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On the base of kinetic theory fluctuations the transformation of transverse electromagnetic wave into a
longitudinal Langmuir wave is investigated in strongly magnetized uniform plasma when the plasma turbulence is
caused by parametric instability of upper hybrid pump. Last decays into daughter upper hybrid wave and ion-
acoustic oscillations. In the region above the parametric decay instability threshold the expression for the
transformation differential cross-section is obtained and it is shown that the «pump field» term of the transformation
coefficient gives the dominant contribution into the cross-section. The transformation coefficient dependence on

plasma and pump wave parameters is received.
PACS: 52.35.Ra ,52.35 Hr. 52.50.Qt

INTRODUCTION

As well known in a medium with certain fluctuation
level the propagation of electromagnetic waves can lead
to radiation of waves with new frequencies and
wavenumbers, i.e. scattered waves and also the new
type of waves — transformed waves. Obviously the
scattering and transformation intensity will be
sufficiently large in a non-equilibrium plasma when the
level of turbulent fluctuations is much higher than that
of thermal noise.

The intensity of nonlinear scattering and
transformation processes is defined by such factors as
the balance between incident and scattered or
transformed wave frequencies, the intensity of incident
wave, own plasma characteristics, the level of plasma
fluctuations [1, ch.12].

The kinetic fluctuation theory for plasma has been
developed in [2-4] and for the case of magnetized
plasma with HF pump wave in [5-7]. Notice must be
taken that the presence of HF pump can lead the plasma
to the turbulent state with high level of plasma
fluctuations.

Last experimental investigations demonstrate the
important role of plasma fluctuations for studying
various nonlinear processes in the plasma.

The fundamental nature of turbulent density
fluctuations in  W7-X stellarator discharges is
investigated experimentally in [8]. In [9] the
intermittency of density fluctuations and zonal-flow
generation in MAST edge plasmas is studied. The role
of density fluctuations in the core turbulent transport of
W?7-X is analyzed in [10]. Results of new simulations of
tokamak edge plasma turbulent fluctuations are
presented in [11].

It is shown in [1] that in an unstable plasma in which
instability can develop the scattering and transformation
intensity may increase without limit near the instability
threshold. Particularly the electromagnetic wave
transformation into Langmuir wave for a stable
magnetized plasma on the resonance fluctuations is

investigated. Note that Langmuir, magnetosonic and
Alfven fluctuations have been considered.

The theory of the scattering and transformation of
electromagnetic waves in a plasma was developed in [2,
12, 13] and is described in detail in [7, 14, 15].

Various transformation processes have been
investigated in magnetized turbulent plasma with lower
and upper hybrid pump in last works [16-19].

In the present work on the basis of the theory of
kinetic fluctuations the transformation of transverse
electromagnetic waves into longitudinal Langmuir
oscillations is investigated. This process takes place in a
turbulent strongly magnetized plasma subjected the
influence of an upper hybrid pump. A pump wave is
supposed to decay into a daughter upper hybrid and ion-
sound waves.

It is shown that the main contribution to the
correlator of the electron density is given by the low-
frequency ion-sound oscillations. Note that this
correlator defines the transformation coefficient.

Transformation coefficient is obtained in the region
above the parametric instability threshold when the
stabilization mechanism due to nonlinear interaction of
plasma fluctuation have been included into
consideration. Point out that the expression for the
transformation coefficient includes a usual term which
exist due to the thermal fluctuations and also the «pump
field» terms.

The main objective of this paper is investigation the
transformation of transverse electromagnetic wave into
a longitudinal Langmuir wave on turbulent plasma
density fluctuations in strongly magnetized uniform
plasma when the plasma turbulence is caused by
parametric instability of upper hybrid pump.

RESULTS

Let us consider the transformation of transverse
electromagnetic waves ( t ) into longitudinal Langmuir
oscillations ( I ) in uniform, undefined and turbulent
magnetized (B, = B,Z) plasma subjected the influence
of upper hybrid pump wave. In this case (t—I) the
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differential transformation cross-section may be written
in the form [1, ch. 12]
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where Ao=0'-0" ¢ = k' — E”, o', k' and 0", k" are
the frequencies and the wave vectors of the incident
electromagnetic and transformed Longitudinal waves
respectively, dO is the space angle element, and
<MNe*>a0q IS the correlator of the electron density
fluctuations at the frequency Aw. In formula (1) the
factor R,,.has the form
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where &', &", and N’ N" are the polarization vectors
and refraction mdexes of incident and transformed
waves; £ is the tenzor of dielectric plasma permittivity
in the magnetic field.
We study the situation when

Ao<< o ~o". (2)

In this case one can neglect the interaction between
the incident wave and electron velocity, magnetic and
electric field fluctuations, i.e we will take into account
only the electron density fluctuations. We shall consider
fluctuations in magnetized plasma under the influence
of pump wave  E,(t) = E,jcoswyt with the
frequency o, which lies in the upper hybrid frequency
region.

The important role of parametric instabilities in the
upper hybrid resonance region was pointed out in [20,
21].

Let us analyse the case when the pump wave may
decay into daughter upper hybrid and ion-acoustic
waves

®p = WyH T s, (3)

where the upper hybrid frequency is defined by
expression oyp =~ Qe (1+(mp’ Sin’(0/2Q.%)), i.e. we have
the case of strongly magnetized plasma at cpe < Q..

Also assume that yyu=ve . We note that o is the
frequency of ion-acoustic wave.

