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Outline

l Zc states

l quark-exchange model
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ØExperimental status
ØTheoretical status

ØZc(3900)
ØZc(4020)
ØZc(4430)



Godfrey & Isgur, PRD32, 189 (1985)
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XYZ states production mechanisms

B meson decays ISR in the e+e- 
  annihination

Double charmonium
production processes

Two photon fusion 
       processes

Hadronic decays
    of Y(4260)
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Experimential status: Zc(3900) & Zc(4020) 

Experimental information of the charged charmonium-like states Zc(3900), Zc(3885), Zc(4020), Zc(4025)

 The productions and decay modes:

BESIII
Belle
Xiao et al.
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BESIII
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Experimential status: Zc(4430)

PRL 100, 142001(2008)

M=443342 MeV Γ=45+18-13+30-13 MeV

6.5σ
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Experimential status: Zc(4430)

PRD 79, 112001(2009)Babar：not seen

Belle：continued

favored 1+

established 1+

JP=1+
104  PRD 80, 031101(2009)

106  PRD 88, 074026(2013)

107  PRD 90, 112009(2014)

108  PRL 112, 222002(2014)
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Theoretical interpretations of the Zc states

Zc(3900) & Zc(4020)
Ø Molecular resonances:

Ø S-wave tetraquark state assignment: qqcc
**&* DDDD

Ø Kinematical effects: triangle singularities, 
                                    coupled channel cusp effects
                                    and so on

CPC 36, 194-204(2012)

PRD 83, 034010(2011)
PRD 92, 054002(2015)
EPJC 74, 2773(2014)

PLB 747, 410-416(2015)
PRD 91, 034009(2015)

PRD 84, 034032(2011)

Zc(4430) 

Ø Molecular states:            *1DD with --- 210 ，，S-wave

*1DD with 1P-wave or *2DD
Ø tetraquark states:            
Ø Cusp effect           

qccqS 2

PRD 77, 034003(2018)

PRD 90, 037502(2014)

EPJC 58, 399-405(2008)

J.Phys.G 35, 075005(2008)
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Ø triangle singularities           arXiv:1909.03976



Theoretical ratios for Zc(3900) 
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Two-body decay            Molecualr states decay
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The wave functions in the molecular scenario  

Zc(3900): ccDD .* 
Zc(4020): **DD
Zc(4430): ccDSD .)2( * 

GI, PRD 32, 189(1985)l Mesons spatial wave function:

l Relative spatial wave function:
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The wave functions in the tetraquark scenario  
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l At the hadron level:                                                           short-range interactions

Quark-exchange Model

2020-1-11 13Molecular Tetraquark

)()()()( duDccCucBdcA 

l At the quark level:



One-gluon-exchange (OGE) potential at quark level 

Quark-exchange Model:

Model:
PRC 65,014903(2002)
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The effective potential are given as the product of the factors
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The spin-flavor-color factors for the diagrams [C1,T1,T2,C2] 
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Molecular:

Tetraquark:



The spatial factors for the diagrams [C1,T1,T2,C2] 
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Ratios within the molecular scenario 

MZc(3900)=3886.62.4 MeV
 ΓZc(3900)=28.22.6 MeV

                  I(JPC)=1(1+-)*DD

9.02.2
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MZc(4020)=4024.11.9 MeV
 ΓZc(4020)=135 MeV

               I(JPC)=1(??-)  1+-?**DD

MZc(4430)=4478+15-18 MeV
 ΓZc(4430)=18131 MeV

                 I(JPC)=1(1+-)     *)2( DSD

 RZc(4020)~(2.7-2.3)

 RZc(4430)~(1.4-1.3)



Ratios are similar within the molecular and tetraquark scenarios 

MZc(3900)=3886.62.4 MeV
 ΓZc(3900)=28.22.6 MeV

                  I(JPC)=1(1+-)

9.02.2
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MZc(4020)=4024.11.9 MeV
 ΓZc(4020)=135 MeV

               I(JPC)=1(??-)  1+-?

MZc(4430)=4478+15-18 MeV
 ΓZc(4430)=18131 MeV

                 I(JPC)=1(1+-)     

 RZc(4020)~(2.7-2.3)

 RZc(4430)~(1.4-1.3)

 RZc(3900)~1.6

 RZc(4020)~1.6

 RZc(4430)~(1.7-1.4)

MolecularTetraquark



Ratios between Zc(3900) and Zc(4020) are greatly different in two scenarios: 
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Molecular:

Tetraquark:

Experiments

   ηcρ      J/ψπ

Zc(3900)       √          √

Zc(4020)                  

√

√



Summary 

uThe ratios are similar in two physical scenarios :

Molecular Tetraquark
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观测道

ηcρ、J/ΨπΓTot=28.22.6MeV

ΓTot=135MeV

ΓTot=18131MeV

ηcρ、hcπ

ψ(2S)π、J/Ψπ



Summary

uThe ratios between Zc(3900) and Zc(4020) are greatly different，
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Molecular:

Tetraquark:

and strongly indicates that Zc(3900) and Zc(4020) are molecular-like signals 
which arise from the                 hadronic interactions.(*)(*)DD



Thanks
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