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The chaotic behavior of nonlinear three-wave system in which the inhomogeneous plasma absolute parametric
decay instability of stimulated backscattering I — 1’ + s is excited is investigated. The possibility of transition three-
wave system from chaotic to regular behavior under influence of pump frequency modulation is demonstrated

experimentally.
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1. INTRODUCTION

Over the past decade, the problem of chaos
controlling in plasmas attracted significant attention due
to the importance of this topic for many processes in
plasma physics [1-3]. In addition to the general interest of
this subject the studies were motivated by the possibility
of reduction of the anomalous transport, associated with
plasma turbulent phenomena. It is well known that almost
all systems reach turbulent state via chaos development,
therefore, investigation of chaos control may contribute to
understanding and control of the turbulence in plasma
processes. The main idea in controlling chaos is to use the
high sensitivity of the system to small perturbations to
change the dynamical state. Based on this approach,
several effective methods of chaos control have been
proposed by Ott, Grebogi, and Yorke (OGY) [4] and
Paragas (TDAS) [5].

In this paper we demonstrate experimentally the
possibility of three-wave system transition from chaotic to
regular behavior under influence of the pump frequency
modulation without directly using the well-known OGY
and TDAS methods. We perform studies using the wave
system in magnetized inhomogeneous plasma in which
absolute decay parametric instability of stimulated
backscattering / — [’ + s is excited at linear stage [6].

2. EXPERIMENTAL SITUATION

Experiments were carried out at the linear plasma
device with magnetic field of 0.35 T, in which
inhomogeneous plasma (n.=n.(z,7)) was produced by
ECR discharge in argon at pressure 1-2 Pa [6]. The
electron plasma pump wave at frequency fy =2.5-2.7 GHz
— (EPW) — was excited in this plasma using a waveguide
system. In vicinity of resonant (focal) point, where
no(z,0)=n. (i.e., 2Mh=w,=(2m.c*/m.,)"?), the electric field
of the electron plasma wave increases.

The growth of electric field in the vicinity of focal

point is so significant, that an absolute parametric decay
instability of stimulated backscattering / - [” + s is
excited at the relatively small pump wave power P,
exceeding 20 mW. This instability was studied previously

in experiments with monochromatic pump wave [6]. The
instability excitation mechanism, according to [6], is
related to the complicated spatial structure of pump wave,
namely to the small fraction of the first radial mode
present in the pump along with the dominant fundamental
radial mode (P, < 0.1P;) The first radial mode leads to
appearance of the second resonance region of the three-
wave interaction and to the formation of the feedback
loop. An instability growth rate and an unstable spectrum
structure are determined by velocity of the ion-sound
wave and the feedback loop dimension. At the linear
stage the absolute decay instability is a coherent process
with the limited number of oscillatory modes excited,
which should possess a narrow frequency spectrum.

However in reality both the spectrum consisting of
several narrow lines and broad spectrum are observed
depending on the plasma parameters connected with each
other (density and temperature of plasma components,
pump power and its frequency width, external magnetic
and etc). High sensitivity of the absolute instability to the
incident pump power is observed at small excess of its
threshold (P, = 20 mW), when the parametrically
scattered emission is increased by 2-3 orders of
magnitude at the rise of the pump power by a few
percents.

As it was shown in [7], it is possible to influence the
absolute parametric decay instability of stimulated
backscattering using a harmonic pump frequency
modulation. It was demonstrated in this paper that the
stimulated backscattering can be suppressed by several
orders of magnitude by modulation at frequency f, = 1
MHz with deviation not exceeding +1-2% of pump wave
frequency (fo = 2350 MHz). It should be mentioned that
the stimulation of absolute parametric instability was also
observed in this experiment at modulation frequency f,
~0.2 MHz [7]. In both cited papers only the
backscattering power spectra were under investigation
whereas in the present paper we consider the temporal
variation of backscattering signal and acoustic wave,
paying special attention to proper characterization of / —
[’+s three-wave dynamic system.
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In the pump frequency modulation experiment the
decay ion acoustic wave was studied by enhanced
scattering technique [7]. For this purpose the probing
wave at frequency f, = 2.35 GHz < f; and small power (P,
< 5 mW) was launched into plasma by the same
waveguide system. In vicinity of the own resonance point
the probing wave is effectively scattered off the
parametrically driven ion-sound wave. The scattered
wave amplitude, proportional to the ion—sound one, was
used after homodyne detection for studying the dynamics
of the three-wave system. The homodyne detector signal
was digitized by means of an 8 bit A/D converter with
time quantization Ar = 0.025 ps. The obtained scalar time
series were used for creation of the system phase space
and investigation of its attractor.

3. EXPERIMENTAL RESULTS AND
DISCUSSION

The following pump wave modulation parameters
were used in the experiment: the central frequency f, =
2600 MHz, modulation frequencies f., = 0.2 MHz and 1
MHz, maximal frequency deviation &f = +35 MHz.

