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Plasma potential, its oscillations and turbulence rotation were studied on T-10 in a wide range of ohmic and ECRH
regimes. The potential has negative sign over the whole plasma cross section. Broadband turbulence tends to rotate with
ExB drift velocity. Rotation and potential evolve together with plasma confinement. Frequency of potential oscillations
in the range of geodesic acoustic modes does not change with radius that disagrees with theoretical predictions.
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1. INTRODUCTION

The direct experimental study of plasma radial electric
field E; is the key issue to clarify ExB shear stabilization
mechanisms. Comparison of plasma turbulence and E,xB;
drift rotation may explain, whether the turbulence moves
together with the plasma or independently. The absolute
value of the core plasma potential ¢ was measured in the
T-10 tokamak (R = 1.5 m, a = 0.3 m), by Heavy lon Beam
Probing (HIBP) with TI" ions. New high-voltage power
supply and new system of remote control of focal distance
allow us to increase the beam energy Ey, up to 300 keV
and focus the beam in any desirable point of the detector
grid in plasma. The primary beam current achieved
200 pA and the beam diameter ~ 4 mm. Therefore we can
observe the core potential at high densities

(ne S4.1><1019m'3). The ¢ profile in a wide area
(0.2<r/a<0.9) was assembled from radial fragments
measured with various Ej and injection angles in a series
of reproducible shots. At the limiter, the plasma potential
and density were measured by Langmuir probes. The core
plasma turbulence was studied by correlation
reflectometry (CR). Also we used the standard set of
diagnostics: soft X-rays (SXR), electron cyclotron
emission (ECE), diamagnetic loops and other. Missing
radial distributions of plasma parameters invoked from
transport model with T-11 scaling for diffusivity [1].

2. POTENTIAL MEASUREMENTS

Various regimes with ohmic (OH), on- and off-axis
ECR heating (B; = 1.55...24T, I, = 140...250 kA,

ne=(13...4.1)x10"” m”, Pgc<1.5MW) were first
studied [2]. In first low-B;, ohmic regime (1-/ and 1-% in
the Table) HIBP observed practically the whole plasma
cross-section. Evolution of plasma parameters is shown in
Fig. 1. The density n. rises due to gas puffing, while the
electron temperature 7, slightly decreases. The potential
profile evolution is shown in Fig. 2: the potential and E,
tends to decrease with gas puff. The second regime had
additional ECR heating and the current ramps up from
165 to 212 kA (Fig. 3).

Parameters of studied regimes

Reg. | n,10°| E, [Ar,em| B, T | I, kA | g,
m> | V/em ms
1-1 1.3 55 6-30 1.55 140 20
1-h 24 65 6-30 1.55 140 36
2 OH 2.5 70 7-22 2.08 165 38
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Fig. 1. Evolution of density n,, potential ¢, energy
confinement time 1 and electron temperatures T,
at the centre and at 21.7 cm in low-field regime

During ECRH phase, the potential well becomes
significantly shallower, E; decreases and confinement
degrades. The potential has a weak dependence on /,. No
any strong irregularities in the potential near the EC
power deposition radius rgc =15 cm during the slow
(10 ms) timescale are seen: E, inside and outside rgcry
was the same. The high-density ohmic regime 3 has
maximal £, (Fig. 4). In all studied regimes, the potential
was negative and E(r) ~ const <0 in the whole radial
range of HIBP measurements, the potential well becomes
deeper, and the mean E; increases with rise of density and
the energy confinement time tg.
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Fig. 2. The potential profile assembled from set of
the scans for three densities in time instants
marked by hatched rectangles in Fig. |
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Fig. 3. The potential profile in regime with additional
heating and current ramp-up, A marks position of EC
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Fig. 4. The potential profile in high-density ohmic regime

The plasma column rotates with ExB drift velocity not as
a rigid body due to the B(R) dependence. The typical
values for angular velocity is Qg ~ 1.5%x10* rad/s for
OH, and Qg ~ 1.25x10* rad/s for ECRH stages
(Fig. 5, a,b).
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Fig. 5. Plasma ExB and turbulence rotation in regime 2,
measured by correlation reflectometer (CR) and ion
beam (HIBP) in ohmic (a) and ECR phases (b)
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Fig. 6. Spectra of potential oscillations in regime 2.
Peaks in ellipses are identified as GAMs
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Broadband drift-wave turbulence tends to rotate together
with the EXB driven bulk plasma. Faster rotation
corresponds to better confinement.

