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Introduction

Edge localized modes (ELMs) are bursty quasiperiodic estpn$ of energy and particles
from the plasma edge into the scrape-off layer (SOL) in thtesif high confinement (H mode)
of magnetically confined fusion plasmas. ELMs are beliewdokt triggered by MHD instabili-
ties either the ideal peeling mode (IPM) or the ideal ballngnmode (IBM), depending which
stability boundary (the current or the pressure) is reag¢hgdPrior to the ELM, fluctuations
appear, which are called ELM precursors in general. Theabtbese ELM precursors is not
understood at all.

Previously ELM precursors were investigated by means of 2B fheasurements in ASDEX
Upgrade [2]. Off-midplane fluctuations appear about 2 meteethe ELM crash in the range
of 20-50 kHz at poloidal mode numbers= 112+ 12 and toroidal mode numbens= 28+ 7.
These off-mid-plane fluctuations do not trigger the ELM brf. The ELM is triggered about
200 us before the actual ELM onset by fluctuations with mode nusber 74+ 9 andn =
1844 [2]. In both cases the temperature fluctuations propagabetihe electron diamagnetic
direction [2]. In this contribution we will focus on the offidplane fluctuations.

Precursors were also observed in NSTX with 2D gas puff in@fh The precursors appear
at frequencies around 20 kHz with wave numbers of 0.05-0.2'cpropagate into the electron
diamagnetic direction and are correlated with magneti¢dktoons with mode numbers af=
5—10[3]. It is stated that this is consistent with peelinglbahing modes.

To actually characterize different instabilities the s-@phase between pressure and potential

fluctuations is one of the key quantities. Unfortunatel\panticular potential measurements are
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difficult to obtain and practically unavailable at the sasmaporal and spatial resolution as pres-
sure fluctuations in high temperature plasmas, where ELMsarotlere, we deduce potential
fluctuationsg from radial velocity fluctuations assuming = E/B= —DgB/B estimated by a
velocimetry technique [5] from two-dimensionally measliedectron temperature fluctuations

Te. This allows to estimate the cross-phase betwgand T, of ELM precursors.

Experimental setup

Experiments were carried out on the ASDEX Upgrade tokamalgiwhas major and minor
horizontal radii ofRy = 1.65m anda = 0.5m, respectively. Electron temperature fluctuatigns
were measured with a 2D imaging (ECEI) diagnostic [4] at ASDE)grade. The ECEI diag-
nostic consists of an array of 16 detectors, where 12 have s for the present study. Each
of the detectors acts as a (1D) ECE radiometer measuring tiesity of emitted electron cy-
clotron radiation from different vertical positions in e&cl harmonic X-mode (100-140 GHz).
16 lines of sight (LOS) are focused on the low-field side (LpBsma edge. Per LOS 8 local
oscillator frequencies allow measurements on 8 differadial positions. The radial resolution
was 1.36 cm, where four channels per LOS measure insidedheltsed flux surface (LCFS)
and four channels in the scrape-off layer (SOL). The sargpiite of the diagnostic was 200
kHz. The ECElI is calibrated against the 1D-ECE diagnosticisdhe same viewing window.
Details on the diagnostic can be found in Ref. [4]. The catibreand the influence of decreas-
ing optical thickness are discussed in Ref. [2]. A typicakygLMy H-mode plasma (# 24793)
is studied, which was previously analysed in Ref. [2]. Thespla current wak, = 1 MA, the
magnetic field strength wadd= —2.5 T at an edge safety factor qés = 4.7. The plasma pa-
rameters werd, = 500 eV,T; = 700 eV (measured &= 2.1 m), core line-integrated electron
densityne = 8- 10° m~3. The plasma was heated by 7 MW of neutral beam injection afd 75

KW of electron cyclotron resonance heating. More detailtherdischarge are given in Ref. [2].

Results
# 24793
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gives the velocity field. Velocimetry has beer?:igure 1: Radial velocity fluctuations estimated

widely used for the interpretation of gas-puff-via velocimetry at the innermost radial position

imaging data [6, 3, 7]. The technique avoid%p —0.94)
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misinterpretation due to tilted structures in the plasmgeearesent in the standard time delay
estimation approach used often to estimate the velocity [8]

Here the radial propagation velocity of turbulent struetuhas been estimated with a rather
simple particle image velocimetry (PIV) algorithm optirad: for noisy data [5], including a
pattern matching technique, subpixel interpolation andodeng by removing displacement
vectors which seem quite different from any of their neigtitg displacements. The obtained
radial velocity fluctuations are shown in Fig. 1 for the imnest radial position. Assuming the
magnetic perturbation localized at the outboard midpléme potential for modes with tearing
parity would exhibit an up-down asymmetry around the midpld he corresponding radialx
B velocity fluctuations for modes with tearing parity have aimraum around the midplane due
to the phase shift. The already documented up-down asymrimetine fluctuations amplitude
[2] is here completed by the observation of tearina parityfoon potential fluctuations.

In order to distinguish between the dif->) -
ferent instabilities, the cross-phase between:z‘.:60
plasma potential and pressure fluctuations is:::

the key quantity. Assuming that the radial

propagation velocity of the fluctuations is dud -

duced from the velocity field. We correlate
this potential field with the electron temper- ‘
ature fluctuations. As the ELM cycle is veryc) 80
dynamic and inherently non-stationary we fa- g“" |
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temperature and radial velocity fluctuations,
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which provides the frequency information for L)

every point of the time series. The Morlet_.
Figure 2: Wavelet auto spectrum of electron

wavelet is used here. The spectra are calcu- .
temperature fluctuations (a), cross-phase be-

lated for every LOS and the four inner chan-
y tween poloidally separated channels (b) and be-

nels. Afterwards the data is averaged over the . .
tween temperature and radial velocity fluctua-

ensemble of all channels. The upper part 0
Pperp tlfons (c). To guide the eye the cross-phases at

Fig. 2 shows the wavelet auto spectrunilpf . "
small intensities are shaded.

fluctuations in a logarithmic representation.

The off-midplane fluctuations as studied in Ref. [2] appeauad 2.761 s in the range of

20-40 kHz.
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The wavelet cross spectrum between two poloidally sepéetiannels can be used to es-
timate the propagation direction of a distinct frequencydmoAs we already know the prop-
agation direction this is a consistency test. As a compleantity, the cross spectrum can be
represented by its amplitude and its phase, which is caflecttoss-phase. A positive cross-
phase represents a positive time lag and therefore thenprelseice of poloidally separated
channels indicates propagation in the electron-diamagdigection. The cross-phase is shown
in Fig. 2b. As observed in Ref. [2] the off-midplane fluctuasgropagate in the electron dia-
magnetic direction.

The wavelet cross spectrum between temperature and ragadity fluctuations is close
to zero for interchange modes and closeat@ for drift waves. The cross-phase is shown in

Fig. 2c. The off-midplane fluctuations have a cross-phaseratr/2 pointing to drift waves.

Conclusion

As these fluctuations do not show interchange charactri@icross phase of zero between
radial velocity and temperature fluctuations) ideal or kimballooning modes, linear ion and
electron temperature gradient modes can be ruled out. Tirevdve nature of the fluctuations
together with the up-down asymmetry of the amplitudes goitéaring or micro-tearing modes
(MTMs). More details can be found in Ref. [9].
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