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It was discussed how planned facilities may provide new information on 𝛾𝛾 → 𝛾𝛾 scattering in
UPC of heavy ions. In some regions at the phase space, the hadronic excitation of both photons
could be seen as a 10% modification of the cross section with respect to the calculations with only
boxes. Identification of this mechanism at FoCal would be interesting and would allow to verify
the concept of the VDM-Regge experimentally. We also conclude that the ALICE 3 infrastructure
will be useful to observe 𝛾𝛾 → 𝛾𝛾 process in a new domain of energies and transverse momenta.
The two-𝜋0 background was presented. This contribution can be eliminated by imposing dedicated
cuts on diphoton transverse momentum and vector asymmetry.

42𝑛𝑑 International Conference on High Energy Physics (ICHEP2024),
17-24 07 2024
Prague, Czech Republic

∗Speaker

© Copyright owned by the author(s) under the terms of the Creative Commons
Attribution-NonCommercial-NoDerivatives 4.0 International License (CC BY-NC-ND 4.0). https://pos.sissa.it/

mailto:pawel.jucha@ifj.edu.pl
mailto:mariola.klusek@ifj.edu.pl
mailto:antoni.szczurek@ifj.edu.pl
https://pos.sissa.it/


P
o
S
(
I
C
H
E
P
2
0
2
4
)
6
3
5

Study of 𝛾𝛾 → 𝛾𝛾 processes in UPC with future FoCal and ALICE 3 detector Antoni Szczurek

1. Introduction

The huge collision energies and strong electromagnetic fields that accompany heavy-ion collisions
at the LHC favor the observation of rare processes. In 2017, the ATLAS experiment was the first
to present results demonstrating the occurrence of light-by-light (LbL) scattering in ultraperipheral
heavy-ion collisions [1]. However, contemporary detectors are capable of measuring photons in
the transverse momentum range above 2 GeV [2], where the main contribution is fermionic loops.
The future ALICE FoCal [3] and ALICE 3 [4] detectors offer opportunities to investigate also other
processes, which we considered in our last paper [5].

2. Theory and predictions

Apart from the continuum process associated with the fermionic loop, typical for light-by-light
scattering, other mechanisms are also considered. Their diagrams are shown in Figure 1. In the last
work, special emphasis was placed on the VDM-Regge process described by the amplitude:
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and its interference with the fermionic loops. The results are presented in Figure 2.

(a) (b) (c)

(d) (e) (f)

Figure 1: Feynman diagrams of the LbL scattering mech-
anisms: (a) fermionic loops, (b) VDM-Regge, (c) 2-gluon
exchange, (d) low-mass resonances in the s-channel, (e) 𝜋0

resonance in the t-channel, (f) two-𝜋0 background.
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Figure 2: The ratio of the coherent (blue) and incoher-
ent (red) sum of the box and VDM-Regge contributions
divided by the cross section for the box contribution alone
for W = 5 GeV.

The formalism for the nuclear cross section is based on an equivalent photon approximation. The
cross section for particle production due to interactions of two photons is given by the formula:
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where 𝜎𝛾𝛾→𝑋1𝑋2 (𝑊𝛾𝛾) is the elementary cross section, which is a measure of the probability of
producing particles with energy 𝑊𝛾𝛾 for interacting photon beams, 𝑁 (𝜔𝑖 , 𝑏𝑖) describes the photon
flux which is dependent on the charge form factor of the nucleus. Figure 3 shows nuclear cross
section results of calculations for FoCal detector. In Figure 4 results for ALICE 3 predictions are
presented.
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Figure 3: Results for the FoCal detector in association
with mid-rapidity ALICE detector. For 𝑀𝛾𝛾 ≈ 10 GeV the
VDM-Regge is about 10% of the main continuum contri-
bution. Distribution for UPC of lead-lead collision energy
√
𝑠𝑁𝑁 = 5.02 TeV.
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Figure 4: Results for the ALICE 3 experiment at lead-
lead collision energy √

𝑠𝑁𝑁 = 5.02 TeV. The low invariant
mass measurement gives opportunity to measure light me-
son resonances.

3. Conclusions

Recent studies show the impact of interference between the LbL scattering continuum and the VDM-
Regge. The VDM-Regge process is essential for |cos𝜃| ≈ 1, and its influence is rather destructive for
coherent sum. Also, the predictions for future experiments were calculated. Measuring photon at
low 𝑀𝛾𝛾 and 𝑝𝑡 ,𝛾 , a kinematical region currently unavailable, but planned with the FoCal detector
and ALICE 3 experiment shows the potential to investigate LbL scattering mechanism that have
not been verified. LbL scattering is a relatively new topic in experimental physics. Our predictions
indicate that new mechanisms are both theoretically and experimentally demanding. Nevertheless,
the planned expansion of existing detectors or the construction of new ones creates an unique
opportunity to verify the picture.
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