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ABSTRACT

ICRF experiments on ATF at the 100-kW level are planned for the current 1989 operating
period. These plans include the 2ucH regime at /RF = 28.88 MHz, D(H) at 14.44 MHz, and
4He(3He) and D(3He) at 9.63 MHz. ECH target plasmas have nM < 0.15 x lO^m"3 and
B = 0.95 T. The density and temperature profiles obtained are broader than those from 1988,
owing to recent field error corrections. The values used for target-plasma parameters in the
calculations were taken from initial 1989 ATF data. Loading and absorption calculations have
been performed using the 3D RF heating code ORION with a helically symmetric equilibrium,
and Fokker-Planck calculations were performed using the steady-state code RFTRANS with two
velocity dimensions and one spatial dimension.

INTRODUCTION

Medium-power ICRF heating experiments are currently in progress on the ATF torsatron.
A maximum of 100 kW of RF power in the frequency range 5 < /RF < 30 MHx is currently
available, and a prototype single-strap resonant-double-loop cavity antenna that can couple this
power to the plasma is installed on ATF. The 2wcH, D(H), and D(3He) regimes all fall within this
frequency range for second-harmonic X-mode ECH-produced plasmas at Bo = 0.95 T, while only
the minority regimes are within this range for fundamental O-mode ECH-produced plasmas at
Bo = 1.9 T. Experiments in all these regimes are planned; however, at this writing experimental
data have been taken only in the 2ucn regime, and ATF has run only at Bo = 0.95 T.

Preliminary ICRF data were taken during the initial ATF operating period in 1988 by
Goulding et ai.,M and loading calculations similar to those presented herein were performed by
Kwon et alffl In the current (1989) ATF operating period, broader density and temperature
profiles are obtained due to recent corrections of field errors, and a few ICRF experimental
shots have been produced, still only in the 2wcH regime. The purposes of the work described
herein are (1) to repeat Kwon's calculations to see if any differences in antenna loading are to
be expected with the broader profiles, and (2) to perform Fokker-Planck calculations to see if
it is reasonable to expect any nonthermal minority tail evolution when RF power is limited to
100 kW.

LOADING AND ABSORPTION CALCULATIONS

Loading and absorption calculations were performed using the helically symmetric 3D RF
heating code ORION.I3'4' This code performs a transform in the direction of symmetry and uses
2D finite differencing in the other directions. Finite-Larmor-radius hot plasma wave theory
is used for the absorption model and mode conversion is handled using the Smithe-Colestock
reduced-order dielectric kernel^5' in which mode conversion appears as additional absorption.
Although the antenna consists of only a single current strap, it was modeled using four straps
to mock up the effects of current peaking on the sides of the current strap and image currents
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Figure 1: Antenna loading as a function of density for the 2uicn regime.

in the side walls of the antenna cavity: This was found by Kwon^2' to be both necessary and
sufficient to obtain agreement between the calculation and experimental measurements.

A repeat of the 2wc// density-scan calculation by Kwon^ is shown in Fig. 1. The parameters
used in this calculation were typical for shots obtained after field error corrections and are
essentially the same as those used by Kwon, except that the density profile shape was parabolic
and the temperature profile was a parabola squared. (Kwon used n(r) ~ [1 — (r /a) 3 ] 1 8 + const
and T(r) ~ [1 - {r/a)3f + const) Specifically, /RF = 28.88 MHu, Bo = 0.95 T, Te0 = 700 eV,
Ti0 = 150 eV, n^dge/no = 0.1, Ro = 2.1 m, r = 22 x 32 cm, and the distance from plasma edge
to current strap is 6.3 cm.

These results are very similar to those from Kwon's calculation except that Kwon's results
exhibited strong loading peaks vs density that were not seen in the experiment. These peaks
were eliminated in the present calculations by increasing the density in the region outside the
plasma boundary, which suppresses edge modes. However, there is no evidence of a significant
change in loading associated with the broader profiles in the interior of the plasma.f

