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Experiments with ultrarelativistic collisions of he-
avy ions (AA), e.g., gold (AuAu) or lead (PbPb), at CERN
Large Hadron Collider (LHC) and BNL Relativistic He-
avy Ion Collider (RHIC) have provided ample evidence
for the creation of a new state of matter—the quark-gluon
plasma (QGP). The QGP is a high-temperature and den-
sity state of matter in which the fundamental partonic de-
grees of freedom, i.e., quarks and gluons, are manifest.
Theoretical interpretation of experimental results leads to
a picture of a sub-atomic size (∼ 10−14 m) droplet of dense
and strongly interacting matter, which can be successfully
described by macroscopic theory of fluid dynamics.

One of important experimental signatures of QGP
is the suppressed production of high-momentum hadrons
(ℎ) and jets ( 𝑗), which is a result of partonic rescattering
of high-momentum quarks or gluons in the QGP. The su-
ppression is quantified by the nuclear modification factor
𝑅

𝑗 ,ℎ

AA , with 𝑅AA < 1 indicating suppression. Much of the
recent experimental effort at the LHC has gone into cha-
racterizing emergent QGP properties as a function of the
size of the collision system. Peripheral AA collisions in-
volve a smaller number of nucleons 𝑁part and are labelled
by the larger centrality percentage in Fig. 1 (top). In most
peripheral AA collisions and proton-nucleus (𝑝Pb) colli-
sions with 𝑁part ∼ O(10) the partonic rescattering is not
conclusively established as shown in Fig. 1 (bottom).

Fig. 1 (top) The number of binary nucleon-nucleon
collisions as a function of participating number of

nucleons in minimum bias nucleus-nucleus,
proton-nucleus and centrality selected heavy-ion

collisions. (bottom) Measured hadron and jet
suppression relatively to 𝑝𝑝. Fig. from [1].
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Fig. 2 Hadron spectra modification in oxygen-oxygen
collisions relatively to 𝑝𝑝 with (blue) and without (red)

parton rescattering in the medium. Fig. from [1]

In our Letter [1] we demonstrated that the proposed
oxygen-oxygen collisions at the LHC will provide unpre-
cedented sensitivity to parton energy loss in a system
whose size is comparable to those created in very perip-
heral heavy-ion collisions. We performed next-to-leading
order calculations in perturbative QCD and showed that
𝑅AA baseline in the absence of partonic rescattering is
known with up to 2% theoretical accuracy in inclusive
oxygen-oxygen collisions (see Fig. 2). We further studied
a broad range of parton energy loss models [2] and we
found that the expected signal of partonic rescattering can
be disentangled from the baseline by measuring charged
hadron spectra in the range 20 GeV < 𝑝𝑇 < 100 GeV
as shown in Fig. 2. Therefore the special run of oxygen-
oxygen collisions at the LHC run 3 has high chance of
discovering partonic rescattering in such small collision
systems.
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