NSTX kineticeEFITtime Tutorial

DISCLAIMER:

Since this is an evolving document, there may be some small inconsistencies as different
figures have been taken by different people with different versions of OMFIT for different
analyses.
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A prerequisite to using OMFIT is completing the first time users setup.

Introduction

This document and its companion workbook describes a typical workflow for producing plasma
profile and transport analysis with the intention of a kinetically-constrained equilibrium
reconstruction. The high level goal is to produce an EFIT that has P’ and FF’ constrained by
additional information provided by the experimental thermal and model-based fast-ion pressure,

and current constrained by a bootstrap current model.

Workflow overview

There are 8 major steps in this workflow
1. Select the discharge and timebase for the analysis

2. Select a snap file to produce the k-file that includes the basic constraints and switches

for the desired final equilibrium reconstruction
3. Perform profile analysis on an existing MDSplus EFIT reconstruction to
a. Constrain a refined equilibrium based on edge profile measurements
b. Form inputs required for the transport code of choice


https://docs.google.com/document/d/17ozBoeWAeFEFBSyBwbnvqsPaWloC-1PWV0vDkTrlCfc/edit?usp=sharing
https://docs.google.com/a/pppl.gov/document/d/1knZyLtekdflXXgZH2VwgF3LYiEr8RGlAwTsarYoZsg0/edit?usp=sharing

6.
7.
8.

Produce refined equilibrium that satisfies #3.a.

Re-fit profiles on refined equilibrium from #4. Steps 3-5 be iterated as necessary until
good equilibrium and profiles are achieved.

Run transport code evolving poloidal field diffusion equation

Produce kinetic constrained EFIT

Re-run transport code using kinetic EFIT without evolving current (poloidal field)

The last step can be skipped if the final result is an EFIT. If the final result is a self-consistent
equilibrium+transport analysis for transport model validation then the final step is generally
necessary.

Ilteration overview

In OMFIT these steps are broken into iterations. A schematic of the standard workflow and
various iterations is shown here.

However, OMFIT is designed to be modular and this standard workflow does not always need
to be followed. An example of another workflow is shown below. In this example profiles and
equilibrium are done in iteration 0. They are repeated in iteration 1 and iteration 2 until
satisfactory inputs for transport are generated. When transport is run in iteration 3, the most
recent iteration profiles and equilibrium are used (in this case iteration 2.) However, if it is later
decided that the profiles and equilibrium in iteration 1 are better; you can jump back to iteration
1 and then delete the next iterations (2 and 3) to perform the transport step in iteration 2. It is a
better practice to jump to the next iteration to improve profiles and equilibrium rather than to
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Iteration 1 <
Iteration 0 *
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overwrite a previous iteration.
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Tutorial Example

This tutorial uses NSTX discharge 140001 for the following steps because all of the diagnostics
for a MSE-constrained EFIT with electron and ion profiles from axis to boundary are available.
Please follow along with this tutorial /p/omfit/users/gavdeeva/projects/140001 _tutorial.zip.

1. Select discharge and timebase for analysis

It is imperative that you are aware of the available diagnostics for the analysis you will be
performing. For most analyses, availability of the following list needs to be confirmed
1. EFITO02 is valid for all times selected (can be viewed in IDL tool efitviewer)
2. Thomson scattering for ne, Te (can be processed considering the occurrence of ELMs)
3. Charge-exchange for Ti, rotation, Er and impurity density
4. MSE for internal pitch angles to constrain the core current profile
5. Radiated power for use in electron power balance
Please use the appropriate SCOPE to view the discharge history and think critically about what
you will be accomplishing.

Discharge 140001 achieves Ip flat top at 0.2 seconds and H-mode at 0.215 seconds. Thomson
scattering (ne, Te), core charge exchange (Ti, rotation, nZ) and MSE are available from very
early <0.1 seconds until the end of the discharge. By 0.8 seconds the discharge is approaching
termination, so this is where our analysis ends. We choose 16 ms as the timebase for our
tutorial analysis because this is an integer multiple of the existing EFIT k-file timebase (8 ms).
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To make this plot, perform the following:
1. Import the SCOPE module
2. Launch the SCOPE GUI
3. Change the workflow to the PubFig workflow
Workflow = |PUBFIG Publications Figure
] SCOPE/DATABASE/PUBFIG GUI a3l e
Workflow = |SCOPE Signal Viewer ~| C =
» ELM_processing SCOPE Signal Viewer
I* SIGNALS Device = 'NPUBFIG Publications Figure v
I EDORCED UNITS DATABASE Creator
2 b GROUPS Shots = |[140001]
DATABASE
b INPUTS Notebook of separate shots 3 C
- SCRIPTS
b PLOTS Plot =

4. Change the device to NSTX (if the shot number starts from 2 change the device to
NSTXU)

5. Change the shots to [140001]

6. Select signals to plot

a. Update plotting settings (fo create a list of ‘active’ signals in the OMFIT tree and
set initial settings for figure, e.g figure size, number of rows,columns, labels ...)

b. Press ‘?’ on the ‘Signals’ row to see how to modify the signals list to plot all
signals on one plot

c. Modify the list

d. Update plotting settings again. (/t is necessary to update plotting setting each
time after modifying the ‘Signals’ list)



! Signals = |['Lower Divertor D-alpha light intensity, Measured plasma current, NBI injected power, Stored energy’]
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7. Change the label of Measured plasma current to IPMEAS, scale to 1e-6, and the color
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linestyle = |[-]
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marker = ['None']
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Global X-Range = |[0.0, 1.0]

Plot

8. Change the label to wmhd, scale to 1e-6, and the colorto 'purple’

energy

. Change other labels and plotting settings if needed
10. Click the “Plot” button at the bottom of the GUI

2. Fetch k-files for EFIT

Start the OMFIT GUI, import the kineticEFITtime module and begin the module GUI by

double-clicking kineticEFITtime in the OMFIT tree.

Enter shot 140001 [return]

for stored

o

Enter ‘NSTX’ in the Device combobox. Note: if the shot number starts from 2 change the device
to ‘NSTXU’ by typing this in the combobox
Enter the time range using the python command arange (201,802, 16) [return], which fills
times from 201 to 793 in 16 ms steps, which is every other existing k-file.
Select EFIT tree in “Starting setup” dropdown , e.g. ‘EFIT02.

Then click, “Print valid times to console” to validate your EFIT time selection.” It also will print

times nearest to times of Thompson scattering measurements.

kineticEFITtime GUI
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Now we will retrieve our k-files by clicking “Fetch EFIT input k-files”




kineticEFITtime GUI

Device = 'NSTX' ﬂ =

Shet = [140001 J
Times [ms] = [[201, 217, 233, 248, 265, 28

Operation: = | -l

Starting setup = [EFIT02 < d
Get valid ti |

Fetch EFIT input k-files | |

We have now retrieved our k-files (as can be seen in OMFIT tree
kineticEFITtime — EFITtime — INPUTS — KEQDSK for each time).

