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Abstract

The first measurement of the multiplicity dependence of intra-jet properties of leading charged-
particle jets in proton—proton (pp) collisions is reported. The mean charged-particle multiplicity
and jet fragmentation distributions are measured in minimum-bias and high-multiplicity pp colli-
sions at center-of-mass energy /s = 13 TeV using the ALICE detector. Jets are reconstructed from
charged particles produced in the midrapidity region (|n] < 0.9) using the sequential recombination
anti-kt algorithm with jet resolution parameters R = 0.2, 0.3, and 0.4 for the transverse momentum
(pt) interval 5-110 GeV/c. The high-multiplicity events are selected by the forward VO scintillator
detectors. The mean charged-particle multiplicity inside the leading jet cone rises monotonically
with increasing jet pt in qualitative agreement with previous measurements at lower energies. The
distributions of jet fragmentation function variables z and &M are measured for different jet-pr
intervals. Jet-pT independent fragmentation of leading jets is observed for wider jets except at high-
and low-z" values. The observed “hump-backed plateau” structure in the £ distribution indicates
suppression of low-p particles. In high-multiplicity events, an enhancement of the fragmentation
probability of low-z" particles accompanied by a suppression of high-z" particles is observed com-
pared to minimum-bias events. This behavior becomes more prominent for low-pr jets with larger jet
radius. The results are compared with predictions of QCD-inspired event generators, PYTHIA 8 with
Monash 2013 tune and EPOS LHC. It is found that PYTHIA 8 qualitatively reproduces the jet mod-
ification in high-multiplicity events except at high jet pr. These measurements provide important
constraints to models of jet fragmentation.
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1 Introduction

Hadronic and nuclear collisions at ultra-relativistic energies are the subject of intense research in the field
of high-energy physics, as they enable the study of the fundamental constituents of matter and the forces
that govern their interactions. The energy density achieved in the laboratory by colliding high-energy
nucleus beams is sufficient to allow the confined hadronic matter to be transformed into a hot and dense
state of quantum chromodynamics (QCD) [1]] matter where partons are no longer confined into hadrons,
known as quark—gluon plasma (QGP) [215)]. Several experiments at RHIC and the LHC are being per-
formed to study the physics of this strongly-interacting QCD matter. Various experimental signatures
have been observed in heavy-ion (A—A) collisions in favor of the formation of the QGP medium. Jet
quenching [[6H8]], which particularly manifests as in-medium energy loss of energetic partons [9H12], is
one of the most important signatures among them.

Jets are cascades of energetic hadrons that result from the fragmentation of hard-scattered (i.e. produced
in processes with large squared momentum transfer Q%) quarks and gluons in high-energy collisions.
In proton—proton (pp) collisions, measurements of jet production provide a test bench of perturbative
calculations and help to study non-perturbative effects in QCD [13H17]]. In addition, measurements in
pp collisions also provide the baseline for similar measurements in A—A collisions. The number of
reconstructed jets is found to be suppressed, and jet properties are also modified with respect to those in
pp collisions due to the presence of hot and dense QCD matter in A—A collisions. This phenomenon is
known as jet quenching in heavy-ion collisions. In particular, highly energetic jets, while passing through
the QGP medium, lose energy via elastic scatterings and medium-induced gluon radiations.

Interestingly, recent measurements of high-multiplicity pp and p—Pb (proton-lead) collisions show ample
signatures conventionally associated with the QGP formation in heavy-ion collisions. These observa-
tions triggered an immense research interest to look for the onset of QGP-like effects in high-energy
small collision systems, particularly at high multiplicity, through a plethora of new and precise mea-
surements of different potential observables [18-26]. Measurements primarily related to the soft QCD
sector of particle production mechanisms have brought to the forefront various observations commonly
understood as due to medium formation such as the long-range ridge-like structure at the near side in two-
particle angular correlations [27H31]], strangeness enhancement [32H34]], and elliptic flow (v;) [35136)]. In
terms of the hard probes the suppression of inclusive jet yield has been measured in different centrality
classes of d—Au (deuteron-gold) collisions at RHIC [37] and p—Pb collisions at the LHC [38]. How-
ever, no conclusive evidence of jet quenching has been found yet within the current precision achieved
in experiments [38-40]. This leaves the possibility of QGP formation in small collision systems as
an open question that must be addressed and investigated further. In view of this, intra-jet properties
such as mean charged-particle multiplicity in jets and jet fragmentation functions are promising observ-
ables since they are more sensitive to the details of the parton shower and hadronization processes in
QCD [41H44]] compared to inclusive jet observables. In addition to providing a more stringent test of
both perturbative and non-perturbative aspects of QCD for minimum-bias (MB) pp collisions [45), 146]],
the charged-particle multiplicity and fragmentation functions also serve as potential observables to cap-
ture any possible QGP-like effects in high-multiplicity (HM) small collision systems. These QGP-like
effects might lead to softening and broadening of jets due to multiple parton scatterings, resulting in
modifications of charged-particle multiplicity distributions and fragmentation functions of jets.

Numerous measurements of intra-jet properties have been performed in hadronic collisions. Jet prop-
erties were previously measured by the CDF [47, 48] and DO [49] Collaborations in pp collisions at
the Tevatron and recently by the ALICE [13]], ATLAS [46, 50]], and CMS [45] 51] Collaborations in pp
collisions at the LHC. Measurements of jet fragmentation functions have also been reported by the CDF
Collaboration [52]] in pp collisions, whereas ALICE [13} [14], ATLAS [46/ [53]54]], and CMS [55] Col-
laborations have also studied jet fragmentation functions in pp and Pb—Pb (lead-lead) collisions at LHC
energies. The STAR [56] and PHENIX [57. 58] Collaborations have measured jet shape observables and
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jet fragmentation functions in Au—Au (gold-gold) collisions at RHIC energies.

This article presents the first measurement of the multiplicity dependence of charged-particle intra-jet
properties in pp collisions at y/s = 13 TeV. In this study, the average jet constituent multiplicity (Nc,) and
the distributions of jet fragmentation function variables, z*" and ! are measured for leading charged-
particle jets (jet with the highest pt in an event) with jet resolution parameters R = 0.2, 0.3, and 0.4 as
a function of jet pr in minimum-bias and high-multiplicity pp collisions using the ALICE detector at
the LHC. Leading charged-particle jets are considered since they are theoretically well-defined objects
and less prone to experimental effects compared to inclusive jets [59]. Moreover, the formation and
evolution of leading jets can also be described by jet functions which satisfy DGLAP-type evolution
equations similar to inclusive jets, and therefore, they are comparable with the QCD hard scattering
models [59]. It is worth mentioning that the selection of leading jets might introduce a surface-bias in jet
modification signals in the presence of QGP-like effects in high-multiplicity small collision systems.

This paper is organized as follows: Section [2] describes the experimental setup of the ALICE detector
and the data samples used in this study. Details of jet reconstruction and jet observables are discussed in
Sec. 3] The procedures applied to correct the measured distributions for detector effects and underlying
event contaminations are presented in Sec.[d] Section[5|outlines the estimation of systematic uncertainties
from various sources. Results are presented and discussed in detail in comparison with predictions from
QCD-inspired event generators in Sec. [6]and the conclusions are summarized in Sec.

2 Experimental setup, data sets, and event selection

This analysis uses the data from pp collisions at /s = 13 TeV collected in 2016, 2017, and 2018 with
the ALICE detector at the LHC. The ALICE detector and its performance are described in detail in
Refs. [60} |61]. Events are selected using the information from two VO scintillator detectors [62]], VOA
and VOC, which cover an azimuthal acceptance of 0 < ¢ < 27 and pseudorapidity 2.8 < 1 < 5.1 and
-3.7 < n < -1.7, respectively. The online trigger for MB events requires the coincidence of signals
both in the VOA and VOC detectors, while the high-multiplicity sample is collected using a HM trigger
condition [[63] that requires the VOM signal amplitude (sum of VOA and VOC signal amplitudes) to be
greater than 5 times of its mean signal amplitude (VOM) in MB events [64]. Charged-particle tracks
are reconstructed in the midrapidity region (|n| < 0.9) utilizing the information from two central barrel
detectors, the Inner Tracking System (ITS) and the Time Projection Chamber (TPC) placed inside a
large solenoidal magnet with a uniform magnetic field of B = 0.5 T [61] and field lines along the beam
direction. The primary vertex of the collision is reconstructed from tracks. Events with a primary vertex
outside £10 cm along the beam direction from the nominal interaction point are rejected to guarantee a
uniform acceptance of the central barrel detectors. Events with collision pileup are removed by rejecting
events with multiple reconstructed vertices [61} 165]. The results presented in this paper are based on
1832 million MB and 870 million HM events corresponding to integrated luminosities of 32 nb™! and
10 pb~! respectively.

The analysis is carried out using the primary charged particles, defined as all particles with a mean proper
lifetime 7 > 1 cm/c, which are either produced directly in the interaction or from decays of particles with
mean proper lifetime T < 1 cm/c [66]]. Jets are reconstructed from charged-particle tracks measured
with the ITS and TPC detectors. To ensure an approximately uniform azimuthal acceptance and good
momentum resolution, charged tracks are reconstructed using a hybrid selection technique [65) [67]],
where two different classes of tracks are combined. In the first class, tracks are required to include at
least one hit in the silicon pixel detector (SPD), which equips the two innermost layers of the ITS. The
second class contains tracks without hits in the SPD, where the primary vertex is used as an initial point
of the trajectory to improve the estimation of the particle momentum. Tracks with transverse momentum
pr > 0.15 GeV/c in the pseudorapidity range || < 0.9 over the full azimuth (0 < ¢ < 27) are considered
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in this analysis. The hybrid track reconstruction efficiency in both MB and HM events is found to be
about 85% at pr = 1 GeV/c, decreasing to 74% at pr = 50 GeV/c. Primary-track momentum resolution
is 0.7% at pt = 1 GeV/c, increasing to 3.7% at pt = 50 GeV/c.

The corrections for detector effects and the evaluation of systematic uncertainties are performed with
the help of simulations based on Monte Carlo (MC) event generators PYTHIA 8 [[68]] with Monash 2013
tune [69]] (hereafter referred to as PYTHIA 8) and EPOS LHC [70]. PYTHIA 8 is a standard tool for
studying high-energy physics collisions, predominantly based on 2 — 2 hard scattering processes. It
introduces an impact-parameter-dependent multiparton Interaction (MPI) framework to model the soft
underlying event (UE). For the hadronization of partons, it uses the Lund string fragmentation model.
In the Monash tune of PYTHIA 8, parameters relevant to initial-state radiation (ISR) and MPI are tuned
using MB, Drell-Yan, and UE data from the Tevatron, SPS and LHC. The EPOS event generator is a
parton-based MC model with flux tube initial condition for hadron-hadron collisions. It uses the Gribov-
Regge theory to describe soft interactions. The EPOS LHC generator is tuned to LHC data to describe
the results from various collision systems at different center-of-mass energies, particularly the observed
collective behavior in pp and p—Pb collisions at LHC energies. The selections of MB and HM events in
the simulated data are the same as in experimental data.

3 Jet reconstruction and jet observables

Charged-particle jets are reconstructed from charged-particle tracks with pr > 0.15 GeV/c and |n| < 0.9
using the anti—kr algorithm [71] with resolution parameters R = 0.2, 0.3, and 0.4 using FastlJet 3.2.1 [72].
The pseudorapidity coverage of the reconstructed jets is limited within the fiducial acceptance of the
TPC, |Njet| < (0.9 — R), to minimize the TPC edge effects in jet reconstruction. Leading jets within the
pr interval 5-110 GeV/c are considered for this analysis.

The performance of jet reconstruction is studied using PYTHIA 8. Particles produced directly from the
MC event generator (truth-level) are transported through a GEANT 3 [73] simulation of the ALICE
detector system to obtain the reconstructed tracks (detector-level). Truth-level particles (detector-level
tracks) are used to reconstruct the truth-level (detector-level) jets by applying the same algorithms and
kinematic selections as in data. Detector-level leading jets are matched to the geometrically closest truth-
level jets and a one-to-one matching is ensured between them. The axes of the matched jets are required
to be within AR < 0.6R to minimize unreahstlc matching. The matched jets are used to calculate the

. jet,ch ‘et,ch jet,ch . _ jet, ch jet,ch
jet energy scale JES = (pp det — Ttruth T wuth> J€t €nergy resolution JER = o T, dot) Tiruth (Where

o is the width of the Tetdct distribution for a given value of p’ettrfnh) and jet reconstruction efficiency

Ereco for R = 0.2, 0.3, and 0.4, where ettrfftlh nd etdgl denote the transverse momentum of truth- and
detector-level jets, respectively. The JES distribution shows a peak at zero with an asymmetric tail
towards negative values due to tracking inefficiencies, which is characterized by the mean value of JES

denoted as Ajgs. Table summarizes the values of Ajgs, JER, and &, for different jet-pr ranges.

Table 1: Approximate values of Ajgs, JER, and €., to characterize the jet reconstruction performance for jet R =
0.2,0.3, and 0.4.

s R=02 R=03 R=0.4
(GeVie) | Ajgs(%) JER (%)  &reco(%) | Ajgs(%) JER (%)  €reco(%) | Ajgs(%) JER (%) Ereco(%)
10-20 -9 20 89 -10 20 90 -12 20 91
20-30 -1 21 94 -12 20 95 13 20 95
30-40 13 21 95 -14 20 96 -14 20 96
40-50 -14 21 96 -15 20 97 -15 20 97
80-90 18 23 97 -19 22 97 -18 22 97
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The intra-jet properties such as mean charged-particle multiplicity within a jet cone and the distributions
of jet fragmentation function variables, " and £ are measured for leading jets in both minimum-
bias and high-multiplicity pp collisions. The number of charged particles constituting the jet is termed
charged-particle multiplicity No,. The mean charged-particle multiplicity (N) is calculated and pre-
sented as a function of the leading jet pr. The jet fragmentation function variables, z" and EP are
defined as:

particle
ZCh — Ti (1)

p]et, ch ’
T

1
£ =In (Zh> )
particle

where pr is the transverse momentum of the jet constituent. The distributions are normalized by
the total number of leading jets and explicitly describe the energy sharing between constituents within a
jet. The ! distribution is complementary to z°", which emphasizes fragmentation into low momentum
constituents and is particularly suited to illustrate the QCD coherence effects [43| [74H78]].

4 Corrections

4.1 Unfolding

The measured distributions are corrected for detector effects such as limited track reconstruction effi-
ciency, finite track-pr resolution, and particle—material interactions using an iterative method based on
Bayes’ theorem [79]] implemented in the RooUnfold package [80]. To account for these effects, a 4D
response matrix (RM) is constructed from simulated data and considered as an input to the unfolding
procedure, which maps between the truth- and detector-level jet observables. Before the construction
of the response matrix, the jets at the truth- and detector-level are matched as described in Sec. BL The
elements of the 4D response matrix are p];tdcek:, Obsget, p’;ttfih and Obsum, Where ;tdi? and p'f}{futh are
detector- and truth-level jet pr and Obsger and Obsyy, stand for the observables, Obs € {Nch,ZCh, §°h}.
For zM and &M, the truth- and detector-level jet constituents are also matched before constructing the
response matrices. Any detector-level (truth-level) jet constituent without an associated matched truth-
level (detector-level) jet constituent is termed fake (miss) and is fed to the response matrix in addition to
the matched jet constituents to account for the efficiency and purity of the constituent matching proce-
dure. The unfolded distributions obtained using the Bayesian unfolding technique primarily depend on
two important factors, the regularization parameter and the prior distribution. In the case of Bayesian
unfolding, the regularization parameter is the number of iterations. The regularization parameter is tuned
to reduce the variance of the unfolded distribution. The truth-level distributions are provided as the prior
in the unfolding process that gets updated in subsequent iterations.

Two types of closure tests are performed to validate the unfolding procedure, known as statistical and
shape closure tests. In the statistical closure test, two statistically independent simulated datasets are
considered, where the response matrix is built from one sample, and the truth- and detector-level dis-
tributions of Ny, z", and &P are obtained from the other sample. The detector-level distributions are
then unfolded and compared with the truth-level distribution to check the robustness of the unfolding
procedure against the statistical fluctuations in the data. In the shape closure test, a similar approach as
the statistical closure is applied, however, the response matrix is reweighted with the ratio between the
measured distribution and the one from detector-level MC. Then, the unfolded distribution is compared
with truth-level distributions to check the robustness of the unfolding against the change in the shape of
distributions. Proper closure is found in both tests within the statistical uncertainties.



Jet properties in pp collisions at /s = 13 TeV ALICE Collaboration

4.2 Underlying event subtraction

The underlying event (UE) consists of all particles produced in the collision that are not an integral part
of the jet or produced directly from the hard scattering. In pp collisions, some of the important sources
of UE are beam remnants, multiparton interactions, initial- and final-state radiations. The perpendicular
cone method used in Refs. [[13}[14] is adopted to estimate UE and correct the corresponding distributions
of jet observables in both MB and HM events.

In this approach, the UE particle yield is measured event-by-event within a cone of the same radius as
the jet resolution parameter located at the same pseudorapidity as the leading jet, but in the direction
perpendicular to the leading jet axis. The information of particles within the perpendicular cone is used
to estimate the UE contributions to the jet observables.

The UE distributions of Ngp, z, and M are corrected for the detector effects using the unfolding pro-
cedure discussed in Sec. @ After unfolding, the unfolded UE distributions are subtracted from the
unfolded signal distributions on a statistical basis, however, a simultaneous correction for the UE contri-
bution to the jet transverse momentum is not applied here [[13, [14]]. The estimated UE contribution for
(Ncn) in MB events is comparable with the values reported in Ref. [81]].

5 Systematic uncertainties

The systematic uncertainties associated with the unfolded distributions are mainly arising from the un-
certainties in track reconstruction efficiency, the unfolding procedure (variation in the regularization
parameter of unfolding, change of prior distribution, and bin truncation), the choice of MC model in
the correction procedure, and the uncertainty in the estimation of the UE. For each of these sources, a
modified response matrix that incorporates the variation due to the respective uncertainties is built (as
described below) and used to unfold the measured distribution. The difference between the corrected
distributions unfolded with the default and modified response matrices is quoted as the corresponding
systematic uncertainty. The total systematic uncertainty is calculated by taking the quadrature sum of all
the individual sources, assuming that all the sources are uncorrelated.

The uncertainty on the track reconstruction efficiency is estimated to be 3% based on variations of
track selection criteria and possible imperfections in the description of the TPC-ITS track matching
efficiency in the simulation [[16]]. Consequently, a new response matrix is constructed after removing 3%
of detector-level tracks randomly before jet finding and is used to unfold the measured data in order to
estimate the systematic uncertainties on the reported jet observables.

The number of iterations is optimized to a value that minimizes the total uncertainty in unfolded data.
As a systematic study, the number of iterations is varied by 4 1 with respect to the default value and the
average difference of the modified unfolded distributions from the default one is considered a systematic
uncertainty. To estimate the systematic uncertainty due to the change in the shape of the prior distribution,
the response matrix is reweighted with the ratio between the measured distribution and the one from
detector-level MC. The systematic uncertainty is evaluated as the difference between the distributions
obtained by unfolding with the default and reweighted response matrices. Additionally, the sensitivity
of the unfolded result to the boundary values of the jet pr interval considered in the response matrix is
reflected in bin migration effects and the corresponding systematic uncertainty is estimated by varying
the lower bound of detector-level jet pr by +5 GeV/c before the construction of the modified response
matrix as followed in Refs. [[82H84]. The upper bound of detector-level jet pr is also simultaneously
varied by -20 GeV/c to check the effect on the corrected distributions for larger bin migration.

As discussed in Sec. {i.1] the response matrices used to unfold the data are constructed using the in-
formation of correspondence between truth- and detector-level jets and their constituents obtained from
simulations with the PYTHIA 8 generator. However, the particular structure of jets simulated by one
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Table 2: Summary of systematic uncertainties (in %) on (Ngy) for selected intervals of jet pr for jet R = 0.2, 0.3,
and 0.4 in MB and HM events.

