cZ 

(3900)c cZ h 

Mass = 4022.9±0.8 ±2.7 MeV, 

Width = 7.9±2.7 ±2.6 MeV  
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Studying the                        process  

The neutral isospin partner: 0(4020)cZ

4230 + 4260+4360 MeV 

>5s 

Another isospin triplet is established! 

Mass = 4023.9±2.2 ±3.8  MeV, 

Width is fixed to be same as its 

charged partner.  
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0 0

ce e h   

A structure on 0 hc invariant mass 

spectrum can be observed: 

arXiv: 1409.6577, PRL (in press) 



Observation of  Zc(4025)± 
 𝑒+𝑒− → 𝜋±(D∗D ∗)∓at 𝑠 = 4.26𝐺𝑒𝑉           

PRL 112, 132001 (2014) 

M(Zc(4025)) = 4026.32.63.7 MeV;  

(Zc(4025)) = 24.85.67.7 MeV 

Tag a D+ and a bachelor -, reconstruct one 0 

to suppress the background. 

 

A structure, named as Zc(4025), can be 

observed in the recoil mass of the bachelor - .  >10s  

4260 MeV 

Coupling toD*D* is much larger than to hc if Zc(4025) and 

Zc(4020)  are the same state. 18 



What’s the nature of these Zc states? 

• At least 4 quarks, not a conventional meson 

• Tetraquark state? 
Phys. Rev. D87,125018(2013); Phys. Rev. D88, 074506(2013);  

Phys. Rev. D89,054019(2014); Phys. Rev. D90,054009(2014); etc 

• D(*)D(*) molecule state? 
Phys. Rev. Lett. 111, 132003 (2013); Phys. Rev. D 89, 094026 (2014)  

Phys. Rev. D 89, 074029 (2014); Phys. Rev. D 88, 074506 (2013); etc 

• FSI? 

• Cusp? 

• … 

19 
I will leave the discussion to the following speakers. 



Summary 
The BESIII experiment discovered several Zc states.  
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State Mass(MeV) Width(MeV) 
Decay 

mode 
Process 

Zc(3900)± 3899.0±3.6 ±4.9 46±10 ±20 ±J/ψ e+e-→+-J/ψ 

Zc(3900)0 3894.8±2.3±2.7 29.6±8.2±8.2  0J/ψ e+e-→00J/ψ 

Zc(3885)± 

3883.9±1.5±4.2 

[single D tag] 

 3884.3±1.2±1.5 

[double D tag] 

24.8±3.3±11.0 

[single D tag] 
23.8±2.1±2.6 

[double D tag] 

D0D*- 

D-D*0 

e+e-→+D0D*- 

e+e-→+D-D*0 

Zc(4020)± 4022.9±0.8 ±2.7  7.9±2.7 ±2.6  ±hc e+e-→+-hc 

Zc(4020)0 4023.9±2.2 ±3.8  fixed  0hc e+e-→00hc 

Zc(4025)± 4026.32.63.7  24.85.67.7  D*0D*- e+e-→+(D*D*)- 



Thank you! 

Merci! 

谢谢！ 
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