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ABSTRACT

The ion cyclotron instabilities in the PHOENIX high energy
injection mirror machine have‘been.suppressed by applying oscil-
lating electric fields. Two instabilities appear to be present.
One is suppressed by enefgy spreading and the suppression of the
other appears to be due to the effect of the applied electric

fields on the electrons.
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Even though the very serious flute instability has been successfully eliminated
in mirror systems by the introduction of magnetic well gecmetry, most of the high
energy injection mirror machines are still suffering from microinstabilities char—
acterised by electric and magnetic field fluctuations at frequencies at or above
the ion gyrofrequency w;j. These are expected to arise from deviations of the vel-
ocity distribution function, f(vy,vi), from the Maxwellian. In general, when a
plasma is formed by Lorentz trapping of neutral beams, it is highly anisotropic in
that vf>>»‘<vﬁ> where { v§> and { vii > denote average perpendicular and paral-
lel energy respectively relative to the magnetic field. Such a distribution is

expected to give rise to the Harris instability(]). If the injected beam is mono~

energetic, the velocity distribution function can be highly peaked in v, at least

for v, = 0, The consequent positive slope é%% > 0 can give rise to further
L/vy (
2)

instabilities such as the type A ion-electron instability of Hall et al. , and

the ion cyclotron drift instability(s). Even in collisional equilibrium, the pre-

sence of a loss cone in the mirror system means that f(O,vy) =0 and g%% is

b e
necessarily positive for a region near v, = 0(4) In addition, the monoenergetic

injection combined with the radial decrease of the magnetic field in simple mirror
geometry make a negative mass type of instability(s) possible. Although all these
instabilities differ in their growth rates, wave numbers, and frequencies, the ab-
solute values are not accurately known for finite systems and therefore cannot
serve as a reliable basis of identification. However, they all arise from some
features of the ion velocity distribution and by varying these independently one
can determine the dominant feature. In this experiment we varied the width of the
energy distribution by the application of an external high frequency electric field
without affecting the anisotropy considerably. A similar method of energy spread-

(6)

ing was used on DCXI1 N

The plasma was formed in the Phoenix IA(T) device by Lorentz trapping of a
20 kV neutral H0 beam injected perpendicular to the axis of the simple mirror field.
The resulting plasma was highly anisotropic with v/t = 75 and Fvy, vi)

having a maximum at v, = 2,0 x 10° cm sec” . The flute instability limited the



density to 3 x 10°% cm—é; the radial density diétribution decreased slowly from
the axis to 7 cm, where it was mechanically limited by a probe. The axial extent
of the plasma was * 4 em with a full width at half maximum of about 2 cm. The
oscillating electric fields Qere produced by applying a filtered noise signal to a
copper electrode at 8 cm radius. The electric field was mainly transverse to the
magnetic axis although some parallel component could not be avoided. However, the
effect of the parallel field on ion motion was small as the applied frequency

(~ 20 MHz) was much larger than the axial oscillation frequency (= 3 MHz).

(8,9)

is characterised by signals at the ion-

(10)

cyclotron frequency and its harmonics received on a pair of loop antennae .

The microinstability in Phoenix IA

The strongest signals are generated by azimuthal currents (6-mode) which occur in
.repetitive bursts lasting 10 to 100 msec and starting at a frequency wyj corres-
ponding to the ion gyro-frequency on the magnetic axis in the median plane. The
frequency decreases monotonically in time until it corresponds to the ion gyro-
frequency at 5 cm radius (a drop of 10%). = Considerable energy spreading of the

(11)

trapped protons has been observed to coincide with the high frequency signals .

Simultaneously with the start of the 6-mode there was usually a Z-mode corres-
ponding to axial currents, the Z-activity-was of shorter duration and had a cor-

respondingly smaller frequency sweep.

Applying the oscillating electric field, with a centre frequency wayt = Wgj
and a full width at half maximum of 5%, suppressed the 6-activity when the peak to
peak voltage exceeded a threshold of 100 V. The resonant nature of the suppres-
sion is shown in Fig.l1(a) where it can be seen that the 6-mode is suppressed only
at frequencies within a narrow band around the applied frequency. The local nature
of the instability is illustrated by the single frequency character of the activ-
ity at any instant and is further emphasised by the curtailment of the frequency
sweeps when they approach the applied frequency band.

With an applied ampliiude of 1000 V, it was possible to suppress the 6-mode in
other bands above and below w,: without appreciably changing the energy spread

0ol

and anisotropy. A and B on Fig.1(b) are examples of such bands.



