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|IEA Implementing Agreement for a Programme of
Research and Development on Plasma-Wall Interaction
iIn TEXTOR (machine oriented and specified to PWI)
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PSI topics (only) for
toroidal devices
(tokamaks and

Stellarators):

= Edge-core coupling

= |mpact of magnetic
topology on PSI
processes

= Scenario integration

= Power and particle
exhaust

PSI topics for both toroidal
and linear devices:

= |nvestigation of basic
PSI processes (erosion
processes, fuel
retention)

= Impact of PSI
processes on surface
morphology

= Development of PSI
diagnostics

= physical processes in
divertors

PSI topics for dedicated

linear devices:

PSI under extreme
conditions not
accessible in present
day toroidal devices
(particle fluxes and
fluence, neutron
activated materials,
Tritium plasmas)

Research on plasma wall interaction facilities

for fusion reactors
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» (Good access to plasma surface interaction zone, specific
and dedicated diagnostics

- Easy exchange of target samples

- Well controlled plasma characteristics, steady-state, high
fluence

» High reliability and reduced technical complexity
* Integration into harsh environment
» Cost effective

» Special capabilities of open systems and plasma guns to
investigate the impact of (transient) high power and
particle loads onto plasma facing components
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materials

damage by ion beam
irradiation planned

MAGNUM-PSI JULE-PSI VISION |
PILOT-PSI (inside Hot Cell) (inside T laboratory)
Reactor like YES, true “divertor NO, but reactor like NO
divertor conditions | simulator” plasma fluence andion
(steady state energies
loads)
Reactor like YES, pulsed plasma YES, JUDITH (electron | NO
transient heat source under development | beam facility inside Hot
loads Cell)
Tritium NO no T- plasma but YES
moderate T handling
capabilities
Toxic materials NO YES YES
(Be)
Neutron irradiated | Simulation of neutron YES Limited to moderately

activated samples
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|2 BPWIBFZ(JULE-PSI)

Linear plasma device (on
the basis of PSI-2)

»-bHbLE

A

Lock system for hot and toxic targets
Post-mortem characterization after
plasma exposure in JULE-PSI
Post-mortem characterization of PFMs
from nuclear devices (JET, ITER, ...)

+ non nuclear twin outside of hot cell

Target and analysis station
(a la MAGNUM-PSI) (1.

Specifications

low pressure high current
arc source

Heating: cathod (6.5 kW)
g=0.1T MW m2

n, = 1017 - 1029 m3
Teupto20eV (T~ 05T,
but target biasing possible)
Lo, = 1021 - 1028 m2s
F=107m2in3h
(steady-state plasma)
P,upto 0.1 Pa

B=01T

ArowdﬁanneI ~9-10 cm

NOT a divertor simulator!
Operation with Be and

neutron irradiated
materials
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JULE-PSI will be in nuclear environment with limited access, and so the
diagnostics

— Reliability and easy maintenance are necessary
Plasma diagnostics (information on background plasma)
« Optical spectroscopy

* Langmuir probe
In-situ PMI diagnostics

» Optical spectroscopy

* IR thermography

* Quartz microbalance (QMB)
In-vacuo sample analysis

Target station: linear manipulator and surface analysis station with laser-
aided analysis methods (LID, LIA, LIBS)

Ex-situ sample analysis
« Thermal desorption spectrometry (TDS) — cold and hot
« SEM, metallography — cold and hot
* lon beam analyses: NRA, ... — cold only
« SIMS - cold only
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lon Energy vs lon Flux Density

1000 lon flux density in linear devices at
normal incidence, ion energy can
VISION | be increased by target biasing.
100 —
;
2 _
> 10 - g
g 7
LT T MAGNUM-PSI
L
I NAGDIS
1 11
0.1
1 E+18 1 E+20 1 E+22 1 E+24 1 E+26

lon Flux [1/mZ2.s]

Uytdenhouwen I. et al,
Plasma & fusion Science 996 (2007) AIP proc. 17th RUSFD, pp 159-165)
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Implementing agreement on the development and
research on plasma-wall interaction facilities for

fusion reactors

Z D04 ;
K. T7A)H, . 3—
N)LFE¥—)

x PA)HO#ITER

NELDAEHIY,

( EETOFED4 PWIH

=F

BHIE

E (%))

VINBIB: (Y. ATF .

HIZFEBNT



HHENDAO—T

VISAIHAMADERAFREFHEROMK

= s s

vV E &

BRICMITTCOE—EDEILFRFHEOILX

V) F LRUOSMHEMHME,
VPWIBIREIZHEITEHT XT3t [ D H it FERHD

2 =

ToBE=n

VIZELEIRIZHITSH LELE

IR T TOPWIFFZE

ERSKF TOEFER

x REFE DA LA —)LTOHE., TS5SXTmAAE DR
F. IvOITSAVTEHEEH-PWIHESHE. SRR
EERE. ETU T 3—FRERE



G ESIMOPWIEEE &F D

PWI facilities (in operation / under Special capabilities

construction / in planning stage)
NAGDIS Il (Nagoya University)
GAMMA-10 (U Tsukuba)

PISCES-B (UCDS)

TPE (Idaho National Lab)
PMTS (ORNL)

VISION | (SCK-CEN, TEC)

MAGNUM-PSI (FOM, TEC)

PILOT-PSI (FOM, TEC)
JULE-PSI (FZJ, TEC)

PSI-2 Julich (FZJ, TEC)

Divertor studies at high densities, detachment studies

Divertor studies in the largest mirror machine world wide

Be operation, extensive set of post-mortem analysis
methods

Tritium plasmas, moderately neutron activated targets
High particle and energy flux density, RF heating, reactor
relevant divertor conditions, neutron activated targets
Inside Tritium laboratory, Tritium plasma, moderately
neutron activated targets

High particle and energy flux density, reactor relevant
divertor conditions, sophisticated target analysis and
exchange chamber

High particle and energy flux density, forerunner of
MAGNUM-PSI

Located inside Hot Cell, Be operation, neutron activated
targets, sophisticated target analysis and exchange chamber
Forerunner of JULE-PSI, sophisticated target analysis and
exchange chamber under fabrication
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IEA TA “Co-operation on
Tokamak Programmes

>

..equilibrium and
stability, transport,
heating and CD,
pedestal physics, fast
particles, integrated
scenarios, diagnostics,
fuelling

Plasma wall
interactions and
divertor physics (only
in tokamaks)

IEA TA “Nuclear
Technology for Fusion
Reactors

»  Tritium Breeding
Blanket, Radiation
Shielding & Tritium
Processing Systems of
Fusion Reactors

» Plasma Facing
Components for Fusion
reactors (emphasis on
technology)

IEA IA “Fusion Materials

Experimentation on
Radiating Damage in
Fusion Reactors

Fast Flux Neutron
Irradiation of Candidate
Fusion Breeder Blanket
Materials

IEA IA “Plasma-Wall
Interaction Facilities for

Fusion
Reactors” (proposed)

>

>

Investigation of basic
PWI processes (erosion
processes, fuel
retention) under long
pulse conditions
Impact of PWI
processes on surface
morphology
Development of PWI
diagnostics

PWI under extreme
conditions (high fluxes
and fluencies, Tritium
plasmas, neutron
activated materials)
physical processes in
divertors and edge
plasmas
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(PMIF: International Workshop on Plasma Material Interaction

Facilities for Fusion Research)





