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Evidence for the light-by-light scattering process, yy — vy, in ultraperipheral PbPb
collisions at a centre-of-mass energy per nucleon pair of 5.02 TeV was reported by the
CMS Collaboration at the LHC based on a data sample corresponding to an integrated
luminosity of 390 ub'. Light-by-light scattering processes were selected from the events
in which only two photons are exclusively produced, each with transverse energy E 7‘5 >2
GeV, pseudorapidity | nY| < 2.4, diphoton invariant mass mYY > 5 GeV, diphoton
transverse momentum pp' <1 GeV, and diphoton acoplanarity below A <0.01. 14 events
were observed after all selection criteria, compared to expectations of 9.0 + 0.9 (theo)
events for the signal and 4.0 £ 1.2 (stat) for the background processes. The excess
observed in data relative to the background-only expectation corresponds to a
significance of 3.7 standard deviations and has properties consistent with those expected
for the light-by-light scattering signal. The measured fiducial light-by-light scattering
cross section, or;q(yy — vy) = 120 + 46 (stat) + 28 (syst) + 12 (theo) nb, is consistent
with the Standard Model prediction. The mYY distribution was used to set constraints on
the production of pseudoscalar axion-like particles via the yy — a — yy process in the
mass range m, = 5-90 GeV.
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1 Introduction

The axion is a hypothetical particle which was introduced to solve the strong CP problem of the
Standard Model and its mass depends on the coupling strengths to the Standard Model particles.
An extension of the idea leads to axion-like particles (ALPs) whose mass and coupling strengths
are free parameters. ALPs are not necessarily linked to the strong CP problem and arise in the
spontaneous breaking of a global symmetry. The mass and couplings of ALPs can span many
orders of magnitude. They can either be a component of dark matter or a mediator to a dark sector.

2 ALP at the LHC
Axion-like particles can be observed in ultraperipheral

interactions of ions [1], where the impact parameter is larger than ¥ 4
twice the radius of the nucleus. Accelerating ions at high energy a
produces strong electromagnetic fields which can be considered

as y beams. Since each photon flux scales with the square of the Y

ion charge Z?2, the yy final state scattering cross section in PbPb
Figure 1. Feynman diagram of

collisions are enhanced by a factor of Z* ~ 5-107 compared to 8 man
axion production via yy—a—yy.

the proton-proton and electron-positron interactions at the same
center-of-mass energy.

In the search for axion production (yy—a—yy), the dominant background comes from
three processes: light-by-light (LbL) scattering (yy—7yy); QED production of an exclusive
electron-positron pair (yy—e'e”), where the electron and positron are misidentified as photons;
and finally the gluon-induced central exclusive production (CEP) of a pair of photons (gg—yy).
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Figure 2. Feynman diagrams of background processes in the search for axion production.

3 Investigation of LbL scattering

Evidence for the LbL scattering process in ultraperipheral PbPb collisions at a centre-of-mass
energy per nucleon pair of 5.02 TeV was reported by the CMS Collaboration in Ref. [2]. The
analysis was conducted using a data sample corresponding to an integrated luminosity of 390
ub~!. The two dominant background processes which contribute to the reconstructed diphoton
final state in addition to LbL scattering were the QED dielectron and CEP diphoton productions.

Events with two exclusively produced photons each with transverse energy of E¥ > 2
GeV, pseudorapidity of | nY| < 2.4 were selected. The diphoton invariant mass had to satisfy
mYY > 5 GeV, and the diphoton transverse momentum pp' <1 GeV. The diphoton CEP and the
light-by-light scattering processes have different kinematic distributions. In the signal process,
the diphotons are produced almost at rest in the transverse plane, thus the final-state photons are
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emitted back-to-back, while CEP photon pairs are produced with larger momentum. The A <0.01
requirement on the diphoton acoplanarity significantly reduces the CEP background. Its rate was
normalised to match the data in the A > 0.02 region, where the contribution of the LbL signal
process is negligible.

PbPb 390 pb™ (5.02 TeV)

The QED dielectron production was
estimated from Starlight simulation [3]. Fig. 3
shows the comparison of the Monte Carlo
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After all selection criteria were applied, 14 events for theoretical and measured data.

were observed, compared to an expectation of 9.0 =

0.9 (theo) for the signal and 4.0 + 1.2 (stat) for the background processes, as illustrated on Fig. 4.
The measured ratio of the exclusive diphoton and dielectron yields is R = (25.0 +
9.6 (stat) + 5.8 (syst)) X 107°. The fiducial cross section is measured to be oria(Yy =
yy) = 120 + 46 (stat) + 28 (syst) + 12 (theo) nb and is consistent with the theoretical
prediction obtained from Startlight simulation.
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Figure 4. Distributions of the diphoton acoplanarity and for the region of A<0.1 the diphoton invariant mass.

Limits on the ALP production cross section : PbPb 390 Wb (5.02 TeV)
were set in the 1500-20 nb range over masses 10°F — Observed ~ CMS
. : F ---- Expected ]
between 5 and 90 GeV as shown in Fig 5. The [ 65% expected
derived exclusion limits were the best at the time of [ 95% expected

publication and were interpreted in the mass —
coupling strength plane assuming coupling only to
photons or via hypercharge also to Z bosons.
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Figure 5. Limits on the ALP production cross section.
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