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Abstract

This note presents supplemental information for the paper “Measurement of the angle between jet
axes in Pb–Pb collisions at

√
sNN = 5.02 TeV” [1]. The first measurement of the angle between

different jet axes, denoted as ∆Raxis, is presented in Pb–Pb collisions. The measurement is carried
out in the 0–10% most-central events at

√
sNN = 5.02 TeV. Jets are assembled by clustering charged

particles at midrapidity using the anti-kT algorithm with resolution parameters R = 0.2 and 0.4, for
jet transverse momenta 40 < pch jet

T < 140 GeV/c and 80 < pch jet
T < 140 GeV/c, respectively.

*See Appendix A for the list of collaboration members
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1 Track selection

The tracks used in the measurement fall under two categories: 1) tracks that are required to include ≥ 1
hit in the silicon pixel detector (SPD) of the ITS, ≥ 70 (out of 159) TPC space points, and ≥ 80% of
the geometrically findable space points in the TPC [2], and 2) tracks that do not contain SPD hits but
otherwise satisfy the track-selection criteria and are refitted with a constraint to the primary vertex. The
combined sample is approximately uniform in azimuth, and preserves similar pT resolution to tracks
with SPD hits. Additional track selection criteria can be found in Refs. 3–5.

2 Soft Drop grooming

The first step to groom a jet of resolution parameter R with Soft Drop [6] is to recluster it with the
Cambridge–Aachen (C/A) algorithm [7, 8]. This algorithm clusters particles based on their spatial sepa-
ration (in the y–ϕ plane) without taking into account their energies/momenta. Particles closest in distance
are clustered first, which results in an angular-ordered clustering sequence. In this analysis, a recluster-
ing resolution parameter R is used. Then, the resulting tree is recursively declustered starting from the
widest splitting, checking at each splitting the Soft Drop condition:

min(pT,1, pT,2)

pT,1 + pT,2
> zcut

(
∆R1,2

R

)β

. (1)

Here, zcut and β are user-set parameters, pT,1 and pT,2 are the transverse momenta of the two prongs in
the splitting, and ∆R1,2 is the angular distance between them. If the condition is not satisfied at a given
splitting, the softer branch is dropped (removed from the jet), and the procedure continues in the next
splitting. When the condition is met, the Soft Drop grooming procedure is concluded, and the remaining
tree defines the groomed jet. This procedure is illustrated in Fig. 1. In this analysis, the grooming
parameters (zcut,β ) used are (0.1,0) and (0.2,0).
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Fig. 1: Illustration of the Soft Drop grooming procedure [6]. Left: a jet of resolution parameter R has been
reclustered with the C/A algorithm, thus resulting in an angular-ordered tree. The jet is declustered and, in the first
splitting, the Soft Drop condition (see equation 1) is checked. Center: in this case, the splitting from the left panel
does not satisfy the condition and the softer (lower-pT) branch is dropped (gray color). Then, the next splitting
following the harder branch is checked, and in this case the Soft Drop condition is satisfied. Right: the remaining
tree (turquoise color) defines the groomed jet.
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3 Systematic uncertainties

The systematic uncertainties considered are: from uncertainty on the tracking efficiency, from generator
model dependence, from the unfolding procedure, from background-subtraction bias, and from residual
effects of combinatorial jets. Tables 1 and 2 summarize the ranges of the different uncertainties for jets
of R = 0.2 and 0.4, respectively. In the 40 < pch jet

T < 60 GeV/c interval, the subtraction systematic
is dominant. Elsewhere, different sources dominate in different regions. The procedure followed to
quantify these uncertainties is described below. All uncertainties are symmetrized. The total uncertainty
is determined by adding the uncertainties from the different sources in quadrature.

