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ABSTRACT 
Fluxes of metallic impurities onto the divertor plates of ASDEX with different 

plasma parameters were collected and resolved in space and time by means of five 
carbon strips wound parallel on a cylindrical core rotating during the discharge. 

Ion beam accelerator analysis (Rutheford BackscaLtering Spectroscopy (RBS), Pro­
ton Induced X-Ray Emission (PIXE) ) of five carbon strips exposed to the plasma show 
a different distri bution of the Fe and eu atoms across t he scrape-off layer (SO L). The 
Fe fluxes collected in the centre of the SOL are re lated to the Fe content in the cen­
tral plasma; the Cu deposition has a maximum value close to the Cu divertor plates, 
indicating evaporation or sputtering from the plates. 

INTRODUCTION 
In earlier measurements prior to the "hardening" process, the Fe fluxes in the 

ASDEX divertor obtained by means of a collector probe were correlated with the Fe 
dens ities measured in the main discharge chamber by using a transport model [1]. 
First measurements with the collector probe differently positioned in the divertor of 
ASDEX after "hardening"are now reported and discussed, as a basis for establishing 
again a correlation between probe results in the divertor and plasma. parameters in the 
main chamber, for the new ASDEX configuration after "hardening". 

MEASUREMENT LAYOUT AND METHOD 
The cross-section of ASDEX after "hardening" , with the time-resolved collector 

probe positioned in the divertor chamber, is shown in Fig. 1. The collector probe is 
connected to the NNW window and consists essentially of a cyl indrical head, which 
can be rotated by a stepping motor, and of a manipu lator to insert the cylindrical head 
into the divertor chamber, and extract it. 

The collector head consists of a set of five graphite (PAPYEX) strips wound parallel 
on a cyl inder. During the plasma discharge the cylinder is rotated behind the fixed 
shield, which has five apertures, 4 mm in diameter, 14 mm apart, so that particle 
Huxes from the plasma can be collected. As a rule, the apertures are perpen .. licular to 
the toroidal magnetic field, so that only ionised particles are collected. The aperture 
diameter defines the local resolution and, together with the rotation speed, the time 
resolution (a few hundred ms). 

After plasma exposure, the cylinder is withdrawn from the divertor chamber and 
the five strips are taken off and analysed for metallic impurities by PIXE and RBS 
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using a 2.5 MeV van de Graaf accelerator. 
T he measurement res ul ts show cave rages (atoms/cm 2

) on the strips between 1/ 10 
of a monolayer (roughly the detection limit) and a few monolaycrs. 

EXPERIMENTAL RESULTS 
Figure 2 shows the ClI and Fe fluxes calculated from the measured coverages on 

strip 1 (1 cm from the Cu divertor plate), on strip 2 (2.'1 cm from the eu divertor 
plate)' and so on, as a [unction of time during discharge no . 21007 (Nl discharge). 

The eu nux attains a maximum value of 6.10 16 atomsjcm 2 s, a factor of 10 h igher 
than the correspondent maximum Fe flux . 

It, is seen in Fig. 2 that after about 1.2 s both the C u and Fe sign als strongly 
drop. At the corresponding spot on the graphite stri p one observes a s urface-structure 
change. T his change is a consequence of high-energy deposition during neut.ral beam 
injection; the deposited metallic impurities cannot be fur ther observed . 

Figure 3 shows the Cu and Fe deposits collected on s t ri p 1, strip 2, and str ip 3 
(3.8 cm from the p late), as a function of the time during discharge no. 2186l. 

It is again seen that the Cu coverage (flux) is a factor of 10 larger than the Fe 
coverage (flux) on strip l. 

It is a lso observed t hat the coverage (nux) on strip 2 during NI is strongly reduced. 
Again, surface examination of the strip shows a subst.antial structure change. This 
indicates that s tr ip 2 has reil.ched a high temperature during the NI, highe r than strip 
1, which shows no surface alterat ion though closer t.o the divertor plate than strip 2. 

This is explained by the pos ition of str ip 2 on the separatrix, where the ~nergy 
deposition is maximal. 

DISCUSSION 
Further experiment.al res ults support the trend shown by the above reported re­

su lts obtained wi th t he collector probe in the ASDEX d ivertor after the "hardening" 
process. By way of discuss ion and preliminary conclusion the following can be stated: 

- collected Cu and Fe fluxes arc very different in value and show different radial 
dependences. 

- collected Fe fluxes correlate with the Fe fluxes measured in the main plasma 
chamber and do not appear to be directly generated in the divertor chamber. The 
overall Fe outftux from the plasma can be determined by taking the va lues of t he 
Fe Huxes over the width of the SOL in the divert.or and integrating t.hem over the 
circumference of t.he divertor and the fo ur diver tor sections (upper, lower, inner, outer). 
Overall Fe fluxcs up to 5 .10 16 s - I are obtained. 

- measured Cu fiuxes close to the Cu diver tor plates arc a factor of up to 10 h igher 
than the Fe fiuxcs; this indicates erosion of the divcrtor plates. 
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FIGURE CAPTIONS 
Fig. 1. Schematic cross-section of the ASDEX Tokamak after "hardening" show­

ing the posi tion of the collector probe in the upper divertor chamber. 
Fig. 2. Cu and Fe fluxes on strip 1 (1 cm from the divertor plate), strip 2 (2.4 

cm), strip 3 (3.8 cm), strip 4 (5.2 cm) as function of the time in discharge no. 21007 . 
Fig. 3. Cu and Fe deposits (and fluxes) on strips 1, 2, 3 as functions of the time 

in discharge no. 21861. The upper part shows the discharge parameters Ip (plasma 
current), ne (electron density), and NI (neutral beam injection). 
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Fig. 1. Schematic cross-section of the ASDEX Tokamak after "hardening" show­
ing the position of the collector probe in the upper divertor chamber. 
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Fig. 2. eu and Fe fluxes on strip 1 (1 cm from the divertor plate), strip 2 (2.4 
cm), strip 3 (3 .8 cm), strip 4 (5.2 cm) as function of the time in discharge no. 21007. 

Fig. 3. eu and Fe deposits (and fiuxes) on strips I , 2, 3 as functions of the time 
in discharge no. 21861. The upper part shows the discharge parameters Ip (plasma 
current), ne (electron density), and NI (neutral beam injection) . 
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