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Global analysis of fast wave current drive in a KT—2 tokamak plasma is per-
formed by using the code, TASKWI, developed by JAERI and Okayama University
(Dr. Fukuyama) , which solves the kinetic wave equation in a one dimensional slab
geometry. A phase-shifted antenna array is used to inject toroidal momentum to
electrons. To find guidelines of optimum antenna design for efficient current drive,
accessibility conditions are derived. The dependence of the current drive efficiency
on launching conditions such as the total number of antennas, phase and spacing 18
investigated for two cases of wave frequency; f= 30 MHz (< /f«) and f= 225 MHz
(=5fu) .
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1 Introduction

For an economically viable steady state tokamak reactor,.simultaneous achievement
of high gn(= IpTiEo')’ high confinement enhancement, and a large, well-aligned boot-
strap current fraction is necessary. Although recent experiments have achieved one
or two of these conditions successfully[l—g], simultaneous achievement of all require-
ments, i.e. "advanced tokamak operation”, has not yet been demonstrated. Op-
eration scenarios with an inverted ¢ profile are promising candidates for advanced
tokamak mode and have been shown[4,5] to yield enhanced MHD stability and con-
finement in the core. To maintain plasma current and MHD stability at high 3,
high bootstrap current fraction plasma, current drive, and current profile control
by non-inductive current drive methods are 4 prerequisite. Lower hybrid wave[6,7]
has been used to drive current in the off-axis region due to its density cut-off. In
contrast, fast wave current drive appears to be an attractive method for the seed
current near magnetic axis since it can penetrate into plasma center and deposit
energy and momentum. The KT-2 tokamak[8] has been conceptualized to have a
large aspect ratio of 5.6 with intense RF heating, so that advanced tokamak research
in case of high bootstrap current fraction is allowed. For KT-2, FWCD(Fast Wave
Current Drive) was chosen as a main drive for the seed current at the center.
Among many issues associated with FWCD, the most important one for KT-2
is thought to be the design of an antenna system with efficient current drive, i.e. to
keep the given RF energy and momentum from going to ions or other loss channels.
This requires the investigation of the fast wave spectra for various wave frequencies,
plasma parameters and launching conditions, such as antenna phasing, spacing and
the total number of antennas. To solve FWCD problems, several theoretical and
numerical studies[9-12] have been performed. The complete plasma-antenna sys-
tem was investigated quantitatively in Ref.12 and applied to a JFT-2M tokamak
plasma. In this study, we apply the analyses of ICRF wave propagation{13,14] to
obtain induced current. The kinetic treatment of the dispersion relation enables
the inclusion of various kinetic effects such as mode conversion to the ion Bernstein
wave, electron Landau damping, and ion cyclotron damping. Also, by solving the
wave equation as a boundary value problem, the tunneling effect, standing wave for-
mation, and antenna coupling can be described, which the ray tracing analysis[15]

cannot describe. For a KT-2 plasma, application of the ray tracing method is dif-

_1___
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ficult since the wavelength of the ICRF wave is comparable to the scale lengths of
the equilibrium densities and temperatures.

In Section 2 we describe the basic model equations. The accessibility conditions
and optimum antenna parameters are given in Section 3. The phase dependence on
antenna launching conditions are investigated in Section 4 for two wave frequencies;
f = 30 MHz and f = 225 MHz. Finally we summarize our findings for the optimum

antenna design in Section 3.

2 Plasma Model and Wave Equations

In this section, we describe a one-dimensional model of ICRF wave propagation. As
shown in Fig. 1, the magnetic field is in the z-direction and the magnitude varies in

the z-direction as

By
= Tha/R 1)

simulating a toroidal system. The surfaces of plasma are at = +a, and the plasma

B(z)

is assumed to be homogeneous in the y and z direction. The plasma density and

temperature profiles are assumed to be parabolic given by
2

ne(®) = (neo = n5)(1 = =) + 1y (2)
Tz)= (To -1~ )+ 1 ®)

where n; and T} are the density and terhperaturé at the plasma boundaries.
The model antenna is placed at £ = d on the low field side and carries a sheet
current in the y direction with a frequency, w(= 2rf). Then the z profile of the

antenna current density, J/*(z) is Fourier-decomposed as

J;(z) = 3" JA(k;)8(z — d)exp(ik.z — iwt) (4)
ks
The wave fields in the plasma are described by Maxwell’s equations ;
V x E =wB (5)
and ' .
VxB= —%E + Ho(zs: I, +34) | (6)

