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ABSTRACT

Absorption of light due to effect of ponderomotive force in laser plasma interaction which has seen that the
nonlinear interaction results from rigorous application of the ponderomotive force description based on
Lorentz’s theory. The deduced equation of motion is more general than that of the two—fluid model of the
plasma and that used in the theory of microwave interaction with plasma. As might be expected, the forces
are only in the direction of lower plasma densities and tangential forces vanish only with the general
equation of two—fluid model. This result has been verified upto the third order in the spatial variation of the
electron density. In addition it is seen that the collision frequency decreases continuously with the increase
in temperature. From these results, it is concluded that the absorption coefficient decreases continuously
with the increase in temperature. Furthermore, this work describes the variation of the absorption coefficient
with laser light frequency and shows that the absorption coefficient depends on the frequency of light.

Keywords: Absorption, Ponderomotive Force, Laser Light Frequency.

INTRODUCTION

Background of the Study

Theoretical study on absorption of light due to
effect of Ponderomotive force in the interaction of
laser radiation with plasma has been discussed from
several points of view. Plasma heating as the result
of laser light absorption means of the usual
collision processes [1, 3, 5]. The macroscopic
motion of plasma due to the interaction of the
electromagnetic field [2, 6]. In the numerical
simulations have revealed extremely high self
generated magnetic fields in the interaction of ultra-
intense laser pulse with over dense plasma target [3,
18]. The generation of such extremely high
magnetic fields is the temporal variations of the
ponderomotive force of the laser light on the
plasma [10].

In order to study the propagation of laser light in
plasma and self generation of magnetic field by
resonance absorption of laser light we have to solve
the wave equation. The wave equation is obtained
from Maxwell’s equations by usual procedure. In
this case we consider Maxwell’s equations, in
addition to poynting vector [8, 19].

Maxwell’s Equations and Wave Equation
In Maxwell’s equations in Gaussian Unit are,
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From the above equations we get homogeneous
form of equation in the medium (V €= 0 ) [4, 14]
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Poynting vector
For the single charge g moving with velocity v in

the external electromagnetic fields E and B

the rate of work done by the fields is q#.E . Here
it should be noted that work done by the
magnetic field is zero, since magnetic force is
always perpendicular to the velocity. If there
exist a continuous distribution of charge and
current, the total rate of doing work by the field
in the finite volume V is,
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Continuity equations or conservation law since the

volume V is arbitrary; this can be cast into the form
of differential [9]

(2)

U .v.s__3JF (3)
ot
Where the vector S is given by

and is called Poynting vector.

This vector S is interpreted as the amount of field
energy passing normally through unit area of
boundary surface enclosing the source in unit time.
Hence, dimension of S, is (energy per unit area per
unit time). Since only its divergence appears in the
conservation law, the poynting vector seems
arbitrary to the extent that the curl of any vector
field can be added to it. Such added term can
however have no physical consequences.

After solving we get the expression of Maxwell
Stress Tensor [10, 19]

> >

T, =¢ {Ea Es+Ba Bﬁ—%(E-mB-Bjaaﬂ}(s)

Where T, ﬁis the Maxwell’s stress tensor.

Ponderomotive Force

The ponderomotive force acts primarily on the
electron due to their small mass and is transmitted
to the ions by the condition of charge neutrality.
Hence, the momentum carried by the
electromagnetic wave can be transferred directly to
the plasma by means of this force [3]. The general
form of this force [15]

- e2 - =
Fp=— VEE® 6
P 4mea)2 (©)
which is derived by using the equation with,
2 0 E xI:)I
f=V.o——
ot| 4rxc (7)

Where, fis the force density in plasma in the

-

presence of electric and magnetic fieldE and H .
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o is the Stress Tensor of Plasma, t is time and ¢ is
the velocity of light. This relation is also defined
for the equation of motion [10].

ABSORPTION COEFFICIENT

Basic Equations

The momentum acquired by electrons in plasma in
the pressure of electro-magnetic wave is

m, 8_v =—eE+F + iVneTe — MV \_/) (8)
ot n

e
where m,, n,, T, are mass number, density
temperature and charge of electron, B is the

5
magnetic field of the wave, E is the total electric
field which is equal to sum of the electric field of

- - —

the wave E and the space charge field E and Fp

is Ponderomotive force, vis the electron- ion
collision frequency [1, 3] .

