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This paper reports the recent progress in the RF modeling
capability developed at PPPL. First, an introduction of the
Petra-M code which is an integrated FEM full-wave
simulation framework, will be given describing the main
features of this tool and its capability to simulate RF in
fusion plasmas and beyond, together with the excellent
code benchmark agreement found in comparison with
different RF antenna tools. The Petra-M code enables a
while device approach to the RF physics including high
fidelity simulation of RF antenna, surrounding PFCs, and
plasma geometry. Using the 3D full wave RF fields thus
calculated, we shown an example of RF propagation with
an application to high harmonic fast wave in NSTX-U
plasmas with 3D high geometrical fidelity in terms of
antenna and device geometries [1,2]. We then shown a
numerical approach to evaluate the RF induced rectified
sheath potential developing around an RF actuator and
plasma facing components (PFCs) with the WEST ICRF
3D high geometrical fidelity [3]. The study also shows
that far RF sheath effects can play an important role
particularly in the case of weak single pass damping (a 2D
example is shown in Figure 1. The role of 2D/3D density
fluctuations and 3D edge filaments in the RF propagation
is also investigated [4,5]. Finally, a new method to
incorporate the plasma kinetic effects suitable for a finite
element method will be shown [6]. This approach includes
all-order finite Larmor radius effects while considering
only the second order derivatives and it has been
implemented in the Petra-M framework. A demonstration
of this new approach will be presented in solving the O-
X-B mode-conversion of the electron Bernstein wave in a
non-relativistic Maxwellian plasma.

This work was supported by US DOE Contract DE-AC02-
09CH11466. Furthermore, this research used resources of
the National Energy Research Scientific Computing
Center, a DOE Office of Science User Facility supported
by the Office of Science of the U.S. Department of Energy
under Contract No. DE-AC02-05CH11231 using NERSC
award FES-ERCAP0027700.

References

[1] N. Bertelli, S. Shiraiwa, M. Ono, “3D full wave fast
wave modeling with realistic HHFW antenna geometry
and SOL plasma in NSTX-U”. Nucl. Fusion 62 (2022)
126046.

[2] N. Bertelli, M. Ono, and E. F. Jaeger, “Modeling of
high harmonic fast wave scenarios for NSTX Upgrade”,
Nucl. Fusion 59 (2019) 086006.

[3] S. Shiraiwa, N. Bertelli, W. Tierens, et. al., “Magnetic
potential based formulation for linear and non-linear 3D
RF sheath simulation” Nuclear Fusion 63 (2023),

026024.

[4] N. Bertelli and S. Shiraiwa, N. Bertelli et al, 29"
IAEA Fusion Energy Conference (FEC 2023), 16-21
October 2023, London, United Kingdom.

[5] N. Bertelli, Invited talk at the iFPC 2024 3%
International Fusion and Plasma Conference, 24-28 June
2024, Seoul, Korea.

[6] S. Shiraiwa et al., 65th Annual Meeting of the APS
Division of Plasma Physics (2023).

Figure 1. E, component of the wave electric field
evaluated by Petra-M assuming a cold plasma with an
additional collision and n,=12: No fluctuation (a),
Fluctuation amplitude A=0.1 (b), A=0.5 (c), and A=1.0 (d)
with A the amplitude of the edge density fluctuations.