Table 1: Range of the estimated value of relative systematic uncertainties in % for jets of R = 0.2. The unfolding,
tracking efficiency, generator, combinatorial-jet, and subtraction-bias systematic uncertainties can be found in the
columns labeled Unf., Trk. Eff., Gen., Comb. Jets, and Sub., respectively. In the case of the groomed observ-
ables, the grooming parameters are specified as (zcut, β ). The displayed uncertainties correspond to the lowest and
highest values for a given setting.

pch jet
T (GeV/c) observable Unf. Trk. Eff. Gen. Comb. Jets Sub. total

WTA–Standard 1–8 0–8 1–9 1–16 3–49 4–53
40, 60 WTA–SD (0.1, 0) 1–8 0–8 1–7 1–15 3–49 4–52

WTA–SD (0.2, 0) 1–8 0–8 2–8 0–13 1–54 6–56
WTA–Standard 0–4 0–6 1–6 1–14 1–13 3–20

60, 80 WTA–SD (0.1, 0) 1–5 0–4 1–4 0–15 1–15 3–21
WTA–SD (0.2, 0) 1–8 0–5 1–9 1–13 1–15 4–21
WTA–Standard 1–5 1–6 1–3 0–4 1–4 2–9

80, 100 WTA–SD (0.1, 0) 1–5 0–7 1–6 1–4 0–10 2–15
WTA–SD (0.2, 0) 2–9 1–4 1–14 0–5 2–11 3–20
WTA–Standard 1–3 0–7 1–9 0–5 0–8 4–14

100, 140 WTA–SD (0.1, 0) 1–5 1–6 1–12 0–12 2–10 4–18
WTA–SD (0.2, 0) 1–10 1–9 2–12 0–3 1–9 6–20

Table 2: Same as Table 1 for jets of R = 0.4

pch jet
T (GeV/c) observable Unf. Trk. Eff. Gen. Comb. Jet Sub. total

WTA–Standard 2–8 1–2 2–17 1–20 1–5 11–25
80, 100 WTA–SD (0.1, 0) 3–9 1–7 8–13 5–25 3–13 11–32

WTA–SD (0.2, 0) 2–13 5–8 5–23 9–41 2–16 16–50
WTA–Standard 1–9 0–24 2–28 1–43 1–31 4–61

100, 140 WTA–SD (0.1, 0) 2–10 1–19 2–26 1–44 3–29 8–59
WTA–SD (0.2, 0) 2–11 1–19 2–41 3–34 1–24 19–49

The tracking-efficiency uncertainty for hybrid tracks in ALICE is determined to be in the range of 3–4%
from track-selection variations and potential imperfections in the ITS–TPC matching efficiency descrip-
tion in simulations. To estimate the uncertainty related to this effect, the analysis is repeated by unfolding
the measured results with a response matrix constructed after randomly rejecting an additional 4% of
tracks before jet finding. The bin-by-bin differences between the main result and the result obtained with
this response matrix are assigned as an uncertainty.

The corrections applied in the analysis are based on PYTHIA 8 simulations embedded in Pb–Pb mea-
sured events. To assess the dependence of the results on the choice of this event generator, the analysis
is repeated using response matrices (RM) constructed from two other event generators: JEWEL [9] with
parameters from Ref. 10 and Herwig 7 [11] (default tune). The RMs for these generators are constructed
from a fast simulation that applies three operations on the generated particles: an acceptance selection
(|η | < 0.9), an efficiency selection, and a Gaussian smearing of the transverse momentum. The effi-
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ciency selection and transverse-momentum smearing are implemented by interpolating the single-track
efficiency and track pT resolution from the ALICE GEANT 3 simulation [4]. The bin-by-bin differences
between the final distributions unfolded with these alternative RMs to the PYTHIA 8 case are assigned
as uncertainties. The individual uncertainties are combined into a ‘generator’ uncertainty by calculating
their standard deviation, σ :

σ ≡

√
1
N

N

∑
i=1

σ2
i , (2)

where σi corresponds to the sizes of individual uncertainties.

The uncertainty from the unfolding procedure is estimated by carrying out several variations, which
were chosen following the analysis in pp collisions [12]. Differences between each of these variations
and the nominal result are taken as uncertainties. The individual uncertainties are combined into a total
‘unfolding’ uncertainty by calculating their standard deviation (see Eq. 2).

