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Abstract. Recent measurements of femtoscopic correlations at NA61/SHINE
unravel that the shape of the particle emitting source is not Gaussian. The mea-
surements are based on Lévy-stable symmetric sources, and we discuss the av-
erage pair transverse mass dependence of the source parameters. One of the
parameters, the Lévy exponent α, is of particular importance. It describes the
shape of the source, which, in the vicinity of the critical point of the QCD phase
diagram, may be related to the critical exponent η. Its measurement hence may
contribute to the search for and characterization of the critical point of the phase
diagram.

1 Introduction

In this proceedings, we report on our study using 7Be+9Be and 40Ar+45Sc collision systems
with 150A GeV/c beam momentum (

√
sNN = 16.82 GeV), at 0–20% centrality in Be+Be and

0–10% centrality in Ar+Sc, collected by the NA61/SHINE experiment [1].
In our analysis we investigate the phase diagram of QCD using two-pion femtoscopic

correlations with spherically symmetric Lévy distributions, defined as:

L(α,R, r) =
1

(2π)3

∫
d3ζ⃗eiζ⃗re−

1
2 |ζ⃗R|

α

, (1)

where R is the Lévy scale parameter, α is the Lévy stability index, r is the vector of spatial co-
ordinates and the vector ζ represents the integration variable. The fundamental phenomenon
utilized in femtoscopy is the connection between the spatial momentum correlations, C(q) (q
is the relative momentum of the particle pair) and the spatial emission distribution S (x). The
latter describes the probability density of particle creation for a relative coordinate x. Then,
the correlation function is expressed as C(q) � 1+ |S̃ (q)|2, where S̃ (q) is the Fourier transform
of S (x). Further details are available in Ref. [2].

The Lévy assumption allows us to describe the shape of the source with a more general
approach. In the case of α = 2, one arrives to Gaussian distribution, while Cauchy distri-
bution is obtained in the α = 1 case. Furthermore, the Lévy exponent is conjectured to be
identical to the critical exponent η related to spatial correlation [3], as around the critical
point (CP) spatial correlations will exhibit a power-law tail with an exponent of (−1 − η).
Moreover, Lévy distribution also exhibits such a power-law tail ∼ r−1−α, in case of α < 2 (in
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three dimensions), where r ≡ |r|. It has been suggested, in Refs. [4, 5], that the universality
class of QCD is the same as that of the 3D Ising model in which case the expected value of
η around the CP is proposed to yield around 0.5 or less [6, 7]. It is important to highlight
that the appearance of Lévy-shape can be attributed to several different factors besides crit-
ical phenomena, including jet fragmentation, anomalous diffusion, and others [8–12]. This
motivates further measurements of α in different collision systems at various energies. Then,
the Lévy exponent of the source distribution can be measured using two-particle femtoscopic
correlation functions as C0

2(q) = 1+λ ·e−(qR)α , where C0
2(q) is the correlation function without

final state phenomena. The equation introduces an additional physical parameter, the corre-
lation strength λ, interpreted in the core-halo model in Refs. [13, 14]. In the limit as q → 0,
the correlation function converges to 1 + λ. However, finite detector resolution forbids mea-
suring λ directly and an extrapolation from the region where two tracks are resolved becomes
necessary. The parameter can be expressed as λ = (Ncore/(Ncore + Nhalo))2, with N denot-
ing their respective multiplicities, where the source function is divided into two components
(S = S core + S halo).The core comprises pions created close to the center (primordial or strong
decay pions), while the halo contains decay pions from long-lived resonances.

The selection of like-charged pion pairs introduces a significant effect from the Coulomb
repulsion. To account for this final state effect, the correlation function has to be modified
to include the Coulomb correction (denoted by KCoulomb). To this end, the interpolation of
Coulomb correction’s functional form is used. The Coulomb correction, along with further
final state corrections are described in greater detail in Refs. [2, 15–18].

Subsequently, the correlation function can be modified to incorporate both the Coulomb
correction and the effect of the halo,with the source radii of the core part remaining unaf-
fected, as discussed in Ref. [19]. To this end the Bowler-Sinyukov method [20, 21] is utilized,
modifying the fit ansatz as follows:

C2(q) = N ·
(
1 − λ + (1 + e−|qR|α ) · λ · KCoulomb(q)

)
, (2)

where N is introduced as normalization parameter. For the case of Ar+Sc, an additional
parameter, ε, is introduced, responsible for describing the linearity of the background, taking
the form of (1 + ε · q).

2 Results

Femtoscopy: We discuss the measurements of one dimensional two-pion femtoscopic cor-
relation for identified pion pairs (π+π+ + π−π−) in Be+Be and in Ar+Sc collisions at 150A
GeV/c with 0-20% and 0–10% centrality. The measured pion pairs were grouped into four
(Be+Be) and eight (Ar+Sc) average transverse momentum bins ranging from 0 to 600 MeV/c
and from 0 to 450 MeV/c, respectively.

The mT =

√
m2c4 + K2

Tc2 dependence of the physical parameters are shown on Fig.1,
where KT is the average transverse momentum of the pair. The Lévy stability exponent α,
can be used to extract the shape of the tail of the source. Our results yield values far from
the value conjectured for the CP (α = 0.5), and that the source is not Gaussian (α = 2) nor
Cauchy (α = 1) shaped. Together, they are suggesting that the measured correlation func-
tions align with the assumption of a Lévy source, indicating that it is more advantageous over
the Gaussian assumption. The Lévy scale parameter R is related to the length of homogene-
ity [22] of the pion emitting source. From simple hydrodynamical models, in Refs. [14, 23]
one obtains a decreasing trend with transverse-mass for R, and such slight decrease for higher
mT values may be observed, potentially caused by the transverse flow. We observe an R(mT)
trend compatible with R ∼ 1/

√
mT prediction, which is particularly interesting as this type
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Figure 1. The fit parameters, for 0–20 % central Be+Be at 150A GeV/c and 0–10% central Ar+Sc
at 150A GeV/c, as a function of mT. Boxes denote systematic uncertainties, bars represent statistical
uncertainties.

of dependence should rise in case of Gaussian sources [24], observed also at RHIC [25]
and in simulations at RHIC and LHC energies [11, 12]. The intercept parameter λ exhibits
no dependence on mT. When compared to measurements from RHIC Au+Au collisions in
Refs. [25–27] and from SPS Pb+Pb interactions in Refs. [28, 29], we can observe no visible
“holes” at lower mT values. This “hole” was interpreted in Ref. [25] to be a sign of in-medium
mass modification of η′.

Intermittency: Further analyses for the search of the critical point include the measure-
ment of intermittent particle multiplicity fluctuations [30, 31]. More precisely, intermittency
measurement aims to view the dependence of the second-order scaled factorial moments
of proton multiplicity distributions on the number of subdivisions in transverse momentum
space. The intermittency analysis uses statistically independent data sets for every subdi-
vision in transverse and cumulative-transverse momentum variables [32, 33]. The scaled
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factorial moments Fr(M) of order r are defined by Fr(M) =

〈
1

M2
∑M2

m=1 nm(nm−1)...(nm−r+1)
〉

〈
1

M2
∑M2

m=1 nm

〉r , where

MD is the number of equally sized cells in D-dimensional space, nm is the number of parti-
cles in mth bin and ⟨...⟩ is the averaging over the events. At the second order phase transition,
the system is a simple fractal, and the factorial moment exhibits a power law dependence:
Fr(M) = Fr(∆) · (MD)ϕq . The results shown on Fig. 2 do not indicate the searched intermit-
tent pattern.
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