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Abstract: In this study, a comprehensive analysis of jets and underlying events'as a function of charged particle
multiplicity in proton-proton (pp) collisions at a center-of-mass energy of +/s =7 TeV. is presented. Various Monte
Carlo (MC) event generators, including Pythia8.308, EPOS1.99, EPOSLHC, EPOS4 j,4,,, and EPOS4,,,1y4r0, are
employed to predict particle production. The predictions from these models are compared with experimental data
from the CMS collaboration. The charged particles are categorized into those associated with underlying events and
those linked to jets. The analysis is restricted to charged particles with || < 2.4 and pr > 0.25 GeV/c. Upon compar-
ing the MC predictions with CMS data, it is observed that EPOS4py,;,, EPOSLHC, and Pythia8 consistently repro-
duce the experimental results for all charged particles, underlying events, intrajet, and leading charged particles. For
charged jet rates with pCTh‘j ot

jet rates with p?h'jer > 30 GeV/c, EPOSLHC reproduces satisfactorily good results, while EPOS4 4, exhibits good

> 5 GeV/c, EPOS4 g4y, and Pythia8 perform exceptionally well. In the case of charged

agreement with the data at higher charged particle multiplicities as compared to the other models. This can be attrib-
uted to the conversion of energy into flow when "Hydro=on," leading to an increase in multiplicity. EPOSLHC mod-
el described the data well due to the new collective flow effects, correlated flow treatment, and parametrization as
compared to the EPOS1.99. However, the examination of the jet pr spectrum and normalized charged pr density
reveals that EPOS4 yy4,0, EPOS4,0Hydr0>-and EPOSLHC exhibit good agreement with the experimental results,

while Pythia8 and EPOS1.99 do not perform as well due to the lack of correlated flow treatment.
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I. INTRODUCTION

The history of hadron production spans a broad and
extensive scope in high-energy and nuclear physics. A
comprehensive understanding of hadron and multi-
particle production in hadron-hadron collisions remains
an open question in the field of high-energy particle phys-
ics. At the energies attained in the Large Hadron Collider
(LHC), proton-proton collisions predominantly result in
inelastic interactions, giving rise to jets stemming from
hard parton-parton scatterings with momentum  ex-
changes on the order of several GeV/c. The soft interac-
tions between partons and remnants account for the un-
derlying event [1, 2]. Additionally, at low momentum
transfer, diffractive processes and Multi-Parton Interac-
tions (MPI) play pivotal roles in particle production.
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These partons originate from the strong interaction with-
in hadrons [3]. The theoretical modeling of particle pro-
duction in such environments relies on Theoretical Mod-
els that are calibrated to match experimental data. In
high-energy interactions, transfer momenta between par-
tons occur at scales of many GeV/c, which are described
by perturbative Quantum Chromodynamics (pQCD). Un-
derstanding particle production in proton-proton colli-
sions at LHC energies necessitates a complete compre-
hension of the transition between the hard processes, gov-
erned by pQCD, and the soft processes, described by non-
perturbative models of QCD. Jets are narrow, cone-
shaped sprays of particles produced when high-energy
quarks or gluons fragment and hadronize after being
scattered in particle collisions. Modern jet substructure
techniques like grooming and the soft-drop algorithm of-
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fer sophisticated methods for studying the properties of
jets in addition to the standard jet definitions used in this
analysis. These methods are especially useful for improv-
ing the resolution of jet mass and other observables and
minimizing contamination from soft, wide-angle radi-
ation. The soft-drop algorithm removes the softer, wide-
angle components from the jet by applying specific criter-
ia to the transverse momentum and to the angular separa-
tion of jet constituents. This process results in a cleaner
jet structure, which is important for precisely identifying
and measuring the properties of the originating particles,
particularly in high-background environments like the
Large Hadron Collider (LHC) [4]. Enhancements to the
original soft-drop technique, such as Recursive Soft Drop
(RSD), have been made. RSD improves mass resolution
and robustness against non-perturbative effects by re-
peatedly applying the soft-drop condition [5].The probab-
ility associated with the creation of a specific number of
particles in a collision is referred to as multiplicity distri-
butions [6, 7]. These distributions encapsulate all relev-
ant information regarding particle correlations. In the
context of Hadron-Hadron and Heavy Ion collisions, mul-
tiplicity distributions play a crucial role in understanding
particle production mechanisms. The mechanism govern-
ing particle production is linked to the probability p, de-
noting the number of charged particles produced in the
medium. The distributions of charged particles' multipli-
cities encompass detailed information about both soft and
hard interactions. These multiplicity distributions stand as
fundamental and ubiquitous observables in high-energy
physics experiments. Moreover, they provide insight into
various aspects of the particle production mechanism and
the process of hadronization. In this paper, we conduct a
comprehensive analysis of jets and underlying events as a
function of charged particle multiplicity in proton-proton
collisions at +/s =7 TeV. Various Monte Carlo models,
namely Pythia8.3, EPOS44,4,,, EPOS4,,4y4r, EPOS1.99,
and EPOSLHC, are employed for simulation, and their
results are compared with CMS data. The simulation en-
compasses 1 million events. While our current study fo-
cuses on standard jet definitions, incorporating soft-drop
and related grooming techniques in future analyses could
potentially provide deeper insights and more precise
measurements of the underlying event and jet
properties. The structure of the remaining sections is out-
lined as follows: Section 2 delves into the Methods and
Models utilized, Section 3 presents the Results and sub-
sequent Discussion, and the Conclusion is provided in the
final section.

