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Responsibilities:

* maintenance and development of the CHAIN-1 analysis
code (KG1V) that analyses data from the multi-channel
far infrared interferometer diagnostic (KG1) at JET, and
for data validation of the KG1V data (fringe jump
corrections).

« support the Integrated Modelling Group’s modelling
activities using plasma-edge and fully integrated plasma

simulation codes, by utilizing and contributing to the
development of the JINTRAC suite of transport codes
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Main Activities (@)
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« KG1 data RO

« KG1 main software engineer

* Modelling activities in support of JET

« Software development activities in support of modellers
« EPROC py library RO

« DVCM secretary

 DCO during JET experimental campaign
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1 - Modelling activities

» Poloidal Flux expansion experiment + modelling
« M18-20 related modelling activities

« Software development for Modelling group
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Result overview 1/3
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Result overview 2/3
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* Low charge nitrogen emission moves towards X-point
as flux expansion increases

* Nllland N IV moves closer to X-point in comparison to
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JET
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M1 8-20 = Dependence of pedestal structure on fuelling at constant

beta

= Low gas/low power case = low relative shift

* High gas/hig power case = high relative shift
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Comparison model/experiment (normalized profiles) (fj\},
=
| gas / low g r f#C
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= Qualitatively:
o Reasonable agreement in the range R=3.80m / R=3.84m
o Reasonable agreement in n_%P/n ped

o Density slightly overestimated in the SOL
o Density overestimated at R<3.80m in the SOL

= (Qualitatively, | would say that the comparison is rather good
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2 - Software Engineering support to /“,7 N
Modellers -

« EPROC
« Python tools for modellers

* Motivation
*Access to EDGE2D outputs using Python
Python tools for EDGE2D

qit@aqit.ccfe.ac.uk:bviola/EPROC Freja.qgit

 https://users.euro-fusion.org/tfwiki/index.php/EPROC _Python_module
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mailto:git@git.ccfe.ac.uk:bviola/EPROC_Freja.git

How to access to EDGE2D data (®)

« Main outputs: tran-file, print-file, eirene.output, etc

JET

EPROC (2007) is a user-friendly interface tool to read signals
from 2D codes like EDGE2D and SOLPS

IDL

MATLAB
PYTHON
*IDLBRIDGE
EPROC module
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EPROC module ©

« Contains basic function available on EPROC: read_ring,
read_row, read data, read_time, volint

« Up to May 2017 available on JACS + Python/2.7.3:

In [1]: import eproc as ep

T - ‘_"

ep.getnames ep.ring oo rourea en timectenread
ep.dataread Ep.names ‘ ad :
ep.geom ep.pythonfilefilter | ep.row i o EEtep

In [ ]:I
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Python tools for EDGE2D e
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Make a consolidate suite of tools for EDGE2D
« Access to EDGE2D outputs using Python
« Python tools for EDGE2D
* Python tools for EIRENE

Use effectively Python
Make it easer for new comers
Get same numbers!
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GUI

File Edit View Search Terminal

FLATFORM x86_ 64
Welcome to FREIA
Loading python/3.5.1
Python 3.5.1

python/2.7.5(17) :ERROR:158:
python/2.7.5(17) :ERROR:1082:

seteprocversion EPROC
. fipished .bashrc

python/2.7.5(17) :ERROR:158:
python/2.7.5(17) :ERROR:1082:

bviola@freiadle 10:34:43
$ bruviogui

bviola@freiad®le 10:34:55

$ python GO _bruvio tools.p
INFO Running bruvic to
DEBUG [GO bruvio_tools.
DEBUG [GO bruvio_tools.
DEBUG [GO bruvio tools.
DEBUG [GO_bruvio_tools.
DEBUG [GO_bruvio_tools.
DEBUG [GO_bruvio_tools.

JET

¥

Module 'python/2.7.5' conflicts with the currently load

Terminal

Help

Tcl command execution failed: conflict python

Module ‘python/2.7.5" conflicts with the currently load

Tcl command execution failed: conflict python

%

ol.

PYy:

78]
:79]
1871
:89]
:98]
1971

start

USR in env

this is your username bviola

this is your homefold fu/bviocla

this is edge2d fold /work/bviola/Python/EDGEZ2D
we are in fwork/bviola/Python/bruvio tool

https://github.com/bruvio/multitool

\
o/

]
l//—-
\ &
=

/7,
|
\

Help

Edgezd
MagSurf

EQDSK

el

plot data

bruvio tools w

bruvio tools

by Bruno Viela (brune.viola@ukses. uk)
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3 - KG1 Far Infrared Interferometer

* Line Integrated Density on 8 channels

* Three data acquisition systems

« KG1V (C40 VME) -1995(HW failing !)
* KGI1RT (PowerPC) -2002

« KG1C (FPGA) -2012

Channels distribution

Two Far infrared (FIR) lasers with wavelength
* Deuterated Cyanide(DCN) : 195 um
*  Methanol(MET): 118 um

Data availability
* KG1V - used for current KG1V PPF
production
* KGI1RT: 8 channels - only JPF
e KGI1C: 2 sets of 4 vertical channels — only

JPF

Plasma Density Validation (PDV) usage *
LID2, LID3, LID7 (marked with red)

*Used for plasma density control and additional heating safety
interlocks
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Introduction - Rationale for change ©

=
During 2016-2017 shutdown a major refurbishment of the laser system and software infrastructure has
been done that improved substantially the reliability of the system as a whole

New code was required to implement the following points:

e toincorporate the new data from two DAQ systems: KG1RT and KG1C

* the new JPF data more reliable than the original KG1V and much faster time
resolution

e same or better performance in chainl (execution time)

* implement an improved automatic fringe jumps correction

* add atime dependent flag for each LID

* move development from IDL/Fortran to Python

History
» development was started by A.Boboc and L.Kogan in 2015 and it was on hold for
more than 1 year due to lack of personnel

» code was tested during campaign C37 producing private PPF (DDA:KG1R, uid:chainl)

More details see the DVCM presentation “New Interferometry code for Chain 1: KG1R” L. Kogan and A.
Boboc presented at DVCM on 7th December 2016

https://users.euro-fusion.org/pages/codes-data/dvcm/meetings/2016/07-Dec-2016/DVCM_2016-12-

JET



Code Tests - C37-C37b (91619-92504) (®)

Code performance in terms of execution time have been analysed for ~90shots using
both KG1RT and KG1C.

