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Diffusion and Ionic Heating due to a Current Instability
N4S. Buchelnikova, R.A. Salimov

Institute for Nuclear Physics, Novosibirsk, USSR.

This wor:k is concerned with the experimental study of the plasma
turbulence, ‘ghe mechanism of fhe diffusion and ionic heating asso-
ciated with a current instability.

The experiment has been performed on a Q-machine.' The plasma ra-
dius was 2cm, the length - 36cm, H = 1000G, n~107 - 1O1Ocm_3. The
current in the plasma was controlled by changing 6f the potential of
'the cold electrode. The cold electrode was either a single disk (4cm
in diaméter), or a number of disks (diameter~1cm) insulated from each
other.

The experiments were carried out in the electron sheath regime.

Thus the plasma was stable and the diffusion across the magnetic field
was classical.

As it has been shown earlier [’I] , current passing .th.roug;h one of
the 1cum electrodes excites the ion-cyclotron instability [2]. The cri-
tical drift velocity of the electrons for exciting this instability
is Uc~ BBVTi« vTe’ Under the developed instability the plasma oscilla-
tions are regular with the amplitude f/n~0.1 ané there is no increase
of diffusion.

Current passing through the whole plasma cross-section (4cm -electro-
de or a composition of 1cm electrodes) at the same Ug excites low fre-

quency oscillations close to the ion-sound waves [5] and turbulent

fluctuations in the region of the ion-cyclotron frequency. When the in-

stabilit:y is excited the diffusion increses sharply and ion heating ta-

kes place.

To explain these experiments the following model is proposed: when
the electron drift velocity reaches Uc, the ion-cyclotron instability
is excited. Because of the random character of the initial fluctuati-
ons the oscillations in different "current tubes" are not correlated-
and as a result of this the uncorrelated elecric fields appeare: The-
se fields cause the plasma to escape across the magnetic field.

Low frequency oscillations of relaxating type appeare due to the
break-down of the ion-cyclotron instability when the current decrea-
ses below the critical level.

The current decreasing is due to density decreasing because of the
diffusion.

To check these hypothesis the experiment was performed in which the
"current tubes" were simulated by the passing of the current through
the lcm-electrodes. There was found that really the oscillations in
different "tubes" are uncorrelated. The excitation of oscillations in
neighboring "tubes" lead to the drift of plasma across the magnetic
field. The increa;‘.e in number of "current tubes" leads to the,grow’th
of the oscillavions amplitude, randomisation of this oscillations and
the increase of the diffusion. When the number of '"tubes" is sutfici-
ently large and the diffusion increases strongly the low-frequency os-—
cillations appeare. Thus the proposed model of the turbulence develop—
ment is confirmed. The developed turbulent §ta‘te was investigated. It
was found that the potential oscillation amplitude reaches the value
;N(O.E - ’l)Te ( Te~ 0.2eV).-The correlation measurement showed that
the correlation time € of the random oscillations is ~ 1period,the
average irequencys~ f ci® The radial and asimutal correlation functions
have a form of monotonous-falling down curves; the correlation lengtk
1,~A1cn., The oscillations along the magnetic field are correlated.

Thus the excitation of.the ion-cyclotron instability leads -to the
development of the anisotropic turbulence.

The diffusion coefticient under the developed instability is close

PANEL 4.2.4 NORMAL, AMBIPOLAR AND ANOMALOUS DIFFUSION

to Bohm's one. As & matter of fact DAOH™ | and under H=1000G ha

lue D=(1.5% 0.5)’,\03“‘25%—1 (under the same conditions Doiﬂv X
D.B~2'1050masec-1). The plasma flux across the magnetic r’ield‘
character of random bursts correlated with random fields, e.g.:
diffusion character j:s turbulent. The turbulent diffusion coefi
for the case of anisotropic turbulence (which is nearly the

our case) was theoretically round by Spitzer [4]«

-
D :-Z-C—Iiz-g—t': 2k§k§sz—§ .

where Xk, 5%;— ik = e)’;/T 3 k3 =’Z‘wci .

By the Spitzer formula D = 1.6.103“125”—1' which is in
ment with the experimental data.

The excitation of instability is accompanied by the ion he
The flux of fast ions has a character of bursts correlated ,A
dom fields. The ions energy grows with time. Thus one can
the heating has a turbulent character. When the instability
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veloped, the ions transverse temperature is T‘itv‘l « 2eV, N
mation of T,y by the formula for stochastic heating by the
fields [5
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gives T~1eV. This value is in good agreement with the exp ri;

value,
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