II. MODELS AND METHOD

Pythia [8] is the most widely used event generator in
high-energy physics and related areas. It can be used to
simulate proton-proton collisions, as well as proton-anti-

proton and e*e” collisions. Pythia primarily simulates
parton showers and the interactions between partons. Its
ability to analyze Multi-Partonic Interactions [9] and the
Lund String Fragmentation Model [10, 11] is used for
hadronization. Pythia simulates particle collisions
through the following steps: hard scattering, parton
showers, Initial State Radiation (ISR), Final State Radi-
ation (FSR) [12, 13], and finally, hadronization. Pythia
employs the pr-ordered approach [14] for parton showers
and uses the original impact parameter for multi-parton
interactions [15]. The Lund String Fragmentation model
is used for hadronization [16, 17], which is the final step
of fragmentation.-For particle collisions, the energy of the
particles must be greater than 10 GeV because, below this
threshold, particles go into hadronic resonance, and Py-
thia fails to provide accurate results. Therefore, 10 GeV is
chosen as the limit for the standard scale. In e*e™ annihil-
ation, this limit can be reduced, but in proton-proton col-
lisions below this limit, the Pythia model is not reliable or
trustworthy. Conversely, Pythia can be tested up to 100
TeV center-of-mass energy [18—21]. The Pythia model is
suitable for higher energy ranges. There is no internal fa-
cility for proton-nucleus and nucleus-nucleus collisions,
but several programs interface with specific Pythia mod-
els, especially for decay processes and string fragmenta-
tion algorithms are available. Users must either use the
HEPMC [23] interface or write their own interface for
simulation programs. Pythia events are always applicable
at both the partonic and particle levels. Pythia8.3, written
in C++, uses matching and merging techniques for par-
ton showers and matrix elements.

EPOS is an event generator used for both cosmic ray
air showers (EAS) simulations and heavy ion interac-
tions. The high-energy hadronic interactions are de-
scribed by the EPOS model, which includes parton rem-
nants [24]. EPOS is based on the string and quantum
multiple scattering approach for various particle produc-
tion mechanisms. It employs the Gribov-Regge-Parton-
based Theory (GRPT) [25] for soft interactions. The
EPOS model also accounts for energy conservation at the
amplitude level and centrality dependence in heavy ion
collisions.

In EPOS1.99 [26], the data is tuned to Tevatron ener-
gies. EPOSLHC [27] is an updated version of EPOS1.99,
designed for Large Hadron Collider (LHC) energies [28].
In EPOSLHC, different flow parametrizations for the
core (small system but high-density matter) are intro-
duced in proton-proton collisions compared to heavy ion
collisions. The EPOSLHC model is tuned to 8 TeV, but
some parameters are still missing for 13 TeV. In
EPOSLHC, minimum bias results are reproduced for
particles with transverse momentum distributions ran-
ging from 0 to a few GeV/c [29, 30]. The EPOSLHC tune
is also more accurate in reproducing multiplicity distribu-
tions at 7 TeV.



Comparative Analysis of Jet and Underlying Event Properties Across Various Models...

Chin. Phys. C 48, (2024)

EPOS4 is an advanced Monte Carlo model frame-
work [31-33] designed to simulate the full evolution of
high-energy heavy ion collisions, including both initial
state and final state interactions. In the EPOS4 approach,
multiple scattering, either partonic or nucleonic, occurs in
parallel, based on elementary considerations related to
time scales. EPOS4 combines S-matrix theory (related to
parallel scattering) with modern perturbative QCD ap-
proaches and saturation concepts. This parallel scattering
approach distinguishes between "primary scattering”" and
"secondary scattering." In parallel scattering, the initial
primary nucleon and their partonic constituents are in-
volved, occurring instantaneously at very high energies.
The S-matrix is a theoretical tool that uses a specific form
of proton-proton scattering S-matrix (Gribov-Regge The-
ory) [33—36], which can also be used for nucleon-nucle-
on (AA) collisions. This feature offers a solid framework
for understanding the initial dynamics of Quark-Gluon
Plasma (QGP) and its hadronization. The EPOS4 model
can mainly be used into two tunes: EPOS4,,, and
EPOS4,,1yaro- In the EPOS4 with Hydro, full hydro-
dynamic evolution, hadronic cascade, core-corona pro-
cedure and equation of state are activated, while the oth-
er version operates without it. These two versions allow
flexible simulations for different physical scenarios [37].
EPOSLHC, and EPOS4 are designed for LHC experi-
ments and offer sophisticated features such as event-by-
event fluctuations and complex initial state treatments.
They are also flexible for cosmic ray simulations.

In our analysis, we utilized Rivet [38] to validate
Monte Carlo event generators and compare the model
predictions with the experimental data. RIVET has an ex-
tensive code library that compares event generator predic-
tions with experimental data available on HEPData.

1. RESULTS AND DISCUSSION

We present a comprehensive analysis of jets and un-
derlying event properties as a function of N, at
v/s =7 TeV in pp collisions. Different Monte Carlo mod-
els (Pythia8.308, EPOS1.99, EPOSLHC, and EPOS4)
were used for simulations, and the MC predictions are
compared with CMS data [39].

