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Introduction. High confinement mode or H-mode will be the baseline scerfaridTER.
This scenario is characterized by an edge transport bdorered in the pedestal region, just
inside the last closed flux surface. The high pressure gneslfermed in this region, lead to
periodic relaxation, called edge localized modes (ELMspeding particles and heat towards
the divertor and the plasma facing components. The paltiskes associated with type-1 ELMs
have on one hand the beneficial effect of reducing the impadgtumulation, but on the other
hand the heat loads will dramatically reduce the lifetiméhefdivertor target for ITER [1].

For this reason, strong efforts to mitigate or suppress-t¥ieMs have been made during the
last decade. In ASDEX Upgrade, a new set of 16 saddle coitdingea magnetic perturbation
(MP) with toroidal mode number of n=1, 2 and 4 has been ireddalRecent experiments have
shown that type-l1 ELMs are replaced by another benign edgeaton with higher frequency.
The transition from type-I ELMs to mitigated ELMs occurs agth collisionality or plasma
pedestal density (65% of the Greenwald density) [2], maintaining the pedestal pressure and
the confinement energy [3].

The underlying mechanism leading to the ELM mitigation i abt clear, and efforts to
understand possible changes in the particle or heat tranapneeded. The analysis of the
electron temperature dynamics in mitigated ELM regimesés@nted in this paper.

Heterodyne Radiometer. The heterodyne radiometer measures the ECE radiative tamper
ture with 60 channels at fixed frequencies and bandwidth @f®00 MHz (spatial resolution
<2 cm). The gain of the individual channels can be optimizepketding on the expected mea-
sured temperatures, optimizing therefore the SNR of tha, dettich is especially relevant for
channels measuring at the plasma edge. Thus, drop of thieosléemperature profile caused
by small ELM crashes can be resolved with this diagnosti@ Jinall spatial and time scales
involved in the crash of the ELM (from several tens of miciaseds to few milliseconds) can
be well defined with this diagnostic. The upgraded fast aitjon system has a sampling rate
of up to 1 MHz. For this analysis the data was down sampled twimmae the SNR (64s
temporal resolution, enough to resolve the ELM crash).

Transition from type-I to mitigated ELMs. Figure 1 shows the transition from big type-I to
small ELMs, for a pair of H-mode discharges wih=-2.5 T,|1,=0.8 MA and dominant ICRH
heating Bcry=5 MW, see figure 1a).
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Small ELM regimes. In the presence ofFigure 1:0verview of the discharges 29990 and 29991.
. . Heating power (a), gas fuelling (b), core (red) and edge
MP coils, the frequency of the big type'tblue) integrated density for discharges 29990 (c) and

ELMs diminishes before they are complete 991 (d), outer divertor current for the discharges

o . o 29990 (red) and 29991 (black).
eliminated. During the transition from big
type-l to mitigated ELMs, smaller and faster periodic healsps are observed in the diver-
tor current. Figure 2d shows its evolution in a short timeiwal before the last big ELM crash.
Figure 2c depicts the evolution of an ECE channel locatedeap#destal top. At the time of
the collapse of the ELM, the pedestal temperaflirg.q drops,lgiy Start to rise and the stored
energy (figure 2a) decreases. Few hundreds of microsecfedSa,eq shows a minimum -
considered in this analysis &3 m-, the divertor current shows a peak. This delay is consilere
as the duration of the divertor ELM power pulse. The drop efgdge densityg eqgeis measu-
red with the edge interferometer channel (figure 1b). Séwaitiseconds aftetg v, a decrease
in the density { 2%neqgd iS also observed. The energy loss due to those small ELM<%,
in contrast to the- 10— 20% energy loss for big type-I ELMs.

Using the ELM average technique [5], the ELM affected aread e averagde drop in
the pedestal region are calculated. The selected time wstave from 5 to 40 ELMs (whose
frequency varies from 80 to 500 Hz). The drop of the tempeeadtithe ELM crash is calculated
asATe = TepefordtELM — IM9— < Teatter >. The duration of thelg peq crash for the small
ELMs was observed to be 150-30Qus, therefore we calculate Te afrer >=< Te(teLm i teLm +

320us) >.
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Figure 3 shows four different cases of the electron tempegatrop versus the normalized
minor radiusATe(p). The ELM affected area for a time interval including the ELSIso-
wed in figure 2 is represented in green line. The blue line as@iTe(p) for a time inter-
val with dominant NBI heating and mitigated ELMs. For compan, the case of big type-
| ELMs for the discharge 29990 before the mitigation is alkoven (black line). Its ELM
affected area is bigger and the electron temperature drddds-130 eV (37 %eped). A
case for a type Il ELM (with low density and low temperatuigghown in red. In this case,
ATe ~20 eV and the ELM affected area
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top temperaturde pe=300-600 eV. Figure 4 shows the electron temperature drimuleted
with the ELM average technique versus the pedestal der@idged symbols represent data
points with discharges with resonant n=2 MP, while open sylsiepresent data points without
MP. Cyan symbols are data points with dominant NBI heatiRgrH/Rot.ef£<0.3). Those
points have the high€l, peq (~500 eV) and the steepegt profiles in the analysed data base.
Green and red symbols correspond to data points with mixreeandRcrH/Roteft >0.6
respectively. Squared and triangle symbols distinguisM i different sizes Igj,>1.4 kA or
l4iv<1.4 KA respectively). With MP coils, the minimufsile observed occurs for high denisty
and low temperature. For dominant ICRH heatifigyeq have the lowest values in the analy-
sed data base. It was observed that for those casek thep is minimal ATe <20 eV) and
the relative drop of the temperatulde/ Te ped is lower as well. Among the analysed data base
with MP, there is evidence of a second transition from smBME to grassy ELMSs, ocurring at
Neped > 7+ 10Mm~3 andTe peq < 450 eV.

Summary and Discussion. The present re-
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cases with lower temperature values and W_‘l)gure 4:Electron temperature drop for small ELMs
n=2, when the plasma density keeps risinggrsus the density at the plasma edge.

the mitigated ELMs become smallehT <
20 eV) and a second transition from mitigated ELMs to gradsyi&occurs.

The recovery time of th& profile for mitigated ELMs varies from 0.5 to 2 ms, depending o
how bigATg is. The duration of the divertor ELM power pulse for mitigateL Ms is~200-600
uUs, which is correlated with the typical time of the ion paghttansport from the pedestal to
the divertor target = 2mRqgs/Cs (as observed for typical type-1 ELM [1]).
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