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Introduction

» Determine the erosion/deposition patterns on tiles exposed in WEST
» Entire W-coated graphite tiles
» Erosion: by coating thickness measurement with IBA (RBS) and SEM on FIB-cuts
* Deposition: by IBA (RBS & NRA) and SEM with EDX
« Segments of ITER-like plasma-facing units (PFUSs)
« Deposition: by IBA (RBS & NRA) and SEM with EDX

» Part of a larger task in WP PWIE SP B
« Many labs involved

- Mostly on smaller samples cut from the graphite and ITER-like PFUs
- More detailed, complimentary and confirming analyses
- Behaviour of W monoblock, e.g., cracking

2 Jotef Stefan ‘ i o @ W TECNICO
«* Institute h Boskovié LISBOA

IBA = lon Beam Analysis RBS = Rutherford Backscattering Spectrometry

NRA = Nuclear Reaction Analysis SEM = Scanning Electron Microscopy

FIB = Focused lon Beam EDX = Energy Dispersive X-ray spectroscopy (7
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Remarks to W@f

» WEST project

» Devoted to test W divertor technology for ITER [1-3] [1] T. Hirai 2013 Fusion Eng. Des. 88
[2] J. Bucalossi 2014 Fusion Eng. Des. 89

I L ” : 3] B. Bourdelle 2015 Nucl. Fusion 55
» Reconstruction of “Tore Supra” (major changes) 131 8. Bou uel. Fusi

» Located at CEA, Carderache, France
» Operation: 1988-2012 as carbon-based limiter tokamak in L-mode

> st ; :

'\ 2016 2001 inScampagns1c8 1~ 25+
Pes Cl-C4:~6h

» 2"d gperational phase of WEST project Cl1-C5 ~75h

« 2022-0ngoing

2017 2018 2019 2020 2021 2022 2023 2024 2025

i HH iaRi H EEER AR HH-H- .
Full ITER-like W divertor Ce-C7 C8-C9 C10-C11
~1500 s ~7500 s C4-D: ~10000 s ~4500 s
C4-He: ~3000 s
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Remarks to W'@S/f

» WEST project ST | ),

 Start 2016 with all SN gy . Ripple/VDE

plasma-facing surfaces N U | protection
covered with tungsten L Nl 0

uuuu

» Divertor _ |
« Inertially cooled W-coated O(%e/wg;gﬁgs Inner bumpers }- - i
graphite tiles (bevelled !) S Bt (w/Mo/cre) 1 i Antten?-ae
. . - - rotection
» Successively increased I B , - % ik (\fv/Mo/CFc)
number of ITER-like PFUs NG : T 5

with campaigns

» Structure

» 12 sectors (Q1..6A/B) Z - _ :

. S P m Lower divertor: inertial PFUs &
Elazch:Jh composedof 38 PFUs = =& B (12 um W/Mo/graphite) |}

. S: = S5 S

- ITER-like: 35 W monoblocks = '
) . Lower divertor test sector:
- W- : - 1-2 W/M ker |
W-coated graphite PFUs: 2 tiles ITER like PFUs (bulk W) pm 0 marker layer
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Remarks to W,@S/f

> Aripple on magnetic field exist due to pre-existing arrangement of coils (Tore Supra)
= Toroidal modulation of particle & power flux along strike lines

PFU 1

e “PFCFlux” simulation
of heat load
deposition [1,2]

-> 18 peroiodes
around the torus

0]
. tHH

T

 Normalized averaged
incident flux
over wetted area

HH f i'ff'ili

0% MU
1 38 1 38
PFU # PFU #
» Choice of positions of marker tiles and special ITER-like PFUs depends on ripple!
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=

|

H

!

|




Content

» Introduction and remarks to WEST
» Analyses of wall tiles to obtain erosion/deposition pattern of WEST
« Some basic info’s (inside views, ripple, tiles...)

