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An overview of 
experimental status



The observed XYZ states
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According to the production mechanisms, we can categorize 
them into five groups

see review



Abundant discovery modes—hidden-charm and open-charm decay channels



Discovery modes (continued)
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Theory



• Studying hadron spectrum is helpful to enlarge our 
knowledge of color confinement and χSB
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Phys.Lett. 8 (1964) 214-215

The exotic muliquark states were 
predicted at the birth of Quark Model 



Types of hadrons in nature 

• Identifying exotic states is one of the most important 
research issues of particle physics

• The observed XYZ states provide us good platform to identify 
exotic state 
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           Resonant              vs          Non-resonant
Conventional hadrons

Exotic states

charmonium

• Molecular states: loosely bound states 
composed of a pair of mesons, probably 
bound by the pion exchange 

• Tetraquarks: bound states of four 
quarks, bound by colored-force between 
quarks, some are charged or carry 
strangeness, there are many states 
within the same multiplet 

• Hybrid charmonium: bound states 
composed of a pair of quarks and one 
excited gluon 

• Kinematical effect 

• Opening of new threshold 

• Cusp effect 

• Final state interaction 

• Interference between continuum 
and well-known charmonium 
states 

• Triangle singularity due to the 
special kinematics 

Many XYZ states lie very close to 
open-charm threshold 

It’s quite possible some threshold 
enhancements are not real 

resonances. 
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Theoretical explanations



What can we learn from X(3872)?

Selected topic I



Abundant experimental information 

PRL 91 (2003) 262001 

X(3872)

The mass of X(3872) is 50-200 MeV lower than the 
prediction from potential model 

Low mass puzzle: 

Belle



X(3872)=molecular state?

Different effects were 
considered

DD̄*
interaction
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N. Li, S.L. Zhu, PRD86(2012) 

L.Zhao, L.Ma, S.L.Zhu, PRD 89 (2014) 

Y. Liu, X. Liu, Deng, Zhu, EPJC56, 63 (2008)

X. Liu, Luo, Y.R. Liu, Zhu, EPJC61, 411 (2009) 



The radiative decays of X(3872)

BaBar
PRL102:132001

LHCb
arXiv: 1404.0275
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X(3872) as mixture of charmonium and molecule
Firstly proposed by Suzuki (PRD72:114013) and 

Meng&Gao&Chao (hep-ph/0506222)

Kalashnikova PRD72: 034010
Danilkin&Simonov PRL105:102002

Coupled-channel effect Dynamical lattice QCD simulation 
Padmanath, Lang, Prelovsek PRD92:034501
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From Y(4260) to Y(4220) narrow 
structure 

Selected topic II



BaBar

Phys. Rev. Lett. 95 (2005) 142001 Y(4260)

No evidence of 
Y(4260) in R scan 

data and open-
charm decay 

channels

PDG Puzzle!
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Theoretical explanations

Exotic state
Charmonium hybrid     

Zhu, Kou&Pene, Close&Page 
Diquark-antidiquark state 

Maiani&Riquer&Piccinini&Polosa 
Ebert&Faustov&Galkin 

Molecular state  
Liu&Zeng&Li, Yuan&Wang&Mo, 

Qiao,Ding,Torres&Khemchandani&Gamerma
nn&Oset, Close&Downum&Thomas 

Charmonium hybrid state with 
strong coupling with DD1 and 

DD0 
Kalashnikova &Nefediev

The lack of signal in certain 
channels also poses a serious 
challenge to a number of the 
explanations proposed in the 
framework of an exotic state

Difficulty

Conventional 
charmonium

4S-3D vector charmonium 

Lanes-Estrada 

23D1 state decay behavior 
Eichten&Lane&Quigg 

Mass spectrum Y(4260) 

≠charmonium  
Segovia&Yasser&Entem&Fernandez 

Screened potential Y(4260) =Ψ(4S) 
Li&Chao

Difficulty
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PRD77,011103(2008) 

PRL100,062001(2008) 

PRL98, 092001 (2007) 

PRL101,172001(2008) 

DD*π arXiv:0908.0231 

No evidence of Y(4260) in 
R scan data and open-
charm decay channels
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• Asymmetric Y(4260) structure can be reproduced by Fano-like 
interference picture

Chen, He, Liu, PRD83 (2011) 05402 
Chen, He, Liu, PRD83 (2011) 074012 

Chen, Liu, Matsuki, PRD93 (2016) 014011

20

Continuum Charmonium

Interference

Non-resonant picture of Y(4260)

• Explain why ψ(4160) and ψ(4415) 
signals are missing in data 

• Naturally understand why no 
evidence of Y(4260) in R scan 
data and the open-charm decay 
channels

Success:



Very recently BESIII gave more precise data of e+e-→J/ψπ+π-  

21

Y(4260) Y(4220) + Y(4330)



Fano-like interference 
picture plays 

resonance killer to Y(4330)

Introducing a narrow structure Y(4220) and considering Fano-like 
interference picture can reproduce the data well!

What is Y(4220)?
22

Resonance parameter

Chen, Liu, Matsuki, arXiv:1708.06918



The predicted ψ(4S) and its property
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EPJC74 (2014) 3208

The similarity between J/ψ and Y families

The predicted mass of ψ(4S) 
should be located at 4263 MeV 

The screening potential prediction of ψ(4S) mass:
• 4273 MeV Li&Chao PRD79, 094004 (2009) 
• 4247 MeV Dong et al., PRD49, 1642

Consistent

A narro
w state!

Open-charm decay behavior

23
Y(4220)= ψ(4S)?

Due to node effect!  
The predicted charmonium ψ(4S) has 

very narrow width around 6 MeV



Selected topic III

Charged Zc states



Initial Single Pioin Emission (ISPE) mechanism
Explicitly predict charged 

charmonium-like structures existing in 
hidden-charm dipion decays of Y(4260)

Chen, Liu, PRD84 (2011) 094003
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Discovery of Zc(3900)
PRL110 (2013) 252001 PRL110 (2013) 252002 PLB773 (2013) 366

PRL111 (2013) 242001

Discovery of Zc(4020)
arXiv: 1703.08787

Discovery of Zc(4032)
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Reproduce Zc(3900) via the ISPE mechanism�
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Lattice QCD simulation does not support exotic 
resonance explanation to Zc(3900)

Lattice QCD simulation
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XYZ 
states

Charmed 
mesons

Charmed 
Baryons

Hidden-
charm 

pentaquark
X(5568)

Identify exotic states
Establish conventional 

hadrons
Non-resonant 
mechanism

A research field full of challenges and opportunities 

Theory Experiment

XYZ states are correlated!

Heavy Flavour Spectroscopy

LHCb   CMS
BESIII   BelleII

Summary



Thank you for your 
attention!


