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The Variational Moments Equilibrium Code (VMEC) is a free
boundary equilibrium reconstruction code that is used
routinely in conjunction with motional Stark effect (MSE),
external magnetics, and kinetic measurements on TFTR to
self consistently determine the time evolution of the safety
factor profile of the plasma. VMEC has undergone several
improvements recently, including updates to the internal
spline representation of the pressure and iota profiles, and a
new algorithm for positioning the the plasma boundary up
against the nearest TFTR limiter. In addition, a versatile user
interface eases the preparation for TFTR data input files
needed for time sequence processing, and offers the
flexibility of scheduling the code to run on any of several
different local computer systems. Results will be presented
that illustrate the reconstruction process as applied to a
series of discharges that exhibit strong reversed magnetic
shear.

1Work supported by the U.S. D.o.E. Contract DE-ACO02-
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reconstruction of g and p profiles using MSE, measured
Ry .0)

thermal pressure and numerically computed fast ion

The 3D Variational Moments Equilibrium code VMEC
beam pressure, and external magnetics data.

has been modified to perform 2D equilibrium
- The equilibrium solution in inverse coordinates -

What is Reconstructed ?

Introduction
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The pressure profile p(y ) based on the midplane
pressure p(R) from TRANSP or SNAP
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The midplane Bp/Bt pitch angle based on the MSE
diagnostic
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- Magnetics : Plasma Current Ip

Diamagnetic Flux F dia
(6) Saddle Coil Fluxes (shown below)

(50) Bq,Br B loop pairs (shown below)
(15) Mirnov loop B’s
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What is the Algorithm ?

Use the standard VMEC inverse equilibrium solver using

pt¢and (..

[ S.P. Hirshman and J.C. Whitson, Phys.
Fluids 26, 3553 (1983) ]

Embedded inside is a solution to the LSQ problem
associated with the measured data to be “fit” ...

[ S.P. Hirshman et. al., Phys. Plasmas 1, 2277
(1994) ]

What is the p and iota representation ?

- Cubic splines with tension

- MSE data 1st splined in R space to provide i(0)

- p and iota represented by knot values equidistantly
distributed in “sqrt(s)” space
s=F/Fo where F is the toroidal flux

- Iota knots include a known value at the plasma
edge, based on total Ip, to insure full coverage of
plasma interior

- Cast the LSQ problem in terms linear in the
pressure and iota spline knot values



RECENT IMPROVEMENTS

Spline knot positioning

before- knots located at MSE data points

Now- knots located equidistant in sqrt(s) space

benefits- characterization of the spline space is
less dependent on the distribution of the
data

How does the # of Spline knots affect the resulting q
profiles ?

For the TFTR cases studied here ...

the chi square flattens out after n =6

the variation in the reconstructed q profile
subsides for n >= 6



Automatic Positioning with Respect to the
Limiter

When?

for limiter plasmas

How?

- Scale the enclosed toroidal flux in a feedback loop

- Feedback signal depends on number of boundary
points inside or outside of the limiter and the “near”
distance

- Use Cauchy Integral Formula to evaluate “inside” and
“outside”
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VMEC TFTR Data Processing Tools

Why?
- Over 90 data signals to process per time slice
- Multiple time slice processing
- Both input data pre-processing and VMEC
execution can be run in batch mode
How?

Use GUI form for single time slice preparation ...

VMI
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How (continued)?

