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Direct study of the electric potential and its fluctuations for comparable plasma conditions in the T-10 tokamak and
TJXII stellarator by HIBP diagnostics has been performed. The following similar features of potential were found: the
scale of several hundred Volts; the negative sign for densities ne>1x10" m™ and comparable values in spite of the
different heating methods. When n, or tg rises, the potentia evolves to negative vaues. During ECR heating and
associated T rise, te degrades and the potential evolves to positive direction. Oscillations of potential and density in the
range of Geodesic Acoustic Modesin T-10 and Alfvén Eigenmodesin TJ-11 were observed.

PACS: 2.35 Ra, 52.55 Fa, 52.55 Hc
1. INTRODUCTION

Study of the electric potential and its fluctuations
in the core plasma allow us to understand the role of
the electric field for the plasma confinement in
magnetic fuson devices. Here we present a small
review of direct measurements of potential in the T-10
tokamak and TJ-l1 stellarator by Heavy 1on Beam Probe
(HIBP) diagnodtic.

T-10 is a circular cross-section tokamak with major
and minor radii. R=1.5 m, a=0.3 m, the toroidal field
Bo=1.55...25 T, current I, = 180...260 kA, density

Ne ~ (1.5...4.5) 10" m®. The Ohmic and ECR heated
plasmas with on- and off-axis power deposition
(Pec<1.6 MW) were studied. THI is a four-period low-
magnetic shear flexible heliac with the mean <R> =
15m, <a> = 0.22 m and By, = 1.0 T. The plasma is
created and heated by ECRH (Pgc= 300...600 kW) with
boron or lithium coating of the chamber wall; two 30 kV,
H° neutral beam injectors (Pnsi< 450 kW each), directed
along/opposite to By, heas the ECRH target plasmas with

typica parameters; T0) ~ 1 keV, T; ~ 80 €V, Ne ~
(0.5...1) " 10 m™=.

HIBP was implemented in both devices and allows us
to study directly with a good spatial (1 cm) and temporal
(10 ) resolution the plasma eectric potential j and
density, radia and poloidal components of electric and
magnetic fields (E; and Byy) and their fluctuations [1]. In
T-10, the study of plasma potential and electron density as
well as their fluctuations at radii r=0.2...1 and densties
up to 4x10" m™ were done. In TJI, HIBP was upgraded
for two-point measurements of radial turbulent flux and
poloidal field Ey at radii r=-0.8...1. Main parameters of
both devices and HIBP are shown in the Table, also see
[2,3].

Comparison of devices and HIBP parameters

Par ameter TJ-I1 T-10
<R>m 15 1.5
<a>jim, M 0.22 0.3

Bo, T 1.0 15...25
* N, 10° M3 0.3...6 1...4
Pec, KW £ 600 £ 1600
Pnai, KW £900 -
Epeam, K€V 125 300
probing ion Cs' TI
observation area -1<r<1 | 02<r<1

2. MEASUREMENTS OF POTENTIAL

Plasma potential in T-10 has negative sign and scale
up to -1600V. The absolute value of potential is
decreasing with the rise of Pec and increasing with rise of
density. Stronger negative eectric field E; is associated
with higher energy confinement time tg (Fig.1,a). In
TXHI, low-density ECR heated H or He target plasmas
(" ne=(0.3...1.1)" 10" m™) are characterized by a positive
potential uptoj (0)=+1200 V. The density rise dueto gas
puffing or NBI fueling is accompanied by the decrease of
potential, which evolves to smaller absolute values,
becoming fully negativeat “n.> 1" 10°m™ (Fig. 1, b).

In both devices, in discharges with modulated ECR
heating, growth of T, due to increasing of ECRH power
leads to increase in plasma potential (Figs. 2, 3).

