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5.4 DIVIMP Onion-Skin Method analysis of L-mode shot 86575 at 1650 ms
David Elder, Steven Lisgo and Peter Stangeby

Part I: The effect of (EFIT) grid uncertainties
29 March 2000

5.4.1 Introduction
The overall objective of Onion-Skin Method (OSM) analysis is to come up with as faithful as
possible a description of the 2D edge fields of ne, Te, etc., for a given shot and time. This is
the necessary first step in the larger project of the detailed analysis of the edge plasma and its
linkage to the core, which is based on the use of the Monte Carlo codes EIRENE (neutral
hydrogen) and DIVIMP (impurity production and transport) that require as input the
complete 2D edge fields of ne, Te, etc. These quantities are measured directly and indirectly,
at a few locations in the edge, and by a variety of edge diagnostic methods. A method is
needed to bring this diverse information into mutual confrontation, and to find a way to
complete the mapping of the 2D fields throughout the entire edge. OSM modeling provides
one method of accomplishing this. For example, one can base the OSM solution on the
boundary condition information provided by the target Langmuir probes, and then calculate
ne, Te, etc. at the rest of the locations in the edge, including the two Thomson locations. If
the OSM values of ne and Te agree with the Thomson values, then confidence is increased in
the 2D solution. One can also bring the spectroscopic measurements - both hydrogenic and
impurity - into the comparison by proceeding to run the Monte Carlo codes EIRENE and
DIVIMP on the OSM-calculated 'plasma background'. EIRENE also generates data to
compare with pressure gauges.
A DIVIMP OSM coupled to the EIRENE Monte Carlo neutral transport code was used to
calculate the hydrogenic background plasma for shot 86575 at 1650 ms. Comparison is
made with divertor and upstream Thomson scattering data, as well as with the LowerLooking Filterscope Dα measurements. In the future, comparison will also be made with
impurity spectroscopic, bolometric, pressure gauge, etc. data.
Note: This report is a section in a larger memo on the analysis of this shot, the first sections
of which have been authored by Gary Porter. The first few pages of Gary’s work are
attached here as an appendix to provide basic information on this shot.

5.4.2 Grid (EFIT) uncertainties
The OSM analysis procedure is centrally dependant on the computational grid used.
Uncertainties in the grid shape and location directly affect the comparison of the various edge
data since the data are for different locations. The grid is produced from EFIT. It is known
that uncertainties in the EFITing mean that the location of the grid separatrix, for example, is
subject to some uncertainty. The first objective in this DIII-D OSM study is to try to shed
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light on these spatial uncertainties using the edge data itself. Part I of this memo focuses
on this task and uses only target Langmuir probe, Divertor and Core Thomson and
Filterscope Dα data. Focus is also on the outer target, which is attached for this shot/time and
therefore should be easier to analyse. In later reports other diagnostic information will be
included and the Private Flux Zone (PFZ) and the inner divertor will be considered.
The approach taken in the following is to examine how the comparison of these basic edge
data are affected by:
(a) R-shifting the Langmuir and DTS data relative to the grid in the divertor,
(b) Z-shifting the Core Thomson (upstream edge) data relative to the grid.
Ideally the data would be held fixed in (R,Z) space and the grid would be changed by using
different input to EFIT. In future it is hoped that we can learn how to easily generate
prescribed shifts of the grid, but first attempts indicated that this may take some effort. For
the present report, the simpler procedure of shifting the data relative to the fixed grid was
used.
Recently, a similar OSM analysis was carried out of JET edge data ['Simple Relations
between Scrape-Off Layer Parameters of High Recycling Divertors', S.K. Erents, P.C.
Stangeby, B. LaBombard, J.D. Elder and W. Fundamenski, Nucl Fusion, in press.] where the
same OSM model used here was used to confront target Langmuir probe data and data from a
reciprocating probe (RCP) which entered vertically at the top of the JET torus. The JET
computational grids were also generated from EFIT. The study examined the effect of
shifting the reciprocating probe data relative to a fixed grid. About 20 ohmic, L-mode and
H-mode shots were analysed, and it was concluded that for most of the JET shots the EFITbased grid located the separatrix at the top of the torus about 50 mm higher than its true
position, equivalent to about 20 mm at the outside mid-plane. This quantified the experience
of RCP operators: deployment of the RCP at the nominal separatrix location often resulted in
smaller probe signals than would be expected at the separatrix. It is also found to be very
difficult to insert the RCP past the separatrix as defined by pressure based on target probe
data; the RCP usually 'breaks down', involving a sudden high current associated with a power
supply voltage collapse.
Two EFITings were done for this DIII-D L-mode shot/time, one by Gary Porter and one by
Jon Watkins. Gary used the “jt snap file”, which included the effect of edge currents; Jon
used the “default snap file”, which did not. The resulting grids differ somewhat, see figure
5.4.1. Jon’s EFIT places the outer strike point about 10 mm further out (larger R) than
Gary’s. We have proceeded here using Jon's EFIT, but since we will be considering the
effect of shifting the data anyway, the choice of EFIT would not appear to be critical for
present purposes. We would, however, like to understand why these differences exist
and whether they are an indication of the magnitude and nature of the uncertainties in
EFIT.
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More generally, we are looking for comments from EFIT-knowledgeable people on our
tentative findings here, where we would conclude that (Jon's) EFIT is:
(a) locating the outer strike point somewhat incorrectly: it would seem that the actual strike
point is ∼10 mm further out (larger R),
(b) locating the separatrix at the location of the Core Thomson line somewhat incorrectly: it
would seem that the separatrix there is ∼15 mm lower (smaller Z).