Over limited regimes of gas pressure and applied frequency, 8-activity was in-

duced in an otherwise stable plasma.

Suppression of the Z-activity was investigated and it was found that it could

be quenched over a wide range of frequencies (3 MHz to 22 MHz were used).

Information on the energy distribution of ions was inferred from measurements
on charge exchange neutrals. An electrostatic energy analyser(Tz) in the median
plane was collimated to accept particles with v, = O, This yielded the energy
distribution v,f(v,,0) against vi!+oy22:e f(v,,vy) is defined in the usual
way so that particle density is 2nx .[ f(v,,vy) v,dv,dv,. Fig.2 shows such energy
spectra for one low density stable case®2(a), and three high density cases with
different amplitudes of external electric field at a frequency weyi= Woi= 22 MHz.
Each spectrum is integrated over 3 seconds at constant magnetic field. Fig.2(c)
shows the naturally unstable case with no applied field; the energy spread is three
times that of the stable case. From 2(&) it can be seen that when the amplitude of
the applied high frequency field has just reached the threshold for suppression
the resultant induced energy spread equals that normally produced by the insta- -
bility. It appears therefore that enérgy spreading is a significant factor in
limiting the growth of the instability. Furthermore, experiments with stable and

unstable plasma using various frequencies of applied field show that it is the

energy spreading at the centre of the plasma that is important.

Although the evidence seems to indicate strongly that the mechanism of sup-
pression of the instability is spreading of v,, it is necessary to examine the
changes in other plasma parameters when the external field is applied, These in-
clude changes in the ion velocity anisotropy and the electron energy distribution.
Changes in anisotropy were measured using an array of collimated neutral particle

. . . : 2 2
detectors.In no case did the anisotropy deviate from the mean value <&L>/z&n =75

by more than 15%. There was no obvious correlation between stabilisation and the

small anisotropy changes,



Whenever electric fields are applied there are changes in the electron energy
distribution as evidenced for instance by changes in plasma potential. Although
this may account for suppression of the Z-mode the strongly resonant character of
9-mode suppression suggests rather an association with changes in the ion velocity

distribution,

Finally measurement of plasma density (using the slow ion current collected
at an end plate) showed that there was no particle loss due to the applied field
and that the flute instability remained the sole limitation on density. It was
also established that there was no particle loss due to the external field from

a low density stable plasma produced by lowering the injection current.

(2)

The likely candidates for the observed instabilities are the Hall et al.
type (A) instability due to g%é) > 0, the type (B) (Harris) instability due to
anisotropy, and the negative mass instability. The first two are of the electron-
ion type and rely on electrons for creation of electric fields while the third
one does not. A large electron contribution requires the instability frequency
to be close to the longitudinal electron frequency. In mirror geometry the latter
will be a combination-of a modified plasma frequency and the natural frequency in

the magnetic and electrostatic potentials. Such an instability should then be

sensitive to changes in the plasma potential and electron temperature.

The effect of the applied fields on the two observed modes (Z and 8) is very
different. The Tirst one is easily suppressed over a range of frequencies with-
out necessarily affecting the ion velocity distribution significantly. Since the
large axial currents accompanying it can be plausibly attributed to electrons, the
suppression is probably due to changes in plasma potential, All this suggests an

electron—ion instability for the Z-mode.

The 6-mode, on the other hand, can exist without measurable Z-currents, and
requires a spread in perpendicular energy for suppression; recent measure-
(13)

ments have shown that this mode disappears in magnetic well geometry . The

principal candidate for this mode is therefore the negative mass instability.

-



Though it does not rely on electrons, it could conceivably be affected by them
under conditions of resonance and this may explain the suppression of 6-activity

in bands above and below Woj -
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Fig.2 (CLM-P108)

Energy spectra of protons in the plasma as measured by the energy
analyser in the median plane *

(a) Low density (=5 x 107 cm-3) stable plasma

(b) High density (= 3 x 108 cm~3) stabilised plasma with 1kV applied
high frequency potential at wext = ®wgj. Note that the average
energy of the confined particles as seen by the analyser has in-
creased to 38 keV.

(c) Energy spectrum integrated over many instability bursts from a
high density naturally unstable plasma,

(d) High density stable plasma with an applied potential of 100V (just
sufficient to stabilise the plasma) and wgyt = g

* Since the solid angle subtended by the energy analyser is very small
(0.9 x 107% sterad.) and v, = v, v;; = 0 in our case, the graphs are
essentially v, f(v,, v, =0) vs V_E.









