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The present status of the TORIC-SSFPQL codes
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Abstract. The codes TORIC and SSFPQL allow detailed selfconsistent simulations of wave propagation and
absorption in the Ion Cyclotron (IC) range of frequencies in tokamak plasmas. We review the options presently
available in the codes, and we illustrate their performances with two examples: a typical minority heating
experiment in a medium size device, and a possible IC heating scenario in a ITER like plasma. The prob-
lem of ensuring charge neutrality when the ion distribution functions develop anisotropic suprathermal tails is

discussed.

1 Introduction

The codes TORIC [1] and SSFPQL [2] have been devel-
oped into a “user-friendly” package, which allows detailed
simulations of auxiliary heating scenarios in the Ion Cy-
clotron (IC) range of frequencies in tokamaks, with very
moderate CPU memory and time requirements. TORIC
solves Maxwell’s equations using the spectral method in
the toroidal and poloidal angles, and cubic Finite Ele-
ments in the radial coordinate. The coefficient of the wave
equations are evaluated on each magnetic surface using
the quasilinear (QL) ion distribution functions (IDFs) ob-
tained from SSFPQL [3]. By exploiting the axisymmetry
in tokamaks, the wave equations are solved separately for
each toroidal Fourier mode (these runs can be executed
in parallel), and the results for the individual modes are
superposed with the weights determined by the antenna
geometry and feeding. In turn, SSFPQL solves the steady-
state kinetic equation normalizing the QL diffusion coeffi-
cient Dqy, using the power deposition profiles obtained by
TORIC. The solutions for each ion species on each mag-
netic surface are obtained by expanding the IDFs in Leg-
endre polynomials in the cosine of the velocity pitch an-
gle; a special Bessel function identity in the Legendre rep-
resentation of Dqp, [2] avoids the convergence problems
which plague the power expansion in the Larmor radius
originally proposed for this purpose [4]. The iteration to
reach consistency between TORIC and SSFPQL is exe-
cuted automatically by specifying a few parameters in the
namelists [5].

The Grad-Shafranov MHD configuration (in the in-
verse Fourier representation [6]) and the measured den-
sity and temperature profiles are read from external files in
standardized format; alternatively, simple analytic approx-
imate equilbria and plasma profiles can be used. In TORIC
it is possible to take into account all Large Larmor Radius
corrections to the coefficients of the wave equations neces-
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sary to the description of electron Landau damping (ELD)
of Ton Bernstein waves and ion heating at higher IC har-
monics. In SSFPQL we have implemented the QL dif-
fusion coefficient D¢y, derived by Catto and Myra [7, 8],
which takes into account the effects of toroidal trapping
on the QL IDFs. To simulate the synergy between hf
heating and Neutral Beam Injection (NBI), the code SIN-
BAD [9],has been added to the package [10, 11]. A dedi-
cated modulus calculates the distribution of thermonuclear
alpha particles in slowing down [12] and their contribu-
tions to the coefficients of the wave equations [13, 14]. A
set of auxiliary routines is available for the preliminary in-
vestigation of each scenario (position of resonances and
cutoffs, local dispersion relation), including an adapted
version of the FELICE code [15] for detailed study of the
IC antenna.

Sections 2 and 3 presents two example of applica-
tions of the codes, respectively for minority heating in a
medium-size tokamak, and for an auxiliary heating sce-
nario in ITER. In section 4 we discuss the charge neutrality
problem which arises when the QL IDFs are evaluated tak-
ing toroidal trapping into account [16, 17], and we present
the solution proposed for SSFPQL.

2 Simulation of a minority heating
scenario in ASDEX Upgrade

We illustrate the use of the codes for a typical minor-
ity heating experiment in ASDEX Upgrade (AUG): 3%
Hydrogen in a Deuterium plasma with central parameters
n,(0) =5.94 10" m=3, T,(0) = 4.19 keV, T;(0) = 4.67 keV,
B(0) = 2.5 Tesla. We have assumed 4 MW at 36.5 MHz
coupled to the plasma, with the fundamental IC resonance
of Hydrogen and first IC harmonic of Deuterium located a
couple of cm on the low field side of the magnetic axis. A
poloidal cross-section with the resonance and cutoff loca-
tion is shown in fig. 1, and information on the local disper-
sion relation along the equatorial plane in fig. 2.

