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Measurement of 7°-hadron correlations relative to the event plane in semicentral
Pb-Pb collisions at ./syy = 5.02 TeV

D. A. H. Abdallah et al.*
(ALICE Collaboration)

® (Received 11 March 2026; accepted 4 June 2026; published 20 August 2026)

Per-trigger yields of w°-hadron correlations were measured in semicentral Pb-Pb collisions at /sxy =
5.02 TeV in ALICE at the CERN Large Hadron Collider. The reconstructed 7° — yy, with a transverse
momentum of 11 GeV/c < pp(m®) < 14 GeV/c, is used as the trigger particle to calculate yields of associated
charged particles on the near- and away-side. The photons are reconstructed using the ALICE Electromagnetic
Calorimeter, and the charged particles are measured in the ALICE central barrel within a pseudorapidity range
of || < 0.8. The yields are reported relative to the orientation of the 7° with the second-order event plane and
are background subtracted using the reaction-plane fit method. The data give an indication of a suppression
of the associated charged-particle yields near pr &~ 2 GeV/c when comparing out-of-plane to in-plane trigger
particles. At associated charged-particle pr > 3 GeV/c, no significant event-plane dependence is observed
within uncertainties. The results are compared with predictions from the JEWEL model, which implements jet
energy loss in an expanding medium. JEWEL predicts no significant modification of either the near- or away-side
associated yields, independent of whether medium recoils are included. The observed behavior may indicate the

presence of additional energy-loss mechanisms beyond those governed by path-length dependence.

DOI: 10.1103/tqpd-kwrt

I. INTRODUCTION

Quantum chromodynamics (QCD), the theory of the strong
interaction, predicts a transition from ordinary nuclear matter
to a deconfined state of quarks and gluons, referred to as the
quark-gluon plasma (QGP) [1]. Ultrarelativistic collisions of
heavy ions at the BNL Relativistic Heavy Ion Collider (RHIC)
and the CERN Large Hadron Collider (LHC) are able to reach
the temperatures necessary to create such a state and enable
the study of QGP properties [2,3].

During the very early stages of QGP formation, high-
energy quarks and gluons are produced from the initial hard
scatterings of the colliding nuclei. These partons interact with
the medium, fragment, and produce a shower of particles that
is referred to as a jet [4-6]. The interactions cause energy
loss and angular broadening of partonic showers, which are
hypothesized to be proportional to the path length through the
medium and fluctuations along the parton’s path [7,8]. As the
QGP created in semicentral collisions has significant spatial
anisotropies, it is expected that jets lose different amounts
of energy depending on their emission angle relative to the
second-order event plane W, [9-13] of final-state particles,
which approximates the reaction plane defined by the beam
axis and the collision impact-parameter vector [11-13].
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The medium-induced modification of jets, or jet quench-
ing, can be studied experimentally by identifying high
transverse momentum (pr) hadrons as a proxy for the jet
and measuring the yield of associated particles on the near-
and away-side of these trigger particles [14-25]. Here, the
near-side corresponds to the region in pseudorapidity 1 and
azimuthal angle ¢ that is correlated with the direction of the
parton shower containing the trigger particle. Conversely, the
away-side is the region in (7, ¢) where the high-pr recoil par-
ton is back-to-back in azimuthal angle to the trigger particle.
With sufficient energy loss, a suppression of trigger-associated
particle yields is expected at the near- and away-side, with
a possible dependence on their orientation relative to the
event plane that could indicate a path-length dependence. The
quenching of jets has been measured at RHIC and the LHC
using inclusive and semi-inclusive hadron and jet production
[26-29], correlations of dihadrons and dijets [30-36], as well
as various substructure measurements and modifications of jet
fragmentation functions [37,38].

One of the challenges of these measurements is the fact
that the particle multiplicity in jets is small compared with
the number of particles produced by hadronization of the
medium. Therefore, the measured trigger-hadron correlations
will include a significant combinatorial background, espe-
cially toward lower particle py. Methods to subtract this
background, such as the zero-yield-at-minimum (ZYAM)
method [39] and the reaction-plane fit (RPF) method [40-42],
attempt to subtract the momentum anisotropies due to the flow
of the background. In the case of the RPF method, this is
done by a simultaneous fit to the in-plane, midplane, and out-
of-plane distributions of the trigger-associated particle pairs
in Ag, where A is the azimuthal angle between the trigger

©2026 CERN, for the ALICE Collaboration
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and the associated particle. Then, after subtraction, the excess
yield of associated particles on the near- and away-side can be
obtained by integrating over the Ag distribution.

