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; ' ' ABSTRACT
i ' '/ . '
Parametric interaction of longitudinal and transverse waves is
l-A studied for a svstem consisting of a relativistic electron beam
" interpenetrating » molecular medium. The analysis suggests new
‘ possihilities for free-elecron generation of coherent radiation.
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Plasmas containing molecules, or ions, for which the internal level 3
structure nffers possihilities of radiative transitions betweren discrete
levels have attracted some recent attention.! Fnergy couplings hetween
plasma fluctuations and molecular excitations are of particular interest
in this connection, as inverted populations of the molecular levels may
contribute free energy to the system.

An interesting wav of ohtaining resonance bhetween the plasma waves
and the molecular transitions is to vary the velocity of a relativistic
electron heam, and to make use of the coupling of longitudinal and
transverse waves hy a wiggler,z or a strong wave, field. Such systems may
offer advantages of enhanced radiation and possibly also improvements in
the coherence properties.

Tt is the purpose of the present short paper to formulate and
interpret the dispersion relation that governs the wave interactions for a
system consisting of a relativistic electron beam (density NB. velocity
Vzo) which penetrates a molecular medium (level population differences
ij = Ny = Nhy, with Ng g and N4 denoting the populations of the lower
and higher levels).

A constant external magnetic fleld B, z is directed along the

o
electron beam, and a helfcal magnetic field (constant amplitude BLo'
frequency W wave-~number koz) is also assumed to be present in the
medium.

Considering density perturbhations of the form exp(-iwt+ikz) and

electromagnetic ffeld perturbations exp[—i(wtwo)t+i(k¢ko)z], it is

convenient to introduce the wave dispersion constants
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where the % signs refer to right and left hand polarization of the

tansverse waves, wp = (NBez/eom)”2 i8 the beam plasma frequency, e is the
1/2

electron charge, m is the electron rest mass, w = (Nmez/eom1) » mj is

mi

the effective mass of the i’th hound electron, w.e = eB,q/m, Wemy ~

eBzo/m1, wey is a molecular resonance frequency,2 and Vjis an effective

damping constant. The relativistic factors are Yoo © (l-v:o/cz)_l/2 and

/CZ)-I/Z

where v

Lo {s the oscillatory transverse

Yo (l—vfo/cz_v:o
velocity in the pump field.3

The presence of the electromagnetic pump wave introduces a coupling
between the longitudinal (ez=0) and transverse (¢, or ¢_=0) modes.
Straightforward calculations, using a hydromagnetic description for the
relativistic electron beam and a Lorentz model for the molecular medium,

lead to an algebrailcally very complicated dispersion relation, cf.3, which

could, however, be given a comparatively simple form for nzo-o, vj-O and
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mo<6nr, as some nonlinear terms in the Lorentz model are negligible in

this frequency range. We then ohtain the following dispersion relat{on,
cf.2’3’4
€, = - 1B2 (A,e +A )F
€545 2710 HE-T0E

»

where the coupling coefficients are
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Higher order terms in Bfo are contained in the factor F, where
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The dispersion relation ahove describes parametric wave-coupling
between the various modes. Tt i{s caused hy an electromagnetic pump wave,
which we allow to he strong, as expressed by keeping terms of higher order
than Rfo. For the weak coupling case, we may take either €, 0re_ =0 1n
which cases the dispersion relation reduces considerably. The factor F

may then (as Blo is small) be approximated by unity.

The limit of our dispersion relation in the absence of molecules has
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been discussed bv previous authors, e.g.3, for free-electron lasers
! (mo=0), as well as for finite frequency pump waves., The presence of
molecules has heen considered recent1y2»4 for the case where wo-O, i.e.

for a static pump field, and assuming weak coupling. The present work ;

-

thus extends the possihilities of application to strong wave interactions f
: in relativistic plasmas, considering, within a Lorentz model description,

plasma fleld couplings to the Internal structure of the molecules. The

molecular medium may have an inverted population of the energy levels and

- acts thus as a maser or laser, which in our study i{s dynamically coupled ;
- to the electron beam. The pump field mav be a static or time varying {
laharatorv wiggler fleld, nr simply a strong wave, such as those which may

exist in astrophvsical sftuations, e.g. In pulsar atmospheres, or in

{ lahoratory experiments concerning stimulated microwave scattering by

electron beams.” The presence of such a pump ffeld mav cause coupling of
wave energy hetween the longitudinal collective waves on the relativistic
- electron beam and the transverse radiation modes. The tunahility of the
. frequency of a transverse heam mode hy the velocity of the electron beam

= may enable us to make {t= frequency colncide with molecular resonances.

The heam, operating as » free-electron laser, may alternatively be used to

_:‘ pump the molecular medfum at particular frequencfes, or it may interact
Ef} with the medium to cause an enhanced stimulated radiation, by contributing
Eq‘ to the radfation process its own free energy.

:1 We helieve that our analysis, although not at this stage specified to
h} particular choices of parameters, offers new possihilities and is a

h: necegsarv prerequisite for further developments in certain areas of

d astrophyaics as well as 1{n lahoratory experiments concerning generation of

coherent radiation,
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