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A B S T R A C T   

Comparisons of profiles of the electron temperature (Te), density (ne) and pressure (pe) measured with Divertor 
Thomson Scattering in DIII-D low-confinement mode discharges to predictions from the edge fluid code EDGE2D- 
EIRENE [1] show that the models implemented in EDGE2D-EIRENE predict the measurements within their 
collective uncertainties if the Te at the separatrix (Te,sep) is 10 eV, or higher. The simulations do not predict, 
however, the peaked Te and ne profiles measured adjacent to the target plate when Te,sep, is below 10 eV, i.e., for 
the plasma downstream from the region of ionization of deuterium atoms. Inclusion of cross-field drifts and a 
fivefold reduction of radial transport cannot reconcile the discrepancy between the measurements and 
predictions.   

Introduction 

Detachment of the divertor plasma in ITER and in future fusion 
power plants is one of the primary means to mitigate the otherwise 
excessive power fluxes to the divertor target plates, and thereby to 
enable high-performance plasma operation with high duty-cycle of the 
plant ([2,3] and therein). The onset of detachment is characterized by 
the reduction of the ion fluxes to the target plates compared to the high- 
recycling, attached scrape-off layer (SOL) regime, and the formation of a 
cold (electron temperature, Te < 3 eV) and dense (electron density, ne >

1x1020 m− 3) plasma region adjacent to the target plates. In current to
kamaks, detached plasmas are typically achieved when operating at 
high core plasma, thus SOL densities, close to the density limit. 
Conceptually, in detached conditions the plasma loses its power volu
metrically due to line radiation and Bremsstrahlung, and its momentum 
due to ion–molecule and ion-atom interaction, and volume recombina
tion. The power fluxes to the target plates in detached conditions are 

determined by the surface recombination of plasma particles to mole
cules due to remaining plasma (fluxes) to the target plates and radiative 
heating. For reactor-relevant conditions, a residual fuel ion flux of 
1x1024 m− 2 s− 1 at 2 eV results in 5 MW/m2, highlighting the need for 
significant reduction of the fuel ion fluxes and thus high degree of 
detachment. Understanding and being able to predict the onset and 
formation of divertor plasma detachment is one of the most critical tasks 
in magnetic confinement fusion. 

Reproducing the measured plasma and neutral conditions obtained 
in today’s tokamaks with currently the most complete edge fluid codes 
has been shown to be challenging, even for low-confinement (L-mode) 
plasmas exhibiting significantly shallower radial and poloidal gradients 
and no Edge-Localized Modes (ELMs) compared to high-confinement 
mode (H-mode) plasmas: SOLPS5.0 and SOLPS-ITER for ASDEX Up
grade [4,5] and DIII-D [6], EDGE2D-EIRENE for JET [7,8] and UEDGE 
for DIII-D [9] consistently underestimate the ion fluxes to the low-field 
side (LFS) target plate in high-recycling conditions. The code predictions 
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are generally in agreement with the measurements in low-recycling 
conditions. 

To further elucidate the validity of the predicted SOL conditions in 
DIII-D L-mode plasmas using EDGE2D-EIRENE [10], the simulations are 
post-processed for Te, ne and the electron pressure (pe) across the LFS 

divertor plasmas using the measurement locations of the Divertor 
Thomson Scattering (DTS) system (Fig. 1) [11,12]. Here, the 2D DTS 
data, obtained by sweeping the LFS strike point across the lower divertor 
target, were rearranged as radial, approximately horizontal profiles per 
vertical channel for the five lowermost channels. In previous studies 
[10], the most significant discrepancies between the measured and 
EDGE2D-EIRENE predicted profiles were obtained in high-recycling 
conditions, for which the measured Te and ne profiles across the 
lowermost DTS channel were more peaked outboard of the separatrix, 
and ne a factor of 2–3 higher than predicted (Ref. [10] Fig. 5a and b). The 
previous studies also showed agreement for Te and ne within 20 % be
tween the DTS measurements and EDGE2D-EIRENE predictions for low- 
recycling conditions (Ref. [10], Fig. 1b and c). To further elaborate on 
this agreement, and to isolate the region of disagreement to the area 
below the ionization region of deuterium atoms in high-recycling and 
detached conditions, the analyses in this report are also carried out for 
low-recycling conditions. 

