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Outline

➢ Coupled-channel interpretation of LHCb data

➢ Interactions between 𝐽/𝜓𝐽/𝜓 from dispersive relation:  

soft gluon exchange → two pion exchange + …

➢ Possible bound states of 𝐽/𝜓𝐽/𝜓
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𝑋(6900) in LHCb measurement
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LHCb, Sci.Bull.65,1983(2020)

➢ 𝑋(6900) compact tetraquark?

Predictions dated back to 1970s

Y. Iwasaki, Prog.Theor.Phys. 1975;54:492

K.-T. Chao, Z.Phys.C7, 317(1981), 

A.M. Badalian et al., PRD25,2370(1982), …

Many theoretical investigations

…

✓ A narrow resonance-like 
structure at 6.9 GeV, 𝑿(𝟔𝟗𝟎𝟎)

✓ A broad structure just above 
double-𝐽/𝜓 threshold

✓ A dip near 6.7 GeV

✓ A narrow resonance-like 
structure at 6.9 GeV, 𝑿(𝟔𝟗𝟎𝟎)

✓ A broad structure just above 
double-𝐽/𝜓 threshold

✓ A dip near 6.7 GeV
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𝑋(6900) in LHCb measurement
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➢ Fully charmed tetraquark state? 
• 6.9 GeV too high for ground state
• The gap 700 MeV too large for ground and 

1st excited states
• No lighter states (easier) observed

➢ Threshold effects. Near threshold,
• Breit-Wigner fits mislead rather than 

educate
• Breit-Wigner parameters (𝑀 and Γ) hide 

nature of states
• Threshold effects sometimes play critical 

role

➢ Coupled-channel approach, Minimal 
models with 
• most relevant channels (2 models) 
• minimal necessary orders in interactions

X.-K. Dong et al, PRL126,132001(2021)
Discussions of general threshold behaviors,
see X.-K. Dong, F.-K. Guo and B.-S. Zou 
PRL126, 152001(2021)

Discussions of general threshold behaviors,
see X.-K. Dong, F.-K. Guo and B.-S. Zou 
PRL126, 152001(2021)
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Coupled-channel models
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Two channel model Three channel model

Lippmann-Schwinger equation

Production amplitude in J/ψJ/ψ channel (channel 1)

 𝜂𝑐 and ℎ𝑐 spin-0, HQSS
 𝜒𝑐𝐽 → 𝜓 by 𝜔 exchange
 𝜂𝑐 and ℎ𝑐 spin-0, HQSS
 𝜒𝑐𝐽 → 𝜓 by 𝜔 exchange
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Hints of a 𝐽/𝜓𝐽/𝜓 molecule
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X.-K. Dong et al, PRL126,132001(2021)

➢ Compositeness of 𝑋 6200

ത𝑋𝐴 = 1 for molecule and 

0 for compact state

➢ Large molecular component 
in 𝑋(6200) in 3-channel fit.

I. Matusche et al, EPJA57(2021)3,101

𝑿 𝟔𝟗𝟎𝟎 is uncertain
𝑿 𝟔𝟐𝟎𝟎 is robust
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Hints of a 𝐽/𝜓𝐽/𝜓 molecule
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➢ Support of existence of 𝑋 6200
from independent analysis

Z.-R. Liang et al, Phys.Rev.D
104 (2021) 3, 034034
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Further Tests
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At long-range, soft gluon exchange → two pion exchange + heavier…

➢ Van der Waals interaction between color dipoles

➢ Long-range potential from two pion exchange 
between 2 S-wave bottomonia

H. Fujii and D. Kharzeev, Phys.Rev.D 60, 114039 (1999).

N. Brambilla et al, Phys.Rev.D 93, 054002 (2016)

✓ Data in the 𝜓(2𝑆)𝐽/𝜓 channel ⇒ distinguish between the models
✓ Data in the 𝜂𝑐𝜂𝑐 channel ⇒ verify predictive power of the models
✓ Data on ΥΥ production ⇒ check in complementary sector
✓ Lattice simulation of double-𝐽/𝜓 (𝜂𝑐) scattering ⇒ independent test

Binding mechanism??? ⇒ (dis)prove X(6200) nature!!!

Evidence of an Ω𝑐𝑐𝑐Ω𝑐𝑐𝑐
bound state from HAL QCD 
method 

Yan Lyu et al, 
Phys.Rev.Lett. 127 (2021) 7, 072003

OPE highly suppressed by isospin

X.-K. Dong et al, PRL126,132001(2021)
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Evidence of an Ω𝑐𝑐𝑐Ω𝑐𝑐𝑐 bound state
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Yan Lyu et al, Phys.Rev.Lett. 127 (2021) 7, 072003

Evidence of an Ω𝑐𝑐𝑐Ω𝑐𝑐𝑐 bound state from HAL QCD method 



➢ 𝐽/𝜓𝐽/𝜓𝜋𝜋 coupling 

➢ 𝜓𝜓𝜋𝜋 couplings related to the chromopolarisabilities, 
𝛼𝐴𝐵, satisfying 

➢ Chiral Lagrangian (& HQSS)

➢ Non-perturbative interaction of scalar-isoscalar 𝜋𝜋
and 𝐾ഥ𝐾 channel is necessary.
✓ A polynomial times Omnès function

Two pion/kaon exchange potential
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A. Sibirtsev et al, PRD71, 076005(2005) 

Omnès, Nuovo Cim. 8 (1958) 316

UnitarityUnitarity

LECsLECs

𝐽/𝜓, 𝜓 2𝑆 ,…𝐽/𝜓, 𝜓 2𝑆 ,…

𝜋, 𝐾,…𝜋, 𝐾,…
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Two pion/kaon exchange potential
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➢ 𝑐𝑖
(12)

from fits to BESII data on 𝜓 2𝑆 → 𝐽/𝜓𝜋𝜋 decay.

