6th Asia-Pacific Conference on Plasma Physics, 9-14 Oct, 2022, Remote e-conference

AAPPS

DPPN

Effect of impurity ions on turbulence-zonal flows dynamics in HL-2A plasmas
Q. Zou!, J. Cheng!, Y. Xu', LW. Yan?, ZH. Huang?, W.C. Wang?, N. W2, J.Q. Xu?, Y. Shen?, L.
Liv?, C.F. Dong%, Q. Fang?, C.J. Tang!, L. Nie?, Z.B. Shi?, W.L. Zhong?> and M. Xu’
"nstitute of Fusion Science, School of Physical Science and Technology, Southwest Jiaotong

University, Chengdu 610031, People’s Republic of China,
2Southwestern Institute of Physics, Chengdu 610041, People’s Republic of China

qianzou@my.swjtu.edu.cn

Abstract:

It is well known and widely accepted that zonal flows
plays a crucial role in regulating turbulence in
magnetically confined plasmas [1]. Impurity injection,
one of the external perturbation methods, was used to
study the turbulent transport dynamics in fusion devices.
The theoretical work [2] has indicated that both frequency
and amplitude level ofthe geodesic acoustic mode (GAM)
zonal flows would significantly reduce with the increase
of low-Z impurity ions concentration, such as carbon.
However, the physical mechanism for the interaction of
turbulence and zonal flow cycles effected by impurity ions
has not been fully understood yet in experiments.

In this work, we report the first observation of the
effect of the carbon impurity on GAM zonal flows
dynamics and the resulting turbulent transport in HL-2A
tokamak [3]. The time trace of the impurity concentration
f. together with the GAM frequencyand its amplitude are
plotted in Fig. 1(a)-(c). The result presented here clearly
indicates that both the GAM frequency and its amplitude
start to reduce from t=360 ms, which is qualitatively
consistent withthe numerical simulationresult [2]. This is
the direct evidence for the effect of the carbon impurity
ions on the dynamics of GAM zonal flows involving the
frequency and amplitude both as observed in our
experiment. The results presented here can be explained
as follows: as the impurity concentration is increased, the
GAM frequency decreases due to the increase of
polarization current, which makes more bulk ions to
resonate with the GAM via the wave-particle interaction
and thus increases the damping rate of the GAM. For
elucidating the effect of impurity ions on the drive of
GAM zonal flows, the time trace of the nonlinear energy
transfer between the zonal flows and turbulence, the total
bicoherence (Y, b?) and the poloidal coherencelength (L o)
has presented in Fig.1 (d)-(f). One can see that maximum
correlation in Fig. 1 (d) appears at the negative time delay
(At = —15 ps), indicating that the energy is mainly
transferred from the turbulence to GAM zonal flows, and
the decreased correlation after impurity injection
reflecting that the less energy is transferred from
turbulence to GAM zonal flows. The detailed
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Fig. 1 The time traces of impurity concentration f, (a),
GAM frequency (b), the RMS of the floating potential
fluctuations filtered in 8-15 kHz (c), the cross-coherence
function (CCF) between the floating potential and the
envelope of density fluctuations (d), the total bicoherence
Yb2(f) of the floating potential fluctuations (e) and the
poloidal coherence length of turbulence vortex estimated
with two floatingpotentials poloidally separated by 8 mm
(dg =8 mm) (D)

experimental results will be presented in this conference.

References

[1] Z. Lin et al. 1998 Science 281 (5384) 1835-1837

[2] B. Y. Xie et al. 2018 Plasma Phys. Controlled Fusion
60025015

[3]1Q. Zou et al. 2022 Nucl. Fusion 62 076046