Systematic uncertainties on (N,) for MB (%)
Sources R=0.2 R=03 R=04
Jet pr in GeV/c Jet pt in GeV/c Jet pt in GeV/c
5-10 45-50 90-110 | 5-10 45-50 90-110 | 5-10 45-50 90-110
Track reconst. efficiency 0.9 2.0 2.5 1.3 2.1 2.2 1.8 2.5 2.4
Unfolding parameter negl. 0.1 negl. 0.1 0.1 0.2 0.1 negl. 0.1
Prior change negl. 0.5 negl. 0.1 0.2 0.3 0.1 0.2 0.2
Bin truncation 104 0.3 22 11.3 0.3 1.2 11.1 0.3 1.1
MC generator 1.0 1.4 10.2 1.0 1.9 3.2 0.8 2.2 4.0
UE 0.1 0.1 negl. 0.3 0.2 0.7 0.7 0.4 0.8
Total 10.5 25 10.7 11.4 29 4.2 11.3 34 49
Systematic uncertainties on (Np,) for HM (%)
Sources R=02 R=03 R=04
Jet pr in GeV/c Jet pt in GeV/c Jet pt in GeV/c
5-10  45-50 90-110 | 5-10 45-50 90-110 | 5-10 45-50 90-110
Track reconst. efficiency 1.1 1.5 2.4 2 2.3 2.6 2.5 2.4 34
Unfolding parameter negl. 0.1 0.1 negl. 0.1 0.1 0.1 0.1 0.1
Prior change negl. 0.1 0.3 negl. 0.1 1.4 0.2 0.1 04
Bin truncation 3.6 0.3 0.7 8.7 0.2 1.3 4.1 0.3 0.8
MC generator 1.0 1.4 10.2 1.0 1.9 32 0.8 2.2 4.0
UE 0.7 0.4 negl. 2.1 0.8 0.3 32 1.3 1.0
Total 4.0 2.1 10.5 9.2 3.1 45 5.8 35 5.4

event generator may be different from that in other event generators, which may, in turn, affect the un-
folded distributions. To account for the model dependence uncertainty, another MC event generator,
EPOS LHC [70], is used to construct a modified response matrix, and the corresponding systematic
uncertainty is evaluated from the difference with respect to the default results obtained with PYTHIA 8.

To estimate the systematic uncertainty due to the UE estimation method, the random cone method is
applied where two cones are randomly generated with the same pseudorapidity as the leading jet, and
with azimuthal angles with respect to the leading jet axis (A¢@) within /3 < A@ < 2n/3 and —27/3 <
Ap < —m/3, instead of using a fixed azimuthal angle of A¢ = 7/2 as done in the perpendicular cone
method. Similarly to the approach adopted in the perpendicular cone method, the UE contributions to
the jet observables are estimated using the information of particles from the two random cones and are
provided as input to construct the modified response matrices. The difference between the unfolded
distributions obtained for the two UE estimation methods is reported as the corresponding systematic
uncertainty.

Table summarizes the estimated systematic uncertainties on (N) from the different sources in MB and
HM events. Similarly, the systematic uncertainties on z" and &P distributions in MB and HM events are
outlined in Tables [3|and 4] respectively. In most of the cases, the uncertainties due to track reconstruction
efficiency and model dependence turn out to be the dominant sources of systematic uncertainties.
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Table 3: Summary of systematic uncertainties (in %) on dN/dz" in z! bins for selected intervals of jet pr for jet

R=0.2,0.3, and 0.4 in MB and HM events.

Systematic uncertainties on dN/ dz*® for MB (%)
Jet pr R=02 R=03 R=04
Sources
(GeV/c) 7P bin 7P bin M bin
0-01 03-04 09-1|0-01 03-04 09-1|0-01 03-04 09-1
Track reconst. efficiency 44 1.2 4.7 4.6 0.4 6.6 4.5 0.3 8.4
Unfolding parameter 0.8 0.1 0.1 0.7 0.1 0.2 0.8 0.3 0.1
1020 Prior change 3.8 0.6 4.7 23 2.1 3.1 2.1 2.1 23
Bin truncation 5.4 5.8 16.4 8.9 79 222 12.2 10.3 279
MC generator 5.1 1.1 114 2.2 0.9 94 0.6 0.6 8.0
UE 4.5 0.1 negl. 3.7 0.2 negl. 2.9 0.2 0.1
Total 10.5 6.1 21.1 11.2 8.2 25.2 13.5 10.5 30.3
Track reconst. efficiency 32 0.8 12.6 32 1.5 144 35 1.7 16.3
Unfolding parameter 0.3 1.1 1.8 0.4 1.7 34 0.4 0.6 0.6
6050 Prior change 1.4 0.9 6.5 1.8 2.1 17.5 0.4 1.3 34
Bin truncation 0.9 0.5 0.5 0.6 0.4 negl. 0.2 0.5 04
MC generator 0.4 15.4 359 10.8 23.6 29.4 16.4 17.5 60.3
UE 1.7 negl. negl. 2.9 0.1 negl. 33 0.1 negl.
Total 4.0 15.5 38.6 11.8 23.8 37.3 17.1 17.6 62.6
Systematic uncertainties on dN / dz*? for HM (%)
Jet pr R=02 R=03 R=04
Sources
(GeV/c) 2" bin 2" bin 2" bin
0-01 03-04 09-1|0-01 03-04 09-1|0-01 03-04 09-1
Track reconst. efficiency 5.8 0.9 7.3 6.1 0.9 8.8 4.4 1.3 15.7
Unfolding parameter 0.1 negl. 04 0.2 0.1 0.2 0.8 0.2 0.1
1020 Prior change 0.8 0.9 4.6 negl. 1.1 2.6 1.8 2.0 0.8
Bin truncation 10.9 74 19.0 15.1 10.3 25.7 19.5 14.0 28.7
MC generator 5.1 1.1 114 22 0.9 9.4 0.6 0.6 8.0
UE 0.6 0.1 42 0.1 0.1 0.6 0.5 0.1 1.6
Total 13.4 7.6 24.1 16.4 10.4 28.9 20.1 14.2 337
Track reconst. efficiency 3.5 1.3 4.6 3.9 0.8 3.2 4.2 1.3 16.0
Unfolding parameter 0.3 0.1 44 0.2 0.4 1.3 0.2 0.3 2.5
6080 Prior change 2.3 0.5 54 2.3 0.8 8.8 2.5 0.5 14.0
Bin truncation 1.5 1.2 0.7 1.3 0.8 0.1 0.9 0.6 0.2
MC generator 0.4 15.4 359 10.8 23.6 29.4 16.4 17.5 60.3
UE 0.9 negl. negl. 1.5 0.1 negl. 1.7 0.1 negl.
Total 4.6 15.5 36.9 11.9 23.6 30.9 17.2 17.6 64.0




Jet properties in pp collisions at /s = 13 TeV

ALICE Collaboration

Table 4: Summary of systematic uncertainties (in %) on dN /d&CM in P bins for selected intervals of jet pt for jet

R=0.2,0.3, and 0.4 in MB and HM events.

Systematic uncertainties on dN/d&" for MB (%)
Jet pr R=02 R=03 R=04
Sources
(GeV/c) E°N bin &N bin &N bin
0-04 28-32 48-52|0-04 28-32 48-52|0-04 28-32 48-52
Track reconst. efficiency 3.1 43 5.7 44 44 20.6 6.0 43 18.0
Unfolding parameter 0.3 0.6 21.5 0.2 0.6 15.0 0.1 0.8 16.6
1020 Prior change 1.0 32 1.5 0.9 2.2 9.8 negl. 0.6 6.9
Bin truncation 12.7 54 1.6 17.2 8.9 13.7 21.7 12.0 28.8
MC generator 53 4.7 28.2 7.2 1.7 13.6 9.2 0.7 9.0
UE negl. 1.5 5.6 0.1 1.4 3.8 0.1 0.8 2.8
Total 14.1 9.1 36.4 19.2 10.4 33.7 243 12.8 39.6
Track reconst. efficiency 7.4 29 6.9 8.8 2.8 6.2 9.1 2.7 6.1
Unfolding parameter 0.4 0.3 1.9 2.3 0.3 0.4 0.4 0.6 1.4
6050 Prior change 1.9 0.1 13.3 5.2 3.6 15.5 6.5 5.6 12.6
Bin truncation 0.2 0.3 44 negl. 0.1 2.8 0.1 0.1 1.3
MC generator 20.4 1.8 28.3 18.0 6.8 32 15.5 13.4 6.0
UE negl. 0.5 0.7 negl. 0.7 1.1 negl. 0.8 1.6
Total 21.8 35 324 20.8 8.2 17.3 19.1 14.8 15.4
Systematic uncertainties on dN/ dr‘,‘Ch for HM (%)
Jet pr R=0.2 R=03 R=04
Sources
(GeVlc) &< bin &N bin &N bin
0-04 28-32 48-52|0-04 28-32 48-52|0-04 28-32 48-52
Track reconst. efficiency 4.2 8.7 16.3 5.0 5.2 5.8 5.0 3.8 19.9
Unfolding parameter 0.6 0.2 222 1.1 0.1 1.5 1.1 0.7 11.3
1020 Prior change 0.5 0.6 74 1.1 0.2 4.7 2.3 2.3 34
Bin truncation 15.1 10.2 25.2 22.1 14.7 33.6 28.0 18.7 36.6
MC generator 53 4.7 28.2 7.2 1.7 13.6 9.2 0.7 9.0
UE negl. 2.0 5.0 0.1 1.8 35 0.1 1.1 0.1
Total 16.6 14.4 47.6 23.8 15.8 37.2 30.0 19.3 442
Track reconst. efficiency 5.9 2.9 54 7.3 33 6.4 8.0 3.1 6.3
Unfolding parameter 0.8 0.2 2.1 0.6 0.1 2.2 0.6 negl. 2.1
6080 Prior change 0.9 24 negl. 1.3 2.3 0.2 2.5 2.5 0.1
Bin truncation 0.3 1.2 33 0.2 1.0 2.7 0.2 0.7 1.8
MC generator 20.4 1.8 28.3 18.0 6.8 32 15.5 13.4 6.0
UE negl. 0.1 0.3 negl. negl. 0.4 negl. 0.1 negl.
Total 213 4.3 29.1 19.5 8.0 8.0 17.6 14.0 9.1
6 Results

6.1 Mean charged-particle multiplicity in the leading jet (N.,)

Figure [I| shows the mean number of charged particles within leading jets as a function of jet pr in pp
collisions at /s = 13 TeV for MB (top) and HM (bottom) events. The upper panels show the corrected
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(Ncp) distributions for jet R = 0.2 (left), 0.3 (middle), and 0.4 (right) in the pseudorapidity ranges ]njet| <
(0.9 —R). The data points and the corresponding systematic uncertainties are presented by solid markers
and shaded bands, respectively. The statistical uncertainties are represented by vertical error bars (smaller
than the marker size). Results are compared to predictions from PYTHIA 8 denoted by open markers.
The lower panels show the ratio between PYTHIA 8 predictions and data. A monotonic increase of
(Ncn) is observed with increasing jet pr as well as with jet radius R for both MB and HM events. The
slope of increase at low jet pr is larger than that at high jet pr indicating that as pr increases, more
momentum is carried by single constituents. Within systematic uncertainties, PYTHIA 8 is consistent
with the measured trend.

The top panels of Fig. 2| show the ratios of (N) between HM and MB events as a function of jet pr
in comparison to predictions from PYTHIA 8. The data points are shown by solid markers and the
PYTHIA 8 predictions are represented by open markers for jet R = 0.2 (left), 0.3 (middle), and 0.4
(right). The ratios between PYTHIA 8 predictions and data are shown in the bottom panels. A mild
enhancement in the mean number of charged jet constituents is observed in HM compared to that in MB
event class. The magnitude of the enhancement is found to decrease gradually with increasing jet pr.
A maximum increase of ~ 10%(8%,6%) for jet R = 0.2 (0.3, 0.4) is observed towards low jet pr while
there is no increase at high jet pr for all R. PYTHIA 8 qualitatively reproduces the data, however, fails
to quantitatively reproduce the jet-pt dependence. This observation indicates a softening of charged jet
constituents in HM events compared to MB for low-pr jets, which aligns with the CMS measurement of
a complementary observable, namely the mean pt of charged jet constituents, in pp collisions at /s =7
TeV [85].

6.2 Jet fragmentation
6.2.1 ! distributions

Figure shows the distributions of jet fragmentation function variable z°" for jet radii 0.2 (left), 0.3 (mid-
dle), and 0.4 (right) within the jet-pr intervals 10-20 GeV/c, 20-30 GeV/c, 30-40 GeV/c, 40-60 GeV/c,
and 60-80 GeV/c for both MB (top) and HM (bottom) events. The solid markers represent the corrected
results in the different jet-pr intervals and the shaded bands are the corresponding systematic uncertain-
ties. The statistical uncertainties are represented by vertical error bars (mostly smaller than the marker
size). The distributions in different jet-pr intervals are consistent within systematic uncertainties for
wider jets (R = 0.4) in HM (MB) events, in the range 0.1 <z < 1 (0.1 < z < 0.9), indicating jet-pr
independent fragmentation function. However, for narrower jets (R = 0.2 and 0.3), the fragmentation
functions depend on jet pr in both MB and HM events.

In Fig. ] the measured fragmentation functions are compared to predictions obtained from PYTHIA 8
and EPOS LHC event generators for MB events (top) and with PYTHIA 8 predictions for HM events
(bottom). For MB events, in the lowest and highest jet-p intervals (10-20 and 60-80 GeV/c), PYTHIA 8
describes the data within systematic uncertainties; however, it underestimates the data in the intermediate
jet-pr intervals (20-30, 30—40, and 40-60 GeV/c) and intermediate z" values (0.5 < z* < 0.7). EPOS
LHC, on the other hand, reproduces the data better compared to PYTHIA 8 for the jet-pr intervals 10—
20, 20-30, 3040, and 40-60 GeV/c. For HM events, the ratios between the PYTHIA 8 predictions and
data in the measured jet-pr intervals for all the jet R show similar trends as observed in MB results.

Figure |5| depicts the ratios of z°" distributions between HM and MB events for three jet-pr intervals,
10-20 GeV/c (top), 3040 GeV/c (middle), and 60-80 GeV/c (bottom) and for jet R = 0.2 (left), 0.3
(middle), and 0.4 (right). Comparisons with the PYTHIA 8 predictions (denoted by open markers) are
also shown. The distribution of z" in HM events is noticeably different from that from MB events for
low-pr jets (1020 GeV/c), as shown in the ratio plots in the top panels of Fig. [5| The fragmentation
probability of particles at low (high) z" is found to be enhanced (suppressed) in HM events compared
to that in MB. This effect becomes more pronounced with increasing jet radius at a given jet pt. The
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Figure 1: (N.,) as a function of leading jet pr for MB (top) and HM (bottom) events for jet radii R = 0.2 (left),
0.3 (middle), and 0.4 (right). The distributions are compared with PYTHIA 8 predictions.

trend becomes less pronounced at higher jet pr as it can be seen in the middle and bottom panels of
Fig. |5l While PYTHIA 8 shows quantitative differences from data toward higher z" (> 0.7) values, the
trends are qualitatively described except for jet R = 0.4 at jet pt = 60-80 GeV/c, where the statistical and
systematic uncertainties are large.

A recent ALICE measurement of semi-inclusive azimuthal distributions of charged-particle jets recoiling
from a high-pt hadron trigger also shows significant azimuthal broadening in HM events compared to
those in MB events and PYTHIA 8 follows a similar broadening [63]]. A detailed investigation revealed
that the HM event selection based on the VO detector at forward rapidity introduces a bias towards
multi-jet topologies, thereby affecting the azimuthal distribution. However, the measurement of intra-jet
properties may evade the complication of multi-jet bias since it focuses on modifications within the lead-
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Figure 2: Top panel: The ratio of (N.,) between HM and MB events for jet radii R = 0.2 (left), 0.3 (middle),
and 0.4 (right) compared to PYTHIA 8 predictions. Bottom panel: Ratio between PYTHIA 8 predictions and the
measured values.

ing jet, which, to first order, is independent of other jets in the event. By measuring intra-jet properties
rather than jet correlations, the results shown in Fig.[5] therefore, provide complementary constraints on
jet modification in small systems. A further investigation using less biased HM events (selected based on
the total charged-particle multiplicity) in PYTHIA 8 shows a similar modification of the jet fragmentation
function variable z", hinting towards possible sources other than QGP formation, that may contribute to
the observed modification.

From a theoretical perspective, several efforts [86H88|] have been made to understand the jet modification
in high-multiplicity events compared to minimum-bias ones in pp collisions. In Ref. [88]], a modification
of jet properties in HM compared to MB events is predicted in pp collisions due to phenomena such as
multiparton interactions (MPI) with color reconnection (CR) in PYTHIA 8 as well as enhancement in the
number of gluon-initiated jets in high-multiplicity events compared to that in minimum-bias collisions.

Using similar conditions for selecting MB and HM events and other kinematic selections as applied to
data, the observed behavior in the ratio of z" distributions between HM and MB events in PYTHIA 8 is
further investigated for 10 < p]et h <20 GeV/cand jetradius 0.4. Two event samples with configurations
‘MPI: ON, CR: ON’ (default setting in PYTHIA 8) and ‘MPI: OFF, CR: OFF’ (where both MPI and CR
are switched off) are generated using PYTHIA 8 for minimum-bias and high-multiplicity pp collisions
at /s =13 TeV. Flgure@ (left) shows the z°" distributions for inclusive (quark- and gluon-initiated) and
gluon-initiated leading charged-particle jets in the interval 10 < pl*" < 20 GeV/c for both HM and
MB events for the above-mentioned configurations. The ratio of z" distributions between HM and MB
events (right panel) shows a significant modification of jet fragmentation in the presence of MPI with CR
and the magnitude of the modification gets reduced when MPI and CR are switched off, indicating the
dependence of jet modification on MPI and CR. The origin of the residual amount of modification in the
absence of both MPI and CR is further investigated using gluon-initiated jets to check the dependence
of jet modification on the nature of the initiating parton. A geometrical matching procedure based on
the closest-distance approach (as applied in Ref. [88])) is followed to match hard-scattered partons with
the leading jets. The fraction of gluon-initiated jets is found to be larger in HM events (~83%) than in
MB events (~77%). Figure @ (right) also shows the ratio of z°" distributions for gluon-initiated leading
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Figure 3: Z°1 distributions in leading jets for different jet transverse momenta in MB (top) and HM (bottom) events
for jet R = 0.2 (left), 0.3 (middle), and 0.4 (right).

charged-particle jets between HM and MB events for ‘MPI: OFF, CR: OFF’ configuration, showing a
further, even though small, reduction of the modification with increasing multiplicity as compared to the
case of inclusive jets. These observations indicate that MPI with CR is playing major roles in the change
of jet fragmentation in high-multiplicity events compared to minimum-bias events.

6.2.2 &M distributions

Figure shows the distributions of jet fragmentation function variable £ for jet R = 0.2 (left), 0.3 (mid-
dle), and 0.4 (right) within the jet-pt intervals 10-20, 20-30, 3040, 40—60, and 60—-80 GeV/c for both
MB (top) and HM (bottom) events. The solid markers represent the corrected results in different jet-pr
intervals and the shaded bands are the corresponding systematic uncertainties. The statistical uncertain-
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Figure 4: Top: Ratios of PYTHIA 8 and EPOS LHC predictions to data for z*" distributions in different pi"
intervals in MB events for jet R = 0.2 (left), 0.3 (middle), and 0.4 (right). Bottom: Ratios of PYTHIA 8 predictions
to data for z° distributions in different p’;mh intervals in HM events for jet R = 0.2 (left), 0.3 (middle), and 0.4
(right).

ties are represented by vertical error bars (mostly smaller than the marker size). The £ distributions
highlight the low- z trends in great detail. Jet-pt independent &M distributions are observed for £ <
2 and jet R = 0.4 in both MB and HM events, while the £ distributions are found to depend on jet pr
for jet R = 0.2 and 0.3. These observations are complementary to those observed in z! distributions.
In addition, a pronounced peak structure, commonly known as a “hump-backed plateau” is observed,
resulting from the suppression of low-pr particle production predicted by QCD coherence [43, [74-78]].
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Figure 5: The ratio between HM and MB distributions of z" for ﬁft’Ch intervals 10-20 GeV/c (top), 30-40 GeV/c
(middle), and 60-80 GeV/c (bottom) for jet R = 0.2 (left), 0.3 (middle), and 0.4 (right).

With increasing jet pr and rising jet R, the area of the £ distributions increases, complementing the
results obtained from (N ), indicating an increase of charged-particle multiplicity in jets with increasing
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Figure 6: Left panel: Distributions of z! for the jet-pr interval 10-20 GeV/c for inclusive (quark- and gluon-
initiated) jets with ‘MPI: ON, CR: ON’ and ‘MPI: OFF, CR: OFF’ configurations, and for gluon-initiated jets with
‘MPI: OFF, CR: OFF’ configuration using PYTHIA 8. Right panel: Ratio of z* distributions between HM and
MB events.

jet pr. These results show similar trends as the previous ALICE measurement in pp collisions at /s =
7 TeV [13].

