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Abstract

Stabilization of the drift wave instability by the mag-
netic shear is studied in a linear stellarator with 2 = 3
helical windings. The critical shear for stabilization
strongly depends on the ion temperature, where ion tempera-
ture is controlled. Near stabilization, it is shown that

the ion Landau damping becomes effective.



Stabilization of unstable eleétrostati drift waves by
the magnetic shear has been investigated both theoretical-
lyl_4 and experimentally.s_8 Rutherford and Friemanl have
shown that the local wave packet of the drift wave ceases
to grow if the characteristic length of the magnetic shear
Ls‘= [(r/L)dl!./dr]—1 satisfies the condition: R/Ls > (m/M)1/3,
where (| is the rotational transform angle, R the density
gradient scale length, m and M the electron and the ion mass,
respectively. The parallel ion motion has not been taken
into account in this critical value. If the ion contribu-
tion is taken into account, it always has a stabilizing
effect, i.e., it leads to a smaller critical value of shear.
Krall and Rosenbluth2 have derived another criterion in the
case of a local mode of drift wave instzbility. When magnet-
ic shear is applied to plasma, the width of the effective
potential well is expanded in the radial direction to the

regions where the parallel ion Landau damping becomes ef-

fective. Their stability criterion is given by
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where o5 is the ion Lamor radius, Ti and Te the ion and
the electron temperature, respectively.
Experiments performed hi‘i:hertos"8 indicate that the

fluctuations can be suppressed by the magnetic shear field,

but there have been no guantitative investigations on the



stabilization mechanism of the collisionless-drift-wave
instability.

In the present experiment, the ion temperature is con-
trolled and it is shown that the critical shear for stabili-~
zation depends on the ion temperature,9 and is rather weaker
than that predicted theoretically. Further, we show guanti-~
tatively that the stabilization by the magnetic shear comes
from the parallel ion Landau damping.

The experiments are performed on the "QP-Machine" of

1
Nagoya Univt:’:rsity."0

The Helium Plasma produced by a PIG
discharge is diffused into the experimental region, where
the present experiments are performed, through a gas cham-
ber which has a rather high gas pressure (order of 10-3
Torr). In this chamber only the ion temperature is controll-
ed by ion-neutral collisions. The experimental region is
bounded by two metallic orifices with holes of 2.0 cm diam-
eter. The wall is metallic, and is 130 cm in length by 9.4
cm in diam.. Outside the metallic wall of the exrarimental
region, £, = 3 helical cocils with a pitch L = 53 cm are

’

wound, and the current in a coil I, is wvaried up to 2900 A,

H
The plasma density as measured by Langmuir probes is (1.5

v 3.0) x 10g cm-3 and the electron temperature is about 4
eV in the column center. Xon temperatures are measured by
an electrostatic analyser ané the ion sensitive probe (I. S.
P).ll The instability signals are detected by Langmuir

probes biased fully negative or at floating potentials.

The detected siganals are analysed by a frequency spectrum
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analyser, a correlator, and an ac-voltmeter through a band-

pass filter.

When the pressure P, near the gas chamber12 is changed,

the ion temperature is changed, but the background neutral
pressure in the experimental region does not change (6.0 x

6 Torr). The dependence of temperature

1078 < p < 7.3 x 10”
on P, is shown in Fig.l. We can see in this figure that
the ion temperature can be varied in the range cf about 0.9
toc 2 eV, while the electron temperature does not change
within the experimental errors throughout the present experi-
mental conditions.

The density fluctuvations have a typical peak with fre-
quency near 23 kHz in the uniform magnetic field Bo = 600
G &t r = 3 cm where the density gradient is maximum (a typ-
ical density gradient scale length is 1.5 - 0.7 cm). 1In
the present plasma, there is a radial electric field. The
plasma rotation frequency fE by that field is about 4 ~ &
XHz, while the drift fregquency by the density gradient is
14 ~ 18 kHz with the measured plasma parameters after the
correction for finite ion Larmour radius. Thus, the wave
of 23 kHz is identified as the unstable collisicnless-drift
wave after the correction of E x B plasma rotation. The
drift wave has an m = 1 azimuthal mode, and the maximum am-
plitude nl/no, which depends on the ior temperature, is in
the range 0.15 ~ 0.2 at r = 3 cm, where ng is the steady
state plasma density and n, the perturbed value. The pa-

rallel wave length is about twice the distance between the
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two orifices. The present drift wave does not propagate

radially (non-convective mode).13

When the magnetic shear is applied, the drift waves
can be diminished as shown in Figs.2 and 3. Figure 2 is
obtained from the auto-~correlation technigque. We can see
in this figure that the mode with £ = 24 kHz is mainly sta-
bilized but that the fregquency shift scarcely occures. The
regions where the wave exists, do not change appreciably
with the magnetic shear in the radial direction. The wave
amplitude changes as seen in Fig.3, when the ion temperature
and also the shear strength are changed. When the ion tem-
perature is rather high, the drift wave amplitude can be
reduced to about 18 % of the amplitude without the shear,
while under the lowest ioﬁ temperature, tka wave can only
be stabilized to 55 % of the initial value. It is also seen
in Fig.3 that the wave amplitude decreases almost exponen-~
tially in the rather high R/Ls regions. The critical value

I for stabilization is determined if the results are

crit
extrapclated to the zero amplitude. The critical values
lie in the ranges of about 0.025 (Ti = 2,0 V) to 0.08 (Ti
= 0.9 eV), depending on the ion temperature.

