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Some rf Physics

• Solves Maxwells 
equations using a 
pseudospectral method 
in the frequency domain

• Uniform, rectangular 
mesh 
(non-local plasma current makes 
multi-domain patching interesting)

• 2D (sum 2D modes to get 3D)

• e.g., 512x512x3 linear 
equations
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tion and absorption of the waves, and !ii" the quasilinear
response of the plasma to the waves. Energetic ions absorb
power at high harmonics of the ion cyclotron frequency
where finite Larmor radius effects are important. Thus, an
electromagnetic wave field solver is required that is valid to
all orders in the ion Larmor radius, as well as for arbitrary
non-Maxwellian distribution functions. During the most re-
cent phase of the rf SciDAC project, the AORSA global-
wave solver4 has been combined with the CQL3D bounce-
averaged Fokker–Planck code15 to simulate the quasilinear
evolution of suprathermal ion distributions in ICRF heating.
By neglecting the toroidal localization of the waves and the
finite radial excursion of the energetic particle orbits, the

quasilinear evolution of these suprathermal ion tails can be
followed self-consistently in one spatial dimension and two
velocity dimensions. A reformulation of the quasilinear op-
erator enables calculation of the velocity space diffusion co-
efficients directly from the global wave fields.7,8 To obtain
self-consistency, the codes are coupled interactively in a
stand-alone system that uses PYTHON to control the itera-
tion.

The combined AORSA-CQL3D model has been applied
to the minority D heating scenario in ITER. In Fig. 8, a
single toroidal mode !n!=−35" is considered, corresponding
to the peak of the antenna spectrum in Fig. 6. Because the
D-T fusion cross section depends strongly on energy, the

FIG. 7. !Color" Mode conversion from
the fast wave to the ion cyclotron
wave !ICW" in ITER Scenario 4 for
n!=−27.

FIG. 8. !Color online" Self-consistent
minority ion distribution function for a
minority deuterium heating scheme in
ITER !r /a=0.0159 and n!=−35".

072513-7 Simulation of high-power electromagnetic wave… Phys. Plasmas 15, 072513 !2008"

Downloaded 16 Feb 2009 to 160.91.248.210. Redistribution subject to AIP license or copyright; see http://pop.aip.org/pop/copyright.jsp

Mode conversion of the fast wave to the slow ion cyclotron 
wave in ITER scenario 4 at half density,        = -27
[Jaeger et al, Phys. Plasmas 15 (2008), 072513]
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The solve

• At scale we have a dense, linear, double complex solve (zgesv) 
with ~10^6 unknowns

• >10 TB required memory

• ScaLAPACK showed some 
roll off above 10^4 procs,
modified HPL seemed to
correct this

• However ... 

‣ this is only the solve
‣ post processing and matrix fill are not included
‣ poor memory management limits us to <600x600 spatial 

mesh
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Efficiency problems ...

• Post processing is of same order runtime as the solve 
(quasi-linear diffusion coefficient calculation)

• Non-uniform 4D dependence in workload created load 
balancing issues due to uniform 2D parallelization scheme
(random parallelization of 4D work list seems to fix this)

• Matrix fill and post processing are now data parallel and 
exhibit nice scaling but poor FLOPS/s
(Communication is insignificant, so really a serial performance problem)

• 10 years old ... F77 (ick), modernization and kernelization? 
underway to help understand lack of efficiency

• GPU effort is helpful
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Code coupling

• A major component of the RF-SciDAC is coupling related 
physics codes
(e.g., non-Maxwellian, self-consistent ion cyclotron resonant heating requires coupling Full-
Wave and Fokker-Planck codes via diffusion coefficients and distribution functions)

• I/O using pNetCDF 
(F77 bindings only)

• Passing data between small and large codes is becoming a 
problem
(Available memory mismatch)

• Large I/O needing new data compression algorithms
(Proper Orthogonal Decomposition in 4D or SVD)
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