This paper presents the per-trigger yields of 7’-hadron
correlations in semicentral Pb-Pb collisions at ./syy =
5.02 TeV. The yields are obtained for both the away- and
near-side, as well as differentially for the trigger orientation
relative to the event plane. The results are compared with
model predictions from JEWEL [43-45].

II. EXPERIMENTAL SETUP

The ALICE experiment [46] at the LHC is a heavy-ion
detector optimized to handle high particle multiplicities over
a broad momentum range [47]. The subdetectors used for
the analysis presented in this paper are the Inner Track-
ing System (ITS) [48] and Time Projection Chamber (TPC)
[49] for charged-particle reconstruction, the electromagnetic
calorimeter (EMCal) [50] for neutral pions (n° — yy), and
the VO detectors [51] for event-plane determination. For more
information on the ALICE apparatus and its performance, see
Refs. [51-53]

The ITS [48] is a six-layer cylindrical silicon detector
around the nominal collision point of the experiment. The
first two layers are Silicon Pixel Detectors (SPDs), followed
by two layers of Silicon Drift Detectors (SDDs) and two
layers of Silicon Strip Detectors (SSDs). The TPC [49] is
a large-volume cylindrical gaseous detector that covers the
full azimuthal angle and [n]| < 0.9 in pseudorapidity. The
information from both the ITS and TPC detectors is used for
track reconstruction, covering a transverse-momentum range
of 0.15 GeV/c < pr <30 GeV/c and a pseudorapidity of
[n] < 0.9.

The EMCal [50] is a sampling calorimeter at a radial
distance of 4.28 m from the collision point, with an accep-
tance of |n| < 0.7 with 80° < ¢ < 187° plus 0.22 < |n| <
0.7 with 260° < ¢ < 320°. It provides an energy resolution of
0(E)JE = a ® b/E & c/E with parameters a = 1.4 £ 0.1,
b=9.5+0.2 GeV'?, and ¢ =2.9+0.9 GeV. A clusteri-
zation algorithm is used to aggregate the signal of nearby
towers into clusters from which the energy and position are
calculated. Photon-like clusters were selected above an energy
threshold of 2 GeV within 50 ns of the collision time. Addi-
tional background was suppressed by removing those clusters
that match with a charged-particle track as reconstructed by
the ITS and TPC.

The VOA and VOC [51] are forward scintillator detectors
located at pseudorapidities 2.8 < n < 5.1 and —3.7 <75 <
—1.7, respectively. Each detector has 32 channels, built up
from four concentric rings with eight sectors in azimuthal an-
gle. The sum of the amplitudes measured in the VO detectors
is used to define the centrality classes in Pb-Pb collisions. Fur-
thermore, the VOA is used for calculating event-plane angles.

III. ANALYSIS METHODS

The Pb-Pb data used for the analysis were taken during
2015 and 2018, at a center-of-mass energy per nucleon-
nucleon pair of ,/sny = 5.02 TeV. During both runs, the
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FIG. 1. Diphoton invariant mass distribution up to 0.8 GeV/c?
before and after subtraction of the combinatorial background, for
pair momenta 11 GeV/c < pr < 14 GeV/c. The orange and green
vertical dashed lines indicate the 7° and selected sideband mass
windows, respectively.

level-1 y-trigger of the EMCal was used to trigger on events
that contain a high-momentum photon with a minimum en-
ergy threshold of 10 GeV [54]. The analysis uses the data
from this trigger as well as from the default minimum-bias
trigger, which requires coincident signals in the VOA and
VOC. Furthermore, events are required to have 30%-50%
collision centrality and a primary vertex within £10 cm of
the nominal interaction point along the beam line (z direction).
Out-of-bunch pile-up was removed by utilizing the correlation
between the number of hits in the ITS and TPC detectors.
After applying all these event-selection criteria, 1.68 mil-
lion EMCal level-1 triggered events as well as 60.8 million
minimum-bias triggered events are used for the analysis.

