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Results from proton-proton (𝑝𝑝) collisions have routinely been used as a baseline to analyze and
understand the production of QCD matter expected to be produced in nuclear collisions. But
recent studies of small systems formed in 𝑝𝑝 collisions at the LHC energies hint at the possibility
of producing medium with collective behavior. Therefore, results from 𝑝𝑝 collisions required
more careful investigation to understand whether QCD matter is produced in high multiplicity
𝑝𝑝 collisions. With this motivation, the Glauber model traditionally used to study the heavy-ion
collision dynamics at high energy is applied here to understand the dynamics of 𝑝𝑝 collisions.
We have used anisotropic and inhomogeneous quark/gluon-based proton density profile, a real-
istic picture obtained from deep inelastic scattering results and this model explains the charged
particle multiplicity distribution of 𝑝𝑝 collisions at LHC energies very well. Collision geometric
properties like impact parameter and mean number of binary collisions (〈𝑁𝑐𝑜𝑙𝑙〉), mean number of
participants (〈𝑁𝑝𝑎𝑟𝑡 〉) at different multiplicities are determined for 𝑝𝑝 collisions. We further used
these collision geometric properties to estimate average charged-particle pseudorapidity density
(〈𝑑𝑁𝑐ℎ/𝑑𝜂〉) and found it to be comparable with the experimental results. Knowing 〈𝑁𝑐𝑜𝑙𝑙〉, we
have obtained nuclear modification-like factor (𝑅𝑝𝑝) in 𝑝𝑝 collisions which has not been done
before to the best of our knowledge.
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1. Introduction

Quark-gluon plasma (QGP), a deconfined state of Quantum Chromodynamics (QCD) matter,
is believed to be produced in heavy-ion collisions at ultra-relativistic energies. The results of such
collisions are interpreted by considering proton-proton (𝑝𝑝) collisions as a baseline where QGP
formation is unforeseen. However, recent results [1–3] show that high multiplicity 𝑝𝑝 collisions
behave like heavy-ion collisions. Therefore, it becomes crucial to examine the dynamics of the QCD
medium formed in ultra-relativistic 𝑝𝑝 collisions carefully. In this article, we present the results
of Glauber-like model calculations for 𝑁𝑐𝑜𝑙𝑙(b), 𝑁𝑝𝑎𝑟𝑡 (b) due to the quark and gluon-based proton
density profile. In the case of a proton, several density profiles have been considered to estimate
the initial conditions, most of them assume an azimuthally symmetric density profile, and those are
mainly different in the phenomenological parametrization of radial variations [4]. In this regard, we
find in Ref. [5] to consider the azimuthally asymmetric and inhomogeneous density distribution of
a proton . This is close to a realistic picture obtained by results of deep inelastic scattering revealing
the structure of proton. We have used the proposed model [5] with the modifications explained in [6],
to obtain the charged particle multiplicity distribution in 𝑝𝑝 collisions at

√
𝑠 = 7 TeV and compared

it with the ALICE result. To understand the possibility of medium formation in high-multiplicity
𝑝𝑝 collisions and having calculated 𝑁𝑐𝑜𝑙𝑙 , we have estimated a nuclear modification-like factor,
𝑅𝑝𝑝, considering low multiplicity yields as the base.

2. FORMALISM

Here we consider a fluctuating proton orientation with three effective quarks and gluonic flux
tubes connecting them. The density function of the resultant proton considered in this work, taken
from Ref. [5], given by