Our question to the EFIT experts is: Are such errors credible?

(a)

(b)

Figure 5.4.1: (a) The outer divertor region of the grid used in UEDGE simulation oskn_c06
(based on Gary’s EFIT that used the “jt snap file”), and (b) the grid used in oskn_c08 (based
on Jon’s EFIT that used the “default snap file”). The outer strike point is located about 10
mm further out (larger R) for Jon’s EFIT.

5.4.3 The DIVIMP Onion-Skin Model (OSM)
The boundary conditions (Te, Ti and Jsat) for the OSM are specified at the target plates. If
conduction dominates power transport parallel to the field line, a situation common with
attached plasmas, then the upstream temperature is reasonably insensitive to changes in the
target temperature ( Tu α Tt2/7 ).
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For the outer SOL solutions presented below, a Runge-Kutta method (the OSM “SOL option
22” which is contained in the DIVIMP code) was used to solve the standard 1D plasma
conservation equations. The solver was configured as follows:
1. Ti was set equal to Te at the target.
2. Sonic target conditions were assumed.
3. Parallel power conduction and convection were included.
4. e-i energy equipartition was not included (as it tends to destabilize SOLOpt22; in the
future we will try the CFD-type SOLOpt23, which is more robust numerically).
5. Volumetric particle, momentum and energy sources resulting from neutral hydrogen
interaction were obtained by iterating the plasma solution with EIRENE several
times. Neutral-neutral collisions have not been turned on yet in EIRENE.
6. Impurities are not explicitly modeled yet but the electron power loss due to impurity
interactions was set to be equal to the hydrogenic power loss term as a first estimate
of the effect on electron cooling.
7. Cross-field particle and energy sources were distributed uniformly along each ring,
and the integrals of these sources were calculated from conservation:
total cross-field source = integrated volumetric loss along the ring + loss to the two
targets at the end of the ring.
8. A simple model was used to include cross-field power losses from the SOL to the
private flux zone (PFZ).
Limited attention has been paid to the PFZ solution thus far. It was prescribed from divertor
Thomson measurements made at 1250 ms (there were only a few DTS data points in the PFZ
at 1650 ms), based on the assumption that the PFZ plasma does not change significantly as
the magnetic field is swept. The DTS data were also used to specify the target data for the
PFZ.

5.4.4 The standard case (no shift of data relative to grid)
Most of the outer target probe I-V characteristics are excellent for this shot/time, and it would
therefore appear that the target temperatures should be measured accurately. The outer target
Te and Jsat data are given in figure 5.4.2. However, in the oskn_c06 UEDGE simulation the
Te values at the outer target are only a few eV, which is much lower than the 10 to 24 eV Te
values measured by the target probes. This raises the question of whether it is the Te values
from the probe measurements or the UEDGE solution that are valid, a matter that will be
considered further in later reports. Here we will proceed by taking the target Langmuir probe
data as the boundary conditions for the OSM analysis.
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Figure 5.4.2: The standard case with no shift of the divertor target data relative to the grid.
The outer target Langmuir probe data are plotted as a function of the psi-n coordinate. The
vertical line marks the location of the separatrix. The PFZ data were taken from DTS data at
1250 ms.