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons Attribution License 4.0
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Figure 1. Poloidal cross-section of ASDEX Upgrade equilib-
rium, with with the coordinate lines, and with IC resonances
(violet), ion-ion resonances (red) cutoffs (blue). The full green
curve is the plasma boundary, and the full black curve the vessel
assumed by TORIC.
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Figure 2. Left: perpendicular index squared of the Compres-
sional wave along the equatorial plane, for the toroidal mode
n, = 20. Right: w/kjy. along the equatorial plane for the
toroidal mode n, = 20, illustrating the variation of absorption
by the electrons, depending on the poloidal wavenumber .

The toroidal power spectrum from the 3-strap IC an-
tenna of AUG [18] evaluated by TORIC is shown in fig. 3;
it is similar to, but somewhat more irregular than the spec-
trum calculated by FELICE imposing outwards radiation
conditions just outside the near field region '. Note that
the TORIC and FELICE spectra are somewhat different
around n, = 0. This is because to fully exploit axisymme-
try TORIC assumes the current distribution in the antenna
to be factorized into a function of the poloidal angle de-
scribing the current along the straps, times a function of
the toroidal angle describing the position and phases of

'FELICE can solve wave equations over either the entire plasma col-
umn with metallic reflection at the opposite wall or a finite region under
the antenna with an arbitrary thickness and outward radiation conditions
at the far boundary. As the plane-stratified geometry significantly over-
estimates the quality factor of potential internal modes due to reflected
waves, the latter option — with the boundary positioned prior to any sin-
gularity in the wave equations — provides the most accurate modeling of
the radiated spectrum and the antenna load.

the straps. The 3-strap antenna of AUG does not satisfy
this condition exactly, and FELICE, in contrast to TORIC,
can take this into account.
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Figure 3. Left: Toroidal power spectrum from the 3-strap IC an-
tenna of ASDEX Upgrade according to FELICE, with outwards
radiation conditions imposed just outside the near field domain.
Right: the same spectrum according to TORIC. The left-right
asymmetry is due to the poloidal component of the static mag-
netic field.

In the core of a medium size tokamak the hf power
density can reach several Watt/cm®. Under these condi-
tions the heating rates predicted by TORIC and SSFPQL
for a Maxwellian plasma differ substantially (cf. fig 4, left)
and five or more iterations are needed to reach agreement
between the two codes. In principle, at each iteration the
QL diffusion coefficient in SSFPQL should include the
contributions of all toroidal modes radiated by the antenna
(this option is used in our examples). However, since the
results of TORIC vary only slowly with n,, one can ac-
celerate the computation by taking into account only a se-
lection of modes, for example one every five. A reason-
able approximation can even be obtained by performing
the loop for a single representative toroidal mode, chosen
at the peak of the antenna spectrum.

After integrating the QL kinetic equation, on each
magnetic surface SSFPQL evaluates the QL Plasma Dis-
persion Functions (PDFs), defined for species i and real
argument as

- T Fi(u) ~ w — pQy;
Zi(x)sz ———du+inF?(xp) X, = ——<=
P o0 U— x,, P P k”l),hi
with -
Fl(u) = f Fi(u,w) w?" dw. )
0

Here F; is the QL ion distribution function obtained from
SSFPQL, normalized to unity, u = v/vmi, W = U1 /Vpi,
with vy any convenient average speed (the thermal speed
if F; is Maxwellian; in this case Z reduces to the usual
PDF). An efficient routine has been written to perform the
Hilbert transform in eqn (1) [19]. Since the QL diffusion
coefficient used is bounce-averaged, the IDF in the inte-
grand of (1) is evaluated by SSFPQL at the outer equa-
torial point of each magnetic surface, and is “mapped” to
the resonance position. To maintain charge neutrality, it is
assumed that the trapped ions turning before reaching the
resonance are replaced there by the appropriate number of
thermal ions (cf. section 3).

After each iteration the absolute difference of the heat-
ing rates predicted by TORIC and by SSFPQL is inte-
grated over the whole plasma, and the iteration is stopped
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Figure 4. Power deposition profiles predicted by TORIC (blue)
and SSFPQL (red). Left: Maxwellian plasma, right’: at conver-
gence. Above: Deuterium, below: Hydrogen.

when the result is less than an ‘accuracy goal’ prescribed
by the user (in the present example 0.5% of the total hf
power, i.e. 20 kW versus 4 MW). The ‘history’ of the loop
is shown in fig. 5. As the suprathermal populations de-
velop, direct absorption by Deuterium increases, in agree-
ment with the fact that IC harmonic heating is a finite pres-
sure effect. Direct absorption by the minority decreases,
and collisional transfer to the electrons by suprathermal
protons also decreases somewhat. Note that this is not a
time history, although the results of TORIC at the initial it-
eration, in which the IDFs are assumed to be Maxwellians,
can be regarded as the performance at the start of the heat-
ing pulse, when the plasma is still in local thermal equilib-
rium.

