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Recall other NSTX-U Physics Operator Training talks 

for related information in this talk 

Ç NSTX-U Equilibrium Magnetics 

Ç Phys. Ops. Training Talk #11 ï Equilibrium magnetics (C. Myers, et al.) 

 

Ç NSTX/NSTX-U EFIT Visualization 

Ç Viewing tools: EFITVIEWER: Talk #3 (B. Davis, et al.)  

 

Ç NSTX/NSTX-U RWM PID control and Mode ID algorithm 

Ç Phys. Ops. Training Talk #12 ï 3D Fields (S.P. Gerhardt, et al.) 
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NSTX/NSTX-U EFIT ï itôs not your usual EFIT 

Ç EFIT Implemented for NSTX 

Ç Since the start of NSTX operations, ñmagnetics-onlyò runs have been 

run between-shots 

ÅIncludes detailed reconstruction of vessel currents; shaping coil currents  

Ç BUT ALSO ï diagnostic geometry allows between-shots kinetic analysis 

ÅñKinetic EFITsò are run between-shots in NSTX (ñpartial kineticò) 

Ç Also Beware! Certain aspects of NSTX EFIT and EFIT as run for DIII-D 

are different 

Åe.g. NSTX EFIT MDSplus tree ñEFIT02ò is kinetic run (DIII-D: magnetic run) 

Åñstandardò EFIT code requires some alteration for NSTX / NSTX-U analysis 

Ç Code execution 

Ç Implementation and daily oversight by Columbia U. group on NSTX/NSTX-U 

ÅSpecial analysis requests processed for Team members 

Ç Est: 125 equil/shot * 2000 shots/yr * 2 varieties of runs * 10 years = 5 million 

NSTX EFITs available for analysis (not including run requests for people, tests)  
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Talk Outline 

Ç NSTX / NSTX-U EFIT 

Ç Between-shots, etc. NSTX EFIT analysis (and some references) 

ÅMagnetics-only 

ÅPartial kinetic 

ÅKinetic with rotation 

Ç Access to documentation, analysis, some utilities 

Ç NSTX-U EFIT modeling (to date) and present development plans 

 

Ç NSTX active RWM Control 

Ç PID control 

Ç Model-based RWM State-space Controller (RWMSC) 

 

 

(S.A. Sabbagh et al., Nucl. Fusion 41 (2001) 1601)  

(S.A. Sabbagh et al., Nucl. Fusion 44 (2004) 560) 

(stabilty analysis with partial kinetic reconstructions)  

(S.A. Sabbagh et al., Nucl. Fusion 46 (2006) 635)  
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Rotating, high b ST plasmas provide opportunity 

for advancing equilibrium reconstruction 

Ç Motivation 

Ç Equilibria are basic and essential components of plasma analysis 

Åplasma parameters, profiles, boundary evolution, etc. 

Åused for transport / stability analysis, RF studies, power handling, etc. 

Ç Reconstructions can be used to determine consistency between 

diagnostics 

 

Ç Topics 

Ç Philosophy 

Ç Summary of reconstruction technique 

Ç Magnetic, kinetic, and kinetic + rotation reconstructions 

Ç Application to NSTX 

Ç Near-term and future directions 
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Goal: ñrapidlyò reconstruct ñbestò equilibrium 

ÅPhilosophy 

Ç ñBestò model  

Åfor a given physics 
model / data set, reliably 
fit all data within error 

Åimproved physics/data 
set reduces artificial 
constraint 

Ç ñRapidò reconstruction 

Åbetween-shots 

ÅFind constraint set for a 
given (data,model) pair 

Ç Upgrade toward ñperfectò 
equilibrium 

Åmore complete physics 

Åmore complete data 

Åless artificial constraint 
data 
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EFIT* provides a flexible equilibrium solution 

