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Heavy Ion Beam Probe diagnostics is used in TJ-II stellarator to study directly the plasma electric potential with a
good spatial (up to 1cm) and temporal (up to 2 [s ) resolution. Low density (n. = (0.3...0.5)x10" m~) ECRH plasma in
TJ-II is characterized by positive plasma potential (¢(0) = +600...+ 400 V). At higher densities the minor area of the
negative electric potential appears at the edge. This area increases with the density, finally makes potential fully
negative. This tendency is affected by ECRH power and deposition area. The NBI plasmas are characterized by
negative electric potential in the full plasma column from the center to the edge, (¢(0) = -300...-600 V). These results
show the clear link between plasma potential, temperature, density and particle confinement.

PACS: 52.70.Nc
1. INTRODUCTION

The studies of E, or plasma potential are very important
for understanding of the mechanisms to the confinement
improvement regimes in toroidal plasmas. The task is
difficult, because there are still many plasma parameters,
which give the impact to the core E, formation. This paper
presents an attempt to characterise mean core plasma
potential for ECRH and NBI heated plasmas of TJ-II
stellarator. Also the study of E, effect on plasma
turbulence as a fluctuation suppression factor is very
important. It is possible to measure Alfven modes, their
spatial distribution and characteristics inside plasma bulk.

2. TJ-II STELLARATOR

TJ-II is a four-field-period low-magnetic shear
stellarator. Major radius is <R> = 1.5 m, minor is <a> =
0.22 m. The toroidal field strength is By = 1.0 T. The
mean density obtained so far <n>>= (0.3...7.0)x10""m".

The plasma is headed by 2 gyrotrons with maximum
power 2x300=600 kW. Also 2 neutral beam injectors with
maximum heating power 2x500=1000 kW is installed.

TJ-1I is equipped by various diagnostics: Thompson
scattering, Electron Cyclotron Emission diagnostic,
Langmuir probes, Heavy Ion Beam Probe, and etc.

3. HIBP ON TJ-11

TJ-II is equipped with a 125 keV Cs™ HIBP [1], which
allows us to obtain plasma profiles from the edge to the
core each 5...20 ms (Fig. 1). Those are ¢ - plasma electric
potential from the energy deviation of the probing
particles, n. - plasma electron density from the total beam
current of secondary Cs™" ions. ¢ and n. fluctuations are
also can be analyzed up to 250 kHz so far.

4. PLASMA POTENTIAL EVOLUTION

In the experiments, the different type of ramp up of the
density due to gas puffing control and ECRH to NBI
phase explored. We can see that transition from the
positive to negative electric potential/E, is quite smooth.
(Fig. 2). Low (almost zero) potential/E; happens when the
mean density is in the range of n. ~ 110" m~. We can
see no link with the mean of heating scenarios, but the
clear potential - density link (Fig. 3).
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Fig. 1. HIBP diagnostic installation and commonly used
detector line for a standard operational regime
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Fig.2. Transition of the potential profiles
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Fig.3. Potential-density behavior

5. POWER DIPOSITION LEVEL VERSUS
POTENTIAL

The experiments with modulation of the gyrotron
power have been performed. We try to investigate
potential profiles versus heating power at constant
density. The scans was extracted at different shots
depending on the ramp up of the density around n. = 0.65
x10” m® with error of +0.2x10" m®. The resulting
picture is shown in Fig.4. It can bee seen clear evolution
of the potential profile versus power level of the
gyrotrons. Plasma potential value rises with power
growth [2].

In order to understand the correlation between central
potential and electron temperature, as it linked to the heating
power, we try to compare the signal from central measuring
point of HIBP at p = 0.08 with the calibrated signal of
Electron Cyclotron Emission diagnostic (ECE9). The results
are shown in Fig. 5. There is also almost linear dependence
of temperature on central potential with some deviation.

6. E. PROFILE EVOLUTION
WITH DENSITY RISE

During the operation of the TJ-II using two neutral
beam injectors (NBI1 and NBI2) which produced high
plasma density the poloidal rotation can reach 10 km/s. It
corresponds to the electric field of 100 V/em (Fig. 6).

Up to now, it is not possible to access the plasma at the
central area and especially “hardcore” zone at the plasma
densities more than 5x10" m™ because of significant
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primary beam attenuation. But we are able to measure the
electric field at the “softcore” periphery even at the higher

densities.
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Fig 4. ECRH power scan
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Fig.5. Potential versus temperature
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Fig.6. Measured values of the radial electric field at the
periphery
In nearest future it is planned new injector system with

increased primary current, which will give deeper
measuring zone.



7. PLASMA TURBULENCE Using spectrum and correlation analysis, it will be
possible to determine the nature and the position of the
exciting Alfven modes in the plasma and to make
crosscheck with other diagnostics.

