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1. Introduction

Experiments carried out at accelerator fa-
cilities such as CERN and BNL aim to study
the characteristic properties of the baryon-
free hot and dense QCD matter produced in
these Ultra-relativistic heavy-ion collisions [1].
Amongst many probes to study these proper-
ties, an important measurement involves the
formation of low-energy nucleon clusters or
bound states. A deuteron, which is a bound
state of a proton and a neutron are produced
and measured at these experiments. These
measurements are important to understand
the novel low-energy QCD interactions. More-
over, nuclei measurements can also shed light
on the baryon asymmetry and search for dark
matter.

Although the experimental measurements
are abundant, a coherent understanding of
their production mechanism is still unknown.
The binding energies of these light nuclei
states are ~ O(MeV), as opposed to the
temperatures at kinetic freezeout (~ O(100
MeV)). Popular models that deal with light-
nuclei production are the thermal and coa-
lescence models. A thermal model assumes
the light nuclei production occurs in between
chemical and kinetic freezeout, whereas the
coalescence model assumes the nuclei produc-
tion at the kinetic freezeout.

In this contribution, we discuss the pro-
duction of various light nuclei species such as
deuterons, helium-3s and tritons via a coa-
lescence afterburner. The afterburner is pre-
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ceded by an event generator of choice which
allow us to probe different scenarious of the
heavy-ion collision experiments. Using the
AMPT event generator, we report the re-
sults for Au4+Au and Pb+Pb collisions at var-
ious RHIC and LHC energies. At lower en-
ergies, we implement UrQMD -+ coalescence
for Pb+PDb collisions at SPS energies and test
the model on different light nuclei measure-
ments. Finally, modern transport models such
as SMASH, are also coupled to a coalescence
model and the results are compared to experi-
mental measurements at different RHIC ener-
gies.

2. The Coalescence Model

The coalescence mechanism of nucleons to
form a light nuclei happens after the kinetic
freeze-out. The coalescence parameter “B,”
is described as
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where Eff;];[ is the invariant yield, A and Z
are the atomic mass number and atomic num-
ber of the nucleons. The coalescence condi-
tions for a nuclei formation are defined by
their phase space distribution, where condi-
tions based on their relative distance (Ar) and
relative momenta needs to be satisfied (Ap).
Modern coalescence models involve a proba-
bilistic approach to the coalescence conditions
where the phase space probablities are defined
by the wigner density which is obtained from
the light nuclei wave-function.
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FIG. 1: Particle ratios from AMPT+Coalescence model
as a function of /syy (GeV) for central Au+Au ad
Pb+Pb collisions. Results are compared to experimen-
tal measurements.

3. Results and discussion

Fig. 1 shows the wvarious ratios for
deuterons, tritons, helium 3 and protons as
function of center of mass energies. These re-
sults are obtained with the AMPT event gen-
erator and a simple coalescence afterburner.

Figure 2 (Top) shows the coalescence pa-
rameter B4 as a function of deuteron pr for
Au+Au and Pb+Pb collisions at /sy = 39
GeV and +/syy = 2.76 TeV respectively.
Overall, AMPT + Coalescence model shows
a good agreement with the experimental re-
sults [2]. In Figure 2 (Below), we show the
B> predictions for a hybrid UrQMD + coa-
lescence model for Pb+Pb collisions at SPS
energies. These results show that a simple co-
alescence model is able to provide a compre-
hensive description of light nuclei production
across various collision energies.

Moreover, we check the implementation of
modern coalescence models, using deuteron
Wigner functions. We couple this model with
the new transport model, “SMASH” to pro-
vide a complete description of light nuclei pro-
duction across various centralities and colli-
sion energies.
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FIG. 2: (Top)The B> parameter vs pt of deuterons and
anti-deuterons for central Au+Au collisions at \/ENN =39
GeV and Pb+Pb collisions at \/ENN = 2.76 TeV using
AMPT + Coalescence model. (Bottom) The By parame-
ter vs mg — mT of deuterons for central Pb+PDb collisions
at 20, 30, 40, 80, and 158 AGeV using UrQMD + Coales-
cence model.
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