Ç Solve for (1) poloidal flux, y, and (2) toroidal current, Jt 

Ç that satisfy the GS equation: D*y = -m0RJt(y), where 

 D*y = R2Ð¶(Ðy/R2); Jt = Rpô(y) + m0ffô(y)/(4p2R); f(y) = RBt ; ô ¹ µ/µy 

Ç that provide a least-squares fit to a set of constraints 

Ç Typical constraints for fit 

Ç Diagnostic data - response from plasma and external coils 

Åmagnetic (flux  loops, Ip, coils, diamagnetic loop, stabilizing plates) 

ÅPe from Thomson scattering  

ÅPi , Vf, Zeff from charge exchange recomb. spectroscopy (CHERS) 

Åfield pitch angle from motional Stark effect data 

Ç Specified global / local parameters (?i, b, q0, edge J) 

Ç Specified profile shapes, or boundary 

ÅYields shaping coil currents, diagnostic measurements 

*L. Lao, et al., Nucl. Fusion 25 (1985) 1611 
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EFIT Parameterization of Equilibrium Solution 

Ç  yt = yplasma + ycoils , Jt  solved on rectangular grid 

Ç For fitting, Jt modeled using various basis functions 

Ç polynomial 

ÅPô(y) = S (aj yn )
j 

Å FFô(y) = S(gj yn )
j 

Åsolution vector a  = [aj , gj] 

Ç splines 

Ågreater profile flexibility, requires greater profile data resolution 

Ç External coil currents Ic, reference flux yref 

Ç Solution vector for fit 

Ç U = [Ic , a, yref] 
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EFIT iterates finding Jt and solving for poloidal flux 

Ç Constraint equations 

Ç D(t) = R x U(t) 

     (Response matrix R; D(t) = diagnostics data / constraints) 

Ç Submatrices of R 

ÅDiagnostic response to Icoils:  Coils Green function matrix Gc 

ÅDiagnostic response to Jt: Plasma Green function matrix Gp 

ÅAny extra data or artificial constraints relating the elements of U 

Ç Find U that minimizes c2 = S(Mi - Ci)
2/si

2 

Ç Include fitting weights F: |F Å R x U - F Å D|  is  minimized 

Ç Invert by singular value decomposition to find U(t) : (F,R,D: are f(y)) 

Ç Solve for y 

Ç  ycoils solved by Green function response given Ic 

Ç  yplasma solved by inverting Grad-Shafranov equation 

Åfinite difference method, converge to specified tolerance 

Ç Boundary / y surfaces determined by contour routine 
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NSTX EFIT* alterations required for low A geometry 

ÅUniform discretization of 
elements at low aspect ratio 

ÅVessel currents required 

Ç Lower A components have lower 
resistance 

Ç Total vessel currents ~ 0.3 MA; 
plasma current ~ 1.0 MA 

Ç Vessel / plates broken into 30 
groups (poloidally) 

Ç Wall currents determined by local 
loop voltage data (9 loops) 

Ç Vessel element resistances 
matched against independent 
model of vacuum field shots 

ÅStabilizing plates / divertor plates 
currents are included 

 

*S.A. Sabbagh, et al., Nucl. Fus. 41 (2001) 1601. 
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Expanded magnetics in 2004 yielded more accurate X-

point and plate currents 

ÅSignificant upgrade to 
magnetics set in 2004 

Ç 57 pickup coils vs. 23 

Ç 25 local loop voltage data 
vs. 9 for wall current 
distribution 

Ç Compensation for stray field 
from TF leads 

ÅStabilizing plates / divertor 
plates currents now better 
resolved 
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Expanded magnetics set reproduces 3-D eddy 

currents as axisymmetric currents in NSTX EFIT 
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ÅBlack points: plate current 
approximated from Vloop sensors 

ÅSolid lines: EFIT reconstructed plate 
currents using all magnetics data 

Ç Fitted currents match 3-D eddy 
currents as a 2-D analog 
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External magnetics data allow basic reconstruction 

ÅOver 60 attempted variations to find 
final magnetics model (ñEFIT01ò) 