A. Comparison with data

Jets and Underlying Event properties for charged
particles:

Figure 1 illustrates the Mean transverse momentum
(< pr >) for (a) all charged particles (b) Underlying event
(UE) charged particles (c) Intra-jet charged particles (d)
Leading Intra-jet charged particles (e) charged particles
jets as a function of charged particles multiplicity N,.
The < py > is increasing with an increase in charged mul-
tiplicity for all charged particles and underlying event
(Fig. 1(a & b)) and decreasing with increasing charged

multiplicity for jets (Fig. 1(c, d & e)). While comparing
the Monte Carlo models with the data for all charged
particles, all models show good agreement with the ex-
perimental data except EPOS1.99, which overpredicts for
Nu, > 80, and EPOS4 4, underpredicts for N, > 30. For
UE-charged particles, once more, all models exhibit good
predictions at low N.,, while EPOS4,,, and EPOSLHC
accurately reproduce the data over the entire range. The
Pythia8 model produces comparatively better predictions
than EPOS1.99 and EPOS4,,4y4,. EPOS1.99  over-
predicts, while EPOS4,,,4,4,, underpredicts the data. For
intra-jet and leading intra-jet charged particles, the mod-
els' comparison with the data show that all models accur-
ately reproduce the data while EPOS1.99 over predicted
and EPOS4 ., underpredict at higher N, > 100. This
means that EPOS4,,,,,, EPOSLHC and Pythia8 models
reproduce the data for the Underlying Event and intrajet
charged particles for all the given N,,. For Fig. 1, we ob-
served that EPOS4,,,, accurately reproduces the results
for higher N,,. This is because the hydro option increases
the multiplicity and converts some energy into flow, res-
ulting in the blue curve being much stronger than the oth-
er curves.

Jets properties for charged particles:

In this section, we focus on the jet properties for
charged particles, including the number of jets per event,
differential jet pr spectra, mean transverse momenta of
jets, and jet widths, among other characteristics. Figure 2
illustrates the charged jet rate per event plotted as a func-
tion of N, for p5/*>5 GeV/c and pS/* >30 GeVe.
The number of jets per event increases with the rising
charged-particle multiplicity. This implies that a higher
number of jets are generated for larger values of N,. The
rates of jets increase from 0.05 jets/event to 4 jets/event
as the charged particle multiplicity increases. In the case
of pil* > 5GeV/e, all models perform well in predicting
the data, except the EPOS4,,4,4,» model, which underes-
timates the results when N, >20. Models such as
Pythia8, EPOS4,4,,, EPOSLHC, and EPOS1.99 success-
fully reproduce the results for all given charged particle
multiplicity distributions.

For p** >30GeV/c, at low N, only EPOSLHC ef-
fectively reproduces the results, while EPOS4,,,, dis-
agrees with the data. At higher charged particle multipli-
cities, all models disagree except for the EPOS4,,,, and
EPOSLHC models, which show strong agreement with
the data. Figure 3 illustrates differential jet pr spectrum
for inclusive charged particles in an event in (a)
10<N; <30 (b) 30<N;, <50 (¢) 50<N, <80 (d)
80 <N, <110 and (e) 110 < N, < 150. When comparing
Monte Carlo (MC) models to the data, it is observed that
for 10 < N, <30, all the models show good agreement
with the data at py <10 GeV/c. The EPOSLHC model
tends to overestimate the data for 10 < p; <25 GeV/c and
then underestimates for 25<p;y <35 GeV/c. The
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(a) all charged particles
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Fig. 1. (color online) Mean transverse momentum for (a) all charged particles (b) Underlying event(UE) charged particles (c) Intra-jet

charged particles (d) Leading Intra-jet charged particles (e) charged particles jets as a function of charged particles multiplicity N,.
Different Monte Carlo models, Pythia8.308[8], EPOS1.99[26], EPOSLHC[27], EPOS4[31], are compared with the experimental data

[39]
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Fig. 2. (color online) Both panels show the number of charged particle jets vs. charged particle multiplicity for (a) p‘T'h'j"’ >5 GeV/c

and (b) p;h*"e’

>30 GeV/c in the region |7 < 1.9. The prediction of different Monte Carlo models (Pythia8.308 [8], EPOS1.99 [26],

EPOSLHC [27], and EPOS4 [31]) are compared with the experimental data [39]

