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ABSTRACT

The self generated magnetic field of megagauss order is reported to play a crucial role in
ICF target designs because of its strong influence on the transport of energy from the critical density
region to the ablation layer. The inhibition of the thermal flux due to such a field, thus, affects the
whole of the other phenomenon of ICF. The knowledge of the proper variation of the magnetic field
may help in assigning the existing controversial value of flux limit, / . Many papers dealing with
the spatial variation of such field exist and are well documented but the study on the variation of
self generated field with time is rare. Here, the spatial variation of the megagauss field generated
in the corona of a wire target irradiated by a laser as well as a model to study the temporal nature of
the i?- field at the peak have been obtained by solving the self inhibited diffusion which is regarded
as the most dominant mechanism by which the thermal transport is influenced. The field exists
for about ten nanoseconds even after the laser is switched off. The ratio of the two components
of the thermal conductivity is also plotted against time and shows the inhibition. So, a track on
the fl-field variation both in space and time is necessary to keep for at least few nanoseconds for
computation of / .
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1. INTRODUCTION

A magnetic field of megagauss order has been observed by experiments " *\ simula-
tions "~7) as well as theoretically due to several mechanisms in a wire target irradiated by high
powered laser. The B-field plays a very dominant role in inertia! confinement fusion target designs
because of its strong influence on the transport of energy from the critical density region to the ab-
lation layer. The self generated high order magnetic field has been the result of laser generated
thermoelectric field developed between the critical surface at high temperature and the ablation
surface at relatively small temperature. The production of the field has been interpreted by several
authors due to a variety of mechanisms, namely, the resonance absorbtion **•", thermal instabilities
10), the effect of a ponderomotive force on self-focussing "I. '2 ' , the hot electron ejection from the
focal spot of the laser m , Vn x VT l4>-17> etc. Crossed gradients of electron density and tem-
perture have been regarded as the most important source for the generation of high order toroidal
field. Depending upon the assumed situation, such fields have been reported between critical den-
sity region and the ablation surface. The present understanding is in favour near the ablation layer
where the large ablation pressure is created and the field is diffused in the other regions of the
corona producing the small scale B-fields. These self diffused fields inhibit the thermal flux and
the whole of the other phenomenon of ICF, e.g. ablation, spock production and compression of
fuel are influenced. It has become one of the key issues of ICF and attempts have also been made
to assign a value of flux limit, / , in order to suit the experimental value of the flow of flux.

In this paper, a model to study the temporal nature of megagauss field has been dis-
cussed. A large number of papers 2>>J>>"-7>'15'-|7> exist where the spatial variation, morphology
and magnitude of such a field have been reported and are well documented but the study on the
variation in time has been almost ignored. It is essential, therefore, to look into this aspect which
may contribute important information regarding the transport of energy. Here, the variations of
the megagauss field both in space and time in the corona of a wire target, irradiated by laser in
Cartesian geometry similar to the experimental situation of the Rutherford Laboratory, have been
obtained. At die peak field, as a theoretical model, the temporal nature has been drawn by solving
the self inhibited diffusion equation regarded as the most dominant mechanism by which thermal
transport is influenced. The field is seen to exist for about few nanoseconds, i.e. even after the laser
is switched off. The ratio of the transverse to the longitudinal components of thermal conductiv-
ity is also plotted against time to see the inhibition. Conclusions are drawn from the results that
the B-field variation be considered for at least few nanoseconds after Bmal is generated and the
computation for / value done accordingly.

2. MAGNETIC FIELD GENERATION

The basic equation for the evolution of the magnetic field is simply the combinations of
Maxwell, Ampere and Faraday's laws together with Ohm's law. Many authors by using Braginskii



u > expression for the generalized Ohm's law have written the evolution equation like

VT) + (c /e )V x { (V • p jj)/n}

(1)

where V,n,T arc the electron fluid velocity, density-and temperature, respectively; V and PR

are the resistivity and radiation pressure tensors respectively; a and 0 arc the thermal transport

coefficients respectively and kg is the Boltzmann constant

Eq.(l) is highly nonlinear and be tackled, in principle, by computer simulations. But

even in the simulations 5 )~7) it has not been possible to consider all the terms on the right-hand side

of the equation. In several papers, only a few terms on the right-hand side have been considered by

using assumed approximations such as convection, the first term, and diffusion, the second term.

These terms have different time scales and one has to ignore one or the other depending upon the

situation. The third term, namely Vn x VT, has been considered as the most dominant for the

generation of the B-field because of the real situation that plasma produces a steep gradient of

density and temperature in the case of laser irradiated target. Similarly, the fourth term, i.e. the

radiation pressure contribution is small in the corona and the fifth term, namely, the Hall term does

not contribute much as the magnitude of the B-field is concerned but it influences the morphology,

because of its small contribution and for the sake of simplification.

Therefore, in this paper, an attempt to solve Eq.(l) has been done analytically by taking

diffusion and Vn x V71 neglecting other terms with the arguments mentioned above for the homo-

geneous and isotropic situation. The density and temperature gradients have been assumed along

the z and % axes, respectively in the Cartesian geometry, the laser axis is assumed parallel to the z

direction. Thus the equation for the y-component of the B-field looks like

BBjz,t)
dt

(2)

where the electron density distribution is assumed to be an exponentially decreasing function of z

similar to the experimental result of Raven et at. 2) i.e.