ÅProfile constraints: pô(0) = 0, (ffô)ô(1) = 0 

Ç constraints reproduce q0 = 1 
appearance, rational surface position 
from USXR 

Ç allows finite edge current (to model 
current transients) 

Å4 profile variables (1 pô, 3 ffô; 2nd order 
polynomial in pô, 3rd order in ffô) 

ÅGoodness of fit c2 ~ 70 over majority of 
pulse for 108 measurements 
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ñPartial kineticò prescription pioneered with NSTX 

EFIT reduces artificial constraint 
ÅOver 110 attempted model variations used to find model 

Å10 profile variables (5 pô, 5 ffô); allows finite edge current 

ÅExternal magnetics plus 20 Thomson scattering Pe 
points to constrain P profile shape 

Ç Ptot = Pe + ñPiò + ñPfastò; errors summed in quadrature (large 
total error) 

ÅDiamagnetic flux to constrain stored energy 

Ç Greater freedom in ffô basis function for good fit over full 
discharge evolution and for various shots 

ÅWeak constraints on pô(0), ffô(0) yield ñreasonableò q(0) 
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NSTX EFIT equilibria used extensively in stability 

analyses 
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High time resolution equilibrium analysis used in 

many studies (ELM study example) 

Å4000 equilibria per 
1 second interval 

Åfew kJ resolution 
Wtot 

Type I ELMs 

Type II ELMs 

Type V ELMs 

Type V and giant ELM 

Wtot (kJ) 

Da (arb) 
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Pure toroidal flow allows a tractable equilibrium 

solution 

Ç Solve Ðf, Ðy, ÐR components of equilibrium equation 

Ç MHD: rv ¶Ðv = JxB ï Ðp ; r = mass density 

Å Ðf:    f(y) = RBt 

Å ÐR:   2Pd(y,R)/R = pô(y,R)|y; Pd ¹ r(y,R)w2(y)R2/2    (Bernoulli eq.) 

Å Ðy:   D*y = -m0R
2pô(y,R)|R - m0

2ffô(y)/(4p2)    (G.S. analog) 

Ç Pure toroidal rotation and T = T(y) yields simple solution for p 

Åp(y,R) = p0(y) exp (mfluid w
2(y)(R2 ï Rt

2)/2T(y)) 

Ç Constraints for fit 

Ç EFIT reconstructs two new flux functions: Pw(y), P0(y)  

ÅPw(y) ¹ r(y) Rt
2w2(y)/2; P0(y) defined so that: 

Åp(y,R) = P0(y) exp (Pw(y)/P0(y) (R2 ï Rt
2)/ Rt

2) 

Ç Standard input: Pw(y), P0(y)  from approximation or transport code 

Ç New approach allowed by NSTX diagnostics 

ÅSolve for Pw(y), P0(y) in terms of measured P(y,R)|z=0, Pd(y,R)|z=0  
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NSTX EFIT reconstructions included Ti, Vf, Zeff profiles by 

year 2004 (possible between-shots) 

 
ÅExact rotation 

solution fitting total 
and dynamic plasma 
pressure at (R, Z=0) 

Ç A few thousand 
shot*times test run 

Ç Simple estimate 
for Pfast (large error 
bars) 

ÅStored energy 
with/without Vf  =   
+/- 3% 

Å(Rpmaxï Raxis)/a = 8% 

ÅSignificant drop in 
cmag

2 and cp
2 even 

though 50% more P 
channels and 
smaller error bars 
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Flux-Te isotherm constraint added to NSTX EFIT 

reconstructions with rotation in 2005 

Å(Rpmaxï Raxis)/a ~ 18% 

ÅFlux-Te isotherm 
constraint required to 
ensure assumptions 
made for G-S and 
Bernoulli equations 
are obeyed 

(S.A. Sabbagh et al., Nucl. Fusion 46 (2006) 635)  
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NSTX EFIT: Diagnostics / model used for different 

between-shots analyses 

Ç Magnetics-only: 