~where s denotes the particle species and J, is the oscillating current carried by the

s-th species which is calculated from the nonlocal kinetic dielectric tensor[13] ;
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the equilibrium densities and temperatures.

In Section 2 we describe the basic model equations. The accessibility conditions
and optimum antenna parameters are given in Section 3. The phase dependence on
antenna launching conditions are investigated in Section 4 for two wave frequencies;
f =30 MHz and f = 225 MHz. Finally we summarize our findings for the optimum

antenna design in Section 5.

2 Plasma Model and Wave Equations

In this section, we describe a one-dimensional model of ICRF wave propagation. As
shown in Fig. 1, the magnetic field is in the z-direction and the magnitude varies in

the z-direction as
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current in the y direction with a frequency, w(= 2rf}. Then the z profile of the
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s-th species which is calculated from the nonlocal kinetic dielectric tensor[13] ;
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3,(r) = / olr = o, (r + ') 2B )’ (7)

The explicit form of J, was calculated using the kinetic treatment in Ref.13. In
calculating the conductivity tensor oy, the inhomogeneity of the equilibrium was
assumed to be weak compared with the gyroradius and the second order correction
from finite gyroradius effects was retained. Mode conversion to the hot branch, Lan-
dau damping, and cyclotron damping near the fundamental and second harmonics
resonances are included. The electron power absorption mechanism includes Landau
damping, transit time magnetic pumping, and the cross term between £, and E,.

Eqs.(5)-(7) are solved to obtain the wave field in the plasma region, which is
connected to the wave field in the vacuum region. In the vacuum region, the solution
is determined by the boundary conditions at # = +b (on the wall) and z = d (on
the antenna). Across the current sheet,

dEy d4+0 __

gz 190~ —iwﬂo-]f (8)

has to be satisfied due to the jump in %1, and at walls we use the boundary condition

= 4:\/{162 (1l (9)

wep €2

In Eq.{9) ow denotes the conductivity of the wall; therefore, RF energy is dissipated
on the wall due to the finite resistivity. This loss plays an important role in deter-
mining the coupling efficiency of the antenna. At the plasma-vacuum interface, we
employ a boundary condition where perfect reflection of the ion Bernstein wave is

assumed.

The power absorption density per unit volume of the species s is given by
P, =<J,E >, (10)

where < - > denotes the average over the wave period. By integrating Eq.(10) over
z, we define the power input per unit length as

p,= [ dz <3, E>2R, | (11)

-a
and the power loss to the walls as

JdE dE
P Et y _ E’r Y _ 12
w ﬂgw{|I ”‘( Yy d.ﬁ’? )x_—b| |I1”'( Y d:l,' )-‘E—b|}ﬂ ( )

— 3 =
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where.the symbol 1 denotes the complex conjugate. The total power input per unit

antenna length is expressed as
Pa=3 P+ Py (13)

For a given antenna current J*, eqs. (5)-(9) are solved using a one dimensional
ICRF wave code[13] in slab geometry. In this code the wave equation is solved along
the direction of major radius(z direction) with periodic boundary conditions in the
toroidal direction. The detailed numerical procedure for solving Egs. (5)-(9) is given
in Ref. 13.

The global current drive efficiency n¢ is defined as the ratio of the total induced

current to the total emitted power from the antenna ;

(14)

ne =

_\:U‘| w

where J = [* J(z)dz. In calculating the induced current J, contributions from
electron Landau damping, transit time magnetic pumping, and cross terms are taken

into account. A fitting formula derived by Ehst and Karney[16] was used.