1501
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The shots analysed include a significant number of with high plasma current and high
NBI power
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Code status )

JET

L. Kogan handed over the code to B. Viola in May 2017

Code was already tested during campaigns C37-C37b as
Priority 1 producing private PPFs(DDA KG1R, uid: chainl)

Upgraded code is now in Chainl as priority 1
We have reprocessed from pulse 90761

A few modules left to be implemented

Manual validation

Dependent chainl codes, in particular not maintained legacy
codes

Scientific data compatibility

B. Viola| WIP 22 May 2020 | Page 17
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Improvements in 2017-2018 (@

Completed (to be tested during campaign)
* Polarimetry data (KG4) for fringe corrections

* Time dependent status flag

To be developed
e Automatic validation using HRTS *

e Others: ELMs detection (to be improved), pellet counting, disruption
detection

* This code to run as a reprocessing step in chain2.
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KG1RO tools

KG1 RO tools wl(a) (X

Help
KG1 RO tools v2.0

ReqCo plot data
Cormat database

LID ChDDSEr status ﬂag
KGILH send email
KG1_py

by Bruno Viola (bruno.viols®ukses. uk)

JET

Graphical User Interface (GUI) that contains

(almost) all the tools needed by KG1 RO.

It allows:

* Run manual validation code (i.e. CORMAT on
JACs)

* Run PPF production codes (KG1L/H, KG1R_py,
KG1V (to be added?))

* Generate input file for KG1R_py code

* Plotdata

* Check database of validated pulses (and more)

* Check JPN status flags

e Contact chainl manager

B. Viola| WIP 22 May 2020 | Page 19
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 A. Boboc is on leave
« KG1V lateral channels not working
» Experimental campaign started
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Data Production (previous) workflow @

—

Kgl data kglv_idlcode  —— Jjetppf/KG1V/LIDx ppf

kgl_py code —— chain1/KG1R/LIDx ppf

This is something you already know!

What you also should know is that for the past two years
another code is running in Chainl as Priority 1

PPF/KG1R userid: chainl, time res: 1ms across entire pulse !
This PPF contains the KG1 data coming from KG1R/KG1C only
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\\

i’a l/a \\\

Data Production (new) workflow O

kglv_idlcode ~ —— Jjetppf/KG1V/LIDx ppf

kgl_py code —— chain1/KG1R/LIDx ppf

Triggered by Reqco - Reprocess KG1 data using KG1R/KG1C jpf

) 4

bruvio Save PPF as bviola/KG1V/LIDx

¥

Manually validate

More later! ‘

Downsample to 30039
poivr\:ts (as I?(G 1V) Generate PUBLIC PPF
KG1V/LIDx

.’ E T B. Viola| WIP 22 May 2020 | Page 22
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G1 codes Update

« KG1_py code (use to produce PPFs under dda=KG1V

IS working

Help
P bl | upz | b3 b | wps | uos | LF7 | Lpe | LD 1-4 | LDS-8 | LDALL | MR |
CORMATPY
Input
leld 93898
X UD4
M HRTS ch.4 I e
i l read uid ETPPF
b

4 ! j ‘i Load
ll SAVE WORKSPACE

v l“‘ Markers
" g
3 1 o .
it: ) None 2
1 W
L X
‘!1_“ ' %
" 5
v Yoy x Corrections
- X
' . x Total Corrections
24 1 % 0
g Manual Correction

Undo

Output
Record data
" Data
¢ Status Flag

I~ downsample

write uid
bviola B

WRITE PPF

Second Trace

normalize
restore

Status Flag
&0 3
c1 4

2 check SF

‘ui Make Permanent
EXIT

[} current Tab is LID_1

al

flag is 0

changed is False

current Tab is LID_4

=29,0206 /+4.10561e+19

W
1=}
&
=]
L
=
-3
=]
~
>
0
1=}

|

DEBUG_PLUS - [Cormat_main.py.788] -
handle_readbutton_master - saved is False -
data changed is False - status flags changed is
False

DEBUG_PLUS - [Cormat_main py:852] - status

I DEBUG_PLUS - [Cormat_main.py:1009] - data
saved is False - status flag saved is - data

DEBUG_PLUS - [Cormat_main.py:902] -

[INFO] plotting second trace HRTS :‘
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KG1 (re)processing options Q)

best
best

20 = N s ) RO

kglr :

kgle
kglec
kgle
kgle
kgle
kgle
kgle
kgle
kgle

JET

(the ppf) data is now produced using KG1R and
gata Option running on Chainl

bestIL The code will use KG1C for wvertical channels (1f available),

taking LD<DCMN as the main signal, and LD<MET 1f not.

Both DCN & MET signals & LDCOR signals will be used to help make corrections
If KGIC signals are unavailable then KGIR will be used.

For the lateral channels KGIR 1s always used.

Use KGIR signals for all channels.

Ldraw : Use combined KG1C Ldraw DCN & MET for vertical channels.
ld : Use combined KGIC ld DCN & MET for vertical channels.

Lldcor : Use combined KG1C ldcor DCN & MET for vertical channels.
Ldraw dcn @ Use KGI1C ldraw dcn for wvertical channels.

Lld den @ Use KGIC ld den for vertical channels.

ldcor _den @ Use KGI1C 1ld den for vertical channels.

Lldraw met : Use KGI1C ldraw met for vertical channels.

Ld met : Use KGIC ld met for vertical channels.

Lldcor met : Use KGI1C ld met for vertical channels.