» Tiles and analyses
» Special marker tiles; standard tiles; ITER-like plasma-facing unit (PFU)
* Some remarks on analyses of entire tiles and data evaluation

» Results of ion beam analyses and microscopy
» Deposition pattern and erosion on marker tiles
» Erosion pattern by ripple

» Further topics:
e Strong deposition variation by ripple ?
* Arcing
» Deposition into poloidal gaps
» Remarks to small sample analyses

» Take home messages
e Main results & future work

cea
MAX-PLANCK-INSTITUT FUR PLASMAPHYSIK | MARTIN BALDEN | 2025

(@)



Tiles for analyses: A) C3, C4 & C5 marker tiles

» Divertor sector equipped with marker tiles after C3 campaign

T 2
o

* Inertially cooled W-coated

_ Y 2 .
HFS B2 55|30, ¢ <% standard graphite tiles
ety lu'l W\ %% ‘%% ~100 nm Mo m
) -- Iq‘ l' ; : ¢ : J 'I % ._'.
! s .,
W A C C
ISP’ =HIIEN N P
ne L HL L Le = 3 ai -1~ standard tile erosion marker tile
PER '. +_a}l Pl 1 1- 1A &l o : :
Al L pr—r Al * 8 erosion marker tiles
OSP | ; i) —|_1-i-r Installed in WEST phase 1
| ﬁli—_? anosP [-L---175 1+ Successively dismounted
F= | - “C1-3" 2
| - “C1-4”: 4 (only 2 analyzed)
LFS 5 v -“Cl-5"2
baﬁleSMQi z et al., 2023, Nucl. Mater. Energy 5835 EM: Ergsion markey tiles

» |IBA along central line (T=0)
. » Position of marker tiles at max flux area of strike line (ISP & OSP) due to the ripple
cea

MAX-PLANCK-INSTITUT FUR PLASMAPHYSIK | MARTIN BALDEN | 2025 . 8 ig ‘)



* Inertially cooled W-coated

Tiles for analyses: B) C4 standard tiles
standard graphite tiles

» Divertor sector equipped with marker tiles after C3 campai

HFS [P \ .
& 19 2 3
|2 ;? "| o8 " : \
g g AR A
S oy | -
e . W | & |
ISPEFERLF PR TTTRINEL | L Aot dard
e i = SR I ki i _? _ Y= = 5 ) e - standard tile
PFR WAl {1 - T i - i
LT "-----+-——:‘- g = P L * 2 standard tiles
OSP ~tall] L S : 7 XS exposed to only C4
B "B RN ILI-3-% 4 (same position as C3 marker tiles)
-#3"' T .
| _. » 1 standard tile exposed to
. C1-C4 beside marker tiles
- EM: Ergsion markey tiles
e
=

LFS g
baﬁleSM' zlet al., 2028, Nucl. Mater. Energy
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Tiles for analyses C) C5 standard tiles (“ripple samples”)+ spare tile
HFS

» Divertor sector equipped with marker tiles after C3 campaign
" .g

A * Inertially cooled W-coated
20 o1l 33134|35 O; 5 standard graphite tiles
= N -l.-i .lll - f‘?‘,
& ul 1 T () %'e)a 5
ko i o o
SsHERL 2 I
) | £
{44 = O !
1 ¢ i rLs '. C
ISP = oy S e
o . pr o f 'I_{_\» - 3 ) b ¥ standard tile
olod ' e ISP | 44T .
PFR o Bk 7 r— . : « 10 standard tiles from
(7] a2 | T ”
OSP . i T _.4-3-r  sector 30A: “C1-5
B - S DREua |
LFS |
baffles [M. Diez et al., 2028, Nucl. Matgr. Energy

- study ripple effect
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* Inner and outer unexposed
. spare tiles
EM: Ergsion mark Eles
» 5 position of standard tiles over one period of the ripple (1/18 of full circumference)
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Tiles for analyses: D) segments from ITER-like PFU

» ITER-like PFU from phase 1
» Exposed to C3-C4
e Cut in segments (and smaller sample) by CEA

* Measurement of deposits (& D)
—> other labs: smaller samples - He content
Note: cracking studied