The solution in this section is referred to as the "standard case" because the target data are
assigned directly from the analysis of the target probes and are not shifted relative to the grid.
In a subsequent report the target data are modified (multiplied by factors from 0.25 to 4) in
order to see how the agreement with the Thomson and Dα data is affected, i.e. the effect of
errors/uncertainties in the probe measurements is studied.
The Lower-Look Filterscope Dα data and the Dα signal calculated by DIVIMP/EIRENE are
given in figure 5.4.3. Agreement is within a factor of 2 at the outer SOL target (the peak at
260 degrees). Again, little effort has been made so far to match the data at the inner target
and in the Dα "valley" between the strike points.
In figure 5.4.4, the outer SOL T values generated from the target data in figure 5.4.2 are
shown with the DTS Te data. The data are plotted along the field line and each plot shows
the last 20% of the inner-to-outer target distance, i.e. closest to the outer target. The
computational ring number is shown in the upper right hand corner of each plot, and ring 10
is the separatrix ring. It can be seen that the OSM Te is somewhat higher than the DTS Te.
The density plots are given in figure 5.4.5. The OSM densities are close near the target, but
less close farther upstream.
These ne and Te comparisons raise questions that we ask the Thomson experts: What is
the uncertainty/error in these Thomson data? What significance should we attach to
the differences between the Thomson and OSM values?
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Figure 5.4.3: The standard case with no shift of the divertor data (Langmuir or Thomson)
relative to the grid. Dα comparison between OSM/EIRENE data () and data from the
Lower-Looking filterscope (----). The x-axis is the viewing angle in degrees, where zero
degrees is the view in the direction of the major radius. The outer strike-point is located at
approximately 260 degrees.

5.4.4.1 The effect of shifting the core Thomson data relative to the grid (with no shift of
the divertor data)
The OSM and upstream Thomson data are given in figure 5.4.6. All Thomson data recorded
between 1550 and 1750 ms are shown (see section 5.1 of Gary’s part of the memo, given
here in appendix 5.4.B). The shift/offset in the experimental data is indicated by "OFF=" on
each plot, and note that a shift of 1.600 is actually the un-shifted data, so that the 3 shifts
presented are +10 mm (1.610), +15 mm (1.615) and +20 mm (1.620). The shifts are along
the laser line and a positive shift moves the data upward, raising the Thomson Te and ne in
the SOL, i.e. effectively moving the separatrix down to lower Z. The left-most OSM data
point (the continuous lines) shows the location of the separatrix ring, so that Thomson points
to the left of that are in the core.
For this shot/time there were no upstream (CER) Ti measurements. An “experimental” value
of Ti was assigned as being equal to the Thomson Te-value multiplied by the OSM-calculated
ratio of Ti/Te at each point. These “experimental” Ti-values are shown along with the OSM
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Figure 5.4.4: The standard case with no shift of the divertor data (Langmuir or Thomson) relative to
the grid. Along-the-field-line plots of OSM Te () and Ti (---), and DTS Te (+), i.e. plots along the
computational ring in the direction parallel to B. The last 20% of the inner-to-outer target distance,
with the origin at the inner target, is plotted. The solution was generated from the target data in
figure 5.4.2.

