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Using an advanced heavy ion beam probe (HIBP) diagnostics in the T-10 tokamak Frequency difference for GAM peaks
In OH and low-power ECRH (P < 0.5 MW) plasmas, all three frequency

(R=1.5m, a=0.3 m, B,=2.5T, /,,< 330 kA, D,), we have shown that: For OH and low
) , ) » Da), _ : i i : i -power ECRH plasmas,
e The geodetic acoustic mode (GAM) has a complex frequency structure consisting of three separate frequency peaks: the main GAM peak , LF- and HF- satellites have a squarg root the f diff Af, . ()
peaks: the main GAM peak with the frequency f-,,, ~ 20 kHz, and two satellite peaks, High-Frequency and Low- temperature dependence on the value (7,+7/4T)), taken at the points of oY SRR e 1)
Frequ;ency shifted from the main peak at Af ~ 4Gk?-lﬂﬂz ’ ’ birth, different for each peak. For plasma with powerful ECRH (0.5 MW < | @nd Afye (b), are close to each other.
’ ' i - 6 -
* The radial dependence of the GAM frequency is not described by the local Winsor formula (f;4,,~C./R, C; - the Ilzgi/<tr21é2fl:ngj)ez2iz\;hce>? t(rz-g+r7n/ji?6a;|\5|heek;llit?a)rajlsu\slv;?rl\;se)l(—lclieegrsmdo.l_sFS (a) ) #(f,, 10" m)
ion-sound speed, R — major plasma radius). In ohmic discharges and at the moderate ECRH power (P.. < 0.5 . k . .y P ’ | Yy ™
: : . satellites (b, c) deviate from prediction of the local theory, and reach a m 4
MW) the frequencies of each of the three GAM peaks follow the Winsor formula for f,,,. With a further power it saturate 4 %v
or temperature increase at the strong ECRH (0.5 MW < P, < 2.2 MW) the frequencies of the GAM main peak ’ ' Error estimation for the value T, +7/4T; is 10%. T % #B, T)
and both satellites deviate from the theoretical dependence and saturate. 30 W, 107 mY 30 T %‘13 v % Z gg
 Near the highest achieved ECRH power (or the temperature), the frequency difference between the main GAM 25_(3) GAM E % N5 (b) %% - 2- | % |
peak of the HF-satellite decreases, and two peaks merge into the single one. 3 s :%%% W ; e | #(Heating)
 The bicoherence analysis indicates the three-wave coupling of GAM with quasicoherent (QCM) and stochastic ?20 #:; §2°' = Af e = foam - fLFsar ; (E)gRH
low-frequency (SLF) turbulent modes in a wide spectral range, and each of three GAM peaks has its own S 15/ 2 Eas) #(5’22 °2 o4 o 08 10
frequency range of coupling. ém- Z> ié;iii %10- rr-satefite - gj T, + 7/4T, (rgay = 27 cm), keV
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(E-xB) Geodetic acoustic mode (GAM) is a high-frequency branch of zonal flows (ZF). It Te + /4T, (1 gam = 27 cm), keV T, + 7/4T, (yp.qt = 25 cm), keV N4 o I % %% - 4
f"°wz manifests itself in the form of torsional poloidal oscillations along magnetic surfaces x * # #B, T
. . . . . . = v 22
| exuted. by an .osullatl.ng radial eI.ectrlc. field. The occurrence of zonal flows and 30 (©) The birth radius r.,, was chosen as =2 % A 93
: GAMs is associated with the nonlinear interaction of various spectral components 3 5. 5 radius. where the observed - % °© 24
| of turbulence, or with the effect of fast particles (e-GAMs). ZF and GAM are N A, 107 m™ ’ . : 0 #(Heating)
, . _ _ _ , S0 - frequency feam P coincides with the _ = OH
| considered as an effective mechanism for the turbulence self-regulation, having a S ¥ v = ¢ | |ocal GAM frequency | Afye = fupcar - Toam "o
: significant effect on the radial transport of energy and particles. ZF/GAM is also £15 BT 02 04 06 08 10
Y considered as a mechanism influencing L-H tran5|t|ons.c %10_ L F-satellite v 22 Fonnn®® (Fenr) = Fanna™eO (Fer) = T, + 7/4T; (rgay = 27 cm), keV
_ e ~ S 0 = N/m. & .
Fig. from [G. Mckee ppcF 2003]  Joam = [10=30] kHz, m=n=0, Anc/n. L eA@/[Te, feam = J2R’ Cs=V(Te +7/4T))/m; Y 5 Heating . When the temperature value
o ECRH 7/ T T,+7/AT (rean = 27 cm) approaches
- S : \/ Te(rgam) + /4 Ti(gam) | e i\'GAMm PP
The fine frequency structure of GAM o e o wa Ws 08 \Zmink 0.7 keV, the main GAM and HF-satellite
T ’ peaks are merging.

