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1 Introduction

SOL modelling is a key requirement to design the next generation of burning
plasma experiments [1]. This is particularly true for Edge Localized Modes,
because the energy released by an ELM in ITER could raise the target temper-
ature above the tolerable limits. The simplest ELM models introduce ad-hoc
transport multipliers. They should be carefully benchmarked against existing
experimental data, before attempting any extrapolation to ITER. The ideal test
case should be sufficiently well diagnosed to provide the input information re-
quired to define uniquely all the free parameters in the model, plus a set of
additional measures to test the output. These are demanding conditions, often
met only partially in practice. We illustrate the benchmark of the B2-solps5.0
code using an ELM from JET. In section 2 we describe the test case we chose,
in section 3 we present our results and in section 4 we draw our conclusions.

2 Test case and model definition
We selected JET shot 55935, because of the high quality of experimental data
available relative to the present standards. Inter ELM profiles reconstruction
of n and T in the pedestal are available. At the targets, the D, signal gives
information on the particle flux with a time resolution of ~ 10~%s, suitable to
resolve the ELM transient. Triple Langmuir probes could give a cross check
of the particle flux with comparable time resolution, but only a few are left
at JET. The plasma configuration was optimized for the Infrared (IR) camera,
which provided good quality divertor thermography. Coherent averaging [2]
was applied to the IR data, obtaining a time resolution of ~ 5 x 10™°s.

For our modelling, we assume the plasma to be in steady state between suc-
cessive ELMs. This is not strictly correct, but gives a convenient initial con-
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dition to study the ELM transient, provided the rate of change of the plasma
energy content is accounted for in the energy balance. NBI supplies 12M W
of power, a fraction of which is unavailable for plasma heating due to prompt
losses. Signifi cant uncertainties also affect the bolometric measure of the core
radiation. As a consequence, the power crossing the separatrix, Py, 1 not
precisely known. Since Pk, infliences signifi cantly the target conditions [3],
we can anyway use the latter for an a posteriori cross check. An input power
P, ~ 6.5MW gives reasonable results. We inject I';,, ~ 3.5 x 10*'s~! from
the core plasma to account for NBI and the core 1onizations, and fi x the sepa-
ratrix density ng., ~ 2 x 10'%m =3 by feedback controlling the gas-puff level,
following the experimental practice. Not all the particle sinks are precisely
accounted for, because the wall pumping effi ciency is not known. We assume
zero parallel velocity at the inner plasma boundary. Although this may not be
strictly correct, numerical tests showed the assumption not to be critical. At
the targets, we use the Bohm-Chodura conditions.

We model the plasma with the fliid approach but with a kinetic neutral
model. Nowadays this is probably the best choice for 2D analysis in realis-
tic geometry, even if it has some drawbacks. For example, hot electrons are
expected to hit the targets during the early phase of an ELM [2, 4]. This is not
presently included in our modelling.

3 Results

Figure 1 shows the radial diffusivities assumed to model the steady-state. In
the absence of detailed knowledge, radial transport is a partially free parameter
available to fit the experimental data. The depression at the separatrix agrees
with the expected effect of the electric fi eld [5]. Steady-state results are given
by fi gures 2 (main plasma), 3 and 4 (targets). The least satisfactory is the inner
target 7, . The low 7T at the strike point and a target to upstream total pressure
ratio < 0.5 indicate at least partial detachment. A problem in the modelling
could derive from an inaccuracy in the way the code splits the power between
the two targets (e.g. due to not having included drift effects) or from some
missing atomic and molecular physics. The lack of experimental points near
the separatrix prevents from quantifying precisely the disagreement. Outer di-
vertor thermography data, fi g. 5, agree with numerical modelling in the SOL,
but a plateau is found in the private region. This seems not consistent with the
Jsat and T, decay seen by the Langmuir probes, and needs further investigation.

We model the ELM by increasing D and y for 6 x 10~%s to expel into the
SOL ~ 0.23M J of energy and ~ 23 x 10 particles. Fig. 6 compares mea-
sured and computed D,, signal from the divertor. Modelling is roughly con-
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sistent with outer target data, but fails to reproduce the in/out asymmetry. At
present, it is unclear whether the asymmetry 1s due to differences in the in-
coming particle flixes or in the target response. Independent information on
divertor particle flixes can be given by the Langmuir probes, if the condition
3 x T, < V is satisfied. Fig. 7 shows the trace of j4,; recorded by probe
28 (outer) and three modelled traces, corresponding to different hypotheses on
the strike point position. The green trace was computed assuming a shift of
the separatrix position of 7 mm, the same assumption made for steady state
modelling. The agreement is relatively good, but at the moment we consider
it indicative only, because we do not have an accurate measurement of 7, at
the target during the ELM and cannot determine the error bars affecting the
measure. Unfortunately, we could not find a suitable equivalent probe at the
inner target, which prevents from cross checking the particle flix asymmetry.

Two experimental estimates of the outer target power load, as a function of
time and space, are compared with the computations in figs. 8 and 9. Mod-
elling is consistent with the upper estimate of the power time evolution, while
for the spatial profi le we again note the existence of an unexpected plateau in
the private region. The same remarks apply as for the steady state.

4 Conclusions

We applied B2-solps5.0 to study an ELM 1n JET, testing the potentialities for
quantitative analysis. The lack of a complete theoretical understanding of the
ELM phenomenon, the missing full assessment of experimental accuracy (er-
ror bars) and, sometimes, even the limited amount of experimental data, pre-
vent for the time being a proper code validation. However, the numerical sim-
ulation does reproduce a few of the main features of an ELM, and has poten-
tiality for further future improvements.
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Figure 4. T, a) inner target, b) outer

target. Diamonds are as in fi gure 3
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Figure 6. D,signal at the inner and
outer divertor. The code fails to repro-

duce the target asymmetry
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Figure 8. Evolution of the power onto

the outer divertor during the ELM.
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