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   Introduction 

      Exotic states, XYZ 

   Selected recent results: 

            X(3823), X(3872) 

 Y(4260), Y(4360), … 

 Zc(3900)±/0 , Zc(3885)±  

            Zc(4020)±/0 , Zc(4025)±/0 

   Summary 
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What’s exotic state? 

    Conventional hadrons consist of  2 or 3 quarks: 

   QCD predicts the exotic state: 

Naive Quark Model: 

Multi-quark states: (N >= 4) Hybrids:  qqg, qqqg… Glueballs:  gg, ggg 
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BEPCII & BESIII 
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Charmonium Spectroscopy 

  Below open charm threshold:  
     

    Good agreement between discovery   

    and theoretical prediction. 

 

  Above open charm threshold: 
•   many expected states not observed 

•   many unexpected observed 
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Data samples for XYZ physics at BESIII 
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  M = 3821±1.3±0.7 MeV, Г < 16 MeV,  Significance: 6.2σ!  

  R = B[X(3823)γχc2]/B[X(3823)γχc1]<0.43 @ 90% C.L.  

  Both Y(4360) and Ψ(4415) line shape give reasonable description.  

o  Potential Model:  D wave. M~(3.810-3.840) GeV, narrow. 

o  R ~ 0.2 

Phys. Rev. Lett. 115, 011803  

e+e-
π+π-X(3823) π+π-γχc1 

Agree with BELLE’s 
3.7σ evidence 
(PRL111, 032001) 

X(3823) : good candidate of Ψ(13D2) 
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[BESIII  PRL112, 092001] 

e+e-
γX(3872) γπ+π-J/ψ 

  Search for γX(3872) with 

X(3872) π+π-J/ψ at Ecm = 4.23, 

4.26, 4.36 GeV. 
 

  X(3872) significance = 6.3σ, 

summed over all data. 

 

  Production in Y(4260) decay 

suggestive, but not conclusive. 

If from Y(4260): 
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[BESIII  PRL 110, 252001] 

[arXiv: 1506.06018] 

   Zc(3900)±, BESIII, Belle, CLEOc 

data,  in 2013 

   Zc(3900)0, evidence with 3.7σ by 

CLEOc,  observed with >10σ by BESIII 

 
Zc(3900) Mass(MeV) Width(MeV) 

Zc(3900)± 3899.0±3.6±4.9 46±10±20 

Zc(3900)0 3894.8±2.3±2.7 29.6±8.2±8.2 

An iso-spin triplet established! 

Zc(3900)±/0 in e+e-
ππJ/ψ 
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Zc(3885)± in e+e-
π±(DD*)-/+  

Enhancement at  

[BESIII  Preliminary] 

Double tag 

[BESIII  PRL 112, 022001(2014)] 

Single tag 
Fit: 1+, 0-, 1- 

Mass = 3883.9±1.5±4.2 MeV 

Width  = 24.8±3.3±11.0 MeV 

Fit to angular distribution favors 1+ 

 

Mass and width close to Zc(3900) 
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Zc(4020)±/0 in e+e-
ππhc 

8.9σ 

>5σ 

2.1σ 

[BESIII  PRL 111, 242001(2013)] 

[BESIII  PRL 113, 212002(2014)] 

Zc(4020) Mass(MeV) Width(MeV) 

Zc(4020)± 4022.9±0.8±2.7 7.9±2.7±2.6 

Zc(4020)0 4023.8±2.2±3.8 Fixed(=7.9) 

   hcγηc, ηc16 hadronic channels 

   Zc(4020)±, observed 

   A weak evidence for Zc(3900)π±hc 

 

   Zc(4020)0, observed 

  Another iso-spin triplet established! 

 

   Zc(4020), near the threshold of  

     D*D*-bar. 
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  Zc(4025) Mass(MeV) Width(MeV) 

Zc(4025)± 4026.3±2.6±3.7 24.8±5.6±7.7 

Zc(4025)0 4025.5+2.0
-4.7±3.1 23.0±6.0±1.0 

Zc(4025)±/0 in e+e-
π±/0(D*D*)-/+/0  

[BESIII  PRL 112, 132001(2013)] 

[BESIII arXiv:1507.02404] 

>10σ 

7.4σ 

   Tag a D+ and a bachelor π-, reconstruct 

one π0 to suppress the background 

   Zc(4025)±, observed 

   Coupling to D*D*-bar is much larger 

than to πhc if Zc(4025) and Zc(4020) are 

the same state. 

 

   Zc(4025)0, observed 
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Search for Zc(3900)± in ωπ± 

e+e- @4.26GeV e+e- @4.23GeV 

   Searching for new decay of Zc(3900) can provide useful information  

     on its internal structure. 

   No significant signals observed. 

Preliminary Preliminary 
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e+e-
π-π+J/ψ e+e-

π0π0J/ψ e+e-
π-π+hc e+e-

π0π0hc 

e+e-
π±(DD*)-/+  e+e-

π±(D*D*)-/+  e+e-
π0(D*D*)0  

Preliminary 

 

 

     soon… 

Zc(3900)±  ? Zc(3900)0  ? Zc(4020)±  ? Zc(4020)0  ? 

Summary on Zc states 
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Summary 

  Lots of progress in charmonium-like studies recently. 

  Charged charmonium-like states  (Zc)  has been observed.  

  Neutral partners observed, make them isospin triplet states. 

  No evidence of Zc(3900) in a light hadronic decay to ωπ±. 

  Observation of e+e-
γX(3872) & π+π-X(3823). 

  X, Y, Z particles are correlated!  

 

  More experimental effort is needed. 

Thank You 
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Backup 
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