Considering the space parts, which has slow
variation [16], we have,

Vn — -
T,—=—eEs+F,—VT, 9)
ne
Determination of current density
5
Now, the induced currentJ, when the

electromagnetic wave propagates through the
plasma, can be written as,

J= —n.ef

From above equations, we obtain,

> Vn 1( Zj eE
J=Tle 1 Sl =
F I, L) m(io+v,)
2 -
:Vnei 1_5 .e £
F I L/m,(io+v,)
20 (_ -
:Vnei(l_zje_ ( |a)+vez,) 2
F I, L/m, (a)2+ve|)
2 15
:vnei(l_z)e_ (Vei Ia)z) E
F I L/m, | (&®+v,")

(10)

The above equation represents current induced by
Ponderomotive force, which gives rise to magnetic
field.
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For the calculation of absorption coefficient
We can write the equation in the form

- > 2 1 -
}E:Vmele_zje{wamﬁ}EE*

F oI L)m,| (&?+v,")

2 S5 >
_vn 1 1_5 e—%{vei—ia)}E-E*
F LU Um0 +v,)

2 S5 2 >
:Vnei[l Zje_ Ve _E. ._;Vn i(l_zje_ o _EE
F Il m, (a)z—H/ei ) F I L/m, (61)24—Vei )

L (11)

We know that the average value of energy absorbed We know that the poynting vector is defined as
per unit time per unit volume P, through joule

heating [3, 13] is given by, S= ic Re(%j E-E*
1 NN 8 0]
P,=—= Re{] . E}
2 (12) So that
From above Eqn (11, 12) , we get > - 875
2 S EE =———"<
1vn, 1 Z)e Ve 2 ck
i ar=a N S P Rl
n e ei (13) w (14)
From Egns (13) and (14) we get,
~ anel(l zje2 V., 875
av — A T I 2 2
2 F In L me (a) +Vei )CRQ(CK)
@ (15)
If the size of the plasma is small then we get,
b _ 4me*vn, Z v, S
av 'S 2 2
me neF In (a) +Vei )CRG(Ck)
@ (16)
From Eqn(10) with the dispersion relation , the wave equation for electric vector, so that Eqn (16) becomes
ame*vn, Z v, 1 1
P, = — oo — =S
me neF In (wZ +Vei )C 2 2
vn,| 1 YA w,
i e I I e [
n, [I.F L) (0 +v,")
1
oV, ’ 2
b ets)
cn . n :
e n (CO +Ve| ) e n (a) +Ve| ) (17)

The absorption coefficient (« ) is then given by the coefficient of S (poynting vector) of Eqn (17), then we
get

1

2 2 2
azlvne E WDpVei . 1+|Vne|i l_éj Lz
C neF In (a)2+vei ) ‘ ne |InF L (a)2+vei )

This is the required expression for the absorption coefficient.

(18)
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RESULT AND DISCUSSION [11]. The deduced equation of motion is more
The Ponderomotive force has verified the existence ~ general than that of the two -fluid model of the
of substantial macroscopic acceleration of  plasma and that used in the theory of microwave
inhomogeneous plasma by interaction with laser interaction with plasma which can be represented
light, and its description based on Lorentz's theory by the following form,

>
- 2 -
f=-V.P+V. U——2(1+|X)EE —QEXH
dr(w® +v?) o ot 4mc
(19)

It can be deduced according to the macroscopic  mass, density, momentum (with the Ponderomotive

theory of the two -fluid model with [12], we get force) and energy, the sharp laser intensity gradient

5o o o1 aE created a Ponderomotive force oppositely directed

f=-V. P+ IxH+J-V—— to the expansion. After using the basic equation of

w® o (20) the momentum acquired by electrons in plasma in
When the non-linear collisionless acceleration of ~ the Presence of electromagnetic wave the value of
inhomogeneous plasma at oblique incidence of  the number of electron density(n,) [16, 17].