Discrepancy SSFPQLTORIC Power Balance History

Figure 5. History of the consistency loop. Left: Discrepancy be-
tween the predictions of TORIC and SSFPQL. Right: predicted
global power balance at each iteration (red: Deuterium; blue:
Hydrogen; green: electrons; dashed lines: fraction of the avail-
able hf power absorbed from the waves; full curves: fraction of
the power in each species after collisional relaxation)

The power deposition profiles predicted by the two
codes in the Maxwellian plasma and at convergence are
shown in figs. 4 (note the different vertical scales). The im-
portance of performing the iterations is clearly illustrated
by these figures. For the Maxwellian plasma, as soon as
the local power absorption exceeds a few tens of Watt/cm?
SSFPQL predicts a much lower heating rate than TORIC,
especially for the Hydrogen minority. More important, the
profiles predicted at convergence, when the two codes use
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Figure 6. Log plots of the quasilinear distribution functions of
Deuterium (left) and Hydrogen (right) at the point of maximum
power absorption, at convergence. The curves are for different
values of u.
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Figure 7. Comparison of the QL Plasma dispersion func-
tions (full curves) with the Plasma dispersion functions of the
Maxwellian plasma (dashed curves) Deuterium left) and Hydro-
gen (right) at the point of maximum power absorption.

the same QL IDFs to calculate the heating rates on all mag-
netic surfaces, are quite different from those predicted by
TORIC for the Maxwellian plasma. In the core, the hf
power per cm? absorbed by Deuterium is 1.6 times higher
than in the Maxwellian plasma, again in agreement with
the fact that IC harmonic heating is a finite pressure ef-
fect. Core absorption per cm® by the Hydrogen, by con-
trast, is almost four times lower; globally, however, this
is almost entirely compensated by a marked broadening of
the profile, due to the increased Doppler broadening by the
suprathermal tail.

The selfconsistent QL IDF F;(v, u) (1 = v/v) of Deu-
terium and Hydrogen are shown in fig. 6, and the corre-
sponding QL Plasma Dispersion Functions —xQZi(x,,) (QL
PDF) at the point of peak absorption in fig. 7>. Note that
the imaginary part of the QL PDF of the Deuterium is not
only broader, but also larger in absolute value with respect
to the Maxwellian PDF: this is again a result of the fact
that absorption at the IC harmonic is proportional to the
pressure of the heated species. By contrast, the imaginary
part of the QL PDF of Hydrogen is broadened by the in-
creased Doppler effect, but encloses always the same area:
IC heating at the fundamental is a Zero Larmor Radius ef-
fect.

To complete the example, we have repeated the con-
sistency loop assuming that 4.86 MW of Deuterium NBI

2The QL PDF are plotted for convenience at the point of maximum
power absorption, but are calculated by SSFPQL and transmitted to
TORIC at the IC resonance of all magnetic surfaces of the radial mesh,
100 radial points in the present example. They are then interpolated on
the finer radial mesh of TORIC, in the examples 501 radial point. In
the poloidal angle 64 points, corresponding to 31 poloidal Fourier modes
were used.



EPJ Web of Conferences 346, 01030 (2026)
RFPPC2025

https://doi.org/10.1051/epjconf/202634601030

lonsA=2Z=1 A=2, Z=1 at y= 0.05

—— P_f (toric)
—— P_hf (ssfpal) -1
i

— u=1.00
— u=050
—— P_nbi u=025
— u=0.00

—e— P_nbi_net -2

50 100 150 200 250 300 350 400
[3 E (keV)

Figure 8. Left: Power deposition profiles in Deuterium with
4.86 MW of NBI. Right: Log plots of the quasilinear distribu-
tion functions of Deuterium at the point of maximum power ab-
sorption, at convergence. Full lines: NBI direction; dashed line:
opposite direction.

where also present. The NBI power deposition profiles
are calculated by the version of the code SINBAD [9], in-
cluded in the TORIC-SSFPQL package [11], using the ge-
ometry of the NBI injectors of AUG. The results at con-
vergence are shown in fig. 8.

