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Diagnostics in the ITER Research Plan

« The ITER Research Plan will unfold in four stages:

First Plasma Pre-Fusion Power Operation 1 and 2 Fusion Power Operation

ECH, ICRH, NBI + fusion
73 (+10) MW 73 (+10) MW + 100 MW

18 months 18 months PFPO-1
H plasmas H, “He plasmas
ECH - 6.7 MW ECH - 20 (+10) MW
Integrated commissioning * Main plant systems
of tokamak core commissioning

components * P, determination
Basic set (magnetlcs, Subset for measure- Nearly Complete set
breakdown, investment ments of plasma complete set  including DT
protection, density) parameters & control fusion products
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Magnetic Diagnostics

ITER (Synthetic) Diagnhostics

Determination of
plasma equilibrium,
current and stored
energy, control of
plasma shape and
position

Microwave Diagnostics

Determination of
the plasma
position, through
measurements
in the main
plasma and
divertor

DIP, ECRad,
REFI,
refractometer

Spectroscopic Instruments
and NPA Systems

o=

Plasma position (F.03)
and main plasma HFS (F.09) —

Main Plasma

Ne LFS (F.02)
N
miegf 4

Divertor (F.04)
R

Bolometric Systems

Determination of plasma composition,

Determination
of the spatial
distribution of

the radiated

power in the

plasma and

divertor using
tomographic
reconstruction

TOFU_bolo

density, particle fluxes, ion temperature,
fuelling ratio, plasma rotation, current
density; CASPER, CXRS, XICSRT

U

| -

! M i

Neutron and Fusion
Products Diagnostics

Optical Systems / IR Systems

Measurement of core and edge temperature and

density profiles; TIP, POP

t=42695

00 02 04 06 08 10
ploa

00 02 04 06 08 10
olpo

Ne(0)
ni{0)
nr(0)
np(0)
Niiea(0)
Nze(0)

Measurement of
fusion power,
fusion products
and fast ion losses
DNFM, NFM

6
R (m)

Plasma-Facing and Operational
Diagnostics
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Assist the machine protection and operation,
especially the main chamber and divertor state
(temperature, pressure, erosion, dust and tritium
monitoring)

QY - SL first mirror
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The ITER Integrated Modelling & Analysis Suite (IMAS)

« IMAS is the collection of physics software that will be used to support ITER operations
and research as defined in the ITER Integrated Modelling Programme

« It uses standard Interface Data Structures (IDS) for access to experimental and
simulated data that are defined in collaboration with the ITER Members

. It is suitable for any fusion device
« It will be capable of high physics-fidelity predictive simulations of ITER plasmas
« It will be used for ITER data processing and analysis

Set of machine-independent IDSs
defining the IMAS standard

Functions for data access,
Data model storage, manipulation, Doc & support

visualization -
Generic tools Tutorials

Web documentation
Tracker system

Applications Physics codes, physics workflows,
control algorithms
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Criteria for SD models in IMAS

« An IMAS model exchanges IDSs exclusively + an optional xml code parameter file:

ps1 P52 ps3

\ /

SD model

Optional xml file for
code parameters

—> Single component that can be
integrated into the IMAS framework.

Il The model should not depend on any other
external file (for now we use centralised CAD
files to be later included in the Machine

IDS4  IDSS Description database)

ids4,ids5 = sd model(idsl,ids2,ids3,xml_codeparam)

« Associated development:
« Extension of the IMAS Data Dictionary (some IDSs are too basic or not existing)

« Population of the Machine Description DB with the geometry of ITER diagnostics
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SD models in IMAS

IMAS scenario DB Unified IMAS/PCSSP platform

For input scenarios
IMAS PCSSP

To develop the ITER To develop the Plasma

Integrated Modelling Control System

Machine & Analysis Suite Simulation Platform
Description DB

For input geometry

Ready

+ Working in the IMAS environment enables better portability and traceability of data

« What will SD models in IMAS be used for?
» Diagnostic performance assessments (for design & optimisation)

+ Analysis and interpretation software (not specific to ITER)
« Simulations in which actuators are controlled in response to measurements
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IMAS scenario database

- ~1800 simulations for core and/or edge scenarios, among which 680 are active

> Default call equivalent co. DINA-JINTRAC free boundary core-edge

scenario_summa -c shot,run,database,ref_name,ip, b0, fuelling, confinement,workflow

