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GA is working with the NSTX-U team to create stationary, noninduc-

tive scenarios with high 5 and f3; - K. Thome PI*

Task 1 will streamline workflows and provide support to enable robust,
roufine equilibrium, transport and EP analysis/predictions

e Year 1: Adapt OMFIT-based e ]_

infegrated modeling workflows L

used on DIII-D to NSTX-U
Kinetic equilibrium TN ot ‘
reconstructions Task 1 et fempep

. Integrated Interpretive and

Power, particle, momentum Predictive Modeling Tasl“_
pbalance analyses [ Est:::mmfﬂ.:ﬂm::@ ]—
Predictive scenario

development
e Year 2 - 5: Implement and We need an efficient way to

validate improved H&CD and generalize OMFIT experimental
transport models, and apply analyses modules that started as

predictive capabilities very DIII-D centric
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Equilibrium reconstruction is a starting point of

tokamak data analysis and modeling

EFITA reconstructs equilibrium by solving the GS equation.

EFIT with only external magnetic data

» stored energy, plasma boundary,
and basic shape — plasma
operation and interpretation of
experimental datq, efc.

kinetickFIT with magnetic data and
kinetic profile information

» internal magnetic geometry,
current and pressure profiles —
transport and stability studies, RF
studies, power handling, efc.

L. Lao, et al., Nucl. Fusion 25 (1985) 1611
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To make a full kinetic equilibrium reconstruction

1. Acquire initial equilibrium
with only magnetic and
MSE data

2. Acquire pressure
information from TS, CHERS
diagnostics and map onto
flux surfaces

3. AqQuire bootstrap current,
fotal and beam pressure
conftribution from
tfransport code

4, With all of this informmation
make a full kinetic
equilibrium
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To make a full kinetic equilibrium reconstruction

1. Acquire initial equilibrium
with only magnetic and
MSE data

2. Acquire pressure
information from TS, CHERS
diagnostics and map onto
flux surfaces

3. AqQuire bootstrap current,
fotal and beam pressure
conftribution from
tfransport code

4. With all of this information
make a full kinetic
equilibrium

What are the challenges?
» Fefching and analyzing

(ELMs, uncertainfties,
robust fitting ...) a lot of
diagnostic data
Preparing inputs and
mMmanaging code runs
Data exchange between
experimental data
analysis tfools, EFIT, and
fransport code
Benchmark and data
consistency check on
each step
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To make a full kinetic equilibrium reconstruction

1. Acquire initial equilibrium What ar e challenaes?
with only magnetic and eﬁ glyzirlwg
D

MSE data

. nties,

2. Acquire § ) a lot of
informati
diagnostid ts and
flux surface e runs

3. Aquire bootstrap current, > Data exchange between
total and beam pressure experimental data
contribution from analysis fools, EFIT, and

transport code transport code
» Benchmark and data

consistency check on
each step

4. With all of this information
make a full kinetic

equilibrium
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OMEFIT” is streamlining data preparation, diagnostic consistency, and

interpretive — predictive workflows

One Modeling Framework for Integrated Tasks (OMFIT)

[gavdeeva@sunfire07 ~]$ module load mod omfit; module load omfit/unstable

i i omfit is maintained by Sterling Smith.
> Orgdnlzed InTO If you have any problems, please contact him directly at smithsp@fusion.gat.com
. [gavdeeva@sunfire07 ~]$ omfit
modules, which can
OMFIT - PID 6854 on sunfire07 - v3.2021.46-78-ga5d793ba25 on branch unstable - Python 3.7
File Edit Plot Figures OMAS Develop Help
be eOS”y COI I lblned | Browser : OMFIT[KineticEFITtime ] =] kineticEFITtime GUI

