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in combination with neutron activation measurements
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For the investigation of confinement of fast ions we present results of an experiniental and
theoretical study at W7-AS. Tt consists of the analysis of non-thermat neutral particle spectra

and absolute neutron vield measurements combined with theoretical calculations.

The fast jon distribution function is measured with the neutral particle diagnestics. It consists
of four neutral particle energy analysers for spatiaily resoived measurements. The lines-of-sight
of the analysers cross a neutral particle diagnostic beam which is passing vertically through the
plasma centre, Fof absolute neutron yield measurement indim activation samples are used
which are irradiated inside the vacuum vessel near the plasma. Their y-activation is measured
with a calibrated germanium detector. Using a fluence factor which is calculated with the
Monte Carlo code MCNP, the volume integrated absolute neutron yield of the plasma
discharge is determined. - For the numerical simulation of the neutral particle spectra and the
neutron yield the time-dependent 21> Fokker-Planck code NRFPS is used.

The local charge-exchange particle fhux § (v, H, t) from the plasma is given by
S (v ty=gnn, f(v.11) {ov) exp!: _f—i—(n, (o), +n oV} +n, (av}l):\ (D
0

Here, (v, p,r) is the ion velocity distribution, v the particle velocity, & =yv,/v, the pitch-

~angle, g a geometrical factor, », and 7, are the ion and neutral particle densities, (o- v)nx and
{orv) . are the rate coefficients for charge~exchange and for electron impact ionisation. The
exponential factor describes the absorption of the particles on their trajectory through the
plasma and is calculated with respect to the real stellzrator geometry.

The local neutron rate () from the plasma is given by

o(n) = %”f,(v,r) FAR)) a([v - v’\) [y —v]d d*v, @)
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where f,{v.f) and £,(v'7) are the velocity distributions for the ion species / and /, [v - v'| the

relative velocity and o the fusion cross section, respectively

Measurements and calculations have been carried out for a variety of W7-AS discharges with
H® and D%-injection with average electron densities ranging from 2.8x10” to 7x10"m”,
electron temperatures from 0.5 to 2.8 keV and icn temperatures of about 032 to 1 keV,
Electron temperatures and densities were taken from the Thomson scattering and ion
temperatures from the neutral particle diagnostics, The deposition profile for the injected

particles was calculated with the 3D FAFNER code.
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Fig. 1: Comparisan of calculated neutral particle flux with experimental data.
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Fig.1 shows as an example the calculated and measured neutral particle flux for two different
plasma discharges. For the high density discharge the measurement and the calculation agree
rather well. However, discrepancies occur for lower densities. The smaller the density becomes
in a discharge, the larger becomes the neutral gas density and the higher the electron
temperature. Increasing electron temperature and decreasing density result both in an enlarge-
ment of the energy relaxation time of the fast particles. As shown in fig.2 the discrepancies

increase strongly with increasing classical energy relaxation time 7.

In principle, the observed discrepancies can be caused by three different processes, namely by
reduced particle deposition owing to the high neutral gas density, and by particle or energy loss

mechanisms with time scales comparable to the classical relaxation times.
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Fig.2: Comparison between calculated and measured fast particle density and
between calculated and measured neutron yield in dependence of g,

These three processes will influence the time behaviour of the plasma signals in a different way.
First of all it is of interest to investigate the initial rise of the plasma signals at the onset of the
injection. To that end it is sufficient to use the relaxation time model which takes into account
only the relaxation of energy d#¥/d = — W/ry" and leads to the simple approximation

A

for the energy distribution function of fast particles. Here, " is the total energy relaxation
time, resulting from classical and anomal energy losses (1/zw' =1/ Ty +1/ Ty moma). S is the
density of injected particles per second and %, the time constant of direct particle losses. From
this expression follows that the initial rises of the plasma energy Er and of the neutron-rate J at

the onmset of the peutral beam injection are solely determined by the particle injection

properties:
dE (1) dg (1) 2,
et AN B =N - i I
dt =0 WB , df =0 S nl U(PK]) mn (4)

Here, W, is the injection energy, #1rthe mass of the injected ions. An example for the initial rise
of the plasma energy and the neutron sigral. is shown in fig.3. The dotted lines indicate the
theoretical rise according to eq.4. Agreement with the measured signals is obvious for the high
density discharge but - owing to the statistical fluctuations in the signals - not as clear for the

low density cne,
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Fig. 3: (nitial rise of the plasma energy and the neutron signal.
3a: n=5TXI0 M. Fig.3b n,=3.9x10"m"

Te=1.2 keV Te=2.7 keV

=21 ms =50 ms
Although further investigations are required this may be an indication that the observed
discrepancies are not caused by a reduced deposition but by a loss mechanism. Moreover, from
the FAFNER calculations it follows that the neutral gas density at the piasma edge has to be at
the level of 2.5x10"%m™ in order to explain the observed effects. This seems to be a rather
high value. On the other hand, a direct particle loss owing to radial diffusion would require a
diffusion coefficient in the order of 1 m%s, this may be a reasorable vatue. Finally, up to now
we have not detected plasma mode activities which correlate with the observed discrepancies
and thus could lead to an anomal energy relaxation by ion-plasmon interactions. Thus, in
conclusion, though we can presently not exclude definitely the other two processes, it seems
that enhanced radial diffision of the fast ions may be the reason for the observed reduction in

fast particle density and neutron emission in low density discharges.