'un OMFIT - 140001 _kineticEFITtime - PID 16741 on sunfire02 - v3.2021.12-1-g668e3
File Edit Plot Figures OMAS Help

7 |Browser : |OMFITI'kineticEFITtime"J'EFITtime' J'INPUTS'['kEQDSK']

Viewl View2 Attrs Scratch Command Box ScriptRun Main Settings Notes Help Terminal

OMFIT | Content Data type
< kineticEFITtime - OMFITmodule
b EFIT++ OMFITmodule
b TRANSP OMFITmodule
b OMFITprofiles OMFITmodule
< EFITtime — OMFITmodule
< INPUTS —-{ 1 }-- OMFITtree

< KEQDSK = EL) b= OMFITcollection
b 201 FILE: k140001.00201 (60.5kB) OMFITkeqdsk
b 217 FILE: k140001.00217 (60.5kB) OMFITkeqdsk
D233 FILE: k140001.00233 (60.5kB) OMFITkeqdsk
b 249 FILE: k140001.00249 (60.5kB) OMFITkeqdsk
b 265 FILE: k140001.00265 (60.5kB) OMFITkeqdsk
| b 281 FILE: k140001.00281 (60.5kB) OMFITkeqdsk
b 297 FILE: k140001.00297 (60.5kB) OMFITkeqdsk
b 313 FILE: k140001.00313 (60.5kB) OMFITkeqdsk
b 329 FILE: k140001.00329 (60.5kB) OMFITkeqdsk
P 345 FILE: k140001.00345 (60.5kB) OMFITkeqdsk
P 361 FILE: k140001.00361 (60.5kB) OMFITkeqdsk
p 377 FILE: k140001.00377 (60.5kB) OMFITkeqdsk
b 393 FILE: k140001.00393 (60.5kB) OMFITkeqdsk
> 409 FILE: k140001.00409 (60.5kB) OMFITkeqdsk
> 425 FILE: k140001.00425 (60.5kB) OMFITkeqdsk
b 441 FILE: k140001.00441 (60.5kB) OMFITkeqdsk
b 457 FILE: k140001.00457 (60.5kB) OMFITkeqdsk
b 473 FILE: k140001.00473 (60.5kB) OMFITkeqdsk
> 489 FILE: k140001.00489 (60.5kB) OMFITkeqdsk
b 505 FILE: k140001.00505 (60.5kB) OMFITkeqdsk

The next step is to fit profiles in preparation for making MSE-constrained EFITs.
After fetching the k-files the GUI re-draws and presents you with the option to run profiles and
form the equilibria. For this tutorial we will go through each step.

Iteration O

3. Fit Profiles (to map profiles into flux space)

kineticEFITtime module can load profiles from OMFEITprofiles or from QUICKFIT module.
QUICKEFIT needs to be loaded as an extra module, OMFITprofiles is already a submodule of
kineticEFITtime.

De-select 2) run equilibrium and then move to the “Profiles” tab, where we go through each
step.

kineticEFITtime GUI
NSTX #140001 from 201 to 793 ms

-

lteration # = |0 |v| d

Main  PROFILES

% 1) run profiles (optional: EFIT boundary constraint, MSE Er correction) d

[12) run equilibrium d

( Run Profiles

N\

4l

On Profiles — Fetch we want to “Fetch and map data”.


https://omfit.io/modules/mod_OMFITprofiles.html#mod-omfitprofiles
https://omfit.io/modules/mod_QUICKFIT.html#mod-quickfit

kineticEFITtime GUI AN
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Main PROFILES

>> Update profiles for kineticEFITtime iteration 0 << ?

Main [Fetch Filter Slice Select Fit Postfit Plot Export Compare

= Trim raw data time range 2 C ?
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Choose EFIT edition = EFIT02 -~ 7
Midplane TS
MPTS revision = BEST - C ?
CHERS
CHERS revision = |(CT1 | C
Fetch and map data ?
Add supplemental data from another shot/time 3 C ?

Then next step, is to “Slice” the data, which places all diagnostics on a common timebase.
Description of the algorithms for time convolution in the OMFEITprofiles tutorial.

NSTX has full radial coverage for Thomson scattering and the high-field and low-field side
profiles do not always align. When we slice the data we also symmetrize the Thomson
scattering based on the Te data, identifying a value for the separatrix temperature.

Symmetrization of Thomson scattering

The ‘Symmetrize TS’ feature applies a radial shift function to the Thomson scattering data based
on either trying to optimize the match between the LFS and HFS measurements or on the
separatrix temperature. You can select the weighting to either the former or the latter (or a mix)
by setting the ‘Set separatrix Te weight’ box. Values of the order 0.001 puts emphasis on the
matching of HFS and LFS, while values of the order 100 puts emphasis on the separatrix

temperature. To use only separatrix temperature constraints (in some cases symmetrization


https://docs.google.com/document/d/1b3SZtTbBLi6OXycjNozDyUvzc7FZWBLYUDDpvi3plI0/edit#heading=h.nx17l9rfc1dh

without matching of HFS and LFS at the core might work better) use the option “Use simple

symmetrization”.

As default, the cost function associated with the separatrix temperature constraint is only applied
to both the LFS and HFS data to avoid noisy data in the SOL biasing the shift. However, to only
apply this cost function to the LFS data, click the ‘Use LFS only for separatrix Te constraint’
check box.

[ Main [ Fetch I Filter ]}-Bluce-ﬂ Select [ Fit [ Postfit l Plot I Export ‘
| Spatial averaging = |[[]]

Time averaging [ms] = |20

Window function = |hanning v

Convolution error = |propagate v

Interpolate where data is missing
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=31 | =2 | -3 | =3 | =2
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—
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Use simple symmetrization

Set separatrix Te = |60.0

| Set separatrix Te weight = |1.0

Use LFS only for separatrix Te constraint
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B Plot symmetrization results

Diagnostic Specific
Stitch TS subsystems D ?

Slice all data -~

1) Select “Symmetrize TS” and “Plot symmetrization results”.
2) Click “Slice all data”

The procedure (symmetrization of TS) is automatic and illustrated below:

- Original T_e profile |y x |l Symmetrized T_e profile x

—0.25 . -0.25
0.0 0.5 1.0 La 2.0 25 0.0 0.5 1.0 15 2.0 2.5

Note: TS symmetrisation is not necessary if you start with step 2, calculate EFIT equilibrium with
isothermal constraint and then fit the kinetics profiles.

Now that we have sliced the data, we can view the raw profiles and time histories conveniently
in the OMFIT tree ( kineticEFITtime — OMFITprofiles — OUTPUTS)



OMFIT

Content

| kineticEFITtime
P EFIT++
I» TRANSP
< OMFITprofiles
INPUTS — }-
< OUTPUTS —{ 5 }-
P RAW —{ 5 }--
I CHANNELS -{ 5 }--
TIMINGS —-{ }--
< SLICE —-{ 5 }--
I TS channel: 30, time: 38
- MSE channel: 18, time: 38
» CHERS channel: 48, time: 38
I EQ R: 65, R_limiter: 41, Z: 65, channel: 1, profile_psi_n: 65, theta: 65, time: 38
[ NEUTRON channel: 3, time: 38
> DIAGNOSTICS —{ 1 1-
> SCRIPTS —-{ 45 }--
I» PLOTS -{ 18 }--
I GUIS —{ 15 }-
> LIB — 3 }-
I» WORKFLOWS —{ 2 }-
I SETTINGS FILE: SettingsNamelist.txt (11.2kB)
I help FILE: help.rst (4.0kB)

EFITtime
I» INPUTS

}
QUTPUTS —{ }--
> TEMPLATES —{ 8 }-
b LB —{ 3 }-
[ SCRIPTS —{ 28 (1) }-
> PLOTS —{ 13 (1) }-
I GUIS —{ 8 1-
> SETTINGS FILE: SettingsNamelist.txt (2.6kB)
> help FILE: help.rst (5.9kB)
INPUTS —{ }-
OUTPUTS { 1-
> WORKFLOWS -{ 2 }-
P SCRIPTS -{ 12 }--
[ PLOTS -{ 3 1-

Then move on to the “Select” tab, select Subsystem to see diagnostic channels (will pop up

automatically) and plot the data to identify the bad channels.

CHERS | MSE NEUTRON  Ts ‘

= mi _hfs_Te

Main ‘ Fetch ‘ Filter ‘ Slice ‘ Select ‘ Fit. | Postfit ‘ Plot ‘ Export ‘ % Use T_e from TS midplane_hfs_Te

‘ Show diagnestics layout
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| Plot TS (midplane_Ifs_Te) raw time series ‘
| Plot TS (midplane_hfs_ne) raw time series ‘

Plot TS (midplane_Ifs_ne) raw time series

Plot TS (midplane_Ifs_Te) raw time series

Plot TS sliced data

Plot TS (midplane_hfs_ne) raw time series

Plot TS (midplane_Ifs_ne) raw time series

Plot TS sliced data

Plot TS 2D sliced data ‘

Plot TS 2D sliced data

K1

lllustration of “Plot TS (midplane_HFS_T _e) raw time series”



TS:midplane_hfs T_e

TS:midplane_hfs n_e

Ts:midpl.

