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Abstract: Laser-plasma interaction phenomenon has various applications and the most important one is in the Inertial
confinement Fusion. Spatial and temporal variations of self generated magnetic field have been studied within the framework
of magnetohydrodynamics. The evolution equation that describes the generation of magnetic field is solved using complex
Fourier and Laplace transformation methods as an initial value problem. Convective, diffusive and source terms are
considered in the evolution equation and are solved theoretically. Magnetic fields of the order of megagauss have been
obtained among which the maximum field is just about 40 MG. The results are comparable with earlier reported results.
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1. INTRODUCTION

Self-generated magnetic field in laser plasma
interactions were firstly found in gas breakdown
which was carried out by Korobkin and Serov in
1966 [1]. Afterwards, its study had been conducted
with great interest by various scientists in many
laboratories experimentally as well as theoretically.
Stamper et al. recorded the first measurement of self
generated magnetic field in laser produced plasma
and they explained it on the basis of thermal source
[2]. The interaction between intense laser radiation
and plasma is a very important phenomenon in
coronal plasma physics. Due to the absorption of
laser in plasma it creates suprathermal electrons and
electrostatic plasma which results in the steepening
of the density profile. It is found that various non
linear effects are produced during these types of
interactions such as fast electron and ion generations
producing strong electric as well as magnetic fields.
Various experiments performed on laser plasma
interactions showed that strong magnetic fields of
the order of megagauss are generated during these
interactions. Extremely high magnetic fields of the
order of few megagauss play an important role in
energy transport, propagation of laser pulses, laser
beam self focusing, penetration of laser radiation
into the overdense plasma and plasma electron and
ion acceleration. Furthermore, such types of self
generated magnetic fields have great concern for
the target designers to conduct laser fusion because
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these fields may affect in the inhibition of transport
of thermal energy into the target. The effect of self
generated magnetic field in energy transport, energy
deposition showed that it play vital role in inertial
confinement fusion.

Because of these reasons the study of self
generated megagauss magnetic field is still a topic
of interest. Recently, Gopal et al. [3] has reported
the experimental studies on megagauss magnetic
field generation using a 35 femtosecond laser at
relativistic intensities. Series of papers [4]-[11]
had been published on the study of self generated
megagauss magnetic field which has made an
important improvement on the progress of design of
inertial confinement fusion.

2. MODEL
The equation that governs the magnetic field
generation in conducting fluid is solved by using the
magnetohydrodynamic approach also called MHD.
Starting with the momentum balance equation for
electrons we have derived the Generalized Ohm’s
law and finally the evolution equation as [12],
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where Ve, ny and T are velocity, number density,
charge and temperature of the electron respectively.
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nand u, are plasma resistivity and magnetic
permeability of plasma respectively. «aand f are
the thermal transport coefficients. J is current density
and K is the Boltzmann constant.

The evolution equation (1) is highly nonlinear in
nature and contains terms like convective, diffusive,
source, Hall, thermal force, radiation pressure etc.
Among these terms source term, diffusive term
and convective term have dominant effect whereas
remaining terms have negligible effect on the self
generated magnetic field.

We have taken three dominant terms namely
convective, diffusive and source terms two at a time.
In the first model we have taken the convective term
and thermal source term and solved analytically
using initial value problem to obtain the evolution
of magnetic field as,

[

where, t and T are called evolution time and
characteristic time respectively. L and L, are
density scale length and temperature scale length
respectively whereas z is the axial length.

In the second model we have taken the diffusive
term and the source term. The source term is taken
as [13],
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In this equation S,(7,t) and S,(7#t) are the
thermoelectric source and radiative source terms
respectively. By solving the evolution equation
taking diffusive and source terms only from the
evolution equation we finally obtained the magnetic
field as equation (3).
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where, S is source strength whose value has been
taken equal to that of thermal source. Its dimension
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is magnetic field per unit time. f(wo7) is the time
part of the source with f(w,T) being characteristic
oscillation frequency of the magnetic field source. is
a constant that represents the square of the reciprocal
skindepth. Inourwork skindepthisrepresentedby R,

3. RESULTS AND DISCUSSION

The evolution equation that represents self generated
magnetic field contains various terms. All terms of
this equation are not equally important. Among these
terms convective, diffusive and source terms have
dominant effect on self generated magnetic field
while the remaining terms have negligible effect.
In our work, firstly we have taken convective term
and thermal source term and obtained the evolution
of magnetic field as equation (2). The temporal and
spatial variation has been seen with magnetic field by
taking the following values of the parameters which are
consistent with the earlier papers [4] [5] [8] [14 - 16].