CONCLUSIONS

The recent HIBP study of ECE and NBI regimes in
TJ-II plasma shows the evidence of positive electric
potential up to +1300 V in the low density ECRH plasma
and of negative electric potential up to -600 V in the high
density NBI heated plasma. The <n.> and ¢(0) are in

Density fluctuation level is sensitive to <n.>, and it
suppressed at NBI (Fig. 7).
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8. ALFVEN MODE OBSERVATION gradient region. Density rise is associated with the

suppression of the plasma turbulence. HIBP is a powerful
. instrument to study spatial distribution and properties of
(Fig. 8). the Alfven modes inside plasma.
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HOCJEAHHUE PE3YJIbTATBI U3BMEPEHUS IPO®UJISI NOTEHIHUAJIA U OIYKTYAIIMI
TP HATPEBE 311P U ITYYKOM HEHUTPAJIOB B IIVIASME HA CTEJIVIAPATOPE TJ-11

JLU. Kpynnuk, A.B. Menvnukos, C. Hidalgo, JI.I'. Enucees, A.A. UYmuiza, A./]. Komapos, A.C. Kozauex,
C.B. Ilepgpunos, /1.T. /lvicenxo, A.U. Keoxncepa, M.A. Pedrosa, J.L. de Pablos

JluarHocTHKa TIIIa3Mbl TSDKEIBIM ITyYKOM HOHOB HCHoOib3yercss Ha cremtapatope TJ-II mns GeckoHTakTHOTO
U3MEPEHHs MEKTPUUECKOr0 MOTEHIIMAIA MIa3Mbl ¢ BBICOKHMM IPOCTPAHCTBEHHBIM (10 1 ¢cM) U BpeMeHHBIM (J10 2 MKC)
paspemenueM. [lnasma ¢ HU3KOH MWIOTHOCTBIO (e = (0.3...0.5)x10" M~) npu DIP- narpese 8 TJ-II xapakrepusyercs
nooXUTENbHBIM  ToTeHnmanoM (§(0) = +600...+400 B). Tlpu Gombimux ImIOTHOCTAX HeOombIas 00JacTh €
OTpHULATENILHBIM ITOTEHIMAIOM BO3HHKAET Ha rnepudepun. Jta 00JIacTh yBEIMYUBACTCS C BO3PACTAHHEM IUIOTHOCTH H,
B KOHEYHOM HTOTe, MOTEHIMAN IUIa3Mbl CTAHOBUTCS IOJHOCTHIO OTPHLATEIbHBIM. Takoe INOBENEHHE 3aBUCHT OT
MomHocTH Ol[P-HarpeBa m oGmacTu BBICBOOOXKIEHHWS MoOmHOCTH. [lmasma mpu HarpeBe HEUTPaJbHBIM ITyYKOM
XapaKTepU3yeTCsl OTPUIATEIBHBIM I[IOTCHIMAIOM BCEro IUIa3MEHHOro MiHypa OT IeHtpa K unepudepun ($(0) =
-300...-600 V). Dtm pe3ympTaThl TOKAa3BIBAIOT YETKYIO CBS3b MEXIy MOTEHIMAJIOM IIIa3MBl, AIIEKTPOHHOH
TEMIIEpaTy PO, IFIOTHOCTBIO U YAEp)KaHUEM YaCTHLI.

OCTAHHI PE3YJIbTATH IIO BUMIPY ITPO®LIIO IIOTEHIIAJY TA ®IYKTYAIIA 1T YAC
HAT'PIBY EIIP TA ITYYKOM HEUTPAJIIB Y IIVIA3MI HA CTEJIAPATOPI TJ-1I

JLI. Kpynnik, O.B. Menvnuxos, C. Hidalgo, JI.I. Enicecs, 0.0. Unuza, 0./]. Komapos, O.C. Kozauex,
C.B. llepghinos, JL.I. /lucenxo, O.1. JKexncepa, M.A. Pedrosa, J.L. de Pablos

JiarHocThKa IUTa3MH 3a JIONIOMOIOK Iy4YKa Ba)KKHX 1OHIB BUKOPUCTOBYEThCs Ha ctenaparopi TJ-II mis
OC3KOHTAKTHOT'O BUMIPIOBAHHS €JIEKTPUYHOTO MOTEHINATY IIa3MH 3 BUCOKOIO IIPOCTOPOBOIO (10 1 cM) Ta 4acoBoro (10
2 Mkc) 3parmicTio. Ilnasma 3 Husbkow mimbHicTIO (ne=(0.3...0.5)x10”m~) B EIllP-pexumi marpiey na TJ-II
XapakTepusyeThest mo3uTuBHUM moteriiiazom (§(0) = +600...+400 B). [Ipu Ginbmriid minsHOCTI HEBeIMKa 00JIaCTh 3
HEraTHBHUM TNOTEHIiaJloM BHHHMKae Ha nepudepii. L1 obmacte 3pocTtae i3 30LNBHIEHHAM IIUIBHOCTI i, 3pEIITOIO,
MOTEHIliaJl CTa€ TOBHICTIO HETaTUBHUM. Taka MOBediHKa 3aJeXHUTh Big moTyxHocti EIIP-HarpiBy i obmacti ii
BUBUIbHEHHs. [la3ma mij yac HarpiBy HEWTpPaJIbHUM ITYYKOM XapaKTEpU3YETbCS HETaTHBHUM IOTEHIIANIOM BChOTO
TUIa3MOBOTO IIHYypa Bijx mentpy a0 nepudepii ($(0) = -300...-600 B). I1i pe3ynbTaTé MOKa3yIOTh YiTKHH 3B'SI30K MiXK
MTOTEHI[iaJIOM TUTa3MH, €JIEKTPOHHOIO TEMIIEPaTypoIo, IIUTBHICTIO Ta YTPUMaHHIM YaCTOK.
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