The comparisons of £ distributions with PYTHIA 8 predictions are shown in Fig. |8l The width of the
&°h distributions predicted by PYTHIA 8 is slightly smaller compared to data, whereas PYTHIA 8 fails to
reproduce the peak position of the &°" distributions in data. This results in a non-flat shape in the MC-data
ratios for both MB and HM events. Figure |§I shows the ratio of £ distributions between HM and MB
events for three jet-pr ranges, 10-20 GeV/c (top), 3040 GeV/c (middle), and 60—-80 GeV/c (bottom)
and for three jet R = 0.2 (left), 0.3 (middle), and 0.4 (right). A clear suppression of £ distribution at
low-EM values is observed in HM events compared to MB events in the lowest (10-20 GeV/c) jet-pr
interval for R = 0.4. The amount of this suppression gets reduced with decreasing jet R at a fixed jet pr
and decreases with increasing jet pr at a given jet radius. These observations are complementary to the
results as a function of z°" reported above and the trends are well reproduced by PYTHIA 8.

7 Summary

In summary, this work reports the measurement of multiplicity-dependent charged-particle intra-jet prop-
erties of leading jets in pp collisions at y/s = 13 TeV using the ALICE detector at the LHC. The mean
charged-particle multiplicity (Ne,) and jet fragmentation function variables z" and £! for leading jets
are measured for minimum-bias and high-multiplicity events using the anti-k jet finding algorithm with
R=0.2,0.3, and 0.4. A monotonic increase in (Ncy,) is observed in both MB and HM events as a function
of jet pr as well as with increasing jet radius R. It is found to be slightly larger in high-multiplicity events
in comparison with minimum-bias ones; PYTHIA 8 also exhibits a similar pattern. A jet-pt independent
jet fragmentation is observed in both MB and HM events within certain ranges of z" and £ values
only for wider jets (R = 0.4). EPOS LHC reproduces the z*" distributions better than PYTHIA 8 in MB
events. The observed “hump-backed plateau” structure in £P distributions originates from the suppres-
sion of low-pr particle production predicted by QCD coherence. The £ distributions for both MB and
HM events are qualitatively reproduced by PYTHIA 8.

16



Jet properties in pp collisions at /s = 13 TeV

ALICE Collaboration

(1IN o) (AN / dE")

(1IN o) (N / dE)

U'I

A
o

I

w
&)

[

N
2]

N

1.5F

0.5F,.

U'I

4.

01

3.5F

W

25

15

0.5F

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII__IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII:_IIIIIIIIIIIIII.IIIIIIIIIIIIIIIIIIIIII:
':\/Ill_r:?r: m Bias ‘- +10< pjTeL <20 GeVic ‘ *40<p "< 60 Gevic .
: u I + 20 jet, ch 30 GeV/ I °*60<p jet,ch 80 GeV/c ]
F pp Vs =13 TeV I <Py evic I T ]
F pP*° > 0.15 GeVic T *30<p’"<40Gevic 1 ]
E Ch. particle leading anti-k jets ¥ T . E
s T T -
-UE Subtracted o7 F et O %06 T <"+ p o5
[ - jet T +F jet I == jet
L 4 - 4 N -+
5F S R=02 ¥ ¥+++ R=03 T :!:’ “u R=04
r - T st - T ||
e [ T FE e ]
a 1 - 1 4
T A T || B T ] -] ]
P o g e R P = T % i M
P ) F = [ I ] h
:-A-£ I T _‘_ ST T .
e % e dw? T aese 1 B s
[ i e I e T i . ]
m@@iﬁx&mﬂ_uul'|*|||||||||||||||||||‘4‘|?_’¢l-.1-u||| %l|||||||||||||||||H—|.::§'r;’1:l-.4|||'
o 1 2 3 4 5 6 70 1 2 3 4 5 6 70 1 2 3 4 5 6 7
In(p jet, ch partlcle)
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII.IIIIIIIIIIIIIIIIIIIIII:
FALICE 1 .10« 0 < 20 GeVie I +40<pf<e0Gevic
F High Multiplicity 1 T ¥ jet, ch ]
F pp 15 = 13 TeV F +20<pi*”<30Gevic 3 °60<p;T<B0Gevic  J
E pP*'?* > 0.15 GeVic T *30<p*"<40Gevic I ]
b Ch. particle leading anti-ijets_;;_ __ . E
r T I e
- UE Subtracted G 07 T o G X06 T T+ B[ [X05
; Jet I -+ et I & m- ©
- = R=02 =+ -+ R=03 T R=04
: iy * I &0 1 E .
F f* I s I - E
E L R T E il T = =
2 y o 1 R 1 ¥ v E
L e I = re I i,
- - i3 B ER I E
1-% AT ymg g EE :;: -A- e EE -A- ’--.-+'.'
-A- 1 S I
_i " il P T. _‘_’ . :+ T _A_-o—:-++ 3
4 s i
|||||||||||||||||||$‘|'-A-r"=*-'!1-1u|||'r%llllllllllllll|||HLf_tlthl|||'m|||||||||||||||||r?-u.r§TT1:LM|||'
0O 1 2 3 4 5 6 70 1 2 3 4 5 6 70 1 2 3 4 5 6 7

In(p jet, ch/ pamcle)

Figure 7: &°h distributions in leading jets for different jet transverse momenta in MB (top) and HM (bottom)
events for jet R = 0.2 (left), 0.3 (middle), and 0.4 (right).

The fragmentation functions in HM events are noticeably different from those in MB events. The proba-
bility of jet fragmentation into particles with low z! gets enhanced, followed by a suppression of high-z"
particles in HM events compared to that in MB. The observed jet modification is more prominent for low-
pr jets (10-20 GeV/c) with larger jet radius (R = 0.4) and is reduced with increasing jet pr at a given
radius. These trends are qualitatively reproduced by PYTHIA 8. Similar conclusions are obtained when
studying the fragmentation function in MB and HM events using the £ variable.

Signatures of collectivity, previously associated with QGP production, have been observed in event
multiplicity-dependent measurements in the soft sector of QCD. Recently, a selection bias towards
multi-jet topology has been argued to affect the observed azimuthal broadening in the sample of high-
multiplicity events defined from the VOM signal amplitudes. The modifications of intra-jet properties

17



Jet properties in pp collisions at /s = 13 TeV ALICE Collaboration

© E T T T T E T T T T T E
8 1 5EALICE pp Vs = 13 TeV 10 < p* <20 Gevic E
=~ Fo QO — O-Q0- P
5 LEGOPeeonsy 5o 3
B 05E Coo0o ©o0, 3
= Fi ! ! ! ! ! ! ! ! ! ! ! ! I
:I T T T T T T T T T T T T I:
1.5F 20 <p* ™" <30 Gevic E
15—56900'@0055(')" T —— 0'()0'09'@0005(‘)‘ ST
05F 0, Coo 3
1.5 E— 30< pf" N < 40 GeVic _E
1 ?{50000:000655_ = (;6{7@0&0006(3- T —E
0.5F B _%07,R=02 O0o h [¥05R=04 Copo 3
:I JI 1 1 1 1 1 JI 1 1 1 1 1 I:
:I T T T T T T T T T T T I:
1.5F 40<p f" " < 60 GeVic E
15_.__.9;(} 0.9-0_6(_}____.___-- déve:o_m%éz}____.___.__;
05F %00 o0 3
S o R  E IAaa h o A o AL F JAAaS RALAAR R S MRS A -
1.5F 60<p "7 <80 GeVic E
SNYo Vo Vo Vo NN IV o ¥ato Yo't e PN
ooty gy o0 G50 - Oo
0.5F oo C60 7
El 1 1 'l R 1 1 Ml R N PR PR ST R E

1 2 3 4 5 6 7
E ch - In(p jTel, ch/p $anicle)

] ET T T T T T T E= T T T T T T T T T T T T T ]
8 1 5EALICE pp Vs = 13 TeV _E High Multiplicity ¥ 10< p’ "< 20 GeV/e 3
= 10000655 s m o s 000 - -0 06 e e
SosE - + OCo00w - 5000 E
= Breeerbeerrpeeerbeee e e it b
15E o PYTHIA 8 Monash 2013 20 <p* ™" <30 Gev/c 3
1E-000000 0y = - -= - - - - - - g 00RO am = mm g mm = e e 00Q0@ e - o o - -

E O O E
05E° G050 %0000 o 3
15 %— 30<p f" " < 40 GeVic _%

E 00000 G 0000 L - QQQQQ@U______.___.__E

15 A4 o5 O O OOOOO,Q OOU 000 E
05F B [X07,R=02 > B, [x0.6,R=03 B [x05R=04 o 3
15E 40 <p’ " <60 Gevic 3

E Q-00- 3

1E s p@PEEROe g o o

0.5 :—0 00O 00'0'.0. _E

H rrrrrrerterre e
1.5F 60 <p" ™ <80 GeVic E

E O-O0-00- E
Pt - - == os =0 = - - OO T OO e o - e - -

0 ;5-00 o0o? 0000
T NPT TR P DU DU N PN E

0 1 2 3 4 5 6 7

ch _ jet, ch particle:
= e

Figure 8: Ratios of PYTHIA 8 predictions to data for £ distributions in different ﬁft’Ch

and HM (bottom) events for jet R = 0.2 (left), 0.3 (middle), and 0.4 (right).

intervals in MB (top)

for leading jets are independent of the presence of other jets in an event and are therefore less prone
to such biases. The multiplicity-dependent measurements of intra-jet properties presented in this article
show that increasing event multiplicity in small collision systems also influences hard probes such as jets.
An investigation using PYTHIA 8 with a less biased HM event selection also shows a similar amount
of modification. A detailed study using PYTHIA 8 shows that the major source of the modification in
jet fragmentation is multiparton interactions with color reconnection in HM events. One can conclude
from here that jet modification is observed in small systems with increasing multiplicity, shifting the
question towards how one can attribute the observed modification to different causes, e.g., multiparton
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interactions, jet bias from HM event selection or jet quenching in mini-QGP. Since PYTHIA 8 captures
most of the features of the data, the measured modifications cannot be directly interpreted as due to the
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formation of a QGP in high-multiplicity pp collisions. The measurements of intra-jet properties reported
in this work provide new constraints to mechanisms underlying jet modification in small systems. More
precise measurements of these observables could provide better insights into the jet modification in small
collision systems with high final-state multiplicity.

Acknowledgements

The ALICE Collaboration would like to thank all its engineers and technicians for their invaluable con-
tributions to the construction of the experiment and the CERN accelerator teams for the outstanding
performance of the LHC complex. The ALICE Collaboration gratefully acknowledges the resources and
support provided by all Grid centres and the Worldwide LHC Computing Grid (WLCG) collaboration.
The ALICE Collaboration acknowledges the following funding agencies for their support in building
and running the ALICE detector: A. I. Alikhanyan National Science Laboratory (Yerevan Physics In-
stitute) Foundation (ANSL), State Committee of Science and World Federation of Scientists (WFS),
Armenia; Austrian Academy of Sciences, Austrian Science Fund (FWF): [M 2467-N36] and National-
stiftung fiir Forschung, Technologie und Entwicklung, Austria; Ministry of Communications and High
Technologies, National Nuclear Research Center, Azerbaijan; Conselho Nacional de Desenvolvimento
Cientifico e Tecnoldégico (CNPq), Financiadora de Estudos e Projetos (Finep), Funda¢do de Amparo a
Pesquisa do Estado de Sao Paulo (FAPESP) and Universidade Federal do Rio Grande do Sul (UFRGS),
Brazil; Bulgarian Ministry of Education and Science, within the National Roadmap for Research Infras-
tructures 2020-2027 (object CERN), Bulgaria; Ministry of Education of China (MOEC) , Ministry of
Science & Technology of China (MSTC) and National Natural Science Foundation of China (NSFC),
China; Ministry of Science and Education and Croatian Science Foundation, Croatia; Centro de Apli-
caciones Tecnoldgicas y Desarrollo Nuclear (CEADEN), Cubaenergia, Cuba; Ministry of Education,
Youth and Sports of the Czech Republic, Czech Republic; The Danish Council for Independent Re-
search | Natural Sciences, the VILLUM FONDEN and Danish National Research Foundation (DNRF),
Denmark; Helsinki Institute of Physics (HIP), Finland; Commissariat a I’Energie Atomique (CEA) and
Institut National de Physique Nucléaire et de Physique des Particules (IN2P3) and Centre National de la
Recherche Scientifique (CNRS), France; Bundesministerium fiir Bildung und Forschung (BMBF) and
GSI Helmbholtzzentrum fiir Schwerionenforschung GmbH, Germany; General Secretariat for Research
and Technology, Ministry of Education, Research and Religions, Greece; National Research, Devel-
opment and Innovation Office, Hungary; Department of Atomic Energy Government of India (DAE),
Department of Science and Technology, Government of India (DST), University Grants Commission,
Government of India (UGC) and Council of Scientific and Industrial Research (CSIR), India; National
Research and Innovation Agency - BRIN, Indonesia; Istituto Nazionale di Fisica Nucleare (INFN), Italy;
Japanese Ministry of Education, Culture, Sports, Science and Technology (MEXT) and Japan Society
for the Promotion of Science (JSPS) KAKENHI, Japan; Consejo Nacional de Ciencia (CONACYT) y
Tecnologia, through Fondo de Cooperacién Internacional en Ciencia y Tecnologia (FONCICYT) and Di-
reccién General de Asuntos del Personal Academico (DGAPA), Mexico; Nederlandse Organisatie voor
Wetenschappelijk Onderzoek (NWO), Netherlands; The Research Council of Norway, Norway; Com-
mission on Science and Technology for Sustainable Development in the South (COMSATS), Pakistan;
Pontificia Universidad Catdlica del Perd, Peru; Ministry of Education and Science, National Science
Centre and WUT ID-UB, Poland; Korea Institute of Science and Technology Information and National
Research Foundation of Korea (NRF), Republic of Korea; Ministry of Education and Scientific Research,
Institute of Atomic Physics, Ministry of Research and Innovation and Institute of Atomic Physics and
Universitatea Nationala de Stiinta si Tehnologie Politehnica Bucuresti, Romania; Ministry of Educa-
tion, Science, Research and Sport of the Slovak Republic, Slovakia; National Research Foundation of
South Africa, South Africa; Swedish Research Council (VR) and Knut & Alice Wallenberg Founda-
tion (KAW), Sweden; European Organization for Nuclear Research, Switzerland; Suranaree University
of Technology (SUT), National Science and Technology Development Agency (NSTDA) and National

20



Jet properties in pp collisions at /s = 13 TeV ALICE Collaboration

Science, Research and Innovation Fund (NSRF via PMU-B B05F650021), Thailand; Turkish Energy,
Nuclear and Mineral Research Agency (TENMAK), Turkey; National Academy of Sciences of Ukraine,
Ukraine; Science and Technology Facilities Council (STFC), United Kingdom; National Science Foun-
dation of the United States of America (NSF) and United States Department of Energy, Office of Nuclear
Physics (DOE NP), United States of America. In addition, individual groups or members have received
support from: Czech Science Foundation (grant no. 23-07499S), Czech Republic; European Research
Council, Strong 2020 - Horizon 2020 (grant nos. 950692, 824093), European Union; ICSC - Centro
Nazionale di Ricerca in High Performance Computing, Big Data and Quantum Computing, European
Union - NextGenerationEU; Academy of Finland (Center of Excellence in Quark Matter) (grant nos.
346327, 346328), Finland.

References

[1] F Wilczek, “Quantum field theory”, Rev. Mod. Phys. 71 (1999) S85-S95,
arXiv:hep-th/9803075.

[2] N. Cabibbo and G. Parisi, “Exponential Hadronic Spectrum and Quark Liberation”, Phys. Lett. B
59 (1975) 67-69.

[3] E. V. Shuryak, “Theory of Hadronic Plasma”, Sov. Phys. JETP 47 (1978) 212-219.

[4] HotQCD Collaboration, A. Bazavov et al., “Equation of state in ( 2+1 )-flavor QCD”, |Phys. Rev.
D 90 (2014) 094503, arXiv:1407.6387 [hep-lat]l

[5] ALICE Collaboration, S. Acharya et al., “The ALICE experiment: a journey through QCD”, Eur:
Phys. J. C 84 (2024) 813, arXiv:2211.04384 [nucl-ex].

[6] M. Gyulassy and M. Plumer, “Jet Quenching in Dense Matter”, Phys. Lett. B 243 (1990) 432-438.

[7] G.-Y. Qin and X.-N. Wang, “Jet quenching in high-energy heavy-ion collisions”, [nt. J. Mod.
Phys. E 24 (2015) 1530014, |arXiv:1511.00790 [hep-ph].

[8] JET Collaboration, K. M. Burke et al., “Extracting the jet transport coefficient from jet quenching
in high-energy heavy-ion collisions”, Phys. Rev. C 90 (2014) 014909, arXiv:1312.5003
[nucl-th].

[9] JETSCAPE Collaboration, A. Kumar et al., “Inclusive jet and hadron suppression in a multistage
approach”, |Phys. Rev. C 107 (2023) 034911} arXiv:2204.01163 [hep-phl].

[10] STAR Collaboration, M. S. Abdallah e al., “Differential measurements of jet substructure and

partonic energy loss in Au+Au collisions at /sy =200 GeV”, |Phys. Rev. C 105 (2022) 044906,
arXiv:2109.09793 [nucl-ex].

[11] X.-N. Wang, “QGP and modified jet fragmentation”, Eur. Phys. J. C 43 (2005) 223-231,
arXiv:nucl-th/0510043.

[12] K. C. Zapp, F. Krauss, and U. A. Wiedemann, “A perturbative framework for jet quenching”,
JHEP 03 (2013) 080, arXiv:1212.1599 [hep-ph].

[13] ALICE Collaboration, B. B. Abelev et al., “Charged jet cross sections and properties in
proton-proton collisions at y/s =7 TeV”, Phys. Rev. D 91 (2015) 112012, arXiv:1411.4969
[nucl-ex].

[14] ALICE Collaboration, S. Acharya et al., “Charged jet cross section and fragmentation in
proton-proton collisions at /s = 7 TeV”, Phys. Rev. D 99 (2019) 012016, arXiv:1809.03232
[nucl-ex].

21


http://dx.doi.org/10.1103/RevModPhys.71.S85
http://arxiv.org/abs/hep-th/9803075
http://dx.doi.org/10.1016/0370-2693(75)90158-6
http://dx.doi.org/10.1016/0370-2693(75)90158-6
http://dx.doi.org/10.1103/PhysRevD.90.094503
http://dx.doi.org/10.1103/PhysRevD.90.094503
http://arxiv.org/abs/1407.6387
http://dx.doi.org/10.1140/epjc/s10052-024-12935-y
http://dx.doi.org/10.1140/epjc/s10052-024-12935-y
http://arxiv.org/abs/2211.04384
http://dx.doi.org/10.1016/0370-2693(90)91409-5
http://dx.doi.org/10.1142/S0218301315300143
http://dx.doi.org/10.1142/S0218301315300143
http://arxiv.org/abs/1511.00790
http://dx.doi.org/10.1103/PhysRevC.90.014909
http://arxiv.org/abs/1312.5003
http://arxiv.org/abs/1312.5003
http://dx.doi.org/10.1103/PhysRevC.107.034911
http://arxiv.org/abs/2204.01163
http://dx.doi.org/10.1103/PhysRevC.105.044906
http://arxiv.org/abs/2109.09793
http://dx.doi.org/10.1140/epjc/s2005-02265-2
http://arxiv.org/abs/nucl-th/0510043
http://dx.doi.org/10.1007/JHEP03(2013)080
http://arxiv.org/abs/1212.1599
http://dx.doi.org/10.1103/PhysRevD.91.112012
http://arxiv.org/abs/1411.4969
http://arxiv.org/abs/1411.4969
http://dx.doi.org/10.1103/PhysRevD.99.012016
http://arxiv.org/abs/1809.03232
http://arxiv.org/abs/1809.03232

Jet properties in pp collisions at /s = 13 TeV ALICE Collaboration

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

ALICE Collaboration, S. Acharya et al., “Measurements of inclusive jet spectra in pp and central
Pb-Pb collisions at /sy = 5.02 TeV”, Phys. Rev. C 101 (2020) 034911, |arXiv:1909.09718
[nucl-ex].

ALICE Collaboration, S. Acharya et al., “Measurement of charged jet cross section in pp
collisions at v/s = 5.02 TeV”, Phys. Rev. D 100 (2019) 092004, |arXiv:1905.02536 [nucl-ex].

ATLAS Collaboration, M. Aaboud et al., “Measurement of inclusive jet and dijet cross-sections in
proton-proton collisions at /s = 13 TeV with the ATLAS detector”, JHEP 05 (2018) 195,
arXiv:1711.02692 [hep-ex].

S. K. Prasad, V. Roy, S. Chattopadhyay, and A. K. Chaudhuri, “Elliptic flow (v;) in pp collisions at
energies available at the CERN Large Hadron Collider: A hydrodynamical approach”, Phys. Rev.
C 82 (2010) 024909, |larXiv:0910.4844 [nucl-th].

