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Absorption of TCRF (ion cyclotron range of frequency) waves by
alpha particles and fusion reactivity enhancement due to the ICRF
induced ion tail are investigated. The rate of linear absorption by
alpha particles increases with the cyclotron harmonic number, and
decreases with the ratio of the electron plasma frequency to the
electron cyclotron frequency., The deformation of the distribution due
to ICRF waves is also examined by using a solution to a Fokker-Planck
equation combined with a quasi-linear RF (radiofrequency) diffusion
term. It is found that second harmonic ICRF heating is comparatively
applicable to the enhancement of the fusion power density even in the
presence of alpha particles, while the efficiency of the enhancement
is deteriorated markedly by wave deposition to alphas for higher

harmonic ICRF heating in the high magnetic field.
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1. INTRODUCTION

Alpha particles produced by thermonuclear fusion reactions can interact
vith some radiofrequency (RF) waves. Wong and Ono showed that energetic
alpha particles tend to absorb both the slow and fast waves in the lower
hybrid frequency range, which can be a serious obstacle in fusion reactor
current drive [1]). According to Bonoli and Porkelab [2), however, significant
alpha particle damping of the slow wave may be avoided because of the com-
bined effects of the wave propagation in the plasma outer region restricted
by the conditions for wave accessibility and electron Landau damping and of
the peaked nature of the alpha particle density profile near the plasma
centre. Ion cyclotron range of frequency (ICRF) waves utilized to heat up
D-T plasmas to the ignition temperature can be wasted by the produced alpha
particles, since the alpha cyclotron frequency coincides with the deuteron
cyclotron frequency. In addition, the RF induced anomalous diffusion of
the alpha particles may lead to a reduction of the heating rate by them.
On the other hand, if the alpha flux and the production rate of trapped alpha
particles can be controlled by the RF waves, the alpha ash removal and the
burn control may be possible. The fusion reactivity enhancement due to the
ICRF induced ion tail (3-11) may also lead to the active burn control under
the sub-ignition state. In the active burn control of nearly ignited
plasmas, the fusion energy multiplication factor, Q, is the most crucial
parameter. Then, it is important to study the effect of ICRF wave absorpticn
by alpha particles on Q.

In this paper, ICRF enhancement of the fusion reactivity is investigated
by taking into account of the wave absorption by alpha particles. The rate
of ICRF absorption by alpha particles is studied not only for the
slowing-down distribution but also for the distribution obtained by solving
a Fokker-Planck quasi-linear equation (6,10-12]. Of particular interest is
local power absorption by fuel ions and alpha particles in D-T plasmas;
attention is paid to absorption of ICRF waves near the plasma centre, con-
sidering the centrally peaked nature of the alpha particle density profile,
Therefore, spatial diffusion of the alpha particles is not taken into
account. The ICRF heated particles are assumed to be diffused perpendicu-
larly ﬁo the magnetic field in velocity space. In the velocity diffusion

coefficient, the right circularly polarized amplitude of the RF electric
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field as well as the left one is taken into account [10].
In Section 2 medel equations are described. In Section 3 absorption
of ICHF waves by alpha particles and ICRF enhancement of the fusion reac-

tivity are studied. In Section 4 conclusions are presented.

2. MODEL EQUATICNS

The steady-state distribution function of i-species heated by the ICRF

wvave is assumed to be governed by

C(fi) + Q(fi) + Si =0, (1)

where C(f:) is the collision term, Q(f:) the quasi-linear RF diffusion term,
and S; the particle source term, respectively. As for C(fi), the linearized
Fokker-Planck collision term is adopted. In the toroidal configuration,
the width of the wave-particle resonance region in the direction of velocity

parallel to the magnetic field is given by
sy = & IR (2

where & = N w.; is the wave frequency, w.; the ion cyclotron frequency, N
the cyclotron harmonic number, k, the parallel wave number. The wave depo-
sition region near the plasma centre on the minor cross section is specified,
rsrp, and Ry is the major radius of the torus. The comparatively small k,
is chosen such that the alpha birth speed, vy = ~2E./m, ( E, is the alpha
birth energy of 3.52 MeV and m, is the mass of the alpha particle ), is placed
within 4v, for finite but small rg/Ry and that the electron Landau damping
of the wave is insignificant. The quasi-linear term, Q(fi), which describes

