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ITER CORE CXRS

1) Physics Issues versus Measurement Requirement Table
and Budget
2) ITER partners
3) Sharing of physics tasks
4) Sharing of Supporting Software
a) Simulation
b) Spectral Analysis (“CXSFIT”)
c) Data Evaluation (“CHEAP”)

5) Optimisation of Instruments
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Trilateral Euregio Custer
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CORE CXRS

EDGE CXRS (UP)

EDGE MSE

EDGE CXRS (LOW)
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TER-NL
CXRS periscope , TNO Delft

ITER CORE CXRS
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An'EU CXRS consortium has been formed recently with

substantial commitments to CXRS port plug and instrumental
developments

Project managers : W.Biel, FZ-Juelich, R.Jaspers, FOM

Consulting partners ,IPP Garching, UKAEA Culham, CEA
Cadarache, ENEA Padua
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ITER CORE CXRS

suregio uuser

wavelength calibration
identification of spectral feature
@ute calibration
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Spectral
Prediction

Code
“CX-simulation”

extraction of intensity
idth and position

localisation +

magnetic mapping

@donor density

@Sistency cheE
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Spectral analysis
Code
“CXSFIT”

CHarge
Exchange
Analysis
Package

“CHEAP”
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3: MATLAB simulation package includes presently:
ITER CORE CXRS 1) ITER

2) JET

3) TEXTOR

4) ASDEX

S) Tore Supra
6) W7-X

7) HL-2A

8) HT-7

9) EAST

10) SST

11) RFXP
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— Beam Parameters :

negative ion source J E [100 j [ketfamu]  Ineut  [T35  qa
div [ 7 [mrad]
ITER Upper Port 3 J ey [ 1 fEm [0 | fEm 0
ITER CORE CXRS lREket apatiits i) N w [ om
— Spectrometer Settings &irljtk%rjﬁ [ &85 | [ rn;EEICEJVNB [ = 8
guanturm efficiency ]T [%] — Active Spectrum- —
F-number |T CX-Line ]C*u’l 87 j [ Fiz Ti & Omena
Ciptical Throughput I_IF — Passive components
integration time IT [=] S IT I Ahedae 120 [
slitwidth I PCY-component  [Fix Ti & Om to CX-boundary =]
slitheight [ 12 [ ndatboundary [ 2 [{0%1Bm*-3] [ Show PCX modsl
GiERErSion [ 0055  [piel - Plasma Parameters
binning 4 T [ 21 v alpha-Ti | 08
pixels |_1§;ﬁ_ Tedd) I_ig_ [ke] alpha-Te m_
pixelsize [ 20 [micrang] ey [ 1 0e20m3l  sgnane | 01
|_

vt I 200 [krmisec) alpha-0m 0.5

Concentrations (%
[N Modulation o 020 EE M
| Hewa | 4 Besd [ 2 ce6 [ 1 @sa] o Are1B
Output File ] OutputFile 4T | 0 O+8 | 0 Me+1n I 0 Ar+16 I 0 I i

— Spectral Fit Results

v-tor : 1.89e+005 m'sec; error = 2.14%
Ampl : 2.32e+014 ph/m»2/st/siA; error= 0.61%
Base : 7.57e+015 ph/m*2/sr/s/A; error= 0.01%

Ti :19.3982 keV; error=1.26%

<SNR at half ampl> : 34.7857 I Show Optimisation
Multi-Device-CX-Spectra- Simulation (V5.12)
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— Calculated spectrum

x 10" ITER Uport3 CX CVI Spectrum
?.55 T T T T T T T I I
spectrum
79+ fit i
| acx
ITER CORE CXRS _ 785 edge
< 78r pex
= .
@ 775} il
[ |
£ 77¢ 1
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> 7651 .
&
g 76 i
f 755 .
7.5+ .
745¢ i
5250 5260 5270 5280 5290 5300 5310 5320 5330
lambda/A
I Show Raw Data

— Description of components
CVl-edge at 529059 CVI-CX at5292.18

CVI-PCX at 529082 TIi-PCX:0.92 keV

Clll:5304.62

Bell-edge: 5270.42
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Error Analysis for CVI, U-port-2, 1=100ms

Parameter Errors

velocity

= |on Temperature |
= CX Intensity

error (%)

0 0.2 0.4 0.6 0.8
minor radius r'a
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ITER CORE CXRS

irnateral cureglio uuster

Parameter Range Time Res Space res accuracy
Vtor 5-200 km/s | 10 ms a/30 Skm/s
Vpol 5-50 km/s |10 ms a/30 Skm/s
Ti, core 0.5-40 keV | 100 ms a/10 (a/30) 10% (5%)
(r/a<0.9)

