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Progress & developments 2006:
•EU CXRS Consortium
•India as new ITER partner, DNB specs.
•The Indian CXRS and BES Diagnostic

package
•Periscope Developments
•Software Development
a) CXRS-FIT
b)Simulation of Spectra
c) CHEAP ( Charge Exchange Analysis Package)
•Spectrometer development
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EU CXRS consortium established in  May 2006
Association Committed 

man years 
for these 
tasks

Key persons

TEC 
(FOM+FZJ)

8 Coordinators: 
R. Jaspers (FOM) and W. Biel (FZJ)
Key persons:
A.J.H. Donné and M. von Hellermann
(FOM)
A. Litnovsky and O. Neubauer (FZJ)

UKAEA 1 N. Hawkes
IPP 0.25 L. Horton, C. Maggi, E. Wolfrum
CEA 0.2 C. Fenzi
HAS 1 S. Zoletnik, O. Bede, G. Hordosy, Zs. 

Vizvary
IPP.CR I. Duran
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Positive ion 
source

Negative ion 
source

Energy(keV/amu) (80+/-10) (D0) (100+/-20)(D0)
Power(MW) 3.1 2.2 (6)
Neutral Current (A) 16.6 (full E) 22 (30)
Species mix 0.85:0.08:0.07 1:0:0
Divergence(mrad) 4.3 5      (10)
Spot size (m) <0.07 <0.1   (0.2)
modulation yes yes
Duty cycle 1:6 1:6
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Table II
200 keV, 50 A D beam
Source Dimensions : Y = 1.53 m (high) and X =0.58 m Divergence of 
the main beam : 10 mrad
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Courtesy: Drs M.Singh, S.Mattoo,  Indian Plasma Physics Research Centre
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CXRS reaction: 
Excitation of high-quantum shell impurity spectra following 
charge capture and subsequent inner-shell redistribution

BES reaction:
Excitation of beam spectrum following collisions of neutral 
beam with plasma ions and electrons
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Combination of CXRS and BES:

common line of sight and 
beam  geometry
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Proposed Active Beam Diagnostic Package 
for Indian Partners

BES calibration
a)beam intensities for cross calibration of 

absolute CXRS intensities
b) power deposition  profiles
c) beam imaging for shape and alignment 

control
d) Doppler shift measurements for precise 
active locations
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Indian Package continued…

BES MSE
e) measurements based on line intensity ratio of
pitch-angle profiles
f) measurements of total magnetic fields based 
on high precision Lorent split

BES – Density Fluctuations
g) density fluctuations close to plasma edge.
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CXRS on bulk ion protons, deuterons or tritons
a) absolute densities
b) isotope ratio d :t
c) fast ion distribution function of DNB 

produced slowing-down ions

Indian Package continued…
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Strategy:
Sharing of Software and its development
a) CXRS Fit
b) Simulation of Spectra
c) CHEAP
Shared Pilot Experiments

Atomic needs for Hydrogen package 
Experimental and theoretical:
1) Dedicated Experiments bench-marking beam-emission 

against beam stopping
2)   Review of beam emission processes
3) Bulk ion CXRS Experimental and modelling
4) Excited populations
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Conceptual optics design
for ITER Core-CXRS U-port
periscope combining neutron
labyrinth and Cassegrain output
optics

full view of DNB path (2m)

(double) vacuum window

cassegrain optics

rear part of port plug

fibers to spectrometer

adjustment mechanism

Double Vacuum Window

Adjustment mechanism

Rear of periscope

Fibres to spectrometers

Cassegrain output to fibres
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Simulation of Spectra
•Creation of synthetic spectra based on plasma 

environment and atomic data (ADAS files). 
•Active features (thermal and fast ions)
• Passive features (continuum, edge lines, PCX)
• Sensitivity analysis for parameter retrieval
• Optimization of instruments
• Optimization of neutral beam specification
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Simulation Structure:
1) Use CAD data for ITER geometry

a) first-mirror coordinates (U-port-3, U-port-2, E-port-3)
b) DNB injection coordinates
c) Torus geometry

2) Use DNB specifications
3)  Model periscope imaging properties
4)  Use Spectrometer and CCD specifications
5)  Model neutral beam stopping (ADAS)
6) Model DNB excited population (ADAS)
7) CXRS and BES emission rates (ADAS)
8) Model q-profile and pitch angle
9) Model continuum radiation
10)Model PCX emissivity
11)Create Synthetic spectra
12) Model DNB modulation effects
13) Assess noise performance
14)Assess parameter errors
15)Provide bench-mark data for CXRS/MSE Pilot Experiments
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Spectrometer specifations for
ITER CXRS and  BES
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Key specifications for the ITER CXRS special design
Echelle spectrometer , W.Biel (FZJ)

1. Wavelength resolution / instrumental width <= 2.5 Å

(FWHM)

2. Entrance slit width >= 1.0 mm

3. Entrance slit height >= 12 mm

4. Acceptance angle / f-number >= f/2.9

5. Table of the wavelength ranges and diffraction orders

which have to be monitored simultaneously:
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Impurities λmin / Å λmax / Å Diffraction
order m

DI, ArXVI 4320 4400 18

HeII, BeIV 4608 4736 17

ArXVIII, 
NeX, CVI

5194 5331 15

NVII 5629 5709 14

OVIII 6028 6108 13

W.Biel, FZJ
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Combining main CX spectra on single detector making use of crossed
Echelle grating technique, W.Biel FZJ
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