Description of discharges, DTS data analyses and EDGE2D- 
EIRENE setup 

Low-recycling, intermediate-recycling, high-recycling and partially 
detached divertor plasma conditions at the LFS divertor target were 
established by varying the core plasma density through deuterium in
jection into the DIII-D main chamber. These plasmas were heated with 
approximately 0.9–1.1 MW of ohmic heating power, supplemented with 
10-ms neutral beam blips of a 10 % duty cycle for charge-exchange ion- 
temperature (Ti) measurements. The plasma current was 1.1 MA, the 
toroidal field 2.1 T, with the ion Bx∇B drift direction into the lower 
divertor. The lower single null magnetic equilibrium and the divertor 
geometry were as shown in Ref. [11], Fig. 1. The plasma-facing com
ponents in DIII-D are ATJ graphite, hence, carbon is the primary plasma 
impurity species (of approx. concentration 1 % just inboard of the sep
aratrix at the LFS midplane). The discharges were repeated up to six 
times for spectroscopy purpose, which resulted in improved statistics of 
the DTS data. The DTS data were accumulated over these discharges and 
mapped onto the magnetic equilibrium calculated by EFIT [13] as the 
distance from the separatrix measured at the LFS midplane (R-Rsep,LFS- 

mp) for each vertical channel. 
Beside the ambiguity of the radial position of the separatrix in the 

main and divertor SOL, further uncertainty is the measurements is 
introduced by the 20 cm strike point sweep to reconstruct the 2D profile 
on Te, ne and pe in the divertor. During the strike point sweep the line- 
averaged density measured at the LFS midplane was held constant 
within 5 % of the mean value, and the D2 pressure in the lower sub- 
divertor did not change, indicating that the neutral conditions in the 
divertor were not affected by the sweep. However, during the strike 
point sweep, the X-point height was lower by 2 cm, resulting in a 10 % 
reduction of the poloidal distance from the X-point to the LFS strike 
point (approximately 2.5 cm out of 22 cm). The ion saturation current to 
the LFS target plate, inferred from an array of radially spaced Langmuir 
probe covering the LFS plate, was measured continuous with no indi
cation of changes to the current densities during the sweep (Fig. 5c in 
[10]). Similar, the line-integrated radial Lyman-α and Balmer-α emis
sion profiles (Fig. 5a and b in [10]), obtained during the sweep, do not 
show any significant changes in the deuterium emission profiles that 
would suggest significant changes in the plasma conditions. These ob
servations are corroborated by combining DTS data from D2 fueling 
ramps with fixed strike point positions – obtained in configurations for 
which the DTS chords were aligned with the LFS strike point and the 
divertor X-point, respectively – with data from strike point sweeps at 
constant core plasma density. For the same line-averaged density at the 
LFS midplane during the fueling ramp, and the same R-Rsep,LFS-mp, Te, ne 
and pe are measured the same as during the sweeps. For high-recycling 
conditions, imaging of the C III (465 nm) emission, however, showed the 
peak emission during the sweep to move from the LFS X-point to the LFS 

Fig. 1. (a) 2D color contour plot of Te in a high-recycling, low-confinement 
mode plasmas (DIII-D 174248) inferred from a 20 cm strike point sweep across 
the DTS photon scattering points and mapped to a single magnetic equilibrium 
(DIII-D 174,248 at 2200 ms). The actual DTS data points are indicated by the 
black squares. (b) 2D color contour plot of the EDGE2D-EIRENE predicted Te 
(case: mgroth/d3d/160299/jun0518/seq#2). The assumed DTS photon scat
tering points are shown as crosses for the nearest cell neighbor and squares for 
the surface-averaged assumption using the actual DTS collection areas. 
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strike point region, along a continuous band of C III emission tracking 
the LFS divertor separatrix. It is unclear whether the spatial change of C 
III emission is due to increased carbon density or changes in Te and ne. As 
the sweep potentially deliberates (co-deposited) carbon as the sweep 
progresses toward larger major radius, it is conceivable that the C2+

density increased locally, while the reduction in X-point height increases 
the Te and ne at the LFS strike point. These changes in the emission 
profiles indicate the general sensitivity of the measurements on both 
parameters. Lastly, changes to the SOL flow pattern in the LFS divertor 
leg due to reduction in X-point height are also conceivable, but these 
measurements do not exist for these plasmas. 

