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ITPA Diagnostics Topical Group Activity

Thediagnosticsystemis essentialfor safemachineprotection,reliablemachineoperationandcomprehensiveunderstanding
of burningplasmabehaviorin ITER. In order to achievethe aboveaims,more than fifty sub-systemswill be developedfor
measurementof plasmaand plasmafacing componentsin the harshITER environment,e.g. higher neutron/�J-ray irradiation
andloweraccessibility/maintainabilitycomparedto thatof existingfusiondevices.

TheInternationalTokamakPhysicsActivity (ITPA) TopicalGroup(TG) on DiagnosticshasbeenconductingR&D activities
to supportimprovedITER diagnosticperformanceandfocuson themosturgentpoint of theITER ResearchPlan(IRP). In this
paper,highlights of the Topical Group activity are overviewed: to mitigate degradationof first mirrors in optical systems,
cleaningtechniquesfor impurity depositionon mirrors havebeenprogressed; the characteristicsof in-vesselstray-light have
beeninvestigatedto reduceits impact on diagnostics; new techniquesfor neutrondiagnosticsand their calibration,control
procedures,syntheticdiagnosticsandmanyother.

ITPA TG Diagnosticshasaddressedcommonphysicsissuesin diagnosticsdevelopment. TheTG activity is mainly directedto
High Priority researchareas(HP) thatwill bedescribedin detailsandJointExperimentsfor Diagnostics(JEX-DIAG) undera
frameworkbetweenITPA andtheImplementingAgreementon Co-Operationof TokamakProgramsof theInternationalEnergy
Agency (IEA). Among them we will focus on �µ�(�Q�Y�L�U�R�Q�P�H�Q�W�D�Otests on first �P�L�U�U�R�U�V�¶���µ�%�H�Q�F�K�P�D�U�Nof Wall �U�H�I�O�H�F�W�L�R�Q�V�¶��
�µ�G�H�Y�H�O�R�S�P�H�Q�Wof syntheticdiagnosticsfor �,�7�(�5�¶���µ�/�,�%�6for in situ Tritium retention�P�H�D�V�X�U�H�P�H�Q�W�V�¶�µ�F�R�Q�W�U�R�Oof electrondensity
andimpurity distributionusingsmall �S�H�O�O�H�W�¶��andmuchmorein line with theIRP.
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Last ITPAs TG DIAG Meetings

�‡ 44th Meeting (IO site)
�² 6th  to 9th November, 

2023
�² 83 participants (registered 

attendance) 
�² IO-CT (21), EU (37), RF (3), 

KO (3), China (5), Japan 
(4), IN (4) and USA (6). 

�‡ 43th Meeting (Eindhoven)
�² 22nd  to 25th May, 2023)
�² 85 participants (registered 

attendance) 
�² IO-CT (21), EU (40), RF (3), 

KO (3), China (3), Japan 
(5), IN (4) and USA (6). 

HTPD Connference Asheville, USA, 2024
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Specialist Working Groups (SWGs)
The Diagnostics Topical Group (TG) has 10 Specialist Working Groups (SWG) with a total of over 400 
members. Areas covered by the SWGs include: 

Fusion Products : alpha particles, neutrons, gamma rays, etc

Radiation Effects : effect of neutrons and gamma rays radiation on diagnostic components

Microwaves Diagnostics : electron cyclotron emission, reflectometry, etc.

Laser -Aided Diagnostics: Thomson scattering, interferometry, polarimetry

Passive Spectroscopy: H�D, X-ray profile, X -rays & ultra -violet spectroscopy, X -ray imaging crystal 
spectroscopy

Active Spectroscopy: charge exchange recombination spectroscopy, motional Stark effect, beam 
emission spectroscopy, neutral particles

First Mirrors : characterization of optical mirrors, deposition mitigation, mirror cleaning techniques,
mirror materials, etc.

First Wall Diagnostics : visible/infrared viewing systems, bolometry, dust/erosion/tritium/deposition, etc.

Realtime diagnostics : diagnostics for plasma control and machine protection

Integrated Data analysis : Bayesian techniques, IMAS compatible .
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High-Priority Research Topics

HP-1: Optimization of the life -time of plasma facing mirrors used in optical systems

HP-2: Assessment of impact of in -vessel wall reflections on diagnostic systems

HP-3:Plasma control system measurement requirements

HP-4: Develop diagnostic calibration techniques/strategies compatible with the burning 
plasma environment. 

