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Abstract

Local density fluctuations are expected to scale as a universal power-law when the system
approaches critical point. Such power-law fluctuations are studied within the framework
of intermittency through the measurement of normalized factorial moments in (η, φ)
phase space. Observations and results from the intermittency analysis performed for
charged particles in Pb-Pb collisions using PYTHIA8/Angantyr at 2.76 TeV and 5.02 TeV
are reported. We observe no scaling behaviour in the particle generation for any of the
centrality studied in narrow pT bins. The scaling exponent ν shows no dependence on
the centrality ranges.
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1 Introduction

Critical point and phase transition are being continously explored in heavy-ion collisions to un-
derstand quantum chromodynamics (QCD) phase structure. Lattice QCD predicts a crossover
from hadronic matter to quark gluon phase (QGP) at µB = 0 [1]. The first-order phase transi-
tion at large µB, if exists, will end at a critical point [2]. However, the location of critical point
and the nature of phase transition is highly uncertain. The rapid increase in the correlation
length as the system approaches critical point gives rise to a system which is scale-invariant
and fractal [3]. Additionally, the large density fluctuations form a self-similar structure in fi-
nal state particles which can be studied within the framework of intermittency, which reveals
itself as a power-law behaviour of Normalized Factorial Moments (NFM). An advantage of
NFM is that they remove the associated statistical fluctuations and characterize non-statistical
fluctuations connected with the dynamics of particle production [5]. In this paper, we report
intermittency measurements in Angantyr/PYTHIA8 at

p
sNN = 2.76 TeV and 5.02 TeV.
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Figure 1: Charged particle pseudorapidity distribution for different centralities from
Pb-Pb collisions using PYTHIA/Angantyr compared with that from ALICE at

p
sNN =

2.76 TeV and 5.02 TeV [6,7].

2 Methodology

Intermittency [3, 8] analysis has been performed in a two-dimensional (η,φ) phase space
divided into M ×M bins. The q−th order NFM are defined as:

Fq(M) =
1
N

∑N
e=1

1
M

∑M
m=1 fq(nme)

�

1
N

∑N
e=1

1
M

∑M
m=1 f1(nme)
�q , (1)

where nme is the number of particles in mth bin and eth event with q being the order of the
moment is an integer and is ≥ 2. fq(nme) =

∏q−1
j=0(nme − j).

For the systems approaching phase transition, multiplicities within the phase space are
such that NFM exhibit power-law with decreasing bin size as:

Fq(M)∝ (M D)φq , (2)

where D (= 2 in this analysis) is the dimensionality of the phase space. This power-law scaling
of NFM with the number of bins (M D) is called intermittency. φq are intermittency indices.
Intermittency studied within the realm of Ginzburg-Landau (GL) formalism [9]:

Fq(M)∝ F2(M)
βq , (3)

where βq = φq/φ2. Equation 3 is called F-scaling. Intermittency index, φq and βq are different
in that they depend on different critical parameters of the system. This implies that even if
Equation 2 dependence (M-scaling) is absent in a system, F-scaling can still be independently
analyzed. βq is described by scaling exponent, ν:

βq∝ (q− 1)ν . (4)

The scaling exponent (ν) is independent of the parameters of the system. Its value is predicted
to be 1.304 in Ginzburg-Landau theory for second-order phase transition and 1.0 from the 2D
Ising model calculations [9] for critical fluctuations.

Angantyr is the heavy-ion generator of PYTHIA8 [10]. It doesn’t assume a hot thermalised
medium but it rather extrapolates pp dynamics to heavy-ion collisions. Angantyr gives a good
description of final state particles in pA and AA collisions [10]. Figure 1 shows the charged
particles pseudorapidity distribution for the events used in this analysis compared with ALICE
data [6,7].
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(a) (b) (c)

Figure 2: ln Fq dependence on (a) ln M2 and (b) ln F2, (c) lnβq vs ln(q − 1) plot to
obtain scaling exponent (ν) for the pT bin 0.4 ≤ pT (GeV/c) ≤ 1.0.

Figure 3: Centrality dependence of ν for Pb-Pb collisions at
p

sNN = 2.76 TeV and
5.02 TeV. Scaling exponent for same pT bin from ALICE experiment at 2.76 TeV also
shown [11].

3 Observations

Two million events generated using PYTHIA+Angantyr for Pb-Pb collisions at
p

sNN = 2.76 TeV
and 1M at 5.02 TeV have been analyzed in the midrapidity region (|η| ≤ 0.8) with centralities
(the centrality is defined by

∑

Et of the events) 0-5%, 5-10%, 10-20%, 20-30% for many
differing width pT bins out of which the results for 0.4 ≤ pT (GeV/c) ≤ 1.0 are shown. NFM
are calculated for q = 2,3,4 and 5. Number of phase space bins, M is taken from 4 to 84 in
the intervals of 2.

