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INTRODUCTION - ELMs are an unavoidable ingredient of H - mode plasmas in tokamaks.
They are associated with a pulse-like release of energy and particles from the main plasma
into the divertor. This may adversely affect the divertor operation or in the case of high power
operation, even damage the divertor target plates. On the other hand, it is well known that
ELMs are beneficial in reducing the density and impurity build-up in H-mode discharges. To
exploit these beneficial features of the ELMs and to avoid the detrimental ones a thorough
understanding of their generation and of then energy release mechanism is necessary. This
paper focuses on the details of the ELM - triggered energy and particle release into the
divertor.

For analysis, mostly giant ELMs (Type I) have been used which are observed after the ELM-
free phase of high performance NB-heated discharges [1].

SUMMARY OF RECENT JET RESULTS - During an ELM the release of energy and
particles from the main plasma into the divertor occurs in a sequence of three phases:

ePhase I the "precursor" phase with a characteristic time of Sty <100 ps

e Phase I[I the "plasma edge determined" phase with a characteristic time &t ~ 100 ps,

e Phase III the "confinement degradation” phase with a characteristic time &t, ~ 10 - 50 ms.

Phase I - The precursor phase is observed at the divertor as a perturbation of the floating
potential measured by the target Langmuir probes. Since the floating potential is mainly
determined by the electron temperature and the current flow between plasma and target, this
phase may be regarded as the beginning of the increase of the power flux into the divertor
caused by electron heat conduction. The total amount of deposited energy on the divertor
target plates is below the detection limit ( ~ 10* J).

During an ELM the perturbation of the floating voltage starts usually 6t, ~ 10 - 100 ps earlier
than the density increase measured by a divertor interferometer. This feature is not observed
with every ELM. Often the floating voltage precursor is correlated with precursors observed
by the reflectometer and by magnetic probes.

A comparison between the time of arrival of the floating voltage perturbation on the outer and
inner strike zones shows no time difference to within 20 ps. However, there is a time
difference of 0.5 - 1 ms between the signals obtained by a reciprocating probe inserted near
the top of the plasma and the target probes [2]. This implies that the X-point region is the
origin of the perturbation [2,3,4].
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Phase II - During the plasma edge determined phase, up to a few percent of the main plasma
stored energy is released within 8t ~ 100 ps into the divertor. This energy is removed from
the outer region of the plasma column [5] and assumed to be transported mainly by electron
heat conduction. A similar model has been proposed for type III ELMs [6].The maximum
parallel power flux may reach values of ~ 10 MW/m’. A transient connection between the
target surface and a plasma of ~ 300 - 400 eV gives the right order of magnitude for the
measured power flux.

The soft X-ray intensity perturbation caused by an ELM is shown in fig. 1. Here, the
perturbation starts at the top of the plasma, moves down to the X-point and again up to the
top. Note, however, that other ELMs have been observed which start near the X-point region.
There is no evidence of the outer midplane being the origin of ELMs [7]. The fastest time
scale found in this data is ~ 10 us which may be associated with the precursor time scale 6t,,.
The total time of the perturbation is ~ 100 us. This time interval is associated with the phase II
time scale St,.

From the time evolution of the floating voltage and the surface temperature (figs.2 and 3) it is
evident that during this phase the strike points of the separatrix move rapidly (< 100 us)
inwards (inner strike point) and outwards (outer strike point) by ARg ~ 20 cm. The energy
deposition has its maximum at the new position of the inner strike point. For the inner strike
point ARg may be so large that the main energy is released outside the divertor target onto
structures of the inner wall.

Assuming that the plasma column behaves like a rigid body the observed movement of the
strike points translates into a movement of the main plasma upwards and inwards with Az ~
10 - 20 cm and ARp ~ 5 - 10 cm. The observation of multiple peaked and broadened profiles
on the divertor target reported previously [2] is caused by poor time resolution of the
diagnostic instruments.

The high power flux pulse causes a release of impurities and deuterium from the affected
areas which leads to the Dy - intensity peak usually associated with an ELM, to a peak in the
radiated power and to an increase of the plasma density. The amount of released material and
gas depends on the history of the surface hit by the power flux pulse. However, it is generally
large because the target areas involved are regions with loosely bound deposition layers of
non - stochiometric mixtures of impurities and gas.

Finally, the impurity/deuterium release triggers a deterioration of the global plasma energy
confinement,

Phase III - During the confinement degradation phase the plasma loses particles and energy
due to a drop in the relevant confinement times. This drop shows in most cases the features of
an H — L transition [§].

The loss of particles leads to a decrease in the total particle content of the main plasma. The
time evolution of the averaged density depends on the balance between the increase due to the
injected impurities and deuterium during phase II and the subsequent decrease in the particle
confinement time.

The loss of energy leads to an enhanced power flux to the target plates in a time scale of
several 10 ms. This energy is deposited at the initial position of the strike points with an
asymmetry of the power flux commonly observed during H — L transitions. The
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total amount of energy lost during phase III depends on the extent of confinement degradation
and is usually by a factor 2 - 8 larger than the energy loss during phase II (fig.4). After the

H — L transition the plasma recovers within several 10 ms and goes again into the H mode.
However, depending on the amount of injected impurities during phase II, the plasma may
show a reduced H factor or even, after a sequence of giant ELMs, remain in the L mode.
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The neutral gas pressure below the divertor target plate measured by pressure gauges [9,10]
shows a spike for each ELM. Additionally, there is a "pile-up" of the base line pressure in the
case of switched off cryo-pump. The D¢ intensity shows the same pile-up behaviour, whereas
the ion saturation current does not show this feature. The pile up is caused by neutral gas not
taking part in the recycling process which indicates that there is a strong neutral gas source at
the target caused by the ELMs. This additional gas can be removed by operating the cryo
pump which is located below the target in the region of the outer strike point. With the cryo
pump switched on the ELM frequency is reduced. Presumably, the neutral influx near the X-
point region influences the ELM generation mechanism.
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average of the maximum Dqy, intensity at the inner
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Clijn during an ELM, pulse 34458.

Fig.5 Time traces of the neutral gas pressure p
beneath the outer target plate, the D¢y, intensity and
the ion saturation current during two ELMy
discharges with cryo pump off (pulse 32270) and
cryo pump on (pulse 32285).
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