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Introduction

The observations of the presence of col-
lectivity in high multiplicity pp collisions[1]
and traces of deconfinement at TeV ener-
gies[2] have drawn considerable attention
towards the studies involving smaller collision
systems. Although numerous attempt have
been made to address the MDs from lower
to LHC energies, yet some basic questions
concerning MDs at LHC energies still remain
open. Large particle multiplicities make it
feasible to study specific characteristics of
MDs which are relevant to fractal proper-
ties of multiparticle dynamics. The fractal
properties have been generally investigated
in terms of scaled factorial moments(SFMs)
and (or) multifractal moments[3], which
depends on phase space bin width or detector
resolution. However, yet another method
to study multifractal features of produced
particles has been suggested[3] which do not
depend on the detector resolution. According
to this approach, MDs should be studied
in term of information entropy, S (= -Σ
PnlnPn). The entropy S, in a given η window,
∆η, if normalized to maximum rapidity Ym

(= ln
√
s/mπ) and plotted against ∆η also

normalized to maximum rapidity has been
observed to exhibit a kind of scaling[3].

Results and discussion

Values of S for pp collisions at ISR, SPS and
LHC energies (upto 7 TeV) are calculated in
full and limited η windows. The values of Pn

at different energies are taken from ref. 4. In
order to compare the results with the predic-
tions of Monte Carlo model Pythia, events cor-
responding to various energies are simulated
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FIG. 1: S/Ym vs ∆η/Ym for pp collisions at dif-
ferent energies.

using the code PYTHIA-8 (default tune). The
events are simulated by setting the code in
three different modes, i) Multiparton interac-
tion (MPI) off, color reconnection(CR) off, ii)
MPI on CR off and iii) MPI on CR on. Num-
ber of events in each simulated sample is 107.
Variations of S/Ym with ∆η/Ym for various
data sets are plotted in Fig.1. It is observed
that values of S/Ym grow slowly with ∆η/Ym.
It is, however, interesting to note that the data
points corresponding to various energies over-
lap and form a single curve, indicating the
presence of entropy scaling from ISR, SPS to
LHC energies. Pythia model with MPI off and
CR off predicts the similar entropy scaling, as
observed with the real data. However, the val-
ues of S for a given energy and ∆η are found
to be smaller in comparison to those obtained
with the real data.

The Renyi’s order q information entropy
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can be estimated using the relation, Iq = 1

q−1

lnΣP q
n , for q 6=1, where for q=1, limq→1 Iq

= I1 = S. This, in turn, would give gener-
alized dimensions of order q, as Dq = Iq/Ym.
Thus, for a given q, (Iq)max

= lnnmax. The
maximum entropy is achieved for the great-
est ”Chaos” of a uniformly distributed prob-
ability function, Pn = 1/nmax. It has been
reported[3,5] that the constant specific heat
(CSH) approximation, widely used in stan-
dard thermodynamics is applicable to the mul-
tifractal data too. Nearly constant values of
multifractral specific heat has been observed
in hh and AA collisions at different energies.
Since the quantity ΣP q

n scales with improv-
ing resolution δη, like multifractal moments,
Gq ∼ (δη)Tq ∼ ΣP q

n , the Renyi’s order q
information entropy may be used to study
the multifractal nature of multiparticle pro-
duction and evaluation of multifractal specific
heat. Values of Dq for q = 2-8 are estimated
in full and limited η windows. It is observed
that Dq monotonically decreases with increas-
ing order q. This can be correlated to q point
integral and hence the observed trend of vari-
ations of Dq with q indicates the multifractal
nature of MDs. Similar trend of variations of
Dq with q has also been reported for pp colli-
sions in the energy range ∼ 20-540 GeV[5].
Although these observations do suggest the
presence of multifractality over a wide range of
beam energies, yet no further information can
be extracted on the scaling properties of q-
correlation integrals. In CSH approximation
Dq dependence on q may be represented by

the relation, Dq ≃ (a − c) + c lnq

q−1
where a is

referred to as the information dimension, D1

and c denotes the multifractal specific heat.
Thus, the linear dependence of Dq on lnq

q−1
,

if observed, would be an indication for the
presence of multifractality. The plots shown
in Fig.2, where a linear dependence of Dq on
lnq

q−1
is clearly evident, suggest the multifractal

nature of multiparticle production for pp col-
lisions at 7 TeV. Similar trends of variations
of Dq with lnq

q−1
are also observed for the other

data sets considered (real and simulated). It
is observed that the values of multifractal spe-

cific heat c, are nearly the same ∼ 0.1 for
all the data sets. The values of c, thus, ob-
tained in the present study agree fairly well
with those reported earlier[5] for p(p)p colli-
sions in the energy range ∼ 20-540 GeV. These
observations, therefore, suggest that CSH ap-
proximation is applicable to the multiparticle
production in hh collisions at relativistic and
ultra-relativistic energies. Moreover, nearly
the same values of multifractal specific heat c,
observed earlier and in the present study over
a wide range of incident energy indicate that
the parameter c may be regarded as the uni-
versal characteristics of high energy hadronic
collisions.

ln(q)/(q-1)
0.4 0.6

q
D

0

0.2

0.4

CMS 7 TeV

 = 0.5 η∆
 = 1.0 η∆
 = 1.5 η∆
 = 2.0 η∆
 = 2.4 η∆

ln(q)/(q-1)
0.4 0.6

q
D

0

0.2

0.4

Pythia

MPI on CR on

FIG. 2: Variation of Dq with ln(q)/(q-1) for pp
collisions at different energies.

References:

1. J.L. Nagle and W.A. Zajc, Ann. Rev. Nucl.
Part. Sci.68(2018) 211

2. S. Das et al, Nucl. Phys. A862 (2011) 438.

3. S. Ahmad et al, Int. J. Mod. Phys. E22 (2013)
1350088; S. Khan and S. Ahmad, Adv. High
En. Phys. vol. 2018 (2018) Article id: 2136908.

4. A. Breakstone et al, Phys. Rev. D30 91984)
528: UA1 coll., Nucl. Phys. B335 (1990) 261:
UA5 coll., Z.Phys. C43 (1989) 343: CMS Coll.,
J. High en. Phys.01 (2011) 097.

5. M.K. Suleymanov et al, hep-ph/0304206.

Proceedings of the DAE Symp. on Nucl. Phys. 66 (2022) 852

Available online at www.sympnp.org/proceedings


