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ABSTRACT - Relativistic self-focusing of cosh- gaussian beam in plasma under density transition has been studiesd.it

has been investigated the spot size of the beam. The periodic change in spot size due to the ponderomotive force of laser

beam with plasma density ramp has been showed this work shows that decreasing the diffraction effect, laser becomes

more focused and concentrated into the plasma. solving equation in form of nonlinear diffraction equation and optimizing

focusing parameters. The oscillated value of beam width parameter is observed with varying value of the decentered

parameter b and ripple wave number d, using paraxial ray approximation work are showed more reliable result.
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I. INTRODUCTION

The relativistic self-focusing, when the ultra-intense high-
power short pulse laser beam interact with plasma occurs due
to ponderomotive force acting on the electron and mass of
the electron relatively oscillate [1-4]. Relative self-focusing
of ultra-intense short pulses been very interesting topic for
researchers because of its great application in many areas of
optical science like laser driven particle accelerator x-rays,
plasma-based accelerator and high harmonic generation [5].
In dense plasma refractive index is variable due to effective
increment of mass of electron by relativistic motion and
ponderomotive force on electron. a large amount of literature
is available on plasma interaction with different density
properties [6] it has been studied the plasma channel
charging and coulomb explosion when ultra-short pulse laser
penetrated in plasma [7].

The concentrated laser beam exerts a radial ponderomotive
force on electron.it diffracted them outward producing a
laser density in the middle which results concentrating the
beam. Habibi et al., observed thunderation between the laser
pulse and plasma. Considering ramp density profile [8]. It is
observed that after going through the various research on
self-focusing

It has been observed that due to relativistic self-focusing,
ultra-high-power laser penetrated through the plasma, the
spot size reduces but the spot size of the laser increases above
the focus [9]. Gupta et al [4,10] observed a slowly varying
plasma density ramp to produce the self-focusing effect. Liu
at al [2,11] showed that ultra-short laser pulse when
penetrating into plasma with density ripple in case of third
harmonic generation. Hatizi at al [12] observed the
penetration of an intense laser beam in plasma with
relativistic ponderomotive effect. Sadighi — Bonabi et. al [13]
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observe that with specific plasma density rank profile the
spot size oscillation of the laser beam become the larger due
to relativistic effect and beam gets more focused. Kaar et. al
[15] observed the self-focusing the gaussian laser beam with
plasma density ripple. Parasar et al [16] observed that
second harmonic generation of laser radiation with density
ripple in plasma. Self-focusing effect is increased with
another method with density ripple in plasma, Different
ripples in obtained by wing different lasers [17]. Prakash et
al studied the self-focusing of the gaussian electro- magnetic
beam and multi photon absorption in a redial in
homogeneous medium.

Using paraxial approximation, the study state focusing of
laser beam in homogeneous non liner medium has been
observed. For a relativistic self- focusing, Gaussian laser
pulse diffracted within limit of the interaction length to
releigh length Zgr-©0re2 where r, is the radius of the spot.
Outside the focusing point, nonlinear refraction of the

2c

laser beam will be weakening and spot size of the beam start
increasing. It shows that oscillatory characteristics with the
distance of propagation [18]. Guiding the laser beam over
several relay length is useful for the area of monoenergetic
electron generation, X-ray lasers, Harmonic generation and
laser plasma oscillator. To sort out the diffraction we
consider a specific slowly varying plasma density ramp.

The aim of the present study is to be analyses, the relativistic
self-focusing of cosh Gaussian laser beam in plasma.
Considering the sinusoidal density ripple & enhanced the
laser plasma parameter for relativizing self-focusing cosh-
Gaussian laser beam is preferred because of its important
scientific problem. Cosh Gaussian laser beam is highly
powerful in compression Gaussian laser beam [19].
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Due to relativistic & ponderomotive effect& considering the
non-linearity, high power laser beam is penetrating into
plasma & electron gets oscillatory velocity in compression
to the velocity of the light and effective dialectic constant of
the medium is modified which is the main cause of relativist
self- focusing of the laser beam.

If the frequency of the laser beam id greater than the natural
frequency of the electron oscillation the promotive force
starts to play which penetrate the electron out pf the beam
field, from high intensity region to low intensity region and
hance the focal electron density gets reduces and laser beam
gets highly focused.

Present paper is structured in four sections. In 2" section
we have focused intensity profile of cosh- Gaussian laser
beam considering Paraxial ray approximation. In 3™ section,
we calculated spot size of the laser beam and we have
evaluated the spot size of the laser beam. numerical results
are observed in section 4 and in section5, we draw the
conclusion of the paper.