F Vieu { Vie I NSTX #141716 from 301 to 301 ms

» [ree sfructure for easy e ] meosies | et | oo =

b TRANSP B4 1) run profiles (optional: EFIT boundary constraint, MSE Er correction) d

mG n i p u | OTi O n WiTh P OMFITprofiles @ 2)wn equilibrium d D

D T R Run Profiles + Equilibrium

_.{ -
1
O b eC'I'S < OUTPUTS —{ 1 }- OMFITiree ? Command box Execute Clear = Wrap
J A float Namespace: [OMFIT
P WORKFLOWS -{ = OMFITtree mm
1 DS A - OMFIT['kineticEFITtime']['OUTPUTS']['A"]
> G h | U r b PLOTS ~{ 3 - OMFITtree
rO p I C O Se P GUIS -{ 4 }- OMFITtree
b LB -{ 1 }- OMFITtree
b SETTINGS FILE: SettingsNamelist.txt (734 OMFITsettings
Interface (GUI) L retre s ouereb
scratch = = OMFITmainscratch
j commandBox - - OMFITnamespace
[l ad D SCriptsRUn - - OMFIThamespace
> S u p p O r-I- Of VO r I O u S M shotBookmarks = -- shotBookmarks

Show hidden 38 types Unsaved project 379.3mMB Ln:1 Cok40

machines

QAVFIT O. Meneghini et al Nuclear Fusion 55 (2015)
Webpage https://omfit.io/index.html

Github https://github.com/gafusion/OMFIT-source
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Time-dependent kinetic equilibrium module in

OMFIT kineticEFITtime: EFITtime + OMFITprofiles +
TRANSP

- e e = — e - = = - = = ——

{ SOPET } Time-dependent

equilibrium kinetic equilibrium

Modular structure with data

. EFIT reconstruction
exchange workflow provides: \
» Accurate equilibrium : [ Profiles fitting J
3 OMFITprofiles S
» Fast and powerful | | ¢ c
experimental data | | _— 5
OnglySIS i/ Profiles evolution b Free bounda.ry 3
i | and sources T 1
» Automatic setup of | Lk S ND R
TRANSP runs based on | | 3
experiment | Neoclassical Total pressure: |
| transport “Urrent and & |
h 4 J
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OMEFIT EFITtime module

» Generates input files (k-files)

» [oaded from MDS+ server
» Generated through OMAS (O. Meneghini; June 21, 2021 )

» Fetch and preview of MSE and magnetic data with
availability to modify the weight of each element (+
Isothermal, rotation constraints)

» Automatically add pressure and current constraints as
they are available from transport codes (TRANSP or
ONETWO)

» Run code to generate equilibrium for a single time slice
or mulfiple time slices

» PHOENIX version of EFIT
» EFIT-Al (J. McClenaghan; September 27, 2021 )
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Comprehensive analysis of experimental profiles

ensures reasonable inputs for numerical codes

» OMFITprofiles A is a consistent tool for interfacing with,
mMmapping, visualizing, and fitting fokamak profile
mMmeasurements

» OMFITprofiles provides rapid, comprehensive tfime

dependent profil lysi
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N.C. Logan ef al.

Fusion Science and Technology Volume 74, 2018
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Some of the features of OMFITprofiles

» Integrated with
experimental
database

» Temporal treatment
of data

» Library of fitting
methods

» Postfitting analysis

» Automated or via
intferaction with
data

OMFITprofiles

User wants

v
Map
Diagnostic #1 -4 HHHHH
Diagnostic #2 1 |2 | |
Equilibrium i >
Average

|

l

|

l

{ »

A

User wants
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Some of the features of OMFITprofiles

- kineticEFITtime GUI
Fitting method = |Radial Basis Functions 7w
» Infegrated with sesee e~ 0 53
Space-time correlation ratio = (10 D7
expe ri m e n‘I'O | ¥ Bias rho by smoothed derivative at each time D7
Additional edge bias = 0 D7

dO-I-o bcse Copy Fit Settings to all Fits

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

Plot 1D ? Plot 2D
» Temporal treatment o S
Fit parameter = Xbc D ¥ > Plot parameter

of data

Compare to saved fits in history ?