Advanced HIBP diagnostics with improved signal sensitivity allowed us to observe the fine frequency structure of

the GAM and its temporal evolution. For the first time it was shown that GAM consists of three peaks with |nteraction Qf GAM With broadband tu rbU|ence

separated frequencies: the main GAM peak, LF-and HF-satellites, while previously only two peaks were observed.
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b G s 0 Fine frequency structure of GAM Bispectral analysis indicates a three-wave interaction for each of three GAM frequency peaks with background
35 1.
fvolution of olasma - turbulence in a wide frequency range 0 < f < 330 kHz. The each GAM peak has a characteristic frequency range of
& N, . P . 05} OH | interaction, including a low-frequency quasi-coherent mode (LF QCM), a high-frequency quasi-coherent mode
i potential fluctuations .
L . GAM t=625-725 ms | (HF QCM), and a stochastic low-frequency mode (SLF).
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: " and ECR-heating: 5 Three-wave interaction of GAM and satellites with turbulence
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| b? indicates the presence of a three-wave interaction (potential, density, density) in shot No. 72287. Three-
i T = e S b between GAM and SLF, LF + HF QCM frequencies; wave interaction of GAM and satellites with SLF, QCM is
(a) Thhe flgequency for eacf/w of the three GAM peaks is constant 1ol r=27-31 cm . ( )_ shot No. 72287, OH, Ee ~0.7-101° m-3. observed in a wide frequency range 0 - 330 kHz.
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' " (a) integrated bicoherence spectra for GAM and satellites interactions with QCM;
OF 15 o0 25 — 30 _ (b) the biphase spectra for interactions with various types of turbulence;
r(cm) Power _ spectrum  of  potential (c) biphase histogram for the GAM interactions with QCM has a maximum of about .
(b) Radial distribution of the GAM amplitude. The amplitude of each of fluctuations  depends on  the
the three peaks is constant over a wide radial range. As it approaches observation point. The HF-satellite CONCLUS'ONS
to the edge, it begins to fall down to the noise level. The region of peak is not observed in the outermost
constant amplitude for the HF satellite is the narrowest, for the LF- it is observation position. e We found that GAM has not only HF-, but also an LF-satellite. Thus, the GAM consists of three separate
the widest, and for the main peak it is the average between them. An example for OH plasma. frequency peaks: the main GAM peak, the HF-satellite, and the LF-satellite. As a rule, the amplitude of the LF-

B=2.3T,1,7230kA, n, = 0.6-1-:10° m3, OH plasma

satellite is significantly (2-4 times) lower than the amplitudes of the main peak and HF-satellite.

e For plasmas with ohmic and low-power ECR heating (Pg. < 0.5 MW), all three GAM peaks: the main one, LF-, and

HF- satellites have a square root temperature dependence of their frequencies, which is typical for GAM.

GAM evolution under powerful ECRH * A three-wave interaction of all three GAM frequency peaks with turbulence in the wide frequency band from 0
Pl #73143 TIOHIBR: PHifs3, clean, noz} ) <4096:2048> to 330 kHz (stochastic low frequency mode and quasicoherent modes, both LF- and HF-) has been detected.
|[—t=55.981.724284 on (b) AP 517 KW, the Each GAM peak has its own typical frequency range of interaction.
| [=—1=771.318 751354 ECRH BC™ ’ e The almost constant frequency difference between the three peaks makes it possible to interpret the HF-satellite
temperature value T, . . . . . .
¥7/8T (Fann = 27 €M) as the second GAM, born in a deeper plasma region with a higher temperature, and the LF-satellite as the third
approaching 0.7 keV, GAM, born in an outer region with a lower temperature.

a convergence of the e For plasma with high-power ECR heating (0.5 MW<P.<2.2 MW) , the frequencies of the main GAM peak, as well

main GAM and HF as LF- and HF satellites deviate from the prediction of the local theory, the square root dependence of the
satellite peaks is

observed, up to their

complete merging.
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frequency on temperature f(T) goes into saturation. Thus, an upper frequency limit for GAM has been found.
e An increase of the ECRH power (plasma temperature) leads to the merging of the main GAM peak and HF

t (ms) f (kHz) e These new experimental findings need the further theoretical analysis, based on [V.I. ligisonis and E.A. Sorokina,
Power spectrogram of plasma potential Power spectrum of plasma potential #3268 , This Conference].
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