 Ifs T e

TS:midpl

Ifs n_e!

lane_hfs_10
Iplane_hfs_9
Iplane_hfs_8
Iplane_hfs_7
Iplane_hfs_6
Iplane_hfs_5
Iplane_hfs_4
Iplane_hfs_3
Iplane_hfs_2

Iplane_hfs_1

Iplane_hfs_0 -

B Py ——

—

0.0

Time [ms]

blane_Ifs_18
blane_Ifs_17
blane_lfs_16

blane_lfs_15 I
dlane_Ifs_14 |

slane_Ifs_13
dlane_Ifs_12
olane_Ifs_11
slane_lfs_10
dplane_lfs_9
dplane_Ifs_8
dplane_Ifs_7
dplane_Ifs_6
dplane_Ifs_5
dplane_Ifs_4
dplane_Ifs_3
dplane_Ifs_2
dplane_Ifs_1
dplane_Ifs_0
0.

0.4

Time [ms]

0.6

0.8 1.0
Ki30% #140001




lllustration of “Plot TS sliced data”
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For this tutorial it is recommended to de-select midplane LFS T e 18 and
midplane_HFS_ne_0 channels. The steps to do this are as follows:

1) Return to the kineticEFITtime GUI (See Figure below)
2) Select ‘midplane_LFS_T_e’ from the ‘Subsystem’ dropdown menu
3) De-select ‘midplane LFS T e 18
4) Repeat steps 2 and 3 for midplane HFS_n_e






Selecting the Fit

Next, we will begin profile fitting. In the ‘PROFILES’ tab in kineticEFITtime GUI, select the ‘Fit’
tab.

kineticEFITtime GUI x

NSTX #140001 from 201 to 793 ms

Iteration # = |0 - |

Main PROFILES
== Update profiles for kineticEFITtime iteration 0 << ?

Main Fetch Filter Slice Select Fit Postfit Plot Export Compare

Fit coordinate = |rho - [RCI
Fit range = [0, 1.2] C ?
Output resolution = |0.005 (5 |
Load fit settings from exported OMFITsettings file = " File C ?

Fit all with current settings 7

n_e omegator 12C6 P_rad T 12C6 T e

Transform = |log *|C ?
Symmetry = Even *|C 7
Fitting method = |Radial Basis Functions 7 owm
Bases inrho = |10 ER
Space-time correlation ratio = |10 L 7
X Bias rho by smoothed derivative at each time s ]
Additional edge bias = |0 L %

Copy Fit Settings to all Fits ?

Plot 1D sliced data

--> FIT and plot 1D <-- 7

Within the ‘Fit’ tab, there is a tab selector with the various measured parameters that require a
fitting function definition (e.g. Carbon Density (n_12C6), Electron Density (n_e), Carbon Toroidal
Frequency (omega_tor_12C6), Radiated Power (P_rad), Carbon Temperature (T_12C6), and
Electron Temperature (T_e)). This set of parameters is specified in the ‘Fetch’ process, which
was covered in the step Fetch k-files for EFIT. Note: this is the minimum set of parameters for a
reasonable estimate of the power balance.

This step requires user discretion to determine what is reasonable given the data quality, and to
some extent, the desired next steps for the analysis (core transport, pedestal stability, etc...).
For this example, we will adopt the practice to obtain relatively smooth profiles without focusing
on the detailed structure.

We begin the fits by selecting a reasonabile fitting method for all times. Approaches to individual
time slices can be defined later, after an initial fit has been performed.

1) Select the Electron Temperature ‘T_e’ tab.

2) Select ‘Scale Length’ in the ‘Fitting method’ dropdown menu.
Note:tWhat constitutes the “best” fitting method is up to the user. The inverse scale length
method gives consistent separatrix fit, good for electron temperature. If you are not satisfied
with fit quality, try other fitting methods.

3) For the other parameters (n_12C6, n_e, T_12CB6) select ‘Scale Length’ as was done for T_e.



Note: We could have made the changes to a single measurement, say T_e, and then used
the “Copy Fit Settings to all Fits’ to propagate that selection.

4) For the parameter omega_tor_12C6, select ‘Radial Basis Functions’ as the “Fitting Method”
Note: The reason that radial basis functions are used for the toroidal rotation frequency
rather than ‘scale length’ is that sometimes the frequency can have negative values, which
radial basis functions can handle, but scale length fit methods cannot.

5) Select ‘Fit all with current Settings’ to perform a fit of all measured parameters for all time
slices.

Note: It is possible to conduct each fit individually, but often one begins with this global
approach and refines the fits after reviewing.

The kineticEFITtime GUI (see Figure: kineticEFITtime GUI after initial fit) changed because the
Fit data was added to the tree OMFIT['kineticEFITtime'T'OMFITprofiles'OUTPUTS'['FIT"]
(shown here).

Figure: kineticEFITtime GUI after initial fit

kineticEFITtime GUI x

NSTX #140001 from 201 to 793 ms
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Iteration # = |0 |+ d

Main | PROFILES | Plotting

‘ == Update profiles for kineticEFITtime iteration 0 << ‘ %
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Fit coordinate = |rho Ma 2
Fit range = [0, 1.2] o2
Output resolution = |0.005 [
Load fit settings from exported OMFITsettings file = | E ERZ
‘ Fit all with current settings ‘ o
‘ Refit with last used settings ‘ 5

n_12C6 | ne | omega_tor_12C6 | P_rad | T_12C6 | T_= |

Fit times = | o
Transform = |log EEEN
Symmetry = |Even <t =
[ Uniform radial resampling of data prior fitting L »
Fitting method = |Scale lengths [*| 7 w
[ Monotonic L »
Knots (int or list) = |-5 [
[ Fixed knots L »
First knot location minimum = |auto <t »
Minimum distance between knots = |0.04 [
Outlier detection factor = |disabled <t »
[ Fit SOL L »

Copy Fit Settings to all Fits

—> FIT and plot 1D <—

Plot residuals and chi-squared

Plot 1D ‘ ? ‘ Plot 1D Fit & Derivative ‘ ? ‘ Plot 2D ‘ 2

Fit parameter = |xbc |V| L ? ‘ > Plot parameter

Figure: OMFIT['kineticEFITtime']['OMFITprofilesOUTPUTS'['FIT'] view
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Viewl|\ﬂew2|AﬂIs|Suaich|Cmma‘ﬂan Script Run MdnSeﬂirgs|Notm|Help|Temind|
= OMFIT Content Data type
INPUT: ~ = OMFITtree
- OUTPUTS = 7 + OMFITtree
> RAW - 5 + OMFITtree
I> CHANNELS - 5 + OMFITtree
I TIMINGS — 1 i OMFITtree
I» SLICE - 5 + OMFITtree
[> DIAGMOSTICS — 2 }+ OMFITtree
[* FIT_HISTORY = 5 e OMFITtree
FILE: FIT.nc OMFITprofiles
dn_e drho time: DataArray
= dn_12C6 drho  time: DataArray
domega_tor_12C time: DataArray
dT_e drho time: DataArray
dT_12C6_drho  time: DataArray
n_e time: DataArray
n_12C6 time: Datafrray
omega_tor_12C6 time: DataArray
P_rad time: Datasrray
rho rho: 241 Datafrray
Te time: 38, rho: 241 DataArray
T_12C6 time: 38, rho: 241 Datafrray
time time: 38 Datafrray
I> SCRIPTS - 45 + OMFITtree
I> PLOTS - 18 + OMFITtree
I GUIS — 15 = OMFITtree
I > LB - 4 + OMFITtree
I> WORKFLOWS - 2 + OMFITtree
[ SETTINGS FILE: SettingsMamelist.txt OMFITsettings
FILE: help.rst  (4.0kB) OMFIThelp
INPUTS — I+ OMFITtree
b OUTPUTS - 1 + OMFITtree
| P WORKFLOWS - 2 + OMFITtree
=T T

Then click “Fit and plot 1D”. Use arrow keys —,<— to page forward and backwards in
time. Always carefully examine the fits.




