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The concept of exotic hadronic states  
was proposed at the birth of Quark model
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The observed charmonium-like XYZ states
(2003-now)

see review
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Good platform to identify exotic tetraquark state
Full of challenges 

LHCb plays crucial role, especially for the 
observation of XYZ from B meson decays
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X(6900)
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X(2900)
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1
Some lessons from X(3872)



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



One boson exchange (OPE) model

Deuteron: loosely bound state of proton and neutron
Nuclear force: short-range, mid-range, long-range

Scalar σ 
exchange  exchangeπ and  

exchanges
ρ ω
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ℒ = gNNπψ̄iγ5τψ ⋅ π

Vπ =
g2

NNπ

4π
m2

π

12m2
N

(τ1 ⋅ τ2)(σ1 ⋅ σ2 + [ 3(σ1 ⋅ r)(σ2 ⋅ r)
r2

− σ1 ⋅ σ2] [1 +
3

mπr
+

3
m2

πr2 ]) e−mπr

r

The non-relativistic nucleon-nucleon potential via  exchange π

Effective Lagrangian depicting  interaction NNπ



Is X(3872) a molecular state?

Different effects were 
considered

 interactionDD̄*
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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) 

• Reproduce the mass of 

• Explain isospin violating  decay mode of 
X(3872)

J/ψρ X(3872)



Luo, Chen, Liu, Xiang Liu, Eur.Phys.J.C 80 (2020) 301

Coupled-channel effect as universal mechanism 



Start point: One boson exchange was extensively 
applied to the studies of observed XYZ states 

Long list:

⋯
One conclusion:
Pion exchange plays crucial role to form heavy flavor molecular states

It is the reason why we adopt one pion exchange model to 
study XYZ states and predict  statesPc
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2
The challenge for molecular 

assignment to Y(4140) and Z(4430)
Spin-parity quantum number



Belle, PRL 94 (2005) 182002

Y(3940)

 MeV 
 MeV

M = 3943 ± 11
Γ = 87 ± 22

CDF, PRL 102 (2005) 242002

Y(4140)

B → J/ψωK

 MeV 
 MeV

M = 4143.0 ± 2.9(stat) ± 1.2(syst)
Γ = 11.7+8.3

−5.0(stat) ± 3.7(syst)

The similarity between Y(3940) and Y(4140)

B+ → J/ψϕK+



The Y(3940) and Y(4140) are close to the thresholds of  and , 
respectively, and satisfy an almost exact mass relation

D*D̄* D*s D̄*s

MY(4140) − 2MD*s ∼ MY(3940) − 2MD*
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JP = 0+

JP = 2+



LHCb, PRL 118 (2017) 022003

More structures existing in the 
 invariant mass spectrumJ/ψϕ

LHCb, PRD 95 (2017) 012002

The spin-parity quantum number of Y(4140) @ LHCb 

• LHCb suggests  for 
Y(4140) 

• Inconsistent with the S-wave  
molecular state assignment

JPC = 1++

D*s D̄*s

Challenge!
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! = 4433 ± 4 ± 2 MeV
Γ = 	 (45!"#!"#$"%$#&)	MeV

Belle, PRD 80 (2009) 031104

! = 4443!"#!"$%"&%"' 	MeV
Γ = 	 (107!($!&)%*)%+()	MeV

Z(4430)



Z(4430) as the  molecular stateD*D̄(′ )
1

One-pion-exchange model

X. Liu, Y.R. Liu, W.Z. Deng, and S.L. Zhu, PRD 77 (2008) 034003

One-pion/sigma-exchange model

X. Liu, Y.R. Liu, W.Z. Deng, and S.L. Zhu, PRD 77 (2008) 094015
19



The spin-parity quantum number of Z(4430)

Belle 

Belle, PRD 88 (2013) 074026 

				" = 4485!""!##""$"% MeV 			Γ = 200!&'!()$&#$"' MeV
The *$(4430)	has quantum numbers .* = /$, 
this hypothesis being favored over the 0!,	1!,

	2! and 2$ hypotheses at the levels of 3.42, 3.72, 
4.72 and 5.12, respectively.

LHCb, PRL 112 (2014) 222002

				" = 4475!"#"$ MeV 	Γ = 172 + 13!%&'%( MeV
Its spin-parity to be ,) = -', both with very high 

significance. Moreover, they ruled out the 0!, 1!, 	2'
and 2!	hypotheses for its spin-parity by at least 9.71, 

15.81, 16.11 and 14.61, respectively.

The measured  quantum number @Belle and @LHCb is 
inconsistent with molecular assignment to Z(4430)

JPC
Challenge!
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Observation of  and Pc(4380) Pc(4450)
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Argand diagrams  show the resonance 
behavior of two  statesPc
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Resonance parameters of two  states Pc



Decay angular distributions
The preferred  are of opposite parity, with one state 

having  and the other 
JP

J = 3/2 5/2
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It is puzzling for us 
under the hadronic 

molecular assignment



LHCb@2015 cannot be applied distinguish different explanations

Compact pentaquark Molecular state
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怀疑LHCb发现的 态还有⼦结构Pc

We need more data!
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2019年⾼精度的实验数据⽀持分⼦态构型



LHCb, PRL 118 (2017) 022003

More structures?



Belle 

Belle, PRD 88 (2013) 074026 

More structures?

LHCb should emphasize 
this point of measuring 
the spin-parity quantum 
numbers for Y(4140) and 

Z(4430)! 
New task @ LHCb 

Run I+Run II+RunIII
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3
Peculiar viewpoint to X(6900)
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1981



Long list from different 
models for the same issue

The existence of fully heavy quark 
hadrons was questioned in some papers
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…
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Attract extensive attention



aXiv: 2008.07430
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The experimental data can be reproduced  
without introducing exotic  statescc̄cc̄

Rescattering mechanism
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Wang, Chen, XL, Matsuki, aXiv: 2008.07430



Similar phenomenon existing in di-  invariant mass spectrumΥ(1S)

34

Wang, Chen, XL, Matsuki, aXiv: 2008.07430

Opportunity for LHCb and CMS



Wang, XL, Matsuki, aXiv: 2012.03281
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More predictions
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4
Summary



How to establish an exotic state

• 奇特态研究可以提供启示—耦合道效应⽤于研究X(3872)


• B衰变中的XYZ类粲偶素态的研究应该予以重视


• ⾮共振态的解释是在确⽴奇特态的过程中的重要环节

Concept Model Experiment Identify
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Thank you for your 
attention 


