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Abstract: A theoretical study on the amplification of high frequency wave has been made on the basis of a
nonlinear wave particle interaction with drift eave turbulence in an inhomogeneous plasma. The drift wave
turbulence, which is one of the common features of inhomogeneous plasma, is taken as the low frequency
resonant mode field and is found to be strongly in phase relation with thermal particles. The plasma particles
accelerated by drift wave turbulence field, may transfer energy to high frequency ion acoustic wave through a
modulated field. A Max wellian distribution function model for inhomogeneous plasma has been considered
under the standard local approximation, we have estimated the growth rate of ion acoustic wave, which is
obtained by using the nonlinear dispersion relation. It has been found that amplification of ion acoustic wave is
possible at the expense of drift turbulence energy.

I.  Introduction

Drift waves and drift instabilities occupy a special place in the spec-
trum of collective plasma processes. This 1s because under laboratory con-
ditlons gradients in temperature, density, magnetic field and even impurity
concentration are inevitable. Whenever a gradient exits, a plasma current
or particle dnft exists: drift waves are supported by these gradients and
instabilities can tap the energy in the dnitts. In addition drift modes propa-
eating oblique to the magnetic field can tap the thermal energy of particles
streaming along field lines. It has been observed that drift wave turbulence
15 one of the dominating turbulence wave energv available in anv magnet-
ically confined plasma [1]. The universal appearance of a broad band of
drift wave fluctuation with frequgnev 4w /27 = 50 — 600k H 2 at perpendic-
ular wave number 1-15/ em was reported in torodial confinement device
for both the tokamak and helical-stellarator systems [2]. Many fluctuations
and transport studies [2] in torodial confinement facilities around the world,
including Tokmak Fusion Test Reactor (TETR ). Tora Supra and Advanced
Torodial facility were taken in 1980's and 1990's. which referred to these ini-
tial findings of the drift wave turbulence and associated radiaal transport.
In recent analvsis. unsable resistive drift wave has been predicted in the

Helimak experiment [3].
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The study on the role of dritt wave rurbulence associated with plasma
inhomogeneity for the generation of various unstable radiation 1s an inter-
esting issue for plasma phyvsicists. The study of the transfer of wave energv
tfrom low frequency turbulence to ion acoustic wave has been addressed by
a number of authors [4 , 5]. In this paper, we are considering nonlinear
wave-particle interaction process in presence of drift wave turbulence, on
the baiss of new plasma turbulence theorv. The new plasma turbulence the-
ory [6-8] predicted a wave -particle interaction process called plasma maser
effect, which makes a svstem enable for transfer of wave energy from the
low frquency mode to the high frequencv mode.Plasma-maser interaction
1s a nonlinear mode - mode coupling process between two tyvpes of waves in
a turbulent plasma [1]. The first type of plasma wave is the low-frequency
resonant mode wave and the second tvpe 1s the high-frequency non-resonant
mode wave. The resonant waves are those for which the Cherenkov reso-
nance condition w—k-7 = 0 is satisfied, whereas the non-resonant waves are
those for which both Cherenkov condition and the nonlinear scattering con-
ditions are not satisfied, i.e. Q—K.7 #= 0 and (Q—vu‘_}—(f?—ﬁ:)-f # 0. Herew
and () are frequencies of the resonant and non-resonant waves. respectivelv.
and & and K are the corresponding wave numbers. As a result of plasma
maser effect transfer of the wave energv from low-frequency resonant mode
to the high-frequency non-resonant mode may be possible [2]. It has been
theoretically established that, plasma maser effect 1s found to he effective in
an open system, where free energy from external sources are available [3] in
the form of external magnetic field. Since plasma maser effect 1s energy up
conversion of low-frequency turbulence to high-frequency modes, 1t plavs
an important role in space plasma and as an effective radiation mechanism
in the magnetosphere plasma.

After the prediction of this new non-linear wave particle interaction
process there has been an increasing interest in theoretical. experimental
and observational studies [5-8]in plasma-maser effect. This mode-mode cou-
pling process has been applied to auroral kilometric radiation. tvpe III radio
emission. chorus related electrostatic bursts, Jovian kilometric radiation and
Saturnian kilometric radiation. The transition effects [9]i.e. effects of tran-
sition damping or amplification.which can contribute to the plasma-maser
interaction in the case of regular resonant waves are important. The nonlin-

ear evolution of the resonant modes [10] and electron distribution function
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can be observed in the presence of the non-resonant turbulence. The bhasic
phvsics involved in the process 1.e..the energyv and momentum conservation
relations among the waves and the electrons was investigated [11]| and it has
been shown that the energy and momentum conservation relations between
particle kinetic energy and wave energv is satisfied for plasma-maser pro-
cess. while the Manlev-Rowe relation for plasma waves 1s violated and as
a result an eflicient energy up-conversion (down-conversion ) from the low-
trequency resonant mode to high-frequency non-resonant mode becomes
possible. The recent advances in the theorv of plasma-maser effect have
been reviewed by Vladimirov et.al.[12].