Figure 5.4.5: The standard case with no shift of the divertor data relative to the grid. Alongthe-field-line plots of OSM n () and DTS n (+).
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Ti-values in the 3rd plot of each set. This total pressure (electron + ion, static + dynamic) is
shown as the 4th quantity plotted in each set of plots (denoted by “Pr”). The “experimental”
pressure uses the Thomson Te, the “experimental” Ti described above, and the calculated
OSM parallel plasma flow velocity (the contribution to the pressure from the plasma flow is
small).
We start by focusing on the pressure comparison. It is to be noted that it is not assumed in
the OSM analysis that the total pressure Pr is necessarily constant along B, and effects such
as neutral friction are included in the momentum balance. However, for these particular
plasma conditions it was found that Pr was in fact nearly constant along B. In any case, what
is plotted here is the OSM-calculated value of Pr at the Core Thomson location, enabling a
direct comparison with the Thomson data.
It is evident that a significant discrepancy exists between the OSM and Thomson upstream
pressure profiles - as to the absolute position, although not the shape - if the grid is
assumed to be correctly positioned by EFIT; see plots for "OFF= 1.600”, the un-shifted data.
This discrepancy lies outside the scatter in the Thomson data.
A question to the Thomson experts: Does this discrepancy lie outside the Thomson
errors/uncertainties?
As can be seen, shifting the Thomson data relative to the grid by a couple of cm, but keeping
its shape unaltered, removes this discrepancy and results in an OSM pressure profile that is
within the scatter in the Thomson data; see plots for "OFF= 1.620", a shift of 2 cm. This
suggests that the true location of the separatrix is 2 cm lower than as given by EFIT for this
shot/time. A detailed plot for the 2 cm shift is given in appendix 5.4.A, figure A.1.
While other effects not taken into account in the OSM, such as E×B drifts, could be the
explanation of the differences in the upstream pressure, see section 5.4.7, we will proceed
here with the working hypothesis that EFIT uncertainties are the cause of the pressure
difference and that it is valid to correct for this by simply Z-shifting the upstream data
relative to the grid until pressure match is obtained. There is no guarantee, of course, that the
two pressure profiles will have the same shape and therefore it is not assured, a priori, that
simply shifting the pressure profiles will achieve a good match. As it turns out for the
present example, however, a simple shift does give a match to within the scatter.
Next we consider whether the shift required for pressure agreement results in matches of the
upstream ne and Te (and if CER Ti data were available, the ion temperature) profiles. As can
be seen from figure 5.4.6, for no shift ("OFF= 1.600”) the ne profile match is poor and lies
outside the scatter. The OSM Te profile is just within the scatter but clearly lies above the
average experimental values. The 2 cm shift ("OFF= 1.620") required for a good pressure
match can be see to result in matches for both ne and Te that are largely within the scatter.
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Figure 5.4.6: The standard case with no shift in the divertor data relative to the grid. Comparison is made between the OSM
solution () and the upstream Thomson data (+). Ne denotes the plasma density, Te and Ti the temperatures, and Pr the total
pressure. The data are plotted as a function of the distance along the laser trajectory. The Thomson “Ti” data were calculated as
the product of the Thomson Te and the OSM Ti/Te ratio, and the pressure plot includes the contribution from plasma flow as
calculated by DIVIMP. “OFF=” denotes the shift in the Thomson data with the origin at 1.600 (so “OFF= 1.600” represents
data that were not shifted). All data between 1550 and 1750 ms are shown. A detailed plot of the +2 cm shift (“OFF= 1.6200”)
is given in appendix 5.4A, figure A.1.
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5.4.5 The effect of shifting the divertor data relative to the grid
As stated earlier, one of the principle purposes of this memo is to ask the Thomson
experts whether the errors/uncertainties of the DTS data are such that it is
appropriate to attach significance to the differences that are seen in figures 5.4.4,
5.4.5 between the OSM and DTS values?
We will proceed for now on the assumption that it is justifiable to seek closer agreement
between OSM and DTS by examining the hypothesis that EFIT uncertainties can justify
shifting the DTS and Langmuir probe data relative to the grid by the same order as the
difference in Gary’s and Jon’s EFITs, i.e. of order 10 mm.
Again we ask the EFIT experts: Is this reasonable?
Below are presented OSM solutions for Langmuir data R-shifts of –15, -10, -5, +5, +10
and +15 mm. For the OSM/DTS comparison plots, the DTS data are shifted by the same
amount as the target data.

5.4.5.1 Target data shifted by –15 mm

Figure 5.4.7: Outer target data shifted by –15 mm. The vertical line marks the location
of the separatrix. The PFZ data were taken from DTS data at 1250 ms.
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Figure 5.4.8: Dα comparison between OSM/EIRENE data () and data from the LowerLooking filterscope (----). The x-axis is the viewing angle in degrees. The outer strikepoint is located at approximately 260 degrees. Outer target data were shifted by –15
mm.
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Figure 5.4.9: Along-the-field-line plots of OSM Te () and Ti (---), and DTS Te (+). The last
20% of the inner-to-outer target distance is plotted. Outer target data shifted by –15 mm.

Figure 5.4.10: Along-the-field-line plots of OSM n () and DTS n (+). Outer target data shifted
by –15 mm.
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Figure 5.4.11: The comparison between the OSM solution () and the upstream Thomson data
(+). Ne denotes the plasma density, Te and Ti the temperatures, and Pr the total pressure. The
data are plotted as a function of the distance along the laser trajectory. The Thomson “Ti” data
were calculated as the product of the Thomson Te and the OSM Ti/Te ratio, and the pressure plot
includes the contribution from plasma flow as calculated by DIVIMP. “OFF=” denotes the shift
in the Thomson data with the origin at 1.600 (so “OFF= 1.600” represents data that were not
shifted). Outer target data shifted by –15 mm.
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5.4.5.2 Target data shifted by –10 mm

Figure 5.4.12: Outer target data shifted by –10 mm. The vertical line marks the location
of the separatrix. The PFZ data were taken from DTS data at 1250 ms.

