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Investigation of the extreme-UV background emission in WEST tokamak
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The inner walls of current (WEST, AUG, JET) and future (ITER) tokamaks use tungsten W.
In such a wall configuration, one of the issues is the tungsten effect on plasma fusion perfor-
mance. Thus it is necessary to monitor W density. Many research works were performed to
determine the W density experimentally [1, 2]. However, little attention has been given to the
tungsten spectrum background that may affect its density determination. The aim of this work
is to analyze the tungsten spectrum background (115-165 A) measured in the WEST tokamak
by a grazing incidence spectrometer [3] (Fig. 1 (a)). The instrument has been calibrated in ab-

solute units of brightness [4]. An example of a spectrum measured on WEST to which a fitting

s WEST #55518 -GL

‘ —— Measured spectrum
—— full spectrum fitting
L — Background

Grazing incidence spectrometer

Grating
(a) Rowland circle
Entrance slit

1T
' -\‘\‘J\ {!

Counts/s

Counts/s

y (mm)
‘
»
=]
o)
oy
lu\
CY
! \
g =
2 =
2 =
aQ
<
[&) a | =
- Ys
v
o v L L e e e WL L

120 130 140 150 160
Wavelength A

Figure 1: (a) Absolutely calibrated Grazing Incidence Spectrometer equipped with a 600g/mm concave
grating (G) and two multichannel detectors MCP (PL and GL) that scan along the Rowland circle. (b)
Example of spectrum measured on WEST and a result of the fitting procedure. (c) Same as (b).

procedure is applied is shown in Fig. 1 (b) and (c). The fitting method consists of minimizing
the difference (y2) between the measured spectrum and the model (in which the background is
represented by a polynomial and the spectral lines by Gaussian functions). The fitting results
(orange color in Fig. 1 (b) and (c)) are very good. However, the background and line ampli-
tude values depend strongly on the initial guesses as can be seen in Fig. 1 (b) and (c), which

affect the determined physical quantity (W density in particular). For this reason, it is necessary
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to ascertain the physics basis for the spectrum background. This is done by assuming that the
measured spectrum brightness By, is composed of: spectral lines By;,., Bremsstrahlung By,
recombination radiation By, and higher diffraction orders emission B!

Bror = Bline + By + By +B"! )

2 s~!sr=1) for the first three terms is defined as the integral of the

The brightness (Photons cm™
local emissivity €° along the line of sight: B = ﬁ [ €%dl. The expression of the last term B">!

will be derived below.

Background emission

Bremsstrahlung (free-free) and recombination radiation (free-bound) are calculated using the
Maxwellian averaged emission coefficients (C;f and C}b) reported in [5]. These coefficients are
used because they provide a reasonable and fast estimation of the two processes, which allows
us to investigate a broad range of wavelength (10-300 A) and electron temperature 7, (50-5000
eV). The comparison of Bremsstrahlung and radiative recombination is done for tungsten by

calculating the local emissivity ratio R, of the two processes:

Re — % _ ne Ny szzcjsz _ szzcjsz ?)
Erp neNy, szzcjsz szzcjsz

The W fractional abundance f; is calcu-

lated with ADAS [6]. The ratio R¢ is shown ‘

in Fig. 2. It can be seen that radiative re-
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length, the radiative recombination is not
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negligible, and can be dominant below

T, ~ 500 eV. The total Bremsstrahlung is Figure 2: Emissivity ratio Re as a function of T, and A.

computed using the expression of the ef- White curve: Re =~ 1, blue: Re =~ 3 and red: Rg = 5.

fective charge Z, 7 [7]:

2 - hc
err(A) =9.584.10" 14" _7 G rexp(——— 3
rr(A) AT G p( ATe) (3)

The expression for the last term B™>! in Eq. (1) is derived using the following reasoning:
a beam of light, characterised by its brightness By, hits the grating G with an incidence angle
o = 88.5° (see Fig. 1 (a)). The light diffracted in each order m is equal to the brightness By
multiplied by the grating efficiency of that order Ef. This quantity is then multiplied by the

detector efficiency Ep to obtain the measured brightness B™ at apparent wavelength mA:
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B"(mA) =BoEg(A)Ep(A) )
the second and third diffraction order of the spectrum measured by PL (A = 45 — 68 A) may
contribute to the spectrum measured by GL (A = 115 — 165 A), as shown in Fig. 1 (a). Each
order contribution can be estimated using Eq. (4):

B"!(mA) _Eg~'(A) EF"(A)
B'(A)  E5(A) ERF(R)

Rearranging this equation yields B”>!(mA) as function of the first order spectrum B! (A):
B™ ! (mA) = BHA)K™1(A) (6)

The coefficient K”>!(1) can be seen as a func-

— st =
(a) 1° order m=1
27 order m=2

3 order m=3

tion that relates the spectrum brightness of a par-
ticular order m to the first order spectrum. The
grating efficiency E; is calculated using the dif-

ferential method [8]. The results of the first three \

orders are shown in Fig. 3 (a). The detectors ef- ~
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ficiency ratio is assumed to be a constant close Wavelength A
05 \ -
to 1 since they are almost identical. The calcu- \ (b) x
04 \ o Ki..
lated coefficient K1 (blue) and the measured - \

one K2, [4] (two green points) are given in Fig.
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3 (b). The agreement between K? and K2, is

mes

good, and the difference between the calcula- ~

tions and the measurements is due to the small " Wavelongth A

variation of EgL / ESL around 1, and to the con- Figure 3: (a) Grating efficiency. (b) The coeffi-
cave grating aberrations that can introduce an er- cient K™=,

ror up to 15 %. Recently, the detector PL has been damaged and replaced by a similar one, but
with an efficiency twice lower than that of GL. Thus, a ratio ESL/EFL ~ 2 will be used in the

calculations for spectra measured after this change.

Application

The procedures described previously to calculate the background emission are applied to a
spectrum measured by the detector GL (115-165 A) during the discharge #55647. The maxi-
mum density and temperature along the spectrometer line of sight are n, = 4.5 x 10! cm™3
and T, = 1200 eV, respectively. An effective charge Z.ry = 2.5 is used to evaluate the total
Bremsstrahlung emissivity. Because the two detectors PL and GL cannot measure simultane-

ously the wavelength regions 45-68 and 115-165 Adue to the dimensions of the two detector
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carriages [3], a spectrum measured during the discharge #55589 (see Fig. 4 (a)) is used to esti-
mate the second and third diffraction orders (B> and B?) of the quasi-continuum (QC) emission
around 60 and 50 A. The spectrum brightness B;,; and its background components as defined
by Eq. (1) are shown in Fig. 4 (b). The results show that the calculated Bremsstrahlung and third
order emission are negligible. However, a careful analysis of the peak positions show that the
spectrum above above 145 A corresponds extremely well with the 47-52 A QC, which casts
some doubt on the calculation of the third order. This now under investigation. The second order
emission B2 contributes to the spectrum brightness and it is possible to observe second order
spectral lines in the wavelength region 115-135 A. However, The most significant contribution
to the spectrum By, is the first term By;,., which indicates that the spectral lines dominate the

emission in the wavelength region 115-165 A at low temperatures (7, ~ 1 keV).
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Figure 4: (a) Quasi-continuum (QC) emission around 50 and 60 A (#55589). (b) Spectrum brightness
(#55647) and its background components.
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