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The edge conditions play a crucial role in achieving and maintaining the improved 
ohmic confinement (IOC) regime in ASDEX as has been stated by Baas et al. (1988) 
and Soldner et al. (1988). This new regime is obtained after divertor reconstruction in 
deuterium discharges when the gas puffing is substantially reduced. IOC is then c~a
raderized by peaked density profiles and the linear scaling of the energy confinement 
t ime rE with the line-averaged density ne is recovered up to the density limit. 

In this paper, we discuss the evolution of the edge parameters in the transition 
from the linear (LaC) and then saturated (SaC) to the improved (laC) ohmic regime. 
In addition, we describe the edge plasma mainly in terms of edge parameters like 
the separatriz density instead of bulk parameters such as the line-averaged density. 
This gives us the opportunity to identify and separate edge effec.ts from the central 
behaviour. 

The data in the vicinity of the separatrix stem mainly from the single-pulse multi
point Thomson scattering system, the lithium beam. spectroscopy, the Langmuir probe, 
and the time-of-flight spectrometer in ASDEX. For comparison, we will sometimes use 
measurements in the divertor chamber by electric triple probes and ionization gauges. 

2. Temporal evolution of the edge parameters 

To get detailed information 'about the temporal evolution ofthe sac to lac transition 
in ASDEX we change the external gas puff a few times during the same discharge (cf. 
Figure 1). Thus we build up the density with successive plateaus at n~ = 2.5 x 1019 

m-3 (LaC), ne = 4.0 X 10111 m- 3 (lOCI), and n~ = 4.9 x 1019 m-3 (IOC2) each 
separated. by s. linear density ramp (SOCI, SOC2) (cf. Figure I). The temporal 
evolutions of the electron density and temperature at the separatrix. are taken from 
'the Thomson scattering diagnostics. The results show that the l3eparatrix. deI\sity 
in the sac regime is remarkably higher than in the corresponding lac case as is 
confirmed by the lithium. beam data (cf. Figure 1) . At the same time, the temperature 
evolution is s imilar in both regimes. The triple probe determines the density in the 
divertor to behave similar and the divertor temperature to be slightly higher in the 
IOC regime. This also holds for the mean energy of the particles detected by the 
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time-oC-flight spectrometer. According to these data, the pressure Pe = nekBTe stays 
approximately constant. 

Evaluating the error bars, we see that the comparison of different edge diagnostics 
suffers Crom the fact that the separatrix position is determined with an accuracy of 
only ± 1 cm in ASDEX. This value is about the same order of magnitude as the radial 
e-folding lengths of the electron data and thus implies a significant uncertainty for 
all edge studies. We suppose that the separatrix position will be approx. 1 cm more 
outside compared with the magnetic measurements. Moreover, we have indications 
from edge diagnostics at different toroidal positions that the edge structure itself is 
helical and even ergodized near the separatrix. The problem of the separatrix position 
is thus further investigated by Teois et al. (1989) . In the following, we will rely on 
the magnetically determined separatrix position. 

3. Edge scans 

To identify edge correlations, we plot the temperature at the 8eparatrix Tu versus the 
corresponding separatrix density nu (cC. Figure 2). For the sac case, we observe the 
usual decrease of Tu with increasing nu. For the lac case, we follow approxima.tely 
the same curve. An empirical scaling law given by Kaufmann et al. (1989) for a large 
number of different ASDEX discharges (ohmic, L mode, pellets) yields T ... "'" n;-O.5 at 
35 cm minor radius. This is consistent with our experimental data from the separatrix 
at 40 cm (cC. Figure 2) . In addition, we consider the simulation code by Schneider 
et al. (1988) which is based on the combination of a one-dimensional hydrodynamic 
plasma code and a two-dimensio~al neutral particle Monte-Carlo simulation. This 
study evaluates also a reasonable fit with a good agreement for the relative dependence 
but a factor of 2.2 lower temperatures (cf. Figure 2). This may be explained by the 
1 cm shift of the separatrix position as determined experimentally (cf. Section 2) . 

A similar analysis is performed for other edge data e.g . the particle ftux and 
the mean energy measured by the time-of-flight spectrometer. This reveals the same 
scaling with separatrix density in both the sac and the lac regime. Thus, the 
physics at the separatrix does not change significantly between the sac and the lac 
cases. What really is different seems to be the scaling of the neutral recycling fiuxes 
versus the separatrix density. Since these Buxes contribute a significant portion to the 
total particle flux, this may be a hint for the different behaviour of the sac and the 
laC regimes. 

In order to relate the energy confinement time TE quantitatively to specific edge 
conditions, we correlate TE with n.... . Starting at low densities and low confinement 
times, TE rises proportional to nu in the LOC regime. With larger nu, TE saturates 
(SOC1) until the gas flux is reduced. Now, nu drops immediately thus establishing the 
lac phase with peaked density profile and with TE slowly going up (lOCI) . Opening 
the gas valve results in a sudden drop of the particle as well as the energy confinement. 
This gives higher densities at the separatrix (SOC2). Then, ,the gas flux is reduced 
again. For a second time TE goes upwards with decreasing nu reaching up to about 
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twice the value of the SOC phase (IOC2) . 

4. Particle transport 

To gain deeper insight into the recycling processes in the scra.pe-off and diverted 
region, we calculate the total particle flux across the separatrix in the main chamber. 
This comprehends the particle Duxes from the bypass, the slits and the recycling zone 
in ASDEX as well as the change in the total part icle content and the external flux 
through the valve. Because of the various atomic physics processes in the scrape-off 
layer only a part of this flux which is determined by the fuelling efficiency (Mayer et 
al., 1982) enters the plasma. This particle flux ~ leeds also to a convective energy 
flux P. Assuming equal ion and electron temperature it is P = 5kBT~. From the 
total particle fiux, we also get an estimate for the global particle confinement t ime. 
The calculations show that the contribution of the convective energy flux to the total 
power across the separatrix drops when the confinement is improved. Simultaneously, 
the global particle confinement time rises to approximately the same extent as the 
energy confinement which is clearly seen in Figure 3. 

5. Summary 

To investigate the t ransition from the saturated to the improved ohmic confinement 
in ASDEX, the edge conditions are analyzed in detail. The results show that the 
reduction of the gaa feed leeds to an immediate drop of the separatrix density. This 
drop seems to be the trigger of a change in the bulk t ransport and hence leeds to the 
pea.king of the density profiles in the bulk. Simultaneously, the temperature at the se
paratrix increases slightly during the transition. According to these data, the pressure 
stays approximately constant at the separatrix during the SOC to IOC transition. In 
addit ion, we evaluate that the contribution of the convective energy ftux to the total 
power across the separatrix drops during the SOC to IOC transition. Then, the global 
particle as well as the global energy confinement time are improved by about the same 
factor. 
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Figure 1 : 

Temporal evolution of 
the gaa puff (a.u .), 
the line deneity ne 
(a.u.), and the sepa-
ratrix density nu _ 

Figure 2 : 

Separatrix temperatu
re versus separatrix 
density for SOC and 
IOC regime. 

Figure 3 : 

Global energy and 
particle confinement 
time. 


	16_3_Teil1.pdf
	16_3_2
	16_3_3
	16_3_4