Figure 5.4.13: Dα comparison between OSM/EIRENE data () and data from the
Lower-Looking filterscope (----). The x-axis is the viewing angle in degrees. Outer
target data shifted by –10 mm.
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Figure 5.4.14: Along-the-field-line plots of OSM Te () and Ti (---), and DTS Te (+). The last
20% of the inner-to-outer target distanceis shown. Outer target data shifted by –10 mm.

Figure 5.4.15: Along-the-field-line plots of OSM n () and DTS n (+). Outer target
data shifted by –10 mm.
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Figure 5.4.16: The comparison between the OSM solution () and the upstream Thomson data
(+). Ne denotes the plasma density, Te and Ti the temperatures, and Pr the total pressure. The
data are plotted as a function of the distance along the laser trajectory. The Thomson “Ti” data
were calculated as the product of the Thomson Te and the OSM Ti/Te ratio, and the pressure plot
includes the contribution from plasma flow as calculated by DIVIMP. “OFF=” denotes the shift
in the Thomson data with the origin at 1.600 (so “OFF= 1.600” represents data that were not
shifted). All data between 1550 and 1750 ms are shown. Outer divertor data shifted by –10 mm.
A detailed view for the 1.5 cm shift (“OFF= 1.615”) shift is shown in appendix 5.4A, figure A.2.
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5.4.5.3 Target data shifted by –5 mm

Figure 5.4.17: Outer target data Langmuir probe data shifted by –5 mm. The vertical
line marks the location of the separatrix. The PFZ data were taken from DTS data at
1250 ms.

Figure 5.4.18: Dα comparison between OSM/EIRENE data () and data from the
Lower-Looking filterscope (----). The x-axis is the viewing angle in degrees. The outer
strike-point is located at approximately 260 degrees. Target data shifted by –5 mm.
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Figure 5.4.19: Along-the-field-line plots of OSM Te () and Ti (---), and DTS Te (+).
Outer target data (both DTS and Langmuir) shifted by –5 mm.

Figure 5.4.20: Along-the-field-line plots of OSM n () and DTS n (+). Outer target
data shifted by –5 mm.
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Figure 5.4.21: The comparison between the OSM solution () and the upstream Thomson data
(+). Ne denotes the plasma density, Te and Ti the temperatures, and Pr the total pressure. The
data are plotted as a function of the distance along the laser trajectory. The Thomson “Ti” data
were calculated as the product of the Thomson Te and the OSM Ti/Te ratio, and the pressure plot
includes the contribution from plasma flow as calculated by DIVIMP (nominal). “OFF=”
denotes the shift in the Thomson data with the origin at 1.600 (so “OFF= 1.600” represents data
that were not shifted). All data between 1550 and 1750 ms are shown. The target data were
shifted by –5 mm.
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5.4.5.4 Target data shifted by +5 mm

Figure 5.4.22: Outer target data shifted by +5 mm. The vertical line marks the location
of the separatrix. The PFZ data were taken from DTS data at 1250 ms.

Figure 5.4.23: Dα comparison between OSM/EIRENE data () and data from the
Lower-Looking filterscope (----). The x-axis is the viewing angle in degrees. The outer
strike-point is located at approximately 260 degrees. Outer target data shifted by +5
mm.
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Figure 5.4.24: Along-the-field-line plots of OSM Te () and Ti (---), and DTS Te (+). The target
data were shifted by +5 mm.

Figure 5.4.25: Along-the-field-line plots of OSM n () and DTS n (+). The target data
were shifted by +5 mm.
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Figure 5.4.26: The comparison between the OSM solution () and the upstream Thomson data
(+). Ne denotes the plasma density, Te and Ti the temperatures, and Pr the total pressure. The
data are plotted as a function of the distance along the laser trajectory. The Thomson “Ti” data
were calculated as the product of the Thomson Te and the OSM Ti/Te ratio, and the pressure plot
includes the contribution from plasma flow as calculated by DIVIMP (nominal). “OFF=”
denotes the shift in the Thomson data with the origin at 1.600 (so “OFF= 1.600” represents data
that were not shifted). All data between 1550 and 1750 ms are shown. The target data were
shifted by +5 mm.
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5.4.5.5 Target data shifted by +10 mm

Figure 5.4.27: Outer target data Langmuir probe data shifted by +10 mm, which results
in a non-physical bump in the Jsat curve. The vertical line marks the location of the
separatrix. The PFZ data were taken from DTS data at 1250 ms.