𝜌𝐺− 𝑓 (r; r1, r2, r3) = 𝑁𝑔

1 − 𝜅

3

3∑︁
𝑘=1

𝜌𝑞 (r − r𝑘 ; 𝑟𝑞) + 𝑁𝑔

𝜅

3

3∑︁
𝑘=1

𝜌𝑔 [R−1 [𝜃𝑘 , 𝜙𝑘] (r −
r𝑘
2

; 𝑟𝑞,
𝑟𝑘

2
] (1)

where 𝑟𝑞 is the radius of the quark, 𝑟𝑠 and 𝑟𝑙 are the radius and the length of the gluon tube. The
first term (second term) of the above equation represents the densities of quarks (gluons). Further,
R[𝜃, 𝜙] transforms the vector (0,0,1) into (𝑐𝑜𝑠𝜙𝑠𝑖𝑛𝜃, 𝑠𝑖𝑛𝜙𝑐𝑜𝑠𝜃, 𝑐𝑜𝑠𝜃), and r𝑘 = 𝑟𝑘 (𝑐𝑜𝑠𝜙𝑘 𝑠𝑖𝑛𝜃𝑘 ,

𝑠𝑖𝑛𝜙𝑘𝑐𝑜𝑠𝜃𝑘 , 𝑐𝑜𝑠𝜃𝑘) (where, k = 1,2 and 3) is the position vector of the 𝑘 𝑡ℎ effective quark. 𝑁𝑔 is
the number of partons inside the proton. The free parameter 𝜅 allows to control the percentage of
gluon body content and here it is taken to be 0.5 [5].

The collision plane is taken to be in x-y. Thus the dependence along the z-axis is integrated
out. The overlap function 𝑇𝑝𝑝 (𝑏) for projectile proton (A) and target proton (B) is defined as

𝑇𝑝𝑝 (𝑏) =
∫ ∫

𝑇𝐴(𝑥 −
𝑏

2
, 𝑦)𝑇𝐵 (𝑥 +

𝑏

2
, 𝑦)𝑑𝑥𝑑𝑦 (2)

It is to be noted here that 𝑇𝑝𝑝 is a combination of four terms due to quark-quark, quark-gluon,
gluon-quark, gluon-gluon interactions due to the design of the density function. We now define
𝑁𝑐𝑜𝑙𝑙 and 𝑁𝑝𝑎𝑟𝑡 of partons in the 𝑝𝑝 collisions at a given impact parameter (b) considering Ref. [7]
as follows:

𝑁𝑐𝑜𝑙𝑙 (𝑏) = 𝜎𝑔𝑔𝑇𝑝𝑝 (𝑏), and 𝑁𝑐𝑜𝑙𝑙 (𝑏) ∝ 𝑁 𝑥
𝑝𝑎𝑟𝑡 (𝑏) (3)
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where x is a parameter, taken to be 0.75 as 𝑁𝑐𝑜𝑙𝑙 scales as 𝐴4/3 for similar target and projectile
nuclei with mass numbers 𝐴 for heavy ion collisions and are spherical in shape. In line with the
previous studies [5, 8], we fixed the effective partonic cross-section (𝜎𝑔𝑔) = 4.3 ± 0.6 mb [9] with
𝑁𝑔= 10 partons to reproduce the experimental value of the inelastic 𝑝𝑝 cross-section, (𝜎𝑝𝑝) = 60
mb at

√
𝑠 = 7 TeV. This gives the only non-trivial dependence of the model on the beam energy

√
𝑠.

3. Results

3.1 Charged particle multiplicity estimation

In this work, we have used the two-component model (commonly used in heavy-ion phe-
nomenology) approach to the 𝑝𝑝 collisions, replacing nucleons by partons (quarks and gluons)
and the nucleon-nucleon inelastic cross-section by the effective partonic cross-section (𝜎𝑖𝑛𝑒𝑙

𝑔𝑔 ).
Thus, the number of ancestors (independently emitting sources of particles) as parametrized by a
two-component model is given as