» Future: ITER-like PFUs from Phase 2
» Plus: Erosion measurement only at special
prepared/pre-characterized W monoblocks - see M. Diez invited talk at PFMC
» Cutting small sample + detailed analyses

b
55

281 1228 | 2NN FRER ISR 18 1|1 74 16 15 14 1312

View on side B
MB 12-23 MB 6-11 MB 2-5 MB 1

MB35  MB 24-34

il I 2 tH 1} ti ] ) b

23 22 3 |

w
=
e
b3
£

19 18 17 18 LE 14 13 12 58 H L) g 7 L] 5 4 3

LFS - Tttt Bttt —= 111 - ~— HFS
137 ﬁ 150 ﬁ 74.5 49.5
S=495.5 . . . S=58.5
S =MB# .. x 125 + 52 Segmenting of ITER-like PFU “WECNO001” mounted C3-C4 at PFU position #13
- mid .
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Tiles and analyses

» Which information should be gained?

» Erosion and deposition pattern on WEST tiles:
- Quantification of erosion & determination of composition and thickness of deposited material

- Are the expectation from optical inspection regarding regions of erosion and deposition correct? Not always !
- Do other astonishing features exist? Yes, arcing !

- Is “fuzz” formed during the He-phase end of C4 campaign? NO ! (only bubbles)

- Can something be learnt about the progression (C3 — C4 — C5) of erosion/deposition Yes ! (mainly between C3 an C4)
- What can be learnt for the deposition onto side of tiles, i.e., into the gaps? 7?

» Which methods used for analyzing entire tiles?

Entire/large tiles

MAX-PLANCK-INSTITUT FUR PLASMAPHYSIK | MARTIN BALDEN | 2025

 lon Beam Analyses (IBA): 3 3
Rutherford Backscattering Spectroscopy (RBS) and (()juanr']ufle(?cllamounts of W, B, C,0,D (N)
Nuclear Reaction Analyses (NRA) (depth profiles)

» Scanning Electron Microscopy (SEM) assisted by )
Energy Dispersive X-ray spectroscopy (EDX) and
Focused lon Beam cutting (FIB) of cross-sections  J

» Confocal Laser Scanning Microscopy (CLSM) }» Height profile on microscopic length scale

- Surface & layer morphology and elemental
composition on microscopic length scale

12
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lon beam analyses: RBS & NRA

» Measurement positions
» At least, poloidal scan along central line (T=0) every 12.5 mm (MB-width)
» Additional toroidal and poloidal scans, especially on “ripple” samples
e Spot size area ~2 mm? (positioning accuracy ~1 mm)

> IBA conditions

« Combination of RBS/NRA 3 MeV protons at 165° & 2.5 MeV *He at 150°
- Thickness of W above Mo-marker layer and thickness + composition of deposit

* Only RBS with 4 MeV protons at 165°
- Thickness of everything above graphite substrate

@ MAX-PLANCK-INSTITUT FUR PLASMAPHYSIK | MARTIN BALDEN | 2025
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~100 nm Mo ﬂ
~12 um W
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IBA evaluation: Examples of RBS & NRA spectra

deposit
C5 I ! I ! I ! I I m
i 3 MeV protons /Weak depposition P E—
B / | 35 m Mo |
c © " - 2.5 MeV 3He .
] 7] 9I +Ics-439.5 I — c C
5 o) s
(U- 80 - ‘ c —A— C5-177 x 50 —=—C/10
3 Mo | £ 2.5 MeV 3He
. g g N ' ' e 2.5' " 3i(25-0'58.25
2 g —&a
IS / 5 )
| \ Strong deposition i
- Erosion of ——C5 s=58 | 4| ‘
standard W coating C5 s=127 o a0 a0 0 a0 10 e
" ” — Ch s=227 channel
- "ripple samples . :
I — , » Fitting all three data consistently
0 500 1000 1500 2000 2500 OO0 « Ratio of light element extended beyond
Energy / keV depth information depth of NRA to fit proton RBS
= » He-RBS only useful for thin deposition
W surface
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IBA results: Deposition pattern

