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1. Introduction

From the measurement of the Bremstrahlung-background of the plasma radiation an effective number for the ion charge state, Zeff, will be determined. This parameter can be used as an estimate for the impurity concentration in the plasma and may serve as a monitor. 

2. Proposed Systems

It is foreseen to combine the bremsstrahlung Zeff diagnostic with the Thomson scattering observation system. The optical fibres connected up to the polychromators of the Thomson scattering diagnostics will be shared by installing an additional beam splitter (interference edge filter) in the polychromator which allows to make use of the complete wavelength region below the one needed for the analysis of the Thomson scattering data, i.e. below 700 – 800 nm, for the determination of the bremsstrahlung. A micro-spectrometer which covers a spectral range of several hundred nanometers is being used to determine the bremsstrahlung underlying the observed spectral. Such a system has already been tested on W7-AS [1]. 

Purpose and Description of System

A large number of micro-spectrometer will be used to determine the bremsstrahlung along the l.o.s. of the Thomson scattering diagnostic viewing lines. One micro-spectrometer will be used for each line of sight. The lines of sight cover one half of the plasma diameter. The derived l.o.s. integrated bremsstrahlungs intensities underlying the observed spectra are being Abel inverted in order to derive a radial Zeff profile making use of the Te and ne profiles measured via Thomson scattering. 

Eight such micro-spectrometers can be mounted in one 19” rack and operated via one PC. Several such units will be set up. A continuous data storage with a time resolution of approximately 8 ms can presently be reached with such systems. 

Physics, Background and Objectives

Port Allocation

Initially the system will use the Thomson scattering diagnostic observation system installed in the port AEM31.

3. Design

Necessary R&D Work

Since the observation system is shared with the Thomson scattering diagnostic the only design work needed is the integration of the additional beam splitter into the Thomson scattering polychromators and the coupling of the radiation into an optical fibre which will transfer the light to the racks containing the micro-spectrometers. 

Design and Construction Criteria

4. Construction

Installation

Commissionary Operation

The complete optical system needs to be absolutely calibrated with an Ulbricht sphere. This can either be done before the installation of the observation periscope in the AEM31 port or from the inside of the machine. 

5. Diagnostic Data

Data Acquisition

The data acquisition capabilities have already been demonstrated with a two channels system in Greifswald and for a rack mounted system with so far 5 installed channels at Forschungszentrum Jülich.

Data Interpretation

Apart from the bremsstrahlungs signal also the total absolute intensities of all spectral lines appearing in the spectra will be determined. From the intensities e.g. particle fluxes for various impurities can be derived making use of the S/XB ratios calculated with ADAS.

Analysis Software

A specific Bayesian data analysis package has already been developed and tested on W7-AS [1]. 

The intensities of the spectral lines can be determined by spectral line fitting using the newly developed fitting code InSpecTor which is based on the original JET Charge Exchange spectral line fitting code KS4FIT. Further work to connect this code to the NIST database for automatic line identification is still required. 

The development of a Bayesian spectral line fitting code has also been started.

Electrical Interfaces

none

6. Periphery

Vacuum

No vacuum components

Electrical

Only power for the PCs driving the spectrometers is required.

Cooling

See Thomson scattering

Mechanical Installation

See Thomson scattering

7. Ressources

Personnel

Technician: 
6 man months

Financial

A budget of 150 k€ will be available in 2013. 

Time Schedule

Installation in 2013. Since the polychromators for the Thomson scattering diagnostic will already be prepared such that an optical fibre can at any time simply be connected via an SMA connector to the polychromator the spectrometers can be installed at any time. To ensure a reasonably accurate calibration in this case all channels must have been calibrated before hand with a reference system relative to which the newly bought systems then can be calibrated until a vessel vent allows a proper absolute calibration of all systems.

8. Summary

The observation system of the Thomson scattering diagnostic will be shared. The fan of sightlines of this diagnostic, which is covering one half of the plasma diameter will be connected to a set of micro-spectrometers via specially installed beam splitters in the Thomson polychromators. By using micro-spectrometers not only the bremsstrahlung can be determined with high reliability but also the absolute intensities of many spectral lines. The l.o.s. integrated bremsstrahlungs signals will be Abel inverted to determine a radial Zeff profile. 
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