B. Viola| WIP 22 May 2020 | Page 24



Configuration file generator - LID chooser

KG1 chain 1 file generator

KG1 chain 1 file generator

KG1 chain 1 generator v.2.0

LID2 LID3 LID4

& KG1V & KG1V & KG1V

" KG1RT " KGI1RT " KGI1RT
" KGI1C Best " KG1C Best " KGI1C Best " KGI1C Best
LD DCN LD DCN LD DCN LD DCN
¢ LDCOR DCN " LDCOR DCN ¢ LDCOR DCN ¢ LDCOR DCN
LD MET " LD MET LD MET " LD MET
" LDCOR MET " LDCOR MET " LDCOR MET  LDCOR MET
" LDRAW DCMN " LDRAW DCN " LDRAW DCMN ¢ LDRAW DCN
LIDS LID& LID7 LiD8
&+ KG1V &~ KG1V &+ KG1V &~ KG1V
" KG1RT " KGI1RT " KG1RT " KGI1RT
£ Be i e £ Be i Be
£k L £ £k L £k L
£k L £ £k L o L
© KGIC LDRA  KG1C LDR A © KGIC LDRA  KGIC LDRA

Pulse

 KG1VIDL & KGR py Generate file

It allows to modify configuration input file
(kg1 _const.ini) used by both KG1V_IDL
and KG1R_py code

B. Viola| WIP 22 May 2020 | Page 25



Example: JPN 94896/LID4 ©

le2l

“best” option

0.8

" X LD4

Statusflag 4

438

JET

50 52 54 56

p.s. all M18-16 are like this!

“second colour only” option

1e20

X LD4

b

3.0 1

2.5 1

Status flag 2

2.04

15 4

1.0 A

0.5 4

0.0 4

T T T T T T T T
48 49 50 51 52 53 54 55

Cause
Main DCN laser beams are refracted by plasma

Second colour methanol laseris 10 time smaller refraction
B. Viola| WIP 22 May 2020 | Page 26
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KG1L/H code (@)

)\

« Bottleneck — code needs changes as KG1V (old system)
parameters are hardcoded

* Not using the “full power” of KG1R and KG1C systems:
need to reduce number of samples to run KG1L/H, i.e.

down sample) New KG1L/H code since 15t of

November 2019

* Old Fortran code can run only if data comes from KG1V
or KG1R systems, does not have implemented to use
data from KG1C

(old Fortran code = Pandora box !)
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New KG1L/H code — main points Q)

 Uses a FLUSH wrapper that works in Python3!

* Can use various filtering algorithm for slower time res of EFIT
 Multithreading

* OOP structure

* Fully documented

 Advanced debugging

* Fully integrated with ReqCo database

 Requires KG1V validation (as before)

Thanks to Derek S. for precious advice!
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KG1L_py output: Fortran algorithm

63.25— —E — 97123 KG1L/LAD3 Old code
= E Seq—B0 ()
LAD = LID/LEN w SO 1 —omepms New code
1 szs ;— E Seq=h27 {3) Uid=tviola
. B28E =
° goaf 3
622F E
62,0 =
C . 52125 KE1LLEMI
2835~ =] %ED ()
C ] & 5 KG\L‘."LENE
C 1 Sieq=H27 {3) Uid=bvola
- 2.830 o ( ™
I_ E N 2825 K
252003 ,:
168 0:_ = —— 87123 KE1LLIDS
e ] Seg-80 (3}
N 18RO 3 —— 52123 KBS
|3|@5 1 A A Sz )
o E_ — %213 PROC/ERRORLEN
-0.5F
—10E
T E
2 -18E E
—2.0 E
- E
E — S21E5 PROG/ERRORXTA
10.0E =
? .0E 3
BOE =
45.0 49,1 45,2 49,3 45,4 40,5
SECS
45 441 4.2 4.5 [
Seconds

Y



KG1L_py output: NEW FILETERING AN

N
N\’
840 — 92123 KR ILALADE
635E- Seqma28 (3) Uid=hviola
' E — 2123 KE1L/LAD3
LAD = LID/LEN = eop /\, o
- E { T 92123 KS1LALADS
SD B2.5 = el SaqmiT {3) Ud=brlola
- §Z £ 92123 KE1L/LA03
2.0 oy Y Y% Saq=626 {3] Uld=bviala
15 )
C 52123 KG1LLENT
2,835 — Seq=624 {3) Lid=tviain
C 32125 KG1 LJ."LENE
r Seq=80 (D)
= 2830 E — 52123 KGIL/LENG
E $9q=027 (3 Uid=bviola
2825 — 92123 KE1L/LEN]
LE N C Sag=62F {3 Uid-tyioln
28205
18800 — 2123 KE1L/LID3
C Soqm626 {3) Uid=hvlola
o 1860 — E123 K21L/LID3
= r W Seq=80 (3]
LI D 164.0 gt N 92123 KG1%/LID3
3 | | I
. J T 1A Saq=72 (3)
- 1820 V U u V/’I]? 921235 KE1LALID3
£ Seq=827 (3] Lid=hvialn
160.0 E 52123 K51L/LI03
e ' $29=026 43) Ui~byiol
1M1.0E 32123 kol L/xTaa
Seq=028 (3 Vid=bviola
1005 —— 57123 KB1L/TAS
0 Ssq=H0 (0}
TAN T —— 92123 KE1LATAT
=4 BOE SeqmB27 {3) Uid=hviola
-0 E G123 KO1L/MTAZ
TE Saq=626 {3} Ud=brlola
6.0 E
L — 4R123 EFIT/RMAQ
3020

EFIT/RMAG-

JET

3018

3016

3014

#

R

]

Seq=10 (0)

Using new filtering options speeds up code by ~20s! (40% speed increment)
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KG1H_py output

LAD = LID/LEN

LEN

TAN

EHTR/RMAG-

JET

64.0

63.0

10" W—3

G20

&1.0

2540

\
=z

(/ =
\

— 97123 KG1H/LeD3
Soq=86 (3)

— 97153 KETH/Le03
Seq=425 {3} Ud=bviola

92125 KETHLENS

Eﬂ w Seq=86 (0} E
o1E Bt ,
00010 E' — 92123 PROC/ERRORLEN
G 00085 = E
(0000 i J
—00005 B 3
—0.ac10 g E
—0.0015
4.0 — 57123 PROG/ERRORNTA
20 g
. — !F
= .:
0.0 B |
—2.0 4 ki
' El
—4.0
—G.0 . . . . . .
48.0 49,1 43.2 49.3 49.4 49.5
0.8
3.020 f— T 92123 EHTR/RMMG
2018 f- == Abs Err = max 3mm
.06 _
Len =2.7m