Behaviour of NFM (F ′qs) with number of bins M (M -scaling) is given in Figure 2a, and
Figure 2b shows F ′qs (q = 3,4,5) dependence on second-order NFM (F2). It is observed that
F ′qs are independent of M , and thus M -scaling is absent. However, a weak dependence of F ′qs
on F2 is observed and with scaling exponent (ν) = 1.945 ± 0.112 (Figure 2c). But ’ν’ gives
quantitative characterization of spatial fluctuations of particles generated in Angantyr. Figure
3 gives the scaling exponent for 0.4 ≤ pT (GeV/c) ≤ 1.0 bin studied for different centrality
bins and≫ 1.304 value predicted by GL formalism for second order phase transition.
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4 Conclusions

Investigations on the intermittency analysis for Pb-Pb collisions at 2.76 and 5.02 TeV within
PYTHIA+Angantyr have been reported. It is concluded that no M-scaling is present in the par-
ticle generation particularly in narrow pT bins is absent and no self-similarity in fluctuations.
Hence, scale-invariant fluctuations are completely absent. In case of wide pT bins, F-scaling is
observed and the value of ν is 1.7-1.9 for different centralities. In Angantyr, the value of ν is
greater than the value put forward in GL theory. Within statistical errors, ν is independent of
the centrality ranges.
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[1] Y. Aoki, G. Endrődi, Z. Fodor, S. D. Katz and K. K. Szabó, The order of the quantum
chromodynamics transition predicted by the Standard Model of particle physics, Nature
443, 675 (2006), doi:10.1038/nature05120.

[2] P. Braun-Munzinger, V. Koch, T. Schäfer and J. Stachel, Properties of hot and
dense matter from relativistic heavy ion collisions, Phys. Rep. 621, 76 (2016),
doi:10.1016/j.physrep.2015.12.003.

[3] E. A. De Wolf, I. M. Dremin and W. Kittel, Scaling laws for density correlations and
fluctuations in multiparticle dynamics, Phys. Rep. 270, 1 (1996), doi:10.1016/0370-
1573(95)00069-0.

[4] S. Sharma and R. Gupta, Intermittency analysis of toy Monte Carlo events, SciPost Phys.
Proc. 10, 024 (2022), doi:10.21468/SciPostPhysProc.10.024.

[5] R. Gupta and S. K. Malik, Intermittency study of charged particles generated in Pb-
Pb collisions at

p
sNN = 2.76 TeV using EPOS3, Adv. High Energy Phys. 1 (2020),

doi:10.1155/2020/5073042.

[6] J. Adam et al., Centrality evolution of the charged-particle pseudorapidity density over a
broad pseudorapidity range in Pb-Pb collisions at

p
sNN = 2.76 TeV, Phys. Lett. B 754, 373

(2016), doi:10.1016/j.physletb.2015.12.082.

[7] J. Adam et al., Centrality dependence of the pseudorapidity density distribution for charged
particles in Pb-Pb collisions at

p
sNN = 5.02 TeV, Phys. Lett. B 772, 567 (2017),

doi:10.1016/j.physletb.2017.07.017.

[8] R. C. Hwa and C. B. Yang, Local multiplicity fluctuations as a signature of critical
hadronization in heavy-ion collisions at TeV energies, Phys. Rev. C 85, 044914 (2012),
doi:10.1103/PhysRevC.85.044914.

012.4

https://scipost.org
https://scipost.org/SciPostPhysProc.15.012
https://doi.org/10.1038/nature05120
https://doi.org/10.1016/j.physrep.2015.12.003
https://doi.org/10.1016/0370-1573(95)00069-0
https://doi.org/10.1016/0370-1573(95)00069-0
https://doi.org/10.21468/SciPostPhysProc.10.024
https://doi.org/10.1155/2020/5073042
https://doi.org/10.1016/j.physletb.2015.12.082
https://doi.org/10.1016/j.physletb.2017.07.017
https://doi.org/10.1103/PhysRevC.85.044914


SciPost Phys. Proc. 15, 012 (2024)

[9] R. C. Hwa and M. T. Nazirov, Intermittency in second-order phase transitions, Phys. Rev.
Lett. 69, 741 (1992), doi:10.1103/PhysRevLett.69.741.

[10] C. Bierlich, G. Gustafson, L. Lönnblad and H. Shah, The Angantyr model for heavy-ion col-
lisions in Pythia8, J. High Energy Phys. 10, 134 (2018), doi:10.1007/JHEP10(2018)134.

[11] R. Gupta and S. Sharma, Local multiplicity fluctuations in Pb-Pb collisions at
p

sNN = 2.76
TeV with ALICE at LHC, https://indico.cern.ch/event/895086/contributions/4723639/
attachments/2421215/4147342/QM2022_IntermittencyAtLHCposterF11.pdf

012.5

https://scipost.org
https://scipost.org/SciPostPhysProc.15.012
https://doi.org/10.1103/PhysRevLett.69.741
https://doi.org/10.1007/JHEP10(2018)134
https://indico.cern.ch/event/895086/contributions/4723639/attachments/2421215/4147342/QM2022_IntermittencyAtLHCposterF11.pdf
https://indico.cern.ch/event/895086/contributions/4723639/attachments/2421215/4147342/QM2022_IntermittencyAtLHCposterF11.pdf

	Introduction
	Methodology
	Observations
	Conclusions
	References