In almost all the studies in plasma maser effect have been carried out
considering the the plasma system as homogeneous [9-11], recently attempts
have been to investigate the role of density gradient parameter in energyv up-
conversion process through plasma maser effect in inhomogeneous plasma
4.5,12.13.14]. In this paper. we have considered the plasma-maser inter-
action of ion acoustic wave with the low-frequency drift wave turbulence.
Considering a Maxwellian model distribution function under standard local
approximation for inhomogeneous plasma [15]. In this study. the growth
rate of the test high-frequency ion acoustic wave i1s obtained with the in-
volvement of spatial densitv gradient parameter.

1. FORMULATION

We consider a magnetically confined plasma 1n presence of dritt wave
turbulence. The 1on acoustic mode, present in the system. is considered
as super imposing perturbation field to the syvstem.The confining magnetic
field with negligibly small gradient is taken along the " direction g@ =
Bo(y). For such an inhomogeneous system [16] the particle distribution
tunction 1s considered as
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1s the densityv gradient for electrons. fo-(U.y) 1s the distribution function
tor guiding center, v, = vicos®, v and v are components of velocity
along and perpendicular direction of the external magnetic field. ¢ 1s the
phase angle of the particle in the orbit and Q. = eBg/mc is the electron
cvclotron frequency.

The interaction of high-frequency ion acoustic mode wave with low-

trequency drift wave turbulence is governed by Vlasov-Poisson equations

d 8 e (= wxB) 8
g ;Y _LtF = Fye(7.T.1) =0, 3)
8T+L or m( * c ) ov 0e(7 0. 7) )
and .
V- 7:4mrcj F(F. . t)dv. (4)

According to the linear response theory of a turbulent plasma [17]. the

unperturbed electron distribution function and fields are
- . 2 -
Foe = foe + €f1e + € fae. (5)

and

Eoc = Fflr + FEEQ. {6]

where € 1s a small parameter associated with low-frequency turbulence
ﬁelds.go = (0.0, Bp) 1s the external magnetic field, fo. is space and time av-
eraged part, fi..f>. are fluctuating parts of the distribution function. The
wave fields are £, = (E;1.0, Ej) with propagating vector k = (k1,0.k)
and B, = (0. B,,.0),

To the order of ¢ from Eq.(3), we have
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To find low-frequency electron distribution function perturbation

,flc.(;?- w). we use Fourler transtorms
A(F.T.1) = A(k,w)expli(k - 7 — wt)]. (8)
Fw

and follow the method of characteristics [15],we have
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We now perturb the quasisteady state by a high frequencyv-test ion
acoustic mode wave field poFE) with a propagating vector A = (/1 0.0},
electric field $E = (0F}.,0.0) and a frequency Q. Thus the total perturbed

electric field, magnetic field and the electron distribution function are
SE = ,uofh + ,m:afm + ;:LFEAE (10)
8B = 0+ ped By,
Of = pd fr + wed fip + pue*Af.

where &.-’_‘:,;h. AE are the modulated electric fields. O0fn 1s the fHlue-
tuating part of electron distribution function due to perturbation of high-
frequency lon acoustic mode wave and 0 f;n. Af are electron distribution
tunctions corresponding to modulated fields.

Linearising the Vlasov Eq.(3) to the order u. ue. ue?. we obtain

e _= , _
Pofn = —0F) - %.fﬁc- (11)
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where the operator P 1s given by

9 0 e ixB) 2
P_8f+l'-337 m( c )8-5’

we have omitted the second order field quantities which can be justified
under random phase approximations.
Using the Fourier transform (Eq. (8)) and integrating along the un-
perturbed orbit, we evaluate the various perturbed distribution functions.
The modulated electric field 0L is obtained by using Ampere’s equa-
tions _
— 1 8517:”1 4 j-

V x 8B ==
. c ot c
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The nonlinear dielectric function €, (/K. ) of the ion acoustic mode

wave with frequency {1, in the presence of the drift wave turbulence is

obtained. from Poisson equation. which can be expressed as

n(K,Q) = 6(K.Q) + e4(K.Q) +6,(K,Q). (16)

where €g(A, Q) is the linear part, e4( /K, Q) is the direct coupling part and

£p(I. Q) 1s the polarization coupling part. Their expressions are given by
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The expression for e;(K.Q) is bulky. So we write the expression of the

dominant part onlyv as follows
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The expression for the polarnzstion coupling term is even more bulky |

taking the dominant contribution term only
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I1l.  Growth Rate
The growth rate of 1on acoustic mods wave 13 caleculated by using the
following formuula:
- Tndip |
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We consider the plasmea-maser intersction between lon acoustic mode
wave and drift wave turbulsncs. The condition for the plasma-meser 1=
w = kv and azsuming 1 < Kwv