3 An lon Cyclotron heating scenario in
ITER

In reactor-grade plasmas, such as ITER, the hf power
available per ion will be at least one order of magni-
tude smaller than in present day experiments, and prob-
ably even smaller. As a consequence, the difference be-
tween the Maxwellian and the selfconsistent QL simula-
tion is much smaller, and one or two iterations are suffi-
cient to reach agreement between TORIC and SSFPQL.
We present a set of simulations of a IC heating scenario
using *He minority, with increasing background temper-
atures, illustrating the effects on the IC power deposition
profiles of the increasing competition from absorption by
the electrons, and in certain situations also from the in-
creasing population of thermonuclear alphas in slowing
down.

As ‘catalyst’ for efficient IC heating in ITER it has
been proposed to inject a small quantity of Helium 3. The
chosen concentration must be a compromise between the
high cost of this gas, and the requirement that a substantial
fraction of the hf power absorbed by the minority should
be transferred collisionally to the ions. In our simulations
3He was assumed to have a concentration of 3% in a D-T
plasma in equal concentrations [20]. With a magnetic field
on axis of 5.3 Tesla and an applied frequency of 52.5 MHz
the fundamental of *He (and the first harmonic of Tritium)
was located a few cm on the low field side of the mag-
netic axis. For the simulations we have used a numerically
calculated equilibrium, and analytic density and tempera-
ture profiles, varying the central temperature from 4 keV
(Ohmic plasma) to 20 keV (roughly ignition). The cen-
tral density was kept constant at n, = 1.0510%° m™3. In
this way, of course, there is no consistency between the
pressure profiles and the numerical Grad-Shafranov equi-
librium, which is kept constant while varying the tempera-
ture, and thus pressure. A further limitation is that the ac-
cumulation of ashes (thermalized alpha particles) has been

evaluated with a purely heuristic model, arbitrarily assum-
ing that their concentration on axis reaches 5% in num-
ber at 20 keV, and is otherwise proportional to the local
electron density multiplied by the local concentration of
thermonuclear alphas in slowing down. The concentration
and distribution function of the latter, on the other hand,
is calculated at each magnetic surface solving the appro-
priate kinetic equation, and is very close to the analytic
distribution [12], except near the thermal region. In the
present scenario, however, the alpha particles do not ab-
sorb a significant fraction of the hf power, since very little
power reaches their fundamental IC resonance (and of the
Deuterium) located almost 150 cm to the high field side
of the magnetic axis. Competition for hf power with *He
comes from Tritium, and at high temperature mainly from
the electrons.
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Figure 9. Left: Toroidal power spectrum of the antenna proposed
for ITER [21]. The power repartition between different species
is for a central temperature of 15 keV. Right: Plasma heating rate
from thermonuclear « particles in slowing down, as function of
the plasma central temperature. Red: total; Blue: fraction going
to the electrons.

The power spectrum of the antenna proposed for
ITER [21] predicted by TORIC is shown in fig. 9, left.
Because absorption is almost complete in a single pass, in
this case the spectrum is almost identical to the one cal-
culated by FELICE. The shape of the total radiated power
spectrum is insensitive to the plasma temperature; in fig. 9,
on the other hand, the repartition of the hf power among
species is that at the central temperature of 15 keV.

We have explored how this IC heating scenario is af-
fected by the increasing plasma temperature as ignition is
approached. In this exploration the temperature is varied
as a parameter: a transport code for the consistent time
evolution of the discharge in the presence of both ther-
monuclear alphas and hf heating is not available in the
TORIC-SSFPQL package. As a further unrealistic as-
sumption, we have performed the consistency loops be-
tween TORIC and SSFPQL for a total hf power of 40
MW, much higher than the power effectively planned at
least for the initial phase of ITER. We think that 40 MW
is the minimum hf power which has some chance of con-
tributing to bring the plasma from the Ohmic state towards
ignition. As shown in fig. 9 right, the heating rate of the
plasma by thermonuclear « particles in slowing down ex-
ceeds 40 MW already at the central temperature of 13 keV.
In view of these limitations, we have performed the tem-
perature scan for the representative toroidal mode n, = 50
only, rather than for the entire toroidal spectrum. Clearly,
our results are only indicative; nevertheless the trends ob-
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Figure 10. Left: Fraction of the hf power absorbed by the
3He minority in the Maxwellian plasma (blue) and in the con-
sistent QL situation (red) as a function of the central tempera-
ture. Right:Hf power going to *He, Tritium, and Electrons in the
consistent QL situation as a function of the central temperature.
Dashed curves: direct absorption; full curves: after collisional
equilibration.

tained reflect the real situation, and are sufficiently inter-
esting to deserve being reported.

