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Maxwell curl equations
Auxiliary linear differential equation for J

REFMUL* code family available for simulations

¢ The Italian Divertor Test Tokamak (IDTT) aims to study exhaust solutions on tokamaks.
¢ Special look on DEMO.

¢ ITER is operating in detached condition. What if it proves inadequate?
¢ Sound alternatives must be made available.

@ All REFMUL* are full-wave FDTD Maxwell codes
@ REFMUL: 2D O-mode simulation code

$ FDTD most commonly applied to Maxwell's curl equations (Wave equation possible)

& Usual to write the curl equation in a vacuum(with g, and o)

As in all fusion machines there will be a need for diagnostics to gather knowledge about , REFMULX/REFMULXp: 2D X-mode simulation codes (serial/ parallel)

Condense the pl hysics in the density of tJ
the physical processes occurring in the plasma, for engineering needs and control gCondense the piasma physics In the densky of curren

& REFMULF is a 2D Full polarization code

E
@ Treats all component of E (Ex+E,+E;) and B (Hx+Hy+ H.)of the wave VxH = gy 8— +cE +J
¢ Reflectometry is one of the most important techniques to diagnose fusion plasmas © Supports a generic external magnetic field Bo (BoxtBoy* Boz) até?H
¢ Foreseen in the coming generation of machines such as ITER and DEMO. © Couples the TE Mode (X-mode) with the TM Mode (O-mode) via J VUxE = - “OW —oH

ASSESS THE PERFORMANCE OF A PLASMA POSITION REFLECTOMETRY SYSTEM FOR
IDTT OPERATING IN THE LOW FIELD SIDE

«»Sources on both planes: UTS (antennas et alia...), TFSF plane wave, PBC plane wave

Extends capabilities of available 2D codes ®This results in a system coupling Maxwell equations with a LDE for J=0E

¢ A set of 3 O-mode LFS FMCW reflectometers © e.g. Coupling O/X, Faraday rotation, Cotton-Moutton effect,..

¢ On the equatorial plane gap 0 dJ
¢ On the upper torus midplane gap 45° i — = cw’E+4 (wo+w,+w.)x(J.+J,+J
B On the ltaror trus MuaSiane cb 60" @ REFMULS3 is a 3D parallel code i owp B + ( y 2) X (Jo+Jy +J2)

« All field components included
¢ Parallel hybrid implementation (OpenMP+MPI) with 3D domain decomposition
& XMDF/HDF5 compressed binary output (big data output)

& The curl equations are discretised following the Yee schema
ASSESSMENT MADE USING SYNTHETIC REFLECTOMETERS IMPLEMENTED USING A

R0 RUCL WAVEFDRD CRDE ¢ Atime integrator is used to solve — the sensitive part...

Density profiles Synthetic Diagnostics setup

REFMULF

Expressions for 2 & 3 Dimensions

EIS poiassaiion &4 NEFSWRT ~ Slngle Null Scenario We used an educated guess model based on the density profiles appearing in
R. Martone et alla, DTT Divertor Tokamak Test facilly —Interim Design Report, April 2019.
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Full System for Gap 0° SN scenario probing

Radiation diagram Effects of curvature

Antenna recessed in the wall gives rise to perturbations in the wave pattern and traversal modulation
Effects are kept small and do not rule out the use of this configuration

The curvature and tilt of both plasma scenarios (SN & DN) do not introduce major deviations from the standard
reference case

Slab plasma (reference case)
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Phase derivative

Phase dernvative 0°
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- The alignment of the antennas, optimised for the SN scenario, proved to equally performing

Profile reconstruction

Single Null scenario 0°

The error in the reflectometry measurement of a

16 SN vs DNsn scenarios 0°

The phase derivative allows us to calculate the ! in the
position of a given reflecting layer r(n.) and 14 Qg profie ; given position in the plasma can be evaluated S — for the DN scenario.
recover the electronic density profile using 12 e as: - ONen =
v F o AW - . . .
HEF) = < /* dp__df T 10| s sepmasnn Error(F) = _)“2 / (()_w N ‘fvﬂ) df i 1 For the LSF reflectometers simulated, the impact of probing the plasma away from the
| 2wt OF VF2 - g2 e g 2o AOFOFVER = § I midplane does not impose major difficulties
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