1 kineticEFITtime GUI x
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Fit times = |[[] ~ D 7

Transform = log * D 7

Symmetry = |[Even D 7
Uniform radial resampling of data prior fitting 1 \ D 7
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Fitting method = |Scale lengths * 7w
’ GAProfiles Spline & D2
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Bolometers

Because the bolometers provide line integrated data, they need to be interpreted differently than
other profiles. Simple tangential midplane geometry of the bolometers allows to make a 1D
inversions, sometimes incorrectly called Abel inversions. The tomographic inversion algorithm is
based on Minimum Fisher regularised (MFI) Tikhonov method. Regularisation level is specified
in the fit GUI by a number between 0 and 1. The higher number makes the regularisation bias
stronger and profiles smoother, lower regularisaton better fits experimental data. Other two
parameters, i.e. Positivity penalty and Number of MFI iterations shouldn't have a large effect on
reconstruction quality and it is recommended to keep them at default values.

Once the fit is done, please check data by Plot Prad fit details. Sometimes a single corrupted
channel can damage the whole reconstruction. In such case, return to Select panel, remove this
channel and try to fit it again.

Because of the high Mach numbers in NSTX plasmas, the radiation profiles have very large
centrifugal asymmetry. Therefore the midplane emissivity profile needs to be averaged before
saving to OMFITprofiles FIT dataset. Currently the HFS and LFS profiles are only averaged and
mapped on rho coordinate. Proper flux averaging would require application of model for
centrifugal asymmetry and detailed knowledge of impurity content.



kain ‘ Fetch | Filter | Slice | Zelect | Fit ‘ Postfit | Plot | Expart | Compare
Fit coordinate = |rh0 |v| d 7
Fit range = |[IZI, 1.2] | Co9
Output resalution = |IZI.DDE | cC 7
Load fit settings from exported COhFITsettings file = " File cC 7
| Fit all with current seftings ‘ 7
| Refit with last used settings ‘ ?

n_12ChH ‘ n_e | omega_tar_12CE | P_rad ‘ T 12CH ’T—_e|

Fit times =[] M
Transform = |None |v| c 7
Symmetry = |Ntme |v| c 7
Fitting method = |T0m0graphy |v| 7w
Regularisation = |D.3 | C 7
Positivity penalty = |1e-DS | C 7
Mumber of iterations in MF| algorithm = |4 | c 7
= FIT and plot 10 =—- ?
Plat 10 ‘ 7 | Plot zD 7
Plot P_rad fit details ?
Save current fits as = |'save’ cC ?
Store as problematic profile ?

Here is an example of measured data and reconstructed radial profile. Plots are interactive,use

left/right arrow key to move in time.
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¢ 4 Brightness, time = 500.0
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Postfit

When you have completed your profile fitting, move to the Postfit tab and select “Calculate
derived quantities”, which calculates quantities like quasi-neutrality, Zeff, various frequencies,
pressures, efc...

Centrifugal force correction of measured density

Very fast rotation and relatively low ion temperatures in NSTX imply that the deuterium Mach
number is near unity, therefore compressibility effects should be considered. As a consequence
of particle centrifugal trapping on the Low Field Side (LFS) of the plasma, we can observe an
increase in LFS impurity and ion density and a commensurate increase of the electron density
on the LFS to maintain quasineutrality of the plasma.

OMFITprofiles has an option to recalculate the measured density to either correspond to the
LFS or flux surface averaged (FSA) density. FSA density is utilized by 1.5D codes like TRANSP,
while LFS density with properly applied compressibility and rotation effects is expected by
codes like NEO, CGYRO or GKW.

Main Fetch Filter Slice Select Fit Postfit | Plot Export Compare
DERIVED | Stretch profiles =~ Shift diagnostics
Optional DERIVED quantities

Gradients and scale lengths C
Pedestal width and height C
% Electric field quantities C
% Set Vpol=0 for Er calculation C 7

Centrifugal force correction of measured density

Correction = Calculate FSA density * C

x Correct CHERS data C

x Correct MPTS data C
Apply correction

Compare with original data
Re-FIT all timeslices

Re-Calculate derived quantities

Calculation of the density using either of them (LFS of FSA) reduces discrepancy between
measured LFS and LFS density profiles as is illustrated below:




Ne [m 7]

44 Modified profile n_e, time = 305.0
#~ =~ Original profile n_e_local, time = 305.0

G-D 1 1 1
0.0 0.3 0.6 0.9 1.2

rho

There are also options to stretch profiles or shift diagnostics (like for DIII-D .)

NSTX #140001 from 201 to 793 ms =

Iteration # = 0 ~ d

Main PROFILES
>> update profiles for kineticEFITtime iteration 0 << ?
Main Fetch Filter Slice Select Fit Postfit Plot Export

DERIVED | Stretch profiles = Shift diagnostics
Optional DERIVED quantities

Gradients and scale lengths D
Pedestal width and height D

x Electric field quantities D
Set Vpol=0 for Er calculation D ?

Zeff

Change Zeff based by manipulating = None - D ?
Propagate uncertainties in DERIVED (slow) D
Calculate derived quantities ?

When you are satisfied with the profiles fit, press the button “Update profiles for kineticEFITtime
iteration 0” and see them in the OUTPUT for iteration 0
Plot profiles

You can use the Plot tab to produce some powerful visualizations such as the following plot of
quasi-neutrality that can be paged through in time, showing ne, nCarbon and nDeuterium
profiles.


https://docs.google.com/document/d/1XBXBcU3aLva9BNGO7CTPeczQfraVIBo8Oe_EyYQ__U4/edit#heading=h.roc7t2eicr04

Figure 1

o kineticEFITtime GUI
20
#140001 from 201 1o 793 ms = 100 I
lteration # = 1 -
1| - - - n_12CE/1.00e+00, time =[ 649.]1 | |
Main | PROFILES | Plotting| - - n_2H1/1.00e400, time = [ 649.] :
>> update pi Tor kineticEFTtime iteration 1 << ‘ 2 — n_g/1.00e+00, time = [ 649.] |
Meain | Slice | Select | Fit| Piot | Postiit | Export | 0.8} rf ;g L ::22 = E g:g'} :
Raw Data 4+ -+ CHEAS n_12C6, time = [ 649.] |
Raw Diagnostics = [] o d 7 |
|
jpkawzwgna\s ‘ E |
= 0.6 |
d derived quantities to plot 2 |
[
Fits = [n_e', 'n_12C8) Jd 7w pe |
Derived = [n_2H11] Ld 7w k| :
Plot style - |Cverlayed 53 d g — |
i |
Time Series lz‘s |
Isolate rhos in 10 time series = [0.1, 0.3, 0.5, 0.7, 0.5, 0.9, 0.95] d 7 |
|
Plot 10 static time seties ‘ _____ |
i3
1D profiles 0.2 -
Isolate times in 1D profiles = | S 4 d 7 . :—
Coordinate for 10 profiles = [rho <ld 7 P e T |
—— - v+
 Show data in 10 profiles d i o RS A & = RS
0.0 == e
Plot 10 interactive profiles ‘ ? 0.00 025 0.50 0.75 1.00
I Normalize plots (for static profile overlays) d rhe NSTX #140001
Plot 1D static profiles ‘ T [ %
M| o] O] E1E Y]] 0 aa| 52|
2D profiles S -
Plot 2D interactive ‘ 7 ﬂ 0 ° * -~ @ ﬁ

Another useful option is to select the plot style as notebook tabs and plot interactive profile (use
— , < to page in time). Or look for more options in the OMFITprofiles tutorial.

@ kineticEFITtime GUI x
Fits = |All fit quantities but no derivatives *+D ? w .
Derived = |[] D 7 w
Piot style = [ - | O

Time Series
Isolate rhos in 1D time series = [0.1, 0.5, 0.9, 0.95] D ?