The EDGE2D-EIRENE code package [1,14,15] with preset-power and 
zero-particle flux conditions at the core boundary, and an assumed, 
purely diffusive radial transport model was adapted to the measured 
SOL conditions at the LFS midplane. The SOL conditions in both the HFS 
and LFS divertor legs are the primary output of the simulations. The 
code setup was described in Ref. [10], and the identical setup was used 
for this report, including the variations in the power imposed at the 
assumed core boundary (Pcore-bd) capturing the uncertainties in radiated 
power inside the core plasma: 0.9 MW for the low-recycling case (ne at 
the LFS midplane, ne,sep,LFS-mp, of 0.8x1019 m− 3) and 1.2 MW for the 
high-recycling case (ne,sep,LFS-mp of 2.0x1019 m− 3). The radial profiles of 
Te, Ti and ne were determined by Pcore-bd, ne,sep,LFS-mp and the choices of 
radially dependent transport coefficients for ions (D⊥), and electron and 
ion heat (χe and χi, respectively.) The transport coefficients were 
determined manually and iteratively using the measured profiles using 
the core Thomson scattering system (Fig. 2). Here, a transport barrier 
across the separatrix was imposed by reducing D⊥ from 0.5 m2/s to 0.25 
m2/s inside the separatrix, corresponding to the ne pedestal region, and 
raised exponentially to 4.5 m2/s to obtain the measured fall-off of ne 
across the SOL (approximately 5 cm). Similarly, to reproduce the 
measured Te profile at the LFS midplane, including Te at the separatrix 
(Te,sep,LFS-mp), χe was raised from 1 m2/s in the core region to 2 m2/s in 
the SOL, while a constant χi of 0.75 m2/s in both the core and SOL re
gions were assumed. Below the X-point, spatially constant diffusivities 
(initially, D⊥ = χe = 1 m2/s, χi = 0.75 m2/s) were assumed. In these 
studies, the same profiles and values of the transport coefficients are 

assumed for both low-recycling and high-recycling conditions. At the 
core boundary, the inward going atomic flux is negligible, and the in
ward and outward going ion currents are balanced. The walls, including 
the divertor targets, are assumed to be fully saturated with deuterium, 
hence particle recycling coefficients of unity were assumed both for the 
deuterons, and deuterium atoms and molecules. In the code runs ne,sep, 

LFS-mp is preset and controlled by D2 gas injection from a location in the 
main chamber representing the actual DIII-D gas injection system, and 
pumping below the divertor shelf approximating the DIII-D cryogenic 
pump geometry in the lower divertor. To address the uncertainties of 
plasma conditions at separatrix, thus the location of the separatrix, Pcore- 

bd and ne,sep,LFS-mp were varied systematically by 10–20 % to lower and 
higher values. Experimentally, Te,sep,LFS-mp, and thus ne,sep,LFS-mp, were 
inferred from power balance for the SOL assumed in the conduction- 
limited regime [16]. As in Ref. [10], the reaction rates for plasma- 
atomic and plasma-molecular processes were identical to those pub
lished in [17], carbon was included in the simulations as the primary 
impurity species, and cross-field drifts and currents were invoked on the 
plasma species. The cross-field drifts include radial drifts due to the 
poloidal electric field and the poloidal drifts due to the radial electric 
field, and thermo-electric currents due to the finite resistivity of the SOL 
plasma [18]. 

To address the finite photon collection volume of the DTS system 
(0.5 cm wide and 1.3 cm tall), which often cuts through several 
EDGE2D-EIRENE grid cells in areas of strong grid cell compressions (e. 
g., at the separatrix), the EDGE2D-EIRENE data was surface-averaged 
over the assumed DTS spatial points (Fig. 1b). This analysis technique 
produced smoother radial profiles of the predicted plasma parameters, 
but sampling the nearest neighboring cells to the center of the assumed 
DTS point produced nearly identical results. Hence, radial and hori
zontal averaging is excluded as a potential root cause for the previously 
reported discrepancy between measurements and predictions. 