𝑁𝑎𝑛𝑐𝑒𝑠𝑡𝑜𝑟𝑠 = 𝑓 𝑁𝑝𝑎𝑟𝑡 + (1 − 𝑓 )𝑁𝑐𝑜𝑙𝑙 (4)

where 𝑓 is a free parameter. As the negative binomial distribution (NBD) successfully reproduces
the charged-particle distribution in 𝑝𝑝 collisions [10], we use two-parameters NBD to calculate
the probability of producing 𝑛 particles per ancestor where 𝑛̄ is the average multiplicity, and 𝑘

characterizes the width of the distribution. The best agreement for the 𝑁𝑐ℎ distribution obtained by
our model with experimental data is found for 𝑓 = 0.85, 𝑛̄ = 8 and 𝑘 = 0.13. From Fig. 1, it can be
seen that our model well describes the data in the mid multiplicity region ( 15 < 𝑁𝑐ℎ < 90 ), with
a 5-10 % discrepancy. However, towards the low and high multiplicity, it is unable to reproduce
the experimental measurement. The inability of the model to explain the extreme low and high
multiplicity region might be due to a lack of statistics.

3.2 The ratio, 𝑅𝑝𝑝 for high to low multiplicity events

To understand the possibility of the formation of a medium in high-multiplicity events in 𝑝𝑝

collisions, we define a quantity, 𝑅𝑝𝑝 (Fig. 2) as:

𝑅𝑝𝑝 (𝑝𝑇 ) =
𝑑2𝑁/𝑑𝑝𝑇 𝑑𝜂 |𝐻𝑀

𝑑2𝑁/𝑑𝑝𝑇 𝑑𝜂 |𝐿𝑀
×

〈𝑁𝐿𝑀
𝑐𝑜𝑙𝑙

〉
〈𝑁𝐻𝑀

𝑐𝑜𝑙𝑙
〉

(5)

which is similar to the nuclear modification factor (𝑅𝐴𝐴) in heavy-ion collisions. Here, 𝑑2𝑁/𝑑𝜂𝑑𝑝𝑇 |𝐻𝑀

(𝑑2𝑁/𝑑𝜂𝑑𝑝𝑇 |𝐿𝑀 ), 〈𝑁𝐿𝑀
𝑐𝑜𝑙𝑙

〉 (〈𝑁𝐻𝑀
𝑐𝑜𝑙𝑙

〉) are charged particle yield in high (low)-multiplicity, mean
number of binary collisions in low (high) multiplicity for 𝑝𝑝 collisions at

√
𝑠 = 7 TeV [11].

4. Summary

In this contribution, we have used an anisotropic and inhomogeneous proton density profile as
an initial condition for 𝑝𝑝 collisions. We have obtained the charged-particle multiplicity distribution
for 𝑝𝑝 at

√
𝑠 = 7 TeV and compared the result with ALICE. It is found that the proposed model

can well reproduce the multiplicity distribution originating from 𝑝𝑝 events with the free parameter
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Figure 1: Upper panel: Comparison of the charged multiplicity distribution obtained from the present work
with the ALICE experiment, for 𝑝𝑝 collisions at

√
𝑠 = 7 TeV. Black dots represent ALICE data and red dots

represent the present work. Lower panel: Ratio of this work to the ALICE experimental data [6].
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Figure 2: [6] Upper panel (left): Transverse momentum spectra of charged particle in 𝑝𝑝 collisions at
√
𝑠

= 7 TeV [11] for VOM multiplicity classes, viz., highest (HM), second highest (second HM) and lowest
multiplicity (LM) class. Lower Panel (left): 𝑅𝑝𝑝 obtained from the ratio of differential yield at HM and
second HM with low multiplicity class scaled by 〈𝑁𝑐𝑜𝑙𝑙〉. Right: Nuclear modification-like factor obtained
from Eq. 5 for pion, Kaon and proton in 𝑝𝑝 collisions at

√
𝑠 = 7 TeV [11].

𝑓 = 0.85. We have also estimated a nuclear modification-like factor (𝑅𝑝𝑝) for 𝑝𝑝 collisions and
found that the factor is less than 1 for 𝑝T < 1 GeV, and beyond this, the factor is greater than
unity. This behavior at higher 𝑝T may be due to non-collective flow effects, which need further
investigation. The present work is important as a calculation based on the Glauber-like model is
proposed for the 𝑝𝑝 system with modifications to other works like [4, 5]. This work has appeared
as a regular publication as Ref. [6].
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