EPOS4 4,4, model accurately reproduces the data for the
5 < pr <35 GeV/c range, while Pythia8 overestimates
and EPOS4,,4y4, underestimates the data for pr >'10
GeV/c. For 30 < N, <50 and 50 < N, < 80, all the mod-
els accurately predict the data at p; < 10 GeV/c. For the
10 < pr < 35 GeV/c range, EPOSLHC and EPOS1.99 re-
produce the results well, and EPOS4,,4,4,, underestim-
ates, while Pythia8 overestimates with the data.
EPOS4y,4,, disagrees with the data in the N, > 15 re-
gion. For 80 <N, <110 and 110 < N, < 150, again, all
models reproduce the data well for 5< pr <10 GeV/e.
For the intermediate and high p; region, Pythia8 overes-
timates, while EPOS4,,,, and EPOS4,,,4,, agree well
with the data. EPOS1.99 underestimates the data for the
15 < pr <35 GeV/c region, and for the higher p; region,
it fails to reproduce the results. Figure 4 illustrates the
normalized charged-particle jet py density as a function
of the distance to the jet axis R for events in five N, in-
tervals. The results of the MC predictions are compared
with the data. The jet p increases as N, increases. For the
10 < N, <30 and 30 < N, <50 intervals, when different
MC predictions are compared with the data, it is ob-
served that for R <0.05, EPOS4,,,, and EPOSLHC
provide good predictions, Pythia8 underestimates, and
EPOS4,,,4y4,0 Overestimates the data. For larger distances,
the Pythia8 model overestimates the data, while all the re-
maining models show excellent agreement with the data.
EPOS4 4., and EPOS1.99 accurately reproduce the data
for the entire distance. For the 50< N, <80 and
80 <N, <110 ranges, when R<0.1, EPOS4,,,, and
EPOSLHC provide good predictions, while Pythia8 un-
derestimates and EPOS4,,4,4,, Overestimates the data.
For the 0.1 < R <0.45 region, all these models accurately

reproduce the data. EPOS1.99 underestimates the data for
higher distances from the jet axis. For the 110 < N, < 140
range, all the above-mentioned models overestimate the
data except for EPOS4,,,. However, in the intermedi-
ate region, EPOS4.y.,, EPOS4,,u4y, Pythia8, and
EPOSLHC provide good predictions, while EPOS1.99
underestimates the data. For larger values of R,
EPOS4,,1y4r0, EPOS4 1134, EPOSLHC, and Pythia8 show
good agreement with the data. However, EPOS1.99 per-
forms differently, failing to reproduce the data for the
R > 0.25 range.

IV. SUMMARY AND CONCLUSION

In this study, we present a comprehensive analysis of
jets and underlying events as a function of charged
particle multiplicity in proton-proton (pp) collisions at a
center-of-mass energy of +/s=7 TeV. Various Monte
Carlo (MC) event generators, including Pythia8.308,
EPOS1.99, EPOSLHC, EPOS4y,4,,, and EPOS4,,xy4r0,
are employed to predict particle production. The predic-
tions from these models are compared with experimental
data from the CMS collaboration. The produced particles
are divided into two classes: those associated with under-
lying events and those associated with jets. The charged
particles are tracked within || < 2.4 and pr > 0.25GeV/c,
while charged particle jets are calculated with
pr > 5GeV/c using only charged particle information. In
this work, we present jet py distributions, the mean pr of
underlying event and jet particles, jet rates, and normal-
ized charged density as a function of N.,. We observed
that the mean transverse momentum for all charged
particles and underlying event charged particles in-
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creases with rising charged-particle multiplicity. This in-
dicates that at higher N,,, multiple parton interactions are
increasing, and hard scattering is occurring. When com-
paring the Monte Carlo (MC) predictions with the CMS
data, we found that all models agree well with the data at
low N,,. However, at higher N, only EPOS4,,, and
EPOSLHC generally align with the data. On the other
hand, the mean p; for intra-jet and leading charged
particle jets decreases logarithmically as the charged
particle multiplicity increases. This indicates an opposite
trend: a larger number of multiple parton interactions oc-
cur due to softer processes. Consequently, the production
of final state hadrons is attributed to (mini)jets.
EPOS4,4,,, Pythia8, and EPOSLHC reproduce the res-
ults, while EPOS1.99 overestimates and EPOS4,,,4,4,, Un-
derestimates the data. For charged particle jets,
EPOS4,4, and EPOSLHC align with the data. These
results suggest that EPOS models with a hydrodynamic
component perform best as the charged particle multipli-
city increases. This is because "tuning on Hydro" in-
creases the multiplicity, converting some energy into the
flow, which allows EPOS4,,,, to closely match the data
and produce accurate results at higher N, compared to
other models. The similarity between Pythia8 and
EPOSLHC models arises from their use of partonic meth-
ods and perturbative approaches for describing hard colli-
sions. When studying the charged jet rates, we observed
that for the p™™>5GeV/c range, only Pythia8 and
EPOS4 4., performed the best, with EPOSLHC also fit-
ting the results well. EPOS1.99 initially under-predicted

the data and then over-predicted it, while EPOS4,,1y4:0
consistently underestimated the data and did not perform
well. For p™¥ >30GeV/c, no Monte Carlo model per-
formed best at low N.; however, at higher charged
particle multiplicity, only EPOS4,,, performed well.
This is due to the "Hydro = on" option, which reduces the
multiplicity and converts some energy into flow, making
the blue curve much stronger than the other curves. The
EPOSLHC model also described the data well, owing to
its incorporation of new collective flow effects and cor-
related flow treatment, which contrasts with the
EPOS1.99 model. In the study of differential jet pr spec-
trum for five intervals, we observed that for the selected
intervals all the given MC models good agree with the
result at low and intermediate py, however for higher py,
EPOSLHC,; EPOS4 4., EPOS4,,,4, Well agree with
the data. Pythia8 overestimates while EPOS1.99 and
EPOS4,,4,, underestimate the data and do not well repro-
duce the result for higher pr. In the study of normalized
charged pr jet density for five intervals, we observed that
only EPOS4,,,, and EPOSLHC perform the best at low
pr however, at larger py, all the given MC models good
agree with the data. EPOS1.99 under-predict the data as
N, was increasing. EPOSLHC model described the data
well due to the new collective flow effects, correlated
flow treatment, and parametrization as compared to the
EPOS1.99. This suggests that each model has its advant-
ages and limitations, which vary depending on the specif-
ic physical scenario. The suitability of a particular model
is determined by the context of the investigation.

