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1. Introduction

The future tokamak ITER is expected to run routinely in tyf&-My H-mode confinement
regime. The ELMs are necessary in order to rid the plasmasafmpurities. However, it is
expected that ELMs in ITER could release up to 20MJ, whiclotsbearable for the presently
designed tungsten divertor [1,2]. Hence, some technigaes een developed to control ELMs
(RMPs, pellets, kicks), but there is at present poor undedstg of how these tools provoke or
mitigate the ELMs. In fact, the ELMs themselves are not fulhderstood. The linear stability
of ELMs has been well established in the last two decades[8]the understanding of the
nonlinear properties of ELMs still requires some effort.

The nonlinear simulation of ELMs is already in reasonablalitative agreement with ex-
perimental observation [4,5]. In particular, simulatiam®w a filamentation of the plasma edge
into the Scrape-Off Layer, and large amounts of energyiagien the divertor in the form of
small heat-flux structures near the strike point. In sighi®hg the simulations to obtain some
predictions of ELMs in ITER, the MHD code JOREK [4,5] shouldtfusdergo a quantitative
validation against experimental data. This paper aims astsfiep towards this validation, by
presenting simulations of ELMs for a given plasma pulse fim. The long term goal being
to extend the simulations to multiple shots analysis, botRJET and for other tokamaks.

2. From Experimental Data to Numerical Simulations

The JET pulse #73569 has been chosen as a first simulatiedezsiuse it is a type-1 ELMy
H-mode with good HRTS profiles (High-Resolution Thomson teattg diagnostic [6]), and a
good view of the Infra-Red camera on the outer divertor. Fr plulse, the field was 2T, the
densityne = 6.10°m~23 at the magnetic axis and the temperaflire- 3keV. In order to produce
a simulation, one needs to solve the Grad-Shafranov equiti) so that three ingredients are
needed: the pressure profgethe current profilg, and the poloidal fluxy on a closed boundary
Q around the plasma.

The pressure profile is obtained from HRTS, which gives tleetedbn density and tempera-
ture. Since JOREK solves the two-fluid MHD equations with safgavariableg, T; andTe, the
ion temperature profile is assumed to be identical to thdreletemperature profile. The HRTS
profiles are all taken before the ELMs (80-99% of the ELM-pd)j and a fit is done over the
profiles. This way, using multiple profiles ensures a goodle®n in the pedestal, so that the
pressure profile is reliable (see Fig.1b).

The global current profile is obtained from EFIT, with an didolial bootstrap current calcu-
lated from HELENA, according to the pressure profile, follogvthe Sauter method [7].
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Figure 1:a) compares the initial EFIT flux (right) with the JOREK edjaiium reconstruction (left). b) shows
the density and temperature profiles from HRTS (circlesdttogy with the profiles used in simulations (lines)

The flux ¢ at the boundary is also taken from the EFIT reconstructianceSthere is yet
no resistive wall boundary conditions in JOREK, this contbas been taken just outside the
vacuum vessel wall, and close to the divertor. The resultazgpnstruction oy is shown in
Fig.1a next to the EFIT flux. Also shown in Fig.1b are the terapge and density profiles used
in simulations, compared to the HRTS profiles. The reconstm of equilibrium with JOREK
is in reasonable agreement with the EFIT reconstructiortla@tiRTS diagnostic.

3. JET Simulations

The resulting JET equilibrium has a pressure profile vergeho ideal ballooning stability
limit, which is highly unstable with respect to resistivdlbaning, so that the perturbation of
toroidal mode numbers results in a pedestal collapse, whaphbe compared to an ELM. The
simulations have been run for different mode numbers, magryine main plasma parameters
(resistivityn, parallel thermal conductivity etc...).

One first observes the distinction betwégandTe during the ballooning crash. The theoret-
ical k| for each species (implemented in the code) depends on thesponding temperature
and has a coefficient which depends on the species’ mas#ijmgsn a faster conductivity for
Te. Namely%“‘ ~ 40. As a consequence, and as can be seen on Fig.Ba,apidly conducted
to the divertor, where distinct stripes are observed neastitike point. This is not the case for
T, which is convected into filaments like the densify.filaments are also observed, but less
distinctively thanT; filaments.

TheseT, stripes are important, because they are responsible far shtise energy arriving
on the divertor. Similar stripes are observed in JET duribijIE The common procedure to de-
termine the dominant mode number of an ELM in JET relies panilthe signals from Mirnov
Coils, but also on the number of stripes observed on the outertdr tile. Simulations clearly
show a relation between the mode number and the number péstras seen from Fig.2b, al-
though the number of divertor stripes is generally infetaathe mode number itself. This shows
how simulations could be used in return to reinforce therpritation of IR diagnostics in order

to determine the mode number of an ELM in JET.
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Figure 2:a) shows fTfilaments together with density contours (white) on the &ftl T on the right. The red
circles show the stripes of ©n the divertor, which are less distinct for. B) shows profiles ofgslon the divertor for
different mode numbers. Different numbers of stripes ase abserved for different ELMs in pulse 73569 (above).

