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ABSTRACT 

A Monte Carlo beam deposition and thermalization code is used 
to assess the effects of toroidal field (TF) ripple on injected 
fast deuterons in the Fusion Engineering Device (FED). The code 
uses realistic geometry for the beam, plasma equilibrium, TF 
ripple, and vacuum chamber. For injection at an angle of 35° (co) 
from perpendicular, no particles were ripple trapped and less than 
1% of the injected power went to the wall and the limiter. 
However, due to the large amounts oE computer time required by 
these programs, only 100 particles were followed in the rippled 
case and the results must be regarded as preliminary. 

1 



3 

INTRODUCTION AND MODEL 

Accurate geometry is essential in order to determine the 
effects of toroidal field (TF) ripple on injected fast ions. To 
properly implement the actual geometry of a tokamak reactor, we 
have adapted two Monte Carlo codes developed at the Princeton 
Plasma Physics Laboratory (PPPL). The resulting code is called 
DESORB (DEposition, Slowing down, and ORBit following). 

Ihe first of these codes is NFREYA,* the beam deposition code 
originally developed by D. E. Post, Jr., and 0. Lister. It 
enables us to model the source as a circular or rectangular set of 
holes with each beamlet being a Gaussian. (The actual shape has 
more particles on the wings of the distribution.) The beamlets 
are brought to a focus 9.2 m from the source and go through a 
1.0-m-wide by 1.2-iti-high aperture located 11.2 tn from the source 
(i.e., at the plasma chamber). The beamlets are given a 1° half-
width 1/e divergence. For the Fusion Engineering Device (FED), 
the source grid is a 0.34-m-wide by 0.17-m-h_6n rectangle, and the 
unneutralized species mix is 80:12:8 for the full:half:third 
energy conponents (by particle) of a 150-keV full energy D + beam. 
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Thermallzation of the fast ions is accomplished according to 
the Fokker-Planck collision operator using a code developed by 
R. J. Goldston. The Fokker-Planck model accounts for collisions 
of the test particle with the plasma ions, electrons, and 
impurities, and for speed diffusion, pitch-angle scattering, 
charge exchange, and electric field acceleration. This Monte 

2 
Carlo collision code was modified to use the FLOC guiding center 
code, and the magnetic fields now consist of an axisymmetric, 
noncircular, high beta magnetohydrodynamic (MHD) equilibrium and 
the ripple, which is due to a filamentary model of the actual TF 
coils. In addition, we surround the plasma with an accurate 
representation of the first wall and limiter so that, in 
principle, we can determine the wall loading profiles for both the 
power and particles. Figure 1 shows the outline of a filamentary 
model for the FED TF coil, the plasma chamber, and the contours of 
the poloidal flux. Note that the chamber is shifted slightly 
above the centerline of the TF coil to allow room for the pumped 
limiter. Thus, the TF ripple will be up-down asymmetric. The 
equilibrium was obtained from the Oak Ridge National Laboratory 3 (ORNL) free-boundary equilibrium code. 
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Most other Monte Carlo fast-Ion codes use circular concentric 
flux surfaces and model ripple fields. These latter fields are 
not divergence and curl free. This prevents radial motion of the 
field lines due to the ripple and excludes magnetic islands and 
ergodic regions. The most time-consuming part of DESORB is the 
field calculation. 

The plasma profiles are pertinent to a Q = 5 driven reactor 
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and were obtained from the WHIST transport code. The central 
values of T^ and Tg are 25 keV and 18 keV, respectively, and the 
central density is about 1.1 * lO1*1 cm-^. Plots of the complete 
profiles as functions of the poloidal flux function are shown in 
Fig. 2. The neutral density profile is highly uncertain, so for 
this calculation it was set to h negligibly low value. The other 
relevant parameters used in this work are summarized in Table 1. 
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Table 1 

Magnetic axis (m) 5.00 
Field on axis (T) 3.62 
q on axis 0.97 
q at plasma edge 2.68 
Plasma current (MA) 6.50 
Average beta (%) 6.05 
Loop voltage (V) 0.05 
TF coil filament current (MA) 9.05 
Number of TF coils 10 

RESULTS AND CONCLUSIONS 

DESORB accounts for beam losses due to hitting the aperture 
and passing through the plasma without ionizing. During the 
thermalization process, a detailed power balance between the beam 
ions and the plasma is maintained and loss to the wall is divided 
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between those ions that are ripple trapped and the usual orbit 
losses due to the loss region and walking out. A fast ion is 
considered thermalized when its kinetic energy becomes less than 
(3/2) kT^- The results are easily summarized in Table 2. The 
electron and ion power deposition profiles are given in Fig. 3. 
The lack of smoothness of these curves is due to the small number 
of particles used in these calculations. 
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Table 2 

No ripple Ripple 

Number of particles 1000 100 
Full energy particles 634 66 
Half energy particles 219 25 
Third energy particles 147 9 
Not absorbed (aperture loss) 26 0 
Particles to limiter 0. 4% 1. 0% 
Particles delivered to plasma 9 7. 0% 99-0% 
Power loss via ripple trapped ions 0. 0% 0. 0% 

Power to plasma ions 61. 8% 63. 4% 
Power to plasma electrons 20. 5% 21. 0% 
Power to aperture 2. 7% 0. 0% 
Power to thermalized ions 15. 0% 15. 6% 

Although the results in the ripple case are questionable due 
to the small number of test particles, they may be more accurate 
than one would expect, since for injected particles the source 
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distribution is localized in velocity space- Regardless of 
accuracy, it appears that ripple trapping effects are negligible 
in the present FED design. Furthermore, very few fast ions hit 
the wall in either case. Perhaps this is not surprising because 
the size of the FED coils is driven by access requirements and not 
by ripple limits. 

It is difficult to compare these results with those o£ other 
workers because of the more tangential injection angle we used as 
well as the more sophisticated model. 
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FIGURE CAPTIONS 

Fig. 1. Poloidal flux function contours and the filamentary model 

for the FED TF coil. 

Fig. 2. Plasma temperature and density profiles. 

Fig. 3. Ion and electron fractional power deposition profiles. 
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