3012
3010

Rel Error 0.1%

48.0

4.1 ‘

43.2 44.3 43.4

Seconds

0.5s

—
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KG1H py output - zoom

]
Ve
(
\\_
=

\=
83.05— %123 C]H,-"LADJ
E Seq=85|(3)
o EZEE — 52123 KE1H/LADS
—_ t = Seq=425 () Uid-bvicla .
LAD = LID/LEN . B0E Old Fortran code filters
O the data (twice!), so
2 ==mve there are less points, this
s Clvw is why they look different.
?_.6?_2;
LEN 2ot New code is more
"E —— T1E3 BEIH,UDS
. 0E s accurate, for those who
é g Seqma2h {3} Ud=bylola
LID . VF use KG1H data for
studying fast dynamics
160ID _E 32123 G‘HNA:S
11.0:— Seq=05((0)
E —— 57173 FRIHHTE
. 10.0 z_ Seg=025 (5) Uid=bvisla
TAN =& E
LA -
E Ha123 HTR,-"RMN.’;
2017 ;— Seq6{{0)
3.0165—
EFIT/RMAG* ek
3.014§ 3
_4-9.I100 49,;05 4;.?!.I11(}d 49,I115 4—9.;20 -

0.01s
G——————————————————-
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Down sampling of
KG1 data

J E T B. Viola| WIP 22 May 2020 | Page 33



Reasons for down sampling

* Previous KG1 code (old Cormat
running in MATLAB, KG1L/H
Fortran, and others???) have

KG1V data points (30039)

hardcoded

freq [Hz]

2000

« We still don’t know what is the

impact on the chain of using a
different number of data points 0]

=z

©)
\=

5000 ~

3000 1

s '’ ...1 o L ™ KG1vV freq

* KGIR freq

T
20

30

T T T T
40 50 60 70 80
Time [s]

* To keep it simple we decided KG1V — hard coded 30039 points- 5 time
with Chain1 RO to maintain this  windows with three time resolutions

until we finalize tests

resolution

_ KG1R — variable time window, fixed time
« Tests on their way to remove res range 0.2ms

this constraint

JET

KG1C- fixed time window 1ms time
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Repetita iuvant ---> LENX - discussion O

 LENXx ppf are produced by KG1L/H codes

« After KG1V is validated, i.e. after Reqco requests
 KG1L/H uses flush (code runtime using standard EFIT ~70s)

« KG1LH, it appears, is under my only responsibility (i.e. Alex
does not want it!)

 People want LENXx (possibly LADXx) intershot — pronto, schnell,
rapide, subito!

* Need of a new way to do this calcul: P
i

Suggested by E. Solano = use ’ X

(RBND,ZBND) from EFIT N s

‘ ol el el e e el el

J E T 10 15 20 25 20 35 40 as 50
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Options ©

(L

1. Compute LENXx in chain1 inside KG1V_py code, using
EFIT as source

2. Compute LENXx in chain1 inside EFIT, using EFIT as
source

3. Compute LENXx in chain1 inside KG1V_py code using
XLOC as source

1. Compute LENx using KG1LH codes (implementing new
algorithm) — i.e. leaving things are they are

J E T B. Viola| WIP 22 May 2020 | Page 36
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1 - Compute LEN In chain1 inside N
KG1V_py code, using EFIT as source &

B — diff-LENI

T
llh.ll.nll
— diff-LEN2
U N B 1

—— diff-LEN3
",' LK
—— diff-LEN4
SN jetppf',seq=0)
T

Jdua A all.
— diff-LEN5

M BLE |

.—. diit'f-.LENG
LR

YY) 371
—— dif-LEN7 671

0)
|4

|
= ! T T T T
T T T T | m

40 45 50 55 60 65

o = O Ul o Ul O O, B en] Ul o = O = o N
| 1 Ll L L1 L Lo L1 |

JET B. Viola] WIP 22 May 2020 | Page 37



2 - Compute LEN In chain1 inside

\

o

(7N

KG1V_py code using XLOC as source =/

« Calculation slower (XLOC sampling rate is higher 0.01s)
« XLOC data is JPF so in theory available at the moment

0.5 4

0.0

0.5 4

0.0 -
0.5 4

0.0

0.5

0.0 -
0.5

0.0 -

JET

J —l. —— Giff-LENL
T T T T T T T T

— diff-LEN2

T T
= diff-LEN3
T T T T T T T T

ol =] o
| 1

M S M
- T T T T

T T T T
A/\—A‘ — diff-LENS
- T e e
T T T T T T T T
Vr\/\\"‘ — diff-LENG&
e e

O any

2.01

1.5 1

1.0 1

0.5 1

0.0 1

0.5 1

1.0 A

1.5 A

—2.0

T T T T T T
15 2.0 2.5 3.0 3.5 4.0
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3- Compute LEN in chain1 inside EFIT, Py
using EFIT as source &

* Pro:

*EFIT always available
*Data would be always ready intershot
*LEN calculation available for all members of EFIT family (EFTP, EHTR...)

Data provenance: each EFIT sequence produces and stores its associated
lengths. Especially important for EFTP and kinetic reconstruction.

. LENXx available immediatel_¥ for any EFIT, including kinetic reconstructions.

Otherwise, after each EFIT run, producing a new sequence, a new
validation of KG1L would need to be requested, specifying the EFIT sequence
to be used as input. This is awkward and error-prone, and the most recent
KG1L sequence may not always be the best one.

Con:
i EFIT RO needs to modlfy code — (check with EFIT RO timeline for implementation)

. KG1 line of Sight data needs to be read by EFIT (this is already necessary if

polarimetry is used for a kinetic reconstruction). EFIT RO needs to be made aware of
recalibrations/changes.

« Estimated 10s delay in production of JETPPF/EFIT (worst case scenario)
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KG1 GUI Tools for data generation, display
and validation
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KG1RO tools

KG1 RO tools wl(a) (X

Help
KG1 RO tools v2.0

ReqCo plot data
Cormat database

LID ChDDSEr status ﬂag
KGILH send email
KG1_py

by Bruno Viola (bruno.viols®ukses. uk)

JET

Graphical User Interface (GUI) that contains

(almost) all the tools needed by KG1 RO.