3 Antenna Design

In this section, we present numerical results on fast wave current drive in a KT-2
tokamak plasma. Typical plasma parameters of the KT-2 tokamak are shown in
Table 1. In this study we consider two cases with different wave frequency; 30 MHz

and 225 MHz.
3.1 Accessibility condition

A fast wave can be absorbed by electrons depending on the parallel wave number
k,. To find out the accessible region of k,, we investigate the spectra of power
absorption as a function of the parallel wave number k,. Fig. 2 shows the power
absorption and the current drive efficiency defined in Eq.(14) for no = 1 x10%m~2,
To = 5 keV, f = 30 MHz, and an antenna current density of J{(k.) = 1 A/m.

1 and decreases as

The current drive efficiency reaches a maximum at k, = 3 m~
k. increases. The power absorption spectra show several sharp peaks due to cavity
resonance effects[17]. Power absorption by the ions is negligible in this case. The

upper limit of the accessible region is found to be 12m™!. Investigation of the spatial

— 4 —
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where the symbol { denotes the complex conjugate. The total power input per unit

antenna length is expressed as
PA:ZP3+PW- (13)

For a given antenna current J*, egs. (5)-(9) are solved using a one dimensional
ICRF wave code[13] in slab geometry. In this code the wave equation is solved along
the direction of major radius(z direction) with periodic boundary conditions in the
toroidal direction. The detailed numerical procedure for solving Eqgs. {5)-(9) is given
in Ref. 13.

The global current drive efficiency 5 is defined as the ratio of the total induced

current to the total emitted power from the antenna ;
J
= T--, 14
6 = B (14)

where J = [° J{z)dz. Tn calculating the induced current J, contributions from
electron Landau damping, transit time magnetic pumping, and cross terms are taken

into account. A fitting formula derived by Ehst and Karney[16] was used.

3 Antenna Design

In this section, we present numerical results on fast wave current drive in a KT-2
tokamak plasma. Typical plasma parameters of the KT-2 tokamak are shown in
Table 1. In this study we consider two cases with different wave frequency; 30 Milz

and 225 MHz.
3.1 Accessibility condition

A fast wave can be absorbed by electrons depending on the parallel wave number
k.. To find out the accessible region of k,, we investigate the spectra of power
absorption as a function of the parallel wave number k,. Fig. 2 shows the power
absorption and the current drive efficiency defined in Eq.(14) for ng = 1 x 10%m ™2,
To = 5 keV, f = 30 MHz, and an antenna current density of J{k,) = 1.4/m.

L and decreases as

The current drive efficiency reaches a maximum at £, = 3 m™
k, increases. The power absorption spectra show several sharp peaks due to cavity
resonance effects[17]. Power absorption by the ions is negligible in this case. The

upper limit of the accessible region is found to be 12m~!. Investigation of the spatial

— 4 =
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profiles of electron power absorption induced current shows that when k. is bigger

than 12m 1, the fast wave is evanescent due to fast wave cut-off and surface current

develops at the peripheral plasma region.

Fig. 3 shows that when the temperature increases to 10 keV’ with other param-
eters the same as Fig. 2, the lower wave number region becomes accessible but the
upper limit remains unchanged. The current drive efficiency is bigger than the low
temperature{5 keV) case. When the density decreases, the current drive efficiency
increases compared with the higher density case(Fig. 2) as shown in Fig. 4 for the
case of ng = 0.5 x 10 m~2 and T = 5 keV.

In Fig. 5, we show the power absorption spectra for g = 1 x 109m=3, Ty = 5keV
and f = 225 MHz. The lower and upper limit of the accessible region increase and
are found to be k, pnin = 12 m™! and k; ey = 90 m~!, respectively. The current

! and is bigger than low

drive efficiency reaches a maximum around &, = 18 m-
frequency case(Fig. 2). In this case power absorption by the ions is not negligible
up to k, =20 m~L.