An uncertainty for the systematic bias introduced by the choice of parameters used for the event-wide
constituent subtraction is estimated by repeating the analysis two times, with different parameter choices:
an undersubtraction (∆Rmax = 0.05 (0.1) for R = 0.2 (0.4)) and an oversubtraction (∆Rmax = 0.5 (0.7) for
R = 0.2 (0.4)) around the nominal case (∆Rmax = 0.1 (0.25) for R = 0.2 (0.4)). The maximum deviation
between these variations is assigned as an uncertainty.

An uncertainty to assess residual combinatorial jet effects is determined by embedding PYTHIA 8 events
into background events which model the uncorrelated thermal-like particle distribution typical for heavy-
ion collisions. The resulting sample is analyzed identically to the measured data. Deviations between
the unfolded and PYTHIA 8 truth spectra are assigned as an uncertainty.

4 Additional results

Figures 2 and 3 show ∆Raxis distributions for WTA–SD with (zcut = 0.1,β = 0) and (zcut = 0.2,β = 0),
respectively, for jets of R = 0.2 in the 40 < pch jet

T < 60 GeV/c and 60 < pch jet
T < 80 GeV/c intervals.

Figures 4, 5, and 6 show the WTA–Standard, WTA–SD (zcut = 0.1,β = 0), and WTA–SD (zcut = 0.2,β =
0) ∆Raxis distributions, respectively, for jets of R = 0.2 and 0.4 in the 80 < pch jet

T < 100 GeV/c interval.
In all these figures, the top panels show the spectra from Pb–Pb and pp collisions. The vertical error
bars (rectangles) represent the statistical (total systematic) uncertainties. The central and bottom panels
show the measured Pb–Pb/pp ratio, as well as predictions from a selection of jet quenching models.
As described in Ref. 1, the inclusion of grooming doesn’t change the measured distributions within
uncertainties, and the results are consistent with narrowing of the angular substructure in Pb–Pb relative
to pp collisions.

Figure 7 shows the WTA–SD (zcut = 0.1,β = 0) distributions in the 100 < pch jet
T < 140 GeV/c interval

for jets of R= 0.2 and 0.4, which is the intermediate case between the two panels of Fig. 3 in Ref. [1]. The
top panel shows the spectra from R = 0.2 and 0.4 jets. The vertical error bars (rectangles) represent the
statistical (total systematic) uncertainties. The central and bottom panels show the measured Pb–Pb(R =
0.4)/Pb–Pb(R = 0.2) ratio, as well as predictions from a selection of jet quenching models.

5 JEWEL recoil subtraction

Medium-response effects can be included (excluded) in events generated with JEWEL [9] by turning on
(off) recoiling partons or recoils. When recoils are included, the event contains an excess energy from
the thermal background activity of the recoils, which has to be subtracted [10]. In this analysis, this sub-
traction is carried out using the “negative-energy recombiner” method [13]. Besides the “event particles”
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Fig. 2: Fully corrected ∆Raxis distributions for jets of R = 0.2 for WTA–SD with zcut = 0.1,β = 0. Left: 40 <

pch jet
T < 60 GeV/c interval. Right: 60 < pch jet

T < 80 GeV/c interval.
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Fig. 3: Fully corrected ∆Raxis distributions for jets of R = 0.2 for WTA–SD with zcut = 0.2,β = 0. Left: 40 <

pch jet
T < 60 GeV/c interval. Right: 60 < pch jet

T < 80 GeV/c interval.
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Fig. 4: Fully corrected WTA–Standard ∆Raxis distributions for jets of R = 0.2 (left) and 0.4 (right) in the 80 <

pch jet
T < 100 GeV/c interval.
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Fig. 5: Fully corrected WTA–SD (zcut = 0.1,β = 0) ∆Raxis distributions for jets of R = 0.2 (left) and 0.4 (right) in
the 80 < pch jet

T < 100 GeV/c interval.