A. Neutral pion and charged-particle reconstruction

Neutral pion (7°) candidates are reconstructed in the
two-photon decay channel 7° — yy by calculating the
invariant mass of EMCal cluster pairs using M,, =
\/2E1,1Ey2[1 — cos(0y1y2)]. Here, E,| and E,, are the ener-
gies of the photon-like clusters 1 and 2, respectively, and 0, 1,»
is the opening angle between the clusters. The minimum en-
ergy of the clusters considered is 2 GeV, and clusters too close
to the border of the calorimeter are rejected due to possible
incorrect energy measurement from losses at the edge. The
79’5 are selected with a transverse momentum of 11 GeV/c <
pr < 14 GeV/c. The 7¥ signal is an excess yield on top of a
combinatorial background, see Fig. 1. The shape of the peak
and combinatorial background are estimated using Gaussian
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and polynomial fit functions, capturing both the shape of the
signal and the background. Note that the n meson is visible
around M,,, = 548 MeV /c?, which is fitted with a Gaussian
but otherwise not used in any part of the analysis other than
extending the fit range of the background. The mean (jt0) and
width (o;0) of the fit are used to define the integration range
of the signal, where (1,0 & 20,0) is the default.

The charged particles, as reconstructed by the ITS and
TPC, require at least one hit in the SPD. The yield of charged
particles is corrected for finite track reconstruction efficiency
using Pb-Pb events that are simulated using the HIJING
Monte Carlo generator in combination with the GEANT3
particle-transport code [55,56]. The efficiency is parametrized
two-dimensionally as a function of py and n and is on the
order of 80% at |n| < 0.5, and decreases to about 70% for
larger |n|.

B. Event-plane determination

A collision of heavy ions with a nonzero impact parameter
typically creates an almond-shaped, or anisotropic, overlap
region. The plane spanned by connecting the two centroids
of the nuclei with the beam axis is commonly referred to as
the reaction plane, and is experimentally not directly acces-
sible. However, we can determine the nth-order event-plane
angle using the directions of the final-state particles in the VO
detectors from

1
W, = — arctan ( (D
n

>w; sin(ngo,))
Y wicos(ng;) )’

Here, ¢; and w; are the azimuthal angle and signal weight,
respectively, of the ith segment of the VOA detector [53,57].
For n = 2, W,, the second-order event plane, is the experi-
mental proxy for the reaction plane. The directions parallel
and perpendicular to this plane are referred to as in-plane
and out-of-plane angles, respectively, which are the angles of
greatest interest for this analysis. Furthermore, the direction
of the 7 trigger with respect to W, is used to distinguish
the cases for which the trigger is in, mid, or out of plane.
Each of these directions is defined by a region of £30° in ¢
with respect to W,, where the midplane is between the in- and
out-of-plane windows.

To account for the finite resolution of the W, [58], we de-
fine the experimental resolution of the mth-order event plane
for a v, = (cos[n(¢p — ¥,)]) flow term as

Ry, i = (cos [n(Wpes — wimh)]), )

m

with the brackets denoting the average over all events. This
can be used to associate the measured values of anisotropic
flow coefficients v,, to their true values via

meas
n

= Rn,m Utmth (3)

n .

v

The event-plane resolutions can be determined by measur-
ing the correlation between event-plane angles from different
subdetectors, specifically over different ranges in 7. In this
analysis, we determine the event-plane resolution of the VOA
event-plane angles using the A-side (n > 0) and C-side (n <
0) of the TPC. An average value of R, , = 0.7712 £ 0.0003

is used to calculate the correction on the ratio of out-of-plane
over in-plane yields of 7°-hadron correlations.

C. n’-hadron correlations

The angular correlations between 7° candidates and

charged-particle tracks are measured as a function of the
An and Ag of each pair, as well as the pr of the associated
charged particle and the angle between the 7° trigger and
the second-order event plane. Furthermore, the acceptance
of the ALICE detector geometry is corrected using the
event-mixing technique. The mixed-event correlations are
calculated between m°-hadron candidates, where the 7°
and associated charged hadrons are explicitly from different
events. The events used for mixing are matched in terms
of event-plane angle, centrality, and position of the event
vertex. The mixed-event correlation function [ME(An, Ap)]
is normalized such that its maximum value is unity, and
any ¢ dependence in the tracking efficiency cancels in this
approach. The correlation between ° candidates and charged
particles from the same event [SE(An, Ag)] is divided by
those from the mixed events, and as such, the correlation
function C(An, Ag) is defined as

SE(An, Ag)

C(An, Agp) = .
(An, Agp) ME(A). Ag)

“)

These correlations are projected onto the Ag axis in two
regions of An, namely, the near-An (|An| < 0.8) region that
includes the near-side jet peak, and the far-An (0.8 < |An| <
1.35) region where the impact of jet effects is negligible for
|Ap| < /2.