Plot 1D static time series

Plot static raw data & fits ?
1D profiles

Isolate times in 1D profiles = |[] D ?
Coordinate for 1D profiles = rho D ?
Show raw data in 1D profiles D

% Show slice data in 1D profiles D
Show disabled slice data in 1D profiles D
Show residual in 1D profiles D
Plot 1D interactive profiles ?

Normalize plots (useful for overlays) D

Plot 1D static profiles

2D profiles

* Show contour lines D
Plot 2D interactive

Plot static fits

4. Run Equilibrium

The next step is to create the first user EFIT on your timebase, permitting you to perform
detailed pedestal alignments, change the EFIT switches from their defaults, etc.. Then, when
this is done, we will fit the profiles again to make both the EFIT and the diagnostic mappings
self-consistent for running TRANSP.

Disable 1) run profiles and enable 2) run equilibrium
- kineticEFITtime GUI x
#140001 from 2071 to 733 ms =

lteration # = |0 -
Main | EFIT | Plotting

[~ 1) run profiles

W 2) run equilibrium (

Run Equilibrium |

Move to the EFIT tab and set up the EFIT constraints. Here we make sure that MSE is used.
The default is to run EFIT for all times, but the OMFIT ListEditor allows you to select single
times or a subset if you are focused on getting a setup optimized before applying to all times.


https://docs.google.com/document/d/1b3SZtTbBLi6OXycjNozDyUvzc7FZWBLYUDDpvi3plI0/edit#heading=h.nx17l9rfc1dh

There are also options to modify convergence error, relaxation coefficient and number of
iterations. The solution relaxation parameter controls how much of the EFIT solution at
the previous iteration is retained. This parameter (defined between 0 and 1) trades off the speed
of convergence for stability. Higher values will make convergence faster, but it can miss the
global optimum.

On the Constraints — MSE tab
The first time EFIT is run, the MSE data from OMFITprofiles must be fetched from there. Then
click the “Load MSE data from OMFIT profiles” button.

. If you find later that MSE data are poorly fitted,
and you trust the MSE data, do not hesitate to increase the weight by an order of magnitude.
1) Constraints — MSE tab

)
Magnetic }!MSE [ Boundary l Pressure [ Current l q [ Isothermal constraints l Rotation ‘

Edit channel # = |0 - (0.000) v D
Weight of channel #0 = [0.0 [3] D
Multiply all MSE weights by = |1.0 D

Load MSE data from OMFIT profiles
] Correct MSE for Radial Electric Field L3 D7
Values from MSE Tree: OMFITprofiles[OUTPUTS']['SLICE']['MSE']['tan_alpha_cor’] ¥ (D

Preview MSE Data and Correction
Plot MSE data
Plot MSE data in k-Files

We can view the MSE pitch angles with “Plot MSE measurements”.

Here we show the measurements as a function of time (as color) vs index and vs R. It is
apparent that there are some data concern.

If a given set of MSE channels are not desired then they can be disabled, by changing the
weight of the channel. For this particular example we will need to de-select some channels
(15-17) to see the plot with a reasonable scale (y axis). Let’s see how to do this.
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To remove channels 15-17:
1) Select the tabs EFIT—>Run—Constraints>MSE
2) From the “Edit channel #” dropdown, select “15 - (1.000)”
3) Set the “Weight of channel #15” to 0
4) Repeat steps 1-3 for channels 16 and 17.
Before After
kineticEFITtime GUI kineticEFITtime GUI x
'_'I'_El'll m'm: a "‘jhl‘ll m'm:
| Run Plot  Scan Run | Plot  Scan |
Operation: = Generate g-files from k-files Oporation: = Ganerale g-iles from k-files fed
201 * Select timi{s) for EFIT 2201 201 /= Salect time(s) for EFIT 2 201
217 217 217 217
233 233 233 233
249 e 240 L Add > 249
gg? | Aod all >> ig?_ 22;? | Agd all >> ﬁ
297 297 a7 a7
313 313 313 313
929 | Remove < ) ) | Remove < 330
;? -‘| Remave all << Y.;‘? :fl' .‘| Remove all << ':?
| EFIT grid size = |65x65 EFIT grid size = |65x65
Solution relaxation = 0.5 B cCc ? Solution relaxation = |0.5 138 c ?
Corvergence eror = 0.0001 38 C 7 Convergence emor = | 0,0001 [ cCc ?
Maximum number of EFIT Rerations = 25 [38 C Maximum number of EFIT iterations = |25 38 C
efineGs c 7 ofit_al C ? rfineGS [ = ofit_ai cC 7
Constraints  Basis functions  Extensions M
Magnetic MSE Boundary Pressuwe Cument g consiraints  Rotation Magnetic = MSE  Boundary | Cument  q  Isothenmal constraints  Rotation
Edit channed & = 15 - (0.000) - C Edit channel # = 15 - (0.000) *|C
Weight of channel #15 = ([0.0. 1.0, 1.0, 1.0, 1.0. 1.0, 1.0. 1.0, 1.0. 1.0. 1.0. 1.0. 1.0. 1.0, 1{[38] € Wieight of channel 415 = 0.0 138 C

Multiply all MSE weights by = | 1.0

Load MSE data from OMFIT profiles.

Multiply all MSE weights by = |10

ILoad MSE data from OMFIT profiles.

Next, let's see what the MSE data in the k-files

1) From the tabs EFIT—Run—Constraints—MSE

2) Press “Plot MSE data in k-files”




conswans [ Gaslsnctons | Extnsrs|

Edit channel # = |0- (1.000)

Weight of channel #0 = | 1.0 l38] C

Multiply all MSE weights by = 1.0 |C

‘ Load MSE data from OMFIT profiles I

x Correct MSE for Radial Electric Field [Eae

High Rotation: profiles_module[ GUTPUTS'][FI T omega_tor_12CE] I-]C 2

‘ Preview MSE Data and Correction |
Plot MSE data
| Plot MSE data in k-Files |

Plot MSE measurements

MSE tan(a) measurement in k-files

tan(a) [deg]

300 450 600 750
Time [ms]

Isothermal constraint

It is highly recommended to use isothermal constraints to properly shift HFS and LFS profiles.
The physics behind the isothermal constraint is that the parallel heat conductivity is so high that
the electron temperature should be constant on a flux surface.

Preview the constraint to check if the location of Te constraint was identified correctly.

To apply the isothermal constraint:
1) Navigate to EFIT—>Run—Constraints—Isothermal constraints
2) Select the “Update isothermal constraint” checkbox.




Constraints  Basis functions = Extensions

Magnetic MSE  Boundary Pressure Current o Rotation

Update isothermal constraint [

Isothermal constraint as per specification in the k-file

The “Isothermal constraints” tab will refresh

Constraints  Basis functions = Extenslons

Magnetic MSE \ Boundary Pressure Current g ' Isothermal constraints | Rotation

x Lpclate isothermal constraint C

Lower Te limit [eV] = 100 C ?

Relative upper Te limit = 0.8 'Cc 7

x Constrain location of mag, axis from MSE data cC 2 IS

x Constrain location of LFS separatrix B %

TESEP = |60 C ?
Preview constraints

Let’'s see what this does
1) Select “Preview constraints”

One can view any of profiles for various times by navigating through them with the arrow key.
Let’s look at time slice 777 ms. For the “Timetraces” there is only one view.

Profiles  Timetraces

Profiles Timetraces \

Interactive plot, use left/right arrow 150

T. [keV]

= T_e, time =777
x Te constrains

125

1.00 anm == separatrix

e—e mag. axis
+~— 1. location
~ 2. location
3. location
4. location
0.75 +~— 5. location

R[m]

0.50

R[m] time [s]




EFIT grid size = |65x65

Solution relaxation = 0.5

Convergence error = |G.00C!1

[ refineGS

Lower Te limit [eV] = | 100

Relative upper Te limit = 0.8

38 C 7

@8 C ?

