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For normal deuterium operation in ASDEX (A = 4.1, lp = 250- 400 kA) the charged
fusion products from the D- D reactions (3 MeV proton, 1 MeV triton and 0.8 MeV
3 He) escape from the plasma on helical orbits to the upper part of the vessel. Since
slowing- down can be neglected in ASDEX, the protons and tritons escape on identical
orbits, because the trajectory depends only on the product m· v. The measurements of
the charged fusion products give information on the ion temperature, fusion yield, and
plasma behaviour j1,2].

Fig. l : Part of the ASDEX crosssection with the manipulator on
the right and a projection of a 3
MeV proton trajectory.
For the measurement the detector is brought near to the plasma
on the dotted line.

The charged fusion products were measured for ASDEX deuterium plasmas by using a
surface barrier detector or nuclear emulsion foil s, installed on a manipulator. Figure 1
shows the ASDEX cross-section with the movable detector and a projection of a 3 Me V
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proton trajectory. For measurements with the surface barrier detector it is necessary
to have sufficient electr ical shielding and to keep the distance between the detector and
the preamplifier short.
W ith t he surface barrier detector , it is possible to measure the flux and t he energy
spectrum of the 3 Me V protons , a nd that of the 1 Me V tritons , either. T he electric a nd
magnetic distortions of the spectrum (about 50 ke\') are monitored by a pulser &ignal,
that is additionally fed into the preamplifier. By fitting the spectra with a Gaussian
profile, we get a spectral width, that can be corrected with respect to the straggliiJg
in the AI foi l and the noise broadening, which is measu red by t he width of the pulser
peak. This corrected width, for the protons as well as for the tritons, is related to the
ion temperature by the equation

D.E (FW H M) = 9 1.6 · ,ff,, D.E, T; in keV.
Figure 2 gives examples of a proton and a triton spectrum. The spectra demonstrate
that both widths (not yet corrected for the straggling) are about the same, and hence
they yield the same ion temperature. The time dependence of the temperature, evaluated from the proton spectra for a neutral-beam (H0 )-heated discharge in deuterium,
is given in Fig. 3 in comparison with the temperature deduced from the neutron flux.

Fig.2: Spectra of protons and tritons
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In principle, measurements of the t ritons a re of great interest, since their lower energy
makes the spectrum more sensitive to the reaction conditions than the p roton spectrum.
However, the observation of the tritons is only possi ble in discharges with a low level
of X- r ays because these cause a background a t the low energies that may cover the
tr iton spectrum. Moreover, the surface barrier detector application is limited by the
saturation of the preamplifier in discharges with high background levels.
2
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Because of t he influence of the strong magnetic fields in a tokamak the measu rements
of charged fusion products have to be supported by detailed particle trajectory calculations. They describe the ph ase space transformation of the charged fusion particles from
the plasma to the detector. For measurements of the particle Huxes it is necessary to
cakulate the effi ciency of the collimated detector [3 J, and for the spectra it is important
to know which particles (characterized by birth radius a nd pitch angle) can reach the
detector. To get this information about the phase space of the observed charged fusion
particles, we calculate their trajectories in the opposite direction, i.e. from the detector
into the plasma. For each point of the orbit the distance from the plasma centre and
the pitch angle are calculated and then the point is stored in a matrix of these phase
space coordinates. This is done for d ifferent directions through t he collimator, weighted
with the collimator transparency. Doing t his, one gets a phase space probability for the
measurement of charged fu sion products that depends on the charge and energy of the
particle, on the magnetic fields in the plasma, and on t he orientation of the collimator.
An example of such a probability calculation is given in fig. 4a, and it is obvious, that in
this case the detector measures particles from the whole plasma volume. mainly starting
perpendicularly to the plasma axis. ln this case (pitch angle of about 90") the in fluence
of the poloidal field is very small , and so the details of the current distribution a re of
no importance. Measu rements of the ion temperature are done with this collimator
orientation.

b

a

F ig.4a.b: Phase space probabilities for different collimator orientations
Calru lation for ASDEX, l p = 400 kA, Br
2.7 T , {31,=- 0.5

=

Turning the collimator by 20° results in t he probability distribution given in Fig. 4b.
wh ich measures only particles born at radii 2 20 cm, while the pitch angles are nearly thr
same as in Fig. 4a. This dependence of the phase space distribution on t he collimator
orientation can be used to deduce t he fusion emission profile from the Hux measurements
at different orientations .
This procedure can be applied to look for the fas t deuterium ions created by LH wave~
in ASD EX at densities a bove about 2.8 x 10 13 cm - 3 [4 J. Figure 5a gives an l'Xa.mple of a
typical spectrum from such a d ischarge at a collimat-o r orientation as in FigurE> 4a. The
spectrum of the protons and that of the t ritons show a su perposit ion of a widl' spectrum
3
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on the expected thermal peak. These central peaks (~E about 100 keV) correspond to
the Maxwellian plasma bulk with an ion temperature of about 700 eV. The wider parts
of the spectra (about 600 keV wide) are produced by the fast ions generated by the LH
waves. The velocity of these deuterium ions is mainly directed in the poloidal plane and
their energy is in the range of 25 ke V. Since the fus ion reactivity at these energies is
about 5 orders of magnitude higher than at 700 eV the number of these fast ions must
be correspondingly smaller.
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Fig.5a,b: Spectra for two ASO EX- discharges with different collimator orientations.
lp = 400 kA, B1 = 2.7 T , n. = 3.9 x 10 13 cm - 3 , LH (1.3 GHz) PnF = 900 kW
With a collimator orientation as in Figure 4b (where only particles from the outer
regions are detected) we obtain the spectrum given in Figure Sb. As expected, the
spectra generated by the bulk ions are not detected any more. Since the contribution of
t he fast ions appears nearly unchanged, however , one must conc lude that the fast ions
a re created by the LH waves in the outer plasma regions, confirming the results from
ex measurements js].
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