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Introduction

® |TER plasma facing material: W
® Tore Supra, C wall (shut down 2011) — WEST (started 2016): W wall

3 " Upper divertor target

Cu/W coating

Major radius 2.4 Heating power 7+12

(m) (MW) (LH, ICRH waves)
Minor radius 0.7 Plasma duration 20-100...

(m) (s)

Plasma volume 12 Energy conf. 0.8

(m3) time (s)
Vol. average 3-510%° Temperature 2-6
density (m-3) (keV)

[Bucalossi NF 2022]
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Impurity contamination much more complex in WEST
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Introduction

® In ASDEX-U, JET, WEST: investigations of W sources and contamination

W accumulation due to collisional transport Prevented by electron heating but...
WEST
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Impurity contamination must be monitored and mitigated in real time
Spectroscopy allows detailed impurity inventory in plasmas
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® Introduction and scope

® Means and methods

® Results

® Summary and conclusion
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@ Experimental means and methods : 1. The spectrometers

® Two Schwob-Fraenkel, extreme UV spectrometers [Schwob RSI 1987]
- Concave (2 m) 600 g/mm grating
- 10-15 ms resolution

- Absolutely calibrated [Guirlet J. Inst. 2017]
— SURVIE 0 05, SIRineotsightrange — SIR o

- Single detector: 225-302 A ok - Two mobile detectors in 15-340 A
- Single line of sight 04 - Mobile line of sight
- Data fed to real time network o2 - Physics studies
- Plasma control algorithms o 1 i TV S S
- Long term impurity monitoring o :

WEBST#57972 - SURVIE spectrum (14.9987 to 15.9987 s) -Z: ié j

- 2 s 52 s (79170173

Wavelength (A)

230 240 250 260 270 280 290
Wavelength (A)

Counts/s
o [ N w -y w [=)] ~

230 240 250 260 270 280 290 300
Wavelength (A)
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Experimental means and methods : 2. The references

® Abundant literature: magnetic fusion (AUG, JET, LHD,...) and EBITs

® N|ST atomic spectra database https://www.nist.gov/pml/atomic-spectra-database
Most complete (elements/ions, transitions, wavelength domain)

NIST

Dara Informarion
ASD Lines Levels il SroundSies & - pipliography Help Stondords “7%
PECTRA  lonization Energies Physical Meas. Laberatory
NIST Atomic Spectra Database Lines Data Example of how to reference these results:
Kramida, A., Ralchenko, Yu., Reader, J., and NIST ASD Team (2022). NIST Atomic

Spectra Database (ver. 5.10), [Online]. Available: hitps:physics.nist.goviasd [2023, May

W (all spectra): 108 Lines of Data Found I e

Wavelength rand 220 - 300 A
Wavelength in: vactitrreeie® 2000 A, air between 2000 and 20000 A, vacuum above 20000 A

Highest relative intensity: 3000

BibTex Citation (new window)

® HULLAC : [1] A. Bar-Shalom et al., J. Quant. Spectrosc. and Radiat. Transfer, 71,169 (2001)
Electron excitation, ionisation, auto-ionisation rate coefficients
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® Introduction and scope

® Means and methods

® Results (see also poster by C. Desgranges et al.)
® Summary and conclusion
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@ Results

® |mpurity injections
® \/oluntary : gas puffing, boronisation
® |ncidental : plasma start-up
® |ncidents
® Plasma-antenna interaction
® Plasma-facing components

— Time correlations (IR, Vis, rad. power...)
— Comparison SURVIE/SIR
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E Results

® Impurity injections B powder dropper [Bodner NF 2022]
® Voluntary : gas puffing, boronisation | . -

® |ncidental : plasma start-up
® |ncidents

® Plasma-antenna interaction

® Plasma-facing components

Before injection Durmg |nject|on

WEST#56830 SURVIE ( 8- 10 s)

< %10° |
A BVx5 BV XLIIXLIV 1
oy \w VIV \ W XLV | W XL ]
i ™ l W |
1 1
0 | | | | | | | |
230 240 250 260 270 280 290 300

Wavelength (A)
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E Results

® |mpurity injections

3.5

® |ncidental : plasma start-up

Cu/W coating

Time=0.061s, Bo=3.85Tat Rp=2.3Tm

_/'