ITER DT scenario 155 MA /53T

Profiles displayed for t = 426.9 s

Database Reference

100001 ITER-full-field-H H 8=
100002 ITER-half-field-H H 1l
100003 ITER-third-field-H H s £ o
100007 ITER-intermediate-3T-H H < B P;US
100008 ITER-intermediate-3.3T-H H L3 toice
100009 ITER-intermediate-4.5T-H H Fimode -
100013 ITER-PFPO1-1.8T-H H E
100014 ITER-PFP02-1.8T-H-0.5%n_GW-NBI_530keV_9.4MW H = ! i Vel N
100015 ITER-PFP02-1.8T-H-0.9%n_GW-NBI_745keV_22.3MW H & 10 i i — 1Bol
100501 ITER-nonactive-H H - - tice
100502 ITER-nonactive-H H é 5 4 Hmode
100503 ITER-nonactive-H H - 1
100504 ITER-nonactive-H H S :
100505 ITER-nonactive-H H H jl— Wror —q
100506 ITER-nonactive-H -15.0 H - e Woia s= %
100507 ITER-nonactive-H 5.0 H = 2004 = w2
101000 PFPO-2 tf=tE,2NBI,highTped,postST .5 H 2 — Wuro =
101001 PFPO-2 tf=tE,2NBI,highTped,presT .5 H tiice
101002 PFPO-2 tf=tE,2NBI,lowTped,postST .5 H Himode L
101003 PFPO-2 tf=tE,2NBI,lowTped,preST .5 H = 4] A W I 0 5 pmmy
101004 PFPO-2 tf=2tE,2NBI .5 H @ kb —T B s =
101005 PFPO-2 tf=tE,2NBI .5 H ; 2{ A= i L\ e 0 i /Z'M
101006 PFPO-2 tf=0.5tE,2NBI .5 H = oJ : b - e §—1ooo Lk
101007 PFPO-2 H-5MA-20EC-1@NBI Pr=@.3(tF/tE=2) .0 H g I / Hmode™ oo
101007 PFPO-2 H-5MA-20EC-1@NBI Pr=@.3(tF/tE=1) .0 H -2 —————r—r—— - I
101007 PFPO-2 H-5MA-20EC-1@NBI Pr=@.3(tF/tE=0.65) .0 H 100 200 300 400 500 600 700 0.00 0.25 0.50 0.75 1.00
Time[s] plpo
— A998 O < — A& O
20 t=426.9s 1e20 t= 42()..) S
! —no ool ilable to list
: ¢ OO0IS are avallanie 10 lIS
N § —1.0 ; il . . :
s : el : —mo  (scenario_summary) and visualise
~x 101 i E _ np(0) .
= Eos = Y lot, kinplot, etc.) all
~ 5 =05 —\ _ ..o (scenplot, kinplot, etc.) a
L ilable simulati in th '
0 - 0.0 . avallable simulatons In the scenario
T T T o T T T T -Slice
0.00 0.25 0.50 0.75 1.00 0.00 0.25 0.50 0.75 1.00 database
pP/pPo Pl pPo :
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IMAS Machine Description database

- Machine Description available for H&CD systems, many diagnostics, wall, magnetics and coils:

PP pinhole PP collimator Div. collim.  VV collimator

----> Default call equivalent to:
md_summary -c pbs,ids,descriptiol

spectrometer_x_ray_crystal Core X-Ray Spectrometer (XRCS) 150505/1
pf_active PF/CS Coil System 111001/1
tf TF Coil System 111002/1
coils_non_axisymmetric Ex-Vessel Coils (EVC) Systems (CC) 111003/1
coils_non_axisymmetric In-Vessel Coils (IVC) Systems (ELM) 115001/1
coils_non_axisymmetric In-Vessel Coils (IVC) Systems (ELM periodic) 115002/1
coils_non_axisymmetric In-Vessel Coils (IVC) Systems (VS) 115003/1
bolometer PP pinholes and collim., Div. collim., W collim. (550 channels) 150401/2
spectrometer_visible Charge Exchange Recombination Spectroscopy (CXRS) Edge 150512/2
spectrometer_visible Charge Exchange Recombination Spectroscopy (CXRS) Core 150501/2
spectrometer_visible Charge Exchange Recombination Spectroscopy (CXRS) Pedestal 150515/2 H H
ec_launchers Electron Cyclotron (EC) launchers 120000/1 TorOIdal InterferO-PO|arlmeter
Electron Cyclotron Emission (ECE) - Radial O-mode 150601/1
Electron Cyclotron Emission (ECE) - Radial X-mode 150601/2
Electron Cyclotron Emission (ECE) - Oblique O-mode 150601/3
Electron Cyclotron Emission (ECE) - Oblique X-mode 150601/4
ic_antennas Ion Cyclotron (IC) antennas 110000/1
interferometer Toroidal Interfero-Polarimeter (TIP) 150305/1
interferometer Density Interfero-Polarimeter (DIP) 150610/1
magnetics AD, AE,AF,AH,ATI,A3,A4,A5,A6,AA,AB,AT,AL,A9,AC,AG,AP magnetic systems 150100/3
nbi Heating Neutral Beams (HNB) - H beams 870 keV - off-off 130000/1201
nbi Heating Neutral Beams (HNB) - H beams 870 keV - off-on 130000/1301
nbi Heating Neutral Beams (HNB) - H beams 870 keV - on-on 130000/1501
nbi Heating Neutral Beams (HNB) - D beams 1 MeV - off-off 130000/2201
nbi Heating Neutral Beams (HNB) - D beams 1 MeV - off-on 130000/2301
nbi Heating Neutral Beams (HNB) - D beams 1 MeV - on-on 130000/2501
nbi Diagnostic Neutral Beam (DNB) - on-axis 130000/3201 EC |aunCherS 2
nbi Diagnostic Neutral Beam (DNB) - off-axis 130000/3101
polarimeter Poloidal Polarimeter (POP) 150306/1
refractometer Sub-system refractometer of HFS reflectometer 150609/401 N 1
spectrometer_visible Visible Spectroscopy Reference System (VSRS) 150506/2 54 =
wall First wall and divertor geometry for PFPO and FPO phases 116000/2 \ ~N 0
First Plasma Protection Components (FPPC) 116612/1

Bolometers

Lines of sight (toroidal cross-section)

+ The MD database provides the geometry of the plant systems to

. . . -10 ! : . -4 4 ;
be used as input of simulation codes. S ol ¥ .8
Xim Rim)
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Examples of IMAS-adapted Synthetic Diagnhostics for ITER

Input IDSs from

Input IDSs from Machine

Model Modelled diagnostic or signal : ' Output IDSs
scenario Description or upstream code
Genatleliaht Secah for visible equilibrium spectrometer_visible spectrometer_visible
CASPER gntsp core_profiles nbi
spectrometry 4
edge_profiles
CXRS Fit to create synthetic CXRS - spectrometer_visible charge_exchange
signal from spectrum
Toroidal Interfero-Polarimeter equilibrium interferometer interferometer
DIP TIP POP Density Interfero-Polarimeter core_profiles
Poloidal Polarimeter polarimeter polarimeter
ECRad Electron Cyclotron Emission equ111br‘1t.1m & e
core_profiles
REFI LES and HES reflectrometers equ111br‘11.4m reflectometer_profile reflectometer_profile
core_profiles
Refractometry channel of the equilibrium refractometer refractometer
Refractometer .
HFS reflectometer core_profiles
TOFU_bolo Eolbmeters edge_sources bolometer bolometer
wall
DNEM DivelleENELTen ElUEManitor e(.]u11:.LbI"1l:Im neutron_diagnostic neutron_diagnostic
distribution_sources
NEM Neutron Elux Monitor egull%br‘ll.;m neutron_diagnostic neutron_diagnostic
distribution_sources
XICSRT X-ray Core diagnostic equilibrium spectrometer_x_ray_crystal | spectrometer_x_ray_crystal

core_profiles
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Density Interfero-Polarimeter

- 55.FA Density Interfero-Polarimeter (DIP), measures [ n,dl
+ Python model by A. Medvedeva > see her talk later in this session

