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MHD stability in tokamaks
One of the challenges in controlled tokamak fusion is formed by Edge
Localized Modes (ELMs). These are ballooning mode instabilities,
caused by the large pressure gradient in the pedestal in the H-mode.
They deposit a huge amount of energy into the divertor in a very short
time. The extrapolation of the behaviour of these ELMs to ITER is dif-
ficult, and key to sustained operation. The Aster project was set up to
simulate these, and in 2007 ELMs were first simulated with the JOREK
code [1, 2]. An example of an ELM simulation is shown in figure 1.

Figure 1: Density perturbations near the pedestal before and during an
ELM. The cutouts are snapshots at 21 microsecond intervals.

Tungsten impurities in tokamaks
ITER will have a Tungsten divertor.
This material can cause problems if
it enters the plasma due to the high
atomic number. In general, impurities
present problems due to

• Radiation
• Dilution

In figure 2 the maximum allowable
concentration of different impurities is
shown due to these effects. Since
these atoms will not be fully ionized,
they can emit line radiation and effi-
ciently cool the plasma. This can have
major consequences for the efficiency
of ITER operations. It is therefore im-
portant to control the impurity concen-
tration in the plasma.

Figure 4 shows the impurity transport,
both schematically and with macropar-
ticles.

Figure 2: Tolerable impurity
concentration versus atomic
number. Graph: Karl Krieger,
IPP

Simulating impurity transport
By combining a Particle-In-Cell method with the Finite Element Method
used in the JOREK code we can simulate macroparticles in the elec-
tromagnetic fields in a tokamak. In figure 3 the different stages in the
proposed hybrid code are shown.
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Figure 3: Diagram of the steps required to integrate MHD and PIC meth-
ods. Dotted lines are not implemented yet in JOREK.
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Figure 4: Tungsten impurities enter the plasma at the divertor (simulated
as a uniform distribution), move along the flux surfaces (black arrows)
and eventually diffuse into the core plasma (white arrows).
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