. we first estimsis the linesr part of the

dielectric function of ion ecoustic mode wave from Eq (17T .and considering

the fect thei for 1on scoustic mode weve the most dominent comtributicon
to Bessel’s sum comes from the term e = s =p = 1,
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the relation <(& . ) = 0. To the lowest order approximation for 7

1 1
BIE — R —w)® — k3] kL

The polarization coupling termm 15 the dominating term 1n the plasmuas
maser =ffect | so we caloculate the growth rate duse to the polanzation cou-

pling term only by using the formula (Eq. (245,
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IV.  Discussion
In an earlier investigation [15] on interaction among drift wave and

hugh frequency Trivelpiece-Gould mode through plesme maser effect. m-
teresting result sbout the stabilitv of dnft mode in homogeneous plasma
were predicted. In this paper, it has been shown thet nonlinear damping
of drift mode occurs through energy exchange smong dnft mode and alec-
trostatic Trivelpiece-Gould mode. Here the nonlinear dispersion relation of
1on acoustic mode 1n presence of dnft wave turbulence fiald 13 evaluated.
which 15 8 commeon feature of inhomogeneous plasma.

Historically, the plasms-maser from the direct coupling term &4l k.0)
was pointed by Tvstovich and co-worker [19] for an ion-sound turbulence in
unmagnetized plasma.But in a closed svstem the plasma maser contribution

from direct coupling part exactly cancels out with the reverse absorption

effect [Eﬂ]. Le.

18 (K. 0. folt))
2 aNat -

Ioeq .0+

In this svstem the low-frequency turbulence and the background electron
distribution function are not fixed by exiernal agents. but are free o evolve
self-consistently to form a quasilinear plateau. Then both the plasma maser
and the reverse process due to quasilinear effect coexist and there 15 no net
growth of the nonresonant high-frequency test wave.

In an open svstem, with a particle supply from outside, the electiron
distribution function is fixed by external agents and the reversed shsorption

affact vanishes

Feg(F. 0 foel#)) /(AN =0

then the stationarv state without quasilinear plateau is possible. Ac-
cordingly, the energy transferred from the low-frequency waves by resonant
interaction must go into an unstable high-frequency mode. This tvpe of
enhanced radiation process 15 termed as dissipative structure i plasma

turbulence [20]. The dissipation is due to resonant wave-particle collision-
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lazs heating. The nonresonant wave amplification or absorption can be due
to perturbation of resonant weve-particle collisionless interaction.

Here, an attempt has been made to consider the plasmes maser effect
among electrons, resonant mode drift wave and the nonresonant 1o0n acous-
tic mode weve in inhomogensous magnetized plasma.The inhomogeneity
featurs of the plasme considered here provides an edditional source of free
energy to the system and 15 now mmportent to clanfy the role of fres an-
argy of these drifting particles in this particular mode-mode coupling pro-
cess of turbulent inhomogensous plasma. The nonlinear dispersion relation
Eq.i16) 15 obtained by neglacting the gradients of the confining magnetic
field . Since polarization coupling 15 the dominating term in the Plasma
maser effect, the growth rate of lon acoustic moede wave 15 estimated from
polarization coupling term only.

When there 15 no density gradient (¢ = 0} the growth rate of 1on

acoustic mods for homogeneous plasma 15 obtained. from Eq.(26). as

(K
= 167" 0l Y W | "W () 1041y (27)

2
n '-M_s g/
K

When high densitv gradient 15 present in the system of plasma then

the growth rate of Bernstein mode wave 15 obisined, from Eq. (261,85

- . H.E' ' 'I;'| .,IIE cugd

J.:IE:E"'E.‘LL (—L)TTIT[ | — | |1’;;'»'+1|_g-1=r (25)
¥ e/

However for small order gradient there 1z no effect in the growth rate
and Eq.(27) will give the estimate for such small gradient situation.

By using the following observational data in space : Qg v wpg ~ 5.6 =
10%rad /sec, Ayl wg e 107Y ky/ky ~ 1071 Q ~ L6 and vy /e~ 1077

We have from Eq.(27)

—1_'1 ~ 07T (29)
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and from Eqg. (25) .
=L 1074 W = & (30}

and from Eq (30].

_Ff' ST ik ¢ (27}
taking 5 = 10

Thus we mayv conclude that the densiiv gradients influence the growth
rats of 1o0n acoustic modes wave., As the grodiendis in the confining fisld are
weak in most cases of space and laboraiory plasma [21]. here in this study,
growth rate of ion scoustic mywode wave through plasms-mmaser 1s calculated

by ignoring the gradients in magnetic fsld.
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