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LANGMUIR WAVE FIELD
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Abstract. The dynamics of plasma in resonant area of the strong oblique
Langmuir wave is investigated, when the oscillatory electron energy in the
wave field much exceeds the ionization energy of argon atoms.

The interest to the laboratory investigations of the strong
electromagnetic wave interaction with plasma, when the oscillatory
electron energy €. is higher than the atomic ionization energy E, is
connected with a possibility of application of knowledge about
processes at such interactions in various branches of phygics and
engineering. Strong non-equilibrium of plasma at such conditions
have an essential influence on the electrodynamics of the discharge
and kinctics of the elementary atomic processes (Gil'denburg,
1389; Vikharev, 1991). To know ionization frequency, excitation
ratcofatomsandnonsmstmngclcctromagneucwaveﬁcldm
important for the practical applications.

In present work the dynamics of the partly ionized and
magnetized argon plasma inhomogencous both radially and axially
mmvcshgalcdalmmdcnocthcahort(hundmdsofnmmcondcs)
microwave pulses by power of a several kilowatt. The experiments
were performed in a linear plasma device "Granite” (Arkhipenko
et.al., 1981) with the next parameters: intensity of an external
magncﬁcﬁcld-3k0c working gas-argon pressure - p = 10-2
Torr, scalcofthclongxmdma.lplasmamh t;y 5 cm, cross
scale - 0.4 cm, electron concentration - n, < 10!f ¢cm3, electron
temperature - T, = 2 eV.

An oblique clectrostatic wave basically in the form of the
fundamental Trivelpiece-Gould mode was excited in plasma
influence of a electromagnetic wave with frequency f = m/(2z)
2,84 GHz essentiaily smaller than electron cyclotron frequency, but
hxgher than the ion plasma frequency. Thc dispersion relation for
this wave is k,2 = [@pe? (1, z) / ©2 - 1] k(|2 , where k|| and k; are
the components of cwavcvcctorpam]l:landtransvcmetothc
magnetic field, op(r, ) = 4rce?/m, - clectron plasma frequency,
n, - critical concentration. The wave can propagatc in a plasma
with density higher than the critical value (ng(r,z) > nJ in
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duecuonofdccrcamngdmtytoapomtofnphmfmqumcy
resonance (focal point) m= Dpe(T, Z)- Propagating in this fashion
the wave slows down and electric field increases. Both the
clectron-plasma collision wavc absorption and the wave
interaction with electrons by Landau damping mechanism occur
just in the neighbourhood of the focal point. The calculated
amplitude of an electrical ficld of the fundamental Trivelpiece-
Gould mode in focal point is about 100 kV/cm for incident power
P = 10 kW. Then the oscillatory electron energy will be equal & =
e2E? / (2myw?) = 25 keV >> E, that much exceeds the ionization
encrgy of argon atom £ = 15,76 eV.

To study of processes in plasma before and during wave
influence we have used the follow diagnostics: cavity diagnostic
allowing to measure the electron plasma density distribution;
Opncaldmgnomesgwmgthcmformatmnaboutthcchangcofthc
intensity of the integral plasma emission in visible spectrum range;
registration of a light radiation spectrum in the range of 400 - 500
nm; multigrid analyzer of charged particles allowing to control
the distribution function of the electron component; the
information about plasma wave processes was taken from the
spectral analysis of scattered microwave signals. The registration of

signals from all electronic gauges was made using the stroboscope
voltage converter. The gathering and the treatment of the

experimental information was made under PC IBM control.
I, au. ) Parameters of
16 - microwave pump in
experiment: pulse power P =
10 KW, pulse duration t ~ 300
ns, pulse front duration ty ~ 40
ns, pulses repetition frequency

300 Hz.

Atmmalmomcm(t<

150 ns) the longitudinal
distnbution maximum of the
integral plasma emission is
located in the area of the
critical concentration (arrow
" in Fig. 1). There is the growth

0 — ——— of the emission intensity from
10 20 30 40 the smaller concentration of
z,cm initial plasma at t > 150 ns.

Fig.1 The uniform luminous
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channel is formed to the pulse end. In a cross direction the plasma
?rrslisigndisuibuﬁonhavcthclength~lmmandthcnmendsin
,J - 2 times.

There are the low-frequency fluctuations with frequency 10-
20 MHz in detected scattered microwave signal from the moment
of formation of the luminous channel (150 ns). Then their
frequency decreases to the pulse end. At the start-up of pulse the
multigrid analyzer registers a quasi-macswell tail of the accelerated
clectrons with Tj, ~ 500 eV. At t> 150 ns T, decreases in 2 - 3
times, at the same time the electron concentration has a tendency
“to the permanent increase during the pulse. The concentration
increase is followed after the microwave pulse during the tens
microseconds, and then slow plasma decay is observed. It i8 occur
due to slow relaxation of high eclectron temperature after a
microwave pulse. ‘

Arll

400 ns
I T ! T I 0 1
450 452 454 2, nm 40

Fig.2

The ion lines are the most intensive at the beginning of a
pulse and the spectrum is practically submitted by Arll lines
(Fig.2). Perhaps the excitation of ions occur from the basic state
of argon atoms after collisions with accelerated clectrons. The
plasma peremeters in focus are changed during a puise: electron
concentration is increased, wave ficld decrcases, that results in
reduction of electron energy. Therefore the lines Arll intensity to
thcpulsccnda]sofalland bcoomcweakcrt.han Arl one.

The longi tral line intensity distribution for ion
Arll (4545nm(4s2P P?)) in various time moment from start
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of is presented in Fig. 3 (curve 1 -t =70 ns, 2 - 80 ns, 3 -
ns, 4 - 110 ns, 5 - 130 ns, 6 - 180 ns). At t < 110 ns, t.hc
manmmnofmtemtymlocawdmmcamoffmofmmal

plasma, similar of integral light distribution. However, in this case
distribution curves have an obviously expressed maximum and
repeat a theoretical ofcloctrmalﬁeldwavedlstrhnmn in
the area of focus (Arkhipenko et. al., 1987). Since t>110 mns,
ma:dmumofdism’lmuonbeginstodmplace that is likely to
connect with growth concentration of electrons and, as a
consequence, displacement of focus point. Knowing electron
conccnuauondxstribunonmuumlplasmanwanddmlmemem
time of a longitudinal intensity distribution maximum t, it is
possible to estimate ionization frequency in plasma: vi/p ~
In(n/ngo)/t & 3x10% 571,

The estimation of ionization frequency have been carried
out also, basing on change in time of intensity of a spectral line of
mncomponchAcoodmstothepInsmacmwnmdclI ~ ny and
for ionization frequency was received the following value: vi/p w~
3,5%x10° s°1, that is close to already received one above from the

analyms of focus point displacement.
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