6



Supplemental materials: ∆Raxis in
√

sNN = 5.02 TeV Pb–Pb collisions ALICE Collaboration

0 0.02 0.04 0.06 0.08 0.1
axisR∆

20

40

60

ax
is

R∆d
σd

  
σ 1

pp
10%−Pb 0−Pb

Syst. uncertainty

 ALICE
 = 5.02 TeVNNs

TkCh-particle jets, anti-

 = 0)β = 0.2, 
cut

zSD (−WTA
c < 100 GeV/ch jet

T
p80 < 

| < 0.7
jet

η = 0.2,   |R

0 0.02 0.04 0.06 0.08 0.1
axisR∆

0.5

1

1.5

2

pp
P

b
−

P
b

MATTER+LBT JEWEL, recoils off

JEWEL, recoils on

0 0.02 0.04 0.06 0.08 0.1
axisR∆

0.5

1

1.5

2

pp
P

b
−

P
b

 = 0)resLHybrid (
)Tπ = 2/resLHybrid (

)∞ = resLHybrid (

0 0.05 0.1 0.15 0.2
axisR∆

20

40

60

80ax
is

R∆d
σd

  
σ 1

pp
10%−Pb 0−Pb

Syst. uncertainty

 ALICE
 = 5.02 TeVNNs

TkCh-particle jets, anti-

 = 0)β = 0.2, 
cut

zSD (−WTA
c < 100 GeV/ch jet

T
p80 < 

| < 0.5
jet

η = 0.4,   |R

0 0.05 0.1 0.15 0.2
axisR∆

0.5

1

1.5

2

pp
P

b
−

P
b

MATTER+LBT JEWEL, recoils off

JEWEL, recoils on

0 0.05 0.1 0.15 0.2
axisR∆

0.5

1

1.5

2

pp
P

b
−

P
b

 = 0)resLHybrid (
)Tπ = 2/resLHybrid (

)∞ = resLHybrid (

Fig. 6: Fully corrected WTA–SD (zcut = 0.2,β = 0) ∆Raxis distributions for jets of R = 0.2 (left) and 0.4 (right) in
the 80 < pch jet

T < 100 GeV/c interval.
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(all hadrons in the event; it is impossible to know whether partons composing a specific hadron came
from a hard scattering or are recoils), JEWEL includes thermal particles, which quantify the thermal
recoil activity in the event. In the subtraction procedure, jets are clustered with the anti-kT algorithm
and with the negative-energy recombination scheme. This recombination scheme is identical to the E
scheme when combining two event particles (i.e. their four-momenta are added together). On the other
hand, when an event particle and a thermal particle are to be combined, the thermal four-momentum is
subtracted from the event particle, effectively removing the excess energy.

6 Medium response (wake effect) in the Hybrid model

Figures 8 and 9 show standalone predictions from the Hybrid model [14] for the Pb–Pb/pp ratios for R =
0.2 and 0.4, respectively. The different colors represent different medium-resolution length values [15]
ranging from fully incoherent (Lres = 0) to fully coherent (Lres = ∞) energy loss. The bands correspond
to the predictions in which the medium-response (wake) effect [16] is included (same Hybrid-model
predictions that were shown in Ref. 1), and the circular markers connected by dashed lines correspond to
the same calculations, but excluding the medium response. As seen in the JEWEL case, for R = 0.2 the
wake has a negligible effect. On the other hand, as expected, for R = 0.4 the wake has a larger impact,
but the measured data has lower precision in this case. The effect is larger at low ∆Raxis values, and is
qualitatively consistent with JEWEL. However, JEWEL predicts larger medium-response effects.
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T interval. The bands correspond to the prediction for different values
of Lres with medium-response effects included. These are the same predictions shown in Ref. 1. The markers
connected by dashed lines of the same colors correspond to the equivalent prediction in which the medium-response
effects are not included.
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Fig. 9: Same as Fig. 8, in the case of R = 0.4.
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D. Pagano 131,54, G. Paić 64, A. Palasciano 49, S. Panebianco 128, H. Park 123, H. Park 104, J. Park 57,
J.E. Parkkila 32, R.N. Patra91, B. Paul 22, H. Pei 6, T. Peitzmann 58, X. Peng 6, M. Pennisi 24,

