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Three wave interaction has been observed in experiments on Uragan-3M torsatron. Two RF antennas with frequencies Q;
and €, were used simultaneously for plasma production and heating. Plasma was probed by microwaves, these allowed to
study reflection of microwaves at almost whole plasma radius. Spectral analysis of reflected microwaves showed an existence
of plasma density fluctuation with frequency Q; — Q,. The suppression of plasma low frequencies was observed, when the
plasma oscillation with Q; — Q, frequency has appeared. Microwaves probing of these fluctuations is the useful tool for
studies of their influence on plasma behavior and possibly RF power absorption profile.
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It is known [1] that perturbations induced in plasma
by powerful electromagnetic (EM) wave influence the
propagation of other waves propagating through
perturbed region. Plasma parameters -
electroconductivity and dielectric permittivity — are being
modulated by a powerful wave with frequency of Q;. If
other powerful EM wave with frequency of €, propagates
through the same region, plasma parameter modulation on
a difference frequency Q = Q, — €, is due to nonlinear
interaction. If the third EM wave propagates (reflects)
through this region, it can be modulated due to
modulation of plasma parameters on frequency Q.
Interaction of waves in plasma was studied in 3-wave
approximation for arbitrary number of interacting waves
[2]. The difference frequency perturbations have been
observed at interaction of SHF waves in the upper hybrid
resonance region [3].

In this work we have studied plasma fluctuations
induced in Uragan-3M (U3-M) torsatron difference
frequency of two RF oscillators used for plasma
production and heating by absorption of waves in region
of Alfven resonance [4]. Two RF antennas — frame type
and 3-half turn type [4] were fed from separate oscillators
(frequency — Q,, =~ 8.4 ... 8.8 MHz, RF power — up to
200kW, pulse duration — up to 50 ms); different scenarios
of antenna turn on/off were used including of 20 ms
overlapping of RF pulses. The difference of oscillator
frequencies was varied for optimization of power
absorption (AQ = 0.1 ... 0.4 MHz).

In these experiments data on plasma density and it
fluctuations were obtained by means of 3 channel
microwave reflectometer, edge H, line observation and
ECE (2™ harmonic, X-mode). Schematic setup of RF and
microwave antennas is shown on Fig.l.Plasma was
probed by microwave in 3 locations and for different

Fig.1

directions: in horizontal direction — X-wave probing F =
18...26 GHz (Fig.1b) - both inside (1) and outside (2) and
in vertical direction (3) — O-wave probing F =10Hz. This
allowed to study reflection of microwaves at almost
whole plasma radius (0.1 <r/a<0.9) [5].

Line averaged electron density was measured by 2mm
microwave interferometer.
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For Hy-emission observation we have used a simple
setup: 2 lens + filters + PMT. These detectors could get
plasma light from volumes of ~ 2 cm cross-beam size
(Fig.2). ECE signals were received in range F=30...37.5
GHz.

t, ms

Fig.3. Time dependency integral density NL, HF curent of
I (K1) and 2" (K2) oscillators, reflected UHF signal

Data were sampled with ADC (sampling frequency —
up to 3 MHz), stored and analyzed.

Spectral analysis of reflected microwaves and Hg-
emission showed that a strong component of high
frequency fluctuations (F = 70 ... 300 kHz) has been
observed on spectra of signals related to electron density
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fluctuations (Fig.4.) during time period of simultaneous
operation of both K1, K2 oscillators (Fig.3).
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Fig. 4. Spectrum of reflected X-wave (F=25 GHz)
during time period of simultaneous operation of two RF

oscillators
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Fig.5. Dependency of excited oscillation on frequency
difference of oscillators

As for as it was seen that the frequency and amplitude
of this component depended on RF oscillators frequency a
close look on relationship between RF oscillators
frequencies and frequency of fluctuations was done.

Results of these observations summarize Fig.5
showing that strong electron density modulation on the
difference (beat) frequency F =~ F, — F, (F,, F» — RF
oscillator frequencies) takes place.

It was interesting to study properties of these
fluctuations, in particular — radial distribution and RF
power dependence.

For comparison of data obtained for different
discharges and for different probing microwave
frequencies a normalization of data of numerical spectral
analysis was performed according to formula (1)

Pnorm(fl_f2):(<Ppeak><Alevel>)/(."Pfull>(.’
, (1
. 1
where &P full >Z;Z P ,(f ) — averaged spectral
i
power in the of 54500 kHz,

frequency range

: 1
0P peak>=n_z P.(f) - averaged spectral power
k
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in the frequency range of 4kHz around the beat frequency,

Z’Alevel >Z%Z A,~ — signal amplitude averaged by
l
data ensemble.

Time behavior of reflected microwave fluctuation
spectra in discharges with 10 ms overlapping of RF
oscillator pulses is shown on Fig.6.

Two frequency domains are observed: broad band
(few kHz — = 100 kHz) “natural” fluctuations and RF
induced beat frequency region (Q = Q;— Q,).

L-30 data?? . dat, 1.04.04 (PSD calculated for dt = 2 ms)
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Fig.6. Temporal-frequency behavior of reflected wave
fluctuations

Intensity of beat frequency fluctuations is much larger
then that of ‘“natural” broadband fluctuations. Their
appearance is accompanied by suppression of “natural”
fluctuations. After turn off of first RF oscillator, “natural”
fluctuations are restored. The effect of suppression of the
“natural” fluctuations is stronger with increase of beat
frequency fluctuations.