Thickness increase

with campaigns

Cl1-C3:~25h
Cl1-C4:~6h
C1-C5:~7.5h

|+ C3m —@—C4m —A—C5m C4-IG Boron I—Elf C3m —@—C4m —A—C5m C4-1G Carbonl
——— T 70000 ——————————— 3500
v [0 C3m o~ C4m -~ - C5m C4-IG| [0 C3m o C4m - -C5m C4-IG|
100000 - 1 5000 1
5 Boron 6000071 Carbon 73000
« 80000 - & 50000 - 2500
£ £
(&) (&)
% 50000 % 40000 4 2000
\u) \u)
= += 30000 - 1500
3 40000 - 3
= £ 20000 - 1000
20000 -
10000 500
0- 04+~ 0
600 600 :
LFS s-coordinate / mm Deposit on C4-1G less than s-coordinate / mm HFS
on C4-marker/standard tiles
» C3/C4 marker data: published [1-4] (amount & area)
- C4 ITER-like PFU: published [4,5] 2l Hakolzool NEeL
» C5 unpublished / in preparation D.eposmon area shifts Ei} g?eiaégsézl ?\lonié Qf 62
with campaigns (H FS) [5] Martin 2021 Phys. Scr. 96
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16




IBA results: Deposition pattern — Deuterium

[F=—C3m —e—C4m —&C5m v C4-IG Deuterium

& Chm

——————————
3000 - [0 C3m o C4m
- Deuterium
< . 2/x20
= .
O 2000 - :
LN
—
()
)
~
€
=}
@]
£ 1000 -
S
0- — :
600 500 400 300 200
LFS s-coordinate / mm

» C3/C4 marker data: published [1-4]
» C4 ITER-like PFU: published [4,5]
* C5 unpublished / in preparation
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Deuterium mainly follows deposit
Tail into W layer visible

S-coordinate ;

[1]
(2]
(3]
[4]
(5]

HFS
~C4g| 300 .Y o
&
200
. o
trailing polmdal‘
edge (shadowed) *, 5 \
\' ; trailing poloidal
100 '-_\ 3 edge (shadowed)
NN
ﬂ \ N
leading poloidal edge *, " 25
(wetted) we
=10 Thin deposition
100 0 [4]
HFS

Balden 2021 Phys. Scr. 96
Hakola2021 NF 61
Bucalossi 2022 NF 62
Diez 2023 NME 34

Martin 2021 Phys. Scr. 96
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SEM results of inner divertor marker tile: Example C5-marker, S=200

Confirmed by
analyses on
small samples

» Deposit thickness: Around 50 pm

@- Strong delamination of thick deposit (25-30% of area; 30-40 um)! -> by arcing /f\
MAX-PLANCK-INSTITUT FUR PLASMAPHYSIK | MARTIN BALDEN | 2025 . 18 Q)
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Arcing — delamination deposit + deposition

C5-33i =200 tor0|dal center . 1 -

st’s ) “rnh

2;:." ;. %
il




Thickness of deposit from FIB cuts

» Increase of thickness with accumulated fluence ?

» Thickness of deposit for “C4only” same
as for C1-C4 on C4-marker tile

* Thicknesses measured with IBA are
a factor of 2 (to 4) lower than on FIB cuts
- further assessment needed

(9]
2 E
Q3
£
S 9
ey
©
=t
8o
Q.
o5
a)

> Appetizer: Study deposition on tile sides
l.e. into poloidal gaps (IBA + SEM/FIB)

cea
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50

40

Cl-C3:~25h
Cl1-C4:~6h
Cl1-C5:~7.5h 25 pm
Top surface T 250000
‘ <4 200000 ‘%
—l— C3m-all e §
—@— C4m-alll 3 - 150000 9
—A— C5m-all ) =~
O~ C4only-all - 100000 2
3
- 50000
-0
° HFS

S-coordiante

Partially published in [Diez23]
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IBA results: Erosion

Conversion factor of thickness:

deposit

Complete erosion of the top W already after C3
(& Mo marker layer), i.e. 2 um - C5: ~ 6 um!