» Library of fitting
methods

— current, ime = 463.0
—— Scale lengths, time = 463.0
- GAProfiles Spline, time = 463.0

» Postfitting analysis

025 0.50 0.75 1.00

» Automated or via | e |
inferaction with el e s s 205
data

Reduced y

0.30 0.36 0.42 0.48 0.54 0.60
Time (s)
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Some of the features of OMFITprofiles

» Integrated with :

Device = [NSTX' : "‘
' Shot = 115559 b4 ' | e
eX e” men‘l‘Ol Times [150, 155, 160, 165, 170. 175, 180, 185, 190, 195, 200, 205, 210, 215, 22 ? : s
- .
Main ] Fetch | Filter Shice } Select { Fit l Postfit ] Pilot I Export ‘ : c6
Show diagnostics layout |
o iz M r_12c6
arapase o '
" - §|dplane
Subsystem = jmidplane +D o
88 Use T_12C6 from CHERS midplane d : CHERS
8 Use V_tor_12C6 from CHERS midplane d : =}
» Temporal freatment  z-oece. o =
[ Use omega_tor_12C6 from CHERS midplane d (| [+1]
| v
Subsample by = 1 D 7  Apply Subsampling to subsystem ?
Of d arta vicpime 0 Wmpmnes B mcpane 2 '
¥ midplane_3 & midplane_4 W midplane_5
B8 midplane 6 @ midplane_7 M midplane_8 || V_lor_12C6 | n_12C6
8 midplane 9 ™ midplane 10 M midplane_11
@ midplane_12 @ midplane_13 ¥ midplane_14
H H H B8 midplane_15 @ midplane_16 # midplane_17 %107
> I rO r O I I I I = midplane_18 = midplane_19  midplane_20 4 E . 200
B¢ midplane_21 I midplane_22 € midplane_23 ]
¥ midplane_24 B midplane_25 @ midplane_26 |
= — |
B8 midplane_27 midplane_28 8 midplane_29 ] 280
m e O S & midplane_30 @ midplane_32 2 : '
M mudplane_33 ]

@ midplane_34
5 midplane_36 8 midplane_37 —

& Only plot quantities that wall be fit

» Postfitting analysis S ——

bad channeljcan be dgselected

» Automated or via ‘
intferaction with :

i
i
]
.\
-1 1
=03 0.0 0.3 0.6 0.9 12

rho

NSTY #115%50
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OMFITprofiles is easily extensible: symmetrization

routine is added as on option for NSTX

Problem: NSTX has full radial coverage for Thomson scattering
and the high-field and low-field side profiles do not always

align
750 N
- -te -_'_I .
. " 600
600 HFS = !_"-FS L
r' : -
: . < 450 .\ HFs
< 450 ; \ > L .
2 : = -,
F 300 ; . = 300 "
. .
150 . 150 LFS h
[ ] 1 N
0 : fnn | 0 i
0 40 80 120 160 025 0.50 0.75 1.00
R [cm] o]
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OMFITprofiles is easily extensible: symmetrization

routine is added as on option for NSTX

Problem: NSTX has full radial coverage for Thomson scattering
and the high-field and low-field side profiles do not always
align

Solution:Applies a radial shift function to the TS data based
on either trying to optimise the match between the LFS and
HFS measurements or on the separatrix femperature

constraint
»»»»»» : —— T
*-i-'*lr-',.-,; | e - g |
600 - : - |
wr | 600 N |
- | b |
— 450 " | b :
- . HFS | ~ 450 \ .
'2' = : 2 “‘! :
= 300 N = 300 |
SN -
150 LFS% 150 L\
' | = I
0 Bt e 0 -
025 050 0.75 1.00 025 050 0.75 1.00
p P k
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Benchmark and consistency tests are important

parts of data analysis

Device = [NSTX
Shot = 141247
Times [ms] = [503]

v
-
Main 1 Feich | Fiter | Shoe | Select | Fit 1 Postfit 1 Plot 1 Export |Fm\
Compare with existing GAprofiles fits

Compare to GAprofiles

Compare with Osbome Profiles

run = [test’ D7
time(ms) = 403 D|?
Compare

Compare OMFITprofiles/Osborne

mes T e | T_12C6 | V_tor_l2C6 | omega_tor_12C6 | Vjpol 12Cé6

= OMFIT FIT

-  Osborne test
» Osborme Data

'
0.9 (| | + 4+ OMFIT n_e

0.3 0.6 0.9 1.2
rho NSTX #£141247 503.0 ma
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OMFIT provides automatic setup of TRANSP runs”

based on experimental data

» Handles the complexity of .

