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A complete understanding of pedestal structure and limits remains an open question in fusion
research. Research in this direction generally makes use of some generalised version of the
EPED model[1]; transport mechanisms (which can have different drives for the particles and
heat, and for ions and electrons) determine, in combination with the heat and particle sources,
the profile gradients. In the “’standard” case, the profiles continue to extend radially further
inwards away from the separatrix until there is enough free energy in the pressure gradient (and
associated driven edge current density) that a large magnetohydrodynamic (MHD) instability
occurs, the so-called edge localised modes (ELMs). The onset of the ELM then determines the
steepest and widest pedestal pressure profile.

The onset of the ELM is often rather sudden, which has inspired the use of ideal MHD to de-
scribe the critical pre-ELM profiles. Many publications have shown good agreement between
the peeling-ballooning (PB) model (coupled modes driven by the current density and pres-
sure gradient) and experimental observations. More recent work on ASDEX Upgrade (AUG),
JET-ILW, and TCV have shown the importance of the location of the pressure gradient profile

relative to the separatrix; experiments shifting the density profile peak radially outwards show
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significantly reduced performance, which is reproduced by the models).

Despite the general success of the PB model, there are some notable exceptions. Many, though
by no means all, cases in JET with the ITER-like wall (Be main chamber and W divertor)
do not agree with the predictions of PB, indicating that some physics must be missing[2]. In
addition, recent work investigating the parameter space of no/small-ELM regimes[3] proposes
a transport-limited pedestal, where a radially small mode close to the separatrix creates enough
transport to hold the pedestal short of the PB limit. With these exceptions in mind, the aim of
this work is to examine pedestal transport in combination with PB stability for the three devices,
AUG, JET, and TCV.

While the determination of the active transport mechanism in the pedestal via gyrokinetic sim-
ulations remains open, there are two main hypotheses for modes which are expected in the
pedestal: the kinetic ballooning mode (KBM), as proposed in the EPED model and; the electron
temperature gradient (ETG) mode. Evidence for the latter was presented by Schneider et al.[4];
a constant average gradient length in the pedestal in three devices of ca. 2 cm.

The methodology followed here starts with fetching the pedestal profiles from each of the ma-
chines. Due to different data gathering, storage, and fitting methods at each machine, this is han-
dled on a case-by-case basis. Once this is done, ”a self-consistent path” is created, following the
strategy described in[5]. A single equilibrium representative of the time window in which the
profiles are fitted is loaded (an exact equilibrium is not necessary at this point, as only the plasma
boundary, an approximate g-profile, and the total stored energy are required). Using these ex-
perimental data as a base, the pedestal Te and Ti profiles are scaled up and down (assuming a

constant density profile and fixed temperature pedestal width) to create a range of pedestal pres-
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current density is calculated self-consistently density for the three devices; AUG (purple), JET-
ILW (green), and TCV (blue). The dashed lines de-
pict lines of constant B9
current is created to match the experimental plasma current. Finally, the range of pressure and

trons across the full radius). Next, the edge

using the Redl model[6] and a parabolic core

current density profiles are used along with the plasma boundary as input to the HELENA
equilibrium code (which also calculates the n=co stability profile) and finally to the MISHKA
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ideal-MHD stability code for global pedestal stability.

To give an impression of the data set used for this study, a plot showing the pedestal top tem-
perature normalised to the plasma current as a function of the pedestal top density normalised
to the Greenwald density is shown in figure 1. This normalisation has the benefit of allowing
lines of constant fBg ,.q4 to be over-plotted, demonstrating that the normalised pedestal height
from the three machines overlaps reasonably well (though the JET-ILW data in this data set

tend towards lower values than AUG or TCV; future extensions will attempt to remedy this).
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second stability access) appears to be a nec- pedestals exist at higher values of R/L7,.

essary criterion for PB instability (one sees at high values of pey,/pcrir an increase of Fqr,
again; this is due to local second stability access in the middle of the pedestal). This implies
that if the pedestal transport is not governed by MHD-like mechanisms that it will not reach the
PB boundary. This result may not be surprising, but the analysis here highlights the differences
between JET-ILW and AUG/TCYV for both PB stability and potential transport mechanisms.

Given the lack of PB instabilities or KBM/ideal-ballooning transport in the analysed JET-ILW
plasmas, it is interesting to investigate other transport mechanisms, as already suggested in

[2]. To this end, the gradient lengths of electron temperature and density averaged over the
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pedestal width are shown for the three devices in figure 3. The gradients for this plot are taken
as a function of 1,,;,0.0mp; the general relations shown here do not change when taking the
gradients against Wy or any other normalised radius. While the AUG and TCV data lie on top
of one another in this space, the JET data are notably shifted to higher R/L7,, implying higher
transport (particularly for a given value of L,,). It should be noted in addition that although a
high separatrix density (or high L, , see figure 4, which is strongly correlated) is observed in
each device to degrade confinement, it does not necessarily provide a correlation to the departure
from the PB boundary.

In conclusion, the implemented workflow allows a comparison of pedestal stability across mul-
tiple devices. The study has highlighted key areas in which the AUG and JET-ILW data sets pre-
sented here could be easily extended to improve overlap (notably towards higher . sep /7. pea
in AUG and lower 71 sp /e pea in JET-ILW); the present data sets were chosen simply for prac-
tical reasons of an established data set in AUG and divertor diagnostic coverage in JET-ILW.

These data exist on both devices, but have not yet been included in the analysis.
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and further away from the stability boundary. Given the strong link between divertor conditions

e,ped

and the 71 sep/Re peq Tatio (or, alternatively, and perhaps more importantly, the density gradient
length) known from all three devices, this indicates that the density pedestal is key to under-
standing the overall pedestal structure and stability.
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