P. Ghosh, S. Muhuri, J. K. Nayak, and R. Varma, “Indication of transverse radial flow in
high-multiplicity proton—proton collisions at the Large Hadron Collider”, J. Phys. G 41 (2014)
035106, |arXiv:1402.6813 [hep-phl.

D. d’Enterria, G. K. Eyyubova, V. L. Korotkikh, I. P. Lokhtin, S. V. Petrushanko, L. I. Sarycheva,
and A. M. Snigirev, “Estimates of hadron azimuthal anisotropy from multiparton interactions in
proton-proton collisions at /s = 14 TeV”, Eur. Phys. J. C 66 (2010) 173-185, arXiv:0910.3029
(hep-ph]l

K. Werner, I. Karpenko, and T. Pierog, “The Ridge’ in Proton-Proton Scattering at 7 TeV”, |Phys.
Rev. Lett. 106 (2011) 122004, |arXiv:1011.0375 [hep-phll

A. Ortiz Velasquez, P. Christiansen, E. Cuautle Flores, I. Maldonado Cervantes, and G. Pai¢,
“Color Reconnection and Flowlike Patterns in pp Collisions”, Phys. Rev. Lett. 111 (2013) 042001,
arXiv:1303.6326 [hep-phl].

A. Ortiz, G. Bencedi, and H. Bello, “Revealing the source of the radial flow patterns in
proton—proton collisions using hard probes”, J. Phys. G 44 (2017) 065001, |arXiv:1608.04784
(hep-ph]l

ALICE Collaboration, S. Acharya et al., “Constraints on jet quenching in p—Pb collisions at /snn
= 5.02 TeV measured by the event-activity dependence of semi-inclusive hadron-jet distributions”,
Phys. Lett. B783 (2018) 95-113, larXiv:1712.05603 [nucl-ex].

ATLAS Collaboration, G. Aad et al., “Strong Constraints on Jet Quenching in
Centrality-Dependent p+Pb Collisions at 5.02 TeV from ATLAS”, Phys. Rev. Lett. 131 (2023)
072301, |arXiv:2206.01138 [nucl-ex]!

PHENIX Collaboration, C. Aidala et al., “Creation of quark—gluon plasma droplets with three
distinct geometries”, Nature Phys. 15 (2019) 214-220, |arXiv:1805.02973 [nucl-ex].

CMS Collaboration, V. Khachatryan et al., “Observation of Long-Range Near-Side Angular
Correlations in Proton-Proton Collisions at the LHC”, JHEP 09 (2010) 091, |arXiv:1009.4122
[hep-ex].

ATLAS Collaboration, G. Aad et al., “Observation of Long-Range Elliptic Azimuthal
Anisotropies in /s =13 and 2.76 TeV pp Collisions with the ATLAS Detector”, Phys. Rev. Lett.
116 (2016) 172301}, larXiv:1509.04776 [hep-ex].

22


http://dx.doi.org/10.1103/PhysRevC.101.034911
http://arxiv.org/abs/1909.09718
http://arxiv.org/abs/1909.09718
http://dx.doi.org/10.1103/PhysRevD.100.092004
http://arxiv.org/abs/1905.02536
http://dx.doi.org/10.1007/JHEP05(2018)195
http://arxiv.org/abs/1711.02692
http://dx.doi.org/10.1103/PhysRevC.82.024909
http://dx.doi.org/10.1103/PhysRevC.82.024909
http://arxiv.org/abs/0910.4844
http://dx.doi.org/10.1088/0954-3899/41/3/035106
http://dx.doi.org/10.1088/0954-3899/41/3/035106
http://arxiv.org/abs/1402.6813
http://dx.doi.org/10.1140/epjc/s10052-009-1232-7
http://arxiv.org/abs/0910.3029
http://arxiv.org/abs/0910.3029
http://dx.doi.org/10.1103/PhysRevLett.106.122004
http://dx.doi.org/10.1103/PhysRevLett.106.122004
http://arxiv.org/abs/1011.0375
http://dx.doi.org/10.1103/PhysRevLett.111.042001
http://arxiv.org/abs/1303.6326
http://dx.doi.org/10.1088/1361-6471/aa6594
http://arxiv.org/abs/1608.04784
http://arxiv.org/abs/1608.04784
http://dx.doi.org/10.1016/j.physletb.2018.05.059
http://arxiv.org/abs/1712.05603
http://dx.doi.org/10.1103/PhysRevLett.131.072301
http://dx.doi.org/10.1103/PhysRevLett.131.072301
http://arxiv.org/abs/2206.01138
http://dx.doi.org/10.1038/s41567-018-0360-0
http://arxiv.org/abs/1805.02973
http://dx.doi.org/10.1007/JHEP09(2010)091
http://arxiv.org/abs/1009.4122
http://arxiv.org/abs/1009.4122
http://dx.doi.org/10.1103/PhysRevLett.116.172301
http://dx.doi.org/10.1103/PhysRevLett.116.172301
http://arxiv.org/abs/1509.04776

Jet properties in pp collisions at /s = 13 TeV ALICE Collaboration

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

ATLAS Collaboration, M. Aaboud et al., “Measurements of long-range azimuthal anisotropies
and associated Fourier coefficients for pp collisions at /s = 5.02 and 13 TeV and p+Pb collisions
at \/sxN = 5.02 TeV with the ATLAS detector”, Phys. Rev. C 96 (2017) 024908,
arXiv:1609.06213 [nucl-ex].

CMS Collaboration, V. Khachatryan et al., “Evidence for collectivity in pp collisions at the LHC”,
Phys. Lett. B 765 (2017) 193-220, arXiv:1606.06198 [nucl-ex].

CMS Collaboration, S. Chatrchyan et al., “Observation of Long-Range Near-Side Angular
Correlations in Proton-Lead Collisions at the LHC”, |Phys. Lett. B 718 (2013) 795-814,
arXiv:1210.5482 [nucl-ex].

ALICE Collaboration, J. Adam et al., “Enhanced production of multi-strange hadrons in
high-multiplicity proton-proton collisions”, Nature Phys. 13 (2017) 535-539, arXiv:1606.07424
[nucl-ex].

ALICE Collaboration, S. Acharya et al., “Multiplicity dependence of (multi-)strange hadron
production in proton-proton collisions at /s = 13 TeV”, Eur. Phys. J. C 80 (2020) 167,
arXiv:1908.01861 [nucl-ex].

ALICE Collaboration, J. Adam et al., “Multi-strange baryon production in p—Pb collisions at
V/SNN = 5.02 TeV”, Phys. Lett. B 758 (2016) 389-401, arXiv:1512.07227 [nucl-ex].

CMS Collaboration, V. Khachatryan et al., “Evidence for collectivity in pp collisions at the LHC”,
Phys. Lett. B 765 (2017) 193-220, arXiv:1606.06198 [nucl-ex].

ATLAS Collaboration, G. Aad et al., “Measurement of azimuthal anisotropy of muons from
charm and bottom hadrons in pp collisions at /s = 13 TeV with the ATLAS detector”, Phys. Rev.
Lett. 124 (2020) 082301, larXiv:1909.01650 [nucl-ex].

PHENIX Collaboration Collaboration, A. Adare ef al., “Centrality-dependent modification of
jet-production rates in deuteron-gold collisions at /syy = 200 GeV”, Phys. Rev. Lett. 116 (Mar,
2016) 122301, https://1link.aps.org/doi/10.1103/PhysReviett.116.122301!

ATLAS Collaboration, G. Aad et al., “Centrality and rapidity dependence of inclusive jet
production in /snn = 5.02 TeV proton-lead collisions with the ATLAS detector”, Phys. Lett. B
748 (2015) 392-413) larXiv:1412.4092 [hep-ex].

ALICE Collaboration, J. Adam et al., “Measurement of charged jet production cross sections and
nuclear modification in p—Pb collisions at /sy = 5.02 TeV”, |Phys. Lett. B 749 (2015) 68-81,
arXiv:1503.00681 [nucl-ex]!

ALICE Collaboration, J. Adam et al., “Centrality dependence of charged jet production in p-Pb
collisions at /syn = 5.02 TeV”, Eur. Phys. J. C 76 (2016) 271, arXiv:1603.03402 [nucl-ex].

M. H. Seymour, “Jet shapes in hadron collisions: Higher orders, resummation and hadronization”,
Nucl. Phys. B 513 (1998) 269-300, larXiv:hep-ph/9707338.

L. Vitev, S. Wicks, and B.-W. Zhang, “A Theory of jet shapes and cross sections: From hadrons to
nuclei”, JHEP 11 (2008) 093, |arXiv:0810.2807 [hep-phl].

A. H. Mueller, “On the Multiplicity of Hadrons in QCD Jets”, Phys. Lett. B 104 (1981) 161-164.

S. D. Ellis, Z. Kunszt, and D. E. Soper, “Jets at hadron colliders at order o — s% A Look inside”,
Phys. Rev. Lett. 69 (1992) 3615-3618, |arXiv:hep-ph/9208249.

23


http://dx.doi.org/10.1103/PhysRevC.96.024908
http://arxiv.org/abs/1609.06213
http://dx.doi.org/10.1016/j.physletb.2016.12.009
http://arxiv.org/abs/1606.06198
http://dx.doi.org/10.1016/j.physletb.2012.11.025
http://arxiv.org/abs/1210.5482
http://dx.doi.org/10.1038/nphys4111
http://arxiv.org/abs/1606.07424
http://arxiv.org/abs/1606.07424
http://dx.doi.org/10.1140/epjc/s10052-020-7673-8
http://arxiv.org/abs/1908.01861
http://dx.doi.org/10.1016/j.physletb.2016.05.027
http://arxiv.org/abs/1512.07227
http://dx.doi.org/10.1016/j.physletb.2016.12.009
http://arxiv.org/abs/1606.06198
http://dx.doi.org/10.1103/PhysRevLett.124.082301
http://dx.doi.org/10.1103/PhysRevLett.124.082301
http://arxiv.org/abs/1909.01650
http://dx.doi.org/10.1103/PhysRevLett.116.122301
http://dx.doi.org/10.1103/PhysRevLett.116.122301
https://link.aps.org/doi/10.1103/PhysRevLett.116.122301
http://dx.doi.org/10.1016/j.physletb.2015.07.023
http://dx.doi.org/10.1016/j.physletb.2015.07.023
http://arxiv.org/abs/1412.4092
http://dx.doi.org/10.1016/j.physletb.2015.07.054
http://arxiv.org/abs/1503.00681
http://dx.doi.org/10.1140/epjc/s10052-016-4107-8
http://arxiv.org/abs/1603.03402
http://dx.doi.org/10.1016/S0550-3213(97)00711-6
http://arxiv.org/abs/hep-ph/9707338
http://dx.doi.org/10.1088/1126-6708/2008/11/093
http://arxiv.org/abs/0810.2807
http://dx.doi.org/10.1016/0370-2693(81)90581-5
http://dx.doi.org/10.1103/PhysRevLett.69.3615
http://arxiv.org/abs/hep-ph/9208249

Jet properties in pp collisions at /s = 13 TeV ALICE Collaboration

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

CMS Collaboration, S. Chatrchyan et al., “Shape, Transverse Size, and Charged Hadron
Multiplicity of Jets in pp Collisions at 7 TeV”,JHEP 06 (2012) 160, arXiv:1204.3170
[hep-ex].

ATLAS Collaboration, G. Aad et al., “Properties of jet fragmentation using charged particles
measured with the ATLAS detector in pp collisions at /s = 13 TeV”, Phys. Rev. D 100 (2019)
052011, arXiv:1906.09254 [hep-ex].

CDF Collaboration, T. Affolder et al., “Charged Jet Evolution and the Underlying Event in pp
Collisions at 1.8 TeV”, Phys. Rev. D 65 (2002) 092002.

CDF Collaboration, D. Acosta et al., “Study of jet shapes in inclusive jet production in pp
collisions at v/s = 1.96 TeV”, Phys. Rev. D 71 (2005) 112002, arXiv:hep-ex/0505013.

DO Collaboration, S. Abachi et al., “Transverse energy distributions within jets in pp collisions at
/s = 1.8 TeV”, Phys. Lett. B 357 (1995) 500-508.

ATLAS Collaboration, G. Aad et al., “Study of Jet Shapes in Inclusive Jet Production in pp
Collisions at /s = 7 TeV using the ATLAS Detector”, Phys. Rev. D 83 (2011) 052003,
arXiv:1101.0070 [hep-ex].

CMS Collaboration, S. Chatrchyan et al., “Modification of Jet Shapes in PbPb Collisions at
/SNn = 2.76 TeV”, Phys. Lett. B 730 (2014) 243-263, |arXiv:1310.0878 [nucl-ex].

CDF Collaboration, D. Acosta et al., “Momentum Distribution of Charged Particles in Jets in
Dijet Events in pp Collisions at /s = 1.8 TeV and Comparisons to Perturbative QCD
Predictions”, Phys. Rev. D 68 (2003) 012003.

ATLAS Collaboration, G. Aad et al., “Measurement of the jet fragmentation function and
transverse profile in proton-proton collisions at a center-of-mass energy of 7 TeV with the ATLAS
detector”, |[Eur. Phys. J. C 71 (2011) 1795, |arXiv:1109.5816 [hep-ex].

ATLAS Collaboration, G. Aad et al., “Measurement of inclusive jet charged-particle
fragmentation functions in Pb+Pb collisions at |/syy = 2.76 TeV with the ATLAS detector”,
Phys. Lett. B 739 (2014) 320-342, [arXiv:1406.2979 [hep-ex].

CMS Collaboration, S. Chatrchyan et al., “Measurement of jet fragmentation into charged
particles in pp and PbPb collisions at ,/syy = 2.76 TeV”, JHEP 10 (2012) 087,
arXiv:1205.5872 [nucl-ex].

STAR Collaboration, S. Oh, “Jet shapes and fragmentation functions in Au+Au collisions at /syy
=200GeV in STAR”, Nucl. Phys. A 1005 (2021) 121808, arXiv:2002.06217 [nucl-ex].

PHENIX Collaboration, A. Adare et al., “Medium modification of jet fragmentation in Au + Au
collisions at /syy = 200 GeV measured in direct photon-hadron correlations”, Phys. Rev. Lett.
111 (2013) 032301, larXiv:1212.3323 [nucl-ex].

PHENIX Collaboration, J. Rak, “Modification of jet properties at the Relativistic Heavy Ion
Collider”, J. Phys. G 31 (2005) S541-S547.

D. Neill, F. Ringer, and N. Sato, “Leading jets and energy loss”, JHEP 07 (2021) 041,
arXiv:2103.16573 [hep-ph].

ALICE Collaboration, K. Aamodt et al., “The ALICE experiment at the CERN LHC”, JINST 3
(2008) S08002.

24


http://dx.doi.org/10.1007/JHEP06(2012)160
http://arxiv.org/abs/1204.3170
http://arxiv.org/abs/1204.3170
http://dx.doi.org/10.1103/PhysRevD.100.052011
http://dx.doi.org/10.1103/PhysRevD.100.052011
http://arxiv.org/abs/1906.09254
http://dx.doi.org/10.1103/PhysRevD.65.092002
http://dx.doi.org/10.1103/PhysRevD.71.112002
http://arxiv.org/abs/hep-ex/0505013
http://dx.doi.org/10.1016/0370-2693(95)00889-S
http://dx.doi.org/10.1103/PhysRevD.83.052003
http://arxiv.org/abs/1101.0070
http://dx.doi.org/10.1016/j.physletb.2014.01.042
http://arxiv.org/abs/1310.0878
http://dx.doi.org/10.1103/PhysRevD.68.012003
http://dx.doi.org/10.1140/epjc/s10052-011-1795-y
http://arxiv.org/abs/1109.5816
http://dx.doi.org/10.1016/j.physletb.2014.10.065
http://arxiv.org/abs/1406.2979
http://dx.doi.org/10.1007/JHEP10(2012)087
http://arxiv.org/abs/1205.5872
http://dx.doi.org/10.1016/j.nuclphysa.2020.121808
http://arxiv.org/abs/2002.06217
http://dx.doi.org/10.1103/PhysRevLett.111.032301
http://dx.doi.org/10.1103/PhysRevLett.111.032301
http://arxiv.org/abs/1212.3323
http://dx.doi.org/10.1088/0954-3899/31/4/065
http://dx.doi.org/10.1007/JHEP07(2021)041
http://arxiv.org/abs/2103.16573
http://dx.doi.org/10.1088/1748-0221/3/08/S08002
http://dx.doi.org/10.1088/1748-0221/3/08/S08002

Jet properties in pp collisions at /s = 13 TeV ALICE Collaboration

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

ALICE Collaboration, B. B. Abelev et al., “Performance of the ALICE Experiment at the CERN
LHC”, Int. J. Mod. Phys. A 29 (2014) 1430044, |arXiv:1402.4476 [nucl-ex].

ALICE Collaboration, E. Abbas et al., “Performance of the ALICE VZERO system”, JINST 8
(2013) P10016, |arXiv:1306.3130 [nucl-ex].

ALICE Collaboration, S. Acharya et al., “Search for jet quenching effects in high-multiplicity pp
collisions at /s = 13 TeV via di-jet acoplanarity”, JHEP 05 (2024) 229, arXiv:2309.03788
[hep-ex].

ALICE Collaboration, S. Acharya et al., “Pseudorapidity distributions of charged particles as a
function of mid- and forward rapidity multiplicities in pp collisions at /s = 5.02, 7 and 13 TeV”,
Eur. Phys. J. C 81 (2021) 630, arXiv:2009.09434 [nucl-ex].

ALICE Collaboration, S. Acharya et al., “Multiplicity dependence of charged-particle jet
production in pp collisions at /s = 13 TeV”, Eur. Phys. J. C 82 (2022) 514, arXiv:2202.01548
[nucl-ex].

ALICE Collaboration, “The ALICE definition of primary particles”, ALICE-PUBLIC-2017-005
(2017) . https://cds.cern.ch/record/2270008.

ALICE Collaboration, S. Acharya et al., “Measurements of inclusive jet spectra in pp and central
Pb-Pb collisions at /sy = 5.02 TeV”, Phys. Rev. C 101 (2020) 034911, |arXiv:1909.09718
[nucl-ex].

T. Sjostrand et al., “An introduction to PYTHIA 8.2”, Comput. Phys. Commun. 191 (2015)
159-177, arXiv:1410.3012 [hep-ph].

P. Skands, S. Carrazza, and J. Rojo, “Tuning PYTHIA 8.1: the Monash 2013 Tune”, Eur. Phys. J.
C 74 (2014) 3024, |arXiv:1404.5630 [hep-phl].

T. Pierog, 1. Karpenko, J. M. Katzy, E. Yatsenko, and K. Werner, “EPOS LHC: Test of collective
hadronization with data measured at the CERN Large Hadron Collider”, Phys. Rev. C 92 (2015)
034906, arXiv:1306.0121 [hep-ph].

M. Cacciari, G. P. Salam, and G. Soyez, “The anti-; jet clustering algorithm”, JHEP 04 (2008)
063, arXiv:0802.1189 [hep-ph].

M. Cacciari, G. P. Salam, and G. Soyez, “FastJet User Manual”, FEur. Phys. J. C 72 (2012) 1896,
arXiv:1111.6097 [hep-ph].

R. Brun et al., “GEANT: Detector Description and Simulation Tool"”. CERN Program Library.
CERN, Geneva, 1993. http://cds.cern.ch/record/1082634.

Y. L. Dokshitzer, V. S. Fadin, and V. A. Khoze, “Coherent Effects in the Perturbative QCD Parton
Jets”,|Phys. Lett. B 115 (1982) 242-246.

Y. L. Dokshitzer, V. S. Fadin, and V. A. Khoze, “Double Logs of Perturbative QCD for Parton Jets
and Soft Hadron Spectra”, Z. Phys. C 15 (1982) 325,

B. I. Ermolaev and V. S. Fadin, “Log - Log Asymptotic Form of Exclusive Cross-Sections in
Quantum Chromodynamics”, JETP Lett. 33 (1981) 269-272.

Y. I. Azimov, Y. L. Dokshitzer, V. A. Khoze, and S. I. Troyan, “Similarity of Parton and Hadron
Spectra in QCD Jets”, Z. Phys. C 27 (1985) 65-72.