NSTX #140001 from 201 10 793 ms

TRANSP namelist e -E setup TRANSP run
| main |[wRansP | Ploming | Export with default settings

Setup TRANSP for kineticEFITtime < —

TRANSP Run = [2679

» Integration with EFITtime o i

Quitput Type = |MDS «d
1
G n d O M F |T rOfI | eS Check it MDSplus data for runiD 140001279 is available
p Successful TRANSP runs for runiD: 140001Z

TRANSP monitor website

modadules 5
OMEIT[ kineticEF ITtime' ][ TRANSP J['GUIS'|['RUNgu/']
Main }lnput i { View/Modify UFILEs | UFILE Options
1 1
> GenerOTlon Of l |_f||es [T\lne H Radius | Equilibrium [ Plasma ] Heating ] Diagnostics | ACFILE | Sawteeth | Pellets

OMFITT kineticEFIT time' I TRANSF I GUIS I TIMEgui’]

TRANSP Time Range

1 1
1End t I\P(-!(!ﬁ lw after last analysis time.
based on profiles analysis sanne - B10{ER0, 0% Tt B e T [ “s

End time (s) = t end & Lly on your time. d i?
OHFI‘I' ]1 1|\tnr|m]'1tv- i

. . flﬂput] Dumm|l gg e + 20 ms
» Code submission and perbelprbpy B =

fetching TRANSP outputis | B
autfomated

. XY~

B. A. Grierson et al.
Fusion Science and Technology Vol. 74 (2018)
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OMFIT TRANSP module includes various

visualisation tools including data consistency
check

» Good agreement is

observed for plasma 0 X105
energy (TRANSP vs EFIT)

1.6
& 1.2
@ — EFIT total energy
st —— TRANSP total energy
o .
o 0.8 — Fast ion energy
n

o©
»

f/\

o
o

0.32 0.40 0.48 0.56
Time (s)
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OMFIT TRANSP module includes various

visualisation tools including data consistency
check

» Good agreement is
observed for plasma
energy (TRANSP vs EFIT)

» o match neutron rate we
adjust fast ion diffusion

x1014

=
U

Neutrons/s

2
=}

» Constant value of the
fast ion diffusion

— Measurements
--- TRANSP with classical fast-ion diffusion
—— TRANSP with anomalous fast-ion diffusion

> PID ConTrO”er Y70.32 0.40 0.48 0.56

©
%]

o
o

Time (s)

» [nferred fime
dependant diffusion
coefficient from runs
with a constant values

G. Avdeeva//December 6, 2021 16/24



With pressure and current information we can

obtain a full kinetic equilibrium reconstruction

Pressure and uncertainty

50
— Total pressure
a0 -- NBI pressure
N, 30
£
3
& 20
10}
8.0 0.2 0.4 0.6 08 1.0
W
3.0 Normalized current density
'&“ -- Transport Code
— — Modified
= 2.4 - EFIT constraints
A
[+
S 1.8
- 4
Vv
~ 1.2
A
(-4
S
,f 0.6
q
Vv
0'3.0 0.2 0.4 0.6 0.8 1.0

L
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Benchmark and consistency tests are important

parts of equilibrium reconstruction

[ Run |I[Fb|kﬁcan_.__. ' E

EFITtime module provides R T I —|
: : : 233 mm) selected time ||
visualisation tools for —_— |
» Convergence error o ]

Plot g-files

» GS error and y? as
functions of time

» 2 for magnetic
diagnostics

» Comparison of MSE
measurements with
reconsfruction
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Benchmark and consistency tests are important

parts of equilibrium reconstruction

EFITTime module prOVideS y in @y space
visualisation tools for 20 S b
10, % ¥
> Convergence error O-gﬁ
2 -10| "
> GS error and X~ Qs 0.0 0.2 0.2 0.6

functions of time

1.25 EFIT current density

» 2 for magnetic
diagnostics

» Comparison of MSE
measurements with
reconsfruction

sign{y) YmsE - YerFiT)
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Bonus: EFITviewer mk 2 can be run inside the

OMFIT framework

-
Primary case

Data source = |Gather data from MDSplus

New case

Device = 'NSTX
Shot = [140001
EFIT tree = [EFITO1 by None] (17 Aug 2010 @ 18:43)

¥ Load only minimal data
Current settings maich ODS; ready to plot!