Comparison of EDGE2D-EIRENE predicted plasmas conditions to 
DTS in low-recycling conditions 

In the simulations of the low-recycling conditions, assuming ne,sep, 

LFS-mp of 8x1018 m− 3 and Pcore-bd of 0.9 MW reproduced the peak Te, ne 
and pe for all DTS channels within 20 % of the measured values, while 
lowering and raising ne,sep,LFS-mp by 1x1018 m− 3 exact matches to indi
vidual DTS radial profiles can be obtained (Fig. 3). The predicted values 
of Te,sep,LFS-mp (44–46 eV) is lower than the experimentally inferred 
value at the LFS-midplane (approximately 50 eV), but well within the 
uncertainty of the measurements. Previously, for identical L-mode 
plasmas, Te,sep,LFS-mp was measured to be 40–50 eV with Thomson 
Scattering and the reciprocating probe (Fig. 2b in Ref. [19]). Further
more, the measured profiles indicated a steeper slope inside and outside 
the separatrix than the predicted ones (Fig. 3a, predictions consistently 
above the center of gravity of the Thomson Scattering measurements), 
calling into question the current choices of the radial transport co
efficients and indicate their further refinement. Consequently, the pre
dicted radial profiles of Te in the LFS divertor plasma are consistently 
broader by a factor of 2 than the measured profiles (Fig. 3b-f). 

The sensitivity of ne across the LFS divertor on the assumed ne,sep,LFS- 

mp is strong: while the lower bound of ne,sep,LFS-mp reproduces the DTS 
profiles near the X-point fairly accurately (Fig. 3h,i), the upper bound of 
ne,sep,LFS-mp is required to reproduce DTS profiles near the divertor plate 
(Fig. 3k,l). For the lowermost DTS channel the difference in the peak ne 
between the upper and lower bound cases is approximately a factor of 2, 
highlighting the anticipated sensitivity of the divertor plate conditions 
on ne,sep,LFS-mp. 

A lesser sensitivity of the plasma conditions at the LFS target plate 
was observed when systematically varying Te,sep,LFS-mp via the assumed 
power across the simulation grid core boundary by 100 kW out of 900 
kW (not shown). 

Both the measurements and the simulations suggest that in these 

Fig. 2. Radial profiles of the assumed diffusive transport coefficients in the 
main SOL in EDGE2D-EIRENE simulations pertaining to both low-recycling and 
high-recycling conditions: ion particle diffusion coefficient D⊥ (black), electron 
heat coefficient, χe (blue) and ion heat coefficient, χi (red). 
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Fig. 3. Radial profiles of the measured and EDGE2D-EIRENE predicted Te (a-f), ne (g-l) and pe (m-r) for DIII-D low-density discharges 174235–39 in the low-recycling 
regime. The profiles are ordered by rows for the LFS midplane (a, g, m; DIII-D 174237 only) and DTS channels 4 through 0 from the LFS X-point region to the LFS 
target plate. EDGE2D-EIRENE simulations assuming Pcore-bd = 0.9 MW and ne,sep,LFS-mp = 7x1018 m− 3 (blue), 8x1018 m− 3 (red) and 9x1018 m− 3 (green) are post- 
processed for the DTS geometry as shown in Fig. 1. The measured and predicted LFS midplane profiles for Te and pe are repeated for each DTS row and are 
shown as grey crosses and dashed lines, respectively. The poloidal distance of each DTS channel to the LFS plate at the separatrix is given in (h) through (l). The 
poloidal distance from the X-point to the LFS plate is 0.2 m. All profiles are presented as distance from the separatrix (R-Rsep,LFS-mp). The separatrix is show as the 
black vertical dashed line. 
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low-recycling conditions pe is conserved in the parallel-B direction of the 
SOL consistent with analytic models, e.g., two-point model [20]. Since 
the Te gradients in the poloidal direction are weak, simulations without 
cross-field drifts and thermo-electric currents are similar to those with 
the drifts included (Fig. 4). However, the simulations with the cross-field 
drifts and thermo-electric currents included predict strong flow from the 
LFS to the HFS plate in the private flux region, as observed experi
mentally and in previous edge fluid simulations (e.g., [9] for UEDGE). 