25


http://dx.doi.org/10.1142/S0217751X14300440
http://arxiv.org/abs/1402.4476
http://dx.doi.org/10.1088/1748-0221/8/10/P10016
http://dx.doi.org/10.1088/1748-0221/8/10/P10016
http://arxiv.org/abs/1306.3130
http://dx.doi.org/10.1007/JHEP05(2024)229
http://arxiv.org/abs/2309.03788
http://arxiv.org/abs/2309.03788
http://dx.doi.org/10.1140/epjc/s10052-021-09349-5
http://arxiv.org/abs/2009.09434
http://dx.doi.org/10.1140/epjc/s10052-022-10405-x
http://arxiv.org/abs/2202.01548
http://arxiv.org/abs/2202.01548
https://cds.cern.ch/record/2270008
http://dx.doi.org/10.1103/PhysRevC.101.034911
http://arxiv.org/abs/1909.09718
http://arxiv.org/abs/1909.09718
http://dx.doi.org/10.1016/j.cpc.2015.01.024
http://dx.doi.org/10.1016/j.cpc.2015.01.024
http://arxiv.org/abs/1410.3012
http://dx.doi.org/10.1140/epjc/s10052-014-3024-y
http://dx.doi.org/10.1140/epjc/s10052-014-3024-y
http://arxiv.org/abs/1404.5630
http://dx.doi.org/10.1103/PhysRevC.92.034906
http://dx.doi.org/10.1103/PhysRevC.92.034906
http://arxiv.org/abs/1306.0121
http://dx.doi.org/10.1088/1126-6708/2008/04/063
http://dx.doi.org/10.1088/1126-6708/2008/04/063
http://arxiv.org/abs/0802.1189
http://dx.doi.org/10.1140/epjc/s10052-012-1896-2
http://arxiv.org/abs/1111.6097
http://dx.doi.org/10.17181/CERN.MUHF.DMJ1
http://cds.cern.ch/record/1082634
http://dx.doi.org/10.1016/0370-2693(82)90654-2
http://dx.doi.org/10.1007/BF01614423
http://dx.doi.org/10.1007/BF01642482

Jet properties in pp collisions at /s = 13 TeV ALICE Collaboration

[78] Y. I. Azimov, Y. L. Dokshitzer, V. A. Khoze, and S. I. Troyan, “Humpbacked QCD Plateau in
Hadron Spectra”, Z. Phys. C 31 (1986) 213.

[79] G. D’Agostini, “Improved iterative Bayesian unfolding”, in Alliance Workshop on Unfolding and
Data Correction. 10, 2010. |arXiv:1010.0632 [physics.data-an].

[80] T. Adye, “Unfolding algorithms and tests using RooUnfold”, in PHYSTAT 2011, pp. 313-318.
CERN, Geneva, 2011. [arXiv:1105.1160 [physics.data-an].

[81] ALICE Collaboration, S. Acharya et al., “Underlying Event properties in pp collisions at /s = 13
TeV”,JHEP 04 (2020) 192, |arXiv:1910.14400 [nucl-ex].

[82] ALICE Collaboration, S. Acharya et al., “Measurements of the groomed and ungroomed jet
angularities in pp collisions at y/s = 5.02 TeV”, JHEP 05 (2022) 061, arXiv:2107.11303
[nucl-ex].

[83] ALICE Collaboration, S. Acharya et al., “Measurement of the angle between jet axes in pp
collisions at /s = 5.02 TeV”, JHEP 07 (2023) 201, arXiv:2211.08928 [nucl-ex].

[84] ALICE Collaboration, S. Acharya et al., “Measurements of the groomed jet radius and
momentum splitting fraction with the soft drop and dynamical grooming algorithms in pp
collisions at v/s = 5.02 TeV”, JHEP 05 (2023) 244, arXiv:2204.10246 [nucl-ex].

[85] CMS Collaboration, S. Chatrchyan et al., “Jet and Underlying Event Properties as a Function of
Charged-Particle Multiplicity in Proton—Proton Collisions at /s =7 TeV”, Eur. Phys. J. C 73
(2013) 2674, arXiv:1310.4554 [hep-ex].

[86] Z. Varga, R. Vértesi, and G. Gabor Barnaf6ldi, “Modification of jet structure in high-multiplicity
pp collisions due to multiple-parton interactions and observing a multiplicity-independent
characteristic jet size”, Adv. High Energy Phys. 2019 (2019) 6731362, arXiv:1805.03101
[hep-ph]l

[87] C. Bierlich, S. Chakraborty, G. Gustafson, and L. Lonnblad, “Jet modifications from colour rope
formation in dense systems of non-parallel strings”, SciPost Phys. 13 (2022) 023,
arXiv:2202.12783 [hep-ph].

[88] P. Das, A. Modak, D. Banerjee, R. Biswas, S. Das, S. K. Ghosh, S. Raha, and S. K. Prasad, “Jet
modification in absence of QGP-medium: the role of multiparton interactions and color
reconnection”, |Chin. Phys. C 48 (2024) 013105, |arXiv:2209.00972 [hep-ph].

26


http://dx.doi.org/10.1007/BF01479529
http://arxiv.org/abs/1010.0632
http://dx.doi.org/10.5170/CERN-2011-006.313
http://arxiv.org/abs/1105.1160
http://dx.doi.org/10.1007/JHEP04(2020)192
http://arxiv.org/abs/1910.14400
http://dx.doi.org/10.1007/JHEP05(2022)061
http://arxiv.org/abs/2107.11303
http://arxiv.org/abs/2107.11303
http://dx.doi.org/10.1007/JHEP07(2023)201
http://arxiv.org/abs/2211.08928
http://dx.doi.org/10.1007/JHEP05(2023)244
http://arxiv.org/abs/2204.10246
http://dx.doi.org/10.1140/epjc/s10052-013-2674-5
http://dx.doi.org/10.1140/epjc/s10052-013-2674-5
http://arxiv.org/abs/1310.4554
http://dx.doi.org/10.1155/2019/6731362
http://arxiv.org/abs/1805.03101
http://arxiv.org/abs/1805.03101
http://dx.doi.org/10.21468/SciPostPhys.13.2.023
http://arxiv.org/abs/2202.12783
http://dx.doi.org/10.1088/1674-1137/ad0b6c
http://arxiv.org/abs/2209.00972

Jet properties in pp collisions at /s = 13 TeV ALICE Collaboration

A The ALICE Collaboration

S. Acharya 128 D. Adamova ®/87, G. Aglieri Rinella 3 L. AgliettaZS,M. Agnello 30 N. Agrawal 52

7. Ahammed ®/!13°, S. Ahmad ® !¢, S.U. Ahn|/® 72, 1. Ahuja 38 A. Akindinov/®/ 142, M. Al-Turany 98

D. Aleksandrov ® 42, B. Alessandro/®7, H.M. Alfanda/®®, R. Alfaro Molina ® %8, B. Ali® 0, A. Alici®|2°,
N. Alizadehvandchali @ '7, A. Alkin/@33, J. Alme ©2!, G. Alocco ©33, T. Alt/®/%5, A R. Altamura ® !,

I. Altsybeev|® %, J.R. Alvarado®*, M.N. Anaam ©°, C. Andrei ®*®, N. Andreou® '®, A. Andronic ® %7,

E. Andronov @142 V. Anguelov 9 F. Antinori® >, P. Antonioli/® 32, N. Apadula L. Aphecetche 104,
H. Appelshéuser 65 C. Arata/® 74, S. Arcelli/® 20, M. Aresti/® 23, R. Arnaldi®°’, J.G.M.C.A. Arneiro® 11,
I.C. Arsene © 2%, M. Arslandok @/13%, A. Augustinus/® 33, R. Averbeck ®°%, M.D. Azmi © !¢, H. Baba!%>,

A. Badala/@P*, J. Bae/® 19, Y.W. Baek /@*!, X. Bai @ 2!, R. Bailhache ® %, Y. Bailung ©*°, R. Bala ®°2,

A. Balbino®3°, A. Baldisseri ® 13!, B. Balis @2, D. Banerjee 4. 7. Banoo|®“2, F. Barile ©32, L. Barioglio 57,
M. Bar10u79,B.Barman42, G.G. Barnafoldi 47,L.S. Barnby 86, E. Barreau ©/!%*, V. Barret ©|128,

L. Barreto® 1, C. Bartels/® 129, K. Barth ®33, E. Bartsch/® %, N. Bastid ® 28, S. Basu 76,G.Batigne 104
D. Battistini ®°®, B. Batyunya © 43, D. Bauri*®, J.L. Bazo Alba® 2, 1.G. Bearden © 34, C. Beattie ® '3,

P. Becht© 8, D. Behera/®*°, 1. Belikov ® 139, A.D.C. Bell Hechavarria/@ '?7, F. Bellini © *°, R. Bellwied © '!7,
S. Belokurova @ 42, L.G.E. Beltran® 1%, Y.A.V. Beltran ©/*>, G. Bencedi/®*’, S. Beole © %, Y. Berdnikov @ 42,
A. Berdnikova® %, L. Bergmann 9 M.G. Besoiu/® %, L. Betev/® 33, PP. Bhaduri ©/13%, A. Bhasin/® %2,

M.A. Bhat ®*, B. Bhattacharjee ©*2, L. Bianchi ©® >, N. Bianchi @, J. Biel¢ik @, J. Biel¢ikova ®®7,

A.P. Bigot 130 A Bilandzic/®®°, G. Biro®*7, S. Biswas ®*, N. Bize|® 14, J.T. Blair®/!9, D. Blau® 142,
M.B. Blidaru ©|°8, N. Bluhme®®, C. Blume © %>, G. Boca ® 225 F. Bock ® ®, T. Bodova ® 2!, S. Boi/® %,

J. Bok/@|!'7, L. Boldizsar ©*’, M. Bombara ©*%, PM. Bond © 33, G. Bonomi ® 1356 H. Borel ® 13!,

A. Borissov/® 42 A.G. Borquez Carcamo 9 H. Bossi @3, E. Botta®?°, Y.E.M. Bouziani/® %,

L. Bratrud ® %3, P. Braun-Munzinger 9% M. Bregant lll,M. Broz 36, G.E. Bruno 97*32, M.D. Buckland|® 24,
D. Budnikov'® 42 H. Buesching 65 S, Bufalino/® 30, P. Buhler/® 193, N. Burmasov ® 42, Z. Buthelezi ©(6%:124,
A. Bylinkin ©?!, S.A. Bysiak!®®, J.C. Cabanillas Noris © ', M. Cai © %, H. Caines ® ¥, A. Caliva/®?°, E. Calvo
Villar © 192, J M.M. Camacho @ 10, P. Camerini © ?*, ED.M. Canedo © !'!| S.L. Cantway ©/13°, M. Carabas/@|'14,
A.A. Carballo/®33, F. Carnesecchi @33, R. Caron/®|'?, L.A.D. Carvalho/@ !, J. Castillo Castellanos|® 3!,

F. Catalano ©33-2>_ S. Cattaruzzi ©>*, C. Ceballos Sanchez @ 43, R. Cerri?®, I. Chakaberia/® 7,

P. Chakraborty 48 'S. Chandra/® 139, S. Chapeland 33 M. Chartier® 129 s, Chattopadhyay 136

S. Chattopadhyay @ '°°, T. Cheng|®*®®, C. Cheshkov|® '?°, V. Chibante Barroso ® 33, D.D. Chinellato ® ''2,
E.S. Chizzali ©™90_ J. Cho /@], S. Cho/®*, P. Chochula ®33, D. Choudhury*?, P. Christakoglou/®®>,

C.H. Christensen @34, P. Christiansen @ 7°, T. Chujo 126 M. Ciacco 3%, C. Cicalo/® 3, M.R. Ciupekgg,

G. Clail32 F, Colamaria/®°!, J.S. Colburn!®!, D. Colella/® 72, M. Colocci ©2°, M. Concas/® 33, G. Conesa
Balbastre ® 74, Z. Conesa del Valle ® 132, G. Contin ®?*, J.G. Contreras|/® 3¢, M.L. Coquet 131

P. Cortese|®/13%57 M.R. Cosentino/®|113, F. Costa/®33, S. Costanza ©22°°, C. Cot® 132, J. Crkovska ®|*,

P. Crochet® 28, R. Cruz-Torres/® 7>, P. Cui®°, A. Dainese/®°5, M.C. Danisch/®?°, A. Danu/®|%, P. Das|® 8!,
P. Das©?, S. Das®*, A.R. Dash/® 27 S. Dash/®[*®, A. De Caro®?°, G. de Cataldo/®°!, J. de Cuveland®®, A. De
Falco/® 2, D. De Gruttola ©2°, N. De Marco/©@>?, C. De Martin|/® 24, S. De Pasquale 29 R.Deb/® 35, R. Del
Grande ©°°, L. Dello Stritto ®332°, W. Deng © 6, P. Dhankher ® '°, D. Di Bari @2, A. Di Mauro® 33,

B. Diab® 3! R.A. Diaz® 437 T. Dietel ® ''°, Y. Ding/®°, J. Ditzel ® %, R. Divia ® 33, D.U. Dixit © 1,

@. Djuvsland?!, U. Dmitrieva © 142, A. Dobrin© %4, B. Dénigus © %3, .M. Dubinski © 37, A. Dubla/® %,

S. Dudi ©@°!, P. Dupieux ® '8, M. Durkac!?’, N. Dzalaiova'?, T.M. Eder|®'?”, R.J. Ehlers/® 7>, E. Eisenhut ® 3,
R. Ejima”?, D. Elia©°!, B. Erazmus © %4, F. Ercolessi ®2°, B. Espagnon © 32, G. Eulisse ®33, D. Evans @ 01,
S. Evdokimov © 42, L. Fabbietti/® %, M. Faggin ® 23, J. Faivre ©® 74, F. Fan ®°, W. Fan/® 7>, A. Fantoni ®°,

M. Fasel/® 88, A. Feliciello/®’7, G. Feofilov/® %2, A. Ferndndez Téllez ®*, L. Ferrandi ® 1!, M.B. Ferrer ® 33,
A. Ferrero ® 131, C. Ferrero ®|TV:37, A. Ferretti ©?°, V.J.G. Feuillard ® 3, V. Filova ®3¢, D. Finogeev 142

F.M. Fionda ® 3, E. Flatland>3, F. Flor/®/'!7, A.N. Flores/® 9, S. Foertsch/® %, I. Fokin|/® 3, S. Fokin ® 42,

E. Fragiacomo © 8, E. Frajna/®*7, U. Fuchs|®33, N. Funicello/®?, C. Furget ® 74, A. Furs © 42, T. Fusayasu/©®*?,
J.J. Gaardhgje 8 M. Gagliardi 5 AM. Gago 102 T Gahlaut*®, C.D. Galvan® 1 D.R. Gangadharan 17
P. Ganoti 79, C. Garabatos ©%8, T. Garcia Chavez/® %, E. Garcia-Solis ®|°, C. Gargiulo 33,P. Gasik|/®%8,

A. Gautam|®/ %, M.B. Gay Ducati 67 M. Germain ®/1%4, A. Ghimouz!?°, C. Ghosh!3¢, M. Giacalone ® 32,

G. Gioachin|® 30, P. Giubellino/©|*8>7, P. Giubilato|® %%, A.M.C. Glaenzer ®|!3!, P. Glissel ® %3, E. Glimos|®/123,
D.J.Q. Goh”’, V. Gonzalez/®|!38, P. Gordeev @ #2, M. Gorgon ® 2, K. Goswami ©*°, S. Gotovac3*,

V. Grabski ® %8, L.K. Graczykowski/® 137, E. Grecka © 3", A. Grelli ® %, C. Grigoras © >3, V. Grigoriev © 42,

S. Grigoryan 1431 £ Grosa©|*3, J.F. Grosse-Oetringhaus 33,R. Grosso @8 D. Grund|®3°, N.A. Grunwald95,
G.G. Guardiano ® 12, R. Guernane/® 74, M. Guilbaud|® !¢, K. Gulbrandsen ©(3¢, T. Giindem|® %5, T. Gunji 125

