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Edge localised modes ELMs are of importance for the scedaselopment in reactor like con-
ditions. Their beneficial influence on the plasma, like inifguremoval, needs to be maintained,
while negative effects, such as large heat loads on plasoregfaomponents, have to be miti-
gated. A first principle understanding of the processedwadbwould open up new possibilities
in the optimisation process. However, such an understgnsginampered by the lack of the re-
quired diagnostic capabilities. This lack is caused by #ieeene nature of an ELM, namely the
short timescales of sub ms and the small spatial scales wloicdown to a few mm. Another
reason is the importance of the local current density forctvimoutinely used reconstruction
methods were only recently developed [1].

Impurity seeding in plasma discharges, in particular gigro seeding, is applied mainly to in-
crease radiative cooling in the divertor region. Howevérngo side effects were observed, no-
tably improved energy confinement [2] and changed ELM beha\B3].

The influence of nitrogen seeding on ELMs is utilized in theger to obtain information
about the ELM crash itself. For comparison, two consecutigeharges with exactly the same
parameterslf = 1.0 MA, B; = 2.5 T, F\gi = 7.3 MW, Pecry= 0.7 MW andd = 0.25) were
conducted in the full tungsten machine ASDEX Upgrade. THeg difference in the discharge
pair was a nitrogen gas puff in the divertor during the seatisdharge. This nitrogen gas puff
was applied in addition to a deuterium gas puff of the samenihade. Several time traces
of important quantities are compared for both dischargdsign 1. (a) and (c) show that the
discharge settings where the same; (d) shows that no chatige ¢entral line averaged density
was observed while the density at the edge is reduced1f}?6; (b) the plasma stored energy
is initially similar in both cases. When the deuterium gaff mas reduced and higher heating
power was applied, confinement in the nitrogen seeded casgéased; (e) shows the envelope
of a Mirnov coil measurement and illustrates that also thre 84HD behaviour is similar in both
cases. The additional nitrogen in the plasma influencesfteetige charge numbeZe¢. This
influence was studied in detail in [4] and showed that unfils3the additional nitrogen does not
increas&es, only with the onset of the 3rd NI beam soui£g rises by 40% at the plasma edge
for the nitrogen seeded case. In the plasma cehteis the same for both cases throughout the
discharge.

By comparing the discharges a remarkable change in the edgemics is also observed.
In the case with nitrogen puff the ELMs appear to be shorterela faster repetition rate and
have less impact on the plasma edge than the ELMs in the nefei@se. In general an ELM
is characterized only by a collapse of the pedestdl (ns) and a recovery phase§ ms). In
Fig. 2 it becomes clear that more phases during the ELM cyeeacessary to describe the
differences between “nitrogen ELMs” and regular type-I E£. M| traces in Fig. 2 show an
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Figure 1: Time traces for two comparison dig-igure 2: The time traces relative to the onset
charges one without nitrogen seeding (red) aofdan ELM. Different phases in the ELM cycle
one with nitrogen seeding (green). are highlighted.

example ELM around 2.4 s in the discharges. Fig. 2 (a)-(cjvsthe time traces of magnetic
perturbation pick-up coils, the divertor thermo-curreamsl edge soft x-ray measurements for
the reference case without nitrogen gas puff. The thernmeeotis induced by the temperature
difference between the inner and outer divertor targejs(f{éghow the same diagnostics in the
case with nitrogen gas puff. With these traces three diffgpbases are identified in the ELM
cycle.

() the ELM crash: energy and patrticles are lost from therpkagsdge. This is best visible in
the soft x-ray edge channel (c),(f) where the radiation gryring the whole phase (1).
During the same time broad band magnetic oscillations froF4d0 kHz are measured
by the magnetic pick-up coils (a),(d). The lost particles mreasured a few hundrecs
later in the divertor (b),(e).

(1) intermediate phase: the strong magnetic perturbaiidhe plasma edge has stopped and
is replaced by a quiescent phase (a),(d) and the soft x-tigtian stays constant (c),(f).
Thermo-currents exhibit a decreasing signal as the divptésma cools down ona 1 ms
timescale after the impact of the ELM (b),(e).

(I11) recovery phase: the pedestal recovers and the sadyxadiation (c),(f) increases until
the next ELM crash. The pick-up coils indicate perturbatiabove the level of the in-
termediate phase but well below the level during the ELM lerd$he divertor currents
show only a background signal, indicative of a minor tempeeadifference between the
divertor targets.