As the 79 candidates have contamination from combi-
natorial pairs of EMCal clusters, there is a background
contribution to C(An, Ag). Therefore, the measured correla-
tion functions of both signal (Cg;g) and background (Cyyg ) are
related via the purity P = Ngig/(Nsig + Npkg) of the sample via

1

1 1
C=P—C 1 — P)—Cpkg, 5
Ntrig Nsig sig + ( ) kag bkg ( )

where Nyig, Nyig, and Nyyg, are the number of 79 candidates
in the total measured, signal, and background region, respec-
tively. As the background cluster pairs may have different
correlations with charged hadrons, this effect must be cor-
rected for an accurate measurement of 77’-hadron correlations.
To do this, the correlations between background cluster pairs
and hadrons are studied using cluster pairs from a sideband
region in the diphoton invariant mass, indicated by the green
lines in Fig. 1, wherein the pairs are assumed to be purely
combinatorial. For high-pr cluster pairs, the lower invariant-
mass range is kinematically excluded by the effect of cluster
merging, which prevents constructing a sideband on the left
side of the 7°, as can be seen in Fig. 1. To accommodate
for this, the correlations with the upper-mass sideband are
studied as a function of invariant mass and extrapolated to
the 7%-mass region. Having obtained the correlations from
the background, the true 7°-hadron correlations are extracted
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FIG. 2. Distributions of 7°-hadron correlations as a function of Ag in Pb-Pb collisions at JSnn = 5.02 TeV, for inclusive, in-, mid-,
and out-of-plane orientations of the °-trigger with respect to the event plane. The near-An (|An| < 0.8) region that includes the near-side
jet peak is shown in blue markers, and the far-An (0.8 < |An| < 1.35) region is shown in red markers. The associated charged hadrons
have 1.5 GeV/c < p§**° < 2.5 GeV/c. The flow background is fitted using the RPF method and shown by the colored solid lines, where the

thickness of the line is the statistical uncertainty of the fit.

|

D. Subtraction of anisotropic flow

using the following equation:

1 &N
]vlrig dAﬂdA<ﬂ

1
P

1
C—(1—-P)—C i|
]Vlrig kag £

(6)

In heavy-ion collisions, the spatial anisotropies of the ini-
tial state are transformed into momentum-space anisotropies
of the final-state particles, which are referred to as anisotropic
flow. The particle correlations that arise from this are a domi-
nant background when measuring trigger-hadron correlations
in (An, Ap). In addition, the trigger particle may have cor-
relations with the symmetry planes of the event due to the
energy loss being different in and out of plane. When restrict-
ing the trigger particles to a specific angular range with respect
to the event plane, the subtraction of this background becomes
even more important.

The reaction plane fit method (RPF) is used to subtract the
contribution from the anisotropic flow of the underlying event
[40,41]. This method employs a simultaneous fit of the flow
coefficients v, for both the associated particle (v,***°°) and the

trigger particle (v,") using

dn -

T B|:1 + Xn: Doy trie cos(nA<p):|, )
where Ag is the azimuthal angle between the trigger and
associated hadron, B is an overall normalization factor, and
n is an integer up to n = 4. v3*°° is expected to be close to
the charged particle v,. A similar statement can be made for
vy'¢, which is consistent with flow measurements at higher
transverse momentum. The v; parameter is fixed to the results
from an independent measurement [59] to improve the fit
quality. For the higher harmonics, instead of fixing the RPF
parameters to those of independent measurements, we choose

to fit the parameters in the far An region with |Ag| < 7 /2,

where jet-induced trigger-hadron correlations are expected to
be negligible.

Figure 2 shows the distributions of 77°-hadron correlations
as a function of Ag in Pb-Pb collisions at ,/syy = 5.02 TeV,
for associated charged hadrons within the transverse-
momentum range 1.5 GeV/c < pF**° < 2.5 GeV/c. The dif-
ferent panels show the results for inclusive, in-, mid-, and
out-of-plane orientations of the 7 -trigger with respect to the
event plane, with the background fitted using the RPF method.
It shows a significant Ap modulation that is expected from the
magnitude of anisotropic flow coefficients v,,.