Use batch script to run VMI on groups of time slices

and optionally queue for execution and post-
processing

$ vmi/batch[/queue=r_norm] [/run] shots.lis

shots.lis =

88299 a0l sqg_all:s_v03.ang
0.7505 0.7755 0.8005 0.8255
88299 a0l sqg_all:s_v03.ang
0.8505 0.8755 0.9005 0.9255
88299 a0l sqg_all:s_v03.ang
0.9505 0.9755 1.0005 1.0255
88299 a0l sqg_all:s_v03.ang
1.0505 1.0755 1.1005 1.1255
88299 a0l sqg_all:s_v03.ang
1.1505 1.1755 1.2005 1.2255
88299 a0l sqg_all:s_v03.ang
1.2505 1.2755 1.3005 1.3255
88299 a0l sqg_all:s_v03.ang
1.3505 1.3755 1.4005 1.4255
88299 a0l sqg_all:s_v03.ang
1.4505 1.4755 1.5005 1.5255
88299 a0l sqg_all:s_v03.ang
1.5505 1.5755 1.6005 1.6255
88299 a0l sqg_all:s_v03.ang
1.6505 1.6755 1.7005 1.7255
88299 a0l sqg_all:s_v03.ang
1.7505 1.7755 1.8005 1.8255
88299 a0l sqg_all:s_v03.ang
1.8505 1.8755 1.9005 1.9255
88299 a0l sqg_all:s_v03.ang
1.9505 1.9755 2.0005 2.0255
88299 a0l sqg_all:s_v03.ang
2.0505 2.0755 2.1005 2.1255
88299 a0l sqg_all:s_v03.ang
2.1505 2.1755 2.2005 2.2255
88299 a0l sqg_all:s_v03.ang
2.2505 2.2755 2.3005 2.3255
88299 a0l sqg_all:s_v03.ang
2.3505 2.3755 2.4005 2.4255
88299 a0l sqg_all:s_v03.ang
2.4505  2.4755
88299 a0l sqg_all:s_v03.ang
2.9505 2.9755 3.0005 3.0255
88299 a0l sqg_all:s_v03.ang
3.0505 3.0755 3.1005 3.1255
88299 a0l sqg_all:s_v03.ang
3.1505 3.1755 3.2005 3.2255
88299 a0l sqg_all:s_v03.ang
3.2505  3.2755



How (continued)?

Use “Hot Restart” mode to sequence through a time
slice series using previous solution

this mode is a precursor to embedding VMEC in
TRANSP for full free boundary operation

SEQ ITERS CHISQ/N TORCUR PRESMAX PHIEDGE RO0O CPU-TIME EXTENSION
1 603 1.01 1.08 17.34 -13.37 2.69 21.29 88152a02t075
2 444 1.10 1.09 22.53 -13.38 2.70 12.53 88152a02t077
3 721 0.84 1.10 28.12 -13.40 2.73 19.95 88152a02t080
4 352 0.43 1.11 24.54 -13.40 2.72 9.91 88152a02t082
5 414 0.27 1.12 22.60 -13.42 2.70 11.66 88152a02t085
6 188 0.35 1.13 26.28 -13.41 2.70 546  88152a02t087
7 255 0.53 1.14 30.28 -13.47 271 7.32  88152a02t090
8 570 0.26 1.14 23.55 -13.48 2.67 16.00 88152a02t092
9 378 0.33 1.16 28.79 -13.45 2.69 10.65 88152a02t095
10 361 0.39 1.17 28.47 -13.50 2.69 10.22 88152a02t097
11 450 0.26 1.17 27.25 -13.51 2.68 12.82 88152a02t100
12 379 0.55 1.19 37.70 -13.49 2.72 10.71 88152a02t102
13 437 0.31 1.20 34.58 -13.49 2.70 12.33 88152a02t105
14 307 0.53 1.21 44.11 -13.51 2.72 8.71  88152a02t107
15 424 0.32 1.21 37.84 -13.49 2.70 12.02 88152a02t110
16 1235 0.33 1.23 36.40 -13.47 2.70 34.71 88152a02t112
17 337 0.29 1.23 37.45 -13.50 2.70 9.57  88152a02t115
18 435 0.34 1.25 43.32 -13.50 271 12.18 88152a02t117
19 400 1.01 1.26 52.52 -13.59 2.74 11.24 88152a02t120
20 659 0.39 1.27 42.33 -13.54 2.71 18.25 88152a02t122
21 489 0.78 1.28 53.39 -13.60 2.74 13.72 88152a02t125
22 467 0.63 1.29 55.39 -13.59 2.74 13.13 88152a02t127
23 423 0.61 1.30 53.06 -13.58 2.74 11.92 88152a02t130
24 366 0.80 131 53.61 -13.60 2.75 10.24 88152a02t132
25 378 0.50 1.32 57.46 -13.55 2.74 10.61 88152a02t135
26 407 0.60 1.33 57.63 -13.58 2.74 11.50 88152a02t137
27 445 0.29 1.34 54.62 -13.52 2.73 12.47 88152a02t140
28 338 0.37 1.35 52.75 -13.55 2.72 9.46  88152a02t142
29 379 0.56 1.36 59.38 -13.59 2.73 10.62 88152a02t145
30 345 0.62 1.37 61.77 -13.60 2.74 9.67  88152a02t147
31 605 0.56 1.38 51.75 -13.64 2.73 16.76 88152a02t150
32 403 0.59 1.40 64.15 -13.61 2.74 11.27 88152a02t152
33 345 0.82 1.40 63.79 -13.63 2.74 9.66  88152a02t155
34 493 0.36 1.42 54.70 -13.58 271 13.81 88152a02t157
35 337 0.65 1.43 65.74 -13.61 2.74 9.52  88152a02t160
36 606 0.97 1.44 70.38 -13.63 2.76 16.91 88152a02t162
37 663 0.65 1.45 66.55 -13.61 2.74 18.56 88152a02t165
38 298 0.60 1.46 67.53 -13.62 2.75 8.39  88152a02t167
39 327 0.48 1.47 67.30 -13.60 2.74 9.29  88152a02t170
40 467 0.62 1.48 76.19 -13.61 2.75 13.10 88152a02t172
41 341 0.40 1.49 67.57 -13.60 2.74 9.56  88152a02t175
42 273 0.50 1.50 70.52 -13.61 2.74 7.70  88152a02t177
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0.41
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0.53
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79.86
71.42
71.05
80.02
79.61
69.05
73.39
88.56
82.67
84.63
78.97
67.22
79.41
77.80
77,77
85.04
80.94
90.79
86.19
88.37
84.67
81.14
91.49
78.69
81.50
85.28
92.98
91.91
102.81
111.64
125.30
130.99
139.98
140.07
146.53
153.72
147.10
155.77
156.23
167.99
171.32
161.66
137.51
145.08
113.54
108.72
92.64
103.50
89.20
86.97
83.13
79.35
83.97
7151
76.30
77.37