the perpendicular heating of the particle due to the ICRF wave is given by

QU - & 2w Ly, (3)

where v, is the velocity component perpendicular to the magnetic field and
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field as well as the left one is taken into account [10],
In Section 2 model equations are described. In Section 3 absorption
of ICHF waves by alpha particles and ICRF enhancement of the fusion reac-

tivity are studied. In Section 4 conclusions are presented.

2. MODEL. EQUATICNS

The steady-state distribution function of i-species heated by the ICRF

wave is assumed to be governed by

Clfi) +Q(fi) + S =0, (1)

where C(f:) is the collision term, Q(f:) the quasi-linear RF diffusion term,
and S; the particle source term, respectively. As for C(f;), the linearized
Fokker-Planck collision term is adopted. In the toroidal configuration,
the width of the wave-particle resonance region in the direction of velocity

parallel to the magnetic field is given by
ay - & IR 2)

where @ = N ws; is the wave frequency, w.; the ion cyclotron frequency, N
the cyclotron harmonic number, k, the parallel wave number. The wave depo-
sition region near the plasma centre on the minor cross section is specified,
r=rg, and Ry is the major radius of the torus. The comparatively small &
is chosen such that the alpha birth speed, vy = ~/2E/m. ( E, is the alpha
birth energy of 3.52 MeV and m, is the mass of the alpha particle ), is placed
within 4u, for finite but small rg/Ry and that the electron Landau damping
of the wave is insignificant. The quasi-linear term, Q(f:), which describes

the perpendicular heating of the particle due to the ICRF wave is given by
1 afi
Qlfi) = 47 DN (v, Dy EE) ' (3)

where v, is the velocity component perpendicular to the magnetic field and
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D,; the perpendicular diffusion coefficient due to the ICRF wave;

i 2%82 ko, !E—|2 KUy
Dii = T EL12 { Rei(H5) + o Jra(E) } . (4)

Here, »; is the charge number, m; the mass of i-species, ¢ the elementary
charge, J; the Bessel function of the first kind of order I, k. the perpen-
dicular wave number, iE.l and IE.| are the left and the right circularly
polarized amplitudes of the RF electric field, respectively. When o is
chosen as an even harmonic resonance of ., @ = 2nwe), all ion species, D,
T, and ¢, interact with the RF wave. On the other hand, when
@ = (2n+1)wep, D and o can interact with the wave but tritons cannot, i.e.,

Dt = 0. In the present calculation, the ratio of the polarization

' amplitudes,lEJzﬂE;@. and k, are determined from the cold plasma dispersion

relation (13);

B2 7K = Ke )2

A ( K. + Kx ) ’ )
2,2 2

nzl. = ks = K, - & » (8)

w? K.

where ¢ is the speed of light, and K, and Kx are the well-known components
of the cold plasma dielectric temsor ( K, and K« coincide with S and D in -
Ref.[14), respectively ). The particle source terms for D and T are taken

to be zero, and S, which originates from fusion reactions is given by

So

Sau
A7?

§(v-vg) with Sy = mpnr<ov> , (7

where v is the particle speed, n; the number density of i-species, and <ow>
the D-T fusion reactivity. The loss of alpha particles, which 1s restricted
by the particle conservation, is assumed to occur in the very low energy
region.