3. STUDY OF FLUCTUATIONS

Various types of the quasi-coherent potential
oscillations were studied in both devices in view of the
link with turbulence. Geodesic acoustic modes (GAMS)
HF branch of zonal flows may be possible mechanism of
the turbulence self-regulation [4].
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Fig. 3. Profiles of potential: (a) T-10; (b) TJ-II
Fig. 1. The potential falls down in regimes
with density rise on T-10 (a) and TJ-11 (b) 0ot
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Fig. 2. Time evolution of potential in regimes with modu-  Fig. 4. GAMs (20 kHz) are seen on the potential (a), but
lated ECRH in T-10 (a) and TJ-11 (b). Hatched rectanglesin hardly seen on spectra of density fluctuations (b), where
(a) mark instants of potential profiles, shown in Fig. 3(a) MHD mode n=2 (fuup="7 kH2) is seen
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The theory proposes the unified dispersion reation for
GAMs and Beta induced Alfvén Eigenmodes (BAE) [5].
In T-10, the mode, identified as GAM, presents a
dominant peak in the power spectral density of potential.
It was shown by HIBP and Langmuir probes that GAMs
are more pronounced in the plasma potential rather than
density (total secondary beam current Iy). Figs. 4 and 5
shows the potential and density power spectra, obtained
by HIBP at the same time. It is clearly seen that GAM
peak (sometimes with satellites) dominates in the
potential spectra, while MHD m=2 peak with fyup = 7
kHz dominates the density spectra. The GAM freguency
scales with the local electron temperature in the sample
volume as feay ~ T2

Fig. 5. Main peaks of GAM and satellite are seen on
the potential j . MHD modes are seen on density
fluctuations

The modulation of the GAMs by sawteeth was found
in the OH and ECRH phase. The GAMs were observed of
the outer part of the phase reversa radius, r =12 cm.
Peak frequency follows the oscillating temperature with
the same period of several milliseconds. The mode
amplitude is aso modulated by the reversed phase of T,
sawteeth oscillations, Fig. 6. The long-range density-
potentia correlations were found, and the global character
of GAMs was observed.
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Fig. 6. Modulation of GAM by
sawtooth oscillations

In experiments with Li-coating and NBI hegting, the
spontaneous L-H trangtions occur. During the L-H
transition, the edge and core fluctuations of ne (seen on |y)
andj shows some reduction, H, emission falls down and
the energy store W increases. The strong suppression of
plasma density fluctuations and their coherence with Ey
in the H-mode was observed, Fig. 7.

Recent experiments with NBI heating have shown
evidence of AEs driven by energetic injected ions. AEs
are seen by HIBP on fluctuations of loca potential,
density and poloidal magnetic field By The strong
suppression in plasma density fluctuations and the density

Fle rise was observed after ECRH cut-off and NBI start.

Simultaneously the AE frequency falls down as fag~nNe ¥2,
Fig. 8. AE contribution to the bulk plasma turbulent
particle flux depends on the phase relations between E
and n, oscillations. More details seein [6].
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Fig. 7. Regime with L-H transitions. When the H-
mode occurs, density fluctuations are suppressed (a);
H, emission falls down and the energy store W
increases (b). In the L-mode, H, recovers, W
decreases. Alfvén eigenmodes are seen also
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Fig. 8. Scenario with ECRH and balanced NBI. Alfvén
eigenmodes are seen on the plasma potential (a),
density (b) poloidal magnetic field (c) and Mirnov

probe (d) spectra. After suppression of low-frequency

broadband turbulence, the density ne rises (c)
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4. CONCLUSIONS

Summarizing the observations, we conclude:
Despite the large differences in the topology of the
confining magnetic fild between two machines, the
electric potential shows the following striking smilarities:
Similar values for the potential j and dectric field E,. For
‘ne > 1x10"° m?3 the potentid is negative with
comparable absolute values despite of different heating
methods: OH and ECRH in T-10, ECRH and/or NBI in
TXHII. Increase in n, and tg is accompanied by similar
diving of ¢ and E; into the negative region. Application of
ECRH, causing arise of T, and degradation of tg, results
in shift of j and E; to positive values. Quasi-coherent
modes, interacting with ambient turbulence, like GAMsin
T-10 and AEs in T}, have pronounced component in
electric potential;j and E; plays important role in
turbulence, thus in energy confinement: negative values
are associated with better confinement both in T3l and
T-10.
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HCCJIEJOBAHUE TYPBYJIEHTHOCTH IIVIA3MBI U JIOKAJIbHOI'O SJIEKTPHYECKOI'O TTOJISA
HA TOKAMAKE T-10 U CTEJUIAPATOPE TJ-1Il JUATHOCTHUKOHU 30HAUPOBAHUA
MMYYKOM TSKEJBIX HOHOB (OB30P)

