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) @ Motivation

O- and X-mode reflectometry are complementary
« O-mode: density profile, independent of B,,
« X-mode: can reach from low-density edge ftill the core, but depends on B,

Port space in ITER, DEMO and DTT limits the number of antennas

Proposal: one dual-polarisation front-end probing bothh modes at once

x VML
This talk: a full-wave feasibility study é e = Mw&

2D full-wave simulations with REFMULF
« O- and X-mode excited separately and together
* Mode coupling when B, is not aligned with the antenna

TFM@ £ Q- rerds

Ka-band (26—40 GHz) frequency sweep
« Can O- and X-mode reflections be told apart in the spectrograms?. . .

3D full-wave studies were planned

« An A.C. malfunction prevented running the simulations @ G pn
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Original sketch of the idea —
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) @ Reflectometry in a nutshell

Reflectometry is a spin-off of the radar techniques used in the study of the ionosphere.

Reference pin

e Signal sent through the plasma N — P
"
Ssrc(t) = Asre cos(wt) @ E <
F-F,

e It propagates until being reflected at cut-off | ] — ;;:t::ti::v‘:e

position rc,where the refraction index is zero, Plasma

N (XC) =0 Detector

Srcuv (t) = Agnt COS (Wt + 90) © = o+ pu+ ¢p

¢ The reflected wave shows a phase shift ¢ due to the 4 e

microwave circuit ¢y, the propagation in a vacuum ¢o Op = Lf N(r)dr — QO
and to the propagation in the plasma ¢p. c Jn

 — —

¢ The phase ¢p reflects the propagation of the wave along a path described by a
refraction index N(r) and contains information on the electronic density ne

¢ O-mode Pp = Pp [.fa NO(ne)] ¢ X-mode Pp = (pp[fa Nx (nev BO)]
N2=1—X 2 _ 1 X(l—X)

No=1 1-X-Y?2
X=1 = f=tfe=5V G X=15Y = far=3[IZVARL + fu],  fu=sE
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@ 2D geometry for o-mode and x-mode codes

Propagation in 2D (x-y plane) External magnetic field, Bo along z  No gradients along z axis (d/dz=0)
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) @ REFMULF 2D geometry

Propagation in 2D (x-y plane)
No gradients along z axis (d/0z=0)

Generic external magnetic field, Bo=Bx+By+B:

Transverse magnetic mode TMz (Ez, Hx, Hy)

O-mode propagation (E//Bo) if wx,wy=0

Transverse electric mode TEz (Hz, Ex, Ey)

X-mode propagation (H//Bo) if wx,wy=0

0/0z

Maxwell curl equations can only couple TMz and

TMz grid (O-mode) TEz grid (X-mode) TEz modes through 0/0z
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U @ Coupling though J is possible

dJ
dt
dJ
dt

80(4}229E + w, X J

eowoE + (g + wy + w,) x (I + T, +J.)

TEz (X-mode)

dJ,
— songx — Wy JytwyJ,

dt Bx or By couples TMz (Jz) plane to TEz

dJ
d_ty = songy—I—wsz—waz

TMz (O-mode)

dJ,
dt

— 50(&)12) Ez +w$ Jy _ wy JZB Bx or By couples TEz (Jx,Jy) plane to TMz
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) @ REFMULF (from REFMUL* code family)

$ REFMULF is a 2D Full polarization code = 2D simulations in this talk
e Treats all component of E (Ex+Ey+Ez) and H (Hx+Hy+ Hz)of the wave
o Supports a generic external magnetic field Bo (Box+Boy+ Boz)
o Couples the TE (X-mode) and TM (O-mode) planes via J, in both directions
Extends capabilities of available 2D codes
e e.g. Coupling O/X, Faraday rotation, Cotton-Mouftton effect,..

Maxwell curl equations

2D TMz (O-mode) 2D TEz (X-mode)
OFE OF, OH,
= * = = z E, = — Jx
Mo ot + o0 H, By €0 ot +o By J.
oH, ., OE, OE, _ 0H,
o5y YOHy, =t o5 OB = 5y
OE, _ 9H, 0H, 0H, .. 0B, 0E,
0 tOP = Ty o Ho gy T dy Oz
-
P Auxiliary equation for J N
2D TEz (X-mode)
2D TMz (O-mode) dJ, 9
— = gowiFl, —wy,Jy,twyd,
ralie sowaz—i—way — wyJp
dJ,
d—ty = z—:owijy—szJx—waz

.

J
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W@ Linear slab plasma with constant Bo

ng. = 1.52x101° m=3, x, = 500, x. = 1000, B, = 0.95 T, CWFM [26, 40] GHz

Linear density profile
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W@® O-mode/TMz excitation (E//Bo)

/

REFMULF compiled as pure O-mode code
Plasma frequency profile and cutoffs
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W@ X-mode/TEz excitation (ELBo)

/

REFMULF compiled as pure X-mode code
Plasma frequency profile and cutoffs
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W Q))‘b O- & X-mode simultaneous excitation

REFMULF compiled with full polarization (“F-mode”)
O-mode probing with f=40GHz, Bz=0.95T

O-mode plasma — |E,| — Iteration 23960 O-mode plasma — E, axial cut — Iteration 23960
T T T T T T
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U @ O-mode/TEz excitation (Ez//Bz & Ez1By)

REFMULF compiled with full polarization (“F-mode”)
O-mode probing with f=40GHz, Bz=0.95T, By=0.01T, By/Bz ~ 1%

O-mode plasma — E, axial cut — Iteration 23960
T T T

. [cm,;o
Coupled X-mode signal Ratio Ez/Ey ~159 (maxima)
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) @ X-mode/TMz excitation (EyLB: &Ey//By)

REFMULF compiled with full polarization (“F-mode”)
X-mode problng with f=40GHz, Bz=0.95T, By=0.01T, ByIBz ~1%
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) @ CWFM frequency sweep, Ka band [26,40] GHz
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Spectrograms for O- & X-mode

Ka, group delay

Ka, group delay




) @ X-mode signal reflection passage from f. — fr
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)@ Conclusions

« Shared front-end works when B, is aligned with the antenna
» O- and X-mode propagate independently, even when launched together
* Each reflects at its own cut-off. f,, for O-mode, fx for X-mode

« A tilted B, couples the two polarisations
» A small fraction of the launched power converts to the other mode through J
* Inthe simple case simulated, no real impact appeared

« 0O-and X-mode stay separable in a Ka-band sweep
» Distinct group-delay traces in the spectrograms
» X-mode shows the f; — fg cut-off transition near 26 GHz

Next steps
* Find the misalignment angle a shared front-end tolerates
* Deploy the planned 3D simulations (the way is paved)

« Use different frequency bands for O- and X-modes to optimise and
extend coverage of realistic scenarios

« Case study on a real machine, e.g. DTT
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