atomic density 0.6...1e23 at/cm3for W & C 1-2 pm W

~100 nm Mo
lel5 at/cm?2 = 0.1 nm ~12 pm W
|
|+ C3m —#—C4m C5m ——pre ----pre-max W above 1st Mol / _
15000 | Cam =~ Cam 5| C5m - Ca1G Delpositilonl ' 20 um depo . ‘e .
2.5 um W cor | - / Erosion & deposition at same time C
| Wabove Mo-marker layer "z + shift of erosion/deposition area

~ /= 1200000 erosion
= . /! i - . S marker tile
© 10000 + \\\ /// U'l : ¥ 7 ﬁ -, B il " IwH
9 | y L 150000 ¥ Clemental mapping
3 | o g 3 ¢
g .l P S g s
= \ - a
3 . S 4 100000
€ 5000 - FoLE
; \L .'ID"D o

¢ . -4 50000

S aen O

0 . Sy P s oe o
600 500 400
LFS

» (C3/C4 marker data: published [1-3]
* C5 unpublished / in preparation

MAX-PLANCK-INSTITUT FUR PLASMAPHYSIK | MARTIN BALDEN | 2025

: ; : . ) 0

300 200 10 0

) HFS
s-coordinate / mm

Erosion area enlarges from
C3 to C4 and stays for C5

[1] Balden 2021 Phys. Scr. 96
[2] Hakola2021 NF 61
[3] Bucalossi2022 NF 62
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Results: Erosion pattern by “ripple”

» Examples of RBS spectra
» Strong deposition (large O,B peaks) - sorted out
* Along central line on tiles, as on marker tiles, but...
* More (2D maps)

Intensiy a.u.

@ MAX-PLANCK-INSTITUT FUR PLASMAPHYSIK | MARTIN BALDEN | 2025

Poloidal scan along central line (T=0)

on outer tile #19

standard tile

2004 Obtain W-thickness

150 -

100

50 -t

with fit formula

fix fraction

4 MeV protons, 165° |

X

— 330
— 340
— 350

360

370
— 380
— 390

400
—410
—420

I i I i I i I i I i I i
500 1000 1500 2000 2500 3000

Energy / keV

I I i
3500 4000 4500
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Results: Erosion pattern by “ripple”

X pum W
» Examples of RBS spectra 35 pmMo]
» Strong deposition (large O,B peaks) - sorted out C
« Along central line on tiles, as on marker tiles, but... Central line on inner tiles (T=0), SR
* More (2D maps) as measured on marker tiles standard tre
> Data treatment 500007 AN
« Spread at nearly unaffected area on tiles . 75000 ® . — o—p
by difference of initial coating thickness (10%) = P /’ ‘_‘\‘\N
> No pre-characterization S 700001\, VAN 4 -
» Scale data of spare tiles before subtraction 0 1 \ ./ 1
to unaffected area @ 050007 o—y” ]
‘% 60000 4 \ —s—#19-1000] -
§ ] e v —e— #22-t099 -
< 55000 1= #25-1198] -
= . b —v—#28-1297| |
= 50000 - \ —e— #32-1429]  _
. —O— spare ]
45000 - ‘/ -
40000 L____MB14 MB15 _MBI6 '

1 ' 1
210 220 230 240 250 260 270 280 290
S-coordinate / mm
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Results: Erosion pattern by “ripple

» Examples of RBS spectra
» Strong deposition (large O,B peaks) - sorted out
» Along central line on tiles, as on marker tiles, but...
* More (2D maps)

» Data treatment
» Spread at nearly unaffected area on tiles
by difference of initial coating thickness (10%)
- No pre-characterization
» Scale data of spare tiles before subtraction
to unaffected area

» Difference of thickness
between spare tiles and “ripple samples”

» Obtain 2D erosion “maps”
by inter- & extrapolation (W/cm2 convert in um)

@ MAX-PLANCK-INSTITUT FUR PLASMAPHYSIK | MARTIN BALDEN | 2025

Erosion / um

Central line on inner tiles (T=0),
as measured on marker tiles

MB14 MB15
—

MB16
i I i I
210 220 230 240 250 260 270 280 290

S-coordinate / mm

25

standard tile
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Results: “ripple” erosion maps