Comparison of EDGE2D-EIRENE predicted plasmas conditions to 
DTS in high-recycling conditions 

For high-recycling SOL conditions EDGE2-EIRENE indicates a 
stronger dependence of the divertor conditions on Te,sep,LFS-mp (32 eV for 
an assumed 0.9 MW across the core boundary, versus 39 eV for 1.2 MW 
and 44 eV for 1.4 MW, Fig. 5) and a weaker dependence on ne,sep,LFS-mp 
(1.8x1019 m− 3 versus 2.0x1019 m− 3 and 2.2x1019 m− 3, not shown). The 
experimentally inferred Te profiles at the LFS midplane suggest Te,sep,LFS- 

mp to be between 40 eV and 50 eV, consistent with previous measure
ments of Te,sep,LFS-mp (50 eV, Fig. 5b in Ref. [19]) in similar plasmas. 
Consequently, when imposing Te,sep,LFS-mp of 40 eV, EDGE2D-EIRENE 
predicts the peak Te (Fig. 5b-e) and ne (Fig. 5h-k) for all DTS channels 
with the exception of the lowermost DTS channel (Fig. 5f, 5 l). Specif
ically, for the lowermost channel the simulations underpredict the 
measured peak ne by a factor of 2 (Fig. 5l) and the discrepancy cannot be 
remedied when increasing ne,sep,LFS-mp to 2.2x1019 m− 3, and beyond (not 
shown, for peak ne, see Fig. 1b in [10]). The predicted peak ne at the 
uppermost DTS channel (Fig. 5h) is 50 % higher than measured likely 
due to the coarse grid describing the X-point region; its resolution re
quires grids with higher spatial resolution. 

While the predicted Te and ne profiles for the uppermost DTS chan
nels are as broad as suggested by the DTS measurements (Fig. 5b-d, 5 h- 
j), they are consistently broader for the two lowermost channels (Fig. 5e- 
f, 5 k-l). Across the lowermost channel the predicted Te profiles peak in 
the mid SOL, while the DTS measurements showed the peak Te 
approximately 1 cm (in R-Rsep,LFS-mp space) radially outboard of the EFIT 
predicted outer strike point location (Fig. 5f). Similarly, the measured ne 
profile peaked at the LFS strike point, while in the simulations the peak 
is 2 mm radially outboard from the LFS strike point (Fig. 5l). 

Both the measured and the EDGE2D-EIRENE predicted pe indicate 
loss of plasma pressure, thus momentum, between the LFS midplane and 
the lowermost DTS channel, and therefore show pressure losses already 
at the onset of detachment: the pe profiles across the lowermost DTS 
channel are reduced by approximately 1/2 compared to the pe profiles 
at the LFS midplane (Fig. 5r). This observation is valid for the measured 
pe (grey versus black crosses) and the EDGE2D-EIRENE predictions 
(dashed-colored lines versus solid-colored lines). The radial profiles of pe 
exhibit the same discrepancy in the peak location as the ne profiles. 

Omitting cross-field drifts and currents from the simulations predicts 
the ne profiles across the two lowermost DTS channels to peak approx
imately 3 mm (in R-Rsep,LFS-mp space) further radially outward than in 
simulations including the drifts (Fig. 6). Such change in the predicted 
density profiles is consistent with poloidal Te gradients across the 
lowermost DTS channels (Fig. 6l) driving radial ion flow due to ExB 
drifts (poloidal electric field crossed with BT) toward the separatrix in 
this BT configuration. Compared to the poloidal and radial Te gradients 
observed in H-mode plasmas, and thus cross-field drifts (e.g., [21]), the 
impact of radial drifts is rather benign in these L-mode plasmas. 

Discussion 

The comparison of DTS measurements and EDGE2D-EIRENE pre
dictions of Te, ne and pe across the LFS divertor highlights the validity of 
the Bragiinski transport model in the parallel-B direction in the SOL 
when Te,sep in the SOL is above 10 eV, i.e., when the ionization region of 
deuterium atoms is adjacent to the divertor plate. Conversely, the 

comparisons indicate an increasing deviation between the measure
ments and the prediction for the SOL region downstream from the 
ionization front in high-recycling conditions. The threshold value of 
8–10 eV is further constrained by an intermediate density case (at ne,sep, 