The resulting 7°-hadron correlations after subtracting the
background are shown in Fig. 3, for associated charged
hadrons within the transverse-momentum range 1.5 GeV/c <
PP < 2.5GeV/c and |An| < 1.5. For each of the event-
plane orientations of the 7°-trigger the Ag distributions have
a significant peak on the near-side, while the peaks on the
away-side are less significant, especially for midplane and out
of plane.

E. Yield of away-side and near-side correlations

In general, a direct hard-scattering component of the
m%-hadron correlations appears as a back-to-back signal in
the azimuthal angle ¢. We therefore expect this to manifest
as an excess of the yield of associated charged hadrons on
the away-side and near-side, relative to the direction of the 70
trigger. These peaks are studied quantitatively by calculating
their yields and widths. The yield is calculated using a double
integral in An and Ag as

=
An J Agp

For the near-side peak, the Ag limits are —m /3 rad <
Agp < m/3rad. For the away-side peak, the limits are
2r /3 rad < Ag < 4m /3 rad. Since the far-An region on the
near-side is used to calculate the background with the RPF,
that region is not used in order to avoid autocorrelation

1 d’N

————d(A@)d(An).
Neww d(And(Ag) APIAD

®)
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FIG. 3. Background-subtracted distributions of 77°-hadron correlations as a function of Ag in Pb-Pb collisions at /sxy = 5.02 TeV for
inclusive, in-, mid-, and out-of-plane orientations of the 7° trigger with respect to the event plane. The associated charged hadrons have

1.5 GeV/c < p¥*° < 2.5 GeV/c.

effects. Therefore, the An limits for the near-side are given
by |An| < 0.8, and on the away-side by |An| < 1.35.

Furthermore, uncertainties of the RPF parameters intro-
duce uncertainties on the extracted yield via changes in the
background subtraction. This uncertainty on the yield is la-
beled the RPF uncertainty and is calculated by varying the
RPF parameters according to their covariance matrix. The
RPF uncertainty is reported as a separate statistical uncer-
tainty on the yield of 7°-hadron correlations.

IV. SYSTEMATIC UNCERTAINTIES

The systematic uncertainties related to the extracted yield
of 7%-hadron correlations on the near-side and away-side are
listed in Table I for the inclusive, in-plane, midplane, and
out-of-plane trigger orientations. Table II shows the system-
atic uncertainties for the yield ratios of out of plane to in
plane, which are calculated directly on the ratio, taking into
account the correlations and are found to partially cancel.
The systematic uncertainties are indicated by a range that
corresponds to the minimum and maximum size of the respec-
tive uncertainty as a function of p3*°°. The total systematic
uncertainty of the measurement is calculated by treating the
separate contributions as uncorrelated and adding them in

quadrature. The sources of systematic uncertainties will now
be discussed briefly.

Purity of the m°-trigger. As the 7° candidates are re-
constructed from two photon-like clusters, they contain a
combinatorial background from random pairings. The system-
atic uncertainty of the purity is obtained by varying the fit
functions and fit range of the M,,,, distribution of Fig. 1. The
yields on the away-side and near-side have been recalculated
using the variations in purity, of which the rms is taken as
the systematic uncertainty. The relative systematic uncertainty
assigned to this source is at most 7%.

n0-trigger sideband subtraction. The correlation Coig 1s €5-
timated by changing the sidebands in the M, ,, invariant-mass
distribution, shown as green dot-dashed lines in Fig. 1. This
sideband has been varied, as well as the methods to extrap-
olate to the 7°-mass region. This relative uncertainty ranges
from 1%—-27%, depending on the event-plane orientation and
pT*°°, and is overall slightly higher on the near-side.

An and Ag selection. The range in An that defines the
near-side is by default chosen to be |An| < 0.8 and, for the
away-side, |An| < 1.35. Since the yields are normalized to
An, any variation due to this choice is corrected for. However,
depending on the range, it is possible to either include or
exclude regions of true 7% hadron correlations. As such, An

TABLE I. Sources of relative systematic uncertainties for the yield of near-side (JAn| < 0.8) and away-side (|An| < 1.35) 7°-hadron
correlations in Pb-Pb collisions at ,/sxy = 5.02 TeV, for the inclusive, in-, mid-, and out-of-plane orientations of the 7%-trigger with respect

to the event plane.

