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Abstract. The LHC newly-discovered resonant structures around 7 GeV, such

as the X(6900), could be responsible for the observed excess in light-by-light

scattering between 5 and 10 GeV. We show that the ATLAS data for light-by-

light scattering may indeed be explained by such a state with the γγ branching

ratio of order of 10−4. This is much larger than the value inferred by the vector-

meson dominance, but agrees quite well with the tetraquark expectation for the

nature of this state. Further light-by-light scattering data in this region, obtained

during the ongoing Run-3 and future Run-4 of the LHC, are required to pin

down these states in γγ channel.

In 2020 the ATLAS Collaboration provided the most comprehensive dataset of the ob-

servation of light-by-light (LbL) scattering in the ultra-peripheral Pb-Pb collisions from the

LHC Run-2 [1]. The statistics has been increased compared to the first analyses [2, 3], and

the unfolded data were provided. The new results show a mild excess over the Standard

Model prediction centered on the diphoton invariant mass region of 5 to 10 GeV. In terms of

the total LbL cross section, the discrepancy between the experimental measurement and the

theoretical estimation reaches the value of around 2σ.

On the other hand, the LHCb Collaboration discovered a new state, X(6900), seen in the

di-J/ψ spectrum at around 6.9 GeV. This state has been confirmed very recently at ATLAS [4]

and CMS [5]. Apart from X(6900), these collaborations observed two other resonances in the
vicinity, namely X(6600) and X(7300). They all are candidates for fully-charmed tetraquarks,

predicted in many quark models, see, e.g. [6–24].

The quantum-number assignment for these stated is yet to be done; the most likely options

are: scalars (JPC = 0++), pseudoscalars (JPC = 0−+), axial vectors (JPC = 1−+), and tensors

(JPC = 2±+). In cases of even spin, the new X-resonances would couple to two photons and

hence contribute to the LbL scattering. From this point of view, the γγ → γγ channel can

be used as a filter for the resonances with even spin. Such resonances can in principle be

responsible for the aforementioned discrepancy between theory and experiment observed in

LbL scattering by the ATLAS Collaboration.

We have considered this scenario in the recent paper [25], by including the X(6900) con-
tribution to the LbL scattering, as shown in Fig 1. To this end, we extended the Monte-Carlo
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Figure 1. Left: the X-resonance contribution to light-by-light scattering in ultraperipheral heavy-ion

collisions (crossed graphs are omitted). Right: the vector-meson-dominance (VMD) mechanism for the

two-photon decay.

(MC) code SuperChic v3.05 [26, 27]1 used in the original interpretation of the ATLAS data

[1], by including the X(6900) along with the well-known bottomonium states [28] pertinent

to this energy region, i.e. ηb(1S), ηb(2S), χb0(1P) and χb0(2P). Note that SuperChic v3.05

includes otherwise only the simplest perturbative-QCD contributions to LbL scattering, i.e.,

the quark-loop contribution. The next-to-leading order corrections were shown to contribute

at the order of few percent [29–31], which is negligible at the current level of experimental

precision.

The MC generator SuperChic, extended by X(6900), has been used to fit the resonance

parameters into the ATLAS LbL data. Given the mass and width of X(6900) from the LHCb

determination, we have determined the two-photon-decay width ΓX→γγ, with the assumption

that the total width is dominated by the di-J/ψ decay (i.e., Γtot � ΓX→J/ψ J/ψ). The fit has been

performed to the unfolded diphoton invariant mass spectrum of the ATLAS data. The CMS

data is not used in the present analysis since the corresponding spectrum is not unfolded.

We have explored both the scalar and pseudoscalar nature of X(6900), but the corresponding
results of the fit turn out to be indistinguishable at the current level of statistical accuracy.

The results for the two-photon width ΓX→γγ and the corresponding branching ratio are given

in Table 1, for the two scenarios (interference, no-interference) considered in Ref. [32]. The

Table 1. The two-photon width and the corresponding branching ratio of X(6900) obtained in [25] by

fitting the light-by-light scattering data of Ref. [1].

