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WAVE CONVERSION AND RESONANCES IN LASER LIGHT SCATTERING
A. L. Peratt
Lawrence Livermore Laboratory, University of California
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INTRODUCTION The present work is concerned with the calculation of the differ-
ential cross section for the scattering of an electromagnetic wave in an underdense
plasma. The method used is based on the derivation of a formal relation between
the autocorrelations of current density and dielectric tensor. The formulation
leads to expressions that are particularly simple when the plasma is in thermal
equilibrium.

An enhancement of the scattering spectra because of the coupling of trans-
verse waves and excitation of longitudinal slow wave resonances is found to result
when the Doppler shift exceeds collisional frequencies when the differential

scattering vector is aligned primarily perpendicular to the magnetic field.

FORMULATION Our treatment is based upon a first-order solution of the linearized
Boltzmann equation. When the system is homogeneous, the spectral distribution

of the electron density fluctuations, denoted by S(k,w), is given by the simple re-
lation {1} S+(E, w) = 2Re S+(_15, -iw), where, in the first Born approximation (2],

(2m3sn
__.__S,_:_.E+ [dXFe(E,y_,s)J, (1)

s*(k, -iw) = lim
- s - jw

where n, is the particle density and F(k, v, s) is the usual Fourier-Laplace {space-
time) transform of the first-order distribution function,

F (k,v,s) = - ' =— | -5~ Etks) -V f(v) + £k v, t=0)].(2)
too ca @
Here, G, is the well-known Bernstein magnetic field factor 3] for particle species

a = e,1 (electrons, ions) and where Wop = gaBo/ma will denote the cyclotron fre-

@
quency, The wave vectors and frequencies of the incident and scattered waves,
(_150, wo) and (51, ul), respectively, are connected by k = ky - 51 and W = Wg - Wy

The Fourier-Laplace transform cof the set of Maxwell's equations yields

Ekw) = Pl (k,w) - Qlk,w), where
2
g—[k__l_+l<_5.—2§(§,w)_l. (3
C
Vfl(’ .t =0)
Q = -wuge de:an_{—jY— + iopg E(k,t = 0) - iug k X H(K, t = O}, @)
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In the above, ¢ = (po EO)_I/Z is the velocity of light in a vacuum, =I_ represents the
unit dyadic while Kis the equivalent dielectric tensor {4], We shall assume
sufficiently well-bzhaved initial conditions such that Q is analytic. This behavior
leads to resonance peaks in the spectral density associated with the oscillatory
modes of Eq. (3).

SCATTERING IN A CONSTANT MAGNETIC FIELD We choose BO to be aligned

in the z-direction while the wave vector k lies in the xz plane, making an angle 8

with respect to the x-axis. We shall consider the case of a transverse electro-
magnetic wave whose electric field is polarized transverse to the constant mag-
netic field. It is convenient to express E(k,w) in terms of fields whose phase
velocities are fast and slow such that £ = EE + EL. In this way coupling between
the fast incident wave and the fast electromagnetic wave and the subsequent excita-
tion of slow waves may be accounted for, In the long wavelength limit the first
term of E corresponds to the cold plasma extraordinary mode, whereas the second
term corresponds to a field that is essentially longitudinal in the hot plasma model.
Since we are concerned with the effect of thermal broadening, we may, to an approx-
255 . g/k2 w2 Kxx‘ The
above equations yield (upon use of integrals like Eq. (8) to handle initial conditions

{1,

imation, retain only short wavelength terms so that E =

Sl w) = —— Vh—g—| Fet|" %= | F1)* (5)
XX XX
w2 e @ .
2 = - P H
Ko = 1- =5 z n® I (A\)/@+ v+ nw), (6)
n =-w
and A = k2 V2 /2U2 G 2kT/m w=n qz/s m, k is the Boltzmann constant and
th ¢’ “th > p e 0

v is the collision frequency. The summation over a of Kxx is implied and we de-
Fe’ 1= k/rin I [Eq. (8)]. It should be
noted that since EJ‘E() cyclotron and Landau damping do not exist. Equation (5) may

note only the eleciron portion as sz.

be generalized to investigate the effect of noncollisional damping by considering
values of 6 other than /2. To do this we replace szxx in the above with

k- P-k/k>=k2K_+2_k k_+k>k , wherek=4k_+%k . This expression
= = = X XX X 2 X2 z z2Z - X z

is frequently rewritten in the form

2 ]
4 “p et 7
ke Rok/ic=1s B > 1,00+ gz, (7)
c n=-o
where A = k2 V2 /'2(‘)2 T =w+iv+nw )k V In deriving Eq. (5) we have
x th/“7c’ >n ¢’z “th” T

followed the details presented in Appendix II of Ref. [2] while making the replace-
ment w ~w + iv to replace the integrals found in Eq. (3) with expressions like
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. [>e]
in
t = e -2 E

n=-co

CONCLUSION Figures 1 and 2 illustrate Eq. (5) for the scattering of 6943 A light
in a deuterium plasma in thermal equilibrium. The constant magnetic field is

70 kG. We take n_ =10'% em3, KT, =kT;=5eV (a=047, A= 0.165 pm)and n_

=107 ¢ _3, =10 eV (@ =1, XD = 0.074 pm), respectively, where a ~ R/AD is
the oa]peter parameter [5] and AD is the Debye length, The advantage obtained in
using Eq. (6) is especially important near the Bernstein resonances even though
v/w << 1 because of the terms (w2 - n% 2)—1 which appear in S(k, w). Enhanced
scattering at the electron cyclotron harmomcs is more pronounced when X < )L a
consequence of a ~ 1/2 -1/2 while v =v__~ -3/2 [6], Whenk is more
than a few degrees away from being perpendicular to BO’ noncollisional damping

predominates,
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