HP-5: Develop Tomographic reconstruction techniques

HP-6: Equilibrium reconstruction optimization and validation

These 6 HPs are common to all SWGs (very good synergies)

Objectives: support the ITER RESEARCH PLAN
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JOINT Experiments for Diagnostics

NO° Topic Spokesperson Status for2024

2 Environmental tests on first 
mirrors

A. Litnovsky Continue in 2024

8 IR Reflections Benchmarking M.H. Aumenier Continue in 2024

11 Determination of the runaway 
electron distribution function 
from spectral Bremsstrahlung 
measurements in the gamma -
ray energy range 

M. Nocente
M. Tardocchi

Continue in 2024

12 Development of synthetic 
diagnostics for ITER

M. Schneider Continue in 2024

13 LIBS for in -situ T retention
measurement

A. Bultel Continue in 2024

14 Laser Induced Desorpsion for 
T quantification in ITER

S. Brezinsek Continue in 2024

15 Observation and control of 
the electron density and 
impurity distribution using
small pellets

M De Baar Continue in 2024

�‡ In line with the 
IRP activities, 

�‡ Joint activity in 
between many 
international 
devices

�‡ Dedicated ITPA 
experiments 
performed in 
recent years
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JEX 8 : Inversion model based on machine learning

7
7

2023 November 7 7

Input thermal scene for a given 
plasma scenario (T ° & optical 

materials properties)

GENERATION OF TRAINING
DATA SET OF SIMULATED IMAGES

Synthetic image of 
IR camera

EmissivityTemperature Image

INVERSE NEURAL NETWORK

1

2

3

IR SYNTHETIC DIAGNOSTIC (FORWARD MODEL)
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JEX 8 : Results on WEST synthetic data : Surface T °
predicted by U -net are within ITER specification 

8

Temperature predicted by the U-net with an error <16.5% (at 1�1confidence) for 
T<400°C and <8% (at 1�1) for higher T° (on 100,000 images tests)

U-NetNoisy 
simulated 

image

Predicted 
temperature

Real 
temperature

Mean ( ±�Ô) temperature prediction error 
in function of the real temperature 

�‰ The network takes the IR image as input 
and returns the temperature map without 
the need to know the emissivity values

M.H Aumenier IAEA FEC 2023
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JEX 8 : Results on WEST experimental data

9

�ƒ First applicationof inverse IR radiative 
neural network on experimental images 
of WESTwide angle tangential view: -

- coherent predicted T�£but no 
ground-truth to validate them 

- good performances achieved for 
removing major reflections

Future plans:
�ƒ Controlled laboratory experiments under progress to validate this new approach
�ƒ Application to WEST data by comparing with measurement of embedded diag(TC, Bragg fiber)

M.H Aumenier IAEA FEC 2023
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Specialists Working Group on Fusion Products

Neutron diagnostics are essential measurements!
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High Resolution Neutron Spectrometer

TOF

bTOF

TPR

NDD

Ti = 20 keV
Uncertainty in n t/nd< 20%

100 ms measurement time

Ti = 10 keV
Uncertainty in n t/nd< 20%

100 ms measurement time

System
Fusion power
Upper limit
(MW)

Fusion power
Lower limit
(MW)

Fusion power
Upper limit
(MW)

Fusion power
Lower limit
(MW)

TPR >500 77 (500) (37)

b-ToF 144 66 (144) 29

Diamond 190 33 190 15

ToF -- -- 5 0.5

Thin-foil proton recoil

Time of Flight

Information on the neutron fractions from thermal and non-thermal fusion reactions. 

provides also ion temperature

Diamond detectors
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Specialists Working Group on radiation Effects
Assessment of the FOCS sensing fibre ageing under ITER environment (A. Gusarov, SCK CEN)

Fibre Optics Current Sensor (FOCS) will provide data on the
toroidal/plasma current in ITER, important for the safe
operation.

The sensing fibre will be placed on the ITER Vacuum Vessel (VV)
where it will be exposed to intense nuclear radiation (total dose
up to 10 MGy) and high temperatures (110�ƒC during operation
and 210�ƒC during baking).

There is concern that the mechanical stability of fibres can be
compromised due to ageing.

Corning SMF-28e fibre

�‡ Samples of candidate FOCS optical fibres were exposed in neon atmosphere at 110�ƒC to Co60 gamma
radiation up to 3 MGy, and then annealed at 210�ƒC, which is representative for service conditions during
ITER nuclear operation.

�‡ The fibre ageing was addressed using gravimetry and microscopic inspection.

