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APHIWIT KITTIRATPATTANA : FORMATION OF LIGHT NUCLEI AND HYPERNU-
CLEI'IN RELATIVISTIC HEAVY-ION COLLISIONS. THESIS ADVISOR : ASSOC. PROF.
CHRISTOPH HEROLD, THESIS CO-ADVISOR : PROF. MARCUS BLEICHER, THESIS
CO-ADVISOR : ASSOC. PROF. AYUT LIMPHIRAT, Ph.D. 170 PP.

Keyword: Heavy-ion collision/ Collective flow/ Cluster formation/ Relativistic quantum

molecular dynamics

The space-time picture of the fireball geometry and (hyper)nuclei formation
in heavy-ion collisions is explored, considering various factors crucial for EoS stud-
ies at lower energies, specifically around FAIR and HADES energies, by utilizing the
UrQMD v3.5 transport model.  The spatial geometric coalescence model to study
(anti)deuteron formation is improved and used to extract the (anti)nucleon source radii
by fitting the (anti)deuteron formation rate with the available coalescence parameter
data B, (B_2> The findings suggest potential critical behavior on the emission source at
N = 27 GeV. The antinucleon distributions from UrQMD support the presence of
an annihilation region at the core of the emission source for all energies. The effects of
a phase transition from cascade, hard, soft and chiral mean field EoS on the emission
source are investigated by two-pion HBT interferometry. The chiral mean field with a
phase transition (CMF_PT2) EoS exhibits critical behavior in RO/RS and Ré— Ré aswell as
a prolongation of the freeze-out time distribution of 7 from UrQMD simulations, show-
ing good agreement with the experimental data. The analyses from both Ry — Rc and
the time distribution indicate that only the phase transition from the CMF_PT2 occurs,
while the phase transition from the CMF_PT3 is never reached. Thus, according to their
density-dependent nature, we conclude that the nuclear density pg is around 2 — 3
times the saturation density p, at N /2 4 GeV. We further propose corrections to
the measurement of the coalescence parameter B, for lower energies with the proper
formula for estimating primordial protons and neutrons based on the isospin equilibra-
tion in the system. As expected, the collision energy dependence of the corrected B,
at low energies aligns well with HBT predictions. Cluster formation mechanisms are
analyzed utilizing the different space-time pictures. The isospin triggering is proposed
to solve the tension between the thermal emission at the chemical freeze-out and the
coalescence at kinetic freeze-out. A dependence on AY = Y- — Y+ is expected
if the clusters are formed by coalescence. The observed maxima of d, t, and *He with
respect to AY from the UrQMD box coalescence model agree with our theoretical as-

sumptions and provide an experimental method to distinguish coalescence



Y

from thermal production. Lastly, The potential usage of pion-induced reactions at the
HADES experiment for low energies and smaller system sizes for (hyper)nuclei forma-
tion studies is demonstrated. The UrQMD box coalescence model and the Statistical
Multifragrentation Model (SMM) results show that (hyper)nuclei abundances are com-
parable to those at high-energy facilities. Additionally, the system size-dependence of
;\H/A fromm + Cand 7™ -+ W shows strong suppression at smaller system sizes,

thus further supporting the coalescence model for hypernuclei production.
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