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Experiments in the FT-2 tokamak (Iy = 22 kA, B; = 2.2T, R=0.55m, r=0.08m)
demondtrate dfedive plasma heding by LH wave explained both by dired absorption RF
power and plasma transport change. In resped to plasma-wave interadion, the experiments
show that one can provide the condition for either parametric or linea absorption of LH wave
in plasma & the same launched auxili ary RF power [1]. The LH wave (920MHz, 100 RV) was
launched by two-waveguides grill from the low field side, N, =2+3. When the initial Ohmic
eledron temperature is above the threshold of parametric instabilities, P[] T/ne, the central
ion heaing Ti(0) from 90 upto 350 eV by LHH is observed, the dedron temperature
preserves the ohmic heaed value. Strong parametric instabilities are excited at lower eledron
temperature plasma (T¢(0)< 350eV). The @ntrol outward shift of the plasma @lumn resultsin
the increease of the central eledron temperature higher the threshold and the linea absorption
of LH wave in plasmais observed [2]. For inward shifted pasma, when the initial lower Ohmic
eledron temperature (Te”" (0) ~ 250 eV) is redized, the parametric decgy is observed. The
distribution of Ti(r) for inward shift is typicd
for the non-central heaing. The increase of ion
temperature ATi(0) is 100 eV. The dedron % %

o § T 2
temperature and density incresse for the 800 e( em)

opposite outward shifted plasma. An analysis
using ion energy balance ejuation shows that in
the outward and inward shifted plasma RF
power absorbed by ions equals to about Prr =
20 KW=+25 KW. The estimation of the maximal
RF power absorbed by eledrons have been
obtained for inward case auming that eledron
thermal diffusivity xe is kept at the ohmic level.
This value APre with takeing into acount
radiation losses is about 40 KW. But, of course, Fig. 1
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this conclusion should be changed if we take 2H000————
into acount improved confinement 35 1-287ms OH
. 23nms [HH

proceses observed in  some LHH 0.2 3¥ms L[HH

experiments. This paper deds with improved . 22 """""

confinement initiated by LH heaing and ::15

discusgon of the transport barrier formation 100

medhanism. 5
In the eperiment with centra 0(') T a4 & 8

plasma position and higher €eledron I, an

temperature a cetral ion heaing is the same
as for the outward case [2]. Plasma
parameters Ti(0), Te(r = 2 cm), Uy and Hg are shown in Fig.1. The ion temperature profiles for

Fia. 2

various moments of the LH experiment are shown in Fig.2. The central ion temperature rises
from 100eV up to 300eV. But in contrast to the outward shifted pasma an eledron heaing
ocaurs in this case. But one can seg that if ion temperature rise is triggered by the RF pulse
start, the cetral eledron heding isredized 1+ 1.5 ms later. Furthermore, the increase of the
Te(r =2cm) upto 700eV in post heaing stage followed by heaing from 400eV up to 650V
during LHH [2]. Fig.3 demonstrates the
Ne () and T(r) data measured by

Thomson scatering diagnostics. These A —O—26ms
data ae shown plotted versus the o T a :OEEE E
magnetic surfaceradius of the discharge mg 3 : s % :;:2322 E
because there is gnal plasma @lumn H% T o
shift outward aong major R radius z ° N E
duing LH hedaing (see Fig.6). 1

Accordingly Fig.1 and Fig.3 one can . \T ~~4
say, that eledrons are heaed not only 1000 to2 8 4 5 6 7 8
by RF power but also by improve 900 — 0 28ms
energy confinement, becaise when RF *7322 N ::EEE
pulse is turned off, the rise of T¢(0) is 600 N R sams
observed. For smulation one can T s00 a3
asume that eledron heaing s = ;22 : j”%&

described by RF power absorption at 200 N

lesst at the first moment and eledron 102 e—
thermal diffusivity x. is of the ohmic Loz 3 48 6 T8
level. This result in Pege = 10 KW

absorbed in the dedrons at the first Fig. 3
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moment [3] (without taking into
acounting the radiation losses). This
power has to deaease well up to O before
pulse termination. In the frame of such
suggestion, ASTRA code smulations
show 8-fold deaease of eledron thermal
diffusivity xe during RF heaing from OH
level (ton = 28 ms). These cdculations
r.m taking into acount eledron-ion power
and pinch contributions are shown in Fig.
Fig. 4 4. Xe during first a few msec is deaeased
distinctly at the midde radii and than
remains at low level in a wre for a long time & post heding stage. This gystiresis effed
asociated with L—H trangition has been manifested ealy in our experiments. The improve
confinement effed during LHH experiment is approved by diamagnetic, spedroscopic,
refledometry and Mirnov probes measurements [4, 5].
In this paper an increase of plasma poloidal ExB rotation shea is supposed as a mecdhanism for
the transport barrier formation. Remind, that the neoclasscd ambipolar radia eledric field is
given by E/° =T;/e(d(Inn)/dr +(1-k)d(InT;)/dr), where oefficient k (= 1.5 for
plateau ) depends on plasma ollisionality. For our cdculations we daborate the eguation for
E, using the model which takes into acount the fad, that the Ware drifts of ions and eledrons
are not automaticdly equal to eat other [6]. This effed results in some radia eledric field
E: (Ei,vi,v o related with. Ey = Ujeod 2R and colli siondlity parameters of eledrons and ions
additional to E™. One can rewrite E; as E, = E,"® + E, . The simulation showed, these radial
eledric field variations are caised by strong central ion heaing duing LH pulse. The poloidal
rotation velocity shea we.s is $own in
Fig. 5. The high shea at the wre (r =
4cm) adhieves about 8*10%s™ in 1.0 ms
from the pulse start. The maximal Gxxs
value subsequently is sifted outward and
rises up to 5*10° s*. According to Fig.2
and 3, the ion temperature and density
transport barriers are located at radii r =
5cms=7cm. This fad was manifested
during post heding stage more sharply.
The increase of the shea we«s higher than
5%10" s* can result in sharp deaease of
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particle transport coefficients and transport barrier formation [7]. We have the alditional
experimental evidencethat particle transport is deaeased in the limiter shadow. Threemovable
multieledrode Langmuir probes enable measure the time dependence of locd values of the
eledron temperature, plasma density, spatia potential, eledric field, quasstationary and
fluctuation-induced ExB drift flux densities pradicdly at any poloidal angle. It is typicdly that
the fluctuation-induced ExB drift flux density is increased duing LH pulse only at low field
side. In the other poloidal probes positions when L-H transition is happened this fluctuation-
induced ExB drift flux is deaeased. On the whole the poloidaly averaged radial particle fluxes
in limiter shadow resulted by density fluctuation is dedined as it is $own in Fig 6. The small
plasma ®@lumn shift Ar

measured by magnetic probes 12
located at r=10cm is marked in tof— I ‘ 14
Fig.6 also. 08— B 1,
So, this paper ill ustrates L . O
experimentally observed igz: il T, N
transport  barrier  formation S ool D N A"
initidized by the LH heaing. o2l | AN
The key fador in these dfedsis 04 tH &\Vf\“
the alditional radial eledric field oS . . —°
caused by high central ion * ? > Fig.634 T e

hedaing. The increase of the

plasma poloidal E; x B rotation

shea apparently lead to the internal improve confinement (r < 6cm) for eledrons and periphery
transport barrier formation locaed for density and ion temperature profiles at r = 5+7 cm.
During modeling the plasma heding by LH wave and absorbed RF-power one should take in
to acount the effed of transport change.

This pubication was possble partly by RFBR 97-02-18084 andRFBR 98-02-18346Grarnts.
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