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Parametric instability of surface waves at the second harmonic of ion cyclotron frequency (SWCF) in plasma filled
dielectric planar waveguide is examined in a kinetic approximation. SWCF are extraordinary polarized modes
propagating across the external steady magnetic field. Simple analytical expressions for the SWCF frequencies, their
damping rates due to collisions between plasma particles and interactions between plasma particles and plasma
interface, increments of the parametrical instabilities are found. Increments of the SWCF parametric instabilities are
slightly dependent on the transverse dimensions of the plasma layer and they strongly decrease with the SWCF
wavelength. The obtained results can be used in controlled fusion researches in order to avoid undesirable regime of the

plasma periphery heating in fusion devices during.
PACS: 52.35.-g; 52.35.Mw

1. INTRODUCTION

Application of more and more powerful sources of
electromagnetic energy for plasma heating in fusion
devices makes investigations of edge plasma events as an
important problem of controlled fusion. There are some
experimental datum see e.g. [1-3] which identify just the
surface type modes propagating at range of ion cyclotron
resonance as the most possible cause of the edge plasma
heating, impurity plasma generation and other undesirable
processes in fusion devices. But till now edge plasma
phenomena are not well understood. To make a definite
contribution to creation of a theory of these phenomena is
the goal of this work.

The slow extraordinary polarised electromagnetic
surface waves on the harmonics of ion and electron
cyclotron frequencies (SCXM) are eigenmodes [4] of a
planar waveguide structure consisted of metal wall,
dielectric sheath and plasma filling. These waves exist
under the condition of weak plasma spatial dispersion.
They are characterised by straight dispersion under the
condition of inequality validity Q,* >> w,* (here Q4 and W
« are Langmuir and cyclotron frequencies, respectively,
index o identifies the plasma particles kind: o = i for ions
and a = e for electrons). Their skin depth into plasma is
approximately equal to their wavelength. Parametric
instability of the SCXM at the second harmonic of
electron cyclotron frequency was considered in [5] and
[6] for the cases of monochromatic and non-
monochromatic  uniform pumping electric  field,
respectively. Scenario of the parametric instability of the
plasma affected by non-monochromatic alternating
electric field is essentially distinguished from the case of
monochromatic pumping field [7,8]. Therefore it is
interesting to study the ion SCXM parametrical instability
caused by a non-monochromatic electric field.

Theoretically the problem of the parametric excitation
of the bulk waves at harmonics of ion cyclotron frequency
has been investigated in [9] and parametric instability of
plasma affected by two alternating electric fields at
different frequencies related to range of ion cyclotron
resonance was studied in [10]. There it was analytically
shown that development of the parametric instability of
bulk type modes is strongly depended on correlation
between frequencies of the pumping fields. Change of this

correlation leads, for example, to the modification of the
bulk ion cyclotron kinetic instability growth rate and
under the definite conditions even to suppression of this
instability. Therefore investigation into the ion SCXM
parametric instability is actual task. Obtained result will
be useful for making recommendations to control the
instability and to avoid the undesirable regime of the ion
SCXM excitation in fusion devices. It will be interesting
also for investigation into gas discharges that can be
applied for modern plasma microtechnologies wherein
application of just surface type waves allows to elaborate
more effective plasma sources [11,12]. The study is
carried out in the framework of kinetic description,
because plasma perturbation on the harmonics of electron
cyclotron frequency cannot be described by hydro-
dynamical methods [13].

2. THE CASE OF MONOCHROMATIC
PUMPING ELECTRIC FIELD

Let’s consider the case of monochromatic pumping
electric field using the model of plasma layer in the space
region determined by inequality0< ¥ < 4, which is
restricted by dielectric medium with dielectric constant
¢ 4. An external magnetic field B is oriented along axis

z. On the plasma interface X¥= 4, there is external
alternating electric field in the following form:
onCOS(w ot). Solving Maxwell equations by Fourier
method, one can obtain set of equations for Fourier
coefficients E1,E,.,H3 of the considered wave’s fields.
Unlike the case of electron SCXM in sums over numbers
of cyclotron harmonics in electric conductivity tensor one
can take into account only s = 0,£ 1 and for ion addenda
one can account mentioned above addenda and the
resonants = 2 addendum. Other addenda can be
neglected because the case of wave propagation at the
second ion cyclotron harmonic is under the consideration.
Dependence of Fourier coefficients of electric current
density j{P) on the coefficients of electric fields E{*!)
under the condition of weak plasma spatial dispersion (

k22p 1.2 << 1)is as follows,
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Boundary conditions for ion SCXM fields on the
interfaces separated the mediums are as follows: -
impedance of the plasma is equal to impedance of
dielectric on the interface x= 0; - on the interface

Va :a,%paz/2<<l, Pg is

2 2
Wy~ W,

g1 - anbEl = aneinon/(m[-wo

x= A, there is continuity of the tangential electric field;

- on the interfaceX= 4, there is discontinuity of

tangential component of magnetic field caused by
nonlinear surface electric current flowing:
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here Zg = kybg /2, ky is the wave number. To obtain

boundary condition (2) we have used assumption that the
amplitudes of the pump fields are relatively small so that

inequality | Zz <1 is taken place. Application of the

indicated boundary conditions allows to obtain infinite set
of equation for tangential component of ion SCXM:
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Relation D(p)= 0 is dispersion equation for the ion

(4)

SCXM propagating in the considered waveguide
structure. And the following expressions are valid for the
considered case:
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here €, and €, are components of the plasma dielectric
permeability tensor in approach of a cold magneto-active
plasma, see e.g. [13,14].