For the distribution isotropic in the pitch angle in velocity space,

the deposited RF power density is given by
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where ¢ is the cosine of the pitch angle, 8 ( ¢ = cosB ). The rate of

absorption of the ICRF wave by i-species is defined by R; = Prr.i / Prr with
Ppr = Prrp + Prr.T + PpFa-

Linear absorption of ICRF waves is studied for the distributions;

> ey TP T V) (%)
P = o 2 (-2 v )
nr _ ..nll UZ
T = —————== €Xp . (Qb)
L — T (=3 v)
and
Ta Ll T Sots 1 , _
fo= B e P 2 )+ T g Vo)
Sots _ 1 S 2 _ .2 _
* Az W exp { o (V- ) b Uu-we) . (Sc)

Here, 8 is the bulk fraction of the alpha distribution;

_ Sots i s
A 1 B In —=

Ue

Sots 1 T T maUh _ T
- S S [ v B e B - B

Sots 4, vtV Sets 1 T T 1
o g TR g (0 W

(10)
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T the common temperature of bulk ions, 7. and 1. are the slowing-down time
and the critical speed of the alpha particle (11}, U and & are the step
function and the error function, respectively. The first term on the
r.h.s. of Eq.(9c) denotes the bulk component of the alpha particles; a group
of alpha particles with a Maxwellian distribution and a temperature equal
to that of the plasma ions (15). The second term of f, is a so-called
slowing-down distribution. The last contribution to f, is due to the spread
of the distribution beyond the birth speed by Coulomb collisions, where the
electron temperature, 7., is taken to be the same as 7. We set T=T.
hereafter.

The deposited RF power density for the Maxwellian distribution is given
by

Pl = 2m n 33 2;? E% L 1) ( g q/%%: )

/BT oxv-1) _ N+n D(2(N-1)+2n+1)
[ ( Zwm ;i ) (N+n-1)/ T(2(N-1)+n+1)

) Nin=p T(20N+1)+2n+1) ]-
(N+n+1) 1 C(2(N+13+n+1) ’

IE.
\E, 2

(11)

"II

where use has been made of the relation,

kgvl)za+@ 1 '(21+2n+1)
{F(l+n+1)}2 I(2l+n+1)

(ks - : (12)

and I’ is the gamma function. For small k.pi=k.»/T/mi/we; ( pi, the Larmor

radius of the i-species ion at the thermal speed ), (11) reduces to

1 z?e2 2 N 2(N-1)
Pl =2 mi n; @ T IEd N-1)7 ( 2%1,\/ i ) . (13}

mi

The RF power density absorbed by the alpha particles, Psr ., is obtained from
the numerical integration of Eq.(8) with Eq. (Sc).
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3. ICRF ABSORPTICON BY ALPHAS

3.1 Linear absorption

Let us investigate the linear absorption by alphas for three cases of
frequencies, @ = 2@ = 3T = 2w (N=2), @ = 3wep = Bwea (N=3), and
@ = dwep = Buer = dwee (N=4). To clarify the effect of energetic alpha
particles and that of bulk alphas, two cases of 8 = 0 and 8§ = O are studied
separately.

(i) B=0 case: Figures 1 and 2 show the dependence of R, on the electron
temperature, T.(=T), and on /s, respectively, for =0, where n.=mp+nr is
assumed for simplicity. The values of IE_%/IE.® are ~B6.1 for N=2, ~83.2 for

=3, and ~2.3 for N=4 in (a), while 1E.I is set zero in (b). The ratio,

Wpe/Wee» 18 chosen as 0.5 in Fig.1 and the electron temperature, T., is
taken to be 20 keV in Fig.2. The T. dependence of R, in Fig.! can be easily
understood by considering the following: The ratio of the alpha particle
density for the slowing-down distribution to the electron density increases
with T ng/ne=~(SyTs/3Ne) 1n{(v8+v§)/v2}, while the deposited power density
for deuterons is proportional to T¥!, as is shown by (13). The value of R,
increases with N, and decreases with @pe/te.. The value of R, in Fig.Z2(b) (
IE.=0 ) is slightly smaller for small wp/wce and appreciably smaller for
large wpe/wee than that in Fig.2(a) ( 1E-1=0 ). The cold plasma dispersion
relation is followed by the relation, k.pi=Wpe/@ce. Therefore, the rates of
linear absorption by the Maxwellian deuterons and tritons decrease with
decreasing wpe/wce,» and the contribution of the high energy alpha tail to ICRF
absorption becomes notable, in which the IE.I> contribution to Prri 1is
dominant, On the contrary, the 1E_12 contribution becomes important for large
wpe/wce ( low magnetic field or high density ).