In this classification both cases behave identically. Déffiees arise during the crash phase
where the type-I ELM can be divided into two distinct everé é&nd (Ib) while the nitrogen
ELM shows only one (Ia). The first crash phase (la) exhibistime characteristics on identical
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Figure 3: ELM synchronised profiles of electron temperaajed) and electron density (e)-(f)
before (blue,solid) and after (black,dashed) an ELM.

time scales in both cases. It starts with a fast(5 ms) drop in the soft x-ray radiation (c),(f)
followed by a short (0.3-0.4 ms) saturation phase. In theestime a broad band oscillation is
visible in the magnetic signal (a),(d). This oscillatioroisly visible in the phase (la). For the
nitrogen ELM phase (la) is directly followed by the internegd phase (11). In the case of type-
| ELMs a second crash phase (Ib) can be identified. Duringpthése the soft x-ray radiation
is further reduced (c). The magnetic signal still shows @rband oscillations, however, with
reduced amplitude and they are overlaid with a strong @gich of < 10 kHz which appears

as several spikes (a). During the phase (Ib) there is a sféa@yf particles into the divertor

which lasts 1-2 ms, as evidenced by the divertor current (b).

Profiles of temperature and density prior and after the csaglgest that the region affected
by the ELM in the presence nitrogen seeding is located on tdpeopedestal and the steep
gradient region is not influenced. The type-lI ELM affectsphafiles on a broader region which
includes the very edge with steep gradients and the SOL.i$hiscumented in detail in Fig.
3. The profiles for temperature (a),(b) and density (d),(e)shhown directly before the ELM
crash (blue, solid) and immediately after the crash (bldelshed). The profiles are obtained
with ELM synchronised averaging over 1 s which means 100E10@s. The intervals used for
synchronisation are 0.5 ms long and taken relative to an ELM.

In the case with nitrogen (Fig. 3 (b)) the ELM triggers onlymaadl drop in the electron tem-
perature from B0 < pp < 0.96 while the steep gradient is preserved until after the EThe
reference case Fig. 3 (a) shows the collapse of the wholsgaahbarrier. This is also observed
for the electron density in Fig. 3 (d),(e). While the tranggaarrier collapses in the reference
case (d) it remains unaffected for the case with nitrogerH@thermore, the density increases
in the SOL for the reference case while it stays the same ititbhgen. The difference between
density and temperature is that the crasheiextends further into the plasma - upgg~ 0.75.
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The relative change dfe (c) andne (f) caused by the crash gives an indication of this ELM
affected area. In both cases the profiles ingigle- 0.85— 0.90 are affected to the same extent
by the crash. This is observed for both temperature andtgembie only differences are visible
outside this region and are most pronounced in the steepegtaggion. With addition of ni-
trogen a maximal drop of 15% is observed iffe andne, while a~30% drop in the reference
case is observed.
Combining both observations, the averaged profile
measurements with high spatial resolution and the highly
10.0 ‘ ‘ @ temporally resolved time traces of magnetic pick-up coils
and soft x-ray diodes, one obtains a picture of the ELM
crash which would not be possible with the individual
measurements. The profiles from the nitrogen seeded dis-
charge correspond to the crash phase (la) in Fig. 2. As-
suming that the phase (la) of the seeded case and the
reference case are the same, as their time traces suggest,
the profile response of crash phase (Ib) can be deduced
from the profiles, in the reference case. The result is il-
lustrated in Fig. 4 as a sketch. In a first crash particles
Figure 4: A sketch of the possibleand energy are oply expelled from a region spanning from
affected area due to different craswe pedestal t_op inwards. In a separated secc_)nd crash the
transport barrier also collapses and more particles and en-
ergy are lost from the plasma edge. The absolute energy
loss during both phases is comparable.

The observations in the different time traces suggest tiferdnt mechanisms for the loss of
energy and particles in the pedestal. Considering the afisens of strongly reduced filament
activity in the presence of nitrogen [3] it is likely that teecond crash (Ib) is related to fila-
mentary losses in the pedestal. This could also explaindrstpnature of the magnetics signal.
The type-lI ELMs known from AUG still with Carbon wall have neocharacteristics in common
with the type-1 ELMs considered here than with the nitrog&iMB. The addition of nitrogen
to the plasma stabilised the edge pedestal against then@tghility. This consequently leads
to an increase of the ELM frequency because the time for tbenskecrash does not occur and
the recovery can be faster. The key quantity for the statitia of (Ib) could not be identified
in the available discharge set. A direct influence of theatiffe charge number seems unlikely,
since different ELM characteristics are observed befofferginces inZqs are measured. The
largest differences were observed for quantities depertetie ratio ohe/Te While quantities
with the producheTe varied less. Candidates are e.g. the collisionality or thsrmpa resistivity.
The effect of the nitrogen seeding on the collisionalityelsgs on the change i, while the

resistivity is decreased in all cases.

The “ELM”-crash can be constituted out of multiple phased Hrese phases exhibit fun-
damental differences. To understand the processes imalvevill be important to treat the
different phenomena separately.
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