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Background

Lawson criterion:
Fusion “triple product”

nxT x 1y >5x 10?1 keV m3s

n = Plasma ion density;
T = lon temperature;
7= Energy confinement time.

Fusion Power is proportional
with the reactor’s size

Fusion Efficiency Factor
QDT = I:)output/Pinput 210

Better confinement == Higher plasma current

|

fusion triple product (><1020 kev m 3 s)
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Higher plasma current = POTENTIAL HIGHER DAMAGE to the reactors due to the plasma disruptions

[1] Pitts, R., R. Buttery, and S. Pinches. 2006. Fusion: The way ahead. Physics World 19: 20-26

(1]
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Background — JET plasma disruption

Plasma disruption
Termination of plasma with rapid loss of
thermal and magnetic energy

HUGE thermal and mechanical
loads on the structure
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Background — JET plasma disruption

Plasma disruption

Termination of plasma with rapid loss of

thermal and magnetic energy

HUGE thermal and mechanical
loads on the structure
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[2] 1. Jepu et al, Nucl. Fusion 59 (2019) 086009

I. Jepu | RE impact on JET PFC| SPE meeting| Zoom| 20.10.2022




Background — JET plasma disruption Q)
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Background — JET plasma disruption Q)
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[2] I. Jepu et al, Nucl. Fusion 59 (2019) 086009
[3] G.F. Matthews, et al., Phys. Scr. T167 (2016) 014070 (7pp)
[4] G. Sergienko et al., Phys. Scr. T128 (2007) 81-86
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Background — JET plasma disruption

Plasma disruption
Termination of plasma with rapid loss of
thermal and magnetic energy

HUGE thermal and mechanical
loads on the structure

Consequences of the disruptions

- Thermal loads/Fast melting and
electromagnetic forces

- High energy
Runaway Electrons (RE)

|

Serious threats to
future tokamaks
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Background — JET REs ©

Plasma disruption
Termination of plasma with rapid loss of
thermal and magnetic energy

[5]

Significant melting

HUGE thermal and mechanical
loads on the structure

Surface alteration only

No damage

Consequences of the disruptions

No data

- Thermal loads/Fast melting and
electromagnetic forces

- High energy
Runaway Electrons (RE)

Serious threats to
future tokamaks
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Background — JET REs ©

Plasma disruption
Termination of plasma with rapid loss of
thermal and magnetic energy
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REs damage to JET PFC — Be limiter tile Laser 3D profilingT)

0 to 1mm (Datum - Free Form Fit Alignment 1) 0 to -1mm (Datum - Free Form Fit Alignment 1)

0.4
0.6
0.8
waos il
Number of points 6400 Mean 0.120  Upper Tolerance 0.120 Number of points 9160 Mean -0.137  Upper Tolerance 0.120
Number of failures 0 Standard deviation 0.188 Lower Tolerance -0.120 Number of failures 0 Standard deviation 0.232  Lower Tolerance -0.120
Number of points within tolerance 4567 Maximum value 1.000 Number of points within tolerance 6894 Maximum value -0.000
Number of points below tolerance 0 Minimum value 0.000 Number of points below tolerance 2266 Minimum value -0.997
Number of points above tolerance 1833  Performance 71% Number of points above tolerance 0  Performance 75%
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REs damage to JET PFC — Be limiter tile Modeling )

0 to 1mm (Datum - Free Form Fit Alignment 1) 0 to -1mm (Datum - Free Form Fit Alignment 1)
0.8 2|

Modelling of the RE induced damage to PFC
L. Chen, R.A. Pits, M. Lehnen, C. Reux, S. Ratynskaia et al.
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Number of points below tolerance 0 Minimum value 0.000 Number of points below tolerance 2266 Minimum value -0.997

Number of points above tolerance 1833  Performance 71% Number of points above tolerance 0  Performance 75%
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REs damage to JET PFC — Be limiter tile  Cutting

C
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REs damage to JET PFC — Be limiter tile  *Cuting ()

*Details on cutting performed at IAP to follow I. Jepu | RE impact on JET PFC| SPE meeting| Zoom| 20.10.2022