T=(1to5)KeV, L, =35um, Ly = Ly, z = 1um,t = 100ps.

Secondly, we have taken the following values of
the parameters which are again consistent with the
earlier reported values.

L, =1mum, Ly = 1pgm,t =100 ns, Ty = 6 ns,

Lwy=2Z,T, =300 KeV
To

Ry =100 gm,a = —;,
Ry

The Coulomb logarithm and plasma resistivity (1)
were calculated using the formulae [2],

-1 e0KTe\3 me’m 1/2
A=12mn 252 p=—"lfTe " __7InA
w2 T= e ry e 0

Z is the ionic charge number of plasma target. The
results of our work have been summarized in the
following figures.

We have studied the effect of convective, diffusive
and source terms in self-generated magnetic field
due to laser plasma interactions based on the
evolution equation of magnetic field as suggested
by Braginskii [17]. By using the evolution equation,
temporal and spatial variation of magnetic field have
been presented by taking different parameters. The
values of the parameters taken are consistent with
previously reported values. The magnetic field has
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been calculated by considering convective, diffusive
and source terms taking two at a time.

Firstly we have taken thermal source term and
convective term and studied the spatial and temporal
variation of magnetic field. Secondly we have taken
the thermal source term, radiative source term and
diffusive term which are used to study the spatial
variation of magnetic field. When taking convective
and thermal source terms, the evolution equation
has been solved using initial value problem by
adopting Laplace transformation method. Figures
1, 2 and 3 are plotted by using equation (2). Fig. 1
and Fig. 2 show the variation of magnetic field with
t/ ¢ for different values of electron temperatures

and different values of Z/ L, respectively. Both the
curves show the field saturation with increasing
time. This saturating behavior is in good agreement
with previous works [4] [9]. In both curves of Fig.
1 and Fig. 2 the saturation values of magnetic field
for 1 KeV temperature are obtained to be 7.5 MG
and 2.8 MG. Fig. 3 shows the variation of magnetic

field with Z/ L, for varying t/r. The peak value
of magnetic field is obtained to be 3.1 MG for

t/. =0.5: The curve shows that the peak value
of magnetic field is maximum for lower value of
z / L, and higher value of t/T Also magnetic field

is found to decrease gradually on increasing / L,
and finally it tends to zero. It shows that the self
generated magnetic field produced in laser plasma
interactions is of short range.

While considering the diffusive and source
terms (thermal as well as radiative source), we
solved the evolution equation using initial value
problem by adopting Fourier and inverse Fourier
transformation in space and Laplace and inverse
Laplace transformation in time. In this case we
have taken the source term in the form of oscillating
Gaussian profile f(wgt) = sin wyt: And the source
amplitude is taken to be that of the thermoelectric
KpT, .

source S, = L
nkT

Fig. 4 and Fig. 5 show the spatial variation of
magnetic field for different ionic charge number of

plasma targets and number densities respectively. It
shows the decay in magnetic field with increasing

values of r/ Rj . The maximum value of magnetic
field is obtained for lower ionic charge number and
higher densities. The maximum obtained magnitude
of the magnetic field is just about 40 MG.
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Fig. 1: Variation of the magnetic field with t/t for different
electron temperatures
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Fig. 2: Variation of the magnetic field with t/t for different va-
lues of z/Ln
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Fig. 3: Variation of the magnetic field with z/In for different
values of t/t
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Fig. 4: Variation of magnetic field with /RO for different
number densities
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Fig. 5: Variation of magnetic field with r/R0 for different ionic
charge number Z
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