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Exploring operational scenarios that achieve
high performance while avoiding large
Type-I edge-localized modes (ELMs) and
deepening our understanding of the un-
derlying physics are crucial steps toward
a future fusion power plant. One such
promising scenario is the improved energy
confinement mode (I-mode), characterised
by enhanced energy confinement, low im-
purity content and the absence of Type-I . AL P L
ELMs [1, 2]. In some I-mode discharges, el
pedestal relaxation events (PREs) can be
observed, particularly when the operating
point is close to the I-H transition. These
PREs result in periodic ejections of ther-
mal energy, up to 1% of the plasma stored
energy, which is a significantly lower fraction than for typical Type-I ELMs [3]. Unlike
Type-I ELMs, which are triggered by Peeling-Ballooning Modes becoming unstable in the
pedestal region [4], PREs are expected to arise from a different underlying mechanism.
PREs have been observed and investi-
gated in both ASDEX Upgrade and Al-
cator C-Mod [5]. In these experiments,
PREs primarily affect the electron pres-
sure profile and exhibit weak magnetic
precursors [3, 5]. Given their occurrence
in high-performance [-mode plasmas, a
detailed investigation into the underlying
physics of PREs is of considerable inter-
est. This work presents the first global
edge fluid turbulence simulations for PREs
Figure 2: 3D structure of the parallel mag- with realistic geometry, conducted using
netic vector potential A during a PRE the GRILLIX code [6]. Recent enhance-
ments to GRILLIX include the implemen-

Figure 1: Timetrace of input power, electron
temperature and perturbed radial magnetic
field, the latter two plotted over ppo




tation of electromagnetic flutter effects [7] and a Landau-fluid closure for parallel heat
fluxes [8], both critical for accurately capturing the I-mode regime, where high plasma-
beta and low collisionality are present in the plasma edge. The presented simulations are
based on an I-mode discharge in the ASDEX Upgrade tokamak, the simulation domain
includes the plasma edge starting at ppo1 = 0.9.

In these simulations, we observe pe-
riodic power ejections consistent with

the experimental characteristics of 107
PREs. Since the temperature and 10~
density are held constant near the core 10745
boundary of our simulation domain, ectron, direction 3
the enhanced radial transport caused 1075(:‘:
by PREs is reflected in the adaptive 10°
input power (see fig. 1). A detailed R s et RN -
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analysis of the turbulent state dur-
ing PREs identifies the underlying mi-

croinstability as a micro-tearing mode  Figure 3: Dispersion relation during a PRE indi-

(MTM). This conclusion is supported cating the underlying instability to be MTM
by multiple fingerprints: the dominant

contribution of the radial thermal energy flux is carried by electrons, a pronounced per-
turbation appears in the parallel magnetic vector potential and therefore in the perturbed
radial magnetic field (see fig. 1), the mode exhibits tearing parity (see fig. 2), and the
calculated dispersion relation aligns closely with the analytical predictions for MTMs
(see fig. 3). Additional simulations using the previously employed collisional Braginskii
closure with heat flux limiters for the parallel conductive heat flux show no evidence of
PREs, which emphasizes the crucial role of the newly implemented Landau-fluid closure
in accurately describing operational scenarios with low collisionality in the plasma edge.
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