REs damage to JET PFC — Be limiter tile ‘jn2gngand

Microscopy

*performed at IAP I. Jepu | RE impact on JET PFC| SPE meeting| Zoom| 20.10.2022



REs damage to JET PFC — Be limiter tile “jpagndand )

Microscopy
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damage to JET PFC — Be limiter tile  Topo O
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Position of the
engraved ID
will show sample
orientation

To DO

» Cutting of selected castellations;
'» IBA analysis in poloidal, toroidal and “depth” direction;
> SIMS analysis;

ﬁ > SEM/EDX analysis
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Sectlonlng and preparation of samples from metallic JET
components at IAP. Microscopy investigations and sample
distributions to other laboratories
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runaway electron damage — Cutting p
9 procedure

v Using the beryllium processing
facility, cutting was performed on
the Be RE damaged tile

v Typical sample sizes: 10 mm x 10
mm X 10-12 mm or 10 mm x 10
mm x 2.5 mm

v" Any other size is possible with
some constrains

During cutting th&tile
temperature did not'exeeed 58°C

For temperature monitoring in real time a FLIR® E-Series Advanced
Thermal Imaging Camera, (+/- 1 °C ; 20-900 °C) was used I. Jepu / C. Porosnicu | IAP activities| SPE meeting| Zoom| 20.10.2022
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2022 Sample preparation and cutting — Be tile v optical Microscopy €_J)

C6RS C6R8
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2022 Sample preparation and cutting — W lamellae

Stack Lamellae position | Exposure Status Comment
A02 Full lamella
A12 ILW1+3 Full lamella
A A14-MELT Full lamella
A23 cuTt JET2
A24 cut JET2
B02 Full lamella
B12 Full lamella
B13 Full lamella SPE
B B17 Ful lamella | interest
B23 Full lamella
B24 ILW1+3 Full lamella
| B stack lamella I v;:m\>§
- 15
3

i
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Stack Lamellae position | Exposure Status Comment
A02 Full lamella
A12 ILW1+3 Full lamella
A A14-MELT Full lamella
A23 cuTt JET2
A24 CcuT JET2
B02 Full lamella

B12 ILW1+3 Full lamella

B13 Full lamella SPE

B17 Ful lamella | interest

B23 Full lamella
B24 ILW1+3 Full lamella

viom
| B stack lamella I ;"\)E
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2022 Sample preparation and cutting
— W coated CFC — exposure to He plasma in the PSI2 plasma linear device

0

3. _Choose your probe size and related maximum amount?;
(2) Probes are equally spread on Plasma maximum intensity circle.

Probe Main cl Maximum
dimensions (mm) amount per
(typical & range) mountlng
5mm
Probe
10mm 10 2 3 1 8
Probe
15mm 15 2 3 1 4
Probe
20mm 20 2 3 2 2

Probe
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2022 Sample preparation and cutting
— W coated CFC
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2022 Sample preparation and cutting )

(¢

Detailed results presented
by M. Rasinski et al.

WP PWIE: SP B

Tuesday 18™ of Oct 2022

300 Nm 500kY  IProbe= 800pA  SE2 540° On  wch1 it \') JOLICH

— 2500KX  Width=4573ym  WwD=51mm 9Jun2022 Rasinski ruesueamu| |AP activities| SPE meeting| Zoom| 20.10.2022




2022 Sample preparation and cutting )
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Detailed results presented
{ by M. Rasinski et al.

WP PWIE: SP B
Tuesday 18™ of Oct 2022
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Conclusions /@)

> REs damage of the JET’s Be limiter started with:
v’ Tile profiling;
v" Modelling based on tile profiling results;
v Cutting;
v" Imaging and optical microscopy.

» |AP cutting activities and sample distribution:
v’ Cutting of REs damaged Be tile partially completed;
v Imaging and optical microscopy completed; i
v’ W-CFC cutting and sample distribution completed; . - =
v W — lamellae cutting ongoing — sample distribution [#a*
to EUROfusion to follow

Thank you for your attention!
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