The correlator of the electron density fluctuation
determining the transformation cross-section may be
presented in the form:
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where Ao=wyy,ms for the upper hybrid and ion-acoustic
waves, respectively, g is the nonlinear permittivity of
the magnetoactive plasma in the presence of HF electric
field determined by the expression
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where u= kEoc/woBy , €n(@ + nwo, k) = 1 + Yo X2,
n=0,x1. Here y? = y,(w + nwo,E) is the plasma
susceptibility of order nand a=e,i:
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where J; is the modlﬁed Bessel function of the order n.
In the plasma transparency region, where

\Imee| << |Resgl, the multiplier 1/legl® may be written in
such way
1 _ nd[Reep(Aw,@)]
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where w;; are the eigen plasma modes (w;5=0y, ®s).
Taking into account the condition (2) we can see that
the main contribution to the correlator of the electron
density (4) is given by the low-frequency ion-acoustic
oscillations. Then we we can find in the linear
approximation  the  following  dependence  of
transformation coefficient

dZtr"

S(Aw+wg)+6(Aw—wg) dw
Imeg(Aw,q)

orRyy "de, (5)

where ws=qvs and vs=(T./m; )*? is the thermal velocity.

From the expression (5) one notices that two
satellites of equal intensity with the frequencies can
arise o"=w'+wg in the transformed spectrum.

In the region near the parametric instability
threshold we have the anomalous growth of the
transformation coefficient (in the linear approximation).
Such infinite increase may be explained by the plasma
critical fluctuations existence [1].

Therefore we consider the region above the

instability threshold, i.e. for E, > Ey, where the
threshold field strength value relative to the excitation
of the parametric instability Ey, is given by [20]
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Here % »n are the damping rates of ion-acoustic and
upper hybrid waves respectively.

In this region we shall take into consideration the
nonlinear stabilization mechanism. This mechanism is
based on the accounting the additional wave damping
which takes place due to the nonlinear interaction of
plasma fluctuations. It leads to the stationary state of the
turbulent plasma.

In order to obtain the expression for the
transformation coefficient in the stationary turbulent
state of plasma (above the instability threshold) we

introduce the redefined threshold value
Ex? ~Ep?veitlysyom,  Where  ves (Eo/Eqd)y is  the
effective collision frequency which defines the

additional wave damping. Such mechanism due to the
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scattering of charged particles by turbulent plasma
fluctuations has been used for describing the stationary
plasma state [5].

Note that for the incident electromagnetic wave
k'=w'/c, for the transformed longitudinal Langmuir
wave k"~ @pe/ Vre. SO that we have k"/ k'~c/vie>>1, i.e.
g~k

Then assuming that

2
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and using the fluctuation-dissipative theorem for the
calculation the electric field fluctuations correlators of
the non-interacting particles < SE? >gwﬁ and
< §E? >A°w_w0ﬁ, one can obtain the expression for the
differential transformation cross-section
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We note that the expression (6) includes an usual
term which exist due to the thermal fluctuations and
also the «pump field» terms. The calculations show that
for typical parameters of a hot plasma ux ~107
Qroe=2-10™", Bo~50 kG, To~5keV, n~10'cm?® the
“pump field” part of cross section of the transformation
exceeds the one due to the transformation of thermal
noise by several order of magnitude.

CONCLUSIONS

The novelty of the article is following. In [22] the
analogous type of transformation process (t—I) have
been investigated but in the presence of lower hybrid
pump wave. In [17] we considered the transformation of
another type (I-t) for the same parametric decay (3)
but for the case of weakly magnetized plasma, i.e.
(UUH:((Upeer-Qez )1/2 at wpe>e.

Notice must be taken that now authors investigate
the (t+—1) transformation process when the plasma
turbulence is caused by parametric instability of upper
hybrid pump with frequency wg~wyy Where wyy=Q.
(1+(wpe’ Sin°(0/2Q%)) , i.e. we have the case of strongly
magnetized plasma at wpe<e.

The results of this paper should be useful for
understanding the processes of electromagnetic wave
transformation in the laboratory plasma with upper
hybrid pump and also for experimental investigations
using transformation and scattering techniques for
studying the influence of turbulent density fluctuations
in thermonuclear plasma.

Also note that study of wave transformation and
scattering is an important method for laboratory and
space plasma diagnostics.
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MPOIECH TPAHC®OPMAIIIT B CUJIBHO 3AMATHIYEHIN TYPBYJEHTHIN IJTA3MI
3 BEPXHbBOTTIEPUIHOIO HAKAYKOIO

B.I'. Ilanuenxo, I1.B. ITopuyskuii, JI1.M. Ceama

Ha ocHoBi kiHeTH4YHOT Teopil (uryKTyariil n1ocmipkeHo npouec TpaHcdopmanii nonepeyHol eneKTpoMarHiTHOT
XBHJII y TOB3JIOBXKHIO JICHTMIOPIBCBKY B CHJIPHO 3aMarHideHidl OJHOPIIHIN I1a3Mi, KOJu TypOyJIEHTHICTh IUIa3MH
CIPUYHMHIOETHCS MTAPAaMETPUYHOI0 HECTIMKICTIO BepXHBbOTiIOpWAHOI XBWII Hakauku. OCTaHHS pO3NANAEThCS Ha
JIOYIPHIO BEPXHBOTIOPHUIHY XBIIIIO Ta I0HHO-3BYKOBI KOJIMBaHHS. Y 3alIOPOTOBil 00JacTi mapaMeTpUIHOI PO3MaaHOT
HECTIHKOCTI OTPIMaHO BHpa3 I AudepeHniiHoro nepepizy TpanchopMariii Ta mokazaHo, IO TOMiHAHTHHAN BHECOK
y mepepi3 3MIHCHIOETHCS WICHOM, SKUH 3aJIe)KUTH BiJl aMIUTITYIN TIOJIS HAKaYKW. 3HalIeHa 3aJIe)KHICTh KoedilieHTa

TpaHcopMaIii BiJ mapaMeTpiB IUTa3MHU 1 XBUJII HAKAYKH.
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