Accessibility diagrams such as Figs. 2 - 5 can be used to determine guidelines

for optimum antenna design for efficient current drive.
3.2 Optimum antenna parameters

We consider multiple antennas at locations z; = (j—1)Az with phase ¢; = (j—1)A¢
(7 runs from 1 to N, where N is the total number of antennas). The time varying

antenna current is given by
0
JA=| 1 | JA(2)é(z — d)exp(—iwt). (15)
0

The antenna current distribution, J4(z), is expressed as

N
TA(2) = Yo TA()erplisy). (16)

i=1
For constant antenna current densities, i.e. J jA(z) = Jp, the spectrum of the antenna
current is given by

sin(k, AW/2)

- an

(k)| = 2Jo

1 — cosN(A¢ — k,Az)
1 — cos(Ad — k,Az)

Here, AW represents the width of the antenna. The dominant spectrum peak and
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it’s width are calculated to be

_ A¢—2mm

kym A form=0,+ 1, £ 2, - - (18)
4 _

k, = :
A NG (19}

Eq. (19) shows that as total number of antennas increases, Ak, decreases. We will
discuss the effect of this in next section. |

For efficient current drive.7 the antenna parameters can be optimized by requiring
that the current is driven mainly by the m = 0 spectrum peak corresponding to the
optimum wave number found in Figs. 2 - 5. The m = 1 spectrum peak is removed
from accessibility since 1t induces counter current and reduces the current drive
efficiency. This condition gives -

27
Az < . 2
“= kz,max + kz,m:U ( 0)

Also, the condition ‘
lkz,m:O S kz,maz (21)

restricts the change of the antenna phase for a given antenna spacing since Eq. (21)
reduces to

Ad) S Az- kz,mam- (22)

For the wave frequency of 30 MHz, we obtain Az < 41.9cm, since k; yop = 12m ™!
and &, -0 = 3m~! from Fig. 2. For the higher wave frequency of 225 MHz and
for phase variation up to 7, we obtain 3.5 em < Az < 5.9 ¢m from Fig. 5. This

condition is rather restrictive and hardly realizable.

4 Dependence on Launching Conditions

In this section, we present the parametric dependence of fast wave current drive
on the launching conditions. The results in this section are for the case of plasma

parameters given in Table 1 and fixed total antenna radiation power, Py = LM W/m.

4.1 Low frequency excitation; f = 30 MH:z

Fig. 6 shows the phase dependence of the power absorption, induced current, average
resistance( R = 3, Re(Z;)/N) and reactance (X = Y.L, Im(Z;)/N) per antenna
for the case of N=4 and Az = 12.2 em, where Z; is the loading impedance of the

_6__
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it’s width are calculated to bhe

_ A¢—2mm

kom x form=0, £ 1, £2,--- (18)
4T
k., = )
Ak NAz (19)

Eq. (19) shows that as total number of antennas increases, Ak, decreases. We will
discuss the effect of this in next section.

For efficient current drive, the antenna parameters can be optimized by requiring
that the current is driven mainly by the m = 0 spectrum peak corresponding to the
optimum wave number found in Figs. 2 - 5. The m = 1 spectrum peak is removed
from accessibility since it induces counter current and reduces the current drive
efficiency. This condition gives -

27
< .
AZ - ‘k'z.max + kz.m:(] (20)

Also, the condition
kz,m:O _<. kz,maz (21)

restricts the change of the antenna phase for a given antenna spacing since Fq. (21)
reduces to

Ad) < Az kz,max- (22)

For the wave frequency of 30 MHz, we obtain Az < 41.9cm, since k, .40, = 12m ™!
and k, -0 = 3m~! from Fig. 2. For the higher wave frequency of 225 MHz and
for phase variation up to m, we obtain 3.5¢m < Az < 5.9 em from Fig. 5. This

condition is rather restrictive and hardly realizable.

4 Dependence on Launching Conditions

In this section, we present the parametric dependence of fast wave current drive
on the launching conditions. The results in this section are for the case of plasma

parameters given in Table 1 and fixed total antenna radiation power, P4 = IMW/m.

