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Abstract

The aim of the study is to analyze the stability of the Energetic Particle Modes (EPM) and
Alfven Eigenmodes (AE) in Heliotron J if the electron cyclotron heating (ECH) is applied.
The analysis is performed using the code FAR3d [1]. The simulations indicate that the modes
with the largest growth rate in the Heliotron J high bumpiness (HB) and medium bumpiness
(MB) magnetic configurations are n/m = 1/2 and 2/4 global AE (GAE). On the other hand,
the simulations for the low bumpiness (LB) configurations show the destabilization of 1/2 EPM
and 2/4 GAE. The simulations for LB configuration show a dominant stabilizing effect of the
continuum damping with respect to the increase of the EP f3 as 7, increases. On the other hand,
the simulations for the HB and MB configurations indicate that the further destabilization of
the AE/EPM caused by the increase of the EP f with 7, is larger with respect to the stabilizing

effect of the continuum damping.

Introduction

The application of ECH in Heliotron J plasma leads to the stabilization or the further desta-
bilization of the AE/EPM according to the device configuration [2, 3, 4]. The AE/EPM are
stabilized in the low bumpiness (LB)configuration although further destabilized in the high
bumpiness (HB) and medium bumpiness (MB) configurations [5]. The complexity of the ECH
effect on the AE/EPM stability is linked to the combined variation of several plasma parameters
as the EP 3, EP resonance properties, plasma resistivity, continuum damping, thermal plasma
B, electron-ion Landau damping between others. Using FAR3d code a set of parametric studies

are performed identifying the dominant trends affecting the AE/EPM stability.
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Numerical scheme

The FAR3d code solves the linear evolution of the thermal plasma (poloidal flux, total pres-
sure, toroidal component of the vorticity and thermal parallel velocity) coupled with the equa-
tions of the EP density and parallel velocity moments. The present model was already used to
study the AE stability in several magnetic confinement fusion devices [6, 7], indicating reason-
able agreement with the observations. The reader can find more details of the numerical model
in these references. Three fixed boundary results from the VMEC equilibrium code are used
for LB, MB and HB configurations of Heliotron J. Figure 1 indicates the main profiles of the
models. The magnetic field at the magnetic axis is 1.25 T. The magnetic Lundquist number is
assumed S = 5-10°. The dynamic toroidal modes (n) in the simulations are the n = 1 and 2 with
the dynamic poloidal modes (m) m = [1,3] and [2,5], respectively, covering the main resonant

rational surfaces. The equilibrium modes (n = 0) are m = [0, 14].
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Figure 1: Main profiles. (a) EP density (b) iota (c) thermal electron and ion density, (d) thermal

electron and ion temperature

Low bumpiness configuration

Figure 2 (panels a and b) indicates that a stronger ECH injection leads to a smaller AE/EPM
activity. FAR3d simulations identifies instabilities with frequency, dominant modes and eigen-
function radial location consistent with the experiment (panels ¢ and d). AE/EPM are further
destabilized as the EP 3 (panels e and f) and EP thermalization temperature (panels g and
h) increase. For the thermal 3 values consistent with the experiment 1/2 EPM and 2/4 GAE
growth rate decrease as thermal 3 increases (panels i and j). The continuum damping effect is

dominant as 7, increases (panels k and m).

High bumpiness configuration

Figure 3 (panels a and b) indicates that a stronger ECH injection leads to a stronger activity
of the instabilitis in the frequency range of the 125 and 175 kHz. FAR3d simulations show
instabilities with frequency ranges similar to the experiment (panels ¢ and g). The dominant
instabilities are 1/2 and 2/4 BAEs, weakly stabilized by the continuum damping effect (panels

m and n). AE/EPM growth rate increases as the EP 3 increases (panels h and i) and decreases
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Figure 2: Magnetic spectrogram of discharges with ECH power injection of (a) 109 kW and
(b) 308 kW. Pressure eigenfunction of (c) 1/2 EPM and (d) 2/4 GAE. AE/EPM growth rate
versus (e) EP B and (g) Vi, f /Vao. Regression of AE/EPM growth rate versus (f) EP  and (h)
Vin,r/Vao. AE/EPM (i) growth rate and (j) frequency versus thermal 3. Alfven gaps of the (k)

n =1 and (m) n = 2 modes (frequency range and radial width of the AE/EPM included).

as the thermal 8 increases (panels j and k). although the destabilizing trend of the EP B is

dominant.
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Figure 3: Magnetic spectrogram of discharges with ECH power injection of (a) 109 kW and (b)
308 kW. Pressure eigenfunction of (¢) 1/2 BAE, (d) 1/2 GAE, (e) 2/4 BAE, (f) 2/4 EPM and
(g) 2/4 GAE. (h) AE/EPM growth rate versus EP f. (i) Regression of AE/EPM growth rate
versus EP 3. AE/EPM (j) growth rate and (k) frequency versus thermal 3. Alfven gaps of the

(m) n =1 and (n) n = 2 modes (frequency range and radial width of the AE/EPM included).
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Medium bumpiness configuration

Figure 4 (panels a and b) indicates the further destabilization of instabilities in the frequency
range of 100 and 120 kHz. FAR3d simulations show instabilities with a frequency consistent
with the experiment (panels ¢ and g). The dominant instabilities are 1/2 GAE and 2/3 EPM
(panels m and n). AE/EPM are further destabilized as the EP f3 increases (panels h and i) al-
though the growth rate decreases as the thermal 3 increases (panels j and k). EP 3 destabilizing

effect is dominant.
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Figure 4: Magnetic spectrogram of discharges with ECH power injection of (a) 109 kW and (b)

308 kW. Pressure eigenfunction of (c) 1/2 GAE, (d) 1/2 EPM, (e) 2/3 EPM, (f) 2/4 GAE and
(g) 2/3 —2/4 TAE. (h) AE/EPM growth rate versus EP f3. (i) Regression of AE/EPM growth
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rate versus EP 3. AE/EPM (j) growth rate and (k) frequency versus thermal 3. Alfven gaps of
the (m) n = 1 and (n) » = 2 modes (frequency range and radial width of the AE/EPM included).
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