Accepted Manuscript

ANNALS
(2]

Emergent Scenario in first and second order non-equilibrium PHYSICS
thermodynamics and stability analysis

Sourav Haldar, Pritikana Bhandari, Subenoy Chakraborty

PII: S0003-4916(17)30295-6
DOI: https://doi.org/10.1016/j.a0p.2017.10.013
Reference: YAPHY 67510

To appear in:  Annals of Physics

Received date: 7 July 2017
Accepted date: 7 October 2017

Please cite this article as: S. Haldar, P. Bhandari, S. Chakraborty, Emergent Scenario in first and
second order non-equilibrium thermodynamics and stability analysis, Annals of Physics (2017),
https://doi.org/10.1016/j.a0p.2017.10.013

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to
our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form.
Please note that during the production process errors may be discovered which could affect the
content, and all legal disclaimers that apply to the journal pertain.


https://doi.org/10.1016/j.aop.2017.10.013

*Manuscript
Click here to view linked References

Emergent Scenario in first and second order non-equilibrium

thermodynamics and stability analysis

Sourav Haldar*, Pritikana Bhandari, and Subenoy Chakraborty*
Department of Mathematics, Jadavpur University, Kolkata-700032, West Bengal, India.

First and second order non-equilibrium thermodynamics are studied in the context of
particle creation mechanism for homogeneous and isotropic FLRW model and a general
formulation of the emergent scenario is investigated. Finally, the stability of the non-

equilibrium thermodynamics is examined.
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I. INTRODUCTION

Non-equilibrium thermodynamics seems to play a vital role for the description of the Universe
in the early eras. Schrodinger [1] initiated such study in the context of the microscopic descrip-
tion of the gravitationally induced particle production in an expanding universe. From the point
of view of quantum field theory in a curved space-time, Parker and others [2—4] reconsidered
this issue. From thermodynamic viewpoint, the study of non-equilibrium thermodynamics can
be classified as first order formalism and second order deviation from equilibrium era. The first
order theory due to Eckart [5] and Landau and Lifshitz [6] has drawback in relation to causality
and stability. These problems are eliminated in the second order theory due to Muller [7], Israel
[8], Israel and Stewart [9, 10] and Pavon et al [11]. According to them, dissipative phenomena in
the form of bulk and shear viscous pressure and heat flux are considered as dynamical variables
with causal evolution equations having subluminal speed of viscous perturbations.

However, in cosmological context, as space-time is usually assumed to be homogeneous and

isotropic, so dissipative phenomenon is only in the form of bulk viscous pressure which may
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