4.1 Low frequency excitation; f = 30 MH:

Fig. 6 shows the phase dependence of the power absorption, induced current, average
resistance( R = 3_; Re(Z,;)/N) and reactance (X = 3., Im(Z;)/N) per antenna
for the case of N=4 and Az = 12.2 em, where Z; is the loading impedance of the

i6_
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7-th antenna defined by

7. - fdzEy(z)Jf(z)emp(iqﬁj).

; ZATIeE (23)

According to the condition given in Eq. (22), the phase can be varied up to A¢ =
82.5° with the antenna spacing, Az = 12.2e¢m. The power absorption by electrons
is almost constant as shown in Fig. 6(a). The loading resistance increases with A¢
and reaches a maximum around A¢é = 70°, while the loading reactance is almost
constant(Fig. 6(b)). Fig. 6(c) shows that the current drive efficiency increases
until A¢ = 20° and remains almost constant for A¢ > 20°. For Ag < 20°, the
contribution from the small k. region(< 3 m™') to the current is small, but for
A¢ > 20°, the width of the dominant peak of the antenna current spectrum, Ak,,
is in the accessible regions where the efﬁcienc;/ is large as shown in Fig. 2. In Fig.
7, we show the antenna current spectrum for A¢ = 70°. The power absorption
spectrum is determined by the product between the absorption spectrum such as in
Fig. 2 and the antenna current spectrum. In Fig. 7 the other N-2 subpeaks reduce
the current drive efficiency and the ratio of the dominant peak to the subpeaks is
roughly estimated as 1/N from Eq.(17).

For comparison we show the phase dependence of electron power absorption,
loading impedance, and current drive efficiency for the case of N=8 in Fig. 8. In
this case, the dominant spectrum width, Ak,, is smaller than the N' = 4 case and the
current drive efficiency increases with A¢ and reaches a maximum around Ag = 70°.
Fig. 9 shows spatial structure of energy flux and electron power absorption(a),
induced current(b), and the electric fields(E,(c), E.(d)) for the case of Ag = 70° and
N=8. The decrease of energy flux shows that the spatial damping of the incident fast
wave and the induced current profile follow the electron absorption profile. Electron
power is absorbed in the central region and results in peaking of the induced current
in the central region. Fig. 9(c) and (d) show the formation of a standing wave with
radial mode number 4.

Whgn we increase the antenna spacing, Az = 24.4cm, the phase can be varied up
to 165° as indicated by BEq. (22) and the dominant spectrum width, Ak., decreases.
Figure 10 shows the phase dependence of the power absorption, induced current
and average resistance and reactance per antenna for the case of N=4 and Az =

244 em. As in the Az = 12.2 em case, the power absorption by electrons is almost
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constant(Fig. 10(a}). The loading resistance is a maximum at A¢ = 130°, while
the loading reactance is almost constant(Fig. 10(b}). The current drive efficiency
increases with A¢ and reaches a maximum around A¢ = 130°. It is noted that the
curve shape is similar to that of Fig. 8(c}. This is because increasing the spacing
and increasing the number of antennas have the same effect in reducing Ak, except
for contributions from subpeaks in the antenna current spectrum.

As shown in Fig. 11, in the case of N=8 with Az = 24.4 cm, several peaks in the
© current drive efficiency appear since different &, values can be selectively excited due
to smaller Ak,.(Fig.11) Maximum efficiency can be obtained by selectively exciting
k, =9m ™Y Agd = 130°).

The spatial structure of the electron power absorption and induced current for

the case of A¢ = 140° and N=8 are similar to the case shown in Fig. 9.

4.2 High frequency excitation; f = 225 MHz

As found in Sec.3 the exclusion of the m=1 peak of the antenna current spectrum
from the accessibility region is hard to satisfy with realizable antenna spacing. In
this section, we investigate the characteristics of high frequency excitation with the
antenna spacing Az = 12.2 em.