14

https://orcid.org/0000-0002-9336-5169
https://orcid.org/0000-0001-9231-8515
https://orcid.org/0000-0003-3808-7917
https://orcid.org/0000-0001-7099-9452
https://orcid.org/0009-0008-6551-4180
https://orcid.org/0000-0002-8305-3807
https://orcid.org/0000-0003-4518-3528
https://orcid.org/0009-0008-4642-7807
https://orcid.org/0000-0001-7978-9638
https://orcid.org/0000-0002-8535-3061
https://orcid.org/0009-0004-3528-4709
https://orcid.org/0000-0002-6529-560X
https://orcid.org/0000-0002-7638-2047
https://orcid.org/0000-0001-9593-6730
https://orcid.org/0000-0002-4743-2885
https://orcid.org/0000-0002-9083-4484
https://orcid.org/0000-0002-7404-8723
https://orcid.org/0000-0002-9335-9076
https://orcid.org/0009-0001-3006-7332
https://orcid.org/0000-0003-4004-5265
https://orcid.org/0000-0003-4692-7410
https://orcid.org/0009-0002-2276-3757
https://orcid.org/0009-0004-3122-4872
https://orcid.org/0009-0009-1031-8307
https://orcid.org/0000-0002-6527-1245
https://orcid.org/0000-0003-4562-2922
https://orcid.org/0000-0001-7272-8226
https://orcid.org/0000-0002-3850-8884
https://orcid.org/0000-0001-6925-3469
https://orcid.org/0000-0002-3632-4547
https://orcid.org/0000-0003-4016-3982
https://orcid.org/0000-0001-9001-4198
https://orcid.org/0000-0003-1477-8414
https://orcid.org/0000-0002-2442-4583
https://orcid.org/0000-0001-9352-5049
https://orcid.org/0000-0003-1008-5119
https://orcid.org/0000-0001-5086-8658
https://orcid.org/0009-0008-7787-9304
https://orcid.org/0000-0002-3693-2649
https://orcid.org/0000-0003-3895-9092
https://orcid.org/0000-0003-2478-9651
https://orcid.org/0000-0001-9059-2414
https://orcid.org/0000-0002-2134-967X
https://orcid.org/0000-0002-7934-4038
https://orcid.org/0000-0001-9047-4856
https://orcid.org/0009-0002-2983-9494
https://orcid.org/0000-0001-6533-4085
https://orcid.org/0000-0003-2406-911X
https://orcid.org/0000-0002-3066-855X
https://orcid.org/0000-0001-9980-5199
https://orcid.org/0000-0003-3958-9062
https://orcid.org/0000-0001-9334-3798
https://orcid.org/0000-0001-9087-4665
https://orcid.org/0000-0003-1317-1733
https://orcid.org/0000-0002-7685-0808
https://orcid.org/0000-0002-1605-5837
https://orcid.org/0000-0002-9492-3775
https://orcid.org/0000-0001-6811-5240
https://orcid.org/0009-0004-0872-2785
https://orcid.org/0009-0002-4730-9489
https://orcid.org/0009-0009-3972-0631
https://orcid.org/0000-0001-7602-1121
https://orcid.org/0000-0002-0559-6697
https://orcid.org/0000-0003-0618-4843
https://orcid.org/0000-0001-6907-0486
https://orcid.org/0000-0002-1513-2845
https://orcid.org/0000-0001-6297-2532
https://orcid.org/0000-0002-1726-5684
https://orcid.org/0000-0002-5629-5181
https://orcid.org/0000-0002-9355-6379
https://orcid.org/0000-0002-9057-9719
https://orcid.org/0000-0002-6603-6693
https://orcid.org/0000-0003-1831-7957
https://orcid.org/0000-0002-1474-6191
https://orcid.org/0009-0003-1055-0356
https://orcid.org/0000-0002-3493-3891