Il. FORMULATION

If , is the electron density of plasma sinusoidal then,
Mo = no(1 + az cos qz)
1)
no represents the maximum electron density and a2
represents the depth of modulation with ripple vector g

The expression for angular frequency w,. when a cosh
gaussian beam propagates in z direction in plasma mediam
and it is given by
E = x'(r, z)
)
ko is the wave number where ko =I!lwn/Eal/c]] is the
propagation constant of the wave,
When ¢, and c are the dielectric constant and speed of light

exp (_T—’:;) cosh (£2,7)

exp[(—i(wot - koz)]

(T‘ : 0) = Aoo
@)

This equestion represents field distribution of the cosh
gaussian beam at z=0 ().Aoo is the amplitude r,2of the centre
o is the beam widhth and £, is the parameters related to the
hyperbolic cosine function.

WhenZ>0,

(r, 2) = Mexp (1) [exp { = ("R + exp{-(" =)}

(4)

2f 4 fro 2 fro 2
Here b=0.r , normalized model parameter f is dimensionless
beam width parameter of the laser beam in plasma medium.
If we consider axial region, profile gains the form,

Ao=20% [| — —— - ——— ——
r20"f22+ 2/t | X [1 + b2 gr2;, b4 r4
®)
+ ]
4 02 24f4rod

When the pondromotive force exerts a force on electrons,
modified electron density is represented as,
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Fp=-(mc2) (r-1) , here
(6)
2

Indicates the relativistic factor growing from the intensity
dependence of the electron mass.

a=

Y=(1+a2 )ar2

elA|

mwo0c

Represents normalized laser amplitude at z > 0

do=m ewA00ge = [ IWemq 37-2 )
104218 (um2) Jar2
(7

ao represents the intensity parameter n,, m and e are the
modified density ,rest mass and charge of electron.
cosidering Tripathi et al (), electron density with proper
modification can be represented as

e 2y -1 & ®
Nno=no(1 + azcos qz)+ ane2V
Where € is The electric permittivity &
€=1-— w20)ly ©)
wo (Me/No
It shows the electric permittivity where
4-7re2no) Wp2 = ( -
m
The dielectric permittivity in general form considering the
paraxial approximation can be represented as a series of 2
Pry
€=6€—(_—rw0) (10)
Using equation () and () and expending noY at r=0 we get ,
e=1 — -— waOZpy[ ao2c2
(b2-4) (11)
(1 + az2co0s qz) + 2f4rozvowp2
Here Yois X atr=0, and

o =2 ww2p2Y ao202f4 (1 + a2 cos qz)+
ao2c2 (b2—3w) (02bY220—f46)raoc202/f2
)/(Yo2)] (12)

o

I11. SELF-FOCUSING

The wave equation in nonlinear form determining the
evaluation of electric field in the dense plasma is given by,

(r,z2) +—$€E(r,z) =0 yp w2
(13)

c

Substituting the value of E from equation () in equation ()
and considering WKB approximation, the wave equation
takes the form,
2 +VEA — 5 —%i0oar2022 oA = 0

0z roc
(14) Now using an eikonal,
A= Au(r, z)exp
[iko(r, z)]here Ao(r, z) and S(r, z) are real function of
space Variables
The expression for A in the equation () and collecting the
real and imaginary parts we get,

© 2020, IJREAM All Rights Reserved.



207_05 +( r05)2= k12 VARG =Tro?2 005,720 + 09, A20 5,05 +7AZ, (1
a9+ a%22) =0 (15)

If the field is considered slowly converging or diverging,
the term 9a___27z4; can be ignored [].

Expending eikonal S, assuming the paraxial ray
approximation,
ShD=s%e@+S @) ands @)= 4
(16)

2 (2 d(2)

Now putting A, and S(r,z) from equestion ()and()into
equation () and considering both sides the coefficient of r?,
equestion results in beam width

(12-12b =b ) : ]
— parameter form, is obtained as 42/2=2

4 pfwgo2ro2
17
dé 3f3
here = wp2ac2 +aozcz [(4—b2 ) +(((b2—3)ao2/f2) /(Y 20))]
(1+a
wo2Y20f4 2cos d§) w02Y20f6r02

e =x1e™ weem? |
1=1 X107 vWem”
I=ERA ™ wem” |

02—

<
Fig. 1
Beam-width parameter f plotted against the dimensionless distance of
propagation at different values of intensity and for other parameters as (m)
=0.5,d =50, b =1, (rowo)/c = 60, wp%/w,’ = 0.01, 2= 1, w,= 1.778 x 10"
rad/s.

