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ABSTRACT

Pion Femtoscopy, a sophisticated technique in particle physics, is employed to unveil corre-
lations among pion particles from the source’s homogeneity region. Our analysis of collider
data from the STAR BES II experiment, focusing on /syy = 7.7 GeV collisions, explores
the correlation function across centrality and transverse momentum (K7) intervals. To en-
sure robust results, I meticulously manage track effects using tailored cuts derived from
the splitting level and fraction of merged rows. My investigation extends to understanding
the correlation function’s behavior with varying numbers of Vz bins during event mixing
and its response to different Vz ranges for analysis.cIntegral to my study is the fitting of
the Bowler-Sinyukov function to the correlation function. This yields essential parameters:
radii characterizing the source’s homogeneity region and correlation strength for positive and
negative pions. These parameters offer insights into the particle-emitting environment’s di-
mensions and inter-pion correlations. Additionally, I explore parameter variation in response
to changing centrality conditions, deepening my understanding of collision characteristics’

impact on the source’s behavior.
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1. INTRODUCTION

In the grand quest to comprehend the fundamental building blocks of the universe, one of
the most enigmatic and elusive states of matter that has captured the attention of physicists is
Quark-Gluon Plasma (QGP). This remarkable form of matter is believed to have existed in
the immediate aftermath of the Big Bang, providing a glimpse into the earliest moments of
our universe's evolution. At the forefront of the scienti ¢ endeavor to explore QGP lies the
Solenoidal Tracker at RHIC (STAR) experiment, a colossal collaborative effort conducted
at the Relativistic Heavy lon Collider (RHIC) at Brookhaven National Laboratory in New
York. To comprehend the signi cance of QGP and its relation to the STAR experiment, one
must delve into the nature of matter at its most fundamental level. At the heart of all visible
matter, such as protons and neutrons, lie elementary particles called quarks, held together by
the strong nuclear force mediated by gluons. These quarks and gluons are the constituents
of hadrons, the particles that make up the building blocks of everyday matter.

Under normal circumstances, these quarks and gluons are con ned within hadrons due to the
forceful nature of the strong force. However, during the universe's infancy, in the astonish-
ingly high-energy environment that prevailed moments after the Big Bang, the temperature
and energy density were so extreme that quarks and gluons roamed freely, unbound by the
con nes of hadrons. This extraordinary state of matter, akin to a primordial "soup” of quarks
and gluons, is known as Quark-Gluon Plasma. QGP is believed to have been present dur-
ing the universe's rst microseconds and persisted until the universe expanded and cooled
suf ciently to form hadrons. The eeting existence of this primordial state renders it excep-
tionally dif cult to study directly. Nonetheless, scientists are determined to recreate QGP
under laboratory conditions, shedding light on the early universe and deepening our under-
standing of the fundamental forces that govern the cosmos.

1.1. STAR Experiment

The Solenoidal Tracker at RHIC (STAR) is a state-of-the-art experiment designed to explore
the properties of Quark-Gluon Plasma (QGP) and gain insights into the early moments of the
universe's evolution. Located at the Relativistic Heavy lon Collider (RHIC) at Brookhaven
National Laboratory in New York. The STAR experiment, a agship undertaking within the
eld of nuclear physics, seeks to recreate and study the properties of QGP by colliding heavy
ions at ultra-high energies. RHIC, the platform on which the STAR experiment is conducted,
is a marvel of scienti c engineering, capable of accelerating and colliding heavy nuclei, such
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