LFS-mp to 1.4x1019 m− 3, see Fig. 1 in reference [10]) for which EDGE2D- 
EIRENE predicts for the lowermost DTS channel the peak value of Te and 
the profile of ne, including the peak value, while broader Te profiles than 
measured. Significantly stronger disagreement is therefore anticipated 
for partially and fully detached conditions (see Ref [10], Fig. 1a and b). 
In all EDGE2D-EIRENE simulations conducted thus far, the predicted Te 
and ne profiles adjacent to the LFS target plate are significantly shal
lower than the measured Te and ne profiles, indicating a shortcoming in 
either, or the sum of, the poloidal transport model, the radial transport 
model, the applied boundary conditions at the LFS plate, or yet unac
counted physics, such as additional plasma ion–molecule interaction 
and plasma redistribution due to photon opacity. Cross-field drifts and 
thermo-electric currents are predicted to play a minor role in the plasma 
distribution in the LFS leg in these conditions. In the high-density region 
of the lowermost DTS channel, Te is between 2 and 3 eV, and not at or 
below 1 eV, hence, three-body volume recombination is not expected to 
play a role in determining the radial position and height of ne peak. The 
measurements are highly reproducible in a series of 5–7 identical dis
charges, and thus currently not considered the source of the deviation. 
The Te measurements indicated larger scatter in the region 2–4 mm 
radial outboard of the LFS strike point, for Te of approximately 2–4 eV, 
which might be indicative of a fluctuating plasma in these conditions, or 
a diagnostic issue. The uncertainties in the DTS measurements due to the 
divertor strike point sweep appear to be of lesser significance than the 
EDGE2D-EIRENE model assumptions. 

In these studies, identical diffusivities for ion (D⊥) and heat (χe, χi) 
were applied for both the low-recycling and high-recycling SOL condi
tions: the measured profiles of Te and ne at the LFS midplane were 
reproduced within the uncertainties of the measurements, including the 
position of the separatrix, by setting ne,sep,LFS-mp by D2 gas injection and 
pumping, and Te,sep,LFS-mp by the power across the code core surface. 
Further improvements of constraining the prescribed profiles can be 
made by choosing different sets of D⊥, χe, and χi. However, these studies 
reproduce the strong sensitivity of the divertor SOL conditions on the 
prescribed ne,sep,LFS-mp and Te,sep,LFS-mp, which was observed in previous 
simulations, also by other authors, which cannot be resolved by any 
closer approximation of the measured profiles at the LFS midplane. 

Reducing radial transport in the divertor plasma by decreasing the 
radial diffusivities for ion (D⊥) and electron heat transport (χe) by factors 
of 5 and 10, respectively, while maintaining the same D⊥ and χe in the 
main SOL, resulted in neither a shift of the ne peak toward the separatrix 
nor and a peaking of Te profiles across the lowermost DTS channel. The 
reduction in D⊥, however, made the predicted DTS profiles upstream of 
the ionization front more peaked for ne, but broader for Te. Reducing χe 
had no impact on either the predicted ne and Te profiles. The application 
of poloidally and radially varying transport coefficients in the LFS 
divertor leg, and the introduction of convective radial transport via 
prescribed radial velocities has not yet been attempted. Secondly, 
lowering χe in the main SOL resulted in steeper Te profiles at the LFS 
midplane, and thus in the uppermost divertor DTS channels. However, 
by doing so Te,sep,LFS-mp was also reduced, from 39 eV to 37 eV, which 
cause the predicted peak Te across all DTS channels to decrease by a 
factor of two, causing further disagreement between the predictions and 
the measurements. These results indicate the sensitivity of predicted 
divertor conditions on Te,sep,LFS-mp (and ne,sep,LFS-mp), the lack of an 
adequate radial transport model, and highlight the need for accurate 
measurements of the separatrix location at the LFS midplane. 

For both low-recycling and high-recycling conditions EDGE2D- 
EIRENE reproduced the measured Lyman and Balmer across the LFS 
divertor leg [10,22]. However, the simulations did not reproduce the C 
IV emission in high-recycling conditions, which is likely also related to 
underpredicting the ne profile across the lowermost DTS channel [22]. 
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Fig. 4. Radial profiles of the measured and EDGE2D-EIRENE predicted Te (a-f), ne (g-l) and pe (m-r) for DIII-D low-density discharges 174235–39 in the low-recycling 
regime. The profiles are ordered by rows for the LFS midplane (a, g, m; DIII-D 174237 only) and DTS channels 4 through 0 from the LFS X-point region to the LFS 
target plate. EDGE2D-EIRENE simulations assuming Pcore-bd = 0.9 MW and ne,sep,LFS-mp = 8x1018 m− 3 including (blue) and excluding cross-field drifts (red) are post- 
processed for the DTS geometry as shown in Fig. 1. The measured and predicted LFS midplane profiles for Te and pe are repeated for each DTS row and are shown as 
grey crosses and dashed lines, respectively. The poloidal distance of each DTS channel to the LFS plate at the separatrix is given in (h) through (l). The poloidal 
distance from the X-point to the LFS plate is 0.2 m. All profiles are presented as distance from the separatrix (R-Rsep,LFS-mp). The separatrix is show as the black vertical 
dashed line. 