1 fln _ [An
n dz [ n

(3)

in is the density scale length.

The temperature profile has been taken constant as there is not yet any experimental

measurement known and the temperature variation is almost little in the physical situation with a

very small temperature scale length £j-. This type of approximation has also been used by others 5)

TJ = C2/4TF<J ; CT being the electrical conductivity (4)

and the constant
AnjlAT

K = (cJtfl/e£r£n)
n \\ ±

Introducing in Eq.{2) the Laplace transform on B defined as

B =

one gets

(5)

*• ( —) cxp( — ) = 0
ifz' n i}& in

and assuming that there is no B-field initially, the solution of Eq.(6) for B making use of

B(z = 0,t) = 0 gives

(6)

Now, taking the inverse of B, we obtain the final solution for B( z, t) as

(7)

(8)

3. A MODEL FOR THE TEMPORAL BEHAVIOUR OF THE B-FIELD

Before discussing the results obtained it would be appreciated to analyze Eq.(8). The
spatial variation may be derived from it. It gives the magnitude of the maximum field £?„„ and

the morphology in the corona where the ablation surface is defined at 2 = 0. The peak field of few

megagauss is consistent with the results of experiment (2) as well as the simulation (S) done for an

identical laser taget geometry. However, the temporal nature may also be drawn, in principle, from

the equation. But at any location, say Z\, the B-field rises sharply within very short lime of the

order of few tens of picosecond and gives an unphysical situation and thus not important. This is

the reason why very little attention has been given to the variation of the B-field with time, but in

the light of transport the influence of temporal development of B on the inhibition of the thermal

flux requires due attention. At any point of the space, the field remains for some time. There is also

an indication of the long lived B-field in the simulation done elsewhere (7). Also, there has been a

well established concept about the self inhibited diffusion of the field at the oblation layer *J'7). In

order to study critically, the temporal nature should be drawn at the location where the peak field

is observed by using, as a model, the diffusion equation without the source.

As an example, if one models the spatial peak field as a step function, i.e. the diffusion

of magnetic current sheet with the initial field defined as

Bo(z) = Bo \z >0
= -BD \z < 0 (9)



and solve the diffusion equation, namely

dB(z,t)

by using the Green function as

G(.z-p,t)

one gets

_ _ _ e x p [ _ _ _

dG d1G ,.

where 5 is the Dirac-delta function. The solution of Eq. (12) may be obtained as

B(*,0= f GHz-p),t]B<p,-O)dp
J-oo

and making use of the initial condition B( z, t - 0) = Bo(z) the final solution is

(10)

(11)

(12)

(13)

This Eq.(13) is exactly similar to Eq. (8) for constant z. In this way, the temporal nature
of the high order field be drawn from Eq. (13) at the peak field location. There is a maximum
inhibition and, therefore, maximizing the influence on the transport of thermal flux at this location
which is consistent with the physical situation.

This model not only applies to the diffusion of magnetic current sheet but applies well to
the diffusion of the flux tube (i.e. for a slab of the magnetic field) and the diffusion in a cylindrical
flask tube in (T,^, *) system as well.

4. DISCUSSION OF RESULTS

The spatial variation of the magnetic field has been obtained, as shown in Fig. 1 by param-
eters similar to the experiment (2) done at the Rutherford Laboratory with a high powered Nd laser
( \ = 1.06 nm) in the case of aluminium wire target (Z = 13) of 1 mm diameter at T - 700eV by
usinga = 7.2 x 1O7T3/2 jZtnb. sec~l and Coulomb logarithm A = 1.24 x J0 7 (T 3 / 2 /n ) t / 2

after 60 ps of laser shot. The result is in good agreement with the experiment (2) and the com-
puter simulation (5). Fig. (2) is the simulation studies 7) to show the development of a long lived
megagauss field with time.

Similarly, B(z,t) is plotted versus time for z = 25fim referred from the present study
and shown in Fig. 3. The field dies out only after a long lime of the order of 10 - 12 ns. The ratio

of the components of the thermal conductivities *±/*|| has becih computed and shown in Fig.4 from

the Braginskii treatment discussed m i.e. \

where TJ is in m~s and B in Tesla. From these results one may conclude that the spatial variation
of the F-field is well studied and documented for a variety of laser-target configurations but not
the temporal one. The modelling of the peak field obtained in the spatial variation may be used for
the time varying field by solving diffusion equation. Because of the fact thai the S—field remains
longer even after the laser is switched off, the computation of the inhibition be done accordingly
and the proper value of the flux limit / may be put only after matching with the time.
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FIGURE CAPTIONS

Fig. 1 Variation of the magnetic field B in mcgagauss as a function of the axial distance zinpm.
The present result is shown as ; the experimental one (Ref.2) as ;

and the computer simulation (Ref.5) as .

Fig.2 The evolution of the self-generated magnetic field (simulation); A, both convection and
Hall terms switched off; B, convection switched on but Hall term switched off; C, both
convection and Hall terms switched on (Ref.7).

Fig. 3 The variation of the peak field normalized to ihe constant Kl\ ji\ against time in picosec-
onds.

Fig.4 The evolution of the ratio fcj./*|| against time in nanoseconds.
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