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Abstract

Astrophysicists and laser-plasma researchers have paid considerable attention to the
Weibel instability. In plasma physics, the mechanism behind magnetic field generation in
different types of plasmas remains an intriguing mystery. In 1959, Weibel introduced this
instability as one of a fundamental method for amplifying magnetic fields and initiating self-
seeding in plasmas. Astrophysics posits that this process is responsible for generating intense
collisionless shocks in various contexts, including y-ray bursts and associated afterglows, the
encounter of relativistic streams, and more. The Weibel instability is frequently cited in cosmic
ray production studies as the mechanism capable of generating the intense magnetic fields
necessary for scattering charged particles and facilitating their acceleration through the second-
order Fermi mechanism.

Both relativistic and non-relativistic plasma jets are commonly observed in
astrophysical environments and laboratory plasma systems. When the charged particles with
relativistic and non-relativistic velocities transmit through surrounding plasma, which
generates a reverse current, plasma instabilities occur both longitudinally and transversely as a
result of the interactions between these currents. These instabilities are recognised as potential
method in order to the generation of unprompted magnetic fields within violent astrophysical
settings, including y-ray bursts (GRBs), and others, incorporating laboratory plasmas, like
inertial confinement.

A variety of facets of waves and instabilities in various plasmas are investigated in this
work. We evaluated the monotonically increasing rates instabilities arising from counter-
propagating anisotropic plasmas in unmagnetized conditions due to electron-positron counter-
streaming, in uniform and nonuniform plasma density. Extensive analytical and computational
investigations of plasma instabilities are being conducted to elucidate potential processes for
simply increasing magnetic fields. The kinetic theory has been used to accurately comprehend
both rapid and gradual processes in plasmas. Particular uses are in y-ray bursts along with
others.

Particle-in-cell (PIC) simulations serve as a robust instrument for investigating
astrophysical plasmas, and their application in one-dimensional, two-dimensional, and three-
dimensional systems, which have advanced significantly, offering unique insights at different
levels of complexity. PIC simulations are a fundamental computational tool used to investigate
the kinetic behaviour of astroplasmas. These simulations model plasma dynamics by tracking
the motion of charged particles (macro-particles) under self-consistent electromagnetic fields,

solving Maxwell's equations and the relativistic moment equation.



Particle-in-cell simulations are being used to analyse how shocks form and propagate
in collisionless plasmas, like supernova remnants, y-ray bursts, and investigates instabilities
(e.g., Weibel instability) that generate and amplify magnetic fields in shock regions. Particle-
in-cell models demonstrate how these instabilities amplify magnetic fields in collisionless
plasmas, crucial for understanding astrophysical jets and interstellar medium interactions.
Particle-in-cell simulations are essential in elucidating in unveiling the complex behaviours of
astroplasmas.

To address some of these issues, this thesis examines various astrophysical and
laboratory scenarios involving like counterstreaming plasma flows with a constant external
magnetic field parallel to the counterstreaming electron beam within a neutral background,
having ions at rest, through a combination of analytical modeling and PIC simulations. There
is an emphasis placed on both the linear and nonlinear effects of the external magnetic field.

In the end, we have also explored purely growing modes in unmagnetized plasmas, a
comparatively rapidly expanding area within the field of plasma physics. This research could

be significant for astrophysical plasmas, such as those found in the solar plasma outflows.

Vi



RS IKd

e Mfawfaae) SR AoR-wiToHT Meddiel 7 agad 3RRURET (Weibel Instability)
R PP A fear g1 wiem Hifds! ¥, fafid TR & @red § gae i &9 & Hur &
W& & UfohdT T AATad I8 a1 s &1 1959 H, 959 3 39 SRR &I dab1g &l
CACHE 3R WIH H S{TH-SSIRITo1 (self-seeding) WW%W Wﬂﬁ%m
& 0 ¥ U a1 e Hifde! &1 7= § 6 a8 ufsar dig cavma Ifed Sew!
(collisionless shocks) Pl IUT P B INIY foreR % St faf¥re deuf # 31 9 % o
mH1-feRur fawmie (y-ray bursts) AR ITH YYUDT (afterglows), qroféies  YRT
(relativistic streams) T HTHATI, 3R 3| asdﬂ STRRAT Bl HIRHAD R0 IdTeT &
T | SRR I UiehdT & ®0 H IgYd far ofrar g o SMaRRid Holf &t A iR
B%@%—W?qﬂﬁﬂﬁ (second-order Fermi mechanism) %mmﬁaﬁamﬁ%ﬁ
3MTIRgS g DT &1 o1 AT HR Gabdl 3|

qroféres (relativistic) 3R R-TToféies (non-relativistic) WITSHI u\1q{-l SRR T
WP 3R TRINTRITET WTSHT aTareRl § 3d §7Td & | 576 rafére 3R IR -gmafées mfaal
e AT HUT MUY & WA {l\bﬂa % ara Uh gfamH YRt (reverse current)
IAT B ¢ | 37 YRTSH & o 3fa:fparait & uRumRaRey w7 sifafiradit (plasma
instabilities) _Eﬁ_cﬁ % S| &Iﬂ%{‘éﬁ (longitudinally) 3R SIJUY (transversely) S =af #
gee gt &1 T sifRRarett &1 dtg wma Hifaea gersl, S mar-ferur fawmle
(GRBs), 3R TANTRIT WeHT ol U'IS(dlq gfdee (inertial confinement) H W?Uﬁf
W &t ( (spontaneous magnetic fields) & Ao & forg e duifag fafd & wu o
UgaMT ST ]

29 & | fafia e & a3l iR SfRRdTe & %3 Ugqsi & oid &1 T8 &
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streaming) & BRI, foHT deepig & arell Rufaat 7 fawdia fazmstl & garfed g1 ara
&Iﬁ@%ww—llﬁdwﬂ TRRTATSH DI &R HT Geih (BT aDHIT & BT TR o
amﬁaﬁﬂlnﬁﬁmaﬁﬁwaﬂfr%%ﬁ TS M@Jedlaﬁaﬁwﬁw
3R OIS STTd B ST 381 8 | WIToHT § aiRd iR efelt ufhanatt & adte =0 3 gagm
& fog S1EAfed RIGId (kinetic theory) BT SUTNT fbaT 7T € | THI-faR 0T favwpie! (GRBs)
3R 317 gerait § g9t fagy I S T B

UIfiéHd-3-94 (Particle-in-Cell, PIC) R @ ia Hifdeia wieH &1 3ieqg=
B & foIE T AoTgd IUHRUI & FU H B Bl g, 3R 3 Th- STt al- St 3R
F-Smarh yonferdl B AN A | I W s ¢ | I8 fafid Rl R Sfeaarstt &
T & U S STHSRT UaM &Rdl gl PIC RIgeRE @ielg e & wfaRfia
AER (kinetic behaviour) BT 3ETTT B P A T Aol TS IUBT g1 T
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(relativistic moment equation) DI I B &
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