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Experimental arrangement: Preliminary results concernlng with

fast ions behav1our on ‘the CASTOR tokamak durlng the low den-
sity 1nduct1ve end combinegd inductive-lower hybrid current dri-
ve (LHCD) are reported, The investigated regimes can be charac-—
terized by rather low den51ty (n < 6. 1018 o 3) and plasma current
(ﬂP < 10 kA) as consequence of relat¢ve1y low pumping frequency
(f = 1.24 GHz) and power level (PRF = 40 kW) of the RF-genera-
tor. Just wunder such conditions, the LHCD-effects are well
expres sed in our case,

Pgramebers of the CASTOR tokamak (R = 0.4 m, a = 0.085 m,
Bp = 1.3 T) and R¥-launcher (the 4-waveguide multi junction
grill) have already been described -elswere in more detalls /7.
The experlmental arrangement 1s schematically 111ustrated in
Fig. 1. The RP-impulse is usuallyvsw1tched on at t 2 2.5 ms
.after start of the ohmical heating (OH) tokamsk discharge,
when the stationary phase.of the disbharge is already estab-
lished. The OH-system coﬁfinues in operation during the RP-
—power application, therefore, the investwgated regime can be
characterized as s combined inductive and RF-current drive /2/.
The fast ions behaviour (E > 100 eV) is deduced from energy
spectrs -of energetic neutral hydroger atoms, measured by the
five chamnel neutral particle analyzer /3/ w1th a new data
‘agquisition system /@] allowing to obtain the time evolution
of the neutral fluxes durlng the whole discharge with the
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temporal’reSOIution‘O;1 ~ 1 m8. PFach point of the energy spec--
trum is averaged over 3 - 5 shots due to the rather.lowﬁstaf

tistics.

Tnductive current drive (OH targetiplasma): An example of time
evolution of some basic parameters'of the low density'OH dig-
oharge is deplcted in Flg. 2 The low density reglme can be
~achieved just: after carefull cleanlng of the liner and w1thout
us1ng any 1mpulse gas puffing. Then the line average plasma v
dens1ty decreases exponentlally from 1ts may1mum value at T = 0. 7
- ms with a time constant - ﬁ; ’“, 3 - 4 ms, During the statlonary
" phase of the discharge, the radiative power losses are relatlvelyk‘
unimportant with respect to the OH—power 1nput (PRAD/POH ~ q, 3).
The electron temperature estimated from Spitzer conduct1v1ty ig
non-clesgical and most probably, a substantlal number of over—:
~ thermal electrons is present in the dlscharge. o o

: A characteristic feature of the descrlbed regime 1s ‘an 1n—
stablllty, whlch is rutinely observed when' the plasma density e
. falls to the value n = 2 - 3 1018 3. This 1nstabllity 1s ma- B

vnlfested by: o : Bt
a) a positive spike on the loop voltage, , L
b) a- fast 1nward digplacement of the plasma column. The maaor
radius of the plasma column drops fromru45 mm to n:35 mm,
probably due to the deorease of the internal energy of the
- plasma, , ' :
"c) a very 1ntens1ve burst of the mlcrowave radlatlon 1n the ran-
-ge of electron cyclotron rgesonance, : '
d) a sharp peak of the hard X-ray emlssion (E > 150 keV),_
e) sometlmes a step increase of the radiated power PRAD' '
There are ho notlcable .changes either on the plasma ourrent
or on the line average denslty.

; Accordlng to. the phenomenologlcal descrlptlon,.the 1nsta-
bility can be clagsified as ‘the anisotropy-driven (or. fan—llke)
‘1nstab111ty. This phenomenon leads to. the fast (non~collls1onal)
1sotropizatlon of the prev1ously anlsotroplc electron distrlbu—3
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tion«function~ The s1mllar effect has been already observedw
'earllor on the Ti-3 /B] and TFR /6] tokamaks and discussed
in [/,

Behav lour of the ion component during the low den31ty
,'discha rge 1s noticeab y 1nf1uenced by the presence of the
':~inStabllltv It is documented in Flg. 3, which presents the
tcmporal evolutﬂon of neutral particle Ffluxes. at energies l
0.1 <71.4 keV with time resolution A t = 1 ms. The instabi-

_lrty ta%es'plaoe at t = 4 meg in this case. A step 1ncrease

nuof the fluxes with enerﬁles above L 22350 eV is eV1dent It_

.

»:1sn'zte|e ting to note that the increase ‘takes place mot

:o'l durﬁnm tle 1nstab111ty but pers1sts until the end of the
di ""geﬁ It is in contrast with former charge -éxchange mea-~
’screments on 'm~3 tokamak /5/, where only short: spike of the
nigh'energy atoms has been observed Just durlng the 1nstab111ty.

inergy spectra of the fasit neutrals, recalculated Irom '
“rre neutralftluxes are deoloted 1n,Tig-_4. Before the 1nstabij;
l? 1y’kn > 3..u]u 3), the low energy part of the spectral has
a sloop of about 30 eV while the high energy part (E > 200 eV)
fhas a slope approx, two times greater. The questlon,_what part

. of the experlmental speCErum corresponds to the bulk of the .