3. FLUCTUATIONS

Geodesic Acoustic Modes (GAMs) may be possible
mechanism of the turbulence self-regulation. The theory
proposes the unified dispersion relation for GAMs and
Beta induced Alfvén Eigenmodes (BAE) [3]. This mode
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presents a dominant peak in the power spectral density of
potential. In some cases a higher frequency satellite
appears (Fig. 6) [4]. Mode is more pronounced during
ECRH, when the typical frequencies are seen in the band
22...27 kHz over the whole plasma cross-section. In all
regimes the mode frequency is close to a constant over the
investigated radial interval (Fig. 7) that inconsistent with
theoretical predictions for the plasma core [5].
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Fig. 7. Comparison of potential oscillations in
regime 2 with analytical theory (lines) and 5-fields
code calculations (star). Rectangle shows the
region of the code validity

However, at the outer edge, p = 0.95, the frequency value
is consistent with theoretical prediction [6], which may be
indicative these mode are the edge driven spatially global
eigenmodes. The frequency weakly depends on the
magnetic field and plasma density. With the density rise,

first the satellite and then the main peak consequently
disappear. The amplitude of potential perturbations is
quite pronounced, is about a few tens of Volts in the
ECRH phase, and increases towards the plasma centre.
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UCCJIEJOBAHME OTEHIUAJIA TIIA3MBI, ET'O ®JIYKTYAIIUI U BPAILIEHUS
TYPBYJIEHTHOCTHU B TOKAMAKE T-10

A.B. Menvnukos, B.A. Bepwros, C.A. I'pawun, JI1.I' Enucees, C.E. J/Ivicenko, B.A. Maspun, B.I'. Mepesickun,
C.B. Ilepghunos, /1.A. lllenyxun, P.B. Ilypvicun, /1. H. Kpynnuk, A./]. Komapos, A.C. Kozauex, A.H. Kesxcepa

[orenuman mia3Mel, ero kojeOaHWs W BpallleHHE HCCIeAOBalMCh Ha Tokamake T-10 B mmMpokoM uana3oHe
omuueckux U DLP-pexumoB. [ToTeHman — oTprLaTeIbHBINA IO BCEMY CEUCHHUIO IUIa3Mbl. BpareHue TypOyJIeHTHOCTH
COOTBETCTBYET BpalIeHHIO 3a cueT (ExB)-npeiida. Bpamenne n moreHnyan 4yBCTBUTENBHBI K M3MEHEHUSIM Y 1P KaHHSI.
YacToTa KonebaHM MOTEHIIMANA B JAWAIa30HE I'€0/IE3NUECKUX aKyCTHYEeCKHUX MOJ| HE MEHSIETCS 10 paauycy, 4To He
COOTBETCTBYET JOKaJIbHOUN Teopun ['AM.

JOCJIJKEHHSI TOTEHIIAJTY IJIA3MU, HOT'O ®JIYKTYALIA TA OBEPTAHHS
TYPBYJIEHIII ¥ TOKAMALI T-10

0.B. Menvnikos, B.O. Bepuikos, C.A I'pawun, JI.I' €nicecs, C.E. Jlucenko, B.0. Maepin, B.I'. Mepesickin,
C.B. Ilepghinos, /1.0. Lllenyxin, P.B. Illypuzin, JI.1. Kpynuix, O./1. Komapos, O.C. Kozauok, O.1. JKescepa

[MoreHuian mma3zmu, HOro KojaMBaHHA Ta oOepTaHHsS Oyio mociimkeHo Ha Tokamani T-10 y mmpoxkomy aiana3oHi
omiyanx Ta ELIP-pexxumiB. IloTeHmian Mae HeraTMBHY BENMYMHY [0 BChOMY TIepeTHHY Iuia3mu. OOepraHHS
TypOyJeHNii BianoBiae o0epTaHHIO 3a paxyHOK (E£xB)-npeiidy. ObepranHs 1 MOTEHLIaN Yy TIMBI 10 3MiHU YTPHUMaHHS.
YacToTa KOJIMBaHb MOTEHIAy Y Jiana3oHi IeoJIe3NYHUX aKyCTHYHHMX MOJ| Hi 3MIHIOETBCS B 3aJIEXKHOCTI BiJ| pauiycy,
110 HE BiNOBifae JoKanbHiK Teopii TAM.

42