27


https://orcid.org/0000-0002-9213-5329
https://orcid.org/0000-0002-0504-7428
https://orcid.org/0000-0002-9611-3696
https://orcid.org/0000-0002-0760-5075
https://orcid.org/0000-0003-0348-9836
https://orcid.org/0000-0001-5241-7412
https://orcid.org/0000-0003-0497-5705
https://orcid.org/0000-0001-8847-489X
https://orcid.org/0000-0002-4417-1392
https://orcid.org/0000-0002-7388-3022
https://orcid.org/0000-0002-8071-4497
https://orcid.org/0000-0002-9719-7035
https://orcid.org/0000-0001-9680-4940
https://orcid.org/0000-0002-5659-2119
https://orcid.org/0000-0002-4713-7069
https://orcid.org/0000-0002-0877-7979
https://orcid.org/0000-0003-3618-4617
https://orcid.org/0009-0000-7365-1064
https://orcid.org/0000-0002-2205-5761
https://orcid.org/0000-0003-0177-0536
https://orcid.org/0000-0001-8910-9173
https://orcid.org/0009-0005-4862-5370
https://orcid.org/0000-0001-8048-5500
https://orcid.org/0000-0002-8079-7026
https://orcid.org/0000-0002-5038-1337
https://orcid.org/0000-0002-6180-4243
https://orcid.org/0000-0001-8535-0680
https://orcid.org/0009-0009-7457-6866
https://orcid.org/0000-0002-2372-6117
https://orcid.org/0000-0003-0437-9292
https://orcid.org/0009-0006-0236-2680
https://orcid.org/0000-0002-7366-8891
https://orcid.org/0000-0001-7516-3726
https://orcid.org/0000-0002-5478-6120
https://orcid.org/0000-0001-7662-3878
https://orcid.org/0000-0003-0614-7671
https://orcid.org/0009-0002-1990-7289
https://orcid.org/0000-0001-6367-9215
https://orcid.org/0000-0003-3142-6787
https://orcid.org/0000-0001-6698-9577
https://orcid.org/0000-0002-5194-2079
https://orcid.org/0000-0003-2316-9565
https://orcid.org/0000-0002-3888-8303
https://orcid.org/0009-0008-5460-6805
https://orcid.org/0000-0003-4277-4963
https://orcid.org/0000-0002-2501-6856
https://orcid.org/0000-0002-0569-4828
https://orcid.org/0009-0008-4806-8019
https://orcid.org/0000-0002-4343-4883
https://orcid.org/0009-0009-9085-079X
https://orcid.org/0000-0001-7987-4592
https://orcid.org/0000-0003-1172-0225
https://orcid.org/0000-0002-4116-2861
https://orcid.org/0000-0002-0359-1403
https://orcid.org/0000-0002-6186-289X
https://orcid.org/0000-0002-3082-4209
https://orcid.org/0000-0001-5743-7578
https://orcid.org/0000-0002-7178-3001
https://orcid.org/0000-0003-2088-1290
https://orcid.org/0000-0002-7328-9154
https://orcid.org/0000-0001-9223-6480
https://orcid.org/0000-0001-7357-9904
https://orcid.org/0009-0003-1533-0782
https://orcid.org/0000-0003-0611-9283
https://orcid.org/0000-0002-6454-0052
https://orcid.org/0009-0002-3371-4483
https://orcid.org/0000-0001-7633-1189
https://orcid.org/0009-0006-7928-4203
https://orcid.org/0000-0002-6905-8345
https://orcid.org/0000-0003-0687-8124
https://orcid.org/0000-0001-8638-6300
https://orcid.org/0009-0000-0199-3372
https://orcid.org/0009-0009-2974-6985
https://orcid.org/0000-0001-9148-9101
https://orcid.org/0000-0003-2784-3094
https://orcid.org/0000-0001-7431-4051
https://orcid.org/0000-0002-7908-3288
https://orcid.org/0000-0002-2599-7957
https://orcid.org/0009-0005-5922-8936
https://orcid.org/0000-0002-0442-6549
https://orcid.org/0000-0003-3498-4661
https://orcid.org/0000-0002-3156-0188
https://orcid.org/0000-0002-4862-3384
https://orcid.org/0000-0002-9413-6069
https://orcid.org/0009-0002-8212-4789
https://orcid.org/0000-0002-9040-5292
https://orcid.org/0000-0003-4673-8038
https://orcid.org/0000-0003-0309-5917
https://orcid.org/0000-0003-3705-7898
https://orcid.org/0009-0004-5511-2496
https://orcid.org/0000-0001-5253-2517
https://orcid.org/0000-0002-1373-1844
https://orcid.org/0000-0001-7883-3190
https://orcid.org/0000-0002-3687-8179
https://orcid.org/0000-0002-3643-1502
https://orcid.org/0000-0002-3755-0992
https://orcid.org/0000-0003-1664-8189
https://orcid.org/0000-0001-6861-2810
https://orcid.org/0000-0003-4940-2441
https://orcid.org/0000-0003-1659-0394
https://orcid.org/0009-0001-0415-8257
https://orcid.org/0000-0003-0002-4654
https://orcid.org/0000-0003-2849-0120
https://orcid.org/0000-0003-3578-5373
https://orcid.org/0009-0008-5850-0274
https://orcid.org/0000-0002-4681-3002
https://orcid.org/0000-0002-4266-8338
https://orcid.org/0000-0002-8085-8597
https://orcid.org/0000-0002-6800-3465
https://orcid.org/0000-0002-2829-5950
https://orcid.org/0000-0003-4185-2093
https://orcid.org/0009-0001-4479-0417
https://orcid.org/0000-0002-5942-812X
https://orcid.org/0000-0001-6283-2927
https://orcid.org/0009-0009-8669-3875
https://orcid.org/0000-0001-7333-224X
https://orcid.org/0009-0004-0514-1723
https://orcid.org/0000-0003-1618-9648
https://orcid.org/0000-0001-8879-6290
https://orcid.org/0000-0003-2881-9635
https://orcid.org/0009-0009-3727-3102
https://orcid.org/0000-0001-7602-6432
https://orcid.org/0000-0002-5054-1521
https://orcid.org/0000-0003-3468-3164
https://orcid.org/0000-0002-3069-5822
https://orcid.org/0000-0003-2527-0720
https://orcid.org/0000-0001-9610-5218
https://orcid.org/0000-0002-3075-1556
https://orcid.org/0000-0001-6247-9633
https://orcid.org/0009-0008-2547-0419
https://orcid.org/0009-0009-7215-3122
https://orcid.org/0009-0009-4284-8943
https://orcid.org/0000-0002-0413-9478
https://orcid.org/0000-0003-2049-1380
https://orcid.org/0000-0002-9962-1880
https://orcid.org/0000-0002-8880-1608
https://orcid.org/0000-0001-6286-120X
https://orcid.org/0000-0002-2253-165X
https://orcid.org/0009-0001-3424-1553
https://orcid.org/0000-0002-1595-411X
https://orcid.org/0000-0002-2543-0336
https://orcid.org/0000-0002-5269-9779
https://orcid.org/0000-0001-5945-3424
https://orcid.org/0000-0002-9261-9497
https://orcid.org/0000-0003-0604-2044
https://orcid.org/0000-0001-5405-3480
https://orcid.org/0000-0002-4008-9922
https://orcid.org/0000-0002-8024-9441
https://orcid.org/0000-0001-9981-7536
https://orcid.org/0000-0001-7610-8673
https://orcid.org/0000-0001-9822-0463
https://orcid.org/0000-0002-5187-2779
https://orcid.org/0000-0002-0722-7692
https://orcid.org/0009-0008-7385-1259
https://orcid.org/0000-0002-0985-4155
https://orcid.org/0000-0002-9614-4046
https://orcid.org/0000-0002-3311-1175
https://orcid.org/0000-0003-4238-2302
https://orcid.org/0000-0003-4511-4784
https://orcid.org/0000-0003-0578-5567
https://orcid.org/0000-0003-1097-8806
https://orcid.org/0000-0002-8789-0004
https://orcid.org/0009-0004-0724-7003
https://orcid.org/0009-0002-8368-9407
https://orcid.org/0000-0001-6837-3362
https://orcid.org/0000-0002-9982-9577
https://orcid.org/0009-0009-7059-0601
https://orcid.org/0009-0001-4181-8891
https://orcid.org/0000-0003-0000-2674
https://orcid.org/0009-0009-5292-9579
https://orcid.org/0000-0002-4325-0646
https://orcid.org/0000-0002-1850-0121
https://orcid.org/0000-0001-7066-3473
https://orcid.org/0000-0001-5433-969X
https://orcid.org/0000-0002-8804-1100
https://orcid.org/0000-0001-5129-1723
https://orcid.org/0000-0003-2677-7961
https://orcid.org/0000-0001-9102-9500
https://orcid.org/0000-0001-7804-0721
https://orcid.org/0000-0003-4167-9665
https://orcid.org/0000-0001-5283-3520
https://orcid.org/0000-0002-7602-2930
https://orcid.org/0000-0001-9504-2702
https://orcid.org/0000-0002-9677-5294
https://orcid.org/0000-0002-8343-8758
https://orcid.org/0000-0003-2778-6421
https://orcid.org/0000-0002-7880-8611
https://orcid.org/0000-0001-6955-3314
https://orcid.org/0000-0002-5860-585X
https://orcid.org/0000-0001-5845-6500
https://orcid.org/0000-0002-7946-7580
https://orcid.org/0000-0001-7528-6523
https://orcid.org/0000-0001-6359-0608
https://orcid.org/0000-0001-5140-9816
https://orcid.org/0000-0002-2166-1874
https://orcid.org/0000-0002-5165-6638
https://orcid.org/0000-0002-8899-3654
https://orcid.org/0009-0002-3904-8872
https://orcid.org/0000-0003-2771-9069
https://orcid.org/0000-0002-2678-6780
https://orcid.org/0000-0001-6632-7741
https://orcid.org/0000-0001-5008-6859
https://orcid.org/0000-0002-7865-4202
https://orcid.org/0000-0002-3220-4505
https://orcid.org/0000-0002-0830-4872
https://orcid.org/0000-0002-7055-6181
https://orcid.org/0000-0002-5884-4404
https://orcid.org/0000-0002-0711-4022
https://orcid.org/0000-0001-9236-0748
https://orcid.org/0009-0002-6200-0391
https://orcid.org/0000-0002-7599-2716
https://orcid.org/0000-0001-6700-7950
https://orcid.org/0000-0003-2860-9881
https://orcid.org/0000-0002-6562-5082
https://orcid.org/0000-0002-5559-8906
https://orcid.org/0000-0003-0348-092X
https://orcid.org/0000-0002-6669-1698
https://orcid.org/0000-0002-4886-6052
https://orcid.org/0000-0002-2065-6256
https://orcid.org/0009-0005-3775-1945
https://orcid.org/0009-0002-9000-0815
https://orcid.org/0000-0002-6357-7857
https://orcid.org/0009-0000-1217-7768
https://orcid.org/0000-0001-6853-8905
https://orcid.org/0000-0003-4432-4026
https://orcid.org/0000-0003-0739-0120
https://orcid.org/0000-0002-2568-0132
https://orcid.org/0000-0002-9582-8948
https://orcid.org/0009-0007-4091-5327
https://orcid.org/0000-0002-0207-2871
https://orcid.org/0009-0008-9752-4391
https://orcid.org/0000-0002-3897-0876
https://orcid.org/0009-0006-9458-8723
https://orcid.org/0000-0001-6351-2378
https://orcid.org/0009-0003-4464-3366
https://orcid.org/0000-0001-7873-0968
https://orcid.org/0000-0003-2449-3172
https://orcid.org/0000-0003-1795-6212
https://orcid.org/0000-0002-8427-322X
https://orcid.org/0000-0002-4239-6424
https://orcid.org/0000-0002-2325-8368
https://orcid.org/0000-0003-2202-5906
https://orcid.org/0009-0007-8219-3334
https://orcid.org/0000-0003-3573-3389
https://orcid.org/0000-0002-0844-3282
https://orcid.org/0000-0001-6270-9283
https://orcid.org/0009-0005-4586-0930
https://orcid.org/0000-0001-5823-9733
https://orcid.org/0000-0003-3700-8623
https://orcid.org/0000-0003-0152-4220
https://orcid.org/0000-0001-7107-2325
https://orcid.org/0000-0001-9723-1291
https://orcid.org/0000-0003-1089-6632
https://orcid.org/0009-0008-5359-761X
https://orcid.org/0000-0001-9084-5784
https://orcid.org/0009-0002-0542-4454
https://orcid.org/0000-0002-6444-4669
https://orcid.org/0000-0002-7104-7477
https://orcid.org/0000-0002-8632-5580
https://orcid.org/0000-0002-0194-1318
https://orcid.org/0009-0006-6140-676X
https://orcid.org/0009-0007-2053-4869
https://orcid.org/0000-0003-0642-2047
https://orcid.org/0000-0002-2136-778X
https://orcid.org/0000-0001-8216-396X
https://orcid.org/0000-0002-3420-6301
https://orcid.org/0009-0005-2155-0460
https://orcid.org/0000-0001-7814-319X
https://orcid.org/0009-0004-9666-7156
https://orcid.org/0000-0002-2582-1927
https://orcid.org/0000-0003-1148-0428
https://orcid.org/0000-0001-6122-4698
https://orcid.org/0000-0002-6314-7419
https://orcid.org/0000-0002-0019-9692
https://orcid.org/0000-0001-5496-8533
https://orcid.org/0000-0002-8698-3647
https://orcid.org/0000-0003-4871-4064
https://orcid.org/0009-0007-2395-8130
https://orcid.org/0000-0002-6224-1577
https://orcid.org/0000-0002-6847-8671
https://orcid.org/0009-0001-4753-577X
https://orcid.org/0000-0001-9840-6460
https://orcid.org/0000-0001-7039-535X
https://orcid.org/0000-0002-8450-5318
https://orcid.org/0000-0001-7382-1609
https://orcid.org/0000-0002-4831-5808
https://orcid.org/0009-0000-5731-050X
https://orcid.org/0000-0002-1383-6160
https://orcid.org/0000-0003-4358-5355
https://orcid.org/0000-0001-7400-7019
https://orcid.org/0000-0003-3793-5291
https://orcid.org/0009-0008-1162-7067
https://orcid.org/0000-0002-7607-3965
https://orcid.org/0000-0002-7474-901X
https://orcid.org/0000-0003-1746-1279
https://orcid.org/0000-0002-0476-1005
https://orcid.org/0000-0002-9581-0879
https://orcid.org/0000-0002-4442-5727
https://orcid.org/0009-0002-9826-4989
https://orcid.org/0000-0003-0562-9820
https://orcid.org/0009-0006-9035-556X
https://orcid.org/0000-0002-0661-5220
https://orcid.org/0000-0002-0658-5949
https://orcid.org/0000-0002-1469-9022
https://orcid.org/0000-0001-8372-5135
https://orcid.org/0000-0001-9960-2594
https://orcid.org/0000-0001-9785-2215
https://orcid.org/0000-0002-5298-2881
https://orcid.org/0000-0003-0626-9724
https://orcid.org/0000-0001-5990-482X
https://orcid.org/0000-0002-3809-4984
https://orcid.org/0009-0003-0647-8128
https://orcid.org/0000-0002-6769-599X

Jet properties in pp collisions at /s = 13 TeV ALICE Collaboration

W. Guo|®©, A. Gupta 92 R. Gupta 92 R. Gupta ¥ K. Gwizdziel/® 137 L. Gyulai 47 C. Hadjidakis 132
F.U. Haider ®°?, S. Haidlova ©® 3¢, M. Haldar*, H. Hamagaki®’7, A. Hamdi ® 7>, Y. Han © !4°, B.G. Hanley © '3,
R. Hannigan © '%°_ J. Hansen|® 7, J.W. Harris © '3°, A. Harton ®°, M.V. Hartung © %, H. Hassan © 118,

D. Hatzifotiadou ® 32, P. Hauer ©*3, L.B. Havener © 13 E. Hellbir/®°®, H. Helstrup ® 3>, M. Hemmer © %,

T. Herman ® 3¢, G. Herrera Corral/®®, E. Herrmann!?’, S. Herrmann 129, K.F. Hetland 35,B.Heybeck 65
H. Hillemanns 33,B.Hippolyte 130 'FEW. Hoffmann © 7!, B. Hofman ©/%°, G.H. Hong 140 M. Horst/®|%,
A. Horzyk /@2, Y. Hou® %, P. Hristov/® 33, P. Huhn®, L.M. Huhta ® '8, T.J. Humanic ©3°, A. Hutson ® '!7,

D. Hutter ©*, M.C. Hwang /@ ', R. Tlkaev'*?, H. Ilyas /@4, M. Inaba ® 2%, G.M. Innocenti @33,

M. Ippolitov 142 A Tsakov/®®, T. Isidori ® 112, ML.S. Islam @ 190, M. Ivanov/® %8, M. Ivanov!3, V. Ivanov @142,
K.E. Iversen 76, M. Jablonski|® 2, B. Jacak ® %75 N. Jacazio 26, P.M. Jacobs/® 7, S. Jadlovska!?’,

J. Jadlovsky!'??, S. Jaelani ®®3, C. Jahnke ® '!'!, M.J. Jakubowska @137, M.A. Janik © 137 T. Janson’!, S. Ji® 17,
S.Jia® ' A_AP. Jimenez © %, F. Jonas® 388127 D M. Jones @/1?%, J.M. Jowett © 3398 ] Jung/® 6,

M. Jung © %, A. Junique ® 33, A. Jusko ® 101, J. Kaew;jai'%, P. Kalinak ©®', A.S. Kalteyer ®°%, A. Kalweit ® 33,
A. Karasu Uysal © V-3, D. Karatovic/®*, O. Karavichev © 42, T. Karavicheva ® %2, P. Karczmarczyk © 37,
E. Karpechev 142 'M.J. Karwowska/® 33137 U. Kebschull® 7!, R. Keidel ®|!*!, D.L.D. Keijdener60,

M. Keil ©33, B. Ketzer ©*, S.S. Khade/®*’, AM. Khan © '?!, S. Khan©® ', A. Khanzadeev® '4?,

Y. Kharlov® 142, A. Khatun|/® 1%, A. Khuntia/®3°, Z. Khuranova 65,B.Kileng 35 B. Kim@/'%, C. Kim® 17,
D.J. Kim@ "8 EJ. Kim© 7, J. Kim® %, J. Kim®>, J. Kim /@7, M. Kim/@/'°, S. Kim @', T. Kim @/,

K. Kimura®*3, S. Kirsch © %, 1. Kisel ©3%, S. Kiselev® 2, A. Kisiel ® 37, J.P. Kitowski ®2, J.L. Klay ©°,

J. Klein 33,S. Klein 75,C. Klein-Bosing 127,M. Kleiner GS,T. Klemenz 96, A. Kluge 33,

C. Kobdaj @ 1%, T. Kollegger®®, A. Kondratyev® 43, N. Kondratyeva @42, J. Konig® %, S.A. Konigstorfer/® %,
P.J. Konopka 33 G. Kornakov|® 137, M. Korwieser/® %, S.D. Koryciak 2. A. Kotliarov®37, N. Kovacic®?,
V. Kovalenko @142, M. Kowalski @ 198 V. Kozhuharov/©*7, I. Kralik/® ¢!, A. Kravédkova® 38, L. Krcal 3339,
M. Krivda/® 19161 'E Krizek © 37, K. Krizkova Gajdosova® 33, M. Kroesen® %>, M. Kriiger ® %,

D.M. Krupova @3¢, E. Kryshen © 42, V. Kugera®°, C. Kuhn/® 3%, P.G. Kuijer ©®, T. Kumaoka'?®,

D. Kumar?®, L. Kumar/©°!, N. Kumar®!, S. Kumar© 32, S. Kundu © 33, P. Kurashvili/® 30, A. Kurepin 142,
A.B. Kurepin 142 A Kuryakin 142 g Kushpil 87 V. Kuskov/® 142, M. Kutyla137,M.J. Kweon ® 9,

Y. Kwon @ 40 S L. La Pointe ©3°, P. La Rocca®?’, A. Lakrathok'%®, M. Lamanna|@*}, A R. Landou/® 74,

R. Langoy @/!22, P. Larionov|®*, E. Laudi ©*3, L. Lautner ©*3%, R. Lavicka ® %3, R. Lea/®13>¢, H. Lee ® 195,
I. Legrand ®*°, G. Legras © %7, J. Lehrbach ®3°, T.M. Lelek?, R.C. Lemmon © %, 1. Le6n Monzén @110,
M.M. Lesch©®%, E.D. Lesser® 2, P. Lévai/®*’, X. Li!%, B.E. Liang-gilman 19 7. Lien/®/122, R. Lietava/® 101,
I. Likmeta® ''7, B. Lim/®*, S.H. Lim /@', V. Lindenstruth ©3°, A. Lindner*®, C. Lippmann|®°%, D.H. Liu/®°,
J. Liu/® 29, G.S.S. Liveraro/® 12, .M. Lofnes ®?!, C. Loizides/® 38, S. Lokos®198_ J. Lomker®(%0,

P. Loncar ©*, X. Lopez @ %8, E. Lépez Torres®7, P. Lu®°%!2! EV. Lugo©®, J.R. Luhder ® '?7,

M. Lunardon @8, G. Luparello ® 8, Y.G. Ma ©*, M. Mager © 33, A. Maire®|13°, E.M. Majerz?,

M.V. Makariev|®>7, M. Malaev © 42, G. Malfattore © 2, N.M. Malik ©°%, Q.W. Malik?°, S.K. Malik ©°2,

L. Malinina ©bVIL143 "D Mallick © 132, N. Mallick @ *°, G. Mandaglio ®3'4, S.K. Mandal ©°, V. Manko @142,
F. Manso|® 123, V. Manzari/®>!, Y. Mao ®°, R.W. Marcjan 2. G.V. Margagliotti A, Margotti 52

A. Marin © %8, C. Markert ® ', P. Martinengo © 33, M.I. Martinez ©*, G. Martinez Garcfa © 194,

M.P.P. Martins/® 11, S. Masciocchi|® 8, M. Masera ®2>, A. Masoni ©>3, L. Massacrier ® 132, 0. Massen|® 9,
A. Mastroserio © 13331 O. Matonoha ® 7%, S. Mattiazzo @%8, A. Matyja® '8, C. Mayer © '%8,

A.L. Mazuecos @33, F. Mazzaschi ® >, M. Mazzilli ® >3, J.E. Mdhluli © >*, Y. Melikyan ©*,

A. Menchaca-Rocha/® %, J E.M. Mendez ©(°°, E. Meninno ©/19, A.S. Menon/® 17, M. Meres®|!3, Y. Miake!?°,
L. Micheletti ®33, D.L. Mihaylov % K. Mikhaylov 143,142 1y Migkowiec/® %8, A. Modak 4,B.M0hanty81,
M. Mohisin Khan/® V516, M.A. Molander/©**, S. Monira|® 137, C. Mordasini ® '8, D.A. Moreira De

Godoy © 27, 1. Morozov © 42, A. Morsch @33, T. Mmjavac © 33, V. Muccifora®°, S. Muhuri @ 3¢,

J.D. Mulligan 75 A. Mulliri ©%, M.G. Munhoz @ ', R.H. Munzer © %, H. Murakami ® 23, S. Murray 15
L. Musa ©33, J. Musinsky ® ¢!, J.W. Myrcha ® 137 B. Naik © 1>#| A.I. Nambrath®'°, B.K. Nandi © 8,

R. Nania ®°2, E. Nappi SIUAF Nassirpour 18 A Nath/®%, C. Nattrass/® 123, M.N. Naydenov 37

A. Neagu?, A. Negru!'%, E. Nekrasova!*?, L. Nellen ® %, R. Nepeivoda @76, S. Nese®?°, G. Neskovic|®3,
N. Nicassio/®°!, B.S. Nielsen @34, E.G. Nielsen ©/34, S. Nikolaev/® 42, S. Nikulin|® 42, V. Nikulin ® 42,

F. Noferini ®32, S. Noh @ 2, P. Nomokonov @143, J. Norman ©/1?°, N. Novitzky ®®, P. Nowakowski ® 137,

A. Nyanin 142, J. Nystrand 21 s Oh/® '8, A. Ohlson %, V.A. Okorokov 142, J. Oleniacz 137,

A. Onnerstad ® 18 C. Oppedisano 57 A. Ortiz Velasquez 66 J. Otwinowski|® /108 M. Oya93,K. Oyama s
Y. Pachmayer ® %>, S. Padhan ®*3, D. Pagano ® 1336, G. Pai¢ © %, S. Paisano-Guzman @+, A. Palasciano @],
S. Panebianco @ 13!, H. Park © 126, H. Park @19 J. Park ©%°, J.E. Parkkila/®33, Y. Patley ®*3, B. Paul/® %3,