T T T T T T T
175 2.00 225 250 275 300 325

R[m]
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Counts/s
=
- w N

0.5

Time=0.407s, Bo=3.86T

WBST#52469 - SURVIE (0.19017-0.49017

232 234 236

CuXIX273.35A

240

at Rg=2.37Tm

T T T T T T T
175 200 225 250 275 3.00 325

R [m]

0 280 300
avelength (A)

«10° WEST#52469 - SURVIE - Cu 234.7
4 T T T T

3525,,-3p2R,, 3

Cu XVIII 234.2 A
3s21S,-3s3p 1P,

Time=0.753s, Bp=3.86T at Rp

1 | | | |
0 2 4 6 8
Time [s]

Time = 1.445s, Bo=3.86T at Ro = 2.37m

=2.3Tm

R[m]

T T T T T T T
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Results

Time = 0.407s, Bo = 3.86T at Ro=2.37Tm

® |mpurity injections Cu/W coating..|

® Incidental : plasma start-up BN —t—apf |

175 200 225 250 275 300 325
R[m]

%104 WEST#54295 (without) and #56865 (with BN tiles) - SURVIE

12 |
before BN N IV NV N IV
19" with BN -
g oIV O ol ||
0 Ti XVIII x2,
a Ti XX Ti X
6 2 R _
§ (259.274) gy (289.58 A)
o
. 4
BN tiles on inner bumpers: .

- O outgassing,

- Ti from expansion joints 0 . . ! . | I . .
230 240 250 260 270 280 290 300

Wavelength (A)
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Results

® |ncidents
® Plasma-antenna interaction: LH couplers

«10° WEST#58272 - SURVIE spectrum (27.5-27.7 s, 26.65-26.85 s)
without LH .
10 with LH Cu XIX273.35A -
8l Cu XVIII 234.2 A 35251, —3p 2Py, |
3s21S,-3s3p 1P,

12

Counts/s
[=)]

0 1 1 | - | . -‘ B : 1 ™~ 1 7 - 1 .
230 240 250 260 270 280 290 300
Wavelength (A)
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Results

lon Cyclotron
antenna

® |ncidents
® Plasma-antenna interaction: ICRH antenna

SS / Ag coating

%103 WEST#53778 - SURVIE (6.9 to 7.3 Sec)
2 W|t-hout ICRH Ag XIX 1
with ICRH Ag XVIII (263.57 A)
Lar (244.31 A) 1

Counts/s

230 240 250 260 270 280 290 300
Wavelength (A)
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@ Results

Lower Hybrid
coupler (Cu)

® |ncidents

® Plasma-facing components

’

Protection
limiters (W
coating)

6 «10° WEST#58561 - SURVIE (3-3.1 s, 3.5-3.6 5, 4-4.1 5, 4.32-4.38 Sec)

Before

The incident reveals a
quasi-continuum

230 240 250 260 270 280 290 300
Wavelength (A)
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E Results

® Set of typical spectra in various scenarios / spectral line tables

® Real time monitoring and

control of incidents

«10° WEST#58272 - SURVIE - Cu XVIIl 234.7 A

® ‘Control room’ impurity density

800

= 600
2,

:, 400

200

10

| Cu XVIII signal

cts/s
)]

---1 Threshold

melectron temperature

o}
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|

I ‘ ‘ A
23 24 R
1

1

|

LH power

P, [MW]

Time [s]
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® Introduction and scope

® Means and methods

® Results

® Summary and conclusion
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E Summary and conclusions
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EUV spectroscopy proves adapted to WEST impurity set
About 15 elements can be monitored in the 225-302 A range of SURVIE
Impurity concentrations made available in the control room

Use of W and increasing number of requirements — Tokamaks emit (very)
complex VUV-EUV spectra

If correctly and completely identified, they can/must be used for various purposes:
® |mpurity contamination/transport studies
® scenario control and tokamak safety in real time

High spectral (A/AA ~ 200 @20 A, 2000 @200 A) and time (10 ms) essential
Future (ITER): need for automatic analysis of measured spectra
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@ Introduction
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Tokamaks: the larger, the dirtier? NO !!!

0T0C 4N '[P 13 Y31i2119nd

Need for (real time) impurity monitoring and control
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