Investigation of the Extreme-UV background emission
in WEST tokamak
M. B. Boumendjel, R. Guirlet, C. Desgranges, J. L. Schwob, P. Mandelbaum,
E. Popov, O. Peyrusse

To cite this version:
M. B. Boumendjel, R. Guirlet, C. Desgranges, J. L. Schwob, P. Mandelbaum, et al.. Investigation of
the Extreme-UV background emission in WEST tokamak. 48th EPS Conference on Plasma Physics,
Jun 2022, E-Conference, Netherlands. �cea-03780554�

HAL Id: cea-03780554
https://hal-cea.archives-ouvertes.fr/cea-03780554
Submitted on 19 Sep 2022

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of scientific research documents, whether they are published or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Investigation of the Extreme-UV background emission
in WEST tokamak
M.B. Boumendjel1, R. Guirlet1, C. Desgranges1, J.L. Schwob2, P. Mandelbaum3, E. Popov4, O. Peyrusse5
and the WEST team1
1

CEA, IRFM, F-13108 St Paul-lez-Durance, France.
2 Racah Institute of Physics, Jerusalem, Israel
3 Jerusalem College of Engineering, Ramat Beth Hakerem, Jerusalem, Israel
4 Aix-Marseille Universite, Institut Fresnel UMR 7249, Marseille, France.
5 Aix-Marseille Universite, LP3, Marseille, France

Background & Motivations

Bremsstrahlung & recombination radiation

 Tungsten (W) density can be determined
experimentally from its spectral line brightness [1]:

•
•
•
•

- Errors in line brightness determination due to background estimation.
• Low Z spectra (Tore Supra):

• High Z spectra (WEST):
- Apparent background is not small.
- Fitting procedure results depend
strongly on the initial guesses.
What is the background real value ?

- Small background compared to lines.
Minor role on brightness values.
Uncertainties are small.

Reasonable and fast
estimation of the
two processes

 The comparison of Bremsstrahlung (ff) and radiative recombination (fb) is done by
calculating the local emissivity ratio Rε of the two processes:

WEST #55518 -GL

1e5

Tore Supra #31518 -GL

Continuum emission calculations (ff, fb)
Maxwellian emission coefficients (Cff, Cfb) [4].
Impurity : tungsten (Z=74).
Wavelength range : λ = 10 – 300 Å.
Temperature range : Te = 50 – 5000 eV.

Rε ~ 3

Counts/s

Rε ~ 1

- λ < 50 Å: fb is not negligible
and can be dominant below
500 eV.
- λ > 50 Å: fb is negligible with
respect to ff for almost all
temperatures (λ=115-165 Å in
particular).

Rε ~ 5

 Total Bremsstrahlung [5] :

Wavelength Å

Analysis of a low temperature spectrum (Te ~ 1 keV)
We attempt to answer this question
by assuming that the measured
spectrum Btot (in the wavelength
region 115-165 Å) is composed of:

Bremsstrahlung

Recombination radiation

 Application to spectrum measured by GL (115-165 Å) during the discharge #55647:
Higher diffraction orders B2 and B3

Higher diffraction orders emission

Bremsstrahlung Bff
- Evaluated using #55647 plasma
parameters and Zeff=2.5.

- Estimated using a spectrum measured by
PL (45-68 Å) during the discharge #55589.

Higher diffraction orders emission
 Light propagation Inside the spectrometer:
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WEST #55589 –PL detector
ne= 4.2×1013 cm-3
Te= 1300 eV
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WEST #55647 –GL detector
ne= 4.5×1013 cm-3
Te= 1200 eV

Grazing incidence spectrometer [2] (α=88,5°)
Measured brightness

Grating efficiency

Detector efficiency
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Higher orders

B2

 Bremsstrahlung (Bff) is negligible.

First order

 2nd order B2 may contribute to the spectrum.

 spectral lines dominate the emission (merge into an apparent background ?).
 Individual lines wavelengths above 145 Å correspond very well with those of
47-53 Å quasi-continuum, which casts some doubt on the 3rd order calculation.

Grating efficiency simulation
• Differential method [3]
• Wavelength region : λ = 40 – 200 Å
• Grating parameters:

Uncertainties in line brightness (therefore W density) determination
may not be small.
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Conclusion & Perspectives

 Km>1(λ) coefficient :
relates the spectrum brightness of a particular
order m Bm>1 to the first order spectrum B1.
- Identical detectors (their efficiency ratio ~1)
- Good agreement:
2nd order K2 calculations and measurements.
- Errors : concave grating aberrations (5-15 %).
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-

In the wavelength region 115-165 Å at low temperatures (Te ≈ 1 keV) :
Continuum emission (Bremsstrahlung and recombination) is very weak.
Higher diffraction order emission may contribute to the spectra.
Spectral lines dominate the emission.

 What about spectra measured in different wavelength and temperature ?