https://orcid.org/0000-0003-4132-2906
https://orcid.org/0000-0001-6189-3242
https://orcid.org/0000-0003-3075-2871
https://orcid.org/0000-0002-5741-7144
https://orcid.org/0000-0001-6653-6164
https://orcid.org/0000-0002-2724-668X
https://orcid.org/0000-0003-0996-8547
https://orcid.org/0009-0009-9098-9839
https://orcid.org/0000-0002-7504-2809
https://orcid.org/0000-0002-6434-7084
https://orcid.org/0000-0002-4816-283X
https://orcid.org/0000-0003-1433-6018
https://orcid.org/0009-0000-0438-5567
https://orcid.org/0009-0006-7951-7118
https://orcid.org/0000-0001-9676-3309
https://orcid.org/0000-0003-0078-8398
https://orcid.org/0000-0002-0906-062X
https://orcid.org/0000-0002-2102-7398
https://orcid.org/0000-0003-4558-7856
https://orcid.org/0009-0004-3408-5783
https://orcid.org/0009-0003-8978-9852
https://orcid.org/0000-0002-4808-419X
https://orcid.org/0000-0002-8354-7786
https://orcid.org/0000-0003-3902-8310
https://orcid.org/0000-0002-5592-0758
https://orcid.org/0000-0002-1301-1636
https://orcid.org/0000-0003-2841-6553
https://orcid.org/0000-0002-7285-3411
https://orcid.org/0009-0003-0133-319X
https://orcid.org/0000-0003-4116-7002
https://orcid.org/0000-0002-6497-3974
https://orcid.org/0000-0002-2211-715X
https://orcid.org/0000-0001-7296-5248
https://orcid.org/0000-0001-6203-9160
https://orcid.org/0009-0001-5996-0685
https://orcid.org/0000-0002-8831-4009
https://orcid.org/0000-0003-4824-2458
https://orcid.org/0000-0001-8738-7268
https://orcid.org/0000-0002-3652-6683
https://orcid.org/0000-0001-6810-6897
https://orcid.org/0000-0003-3576-4185
https://orcid.org/0000-0001-6012-6615
https://orcid.org/0000-0002-7568-7498
https://orcid.org/0000-0002-0669-7799
https://orcid.org/0000-0001-6441-9300
https://orcid.org/0000-0002-1381-3436
https://orcid.org/0000-0002-4824-8537
https://orcid.org/0000-0001-5091-4159
https://orcid.org/0000-0001-6593-4574
https://orcid.org/0000-0002-5569-1254
https://orcid.org/0009-0001-6795-6109
https://orcid.org/0000-0001-7174-6617
https://orcid.org/0000-0002-1706-4428
https://orcid.org/0000-0002-2197-4109
https://orcid.org/0000-0002-3567-5177
https://orcid.org/0000-0002-7998-5046
https://orcid.org/0000-0002-6987-2048
https://orcid.org/0000-0002-2746-9840
https://orcid.org/0000-0003-3049-9976
https://orcid.org/0000-0003-3150-2831
https://orcid.org/0000-0002-0613-5278
https://orcid.org/0000-0001-7672-2067
https://orcid.org/0000-0002-1851-4136
https://orcid.org/0000-0001-9289-2840
https://orcid.org/0000-0002-0298-9073
https://orcid.org/0000-0002-8958-4190
https://orcid.org/0009-0001-4180-0413
https://orcid.org/0000-0002-5267-0140
https://orcid.org/0000-0002-7291-8166
https://orcid.org/0009-0006-1840-462X
https://orcid.org/0000-0001-9471-1804
https://orcid.org/0000-0002-5489-3751
https://orcid.org/0009-0006-8424-015X
https://orcid.org/0000-0002-7017-4183
https://orcid.org/0000-0002-8384-0384
https://orcid.org/0000-0001-5955-0769
https://orcid.org/0009-0009-2096-752X
