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Abstract: The conditions for measuring magnetic fields in plas-
mas by light scattering are discussed. In experimental obser-
vations of laser light scattered by & magnetized arc plasma we
have measured deviations from the normal thermal spectrum. The

observed spectrum fits best with the theoretical curve due to

the probe measured magnetic field.

Local measurement of magnetic fields in hot plasmas is very im-
portant. Unfortunately, the methods used hitherto have marked
disadvantages, e.g. changing the plasma parameters and vielding
integrated values /1 7. On the other hand, laser scattering
offers a possibility of locally determining magnetic fields
with negligible disturbance of the plasma, in addition to the
usual measurement of temperature and density. This methed is

based on the fact that under certain circumstances the spectrum

of the scattered light is influeced by the magnetic field with-

in the scattering volume. s
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In theoretical papers (e.g./1-37) /
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the scattering spectrum is calcu-

lated for B ks (Fig. 1) . If, fur-
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length)' is lower than 1, only the

electron spectrum is considered.
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ration equals the gyrofrequency of

the electrons and whose envelope is nearly egual to the thermal

scattering spectrum,

In this paper first we specify the conditions for measuring
such a modulated spectrum. We then describe a light scattering
experiment which shows the irfluece of the magnetic field in a

laboratory plasma on the spectrum of the scattered light.

The inequality « = 1/k_D 1)

ensures
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that we have only the electron spectrum and that collective ef-
fects disappear. A second condition means that the modulation of
the spectrum is well marked. This requires that the half-width

11,2 of a line is small enough compared with the separation AA
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The half width is determined by the Doppler shift A

of two lines. const' & 1 (2).
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which, roughly speaking, is governed by the component parallel
to the magnetic field, while the perpendicular component is re-
sponsible for the envelope of the spectrum, The separation is
proportional to the electron gyrofrequency. ( is the mean value
of the angles between fﬂ and the perpendicular to the magnetic
field. Therefore § is a measure of the divergence of laser
light as we'l as of inhomogeneities in the magnetic field within
the scattering volume. A third condition recuires that the scat-
tered light per channel I is sufficient to keep the statisti-

cal error small: L ~ 42 B2 const® KLl (3).

Conditions (2) and (3) call for large a , as opposed to (1). In

accordance with the general scattering theory we mav have a to

about 0,5 ang then get BO % and more of the whole scattered
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light into the part of the electron spectrum. Then condition (2)
is satisfied by electron densities of about 1016 en™3 and magne-

tic fields of about 100 kG and divergence angles j§
2

of a few
10™° rad, Usual scattering experiments work with

1, Therefore, the main difficulty in our experiment lies

p values of

about 107
in the small apertures and hence small scattered signals, The

scattered light intensity depends only on o« and B . With o« = 0.5,

B = 100 kG and 100 MW laser intensity in the scattering volume,
the statistical error is about 20 %. Electron temperature and
scattering angle can still be freely determined, but are related

by the condition « = 0.5 . Theretore there exist the possibili-
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dulation and the same scattered signals.

ties . For all pairs we have the same mo-

For a first experiment 7 4 7 we chose Sccfscattering in order to

keep the stray light sufficiently small. Therefore the parameters

of this experiment should be: R, = 101EI cn_a, TE % 5 eV, a = 0.5.
The appropriate plasma is formed in a hydrogen arc in an axipa-

rallel magnetic field B, . The
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homogeneous magnetic field of
120 kG is produced by a pulse
discharge via two parallel

coils (Fig. 2). The arc burns

parallel to the magnetic field

lines. From normal 90°-scatter-

catteri
ing we get the parameters s ng geometry

n, = 1.2 x 10t cm_3,

T ™ 3.2 eV and o =

Fig. 2
0.6 . The giant pulse of a Ruby laser is fo-

=
cused in direction k1 into the plasma, when B_ has reached

z

its maximum value. We observe the scattered light emitted in the
direction i; . The scattering vector i; is perpendicular to
E;. Deviations in the planes szl and szz originate in the aper-
tures around il and—i;. both 0.02 rad, in the homogeneities of

B, and the magnetic field Be of the are current. In spite of these
deviations we expect a modulation greater than BO %._Fig. 3 shows

the scattering spectra both

with and without magnetic

fields. The crosses and circ-
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les are mean values of se-

ven discharges each. We could
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not measure at the laser
x measured (B £0)

INTENSITY [arb.unita) ——a=

wavelength because of exces-
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sive stray light. The curve is = theory (Lehner)
['] » - 1
the best fit according to the 0 5 ©

— ath
theory of Lehner /1 7. -

Fig. 3
From the separation of the laser wavelength and the wavelength of
the first minimum we can determine the electron gyrofreguency
which then gives a magnetic field of 150 %20 kG. Deviations from
an uniform modulation frequency have been calculated by Platzman
et al. /5 7 for cases where the condition ¢ & 1 is not satis-
fied. With their numerical computations for cases, similar to
ours, the magnetic field is lower, but by a factor less than 30%.
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