In the limit of wpe/uce—0, by using Egs.(8), (9c)} with =0, and (12)

ve can get

2232 2 k. 2(4-1) 22NN2 fvo .UEN )
2 + - d £ 1
) B (s @7 Jo Y e a4

PRr.oa = ma SoTs %
where the contribution of the distribution in the range, vz, to Ppro 1S
neglected. The deposited power density for deuterons, Prr p, is calculated

from Expression (13), and that for tritons, Pgr,7, is negligible. Then, the
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following expression of R, for wp./w..—0 is obtained;

PRF a N 1
Prra + Prep 1+ (L)Nq (2N) ! 1 1
Eq (N-2)! N N1 neTs<auv>

Ry =~ , (15)

where use has been made of the approximation,

vg 2N S(N-l)
dv F— = B .
fo VRad T 2D (16)

Expression (15) is applicable for N « E,/T. For T=20 keV, (15) gives the
following values; R,~0.54(N=2), 0.95(N=3), and 1.0(N=4). They are con-
sistent with the extrapolated values of R, shown in Fig.2 at wpe/w.=0. Thus
we can see the appreciable absorption of the higher harmonic (Nz3) cyclotron
waves by the alpha particles.

{ii) =0 case: Figure 3 shows the dependence of the rates of linear
absorption by alphas (o), deuterons (D), and tritons (T) on the alpha
concentration, ny/n., for (a) w=2w., (b} w=3w.p, and (c) w=4w.,p in the case
of 3>0. The parameters are as follows; T=20 keV and wp./wc.=0.824 ( e.g.,
the electron density of n.=2x10' cm™ and the toroidal magnetic field of
Br=5.5 T ). The values of IE_1%/IE. are (a) 6.1 - 8.7, (b) 3.2 - 3.9, and
{(c) 2.3 - 2.7. In the figure, § is alsoc plotted by the dashed line. The
rate, R,, increases with n./n., although the dependence of R, on ny/n. is weak
in the range, e.g., ny/n. < 0.1 for T = 20 keVY, where the contribution of high
energy alpha particles with the slowing-down distribution is dominant in
Prr o compared with that of bulk alphas. Figure 4 shows R; as a function of
Na/Me fOr @pe/wee=0.206. Other parameters are the same as those in Fig.3.
When R, for the alpha slowing-down distribution is nearly unity, as in the
case of smaller wp./wc. and larger N(=3) ( Fig.4 (b) and (c) ), the increase
of ny/n. leads to the slight decrease of K, in the range where the contri-
bution of the high energy alphas is dominant. This is because the high
energy alpha tail population diminishes owing to the decrease of the fuel
ion densities and hence of the fusion reaction rate, Sy = mpnr<ov> =
(0.5-1o/ne)? né<ou>. As ny/n. becomes much larger and the contribution of

the bulk alphas overcomes the high energy alpha contribution, R, approaches



JAERTI—M 88-092

to Rﬂ = Fﬂpa/(Fﬂpg+FﬂaT+Pﬁaa), which indicates the rate of RF power density
absorbed by the bulk alphas. For small k.p;, the dependence of Rl on o/ Te

is easily obtained by using Expression (13);

R

R g/ Me . 17
23 (2 _ 1) nane (17)

3.2 Fusion reactivity enhancement

In this subsection, effects of ICRF wave absorption by alpha particles
on the fusion reactivity enhancement due to the wave induced ion tail are
investigated by taking into account of the deformation of the distribution
functions due to the ICRF waves. The distribution is evaluated by averaging
Eq. (1) over £ and truncating the Legendre expansion of f; at zero order. Such
a one-dimensional semi-analytical calculation is in good agreement with the
two-dimensional numerical one at least in the low RF power density [10-12].
Figure 5 shows R; as a function of Prr (= Prr/ (n.Te/275)) for (a) w=2ucp, (b)
w=3wep, and {(c) w=4w.;. The plasma parameters are T=20 keV, ne=2_><10“cm'3,
Ne/n.=1/10, and Br=5.5 T. The values of IE-*?/IE.I” are (a) 6.6, (b) 3.3, and
(¢) 2.4. The value of R, decreases with increasing Ppr, which is accompanied
by the deformation of the distributions (Fig.6). This is because the
deuteron tail induced by the ICRF wave further couples with the wave (11].

