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Abstract

This work presents a study of particle correlations with the formalism of femtoscopy.
Within this field the kinematic geometries of the emission source of particles in a
collider event can be interpreted by means of studying the characteristics of two-particle
correlations, thereby providing insight into the underlying forces that dictate the space-
time evolution of the system. Furthermore, this method offers greater access to unstable
hadrons less accessible by traditional scattering experiments, such as hyperons.

Previous studies of the source with high-multiplicity data taken in the second
operational run (2015-2018) of the Large Hadron Collider (LHC) concluded in a
common baryonic source from which primordial particles are emitted. The foundation
of which was laid by correlations between proton-proton (p—p) and proton-lambda
(p—A) pairs. This finding was subsequently endorsed by further studies with a plethora
of particle pairs, ranging from mesons to hyperons.

The aim of this thesis is to further investigate the common source with the newly
acquired data from the third run of the LHC. During the Long Shutdown 2 of the
LHC several upgrades to its systems were introduced that now offer unprecedented
high luminosity capabilities and unmatched counts of events. Accordingly, a first of its
time multi-differential analysis in transverse mass (mr) and multiplicity of the source
is presented for the systems of p—p and p-A pairs. Additionally, a comparison with
different potentials for the p—p interaction is provided to set a precedent for future
studies.
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1 Introduction

One of the main ambitions of high-energy particle physics is to understand the be-
haviour of strongly interacting matter under conditions of extreme temperatures and
densities. Heavy-ion collisions at accelerators like the Large Hadron Collider (LHC)
and the Relativistic Heavy Ion Collider (RHIC) provide adequate conditions to produce
quark-gluon plasma (QGP), a phase of deconfined quarks and gluons that is thought to
have existed microseconds after the Big Bang. However, as the QGP and its dynamics
cannot be directly observed, experimental physicists are forced to use indirect probes
that are able to reconstruct data regarding its space-time evolution on a femtometer
(10 ®m) scale.

Femtoscopy is the study of the space-time geometries relevant to the particle-emitting
source through two-particle correlations at small relative momenta, thus offering a
femtometer-scale viewpoint to assess the final moments of the evolution of the system
before freeze-out. This is a direct application of photon intensity interferometry in
particle physics, where quantum statistical correlations are employed for indistinguish-
able particles created in high-energy collisions. The use of femtoscopy allows access to
important constraints regarding the system size, time duration, expansion dynamics,
and collective properties of the created system. This, in turn, provides immediate input
to the equation of state (EoS) for strongly interacting matter.

Femtoscopy is based on the Hanbury Brown-Twiss effect, initially used in astronomi-
cal applications for the determination of the angular diameters of stars by the study
of intensity correlations between photons measured by two independent receivers [1]].
The main discovery was that quantum statistical correlations between indistinguishable
bosons lead to an enhancement of the measured correlation function at low relative
momentum, which is inherently connected with the spatial sizes of the emitting source.

In the late 1950s and early 1960s, Gerson Goldhaber, Sulamith Goldhaber, Won-Yong
Lee, and Abraham Pais used an analogous method to examine pions produced in
high-energy proton-proton (pp) collisions [2]. They observed an enhancement in the
production of identical pions at low relative momenta, which they interpreted as an
interference effect due to the symmetry in the wave function and showed that identical
pions are subject to Bose-Einstein correlations. Furthermore, they presumed that those
might be connected to the space-time separation of the origin of emission. However, the
theoretical framework was not complete then, and experimental resolution constrained
the extraction of precise spatial sizes.

It was only after the 1980s that the rise of relativistic heavy-ion experiments made
the potential of studying hot and dense matter a reality, thus opening the door to
examining the formation and evolution of QGP. In this context, femtoscopy allowed to
inquire and compare these measurements with transport and hydrodynamic models,
which subsequently unlocked a possible path to help understand and constrain the EoS.
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