University College London

KORONAS-F
Mullard Space Science Laboratory

ReSIK (Bent Crystal Spectrometer)

ReSIK - Detector Calibration Report 

ReSIK - Detector Calibration Report 


Detector Calibration Report
Document Number: ReSIK/MSSL/PL/DCR-00

Draft: 0.16
Date: 7 November, 2002
Author: Matthew Whyndham
2Summary

Introduction
2
Calibration equipment and data acquisition
2
Detector and associated equipment
2
X-ray sources, beam line, and instrumentation platform
3
Calibration procedures and history
3
Summary of available data sets
3
Data analysis
3
Experiment database
3
Description of software and fitting procedures
3
Output data format
3
Output data plots and tables
3
Archive
3
Applications
3
Application to instrument calibration
3
Application to instrument operations
4
Setting up the discriminators for first order and other operations-
4
Determination of physical line widths in observed spectra
4
Determination of the wavelength of observed lines
4
Converting detected counts into physical units at the source
4
Assessment of high count rate effects
4
Assessment of detector ageing
4
Documentation
4
References
4


Summary

This is a report of the analysis of the calibration data of the ReSIK (flight) detectors. 

The information in this report may be used as part of the ReSIK instrument calibration, and can also be used directly to assist in the management of operations. 

Detector calibration report


narrative description of the activities of detector calibration 
3.4.1


lists of data files 
3.3.1

Detector analysis report, including:


description of experiment data base 
3.3.1


fitting procedure/software description 
3.3.3, 3.4.3


output data description
3.4.4


output data plots and tables
3.3.10


reference to permanent storage location of electronic copies of the above
3.4.6


prescription for use in instrument calibration 
3.4.5

These WBS codes relate to the detector calibration analysis Plan.

Introduction

ReSIK
 is a scientific instrument for solar physics research has been prepared for the Russian KORONAS-F which was launched on  31st August 2001. The instrument was developed by a consortium of institutes namely:

Space Research Centre (SRC), Solar Physics Division of the Polish Academy of Sciences, Poland

Mullard Space Science Laboratory (MSSL), Department of Space and Climate Physics, University College London (UCL), UK

Rutherford Appleton Laboratory (RAL), UK)

Naval Research Laboratory (NRL), Washington DC, USA

The instrument uses two position sensitive proportional counters to detect soft X-rays reflected from crystals of various types. The ReSIK detectors are identical to those used in the Solar-A (Yohkoh) BCS instrument. The Solar-A spare units have been used for the ReSIK instrument. The detectors are designed and manufactured by MSSL.

Equipment at RAL was used to calibrate the Yohkoh detectors and the Yokhoh spectrometers. The same equipment was used to calibrate the ReSIK detectors and the assembled spectrometers. This was done in July and August 2000.

This document describes how the data was gathered, how it has been analysed and how the results of the analysis have been recorded and stored.

In order to be useful for observers, the detector analysis results will have to be combined with calibration data for the crystals and the spectrometers. The analysis of these data and the combination into a full (integrated) instrument calibration is not described in this report.

Calibration equipment and data acquisition

Detector and associated equipment

Brief description, preferably a pointer, to detectors. 

A bit more detail about the calibration mask and mounting equipment. 

Quite a bit of detail about the electronics being used.

X-ray sources, beam line, and instrumentation platform

All the other stuff that was used.

Calibration procedures and history

The story of what happened when and who did it.

Index files (see Archive) prepared for each “set” of raw data files. A set could be:

· A voltage sweep at one position

· A position sweep at one voltage

· A set of comparable files for many x-ray sources

Each Index shows a group of files that will be analysed together and the results plotted on a single axis.

There are many files in the raw data area which are not referred to at all in the indices. These will have been created in the course of setting up the calibration procedures, e.g. during episodes of beam-finding, but are not always valuable (since the conditions may be unknown).

Summary of available data sets

A nice table showing everything that was done to the detectors.

(msslii) D:\mwt\Projects\RESIK\DETECTOR\CALIB\summary3.xls 

Å

Data analysis

Experiment database

All the raw data files are listed in the index files (see Archive).

Description of software and fitting procedures

The analysis is designed to operate in a hands-free (batch) mode as far as possible. It should be possible, using the data and code modules referred to, to duplicate the analysis.

Non-standard analysis environments (e.g. Solarsoft) should not be needed. A working installation of IDL is assumed.

IDL code (name) reads in index file (from procedure argument).

Each file is read in to memory and processed into a convenient matrix.

Analysis (e.g. fitting) carried out on the data set.

Standard plot produced to default device.

Output data format

Just in case anybody else needs to read the files, here is how they are structured.

Output data plots and tables

This is where all the processed data will go.

Single file

Elementary PHA

Aggregate PH

Example fits

Fit results

Scale summary

Differential non-linearity summary

Resolution summary

Energy Voltage response

PHA summary

Summary data table

Archive

Locations on mssl unix filestore.

· Raw Data storage

/disk/detector/mwt/resik/detcal/datax/DDMM

(25 subdirectories)

MMDD = Month, Day

Filenames YYYYMMDDHHMM.txt

YYYY = Year (2000)

MMDD = Month, Day

HHMM = Acquisition Time

Some days have more than one file set:

0707a1 & 0707a2

0710a1 & 0710cu_kb

· Data indices

/home/mwt/resik/lincal/index/ 

(n files)

.txt

Summary of experimental conditions

Reference to full path of raw data storage (path and base part – date – of the file)

Ending of the file (.txt).