Even at 40 MW total power, the power per ions is so
small that the consistency loops between TORIC and SSF-
PQL converge in one or two iterations, and the difference
between the predictions of TORIC for the Maxwellian
plasma and the results in the consistent QL situation are
much smaller than in the previous case. As an example,
this difference is shown for the global absorption by *He
in fig. 10 left.

Figure 10 right shows the hf power going to the differ-
ent charged species, directly from hf absorption (dashed
lines), and after collisional equilibration (full lines). In the
Ohmic plasma more than 90% of the hf power is absorbed
by the 3He minority; this fraction decreases to less than
two thirds at 20 keV. As anticipated, above 10 keV compe-
tition is mainly from the electrons, which in the region be-
tween the outer plasma edge and the IC resonance of *He
absorbs a fraction of the total power increasing from less
that 5% at 4 keV to almost one third at 20 keV. Some com-
petition comes also from Tritium: since heating at the first
harmonic is a finite pressure effect, the fraction absorbed
by Tritium, in spite of the increasing electron damping, in-
creases from 2.3% at 4 keV to 7.4% at 20 keV. It is also
worth mentioning that at the highest temperatures about
0.3 MW are absorbed by the thermonuclear « particles, in
spite of the unfavourable position of their IC resonance. In
scenarios where this resonance is directly exposed to the
incoming power, thermonuclear as can absorb a substan-
tial fraction of the available hf power. We recall that in
TORIC the evaluation of absorption by high energy alphas
takes into account that their Larmor radius in the high en-
ergy part of their energy spectrum is of the same order as
the wavelength of the compressional wave.

After collisional redistribution, in the Ohmic plasma
somewhat more than 40% of the hf power is found in the
Deuterium, and 35% in the Tritium; only 5% is deposited
in the electrons. The fraction in the electrons increases
with temperature, reaching one third at 20 keV. As men-
tioned above, because of the cost of *He, it is considered
preferable to reduce the concentration of this minority to
2% or perhaps even 1%. This scenario is rather sensitive to
the 3He concentration: as nsy./n, decreases, the hf power

directly absorbed by the *He decreases, while the fraction
thereof collisionally transferred to the electrons increases.
Although these two effects in part compensate each other,
the net result is an increase of the hf power finally de-
posited in the electrons. According to TORIC-SSFPQL, at
the central temperature of 5 keV, direct absorption by the
3He is 92% at the concentration of 3%, 88% at the concen-
tration of 2%, and 78% at the concentration of 1% in num-
ber. At the same time, the fraction of the total hf power
finally going to the electrons increases from 14% to 17%
and to 24%; this power adds to the already large power de-
posited in the electrons by the thermonuclear « particles.
Hence a compromise must be found between economy of
cost, and efficiency in transferring the hf power preferen-
tially to the ions. In fact, the plan is to introduce *He in
the initial phase of the discharge and allow it to diffuse as
the temperature rises towards ignition. As we lack a model
of 3He transport, we have kept the concentration constant.
Therefore, our results only illustrate how TORIC-SSFPQL
could be used in this context.

4 Implementation of toroidal trapping in
SSFPQL and the mapping problem

The effects of toroidal trapping on the development of the
strongly anisotropic suprathermal populations produced
by IC heating have been included in SSFPQL [8] by im-
plementing the QL diffusion coefficient proposed by Catto
and Myra [7]. Compared to the case in which toroidal
trapping is ignored, the Catto-Myra diffusion coefficient
is appreciably larger near the magnetic surface tangent to
the IC resonance, and decreases more rapidly away from
this surface [22]. This has a visible effect on the power de-
position profiles predicted by SSFPQL for the Maxwellian
plasma, particularly in the case of the Deuterium. Remark-
ably, however, it turns out that the consistent absorption
profiles are practically identical to those predicted ignor-
ing trapping. This appears to be true in general: the con-
verged profiles are surprisingly insensitive to the detailed
model used to build the QL diffusion coefficient.