Parameter Interference No-interference

ΓX(6900)→γγ [keV] 67+15−19 45+11−14

B[X(6900)→ γγ] 4.0+0.9−1.1 × 10−4 5.6+1.3−1.6 × 10−4

corresponding differential observables are shown on Fig. 2. The plots demonstrate that the

inclusion of the resonance improves the description of each of the observables.

The extracted width in Table 1 can be compared to estimates based on the vector meson

dominance (VMD) [33, 34] (see also [25] for more specifics), given in Table 2, for all three

newly discovered states, assuming they are scalar or pseudoscalar. One can see that VMD

predicts a much smaller branching ratio for X(6900) than required to remedy the ATLAS

1The most recent version concerning the LbL channel.
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Figure 2. Differential fiducial cross sections of γγ → γγ production in Pb+Pb collisions at a centre-

of-mass energy of
√

sNN = 5.02 TeV with integrated luminositiy 2.2 nb−1 for four observables (from
left to right and top to bottom): diphoton invariant mass mγγ, diphoton absolute rapidity |yγγ |, average
photon transverse momentum (pγ1T + pγ2T )/2 and diphoton |cos(θ∗)| ≡ | tanh(Δyγ1 ,γ2/2)|. The red band

represents an uncertainty (1σ range) of the fit with X(6900). The blue band contains only the statistical
uncertainty of the SuperChic simulation without X-resonance.

discrepancy in the LbL cahnnel; although, given the large uncertainties, the difference is not

yet very significant statistically.

Table 2. Our VMD estimate of two-photon branching ratios for resonances detected at CMS[5].

BVMD(X(6600)→ γγ) BVMD(X(6900)→ γγ) BVMD(X(7300)→ γγ)

scalar (4.12 ± 0.54) × 10−6 (2.77 ± 0.36) × 10−6 (2.19 ± 0.28) × 10−6

pseudoscalar (15.7 ± 2.2) × 10−6 (6.07 ± 0.80) × 10−6 (3.73 ± 0.49) × 10−6

An alternative estimate is provided in the quark-model picture (see, e.g., [35]), assuming

that the tetraquark state forms an unstable cc-c̄c̄ diquark-antidiquark configuration. For the

state of two charged scalar equall-mass consituents, we apply the non-relativistic approximate

formula for the two-photon decay,

ΓX→γγ =

(
4

3

)4
4πα2

m2
X

|ψ(0)|2, (1)

where the factor 4/3 stems from the diquark charge in units of e. The value of the bound-state
wave function at the origin, ψ(0), can be taken from a quark model (e.g., Table 3 of [36]:
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|ψ(0)|2 � 2.85/4π GeV3). This estimate yields the two-photon width of order of 10 keV,

which is substantially larger than VMD and already much closer to the values extracted from

the fit to the LbL data.

Certainly, the ongoing Run-3 measurements of both the di-J/ψ and γγ channels, with

increased resolution, will pin down the apparent conflict between the VMD and quark-model

expectations. The possible underestimation of the VMD compared to the fitting values can

be explained by the peculiar internal structure of the states, or, alternatively, by other exotic

resonances in the diphoton mass region from 5 to 10 GeV, which contribute to the observed

excess in the γγ channel.

In conclusion, we have shown that the new tetraquark state X(6900), observed by LHCb

Collaboartion in the di-J/ψ channel, as well as the other new states, observed recently by

CMS and ATLAS Collaborations, could, in principle, account for the observed excess in the

light-by-light scattering between 5 and 10 GeV. The inclusion of X(6900) brings the Standard
Model prediction in agreement with LbL data by fitting the X(6900) → γγ decay width.

The result presented in Table 1 exceeds the VMD estimates, but is roughly in agreement

with quark-model expectation of the fully-charmed tetraquark. Further measurements of the

LbL scattering in the 5 to 10 GeV diphoton-mass range with increased resolution are very

desirable to improve the precision and resolve these new states. The prospective double-

differential (or even triple-differential) measurements of a pair (or triplet) of the observables

depicted in Fig. 2 may provide additional information. Future measurements that allow for

the partial-wave analysis and the quantum-number assignment should be pursued by all of

the LHC collaborations.
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