Maximum number of EFIT iterations = |25 38 C
C ? [ efital [

Constraints | Basis functions ‘ Extensions |

Maqgnetic | MSE | Boundary ‘ Pressure | Current | q | Isothermal constraints | Rotation ‘

[¥ Update isothermal constraint C
lc =
lc =

[¥ Constrain location of mag. axis from MSE data C =

[* Constrain location of LFS separatrix C 7
e

TESEP = |60

Preview constraints

Remove constraints from k-file

Now move on to running EFIT

kineticEFITtime GUI x
#140007 from 201 to 793 ms =

lteration # = [0

EFIT | Plotting |

r

) run profiles

T

1
v 2] run eguilibrium

RBun Equilibriurm |

When the EFITs are all complete, we can plot them (move on to the Plotting tab)
Select that you want to plot all times, iteration_0 and then plot the g-files.




#140007 from 201 to 7593 ms

lteration # = |0 1 ~— =l
Wiain | EFIT| Plotiing|

Select time(s) = |[2E|1J 217,233, 249, 265, 281, 297, 313, E.gﬂ, 1 s o 7
Select iteratlon(s) = [teration_07] <ld 2

Plot constraints and gradients

q |

Plot gHiles *— = |
|

|

Compare chi2 as function of time

Plot error as function of EFIT iteration

x10* Pressure 6 q Safety factor

+—10 |

115}

120}

25 P
1FEl'Cscurce function

-6 -4
0.00.20.40.60.81.0 0.00.20.40.60.81.0
P p

We can examine the fit quality by plotting the EFIT chi2, error, and magnetic axis location as a
function of iteration. Plot GS error by pressing the “Plot error as a function of EFIT
iteration” button.

kineticEFITtime GUI X

NSTX #140001 from 201 to 793 ms =

Iteration # = |0 l~ d

Main | EFIT | Plotting | Export
Select time(s) = |[201, 217, 233, 248, 265, 281, 287, 313, 328, 345, 361, 377,393,409, ¢}~/ L 2

Select iteration(s) = | Hlele el ~*|C ?

Plot constraints and gradients

Plot g-files

Compare chiZ as function of time

Plot error as function of EFIT iteration

Compare profiles between profiles_module iterations

Here some time slices converge more quickly than others, and a few EFITs have an oscillation
of the magnetic axis.

Magnetics $\chi®28 | Error | Z magnetc axis (ci) Magnetics $ichi"2$ | Error | Z magnetic axis (cm) Magnetics $\chi*2$ | Error | Z magnetic axis (cm)

s o2
Tl Magnetics y ; Error Z magnetic axis (cm)

One key figure to examine is the agreement between the measured and reconstructed MSE
pitch angles, which determines the g-profile.



Let’s look at the MSE error and current profile:
1) Navigate to EFIT—Plot
2) Press the “MSE error and current profile” button
Here we can see that the EFIT magnetic axis may be at a larger radius than the reconstruction,
and that the current profile from a perfect MSE match will be lower on-axis and larger off-axis.
However, the existing basis function selection does not allow this, and will be refined later.

More about basis functions, how to customize constraints and what to examine after EFIT runs
can be found in the kineticEFIT tutorial.

Run  Plot Scan

Plot CHIZ as function of time

201

4= List of times to plot|~ 201

208
217
225
233
241
249
257
265
273
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Add >

Add all >>

Remove <

Remove all <<

Plot g-files
Plot flux-surfaces

Plot chi*2

Plot MSE error and current

Plot isothermal constraints

Compare with MHD

Compare with MDS+ EFITs

Iteration 1
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5. Re-fit the profiles on user EFITs
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Next, to make the EFITs and profiles self consistent, we need to re-map the diagnostics from
machine coordinates to flux coordinates using our user EFITs. Otherwise, the mapping used for
our profile fits (based on MDS+ EFITs) may not be the same as the mapping from our
user-defined EFITs, which are also exactly on our specified timebase.

Change the iteration number from 0 -> 1 by typing 1 in the combobox, then press [return].

kineticEFITtime GUI
#140007 from 2071 to Y33 ms

lteration # = [1]

<l

Meain | EFIT | Plotting |
[~ 17 run profiles
W 21 run equilibrium

Run Equilibrium

x

Rather than view each profile again, we can simply “Run Profiles” and the scripts will run all of
the way through each profile (n_e, T_e, etc...), update DERIVED and store the resulting profiles
in the OMFIT tree.

It

eration # = |1

kineticEFITtime GUI

#140007 from 207 to 733 ms

Main | PROFILES | Plotting |

v 1) run profiles

[~ 2] run transport

[~ 3] run equilibrium

Fun Profiles
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File Edit Plot Figures OMAS Help

7 |Browser : COMFIT['kineticEFITtime [['OUTPUTS I['iteration_1']

View 1l View 2 Attrs Scratct Command Bo> Script Rur | Main Setting: Notes

OMFIT Content
- PLOTS -—{ 18 }--
I GUIS -—{ 15 }--
I LIB -—{ 3 }--
> WORKFLOWS —{ 2 }--
I SETTINGS FILE: SettingsNamelisttxt (11.2kB)
- help FILE: help.rst  (4.0kB)
I EFITtime
INPUTS —{ }--
— OUTPUTS -—{ 2 }--
- iteration_o0 -{ 3 }--
I profiles_module --{ 2 }--
> equilibrium_mod —{ 3 }--
[ SETTINGS FILE: SettingsNamelist.ixt (734.0bytes)
- iteration_1 - }--
I profiles_module --{ 2 }--
> SETTINGS FILE: SettingsNamelist.txt (734.0bytes)
[» WORKFLOWS — 2 }-—-
[ SCRIPTS —-{ 12 }--
> PLOTS —{ 3 }--
I» GUIS -{ 4 }--
b LIB —{ 1 }--
> SETTINGS FILE: SettingsNamelist.txt (734.0bytes)
- 4
Show: hidden [X types Project saved as: /pfomfitfusersfgavdeevalprojects/1

Check carefully the profile fits to avoid unpleasant surprises later.

6. Run TRANSP

Note: It is possible to use ONETWO as well. For more details, check the DIlI-D version of
kineticEFITtime manual.

Back to the Main tab and change our workflow from 1) run profiles to 2) run transport. The
TRANSP tab appears.

On the TRANSP tab click “Setup TRANSP for kineticEFITtime”. (It may be necessary to change
the TRANSP run number to something like ‘iteration_1’, and then press the button.)

[ kineticEFITtime GUI X
#140001 fram 201 to 733 ms —
lteration # = |1 H

Hair} | TRANSP | Plotting |
[~ 1) run profiles
W 2) run transport

[~ 3) run equilibriurm

Run Transport

- kineticEFITtime GUI x
NSTX #140001 from 201 to 793 ms

Iteration # = |1 - d

1 Main TRANSP | Plotting @ Export

TRANSP Run = [iteration_1} ?

Setup TRANSP for kineticEFITtime

- kineticEFITtime GUI X
NSTX #140001 from 201 to 793 ms

Iteration # = 1 [+ d

Main TRANSP Plotting Export

TRANSP Run = '2601" / =

Initializing TRANSP will perform the following for you:
1. Create the TRANSP namelist with pre-defined defaults
2. Deploy the gEQDSK files to disk, run scrunch2, and pull the UFILEs back into OMFIT




a. Inthe console print out is written warning if some qEQDSK are skipped due to a
high GS error. Sometimes SCRUNCH2 can skip most of them.

3. Create profile UFILEs for the plasma profiles you produced in iteration_1 “run profiles”
4. Set up machine specific inputs such as heating powers, recycling, neutron rates, etc...