1V. RESULTS AND DISCUSSION

Equation (17) is in form of nonlinear Differential equation
of second order. It represents the beam width parameter of
cosh-gaussian laser beam taking sinusoidal density Ripple.
the relativistic self-focusing of the Beam for initial Beam
width is calculated. considering the relative magnitude of
nonlinear diffraction term in equation (17). since the function
f of normalised distance of propagation with dimension less
beam width parameter cannot solve analytically hence we
get the solution of the equation using Ranga kutta method.
the parameter is taken as follows

®__wPe22=0.01, No= no(1+ a2 cosqz)=10cm

rocwo=6(),

3

00=1.78x10* rad/s, ap=1

Using these parameters, we observed the focusing of cosh-
Gaussian laser beam with density Ripple.

Fig. 1 shows that for a different value of intensity how the
beam width parameter f varies with normalized distance of
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propagation. we have taken the constant value of the
wavelength A(um)=0.5 , ripple wave number d=50 ,b=1. It
is investigated from the figure that when intensity increases
the relativistic self-focusing is also increases. Increasing the
intensity of the laser beam, the nonlinear term neglected and
the result is differential part dominates over the nonlinear
terms. The mechanism that reduces the nonlinear term
concentrated on Axis plasma density due to increased
ponderomotive force and it reduces the the focusing Force to
the laser beam. we use the laser relativistic optimum value
of intensity 1=1.21X10% W/cm? . For getting stronger self-
focusing and stronger self- focusing length.
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Fig. 2.

Beam-width parameter f plotted against the dimensionless distance of
propagation at different values of (m) and for other parameters as | (W
em=%)=10",d =50, b =1, (remo)/c = 60, wp?/ws® = 0.01, =1

Figure 2, it shows the dependence of of beam width
parameter f with normalized distance of propagation. for
constant value of 1 =1.21x10*®W/cm? and rest parameters of
same value as in figurel. we observed the stronger self-
focusing at 2 =.05 ( um) at optimized intensity as observed
from fig.1. For getting stronger self-focusing we choose
particular wavelength. We have observed from fig.2 that
periodic change of f on & for A= 1.06 and A=1.5 (um)

So, for 1=1.06 and A= 1.5 (um) weak self-focusing is seen
with comparison of A2=0.5um. It is seen that for the density
profile with higher slope we observed a better focusing.

d=40
- — — =81

Beam-width parameter f plotted against the dimensionless distance of
propagation at different values of ripple wave numberd = 40 and 80, with
other parameters as | = 10%° W em—2, =0.5m, b =1, (rewe)/c = 60, w,%/mo?
=0.01, ,=1.

In fig.1 and fig.2 you we have observed the value of intensity
of laser |1 = to 1.2x 10%° w/cm? and A=0.5um, using the
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modified parameter, we have investigated the oscillation
value of beamwidth parameters f with normalized distance of
propagation ¢ with different values of ripple wave number d
and parameter b which is shown in fig.3 and fig4. it is also
observed from the graph that reducing the focusing with
decrease in d, from the d= 80 to d = 40. Hance increased in
self-focusing length and curvature of the wavefront of cosh
gaussian beam concentrated more in the density reason in
comprising to gaussian laser beam.

In Figure 4 it is shown that the variation of beam width
parameter f with distance of propagation ¢ for various value
of decentered parameter b=0.5 and 0.61 with d=40 and a, =

121=0.5, ®_r2=0.01wo

and rest parameters as in figure3. It is found at all curves
display oscillatory self-focusing, when the value of
decentered parameter is increases from b = 0.5 to b=1,
stronger focusing in result
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Fig. 4

Beam-width parameter f plotted against the dimensionless distance of
propagation at different values of b and other parameters as | = 1019
Wem—2, =0.5m,b =1, (rowo)/c =60, w2 p/w20=0.01,,2=1,d=40.
It is observed that for the value of B equals to 1, result strong
self-focusing. we can also observe that the selffocusing
effect is decreases due to diffraction effect.

V. CONCLUSION

These observations represent an analysis of the
characteristics of relativistic self-focusing of laser beam
propagates in plasma considering the paraxial
approximation. The changing in refractive index of the
medium due to Relativistic laser plasma interaction and the
role of ponderomotive force on the relativistic self- focusing
of laser beam has been considered. in relativistic self-
focusing the periodic density Ripple is observed using
different intensity and wavelength of the laser beam. we have
derived an equation of diffraction divergence which is
responsible for self-focusing, relativistic self-focusing and
ponderomotive nonlinearities. considering proper laser and
plasma parameters the effect of ripple wave number and the
characteristics of cosh- gaussian beam, beam width
parameter has been investigated. It is observed that reduction
in relativistic self-focusing of The beam width increasing the
value of laser wavelength and intensity of laser beam.
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It is also observed that the dependence of self-focusing on
decentered parameter relativistic self-focusing of cosh
gaussian laser beam in plasma depends on the intensity and
wavelength of the used laser beam, decentered parameters
and ripple wave number. it is also observed the effect of
intensity on relativistic self-focusing parameter. this
investigation may be useful for various applications like laser
induced.
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