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1. Introduction

The H-mode regime is of particular importance for ITER due to the improvement of

plasma confinement. The scenario is characterized by a decrease of edge turbulence, the

formation of an edge transport barrier and the appearance of Edge Localized Modes

(ELMs) which lead to a fast loss of energy and particles. Edge MHD instabilities in

ELMy H-mode discharges, have been observed in several machines, including “Wash-

board modes” (WBs) in JET [1] and a quasi-coherent mode (QC) in Alcator C-mod [2].

In ASDEX Upgrade, a similar MHD mode around 90 kHz was previously observed but

not extensively studied. In this paper, some properties of these edge MHD modes, their

radial structure across the edge and their poloidal velocity are shown.

2. Technique

Edge modes
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Figure 1: Time traces of (a)H,, (b) NBI
and ICRH power, (c) n. at edge and core

and (d) Wyrgp for shot #20393.

In ASDEX Upgrade, a dual O-mode chan-
nel (Q-band: 33-49.2GHz and V-band: 49-
72GHz) fast frequency hopping reflectometer
with I-Q detection [3] is dedicated to n, fluc-
tuation measurements. To obtain the radial
structure of coherent modes, the on, fluc-
tuation level at each cutoff position is esti-
mated using the 1D Geometric optics (GO)
model [3]: d¢ = (47/N) (on/n) Vn~!, where
A is the vacuum wavelength of the probing
wave. This model is strictly only valid for
long fluctuation wavelength and small ampli-

tude fluctuations. The antennae separation
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Figure 2: Time-frequency spectrograms of (a) V band reflectometer and (b) Mirnov coil

signals for shot #20393.

between Q and V-bands is 32 ¢cm and so the poloidal velocity can be deduced through
poloidal correlation.

3. Properties of edge MHD modes

Figure 1 shows time traces of Hgjpne, NBI and ICRH power, n, at the edge and core and
the stored energy Wy, yp for the typical H-mode discharge #20393. The vertical lines
on the figure indicate the time slot when edge MHD mode are seen. In this case, the

disappearance of these edge modes seems to be consistent with the decrease of W gp.
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Figure 3:  Temporal evolution of (a)
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it could be coherent with several distinct
_ , bands or broadband. The magnetic spectro-
density fluctuation level deduced from @)
gram shows quite different modes with sev-
eral “broadband” bands between 35 kHz and

150 kHz. From the mode number analysis

band reflectometer signal, (b)its associated
Vne, (c)density fluctuation level from V
band reflectometer signal and (d)its asso-

, using the toroidal and poloidal set of coils
ciated Vne for shot #20393.

on the low field side, it was deduced that all
frequency bands rotate in the electron diamagnetic drift direction.

Figure 3 shows the temporal evolution of dn./n,. calculated using the 1D GO model for Q
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and V bands as well as the n. local gradients taking from Lithium Beam density profile
diagnostic. The on./n. for Q and V bands are similar and is reduced before and after
the ELM event. The disappearance of the edge modes is associated with the decrease of
electron pressure and its gradient, and the modes reappears when the pressure and its
gradient recover. It seems that the pressure gradient plays a role as a driving force.

4. Radial structure

An H-mode discharge (#20354) similar to the previous one is considered in this analysis.
The reflectometer frequency pattern is 7 steps of 6 ms. At least two frequency peaks
(~ 85 kHz and 103 kH z) are observed on both reflectometer and magnetic signals cor-
responding ton ~ 5, m ~ 16 — 17 and n ~ 6, m ~ 21 — 22 respectively. The poloidal
mode number value is underestimated as only coils on low field are used. So, the under-
estimated q values are ¢ > 3.34 (for f ~ 85 kHz) and ¢ > 3.4 (for f ~ 103 kHz) close
to the qo5 = 3.47 value.

Figure 4 shows the dn./n. radial structure of edge modes using the 1D GO model
and the Lithium Beam density profiles. The dn./n. is obtained by filtering sig-
nals between 60 kHz and 110 kHz. Data sets of 100 points over 4 ms are consid-
ered in order to calculate an average standard deviation of dn./n. and its statisti-
cal error. The maximum on./n. is approximatively 4.4 % at pp,n = 0.994 £ 0.003.
The large density fluctuation level is due to the large gradient at the edge. At
Ppoi = 0.994, the corresponding value of q from CLISTE is 4.16. It seems that
the maximum of the radial structure is consistent with the localization of ¢ = 4

(within the error bars) in the q profile from CLISTE equilibrium reconstruction code.

1D GO mode] 5. Poloidal correlation

5r In the typical H-mode shot #21131, the prob-
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Figure 4+ Density fluctuation level pro- channels reflect from approximatively the same

file using 1D Geometric Optics model density cutoff layer (in particular in the steep

for shot #20354.

spectral peaks with high correlation and clear cross-phase development in the presence

of MHD modes. The coherence is obtained by using windows of 10 ms with FFT data

gradient region). Both channels register strong
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length of 512 points and 50% of overlap sampling. The significance level vq = 0.16,
defined by the number of spectral averages and window length, in this case 10 ms and
Ng = 39. The minimum and maximum poloidal separation (ds,) at the density cutoff
position are estimated to be 25 cm and 32 c¢m, respectively.

Figure 5 shows the temporal evolution of the poloidal velocity of the edge modes. In

do
df

For this study, the points in the frequency window where the coherence value is greater

do
df

responds to the standard deviation obtained with the linear regression. A good de-

order to calculate the poloidal velocity, the rate of cross phase change is needed.

than 0.4 were taken and then a linear regression was used. The error bars in cor-

termination of 92 is deduced if the number of points is sufficiently high and the co-

df
herence is good. The poloidal velocity is calculated as vy, = (27 * dgep)/ (%). The

values calculated with this method are similar to the perpendicular velocity (close

to the E x B velocity plus the phase velocity) using the Doppler reflectometer [4].

50 7. Discussion and conclusions
32cm
__40p '/ Some properties of the edge modes in H-mode dis-
(2]
g 30t charges are identified and it seems that the pres-
§' 20 sure gradient plays a role in the existence of these
25¢cm
10k modes. The radial structure at the edge is deter-
. mined using the 1D Geometric Optics model and it
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Figure 5: Temporal evolution of the analysis. Preliminary results of the poloidal ve-
poloidal wvelocity for two different 1ocity of these edge modes in the laboratory frame

density cutoff separation (25 cm and  ere obtained using the poloidal correlation tech-

32 c¢m) for shot #21131. nique.
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