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The interaction between large-scale ExXB flows, in particular geodesic acoustic modes
(GAM), and small-scale drift-wave turbulence has been an important area of experimental
research for anomalous transport of energy and particles in toroidal plasmas during the last
decade utilizing more and more sophisticated tools. GAMs, which are, according to the
present day understanding, excited in plasma due to nonlinear three-wave interaction of drift
waves, in their turn can influence the turbulent fluctuations and anomalous transport. The
mechanism GAMs control the turbulence could be associated with large inhomogeneity of
poloidal rotation accompanying GAMs possessing small radial wavelength and huge radial
electric field. This effect is investigated in the FT-2 tokamak (R =55 cm, a = 7.9 cm) using
the global gyrokinetic modeling by ELMFIRE [1] code and a set of microwave
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Fig. 1. The simulated ExB velocity (a) and

temporal and spatial structure [1, 2]. Strong comparison of @i and y (b) (r = 5.5 cm).

poloidal velocity oscillations associated with GAMs and obtained in [1, 2] as a result of
ELMFIRE radial electric field E, simulation are shown in fig. 1a. In order to estimate the
efficiency of the turbulence control by the rotation shearing we should compare the absolute
value of the ExXB shearing rate at this radius composed of the mean

shear @) = w<gxp>~ 66 kHz and its fluctuating part reduced by a factor [3]

H=((1+3F)* +4F°)" /((1+ F)VI+4F ) =02 (where F = (2nFg/y)’) (red line at fig. 1b)
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and the turbulence growth rate, estimated from the ELMFIRE data as y~ 158 kHz (blue
line). The mean shear and the GAM frequency Fg = 53 kHz are shown in fig. 1b by black
and green lines respectively. As it is seen in fig. 1b, the effective shear mesr = |@pxp H + @)
nevertheless exceeds the turbulence growth rate level 1 or 2 times per the GAM period
depending on the amplitude of the Vgxg oscillations, which results in strong modulation of

the electron thermal conductivity (red curve in fig. 2) correlated with E(t) evolution (shown

in arbitrary units by blue curve). ~ ]
In this paper we visualize this numerically Ng 2__
predicted effect in the FT-2 tokamak 0
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Fig. 2. Ex(t) and y. atr=5.5 cm

experiment using complex approach utilizing
microwave Doppler enhanced scattering (ES)
and reflectometry diagnostics. Both medium scale GAM oscillations (modulating the
Doppler frequency shift fp of the ES spectra) and small-scale density fluctuations possessing
Kps > 2 and leading to back scattering are characterized by the correlative ES [4], whereas
the larger scale turbulence is measured with O-mode reflectometers, one with equatorial
probing from low-field side and another with top launching and vertical probing.

The first evidence for GAMs interaction with the small-scale plasma turbulence component
via three-wave coupling was found by the bicoherency analysis. However, only weak
influence of the GAM intermittency was observed (both in H and D regimes) in the small-
scale turbulence radial wave number spectra obtained by correlative ES diagnostic [5].

On contrary, a strong modulation of the large-scale turbulence level at the GAM frequency
was for the first time found by cross-method utilizing both ES and reflectometry techniques
(fig. 3). The evolution of density fluctuations was measured by reflectometer from low field

side whereas the poloidal velocity Vp oscillations were reconstructed from the ES

' i ' measurements. The probing frequencies were 35 GHz
61 Xemode UHR for the O-mode reflectometer and 65 GHz for the ES,
62 GHZ_/ providing the radial overlapping (r=5.8cm) for
§ 0 ( ( scattering regions shifted by 90 degrees toroidally.
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Fig. 3. Ray trajectories for ES and

equatorial reflectometer.

IQ detected homodyne signals C(t) and S(t), calculated

as Pro(t) = C? + S, are shown in fig. 4. In the situation
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Fig. 4. fp and Pjq time traces.
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Fig. 5. Power spectra of fp(t) (a); both IQ

reflectometry signals (b); Pio(t) (c) and

coherence between fp and Pjq (d).
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Fig. 7. The measured averaged V.

when GAM like periods are seen in the fp(t) signal
(fig. 4a) there are intensive peaks on Pio(t) evolution
(fig. 4b). Otherwise, when GAM oscillations are
invisible the Pio(t) signal become more uniform.

Results of the statistical analysis of these signals are

shown in fig. 5. The power spectra averaged in
3.44 ms time interval (with 84 samples) of he fp(t),
C(t) and S(t), Pio(t) signals are shown in fig. 5a,b,c.
A small GAM line is seen in fp-spectrum, whereas in
reflectometer measurements it was seen only for
vertical probing and not observed in the equatorial
plane in agreement with GAM’s sin(0) symmetry.
The coherence spectrum between two signals fp(t)
and Pio(t) shown in fig.5d demonstrates the
coherence value (35%) higher than the noise level
(shown by grey color) at GAM frequency and thus
proving the turbulence modulation by GAMs. The
value of the cross-phase between two signals at GAM
frequency is close to 172°. The double-sided
reflectometer power spectrum produced from C(t) and
S(t) signals is shown in fig. 6. Its half width at half

amplitude level provides the experimental estimation

of the turbulence growth rate y =270 kHz. The rms

value for Vg estimated from fp-signal and associated

with GAMs is Vg~ 1.7 km/s and typical GAM radial wave number, measured by two
channel radial correlative ES approach [4], is kg ~ 2.6 cm™. The averaged values of <Vg>
the region of interest are
d<V,>/dr=20+42 kHz

d{v)
dr

measured in shown in fig. 7. The radial gradient

and the mean part of the ExB shearing rate

0, = + <V9>Li(ﬂJ =50%42 kHz (where ( is the safety factor estimated by ASTRA

gdr\r

code modelling). The fluctuating part of the ExXB shearing rate wpxp < VgKg ~ 442 kHz. At

GAM frequency Fg~43kHz the factor H~0.5 and an effective shearing rate
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0efr < 271442 kHz is very close to the turbulence growth rate, providing the possibility to
switch off the turbulence 1 time per the GAM period.

The intermittency of GAMs was also taken into account during the integration of the total

reflecometer power AR, :IHth /At by selection of time intervals where GAMs are

excited or suppressed. The turbulence has a slightly § 21 (a)
smaller (by a factor of 0.8) level APiq when analysed f’o 0-
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T.(0) ~ 400 eV, Ti(0)~ 105¢eV). The amplitude of _Fig 8. foand Py traces in D regime.

GAM like oscillations increased in the fp(t) time E 2'_ \L @
trace by a factor of 2, the shape of Pjp-peaks also .%o (2) : S S R (]'3)
became more distinct (fig. 8). The power spectra and &I

coherence in D-case are shown in fig. 9. GAM line D,;_ 0 — — (Ic)
amplitude increases in comparison with H-case, the go 2\_‘
cross-phase value at GAM frequency is 161°, the & 0.2__ : ' fD&PIQI (;1)
turbulence level APjq suppresses by a factor of 0.6 § 0.2 _i_ _ =

when analysed during intervals where GAMs are 0‘00 100 200 300
excited. Fig. 9. Power spectrle:1 agllfiHcf))herence

Conclusion between fp and Pyq (d) in D regime.

The modulation of the diffusivity and thermal flux at the GAM frequency predicted in
analytical theory [3] is revealed in the present paper by ELMFIRE modeling of the FT-2
tokamak H-discharge and for the first time supported by experimental observations of
turbulence modulation by GAMs. The last effect was enhanced in D-regime where GAM
amplitude increased leading to the drift turbulence suppression during the GAM bursts.
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