Once completed, you are presented with the TRANSP GUI, where you can change desired

settings.
[~ kineticEFITtime GUI X
NSTX #140001 from 201 to 793 ms =
Iteration # = |1 -~ d
Main TRANSP | Plotting = Export
Setup TRANSP for kineticEFITtime
TRANSP Run = |'2642"
TRANSP id: 140001242
Output Type = |MDS v d
Check if MDSplus data for runlD 140001Z42 is available
Successful TRANSP runs for runiD: 140001Z..
TRANSP monitor website
Did tr_cleanup D ?
OMFIT['kineticEFITtime ' TRANSP'I['GUISTI'RUNgui'l
Main  Input Namelist View/Modify UFILEs = UFILE Options
TRANSP Version = |Official Public ~ D
Form Inputs | Look at Runing Job RPLOT Load Existing Run Scan Design Shot Cleanup Run
1. TRANSP Namelist
Load TRANSP Namelist
2. Equilibrium Selection
OMFIT Equilibrium Module = [EFITtime] -- OMFIT['kineticEFITtime']['EFITtime'] - Unlink
TRANSP monitor website
Did tr_cleanup D
OMFITI'kineticEFITtime 'I['TRANSP'I['GUIS'II'RUNgui'l
Main Input Namelist View/Modify UFILEs UFILE Options
Radius Equilibrium Plasma Heating Diagnostics ACFILE Sawteeth Pellets
OMFIT['kineticEFITtime J[' TRANSP'I['GUIS'I['TIMEgui']
TRANSP Time Range
Start time (s) = |0.101 d ?
End time (s) = 0.803 d ?
Input Output Balance Equilibrium Heating
Input Time Resolution Settings
Scalar Time Resolution (s) = 0.005 D 7
Profile Time Resolution (s) = 0.005 D ?

When you are happy with input settings click button “Setup TRANSP for kineticEFITtime”.

After successful finishing “Setup TRANSP for kineticEFITtime” return to the Main Tab and select
“‘Run Transport”

[ kineticEFITtime GUI

#140001 from 201 to 793 ms
lteration # = |1

4
| TRANSP | Plotting |
run profiles

1)
W 2] run transport
I 3) run equilibrium

Run Transport ‘

The run will appear in the TRANSP Grid Monitor

i

http://w3. l.gov/transp/trans

rid_monitor.



http://w3.pppl.gov/transp/transpgrid_monitor

If the submission of the run failed with the following error

ssh_askpass: exec(/usr/libexec/openssh/ssh-askpass): No such file or directory
Permission denied, please try again.

ssh_askpass: exec(/usr/libexec/openssh/ssh-askpass): No such file or directory
Permission denied, please try again.

ssh_askpass: exec(/usr/libexec/openssh/ssh-askpass): No such file or directory
Permission denied (publickey,gssapi-keyex,gssapi-with-mic, password, hostbased).
tr_send_pppl.pl -E- globus-job-submit fTailed

you should save the project (to be able to open and just continue later), open a new terminal,
type ssh -Y portal and then start a new OMFIT session.

[...[140001Z01 [NSTX [10 |bgriers [Mark [Restart mark set to: 0.1000000 / 0.1050000 (sec) - cpu time =2.1402E-03 (hrs)
|— active Running on mecune03 1.pppl.gov (R5)

|_ active Since Thu Nov 17 16:03:27 EST 2016

[ shot Shot: 140001

|— truser tr_bgriers

(After the run is done, if you get this error:

status=self.get("TreeOpen($,$)" tree,shot)

File "ffusion/projects/codes/atom/omfit_v3.x/atom/miniconda3_3.2021.20.1
/lib/python3.7/site-packages/MDSplus/connection.py”, line 254, in get

ans = self. getAnswer ()

File "ffusion/projects/codes/atom/omfit_v3.x/atom/miniconda3_3.2021.20.1
/lib/python3.7/site-packages/MDSplus/connection.py”, line 110, in __getAnsw
er

ans=Connection.dtype_to_scalar[dtype](_C.cast{ans,_C.POINTER(_dtypes.
mdsdtypes.ctypes[dtype])).contents.value)
KeyErmor: 0 j

click on the button

Check if MD5plus data for runlD 140001248 is available

and hopefully your data will now be fetched.

)

Compare TRANSP to experiment

Upon completion of the run, we examine the self-consistency between the measured and
predicted neutron rate, the comparison between the plasma stored energy from kinetic profiles
(ne, nimp, Te, Ti, Pbeam) and magnetics (W_MHD), and the measured and simulated surface
loop voltage that depends on the overall Zeff, beam-driven and bootstrap current by clicking the
“Compare to experiment” button on the bottom of the TRANSP tab.

&= kineticEFITtime GUI

X
[ Did tr_cleanup D ? =
RunPlot RPLOT |TRXPL TIME SLICES FBM BIRTH  Load Existing Run | Cleanup Run
Basic Plotting of Single Run
OMFIT['kineticEFITtime I TRANSPI['GUIS'I['PLOTgui']
‘ Can't find something? >> Update Plot MDS Dictionary << |
Data Type = ‘Scalarfunction of time |v| D
Filter = [ |p
MDS quantity = | |/ d
Plot options = |{'Iinestyle': - 'marker: "} | D
Plot in = |newfigure |v| D
‘ Plot |
OMFITkineticEFITtime I TRANSP'I'GUIS I'NSTX 1'SUMMARYgui'] =
EFIT = ['EFITO1" | o
‘ Compare to Experiment |
L = Compare TRANSP to Experiment | Compare TRANSP to Experiment
Neutrons = Stored Energy Surface Voltage  Internal Inductance Neutrons Stored Energy | Surface Voltage Internal Inductance

14 5
10 x10 %10

0.6



And you can view any TRANSP output with the TRANSP GUI’s plotting capability or the RPLOT
tool for comparing multiple TRANSP runs, creating new UFILEs, plotting fluxes, etc...

7. Create kinetic EFITs

Now for the final step, which is to use the TRANSP output thermal and fast-ion pressures, and
bootstrap current, to make a new “kinetic” EFIT.

On the Main tab change from “transport” to “equilibrium”.
- kineticEFITtime GUI »

#140007 from 201 to 733 ms =
lteration # = |1 -

Main | EFIT| Plotting |

[~ 17 run profiles
[~ &) run transport
v 3] run equilibrium

Run Equilibrium

On the EFIT tab select “Constraints” and then “Pressure”.

Here we view the thermal and fast-ion pressures for each timeslice.

Depending on the condition and data quality, you may want to change the default values for the
pressure uncertainty or the number of radial points in the pressure profile constraint for EFIT.

[ kineticEFITtime GUI = il Pressure constraint x
#140001 from 201 to 793 ms i
lerein S = o =l 45 Pressure and uncertainty
Main | EFIT | Plottin
oo :
20 — Select time(s) for EFITE 201
217 J sz
5 o
Fe Add all > oo
297 297
i o< |5
Ef? . Remove all << ’,Ef?
EFIT grid size = [129x129 El
Solution relaxation = 1.0 [38] d
Conwergence error = 0.0001 [38] d
Maximum number of iterationg =, [38] d
Cnnstraims] Basis function
Enundary] MSE]:ﬁ’r‘éééﬁ‘re‘:] Currem} q]
¥ Update pressure constraint
MNumber of points (max 200) = |100 d
Bias points towards edge (+) or Core (-} = |0.0 d
p=a*Plot+b*Pheam+c
Uncertainty as fraction of total pressure = 0.1
Uncenrtainty as fraction of fast-ion pressure = 0.3
Minimum pressure uncertainty [N/m*2] = |500.0 13 ‘ @| ] ‘ ;‘ a;ﬂ al}w EE::‘::| @ ‘Q_| m‘ @‘ﬁ
Preview pressure constraint ‘ ﬁ‘ °| 0‘-‘“ = |@‘E select/property, ®=0.741935  y=24.8581

Next we can view the current constraint, which defaults to prescribing the entire current profile
from the TRANSP simulation with 23 radial points assigning a 10% weight.