https://orcid.org/0009-0006-1392-7114
https://orcid.org/0009-0007-5832-8630
https://orcid.org/0009-0001-3545-3275
https://orcid.org/0000-0002-1259-979X
https://orcid.org/0000-0002-7919-2150
https://orcid.org/0000-0002-7480-7558
https://orcid.org/0000-0001-8367-8703
https://orcid.org/0009-0006-9345-9620
https://orcid.org/0000-0002-0425-9138
https://orcid.org/0000-0002-9188-9428
https://orcid.org/0009-0006-0273-5360
https://orcid.org/0000-0002-1904-296X
https://orcid.org/0000-0001-6335-7427
https://orcid.org/0009-0006-7301-988X
https://orcid.org/0000-0003-0062-0536
https://orcid.org/0000-0001-6895-4829
https://orcid.org/0009-0006-6383-6069
https://orcid.org/0000-0002-8397-7620
https://orcid.org/0000-0002-9063-1599
https://orcid.org/0000-0001-8635-8465
https://orcid.org/0000-0002-4447-4836
https://orcid.org/0000-0002-2817-8156
https://orcid.org/0000-0001-6486-2230
https://orcid.org/0000-0002-5648-4206
https://orcid.org/0000-0001-8159-8603
https://orcid.org/0000-0002-2850-4222
https://orcid.org/0000-0002-7002-0061
https://orcid.org/0009-0006-1802-5857
https://orcid.org/0000-0002-6027-0024
https://orcid.org/0000-0002-9901-2014
https://orcid.org/0000-0002-0233-9900
https://orcid.org/0009-0002-2291-691X
https://orcid.org/0000-0002-4831-2367
https://orcid.org/0000-0002-1622-3116
https://orcid.org/0009-0001-9974-0169
https://orcid.org/0000-0001-5455-9502
https://orcid.org/0000-0001-5682-0903
https://orcid.org/0000-0003-0311-9552
https://orcid.org/0000-0003-1723-4121
https://orcid.org/0000-0002-4256-052X
https://orcid.org/0000-0003-2706-1025
https://orcid.org/0000-0003-4486-4807
https://orcid.org/0000-0002-4515-5941
https://orcid.org/0000-0002-4772-3615
https://orcid.org/0009-0008-5115-943X
https://orcid.org/0000-0002-3102-1504
https://orcid.org/0000-0002-0786-8545
https://orcid.org/0000-0001-8494-628X
https://orcid.org/0000-0003-1965-7953
https://orcid.org/0000-0003-2146-0391
https://orcid.org/0000-0002-9069-0353
https://orcid.org/0000-0001-9675-4322
https://orcid.org/0000-0003-0288-202X
https://orcid.org/0000-0002-8503-3009
https://orcid.org/0000-0002-8657-6742
https://orcid.org/0009-0006-9081-931X
https://orcid.org/0000-0002-2064-6517
https://orcid.org/0000-0003-1880-5467
https://orcid.org/0000-0002-2699-1522
https://orcid.org/0000-0002-5475-5092
https://orcid.org/0000-0003-3711-8902
https://orcid.org/0000-0002-0015-9367
https://orcid.org/0000-0001-8255-3474
https://orcid.org/0000-0002-4524-563X
https://orcid.org/0000-0003-2570-8278
https://orcid.org/0009-0009-7230-3792
https://orcid.org/0000-0003-2613-2901
https://orcid.org/0000-0002-1415-4559
https://orcid.org/0000-0002-9745-0504
https://orcid.org/0000-0002-4165-505X
https://orcid.org/0000-0002-4856-8055
https://orcid.org/0000-0003-4389-7711
https://orcid.org/0009-0005-3106-8571
https://orcid.org/0000-0002-1430-6655
https://orcid.org/0009-0004-2669-5696
https://orcid.org/0000-0002-6726-6407