Low level oscillations in the beat frequency range
were observed also when the 2nd RF oscillator was not
powered. This can be explained as result of excitation of
the 2" oscillator by the oscillations of the 1* one.

Fluctuations in the beat frequency range have a finite
width of Af = 5+50 kHz and shape of this band is
changing during overlap period: low frequencies prevail
at the beginning, high frequencies — in the end of overlap
period.
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Fig.7. The reflected wave fluctuation amplitude versus
the generator lamp voltage

The beat frequency fluctuation intensity depends on
RF oscillator’s power. This fact illustrates Fig7, where 1 —
2" RF oscillator lamp anode voltage was constant (9 kV),



1* one was changed; 2 — 1* RF oscillator lamp anode Observation of “beat” frequency in the electron
voltage was constant (7.5 kV), 2" one was changed. density fluctuation spectrum at excitation of 2 Alfven
It was interesting to study a radial distribution of the = waves with different frequencies in plasma presumes an
beat frequency fluctuations as for as it give some existence of density fluctuation at Alfven wave
information of RF wave power radial distribution. This  frequencies.
study was done with microwaves reflecting all along
plasma radius (X-wave, 19+25 GHz). The dependence of
the beat frequency fluctuation obtained at probing i
frequency change is shown on Fig8. The reflecting layer 08 :
position for a given probing frequency was determined o i b
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OCOBEHHOCTH ILJTASMEHHBIX ®JIYKTYAILIA BO BPEMSI BU HATPEBA B TOPCATPOHE
YPAT'AH-3M JIBYMS AJIbO@BEHOBCKUMHA BOJIHAMHU

O.C. Ilagnuuenxo, A. 1. Cxubenxo, E./]. Boaxos, B.JI. bepexcuwiit, B.JI. Ouepemenxo, B.I'. Konoganoe,
A.E. Kynaza, A.Il. lumeunos, U.b. Ilunoc, A.B. Ilpokonenko, A.H. Illanoean, O.M. Illgeys, C.A. Ilvioenko

TpexBoHOBOE B3aMMOJEHCTBHE HAOIIOAOCh B AKCIEPHMEHTaxX Ha TopcarpoHe YparaH-3M. JIse BU anreHHBI C
gactoTaMd ; u ), OJHOBPEMEHHO MCIIOJB30BAJIUCH [UIA CO3JAHUS M HAarpeBa IUIa3MbI, KOTOpas 30HAHWPOBANach
MHUKPOBOJIHAMH, MECTO OTPa)XKEHHS KOTOPBIX IIEPEKPHIBAIO TOYTH Bech paamyc. [Ipnm cHeKTpambHOM aHaIH3e
orpaxkeHHBIX CBY curnanoB oOHapykeHBI (UIyKTyaIlll IUIOTHOCTH IUIa3MbI ¢ 4acToTo Q) — €. IIpm mosBieHUn
Kosiebanmii Ha gacrore Q) — (), Habmoxanock noxasnenue HY duykryanuii. MUKpOBOIHOBOE 30HAMPOBAHHUE SIBIISIETCS
MIOJIE3HBIM CPENCTBOM JUISL M3YUEHHs MX BIMSHUS Ha IOBEIEHHE IUIa3MbI M, BO3MOXHO, JUIS BOCCO3HAHUS HPOdMIIs
nornoueHus BY MommHocTH.

OCOBJMBICTbD ILJTA3MOBUX ®JYKTYALIN MIPOTSATOM BY HAT'PIBY B TOPCATPOHI
YPAT AH-3M JIBOMA AJIb®@BEHIBCbKUMMH XBUJISIMHA

O.C. Ilagnuuenxo, A.1. Ckubenxo, €./1. Bonkos, B.JI. bepeycnuit, B.JI. Ouepemenko, B.I'. Konosanoe,
A.€. Kynaza, A.I1. Jlimginos, L b. Ilinoc, O.B. Ilpoxonenko, A.M. Illlanosan, O.M. Illeeyw, C.A. I[{ubenko
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TprOXXBHIbOBA B3aEMOJIisl CIIOCTEpiranach B eKCIIEpUMEHTax Ha TopcarpoHi Yparan-3M. JIgi BU antenu 3
yactotamu ;i {; 0JJHOUACHO BUKOPHCTOBYBAJIKCH JUISI CTBOPEHHS 1 HArPiBY IUIa3MH, sIKa 30HyBalach MiKPDOXBUIISIMH,
MicIie BiIOWTTS SKUX TIEPeKpUBANO Maibke Bech pamiyc. Ilpm cmekrpanmpHOMy aHamizi Bimbutmx HBY curmamis
BHABJICHI (UIYKTYyallil TYCTHHH IDIa3MH 3 4acToToro Q) — (). Ilpu mosBi kKonmmBaHb 3 9acToTOIO Q) — (), crocTepiraaock
npurHidveHHs HY ¢urykryaniii. MikpoXBHUIIbOBE 30HIYBaHHS € KOPHCHHMM 3acO00M JUIsi BUBUCHHS iX BIUIMBY Ha
MTOBEIIHKY IDIa3MH Ta, MOXIIMBO, IS BiATBOpeHH: mpo¢iro mormuHaHHS BY motyxHOCTI.
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