�‡ The applied stress is beyond the standard limits, but the fibres survived the exposure without critical
degradation .

�‡ The results are attributed to the use of the inert atmosphere.
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Neutron irradiation test of ITER electrical feedthroughs 
GTMS inserts (I. �� uran , IPP.CR)

Borosilicate 
glass

Example of ITER electrical 
feedthroughs�‡ Shrinkage of borosilicate glass inserts due to neutron irradiation can lead 

to loss of vacuum accident.

�‡ Four samples were irradiated at LVR-15 fission reactor to total neutron 
fluence of 1.1�î1018 cm -2 in Cd shielded container (upper estimate of 
neutron fluence @ITER).

Energy band Flux [cm -2s-1] Fluence [cm -2]
thermal (0 �±0.5  eV) 3,1E+11 4,0E+16

epithermal (0.5  eV �±100.0 keV) 4.5E+13 5.6E+17

fast (110.0 keV �± 20.0 MeV) 3.6E+13 4,6E+17

fast (  1.0 MeV �± 20.0 MeV) 1.6E+13 2,0E+17

Total 8.4E+13 1.1E+18

�‡ Dimensional changes of the samples were analysed using optical measurement system Vertex 251 in the 
LVR-15 hot chambers before and after neutron irradiation with accuracy ~ 1 µm.

�‡ Conclusion : Dimensional changes comparable with resolution of the measurements �a1 µm measured at 
upper estimated neutron fluence �Ÿ no degradation of vacuum tightness due to radiation expected .

After irradiation

HTPD Connference Asheville, USA, 2024
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MicroWave Specialists Working Group
- ITER fast-ion Collective Thomson 

Scattering system with primary role for:
- MP068: Alpha density profile
- MP069: Alpha energy spectrum
- MP070: p, D, T, 3He energy 

spectrum

- In-vessel design team (DTU/IST) 
finalising analysis and design under 
F4E-FPA-393 (Aug 2021) �±FDR in Oct
2021

- Ex-vessel design team (IST/CIEMAT) 
in preparatory analysis and design 
under IO contract (Sept 2022) �±PDR in 
Nov 2022

- Close interaction with IO and the Port 
Integrator (CNDA)

HTPD Connference Asheville, USA, 2024
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Micro -Wave Specialists Working Group
Developments at ASDEX Upgrade (IPP Garching)

�‡ First experimental measurements of core Er/velocity 
profiles from Doppler reflectometry using the lower X -
mode (V-band) cutoff on AUG. Supporting full-wave 
simulations show significant radial corrections to 
measurement location obtained from ray-tracing. 
Corrected velocity profiles from very high density 
(1020) and BT (-2.8T) shots compare well with CXRS. 
Lower X-mode access shows promise for ITER / 
SPARC applications (G.D. Conway).

Results published in Proc. 15th Intl. Reflectometry 
Workshop - IRW15 (ITER) 7-10 June 2022 

HTPD Connference Asheville, USA, 2024
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Laser Aided Specialists Working Group
Demonstration of a working Polarimetric Thomson Scattering on a high temperature device IRP #17

Conclusion: Despite this being a challenging 
measurement, very promising results within a factor of 
20% of theoretical predictions were obtained on JET

Application: 
- Measurement of depolarisation (P vs S) of scattered light to directly infer Te. In particular 

important to diagnostic high Te (up to 40keV) which is difficult to measure using conventional 
systems.

Activities:

A polarimetric Thomson scattering system has been deployed on JET during the DT campaign to 
observe measurements of depolarisation as a function of temperature.

HTPD Connference Asheville, USA, 2024
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Laser Aided Specialists Working Group
Demonstration of a working  2-wavelength Thomson Scattering system on a high temperature device IRP #19

Application: 
- Direct Te measurements without transmission dependency

Activities:

A 1319nm has been installed at W7X and first results are 
expected in OP2.1 which may be used with results from the 
conventional 1064nm laser to demonstrate dual laser 
Thomson scattering.

Data is being obtained from LHD on application of a system 
using both 1064nm and 694.3nm scattering lasers

HTPD Connference Asheville, USA, 2024
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Passive Spectroscopy Specialists Working Group
Energy -resolved, radiation hardened soft X -ray detectors for fusion plasmas

�‡ Soft X-ray (SXR) is an established diagnostic for 
fast measurement of MHD and radiation.

�‡ Semi-conductor based detectors degrade under 
neutron flux.

�‡ Current detectors integrate over their admittable
energy range.