Y2, of alphas

Figure 6 shows the distribution functions, fi = fi/mix(T/m;
(a), deuterons (D), and tritons (T) in the logarithmic scale versus the
particle energy normalized by T for w=2uw.p at Pgr~10. The value of
IE_%NE.° is 6.6 in (a), while it is set zero in (b). It is seen that the
low energy alpha particles constitute a bulk component. ICRF enhancement
of the high energy tail in the finite iE_1°/\E. 1% case is more appreciable than
that in the IE.%/IE.%=0 case. This effect of the finite IE-?/1E.% leads to
the vain acceleration of fuel ions from the reactivity enhancement point of
view, as is shown later. Mainly discussed in what follows is the aspects
of the fusion reactivity enhancement by the ion tail formation for various
harmonic numbers in the presence of the alpha particles. Figure 7 shous
the fusion reactivity, <ouv>, normalized by that with Maxwellian deuteron
and triton distributions ( at Ppr=0 ) as a function of Prr for ny/n.=0 ( dashed
lines ) and 1/10 ( solid lines ). The RF frequency is chosen as (a)
w=2uep, (b) w=3wp, (¢) w=4wep, and (d) w=2w.7. Two cases of \E_12/1E?%0 and
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IE-°/E.?=0 are indicated. The plasma parameters are T=20 keV,
ne=2x10"em™, and Br=5.5 T. Fusion reactivity enhancement by the ion tail
formation in high temperature plasmas is generally ineffective, since high
energy particles accessible to the energy region near the peak point,
E«(~130 keV), of the D-T fusion cross section are sufficiently contained
in the Maxwellian distribution [11). Namely, ions affected by the ICRF waves
tend to be accelerated above F.: vainly from the reactivity enhancement point
of view. This feature is furthered by the effect of the finite IE.I%/IE4 in
higher Ppr, which results in saturation of <ov>. The maximum attainable
values of <ov> for w=Nwp (a-c) decrease with increasing N, and <ouv> for
larger N saturates in the lower Ppr value; in the case of IE_I%/IE.°=0, these
Prr values are ~10 for N=2, ~5 for N=3, and ~2.5 for N=4, This is not
only because the higher energy ions are accelerated vainly owing to the
higher harmonic resonance, but also because the rate of ICRF absorption by
the alpha particles increases with N. The fusion reactivity enhancement
for w=2w.r (d) becomes ineffective with increasing P owing to the large
IE-2/1E.° value of 20 - 30, although the reactivity without the IE_1Z/IE,12
effect for w=2w.7 is enhanced as further as that for w=2x¢p {a}. The enhanced
reactivity is changed a little by the presence of alpha particles for n./ne
less than 1/10. The alpha concentration lowers the fuel ion densities, which
leads to the large deformation of the distribution functions of the fuel ions
at the low RF power density. Therefore, the effective enhancement of <gu>
in the presence of alpha particles is found for « = 2w.r (d) without alpha
particle resonance. The large deformation in the larger Ppr region, however,
brings the vain acceleration, and <guv> for ng/n. = 1/10 ( solid line ) becomes
smaller than that for ny,/mn. = 0 ( dashed line ). For the cases of (a), (),
and {(c¢), <ov> becomes small in the presence of alpha particles. This is
because the effect of the RF power absorption by high energy alpha particles
exceeds the effect of the enlarged deformation mentioned above.

