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* Isthe existence of a J/{J/P bound state plausible?
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Outline

» Background: Experimental signals of cccc states

» Interactions between J/PJ/P: soft gluon exchange —

two pion exchange + ...

» Possible bound states of J/{lJ/y



Background — X(6900) in LHCb measurement
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Figure 3: Invariant mass spectra of weighted di-J/y) candidates with pfrl ¥ > 5.2 GeV/e and

overlaid projections of the pf}i"l/ ¥_threshold fit using (a) the NRSPS plus DPS model, (b) model
I, and (¢) model II.
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Background — Fully heavy tetraquarks

» Compact tetraquarks?
Predictions dated back to 1970s

Many theoretical investigations

» Molecular configurations?
Hints of X(6200) in LHCb data,

What’s the binding mechanism???
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Background — Hints of a J/ ¢ J/ ¢ molecule
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X.-K. Dong et al, PRL126,132001(2021),

» Compositeness of X(6200)
Xa=(1+ 2|r0/a0|)_1/2 | Matusche et al, EPJA57(2021)3,101

X, = 1 for molecules and 0 for compact state .

»  Large molecular component in X(6200) in 3-channel fit.
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Existence of X(6200) confirmed
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Interactions between J/ ¢ J/ ¢



Two pion exchange
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» Yyrm coupling related to the chromopolarisabilities, ay,g, satisfying
Qg /ap J [1h Aap(28) 1) (2S) > @fb(zs)J/w- A. Sibirtsev et al, PRD71, 076005(2005)

> Difference between (2S) and J /i estimated: & = ao;‘](/;;;’jfw ~1~3

quark model wavefunction & J /Y scattering length
>  Y(2S)]/imm coupling from BESII data on (2S) — ] /imm decay.

[BES Collaboration], PLB645, 19 (2007)

> Non-perturbative interaction of scalar-isoscalar mr and KK channel
considered.

» Potentials via dispersive relation.
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Yymm coupling

» Lagrangian from HQSS

(af) (ap)
Cl t 7 CQ T w, v
5 <J5Ja> Triu,ut] + 5 <J6Ja> Tr|u,u, Jv"v” 4+ H.c.

Loy, pse =

» Amplitude of Y(2S) — J/Ymnm reads

= Q7 (s )M (s;m Ssi S(symy
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Fitting BESII data

> Formula  dT[v(2S) — J/vmntr—]  /so.(s)|k
dm...d cos @ 1287r3M2

|M7m(8, 9)|2
P (25)

» Result  ¢*Y =0.229+0.002, * =-0.061+0.003
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Potential
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»  two pion (kaon) exchange potential M j/y7/4(8) = Mx(s) + Mg (s)

2 2 2
1 00 o ImM j /g 7/ (=) — 4T
Vexen(q,A) = ar M3, f4m§ du p?+q? ¢ 7

» Contact term

VCT(C], A) =C 6_% ‘/tot (qa A) — VCT(QJ A) + ‘/exch(QJ A)
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J/ 4 J/ ¢ molecular states



Solving Lippmann-Schwinger equation

d3l ‘/tgt (kla l7 A) T(Ea l) k)
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T (E;k k) =V, (k’,k,AH—/

> Parameters: A(1 ~ 3 GeV), £(1 ~3) and V¢ in GeV ™2

» Poles for ¢ = 1. Solid for bound states and dashed for virtual states
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Plausible?

» Contact term + two pion (kaon) exchange leads to a molecule of J /1] /Y

» We take it plausible if two pion (kaon) exchange has sizeable
contributions to the binding of J /Y] /Y, characterized by the ratio

VS (K =0,k=0,A)

exch > 1/92
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Summary

YV VY

Experimental hints of a states near J/YJ/y threshold, with possible
molecular nature

Soft gluon exchange between J /1] /1 described by two pion and kaon
exchange.

Coupling constants of Yy coupling extracted from BESII data on y(25) —
J/Ymm decay

J/W] /Yrm coupling is argued to be 1 ~ 3 times of ¥ (2S)] /Ymm coupling

With reasonable cutoff A, two pion and kaon exchange provide sizeable
contribution to the J /Y] /1 attraction.

The binding of /] /Y] /1 system is plausible, given our current understanding
of hadron-hadron interaction.

Take alook at J /e e™ or [ /yut ™ channels.

Thank you!
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