Let’s consider resonance of the following type:
W=20;tAytmwgty ATi:O.SZwikzzpiz ,
\y ‘ << 20 ;. Analytical solutions of eq.(3) can be obtained

here

in the limiting cases of thin (Aka <1) and thick (
Apky >> 1Y) plasma layers. Taking into the account only

the main E}(,p ' harmonic of electric field and its

neighboring satellites E;p *D one can reduce an infinite

determinant constructed from coefficients at these
harmonics to the third order determinant and solve it. Its
solutions can be written in the following form:

. 2 42
y=- A it 10.86A TiZEl (1 - 041](2 Ap)’ (Apk2 < 1)
y:‘ATi+i0.81A TiZEl’ (kZAP >> 1)

Analyzing expressions (7), one can make a conclusion
that growth rates of the ion SCXM parametric instability

(N

Im(y) are weakly depended on 4) and characterized by
approximately cubic dependence on the wave number. To
increase the Im(y) one can strengthen the By, enlarge
amplitude of the pumping electric field or decrease the
plasma layer. Comparing the Im(y) with their damping
rates caused by collisions between plasma particles one
can find threshold valueby, of the external alternating
electric field.

by > 2.3 (k3pi0;) . (8)
This inequality can be easily realized in weakly
collisional plasma where v /w ; < k;’ p 13 .

3. THE CASE OF NON-MONOCHROMATIC
PUMPING ELECTRIC FIELD

Let’s consider the case when external alternating
electric field has the following form:

Ey(t) = Eg; sin(@ ) + Egp sin(@ 1), ©)
here Ey; are amplitudes of the pumping fields, wy; are

their frequencies. Expressions for utilised components of
plasma conductivity tensor are similar to the (1), but one

can multiply them by factor: Ju;-n (82)Juy-n, (82) . Tt is



connected with the presence of the second pumping field.
Because of that there is some changing in the boundary
conditions. The first and the second ones of them are the
same as that are applied in the previous case. The third
condition is only similar to the (2), but there is additional

factor in the right hand side of it: (iZ, /2)"”2‘+ [ma=bo|

Taking reverse Fourier transform with the help of the
indicated boundary conditions one can obtain the infinite

set of equations for (nl,nz) - th harmonics of the SCXM
tangential electric field £, (x = 4,,n1,12) on the plasma

interface. Coefficients F(ny,n5,/1,l5) are also differed
from that are applied in the previous case by factor

(iZgy! 2)‘m2‘+‘m2_12‘. The obtained set of equations is

relatively more difficult than that in the case of one
pumping field. It can be analytically studied in the case
when relation of the pump frequencies @ /@ is a
relation of simple natural numbers, see [7,8,10]. Using the
method applied there one can reduce this set to infinite set
of algebraic equations which is similar to well known sets
from the theory of the parametrical instabilities in non-
bounded plasmas, see e.g. [15]. Algebraic set of equations
has solutions when the determinant constructed from the

coefficients located at the £, (x= 4,,N,l1,13) s equal

to zero.

Analysis of the algebraic equations gives us mutually
opposite results in the two different cases distinguished
by correlation between pumping frequencies and ion

cyclotron frequency. In the first case neither @ (g1 nor

W g2 are not closed to the @ ; value. Under this condition
algebraic set of equations has any complex roots.
Therefore the ion SCXM parametrical instability is not
realised when both pumping frequencies (@ ¢; and® (3 )
are far from ion cyclotron frequency. In the second case
one of the pump frequencies (for example® 1) is

approximately equal to®;. Then under this resonant
condition one obtains algebraic equation of the third order
for the parameter y. Solving it one can find the following
expression for the ion SCXM instability growth rate:

Imy = 0.38 7;[3bg (bpy + 0.7b59)]"3. (10)

This value of SCXM parametric instability growth
rate is differed from that in the case of one pumping field,
because there was linear dependence of the parametric
growth rate on pumping field amplitude. Hence under the
condition of small pump fields’ amplitudes the ion SCXM
parametric growth rates value (10) is relatively greater as
compared with that obtained in the case of one pumping
field effect.

So unlike the case of one monochromatic pump field
effect, the ion SCXM parametric instability caused by two
pumping fields with different amplitudes and operating
frequencies has two different versions of the
development. Change of the correlation between the
pumping frequencies ® o] and @ g2 gives one possibility
to enhance the ion SCXM parametric growth rates or to
suppress the instability.

