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1. INTRODUCTION 

Traces of unipolar arcs have been frequently found at wall probes and the 
limiters of tokamaks /1-3/ , where the most intense contact between plasma 
and surfaces occurs . With divertor devices the plasma-vall i nteraction is 
highest at the divertor plates and a theoretical study for INTOR resulted in 
predictions of considerable surface erosion in the divertor chamber by arc
ing /4/ . In order to test this assumption , and to study the properties of 
arcs in dependence on plasma conditions, arcing probes and Langmuir probes 
have been exposed simultaneously in front of the divertor plates of ASDEX . 

2 . EXPERIMENTAL 

The probes ~ere rectangular plates of Ta, Mo and graphite with a surface 
area of 1. 5 cm2 mounted on shielded holders (Fig . 1) . They were arranged to 
a couple - one of them being the arcing probe (AP), the other t he Langmuir 
probe (LP) - which was positioned ~ithin the upper divertor chamber by means 
of a drive mechanism. The probe surfaces were adjusted 'parallel to the outer 
divertor plate , at a distance of about 2 cm. 
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A sawtooth voltage VLP with adjustable frequency and a peak-ta-peak ampli
tude of 100 V was applied to the Langmuir probe . The arcing probe was at 
liner potential (switch 1 closed) or it was biased with a voltage UAP from 
the capac i tor C (20 ~F) by closing the electronic switch 82 at a pre
selected time during the tokamak discharge (switch 8, open) . The Yoltages 
were measured by potential leads , the currents by DC/AC- current probes 
(Hall sensors and Rogowski-coils) . The evaluation of ULP and ILP yielded 
density and temperature of the plasma near the probes, the oscillograms of 
UAP and lAP gave information about the electrical characteristics of the 
arcs. 

3. RESULTS AND DISCUSSION 

In contrast to the experience with limiter tokamaks /5 . 6/. unipolar arcs 
did not occur in the start-up phase of the divertor tokamBk ASDEX. Also i n 
the later stages of the discharge arcs were absent unless there were dis
ruptions or instabilities in connection with neutral beam heating. Arcs were 
frequently observed at the end of such tokamak pulses where the plasma 
density sharply decreased . 
The absence of arcs during the start up phase and the stable plateau can be 
understood by the ignition as well as the existence conditions for arcs . 
During the exposure to the plasma the probes were strongly heated resulting 
in a relatively clean surface . Such surfaces have s hown low ignition pro
babilities /7/ . After an ignition the plasma parameters were not favourable 
for sustaining the arc , as demonstrated below . 
The burning voltage of an arc could be deduced by using a biased probe . 
Figure 2 shows current and voltage for such a probe . The arc starts about 
50 ).IS after application of the bias voltage of 200 V. After extinction of 
the arc the voltage supplied by the capacitor is still of the order of 100 V 
representing the burning voltage at this moment. This burning voltage is 
much higher than for arcs without a magnetic field being of the order of 15 
to 20 V. This high voltage can be explained by the voltage drop along the 
arc column constricted by the magnetic field. 
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~ Oscillogram of current and voltage of an arc with a biased probe 
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Fig. 3: Plasma density in the main chamber (top) , ion saturation current 
extracted from the Langmuir characteristic and deduced plasma 
density (ndddle part), electron temperature (bottom) during a 
unipolar arc at the arcing probe. 

Another interesting observation shown in Fig . 2 is the temporal behaviour of 
current and voltage : They are out of phase , the current is still increasing 
while the voltage decreases. In ordpr to explain this by a self-inductance , 
we would need a value of about 20 ~H, which cannot be due to the outer 
circuit. This means that with 100 V the plasma system does not allow 
current rates in excess of 5x106 A/s. It is also possible that the arc 
channel (whi ch must be rather long) needs considerable time for its 
development . 
In or.der to determine the burning conditions of a spontaneous arc with the 
probe at wall potential the electr on temperature and plasma density were 
measured during the arc with the Langmuir probe (Fig. 3) . The arc is pre
ceded by an increase of the electron temperature ~rom values around 7 eV 
up to more than 20 eV . This could provide the necessary voltage for ignit ing 
and sustaining the arc. 
In many cases the arcs were preceded by a diffuse discharge with limited 
current (maximum about 5 A). This discharge increases the ion saturation 
current at the Langmuir probe as demonstrated in Fig.4 : About 25 ~s before 
the start of the arc current the ion current at the Langmuir probe shows a 
sudden increase . With biased probes we found many pre- discharges that did 
not r esult in an arc . In these cases the surface was diffusely eroded , with
out many craters . From the involved area we get a current density of about 
108 A/m2, whereas the arcs showed 1011 - 1012 A/m2. These features 
correspond to a transient glow discharge. 
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Fig. 4: Ion saturation current at the Langmuir probe (top) and arc current at 
the arc probe (bottom). indicating a pre-discharge prior to the arc 

4. CONCLUSIONS 

The existence of plasma sustained arcs vas found to require a higher poten
tial difference between plasma and surface than concluded from simulation 
experiments without magnetic field /8/ . A further restriction for the uni
polar arcs is the limitation of the curr ent rise rate, because the arc spot 
processes need a quick response . Therefore unipolar arcs are rare events for 
the normal plasma parameters in the ASDEX divertor chamber vith electron 
temperatures around 10 eV /9/ . 
More frequent are diffuse discharges with currents and current densities 
below those of the normal vacuum arcs . They m8¥ be more important for the 
surface erosion . 
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