Flrst Plasma

Profiles displayed for t = 426.9 s . . . .
- — o .JTime-evolving density profiles ;
30 ! l s 1e20 00 Lines of sight (toroidal cross-section) o)
= H E == Ti(0) i = [ad
20 £ -t ] S
E i I 12 = 75 |
10 l Z E x
) 't 10 = =2 Lll_J
100 200 300 400 soo 600 700 = o =
osd ? > 25 =~
2 S
S =
— ne(0) | 08 8 0.0 _g
i : — n(0) k) 25 =
% Bl— i) | 4 ™ :|
E ;
Tos o) o : i S
Nea(0) < 8
— ngel0) 4 ™ 7.5 o
100 200 300 400 suo 600 700 et 02 04 o6 08 o o)
-10.0 —
-10 -3 0 5 10

Line-averaged densities
{ interferometer J 1e20 Jned! 1 [dl m~

DIP model | "'"’
# H

i nte rfe ro m eter 4] 100 200 300 400 . 500 600 700

1

o core_profiles
equilibrium

Z[m]

out_interferometer = dip tip pop(equilibrium,core profiles,interferometer_md)
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Toroidal Interfero-Polarimeter
. 55.C5 Toroid. Interfer. Polarim. (TIP), measures [ n.dl, én,/ne, 6T,/T, T —

Y EGH-BTMW ECH- 20 (+10) MW,

- Python model by A. Medvedeva - see her talk later in this session S

lnkpu_
:ml
ECH, ICRH, NBI
73 010) MW 73( D'IW ooy
* Increase puise durlion,

Lines of sight (toroidal s-section)

Profiles displayed for t = 426.9 s :l—olme_eVOIVIng denSI'[y proflles

30 ! j [— Tel®) 1e2
- ] — T,
220 e
g ;

Fa0 ! 12
i
0 i 10

100 200 300 400 500 600 700

o8
— n(o) 06
E — (o)
£L0
% E— o) %4
E i
€05 o) o
—— Nies(0)
— mel0) 54
=== lgce

100 200 300 400 500 600 700

134173/106/public/ITER
150305/1/public/ITER_MD

Scenario DB |

_ [ Machine Descr. DB} L ”
core_profllesJ Line-averaged densities

{ interfe rometer J ] 1e20 Inedf/fdf m—?

/
TIP model
mode '

equilibrium

1

interferometer

out_interferometer = dip tip pop(equilibrium,core profiles,interferometer_md)
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Poloidal Polarimeter
. 55.C6 Poloid. Polarim. (POP), measures q profile N\

H plasmas. N N H, *He plasmas N

ECH, ICRH, NBI + fusion
73 (+10) MW + 100 MW

ECH-8.7 MW %% EcH-20(s10) M JJECH, ICRH,NBI
(+10) MW

- Python model by A. Medvedeva - see her talk later in this session i

[/ companens /e P detmingtion/ fff ncrease puse dsatondl
Profiles displayed fort = 426.9 s [a)
% i [ — T >
- ] — Ti(0) |
320 E - e a4
o ’ ]
i

=10 i [
v =
0 i 3>
100 200 300 400 500 600 700 =
e}
]
o
| — neo) E
) L — n(o o)
& — nrl0) o
cos noto) 3
—— Miea(0) 8
—— nge(0) -

100 200 300 400 500 600 700 - tuce

-75 -5.0 -2

RIm]
6

Scenario DB
core_profiles J

[ Machine Descr. DB}
{ polarimeter

/
POP model
mode '

po I arl m ete r- 0 100 200 300 t|:1()e(?s 500 600 700

Faraday angles

1

equilibrium

Z[m]

out_polarimeter = dip tip pop(equilibrium,core_profiles,polarimeter_md)
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Reflectometry

+ 55.F9 (HFS) and 55.F2 (LFS)

« Measure core/edge n, profiles, én,/n., 6T, /T,

+ REFI model developed by V. Nikolaeva

GHz O-mode

: F: 90 - 140
Scenario DB ] [ Mach. Descr. DB 1 E: 60 - 90
- - U: 40-60
. core_profiles { reflectometer proflleJ Ka: 26.5 - 40
equilibrium - K: 18-26.5
Ku: 12 - 18
X-mode

reflectometer_profile

Time-Frequency analysis

200

Beat Frequency [MHz]
o

42.5 45.0 47.5 50.0 52.5 . . 60.0
Probing frequency [GHz]

Beat frequency — tof delay — radial locations

Probing frequency — density

REFI workflow
Scenario DB

IDS: equilibrium, | | Relativistic effect m,
Ne, Te, B profiles | © tyrpulence model

SD measurement

Data processing

Data analysis

Physics effects

displacement)