The homodyne detector signals for two pump powers
are presented in fig. la. The left waveform corresponds to
the pump power P, =30 mW that is close to the excitation

threshold Py =20 mW. The right waveform is obtained at
pump power P, = 50 MBt when a substantial anomalous
reflection due to the decay instability takes place. The
power spectra corresponding to these signals are
presented at fig. 2b. As it is seen, significant broadening
of ion acoustic wave spectrum takes place with growing
pump power. The spectral broadening indicates the
increasing chaos level in the three-wave system
dynamics. This conclusion is confirmed by analysis of
the system phase space performed in fig. lc, where
trajectories corresponding to the two waveforms are
shown. As it is seen at lower pump power 3D trajectories
create the torus in the phase space, whereas at greater
power they occupy all the space.

At the quantitive level this difference is characterized
by the attractor dimensions. The estimation of the
attractor dimension D was obtained in accordance with
[8]. The correlation dimension of attractor is given by
derivative D = d(In C(r))/d(In r), where C(r) — correlation
integral, giving the number of points in the phase space in
the sphere of radius ». The dependencies of correlation
dimension of attractors D on the sphere radius calculated
for different dimensions of phase space (n = 1+5) are
presented in fig. 1d. As it is seen in the left figure, at
lower power there is a wide range of the sphere radii,
where the attractor dimension is about 1.7 independent on
the phase space dimension. This number gives the
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estimation of the real attractor dimension, which is rather
low and corresponds to quasi-periodic character of the
three-wave decay system dynamics at this pump power
level. At the higher pump power, as it seen in fig. 1d
(right), the attractor dimension is increasing continuously
with dimension of the phase space. This behavior is
similar to that computed for trajectory reconstructed from
a noise-like signal. This observation is probably explained
by the chaotic fluctuations introduced into the three-wave
dynamic system due to its very high sensitivity to the
pump and plasma parameters. One of such parameters is
the pump frequency deviation.

The homodyne detector signals at harmonic pump
frequency modulation are presented in fig. 3 together with
the corresponding control signals of the sweep oscillator.

As can be seen in fig. 2a, at modulation frequency ~1
MHz a suppression of absolute parametric instability
takes place. On contrary, at modulation frequency f,, ~0.2
MHz the instability stimulation, shown in Fig. 2b, is
observed. As it is seen, the homodyne detector signal
changes drastically when the modulation is switched on.
The bursts of oscillations, which were random before the
modulation onset are evidently synchronized by the
control signal. The amplitude of these bursts is
substantially higher. This effect is explained by the
suppression of convective losses of ion acoustic wave
from the decay region, which takes place periodically for
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Summarizing we can conclude that the harmonic
pump frequency modulation provides an effective way for
control of chaos in a nonlinear dynamic three-wave
system/ - [ ' +5.
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VIIPABJIEHUE XAOCOM B IIAPAMETPUYECKOM PACIIAJHOM HEYCTOMUYUBOCTH
BBIHYKJIEHHOI'O PACCESIHUSI HA3A I ITIPU YACTOTHOM MOJIYJISIHUU HAKAYKHA

B.U. Apxunenxo, E.3. I'ycakos, JI.B.Cumonuuk, b.0. fxoenes

Henuneinas TPCXBOJIHOBAsA CUCTEMA, IMPUBOJAAIIAA K a0CONIOTHOM HapaMGTpH‘leCKOﬁ HGYCTOI\/'I‘H/IBOCTI/I
BBIHYKACHHOI'O pacCesiHusA Ha3ad B HCOI[HOpOI[HOﬁ 3aMarHMYeHHON ITa3Me HCCICAYCTCd OTHOCHUTCIIBHO
COCTOAHHA JTUHAMHUYCCKOT'O Xaoca. 3KHepI/IMeHTaHLHO MMPOACMOHCTPUPOBAH TIEPEXO/] TpeXBOJ’IHOBOﬁ CHCTCMBI U3
COCTOSAAHHS XaOTHYCCKOI'0O MOBCACHNA B PETYJIAPHOC C IMOMOIIBIO FapMOHH‘IeCKOﬁ YaCTOTHOM MOAYJIAIIUN BOJIHBI
HaKa4dKH.

KEPYBAHHSI XAOCOM Y TAPAMETPUYHIN PO%HAI[HIFI HEC:FIﬁKOCTI SMYIIEHOI'O
PO3CIIOBAHHS HA3AL ITPU YACTOTHIN MOAYJISALII HAKAYYBAHHSA

B.1. Apxunenko, €.3. I'ycaxos, JI.B.Cumonuux, b.0. Axosnce

HeninilfiHa TpUXBUIIBOBA CHCTEMA, MO MPUBOANUTE 10 a0COIOTHOI MapaMETPUIHOT HECTIHKOCTI 3MYIICHOTO
PO3CitOBaHHS Ha3aJ y HEOIHOPIMHIM 3aMarHiueHii mia3mi JAOCHIPKYEThCS IIOJ0 CTaHy TUHAMIYHOTO Xaocy.
ExcriepuMeHTaIbHO MPOIEMOHCTPOBAHO MEPEXi] TPUXBOIHOBOI CHCTEMH 31 CTaHY XAOTHYHOTO TOBOKCHHS B
peryJspHe 3a JONOMOT0l0 FapMOHIMHOT YaCTOTHOT MOAYJISILIT XBHIII HAKaYyBaHHSI.