light is calculated then the necessity of using all vn 1 7
nonlinear terms of the general equation of motion is n,=—— —( ——]
demonstrated [7]. The forces are only in the Fo, L (22)

direction of lower plasma densities and tangential
forces vanish only with the general condition When
high-powered microwaves or laser beams are used {T 1 2 > 1 }

) (23)

where,

N
to heat or confine plasmas, however, the radiation ——+t——V EE +—
pressure can reach several hundred thousand T 1, m am,o°T,
atmospheres, when applied to plasma, this force is
compiled to the particles in a somewhat subtle way
and is called the Ponderomotive force. Many
nonlinear phenomena have a simple explanation in
terms of the Ponderomotive force [7]. 3_vn, 1(, Z\e*| (V. —iw)

The simplest way to derive this nonlinear force is to T FE LU Lm | (0 +V,2)

consider the motion of an electron in the oscillating ) ) ) ) :

electric and magnetic fields of wave. Thus, the formula ~ BY incorporating this equation with Maxwell’s

Thus after calculating the current induced by
Ponderomotive force, when the electromagnetic
wave propagates through the plasma is

for Ponderomotive force in the general form is Equation, the value of effective dielectric constant
is found [3, 17]. Further using the induced current
- ez - LT . .
Fp=— VEE* the conductivity is calculated which is represented
a4m o’ (1) Dbythe equation

Thus the dynamics of the laser — plasma interaction 2 _ E —14 47[0
may be described mathematically by the one- w w (24)
dimensional two-fluid conservation equations of

So that, the value of refractive index is

n= Re[ij {1+ %(1_9{%}}2
@ n (CO +Vei ) (25)

After calculating the refractive index by using the theorem of poynting vector and also using average value
of energy absorbed per unit volume through joule heating, we have calculated the absorption coefficient i.e.

1

2 2 2
AT Z o (-]
cnF 1, (@ +V,%) ] | n, |I,F L) (0? +V,%)
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In fig (1) the graph between F and frequency with
the help of Egn (22) are cleared that if the value of
frequency increases then the value of F going to be
decreases. It is also cleared that at the minimum
value of frequency the value of F becomes
maximum. In the same way in fig (2) the graph
between the absorption coefficient and frequency
with the help of Eqgn (18) it is cleared that if the
value of absorption coefficient decreases but it does
not tend to zero. It is also cleared that if the value of
frequency is minimum then absorption coefficient
is maximum. In fig(3) the graph between
absorption coefficient and temperature in eV with
the help of Egns (18) and (23) it is cleared that if
the temperature of the laser light increases then the
value of absorption coefficient is going to be
decreases. If the value of temperature is minimum
then the value of absorption coefficient is
maximum.

fraguency

Fig. 1: The variation of F with frequency.
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Fig. 2: The Variation of absorption coefficient with

frequency.
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Fig. 3: The Variation of absorption coefficient with

Temperature in eV.

CONCLUSION

For the study of absorption of light due to effect of
Ponderomotive force in laser plasma interaction
are concluded that the Ponderomotive force has
verified the existence of substantial macroscopic
acceleration of an inhomogeneous plasma by
interaction with laser light and is explained
according as Lorentz’s theory. At oblique
incidence, all the nonlinear terms of the general
equation of motion is demonstrated. It is also
concluded that the forces are only in the direction
of lower plasma densities. The nonlinear
acceleration is in the direction of the laser light due
to the electron density is equal to or higher than that
which gives a plasma frequency in which the
temperature — dependent upper limit of the electron
densities below. The nonlinear absorption
coefficient based on the recoil momentum and is
also dependence upon the temperature above
130eV. In fig (1) the graph between F and
frequency (w) is cleared that if the value of
frequency increases then the value of F going to be
decreases. In fig (2) the graph between absorption
coefficient (« ) and frequency (w) is cleared that if
the value of frequency increases then the value of
absorption coefficient going to be decreases. In fig
(3) the graph between absorption coefficient (« )
and temperature (T) in eV shows that if the value of
temperature increases then the value of absorption
coefficient going to be decreases.
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