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Abstract: The enhanced ion heating, resulting from current driven modes
at about the ion plasma frequency when a fractien of the electron popula-

tion is trapped and the circulating electron distribution tends to run-

away as a whole, is treated and compared with the experimental observa-

tions. A new dissipative trapped ion mode driven by the impurity density

gradient is found and shown to produce outflpw {decontamination) of impuri-

ties buk alss enhanced ion thermal conductivity.

4, Current driven modes with mfk“ > {anB}1f2 Yehe

gimes where a fraction lﬁB{B)1£2

can be excited in re-

of the electron population is trapped

and the applied electric f£ield is such that the girculating electron di-
stribution tends to runaway as a whole (slide-away regime) [1]. The relevant

and

L
modes are electrostatie, with potential ¢ = L% Expf—imt+ik‘rLJik”E]

are treated in a simplified geometry where & indicates a distance along

a magnetic field line. We consider the freguency range ﬁi < w < RE '

ﬂj = ertcmj} being the gyrofreguency of specles j, and transverse waveleng-
-1 -1 .
ths such that Py < ky< Pe where pj = Vthjxﬂj Therefore the ions can

be treated as unmagnetized and the relevant wave-particle resonances are

of the form
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Since the region of positive slope in the electron distribution is produc-

ed by the circulating electrens v }e N {53/931/2 W
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heating can be produced only if . Therefore k_‘_,—’k,'1 2,

1/2
[AB/B) /?tvthe/vthil and longitudinal energy of the current carrying

electrons is transferred mostly as transverse energy to the lens. The

transverse momentum in the electron-wave resonance is taken up by the magnetic

field while the longitudinal momentum exchanged between circulating elec-
'

trons and iens prevents the first population from running away and produ-

ces a finite resistivity. Considering the electron distributicn

as cumposed by two Maxwellians in the longitudinal direction, the relevant
dispersion relation can be written as
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whera lDE is the electron Debye length,

ing electrons and zero to trapped electrons.and W is the well known

Landau integral. We can see that the solution of this equation for w real

has two branches, one roughly corresponding to w , the ion plasma fre-

pi

guency, and the other to k]‘mpe/k . The lower branch has a lower thres-

hold, as measured by £ = “e/vthe where ue = J/{ne) is the total elec-

tron drift velocity. A guasilinear analysis of the effects of these modes
has been carried out and correlated with the onset of fluctuations , ob-

served in plasmas produced by the Alcator device,and of sharp ion heating
as <£» , an average taken over the plasma cross section becomes larger

than a critical value. The cbserved spectrum is sharply peaked around

w in the range 350 ¢ 700

Bt MHz

and has been seen to extend up to 4GHz.

The anilysis of election-loss cone modes, tn order to explain the

the subscript 1 refers to clrculat-

;2
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enhanced emission,over the thermal level, of electron cyclotron radiation

has also been carried out. [2]

3. We have found a new mode, in the trapped ion regime, that is standing
jalong the magnetic field lines, has odd electrostatic potential around

the point of minimum field, and whose growth rate depends on the collisicn
frequency of trapped ions and on the density gradient of the impurity

population. This is of the order of
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where L 1s the magnetic field periodicity length, Aieff = tvthjfviltaafm
the effective mean free path of trapped ions, T and L the density

gradient scale distance for the main ions and impurity ions respectively,

2 and 2 the impurity and the plasma effective charge number respect-

eff

ively. The considered mode is unstable if impurities are accumulated at

the center of the plasma column, so that dinnlxdinnj >0 if
dgpT,  [dinng L2
dr dr 3

Thus the instability produces and outflow of impurities {decontaminatieon)
[3]1, for a typical relative temperature gradient that is more realistic
and smaller than that predicted by the collisicnal transport theory. In
particular, for values of the actual icn temprrature gradient between the
two critical temperature gradients, we can have a sitvation in which the

impurities are concentrated at the outside of the column, with the ecolli-

sional inward impurity flux balanced by '° < o tward impurity flux due

to the impurity-driven modes. At the same time anomalous ion

thermal energy transport is produced but this occurs at a slower rate than

that for impurity particle transport. [U]
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