Fig. 12(a) shows the phase dependence of power absorption when the total
number of antennas is N = 8. Power absorption by ions is not negligible and is larger
than absorption by the electrons for 20° < A¢ < 120°. Both the loading resistance
and reactance show a maximum around A¢ = 90°(Fig. 12(b}). The maximum
current drive efficiency is found to be 0.02 A/W(Fig. 12(c)) which is much smaller
than the low frequency excitation .ca,se since the m = +1 peaks are accessible and
they reduce the current drive efficiency. The antenna current spectrum for Ag = 90°
and N = 8 1s shown in Fig.13.

The the energy flux, absorption, and induced current profiles are shown in Fig.
14{a) and (b) for A¢ = 90° on the z = 0 plane. As the incident fast wave propagates
in the central region, power absorption by ions occurs around z = 0 and electron
absorption occurs in the region, —0.1 m < z < 0.1 m(Fig. 14(a}). As shown
in Fig. 14(b) the induced current profile follows the electron absorption profile.
Corrugation in the power absorption and current profile is due to the formation of a

standing wave which is clear in the electric field structure shown in Fig. 14(c) and
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(d). Due to the high phase velocity of the wave, coupling between the wave and the
electrons is weak. The incident wave is not completely absorbed in a single pass and
is reflected at the high field side wall. The electrons absorb power in a multi pass

Process.

5 Summary

We have studied the characteristics of fast wave current drive in a KT-2 tokamak
plasma by solving the kinetic equation of the ICRF wave in a one dimensional slab
model. To determine the design guidelines for optimum current drive, we investi-
gated the accessibility of the fast wave for low(f = 30 JWHZ) and high(f = 225 MHz)
frequency cases. From the accessibility conditions, we obtained an optimum launch-
ing condition based on the antenna spacing, phase, and total antenna number. For
low wave frequency, the accessible k, region is small and the optimum parallel wave
nurmber is found to be 3 m~1. For high wave frequency, both k; i and k; mes in-

crease and the optimum parallel wave number is found to be 18 m™'.

The wave
propagation is dominated by cavity resonance due to the formation of a standing
wave in both cases.

For the cases considered in this study, the maximum current drive efficiency is es-
timated as 0.05 A/W for low frequency excitation with the antenna phase, A¢ = 70°
and total antenna number, N = 8, although trapped particle effects which usually
reduce the current drive efficiency are not considered. Also, a two dimensional
treatment in the calculation of electron power absorption, and the calculation of
the driven current and its profile which are consistent with the MHD equilibrium
are necessary for a more accurate estimation. Many peaks in the power absorption
due to cavity resonance are expected to be reduced in the two dimensional analysis.

Two dimensional analysis can also include geometrical effects from magnetic surface

averaging of the driven current profile. These studies are left for future work.
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(d). Due to the high phase velocity of the wave, coupling between the wave and the
electrons is weak. The incident wave is not completely absorbed in a single pass and
is reflected at the high field side wall. The electrons absorb power in a multi pass
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5 Summary

We have studied the characteristics of fast wave current drive in a KT-2 tokamak
plasma by solving the kinetic equation of the ICRF wave in a one dimensional slab
model. To determine the design guidelines for optimum current drive, we investi-
gated the accessibility of the fast wave for low( f = 30 JMHZ) and high(f = 225 MHz)
frequency cases. From the accessibility conditions, we obtained an optimum launch-
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low wave frequency, the accessible k, region is small and the optimum parallel wave
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1

crease and the optimum parallel wave number is found to be 18 m~!. The wave

propagation is dominated by cavity resonance due to the formation of a standing
wave in both cases.

For the cases considered in this study, the maximum current drive efficiency is es-
timated as 0.05 A/W for low frequency excitation with the antenna phase, A¢ = 70°
and total antenna number, N = 8, although trapped particle effects which usually
reduce the current drive efficiency are not considered. Also, a two dimensional
treatment in the calculation of electron power absorption, and the calculation of
the driven current and its profile which are consistent with the MHD equilibrium
are necessary for a more accurate estimation. Many peaks in the power absorption
due to cavity resonance are expected to be reduced in the two dimensional analysis.
Two dimensional analysis can also include geometrical effects from magnetic surface

averaging of the driven current profile. These studies are left for future work.
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(d). Due to the high phase velocity of the wave, coupling between the wave and the
electrons is weak. The incident wave is not completely absorbed in a single pass and
is reflected at the high field side wall. The electrons absorb power in a multi pass

process.