M. Groth et al.                                                                                                                                                                                                                                  



Nuclear Materials and Energy 34 (2023) 101372

7

Fig. 5. Radial profiles of the measured and EDGE2D-EIRENE predicted Te (a-f), ne (g-l) and pe (m-r) for DIII-D medium-density discharges 174243–50 in the high 
recycling regime. The profiles are ordered by row for the LFS midplane (a, g, m; DIII-D 174247 only) and DTS channels 4 through 0 from the LFS X-point region to the 
LFS target plate. EDGE2D-EIRENE simulations assuming ne,sep,LFS-mp = 2x1019 m− 3 and Pcore-bd = 0.9 MW (blue), 1.2 MW (red) and 1.4 MW (green) are post- 
processed for the DTS geometry as shown in Fig. 1. The measured and predicted LFS midplane profiles for Te and pe are repeated for each DTS row and are 
shown as grey crosses and dashed lines, respectively. The poloidal distance of each DTS channel to the LFS plate at the separatrix is given in (h) through (l). The 
poloidal distance from the X-point to the LFS plate is 0.2 m. All profiles are presented as distance from the separatrix (R-Rsep,LFS-mp). The separatrix is show as the 
black vertical dashed line. 
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Fig. 6. Radial profiles of the measured and EDGE2D-EIRENE predicted Te (a-f), ne (g-l) and pe (m-r) for DIII-D low-density discharges 1742443–50 in the high- 
recycling regime. The profiles are ordered by rows for the LFS midplane (a, g, m; DIII-D 174247 only) and DTS channels 4 through 0 from the LFS X-point re
gion to the LFS target plate. EDGE2D-EIRENE simulations assuming Pcore-bd = 1.2 MW and ne,sep,LFS-mp = 2.0x1019 m− 3 including (blue) and excluding cross-field 
drifts (red) are post-processed for the DTS geometry as shown in Fig. 1. The measured and predicted LFS midplane profiles for Te and pe are repeated for each 
DTS row and are shown as grey crosses and dashed lines, respectively. The poloidal distance of each DTS channel to the LFS plate at the separatrix is given in (h) 
through (l). The poloidal distance from the X-point to the LFS plate is 0.2 m. All profiles are presented as distance from the separatrix (R-Rsep,LFS-mp). The separatrix is 
show as the black vertical dashed line. 
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The agreement between the measured and predicted Lyman-α and 
Balmer-α emission in high-recycling conditions reiterate that the origin 
of these emissions is within the ionization front and electron-excitation 
driven, as shown in Ref. [10]. 

While for the same plasmas in the high-recycling regime the edge 
fluid code UEDGE [23] indicates the same factor-of-2 underprediction of 
the peak ne at the LFS plate, UEDGE predicts the Te profile, including the 
peak Te of 4–5 eV as measured [24], indicating the need to further in
vestigations of the root cause for the observed discrepancies between the 
measurements and EDGE2D-EIRENE. 

Summary 

In this report the previously reported disagreement between 
EDGE2D-EIRENE predictions and measurements of the plasma condi
tions in high-recycling conditions at the LFS divertor plate in DIII-D L- 
mode plasmas [10] was isolated to the region downstream from the 
ionization of deuterium atoms (Te,sep < 10 eV). The simulations show 
that the profiles of Te, ne and pe across five radial channels of the DTS are 
predicted within the uncertainties of the LFS midplane and DTS mea
surements, and the code setup, if Te,sep remains above 10 eV along the 
SOL and thus the ionization of deuterium to occur at the LFS plate. These 
observations are consistent with previous simulations of DIII-D, ASDEX 
Upgrade and JET. Thus far, EDGE2D-EIRENE simulations do not predict 
the plasma in the region downstream from the primary ionization of 
deuterium, for which the predicted peak ne is a factor of 2 too low and to 
peak radially outboard from the measured peak, and the profiles of Te 
significantly flatter than measured. Reducing radial transport in the 
divertor by factors of 5 for particles and 10 for electron heat did not 
result in significant improvements of the experiment-code agreement. 
Cross-field drifts and thermo-electric currents are predicted to play a 
minor role in the plasma distribution in the LFS leg in both low-recycling 
and high-recycling conditions. 
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