Ç Model: pressure is a function of poloidal flux; vessel currents included 

Ç OH and shaping coil currents, Ip, flux-loops, pickup coils 

Ç Loop voltage monitors (to provide distributed vessel current input) 

Ç Partial kinetic (between-shots): as ñmagnetics-onlyò, plus: 

Ç Thompson electron pressure profile 

Ç Diamagnetic loop 

Ç MSE (on request) 

Ç Kinetic + rotation (possible between-shots): adds: 

Ç Model: Allows separation of magnetic flux and pressure surfaces 

Ç CHERS ion pressure profile 

Ç CHERS dynamic pressure profile (1/2 rV2) 

Ç Flux-Te isotherm constraint (req. for Bernoulli/G-S equation consistency) 

 

(~ 350 measurements/equil) 

(~ 160 measurements/equil) 

(~ 200 measurements/equil) 
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Where to find definitions of EFIT variables and other 

EFIT aspects? 

Ç EFIT Web page 

Ç https://fusion.gat.com/theory/Efit 

Ç DIII-D EFIT Tutorial 

Åhttps://fusion.gat.com/theory-wiki/images/8/80/Lao_2013_EFIT_V4B.pdf 

Ç DIII-D EFIT tools: https://fusion.gat.com/theory/Efittools  

Ç NSTX/NSTX-U list of variables, EFITVIEWER 

Ç http://nstx.pppl.gov/nstx/Software/Applications/a-g-file-variables.txt (eqdsk vars) 

Ç http://nstx.pppl.gov/nstx/Software/Applications/efitviewer.html  

Ç PHOENIX Web page 

Ç Phoenix: set of utilities used to run between-shots NSTX/NSTX-U EFIT 

Ç http://www.pppl.gov/~sabbagh/PHOENIX/PHOENIXdoc.html 

ÅNOTE: WEB PAGE BEING UPDATED! (as of 10/13/15) 

Ç Contains 

Ålinks to popular utilities: (i) 3D B field(R,Z), (ii) mapping, (iii) EQDSK retrieval 

Åpointers to Green table areas, NSTX/NSTX-U executables, input files 
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Where do I find NSTX/NSTX-U EFIT Green tables, 

executables, model data files? 
Ç Why? 

Ç EFIT input files range from being not well-commented to impenetrable 

Ç For Who? 
Ç People wanting to run NSTX/NSTX-U EFIT stand-alone, interface 

between-shots EFIT with real-time EFIT, et al. 

Ç NSTX/NSTX-U EFIT Green table areas 
Ç /p/spitfire/s1/common/Greens/NSTX/(Month)(Year) 

Ç Subdirectory name format: (Month)(Day)(Year)(Version) 

ÅContains EFIT input files to build Green tables, and the tables themselves 

Ç These are typically impenetrable ASCII, (or binary) 

ÅContains PHOENIX EFIT model data files 

Ç FILENAME: device(Month)(Day)(Year).dat: A well-commented ASCII file 

describing the  NSTX/NSTX-U EFIT model (using standard EFIT conventions) 

Ç FILENAME: diagSpec(Month)(Day)(Year).dat: A well-commented ASCII file 

describing NSTX/NSTX-U magnetic diagnostics (standard EFIT conventions) 

Ç FILENAME: limiter(Month)(Day)(Year).dat: Specification of the limiter position 

Ç Signals used in NSTX EFIT runs (the ñsignals fileò) 
Ç /p/spitfire/s1/common/plasma/phoenix/cdata   (names: ñsignals_ò(date)(version)) 
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NSTX/NSTX-U EFIT: Locating results  

Ç Local EQDSK repository 

Ç Past: All EQDSK files are saved for between-shots runs on 

local disk space for ~ past 2 years of run 

ÅDirectory: /p/bigblue/equil_runs/NSTX(-U)/(Mon)(Year)/(shot)(try) 

Ç (try) = óx01m1aô Č óEFIT01ô (ómagnetics-only analysisô)  

Ç (try) = óx01h1aô Č óEFIT02ô; (ópartial kinetic analysisô) 

Ç Future: All EQDSK files are planned to be available on local 

disks without the need to restore shots 

Ç MDSPlus tree 

Ç Tags defining executable and Green tables used, etc. 