References

B. Blok, C. D. Jakel, M. Strikman, U. A. Wiedemann, JHEP
12, 074 (2017), arXiv:1708.08241[hep-ph]

B. Blok and U. A. Wiedemann, Phys. Lett. B 795, 259
(2019), arXiv:1812.04113[hep-ph]

Muhammad Ajaz, et al., Chin. Phys. C 48, 053108 (2024)
Zhong-Bo Kang, Kyle Lee, Xiaohui Liu, Felix Ringer,
Physics Letters B 793, 41 (2019)

F.A. Dreyer, L. Necib, G. Soyez, et al., J. High Energ. Phys.
2018, 93 (2018)

W. Kittel, et al., Hackensack U.S.A. (2005)

V Khachatryan, et al., JHEP 01, 079 (2011)

Sjostrand, T.; Mrenna, S.; Skands, P., J. High Energy Phys.
05, 026 (2006)

P. Bartalini, E. L. Berger, B. Blok, G. Calucci, R. Corke, M.
Diehl, Y. Dokshitzer, L. Fano, L. Frankfurt and J. R. Gaunt,
et al. [arXiv: 1111.0469[hep-ph]], Report number: ANL-
HEP-PR-11-65; CMS-CR-2011-048; DESY 11-185;
LTH929; KA-TP-32-2011; TTK-11-52.

B. Andersson, G. Gustafson, G. Ingelman, T. Sjostrand,
Phys. Rep. 97, 31 (1983)

T. Sjostrand, Nucl. Phys. B 248, 469 (1984)
T. Sjostrand, Phys. Lett. B 157, 321 (1985)
V. Khachatryan, et al., JHEP 09,
arXiv:1009.4122[hep-ex]

[10]

[11]
[12]
[13]

091 (2010),

[14]  T. Sjostrand, P. Z. Skands, Eur. Phys. J. C 39, 129 (2005)
[15] T. Sjostrand, M. van Zijl, Phys. Rev. D 36, 2019 (1987)
[16] T. Sjostrand, Nucl. Phys. B 248, 469 (1984)

[17] R. Corke, T. Sjostrand, J. High Energy Phys. 3, 32 (2011)

[18] P. Skands, S. Carrazza, J. Rojo, Eur. Phys. J. C 74, 3024
(2014)

[19] H.I Alrebdi, et al., Chinese Journal of Physics 89, 1669
(2024)

[20]  Peter Z. Skands Soft-QCD and UE spectra in pp collisions
at very high CM energies Report number: CERN-PH-TH-
2013-195, arXiv 2013, arXiv: 1308.2813.

[21] M. Wagqas, et al., Chinese Journal of Physics 87, 284 (2024)

[22]  Pei-Pin Yang, et al., J. Phys. G: Nucl. Part. Phys. 49,
055110 (2022)

[23] Dobbs, M.; Hansen, J. B., Comput. Phys. Commun. 134, 41
(2001)

[24] K. Werner, F.M. Liu, T. Pierog, Phys. Rev. C 74, 044902
(2006)

[25] H.J. Drescher, et al., Phys. Rep. 93, 350 (2001)

[26] K. Werner, F. M. Liu, T. Pierog, Phys. Rev. C 74, 044902
(2006)

[27] T. Pierog, et al., Phys. Rev. C 92, 034906 (2015)

[28]  S.Ullah, ef al., Sci Rep 9, 11811 (2019)

[29] T. Pierog, et al., Phys. Rev. C 92, 034906 (2015)

