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Fig. 2. Optical, spectrum of
the pulsed discharge (U= 800V,
B=600Gs, p=5-10—4 torr).

Fig. 3. The reproduced optical
spectruun obtained under the
above conditions.
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3.19 Scattered spectra of the ion feature
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Light scattered by free electrons from a plasma can be used as a diagnostic
technique. Because of very small Thomson scattering cross section only the de-
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velopment of powerful pulsed lasers has made this technique a basic tool in plasma
physics.

The shape of the scattered spectrum is determined by the parameter intro-
duced by Salpeter?:

— ......}..w= W——«ma-.i«nm
KD 47D sin % )

where A¢ is the wavelength of the incident light, D is the Debye radius and 6 is the
angle between the incident and scattered light, When a>1 the scattered spectrum
is modified by co-operative interaction between the ions and electrons and consists
of a central or ion feature, whose width is of the order of the Doppler shift for
ion thermal velocities, flanked by a pair weak satellites, corresponding to sca-
ttering from longitudal electrostatic oscillations in plasma. The profile of the central
line is determined by
B = )
1 +a2 T( '

For p<1 the shape of the ion line has a Gaussian profile. For an isothermal
hydrogen plasma, z=T,/T;=1 we have <1, the line shape is then characterized
by a profile with a central minimum. If the ion temperature T; is lower than
electron temperature, as well as a>1, we may have $>1 and the central line
is then split into two resonance lines. These sharp resonance lines represent the
so-called positive ion oscillations.

In general, the measured profile of the scattered spectrum is compared with
the theoretical curves calculated for a certain temperature and different values
either a or f. The calculated shape, which best fits the experimental data, is then
taken as a real profile of the scattered spectrum and used for the evaluation of all
obtainable parameters. For Thomson domain (a<1) the electron spectra have
been calculated by Kegel?). According to Salpeter’s theory, for the co-operative
domain, the scattered spectra for the ion feature of an isothermical hydrogen plasma
have been calculated by Plati§a®. In this calculation the absence of a magnetic
field and no electron drift relative to ions were assumed. A typical scattering spec-
trum for f< 1 is given in Fig. 1. By comparing experimental spectra with the theo-
retical profiles, ion temperature and electron density can be determined. From
these calculated normalised intensity distributions other temperatures may be cove-
red for the same § by generating a new distribution using y=y,, where y is defined as

kT
Adw K - °F
AA=4.15x 10-3. A4, VT, )

where A4y is the calculated value. In order to find the temperature for an experi-
mentally spectrum at any other of observation 0 for a given § with the condition
y=constant one easily obtains®:

inz2—2
Al sin 5
T=T. —_— 3

.0
2
sin? —
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and electron density:

. . 0,
Az sm27
n=n0Z§- _ 4

sin2 —
2

Thus if one plots the normalized intensity of the scattered spectra against 0 then,
for the same f but different temperatures, the same shape will arise with varying
horizontal displacements. Only the shape of the line is important and the curves
can be shifted horizontally either left or right. From the shape of the spectrum

TYPICAL SCATTERED SPECTRUM
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Fig. 1

one determines the scattering parameter §. The ion temperature and electron den-
sity can be obtained from the difference of the equivalent points of the calculated
spectrum for the temperature T, and the measured spectrum according the equa-
ions (3) and (4).
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