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Motivation: Near-threshold fully heavy exotic states

Why to study?

Encodes information on internal structure of heavy hadrons

Relevant for molecular model

Allows making predictions for exotic states

Do we have adequate theoretical approaches?

Effective field theory

Coupled channels

Multipole expansion in QCD

Do we have promising candidates?

Di-charmonium production at LHC

Lattice simulations of heavy di-baryons
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Double-J/ψ production @ LHCb (Sc.Bull. 65 (2020) 1983)

7000 8000 9000
)2c (MeV/ψ/Jdi-M

0
20
40
60
80

100
120
140
160
180
200
220)2 c

W
ei

gh
te

d 
ca

nd
id

at
es

 / 
(2

8 
M

eV
/

6200

Data

Total fit

DPS

NRSPS

LHCb

NRSPS=NonResonant Single Parton Scattering
DPS=Double Parton Scattering

A narrow resonance-like
structure at 6.9 GeV

A broad structure just above
double-J/ψ threshold

> 5σ deviation from
nonresonant double-J/ψ
production

4 / 16



Introduction Models Fits & Poles Nature of X(6200) Conclusions

Double-J/ψ production @ LHCb (Sc.Bull. 65 (2020) 1983)

7000 8000 9000
)2c (MeV/ψ/Jdi-M

0
20
40
60
80

100
120
140
160
180
200
220)2 c

W
ei

gh
te

d 
ca

nd
id

at
es

 / 
(2

8 
M

eV
/

6200

Data

Total fit

DPS

NRSPS

LHCb

NRSPS=NonResonant Single Parton Scattering
DPS=Double Parton Scattering

A narrow resonance-like
structure at 6.9 GeV

A broad structure just above
double-J/ψ threshold

> 5σ deviation from
nonresonant double-J/ψ
production

4 / 16



Introduction Models Fits & Poles Nature of X(6200) Conclusions

Double-J/ψ production: Theoretical data analysis
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Thresholds are important!

Minimal coupled-channel model

Count poles, not visible structures
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All channels
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Only S-wave channels (no J/ψhc, ψ(2S)hc, χc0χc1)
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No heavy exchanges (no χc0χc0, χc1χc1)
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Only HQSS-allowed channels (no hchc)
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Fits & poles
J/ψJ/ψ & J/ψψ(2S) (2+5 params) J/ψJ/ψ, J/ψψ(2S) & J/ψψ(3770) (2+6 params)
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Data from CMS and ATLAS

Analyse CMS and ATLAS data in the double-J/ψ channel
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Data from CMS and ATLAS

Analyse CMS and ATLAS data in the double-J/ψ channel

Analyse data in the complimentary ψ(2S)J/ψ channel

Combined analysis of all data sets (?)

8 / 16



Introduction Models Fits & Poles Nature of X(6200) Conclusions

Multipole expansion in QED

Field produced by charge distribution at R≫ r

Φ(R) =
Q

R
+ Dipole+ Quadrupole+ . . .

If Q = 0, dipole term provides leading contribution

Polarisability measures how easily neutral object is distorted by electric field
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Multipole expansion for charmonia
Multipole expansion for soft-gluon exchanges (rQ̄Q ≪ Λ−1

QCD): Hint ≈ − 1
2
ζar ·Ea

(Gottfried’1977,Voloshin’1978,Peskin’1979,...Voloshin&Sibirtsev’2005)

βψψ′ =
1

9
⟨ψ′|r 1

ĤO −M
r|ψ⟩ =⇒


M(ψ(2S) → J/ψππ) = βψ(2S)J/ψ⟨ππ|Ea ·Ea|0⟩

VJ/ψJ/ψ(r) ∝ β2
J/ψJ/ψ ∝ ξ2

(
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(Dong et al.’2021)
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Chromopolarisability of J/ψ

Simple estimate

ξ ∼ IJ/ψJ/ψ/Iψ(2S)J/ψ ∼ 10 Iψ′ψ = ⟨ψ′| e−i∆qc·r/2 |ψ⟩
(Dong et al.’2021)

More advanced estimate

ath0 (J/ψπ → J/ψπ) ≈ 0.0036ξ fm
(Dong et al.’2021)

|alat0 (J/ψπ → J/ψπ)| ∼ 0.01 fm =⇒ ξ ≃ 3

(Yokokawa et al’2006,Liu et al.’2008)

Quark model calculation (approximation: J/ψ = Coulombic system)

βJ/ψJ/ψ =
1

9
⟨J/ψ|r 1

ĤO −MJ/ψ

r|J/ψ⟩ = 1

9

∫
d3p

(2π)3

∫ ∞

0

rdr
uJ/ψ(r)vp,l=1(r)

2mc +
p2

mc
−MJ/ψ

=
0.93

α4
sm

3
c

= 19+15
−14 GeV−3 =⇒ 3 ≲ ξ ≲ 19

(Brambilla et al.’2016,Dong et al’2023)
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Interaction potential in di-J/ψ system
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X(6200) as double-J/ψ molecule

EB = 1 MeV EB = 5 MeV
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Conclusion: Existence of a molecular pole near the double-J/ψ
threshold is consistent with our knowledge on hadron-hadron
interactions
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Chromopolarisability of QQQ′ baryon

3⊗ 3⊗ 3 = 1⊕ 8⊕ 8⊕ 10
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Di-heavy-baryon molecules?

Quarkonium ψ = Q̄Q

βψ =
Cψ

α4
sm

3
Q

Cψ ≈ 0.93

(Brambilla et al.’2016,Dong et al’2023)

Baryon Ω = QQQ

βΩ =
CΩ

α4
sm

3
Q

CΩ ≈ 2.4 ≈ 2.6Cψ

(Dong et al’2023)

Uncertainty from hadron being not Coulombic

δβ

β
∼ ⟨σr⟩

⟨αs/r⟩
∼

Λ2
QCD

α3
sm

2
Q

∼
{

100% Q = c
10% Q = b

Conclusion: If X(6200) is a di-J/ψ molecule, then

di-Ωccc and di-Ωbbb molecules are also likely to exist

Supported by recent lattice results:

EB(di−Ωccc) ≃ 5..6 MeV (Lyu et al.’2021)

EB(di−Ωbbb) ≃ 80..100 MeV (Mathur et at.’2022)
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Conclusions

Discovery of X(3872) started new era in hadronic physics of heavy quarks

LHC studies of double-J/ψ production opened new chapter in this book

Data collected are analysed

using (minimal but realistic) coupled-channel scheme

preserving unitarity of multichannel scattering amplitude

respecting (approximate but accurate) heavy quark spin symmetry

Existence of a pole at J/ψJ/ψ threshold is predicted from data analysis

Conjecture of molecular nature of X(6200) is plausible and consistent
with our knowledge of hadron-hadron interactions

Near-threshold state in double-J/ψ channel may imply existence of
double-heavy-baryon molecules
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