The critical values given by Eqg. (1) are Gcrit = 0.06
(Ti = 2,0 eV) to 0.1 (Ti = 1,0 eV),14 as the present ty-
pical values of pi/R are 1.2 v n,8, The critical values
determined experimentally are a little smaller than that

obtained theoretically. 1In the theoretical work,2 it has

been assumed that the ion Landau damping is completely



effvi < 1, when the wave is stabilized

eff

effective, i.e., w/k,
by the magnetic shear, where k, is the parallel wave num-
ber effected by the shear and is given by ka/Ls. In the
present experiment, however, w/k..effvi is larger than one,
as will be shown later, and the ion Landau damping effect
would be weaker than that expected theoretically. So, the
ion damping effect must be taken into account carefully.

The growth rate y of the drift-wave instability is

given as follows with the local approximation in the absence

of the shear.

2 2
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where B = I e® p=x?r /Mw2 z = w/k_v,, w* is the drift
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angular frequency, and vy and v are the ion and electron
thermal velocity, respectively. Here, we used the appro-
ximation z > 1, tentatively. When the magnetic shear is
applied, the growth rate cannot be obtained rigorously,

eff as the shear is rather

and we assumed that kz = k“o + k.
weak and should not change the system drastically, and kﬁo

is the parallel wave number without the shear and is deter-
mined by the length between the bounding orifices. Further,
an ibn viscosity damping is neglected, since it is about an
order of magnitude smaller than the other terms. At first,

we estimated the growth rate when the magnetic shear is ab-

sent. We confirmea that the ion damping term (the second

term in the right hand side of Eq.(2)) is always smaller



than the electron growth term (the first term in the right

2

hand side), i.e. y/w* must be about 6 x 10 ° to grow cie

drift wave sufficiently. Next, when the magnetic shear is

applied, the wave growth term contributed by the resonance

7

electrons becomes (1.37 - 0.97) x 10 'w* under the present

experimental condition at the critical shear. The ion damp-

ing term is calculated as follows: When Ti is 2.0 eV, the

wave darps away at about §_ ., " 0.025, and there w/k,.effvi
is about 3.1 but u.\/kzvi is about 1.25 and the ion damping

5

term is 0.48 x 10 ~w* at the critical point. Here, we took

X to be the wave spreading width and assumed that x =~ 1.0

effv. ~ 1,7 and

cm. When T, ig 0.9 ev, § i
5

crit 0.08, wk/k,

w/k,v; ~ 1.0, So, the ion damping term is 1.4 x 10 w*,

These values of w/k..effvi are still larger than one, but
the values of u)/kzvi are nearly one and the growth term by
electrons is smaller than the damping term by ions. The

ambiguity of the critical value Gc in the experiment

rit
almost dces not change the values of ion damping rate.
Thus, we can say that the small shear can stabilize the
unstable drift wave with the aid of a finite plasma length
effect, and that the wave is stabilized by the parallel ZIon
Landau damping. If we define the critical shear which is
given by v/w* = 0, its value should be expected to be small-
er than that given by Zq.(1).

In conclusior, the ion temperature is controlled by

using the ion-neutral-collisional cooling method, and the

drift-wave stabilization by the magnetic shear is investi-
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gated carefully with the change of ion temperature. It is
shown that the critical value for the shear stabilization
is rather smaller than that estimated theoretically, but
that near stabilization the ion Landau damping is effective
when the efféct'of finite plasma lengh is considered.

The authors are grateful to Dr. I. Katsumata for the
collaberation in measuring the ion temperature. One of the
authors (¥. N.) is also indebted to Prof. 7. Hatta for his
continuous encouragement.
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Fig.l
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The ion and electron temperatures vs. the gas pres-
sure. Closed circles are the ion temperatures meas-
ured by I.S.P., énd dotted circles are that measured
by electrostatic analyser. Open circles and trian-
gles are the electron temperatures measured by Lang-

muir probe and I.S.P.. By = 600 G.
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Fig.2
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Tourier spectrums obtained by the auto-correlation

method under the influence of the magnetic shear.

= 3.3 x 1074

Band width = 2100 kHz, B0 = 600 G, Pe

Tory, and Ti = 1.4 eV,
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Fig.3 Fluctuation amplitude (ni/no) vs. the magnetic shear.

Amplitude is normalized at R/LS = 0.
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