-13.59
-13.62
-13.61
-13.62
-13.62
-13.63
-13.62
-13.63
-13.60
-13.64
-13.63
-13.63
-13.64
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-13.62
-13.66
-13.65
-13.64
-13.64
-13.64
-13.65
-13.66
-13.64
-13.63
-13.63
-13.63
-13.58
-13.56
-13.56
-13.56
-13.55
-13.52
-13.53
-13.56
-13.54
-13.51
-13.56
-13.56
-13.60
-13.55
-13.60
-13.63
-13.68
-13.67
-13.71
-13.67
-13.70
-13.66
-13.69
-13.68
-13.68
-13.66
-13.68
-13.68
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2.73
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281
2.80
2.78
2.77
2.79
2.76
2.76
2.74
2.75
2.74
2.74
2.73
2.73
2.74
2.72
2.73
2.73

9.43
8.52
11.22
17.94
8.64
10.77
9.65
14.44
9.92
17.03
9.71
10.78
16.63
12.51
7.10
8.54
9.66
8.47
9.00
8.60
7.97
9.31
8.49
10.40
12.15
15.22
10.20
8.50
9.69
8.72
9.82
9.04
9.99
11.02
9.39
10.02
10.20
5.72
7.86
10.81
17.68
14.72
11.32
13.28
14.94
13.90
12.20
9.81
1351
8.79
7.58
8.98
15.53
10.11
9.01
7.89
6.07
5.62

88152a02t180
88152a02t182
88152a02t185
88152a02t187
88152a02t190
88152a02t195
88152a02t197
88152a02t200
88152a02t202
88152a02t205
88152a02t207
88152a02t210
88152a02t212
88152a02t215
88152a02t217
88152a02t220
88152a02t222
88152a02t225
88152a02t227
88152a02t230
88152a02t232
88152a02t235
88152a02t237
88152a02t240
88152a02t242
88152a02t245
88152a02t247
88152a02t250
88152a02t252
88152a02t255
88152a02t257
88152a02t260
88152a02t262
88152a02t265
88152a02t267
88152a02t270
88152a02t272
88152a02t275
88152a02t277
88152a02t280
88152a02t282
88152a02t285
88152a02t287
88152a02t290
88152a02t292
88152a02t295
88152a02t297
88152a02t300
88152a02t302
88152a02t305
88152a02t307
88152a02t310
88152a02t312
88152a02t315
88152a02t317
88152a02t320
88152a02t322
88152a02t325



Where does it run?

Launch jobs from VMS machines where the TFTR

data is collected into a single, portable data
namelist file

Execute VMEC jobs anywhere on PPL computer

cluster :
Unix machines
or
VMS/Alpha machines

Postprocess graphics with NCAR graphics on Unix
machine

Postprocess profiles into 2d Ufiles

Postprocess profiles and scalars into VMEC
database with INGRES on VMS machine



Table “VMEC” holds scalars, 1 row per time slice

RAX$ sql tftr
| NGRES TERM NAL MONI TOR Copyright (c) 1981, 1992 Conputer Associates Intl, Inc.
)OI NGRES VAX Version 6.4/05 (vax.vns/02) login 2-NOV-1995 15:46: 41

go
* help table vnec\g

Executing .

