41%* EPS Conference on Plasma Physics P1.031

Impact of strong impurity seeding on the radiation losses in JET
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Development of high radiation plasma scenarios with impurity seeding is necessary for
the operation of burning plasma fusion devices with a reactor-relevant size such as DEMO,

which should operate at high heating power and radiation fractions close to 95% [1].
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chamber and divertor radiation. Typel H-

[,=2.5MA (q95=3.3) and Greenwald density fraction up to 85% in low-triangularity magnetic
equilibria (6=0.22) have been examined. Respective scans over a deuterium fuelling range of
2x10%* el/s +6.5%x10%* el/s and an impurity seeding range of 2x10% el/s +1.3x10% el/s with an
additional NBI-power of 18MW have been performed. Stable highly radiative discharges are

obtained with feed-forward impurity seeding. Over the full range the power 1oss (Pjoss=Pin-
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dW/dt) remains above the H-mode threshold according to the empirical scaling [2]. However,
this scaling has been derived from the plasma pulses with ymd=Pradt°t/Pheat <50% and it is aim
of these experiments to investigate whether this empirical scaling is relevant for highly
radiative discharges with impurity seedings.

In Fig.1 two pulses with (red coloured) and without (blue coloured) nitrogen seeding at
JET-ILW are compared. Both plasmas were heated with <ISMW NBI in the same divertor
magnetic configuration. The deuterium fuelling waveforms as well as the puffing locations
(into inner and outer divertor scrape-off layer (SOL)) were identical during the first half of the
pulses (fuelling rate of ['py~4x10%* el/s). The Bell fast emission signal (\=527nm) in the outer
divertor represents the ELMs behaviour. In contrast to an unseeded plasma, the N, seeding
into the private flux of the outer divertor leg with ['n,~13.4x10* el/s demonstrates directly
after the L-H transition small energy ELMs with a quick transition at 10.7s from a type I
ELMy to an ELM-free H-mode phase with cold pedestal (Tepedz300eV) with some recovery
of the energy confinement. Such ELMy-free H-modes, called M-mode, accompanied by
coherent magnetic oscillations have been observed in [3] at heating powers just above the
threshold for L-H transitions. In the unseeded plasma the global confinement was generally
degraded at increasing fuelling levels to reach the high density close to Greenwald limit [4].
The seeding of N, leads to higher Z.s which increases during the seeding by =50% (increase

of AZ.=0.6) in comparison with the unseeded pulse. At 12s the total radiative power reaches
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Fig.2 Radiation distribution in the divertor for N, seeded plasma with different level of the seeding rate

its peak-value (=75%). Most of the radiation originates from the X-point region in this
detached case as the tomographic reconstructions show (fig.2d). The nitrogen seeding causes
a considerable energy confinement recovery from a confinement factor of Hogy=0.65 in the
pulse with D, fuelling only to a factor of Hogy=0.75 in the N, case: The profiles of electron
temperature T. and electron density n. at the outer mid-plane around the edge barrier were
measured by the High Resolution Thomson Scattering system [5]. They show a significant
impact of the N, seeding. In contrast to the unseeded plasma, the n. profile in the N, seeded
pulse becomes more peaked (see Fig.1b): n. increases in the plasma core and decreases in the
edge region correspondingly. At the same time T. rises across the entire profile with N,

seeding. Therefore, the seeding significantly affects particle confinement and transport, thus
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possibly increasing the energy stored in the plasma. The confinement improvement during the
N, seeding in JET-ILW has been recently reported in [6].
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Fig.3 Radiation distribution in the main chamber versus divertor region
Fig. 2 shows the radiation distributions for the seeding range from I'n,=2x10%* el/s to
I'po=1.3x 107 els. Up to 1"1\1224><1022 el/s, a significant radiation is observed in the vinicity of
the X-point as well as in the inner and outer SOL with the presence of small Type I ELMs for
the entire duration of the seeding. Beyond I'n;~6x10%* el/s the radiation “spills over” into the
region above the X-point inside of the separatrix. Nitrogen seeding at a maximum rate of
I'no~1.3x10% el/s leads to stable and steady state ELM free H-mode (or M-mode) with

radiation fraction of yp.q ~75%.

Fig.3 shows the radiation distribution in the main chamber versus divertor region with various
injected impurity species (N, Ne and Ar). The divertor radiation Pg;, is defined as the
radiation emitted below Z< -1.0m, and Pu™" =P ' "-Praq®" The observed divertor radiation
fraction (Yraq""=Praq""/Prad') is highest for low-Z seeding gases. The spatial distribution of
radiation, as well as yraddiv, does not show a clear dependance on D,-fueling in N,-seeded,
type-I ELMy H-mode pulses. The maximal value of yraddiv ~70% in N, seeded pulses was
found at f;,4~60%. The confinement increases from Hogy=0.6 in unseeded pulses with
Yrad~30% to a value of Hogy=0.75 at y;,q~50%. Further increase of y;,q leads to a moderate
confinement degradation. Beyond y,g~55%, the energy confinement scaling factor remains
almost constant at ~0.7.

Argon and neon seeding further increased the fraction of the total radiation up to 63% which
is below that of the highest nitrogen cases of 75% The radiation distribution became slightly
more biased towards the core with contribution of about half of radiation fraction in the
divertor region (yraddisz.S), as one might expect from the temperature dependence of the
radiative loss cooling function [7]. In contrast to nitrogen seeding which causes a considerable
improvement of the energy confinement, the Ar injection causes only a moderate one.
Seeding with Ar leads to an H-L transition with y;5q 0of ~60% just prior to the H-L switchover.
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The neon seeded discharges showed beyond Y, ~50% a ELM-free phase (or M-mode) with a
sequence of H-L-H transitions, as shown #85441 BUIp=2.65T12.0MA
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. cycles) during the neon seeding. Tomographic
Under cold detached divertor, the reconstructions of the total radiation during the different

tungsten cannot significantly contribute  Phases of the transitions.
to the total radiation. The radiation is almost entirely from the seeded impurities.

The maximum of the radiation fraction of 7y, ~75% have been achieved with N,
seeding. It has not yet been determined whether this is the limit of what can be achieved, but
the increase of the radiation fraction has become an increasingly weak function of the seeding

rate. Further investigations are required before drawing irrevocable conclusions.
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