[30] T. Pierog and K. Werner, Proc. of the 30th Int. Cosmic Ray


https://doi.org/10.1007/JHEP12(2017)074
https://doi.org/10.1007/JHEP12(2017)074
https://doi.org/10.1007/JHEP12(2017)074
https://doi.org/10.1007/JHEP12(2017)074
https://doi.org/10.1007/JHEP12(2017)074
https://doi.org/10.1007/JHEP12(2017)074
https://doi.org/10.1007/JHEP12(2017)074
https://doi.org/10.1007/JHEP12(2017)074
https://doi.org/10.1007/JHEP12(2017)074
https://arxiv.org/abs/
https://arxiv.org/abs/
https://arxiv.org/abs/
https://doi.org/10.1016/j.physletb.2019.05.038
https://doi.org/10.1016/j.physletb.2019.05.038
https://doi.org/10.1016/j.physletb.2019.05.038
https://doi.org/10.1016/j.physletb.2019.05.038
https://doi.org/10.1016/j.physletb.2019.05.038
https://doi.org/10.1016/j.physletb.2019.05.038
https://doi.org/10.1016/j.physletb.2019.05.038
https://doi.org/10.1016/j.physletb.2019.05.038
https://doi.org/10.1016/j.physletb.2019.05.038
https://arxiv.org/abs/
https://arxiv.org/abs/
https://arxiv.org/abs/
https://doi.org/10.1088/1674-1137/ad2a4c
https://doi.org/10.1088/1674-1137/ad2a4c
https://doi.org/10.1088/1674-1137/ad2a4c
https://doi.org/10.1088/1674-1137/ad2a4c
https://doi.org/10.1088/1674-1137/ad2a4c
https://doi.org/10.1088/1674-1137/ad2a4c
https://doi.org/10.1088/1674-1137/ad2a4c
https://doi.org/10.1088/1674-1137/ad2a4c
https://doi.org/10.1088/1674-1137/ad2a4c
https://doi.org/10.1088/1674-1137/ad2a4c
https://doi.org/10.1016/j.physletb.2019.04.018
https://doi.org/10.1016/j.physletb.2019.04.018
https://doi.org/10.1016/j.physletb.2019.04.018
https://doi.org/10.1016/j.physletb.2019.04.018
https://doi.org/10.1016/j.physletb.2019.04.018
https://doi.org/10.1016/j.physletb.2019.04.018
https://doi.org/10.1016/j.physletb.2019.04.018
https://doi.org/10.1016/j.physletb.2019.04.018
https://doi.org/10.1016/j.physletb.2019.04.018
https://doi.org/10.1016/j.physletb.2019.04.018
https://doi.org/10.1007/JHEP06(2018)093
https://doi.org/10.1007/JHEP06(2018)093
https://doi.org/10.1007/JHEP06(2018)093
https://doi.org/10.1007/JHEP06(2018)093
https://doi.org/10.1007/JHEP06(2018)093
https://doi.org/10.1007/JHEP06(2018)093
https://doi.org/10.1007/JHEP06(2018)093
https://doi.org/10.1007/JHEP06(2018)093
https://doi.org/10.1007/JHEP06(2018)093
https://doi.org/10.1007/JHEP01(2011)079
https://doi.org/10.1007/JHEP01(2011)079
https://doi.org/10.1007/JHEP01(2011)079
https://doi.org/10.1007/JHEP01(2011)079
https://doi.org/10.1007/JHEP01(2011)079
https://doi.org/10.1007/JHEP01(2011)079
https://doi.org/10.1007/JHEP01(2011)079
https://doi.org/10.1007/JHEP01(2011)079
https://doi.org/10.1007/JHEP01(2011)079
https://doi.org/10.1007/JHEP01(2011)079
https://doi.org/10.1016/0370-1573(83)90080-7
https://doi.org/10.1016/0370-1573(83)90080-7
https://doi.org/10.1016/0370-1573(83)90080-7
https://doi.org/10.1016/0370-1573(83)90080-7
https://doi.org/10.1016/0370-1573(83)90080-7
https://doi.org/10.1016/0370-1573(83)90080-7
https://doi.org/10.1016/0370-1573(83)90080-7
https://doi.org/10.1016/0370-1573(83)90080-7
https://doi.org/10.1016/0370-1573(83)90080-7
https://doi.org/10.1016/0370-1573(83)90080-7
https://doi.org/10.1016/0550-3213(84)90607-2
https://doi.org/10.1016/0550-3213(84)90607-2
https://doi.org/10.1016/0550-3213(84)90607-2
https://doi.org/10.1016/0550-3213(84)90607-2
https://doi.org/10.1016/0550-3213(84)90607-2
https://doi.org/10.1016/0550-3213(84)90607-2
https://doi.org/10.1016/0550-3213(84)90607-2
https://doi.org/10.1016/0550-3213(84)90607-2
https://doi.org/10.1016/0550-3213(84)90607-2
https://doi.org/10.1016/0550-3213(84)90607-2
https://doi.org/10.1016/0370-2693(85)90674-4
https://doi.org/10.1016/0370-2693(85)90674-4
https://doi.org/10.1016/0370-2693(85)90674-4
https://doi.org/10.1016/0370-2693(85)90674-4
https://doi.org/10.1016/0370-2693(85)90674-4
https://doi.org/10.1016/0370-2693(85)90674-4
https://doi.org/10.1016/0370-2693(85)90674-4
https://doi.org/10.1016/0370-2693(85)90674-4
https://doi.org/10.1016/0370-2693(85)90674-4
https://doi.org/10.1016/0370-2693(85)90674-4
https://doi.org/10.1007/JHEP09(2010)091
https://doi.org/10.1007/JHEP09(2010)091
https://doi.org/10.1007/JHEP09(2010)091
https://doi.org/10.1007/JHEP09(2010)091
https://doi.org/10.1007/JHEP09(2010)091
https://doi.org/10.1007/JHEP09(2010)091
https://doi.org/10.1007/JHEP09(2010)091
https://doi.org/10.1007/JHEP09(2010)091
https://doi.org/10.1007/JHEP09(2010)091
https://doi.org/10.1007/JHEP09(2010)091
https://arxiv.org/abs/
https://arxiv.org/abs/
https://arxiv.org/abs/
https://doi.org/10.1140/epjc/s2004-02084-y
https://doi.org/10.1140/epjc/s2004-02084-y
https://doi.org/10.1140/epjc/s2004-02084-y
https://doi.org/10.1140/epjc/s2004-02084-y
https://doi.org/10.1140/epjc/s2004-02084-y
https://doi.org/10.1140/epjc/s2004-02084-y
https://doi.org/10.1140/epjc/s2004-02084-y
https://doi.org/10.1140/epjc/s2004-02084-y
https://doi.org/10.1140/epjc/s2004-02084-y
https://doi.org/10.1140/epjc/s2004-02084-y
https://doi.org/10.1103/PhysRevD.36.2019