(0]
,ion stcludtlon Junctlon has to be solved later by one of us
(8. T ) “y oomparlson oF the experimental neutral fluxes w1th

-1 numerlcal simulation of them in the mentioned reglme. Never-

*heless, LeIore that we can suppose that. the low energy part.
“the’ soectrum corresponds to the periphery whlle the hlch

eherg part descrlbes the hot central region of the plasma
column. The determlned central ion temperature T (O) 50 eV - |
before 1nstab111 grees well with the Arts1mov1tch fornmla,x"
derlveo under s1atlonarv oondltlons, assumlng a class1oal '
electron-ion coupling as g power input to the ion’ component
-oweyer; teking into gecount rat ier short time . 1nter¢al from
1:'14_e~f-'="o~e givning of . th

D

discharge (nuB ms) and long enough cha-

Cragterisiic time for the electron ~ion temperatur” equ111bra—
= - > 10 ms), the equilibrium cannot be reaohed and-
some non-claos cal meohanlsm of ion heating should take plaoe

u'_";'@:rl ( ‘[

o

r.
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" The anomalous ion'heating'js'much ‘more eXpresSed during |
and after the fan—llke 1nstab111ty The. part of the spectrum:
,desorlblng the hot plasma core lays probably between 150 and
500 eV and it has the slope of about 150 eV rwhloh is Well
above the Arts1mov1toh estlmate. Moreover, the high energy-
talls w1th a slope ~ 300 eV are reglstered Aooordlng to the.
rev1ew paper [7/, the dominant meéchanism of the anomalous 1on.y
heatlng'durlng the fanlike 1nstab111ty seems 1o be a nonllnear
scattering of Langmulr waves on plasma 1ons. The Langmulr v
plasmons are created due +to the anomalous Doppler effect Ge—.pré
‘neration of -the microwave radlatlon 1S‘man1fested experlmen-<

A. - 8 mm, eglstered by the broad band deteotor outslde the
plasma column. However, it should be p01nted onoe more that

in our case, the anomalous heatlng is observed not ohly durlns<;r‘1’

the instability but it takes plaoe also later on at tlmes 1ong S
enough with respeot fo tHe energy conflnement tlme, when all
macroscoplo parameters 1nd10ate a "stable" dlsoharge

Combined 1nduot1ve and LH current drlve The RF-power is app-i 5
lied at: ne = b, 1018 371 e. at t - 3 ms. The time evolutlon

of the loop voltage durlng oomblned 1nduot1ve/RF current drlve,]f
'typloal for the desorlbed experlmental geries, is shown 1n ‘Fig
5. Unfortunately, we were not able to realize a stable reglme
durlng the whole RF power appllcatlon. An initial stable deo—f
rease of the loop voltage A U/U = 0,55 indicates that of '

about ~v 5 kA of the plasma current is driven by LH waves at the_-
end of this phase. It is followed by an unstable perlod w1th
‘oharaoterlstlc positive splkes on the loop voltage, Whlob ‘
-suggests the anomalous Doppler mode like in the pure OH dls-

charge. The s1m11ar perlodlcal behav1our is shown by ' other f‘

dlagnostlcs (hard X-ray monltor, ECE- deteotor, magnetlc probes};

as well. However, it should be p01nted out that these perlodl—'

- oal anomalous Doppler modes appear at hlgher dens1t1es and

the bursts of the EC emission are not so expressed as in. the .
pure 1nduot1ve discharge. The questlon, how to control the n
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"~stab111ty of the LHCD with respect to the anomalous Doppler

mode is stlll open in our ‘case, Nevertheless, there are some
'1ndlcat10ns that the stablllty can be influenced by the cor-
'centratlon of 1mpur1t1es. USually, the stable regime is rea-

ched after sufflclently long tokamak operation without openlng

of the liner to the atmosphere., In the case shown, the unstable
period:is followed by the stable phase but with substantlally : !
lower efflclency of LHCD.

The neutral iluxes durlng the 1nductive/LH current drlve
can be characterlzed by & notlceable scatterlng of the experl—'
mental data, espe01ally durlng the unstable period of the current
 drive, An-example of the time evolution of the newtral
;fluxesf' (Flg. 5) shows their substantial 1ncrease
'during; the unstable period, However, in contrary to the OH
.o dlscharge, this enhancement is deterlorated when the dlschargerv
h1s further stablllzed The energy spectra (Flg.,6) durlng the
S flrst stable ‘period exhlblt hlgh energy tails. w1th a slope,g__
nJ3.0 eV, But, accordlng to rough estlmates, these hlgh energy atoms
_ play" ‘only uniportant role in the global or partlcle balance . '
fath durlng the combined 1nduct1ve/LH current drlve. Practlcally the
im,same talls appear in the energy spectra after the unstable perlod
y‘Large scattering of . the experlmental da ta durlng the perlodlcal
’bilnstabllltles don 4 allow to ‘egtimate any slope of the energy .
fspectrum. However, by comparlng with the 1nduct1ve dlscharge,
““ﬁﬁthe experlmental polnts lay roughly around the slope determined
w:vbdurlng and after ‘the fan—llke instability,
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Figure captioné:

Fig, 1 Experlmental arrangement
Fig. 2 Time evolution of the low den31ty CASTOR dlscharge
Fig. 3 Evolution of the neutral particle fluxes for 1nduct1ve
- current drive .
Fig, 4 Energy spectra of. the charge-~ exchange atoms (1nduct1ve
current drive) .
Fig. 5 Evolution of the neutral particle fluxes for’combined
inductive/LH current drive | -
Temporal evolution of the loop Voltage for the same
regime, I, gtable perlod '
IT. unstable anomalous Doppler modes o
III. stable period - low efficiency of LHCD
'Fig, 6 Eneray spectra of charge -exchange atoms for comblned

1nduot1ve/LH current drlve
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