It allows:

* Run manual validation code (i.e. CORMAT on
JACs)

* Run PPF production codes (KG1L/H, KG1R_py,
KG1V (to be added?))

* Generate input file for KG1R_py code

* Plotdata

* Check database of validated pulses (and more)

* Check JPN status flags

e Contact chainl manager
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* Includes the ability to run and monrtor systems to deliver business value
and to continually improve supporting processes and procedures

* Design Principles

* Perform operations as code - Infrastructure as code

* Annotate documentation - Automate the creation of annotated documentation
after every build

* Make frequent, small, reversible changes - So that in case of any failure, you can
reverse It

* Refine operations procedures frequently - And ensure that team members are
familiar with it

 Anticipate failure
* Learn from all operational failures

JET B. Viola] WIP 22 May 2020 | Page 42
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Main Activities (@)

(L

« KG1V data RO

« KG1 main software engineer

* Modelling activities in support of JET

« Software development activities in support of modellers
« EPROC py library RO

« DVCM secretary

 DCO during JET experimental campaign
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Result overview 3/3

92123 (BO1 ) 9.4000 +- 0.0500 s MW m3

Z[m]

92123 (B0O1) 11.7000 +- 0.0500 s

R (m)

108
35

3.0

2.5

{7 ™\
{ )
‘{\‘;’/)
MW m
[ |35
3.0
o5




Conclusions

®)
=7

« Experiment have shown that Flux expansion has effect
on divertor radiation and that is possible to obtain with
current divertor coils setup a flaring flux at JET (see

picture below)

* Flux expansion have effect on the movement of the
radiation (nitrogen) front toward the X-point

 EDGE2D modelling confirms experimental results
« Improve constraint on X-point position (future?)

/:,.:w;;ﬂ 4

Vu/A::,\

AN

TRy 75 e

R (m)

LFE

) 0.1 02 0.3 04 05 06 07 045

Distance from the target [m] =16
™~
or .o+ s _/ 0.1
+ * o+
L o+ T + 1.8
+ F !
-2r 7 0.05

2.2 2.4 2.6 28 0
R (m}

740 005 01 015 02 025 03 035 04 045 05 1.8 2
Distance from the target [m]

Poloidal flux gradient [T m] Poloidal flux gradient [T m
I
Ml
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Shapes comparison 1/2 @

Here we compare all the shapes: with the new minimisation we keep frozen TOG, RIG ROG
As shown in pag 5 the trade-off is a 10% reduction in max FE achievable (test 7 vs 92121 @51.75s)

NA
5 — | FEr
—— HFEr} 13 P
test1 N LFET
15L testd
1 L
05
0 a
-0.5H
_1 -
1.5+
2L




Sh ' 2/2 (©®)
dpes comparison &2
3 xet
I | FEr Name Min Max
I HFEr

25+ [ testd | IPRIM -4.000e+001 | 4.000e+001
[ Jtests IP4T 0.000e+000 | 2.860e+001
[ Jteste P41 -1.400e+001 | 1.400e-+001
N [ test? | - IPFX 0.000e+000 | 3.290e+001
|S HP ISHP 0.000e+000 | 3.800e+001
I IHFX | ID1 -1.900e+001 | 0.000e+000
D2 -3.700e+001 | 0.000e+000
ID3 -3.700e+001 | 0.000e+000
i |p4 | ID4 0.000e+100 | 1.800e+101

1P Al is now lower

‘ b ID4not0!

-1.5 '

All currents within limits!

JE



Experimental Strategy (quick summary 1/2)

Perform/repeat previous pulse 92121 for better spectrospy measurements
Develop flux expansion discharges

/
2\

25

20

15

FE inner

*
¢ LFE92121 @

+ tests
test 1
test 6

=49.41s

10

+ HFE 92121 @t=51.71s

+ test7

FE outer

L= T e O ¥ R "L =) B N o - B (e ]

=
o

.

+ LFES2121 @

=49.41s

¢ testS

test 1

test 6

+ HFE 92121 @t=51.71s

* test?/

JET

This data point is not requested during the scan in the

Experiment (see following)




Experimental Strategy (quick summary 2/2) f;)

A\ &

« Allow for repeat pulses to try different Flux Expansion
configuration with power (~15MW or more if available)

* N scan (3 shots)

« Experimental proposal draft handed over to TFLs asks
for ~18shots

JET



Comparison model/experiment
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Quantitatively:

o n.P underestimated in the low gas case.

o n.P slightly underestimated in the high gas case.

JET



What is EPROC?

* Eprocis library of IDL procedures.

* Areference manual for the Eproc library is
available by typing the Unix
command eprocdoc.

* Manual of EPROC GUI can be found here:
https://users.euro-fusion.org/pages/data-
cmg/eprocgui/manual/eproc_gui_manual.pd

f

JET

\]