near-side away-side

inclusive in plane midplane out of plane inclusive in plane midplane out of plane
70 purity 1%-5% 1%-1% 1%—6% 1%—-5% 0%—5% 0.5%—6% 0.5%-5% 0%—-3%
Sideband subtraction 3%—18% 2%—14% 3%—-27% 2%—-17% 1%—-16% 3%—8% 2%—-26% 2%-10%
An selection 7%—20% 13%—-25% 149%-23% 13%—-24% 5%—-14% 13%—22% 15%—-27% 17%-21%
Ay selection 0.5%—-4% 0.5%-3% 0.5%—6% 0.5%-3% 3%-17% 3%—-17% 3%-18% 49%—14%
1)2trig treatment 0%—1% 0%—7% 0%—6% 0%—17% 0%—1% 0%—-10% 0%—8% 0%—-18%
v, "8y, 5¢ calculation <1% <1% <1% <1% <1% <1% <1% <1%
Tracking efficiency 4% 4% 4% 4% 4% 4% 4% 4%
Total 13%—-25% 18%—27% 19%—-34% 15%-31% 9%—23% 18%—26% 18%—42% 15%—28%
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TABLE II. Sources of relative systematic uncertainties for the ratio of out-of-plane over in-plane yields of 7°-hadron correlations on the

near-side (|An| < 0.8) and away-side (|An| < 1.35).

near-side

away-side

P <4 GeV/e

P >4 GeV/e

p%:ssoc <4 GeV/C pe_i_ssoc >4 GCV/C

70 purity 1%-3%
Sideband subtraction 2%—11%
An selection 12%-17%
Ag selection 4%—6%
v, treatment 1%-11%
v, 2% calculation <1%
Tracking efficiency <1%
Event-plane res. corr. 1%—-4%
Total 13%-35%

1%-3%
1%-3%
1%—-13%

3%—-14%

1%-5% 1%—-4%
4%—-17% 3%—-12%
109%—-50% 6%—11%
1% 6%—-10% 1%—-4%
<1% 4%-33% 1%
<1% <1% <1%
<1% <1% <1%
1% 1% 1%
26%—65% 6%—16%

and Ag have been varied, and the effect on the associated
charged-hadron yield has been calculated. At most, these rel-
ative uncertainties are 27% for An and 18% for Ag.

RPF method. The fit parameters of the RPF method, which
vary as a function of p§*°°, have uncertainties that directly
propagate to an uncertainty in the 7°-hadron correlations
and have been accounted for in the statistical uncertainty
of the measurement. However, the choice of fixing the fit
parameters using input from independent measurements is a
source of systematic uncertainty. The variations include fixing

the v,"® parameters to values found with the RPF at lower
trig

v,%%°¢, where the v, © is the same, but with better statistical
precision. The v; parameter is estimated from independent
measurements [59], whose uncertainty is propagated here.
The assigned relative systematic uncertainty for the v, treat-
ment is at most 17% for out-of-plane yields, and the relative
iy 8550¢ yncertainty is negligible (<1%).

Charged-particle tracking efficiency. The relative uncer-
tainty on the tracking efficiency of charged-particle tracks
amounts to 4% and results in a scale uncertainty on the yields
of %-hadron correlations. This uncertainty has been obtained
by varying the tracking parameters that are used for charged
tracks matched between the ITS and TPC. In addition, the
event-plane dependence of the tracking efficiency has been
studied and found to be negligible.

Event-plane resolution. The event-plane resolution varies
slightly with centrality, on the order of +10% from the mean
centrality (40%) to more central and peripheral collisions.
A variation on R, , of 4% was chosen, and the effect on
the %-hadron yields was used to calculate the corresponding
relative systematic uncertainty. It was found to be at most 4%
at low pT°° on the near-side, and 1% for higher p3®*°° on the
away-side.

Yy

V. RESULTS

The yields of w%-hadron correlations on the near-side
and away-side in Pb-Pb collisions at ,/syy = 5.02 TeV are
shown in Fig. 4 as a function of p3*°® for in-, mid-, and
out-of-plane orientations of the *-trigger. The 7° candidates
were reconstructed with a transverse momentum within the
range 11 GeV/c < pr < 14 GeV/c. For the near-side, the

difference in pseudorapidity of the pairs is |[An| < 0.8, while
for the away-side, it is |An| < 1.35. The RPF method is used
to subtract the anisotropic flow background for each interval
in p7*°°. The results for both near- and away-side follow a
steeply falling spectrum, with mostly insignificant changes in
the yield for the different event plane distinctions at a given
pT°°. Note that the RPF uncertainty for p3*° =1.5-2.5
GeV/c on both the near and away side is much larger than
for any of the other bins. Here, the variations of the RPF pa-
rameters, specifically the flow coefficients (v3*°°), introduce
a large variation on the extracted yield.

