




















instrumentation. A serious challenge is the maintenance of the “First Mirror” and its
durability during ITER operation (cf. [27]), a similar challenging task is the
performance of the proposed DNB (100keV/amu, 36A, 7mrad) which stretches
today’s technology in terms of neutral beam current, beam divergence and duty cycle.
The following performance studies are developed for a standard ITER plasma
scenario-2 with a flat electron density profile (10°’m™) an electron temperature of
25keV, ion temperature of 21keV, vi,,=200km/s and a magnetic field of 5.3 Tesla.
Ongoing discussions suggest a beryllium and tungsten-only impurity composition. In
this case, the main ion temperature monitor will be the BelV CX spectrum at 465nm.
Alternatively, a low-level of Neon (0.1%) may serve as a CXRS temperature indicator.
The main goal for the ITER CXRS, the measurement of core helium ash densities, will
even benefit from enhanced levels of beryllium providing twice the same ion
temperature information in the same spectrum (cf.[31]).

For MSE, a complementary scheme to the proposed HNB based MSE polarization
measurement, is the use of line intensity ratios in the DNB induced MSE spectrum.
ITER relevant pilot experiments presently performed on TEXTOR are presented on
this conference [26]. Figs.8 and 9 show the predicted MSE spectrum and the error
analysis for the MSE evaluation, where the pitch angle is derived from the intensity
ratio I/l as measured by the Upper-port-periscope and the expected error levels
across the radial profile for pitch angle, Lorentz field and MSE amplitudes. For a dt-
plasma the CX feature comprises both d and t, and therefore the local fuel density ratio
d/t may be derived from the combined CXRS/BES spectrum.

CORE CXRS

EDGE GXRS (UP)

EDGE MSE

EDGE CXRS (LOW)

FIGURE 6 ITER Core and Edge CXRS periscopes. The DNB is injected approximately radially (angle of
7°) it reaches the magnetic axis at R=6.2m, z=0.6m. The periscopes consist of optical labyrinths in order to
avoid a direct neutron streaming from blanket to the end of periscope. A crucial part is the “First Mirror”
(c.f. [26,27] ) close to the blanket aperture which will be mounted on a heat-exchange system at the end of
an extractable tube to allow replacements in case of irreversible damages.
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FIGURE 7. Performance analysis for ITER based on evaluation of predicted CVI spectra (¢(C)=1%,
n=10"m", T;(0)=21keV), T(0)=25keV, vi,~200km/s). Integration time 0.1sec. In the case of a tungsten
and beryllium scenario for ITER, alternative CXRS ion temperature monitors such as low level Ne*'” will
be used.
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FIGURE 8. “MSE_Simulation” Predicted MSE (Er=vpxs x B) and D-alpha-CX spectrum for ITER U-port-3
for a magnetic field of 5.2Tesla. The local pitch angle and safety factor q is derived from MSE intensity ratio I/I; ,
the local field from the Lorentz split. The huge offset represents the underlying continuum. Both continuum and
edge lines will be subtracted in the case of neutral beam modulation or use of a passive viewing lines not directed at
the beam.
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FIGURE 9. Error analysis of DNB induced Balmer Alpha spectrum (ITER U-port 3, 1=0.1s, slit-width =0.1mm).
The most accurate parameter extracted from the spectrum is the Lorentz split representing the local total magnetic
field. The pitch angle is used for the deduction of the g-profile, the MSE amplitude represents the local DNB
density and finally the CX amplitude represents the bulk ion deuteron density. In the presence of d and t the local
isotope ratio d/t may be deduced from the respective CX intensities.

Non Thermal Slowing-Down Features
The use of CXRS has been proposed in several papers as a promising option for the
diagnosis of fast ion distributions (cf. [8,13,28.,29,31]). Two cases are considered,
alpha slowing down spectra and beam fast ion spectra [13,28]. For ITER the potential
use of the proposed CXRS diagnostic in connection with the 100 keV/amu DNB and
the 500 keV/amu HNB is briefly summarized here. In this paper we present as an
illustration the isotropic case of slowing-down 3.5 MeV alpha particles as predicted
for ITER. The source rate profile is based on nuclear reaction rates [30]. The alpha
velocity distribution function depends on source rate, critical velocity and slowing-
down time. Each parameter can, in principle, be extracted from the comparison of
modelled and observed spectrum.
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Finally, the observed spectrum which is the result of a 3-dim integration in velocity space
representing the convolution between collision velocity dependent emission rate and the
slowing-down function is given by [13]:

0 x 2r
S = [v? adv'[dO'sing' [dp'g,,, (.0 90, (,)5(v, —V'cos")
0 0 0

(10)
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FIGURE 10 Alpha Source Rate profile for ITER FIGURE 11 Predicted Hell CX spectrum in logarithmic

based on d-t nuclear rates [30] scale for the Maxwellian thermal feature (blue) and the
slowing-down alpha feature (red) for the case of an ITER
standard plasma. The x-axis scales as AA?, or energy. The
SNR values refer to dedicated broad-band instrumentation
(2nm/mm, and integration time of 0.1s). For the higher
energy range up to 2MeV the use of the MSE periscope in E-
port-3 aimed at the 500keV/amu HNB is proposed [31].
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