As another example of comparisons
between simulations and experiments,w.’E‘ L
Fig.3 shows the HRTS profiles before s~
and after ELMs from shot 73569, and
the profiles taken from simulation at
the same position as HRTS, before
and after a crash. The main interest
of such a comparison is to look at S
the convective/conductive ELM losses, %
and the ELM-affected area, which gives F
the penetration of the ELM into the
pedestal. As seen from Fig.3, the sim-
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ulations are in reasonable agreement
with experiments. Figure 3:The density and temperature profiles from the HRTS
4. Collisionality Scan (left) compared to simulation results (right) for shb73569.

In the multi-machine collisionality
scan done by Loarte [1], the ELMs size is shown to increask detcreasing collisionality.
This result is most important for ITER, which should run atrel@ver collisionality than JET.
It is therefore of interest to produce a collisionality seaith simulations, in order to check if
simulated ELMs can reproduce the experimental scalinghEumnore, such a scan could help
understand why the ELMSs size is increasing at lower

To get such a scan with simulations, density and tempesafanevaried together such that
the total pressure profile does not change. This way, the MEe® stability properties of the
plasma remain identical, but collisionality changes. Thaqgipal parameters that are affected
by this scan are the resistivityand the parallel thermal conductiviky, which vary ag) ~ V*s
andk| ~ v*~1 It is not yet possible to use the proper experimental valoes and K|, due
to limited numerical resolution, but recent progress ireflaf computing, as with the HPC-FF,
enables simulations with andk| values closer and closer to experimental conditions.
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A first scan has been done with collisionality

] * * | varying from 14 x 102 to 0.9, with a resistivity
. * * varying from 5108 to 10°7. The result is that the
g 4 1 ELMs size is decreasing with decreasing collision-
I * v ality, which is mainly due to the fact the resistivity
333 ¥ 7 1 hasastrong influence on the growth rates of the bal-
8 5 . -’f b 3 | looning modes. Hence, in this resistive regime, the
3 ¥ ; n:12§resistive regime) | resistivity dominates the collisionality scan, and the

ki . % Eéﬁ(ﬁgg;:fﬁg;ﬂgg)g:mz) | resultis opposite to that expected.

R R EH e A second collisionality scan was then run with
0 O ooy 10" Jower (a factor 10) resistivity (which comes a fac-

tor 20 from the theoretical Spitzer resistivity). How-
Figure 4:A collisionality scan done for two dif- €Ver, at lower resistivity, the ballooning modes are
ferent regimes. A resistive regime (blue) and stable to the pressure profile, so the pedestal width
more ideal regime (red) with lower resistivity. Thgyas reduced from 2.8cm to 1.5cm. The results of
different signs stand for different mode numbersy, socond scan are closer to experiments, and the

ELMs size is seen to increase with decreasing col-
lisionality. Furthermore, the growth rates show that itastg does not have such a strong ef-
fect anymore, so that the parameter of merit becorjesvhich evacuates more temperature
from the pedestal at low collisionality. Hence, as colligitity decrease#\Te v/ Tped increases
while ApeLm/Pped remains almost constant.

5. Conclusions

Simulations of ELMs were obtained for the JET pulse # 7356% fransition from exper-
imental data to numerical simulations was presented, asit fieatures of ELMs simulations
were analyzed. The stripes observed on the targets in diondaare similar to those seen in
experiments. As an example of comparisons with experingtatsl the fact that the number of
stripes on the divertor increases with increasing balloginnode number.

The second part of this paper presented a collisionality ssaELMs for the base case of
pulse 73569. At relatively high resistivityj(~ 108 — 10~7) the ELMs size decreases with
decreasing collisionality, which is opposite to what is eved in experiments, at least for
standard type-1 ELMs. At lower resistivity)(~ 10~° —10-8), the regime is more ideal, so that
the ballooning modes are really destabilized by the presgradient, not by resistivity. In this
case, the ELMs size does increase with decreasing coliisignt should also be noted that a
resistive regime is not necessarily an artifact from sirmaoites, and that the ELMs simulated for
high resistivity could correspond to ELMs other that type-I

Acknowledgments

This work, supported by the European Communities under theamrof Association between EURATOM and CEA, was carrietl ou
within the framework of the European Fusion Development Agiexet. The views and opinions expressed herein do not netgssélect
those of the European Commission.

[1] A. Loarteet al, Plasma Phys. Control. Fusiofb 1549-1569 (2003)

[2] B.Bazylevetal, Phys. ScrT128 229-233 (2007)

[3] J.P. Freidberg, 'ldeal Magneto-Hydro-DynamitSBN-13: 978-0306425127
[4] G.T.A. Huysmans and O. Czarnyucl. Fusiond7 659-666 (2007)

[5] G.T.A. Huysmanst al, Plasma Phys. Control. Fusidsil 124012 (2009)

[6] M.N.A. Beurskenst al., Nucl. Fusion49 125006 (2009)

[7] O. Sautert al, Phys. Plasma6é 2834 (1999)



