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Key dependencies for the radial density decay in the far-SOL of JET H-mode plasmas
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With ITER now foreseen to operate in a full-W wall, and simulations suggesting the main chamber to
be the dominant W source [1], advancing our physics understanding of density flattening in the far-
SOL and the formation of density shoulders is critical [2]. In addition, to correctly predict how dense
the far-SOL plasma in front of the main chamber tiles in ITER will be, it is crucial to understand the
physics that sets the radius of the second (outer) inflection of the density shoulder [3] on the low field
side (LFS), and whether it is possible to modify it by external means.

A dedicated H-mode fuelling ramp experiment was implemented on JET, designed to take advantage of
improvements to the FM-CW reflectometer [4]. A highly diverse set of near- and far-SOL profiles was
compiled, by ramping the density from medium- low values up to the H-L backtransition (H-mode
density limit) for a variety of target plasmas. In conjunction with other edge diagnostics, these
experiments have delivered inter-ELM main chamber SOL density information with unprecedented
detail on JET.

The key results for the far-SOL on JET (for which we use yy > 1.025) is summarised as follows:

High qc (high connection length L; to the divertor) favours SOL density shoulder formation:
repeating the same fuelling ramp at increased Ip =1.9MA (B, fixed) yielded no shoulder formation up
to the H-L backtransition (figure 1) despite achieving deep divertor detachment (T osp<leV). A similar
trend was reported on TCV and AUG, albeit in L-mode [5].

Divertor geometry is not found to play an important role: For fixed turbulence control parameter o,
(evaluated at yn=1, assuming flat Zeff profile, and with Te at the separatrix determined via power
balance including broadening of the near-SOL power width) [6], moving the outer strike point (OSP)
from horizontal target (HT) to vertical target (VT) strongly impacted the density gradients for the
pedestal and near-SOL, but not the radial density decay in the far-SOL (figures 2 and 3).

Secondly, the studies show that Anfar and Apnear are independent (e.g. figure 2) and uncorrelated
(different physics involved), as reported previously [7]. Here, Anme has been determined via
exponential fitting in region 1.025 < yy<~ 1.07-1.08.

Increased plasma triangularity enables access to higher absolute edge densities (both for pedestal
and SOL), but the radial decay A.nris not strongly affected (figure 3).

Switching from gas fuelling to pellet fuelling yields lower absolute SOL densities at fixed a, both
in the near- and far SOL regions. However, most of this difference originates from the near-SOL
(where find steeper slope with pellets than with gas), whereas in the far-SOL the radial decay found
is comparable with pellets or gas (figure 3).

The overarching result of this work (figure 3) is that, in spite of the dataset’s heterogeneity, results are
unified when using the turbulence control parameter o Since o, ~ qe°, the identification of o as
the primary driver for SOL flattening also provides a direct explanation for the lack of density shoulder
formation in the Ip=1.9MA case: the q., reduction from 5.1 to 3.5 prevented o, from exceeding unity,
whereas all the ‘SOL density shoulders’ were found above a; > ~ 1.1. Thus, a,is found to be a good
descriptor for quantifying far-SOL density flattening on JET.

In figure 3, a ‘global’ inverse proportionality for the radial decay constant (1/hy )~ a*® is found
(dashed line). However, the possible presence of a A, plateau in the range o, =0.7-1.0 cannot be
excluded, above which A, increases again -initially more sharply- and for a=>1.1 enters the regime
where ‘density shoulders’ are observed.

Earlier studies on AUG [8] found that the second (outer) shoulder inflection radius was set by the
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intersection of flux surfaces with the LFS poloidal limiters (with the work in [3] also strongly
suggesting toroidal non-uniformities are important). This is not the case for these JET density ramp
experiments, which were run with higher than usual clearance to the LFS wall for operational reasons.
Flux surface mapping results for density shoulders obtained with three different plasma shapes (figure
4) show that neither LFS poloidal limiters (too far out) nor the HFS inner wall guard limiter (too far in)
coincide with the shoulder inflection radius. Instead, an excellent correlation between the shoulder
inflection radius and the intersection with the LFS divertor top is found. A plausible explanation is
that as the filaments drift towards the LFS, their bottom end will encounter hotter and less dense
conditions near the divertor shoulder compared to the cold and dense divertor and this might enable
electrical reconnection. This important finding may provide a relatively simple route (through careful
equilibrium design) to prevent direct contact of a density shoulder in ITER with the main chamber
walls and drastically reduce the W source.

In conclusion, these results offer a promising physics route for extrapolation from current day
machines to ITER, and to constrain with sufficient accuracy modelling predictions for the W

source expected in ITER.
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Figure 1: Density profile and a, evolution during fuelling ramp up to H-L Figure 2: Comparison of edge density
backtransition running same plasma shape at two different plasma currents profiles over a wide range of a, values,
(keeping Bt = 2.1T fixed): Ip =1.3MA (left) and Ip=1.9MA (right). Note the higher for two different OSP geometries
absolute values of density and lack of shoulder formation at 1.9MA. (vertical or horiz. target).
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Figure 3: Density decay constant (=1/2,s) in the far-SOL as Figure 4: Density shoulders obtained with three plasma
a function of a, for the full dataset of discharges. The legend shapes, showing different outer inflection radii. The vertical
provides additional information for each scenario (Ip, lines (same colour convention as the profiles) mark the
divertor geometry, low/high triangularity, fuelling method).  poloidal fluxes at which different wall parts are intersected.
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