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Fast magnetosonic wave propagation in real tokamak geometry is studied using a 2D finite difference code.
Propagation and absorption of converted small scale waves is treated with help of the ray tracing code. Driven
current densities are calculated in linear approximation using current drive efficiencies computed by the code
SYNCH. It has been found that CD efficiency and current profile are almost independent of the toroidal antenna

spectrum.
PACS: 52.70.-m

INTRODUCTION

Ion cyclotron mode conversion regime (ICMC) is a
popular regime for heating tokamak plasma with two
ion species [1]. In most cases these species are hydrogen
and deuterium. To understand the underlying physics of
the heating, the model with one dimensional
inhomogeneity of plasma parameters was exploited very
often. At the same time, two dimensional effects play an
essential role in propagation and absorption of both,
launched fast magnetosonic wave (FMSW) and
converted small scale wave. Depending on device and
plasma parameters, the converted wave may be the ion
Bernstein wave (IBW) or Alfven wave (Stix mode,SW).
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on the equidistant (R, Z) mesh. Here o is the wave

frequency, c is the speed of light, €,=¢,,, &,=-i€, are the
components of the “hot” plasma dielectric permittivity
tensor in absence of the finite Larmor radius effects,

E(7), E(F):E’(R,Z),E(R,Z)exp(ia)t—ilq,(p), bg, by, by
are the components of the unit vector in the direction of
the magnetic field. N, =/,c / Rw . Using the fact that

Ej|~0 for the FMSW, E,=-—L g, -“ZE, is

postulated. In addition, an artificial collisional damping
is introduced in the components of plasma dielectric
tensor in the vicinity of the conversion layer to simulate
the transformation of FMSW into small scale waves.
This allows one to estimate the spatial distribution of
the converted power in the minor cross-section of the
torus. FAW2 has been applied for calculation of FMSW
propagation in JET-like tokamak plasma with light (H)
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1. PROPAGATION OF FMSW

For computations of FMSW electromagnetic field
distribution in a tokamak, a numerical code FAW2 has
been developed. FAW2 allows a treatment of general
tokamak magnetic field configurations including the
poloidal divertor and realistic wall geometry using
directly the equilibrium field data from the EFIT code.
FAW?2 uses the cylindrical coordinate system (R, ¢, Z).

Code solves
equations

where Z-axis is the main axis of the torus.
the following Maxwell
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minority ions and D majority ions. The plasma density
and temperature profiles have been of the form

exp&— exp(fy/)
expé—1
separatrix, where a=e, H,D, ¢ is the parameter

ng,T, (‘//):”aosTao inside  the

(& =-5 for density and £ =3 for temperature profiles)
and v is the flux surface label (¥ =0 at the plasma
centre and w =1 at the separatrix). The following set of
used, By =18kG,

Moo =3.1-108em ™ n, /n, =0.14, T, =3 keV . We

have varied wave frequency from 27 to 31 MHz in
order to change the position of conversion layer along
the big radius of the torus R.

An example of wave field pattern in the minor cros-
section of the torus is shown in Fig. 1. The focusing of
the wave field to the region of plasma with highest

parameters has been
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effect

density is the dominant
inhomogeneity.

of 2D plasma

Fig. 1. Distribution of wave field B, in the minor cros-
section of the torus fortoroidal wave number 1, =18
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Fig. 2. Symmetric toroidal antenna spectrum (a).
Asymmetric toroidal antennaspectrum (b)

Two types of antenna spectrum in toroidal direction
have been used in the calculations as shown in Fig. 2.
The number of toroidal harmonics taken into account

has been limited to QI < 10) because higher harmonics

ol
give a negligible contribution to the total absorbed
power. Practically all absorbed FMSW power is
localized in the vicinity of the conversion zone which is

a region highly localized over R variable around the
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line R =R, . In the reality, this power is transformed

from the FMSW to small scale waves - the ion
Bernstein wave (IBW) or Alfven wave (Stix mode).

2. ICW AND SW PROPAGATION

Propagation and damping of small scale waves has
been studied with the help of the ray tracing code which
uses the same equilibrium parameters as FAW2. In
contrast to FAW2, finite Larmor radius effects have
been taken into account in this code. Code solves the
equations

dr_ap JoD
dt oK/ o’

- “4)
dk _ oD [oD

dt oF | dw’

where & is the wave vector and D(a), 7, /E): 0 is the
following dispersion equation,

IND +nNEN =26 = 5) + N +nN12e3 (e =N+ o
Nil(ey + &) (N[ - &)+ 831+ &3[(Nf — &) —£3]1=0.

Here ]Vzlgc/a), NH =]\7-E’/‘1§, Nf:Nz—NH2 and
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n=- , i=H,D.

Power carried by the ray Q is defined as Q = Qoe_r ,
l’ _ —

= IImk g—rar , where Qy is the initial power at the ray
0 T

starting point. Rays are started from the centers of
equidistant intervals on the line R = R, (conversion

zone position). Typically 200 intervals over Z variable
within the region limited by the separatrix have been
used. Initial ray power values have been set to the
integrals of the absorbed FMSW power density
computed by FAW2 over the plasma volume limited by
the respective Z interval.

