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Abstract

In the present thesis, the investigation of low plasma density channel formation and stimulated
Raman scattering (SRS) during laser-plasma interaction is presented. The evolution of low-
density channel formed by the radial expulsion of the electrons and the ions due to the
ponderomotive force of the g-Gaussian laser beam is investigated. Perturbation approximation
and WKB approximation are employed to study the channel formation and propagation of the
beam in the self-formed channel. Laser and plasma parameters are optimized for realizing
better channelling and self-focusing of the beam. The effect of g-parameter on the channel
formation and laser’s spot size has been graphically presented and discussed. Also, the effects
of parabolic low density plasma channel on the backward stimulated Raman scattering are
investigated. Fluid model is employed to obtain the dispersion relation of the scattered laser

beam. The effects of channel parameter on stimulated Raman scattering are investigated.

Stimulated Raman scattering is investigated in underdense rippled plasma with the proposal of
the oblique orientation of density ripples in plasma. The presence of stationary electron density
causes coupling of high phase velocity Langmuir wave to relatively low-velocity Langmuir
wave generated in the process. This coupling leads to the dissipation of wave energy through
the Landau damping of the latter wave, which results in the suppression of the temporal growth
of SRS. It is found that even small amplitude of the ripples (n < 0.03) leads to this coupling.
The growth rate of SRS is found to decrease up to a specific value with increasing ripples
density amplitude 1 and decreasing wave number |q|. The presence of rippled electron density
not only leads to the dissipation of wave energy but also decreases the region of resonance
where SRS takes place. Further, the SRS of circularly polarized laser in magnetized rippled
density plasma is investigated. Here the growth rate of the instability is obtained using the

partial fluid and kinetic models. Results show that in the sufficiently strong magnetic field, the
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growth rate of both RHCP (right hand circularly polarized) and LHCP (left hand circularly
polarized) laser is smaller than the growth obtained in unmagnetized plasma. However, when
the cyclotron frequency w, is smaller than the pump laser frequency w,, the growth rate of the
LHCP laser decreases with the magnetic field, and that of the RHCP laser increases. The
enhanced effect of the magnetic field is observed in the rippled density plasma. There are
combined effects of the parallel magnetic field and obligue rippled density on the instability,
which leads to the suppression of the instability. Detailed analysis of the magnetic field effect
and parameters of ripple density on the growth rate of SRS is made numerically and

graphically.

Raman backscattering of laser beam propagating in a transversely wiggler magnetized plasma
is considered in the presence of density ripples. Using wave equation and nonlinear
ponderomotive force and considering the coupling between the sideband wave and the upper
hybrid wave, an expression of the growth rate of this instability is obtained. The calculations
demonstrate that the growth rate decreases by increasing the external magnetic field since the
coupling between the scattered wave and upper-hybrid wave is weak and phase matching
condition is not well-satisfied for higher external magnetic field. We have observed that the
instability is suppressed due to the presence of density ripples. Also, the suppression is
significant for the case of small wave number density ripples as large faction of energy of the

upper hybrid electrons wave transfers to the secondary hybrid electrons wave.
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i iR H, AoR-WIeHT SRR & GRM HH WIeH I9d d T3 SR Idford
T eI (THHRTY) S SIid URgd P18 & | g-TNREH doR 8§ & UleHifed 9 &
HRUT SAGTH IR AT & ASTA DT GRT T3d HH - I - I & BN P
oifg o1 Tt g1 W-FfHd I9d # 996 & T3 SR i & YR BT 3T P & g
Tedal IfFded 3R WKB Ifade ol FafSa fosar S 81§t & S8R <ol 3iR
TH-Bfod B DI TIHR B & (o7 AR 3R WISHT HUGS! P SHierd fohdm T g
I & TS 3R TAoR & Wic HHR W ¢-IRIHICR & GHIE & Afhes U I Tgd fban
T 8 3R = bl T8 g1 5P 3ardl, {Use Id THA Uh1vi- R RIS HH I
aTel WIS 9 & THTA] Bt 5T d &1 718 ¢ | foR gU aoR 11 & haTd Wae &) UTe &
& iU %a Aied &1 IUANT faan STl g1 Siferd T UobIvi R A-et REteR & gl
P} S B TE B

JNSTd I UHIUH Bl Sfid WiiedT 8 g+ auill o WRIef STfa=am o URd1d & 91y $F
o dRAId @I § &1 T3 81 RR 3adei- 9@ &t Suffa ufthar # Iaa srienda

HH-T HIHER a1 & foll I TR01 I OHTHER a1 & g &1 BRUT & ¢ | T8 AT
9GP T S Sl ST P AEAH F T SHol 30 Bt AR &Il g, o
URUTRERY THSRUY & SR {41 1 GH Bl ¢ | I U1 711 & fob okl ob BIe
3{TATH (n<0.03) T T T 3R o 91d g | SRS P! IfG &R T AR AH I " §3
urg T 2 Rrd a1 U g SR gedt a¥v S (g 31 R saeeH uaa @
JURT T Had a1 SHoll &b HUTT Pt 3R ° STl § e G & & & off FH IR
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3t ® T8t SRS BidT &1 $U% SHTTdl, YD T a Tcd WioH § MATHR el AoR &
THSHRTY S1 Sid $1 773 51 Tgi i1 gd IR T Aige BT IUN PXh SRR B
3fg TR U &1 715 g | URUMH §dTd § o T4 U ¥ Aolgd 9a g & H, sRual
(@I 814 MATHR Ydidpd) AR TATTUT (@78 8Ty MATHR Ydidd) ToR i Bl gl
R AP W H U 3fg ¥ FHH g gTdifey, ofd A gl o _c U7 ToR
MR _0 T BICT It §, O GBI &F & 1Y LHCP ToR P! g ax Uc oIl g, 3R

RHCP ToR ®1 gf & 9 S ¢ | O U9 aTcl WiToHT & 991 &3 &1 S¢T g3 THE
ST ST B 1 SHRRRAT IR FHFIR gao i & 3R fiRST T 9@ & Igad THIE 814 g,
O S1TRURAT BT g1 BT 5| TISHREY & §ig &k W 9ad g & YT 3R R gcd
& HAUCS! T [axd ARyl ST 3R Mhe 0 J fHar Aarg |

UH Tade faTeR Hdezss WioH § Thar aTd doR §1H & YT 9HIbeii ®l g9d
R BT JURTT & HHT STl 1 99 A 3R AIEFIR UrSAHed B Bl JudiT
PP 3R YIZSdS a9 3R AR TS 99 & ol HufelT W f[TaR Fd gU, 39 fRRar
B! g R BT ANIHT U BT St B1 70T e B b a6t Jeem e A gfg @
I @R T St § Fifh ol g8 deR 3R SURI-TRINS TER & §1d JHT HHOIR
BT 8 3R 3= 916d) Jua 19 &7 & e =Rur fiya &1 fRufa sl e & Iy =7et gt
g1 B < & [ o ol bt SURITT & HRUT SIFRRAT &d WITell g1 3Hb Sfefral, Bie

T AT Ied A1 o A H GHT HE@qUl § Fifh SHURI BTSoIS Faae -1 ol Sroll Bl

g1 Te fgdias grefoe gaae aii H RiFaRd sidr g
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