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Problem: Tritium retention on the walls

ITER < 700 g

Laser methods to
solve the problem:

« LIBS for deposited layer
In-depth characterisation
(depth & composition)

o Detritiation by:

- laser heating
- laser ablation
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Tritium trapping on the PFC

C,W,Be,D,T

D, T (C, W, Be)

1. T-implantation, 2. T-deposition with
Diffusion, Trapping eroded wall material

Deposited layer formation

e 10 nm (Be wall) — 100 pum (divertor)
e upto50% of D/T
e solid - friable (porous)
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JET (Joint European Torus), Culham, UK

JET — the biggest European thermonuclear installation.

. W7
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Ay

Type Tokamak --: griE J h it

Major radius 2.96 m i f'ﬁf =

Minor radius 1.25-2.10 m / )

Plasma volume 100 m® : - .1.;?.-4.;_ — %

Magnetic field 3.45 T (toroidal) | : !
Vacuum 10” Bar

Plasma DIT N\

Operation date 1984— ;

Diagnostics: EDGE = Thomson ' ¢ 8 , r & |
LIDAR scattering , : g
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General layout of EDGE LIDAR Thomson scattering system

Laser input beam line Wiz b

Scattered
light relay
path

Separatrix

\Dptics of
main
LIDAR
system

T ST

T ' Divertor ; ’
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LIBS in situ application on JET

Ruby laser: 690 nm, 3 J; 300 ps,

, G & =4 mm, 80 GW/cm?,
Divertor LIDAR LI°|5§R . .
Digitizers SE}‘?ECE“’EOF‘.X“ET ) @ one shot /5 min.
- or yohromator,

Electronics - :‘==:======q;_
\ ] === Dijvertor
o = | DAR laser
Calibration
box <€—

LIBS system: plasma plume & ~ 20 mm;

NA of the collection system = 1/40; M = 1/12;

Core LIDAR -~ .

detection system
(6-detector Polychromator)

Safety shutter

A

Biological shield
(concrete, 3m thick sides,
2.5m thick celling)

ANDOR Shamrok SR-303i spectrometer,
f=300mm, 1200mm-1, NA = f/4; slit 200 um.

ICCD camera

Scattered light

Main & divertor
7 LIDAR light paths

Collection mirrors

Laser
input mirror
Projection

mirrors

E0'6  BFF'9F BSTHY

Target: W-stripe with D/Be
and impurities deposit
(~10-100 pm thickness)
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Cea Experimental conditions for LIBS application in JET

vacuum (108 Bar)

distance - 5 m, with transportation - 7 m

limited NA for light collection(125 mm on 5 m)

target (vacuum chamber, non accessible)

« H/D/T (12 eV, thermal diffusion)
 Ruby laser (one shot/5 min)

 |limited experimental time (one week)
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Cea Experimental conditions for LIBS application in JET

Ei

LIBS Signal(detected photons) = N_x Q'#XAUX
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LIBS spectra with analytical Deuterium lines.

W-stripe zone with the deposited layer, vacuum, laser pulse energy ~ 3.0 J, spectrometer slit width = 200 um, grating -1800 mm-1,
ICCD camera delay = 180 ns, gate width = 2 ps.
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Cr, C*, D,, Be*, D, spectral lines are observed
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Lifetime of analytical spectral lines D,

100
| ~ lo exp(-t/t) where t ~ 700£100 ns
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-~~~ LIBS spectra after the 1st and 11th laser shots on W-stripe zone
Cea with the deposited layer
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LIBS spectrum after the first (shot nb 46) and 10% laser shot (shot nb 56) on the W-stripe zone with the deposited layer. Laser
pulse energy — ~ 3.0 J, spectrometer slit width = 200 um, 1200 mm-1, ICCD camera delay = 180 ns, gate width = 2 ps, vacuum.
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shot spectral lines intensity evolution

(layer on W-stripe)
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Cea The tiles observed after our experiments
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CONCLUSIONS

Successful qualitative in situ LIBS application in JET (vacuum
10° Bar, 10 m, D, / D,/ D,/ Be* /C* | Cr);

Adequate understanding of the processes, problems and
difficulties;

Possible improvements (fs/ps laser, collinear double pulse);
H/D/T isotope measurements (spectral resolution > 10000);

Further steps — quantitative LIBS with ITER-like samples,
Tokamak integration, and in situ validation.
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