» Contour plot of the interpolated
data together with positions of
measured data

» Maximal erosion on tiles not at central line
(toroidally shift) probably due to beveling

(+ misalignment)
* Maximum shifts poloidally by 20 mm

» Erosion varies, as expected, with position
in respect to ripple, but also patterns vary

* Overall highest erosion of edge of inner
tiles at ripple max (confirmed by SEM)

» |ISP: increased higher erosion at both
toroidal edges (beveling + misalignment)

Note: beveling + misalignment probably
“measurable” by comparison of photos

@ MAX-PLANCK-INSTITUT FUR PLASMAPHYSIK | MARTIN BALDEN | 2025
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Results: Highest erosion at toroidal edge at ISP

Mo interlayer

Graphite substrate (C)

cea
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Complete coating eroded at
small areal fraction - graphite visible! C

standard tile

Initial same coating thickness eroded
respective to surface roughness unequal

Remark: Take local measurements with care
-> representative vs. averaging
—> uncertainty of extrapolation!
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Results: Extrapolation from “ripple” erosion maps

Get “total” erosion per tile by
inter- & extrapolation of 2D erosion “map”
(all map data vs. only central line (T=0))

« Erosion follows ripple, but different amplitude
- Ratio of cal. incident flux ISP/OSP

not reflected in measured data
(max/min: ~10 OSP; ~2 ISP)

» Extrapolate around all 12 sectors
* Obtaining one value for “total” erosion of
ISP and OSP useful for balancing
- OSP higher to ISP by 2% (only central 35%)

vol. eroded around torus /cm3

full central line
ISP 1.24 1.04
OSP 1.27 (102%) 1.60 (135%)
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Erosion volume per tile / mm?®
N w Ee (6] o] ~
1 1 1 1 1 1
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1

1100%
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—o— —A— 3| data
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Further topics: Strong deposition variation by the ripple ?

* CLSM 3D-data for the “ripple” tiles
—> not conclusive jet
- 1stimpression: NO variation
(same depth of traces regardless PFU #)

e Further SEM/FIB needed

[ o~

- Evaluation of data

cea
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Further topics: Arcing & deposition into poloidal gaps

* Appetizer: Arcing

-32i $=030 pO01 ° CLSM 3D-data

= o g

- Evaluation of data

» Appetizer: Study deposition on tile sides, i.e., into poloidal gaps (IBA + SEM/FIB)

- Evaluation of data
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Further topics: Some remarks to “small” sample analyses

» Sample preparation
» Core drilling for graphite PFUs by VTTm
* Cut of ITER-like PFUs by CEA @

» Analyses

* IBA, SEM, SIMS, LIPS, GDOES ...
- confirm presented data
- more detailed insight

» Example of additional information: He content

. HFS LFS“P
Jozef Stefa 10| o . |
:r Institute ¥ & P”m \ %“ l E wie |. II', ]
DEMOKRITOS sl [, 4
TECNICO m S S il ‘ -
o z I 3 s ’ | 1 Contribution
@ @ LISBOA "‘.-J”;:%: o g II,-"lI | '.. {1 atPFMC by
Tap 4 I . 1 Bogdanovic-
i | Radovi¢
> Future L1 - / | ,--l \IH | Radovic
* Pick-up bits of information from cut samples to obtain ol / B NS
conclusive picture, as done for one ITER-like W L
monoblock (paper ready to submit [Tsavalas 2025]) T
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Content

» Introduction and remarks to WEST
» Analyses of wall tiles to obtain erosion/deposition pattern of WEST
« Some basic info’s (inside views, ripple, tiles...)