i\

List of Routines

+« EPROCADD

+» EPROCBOUND__DEFINE

+» EPROCCAT

+« EPROCDATA

+ EPROCDATARANGE

+» EPROCDATASPEC

+ EPROCDIFF

+« EPROCDIVIDE

+ EPROCERRORSIG

+ EPROCFILE__DEFINE

+» EPROCFLTDATASTRUCT__DEFINE
s« EPROCFLUX

+» EPROCGETCODEIDS

+» EPROCGETDATEIDS

» EPROCGETMACHIDS

+ EPROCGETNAMES

+» EPROCGETOWNMNERS

+» EPROCGETSEQNUMS

+« EPROCGETSHOTIDS

+ EPROCGETSQLVALUES

+» EPROCGRID

+» EPROCGRIDZDDATA

+ EPROCGRID2DDATASTRUCT__DEFINE
+ EPROCGRIDZDFLOT

+« EPROCGRID2DUI

+ EPROCGRIDUI

+« EPROCINTEGRE

+« EPROCLONDATASTRUCT__DEFINE
+» EPROCMCDATA

» EPROCMCDATASTRUCT__DEFINE
+« EPROCMULTIPLY

+ EPROCNAMES

+« EPROCPLOT

+ EPROCPOINT

+« EPROCPOLY

+» EPROCPOLYUI

+« EPROCPS

+» EPROCRANGE

+ EPROCRING

-

+» EPROCSTRUCT__DEFINE
+« EPROCSUBTRACT

+« EPROCSURF

* EPROCSURFINT

nnnnnnnnnnnnnnnn


https://users.euro-fusion.org/pages/data-cmg/eprocgui/manual/eproc_gui_manual.pdf
https://users.euro-fusion.org/pages/data-cmg/eprocgui/manual/eproc_gui_manual.pdf
https://users.euro-fusion.org/pages/data-cmg/eprocgui/manual/eproc_gui_manual.pdf
https://users.euro-fusion.org/pages/data-cmg/eprocgui/manual/eproc_gui_manual.pdf
https://users.euro-fusion.org/pages/data-cmg/eprocgui/manual/eproc_gui_manual.pdf
https://users.euro-fusion.org/pages/data-cmg/eprocgui/manual/eproc_gui_manual.pdf
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GIT repositories & WIKI (@)

L
e

. qit@aqit.ccfe.ac.uk:bviola/EPROC Freja.qit

 https://users.euro-fusion.org/tfwiki/index.php/EPROC_Python_module

JET


mailto:git@git.ccfe.ac.uk:bviola/EPROC_Freja.git

EDGE2D GUI

@ Applications Places System@ _G E,

& 0= Tue 16 Apr, 10:54

i

Search for "eqdsk"

Analyze

[input_dict_g84600.json

|-: ompare_dict_846

compare sims
input dictionary

edgez2d tools

.| I editjson1

0.json J " compare pulse [T edit JSONZ

input_dict_84600.json

v) (x
search sim Get sim names
&=/ jv I~ Profile

jv ™ Time

]' I Flux

a [T Geom

profiles

|targetfilename

Wil (X

vl (X _ al
S Reload| op

L8 10:10:57 BST
17 16:41:56 GMT
L& 10:10:59 B5T
L8 10:10:57 BST

Exit

Funo.violadukses uk)

13 09:19:29 BST
7 13:42:08 BST

TMomSUTOr2ule 17:00:23 BST
Tue 20 Feb 2018 16:04:52 GMT
Thu 19 Apr 2018 10:10:56 BST
Tue 14 Nov 2017 13:21:10 GMT
Tue 18 Jan 2011 11:48:34 GMT

WL LEE pump currents
| denel | denel download print
power balance |
run ot contour plot
radiation contour
Tpun” F] mgroth | | MMfast_snowflake_23may2011_2attempt.eqdsk 1179.2 kB plain text document
F;;I;:E 7 grubino | | MMfast_snowflake_23may2011 3attempt.eqdsk 676.5 kB plain text document
DEBUG EJjsimpson [ | MMfast_snowflake_23may2011_4attempt.eqdsk 56?6_5 kB plain text document
INFO - N :
cmemnern | | MMfast_snowflake_23may2011_5attempt.eqdsk 2.6 MB: plain text document
INFO eproc v2... _
. | | MMfast_snowflake_23may2011_6attempt.eqdsk 1.5 MB: plain text document
LIB.OUTP... - - -

wschip

v "g_p92121 t49.445 mod.eqdsk" selected (1.2 MB)

Mon 23 May 2011 12:34:46 BST
Mon 23 May 2011 15:42:20 B5T
Mon 23 May 2011 15:58:48 B5T
Mon 23 May 2011 16:37:08 BST

[ ]
Mon 23 May 2011 17:21:06 BST

Terminal

JET

| | Search for "eqdsk"” 1 bruvio tools

1 edge2d tools

Wy |



Class sim
given a catalogues edge2d simulation it provides with tools to extract data

a simulation 15 defined by
owher

date

seguence

machine

shot number

the following functions are avallable:

Read print file edge2d()
Write_print2file(simu_list,path, filename)

Read ionrecom

Read _psol_pradpsol{ExtraInput)
Read_time_data(var, iInterval)

Read pow 1fs div(interval)

Read _row _data(variable, regilon, Extralnput)
Read data(variable, Extralnput)

Read edge2d pedestal fuel()
Read_radiation_split(interval, ExtraInput)

Read gpeak_ot(ExtraInput)

Read prad_sol{ExtraInput)
Read_imp_content{ExtraInput)

Read imp content core(ExtraInput)
Read_n2(region)

Read _e(ExtraInput)

Read x point()

Read div_mol atom ratio(Extralnput)

Read sirec_soun_Lfs()

Read power balance()
Write_powerbalance2file(simu_list,path_filename)
Read_omp(ExtraInput)

Read_netflux({surface_in, surface_out)
Eirene_netcur(surface_in, surface_out, ExtraInput)
Write_eirene_cur2fil(simu_list, path, filename)
Read eirene pump()

Eirene_pumpcur{ExtraInput)
Write_pump_cur2file({simu_list, path, filename)
Read e2d ppf(dda,dtype, sequence, Extralnput)

JE, Contour({Extralnput, var, fname, lowerbound=None,upperbound=None)
Execute_makeppf(simu_list, outputfile)
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EDGE2D GUI ®

@ Applications Places System@ _G E,

& 0fm Tue 16 Apr, 10:58

Terminal v [~ gL v (&) (%

File edgezd tools vl (X
L2t
—— Analyze

. run

search sim Get sim names

v (%
B bviola jv W Profile | QI

EE
- \ [input_dict_84600 json J ™ edit JSONL Iﬁ -
1€ i i

ook - - : ime

compare_dict_84600.json | ..| "/ compare pulse | edit ]SON2 Iﬁ Reload
EE
ELE E 92123 - I~ Flux
R
sxs | COMPpare sims B aproa17 - ™ Geom =