Ti, edge 50eV-10 100 ms Thd 10%
(r/a>0.9) keV

Core He 1-10% 100 ms a/10 10%
density

— M. von Hellermann

ITER CXRS measurement requirement table
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ITER CORE CXRS

Schematic overview of Active Beamn
Spectroscopy on ITER

periscope fibre link

Basic concept:
Multi-wavelength instrumentation for each radial chanr
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Special role of spectrometers for
CXRS project

» Last optical element in the chain, outside the
port plug, so a later construction/delivery or
step-by-step implementation appears possible

 However probably by far the most expensive
items, therefore quite relevant for the project
plan

» Spectrometer specifications closely related to
mirror labyrinth and fibres

» Feasibility of ITER core CXRS depends to a
large extent on the development of a well-
working spectrometer design



Spectrometer specifications:

Wavelength ranges which are to be monitored simultaneously

No. | Wavelength Elements Resolution Remark
range A/ A | A
1 4608 — 4736 He Il, Be IV 2 Required
2 5189 — 5331 C VI, Ne X, Ar XVIIl |1 Required
3 5629 — 5709 N VI 1 Optional
4 6028 — 6108 O VIl 1 Obsolete
5 6490 — 6630 BES band 1 Required
India!

Note: ,,work horse“ type spectrometers inside p < 0.5;
more flexibility requested for p > 0.5




Spectrometer specifications

(cont‘d):
* Spectrometer properties:
— Etendue per spatial channel: 1 mm? sr
— Transmission/efficiency: 0.6
 Fibre specifications:
— Core diametre 0.2 mm
— NA 0.22
— Cladding/core ratio 1.1

« Camera specifications:

— Chip size suggested 26 mm x 6 mm



Layout spectrometer (1 NO)
simultaneous 3-band detection
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* Echelle spectrometer with cross-disperser:

5

> arrangement of spectra on the detector

ITER CORE CXRS

1:1 imaging ratio, option 1 1:1 imgg;_i_ng ratio, option 2

e e e i i S
R = —— 3
— T e - e _ —
e e
Y £ - T S A —
e~ P -
- —_— P — " =
o £ 5 e S = s
= o _ e
_ e R = e
| ——= —— = — .
= — —r—_ —_— -
- —— — - — - —
- - = ;
e e
. ——— =
e = - —= —
L T : — = e
. - o A g
i e T e LR d .- R o 2 e L
— - - - —: - — A i - - 2— T g
e e e . N e e e T L Ty = —=n T —aawER P > -
= I e T i e i " e i == —— = - == e T —— i
= — e e T o T R T S < —_— N i = T._,——'— = ——
== L i e T e 2T — T e — e =
— . == P — R as = 2 e
=== — — T — — ———Z Z B _
o - ——— e — _— e —
e e g e T il ———= - =
I e .= e e —_ = =

3T = S ——— - T g EERTR T
— A e — e e — i R — = ——— B

- — = =2 = i T e > — = I —— .
it T RaFET — g et e e e
. _ — = I—- - - —= - = - = 1
=T —= = M T
- == = — - - - ———— _._——- Ep— p—

Possible solution: Spectrometer with de-magnification ratio 1:2 or 1:3
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Systematix spectrometer

&.‘TETE MATIX

Special design Echelle spectrometer
(modified Pfund design)

with cross-disperser

« etendue 10-° m? sr (but x 4 with MMA technique)
- /2.9

 resolution 2.5 -3 A

« 80 mm camera chip (but only 1/sec)



CUARD CXPCILUICIILAI DUIICIHIC UL HHICAMNUTCIIICIILY,.

-output window

H-alpha _T C VI _T He II _T




RF-Edge-CXRS
Principle optical scheme of the high resolution high

etendue snectral instrument (HES).
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High etendue spectrometer (HEDS) design
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ITER CORE CXRS

Summary

For optimum physics use for each radial channel a multi-wavelength
Instrumentation is proposed including low-Z ions and bulk ions

Periscope optics and required time resolutions leave narrow margins for
Instrumentations

Several technical solutions are currently under discussion

Pilote studies are contracted out and will be evaluated in the near
Future

The actual number of instruments is subject to budget and further

negotiations between ITER partners
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ITER CORE CXRS
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ITER CORE CXRS
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ITER CORE CXRS
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