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Hadron structures

• Hadron structure is a 
platform to study the QCD in 
low energy region.

• Quark model classified the 
hadrons very well.

• However, many new hadrons 
can not fit into the 
conventional hadrons (mass 
and properties).



Lebed, Mitchell, Swanson, PPNP93(2017)143 

Exotic hadrons in Zc family
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Exotic hadrons in Zc family

Ø Zc states were observed in the hidden- and open-charm channel;

Ø Unsuccessful searches for Zcs by Belle and BES3 in the hidden channel. 
PRD77, 011105(2008); PRD89,072015(2014); PRD97, 071101(2018)
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Lebed, Mitchell, Swanson, PPNP93(2017)143 



• The charged one was observed in J/ψπ ± mass distribution by BESIII 
and Belle.

BESIII, PRL110(2013)252001; Belle, PRL110(2013)252002

• Must contain at least 4 quarks, c𝑐𝑢𝑑, slightly above the 𝐷∗𝐷

threshold, mainly 𝐷∗𝐷 molecular? Or tetraquark, hybrid…?

• Kinematical cusp effect? In this scenario, it is not self consistent. 
Guo, Hanhart, Wang and Zhao, PRD91(2015)051504

Triangle singularity Hadronic molecule

e+e-→ J/ψπ−π+
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Zc(3900): kinematical effect or molecular?

• Hadronic molecule, not triangle singularity                   
Gong, Pang, Wang and Zheng, EPJC78 (2018)276



Ø The Zc(3900) was found through e+e- → J/ψππ and 𝐷∗𝐷π.

Ø However, it was not found in the 𝐵 → 𝐾𝑍𝑐(𝑍𝑐 → J/ψπ) decay. 

Instead, the Zc(4200) and Zc(4430) were found.

Belle, PRD90(2014)112009
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Zc(3900): absence in B decay

Ø The absence may have something to do with its internal 
structure.

Ø Under the hadronic molecular picture, both X(3872) and Zc(3900) 
have 𝐷∗𝐷 constituent. The isospin of the Zc(3900) is 1, while for 
the X(3872) is 0. 

Ø The production of the 𝐷∗𝐷 pair with isospin 1 is highly suppressed 
in B decays. 

à The Zc(3900) being a 𝐷∗𝐷 hadronic molecule naturally explains    

its absence in the B decays.

Yang, Wang and Meissner, PLB775(2017)50



Zcs signal in  𝒆!𝒆" → 𝑲!(𝑫𝒔"𝑫∗𝟎 +𝑫𝒔∗"𝑫𝟎)

Ø The recoil mass distribution 
was studied by BES3;

Ø A clear peak was found at 
energy point 4.681GeV;

Ø Search at other 4 energies 
was also performed.
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Zcs signal in  𝒆!𝒆" → 𝑲!(𝑫𝒔"𝑫∗𝟎 +𝑫𝒔∗"𝑫𝟎)
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arXiv: 2011.07855  

Ø There exists one particle in the energy range:

Ø The Zcs structure was also observed in other four energy points.



Triangle singularity in Zcs production
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= 𝐼(𝑚!, 𝑚", 𝑚#, 𝑝!#, 𝑝!", 𝑝"#)

Ø There is such triangle diagram which appears as peak around 

threshold at c.m. energy 4.681 GeV;

Ø It can enhance the production of near-threshold hadronic 

molecules. 
Guo, Liu and Sakai, PPNP112,103757; Guo, Hanhart, Meissner, Wang, Zhao and Zou, RMP90,015004

Energy points: [4.628, 4.641, 4.661, 4.681, 4.698] GeV



Zcs in 𝒆!𝒆" → 𝑲!(𝑫𝒔"𝑫∗𝟎 +𝑫𝒔∗"𝑫𝟎)
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Ø Constant-contant EFT:
(for virtual/bound state)

Ø Resonance EFT:

arXiv: 2011.07855  

§ LSE:

Other fit parameters:

§ N: overall constant (e+e-

vertex);

§ r: relative weight between 

diagrams (d,e) and diagrams 

(a,b,c) ;

d𝑁
𝑑𝑚'(

=
d𝜎
𝑑𝑚'(
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Fits of Zcs line shapes

Constant-contact EFTResonance	EFT

Energy points: 4.681 GeV

Ø Constant-contact EFT:
(for virtual/bound state)

Ø Resonance EFT:



13

Fits of Zcs line shapes

Ø The fits are quite well, 𝜒'/𝑑𝑜𝑓 ≈ 0.6

for both cases.

Resonance	EFT

Energy points: [4.628, 4.641, 4.661, 4.698] GeV
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LECs and Poles

Ø The LECs in fitting Zcs line shapes:
for constant-contact EFT:

for resonant EFT:



Zc(3900): line shape in 𝑱/𝝍𝝅 and 𝑫∗"𝑫𝟎 channels
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Albaladejo, Guo, Hidalgo and Nieves, PLB755,337(2016) 

Zc(3900)+ Zc(3885)+
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LECs and Poles from Zc(3900) case

Ø The LECs in reproducing the pole position of Zc(3900):
for constant-contact EFT:

for resonant EFT:

[19] Albaladejo, Guo, Hidalgo and Nieves, PLB755,337 



Summary

Ø Two EFTs correspond to two origins: virtual/bound and 

resonance states. Both can fit the line shapes very well.

Ø Triangle singularity plays an important role.

Ø Zc and Zcs are partners in SU(3)-flavor symmetry with 

molecular configurations.

Ø High statistic measurements from different channels or 

energies are needed to: 

o classify the origin of Zcs;

o reduce the error of pole position.
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Thank you!


