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An O-X-B mode conversioschemd1] is paid much attention nowadagsit is the mos
promising candidatéo provideauxiliary microwaveelectron heating and current drive
spherical tokamak Its efficiencyis determined mainly b@—X conversiornprocess neathe
O cutoff. An accurate account of 2D plasma inhomogeneity and of thetreahagnetic
field geometryin spherical tokamaks are requirbm correct estimation of the conversion
efficiency. Theanalyticalresults obtainedecently[2,3] are sometimes contradictory, need
confirmation and have a limited validity domain.

Having ths in mindwe presentereresults of 2D fulwave simulatiorof O-X conversion
processbased on the numerical solution of plasma wave equation in 2D inhomogeneous
tokamak plasmd4] — the code based okl.Brambilla ideas[5]. A flux-bound reference

system(p, 6, ) — flux, poloidal and toroidal coordinates was used with functionsA(p)
(Shafranov shift)A(p) (ellipticity) andy(p) (triangularity) describirg noncircular shapeof
the flux surfacesThe electric field was sought as a solution of the waymaton:
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wheree is the local dielectric tensdElectric field was represented as a sum over toroidal and
poloidal modesPoloidal modesn() are coupled due to the poloidal inhomogsgndut toro-

idal modes) are not couled so the solution was sought separatefyetich toroidal mode
E(p.9.9) =™ e™E(p) )

Cyclotron damping was taken into account by introducing the plasma dispersion fufiction
for electrons in the appropriate tensor componébdlisional dampingwvas also taken into
account. Tangential electric fields at the surface were imposed as a boundary camdition
regularity conditions were imposed on the magnetic &tie. wave equation JMwas solved
by FEM (Galerkin) technique similar to the one projldsg M.Brambilla[5].

In order to underline the 2D features @FX conversionphenomenon a special plasma
model was assurde— a hypothetical tokamalk{= 12cm, ap=8cm, k= 1.6,y=0.18,ng =
6x10"%cmi®, I, = 20kA, By = 10.7kGs) with a peaked deitg profile and a very low density

at the outer half of the minor radius, so both d¢heoffs and UHR were shifted far from the
wall. The frequencyfo = 30GHz. Some part of RF power(corresponding t@O—mode) is
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reflected from theconversionregion backo the peripheryTo avoid numerous reflections a
strongartificial damping region as placedlongthe wall.

We carried out the compu 45 15
tatiors for a single toroidal
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Fig. 2. 2D mapof |E|
(poloidal crosssectior).

was launched from different positions in respect to the equatorial plared aamgous eleva
tion angls (seeFig. 1), whichwasmodeledby choosingan appropriate poloidapectrum of
the boundary electric fieldd and X cutoffs aremarkedby blue curves, ECR and UHR by
green and purple curves, respectiveyn example of 2Dimage mapof the electric field
(absolute valuen poloidal crosssectionis shown in Fig2 (launch from positiod). Initially
the beamhas O-mode polarization it propagates inside and reflected from the cudff,
where part of the powds conversed t&X—mode and absorbed at UHBy collisions), and
whatis left in O-mode propagates back to the wall and is absorbed in the damping layer.

An important 2D effect is the dependence of the conversion efficiency on the direction of
the toroidal magnetic fieldrhich was first discovere@analytically)in [2] andis discussed in
details in[6]. In this work the conversion efficiency was defined as the ratio of RF power
absorbed at the UHR surface over the power incident at the conversion region from the
periphery.It is justified by the fact that the power absorla@dhe UHR (by collisions) in the

cold plasma model is ex
actly equal to the one tha
is transformed to the Bern
stein wave ima hot model.
In Fig.3 RF power abser
ption near UHRis shown
for two opposite directions
of the toroidal magnetic
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Fig. 3. Powerdepositionat UHR: left—B, > 0, right —B, < 0
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in Fig. 4. For eab starting Fig. 4. O—X converson efficiency versus elevation angle

position (R,Y) there is an
optimum elevation angle, also the conversion efficiency is different for opposite magnetic
field directions. While there is nearly no difference for the equatorial plane |&drc@cm),
it is very pronouncedor the stating positions far from this plan® = 9cm, 12cm). It should
be noted that swapping, direction has the same effect as flipping the launching position
from above to below equatorial plaree vice versa (i.eY => -Y).

The ratio of converen efficiercies T for opposite
B, directionsversus the anghe betweenX andO cut
offs is shown in Figs where we comparaumerical
simulation resultred dot$ with theoretical predic

tions[6] (blue ling which appear to fifairly close

T(Bg > 0)/ T(Bo < 0)

Our modeling did notonfirm the result ohumer

7 005 o o5 .. ical simulationreported in [} that the UHR plays an

tgy

Fig. 5 important role in RF power deposition wh&mode

is launchedat the fundamental harmonic and no
conditions for effectiveO—X
conversion are provided his :
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is illustratedby Figs. 6 and7,
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3= 8em, no= 3x10% e, Fig. 6. |E| (left) and power absorption (right). LFS launch.
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UHR was detected. All RE Fig. 7.|E| (left) andpower absorption (right)HFS launch.

power was absorbdd the damping layer at the wall opposite the launching position that was
introduced in order to avoid multiple reflections from the wall which would complicate the
picture.

Vertical profiles of |E| avari-

ous R for HFS launchare shown “.

in Fig.8, where the numerica
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results (blue curgs) are compad
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with beamtracing modeling [8] Fulkave
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(black curves)
So, both numerical modeling m

and analytical theor{6] providea Tl T T T v
good tool for optimizing O-X—B Fig. 8. Vertical profiles ofE| at variousx = R—Ry.
conversion schemm be used foeffective microwae heating in spherical tokamaks where
2D effects might be important, in particuléine conversion efficiencgppear to balifferent
for the opposite directions of toroidal magodield (or for the antenna positiorsbove or
below theequatorial plane
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