�‡ Fast, radiation-hard detectors are required for 
high performance ITER scenarios.

�‡ Photon flux is not a constraint and may need to 
be attenuated unlike detectors for non-terrestrial 
uses.

�‡ Low Voltage Ionization Chambers (LVIC) are 
robust and have a fast time response.

�‡ Recent work on
o Modelling detector response.
o Measuring detector response.
o Tomographic reconstruction

in ITER scenarios.
D Colette et al, Rev. Sci. Instrum., (2021) 083511
C Li et al, Rev. Sci. Instrum., (2021) 043301
C Li et al, Nuc. Inst. Meth. A, (2021) 165324
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Passive Spectroscopy Specialists Working Group
Ion temperature profile measurement with X -ray spectroscopy 

�‡ The ion temperature profile is a critical measure 
for fusion performance.

�‡ Wide range of possible values 3-40keV.
�‡ Doppler width measurement requires high 

spectral resolution which may mean a narrow 
spectral range.

�‡ Important to have a system not reliant on neutral 
beams (heating or diagnostic).

�‡ Important to have control over what is seen and 
not depend on intrinsic impurities.

�‡ Important to have coverage over the whole 
profile. 

�‡ X-ray lines of xenon satisfy these needs �±but 
their spatial distribution is determined by Te.

Concept                                     Design

HTPD Connference Asheville, USA, 2024
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Specialists Working Group on Active Spectroscopy

Active (beam-based) spectroscopy on ITER:
�‡ Motional Stak Effect (MSE) on heating beam (1 MeV), USA:

Current (q-profile) distribution
�‡ Charge Exchange Recombination Spectroscopy (CXRS) on diagnostic beam:

He ash and impurity concentration, Ti, flow velocity, ....     
100 keV Hydrogen beam (India)
Core observation (EU)
Pedestal observation (India)
Edge observation (Russia) 

Diagnostic Neutral beam progress:
�‡ H- Cesiated RF-driven ion source is being tested

in collaboration with IPP-Garching
�‡ ¼ size ion source with accelerator test is being

prepared
Diagnostic beam test setup design with 
diagnostics          G. L. Vyas, et al

HTPD Connference Asheville, USA, 2024



Disposition : Titre et contenu

26/04/2023 21

Current progress in active spectroscopy
MSE: 
�‡ Line split method is preferred over line polarization
�‡ Detailed tests and comparison with modelling on KSTAR
�‡ Synthetic diagnostic
�‡ Optical design is ongoing

CXRS:
�‡ Detailed modeling of spectra, synthetic diagnostic
�‡ Optical designs, component tests
�‡ Additonal measurement possibilities are considered:

�¾ Fast particle measurements through CX (FICX): 
confined and escaping alphas, He minority heating ions, slowing down beam ions

�¾ Turbulence and waves: filaments in edge/SOL, MHD waves

KSTAR MSE spectra with fits   J. Ko

Modeled fast ions spectrum 
for the ITER core CXRS 
observation

M. G. von Hellermann 

Edge-SOL density fluctuation
modelling with HESEL and
synhetic diagnostic signal

O. Asztalos 
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Specialists Working Group on First Mirrors

HTPD Connference Asheville, USA, 2024
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Most recent developments

�™ Large molybdenum mirrors in the IR imaging at WEST suffered from deposition after two campaigns in 
WEST. The deposits can be wiped out quite easily. New results are expected from C7 campaign

�™ Investigations of degradation of the first and second mirrors of ITER -relevant WEST WAVS endoscope are 
planned

�™ Double cleaning of the mirrors 1 and 2 of ITER UWAVS First mirror unit was possible

�™ Mitigation strategy for suppression of pitch formation on single crystal Rh mirrors involves pre -etching of 
as-polished mirrors

�™ Pre-matching is required for power management of VSRS cleaning system. NC Rh mirror is presently the 
most available option. The designers from the upper VISIR diagnostic (US) came to the similar conclusion.



Disposition : Titre et contenu

26/04/2023 24

ITER Visible Spectroscopy Reference System 
(VSRS): development of the first mirror cleaning 
strategy

Front-end optics compartment and pre-matcher development
55.E6 VSRS optical diagnostic system requires Mirror Cleaning on both M1 and M2.
To reduce RF power losses, pre-matching elements are installed in the First Mirror Unit.