5 Summary

We have studied the characteristics of fast wave current drive in a KT-2 tokamak
plasma by solving the kinetic equation of the ICRF wave in a one dimensional slab
model. To determine the design guidelines for optimum current drive, we investi-
gated the accessibility of the fast wave for low(f = 30 JMHZ) and high(f = 225 MHz)
frequency cases. From the accessibility conditions, we obtained an optimum launch-
ing condition based on the antenna spacing, phase, and total antenna number. For
low wave frequency, the accessible k, region is small and the optimum parallel wave
number is found to be 3 m~1. For high wave frequency, both k, min and k; maez in-

crease and the optimum parallel wave number is found to be 18 m™.

The wave
propagation is dominated by cavity resonance due to the formation of a standing
wave in both cases.

For the cases considered in this study, the maximum current drive efficiency is es-
timated as 0.05 A/W for low frequency excitation with the antenna phase, A¢ = 70°
and total antenna number, N = 8, although trapped particle effects which usually
reduce the current drive efficiency are not considered. Also, a two dimensional
treatment in the calculation of electron power absorption, and the calculation of
the driven current and its profile which are consistent with the MHD equilibrium
‘are necessary for a more accurate estimation. Many peaks in the power absorption
due to cavity resonance are expected to be reduced in the two dimensional analysis.

Two dimensional analysis can also include geometrical effects from magnetic surface

averaging of the driven current profile. These studies are left for future work.
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Table 1 Reference parameters of KT—2 Tokamak

major radius | Ry 1.4 m
minor radius | a 0.25 m
antenna d 0.27 m
radius
wall radius b 0.35 m
toroidal field | By 3.0T
density np 1.0x10%°m=°
temperature T.o = Tho 5 keV
Teb — THb 0.01 keV

frequency f 30 MHA=z

225 MH=
effective ety 2.0
charge '

B(x)

.—-——b —

il

_____ 7/

antennas

Fig.1 Model configuration of ICRF wave propagation. Multi-antennas
are positioned at low field side (x =d), Standard parameters
are given in Table 1.
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Fig.2 Absorption power spectrum, P, as a function of k, for
ne=1xX10"m™>, Ty =>5keV and f= 30 MHz.
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Fig.3 Absorption power spectrum, P.as a funétion of k, for
n=1xX10"m™>, To= 10keV and f= 30 MHz.
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Fig.4 Absorption power spectrum, P, as a function of k, for
no="05xX10"m™>, To =5keV and f= 30 MHz.
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Fig.5 Absorption power spectrum, P, as a function of k, for
no=1X10"m> T,=>5keV and f= 225 MHz.
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Fig.6 Phase dependence of (a) power absorbed by electrons,
~ (b) average loading resistance (Q,m) and reactance (Q,m)
per antenna, and (c¢) current drive efficiency (A /W) for the
case of N=4 and Az = 12.2cm.
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Fig.7 Spectrum of antenna current for N=4 and A ¢ = 70°.
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(b) average loading resistance (2 m) and reactance (Q,m)
per antenna, and (c¢) current drive efficiency (A/W) for the
case of N=8 and Az =122 cm.
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Fig. 10 Phase dependence of (a) power absorbed by electrons,
-~ (b) average loading resistance (Q,'m) and reactance (Q,/m)
per antenna, and (c) current drive efficiency (AW) for the
case of N=4 and Az =244 cm.
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Fig.11 Phase dependence of (a) power absorbed by electrons,
' (b) average loading resistance (Q,m) and reactance (R, m)
per antenna, and (c) current drive efficiency (A/W) for the
- case of N=8 and Az=244cm.
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case of N=8, Az=122cm and f= 225 MHz.
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Fig. 13 Spectrum of antenna current for N=8 and A ¢ = 90°.
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