Reload (will overwrite current case) NSTX#140001 EFITO1

@ Overlay equilibrium from this case D

Time for primary case (NSTX#140001) (ms) = 457

Overlays NSTX F Profiles 1

Load default profiles setup

1| Overlay times

Overlays special

B8 show cross-section D Number of profiles=2 D
Keywords to pass to gridspec = {'width_ranos’: [2, 1]}
Share X axes = jll *D Share Y axes = jnone
[ Put Y-axis labels on the right for the last column

X axis quantity = [rho_tor_norm’

Profcol0 || Prof col 1

Y-axis quantity for plot 0, row 0, col0 = |q

Customize equilibrium..

Number of profile columns = 2

efitviewer mk.2
NSTX#140001

Limits (m): R = |None Z = |None Grab
Aspect = ['equal_box’' g € Frame
Ticks: spacing (m) = [0.25 Position: X = |both v Y

Show grid D Gnd keywords = {{}

I!Anes‘ Annotations ] Contours [ Export '[ Troubleshoot [ Advanced |

0 1.0
+rD ? ——
D ?
1.50
x
125 0.8
1.00 f
0.75
0.50 0.6 ‘ga
025 3 =
- 5
0.00 E :—:u
— X -
o 0.25 = » g
D 2 -0.50 Sl
D -0.75
D -1.00 \
1. -1.25 0.2
=150
v D 0250.500751.001251.50
— Equilibrium 401.0 ms
—— Equilibrium 425.0 ms
= Equilibrium 457.0 ms =20 0.0
d ? 0.0 02 04 06 08 1.0 0.0 02 04 06 08 10
P Pu
NSTX #140001 EFITO1
= |both v | |
s |- 2] 8] G ¥ V=4 @
-— [
# € $Q/=
Figure dimensions (cm) = |(10, 8)
Save subplot layout ? Forget saved layout
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Applications such as MHD stability analysis have

stringent equilibrium requirements

EFITTime module has the
following options to increase

the accuracy of e —
reconstruction 1 e seme 5 o
» Higher grid resolution with  rcerosos e o
E F |T— Al Interactive preview of basis function spline represenalion .
» GUl inferface fo work with 0.0 10" e ——
— Spline fit

basis function options
(e.g. change the location
and number of spline

» Knots

kﬂOTS) | ~"1-2 - ;:ﬁ?:et fit || 0
1 = » Knots -
» refineGSs - runs EFIT mu|-|-|p|e 1830602040608 1.83.0020.406081L0 |

fimes with perturbed the
P and FF’ spline knots
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It doesn’t stop at kineticEFITtime. OMFIT provides

the interface necessary to integrate outputs into
our modeling workflows

Example of using the obtained results for profile prediction
with TGYRO module #141716

Equilibrium reconstruction
(EFITtime)

o "'l./; Mapping
k. f'

Experimental data processing
(OMFIT profiles)

Generate U-files

from profiles
: t = 400 +/- 10 ms = -
Power balance analysis 1.6 - 20 =t s T
(TRANSP) = Target — Target
= Te TGYRO (SAT1) 1 = Ti TGYRO (SAT1)
1.2 | | TSdata I | CHERS data
{} Sources 1.5 \
5 = N
Profiles prediction Los 2 .
(TGYRO) @ E
@ 0.4
Comparison with o A
experiment 80 0.2 0.4 0.6 0.8 1.0 8.0 o4 o6 08 1.0
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Conclusion

» OMFIT kineticEFITtime workflow provides useful tools to
generate full kinetic equilibrium reconstruction

» OMEFIT kineticEFITtime workflow is adapted for NSTX

» Written NSTX-specific tutorial can be found at
https://omfit.io/modules/mod_kineticEFITtime.html

» Live Demo of the OMFIT kinetickEFITtime module
December@ at 11 AM ET

» |f you have any questions feel free to contact me
avdeevag@fusion.gat.com

» If you are interested in live demo of other OMFIT modules
contact Sterling Smith smithsp@fusion.gat.com
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