£k input dictionary

R

wsx ¢ |input_dict_84600 json,input_dict_84598.json

EE
EE
EE
EE
EE

e var name pump currents 18 10:10:57 BST
EE 3 denel -1G-
e |dene| | download print 13 09:19:29 BST
ok 7 13:42:08 BS5T
L2t
ok . | 8 17:00:23 BST
run [+] contour plot
EDGEZ 1w 19 Apr 2018 10:10:56 B5T
radiation contour
e 20 Feb 2018 16:04:52 GMT
INFO o u 19 Apr 2018 10:10:56 BST
INFO
print e 14 Nov 2017 13:21:10 GMT
INFO
INFO e 18 Jan 2011 11:48:34 GMT

bviola/92123/apro417/1

B seq#l -

add test

[targetfilename

profiles

L8 10:10:57 BST
17 16:41:56 GMT

18 10:10:59 BST

Traceback (most recent call [astl:
File "GO_bruvio_tools.py", line 681, in handle_pumpcurrents

sim.write_eirene_cur2file(self.simlist, self.edge2dfold + '/e2d data', self.targetfilename)

File "/u/bviola/work/Python/EDGE2D/class _sim.py", lime 3231, in write eirene cur2file
surface out=simu_list[@][2]

IndexError: list index out of range b

INFO computing power balance Mon 23 May 2011 16:37:08 BST

INFO analyzing sim bviola/92123/apre417/1 € )
Mon 23 May 2011 17:21:06 BST

"Mon 23 May 2011 12:34:46 B5T

[WECHI

a—r

— -r

Mon 23 May 2011 15:42:20 BST
Mon 23 May 2011 15:58:48 B5T

Terminal

JET

| | Search for "eqdsk"”

1 bruvio tools

1 edge2d tools

Sy |



MAGSurf

@ Applications Places System@ _G E,

& 0= Tue 16 Apr, 10:36

File

PLATF
Welcon
Loadi
Pytho
pytho
pytho

setep
pytho
pytho

bviol
$ bru

bviol
$ pyt
INFO
DEBUG
DEBUG
DEBUG
DEBUG
DEBUG
DEBUG

MagSurf (SL) - V.O

AeEIPQEXB

PN # 93295
time [s] [ 50

configuration:

¥ FW

¥ GAP 7

W XLOC (JPF)
W WALLS (JPF)

¥ EFIT (PPF)

dPsiVis] (g1 Core lines ‘5 plot Core

SOL[em] (1 N lines |5 plat sOL

dPsitvrs] [

bruvio tools
Help

bruvio tools

Edge2d

EQDSK
plot data

Exit

by Brune Viela (brune violalukses uk)

] xmessage Terminal 1 bruvio tools 1 MagsSurf (5L) - V.O

JET
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AN
EQDSK ()

e

@ Applications Places Systemm _e EI

& 0f= Tue 16 Apr, 10:42

Terminal

eqdsk tools

S mapping tools
source e

[g_p92121 t49.445 mod.e J + eFit write_input_matrix |

 other : .
open input file
run LCMSmap
[7.4032
run LCMSXmap
magnetic data run SOLmap

get magnetic data

| [LFE_81472 label IN

write magnetic data | |LFEEXpJET_p}"thon label OUT

W normalize

W invert

Killed

bviolalke o

% python GO_bruvio tools.py

INFO Running bruvio tool.

DEBUG [GO_bruvio_tools.py: start

DEBUG [GO_bruvio_tools.py: USR in env

DEBUG [GO_bruvio_tools.py: this is your username bviola

DEBUG [GO_bruvio_tools.py: this is your homefold fusbviola

DEBUG [GO_bruvio_tools.py: this is edge2d fold /work/bviola/Python/EDGE2D
DEBUG [GO_bruvio_tools.py: we are in Jwork/bviola/Python/bruvio_tool

INFO

INFO eqdsk tool
fwork/bviola/JET/m15-20/exp/g_p92121_t49.445 mod.eqgdsk
|ﬂ'fi)-(free': False, 'efit': True}

[ xmessage Terminal [ | [figures] 1 bruvio tools [ eqdsk tools IE}].-__ ---

JET



Plot Exp data

plot time traces ) () (x

Pulse list

select dataset

92123,82121

| ™ edit_jSON

plot time traces |

Select Standard set

kS

Look in: |8 jwork/bviola/Python/kgl... tools_gui/standard set »| & @ © @ [ 5]
& computer Name |Size |Type
™ buicla | comparison_KG1_jetppf_chainl_bviola.json 1 KB json File
| comparison-KG1_chainl_bviola json 2 KB json File
1 KG1_vert_ch_new2.json 2 KB json File
1 KG1_horz_ch_new2 json 1 KB json File
| horz_ch json 606 bytes json File
| wert_ch.json 472 bytes json File
| vert_ch_new.json 2 KB json File
1 KG1_input_glr-lid.json 421 bytes json File
| PLASMA_main_parameters_new.,son 2 KB json File
1 horz_ch_new.json 1 KB json File
| comparison-KG1_jetppf_bwviola json 2 KB json File
| kglrjson 957 bytes json File
| comparison_KG1_jettpf-kglv ws_chainl-kglr.json 774 bytes json File
4] 2
File name: ||

Files of type: [JSON Files(* json)

~| cCancel

JET
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Introduction

During 2016-2017 shutdown a major refurbishment of the laser system and software
infrastructure has been done that improved substantially the reliability of the system as a

whole

Vertical channels

DCN - KG1V, KG1C, KG1RT Lateral channels

DCN - KG1V, KG1RT

MET - KG1C JET Data Display
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Code Overview : KG1RT input ®

“\ ﬂ

* Default input PowerPC (PPC architecture) VME

LIDs evaluated in software using phase-sensitive detection algorithm (developed by
R.Felton, A.Boboc and S.Dalley in 2016)
* Provides 8 x LIDs

Time resolution 0.2 ms, start time fixed, end time variable linked with plasma current
signal

1el9 ‘,f”””—

| ¥ KGI1RT
' lo—e KG1V

Density [x 10 m"

47.035 47.04 47.045 47.05
47.055 Time [sec]

(7.5 times faster than KG1V!)