4. CONCLUSION

The article is devoted to the theoretical study of the
surface waves at the second ion cyclotron harmonic
parametric instability affected by monochromatic and
non-monochromatic electrical pumping field. Simple
analytical expressions for the instability growth rates are
obtained. Using numerical analysis it is shown that the
main impact on the growth rates values are executed by
correlation between pumping fields’ frequencies and their
amplitudes. Just exchanging of these factors gives one
possibility to enhance the instability, to decrease its
growth rates or even to suppress this parametric
instability. So application of the second pumping electric
field allows controlling scenario of the parametric
instability of the considered surface waves.

The effect of the plasma waveguide parameters on the
considered instability is relatively weak as compared with
the effect of mentioned above factors. The more
significant role among the plasma waveguide parameters
has been played by external magnetic field value.
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IMAPAMETPUYHA HECTIMKICTb HOBEPXHEBUX XBWJIb HA IPYTTiA TAPMOHIIII IOHHOI
IUKJIOTPOHHOI YACTOTH

M.P. Bensaes, B.O. Iipka, B.I. Jlanuun

[TapameTpruyHa HECTIMKICTP MOBEpPXHEBHX XBHJIb Ha OpPYyTid rapMoHini i0HHOI nukiorpoHHO! wactotu (ITL[X) B
JIEJIeKTPUYHMX XBUJICBO/IAX 3 IUIa3MOBHM 3alIOBHEHHSIM JIOCIIKeHA B KiHeTHuHOMY HaOnwxkeHHi. [11[X e He3Buuaitno
NOJISIPU30BAaHUMH MOJIaMH, IO HOIIMPIOIOTHCS IMONEPEK 30BHIMIHBOTO CTAJOr0 MArHiTHOIO IOJS. 3HAaWAEHO MpOCTi
aHamiTHaHI Bupasn i gactor [TI[X, ix mekpeMeHTiB 3aracaHHs, 0OYMOBICHHUX 3ITKHEHHSIMH YaCTHHOK TUIa3MH MiX
co00I0 Ta iX B3a€EMOMIEI0 3 MEXKEI0 IUIa3MH, a TAaKOXX IHKPEMEHTIB IX HapaMeTpHyHOI HeCTIMKocTi. IHKpeMeHTH
napamerpuaHoi Hectikocti [TLIX crmabko 3amexaTh Bif MONEPEYHMX PO3MIpIB IUIA3MM Ta CHIIHO 3MEHIIYIOThCS i3
30ubIIeHHAM aoBkuHU XBUi [T1[X. 3100y Ti pe3ynbTatn MOKHa BUKOPUCTOBYBATH B TEPMOSIIEPHUX JTOCIIPKEHHS JIJIsI
BH3HAUCHHS HEOAKaHUX PEKUMIB HarpiBaHHs nepudepii ma3mu, skux ciif yaukatu npu [LPH.

IMAPAMETPUYECKAS HEYCTOIK‘IPI]S“OCTI) IOBEPXHOCTHBIX BOJIH HA BTOPOI TAPMOHMKE
MOHHOU NUKJIOTPOHHOU YACTOTbI

M.P. benses, B.O. I'upka, B.H. /lanuun

[TapameTpuyeckasi HEyCTOWYMBOCTh TMOBEPXHOCTHBIX BOJIH Ha BTOPOM TapMOHMKE WMOHHON LMKIOTPOHHON YacTOTHI
(III1B) B OuaieKTpUYECKHUX BOJHOBOJAX C IUIA3MEHHBIM 3allOJIHCHHEM HCCIIEOBaHA B KMHETHYECKOM NPHONMKCHUH.
[IIIB sBAstoTCST HEOOBIKHOBEHHO IMOJIIPU30BAHHBIMH MOJIAMU, PACIPOCTPAHSIONIMMHUCS TIOTIEPEK BHENTHETO
MTOCTOSTHHOTO MarHUTHOTO IoJis1. HaiiieHsl mpocThle aHanuTH4ecknue BeIpakeHUs ais dactor [1L[B, ux mexpeMeHTOB
3aTyXaHusi, OOYCIIOBIIEHHBIX CTOJKHOBEHHMSMH YacTHUI] IUIA3MBI MEXAY COOOW M WX B3aHMOJICHCTBHEM C TpaHHIEH
Ia3Mbl, a TaKkKe MHKPEMEHTOB UX [apaMEeTpUYECKON HeyCTOMYMBOCTH. IHKpEMEHTHl MapaMeTpUyecKoi
HeycroiunBocTH [I1IB cma®o 3aBUCAT OT MOMEPEYHBIX Pa3MEPOB IDIa3Mbl U CHJIBHO YMCHBIIAIOTCS TIPH YBEIUMICHUN
qnabl BoiHbl [I1[B. IlomyueHHble pe3ysibTaThl MOTYT OBITH HCIIOJIB30BAHBI B HCCIICOBAHMSIX 1O TEPMOSIECPHOMY
CUHTE3Y JUIsSl ONPEICIICHUS HEXKENATCIbHBIX PEXKMMOB HarpeBaHus nepud)epuu IIa3Mbl, KOTOPBIX CIEAYeT H30erath
npu UIIPH.
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