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ABSTRACT

Doubly peaked target density profiles have been obtained in the EDGE2D modelling of JET
plasmas with drifts included. Their appearance is related to the divergence of the radial ExB
drift particle flow along the surface of the target. The modelling results may provide a possible
physical mechanism for doubly peaked target profiles observed earlier in some JET experiments.

1. INTRODUCTION

Anobservation of doubly peaked target profiles
has been previously reported at JET [1,2] in
JET Mark | divertor configuration on the
horizontal target in discharges with normal
toroidal field (By) direction. Figure 1 replicates
the original figure from [1], for an Ohmic
density ramp discharge. The second peak
appeared during the transition from low
recycling to high recycling regime, and then
gradually disappeared during the detachment.
EDGEZ2D calculationswithout drifts could not
reproduce this feature of the profiles. In the
EDGE2D modelling with drifts included,
however, doubly peaked profiles could be
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Fig.1: lon flux profiles at the outer target showing the

growth of the additional peak asthe density isincreased

during an Ohmic discharge. Replicated fromref. [1].

obtained. The present paper presents one particular example and provides the physical
interpretation of an EDGE2D solution exhibiting doubly peaked feature of the target profiles.

2. EDGE2D MODELLING WITH DRIFTS

The main equations of the EDGE2D codewith
drifts have been reported in [3]. Numerical
solutions of the drifts implemented into the
code are based on guiding centre equations.
Boundary conditions at the targets, set at the
entrance to the magnetic pre-sheath, are aso
modified by inclusion of the contribution of the
poloidal ExB drift, in accordance with [4].
Some results of the modelling of JET
experimental data have been reportedin[5-7].
Although only a pure hydrogen/deuterium
version of this code has been realised so far
(with the radiated power inside the
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Fig.2: Computation grid used for EDGE2D cases.



computational grid calculated according to[8]),
the code has demonstrated its ability to
satisfactorily match experimental target profiles
simultaneously for both (normal and reverse)
toroidal field (B,) directions (see e.g. [6,7]).
The computational grid used for running
EDGE2D cases with driftsis shown on Fig.2.
Thedetailed mapping out of theinput parameter
space of the region where such profiles are
observed has not been done yet. In this paper,
an analysis of the distribution of plasma
parameters in the divertor, near the target, has
been performed for the case with 6 MW of input
power into the grid, shared equally betweenion
and electron channels, radiated power of 2 MW
and separatrix density n.=1.2x 10"°m,
Transport coefficients, constant in the magnetic
flux space, were used with values at the
midplane: D=0.1 m’s™?, Xe=Xi=0.5 m’s?,
pinch velocities V incn=3 ms* and 0.5 ms' in
the SOL and core, respectively. This has
previously been analysed in [7]. Target
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Fig.3: n,, T, target current and power density profiles

for normal and reversed B, cases. Replicated from ref.

[71.

profiles of ne, Te, target electric current density jiage and power flux, Page, Which includes
recombination power, are presented in Fig.3, replicated from [ 7]. Density asymmetriesintroduced
by the drifts are accompanied by T, asymmetries, with the plasma being much cooler at the
inner target in the normal B, case, consistent with direct experimental observations, as pointed

outin([7].

3. MECHANISM FOR THE FORMATION OF DOUBLY PEAKED PROFILES

The origin of dips on the n, profiles becomes clear from Fig.4, where radial profiles of the
parallel electric field E; at the outer target are plotted alongside density profiles, for the same
casesason Fig.3. Thesign of Eisindicative of the sign of the poloidal electric field Eg, which
creates radial ExB drift of plasma particles directed mostly along the target surface. Parallel
electric field can be determined from the parallel Ohm'’s law:

eEH ZejH /OH _DHpe /n—CXDHTe

D)

where the last term on the r.h.s. describes the el ectron thermoel ectric force, with the coefficient
a being of the order unity (0.71 for singly charged ion plasmas). Under the simplified conditions
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with no parallel currents and constant electron pressure along the field lines, E; is determined
only by the parallel T, gradient. The poloidal electric field Eg must then be negative, pointing
towards the outer target, asisthe casefor the majority of the rings along the target on Fig.4. One
would then expect inward (with respect to the major radius) shifts of the density profiles in
normal, and outward —in reversed B plasmas. The shiftsin n, profileson Fig.4 arerather exactly
the opposite, owing to the “inversion” of E; (and Eg) at a number of rings near the separatrix
position. The dipsin the n, profiles occur near rings where the direction of E; and, hence, of the
radial ExB drift, changesin such away (inward —for inner rings and outward — for outer rings)
that it effectively creates particle sinks.

The Eg “inversion” at the target near the separatrix position can occur due to both current
flow and the rise of the electron pressure near the target. The mechanism for the latter is more
general and is explained on Fig.5, for the 1% ring outside of the separatrix for normal B, case.
Thisfigure shows plasma parameters profiles against poloidal distance from the target upstream
up to the X-point position. Owing to the large local ionisation source, the density exhibits sharp
rise near the target. At the same time, T, stays relatively constant due to high parallel heat
conduction (while T; shows a much steeper drop due to both ionisation and charge-exchange).
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Consequently, €lectron pressure p, rises near the target causing the “inversion” of E;, as can be
seen from the electric potential profile. Since the poloidal position of the “inverted” E;, ~5cm
wide near the target, embraces the zone of maximum plasmadensity, the effect of the “inverted”
radial ExB drift in this zone can have a significant impact on the target density profiles. Also
shown on Fig.5 isthetotal pressure, which includesion and electron static, ion non-hydrostatic
(viscous) and dynamic pressures. This pressure showsadrop near thetarget due to the momentum
exchangewith neutrals. In some EDGEZ2D cases, therise of thetotal pressure near thetarget was
observed, due mainly to the perpendicular transport of the parallel momentum from one ring to
the other, again, mainly by the radial ExB drift.

Therole of ExB driftsin the formation of the doubly peaked structure of the profiles has
been confirmed by separate EDGE2D runs with these drifts being switched off in the SOL
(leaving only (B and centrifugal driftsthere). Only usual singly peaked profiles could be obtained
under such conditions[7].

The above explanation for the origin of doubly peaked profiles requires two conditions.
The plasma must be in high recycling regime where the ionisation source near the target is
important. At the sametime, electron temperature must be sufficiently high for the parallel heat
conduction to be effective in maintaining relatively flat T, profile, providing conditions for the
Pe rise towards the target. These two conditions may come in conflict with each other, either in
very low density plasmas, where the ionisation source near the target may be insufficient, or in
very high density plasmas, where T, and T; are both low and equal to each other due to
equipartition, and both p, and p; drop towards the target.

4. CONCLUSIONS

EDGE2D modelling of JET plasmas with drifts included have produces doubly peaked target
density profiles. ExB drifts were found responsible for the appearance of such profiles at the
outer target. Dipsin the density profiles were found at the positions where the divergence of the
radial ExB drift near the target created net particle sinks. Changes in the direction of the radial
ExB drift along the target are related to the changes in the sign of the poloidal electric field Eg
(dueto the changesin the sign of the parallel field Ey). The“inversion” of Enear thetarget (with
the expected direction, caused by the electron thermoel ectric force, pointing towards the target)
may take place in medium density plasmas near the separatrix position, due to the existence of
parallel currentsand electron pressurerise near thetarget. Thelatter iscaused by strongionisation
(resulting in ng rise towards the target) in the presence of relatively flat parallel T, gradients.
Such explanation requires both high recycling and high Te. It may provide apossible explanation
for the earlier experimental observation of the doubly peaked target profilesin JET.
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