» Tiles and analyses
« Special marker tiles; standard tiles; ITER-like plasma-facing unit (PFU)
« Some remarks on analyses of entire tiles and data evaluation

» Results of ion beam analyses and microscopy
» Deposition pattern and erosion on marker tiles
» Erosion pattern by ripple

 Further topics:
» Strong deposition variation by ripple ?
* Arcing
» Deposition into poloidal gaps
* Remarks to small sample analyses

» Take home messages
* Main results & future work
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Take home massage: Main results & future work

» Erosion & deposition pattern of WEST phase determined
» Most data along poloidal central line on tiles (marker tiles)

» Erosion maps
» Poloidal variation of erosion pattern due beveling (+ mlsallgnment)
* Deepest erosion on ISP close to tile edge :
- W coating just thick enough to survive phase 1 (only a few holes; i.e. 15 um erosmn)
 Tile integrated erosion of ISL and OSL follows ripple, but...
-> Full-toroidal-integrated erosion of ISP and OSP do reflect simulated heat/particle loads due to ripple
- OSP slightly higher; ~1.2 cm? eroded there

» Deposition

» Strong deposition at HFS of ISP - with ~ 50 um (stratified W/C/B/O/D layers with Cu/Fe/Ag)
- Increase with campaign / accumulated plasma time (?)
- Correlation to dust ?

» Good data base for interpretation underlying physics
» Correlation with plasma scenarios/parameter
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Take home massage: Future work

» Publish more of the data
» Alot of data still under evaluation and not published jet (several contributions at upcoming PMFC)
« Combine the bits of information from cut sample analyses to obtain conclusive picture

» Study deposition into poloidal gaps
« Some data already exist, but not evaluated jet

> Arcing & dust

» Analyses on segmented or small sample cut form ITER-like PFUs
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Thank you for your attention

[1]
(2]

Tnstitut
Ruder [3]

Boskovic [4]
(5]
(6]
[7]
(8]
(9]

Jozef Stefan

o® Institute
TECNICO
[ e

Balden et al., 2021 Phys. Scr. 96, 124020
Hakolaet al., 2021 Nucl. Fusion 61, 116006
Bucalossi et al., 2022 Nucl. Fusion 62, 042007
Tsitrone et al., 2022 Nucl. Fusion 62, 076028

Diez et al., 2023 Nucl. Mater. Energy 34, 101399
Martin et al., 2021 Phys. Scr. 96, 124035

Joji etal., 2023 J. Nucl. Eng. 4, 96

Martin et al., 2024 Nucl. Mater. Energy 41, 101764
Marin et al., 2025 J. Nucl. Mater. 604, 155525

[10] Tsavalas et al., 2025 ready to submit

M. Balden?, M. Mayer?, M. Diez?, E. Tsitrone?, E. Bernard?, A. Hakola3, J. Likonen3, E. Fortuna-Zale$na*, I. J6gi®, P. Paris®, E. Grigore®,
I. Bogdanovi¢-Radovi¢?, Z. Siketi¢’, S. Markeljg, M. Kelemens8, P. Tsavalas®, K. Mergia®, A. Lagogiannis®, C. Pardanaud®, C. Martin?©,

P. Petersson!!, R. Mateus!?, E.A. Alves!? and the WEST team*

IMax-Planck-Institut fur Plasmaphysik, Boltzmannstr.2, 85748 Garching, Germany 2CEA, IRFM, F-13108, Saint-Paul-Lez-Durance, France 3VTT Technical Research Centre of Finland Ltd., P.O. Box 1000, FI-02044 VTT, Finland
“Warsaw University of Technology, 02-507 Warsaw, Poland SInstitute of Physics, University of Tartu, W. Ostwaldi str. 1, 50411 Tartu, Estonia SINFLPR, 409 Atomistilor, 077125 Bucharest, Romania

"Ruder Boskovi¢ Institute, Bijenicka 54, 10000 Zagreb, Croatia 8JSI, Jamova cesta 39, 1000 Ljubljana, Slovenia 9NCSR « Demokritos », Athens 153 41, Greece

10p|IM, CNRS, Aix Marseille University, 13013 Marseille, France 1IKTH, Department of Fusion Plasma Physics — Alfvénlaboratory, Stockholm, Sweden 12IST, Av. Rovisco Pais 1, 1049-001 Lisboa, Portugal

* See http://west.cea.fr’WESTteam

MAX-PLANCK-INSTITUT FUR PLASMAPHYSIK | MARTIN BALDEN | 2025

36

(@)