When Prr is small, an offset-linear relation of the fusion power

density, Pr, proportional to <ouv> against Prr is obtained;
Pr = @Pr + Pro , (18)

where Prg is the fusion power density for the Maxwellian deuteron and triton

distributions, and the energy of 17.6 MeV is assumed to be released per one
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fusion reaction. The gain factor, @, defined by Eq.(18) denotes the figure
of merit of enhancement of the fusion power density at the low RF power
density. Figure 8 shows the maximum value of Q" versus w/w.p for ng/ne = O
( diamonds Y, 1/100 ( squares ), and 1/10 ( triangles ). It is noted that
@ = 2w, corresponds to w = 4/30sp. Two cases of Br = 5.5 T ( open
symbols ) and 11 T ( black symbols )} are illustrated. Other plasma para-
meters are 7 = 20 keV and n, = 2x10'" em™, and IE42/E.% = 0. In the case
vithout absorption by alphas ( n./n. = O ; diamonds ), higher values of Qur
are achieved by higher harmonic heating, although the windows of Ppr for
increasing the reaction rates are not large as compared with the window of
the case, ¢ = 2w (Fig.7). On the other hand, Q.. is deteriorated because
of the wave absorption by the alpha particles with the finite concentration
( Ma/e = 1/100 ; squares and 1/10 ; triangles ): The values of Qux for
w = 3w:p and 4du.p are almost the same as or smaller than those for w = 2w
and 2.7 in the case of Bf = 5.5 T. In high Br of 11 T, further decrease of

@iz can be seen for higher harmonic heating.

4. CONCLUSIONS

We have investigated ICRF wave absorption by alpha particles and the
fusion reactivity enhancement due to the ICRF induced ion tail. The rate
of linear absorption by the alpha slowing-down distribution increases with
the cyclotron harmonic number, and decreases with wpe/wce. The rate in the
finite IE_@/MZAZ case becomes large as compared with that in the |Eﬂ@/u1d2=0
case, which is pronounced for large wpe/@ce. Increase of the thermal alphas
leads to the formation of the alpha bulk component. This results in the
further increase of the rate of absorption by alphas., unless that for the
slowing-down distribution is nearly unity. ICRF enhancement of the high
energy ion tail in the finite !EJ%AELF case 1s more appreciable than that
in the diJ%ﬂE+@=O case. This leads to the vain acceleration of the fuel ions
from the reactivity enhancement point of view. The figure of merit of
enhancement of the fusion power density is deteriorated because of the wave
absorption by the alpha particles, especially for higher harmonic heating
in the high megnetic field. Second harmonic ICRF heating is comparatively

applicable to the enhancement of the fusion power density even in the pre-
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fusion reaction. The gain factor, @, defined by Eq. (18) denotes the figure
of merit of enhancement of the fusion power density at the low RF power
density. Figure 8 shows the maximum value of Q" versus w/w.mp for ng/n. = O.
( diamonds Y, 1/100 ( squares ), and 1/10 { triangles ). It is noted that
@ = Zwr corresponds to w = 4/30,p. Two cases of Br = 5.5 T ( open
symbols ) and 11 T ( black symbols ) are illustrated. Other plasma para-
meters are T = 20 keV and n, = 2x10" cm™, and IE-°/iE. % ~ 0. In the case
vithout absorption by alphas ( ny/n. = O ; diamonds ), higher values of Qur
are achieved by higher harmonic heating, although the windows of Ppr for
increasing the reaction rates are not large as compared with the window of
the case, & = 2w (Fig.7). On the other hand, Q.. is deteriorated because
of the wave absorption by the alpha particles with the finite concentration
( ne/n. = 1/100 ; squares and 1/10 ; triangles ). The values of Qnax for
w = 3w and 4dw.p are almost the same as or smaller than these for w = Z2acp
and 2.7 in the case of B = 5.5 T. In high By of 11 T, further decrease of

@iz can be seen for higher harmonic heating.

4, CONCLUSIONS

We have investigated ICRF wave absorption by alpha particles and the
fusion reactivity enhancement due to the ICRF induced ion tail. The rate
of linear absorption by the alpha slowing-down distribution increases with
the cyclotron harmonic number, and decreases with wpe/wce. The rate in the
finite IE.I2/|E+|2 case becomes large as compared with that in the |E_|2/|E+|2=0
case, which is pronounced for large wpe/Wce. Increase of the thermal alphas
leads to the formation of the alpha bulk component. This results in the
further increase of the rate of absorption by alphas, unless that for the
slowing-down distribution is nearly unity. ICRF enhancement of the high
energy ion tail in the finite \E_I°/IE.)° case is more appreciable than that
in the diJ%ﬂE+F=O case, This leads to the vain acceleration of the fuel ions
from the reactivity enhancement point of view. The figure of merit of
enhancement of the fusion power density is deteriorated because of the wave
absorption by the alpha particles, especially for higher harmonic heating
in the high magnetic field. Second harmonic ICRF heating is comparatively

applicable to the enhancement of the fusion power density even in the pre-
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sence of the alpha particles, which may lead to the burn control of nearly
ignited plasmas. Higher harmonic ICRF waves can be appropriate for heating
of the alpha particles.

