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Abstract

The Universe is magnetized on all scales that we have observed so far: stars,
galaxies, cluster of galaxies etc. Recent observations indicates that typical mag-
netic field strength in a galaxy or a galaxy-cluster can have is about a few uG
and its coherent length is around ten kpc. Recent observations suggest that the
intergalactic medium (IGM) have magnetic field in the range of (1071 — 107?)
G with the coherent length scales around Mpc. Though it might be possible
to explain the observed magnetic field of the galaxies and stars by some kind
of astrophysical process, it is hard to explain the observed magnetic field of an
IGM void. There exists an intriguing possibility of relating the origin of these
large scale magnetic fields with some high-energy process in the early Universe.
Thus it is of great interests to study the origin, dynamics and constraints on the
magnetic field generated by such mechanism. This forms the prime focus of this
thesis which considers the above problem in the context of a high-energy parity
violating plasma.

In recent times there has been considerable interest in studying the magnetic
field evolution in high-energy parity violating plasma. It is argued that there can
be more right-handed particles over left-handed particles due to some process
in the early Universe at temperatures 7" very much higher than the electroweak
phase transition (EWPT) scale (T' ~100GeV). Their number is effectively con-
served at the energy scales much above the electroweak phase transitions and
this allows one to introduce the chiral chemical potentials pg(uz). However | at
temperature lower than 7' ~ 80 TeV processes related with the electron chirality
flipping may dominate over the Hubble expansion rate and the chiral chemical
potentials can not be defined. Further the right handed current is not conserved
due to the Abelian anomaly in the standard model (SM) and it is the number
density of the right handed particles are related with the helicity of the fields
as 0-(Ap+ 22 Hp) = 0. (Here Ay, ay and Hp represents the chiral chemical
imbalance, fine structure constant and magnetic helicity respectively). Therefore
even if initially when there is no magnetic field, a magnetic field can be generated

at the cost of the asymmetry in the number density of the left and right handed
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particles in the plasma. Recently, it has been interesting development in incor-
porating the parity -violating effects into a kinetic theory formalism by including
the effect of the Berry curvature. Berry curvature term takes into account chi-
rality of the particles. By using this modified kinetic equation, we show that
chiral-imbalance leads to generation of hypercharge magnetic field in the plasma
in both the collision dominated and collisionless regimes. We show that in the
collision dominated regime, chiral vortical effects can generate a chiral vorticity
and magnetic field. Typical strength of the magnetic field in the collision and col-
lisionless regime are 1027 G at 103 /T length scale and a magnetic field of strength
1031 G at 10/T length scale at a temperature T' ~ 80 TeV. We also show that

the estimated values are consistent with the present observations.

We also show that in the presence of chiral imbalance and gravitational
anomaly, a magnetic field of the strength 103° G can be generated at a scale
of 107'® cm (much smaller than the Hubble length scale i.e. 107® ¢cm). The idea
is that in the presence of the gravitational anomaly, the current expression for
the chiral plasma consists of a vortical current, proportional to square of tem-
perature i.e. T2. The silent feature of this seed magnetic field is that it can be
generated even in absence of chiral charge. In this work we have considered the
scaling symmetry of the chiral plasma to obtain the velocity spectrum. Under
this scaling symmetry in presence of gravitational anomaly, amount of energy at
any given length scale is much larger than the case where only chiral asymmetry
is considered. We also show that under such scenario energy is transferred from

large to small length scale, which is commonly known as inverse cascade.

In the context of chiral plasma at high energies, there exist new kind of collec-
tive modes [e.g., the chiral Alfven waves] in the MHD limit and these modes exist
in addition to the usual modes in the standard parity even plasma. Moreover, it
has been shown that chiral plasmas exhibit a new type of density waves in pres-
ence of either of an external magnetic field or vorticity and they are respectively
known as Chiral Magnetic Wave (CMW) and the Chiral Vortical Wave (CVW).
In this regard we have investigated the collective modes in a magnetized chiral

plasma and the damping mechanisms of these modes using first order and second
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hydrodynamics. Using first order conformal hydro, we obtained previously de-
rived modes in the chiral plasma. However we show in addition that these modes
get split into two modes in presence of the first order viscous term. By using
second order conformal magnetohydrodynamics, we show that there are a series
of terms in the dispersion relation and these terms are in accordance with the
results obtained using AdS/CFT correspondence. We also calculated one of the

transport coefficients related with the second order magnetohydrodynamics.

Keywords: Cosmology, Primordial Magnetic Field, EW phase transition, Left
Right symmetric model, Turbulence theory, Kinetic theory, CMB, BBN
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The bound from the Big Bang Nucleosynthesis is taken from [10].
The black hatched region in the lower side of the figure, shows the
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figure from [102], Copyright (©The American Association for the
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(a). Time evolution of kinetic (dashed lines) and magnetic (solid
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Magnetic energy spectrum as a function of k is shown: (a) when
n = 0, magnetic energy spectrum Ep goes as k' at large length
scale. However, the power is more than what authors of ref. [107]
has found for a plasma with chiral asymmetry for a given k value.
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(a) Evolution of magnetic energy density Ep as a function of k and
(b) Evolution of magnetic helicity density H g as a function of k for
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