Figure 5.4.28: Dα comparison between OSM/EIRENE data () and data from the
Lower-Looking filterscope (----). The x-axis is the viewing angle in degrees. The outer
strike-point is located at approximately 260 degrees. The target data were shifted by
+10 mm.
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Figure 5.4.29: Along-the-field-line plots of OSM Te () and Ti (---), and DTS Te (+). Outer
divertor Thomson and Langmuir data were shifted by +10 mm.

Figure 5.4.30: Along-the-field-line plots of OSM n () and DTS n (+). The outer
divertor data were shifted by +10 mm.

24

Figure 5.4.31: The comparison between the OSM solution () and the upstream Thomson data
(+). Ne denotes the plasma density, Te and Ti the temperatures, and Pr the total pressure. The
data are plotted as a function of the distance along the laser trajectory. The Thomson “Ti” data
were calculated as the product of the Thomson Te and the OSM Ti/Te ratio, and the pressure plot
includes the contribution from plasma flow as calculated by DIVIMP. “OFF=” denotes the shift
in the Thomson data with the origin at 1.600 (so “OFF= 1.600” represents data that were not
shifted). All data between 1550 and 1750 ms are shown. The outer target data were shifted by
+10 mm.
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5.4.5.6 Target data shifted by +15 mm

Figure 5.4.32: Outer target data Langmuir probe data shifted by +15 mm, which results
in a non-physical bump in the Jsat curve. The vertical line marks the location of the
separatrix. The PFZ data were taken from DTS data at 1250 ms.

Figure 5.4.33: Dα comparison between OSM/EIRENE data () and data from the
Lower-Looking filterscope (----). The x-axis is the viewing angle in degrees. The outer
strike-point is located at approximately 260 degrees. The target data were shifted by
+15 mm
26

Figure 5.4.34: Along-the-field-line plots of OSM Te () and Ti (---), and DTS Te (+). The
divertor Thomson and Langmuir data were shifted by +15 mm.

Figure 5.4.35: Along-the-field-line plots of OSM n () and DTS n (+). The divertor
data were shifted by +15 mm.
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Figure 5.4.36: The comparison between the OSM solution () and the upstream Thomson data
(+). Ne denotes the plasma density, Te and Ti the temperatures, and Pr the total pressure. The
data are plotted as a function of the distance along the laser trajectory. The Thomson “Ti” data
were calculated as the product of the Thomson Te and the OSM Ti/Te ratio, and the pressure plot
includes the contribution from plasma flow as calculated by DIVIMP (nominal). “OFF=”
denotes the shift in the Thomson data with the origin at 1.600 (so “OFF= 1.600” represents data
that were not shifted). All data between 1550 and 1750 ms are shown. The target data were
shifted by +15 mm.
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5.4.5.7 Comments on the effects of shifting the outer divertor target data relative to
the grid
Assuming that the foregoing exercise is not an over-interpretation of the data, that makes
more out of differences between modeling and measurements than can be physically
justified by the uncertainties/errors in EFIT and Thomson, it would seem that a shift of
the divertor data by ~ -10 mm together with a shift of ~ +15 mm in the Core Thomson
data would give the best match, and one largely within the data scatter.
Positive shifts of the divertor data, i.e. locating the data more in accord with Gary's EFIT,
lead to poorer matches both in the divertor and upstream. In fact, for positive shifts of
the divertor data there is no shift of the upstream data that can bring all 3 of the profiles,
Ne, Te and Pr, into agreement to within most of the scatter. This would appear to rule
out positive shifts of the divertor data.

5.4.6 Comments and questions on Part I: The effect of (EFIT) grid
uncertainties
In subsequent Parts of this report we will examine the effect of errors/uncertainties in the
target probe data by altering the target data and seeing how that affects the matches with
the Thomson, Dα, etc. We will also compare the OSM/EIRENE/DIVIMP calculations
with the other measurements such as the toroidal view CIII emission.
Here we ask the Thomson and EFIT experts to please advise us on whether it is
physically justified, given the errors/uncertainties in Thomson and EFIT, to ‘fine
tune’ the analysis, as we have done here, in order to maximize the match between
model and measurements.