https://orcid.org/0000-0002-3892-2719
https://orcid.org/0000-0002-8627-9721
https://orcid.org/0000-0003-3056-8353
https://orcid.org/0000-0002-7634-8949
https://orcid.org/0000-0001-9610-2914
https://orcid.org/0000-0002-4767-1464
https://orcid.org/0000-0003-2845-8702
https://orcid.org/0000-0002-4512-1645
https://orcid.org/0000-0002-3265-9614
https://orcid.org/0000-0001-7286-4543
https://orcid.org/0000-0002-3276-0464
https://orcid.org/0000-0003-1281-8291
https://orcid.org/0000-0002-5624-6486
https://orcid.org/0000-0003-2378-9553
https://orcid.org/0000-0002-6905-4352
https://orcid.org/0000-0003-3695-3180
https://orcid.org/0000-0002-8334-6933
https://orcid.org/0000-0001-6548-6775
https://orcid.org/0000-0003-0548-588X
https://orcid.org/0000-0001-8814-2254
https://orcid.org/0000-0002-5729-4535
https://orcid.org/0000-0002-0172-6976
https://orcid.org/0000-0002-2926-0063
https://orcid.org/0000-0002-6039-190X
https://orcid.org/0000-0003-2080-9010
https://orcid.org/0000-0001-8927-2798
https://orcid.org/0009-0005-1524-5654
https://orcid.org/0000-0002-8768-6468
https://orcid.org/0000-0003-3795-8872
https://orcid.org/0000-0003-1059-8731
https://orcid.org/0000-0001-8585-7991
https://orcid.org/0000-0002-0091-1934
https://orcid.org/0000-0002-9394-1066
https://orcid.org/0000-0003-1242-4866
https://orcid.org/0000-0001-8573-0851
https://orcid.org/0000-0002-4826-6516
https://orcid.org/0000-0002-6704-0256
https://orcid.org/0000-0001-6104-1752
https://orcid.org/0009-0002-1220-1443
https://orcid.org/0000-0002-3783-5760
https://orcid.org/0000-0002-9609-566X
https://orcid.org/0000-0001-8971-0874
https://orcid.org/0000-0002-7877-2006
https://orcid.org/0009-0005-4425-586X
https://orcid.org/0000-0002-4214-5844
https://orcid.org/0000-0002-7162-5345
https://orcid.org/0000-0003-2966-4903
https://orcid.org/0000-0002-9421-5568
https://orcid.org/0000-0001-5241-6735
https://orcid.org/0000-0002-8848-1800
https://orcid.org/0000-0001-6194-4601
https://orcid.org/0000-0002-4788-7943
https://orcid.org/0000-0002-5471-6595
https://orcid.org/0000-0002-8576-1268
https://orcid.org/0000-0001-6142-1528
https://orcid.org/0000-0003-0333-448X
https://orcid.org/0000-0003-2513-2459
https://orcid.org/0000-0002-5686-6626
https://orcid.org/0000-0002-0343-2082
https://orcid.org/0000-0003-1180-3469
https://orcid.org/0009-0000-8571-0316
https://orcid.org/0000-0002-2540-2394
https://orcid.org/0000-0002-5166-5788
https://orcid.org/0000-0002-1461-3743
https://orcid.org/0000-0002-5078-3336
https://orcid.org/0000-0002-7116-899X
https://orcid.org/0000-0003-0759-2283
https://orcid.org/0009-0009-0033-8291


Supplemental materials: ∆Raxis in
√

sNN = 5.02 TeV Pb–Pb collisions ALICE Collaboration

D. Peresunko 140, G.M. Perez 7, S. Perrin 128, Y. Pestov140, V. Petrov 140, M. Petrovici 45,
R.P. Pezzi 103,65, S. Piano 56, M. Pikna 12, P. Pillot 103, O. Pinazza 50,32, L. Pinsky114, C. Pinto 95,
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