28


https://orcid.org/0000-0002-2843-2556
https://orcid.org/0000-0001-6178-648X
https://orcid.org/0000-0001-7474-0755
https://orcid.org/0009-0008-7071-0418
https://orcid.org/0000-0001-5805-6363
https://orcid.org/0000-0002-2420-7650
https://orcid.org/0000-0002-9336-5169
https://orcid.org/0000-0001-9231-8515
https://orcid.org/0009-0008-2630-1473
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/0000-0002-8535-3061
https://orcid.org/0009-0004-3528-4709
https://orcid.org/0009-0004-8067-2807
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/0000-0002-7404-8723
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/0000-0002-3632-4547
https://orcid.org/0000-0003-4016-3982
https://orcid.org/0000-0001-9001-4198
https://orcid.org/0009-0003-2644-3643
https://orcid.org/0000-0003-1477-8414
https://orcid.org/0000-0001-9352-5049
https://orcid.org/0000-0003-1008-5119
https://orcid.org/0009-0008-7787-9304
https://orcid.org/0000-0002-1488-4009
https://orcid.org/0000-0001-9904-1846
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/0000-0001-7461-7327
https://orcid.org/0009-0002-2983-9494
https://orcid.org/0000-0001-6533-4085
https://orcid.org/0000-0003-2406-911X
https://orcid.org/0000-0003-2889-2234
https://orcid.org/0000-0002-3066-855X
https://orcid.org/0000-0001-9980-5199
https://orcid.org/0000-0003-3958-9062
https://orcid.org/0000-0003-1969-6960
https://orcid.org/0000-0001-9334-3798
https://orcid.org/0000-0001-9087-4665
https://orcid.org/0000-0003-1317-1733
https://orcid.org/0009-0004-2421-5409
https://orcid.org/0000-0002-7685-0808
https://orcid.org/0000-0002-1605-5837
https://orcid.org/0009-0005-1821-6963
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/0000-0002-0559-6697
https://orcid.org/0000-0003-0618-4843
https://orcid.org/0000-0001-6907-0486
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/0000-0001-7602-1121
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/0009-0006-2998-3428
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/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/0000-0001-8322-9510
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/0000-0001-7296-5248
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/0009-0006-8921-5973
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/0000-0003-4528-6578
https://orcid.org/0000-0001-9289-2840
https://orcid.org/0009-0008-2898-3455
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/0000-0003-3185-0879
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/0000-0003-1752-2078
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/0009-0006-6383-6069
https://orcid.org/0000-0002-8397-7620
https://orcid.org/0000-0001-9674-196X
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/0000-0001-8159-8603
https://orcid.org/0000-0002-2850-4222
https://orcid.org/0000-0002-7002-0061
https://orcid.org/0009-0008-7139-3194
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/0000-0002-7160-5272
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/0009-0002-4871-6334
https://orcid.org/0000-0003-4389-7711
https://orcid.org/0009-0003-3911-1744
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/0000-0002-8627-9721
https://orcid.org/0000-0003-3056-8353
https://orcid.org/0000-0002-4767-1464
https://orcid.org/0000-0003-2845-8702
https://orcid.org/0000-0003-2569-2704
https://orcid.org/0000-0002-3265-9614
https://orcid.org/0000-0003-3941-7607
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/0000-0002-1074-5116
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/0000-0001-8506-2275
https://orcid.org/0000-0002-0172-6976
https://orcid.org/0000-0002-2926-0063
https://orcid.org/0009-0007-3988-5095
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/0000-0001-6412-7981
https://orcid.org/0009-0000-7829-4748
https://orcid.org/0000-0001-8585-7991
https://orcid.org/0000-0002-7839-2951
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/0000-0001-6126-1667
https://orcid.org/0000-0002-4214-5844
https://orcid.org/0000-0002-7162-5345
https://orcid.org/0000-0003-2966-4903
https://orcid.org/0000-0002-8848-1800
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/0009-0007-8144-2829
https://orcid.org/0000-0003-0333-448X
https://orcid.org/0000-0003-2513-2459
https://orcid.org/0009-0008-0106-3130
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/0000-0002-7923-3960
https://orcid.org/0000-0002-1461-3743

Jet properties in pp collisions at /s = 13 TeV ALICE Collaboration

M.M.D.M. Paulino @ ! H. Pei/®°, T. Peitzmann ® %, X. Peng 1T M. Pennisi/® 3, S. Perciballi ® 23,

D. Peresunko ©/142, G.M. Perez ®, Y. Pestov!*2, V. Petrov/©|142, M. Petrovici|® *®, R.P. Pezzi|®|10467

S. Piano® 8, M. Pikna® 13, P. Pillot ® 1%, O. Pinazza ®3%33, L. Pinsky'!”, C. Pinto/® %, S. Pisano ®°,

M. Ptoskori @ 7>, M. Planinic?, F. Pliquett®>, M.G. Poghosyan @8, B. Polichtchouk @42, S. Politano @3,

N. Poljak 90 A, Pop 46 S. Porteboeuf-Houssais 128, V. Pozdniakov 143, LY. Pozos/®% , K.K. Pradhan 49
S.K. Prasad®4, S. Prasad/® %, R. Preghenella 52 F. Prino®°7, C.A. Pruneau ® 138 1. Pshenichnov|® 142,

M. Puccio® 3, S. Pucillo @, Z. Pugelova!?’, S. Qiu @ ®, L. Quaglia® >, S. Ragoni @ !, A. Rai © 3,

A. Rakotozafindrabe ® 13!, L. Ramello|® 357 E. Rami ®/130, T.A. Rancien’*, M. Rasa®?’, S.S. Risinen|®/*,
R. Rath/®°2, M.P. Rauch/®?!, I. Ravasenga © 33, K.F. Read © 38123 C. Reckziegel @ '3, A.R. Redelbach @ 3?,

K. Redlich/® V1180 C. A, Reetz © %8, H.D. Regules-Medel*’, A. Rehman?!, F. Reidt/®*3, H.A. Reme-Ness © 3>,
7. Rescakova’8, K. Reygers 95 A. Riabov/®/142, V. Riabov/®|/142, R. Ricci®?°, M. Richter/® 20,

A.A. Riedel ©°, W. Riegler ® 3, A.G. Riffero/®?, C. Ristea/® %, M.V. Rodriguez © 33, M. Rodriguez
Cahuantzi ®*, S.A. Rodriguez Ramirez/®*+, K. Rged © %, R. Rogalev® 42, E. Rogochaya @43,

T.S. Rogoschinski @ %, D. Rohr® 33, D. Réhrich @ 2!, P.F. Rojas*, S. Rojas Torres @3¢, P.S. Rokita ® 137,

G. Romanenko/®2°, F. Ronchetti ®°9, A. Rosano @31 E.D. Rosas®, K. Roslon|/® 37, A. Rossi/® >,

A. Roy 9 s, Roy 48 N. Rubini® 26, D. Ruggiano 137 R. Rui/®?*, P.G. Russek/®?2, R. Russo/®%,

A. Rustamov|® 82, E, Ryabinkin 142y, Ryabov 142 A Rybicki 108 1 Rytkonen 18 7, Ryu 17,

W. Rzesa/® 137, 0.A.M. Saarimaki ©*, S. Sadhu® 32, S. Sadovsky © 42, J. Saetre ® 2!, K. Safafik @3¢, P. Saha*?,
S.K. Saha/@4, S. Saha® 8!, B. Sahoo/@*, R. Sahoo|®*°, S. Sahoo®?, D. Sahu ©*°, PK. Sahu/© 2, J. Saini /'3,
K. Sajdakova38, S. Sakai|® 26, M.P. Salvan/® 8, S. Sambyal 92 D. Samitz/® 193 1. Sanna/® 339,

T.B. Saramelam, D. Sarkar @34, P. Sarma 42, V. Sarritzu/® 23, V.M. Sarti 96, M.H.P. Sas ®33, S. Sawan/® 8!,
E. Scapparone 52 J. Schambach ©(38, H.S. Scheid/® %5, C. Schiaua/®#°, R. Schicker®, F. Schlepper 95

A. Schmah®8, C. Schmidt®°8, H.R. Schmidt®*, M.O. Schmidt/®*3, M. Schmidt®*, N.V. Schmidt ©(38,

A.R. Schmier|/® 23 R. Schotter/® 139, A. Schroter/©3?, J. Schukraft ®[33, K. Schweda ©®°8, G. Scioli /20,

E. Scomparin @37, .E. Seger® 13, Y. Sekiguchi'®, D. Sekihata® 125, M. Selina © ¥, 1. Selyuzhenkov|®/*3,

S. Senyukov 130 3. Seo®®, D. Serebryakov 142, L. Serkin 66, L. gerk§nyté 96, A. Sevcenco /%,

T.J. Shaba®|%°, A. Shabetail® 104 R. Shahoyan33, A. Shangaraev 142 B, Sharma ©2, D. Sharma ®*%,

H. Sharma/® 3, M. Sharma © %2, S. Sharma/® 7’7, S. Sharma|® %2, U. Sharma ®°2, A. Shatat ®/'32, O. Sheibani'!’,
K. Shigaki® 3, M. Shimomura’®, J. Shin!2, S. Shirinkin ® 4>, Q. Shou ®*°, Y. Sibiriak ® 42, S. Siddhanta © 3,
T. Siemiarczuk © 8, T.F. Silva®|/!!!, D. Silvermyr 76 T. Simantathammakul!%, R. Simeonov/© 37, B. Singh92,
B. Singh ©°®, K. Singh ® %%, R. Singh ©3!, R. Singh®°2, R. Singh ®**4°, S. Singh ©/!6, V.K. Singh © 136,

V. Singhal ® 136, T. Sinha® 1%, B. Sitar/®/!3, M. Sitta ® 1347 T.B. Skaali*’, G. Skorodumovs® %,

M. Slupecki 44 N. Smirnov/® 3%, R.J.M. Snellings %0 E.H. Solheim ® 29, J. Song 17 'C. Sonnabend|® 3398,
J.M. Sonneveld @ ¥ F. Soramel © %8, A.B. Soto-hernandez ® 8%, R. Spijkers ® %, I. Sputowska © !9 J. Staa /|76,
J. Stachel © %, 1. Stan ® %, P.J. Steffanic ® '3, S.F. Stiefelmaier/®°, D. Stocco® ', I. Storehaug|®/20,

P. Stratmann @ '27_'S. Strazzi © %, A. Sturniolo @34 C.P. Stylianidis®>, A.A.P. Suaide ® ''!, C. Suire ® 32,

M. Sukhanov|® 42, M. Suljic 33, R. Sultanov®/'*2, V. Sumberia/® 2, S. Sumowidagdo 83 1. Szarka ©|!3,

M. Szymkowski 37 SF Taghavi % G. Taillepied 98 J. Takahashi® 12, G.J. Tambave|® 8!, S. Tang 6

Z. Tang® 2!, J.D. Tapia Takaki/®''°, N. Tapus''4, L.A. Tarasovicova ® %7, M.G. Tarzila/®*®, G.F. Tassielli/®*?,
A. Tauro/® 33, A. Tavira Garcia © 132, G. Tejeda Muiioz ©*, A. Telesca © 33, L. Terlizzi/® >, C. Terrevoli © 17,
S. Thakur @*, D. Thomas ©/1%, A. Tikhonov|® 42, N. Tiltmann® 33127 A R. Timmins/® 17, M. Tkacik!'"’,

T. Tkacik ® %7, A. Toia/® %, R. Tokumoto”?, K. Tomohiro®3, N. Topilskaya @ 42, M. Toppi ®°, T. Tork/® 132,
V.V. Torres|® 104, A.G. Torres Ramos @32, A. Trifir6/®3154, A.S. Triolo ® 333154 S, Tripathy 52

T. Tripathy 48 g, Trogolo 33 V. Trubnikov|® 3, W.H. Trzaska ® '8 T.P. Trzcinski/®/'37, A. Tumkin/®|142,

R. Turrisi @3, T.S. Tveter ©2°, K. Ullaland ®2!, B. Ulukutlu/®°, A. Uras|/® 22, M. Urioni/® 135, G.L. Usai ®|%3,
M. Vala33, N. Valle/©?2, L.V.R. van Doremalen®, M. van Leeuwen © 8>, C.A. van Veen/® %, R.J.G. van
Weelden ©®, P. Vande Vyvre 3B D. Varga 7.7, Varga 7 p Vargas Torres®®, M. Vasileiou @|7°,

A. Vasiliev/®|142, 0. Viézquez Doce 50, 0. Vazquez Rueda U7 v Vechernin 142, E. Vercellin ®25, S. Vergara
Limén*, R. Verma?®®, L. Vermunt ® %8, R. Vértesi/® 47, M. Verweij 60 L. Vickovic*, Z. Vilakazi'?,

0. Villalobos Baillie @ %1, A. Villani © 24, A. Vinogradov @ 42, T. Virgili ©2?°, M.M.O. Virta © 18,

V. Vislavicius’®, A. Vodopyanov © 143, B. Volkel © 33, M.A. V6lkl® %, S.A. Voloshin © 38, G. Volpe @32, B. von
Haller @3, 1. Vorobyev 33 N. Vozniuk/©/'*2, J. Vrldkova 38, J. Wan*’, C. Wang 40 D, Wang40,

Y. Wang 40y, Wang 5 A. Wegrzynek B ET Weiglhofer”, S.C. Wenzel ©33, J.P. Wessels|® 127,

J. Wiechula © %, J. Wikne|®?°, G. Wilk ® %, J. Wilkinson ©*8, G.A. Willems © '?7, B. Windelband © %>,

M. Winn /@ 13! T R. Wright ® 1%, W. Wu*, Y. Wu® 12!, Z. Xiong!?!, R. Xu®, A. Yadav/®*, A.K. Yadav® 136,
S. Yalcin@ 73, Y. Yamaguchi ® 3, S. Yang?!, S. Yano/®*3, ER. Yeats!?, Z. Yin/®°, I.-K. Yoo/® 7, J.H. Yoon ®>°,

29


https://orcid.org/0000-0001-7970-2651
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
https://orcid.org/0000-0003-2868-2819
https://orcid.org/0000-0003-3709-5130
https://orcid.org/0000-0001-8817-5013
https://orcid.org/0009-0001-4054-2336
https://orcid.org/0000-0002-2291-6955
https://orcid.org/0000-0002-0452-3103
https://orcid.org/0000-0003-4903-9865
https://orcid.org/0009-0004-8574-2392
https://orcid.org/0000-0002-9067-0803
https://orcid.org/0000-0001-8923-4003
https://orcid.org/0000-0001-7454-4324
https://orcid.org/0000-0003-4080-6562
https://orcid.org/0000-0003-3161-9183
https://orcid.org/0000-0002-1832-595X
https://orcid.org/0009-0002-4224-5527
https://orcid.org/0000-0003-0414-5525
https://orcid.org/0000-0002-4512-9620
https://orcid.org/0000-0003-0425-5724
https://orcid.org/0000-0002-2646-6189
https://orcid.org/0000-0002-3362-7411
https://orcid.org/0009-0006-2531-9642
https://orcid.org/0000-0002-3224-7089
https://orcid.org/0000-0002-7394-8834
https://orcid.org/0000-0003-0607-2841
https://orcid.org/0000-0002-1539-9275
https://orcid.org/0000-0002-6179-150X
https://orcid.org/0000-0002-0458-538X
https://orcid.org/0000-0003-1752-4524
https://orcid.org/0000-0002-8118-9049
https://orcid.org/0009-0001-8066-416X
https://orcid.org/0000-0003-1401-5900
https://orcid.org/0000-0002-0793-8275
https://orcid.org/0000-0001-9765-5668
https://orcid.org/0009-0006-9583-114X
https://orcid.org/0000-0003-4484-6430
https://orcid.org/0000-0003-2325-8680
https://orcid.org/0000-0002-6101-5981
https://orcid.org/0000-0001-9561-2533
https://orcid.org/0000-0001-6792-7773
https://orcid.org/0000-0002-0118-3131
https://orcid.org/0009-0002-0635-0231
https://orcid.org/0000-0001-6120-4726
https://orcid.org/0000-0002-3358-7667
https://orcid.org/0000-0002-6656-2888
https://orcid.org/0000-0002-8102-9686
https://orcid.org/0000-0002-2629-1710
https://orcid.org/0000-0002-8074-3036
https://orcid.org/0000-0002-5263-3593
https://orcid.org/0009-0006-8025-735X
https://orcid.org/0000-0001-9808-1811
https://orcid.org/0009-0007-9874-9819
https://orcid.org/0000-0002-8142-6374
https://orcid.org/0000-0002-5208-6657
https://orcid.org/0009-0008-3492-3758
https://orcid.org/0000-0003-1868-8678
https://orcid.org/0009-0002-1824-0822
https://orcid.org/0009-0009-8085-4316
https://orcid.org/0000-0002-9760-645X
https://orcid.org/0009-0003-8557-9743
https://orcid.org/0000-0002-9596-1060
https://orcid.org/0000-0003-2864-8565
https://orcid.org/0000-0001-7803-9640
https://orcid.org/0000-0002-4680-4413
https://orcid.org/0000-0002-4278-5999
https://orcid.org/0000-0002-0649-2283
https://orcid.org/0000-0003-4101-0160
https://orcid.org/0000-0003-4966-9584
https://orcid.org/0000-0002-2361-2662
https://orcid.org/0000-0002-4433-2133
https://orcid.org/0009-0005-4525-6661
https://orcid.org/0000-0001-5245-8441
https://orcid.org/0000-0002-6467-2418
https://orcid.org/0000-0002-6732-2915
https://orcid.org/0000-0002-6067-6294
https://orcid.org/0000-0002-1142-3186
https://orcid.org/0009-0002-1397-8334
https://orcid.org/0000-0001-9874-7249
https://orcid.org/0000-0001-7082-5890
https://orcid.org/0000-0002-6993-0332
https://orcid.org/0000-0003-3858-4278
https://orcid.org/0000-0002-7492-974X
https://orcid.org/0000-0001-8678-6400
https://orcid.org/0009-0006-8982-9510
https://orcid.org/0000-0002-3028-8776
https://orcid.org/0000-0003-3076-0505
https://orcid.org/0000-0001-7493-5552
https://orcid.org/0009-0003-8783-0807
https://orcid.org/0000-0002-3274-9986
https://orcid.org/0000-0003-3346-3645
https://orcid.org/0000-0002-6799-3903
https://orcid.org/0000-0002-6781-416X
https://orcid.org/0000-0001-8769-0865
https://orcid.org/0000-0003-2512-5451
https://orcid.org/0009-0005-0580-829X
https://orcid.org/0000-0002-4159-3549
https://orcid.org/0000-0003-3699-0598
https://orcid.org/0000-0003-3334-0661
https://orcid.org/0000-0001-8980-1362
https://orcid.org/0000-0003-3546-3390
https://orcid.org/0000-0003-3266-9959
https://orcid.org/0000-0003-1380-0392
https://orcid.org/0000-0002-8111-5576
https://orcid.org/0000-0002-5018-6902
https://orcid.org/0009-0006-6858-7049
https://orcid.org/0000-0001-9523-8633
https://orcid.org/0000-0002-2393-0804
https://orcid.org/0000-0002-3191-4513
https://orcid.org/0000-0001-9879-1119
https://orcid.org/0000-0001-8438-3966
https://orcid.org/0000-0003-1419-2085
https://orcid.org/0009-0007-2770-3338
https://orcid.org/0000-0001-5960-6734
https://orcid.org/0000-0003-3266-1332
https://orcid.org/0000-0003-1184-9627
https://orcid.org/0009-0009-3728-8849
https://orcid.org/0000-0003-1230-4274
https://orcid.org/0009-0007-6439-2022
https://orcid.org/0000-0002-2295-6199
https://orcid.org/0000-0001-5335-1515
https://orcid.org/0000-0002-5795-4871
https://orcid.org/0000-0001-9093-4461
https://orcid.org/0000-0002-4791-5481
https://orcid.org/0000-0002-4766-5128
https://orcid.org/0000-0002-6638-2932
https://orcid.org/0000-0001-9935-6995
https://orcid.org/0000-0003-0144-0713
https://orcid.org/0000-0001-9015-9610
https://orcid.org/0000-0003-1423-6973
https://orcid.org/0009-0000-9692-8812
https://orcid.org/0000-0002-4738-6209
https://orcid.org/0000-0002-8042-4924
https://orcid.org/0000-0003-1907-9786
https://orcid.org/0000-0002-6368-3350
https://orcid.org/0000-0002-5546-6524
https://orcid.org/0000-0003-4749-5250
https://orcid.org/0000-0002-5657-5351
https://orcid.org/0000-0002-4151-1056
https://orcid.org/0000-0003-2290-9031
https://orcid.org/0000-0003-3069-726X
https://orcid.org/0000-0002-5053-7506
https://orcid.org/0000-0002-0982-7210
https://orcid.org/0009-0001-9105-0729
https://orcid.org/0000-0003-2753-4283
https://orcid.org/0000-0002-8256-8200
https://orcid.org/0000-0003-4408-3373
https://orcid.org/0000-0002-7159-6839
https://orcid.org/0000-0001-7686-070X
https://orcid.org/0000-0001-7432-6669
https://orcid.org/0000-0001-8416-8617
https://orcid.org/0009-0006-0106-6054
https://orcid.org/0000-0001-5128-6238
https://orcid.org/0000-0002-3348-1221
https://orcid.org/0000-0002-0543-9245
https://orcid.org/0000-0002-2014-5229
https://orcid.org/0000-0002-7643-2198
https://orcid.org/0000-0002-0526-5791
https://orcid.org/0000-0001-7729-5503
https://orcid.org/0000-0001-8997-0019
https://orcid.org/0009-0004-7735-3856
https://orcid.org/0009-0007-7617-1577
https://orcid.org/0000-0002-6904-9879
https://orcid.org/0000-0002-6746-6847
https://orcid.org/0009-0001-4926-5101
https://orcid.org/0000-0002-5783-3551
https://orcid.org/0000-0002-6315-9671
https://orcid.org/0000-0002-1290-8388
https://orcid.org/0009-0002-7519-0796
https://orcid.org/0000-0002-4175-148X
https://orcid.org/0000-0001-5747-4096
https://orcid.org/0000-0003-2966-8445
https://orcid.org/0000-0002-1361-0305
https://orcid.org/0000-0001-9720-0604
https://orcid.org/0000-0001-6002-8732
https://orcid.org/0000-0002-2847-2291
https://orcid.org/0000-0002-5021-3691
https://orcid.org/0000-0001-8362-4414
https://orcid.org/0000-0002-1018-0987
https://orcid.org/0009-0007-7647-1545
https://orcid.org/0000-0001-8625-763X
https://orcid.org/0000-0002-7590-7171
https://orcid.org/0000-0001-8476-3547
https://orcid.org/0000-0003-0750-6664
https://orcid.org/0000-0003-1336-4092
https://orcid.org/0000-0002-6814-1040
https://orcid.org/0000-0003-2269-1490
https://orcid.org/0000-0002-5377-5163
https://orcid.org/0000-0002-3254-7305
https://orcid.org/0009-0002-1978-3351
https://orcid.org/0000-0003-2329-0330
https://orcid.org/0000-0001-7417-8424
https://orcid.org/0000-0003-2847-6556
https://orcid.org/0000-0003-1675-503X
https://orcid.org/0000-0002-4506-8071
https://orcid.org/0000-0002-4490-1930
https://orcid.org/0009-0004-0598-9003
https://orcid.org/0000-0001-6779-208X
https://orcid.org/0000-0003-4252-8877
https://orcid.org/0009-0006-4361-0257
https://orcid.org/0000-0002-5778-9976
https://orcid.org/0000-0003-2642-5720
https://orcid.org/0000-0003-3470-2230
https://orcid.org/0000-0002-4091-1779
https://orcid.org/0000-0001-7174-3379
https://orcid.org/0000-0002-9413-9534
https://orcid.org/0000-0002-4247-0081
https://orcid.org/0000-0002-0098-4279
https://orcid.org/0000-0001-5086-8658
https://orcid.org/0000-0002-8865-9613
https://orcid.org/0000-0003-3410-6754
https://orcid.org/0009-0000-3124-9093
https://orcid.org/0000-0001-6241-1321
https://orcid.org/0000-0003-2184-3106
https://orcid.org/0000-0002-6783-7230
https://orcid.org/0000-0003-4119-7228
https://orcid.org/0000-0002-1318-684X
https://orcid.org/0009-0008-2329-5039
https://orcid.org/0000-0003-3408-3097
https://orcid.org/0000-0001-7799-8858
https://orcid.org/0000-0001-8361-3467
https://orcid.org/0000-0003-1305-8757
https://orcid.org/0000-0001-8308-7882
https://orcid.org/0000-0001-9567-3360
https://orcid.org/0000-0002-5137-3582
https://orcid.org/0000-0002-0392-0895
https://orcid.org/0000-0001-9753-329X
https://orcid.org/0009-0004-4214-5782
https://orcid.org/0000-0003-3997-0883
https://orcid.org/0000-0003-1078-1157
https://orcid.org/0009-0002-7570-5972
https://orcid.org/0000-0002-0061-5107
https://orcid.org/0000-0002-6719-7130
https://orcid.org/0000-0001-7474-5361
https://orcid.org/0009-0008-8143-0956
https://orcid.org/0000-0003-0672-9137
https://orcid.org/0000-0002-1486-8906
https://orcid.org/0009-0003-5260-2476
https://orcid.org/0000-0002-5272-337X
https://orcid.org/0009-0003-7140-8644
https://orcid.org/0000-0002-0002-8834
https://orcid.org/0000-0001-9554-2256
https://orcid.org/0000-0001-7552-0228
https://orcid.org/0000-0002-4455-7383
https://orcid.org/0000-0002-8659-8378
https://orcid.org/0000-0003-4041-4788
https://orcid.org/0000-0002-5222-4888
https://orcid.org/0000-0003-1199-4445
https://orcid.org/0000-0003-4389-203X
https://orcid.org/0000-0001-7277-7706
https://orcid.org/0000-0002-2450-1331
https://orcid.org/0000-0002-1501-5569
https://orcid.org/0000-0002-3160-8524
https://orcid.org/0009-0000-1676-234X
https://orcid.org/0000-0001-6459-8134
https://orcid.org/0000-0002-6365-3258
https://orcid.org/0000-0003-1458-8055
https://orcid.org/0000-0002-9030-5347
https://orcid.org/0000-0002-2640-1342
https://orcid.org/0000-0003-3706-5265
https://orcid.org/0000-0002-1504-3420
https://orcid.org/0000-0002-0983-6504
https://orcid.org/0000-0002-8324-3117
https://orcid.org/0000-0002-8850-8540
https://orcid.org/0000-0003-0471-7052
https://orcid.org/0000-0002-5568-8071
https://orcid.org/0009-0003-4952-2563
https://orcid.org/0000-0002-8982-5548
https://orcid.org/0000-0002-3478-4259
https://orcid.org/0000-0002-1330-9096
https://orcid.org/0000-0002-2921-2475
https://orcid.org/0000-0002-3422-4585
https://orcid.org/0000-0002-2218-6905
https://orcid.org/0000-0002-2784-4516
https://orcid.org/0000-0002-5846-8496
https://orcid.org/0000-0001-5383-0970
https://orcid.org/0000-0002-6296-082X
https://orcid.org/0000-0003-0273-9709
https://orcid.org/0000-0002-3155-0887
https://orcid.org/0000-0002-3495-4131
https://orcid.org/0000-0003-1339-286X
https://orcid.org/0009-0001-9201-8114
https://orcid.org/0009-0005-9617-3102
https://orcid.org/0000-0001-5584-2860
https://orcid.org/0000-0003-0689-2858
https://orcid.org/0009-0000-9939-3892
https://orcid.org/0009-0007-2759-5453
https://orcid.org/0000-0002-2207-0101
https://orcid.org/0009-0006-9351-6517
https://orcid.org/0000-0003-2991-9849
https://orcid.org/0000-0003-4674-9482
https://orcid.org/0009-0008-3651-056X
https://orcid.org/0009-0003-9300-0439
https://orcid.org/0000-0001-8905-8089
https://orcid.org/0009-0009-3842-7345
https://orcid.org/0000-0002-5563-1884
https://orcid.org/0000-0003-4532-7544
https://orcid.org/0000-0002-2835-5941
https://orcid.org/0000-0001-7676-0821

