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Introduction

Geodesic Acoustic Mode (GAM) was introduced in 1968 by Winsor t al [1] to explain strong
low frequency oscillations observed in Model C stellarator. Since then, GAM-like oscillations
have been observed in many toroidal devices, and remarkable advances have been made both
in theoretical understanding and experimental study of the GAM [2,3]. Physically, GAM is a
toroidally and poloidally symmetrical (m, n=0) acoustic range (1-100kHz) oscillation of the
radial electric field, coupled with m=1 density oscillation, usually located radially in a narrow
region of toroidal plasma close to the plasma edge. The GAM produces plasma advection
only in the poloidal direction, so it does not influence cross-field plasma confinement directly.
The source of free energy for GAM oscillation comes from the high frequency part of
ambient plasma turbulence, which cascades to the lower frequency (GAM) part of the
spectrum through non-linear interactions. In turn, GAM, having strong radial shear of
poloidal ExB flow, is capable of regulating the turbulence level through the sheared flow
dumping. Thus, not participating in transport of energy and particles directly, GAM

nevertheless can effectively regulate turbulence level and anomalous transport.

Experimental setup

The experiments described have been performed on the TUMAN-3M tokamak in ohmic and
NBI heated regimes with plasma parameters as follows: a=24cm, R=52cm, Br~0.7T,
I,~130KA, ey~2.5-3.3, 1~0.8-0.9-10""m™ (L-mode), n<3-4-10""m> (H-mode). Typical time
traces of the main plasma parameters in ohmic shot with H-mode transition are shown in Fig.
1. The GAM oscillation was registered using Heavy lon Beam Probing (HIBP) in this regime
at initial stage of plasma discharge [4, 5]. In the experiments described, 70kV K" ions were

used as a primary beam. The HIBP measurement was performed at a point located close to the
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plasma center, moving slowly through the poloidal cross-section due to the time-varying
toroidal magnetic field from rypp~2.7 cm at t=35 ms to rypp~6.2 cm at t=50 ms. The
secondary ion beam is characterized by two parameters: the beam energy, used for plasma
potential calculation, and its intensity. In our experiments, the beam attenuation may be
neglected, so the secondary ion beam intensity is proportional to the plasma density exactly at
the point of the secondary ionization rypp. The beam energy linearly depends on electric

potential measured with respect to the wall (it is located at ry). It gives information on E;

Ty

integrated over a radial range rypp<r<ry: A ¢ = - I E _dr . Whether it is possible to

14

register GAM oscillation in this configuration or not, depends on the relation between the
radial correlation length Argam and the radial wavelength Agam of the GAM. If Argam >>
0.5AGam, then radial electric field of the GAM will be effectively averaged out to zero in the
plasma potential signal measured by centrally aimed HIBP. Contrary, in the case of Argam <
0.5 Agam, the above integral is not zero, and one may expect registration of GAM oscillations
even in this unfavorable configuration. In the experiments on JFT-2M [6], it was observed
that Agam~4-5 cm, Argam~2 cm, so one may think that condition Argam < 0.5 Agam should be
fulfilled in the TUMAN-3M as well, and GAM may be observable even while HIBP was

aimed in the center of the plasma column.

Experimental results

In fact, GAM oscillations were registered in the shots similar to one shown in Fig.1. In these
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MHD burst, between t=38ms and 45ms, which is thSO(m)& GAM was registered in the HIBP

discussed in detail in previous publications [7, ~ Measured potential between =32ms and S0ms.
8]. As it was found in this study, during MHD burst the GAM dumped and resumed again

after the burst. Figure 2 presents a spectrogram of the GAM together with other signals
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Figure 2. Time evolution of plasma density (a), D,

(b) and GAM spectrum (c) during the the ohmic
H-mode transition.

oscillation ceased approx. ~Ims before the
transition, so it is not clear yet which of them
is the cause and which is the effect. It
requires further investigation. Figure 3 shows two spectra of plasma potential measured
before (a) and after (b) ohmic LH transition. As is seen from Fig.3 (a), a clear maximum
exists at the frequency fgam~30 kHz in the spectrum of plasma potential before the transition.
In addition, there is a noticeable increase in spectral density in the range of 75-130 kHz,

representing an ambient turbulence.

It should be noted that the frequency .. |
o ||| ]| ‘ |
range of the electronics used in the - ™ )Ju“rJ“\,‘;‘\L\w\.g\wr“,;.‘.ﬂ,,‘_,‘.,,/_,M }

14t
e W0, T

experiments was limited by 200kHz,

so only a lower frequency part of the

1.kHz| ".\ |

d(a) A A (b)

turbulence spectrum was registered.

. Figure 3. Spectra of plasma potential (top boxes) and local
At the same time, both these features  ¢jectron density (bottom boxes) measured by the HIBP before

— the GAM spike at 30kHz and the (a) and after (b) the ohmic LH transition.

broad spectrum in 75-130kHz range — are absent in the spectrum of local density, shown in
bottom part of Fig. 3. This is due to the difference in spatial resolution of density and radial
electric field measurements inherent to a HIBP diagnostic, as discussed above. Obviously,
both the GAM and the ambient turbulence, seen in the central potential spectrum, are located
closer to the plasma edge (i.e. far enough from the point of measurement), and as such does
not show in the local density spectrum measured close to the center of the plasma column.
After the LH transition, the GAM spike disappeared from the potential spectrum, while
broadband turbulence persisted. This may be an indication of changes in the GAM generation
mechanism by non-linear processes in the higher-frequency part of the turbulence spectrum.
An additional illustration on interplay between higher and lower parts of turbulence spectrum

may be found in Fig. 4. Here, the potential oscillations spectrum in the 0-200kHz range is
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plotted as a function of time in a 5Sms window in the
L-mode phase of ohmic discharge. A noticeable - 306111724, 32.57 ms

anti-correlation between GAM amplitude (~32kHz) 10

and ambient turbulence (75-125kHz) is seen. In

f, kHz

time intervals [1,25ms-1,75ms] and [2.75ms-

3.25ms] the GAM amplitude is suppressed, and the

intensity of ambient turbulence is increased. This
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observation is in agreement with the conception of Figure 4. Spectrogram of potential
oscillations in the ohmic L-mode showing

anti-correlation between the GAM (~30kHz)
and the ambient turbulence (75-125kHz).

GAM generation by nonlinear interaction between
high frequency components of plasma turbulence

and backward GAM influence on turbulence.

Discussion

Thus, in ohmic discharges in the TUMAN-3M tokamak with relatively low electron density
(ne~0.8-0.9-10"”m™ ), a pronounced GAM oscillation was observed to precede the LH
transition. The strongly inhomogeneous radial electric field layer, intrinsic to the GAM
oscillations, probably creates a seed flow shear which facilitates the LH transition triggering.
On the other hand, in a scenario with an even lower target plasma density of ~0.8-0.9-10"m",
the GAM (and radial electric field created by it) is absent. In this regime, the LH transition is
hampered and observed only when the strong radial electric filed is created directly — by

counter-NBI injection or edge plasma polarization [9].
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