For computation of radial profiles plasma volume
within the separatrix has been divided into n zones
limited by the equidistant y levels (typically n=40). The
absorbed powers and driven currents within each zone
have been summed up over all the rays. In this way the
dependencies of current drive efficiency and absorbed
power on the flux surface label y have been obtained.
Electron and minority ion current densities for the rays
have been calculated in linear aproximation using
current drive efficiencies computed by the 2D kinetic
equation solver SYNCH [2].

The numerous ray traces are shown in Fig. 3. FMSW
rays are started at the high field side towards the low
field side. As seen from in Fig. 3, FMSW rays started at
the central part of the cross-section (near the mid-plane)
are converted into IBW rays which propagate then back
to the high field side. This is due to the smallness of the
B p component value of the equilibrium magnetic field

there.
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Fig. 3. Ray traces of FMSW, IBW and SW.
Standard set of plasma parameters. Levels of v are
shown with black lines labeled by yvalue

In turn, FMWS rays started at the upper part of the
cross-section (further away from the mid-plane) are
converted into SW and penetrated further to the
cyclotron resonance zone of the minority ions.

The spatial distributions of the total current drive
efficiency (summed up over the toroidal harmonics) are
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Fig. 4. Current drive efficiencies (a.u.) vs. magnetic
surface index (0 — magnetic axis, 40 — separatrix). Red
— asymmetric spectrum, green — symmetric spectrum

As seen from Fig. 4, there is no principal difference in
CD efficiency between different ways of the FMSW
excitation.

CONCLUSIONS

While the separate toroidal harmonics of the
launched FMSW spectrum demonstrate clear difference
in propagation, absorption and CD efficiency in the
mode conversion regime, total CD efficiency value and
current density profile are almost independent of the
antenna phasing in the toroidal direction
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MOJEJNPOBAHUE HAT'PEBA N CO3JAHUSA TOKOB YBJIEUEHHUSA B OBJIACTH NOHHBIX
OUKJIOTPOHHBIX YACTOT B TOKAMAKAX B IIVTASME C IBYMSA COPTAMUA NOHOB

A1 I'pekos, C.B. Kacunos, K.K. Tpembak

HccnenoBano pacnpocTpaHeHre OBICTPBIX MarHUTO3BYKOBBIX BOJH B TOKaMake C YYETOM PEajbHOIl TeoMeTpHH
YCTaHOBOK TMPH TIOMOIIM JIBYMEPHOTO KOHEYHO-PAa3HOCTHOIO Koaa. PacmpocTpaHeHWe ©  TOTJIOIICHUE
KOHBEPTHPOBAHHBIX MEJIKOMACIITAOHBIX BOJH M3y4aJloCh METOJOM JIyYeBBIX TpaekTopui. B muHelHOM
NPUOMKEHUN PAcCYMTaHBl TUIOTHOCTH TOKOB YBIICUCHHUS C HCIOJIb30BaHWEM 3()()EKTUBHOCTH CO3MaHUS TOKOB
yBiiedeHus1, Beruuciasiemoil komom SYNCH. Tlokaszano, 4to 3(peKTHBHOCTH CO3JaHHS M paclpelesiCHHEe TOKa
YBJICUEHUS TIOYTH HE 3aBUCST OT TOPOUAAIBLHOTO CIIEKTPa aHTEHHBI.

MOJEJIIOBAHHSI HAT'PIBAHHS I CTBOPEHHS CTPYMIB 3AXOIIVIEHHSA B OBJIACTI IOHHHUX
OUKJIOTPOHHUX YACTOT Y TOKAMAKAX Y IIJIA3MI 3 IBOMA COPTAMMU I0HIB

I I'pekos, C.B. Kacinos, K.K. Tpem’sax

JociipKeHo NMOIMPEeHHs MIBUIKUX MAarHITO3BYKOBHX XBHJIb y TOKaMakax 3 ypaxyBaHHSIM peajibHOi reoMeTpil
YCTaHOBOK 3a JOIOMOTOI0 JBOBHMIPHOIO CKIHYEHHO-pi3HMIEBOro Kkony. IlommpeHHS Ta NOITIMHAHHS
KOHBEPTOBAaHUX JApiOHOMAcIITaOHMX XBWJIb OyJO0 BHUBYEHO METOJOM IPOMEHEBHX TPAEKTOPiIH. Y IiHIHHOMY
HaONMKEHHI PO3PAaXOBaHO WIUIBHOCTI CTAlliOHAPHOTO CTPYMYy 3axOIUICHHS 3 BHKOPUCTAaHHSM e(eKTHBHOCTI
YTBOPEHHSI CTAI[lOHAPHOTO CTPYMY 3aXOIUIeHHS , o oouncmoBaitack kogoM SYNCH. [TokazaHo, o eeKTUBHICTh
YTBOPEHHSI Ta PO3MOJI CTAIliOHAPHOTO CTPYMY 3aXOIUICHHS MaiKe He 3aleaTh BiJl TOPOINATbHOTO CIEKTpa
AHTCHH.
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