5.4.7 The Possible Role of Drift Effects
The OSM analysis that has been used here has not included E×B or other drift effects. There
are at least two ways that drift effects could, in principle, influence the foregoing analysis
based on shifting the data relative to the grid.
First, a radial Epoloidal×B drift could ‘push’ the plasma at the outer target toward smaller R
(which is the direction of this drift for the normal direction of Bφ). This would, in fact, move
the target Langmuir profiles in the same direction (i.e. a negative outer target data shift) that
was found to give an improved match between the OSM and DTS values of ne and Te. It
may therefore be the case that, in the target region at least, the EFIT grid is not wrongly
located and that the data shift required for best fit can be justified in part or even entirely by
Epoloidal×B drift. Analysis of shots with reversed field should help to clarify this.
Secondly, and with regard to the comparison with the upstream, Core Thomson data: over the
long SOL distances involved it is conceivable that drift effects could influence the power and
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momentum conservation balances. The modeling of drift effects is rather complicated, and
offsetting effects arise. It would appear that such code results as have been obtained so far
may not be sufficient to test the modeling to the degree necessary to generate complete
confidence that understanding is adequate.
Turning to the experimental information bearing on drifts:
(a) effects on power balance: it appears that the total power flowing to inner and outer
targets (as manifest by the sum of divertor radiated power and target power) may be
nearly balanced in/out, and is not significantly influenced by the direction of Bφ. At
least that has been reported for JT60 and for DIII-D, although on JET it appears that
more power does flow to the outer leg.
(b) effects on pressure balance: similarly there is no clear evidence for significant
pressure differences in/out, nor for any dependence on the direction of Bφ - although
the experimental evidence is limited and not entirely consistent. One wants to avoid
detachment at both targets if the complications of neutral friction and volume
recombination are to be avoided, but often the inside is in fact detached or partially
detached; the inside plasma is usually cold which raises interpretation problems for
Langmuir probe measurements of Te. Also, Ti is not measured at the targets and so
only pe can be evaluated, not ptotal. The most complete study of in/out pressure
differences, including the effect of field reversal, would appear to be the one carried
on C-MOD [Hutchinson et al, PPCF 37(1995)1389]. The C-MOD study focused
specifically on the question of in/out pressure differences at the targets and found that
no difference existed, within error, for either field direction.
Therefore, it would not appear to be justified to introduce sources/sinks into the momentum
and power equations of the OSM (so as to reflect drift effects) which would, in principle, be
an alternative way to bring the upstream, Core Thomson, and OSM data into agreement. The
pressure equation is the critical issue. The power equation is not as important. Indeed, it is
one of the benefits of OSM analysis that when calculating in the upstream direction, from
boundary conditions taken from experiment at the targets, the OSM solution is insensitive to
how/where the power entered the flux tube. The information related to power is almost
entirely contained within the target boundary conditions. This is due to the important role
that parallel heat conduction plays in power balance and its strong dependence on T, qcond ∝
T5/2. By contrast, there can in principle be important pressure information over and above
that contained in the target boundary conditions: if, say due to drift effects, ptotal were to
change by a factor of 2 from the outer target to the location of the Core Thomson, then as can
be seen, e.g. from Fig. 5.4.6, the conclusion about the amount of data shift called for would
be changed directly. The experimental information bearing on the matter of pressureconstancy is, therefore, central. As noted, the assessment of this question on C-MOD
concluded that pressure (strictly only pe , but the high collisionality in C-MOD may mean
that Te ≈ Ti near the targets) was the same at each target. Studies on DIII-D, Petrie et al ,
JNM 241-243(1997)639 and Schaffer et al, JNM 266-269(1999)264, utilizing Core Thomson
data (although this then introduces the EFIT uncertainties), also indicated little pressure
variation for attached conditions.
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We therefore proceed, tentatively and awaiting further experimental evidence on the
important matter of drift effects on pressure balance, with the working hypothesis that EFIT
uncertainties are the reason that total pressure can appear not to be equal between the target
and upstream locations, such as that of the Core Thomson - thus justifying shifting of the
data relative to the grid so as to achieve pressure agreement, e.g. as in Fig. 5.4.6. As to the
matter of shifting the divertor data relative to the grid - the probe data, the DTS data, etc. –
we will also proceed to make the working hypothesis that this is justified by EFIT
uncertainties; EpoloidalxB drift provides additional possible justification, although the
magnitude of the EFIT uncertainties may be adequate to cover differences, making any drift
contribution a moot point.
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Appendix 5.4A: Detailed OSM/upstream Thomson comparison plots for
selected cases