Nane: viec

Onner : publ i cdb

O eat ed: 16- sep- 1995 20: 31: 00
Locati on: i i _dat abase

Type: user table

Ver si on: I NG5. 0

Row wi dt h: 780

Nunber of rows: 7628

Storage structure: btree with uni que keys
Conpr essi on: none

Dupl i cate Rows: not al | oned

Nurmber of pages: 4196

Overfl ow data pages: O

Jour nal i ng: di sabl ed

Base table for view no
Qptim zer statistics: none

Col umm | nformati on:

Key
Col um Nare Type Length Null's Defaults Seq
shot i nt eger 4 yes no
shoti d vchar 8 yes no 1
tine f1 oat 4 vyes no 2
type i nt eger 4 vyes no
who vchar 8 yes no 3
ti mestanp date yes no
raxi snse f1 oat 4 yes no
raxi scal ¢ fl oat 4 vyes no
dnf exp fl oat 4 vyes no
dnfcal ¢ f1 oat 4 yes no
pscal e f1 oat 4 vyes no
chi sqnse f1 oat 4 vyes no
chi sgpres f1 oat 4 yes no
chi sgsdl f1 oat 4 vyes no
chi sgbr fl oat 4 yes no
chi sgbz f1 oat 4 yes no
rnsnse fl oat 4 vyes no
rnspres fl oat 4 vyes no
rnssdl f1 oat 4 yes no
r nsbr fl oat 4 vyes no
rnsbz fl oat 4 vyes no
ns i nt eger 4 yes no
nu i nt eger 4 vyes no
nu i nt eger 4 vyes no
niter i nt eger 4 yes no
i nse i nt eger 4 vyes no
itse i nt eger 4 vyes no



Col um Nare Type Length Null's Defaults Seq

nf | xs i nt eger 4 vyes no
nobser i nt eger 4 yes no
nbf | d i nt eger 4 vyes no
nbcoi |l s i nt eger 4 vyes no
ipsig fl oat 4 yes no
del phisig fl oat 4 vyes no
pt ensi on f1 oat 4 vyes no
i tensi on fl oat 4 yes no
nseangof f f1 oat 4 vyes no
iter i nt eger 4 vyes no
fsqr f1 oat 4 vyes no
fsqz f1 oat 4 vyes no
fsql f1 oat 4 vyes no
arfb fl oat 4 yes no
pshi ft f1 oat 4 vyes no
j phi 0 f1 oat 4 vyes no
i pexp f1 oat 4 vyes no
i pcal ¢ f1 oat 4 vyes no
phi t exp f1 oat 4 vyes no
phitcal c f1 oat 4 vyes no
pOexp fl oat 4 vyes no
pOcal c f1 oat 4 vyes no
r Oexp f1 oat 4 vyes no
rOcal ¢ f1 oat 4 vyes no
apr esexp f1 oat 4 yes no
aprescal ¢ f1 oat 4 vyes no
alexp fl oat 4 vyes no
alcal ¢ f1 oat 4 yes no
bOexp f1 oat 4 vyes no
bOcal ¢ f1 oat 4 vyes no
ri nexp f1 oat 4 yes no
rincalc fl oat 4 vyes no
rout exp fl oat 4 vyes no
routcal ¢ f1 oat 4 yes no
vol fl oat 4 vyes no
area fl oat 4 vyes no
sarea f1 oat 4 yes no
circ fl oat 4 vyes no
aOvar axi s f1 oat 4 vyes no
aledge f1 oat 4 yes no
aOvar 0 fl oat 4 vyes no
e0 fl oat 4 vyes no
do f1 oat 4 yes no
psi edge fl oat 4 vyes no
eedge fl oat 4 vyes no
dedge f1 oat 4 yes no
shift fl oat 4 vyes no
pi nt f1 oat 4 vyes no
bpsq f1 oat 4 yes no
bt sq f1 oat 4 vyes no
bsq fl oat 4 yes no
ekin f1 oat 4 yes no
bet at ot fl oat 4 vyes no
bet apol f1 oat 4 vyes no
bet at or f1 oat 4 yes no
f edge fl oat 4 vyes no
bet ast ar fl oat 4 vyes no
bet apk f1 oat 4 yes no
rt fl oat 4 vyes no
rg fl oat 4 vyes no
rl f1 oat 4 yes no
nui shaf fl oat 4 vyes no
slrt f1 oat 4 vyes no



