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Abstract. The retainment and exhaust capability of the ASDEX divertor for 
neon snd argon Is studied and compared with limiter discharges. No signi fi­
cant influence of the scrape-off plasma on the divertor impurity outfluxes is 
observed. The fluxes, however, show a strong top-bottom asymmetry reversing 
with the direction of the toroidal field. 

Introduction. An important characteristic of a divertor is its efficiency for 
retaining impurities. In this respect, impurities with high probability for 
resdsorption, e.g. metal vapour or highly active gases are to be distin­
guished from gases with low adsorption, e.g. rare gases. In case of the lat­
ter kind - on which we are concentrating in here - the divertor retainment 
efficiency ia characterized by a divertor containment time ~O. In terms of 
thi s quantity the f lux out of the diver tor is given by '0 D No/To, where No 
is the number of particles in the dlvertor. Under stationary conditions 
(without external pumping) this flux is balanced by a corresponding flux of 
ions ~ - Np/Tp l eaving the plasma, with ~p being the particle confinement 
time in the plasma. The exha us t efficiency of the divertor, defined as the 
ratio of number of particles in the divertor and the plasma, is thus given by 
No/Np - ~o/~p. Whereas ~p is known to be of the order 5- 20 MS for light and 
medium impurities in ASOEX Ill, no experimental information existed unti l 
recently on TO' From Monte Carlo code calculations 121 as well as 10 scrape­
off modelling 131 a very high retainment efficiency was expected (at least 
for the ohmic csse where thermal forces are negligibly small) because of the 
high streaming velocity of the background plasma towards the neutralizer pla­
tes. 

In case that impurities are not ionized in the divertor throat the divertor 
confinement is determined purely by geometry; the corresponding vacuum time 
constant TO,vac should impose a lower limit on TO' 

Retainment of gaseous impurities. The retainment of gaseous impurities is 
studied by injecting short puffs (At - 6 ms) of neon or argon either into the 
plasma chamber, or the upper or lower divertor chambers. In addition single 
and double null configurations are realized. The number of injected atoms is 
typically 5 x 10 17 , i.e. approximate ly 1 % of the plasma particles. Most of 
the experiments were performed in ohmic discharges with narrow divertor slits 
(ds _ 3.5 cm) but in some cases neutral injection heating has been applied du­
ring and after the gas puff. The impurity density in the plasma is obtained 
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from absolute spectroscopy measurements whereas the partial pressures in the 
divertor- and plasma-chambers are measured by means of mass spec trometers, 

It is found that in any of the nine possible combinations of gas inlet and 
divertor configuration a quasi-stationary state Is reached after a few lOOms 
During this phase only 3 % of the injected particles (neon) are found in the' 
plasma. Consistent with this approximately 100 % of the particles are detected 
initially in the dIvert or chambers . The volume out s ide of the plasma in the 
plasma chamber is obse rved to be effectively "pumped" by the plasma. In the 
single null configurations the concentration in the plasma Is typically twice 
as large as in the double null case. An assessment of particle balance during 
and after the discharge shows a deficiency of about 20 % of the initially in­
jected particles, which is obviously due to implantation of high energy ions 
(Ti ~ 20 eV) in the neutralizer plates. 

From transport calculations as well as experiments under limiter conditions 
we get a particle confinement time of ~10 ms for neon. Multiplying this value 
with the measured ratio of No/Np a divertor confinement time of 
TO ~ 150-300 ms is obtained which is close to the vacuum time constant 
TO, vac (Ne) • 150 ms in contrast to expectations. 

A more direct meas urement of TO is possible in the double null conf iguration 
by puffing gas into the top chamber and measuring the pressure built up in the 
bottom chamber, or vice versa . Furthermore, a direct comparison with TO vac is 
possible by shifting the plasma to the single null conf iguration and puffing 
into the non- activated divertor chamber. From such measurements the agreement 
between TO a nd TO vac can be proved in case of neon for various plasma parame­
ter s (Ip - 300 - ~80 kA, ne - 1.8 - 4 x 1013 cm-3) during the ohmic phaae. The 
same measurements are also performed fo r argon (the ioniza tion energy of which 
is ma r kedly reduced compared to neon; 21.6 eV and 15.8 eV) , where in addition 
the influence of neutral injection is investigated. Results are presented in 
Fig. 1 where normalized pa rtial pressure Signals are plotted as a function of 
time after gas puffing (t - 0.8 s; time constant of mass-spectromete r 160 ms, 
curve 1). Also in this case the rise times do not differ by more than a factor 
of two. However, with neutral injection (PNl - 1.6 MW, lit - 0.4 s, curve 2) 
TO is found to be even smaller than TO ,vac (curve 3). 
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After widening the divertor throats preliminary results show an increase in 
TO (curve 5), quite opposed to assumpti ons. Furthermore a significant depend­
ence on plasma density (TO increasing with ne) now requ1res more investiga­
tions. 