JET



Code Overview : KG1C input (®)

» Backup option for vertical channels only *

* FPGA based data acquisition + Linux Box for JPF/RT data production

* Analog zero-crossing with 25MHz clock of the phase is detected in
hardware (much more precise that in software)

* Built in fringe-jump algorithm in real-time using two colours

* Provides a second colour measurement for LIDs

e 4x LIDs only (vertical)

* Time resolution 1 ms, fixed start & end times

34l
E KG1C
=)
i
e
Fy
>
C
8 _ | L | L
- 47.035 47.04 47.045 47.05
47.055 Time [sec]
JET *Full upgrade proposal to 8 channels(including digital polarimetry) not approved twice by JCM

in 2017



Configuration file generator - LID chooser (©®)

KG1 chain 1 file generator wlla
KG1 chain 1 file generator
KG1 chain 1 generator v.2.0
LID1 LID2 LID3 LID4
& KG1V & KG1V & KG1V & KG1V
" KG1RT " KG1RT " KGI1RT " KGI1RT
" KGI1C Best " KG1C Best " KGI1C Best " KGI1C Best
LD DCN LD DCN LD DCN LD DCN
¢ LDCOR DCN ¢ LDCOR DCN ¢ LDCOR DCN ¢ LDCOR DCN
LD MET " LD MET LD MET " LD MET
" LDCOR MET " LDCOR MET " LDCOR MET ¢ LDCOR MET
" LDRAW DCMN " LDRAW DCN " LDRAW DCMN ¢ LDRAW DCN
LIDS LID& LID7 LiD8
&+ KG1V &~ KG1V &+ KG1V &~ KG1V
" KG1RT " KGI1RT " KG1RT " KGI1RT
 KG1C Best * KGI1C Best  KGI1C Best * KG1C Best
(" £ (" £
£ KGI1C LDCOR £ £ KGIC LDCOR £
C o C o
Pulse
|  KG1VIDL & KGR py Generate file

JET

Originally created by A. Boboc and
improved by L. Kogan to generate input
file for KG1_py code

It allows to modify configuration input file
(kg1 _const.ini) used by both KG1V_IDL
and KG1R_py code
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Process ReqCo requests O

New ReqgCo requires ROs to write new scripts to validate the date in ReqCo database

Prcocess

SCAN DATABASE SCAN OLD Requests

® lid3
97137
e SINGLE PULSE
|97137 |
DOWNLOAD
mark pulse as
lidall poxE DATABASE

CLOSED run

Thanks to D. Grist for the help!

JET
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Run KG1L/H codes @

run KG1L and KG1H codes ~ x

* KGI1L/H PPFs are now produced on requests (not by chainl

PPN * KGIL
e r KGIH manager)
userid .
debug level  Agreed between Chainl manager and KG1 RO
| bviola =1 2
[ o
o | « Batch procedure to be implemented

W print to screen

JET



KG1 RO tools

KG1 RO tools v2.0

Regle plot data

Cormat

datakase

LID cheooser status flag

KG1L/H send email

KGl_pv
Exit

by Bruno Viola (bruno.violsd ulksesuk)

JET

bviola@heimdalle2s 14:15:22

5 python GO_kgl tools.py

INFO Running KG1 tool.
"INFD Logbook folder will be
INFO

INFO last reprocessing done
INFO last reprocessing done
INFO last reprocessing done
INFO last reprocessing done
INFO last reprocessing done
INFO last reprocessing done
INFO last reprocessing done
INFO last reprocessing done
INFO last reprocessing done
INFO last reprocessing done
INFO last reprocessing done
INFO last reprocessing done
INFO last reprocessing done
INFO last reprocessing done
INFOD last reprocessing done
INFO last reprocessing done
INFO last reprocessing done
INFO last reprocessing done
INFD last reprocessing done
INFO last reprocessing done
INFO

INFO INIT DONE

on
on
on
on
on
on
on
on
on
on
on
on
on
on
on
on
on
on
on
on

2018-07-20
2018-09-14
2018-12-067
2019-04-01
2019-06-26
2019-08-06
2019-09-17
2019-10-11
2019-10-29
2019-11-08
2019-12-083
2020-01-14
2020-01-27
2020-02-11
2020-02-25
2020-03-082
2020-03-13
2020-03-17
2020-03-25
2020-05-14

- 669
- 613
- 529
- 414
- 328
- 287
- 245
- 221
- 2083
- 193
- 168
- 126
- 113
- 98
- 84
- 78
- B7
- B3
- 55

days
days
days
days
days
days
days
days
days
days
days
days
days
days
days
days
days
days
days

ago
ago
ago
ago
ago
ago
ago
ago
ago
ago
ago
ago
ago
ago
ago
ago
ago
ago
ago

fwork/bviola/Python/kgl tools/kgl tools gui/kgl tools logbook

(668)
(612)
(528)
(413)
(327)
(286)
(244)
(228)
(202)
(192)
(167)
(125)
(112)
(97)
(83)
(77)
(66)
(62)
(54)

- 5 days ago (4)

B. Viola| Jintrac Users meeting| 15Feb2018| Page 66



run KG1L and KG1H codes v

JEN
® KE1L
[97137]
IG1H
read_uid
both
JETPPF
userid debug lewve!
a1 e
bvicla

go !

| print to screen

JEN
97137
read uid
jetpps
write uid

bvicla

cpticns

plet figure

setup KG1 py code

finmnl dmtm

datm cerrectiocns

.. timings
sove figure
elms
interactive
pellets
decimate KGIR to KG1V Test mode

Force

kgd_data

kgl detam

kgl_correct_one_ color

kgl_cerreect_twe_coleor_le

pellec_data

statistics

ceomp_self

comp_kgd

kgl cmdate

mag_data
elms_data

kgl_cerrect_large jumps

create_run_script

debug lewel

Q

JET
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RO KG1 local database W

Search PPF in JET database

Fulse 1
& kglwv
97137
kgll
pulse 2
kglh
pulsel _
kglr
pulselist
search
pulselist

Search for validated pulses
97137

find in leecml datekbase

Update Database co

Search pulses to reprocess

davs

find

Status Flag checker

JEN

137137

userid
jetppt

g !

\]

i\

Ww_)

=7

)



Fulse 11st

87137

select dataset

plot time traces

JET

plot time traces

cale. mean

smooth
edit_JSON

save Figure
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