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A series of experiments have been performed in DIII-D to investigate the roles of the 

deuterium ionization profile and radial transport in forming the density pedestal. These 

experiments used the range of divertor closures, obtainable in DIII-D, to vary the ionization 

profile in the pedestal with other discharge parameters held constant. The goal of these studies 

was to provide a systematic way to determine if the fuelling source has a direct effect on the 

density pedestal structure. The logic of these experiments was that an increase of divertor 

closure would lead to a reduction of fuelling within the pedestal. This reduction of core 

fueling from the more closed divertor was anticipated from 

previous analysis with UEDGE modeling that shows this result 

[1]. If core fueling was reduced, then measurements of pedestal 

profiles could be used to help understand the role of neutral 

fueling on the pedestal. 

Experiments were performed in discharges with 2 different 

equilibria, which had 2 different values of closure, shown in Fig. 1 

[2-3]. A lower single null (LSN) shape, with the outer strike point 

on the lower shelf, provided the lowest closure (lowest baffling of 

neutrals by the divertor). An upper single null (USN), with outer 

strike point in the baffle of the upper outer cryopump (Fig 1), 

provided the highest closure (highest baffling of neutrals). Shapes 

of the two configurations were maintained as similar as possible. 

However, a higher triangularity was required for the closed divertor. The toroidal magnetic 

field BT direction was set so that the ion B x ∇B drift was towards the X-point for both 

configurations. For all discharges, BT was 2.1 T, plasma current IP was 1.3-1.4 MA and data 

were taken at injected beam powers Pinj of 3 and 5 MW. All discharges were run with long 

steady periods of all control parameters, including Pinj. A series of gas puff scans, with a 
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Fig 1. LSN and USN 
equilibria. Circles indicate 
locations of cryopumps. 
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constant gas puff rate changed shot by shot, were run for both cases. Each puff was applied 

several hundred ms before the L-H transition and maintained throughout the H-mode. 

Comparison of discharges with 

similar divertor profiles (Fig. 2a, b) for the 

most closed and most open divertor 

configurations show very clear changes in the 

pedestal ne, illustrated in Fig. 3a. The 

similarity of JSat, Te, and ne  profiles at the two 

divertor plates (Fig. 2a,b) is evidence that the 

fueling conditions were similar at the two 

target plates. Nevertheless, the pedestal 

(upstream) profile of ne was significantly 

lower for the more closed divertor than for 

the more open divertor (Fig. 3a). The change 

in fuelling between the two divertor 

configurations was confirmed by modeling 

with the OEDGE code [2,4], which computes 

2D ionization based on extrapolation of 

divertor measurements of temperature and 

density to upstream measurements. For the 

case studied here, 2D ionization rates from 

OEDGE are shown in Fig. 3c-d, which show 

significantly more ionization near the 

midplane for the open divertor. (OEDGE does 

not model plasma between the edge of the grid and the wall.) The net core ionization vs 

poloidal angle, shown in Fig. 3b, is higher for the more open divertor. This analysis shows 

that the open divertor allows for neutral leakage up to the midplane. At the midplane the flux 

surfaces are much more compressed, allowing neutrals to penetrate and fuel deeper in the 

pedestal than in the closed divertor and thereby to fuel the higher density profile. Analysis of 

similar discharges with SOLPS confirms the qualitative picture that the closed divertor 

localizes fueling more to the divertor region than the open divertor [5-7]. 

Analysis of these experiments shows that divertor closure affects important aspects of 

the density pedestal structure [2]. An important trend is that the more closed divertor shows a 

Fig. 2 Comparison of closed (black) and open (red) 
divertors: a) Profiles of JSat, Te and ne at inner and b) 
outer divertor plates 

a) b) 

Fig 3. a) ne profiles for open and closed divertors and 
radial ion fluxes from OEDGE; b) D ionization rates 
vs poloidal angle; c) D ionization rates (m-3 s-1) for 
closed divertor and d) open divertors 

a) 

b) 

c) 
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higher ratio of electron density at the 

separatrix (ne,sep) to the density at the 

pedestal (ne,ped) as compared to the more 

open divertor. This trend is illustrated in 

figure 4, which shows a comparison of 

closed and open discharges which have 

the same value of (ne,ped), whereas the 

(ne,sep) is considerably higher for the 

more closed case. This condition is 

obtained with very similar pedestal Te 

profiles. In order to obtain matched 

values of (ne,ped), it was necessary to 

apply additional gas fueling to the more closed divertor configuration and this resulted in 

different divertor conditions, as shown in Fig. 4b. For instance, divertor Te was lower and ne 

was higher for the closed divertor. The trend of (ne,sep)/(ne,ped) to be higher for the more 

closed discharges as a function of (ne,ped) is generally observed, including discharges with 

both 3MW and 5MW of beam injection. SOLPS 

simulations show that this trend is due to increased 

trapping of neutrals in the divertor region for the 

more closed divertor, leading to less fueling of the 

pedestal [6, 7], in agreement with the OEDGE 

modeling shown. 

A second important trend in the pedestal 

structure is that an outwards shift between the 

location of the steepest part of the electron density 

gradient relative to the steepest part of the electron 

temperature gradient is systematically larger for the 

more closed divertor than the more open divertor 

[2]. This shift, coupled with the flattening of the 

density profile, as illustrated in Fig. 3, leads to large values of ηe, the ratio of scale lengths of 

electron density to electron temperature. As evaluated at   the location of the maximum in the 

pedestal electron pressure gradient, the range of ηe is 1-4 for the entire data set.  
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Fig 4. Comparison of closed (USN) and open (LSN) 
divertors: a) pedestal profiles for ne and Te, b) profiles of 
JSat, Te and ne at outer divertor plates 

a) 

Fig. 5 a) Evolution of ne,ped after L-H 
transition for USN discharges with a range of 
gas puffs; b) evolution of Lne – data have been 
filtered for ELMs 
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The time evolution of the pedestal density profile during the gas puff scans has 

provided basic results on the role of source and transport in the density pedestal. As noted 

previously, the gas puff scans were performed so that a constant gas puff was applied 

discharge by discharge and the puffs were started well prior to the L-H transition. Fig. 5a 

shows the time evolution of the density pedestal value after the L-H transition in the closed 

divertor configuration for a scan in which the applied gas puff was varied from 0 to about 140 

T – l/s. The initial rate of rise of ne,ped after the L-H transition increased monotonically with 

the magnitude of the gas puff. This rate of rise in the first ~20 ms increased by roughly an 

order of magnitude with the variation in gas puff rate. This variation in the gas puff scan is a 

clear demonstration that the density pedestal responds to the magnitude of the source, 

increasing faster when the source is larger. Despite the large change in the initial rate of 

density rise, the pedestal density attained several hundred ms after the L-H transition varied 

by less than a factor of two over the gas scan. This limitation on ne,ped is due to ELM physics 

and shows that ELM transport plays an important role in limiting the density pedestal. The 

scale length of the electron density, evaluated at the steepest gradient, shows no significant 

changes during the evolution of these discharges or with changes in the fueling rate (Fig. 5b). 

The constancy of Lne may be related to transport physics, but this is an open issue. 

In conclusion, these studies show that the pedestal density structure is affected by the 

magnitude of the particle source, by details of the particle source profile, by ELM transport 

and possibly by transport in the steep gradient of the pedestal. 
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