= kineticEFITtime GUI = Al Current constraint x
#140007 from 207 to 733 ms m

lteration # = |1 ! Normalized current density: <]Rg/R >/ <Rg/R > /(I/A)

Main | EFIT Plotting | —

201 ~Select time(s) for EFIT|=[201
217 217 555
233 233 3
243 _ Adde Bbag
263 = 755
281 _ Addal> Wbe
297 797
213 . 373
323 . Femave= g
P45 7] Remove all << /345

EFIT grid size = \128)(128
Solution relaxation = |1.0 [38]

Convergence error = |0.0001 [38]
Maxtimum number of iterations = |15 [38]
Cnnstra\msl Basis funminns}

Enundary] MSE] Pressure}i&u?‘ré‘nﬂ q]
¥ Update current constraint

oo o

Bootstrap current muttiplier = |1.0 d

OH current multiplier = |1.0 d

Mumber of points (max 23 pts) = |23 )
Bias points towards edge (+) or Core (-) = 0.1
Wieight of current constraint = (0.1 d L3 | ’”| & ‘ : ‘ 5 ‘ Y |

Preview current constraint | ﬁ|°|°‘-‘- = @|E



https://docs.google.com/document/d/1aXqaHYlDowtv8-UYUwKk3Zqx2Dzf37FWI8eRq6OhZgY/edit?usp=sharing

Finally, add also the Rotation constraint. It might be necessary to reduce the number of pressure
constraints if the rotation constraint is included.

Having previewed the pressure, current, rotation and isothermal constraints, now go back to the
main kineticEFITtime GUI and click the “Run Equilibrium” button.

9. Compare iterations

Upon completion of the equilibrium reconstruction, we can compare results between two
iterations. Move on to the Plot tab, select the time steps and iterations, then plot the desired
quantities.

D 7128 on sunfire04 - v3.2021.14-55-ge0011cf533 on branch unstable - Python _ o x
= kineticEFITtime GUI x

NSTX #140001 from 201 to 793 ms

Iteration # = |1 - d

Main @ EFIT | Plotting | Export
Selecttime(s) = |[377, 489, 633, 793] -~ 0O 7

Select iteration(s) = ['iteration_0", 'iteration_1'] - o 7

Plot constraints and gradients
Plot g-files
Compare chi2 as function of time
Plot error as function of EFIT iteration

Compare profiles between profiles_module iterations

-

Below is the comparison between the EFITO2 (iteration 0) and the TRANSP-constrained kinetic
EFIT (iteration 1)

] Figure 1 X

X104 Pressure q Safety Factor

32

— 377ms #0
— 377ms #1
— 489ms #0
—  489ms #1
— 633ms #0

633ms #1
=20 _ 793ms #0
— 793ms #1

x10-* FF Source

0.0 02 0.4 0.6 0.8 1.0 0.0 02 0.4 0.6 0.8 1.0

N ] £17159-H o] |2l ]

#€ 3] +Q=
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In case of a high GS error, we can run the refineGS script. This script runs EFIT multiple times
perturbing the P' and FF' spline knots and keeps the solutions with the lowest Grad Shafranov

error.

=]

Main | EFIT | Plotting Export
Run | Plot

Operation: = Gengrate g-files from k-files

kineticEFITtime GUI

201
217
233
249
265
281
297
313
329
345
361

EFIT grid size = (129x129
Solution relaxation = |1.0
Convergence error = |0.0001

Maximum numbér of EFIT iterations = |15

< feTiees

Constraints Basis functions Extensions
alpha = |0.001

max_runs = 10

* Select time(s) for EFIT 2201

217
233
Add > 549
265
Add all >> 581
297
R - 313
emove 329
Remove all << 345
* 361

- d

[38] D ?

[38] D 7?7

[38] D

] 7

] 7

D 7

run refineGs

~ 4

Move on to the EFIT tab and find the refineGS tab with settings and “run refineGS " button.

If the error is still high, decreasing the solution relaxation parameter, or increasing the maximum
number of EFIT iterations, alpha (perturbation amplitude), and max_runs should improve the

solution.



Main EFIT | Plotting Export
x? as function of time
300 Run | Plot
240 +— Flux loops, mean=32.1 Operation: = | Generate g-files from k-files
180 JEm.g #—e Magnetic pmpes, mean=92.0
e - A e Total magnetics, mean=124.1 201 * Select time(s) for EFIT */201
120 | 0t o XM * 4 m_m MSE, mean=154.6 517 217
60 : E;:“f‘ "Rt ee ™™ pressure >33 233
0 S e — ¥ T bag Add > 249
%.15 0.30 0.45 0.60 075 0.90 265 265
Ty a1 Add all >> a1
107 297 297
§ 102 513 313
10
= mean=1.1e-03
ﬁ 103 329 Remove < 329
© o4 345 Remove all << 345
. 361 = ~3A1
107
5 2.15 0.30 0.45 0.60 075 0.90 EFIT grid size = |129x129
£ 12 1 Solution relaxation § 0.5
& 08
_é 0.4 Convergence error = |0.0001
N 0.0 Maximum number of EFIT iterations
-0.4
0.15 0.30 0.45 0.60 0.75 0.90 % refinaGs
Time [s] #140001
ﬂ w ,’_.§| | e | s _|_| 7_“ ‘@‘/f‘ Constraints Basis functions Extensions refineGs
RS 521 @ | ez
alpha 3 0.01
=|| E
ﬂﬁ@ ﬂgg max_runs = |10
run refineGs

Q/A

Basis functions

To modify the knots location for basis function spline

1. Goto EFIT-Run - Basis Functions — P’ basis. De-select Auto-knot, enter [0.0, 0.4,
1.0] into the knot locations,select ‘p on axis from ‘statefile’
2. Go to Basis Functions — FF’ basis. De-select Auto-knot, and select ff’ uses same p
knot locations
Then you can preview the basis function splines

Constraints W
J#{ R+FF /R .
o ‘ \ #2 I~ Auto-k epresentation ‘
[ Auto-knot p' representation #4 #4
B e e t I ff* uses same p' knots locations k
F

£ p' on axls to = |'statefile’ #5 - d 7 Force ff' on axis to = [Mone < d ?
offe p' at edge to = [None - d ? Force ff' at edge to = MNone «d ?
Interactive preview of basis function spline representation ‘ » Interactive preview of basis function spline representation | ?

H2

%10° P FF'
— FF, time = [ 505.]
1.5 — Spline, time = [ 505.]
® ® Knots, time =[505.]

12 — P, time = [ 505.]
. — Spline, time = [ 505.]
e @ Knots, time = [ 505.]
0.0 0.2 0.4 0.6 0.8 1.0

psi

Data Output

Often the results you create will be needed by other computer codes.

One of the most common is outputting the EFIT quantities kEQDSK, gEQDSK, aEQDSK,
mEQDSK, etc...

Browse to the iteration that you would like to export to a directory on your workstation.
Right-click on the entry and select “Deploy as...”



1eticEFITtime

MFITmodule
MFTmodule
MFITmodule
OMFTmodule

— OUTPUTS
= iteration_0

[» OMFATprofiles

[» TRANSP

— EFTtime
I INPUTS
— OUTPUTS

- gEQDSK

[» 52
[> aEQDSK
[> mMEQDSK
[ SETTINGS
[» SETTINGS
[» iteration_1
[» SCRIPTS
[ PLOTS
P GUIS
[ SETTINGS

A pop-up dialog box will ask where you would like to save the file.

—-{ 1-
-{ 2 }-

- 4 }--

-{ 2 }--

-{ 6 Setup entry...

-{ 3 Move/Rename entry...
-1 2 Duplicate entry...

—{ 3

Duplicate entry via file..
SELECTOR: Mone

== Clean entry...
- Delete entry...

SELECTOR: None Reload from file

FILE: SettingsMam Email...
FILE: SettingsNam pepjoy as.. .
-{ 2

Deploy as pickle...

SELECTOR: None Save OMFIT working copy as...

- I3
-{ 3
— Compare/Merge entry.

FILE: SettingsMam Sort keys

Then, it is up to you to copy or share with whomever you like.

OMFITtree
OMFITtree
OMFITtree
OMFITtree
OMFITtree
OMFITtree
OMFITtree
OMFITtree
OMFITcollection

OMFITcollection
OMFITcollection
OMFITnamelist
OMFTnamelist
OMFITtree
OMFITtree
OMFITtree
OMFITtree
OMFITnamelist
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