The present work is based on the Jlocal analysis. Global analyses taking
into account, for example, electron Landau damping of the ICRF waves and

alpha cyclotron damping in the outer region are left to future studies.
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Rate of linear absorption by slowing-down distribution of alpha
particles, R,, versus T, in keV for N=w/wp = 2, 3, and 4. Ion
temperature is equal to electron temperature. The ratio, wpe/wce,
is 0.5. Values of IE-%/IEW® are ~6.1 for N=2, ~3.2 for N=3, and
~2.3 for N=4 in (a), while IE_I is set zero in (b).
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Fig. 2 Rate of linear absorption by slowing-down distribution of =alpha
particles, Ra, versus wpe/tce for N=w/wxp = 2, 3, and 4. The electron
temperature, T., is 20 keV. Values of IE.'_IZIIJ‘E.Z,I2 are ~6.1 for N=2,
~3.2 for N=3, and ~2.3 for N=4 in (a), while IE.I is set zero in
(b).
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Fig. 3 Rates of linear absorption by alphas (o), deuterons (D), and tritons

(T) versus ng/n. for (a) w=2uqp, (by w=3wp, and (¢) w=4wp. Bulk
fraction of alpha distribution, f, is also plotted by dashed line.

Plasma parameters are T =20 keV and tpe/tce=0.824. Values of
\E-2/1E.% are (a) 6.1 - 8.7, (b) 3.2 - 3.8, and (c¢) 2.3 - 2.7.
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Fig, 4 Rates of linear absorption by alphas (o), deuterons (D), and tritons
(T) versus ny/ne for (a) w=2uwp,
fraction of alpha distribution, 3, is also plotted by dashed line.

Plasma parameters are T =20 keV and wpe/t..=0.206.

(b) w=3uwp, and {(c)} w=4wp.

E_2NE 2 are (a) 6.1 - 8.7, (b) 3.2 - 3.9, and () 2.3 - 2.7.
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Fig. B Rates of ICRF abscrption by alphas (o), deuterons (B), and tritons
(T) as a function of Pgr for (@) «=2w.p, (b) w=3wp, and (c) w=4uwp.
Plasma parameters are T =20 keV, ne=2x1014cm_3. Ne/Me=1/10, and
Br=5.5 T. Values of E_i%/IE.? are (a) 6.6, (b) 3.3, and (c) 2.4.
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Fig. 6 Distribution functions of alphas {(a), deuterons (D)}, and tritons
(T) versus particle energy for w=Pw.p at Ppr~10, Value of IE-CNE, P
is 6.6 in (a), while it is set zero in (b). Plasma parameters are
T =20 keV, n.=2x10"*cm™, nu/n.=1/10, and Br=5.5 T.
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Fusion reactivitiy normalized by that with Maxwellian deuteron and

triton distributions, <ou>, as a function of Pgr for ny/n.=0 (dashed

lines) and 1/10 (solid lines). RF frequency is chosen as (@)
w=2wed, (b) w=3wcp, {(¢) w=4up, and (d) «=2w.;7. Plasma parameters
are T =20 keV, n.=2x10%cm™, and Br=5.5 T. For IE_.I=0, <ov> is
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Fig. 8 Maximum value of " versus w/w.p for ne/n.=0 (diamonds), 1/100
(squares), and 1/10 (triangles). Two cases of Br=5.5 T and 11 T
are illustrated by open symbols and black symbols, respectively.
Other plasma parameters are T =20 keV and ne=2x10”cm’3. and

IE-RNE 20,



