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__________________________________________________________
Motivation: Discovery of X (6900) Family

@ Observation of X (6900) — J/v.J /¢ by LHCb , confirmed by ATLAS and
CMS, established the existence of fully-charmed tetraquark states 7.
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A. Hayrapetyan et al., the J/¢J/4 invariant mass spectrum.
@ The leading interpretation is a compact diquark—antidiquark bound state.

@ Recent CMS determination: J©¢ = 27+ for X(6600) and X (6900).

L. Chen, W. Schifer, A. Szczurek (IFJ PAN) ~ exclusive production of T . at LHC July 16, 2026



e
Photon—Photon Fusion as a Clean Probe

Ultraperipheral collisions(UPCs) provide intense fluxes of quasi-real photons
= access vy — Tye.

@ Cross section is directly proportional to the two-photon decay width:

o(yy = Tuc) < T'(Tye = 77)

Iy, is highly sensitive to the internal structure:

e Compact tetraquark — calculable, O(0.1-1 keV).
o Point-like diquark — much larger, O(10-100 keV).

@ Some of the 40 tree-level diagrams for vy — ccce:

5
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Theoretical Framework: Non-Relativistic QCD(NRQCD)
Factorization & Diquark Operators

e NRQCD: expansion in as(m.) and v. Factorization:
M(yy—=Tue) = ZA o) Tie

@ Short-Distance Coefficients(SDCs):
40 tree-level diagrams — perturbative matching at p~m,, Leading a.
@ Long-Distance Matrix Elements(LDMEs):
universal 4-quark matrix elements — from Gaussian Expansion
Method(GEM) wave functions(wave functions at origin).
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Theoretical Framework: Non-Relativistic QCD(NRQCD)
Factorization & Diquark Operators

NRQCD: expansion in as(m.) and v. Factorization:
M(yy—=Tue) = ZA o) Tie

@ Short-Distance Coefficients(SDCs):
40 tree-level diagrams — perturbative matching at p~m,, Leading a.

@ Long-Distance Matrix Elements(LDMEs):
universal 4-quark matrix elements — from Gaussian Expansion
Method(GEM) wave functions(wave functions at origin).

e Diquark operators (S-wave, Pauli principle):
e Dy spin-0, colour 6 Dil: spin-1, colour 3
e 07: 3®3 and 66 mix. 27T only 3®3.
@ SDCs have opposite signs = constructive/destructive interference.
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__________________________________________________________
Inputs of oy and LDMEs(Wave Functions at Origin)

Evolution of a5 and its Uncertainty Band (nf=3, 2-loop)

028 |\/|aSS (JPC) State wphys(o)
6435 (0T*)  1s  0.051
S | 6542 (0FF) 1s  0.019
¥ 6849 (0+1) 2s 0.076
6040 (0*+) 25 0.039
30 35 20 15 50 55 60 6543 (2++) 1s 0030
Energy Scale pgey 6928 (2++) 25 0047

2-loop Renormalization Group Evolution.

o (3 GeV) ~ 0.24.
Scale uncertainty ~ 30%.

4-body GEM + relativised quark model.
25 ¥(0) > 1s (colour mixing!).
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Comparisons with Existing Results

Approach Reference Iy (keV)
Quark model (1987) Badalian et al. ~ 1073
NRQCD LO+NLO Our work & Sang, Liu 0.1-0.7
VDM Esposito et al. 0.086 x By,
Point-Like Diquark Kalamidas et al. 5—82
LbL fit Biloshytskyi et al. 45-67

@ NRQCD results cluster in 0.1-0.7 keV — robust.

e VDM: By ~1 vs. By~3 x 1072 (dimuon estimates).
@ PLD overestimates ~ 10%x (misses compositeness).
@ LbL fit contaminated by QED continuum (see later).
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.
Phenomenology at UPCs

dw?

@ Photon flux N(w,b) < Z?; survival factor S%(b) = ©(b — 14 fm).
@ Partonic BW: 0o (2J + 1) 4.

o(AA—=TyAA) = / aw? En o (yy— Tye; W)

Mass JPC State o(yy—=Ty) (nb)  o(AA—=Ty.AA) (ub)
6543 27T  1s (X(6600)) 1.006 1.164
6928 2++ 2 (X(6900)) 2.212 2.733
6940 0FF 2s 1.398 1.738

Tensors profit from (2J+1) = 5; X (6900) largest at 2.7 pb. With o ~ few nb =
O(10°) events at HL-LHC.
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-
J/¢J /1 Channel

o Effective Ty.— J/¢J/ couplings calibrated to By, x I'ts, with
By =3x1073.
@ Continuum computed in LO NRQCD.

1754
1504
1254
S
8 1004 s
}é £
=
= S
75 N
3 3
g
< 504
259
ol
; . . . . ; , \ . . : \ . ; , ,
600 625 650 675 700 725 750 775 800 4 SR 1 2 3 4

Invariant Mass M, 1, (GeV) Rapidity y

@ Broad 1s spans 6.3-7.0 GeV; narrow 2s at 6.93 GeV.

@ Resonant signal exceeds continuum — promising for HL-LHC.
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.
vy (Light-by-Light) Channel
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@ QED box continuum dominates by ~ 2 orders of magnitude.
@ Resonant contributions at few x1072 nb — barely visible.
@ Contradicts VDM fit of Biloshytskyi et al..
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.
Summary & Outlook

Summary

e LO NRQCD predictions for I'(Ty. —~7) of 07 and 27 states.
LDMEs from realistic 4-body GEM wave functions with colour mixing.
['(25.7)~0.22 keV, T'(03,7)~0.1-0.7 keV.
J/WwJ/: resonant > continuum — promising.

~7: continuum dominates ~ 10?x — contradicts VDM.

Outlook
@ NLO SDCs to reduce ~30% scale uncertainty.
@ HL-LHC Pb-Pb data eagerly awaited.
@ Universal LDMEs reusable for other processes.

@ Matching between high pr regions and low pr regions in pp collisions.
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Thank You!
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