ADVANCES IN
CONTEMPORARY

PHYSICS

HIGH-ENERGY, COSMOLOGY,
. AND SOFT MATTER

s wood JE  ERLIYE LIOS ONY ASKTIONTSCE) AR HOGH S0 ASYOMTELLNECCD M1 STINYALDY

=fdltar:




Advances In Contemporary
Physics

High-Energy, Cosmology, and Soft Matter

Dr. Syed Salman Ahmad Warsi
Associate Professor
Department of Physics
Integral University, Lucknow

o

BOOK RIVERS

WE CREATE READERS



No part of this publication may be reproduced, transmitted or
stored in a retrieval system, in any form or by any means,
electronic, mechanical, photocopying recording or otherwise,
without the prior permission of the author.

Published by:- Book Rivers
Website: - https://www.bookrivers.com/

Email: publish@bookrivers.com

First Print Edition - 2025
Copyright©: Author

Title: Advances In Contemporary Physics High-Energy, Cosmology,
and Soft Matter

Editor: Dr. Syed Salman Ahmad Warsi
All Rights Reserved
ISBN: 978-93-6884-138-8

MRP:349 /- INR

(Printed in India)



10.

11.

List of Contributors

Dr. Salman Ahamad Khan

Department of Physics, Integral University, Lucknow, 226026, India

Dr. Mohd Shahalam

Department of Physics, Integral University, Lucknow, 226026, India
Muskan Khan

Department of Physics, Integral University, Lucknow, 226026, India

Dr. Syed Salman Ahmad Warsi

Department of Physics, Integral University, Lucknow, 226026, India

Dr. Afroj A. Khan

Department of Physics, Integral University, Lucknow, 226026, India

Dr. Seema Srivastava

Department of Physics, Integral University, Lucknow, 226026, India

Dr. Vipul Srivastava

Department of Physics, Lovely Professional University, Phagwara, India

Dr. Ghizal F. Ansari

Department of Physics, Madhyanchal Professional University, Bhopal, India
Dr. Ghazala Roohi Fatima

Department of Physics, Babu Banarasi Das University, Lucknow, 226028, India
Dr. Shweta Srivastava

Department of Chemistry, B.N. College of Engineering and Technology,

Lucknow

Anjali Awasthi
Department of Physics, Babu Banarasi Das University, Lucknow, 226028, India



Table of Contents

S. No. Content Page No.

Quark Gluon Plasma: Its Formation and Various Signatures

1. Salman Ahamad Khan I-14
Non-Extensive Statistical Mechanics: Introduction and Its

2. Application In Heavy- Ion Physics 15-27
Salman Ahamad Khan and Mohd Shahalam
Dynamical System Analysis In Cosmology

3. Muskan Khan and Mohd Shahalam 28-45
Cosmic Acceleration: History and Evolution

4. Mohd Shahalam and Salman Ahamad Khan 46-65
Temperature-Dependent Optical Properties Of Pure and

5. Anthraquinone-Doped Nematic Liquid Crystal E-24 66-79
Syed Salman Ahmad Warsi
Ferroelectricity In Liquid Crystals and Its Applications

6. Syed Salman Ahmad Warsi 80-93
Comparative Anlysis of Structural, Electronic and Thermal
Properties of Alre (Re =Y, Pr, Gd)

7. Afroj A Khan, Seema Srivastava, Vipul Srivastava and Ghizal F 94-423
Ansari
Vibrational Dynamics of Endomorphine-2

8. Seema Srivastava, Ghazala Roohi Fatima, Shweta Srivastava, 124-148

Afroj Ahmed Khan And Anjali Awasthi




QUARK GLUON PLASMA: ITS FORMATION AND VARIOUS
SIGNATURES

Salman Ahamad Khan

Department of Physics, Integral University, Lucknow, 226026, India

This chapter gives an introduction to the Quark Gluon Plasma (QGP), a primordial state of matter
which was present in the early universe just after the few microsecond of the big bang and is also
predicted to be in the core of some compact stars. We have discussed the formation of this novel
state of matter in the ultra-relativistic heavy ion collision experiments at relativistic heavy ion
collider (RHIC) at BNL in USA and large hadron collider (LHC) at CERN. A brief overview of the
major signatures of QGP has been presented. A qualitative discussion about the various theoretical
techniques employed to study the properties of the QGP has also been done.

INTRODUCTION:

Physicists have always tried to know the fundamental building blocks of the universe and the
interactions governing them. To date, there are four fundamental forces in nature: Gravity is a
well-known force, which acts between the massive objects. Einstein’s general theory of relativity
is the most trusted classical framework to describe the gravity and its various implications in the
universe around us. People are working to build a quantum theory for gravity. Electromagnetic
force acts between the electrically charged objects. In classical physics, it is described by
Maxwell’s equations, while quantum mechanically it is explained by Quantum Electrodynamics
(QED). Weak is a short range force, which governs the laws of nuclear fusion reaction. The
quantum theory of weak interaction is known as Quantum Flavourodynamics (QFD). Strong
interaction is responsible for the formation of nuclei in the atoms and acts between the quarks
and gluons, the fundamental building blocks of the universe. The quantum field theory governing

strong force is called Quantum Chromodynamics (QCD).

According to the Big Bang theory, which is the most reliable theory governing the evolution of
the universe, our universe is expanding with time and was smaller and hotter in earlier stages.
With decrease in its temperature, it went through various phase transitions such as grand
unification, electroweak, and QCD phase transition etc. at different times of its evolution history
[1, 2]. Among these, QCD phase transition is our current interest, which had taken place around
T~Aqcp = 200 MeV when the universe was few microseconds old. QCD phase transition can be

explored in laboratories. The study of dynamics of QCD phase transition is also important in the