Reflectometry signal
+ hardware noises

Filter, unwrap phase
Fast Fourier Transform

n.(r) reconstruction
éne/n, spectrum
To do

IDS of REFI SD
to IMAS

e 101° [m~3]

Machine Description DB
LoS, frequencies
(+ sensitivity to thermal

17.54
15.0q
12.54
10.0 4
7.5 1
5.0 1
2.5

0.0 4

Frequency [GHz]

"\ 18 menths FP, N 18 monihs FFPO-1
\ H plasmas. H, ‘He plasmas
\) ECH-B.7 MW )] ECH - 20 (+10) MW

/

/ 5
of tokamak core.
companents

/

Input: shot 134173, run 106, time slice 296.9 s
ITER Baseline 5.3T 15MA - cutoff frequencies (with relativistic effect)
250 4

—— upper X-mode
— Fee

—— O-mode
200 S T — lower X-mode

L=~

Reos [m]

Cutoff positions

O  Xmode
+ O-mode

A L] A @

5 6 7 8 9
Reos [m]
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Refractometer

. 55.F9.40: refractometry channel of HFS reflectometer
. Measures [ n.dl (supplementary)

—> Python model developed by K. Afonin

ECH, ICRH, NBI + fusion
73 (+10) MW + 100 MW

Scenario DB | Machine Descr. DB]

{ refractometer J

Line-averaged density vs. time

{ equilibrium Core_pfOfileSJ

......................................................................

Refractometer m—— R

(i i A Original (n,)
: < g { Measured (n,)
170 i Measured (n,) avg

SA P R —
refractometer ‘ BN R P SR PP

H Relative measured error
g Averaged measured error
AL

refractometer

- Model used for basic machine control | |
- Integrated into DINA PCS workflow e

IDS core_profiles, equilibrium,

Time. s

refractometer = sd.slice_xml_wrapper(equilibrium,core_profiles,refractometer,xml filename)
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ECE synthetic diagnostic for ITER with ECRad
+ 55.F1 Electron Cyclotron Emission (ECE)

73 (+10) MW + 100 MW

+ Measures T, profile and 6T, /T,

+ ECRad model developed by S. Denk, adapted to IMAS I
with A. Medvedeva / Load from IMAS database [~ —————
> Cf. talk by S. Denk, this session. :
« First tests for 1.8 T and 2.65 T PFPO scenarios done to “
predict the ECE system operation and radial resolution
(radial and obliqgue ECE channels ™ -
123-353 GHz, O- and X-mode)

: [S.S. Denk, CPC 2020
[ Scenario DB ] [ Mach. Descr. DB 1 [ . !

core_profiles { -~ J JINTRAC 7.5 MA / 2.65T Hydrogen

equilibrium N - Ece, '
{ input T,

/ === input ng 4

0 f :“ .:... s 5 i .M-.,\. I

O-mode -ttt
To 02 “Il, 06 08 "
ece [A. Medvedeva et al., AAPPS-DPP2021]
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Bolometers

+ 55.D1: bolometers, measure radiated power (total + profiles)

+ Model using ToFu developed by D. Vezinet: Open Source Python library
natively IMAS-compatible, made for SDs and tomography for Fusion

+ Forward model and tomographic reconstruction of bolometers using
CHERAB, TOFU and TOMOTOK, by M. Brank

z[m]

[ Scenario DB | ("vachine Descr. DB
{ edge_sources J {

I los: DC cameras
I los: W cameras
I 70 contour

bolometer

} 2
J 4

Example for one PP pinhole camera - rm]

ToFu-bolo

\ Al s Top
“\ fia view
o\ ‘f" -

‘\' I
\ /
\ /

X

bolometer

LoS length [m]

idal
W

\ "'
N /
N\ I."

\w/ 4

Channéi index

Brightness [W.m™2]

Channel index

bolometer_sd = tofu bolo(edge sources, wall, bolometer_md, xml codeparam)
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(Divertor) Neutron Flux Monitors

« 55.BC: DNFM developed by A. Kovalev
« Fortran and Python versions, all in IMAS

Scenario DB )

{ equilibrium distribution_sources J

\ [ Machine Descr. DB}
{ neutron_diagnostic J

Design RF-DA:
Yu.A. Kashchuk, A.V. Batunin, $.Yu.
SD model:
A.O. Kovalev, A.R. Polevoi, D.V. Por

neutron_diagnostic

« 55.B4: NFM developed by A. Kovalev

+ DNFM and NFM measure the total neutron flux and

fusion power:
« DNFM more sensitive to vertical plasma shift
« NFM more sensitive to horizontal plasma shift

- To be combined to deliver a measurement with less

systematic error.

