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ABSTRACT

Numericd simulation d radial distributions of high energy charged fusion poduct
(CFP) fluxes observed in TFTR [1-4] nea the outer limiter is caried ou. The simulation is
based on the numericd solution d the 3D Fokker-Planck equation for the distribution
function d fast ions taking into acount the main peauliarities of the TFTR geometry [5]. It is
shown that the poloidal shadowing effed propased in Ref. [5] to describe the "delayed" loss
of alpha particles measured in TFTR explains also, at least qualitatively, the measurements of
alpha @lledor and movable detedor probes. In the cae of high pasma airrentsit is siown
that the main contribution to the measured signal arises from the @nfined fast fusion
products.

INTRODUCTION

Measurements of the darged fusion product loss made by the radially movable
midplane [1-3] and bdtom alpha wlledor probes [4] in TFTR have shown a strong radial
dependence of the deteded loss nea the outer limiter. This result can be partialy explained
by the poloidal shadowing effed, whereby the wall blocks sme of the escaping TF ripple
lossorbits before they can enter the detector apertures [5,6]. However, as these probes move
inward past the limiter shadow, then confined alpha particles will also begin to contribute to
the loss $gnal. The experimental observations presented in Refs. [1-4] indicae an esentia
increase of the measured signal by increasing the distance of the probe gerture paosition from
the limiter (seeFig.1), afact which isin contradiction with the first orbit (FO) lossmodel. On
the other hand the dpha ollector measurements presented in Ref. [4] demonstrate that for
low plasma aurrents the measured alpha fluence is in good agreement with the first orbit loss
model. At the same time for higher plasma airrents the measured signal exceadls that expeded
from thefirst orbit alphaloss[4] (seeFig.2).

The am of the present paper is the 3D Fokker-Planck modelli ng of the distribution o
charged fusion product fluxesin the vicinity of atokamak-reactor limiter and interpretation o
the experimentally observed radial distribution o the energetic ion fluxes nea the outer
limiter in TFTR.

SIMULATION RESULTS

The present investigation is based onthe assumption that the measured probe signas
are determined by the fluxes of fast fuson poducts, i.e. that they are proportiona to

M =Ten tMeo :J’dvvf +I -y, Where f is the distribution function d the wnfined ions and

Mo the flux due to the FO loss of charged fusion poduwcts. The caculated radial
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dependencies of ., for the fusion products of DD and DT discharges in TFTR at 90° are

shown in Fig.3. From this figure it can be seen that in the case of low plasma arrents the
radia profiles of the measured fluxes are dose to the one determined by FO losss [4]. In the
case of plasma aurrents below 1 MA the podoidal shadowing effect is negligible [5,6] and
therefore, the contribution d confined ions to this sgnal is snall (in the order of 5% [4]).

Figs. 3, 4and 5show the calculated FO lossand fluxes of confined CFP's versus the
distancefrom the limiter, where the "longtudinal flux" corresponds to the contribution arising
from the guiding center velocity, whereas the so caled "total flux” is due to the total particle
velocity.

In the cae of larger plasma aurrents the poloidal shadowing effed becmes dominant
and the main contribution to the measured signal shoud come from the @nfined ions. In
Figs.4 and 5 ore can seethe contribution to the fluxes arising from the wnfined energetic ions
versus probe gerture position. Taking into accourt the smallness of the triton prompt loss

signal at 20° [5] one may find that the cdculated curvesin Fig.5 are in qualitative agreement
with the experimental measurements presented in Fig.1. Figs.3 and 7 demonstrate that with

deaeasing plasma aurrent at 90° one may observe mainly the prompt signal distribution like

that described in Ref. [4]. At the same time for moderate plasma aurrents at 20° the poloidal
shadowing effed becomes important, where one may observe the decrease of the probe signd
with increasing current (see Fig.6).

In performing the 3D Fokker-Planck simulation d the distribution function d high-
energy fusion products (apha particles and tritons) D=kDg, has been used as the radial
diffusion coefficient. Here Dy, is the superbanana diffusion coefficient and k<1 the fador
which takes into accourt the number of resonant particles as well as the paosition d the
resonance regions in the phase space [7]. The sensitivity of the radia signal profile to the
radial diffusion rate is presented in Figs.8 and 9, where the dependence of the lculated

profiles on the parameter k is srown. In Fig.8 one can seethat at the 20° probe pradically no
dependence on the radial diffusion rate eists. It is due to the dominant contribution d the
CFP s with energies close to the birth energy to the flux measured at this probe [5] and also
due to the high rate of the Goldston-White-Boozer stochastic diffusion. On the other hand at
the 90° probe, where the partially thermali sed particles contribute mainly to CFP's fluxes, the
profiles of the latter are more sensitive to the diffusion rate. The dependence of the flux
profiles on k is rather complex (see Fig.9), mainly because of the pooidal shadowing effea
and the reduction d the @ntribution o stochastic diffusion.

CONCLUSIONS

The radia profiles of the DD and DT CFP fluxes in the vicinity of the limiter are
cdculated and shown to be in at least qualitative agreement with the radial profiles of CFP
lossmeasured by the radially movable midplane and bdtom alpha olledor probes.
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Fig.2 Alpha colledor measurements at 90° [4] .

Fig.3Radial profiles of FO loss rjjm isa
limiter radial position.

Fig.4 Radial profiles of confined CFP fluxes
at 90°.
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