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Light clusters such as Hydrogen and He-
lium isotopes are expected to be copiously pro-
duced in the thermodynamic conditions cor-
responding to supernova matter and neutron
star mergers [1]. However the properties of the
light clusters are modified in the dense matter,
therefore the study of the in-medium effects is
an active area of research in nuclear physics.
A density dependent binding energy shift for
the light clusters can be introduced with the
help of experimental constraints for heavy ion
reactions, where such clusters are abundantly
produced, though in transient configuration.
In stead of using cluster yields directly, a

useful observable to pin down the in-medium
effects from heavy-ion collisions is chemical
equilibrium constant [2]. In a well-defined
thermodynamic equilibrium condition charac-
terized by the temperature T , total baryonic
density nB and proton fraction yp , the equi-
librium chemical constant Kc(A,Z) of a clus-
ter of mass number A and atomic number Z

can be defined as

Kc(A,Z) =
nAZ

nZ
g,pn

A−Z
g,n

, (1)

where nAZ , ng,p and ng,n are the densities
of the specific cluster of mass A and charge
Z, free protons and free neutrons respectively.
Recently, Kc(A,Z) for Hydrogen and Helium
isotopes for different surface velocity bins were
measured by INDRA collaboration in 124Xe on
124Sn central collision reaction at 32 AMeV [3,
4]. The thermodynamic variables (T, nB, yp)
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were extracted from the experimentally mea-
sured multiplicities for each surface velocity
bin by allowing the arbitrary deviations from
the ideal gas limit with the constraint condi-
tion of a common volume for the different par-
ticle species. For the present work, the exper-
imentally measured thermodynamic variables
(T, nB, yp) are used at the input of the nuclear
statistical equilibrium (NSE) model [5]. Ac-
cording to this NSE model, the abundance of
the free nucleon gas as well as various clusters
are determined from the phase space calcula-
tion in the grand-canonical ensemble and the
cluster functionals are determined from meta-
modelling of the equation of state with Sly5
parameters. Details of the NSE model can be
found in ref. [5, 6]. The abundance of a cluster
having Z protons and N (A = Z + N) neu-
trons is connected to the internal Helmholtz
free energy FA,Z . For Hydrogen and Helium
isotopes, no excited states are considered and
the internal Helmholtz free energy is given by,

FA,Z = Eexp +∆E(nB, T, A, Z), (2)

where Eexp is the measured ground state en-
ergy, and ∆E is the binding energy shift that
we want to extract from the comparison with
the experimental chemical constants.

In order to do that, the baryonic density
dependence of chemical constants (Kfree

c ) for
2H, 3H, 3He, 4He and 6He are initially inves-
tigated from NSE model without in-medium
correction and compared with the experimen-
tal data (see Fig. 1). It is clearly observed
that at higher baryonic densities the theo-
retical values are overestimated which con-
firm the requirement of in-medium correction
factor with the experimental biding energies.
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FIG. 1: Density dependence of theoretically cal-
culated chemical constants without (blue dashed
lines) and with (red solid lines) ∆E compared
with experimental values (black squares).

Fig. 2 represents the density dependence of

X(A,Z) = log10
Kc(A,Z)expt

Kc(A,Z)free for the light clus-

ters which shows that X(A,Z) is almost iden-
tical for 3H and 3He but different for vari-
ous mass numbers, i.e. the in-medium bind-
ing energy shift strongly depends on A but
the dependence on isospin asymmetry N − Z

is negligible. Therefore our next aim is to
find the in-medium binding energy shift ∆E

for a cluster of mass number A at each bary-
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FIG. 2: Density dependence of the experimen-
tal deviation from the vacuum energy assumption

log10
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for the different light clusters.

onic density which satisfies a simple power law

∆E = a+bAc, where a, b and c are fitting pa-
rameters. These parameters are calculated by
the Bayesian approach and the density depen-
dence of ∆E for light clusters are presented
in Fig. 3. The density dependence of chem-
ical constants with ∆E correction are deter-
mined in the framework of NSE model and
also shown in Fig. 1.

In order to determine ∆E over a wide and
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FIG. 3: Density dependence of ∆E extracted from
the NSE model optimized on the experimental
data. A linear fit of these curves is given by the
magenta solid lines.

continuous density region we perform a linear
fit ∆E = m.nB, results are also shown by the
solid lines of Fig. 3 (shaded regions represent
the standard deviation of the fit).
To conclude, we have determined the

density and particle number dependent in-
medium binding energy shift of the light clus-
ters in a dense thermalized medium [6] which
can be easily incorporated in future simula-
tions in the astrophysical environment.
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