M. Schneider — 4" IAEA TM on Fusion Data Processing, Validation and Analysis 3 Dec. 2021 Page 22

@2021, ITER Organization

Design CN-DA

DNFM + NFM EQ#1 & uncertainty analysis
15

Uncertainty, [%]

— Rel. dev. DT paseline ramp-down

r—— Statistical

—— Systematic A—‘__"th
—._’_F—_‘_—"’h

500 505 510 515 520 525 530 535

Time, [s]




X-Ray Crystal Spectrometer Core

« 55.E5 X-Ray Crystal Spectrometer Core, measures T, and v,,,
« XICSRT python code developed by N. Pablant, IMAS-adapted
by E. Bourcart and Z. Cheng

vecctors D _ Ray visualization from
nng :\\ XICSRT
\\}\\\ Spectrometer_x_ray_crystal IDS
e R /// Geometry Instrument Output signal
HOPG Pre-reflectors nalysing Crystals '
function 7y
A
: XRSA SpectraSim
[ SECEgIRIE ] XICSRT X_ray_matrix_signal
_— core_profiles Minerva XICS
equilibrium -

» Ray-tracing codes (on-going comparison):
* XICSRT (Python, N. Pablant)
+ XRSA (Matlab, Z. Cheng)

<_I  Output signal computed from RTM:

[ Machine Description DB }
[spectrometer_x_ray_crystal J

* SpectraSim (Matlab, Z. Cheng)
1 « X_ray_matrix_signal (Python, E. Bourcart)
M. Schneider — 4" IAEA TM on Fusion Data Processing, Validation and Analysis 3 Dec. 2021 Page 23
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Visible Light Spectrum

« CAmera & SPectroscopy Emission Ray-tracer: generates the light Al ol
spectrum for visible spectroscopy and cameras synthetic diagnostics :

Core density shot: 134000 Edge density shot: 122264

CASPER EIREZELE

Light spectrum for ALL
specirometers & cameras

f Scenario DB | [ Mach. Descr. DB 1

VSRS CXRS Halpha DIM
eCIU|I|br|un(1:ore LEEAIEE {spectrometer_ViSibleJ R
edge_profiles nbi

\ l / + Current status:

« CASPER provides light
spectrum for VSRS and CXRS

oo
H

e w
13

I oae
H

spectrometer_visible i~

« H-alpha and Divertor Impurity
1 Monitor to be added (with
RTM calculation)
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Charge Exchange Recombination Spectroscopy

PFPO-2
- 55.E1/55.EC/55.EF Core / Edge / Pedestal Charge e\
Exchange Recombination Spectroscopy b=
« Measure T, Z,.¢, He, impurity profiles, toroidal and
poloidal rotation [ CASPER }
- Python fit CXRS model developed by A. Shabashov: [spectrometer_visiblej
—> reconstruct plasma parameters from spectrum fit |

| ] 55.EC Edge CXRS

§ x10-°
“ 3 channel high etendue spectrometer a
‘E 10 /\ — ?ght\ine
Ro) TL I‘# \ ibre
“ 0.8 \
i £ 0.6
. . . . £
lens / . c 0.4
. . . ©
assembly / -]
e 3
T
fiber h £ He Il (4-3) ACX
iber head CMOS detectors K] ( ' )
o 0.01
w T T T T T
462 464 466 468 470 472 474

Wavelength (nm)
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/ P charge_exchange

[ECH, ICRH, NBI + fusion
(+10) MW + 100 MW

+ On-going comparison between sightline
and simplified fibre source models

TE 0.0370 —— Sightline
Fibre

& 0.0365
¥
|3
= 0.0360
"
5
= 0.0355
&
£ som0] Bremsstrahlung
&

462 464 466 468 470 472 474

Wavelength (nm)
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Outline

« Diagnostics in the ITER Research Plan (IRP)
« Synthetic Diagnostics (SD) in IMAS
+ Scenario and Machine Description databases