Ç ñStandardò GEQDSK, AEQDSK trees (truly with MKS units) 

Ç ñNon-standardò elements on ñDERIVEDò tree 

ÅIncludes user-requested analysis (see next slide) 

Ç Public utility to rebuild KEQDSK, GEQDSK, AEQDSK files 

Ç /u/sabbagh/public/plasma/phoenix/utilities/writekagfromdb 

Ç TAR file (IDL code): builds EQDSK files from any NSTX shot 
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NSTX/NSTX-U EFIT: DERIVED tree 

Ç NSTX EFIT DERIVED tree 

Ç Supplements the ñstandard EFITò tree with analysis 

requested by the NSTX Team 

Ç Some examples: 

ÅBRZ0, BTZ0, BZZ0: Three B field component profiles at Z = 0 

ÅIVESSEL: Total vessel current 

ÅIWALL: Total wall current 

ÅPABZBTZ0: Field pitch angle vs. R at Z = 0 

ÅPDVSRZ0: Dynamic pressure vs. R at Z = 0 

ÅPPEAKFAC: Pressure peaking factor 

ÅPSIVSRZ0: Poloidal flux vs. R at Z = 0 

ÅQVSRZ0: Safety factor profile vs. R at Z = 0 

Ç All variables on all EFIT trees have labels, units 
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How do I run NSTX/NSTX-U EFIT? 

Ç Can cases be run stand-alone if desired? 

Ç NSTX/NSTX-U EFIT executables / input files can be found here: 

Å/u/sabbagh/public/plasma/equilibrium/efit/exec ċ executables here 

Å/p/spitfire/s1/common/plasma/exec ċ executables here 

Å/p/bigblue/equil_runs/NSTX(-U)/(Mon)(Year)/(shot)(try) ċ input files here 

ÅCreate SYMBOLIC LINK ñlink_efitxò Č Green table directories stated before 

ÅNote: no public utilities to build NSTX/-U KEQDSK (data input/control) files 

(although Sabbagh / Columbia U. group can build files for you) 

Ç Why isnôt it easier to build data files? Considering new tools 

Ç One Modeling Framework for Integrated Tasks (OMFIT) 

Åhttp://gafusion.github.io/OMFIT-source/  

Ç Sabbagh has been following (extensive) OMFIT thread for a few months 

Ç Present plan (by Sabbagh / Columbia U. group) is to interface NSTX-U 

EFIT to OMFIT, enabling code execution, analysis display capabilities 

ÅThis should make running stand-alone NSTX-U EFIT easier 
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NSTX-U EFIT Model created and used for vacuum 

field test shots and CD-4 plasmas 

Ç New NSTX-U model 

Ç New center stack / elements 

Ç New PF1 (a,b,c) coils 

Ç PF1 coils mandrels (new 

conducting regions) 

Ç New limiter specification 

 

Ç Model for ñ3Dò passive plate 

currents retained 

Ç We are close to completing 

computation of 2D equivalent of 

3D effective resistances 

ÅUsing the 3D vessel, plate, port 

modeling in the VALEN code 
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NSTX-U EFIT Model created and used for vacuum 

field test shots and CD-4 plasmas 

Ç Vessel current model essential for these runs 

Ç Up to 0.42MA vessel current modeled 

Ç Reconstructions challenging at Ip/Iwall ~ ¼, but successful (good magnetics) 

 

 

 

Shot 201085 

Time: 28ms 

Ip = 117 kA 

BT0 = - 0.482 T 

R0 = 0.8 m 

Z0 = - 0.2 m 

Iwall ~ 0.4 MA 

 

EFIT Ip 

 


