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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 t rans
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 f i rs t -order solution of the linearized 
Boltzmann equation. When the system is homogeneous, the spectral distribution 
of the electron density fluctuations, denoted by S(k,u), is given by the simple r e 
lation [1] S (k, to) = 2Re S (k, -iu), where, in the first Born approximation [2} , 

S (k, -iu) = Km 
s-» -iu 
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where n is the particle density and F(k, v, s) is the usual Fourier-Laplace (space-
time) transform of the f irst-order distribution function, 
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Here, G is the well-known Bernstein magnetic field factor [3] for particle species 
a = e, I (electrons, ions) and where u = g B„/m will denote the cyclotron fre-
queney. The wave vectors and frequencies of the incident and scattered waves, 
(k~, u„) and (k., u . ) , respectively, a re connected by k = k„ - k- and u = ion - u- . 

The Fourier-Laplace transform of the set of Maxwell's equations yields 
E(k, u) = P " 1 (k, u) • Q(k, u), where 
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• 1 / 2 In the above, c = du.e . . ) " 1 / " i s the veloci ty of l ight in a vacuum, J r e p r e s e n t s the 
uni t dyadic whi le K i s the equivalent d i e l e c t r i c t e n s o r [4] , We sha l l a s s u m e 
suff icient ly we l l -behaved ini t ia l condit ions such that Q is ana ly t i c . Th i s behav io r 
l e a d s to r e s o n a n c e peaks in the s p e c t r a l dens i ty a s s o c i a t e d with the o sc i l l a t o ry 
m o d e s of Eq . (3). 

SCATTERING IN A CONSTANT MAGNETIC F IELD We choose B to be al igned 
in the z - d i r e c t i o n while the wave v e c t o r k l i e s in the xz plane, making an angle 6 
with r e s p e c t to the x - a x i s . We sha l l c o n s i d e r the c a s e of a t r a n s v e r s e e l e c t r o 
magne t i c wave whose e l e c t r i c field is po la r i zed t r a n s v e r s e to the cons tant m a g 
ne t ic field. It is convenient to e x p r e s s EI(k, u) in t e r m s of fields whose p h a s e 
ve loc i t i e s a r e fast and slow such that E_ = E E + _E . In th i s way coupling be tween 
the fast incident wave and the fast e l e c t r o m a g n e t i c wave and the subsequen t exc i t a 
t ion of slow waves may be accounted for. In the long wavelength l imi t the f i r s t 
t e r m of E c o r r e s p o n d s to the cold p l a s m a e x t r a o r d i n a r y mode, w h e r e a s the second 
t e r m c o r r e s p o n d s to a field that is e s sen t i a l l y longi tudinal in the hot p l a s m a mode l . 

Since we a r e concerned with the effect of t h e r m a l b roaden ing , we may, t o an a p p r o x -
2 2 2 

imat ion , r e t a i n only s h o r t wave length t e r m s s o tha t E_ = c k k • Q / k u K . The 
above equat ions yield (upon u s e of i n t eg ra l s l ike Eq . (8) to handle in i t ia l condi t ions 
HI), 
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t h ' c ' th ' ' p e 
v i s the co l l i s ion f requency. The s u m m a t i o n ove r a of K 

V 2 , . - 2KT/m, u 2 / p 

2 
n q /e„m, K is the Bo l t zmann cons tant and ^ ' 0 

i s impl ied and we d e 
note only the e l ec t ron por t ion a s K F e 1 = k/rlnelmlEq. (8)] . It should b e 
noted tha t s i nce k i B j . , cyc lo t ron and Landau damping do not ex i s t . Equat ion (5) may 
b e g e n e r a l i z e d to inves t iga te the effect of noncol l i s iona l damping by c o n s i d e r i n g 

2 
va lues of 6 o the r than jr /2. To do th i s we r e p l a c e k K in the above wi th 
k • P • k / k 2 = k 2 K + 2k k k + k 2 k , w h e r e k = x k + z k . T h i s e x p r e s s i o n 
— = —' X XX X Z XZ Z ZZ' — X Z r 

is f requent ly r e w r i t t e n in the fo rm 
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w h e r e X = k V.. /2u , C = (u + iv + nu ) /k V x . . In de r iv ing Eq. (5) we have x th ' e n c ' z tn 
followed the de t a i l s p r e s e n t e d in Appendix II of Ref. [3] whi le mak ing the r e p l a c e 
ment u -» u + iv to r e p l a c e the i n t e g r a l s found in Eq. (3) wi th e x p r e s s i o n s l ike 

- 2 -



<f hi G e f o(v)d0' 
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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 = 1 0 1 6 cm" 3 , KT = KT. = 5 eV (a = 0.47, X„ = 0.165 um)and n 

17 _o ^ e i u e 
= 10 cm , KT = 10 eV (a = 1 , X = 0.074 urn), respectively, where a ~ X/X is 
the Salpeter parameter [5] and X_ is the Debye length. The advantage obtained in 
using Eq. (6) is especially important near the Bernstein resonances even though 

2 - - -
2 2 - 1 n u ) which appear in S(k, u). Enhanced i//u << 1 because of the te rms (u 

scattering at the electron cyclotron harmonics is more pronounced when X < X 
1 / 2 - 1 / 2 -3/2 

consequence of a ~ n ' T ' while v = v ~ nT ' [6] . When k is more 
than a few degrees away from being perpendicular to B n , noncollisional damping 
predominates. 
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Fig. 1. S(k, u) versus X in Angstroms 
(a = 0.47). 

Fig. 2. S(k, u) versus X in Angstroms 
(a~- 1). 
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