The event-plane dependence is studied by comparing the
ratio of the yields for out-of-plane trigger orientations to
in-plane trigger orientations. This is done for the near-side
and the away-side peaks, with the results shown in Fig. 5.
Note that the event-plane resolution correction, as calculated
by Eq. (3), is applied on these ratios, and systematic uncer-
tainties partially cancel in the ratio. A deviation from unity
might indicate an event-plane dependence of trigger-hadron
measurements. In particular, suppression at higher p§**°° could
indicate event-plane-dependent jet-energy loss, especially on
the away-side. Such energy loss could also produce a ratio
above unity at lower p7°° due to energy conservation, as seen
in the analysis of jet-hadron correlations in Au-Au and pp col-
lisions in Ref. [16]. The results are generally consistent with
unity, except at p7*°° = 1.5-2.5 GeV//c for both the near-side
and away-side peaks, where the ratios are below unity with
a x? of 16.65 (4.080) and 14.42 (3.800), respectively. This
possibly indicates path-length-dependent energy loss that has
a larger impact on charged particles at lower pT°°°, because,
on average, particles produced out of plane traverse a longer
path-length in the medium than particles produced in plane.
These observations are consistent with Ref. [20].

In addition, the results are compared with predictions made
using the JEWEL 2.2.0 model, for the interaction of jets
with the QGP medium [44,45]. The JEWEL model was run
to match the experimental conditions and produce the same
observable, using the two main modes of JEWEL, which
are referred to as JEWEL without recoils and JEWEL with
recoils. The difference between the modes is whether the
recoiling partons from the jet’s interaction with the medium
are saved into the event to participate in hadronization with
the jet. JEWEL with recoils should properly simulate the
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FIG. 4. Yield of near-side (|An| < 0.8) and away-side (|An| < 1.35) 7°-hadron correlations as a function of p¥** in Pb-Pb collisions at
J/Sxn = 5.02 TeV, for the in-, mid-, and out-of-plane orientations of the 77 °-trigger with respect to the event plane. The data points are slightly

displaced for visibility.

conservation of the jet’s lost energy, but introduces a nontrivial
background not present in JEWEL without recoils. For both
the near-side and the away-side, JEWEL predicts no signif-
icant deviation from unity, consistent with the measurement
within the uncertainties. However, the data exhibit a stronger

suppression at p7*°° = 1.5-2.5 GeV/c.
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VI. CONCLUSIONS

The per-trigger yields of 7°-hadron correlations are pre-
sented in this paper for semicentral Pb-Pb collisions at
VS\N = 5.02 TeV. The n%-trigger was reconstructed using
its decay into two photons and with a transverse momentum of
11 GeV/c < pr < 14 GeV/c. The yields are reported relative
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FIG. 5. Ratio of out-of-plane over in-plane yields of °-hadron correlations on the near-side (|An| < 0.8) and away-side (JAn| < 1.35),

as a function of p™*° in Pb-Pb collisions at ,/sny = 5.02 TeV.

024002-7



D. A. H. ABDALLAH et al.

PHYSICAL REVIEW C 114, 024002 (2026)

to the orientation of the 7 -trigger with the second-order event
plane, and are background subtracted using the reaction-plane
fit method.

The out-of-plane and in-plane yields are fully consistent
within 1o for p3¥°° > 2.5 GeV/c, on both the near-side and
the away-side. At lower p$*°°, the correlations exhibit a de-
viation from unity that indicates an event-plane dependent
suppression. However, JEWEL predicts minimal event-plane
dependence and does not deviate from unity by more than
a few percent. This might indicate there are other signifi-
cant sources of energy loss besides the component related
to its path length. The effects at lower momenta should be
explored by using model calculations that propagate a full par-
ton shower in an event-by-event hydrodynamical simulation.
Additionally, future measurements using a prompt photon
as the trigger particle are expected to be less susceptible
to jet-selection biases and could therefore exhibit a stronger
event-plane dependence. Such measurements would provide
a more precise comparison with increasingly comprehensive
theoretical models, thereby offering improved sensitivity to
the path-length dependence of parton energy loss.
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