HTPD Connference Asheville, USA, 2024

Front-end optics compartment and pre-matcher development
55.E6 VSRS optical diagnostic system requires Mirror Cleaning on both M1 and M2.
To reduce RF power losses, pre-matching elements are installed in the First Mirror Unit.
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First Mirror Unit of the Wide Angle Visible Spectroscopy 
(ITER WAVS) diagnostic: mirror dual cleaning strategy

�™Dual cleaning using 13.56 MHz
�™Argon at 1 Pa 
�™Power 100W
�™�'�X�U�D�W�L�R�Q�����K�����¶��
�™Bias 300V 
�™Removed 20 nm Al2O3 on both M1 and M2

Courtesy: Laurent Marot

Simultaneous cleaning of the first (M1) and second (M2) mirrors were possible

HTPD Connference Asheville, USA, 2024
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Specialists Working Group on First Wall Diagnostics
BRDF measurement of beryllium
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BULGO

Reflected light from the wall has significant effects on 
the spectroscopic diagnostics
�ÆFor quantitative evaluation of the effect by ray-
tracing, optical reflection properties of beryllium were 
investigated.

BRDF describes angular distribution characteristics of 
reflected light when light is incident from a specific angle.

Bidirectional Reflectance Distribution Function 
(BRDF) measurement by BULGO 

H. Natsume, Nagoya U.
R. Steiner M. Laurent, Basel Univ.
S. Kajita, U Tokyo

HTPD Connference Asheville, USA, 2024
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Broad BRDF for rough surfaces
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BRDF varies depending on surface conditions

Characterizing by FWHM

roughening

BRDF at �ã
L650 nm (�à�gis fixed at a certain angle and �ö�g
L �ö�p 
L �r�Ü)

FWHM increases with roughening and further 
significantly increases with blackening.

Plan: to investigate the effects of the BRDF 
differences on spectroscopic diagnostics 
using a ray-tracing simulation
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L 
F
Ú
Ù�¹

blackening

HTPD Connference Asheville, USA, 2024
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Specialists Working Group on Real Time

Synthetic Diagnostics.

�v Required for RT forward modelling to estimate plasma state.

Joint experiment on density control

�v Sensing, RT analysis and state-observation, coupling to other fields, Model Predictive control, Hybrid
control.

Design Structure Matrix, and Multi-domain matrix approach

�v to describe the actuators-plasma-sensor park as a system

�v How to identify failure modes in plasma?

�v To understand the diagnostic park as a system

�v How to use inherent redundancy in determining parameters?
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26/04/20235th European Conference on Plasma Diagnostics (ECPD) 23-27 April 2023 Rethymno, Crete. 29

Multi -diagnostic dynamic state observer and MPC for 
density control with Pellets. JEX initiated (collaboration with IOS)
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Specialists Working Group Integrated Data Analysis

�¹ IDA : Scientific exploitation of fusion devices by probabilistic combination of redundant and complimentary 
diagnosticsdata and modeling information

�¹ ITPA TG Diagnostics: Integrated Data Analysis and Validation (IDAV) specialist working group

�:���G�H�Y�H�O�R�S�P�H�Q�W���R�I���J�H�Q�H�U�L�F���,�'�$���F�R�G�H���S�D�F�N�D�J�H���I�R�U���S�U�H�V�H�Q�W���D�Q�G���Q�H�[�W���J�H�Q�H�U�D�W�L�R�Q���I�X�V�L�R�Q���G�H�Y�L�F�H�V

(python, modular, flexible, IMAS, multi-fidelity forward models) 

�¹ ITER : basic workflow using synthetic data from ECE, Thomson scattering 

and Toroidal Interferometer Polarimeter(TIP)

�:���,�0�$�6�����P�D�F�K�L�Q�H���G�H�V�F�U�L�S�W�L�R�Q�����7�,�3�������H�T�X�L�O�L�E�U�L�X�P���D�Q�G���S�U�R�I�L�O�H���,�'�6�V����

�:�� 3-level approach: static and dynamic initialization and evaluation

�:�� results: MAP +/- 1std and MCMC (50±34)% percentiles

�¹ JT-60SA: �³The adaption of the generic IDA code package to JT-60SA diagnostics has �E�H�H�Q���V�S�H�F�L�I�L�H�G�´��
(WPSA-SE.CM.OP.04-T001)  Plan (to be agreed after commissioning phase):

�:�� starting with commissioning diagnostics (PO-1): Interferometer, soft X-ray and visible spectroscopy
�:���D�X�J�P�H�Q�W�H�G���Z�L�W�K�����3�2-2) diagnostics: ECE and Thomson scattering
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