Annual report of the ITPA Topical Group on Energetic Particle Physics

For the period Nov 2010 to Oct 2011

The EP Topical Group held two meetings (its 6™ and 7™) during the reporting period — at
ENEA in Frascati on April 11-13, 2011 and at the University of Texas in Austin on
September 12-13, 2011 right after the IAEA TM on energetic particles .

Minutes of these meetings and viewgraphs presented are available at the ITPA website,
therefore only a summary of the main results is given here.

In addition to JEX activities, the work of the group is concentrated mainly on the following
topics:
e Benchmark effort for the linear codes of Alfvén eigenmode
e Benchmark effort for the non-linear codes of Alfvén eigenmode
e Evaluation of fast ion losses induced by 3D effects (ELM control coils) and
MHD
e Energetic particle diagnostics for ITER

Benchmark effort for the linear codes of Alfvén eigenmode

A prediction of the occurrence of fast particle driven instabilities in ITER will be supported
by a linear code. As a first step, a common benchmark effort was carried out using a well-
diagnosed JET discharges with measured damping rates for TAEs has been used. The
experimental result was successfully reproduced by several codes. The results were
summarized by S. Gunter in IAEA FEC Daejeon.

After sucessfully comparing the damping rates, the benchmarking of the finite Larmor radius
and finite orbit width effects in a large aspect ratio tokamak (n=6) was successfully carried
out in 2011. Then, the group is about to start to focus its activity on ITER stability boundary
studies for AEs. This exercise is a challenge for many codes, especially the kinetic codes, due
to the following reasons: for the damping, the background ion Larmor radius has to be
resolved (rho~~500) together with rational surfaces at the plasma edge. Furthermore, the most
unstable modes will have higher toroidal mode numbers (5-15), what requires a higher
poloidal resolution (or number of Fourier harmonics). The drive is a combination of alpha-
particle drive and NBI heating requiring detailed and expensive modeling. Finally, a large
number of modes (TAEs, RSAEs, BAEs, EAES) have to be investigated.

Plans for further work: First results concerning scenario 4 are expected mid of 2012. In
addition to this case, a JET DT case can be another target of the benchmark. A long-term goal
is to support the design of the operation scenarios.

Benchmark effort for the non-linear codes of Alfvén eigenmode

It was found this activity needed several milestones in the activity in 2010. The first milestone
was set to the benchmark of the linear stability of the mode. A benchmark case on an n=6
TAE mode was provided by A. Konies for this purpose. At the 6th meeting in Frascati, the
results of linear growth rate for different energetic particle temperature were reported from
both linear codes (CAS3D-K, CKA-EUTERPE, AE3D-K, GYGLES, LIGKA) as well as
nonlinear codes (HMGC, MEGA, TAEFL). Comparisons were made for the cases with or
without energetic particle finite Larmor radius effects. The important finding was that the
results are sensitive to the details of the physics condition such as the cutoff velocity of the
energetic particle distribution, particle recycling at the plasma boundary, and the treatment of
the inconsistency of the initial energetic particle distribution. At the 7th meeting in Austin,
new results from another linear code (VENUS) and revised results from both linear codes



(LIGKA, AE3D-K) and nonlinear codes (HMGC, MEGA, TAEFL) were presented. Better
agreements were found among the codes for the mode structure and growth rate dependence
on energy. Initial nonlinear regime results for this n=6 TAE mode case were also reported
from HMGC code at the 7th meeting.

Plans for further work: This benchmark case for the linear stability as the first milestone will
be closed, resolving the reaming issue, at the next meeting. The joint paper will be prepared
for the next IAEA FEC to show the current status of this joint activity. Results concerning the
nonlinear evolution of the n=6 TAE mode case will be collected for the next meeting, in order
to evaluate the possibility of presenting a joint paper on this subject too.

Fast ion losses induced by 3D effects (TBMs, ELM control coils) and MHD

The assessment of the effect of the 3D effects and MHD using codes that follow drift particle
orbits in three-dimensional magnetic field configurations has been one of our main activities.
The joint effort till 2010 was published in K. Shinohara et al. NF 51 (2011) 063028.

An investigation of the effect of the ELM mitigation coils on the fast ion loss has been started.
Results on the ITER 15MA scenario by F3D-OFMC have been reported. Incremental losses
were observed for beam ions than for alpha particles. Heat load increases were present in the
divertor region, but the level (< 0.3Mw/m?) should be manageable. The calculations were also
carried out by ASCOT and F3D-OFMC for the AUG RMP coils to support EP-6.

The simulation under perturbations by MHD activity, energetic particle driven modes and
plasma turbulence besides the 3d effects of the equilibrium fields is an important topic.
ASCOT has been upgraded to include magnetic islands due to neoclassical tearing
instabilities and applied to beam ion redistribution in ASDEX and ITER. For ITER it was
found that beam current drive is not affected much by the islands due to their non-alignment
with the current drive region for Scenario 2.

Plans for further work: The effect of ELM mitigation coils on the fast ion loss is not
negligible in the ITER 15 MA scenario. The check will be carried out by other codes. The
assessment of the effect of perturbations by MHD activity will be continued. A long-term goal
is to include fast ion redistribution caused by energetic particle driven modes as calculated by
non-linear codes.

Energetic particle diagnostics for ITER

In collaboration with the MHG-TG a discussion on diagnostic needs in light of control
techniques for ITER has been organized as WG4. The AE diagnostics needs were described in
the final report of the WG4 report. In this final report, the most of the diagnostics and actuator
requirement are proposed for the physics studies, considering the identification of the modes,
their location and profile changes that could remove the drive or increase damping.

Given that the main physics objective for ITER is the investigation of thermonuclear self-
heating and alpha-particle physics, concern was raised that most of the fast ion related
diagnostics is not credited for ITER. One of important diagnostics is the fast ion collective
scattering (CTS) system. Currently, only the Low-Field-Side-Back-Scattering (LFS-BS)
system has been approved. This implies near parallel fast ions with energies > 3 MeV cannot
be measured (the LFS system can primarily only measure energetic trapped ions). The EP TG
unanimously endorsed adding the High-FS-Forward-Scattrering diagnostic to ITER
diagnostic set.

Others:

Data base for energetic particle physics on ITER

A data base with the relevant ITER data for simulations with respect to energetic particles
physics has been updated. It allows in particular detailed investigations of localized heat loads
onto the three dimensional wall structures.
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