1) The velocity distribution of the ions in a high energy theta pinch
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is in general anisotropic. In the fast compression phase all the
ions are accelerated towards the axis. In the adiabatic compres-
sion phase that follows only the temperature T . perpendicular

to the axis is inereased, provided that relaxation can still be
neglected.

The relaxatlion of thils strongly anlsolropic plasma is due to
collisions / 1_/ and instabilities. The relaxatlon due to Cou-
Lomb collisions is usually of the order of the confinement time

of the plasma, allowance having to be made for lon-electron colli-
sions. In addition, however, a major contribution to relaxation
is to be expected from instabilities.

Low frequency instabilities which already occur at relatively

low degrees of anisotropy are the familiar mirror type Zfz,ijf
For large anisotropy, instabilities have the frequency of the ion
cylotron frequency and its harmonics. In high temperature theta
pinches the criterion for the onset of mirror instabilitlies in
the adiabatic phase may sometimes be exceeded. In a homogeneous
plasma with superposed magnetlc fileld these instabilities ihould
occur when the ratio ;?&-?,Ei' exceeds a critical value g, =7/ 2:7
The influence of wall stabilizatlon should be negligible under
theta pinch conditions /4 7. The instabilities should be of the
m = O type.

The experimental detection of these mirror instablllities in the
Isar I high energy theta pinch is reported in thls paper. The
essential parameters ot thls device are:

Epae = 2:6 M, By = 146 ka, T/4 = 11 psec, coll length 1.5m,

max
vessel dlaemeter = 9 cm, The energy was varied between 0.5 and
2.6 MJ, the filling pressure between 6 and 90 micron. As a re-
sult the collision times of the adlabatlic phase varled over a
wlde range (Flg.1, hatched region) and were both larger and
smaller than the heating time.
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Fig.4: Electron density on the axis end-on (I) and side-on (K)
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Fig.5: Continuum signal (1), neutron signal side-on (2) and neu-
tron signal integrated over the coll (3)

Mirror instablilities were observed in discharges with collision
times greater than about 1 psec. Observation was made by:

1) Side-on measurement of the continuum radiation

2) 900 laser scattering

3) Measurement of the magnetic field between the vessel and coil
%) Measurement of the local neutron rate.

All measurements showed correlated disturbances of the plasma co-
lumn in time and space.
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Time developments of the side-on continuum radiation are repre-
sented in Fig.2. Under discharge conditions leading to large
collision times (left-hand side) there are distinet spikes in
the time development. The frequency distribution of these irre-
producible spikes (Fig.3) shows that they only oeceur during

the rise of the field and hence of the temperature.
density was determined from the side-on measurement of the con-
tinuum radiation. The time development of the electron density
on the axis showed distinet, irreproducible deviations from
interferometric end-on measurements (Fig.4).

Laser scattering measurements of the electron density exhibited
equally pronounced fluctuations of the local density which were
correlated with the simultaneously measured continuum. Spikes

The electron

correlated with the continuum were also vbserveéd 1n side-on
measurements of the fusion neutrons (Fig.5). Measurement of the
magnetic field between the coil and vessel revealed that the
spilkes were accompanied by a field rise of up 1 %. It should be
noted here that the fleld rise near the plasma must have been
much larger since the disturbance extended only a few centimetres
in the axial direction.
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the axial direction was measured by

1 e o v means of the continuum radiation. The

h\\\\\, L intensity over a 3 um seotion of the

¢ 1— axls is plotted in Pig.6, A disturbance
LY LR is observed to pass through in the time

A . H o from 3 to 5.5 wsec. The velooity of the

r/ﬁ\\\\ ' diasturbances in the z-direction u, in-

v . creased almost linearly with the distan-
PR T & =

ce [rom the midplane and corresponded to
the outflow veloeity (Fig.7, t = 5.5 ps).
Calculations from the bounce model / 3 7 for B = 1 yield values
of the rise time for m = O instabilities at anisotropic pressure
that are about five times as high as the transit time of the ions
across the colums (Q = 2), For T1 = 2 keV this would yileld a va-
lue of 0.2 psec. The rise time lapses several times before the
adisbatic phase starts. The further development of the instabi-
litles is governed by the development of
dition for instabllities to occur with certainty 1t was found
from the observations that the collislon relaxation time has to
be about 5 psec, this being approximately the heating time.

. As empiric con-

For p = 1 and R=2z the calculations in [TB_? would yleld wave-
lengths with maximum growth rate that are of the order of the
diameter. This agrees with the observation.

In this investigation the B-value could not be varled indepen-
dently of the collision times. With rising collision time there
was a decrease of B. At full bank energy and filling pressure

6 p the value attained by p on the axis was 0.1. This should
explain the fact that it is not at the lowest pressures that
the instabilities are most frequent and pronounced.

The instabilities resulted in lncreased relaxation and lncreased
This was clearly demonstrated by a premature dncrease
of velocity uy After the rela-
xation was increased by instabilities, the development of the

end losses.
of the disturbances themselves.

discharge was highly irreproducible.
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