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New insights on the quasicoherent mode in EDA high confinement discharges
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Intrinsic ELM-free regimes that effectively combine a high-performance fusion core with a robust
power exhaust solution are crucial for a fusion reactor [1]. The enhanced D-Alpha (EDA) H-mode is a
promising ELM-free regime that fulfills several requirements for ITER and a DEMO reactor [2,3],
such as low impurity content, high normalized energy confinement, compatibility with a highly
radiative edge and divertor region, and high Greenwald density fraction. Nevertheless, the instability
that triggers the quasicoherent mode (QCM) [4,5], an edge oscillation that prevents the pressure
gradient from exceeding the peeling-ballooning limit, is poorly understood, making it difficult to
extrapolate this regime to future devices. In this contribution, several turbulence fingerprints
associated with the QCM are measured [5] and compared to linear gyrokinetic simulations. The result
indicates that the QCM is driven by a marginally unstable kinetic ballooning mode (KBM) in the
pedestal foot.
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moving frame (i.e., plasma frame rotating with v£*5), the QCM velocity direction depends on the
radial location. While in the confined region, the mode propagates somewhere between the EDD and
the ion diamagnetic direction (IDD), in the SOL, the propagation is mainly in the EDD (within the
errorbars). Such variation in the velocity keeps the mode frequency in the laboratory frame constant,
and it is connected with changes in the mode characteristic that becomes more drift-wave-like in the
SOL [5]. For a larger database of EDA H-mode and QCE discharges, the QCM was estimated to
propagate in the IDD at its maximum amplitude [6].

Focusing on the confined region where the QCM
QCM is likely generated, we have performed 1 | ® GE'NE_LInear(WOBm;)
linear gyrokinetic simulations with the code _ 05f----cacaaaaoo.- W GENE - Linear s, = 0.090)[_ -
GENE [7]. The result shows that the pedestal .= Bt
top is dominated by electron and ion ¥ 0 "= e @
temperature gradient modes (ITG and ETG, © -0.5 S apgumem - -z - - ~ - - - - == <<= = e mmm e
respectively), the pedestal center is mostly " 2 e 9 .
dominated by trapped electron modes (TEM) '10 0.05 0.1 015
and ETG, and the pedestal foot is governed by ! [ — —

. @ GENE-Linear (p, =0.988)
TEM and a marginally unstable KBM. __ o5f--cccccooooooo__ B GENE-Linear (s, = 0.990)] ]
However, based on the mode radial location -= e
and wavenumber, the KBM at the pedestal & Ol.— e o o o oo
foot initially appears to be the main drive of S 0.5 - cmmmmmmmcm oo
the QCM. To assess this result further, we ) | ) )
compare the  simulations  with  the 0 0.05 0.1 0.15
experimental turbulence cross-phases between ki ps

density and electron temperature (ayr,, Fig. 2 Cross-phase between density and plasma potential (ang)
measured with the THB diagnostic [8]), as and density and electron temperature (a,r,) from the experiment
well as between the plasma potential and and from linear simulations with GENE at two locations at the

density (amp’ measured with the probe [5]). pedestal foot where KBM is dominant.
Note that the latter is associated with the radial particle flux, I;. o sin ayg [5]. Fig. 2 shows that the

experiment is in line with the simulation in the QCM perpendicular wavenumber range (gray area),
where the KBM is dominant. While temperature and density fluctuations are in phase, density and
potential fluctuations are closer to «. The latter is a fingerprint of electromagnetic instabilities such as
the KBM [5,9,10].

In short, new experimental evidence indicates that a marginally unstable KBM in the pedestal foot
drives the QCM in the EDA H-mode in ASDEX Upgrade. Linear gyrokinetic simulations with the
code GENE support this conclusion. Non-linear gyrokinetic and global flux-driven simulations are
planned for the future, which will be important to check the consistency of the linear analysis and to
understand pedestal-SOL coupling. Nevertheless, the good agreement already suggests that the linear
characteristics of the driven instability are likely preserved. The extrapolability of this result to future
fusion reactors is not straightforward, but the implications of an unstable KBM in the pedestal foot of
future reactors need to be better addressed, especially if the EDA H-mode (or variants of this regime)
becomes the route pursued for a fusion reactor.
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