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C/O monitor for W7-X

Purpose of th C/O monitor for W7-X is to monitor 
with high temporal resolution level of the main 
light impurities of the plasma

• Oxygen (the wall condition)

• Nitrogen (vacuum leakage)

• Carbon (interaction of plasma with carbon wall)

• Boron (interaction of plasma with boronized elements)
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Examples of (light) impurity monitors

• C/O monitor for ASDEX-U
• KS6 spectrometer at JET
• C/O monitor for W7-AS
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C/O Monitor for ASDEX-U
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R. Neu, K. Asmussen, G. Fussmann, P. Geltenbort, G. Janeschitz, K. Schoenmann, G. Schramm, U. Schumacher, and the ASDEX Upgrade team,
Rev. Sci. Instrum. 67 (5), May 1996
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Multistrip gaseous chamber
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KS6 spectrometer
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KS 6: paddle instrument 
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‘C/O monitor for W7-AS’
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Disadvantages of existing system

• C/O monitor for ASDEX-U
� indirect measurement of the continuum intensity

• KS6 spectrometer at JET
� low time resolution

• C/O monitor for W7-AS
� measurement only at one, fixed wavelength 

(either line core or continuum)
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C/O Monitor for W7-X
• is dedicated soft X-ray spectrometer,
• located at AEK30 port,
• it consists of four independent channels,

fixed at wavelengths corresponding to Lyman-a
lines of hydrogen-like ions of: 
- boron (at 4.9 nm),
- carbon (at 3.4 nm),
- nitrogen (at 2.5 nm),
- oxygen (at 1.9 nm).



dr Ireneusz Ksi�� ek 11

C/O Monitor for W7-X

• will be fixed at its position, line-of-sight and
wavelength range

• will be constructed based on Johan geometry
(i.e. as polychromator)

• Rowland circle radius defined is in such way it
allow, taking into account the detector length, to 
register simultaneously the line core and its far 
wings (continuum)
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C VI spectrum
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N VII spectrum
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O VIII spectrum
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C/O Monitor for W7-X

it consists of four independent channels, but

divided in two pairs, closed in common vacuum
chambers:

1) carbon and oxygen,
2) boron and nitrogen.
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magnetic axis

port

dispersive elements

detectors
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Conceptual design
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Conceptual design
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Main chamber design



Dispersive elements
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Dispersive elements

As the dispersive element for this spectrometer 
• a TlAP crystal, for measurements of 

� O VIII 
• line and three multitlayer mirrors (MLMs), for 

measurements of 
� N VII
� C VI 
� B V 

lines were assumed.
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MultiLayer Mirror (MLM) 
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MLM
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MLM parameters



Detector
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Detector for C/O monitor

• Because of the construction of the spectrometer as 
a polychromator necessary is to apply position-
sensitive detector. 

• Multistrip gaseous chamber (constructed based on 
detector working at ‘C/O monitor for ASDEX-U’) will 
be applied. 

• A CCD detector (back iluminated type) will be 
applied in a starting phase of the operation.



Detector for 
‘C/O monitor for W7-X’

MSGC counter

(MultiStrip Gaseous Chamber)
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Detector plate with connectors
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Prototype of the detector chamber
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Prototype of the detector chamber
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Prototype of the detector with test electronics



CCD detector
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Example of a CCD detector
Andor Newton SO DO920P

• Image area: 26.7 x 6.7 mm

• Vertical clock speed:
selectable between 2 - 179 � s

• Maximum spectra rate:
1612 spectra/sec

• Linearity: Better than 99%

• Digitization: 16 bit

• Vacuum compatibility: >10-8 millibar

Price (approx.): 27 500 �
+ 2 000 � (soft.)
+ 2 000 � (inst.)
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Harsh enviroment
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Harsh enviroment

• magnetic field
• microwaves
• neutrons
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Max-Planck-Institut 
für Plasmaphysik
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M. Mardenfeld, PPPL

ECRH Shield
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Magnetic field
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Consequence of the magnetic field

• the turbomolecular pump have to be placed at
location with magnetic field lower than 5mT 
(long vacuum line)

• all drives has to be invulnerable for magnetic
field 

• all encoder has to be invulnerable for magnetic
field  
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Neutron field

approx. position
of C/O monitor
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