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Abstract

This study presents the reconstruction of J= and mesons in
proton-proton collisions at /s = 510 GeV using data from the STAR
experiment at the Relativistic Heavy lon Collider (RHIC). The J=
mesons are reconstructed via their di-electron decay channel (J= —
e*e , branching ratio ~ 5:94%), while mesons are identi ed through
their kaon decay mode ( — K*K , branching ratio ~ 49%). The
analysis leverages the STAR Time Projection Chamber (TPC), Time-
of-Flight (TOF) detector, and Barrel Electromagnetic Calorimeter
(BEMC) for particle tracking, identi cation, and energy measurement.
Event and track selection criteria are optimized to suppress back-
ground contributions, and particle identi cation techniques are vali-
dated using detector-speci c observables. The invariant mass distribu-
tions and transverse momentum (pt) spectra of J= and mesons are
extracted, providing critical inputs for understanding Quantum Chro-
modynamics (QCD) in high-energy collisions and probing the proper-
ties of the Quark-Gluon Plasma (QGP). This work establishes a foun-
dation for future studies of quarkonium suppression and strangeness
enhancement in heavy-ion collisions.
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1 Introduction

1.1 QCD and the Quark-Gluon Plasma

Quantum Chromodynamics (QCD), the theory describing the strong interac-
tion, predicts a phase transition from hadronic matter to a deconfined state
of quarks and gluons—the Quark-Gluon Plasma (QGP)—at extreme tem-
peratures and energy densities as shown in Figure [, The QGP is believed
to have existed microseconds after the Big Bang and is recreated in rela-
tivistic heavy-ion collisions. Lattice QCD calculations suggest the transition
is a smooth crossover at near-zero baryon density but becomes a first-order
phase transition at higher baryon densities [1]. Studying the QGP provides
insights into the equation of state of nuclear matter and the dynamics of
confinement-deconfinement transitions.

1.2 Scope of the Work

This work focuses on reconstructing J/1) and ¢ mesons in pp collisions at
Vs = 510 GeV. These particles serve as probes of QGP formation in heavy-
ion collisions. The J/1¢ (cc) is sensitive to color screening effects in the
QGP, while the ¢ (s5) provides information on strangeness production. Their
reconstruction in pp collisions establishes a baseline for interpreting medium
effects in nucleus-nucleus collisions.

1.3 J/v and ¢ Mesons

The J/1) meson, with a mass of 3.1 GeV/c?, is a bound state of charm quarks.
Its suppression in heavy-ion collisions due to Debye screening in the QGP is
a hallmark signature of deconfinement. The ¢ meson (m ~ 1.02 GeV/c?),
composed of strange quarks, exhibits enhanced production in QGP due to
increased strangeness abundance. Both particles are reconstructed via their
dominant decay channels:

e J/Yp = ete (B=594%)
c = K*K (B~ 49%) [2]



Figure 1: A schematic of the phase diagram of nuclear matter

2 Experimental Setup

2.1 The STAR Experiment

The Solenoidal Tracker at RHIC (STAR) shown in Figuré 2 is a multi-purpose
detector optimized for tracking charged particles and measuring electromag-
netic energy. Its subsystems include:

2.2 Time Projection Chamber (TPC)

The TPC [3] is a gas- lled detector providing 3D tracking of charged particles
within j j < 1:0. lonization electrons driftin a 0.5 T magnetic eld to readout
planes, generating hit positions. The speci c energy los¥E=dx resolution
( 8%) enables particle identi cation via the Bethe-Bloch equation.
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