Since the Catto-Myra diffusion coefficient is bounce-
averaged, the QL IDFs in the integrand of eqn (1) are eval-
uated by SSFPQL at the outer equatorial point of each
magnetic surface. To evaluate IC absorption, however,
TORIC needs the QL PDFs at the points where the mag-
netic surface cuts the IC resonance. As mentioned above,
therefore, the IDFs must be “mapped” to the resonance
position. This raises a seldom mentioned problem in mod-
eling of wave propagation in ion cyclotron range of fre-
quencies (ICRF), namely preservation of charge neutral-
ity [23]. Because of toroidal trapping, not all ions present
at the outer equatorial point reach the resonance: in par-
ticular, IC heating tends to accumulate energetic ions on
trapped orbit which barely miss the resonance (this fea-
ture of the QL distribution function is known as ‘rabbits
ears’ in the literature). Trapped ions with turning point on
the low field side of the resonance are not, or very little,
heated, and this has to be taken into account when eval-
uating the QL PDFs to be used by TORIC to evaluate IC
damping.



EPJ Web of Conferences 346, 01030 (2026)
RFPPC2025

https://doi.org/10.1051/epjconf/202634601030

The fact that a non-neglegible number of ions are re-
flected before reaching resonance means that, when the ion
distribution function develops anisotropy and the mapping
is performed using the constancy of energy and momen-
tum, the ion density is no longer constant on the magnetic
surface. With power absorption densities of the order of
Watts/cm?, the amplitude of the ion density variations as-
sociated to the QL IDFs calculated by SSFPQL can reach
several percent of the local electron density, manifestly a
physically unacceptable result.

In the real plasma, of course, an ambipolar potential
®(y, ) varying with the poloidal angle will develop in
order to maintain charge neutrality. Taking this potential
consistently into account is difficult: the neutrality condi-
tion determining the potential is non linear, and could be
imposed only by iterating SSFPQL, since initially neither
the distribution functions nor @ itself are known. This, in
turn, is made next to impossible by the fact that the ef-
fects of ® on the unperturbed ion orbits have never been
studied.

Fortunately, the great mobility of the electrons along
magnetic field lines suggests that in the real plasma the
amplitude of the poloidal density variations and those of
the selfconsistent potential are likely to be much smaller
than predicted when mapping is performed ignoring the
presence of the ambipolar potential. Accordingly, a ‘zero-
order’ approximation has been implemented in SSFPQL,
consisting of ignoring @ altogether, but ensuring charge
neutrality by replacing the missing ions reflected before
reaching the IC resonance by the appropriate number of
ions at the local temperature. In the absence of a rigor-
ous approach to treating this effect, we are confident that
this method provides a reasonably realistic solution to the
problem.

5 Conclusions

The flexibility and the easy of use of the TORIC-SSFPQL
codes has been illustrated with two different examples, ob-
tained running the codes on a personal laptop computer.
The first is the interpretation of the results of an IC heat-
ing experiment in a medium size tokamak; the second is
the exploration of a proposed IC heating scenario in a fu-
ture fusion grade plasma. Some new feature of the codes
have been mentioned and used in the examples, in partic-
ular the inclusion of the effects of toroidal trapping in the
evaluation of the QL diffusion coefficient by SSFPQL.
The most important element still missing for com-
pletely realistic simulations of IC heating experiments is
a satisfactory model of radial diffusion and losses of the
heated ions. This problem could be partially solved by
coupling TORIC-SSFPQL to a transport code. While,
however, in most such codes only a global, often partly
empirical model of radial diffusion is implemented, it
likely that the suprathermal, anisotropic populations pro-
duced by IC heating diffuse radially rather faster than the
thermal plasma. In the present ‘stand-alone’ version, in
SSFPQL radial diffusion losses are modelled as the inter-
action of the suprathermal ions with a thermal bath, im-
plemented as a linearized Coulomb collisional operator

with a Maxwellian background [11]. This model is accept-
able if the radial diffusion is sufficiently slow compared to
the collisional exchanges of the fast ions with the rest of
the plasma, a situation which will prevail in large reactor-
grade plasmas, but probably not in medium size toka-
maks. As a consequence, it is likely that SSFPQL some-
what overestimates the energy content of the suprather-
mal populations produced by IC heating in present day
experiments. To partially solve this problem, we have im-
plemented a simple model of the ICRF power deposition
broadening due to effects of the finite banana-width or-
bits [24]. This has been necessary to improve the agree-
ment with Charge Exchange Recombination Spectroscopy
on >He measurements [25].
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