https://doi.org/10.1103/PhysRevD.36.2019
https://doi.org/10.1103/PhysRevD.36.2019
https://doi.org/10.1103/PhysRevD.36.2019
https://doi.org/10.1103/PhysRevD.36.2019
https://doi.org/10.1103/PhysRevD.36.2019
https://doi.org/10.1103/PhysRevD.36.2019
https://doi.org/10.1103/PhysRevD.36.2019
https://doi.org/10.1103/PhysRevD.36.2019
https://doi.org/10.1103/PhysRevD.36.2019
https://doi.org/10.1016/0550-3213(84)90607-2
https://doi.org/10.1016/0550-3213(84)90607-2
https://doi.org/10.1016/0550-3213(84)90607-2
https://doi.org/10.1016/0550-3213(84)90607-2
https://doi.org/10.1016/0550-3213(84)90607-2
https://doi.org/10.1016/0550-3213(84)90607-2
https://doi.org/10.1016/0550-3213(84)90607-2
https://doi.org/10.1016/0550-3213(84)90607-2
https://doi.org/10.1016/0550-3213(84)90607-2
https://doi.org/10.1016/0550-3213(84)90607-2
https://doi.org/10.1140/epjc/s10052-014-3024-y
https://doi.org/10.1140/epjc/s10052-014-3024-y
https://doi.org/10.1140/epjc/s10052-014-3024-y
https://doi.org/10.1140/epjc/s10052-014-3024-y
https://doi.org/10.1140/epjc/s10052-014-3024-y
https://doi.org/10.1140/epjc/s10052-014-3024-y
https://doi.org/10.1140/epjc/s10052-014-3024-y
https://doi.org/10.1140/epjc/s10052-014-3024-y
https://doi.org/10.1140/epjc/s10052-014-3024-y
https://doi.org/10.1016/j.cjph.2024.02.034
https://doi.org/10.1016/j.cjph.2024.02.034
https://doi.org/10.1016/j.cjph.2024.02.034
https://doi.org/10.1016/j.cjph.2024.02.034
https://doi.org/10.1016/j.cjph.2024.02.034
https://doi.org/10.1016/j.cjph.2024.02.034
https://doi.org/10.1016/j.cjph.2024.02.034
https://doi.org/10.1016/j.cjph.2024.02.034
https://doi.org/10.1016/j.cjph.2024.02.034
https://doi.org/10.1016/j.cjph.2023.11.018
https://doi.org/10.1016/j.cjph.2023.11.018
https://doi.org/10.1016/j.cjph.2023.11.018
https://doi.org/10.1016/j.cjph.2023.11.018
https://doi.org/10.1016/j.cjph.2023.11.018
https://doi.org/10.1016/j.cjph.2023.11.018
https://doi.org/10.1016/j.cjph.2023.11.018
https://doi.org/10.1016/j.cjph.2023.11.018
https://doi.org/10.1016/j.cjph.2023.11.018
https://doi.org/10.1016/j.cjph.2023.11.018
https://doi.org/10.1088/1361-6471/ac5d0b
https://doi.org/10.1088/1361-6471/ac5d0b
https://doi.org/10.1088/1361-6471/ac5d0b
https://doi.org/10.1088/1361-6471/ac5d0b
https://doi.org/10.1088/1361-6471/ac5d0b
https://doi.org/10.1088/1361-6471/ac5d0b
https://doi.org/10.1088/1361-6471/ac5d0b
https://doi.org/10.1088/1361-6471/ac5d0b
https://doi.org/10.1088/1361-6471/ac5d0b
https://doi.org/10.1016/S0010-4655(00)00189-2
https://doi.org/10.1016/S0010-4655(00)00189-2
https://doi.org/10.1016/S0010-4655(00)00189-2
https://doi.org/10.1016/S0010-4655(00)00189-2
https://doi.org/10.1016/S0010-4655(00)00189-2
https://doi.org/10.1016/S0010-4655(00)00189-2
https://doi.org/10.1016/S0010-4655(00)00189-2
https://doi.org/10.1016/S0010-4655(00)00189-2
https://doi.org/10.1016/S0010-4655(00)00189-2
https://doi.org/10.1103/PhysRevC.74.044902
https://doi.org/10.1103/PhysRevC.74.044902
https://doi.org/10.1103/PhysRevC.74.044902
https://doi.org/10.1103/PhysRevC.74.044902
https://doi.org/10.1103/PhysRevC.74.044902
https://doi.org/10.1103/PhysRevC.74.044902
https://doi.org/10.1103/PhysRevC.74.044902
https://doi.org/10.1103/PhysRevC.74.044902
https://doi.org/10.1103/PhysRevC.74.044902
https://doi.org/10.1103/PhysRevC.74.044902
https://doi.org/10.1103/PhysRevC.74.044902
https://doi.org/10.1103/PhysRevC.74.044902
https://doi.org/10.1103/PhysRevC.74.044902
https://doi.org/10.1103/PhysRevC.74.044902
https://doi.org/10.1103/PhysRevC.74.044902
https://doi.org/10.1103/PhysRevC.74.044902
https://doi.org/10.1103/PhysRevC.74.044902
https://doi.org/10.1103/PhysRevC.74.044902
https://doi.org/10.1103/PhysRevC.92.034906
https://doi.org/10.1103/PhysRevC.92.034906
https://doi.org/10.1103/PhysRevC.92.034906
https://doi.org/10.1103/PhysRevC.92.034906
https://doi.org/10.1103/PhysRevC.92.034906
https://doi.org/10.1103/PhysRevC.92.034906
https://doi.org/10.1103/PhysRevC.92.034906
https://doi.org/10.1103/PhysRevC.92.034906
https://doi.org/10.1103/PhysRevC.92.034906
https://doi.org/10.1103/PhysRevC.92.034906
https://doi.org/10.1038/s41598-019-48272-4
https://doi.org/10.1038/s41598-019-48272-4
https://doi.org/10.1038/s41598-019-48272-4
https://doi.org/10.1038/s41598-019-48272-4
https://doi.org/10.1038/s41598-019-48272-4
https://doi.org/10.1038/s41598-019-48272-4
https://doi.org/10.1038/s41598-019-48272-4
https://doi.org/10.1038/s41598-019-48272-4
https://doi.org/10.1038/s41598-019-48272-4
https://doi.org/10.1038/s41598-019-48272-4
https://doi.org/10.1103/PhysRevC.92.034906
https://doi.org/10.1103/PhysRevC.92.034906
https://doi.org/10.1103/PhysRevC.92.034906
https://doi.org/10.1103/PhysRevC.92.034906
https://doi.org/10.1103/PhysRevC.92.034906
https://doi.org/10.1103/PhysRevC.92.034906
https://doi.org/10.1103/PhysRevC.92.034906
https://doi.org/10.1103/PhysRevC.92.034906
https://doi.org/10.1103/PhysRevC.92.034906
https://doi.org/10.1103/PhysRevC.92.034906