For future high-power heating experiments, it is desired that the antenna be able to couple
1 MW of power to the plasma. In order to do this without breakdown, & loading of at least 2 fl
is required. Preliminary loading measurements indicate that we can expect this much loading
at least at relatively high density in the 2UCH regime. It may be possible to obtain improved
loading by a simple modification to the antenna. The power spectrum and absorption profiles
are shown in Fig. 2 for both low- and high-density cases. Each calculation is done using two
different antenna spectra. The solid curves show the results for a "white" antenna current
spectrum; i.e., the calculation was performed repeatedly at various values of fc|| with the same
antenna current at each Jfe||. Such a spectrum would be produced by an idealised antenna in
which the current strap consists of an infinitesimally thin filament and no return current flows
in the cavity side walls. The dashed curves show the results for the actual antenna current
spectrum. The antenna is evidently not well matched to the plasma, since the peaks in the
actual spectrum are at high values of &|| out on the "tails" of the white-current-spectrum case.
The lack of a fc|| = 0 component is due to the return currents flowing in the side walls of the
antenna cavity. While a k\\ = 0 component is not desired for efficient heating, poor loading and
broad absorption profiles result if too many nonzero but relatively small values of fc|| are missing
from the spectrum. It may be possible to obtain more low-&|| components by narrowing the
antenna current strap (to reduce the distance between the strap edges and the cavity side walls)
and/or by slotting the side walls. This should be investigated by performing more calculations
and by performing tests on the ATF ICRF bench prototype antenna.

f The results presented here are too low by a constant scale factor because of a normalisation
error in the ORION code. The results are not sensitive to the variation in profile shapes described
above. This bug did not appear in the version of ORION used by Kwon.
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Figure 2: Power spectrum and absorption profile in low-density, weak-damping,
eigenmode regime and in high-density, strong-damping regime. Profiles were not scaled
to contain the same total RF power, but were all calculated using the same total
antenna current.

FOKKER-PLANCK CALCULATIONS

Minority tail generation and thermalization for a low-density D(H) case was studied using
the 3D steady-state code RFTRANS^. This code solves the kinetic equation in two velocity space
dimensions, speed and pitch angle, and in one real space dimension, radius, for the minority
distribution function. Real space transport is modeled in this simulation by using a diffusion
coefficient that is a constant in velocity and real space equal to 2.5 m3/s. A cold uniform source
is used to produce a parabolic density profile so that the global particle confinement time for
ATF in the simulation is roughly 16 ms. For this diffusion coefficient, the equilibrium minority
temperature is nearly equal to the equilibrium majority temperature for sero RF power with
collisional heating given by electron and majority temperatures T& — 700 eV and Tjx> = 150 eV.
The profile shapes assumed in the calculation are the same as those used in the preceding
2U>CH loading calculations. Other parameters used were Bo = 0.95 T, /RF = 14.44 MHz,
ne0 = 0.2 x lO^m"3, and minority concentration T)H = 5 %.

The results of these calculations are shown in Fig. 3. With absorbed RF power PRF =
83 kW, nonthermal minority distributions with average energy in excess of 1 keV are produced.
Thermalization is reasonably efficient, with 75 k W of power deposited to the background plasma
(primarily on deuterium). The collisional deposition profile is broader than the absorption profile
owing to the transport effects included in the model. The anisotropy of the minority distribution
function (at r = 7 cm) is also indicated by plotting / / / (£ \0) for two values of pitch angle 6.
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Figure 3: Hydrogen minority heating, transport, and thermaliiation from Fokker-
Planck calculations.

CONCLUSION

ICRF modeling calculations have been performed using plasma parameters and RF power
levels that can reasonably be expected in near-term experiments on ATF. The results of loading
and absorption calculations agree with existing experimental loading data and suggest that im-
proved antenna loading may be possible if some simple modifications are made to the antenna
design. Fokkcr-Planck calculations for minority heating indicate that experimentally signifi-
cant tail production should occur, and that most of the absorbed power should be collisionally
deposited on the majority ion species.

The question of whether the net deposited power of 75 kW is sufficient to produce significant
bulk deuterium heating has not been addressed in detail. This power is approximately two times
the electron-ion collisional exchange power, but the profile shape for the electron-ion exchange
power is more peaked. Based on these simple considerations, one might hope for measurable
bulk ion heating at these power levels, provided the electrons do not cool due to impurity influx.
The results indicated by the Fokkcr-Planck calculations should be observable with the existing
ATF diagnostic capability (the neutral particle analyzer, in particular) so it should be possible to
obtain an initial evaluation of ICRF heating efficiency on ATF from these initial medium-power
experiments.
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DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the
United States Government. Neither the United States Government nor any agency
thereof, nor any of their employees, makes any warranty, express or implied, or
assumes any legal liability or responsibility for the accuracy, completeness, or use-
fulness of any information, apparatus, product, or process disclosed, or represents
that its use would not infringe privately owned rights. Reference herein to any spe-
cific commercial product, process, or service by trade name, trademark, manufac-
turer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof.
The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof.