Jet properties in pp collisions at /s = 13 TeV ALICE Collaboration

H. Yu!2, S. Yuan?!, A. Yuncu/®|*>, V. Zaccolo®**, C. Zampolli 33 F. Zanone ® %, N. Zardoshti ©[33,
A. Zarochentsev ® 42, P. Zavada ® %3, N. Zaviyalov!4?, M. Zhalov|® %2, B. Zhang/©®, C. Zhang © 13!,
L. Zhang ©*°, M. Zhang®, S. Zhang ®*°, X. Zhang ®/®, Y. Zhang'?!, Z. Zhang ©°, M. Zhao © 1,

V. Zherebchevskii @ 142, Y. Zhi'?, C. Zhong*°, D. Zhou © 6, Y. Zhou © 34, J. Zhu © %6, Y. Zhu®,

S.C. Zugravel ®°’, N. Zurlo © 13356

Affiliation Notes

I'Deceased

I Also at: Max-Planck-Institut fur Physik, Munich, Germany

I Also at: Italian National Agency for New Technologies, Energy and Sustainable Economic Development
(ENEA), Bologna, Italy

IV Also at: Dipartimento DET del Politecnico di Torino, Turin, Italy

V' Also at: Yildiz Technical University, Istanbul, Tiirkiye

VI Also at: Department of Applied Physics, Aligarh Muslim University, Aligarh, India

VIL Also at: Institute of Theoretical Physics, University of Wroclaw, Poland

VI Also at: An institution covered by a cooperation agreement with CERN

Collaboration Institutes

' A.1. Alikhanyan National Science Laboratory (Yerevan Physics Institute) Foundation, Yerevan, Armenia
2 AGH University of Krakow, Cracow, Poland

3 Bogolyubov Institute for Theoretical Physics, National Academy of Sciences of Ukraine, Kiev, Ukraine
4 Bose Institute, Department of Physics and Centre for Astroparticle Physics and Space Science (CAPSS),
Kolkata, India

> California Polytechnic State University, San Luis Obispo, California, United States

6 Central China Normal University, Wuhan, China

7 Centro de Aplicaciones Tecnoldgicas y Desarrollo Nuclear (CEADEN), Havana, Cuba

8 Centro de Investigacién y de Estudios Avanzados (CINVESTAV), Mexico City and Mérida, Mexico

9 Chicago State University, Chicago, Illinois, United States

10 China Institute of Atomic Energy, Beijing, China

1 China University of Geosciences, Wuhan, China

12 Chungbuk National University, Cheongju, Republic of Korea

13 Comenius University Bratislava, Faculty of Mathematics, Physics and Informatics, Bratislava, Slovak Republic
14 COMSATS University Islamabad, Islamabad, Pakistan

15 Creighton University, Omaha, Nebraska, United States

16 Department of Physics, Aligarh Muslim University, Aligarh, India

17 Department of Physics, Pusan National University, Pusan, Republic of Korea

18 Department of Physics, Sejong University, Seoul, Republic of Korea

19 Department of Physics, University of California, Berkeley, California, United States

20 Department of Physics, University of Oslo, Oslo, Norway

21 Department of Physics and Technology, University of Bergen, Bergen, Norway

2 Dipartimento di Fisica, Universita di Pavia, Pavia, Italy

23 Dipartimento di Fisica dell’Universita and Sezione INFN, Cagliari, Italy

2 Dipartimento di Fisica dell’Universita and Sezione INFN, Trieste, Italy

25 Dipartimento di Fisica dell’Universita and Sezione INFN, Turin, Italy

26 Dipartimento di Fisica e Astronomia dell’Universita and Sezione INFN, Bologna, Italy

77 Dipartimento di Fisica e Astronomia dell’Universita and Sezione INFN, Catania, Italy

28 Dipartimento di Fisica e Astronomia dell’ Universita and Sezione INFN, Padova, Italy

2 Dipartimento di Fisica ‘E.R. Caianiello’ dell’ Universita and Gruppo Collegato INFN, Salerno, Italy

30 Dipartimento DISAT del Politecnico and Sezione INFN, Turin, Italy

31 Dipartimento di Scienze MIFT, Universita di Messina, Messina, Italy

32 Dipartimento Interateneo di Fisica ‘M. Merlin’ and Sezione INFN, Bari, Italy

33 European Organization for Nuclear Research (CERN), Geneva, Switzerland

34 Faculty of Electrical Engineering, Mechanical Engineering and Naval Architecture, University of Split, Split,
Croatia

30


https://orcid.org/0000-0001-9696-9331
https://orcid.org/0000-0003-3128-3157
https://orcid.org/0000-0002-2608-4834
https://orcid.org/0009-0005-9061-1060
https://orcid.org/0009-0006-3929-209X
https://orcid.org/0000-0002-3502-8084
https://orcid.org/0000-0002-8296-2128
https://orcid.org/0000-0003-0419-321X
https://orcid.org/0000-0001-6097-1878
https://orcid.org/0000-0002-6925-1110
https://orcid.org/0000-0002-5806-6403
https://orcid.org/0000-0003-2782-7801
https://orcid.org/0000-0002-1881-8711
https://orcid.org/0009-0006-9719-0104
https://orcid.org/0000-0002-2858-2167
https://orcid.org/0000-0002-6021-5113
https://orcid.org/0009-0009-2528-906X
https://orcid.org/0000-0002-7868-6706
https://orcid.org/0000-0001-9358-5762
https://orcid.org/0000-0002-3352-9846
https://orcid.org/0000-0002-7478-2493

Jet properties in pp collisions at /s = 13 TeV ALICE Collaboration

35 Faculty of Engineering and Science, Western Norway University of Applied Sciences, Bergen, Norway

36 Faculty of Nuclear Sciences and Physical Engineering, Czech Technical University in Prague, Prague, Czech
Republic

37 Faculty of Physics, Sofia University, Sofia, Bulgaria

38 Faculty of Science, P.J. Safarik University, Kogice, Slovak Republic

39 Frankfurt Institute for Advanced Studies, Johann Wolfgang Goethe-Universitit Frankfurt, Frankfurt, Germany
40 Fudan University, Shanghai, China

41 Gangneung-Wonju National University, Gangneung, Republic of Korea

42 Gauhati University, Department of Physics, Guwahati, India

43 Helmholtz-Institut fiir Strahlen- und Kernphysik, Rheinische Friedrich-Wilhelms-Universitiat Bonn, Bonn,
Germany

4 Helsinki Institute of Physics (HIP), Helsinki, Finland

45 High Energy Physics Group, Universidad Auténoma de Puebla, Puebla, Mexico

46 Horia Hulubei National Institute of Physics and Nuclear Engineering, Bucharest, Romania

4T HUN-REN Wigner Research Centre for Physics, Budapest, Hungary

8 Indian Institute of Technology Bombay (IIT), Mumbai, India

49 Indian Institute of Technology Indore, Indore, India

0 INFN, Laboratori Nazionali di Frascati, Frascati, Italy

SIINFN, Sezione di Bari, Bari, Italy

2 INFN, Sezione di Bologna, Bologna, Italy

33 INFN, Sezione di Cagliari, Cagliari, Italy

54 INFN, Sezione di Catania, Catania, Italy

>3 INFN, Sezione di Padova, Padova, Italy

36 INFEN, Sezione di Pavia, Pavia, Italy

ST INEN, Sezione di Torino, Turin, Italy

58 INFN, Sezione di Trieste, Trieste, Italy

59 Inha University, Incheon, Republic of Korea

60 Institute for Gravitational and Subatomic Physics (GRASP), Utrecht University/Nikhef, Utrecht, Netherlands
61 nstitute of Experimental Physics, Slovak Academy of Sciences, KoSice, Slovak Republic

62 nstitute of Physics, Homi Bhabha National Institute, Bhubaneswar, India

63 Institute of Physics of the Czech Academy of Sciences, Prague, Czech Republic

4 Institute of Space Science (ISS), Bucharest, Romania

65 Institut fiir Kernphysik, Johann Wolfgang Goethe-Universitit Frankfurt, Frankfurt, Germany

66 Instituto de Ciencias Nucleares, Universidad Nacional Auténoma de México, Mexico City, Mexico

67 Instituto de Fisica, Universidade Federal do Rio Grande do Sul (UFRGS), Porto Alegre, Brazil

68 Tnstituto de Fisica, Universidad Nacional Auténoma de México, Mexico City, Mexico

% iThemba LABS, National Research Foundation, Somerset West, South Africa

70 Jeonbuk National University, Jeonju, Republic of Korea

"1 Johann-Wolfgang-Goethe Universitit Frankfurt Institut fiir Informatik, Fachbereich Informatik und
Mathematik, Frankfurt, Germany

72 Korea Institute of Science and Technology Information, Daejeon, Republic of Korea

73 KTO Karatay University, Konya, Turkey

74 Laboratoire de Physique Subatomique et de Cosmologie, Université Grenoble-Alpes, CNRS-IN2P3, Grenoble,
France

75 Lawrence Berkeley National Laboratory, Berkeley, California, United States

76 Lund University Department of Physics, Division of Particle Physics, Lund, Sweden

77 Nagasaki Institute of Applied Science, Nagasaki, Japan

78 Nara Women’s University (NWU), Nara, Japan

79 National and Kapodistrian University of Athens, School of Science, Department of Physics , Athens, Greece
80 National Centre for Nuclear Research, Warsaw, Poland

81 National Institute of Science Education and Research, Homi Bhabha National Institute, Jatni, India

82 National Nuclear Research Center, Baku, Azerbaijan

83 National Research and Innovation Agency - BRIN, Jakarta, Indonesia

84 Niels Bohr Institute, University of Copenhagen, Copenhagen, Denmark

85 Nikhef, National institute for subatomic physics, Amsterdam, Netherlands

86 Nuclear Physics Group, STFC Daresbury Laboratory, Daresbury, United Kingdom

31



Jet properties in pp collisions at /s = 13 TeV ALICE Collaboration

87 Nuclear Physics Institute of the Czech Academy of Sciences, Husinec-ReZ, Czech Republic

88 Oak Ridge National Laboratory, Oak Ridge, Tennessee, United States

89 Ohio State University, Columbus, Ohio, United States

% Physics department, Faculty of science, University of Zagreb, Zagreb, Croatia

1 Physics Department, Panjab University, Chandigarh, India

92 Physics Department, University of Jammu, Jammu, India

93 Physics Program and International Institute for Sustainability with Knotted Chiral Meta Matter (SKCM2),
Hiroshima University, Hiroshima, Japan

94 Physikalisches Institut, Eberhard-Karls-Universitiit Tiibingen, Tiibingen, Germany

%3 Physikalisches Institut, Ruprecht-Karls-Universitit Heidelberg, Heidelberg, Germany

96 Physik Department, Technische Universitit Miinchen, Munich, Germany

97 Politecnico di Bari and Sezione INFN, Bari, Italy

98 Research Division and ExtreMe Matter Institute EMMI, GSI Helmholtzzentrum fiir Schwerionenforschung
GmbH, Darmstadt, Germany

9 Saga University, Saga, Japan

100 §aha Institute of Nuclear Physics, Homi Bhabha National Institute, Kolkata, India

101 School of Physics and Astronomy, University of Birmingham, Birmingham, United Kingdom
102 Seccién Fisica, Departamento de Ciencias, Pontificia Universidad Catdlica del Perd, Lima, Peru
103 Stefan Meyer Institut fiir Subatomare Physik (SMI), Vienna, Austria

104 SUBATECH, IMT Atlantique, Nantes Université, CNRS-IN2P3, Nantes, France

105 Sungkyunkwan University, Suwon City, Republic of Korea

106 Suranaree University of Technology, Nakhon Ratchasima, Thailand

107 Technical University of Kogice, Kosice, Slovak Republic

108 The Henryk Niewodniczanski Institute of Nuclear Physics, Polish Academy of Sciences, Cracow, Poland
109 The University of Texas at Austin, Austin, Texas, United States

10 Universidad Auténoma de Sinaloa, Culiacan, Mexico

HT Universidade de Sdo Paulo (USP), Sao Paulo, Brazil

112 Universidade Estadual de Campinas (UNICAMP), Campinas, Brazil

13 Universidade Federal do ABC, Santo Andre, Brazil

114 Universitatea Nationala de Stiinta si Tehnologie Politehnica Bucuresti, Bucharest, Romania

115 University of Cape Town, Cape Town, South Africa

116 University of Derby, Derby, United Kingdom

117 University of Houston, Houston, Texas, United States

18 University of Jyviskyld, Jyviskyli, Finland

119 University of Kansas, Lawrence, Kansas, United States

120 University of Liverpool, Liverpool, United Kingdom

121 University of Science and Technology of China, Hefei, China

122 University of South-Eastern Norway, Kongsberg, Norway

123 University of Tennessee, Knoxville, Tennessee, United States

124 University of the Witwatersrand, Johannesburg, South Africa

125 University of Tokyo, Tokyo, Japan

126 University of Tsukuba, Tsukuba, Japan

127 Universitit Miinster, Institut fiir Kernphysik, Miinster, Germany

128 Université Clermont Auvergne, CNRS/IN2P3, LPC, Clermont-Ferrand, France

129 Université de Lyon, CNRS/IN2P3, Institut de Physique des 2 Infinis de Lyon, Lyon, France

130 Université de Strasbourg, CNRS, IPHC UMR 7178, F-67000 Strasbourg, France, Strasbourg, France
31 Université Paris-Saclay, Centre d’Etudes de Saclay (CEA), IRFU, Départment de Physique Nucléaire (DPhN),
Saclay, France

132 Université Paris-Saclay, CNRS/IN2P3, IJCLab, Orsay, France

133 Universita degli Studi di Foggia, Foggia, Ttaly

134 Universita del Piemonte Orientale, Vercelli, Italy

135 Universita di Brescia, Brescia, Italy

136 Variable Energy Cyclotron Centre, Homi Bhabha National Institute, Kolkata, India

137 Warsaw University of Technology, Warsaw, Poland

138 Wayne State University, Detroit, Michigan, United States

139 Yale University, New Haven, Connecticut, United States

32



Jet properties in pp collisions at /s = 13 TeV ALICE Collaboration

140 Yonsei University, Seoul, Republic of Korea

141 Zentrum fiir Technologie und Transfer (ZTT), Worms, Germany

142 Affiliated with an institute covered by a cooperation agreement with CERN

143 Affiliated with an international laboratory covered by a cooperation agreement with CERN.

33



	Introduction
	Experimental setup, data sets, and event selection
	Jet reconstruction and jet observables
	Corrections
	Unfolding
	Underlying event subtraction

	Systematic uncertainties
	Results
	Mean charged-particle multiplicity in the leading jet <Nch> 
	Jet fragmentation
	zch distributions
	ch distributions


	Summary
	The ALICE Collaboration