Comparative Analysis of Jet and Underlying Event Properties Across Various Models...

Chin. Phys. C 48, (2024)

(31]
[32]
[33]

[34]
[33]

Conf., Vol. 4: (Mexico, 2008), pp. 629—632.

K. Wemer et al, arXiv:2107.12368
arXiv:2107.12368

K.Werner and B., 1504.00024. https://arxiv.org/abs/2306.
02396.

V. N. Gribov, Zh. Eksp. Teor. Fiz. 53, 654 (1967)

V. N. Gribov, Sov. Phys. JETP 29, 483 (1969)

V. N. Gribov and L. N. Lipatov, Sov. J. Nucl. Phys. 15, 438

(2021).,

[36]
[37]
[38]

[39]

(1972)

V. A. Abramovsky, V. N. Gribov, and O. V. Kancheli, Yad.
Fiz. 18, 595 (1973)

Muhammad Wagqas, ef al., Results in Physics 57, 107325
(2024)

A. Buckley, et al., Comput. Phys. Commun. 184, 2803
(2013)

S. Chatrchyan, ef al., Eur. Phys. J. C 73,2674 (2013)


https://arxiv.org/abs/
https://arxiv.org/abs/2306.02396
https://arxiv.org/abs/2306.02396
https://doi.org/10.1016/j.rinp.2024.107325
https://doi.org/10.1016/j.rinp.2024.107325
https://doi.org/10.1016/j.rinp.2024.107325
https://doi.org/10.1016/j.rinp.2024.107325
https://doi.org/10.1016/j.rinp.2024.107325
https://doi.org/10.1016/j.rinp.2024.107325
https://doi.org/10.1016/j.rinp.2024.107325
https://doi.org/10.1016/j.rinp.2024.107325
https://doi.org/10.1016/j.rinp.2024.107325
https://doi.org/10.1016/j.cpc.2013.05.021
https://doi.org/10.1016/j.cpc.2013.05.021
https://doi.org/10.1016/j.cpc.2013.05.021
https://doi.org/10.1016/j.cpc.2013.05.021
https://doi.org/10.1016/j.cpc.2013.05.021
https://doi.org/10.1016/j.cpc.2013.05.021
https://doi.org/10.1016/j.cpc.2013.05.021
https://doi.org/10.1016/j.cpc.2013.05.021
https://doi.org/10.1016/j.cpc.2013.05.021
https://doi.org/10.1140/epjc/s10052-013-2674-5
https://doi.org/10.1140/epjc/s10052-013-2674-5
https://doi.org/10.1140/epjc/s10052-013-2674-5
https://doi.org/10.1140/epjc/s10052-013-2674-5
https://doi.org/10.1140/epjc/s10052-013-2674-5
https://doi.org/10.1140/epjc/s10052-013-2674-5
https://doi.org/10.1140/epjc/s10052-013-2674-5
https://doi.org/10.1140/epjc/s10052-013-2674-5
https://doi.org/10.1140/epjc/s10052-013-2674-5
https://doi.org/10.1140/epjc/s10052-013-2674-5

	I INTRODUCTION
	II MODELS AND METHOD
	III RESULTS AND DISCUSSION
	A Comparison with data

	IV SUMMARY AND CONCLUSION
	REFERENCES