JLU. Kpynnux, A.B. Measnuxos, C. Hidalgo, A.4. Umeiza, JI.T. Enucees, E. Ascasibar, T. Estrada, A, J. Komapos,
A.C. Kozauek, M. Liniers, C.E. JIbicenko, B.A. Maspun, M.A. Ochando, J.L. de Pablos, M.A. Pedrosa,
C.B. Ilepgpunos, F. Tabares, A.U. Kesicepa

Ha rtoxkamake T-10 u cremmaparope TJll ¢ moMompio mydka TSOHKENBIX HOHOB B CPABHUMBIX PEXHMax
HCCIIEIOBAIOCH TTOBENICHUE MOTEHIMAaNa u ero Qquykryanuii. OOHapyXeHBI OOIHMe CBOWCTBA MOTCHIIMANA: MacIITad
MOPSIZIKa COTEH BOIBT; OTPHIATENHFHBIA 3HAK IMPH IUIOTHOCTSIX ne>1x10" m= u CpaBHHUMBIE 3HAYCHHS, HECMOTPS Ha
pa3HbIe MeTonbI HarpeBa. Korma Ne min t g pacTyT, MOTEHIMA pacTeT B OTpULATeNbHYI0 001acTs. [Ipu DLIP- Harpese u
COOTBETCTBYIOIIIEM pPOCTE T, (g yXymmaercs, W IMOTEHIMAT MEHSETCS B IOJIOKUTENBHYIO CTOpOHy. HaOmromamuch
KoneOaHus MOTEHIMANA B AUATIA30HE re0Ie3nIeCKnX aKycTruueckux Mo B T-10 u anbBEHOBCKHMX COOCTBEHHBIX MO/ B
THII.

JOCJIIKEHHSA TYPBYJIEHTHOCTI IIVIA3MHU TA JIOKAJIBHOI'O EJIEKTPUYHOT'O ITOJIA
Y TOKAMALII T-10 TA CTEJVIAPATOPI TJ-Il METOAOM 30HJAYBAHHS
IMYYKOM BAKKHUX IOHIB (OB30P)

JLI. Kpynnix, O.B. Mensnixos, C. Hidalgo, 4.A. Umuza, JI.T'. €nicees, E. Ascasibar, T. Estrada, 0./. Kamnapos,
0.C. Kozauok, M. Liniers, C.€. JIucenko, B.O Maspin, M.A. Ochando, J.L. de Pablos, M.A. Pedrosa,
C.B. Ilepghinos, F. Tabares, O.1. JKeacepa

Ha tokamami T-10 i cremmapatopi TJll 3a momomororo mydka BaKKMX 10HIB B MOPIBHSAHHUAX PEXHMax
JOCTIKyBajacs TOBENiHKA MOTEHIIaTy Ta Woro QIIykTyariii. BusBieHi CHijbHI BIaCTHBOCTI MOTEHIiATy: MacmTad
OJM3BKO COTEH BOIBT; HETaTUBHUM 3HAK IPHU MIUTHHOCTI ne>1><1019 m?i MOPIBHSIHHI 3HAYEHH:, HE3BAXKAOUX HA Pi3HI
Metonn HarpiBy. Komm ng abo tg 3pocraioTh, moreHmianm 3pocrae y HeratuBHy obmacts. Ilpm EIL[P-marpisi i
BiJIOBITHOMY pOCTi Te, tg TOTIPIIYETHCS, 1 TOTEHIIAT 3MIHIOETRCS Yy TO3UTUBHUMA Oik. CriocTepiraivcss KOIWBaHHS
MOTEHI[Iay B Jliala3oHi reoJe3ndHnX akycTuaanx Mof y T-10 Ta anb(pBeHOBChKHX BIacHUX MO y TJI.
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