Figure A.1: The standard case with no shift in the divertor target data. The upstream Thomson data has
been shifted by +20 mm. Comparison is made between the OSM solution () and the upstream Thomson
data (+). All data between 1550 and 1750 ms are shown.
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Figure A.2: The divertor target data has been shifted by –10 mm, and the upstream Thomson data has
been shifted by +15 mm. Comparison is made between the OSM solution () and the upstream Thomson
data (+). All data between 1550 and 1750 ms are shown.
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Appendix 5.4B: Experimental data for shot 86575 at 1650 ms (reprint
of the first 5 pages of Gary Porter’s memo)
3 January, 2000
GP-00-003
file: uedge_86575_1250
To:
From:
Subject:

file
G. D. Porter
UEDGE simulation of discharge 86575, 1250 ms

1. Introduction
This memo is a standard aide-memoire to keep me honest. It is not intended to be widely
distributed. I describe the discharge that Peter Stangeby, Phil West, and I selected for
initial “onion-skin modeling”. This discharge, 86575, was taken in early DCX days, and
contains a radial X-point sweep to provide better divertor Langmuir probe data.

2. Discharge description
1.1 Plasma configuration
The position of the X-point was swept outward, then back in between 1000 and 2000 ms
on shot 86575, as shown in Figure 0-1(a). This figure shows that the position of the
Z-point was swept from 1.47 m to 1.40 m. The magnetic equilibrium at 1250 ms during
this sweep is shown in Figure 0-2, together with the views of several diagnostics relevant
to the scrape off layer plasma (SOL). This time was chosen as the “standard”, and the
equilibrium has been used to generate a grid for both onion-skin modeling and UEDGE
modeling. This time slice is shown as the vertical dashed line in Figure 0-1.
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Figure 0-1 Effect of X-point sweep in the L-mode phase of 86575. The radial position of
the inner strike point is shown in (a), the radial position of the outer strike point in (b),
the D emissivity measured at R=1.143 m in (c),and the emissivity measured at R=1.618
m in (d).
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Shot 86575, 1250 ms
1.5

fs01up fs03up
fs00up fs02up
fs04up

fs11up

fs12up

fs13up

Thomson

Z (m)

0.5

CER

-0.5



Divertor
Thomson

fs06
fs00
fs02 fs04
fs01
fs03 fs05

-1.5 Langmuir ProbesPhoto Diodes
1.0
1.5
2.0
2.5
R (m)
Figure 0-2 Magnetic equilibrium for shot 86575, 1250 ms.

2.2 Temporal behavior
The temporal behavior of several plasma parameters is shown in Figure 0-3. The purpose
of the discharge was to document the characteristics of the plasma in the divertor. This
was done by sweeping the plasma across the view of the divertor Thomson. As shown in
Figure 0-1, the first sweep was done between 1000 and 2000 ms. This sweep is
predominately in the L-mode phase, as can be seen in the behavior of the D emission
(phd01) in Figure 0-3(c). In spite of the low neutral beam power, the plasma transitions to
H-mode about 1870 ms. Since we are focussing on the structure of the divertor plasma in
the L-mode phase, we must restrict our analysis to between 1000 and 1800 ms. We must
be aware, however, that the H-mode transition is not instantaneous, but we expect
changes in the plasma structure during the late phases of the L-mode. Hence we must be
careful about how we interpret the plasma during the initial sweep.
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Figure 0-3 Temporal behavior of discharge86575. The plasma current is shown in (a),
the injected power in kW in (b), the Dα emission near the inner strike point in (c), and the
electron density near the magnetic axis in (d).

2.3 Density behavior
The behavior of the total electron content in the core plasma is shown in Figure 0-4. This
is calculated by integrating the Thomson density from the axis to the separatrix, assuming
the density is constant on flux surfaces. The decrease in content between 1300 and 1800
ms is unusual. I haven’t identified a specific change in the input parameters which would
be associated with this decrease. This may indicate a change in recycling characteristics
as the outer strike point is moved away for the baffle ring, and the recycling off the top of
the ring is reduced. Another caution about interpreting data during the L-mode plasma
sweep. This may also explain the rather strange behavior of the core content at the Hmode transition. Usually we are able to fit this with a simple exponential rise. However,
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in this discharge the density rise is initially rather slow, then increases to a more usual
rate. This behavior is not well fit by a simple exponential!

Shot 86575, EFIT time =1250 ms
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Figure 0-4 Behavior of the total electron content on closed flux surfaces on shot 86575.
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