Col um Nare Type Length Null's Defaults Seq

sirg f1 oat 4 vyes no
sirl fl oat 4 yes no
s2rt f1 oat 4 vyes no
s2rg f1 oat 4 vyes no
s2rl fl oat 4 yes no
s3rt f1 oat 4 vyes no
s3rg f1 oat 4 vyes no
s3rl fl oat 4 yes no
lirt fl oat 4 vyes no
lirg f1 oat 4 vyes no
lirl fl oat 4 yes no
nui rt f1 oat 4 vyes no
nui rg f1 oat 4 vyes no
nui rl fl oat 4 yes no
betairt f1 oat 4 vyes no
betairg f1 oat 4 vyes no
betairl fl oat 4 vyes no
bet armui sirt f1 oat 4 vyes no
bet armui s1rg f1 oat 4 vyes no
bet amui sirl fl oat 4 vyes no
| anbdart fl oat 4 vyes no
| ambdar g f1 oat 4 vyes no
| anbdar | fl oat 4 vyes no
| anbdas1s2rt f1 oat 4 vyes no
| anbdas1s2rg f1 oat 4 yes no
| anbdas1s2r| fl oat 4 vyes no
shaf 1rt f1 oat 4 vyes no
shaf 1rg f1 oat 4 yes no
shaf 1rl fl oat 4 vyes no
rfbrt fl oat 4 vyes no
rfbrg f1 oat 4 yes no
rfbrl fl oat 4 vyes no
qo fl oat 4 vyes no
gedge f1 oat 4 yes no
nbr bz i nt eger 4 vyes no
chi sq_brbz f1 oat 4 vyes no
nsaddl e i nt eger 4 yes no
chi sq_saddl e fl oat 4 vyes no
npressure i nt eger 4 yes no
chi sq_pressure f1 oat 4 yes no
nnse i nt eger 4 vyes no
chi sq_nse fl oat 4 vyes no
ni p i nt eger 4 yes no
chisqg_ip f1 oat 4 vyes no
ndnf i nt eger 4 vyes no
chi sq_dnf f1 oat 4 yes no
ni ota i nt eger 4 vyes no
chisqg_iota f1 oat 4 vyes no
gmn f1 oat 4 yes no
rqmn f1 oat 4 vyes no
shearnin f1 oat 4 vyes no
rshearnin f1 oat 4 yes no
raxi stransp f1 oat 4 vyes no
presof f f1 oat 4 vyes no
sgm n f1 oat 4 yes no
gm ns f1 oat 4 vyes no
phi scal e f1 oat 4 vyes no
nseshi ft f1 oat 4 yes no
nmr i nt eger 4 vyes no
chi sqgmr f1 oat 4 vyes no
rosmr f1 oat 4 yes no
chisq_mr fl oat 4 vyes no



Table “VMECP” holds profiles, 61 rows per time slice

conti nue
* hel p tabl e vnecp\g
Executing .

Nare

Onner :

O eat ed:

Locat i on:

Type

Ver si on:

Row wi dt h:

Nunber of rows:
Storage structure
Conpr essi on
Dupl i cate Rows:
Nunber of pages:
Overfl ow data pages:
Journal i ng

Base table for view

ptimzer statistics:

Col um | nformati on:

Col utmm Nane
shot
shotid
time

who

ti mestanp
S

X

rmd

am d

psi

vol

q
shear

al f
jtor
pi t changl e

Secondary i ndexes

conti nue
*\q

vimecp
publ i cdb
16-oct-1995 11: 25: 00
i i _dat abase
user table
I NG5. 0
104
89792
btree with uni que keys
none
not al | oned
11010
0
di sabl ed
no
none
Key
Type Length Nulls Defaults Seq
i nt eger 4 yes no
vchar 8 yes no 1
f1 oat 4 no no 2
vchar 8 yes no 3
date yes no
fl oat 4 vyes no
fl oat 4 vyes no
f1 oat 4 yes no 4
fl oat 4 vyes no
fl oat 4 vyes no
f1 oat 4 yes no
fl oat 4 vyes no
fl oat 4 vyes no
f1 oat 4 yes no
fl oat 4 vyes no
fl oat 4 yes no
f1 oat 4 yes no
none
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Monitor Chi-squared by diagnostic CHISQ_MSEZNMSE
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Monitor iterations to convergence
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Compare g profiles at different times
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