375 

The small influence of the plasma scrape-off on the impurtty out flux of the 
divertor Is difficult to explain. Thus, according to Langmuir probe meas ure­
ments close to the neutralizer plates /4 / . lower limits of the electron tem­
perature and density within the divertor slits are estimated to Te - 20 eV , 
yielding ionization lengths of 1.7 cm and 0 .2 cm for neon and argon , respect­
ively, so that _in particular In case of Ar the divertor throats should be 
opaque for neutrals. 

The exhaust efficiency of the divertor is also checked by comparison with 11-
witcr dischArges . For this pu r pose equal amounts of neon are puffed into the 
plasma chamber using first a carbon mushroom limiter (without separatrix) and 
thereafter realising the double nul l configuration. The spectroscopic traces 
of NeX and Ne VIII-lines are shown in Fig. 2 for the two cases. Both signals 
yield an intensity ratio of -4.5. Since the plasma parameters differ only 
slightly in the two discharges (divertor: ne - 1.9 x 1013 cm-3, Tea - 1.20keV; 
limiter; ne • 2.1 x 1013 cm-3, Teo .. 1. 25 keY) this ratio reflects directly 
the ratio of the impurities. Although this comparison demonstrates the diver­
tor exhaust, the effect is much less than expected. Obviously, also in the 
limiter case only a fraction of -15 % of the injected particles are 
found in the plasma. The majority is supposedly implanted i nto the limiter 
within a time interval -10 MS (Fig. 2) since the recycling rate in a 
limiter discharge is much higher tha n in a divertor discharge; thereafter a 
recycling equilibrium is establi shed. This ass umption is s upported by the 
observation of a successive increase of neon from shot to shot. 

Ne VIII 1770.4 AI 

:§ 

" , 
.ri 

-'i 0 

-0 Ne X (12.13 AI c 
~ • 

0 
0 0.5 

if 938L. 9386 

limiter 

divertor 

10 1.5 2.0 

t [sJ 

Fig.2: 
Ne VIII- and Ne X-line 1n­
tensities versus time for 
a limiter and a d! vertor 
discharge (equal neon puffs 
at t - 0.8 - 0.804 s into 
plasma chamber). 

Up-down asymmetries in partic l e fluxes. When comparing the partial pressures 
in the upper and lower divertor chambers with a simple dynamic divertor model 
it become5 obvious that there is an asymmetry in t he impurity fluxes leaving 
the plasma. The up-down ratios in the partial pressures are typically 1.5 in 
case of neon but rise up to -5 for argon. Moreover, it is observed that the 
asymmetry changes sign when re versing the direction of the toroidal magnetic 
field. An example is shown in Fig. 3 where Ar is puffed into the plasma cham­
ber. Neutral injection (N. I.) is applied in both cases, too, but seems to have 
no influence (Fig. 3). A vertical displacement of tbe plasma column, which 
could cause the asymmetry. can be excluded within an accuracy of IAZI ~ 0 . 2 cm 
from magnetic position measurements as well as ne-interfe rometer measurements 
at Z - ±a/2 (minor plasma radius a .. 40 cm). 
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Fig. 3: 
Ar-pressure signals from top and 
bottom divertor demonstrating in­
version of top-bottom asymmetry 
when changing s ign of toroldal 
magnetic field. Ar-puff at t - 0. 8s . 
The pl asma currents (300 kA) are 
also shown as a function of time. 

Summary. The retai nment capabi l ity of the dlvertor Is quantitatively assoc i a­
ted with the molecul ar flow conductance of the narrow divertor throats. 
Accordingly, no pronounced reduction of impurity recycling by the counter­
streaming plasma can be proved, though, ionization of neutrals within the di­
vertor throats is most likely. With diver t or throats widened UP. however, pre ­
liminary results show a marked improvement in retainment with increasing elec­
t ran densi ty. 

A possible explanation for such unexpected small influence of the scrape- off 
plasma may be due to cross diffusion of low Z-ions in the divertor throat and 
subsequent neutralization st the throat walls. Because of this process, the 
flow of particles penetrating into the throat will approach molecular flow 
conditions especially with decreasing throat width. This suggests an optimum 
width for divertor throats and also the use of aperture slits rather tha n 
long ducts. 

The exhaust capability of the divertor could be demonstrated by injection of 
neon into similar limiter and divertor discharges. In comparing both cases, 
however, attention must be paid to the poss ibility that a Significant portion 
of the injected particles may be impl anted into the limiter. 

A strong asymmetry, which changes sign with TF-polarity, is found in the 
impurity fluxes into the divertor. It is indicated that this effect might 
originate from high ionic charges. 
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