➢ Difference between 𝑐𝑖
11 and 𝑐𝑖

12

estimated by 
• overlap of quark model wavefunctions

• 𝑆-Wave 𝐽/𝜓𝜋 scattering length

[BES Collaboration], PLB645, 19 (2007)

K. Yokokaw et al. PRD74, 034504 (2006)
L. Liu et al.  PoS LATTICE2008, 112 (2008)
X.-H. Liu et al. EPJC73, 2284(2013)

𝑃-Wave 𝐽/𝜓𝜋
Scattering

Lattice QCD
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Potentials from dispersive relation
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➢ Two pion (kaon) exchange potential

Form factor to regularize the UV
divergence in both 𝑞 and 𝜇 and keep the
long-range potential unchanged.

Form factor to regularize the UV
divergence in both 𝑞 and 𝜇 and keep the
long-range potential unchanged.

P. Reinert et al. EPJA54, 86 (2018)

2𝑚𝜋2𝑚𝜋

2𝑚𝐾2𝑚𝐾

𝑚𝜎𝑚𝜎
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➢ Dispersive relation



𝐽/𝜓𝐽/𝜓 molecular state
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➢ Renormalization with a contact term

➢ Lippmann Schwinger equation

➢ Parameters:

➢ Poles for 𝜉 = 1.

Solid for bound states and 
dashed for virtual states
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𝐽/𝜓𝐽/𝜓 molecular state
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1 MeV 

5 MeV 

Strategy: 
✓ Near threshold poles (bound 

or virtual), 𝐸𝐵 = 1 or 5 MeV 
fixed (hints from LHCb data)

✓ 𝜉 (=1,2,3) fixed
✓ Contribution of 𝑉exch to the 

binding, 𝑅

Strategy: 
✓ Near threshold poles (bound 

or virtual), 𝐸𝐵 = 1 or 5 MeV 
fixed (hints from LHCb data)

✓ 𝜉 (=1,2,3) fixed
✓ Contribution of 𝑉exch to the 

binding, 𝑅

Weak dependence on 𝑛
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1 MeV 

5 MeV 

Plausible?
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➢ Contact term + two pion/kaon exchange leads 
to a molecule of 𝐽/𝜓𝐽/𝜓

➢ 𝐽/𝜓𝐽/𝜓 interaction suppressed by OZI or 
ΛQCD
2 /𝑚𝑐

2, no reason for 𝑉ct ≫ 𝑉exch

➢ Naturalness: contact term is of the same order 
as two pion/kaon exchange

➢ Reasonable cutoff, 1 ∼ 1.5 GeV

➢ We take it plausible if two pion/kaon exchange  
has sizeable contributions to the binding of 
𝐽/𝜓𝐽/𝜓 , characterized  by the ratio
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Summary
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➢ LHCb 𝐽/𝜓𝐽/𝜓 data can be well described by the coupled-channel method.

➢ Hints of a state near  𝐽/𝜓𝐽/𝜓 threshold, with large molecular component.

➢ Soft gluon exchange between 𝐽/𝜓𝐽/𝜓 described by two pion and kaon exchange.

➢ Coupling constants of 𝜓 2𝑆 𝐽/𝜓𝜋𝜋 coupling extracted from BESII data on 𝜓 2𝑆 → J/𝜓𝜋𝜋 decay.

➢ 𝐽/𝜓𝐽/𝜓𝜋𝜋 coupling is argued to be larger than 𝜓(2𝑆)𝐽/𝜓𝜋𝜋 coupling.

➢ With reasonable cutoff Λ, two pion and kaon exchanges provide sizeable contribution to the 
𝐽/𝜓𝐽/𝜓 attraction. 

➢ The binding of 𝐽/𝜓𝐽/𝜓 system is plausible, given our current understanding of hadron-hadron 
interaction.

✓ Data in the 𝜓(2𝑆)𝐽/𝜓 channel ⇒ distinguish between the models
✓ Data in the 𝜂𝑐𝜂𝑐 channel ⇒ verify predictive power of the models
✓ Data on ΥΥ production ⇒ check in complementary sector
✓ Lattice simulation of double-𝐽/𝜓 (𝜂𝑐) scattering ⇒ independent test
✓ Take a look at 𝐽/𝜓𝑒+𝑒− or 𝐽/𝜓𝜇+𝜇− channels
✓ Lattice simulations of 𝑆- and 𝑃-wave 𝐽/𝜓𝜋 scattering ⇒ 𝑐1 and 𝑐2
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