« Examples of Synthetic Diagnostics in IMAS

« Workflows and Bayesian technique platforms

UP 17

« Summary

UP 18

EP 17

DP 2
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Workflow for Spectrometry Modelling

Scenario DB Mach. Descr. DB

equilibrium diagnostic geometry (CAD, fibres...) <
core_profiles RTM in camera_visible, spectrometer_visible -
edge_profiles

Raw and 1st level*

analyzed data [> RaySeCt

spectrometer_visible (x N) CH ERAB

RTM Matrix

spectirum 1 specirum 2
+ 15t level analyzed data is spectroscopy/optic related: calibration, continuum

bremsstrghlung_visible charge_ :lxchan ge bremsstrahllung_visible
a
intensity , line intensity, line shift, line width ... .

bremsstrjahlung_visible ELM & H-mg@de monitoring
Sce narl O D B «2d level analyzed data is plasma related: ion temperature, ion density, ion rotation
velocity, <Zeff>, <ne>, ion influx, ELM frequency, ELM type, L-H transition time ...

spectirum 4 .. (e.g. MSE)

2d level*
analyzed data

spectirum 3

bremsstrahlyung_visible
ELM & H-mode monitoring
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Workflow for Synthetic Diagnostic modelling

Workflow Parameters (standalone)

Input User|Path |public

Input DB liter
Input #Shot 134174
Input #Run 117
output User |Path|default
output DB ldefault
output #Run [118
Start Time [s] [20.0
End Time [s] [140.0

Time Step [s] |2

Load ‘ Load latest
save | RUN
Save as ‘ Restore Default
Exit

Magnetic Diagnostics

- (tha) |
Neutron Diagnostics (Fusion Products)

- 55.B4 Neutron Flux \
- 55.BC Divertor Neutron Flux
Optical Systems / IR Systems

- 55.C5 TIP dip_tip
- 55.FA DIP dip_tip
- 55.C6 PoPolLa pop

Bolometric Systems

- 55.D01 PP pinholes
- 55.01 PP collimators
- 55,01 Divertor collimators

- 55.D1 VvV collimators

- Generic Light Spectrum

« GUI adapted from
H&CD workflow, with
extended features

[

Time Base

Time Base

Time Base

[

Time Base

+ Workflow still under

J Time Base |

1 developement
J Time Base

J Time Base

J Time Base

J Time Base

Time Base

|
|
|
|
Spectroscopic Instruments and NPA Systems
|
|
|
|
|
|
|

- 55.E6 VSRS '| Time Base |
- 55.E1 CXRS Core Models Save ‘ Restore default Exit
- 55.EC CXRS Edge
DIP_TIP (tip_sel) ‘ plot_on [1
- 55.EF CXRS BES
n_points 256
- 55.E2 H-alpha DIP_TIP (dip_sel) | b |
- 55.E4 DIM noise  |0.000001
Microwave Diagnostics POP ( pop_sel)
- 55.F9.40 Refractometer \ T Tme Base |
Plasma-Facing and Operational Diagnosti
- (tba) ‘ J Time Base |
Edit Code Parameters ‘ Show Flowchart ‘
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Workflow for Synthetic Diagnostic modelling

Indices
10 20 29 39 49 57

on 7

Example of time
base configuration
for TIP SD model

-Reset | Close ‘

Indices
0 10 20 29 39 49 58
On' I Z I EI R T R L2 2 3 ® @ 0 0 0 8 0 0 00
Example of time
base configuration
for DIP SD model
off—....'. 90000 & 5 9 5 5 5 5 9 9 SRR
20 4'0 6I0 8‘0 160 1&0
Time [s]
New Interval: List of intervals:
Name: | |wf_interval |[20.00-140.00]s v Select
Tmin(s]: | - Add dip1 [35.00-65.00]s | Select
Tmax[s) | dip2 [80.00-120.00]s | Select
Edit selected interval:
Pattern: Set to:
. . Appl
Full interval — | | on — s ’

Delete ‘

Delete ‘

off-...'..... LA R L R R L R L R R R R R L R R L]
20 40 60 80 100 120
Time [s]
New Interval: List of intervals:

Name: | |wi_interval | [20.00-140.00]s ¥ Select
Tmin [s]: | Add |tip_array | [40.00-80.00] s [~ Select  Delete
Tmax [s]: |

Edit selected interval:

Pattern: Set to:

Appl

Full interval — | | on —:l i ‘
| Full interval UE On

Time step ‘ off l
— At time

Index step

At index

’ M. Schneider — 4t IAEA TM on Fusion Data Processing, Validation and Analysis
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Bayesian inference with the Minerva framework

. Minerva is a platform for building large scale scientific models and performing corresponding
inference using those models (- Cf. talk by A. Langenberg)

+ Modular, traceable, versioned
« Single of combination of diagnostics without n
|nf0rmat|0n IOSS A Interferometry
i maetll(
CorUDAR T~y
Physics model AL
~ | %
[ o) ﬂ
/S T =
Combination of JET core
. LIDAR, edge LIDAR and °
'”terfer"\Ete' interferometer channels
N
Mlleckomsier Jj} CXIpachicsccoy Neutrons [O. Ford. “Tokamak Plasma Analysis through
. . 7 Bayesian Diagnostic Modelling”, PhD thesis,
Diagnostic models University of London, 2010]

« Accounts for uncertainties from measurement, systematic errors and model
- Based on Bayesian probability theory: uncertainties = probability distributions
« Used for forward analysis and experimental design

+ Minerva installed in ITER cluster and reads IDSs
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Synthetic Diagnostics in Minerva

. First focus on magnetics, VSRS, H-alpha, interferometer, X-ray spectrometer

- Associated Machine Description data (being populated):

« Caolls, flux loops, Rogowski loops:
« Input =magnetics, pf_active, pf_passive, equilibrium
+ output = magnetics

+ Model to compute toroidal flux loops, saddle loops and pickup probes.

. EEIT++ reconstruction: + Both pf currents and plasma current included
« Input = pf _active, pf_passive, wall, tf (o). () () (o) (i) ()
« output = pf_passive, equilibrium - -—-"-( ?2'5 —
— S~
& VSRS’ H—alpha: ’mamaearinani \\b“ maiicVaiidatedData H nableROValidatedData bleln rdel) blehalidDat \\//

« spectrometer_visible

\':Q: ~ N
- interferometry: ) T \Q’}\
- interferometer T ot
| J
« X-ray spectrometer (edge/core/survey): _ — -
Declarative model obs” nodes contain both
. X_ray_crystal spectrometer for magnetics sl

- Near-term application:
« Assessment of diagnostic coverage for L-H transition in PFPO (cf talk A. Medvedeva)
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Bayesian techniques with Integrated Data Analysis (IDA)

« Development of a workflow to combine the signals from ECE, TS and interferometry
- Cf. talk by R. Fischer, this session

« First prototype by R. Fischer using the TIP model from A. Medvedeva

- Cf. talk by A. Medvedeva, this session

« Adaptation of physics models to be compatible with IDA iteration loops:

- Separate methods between initialisation steps and evaluation of SD signals

- Future IMAS development planned for 2022 on “persistent actors” that would facilitate this

Initialisation of static
variables

Defines input scenario, generates
time loop, initialise all static data

init_static()

Initialisation of dynamic
variables according to
scenario time step

Execution within the time loop:
get_slice, put_slice, etc. (e.g. read
equilibrium for this time slice)

init_dynamic()

@2021, ITER Organization

init_static()
init_dynamic()

Evaluation of SD signal | Execution within the IDA evaluate()
to be iterated in the IDA | convergence loop (g_djustment of evaluate()
loop core_profiles quantities)
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Outline

« Diagnostics in the ITER Research Plan (IRP)
« Synthetic Diagnostics (SD) in IMAS

+ Scenario and Machine Description databases
« Examples of Synthetic Diagnostics in IMAS

« Workflows and Bayesian technique platforms

« Summary PO
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Summary

» Databases for ITER scenarios and Machine Description provide input for synthetic
diagnostics:

+ Main scenarios from the ITER Research Plan now covered

+ Machine Description database populated for ITER main plant systems
« Significant progress in development of Synthetic Diagnostics for ITER
« IMAS workflow for generating synthetic data under active development

« Progress in using synthetic diagnostics in frameworks using Bayesian techniques:
+ Minerva: SD models for magnetics, VSRS, H-alpha, interferometry, X-ray
« IDA: prototype workflow for combining signals from ECE, TS, interferometry

« Collaboration on the development of additional diagnostic models is most welcome
and support is available
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