Number of files in the index (the analysis routines will read this value before executing a program loop)

Voltage or Position of each acquisition, followed by the date portion of the applicable file.

· Results

Applications

Application to instrument calibration

The processed detector calibration data can be combined with calibration information for the other components in the optical chain, namely the thermal filters and the crystals. In general, one could derive a complete instrument response function, but in practice the results are expressed as a set of calibration curves showing the results of certain types of observations (spectroscopy) under certain conditions (absence of count-rate effects, etc).

The calibration of the filters shows the transmission of photons through the foil over a range of wavelengths, measured at a few points over the area of the filter window. For convenience this is expressed as a single curve of transmission against wavelength.

The calibration of the crystals is more complex. It comprises two components: the reflectivity of the crystal as a function of wavelength, and its figure. Although these properties are measured at many points over its surface, the results are characterised by average curves expressed as a function of wavelength (at least I think this is true). The two properties are related in that only a small region of the crystal is involved in reflecting photons of a particular wavelength.

The combined calibration shows, as a function of wavelength, the efficiency of detection of a function of a photon at that wavelength, and the distribution of counts in bins in the detector system.

As a verification of these individual component calibrations, the instrument end to end calibration results should show a similar distribution of counts.

Application to instrument operations

This part will show how to use the information provided to set up and manage the instrument for optimum use in some typical observations.

 Interpretation of the RESIK spectra and PHA data

To a first approximation, the crystals behave as a monochromator and hence the permitted reflections will give rise to a single photo-peak in the pulse height distribution. In reality a complex spectrum falls onto the detectors, including many lines and a structured background, but the approximation is valid since the width of the photopeak in the proportional counter (approximately 18% to 27% FWHM) is somewhat greater than the energy range ((E/E ~ 0.12 to 0.2) of the reflecting crystals. The detector response is the convolution of the input spectrum with the monochromatic response, and its characteristics are such so that a broad peak will be seen in the PHA. There is no useful energy resolution within the PHA itself.

At certain times, more than one photopeak may be observed in the PHA. These additional photopeaks could be caused by:

· Solar x-rays seen in higher orders of reflection

· the calibration source being in the ON position

· gas escape peaks (Xenon and/or Argon)

· crystal fluorescence (Si)

· fluorescence of other structural materials (in spectrometer, other instruments or spacecraft parts)

· radiation from the other crystal in the spectrometer pair (nominally prevented by the presence of the dividing baffle)

· direct illumination from a non-solar x-ray source (galactic centre, moon, other celestial object, aurora)

Other (normal) features in the PHA data could be due to

· Electronic noise: typically low energy events, if present

· Charged particles (earth-trapped or solar protons) travelling through or into the detector: high energy events

Noise and particle events are always present to some degree but have little effect on the quality of the observations. Electronic noise is usually below the detection threshold of the pulse processing electronics but there will be some noise contribution to the first bin (bin 0) of the PHA. Charged particles which pass through the detector cause a large amount of ionisation. Usually the gain of the system results in particle events having maximum (amplifier-limited) amplitude. These events are sorted into the last bin (31) of the PHA. These two bins (0,31) are most likely to be contaminated by these effects and should not be used directly for detector response characterisation.

Higher Orders. The crystals may reflect in orders other than the first order (n=1 in Bragg’s Law). Since the angles are fixed the result is that the system is sensitive to photons of energy E, 2E, 3E … For the Quartz crystals orders 1, 2 and 3 are available. For the Si 111 crystals, the second order is forbidden. Note that the dynamic range of the discrimators (ULD:LLD) is 3:1. Therefore at certain detector gains (determined by the high-voltage setting), more than one order may be seen (at least partially) at once.

Calibration source. Each spectrometer is equipped with a radioisotope (55Fe) calibration source. This can either be in the shielded (off) position or the on position. When turned to ON, the source illuminates the detector with 5.9 keV X-rays. These mono-energetic photons give rise to an associated photo peak in the pulse height data. At the time of launch on 30th August 2001, the count rate from the calibration sources was XYZ in spectrometer A , and XYZ in spectrometer B. The half-life of this source is 2.x years, and therefore the count rate from the calibration sources declines accordingly.

Escape peaks. Proportional counters can exhibit multiple peaks in the pulse height distribution due to the effect of secondary photons produced in the initial ionising event. These secondary photons, which are characteristic X-rays of the gas atoms and which therefore have a well-defined energy, can either: cause additional ionisation in the detector gas; travel as far as a metal inner surface of the detector construction where they are absorbed; or leave the detector volume via the entrance window. Should they be absorbed, then the energy in the secondary photon is removed from the ionisation process, and the remaining primary the electrons exhibit a lower energy photo peak than usual. This lower energy peak is called the escape peak, since it refers to the fact that a photon has escaped from the gas. The distance of the escape peak from the main photo peak corresponds to the energy of the characteristic X-ray and therefore this is a useful way of establishing the energy scale of the system. 

In this detector, the two transitions of concern are Argon K and Xenon L. Of course, the primary photons (which there are usually those being observed spectroscopically, but could also be fluorescence photons or direct illumination) must be of greater energy than the transition in order to excite the atom sufficiently. 

The relative strengths of the escape and main peaks can be calculated by a Monte Carlo procedure. The rate of production of secondary photons is found by considering the fluorescence yield of the the gas atoms, and rate of absorption is found by calculating the probability of their transmission to the edge of the gas volume, allowing for the location of the primary site and the direction of emission of the photon. (In theory the photon could be reflected instead of absorbed, but that complication can be neglected in a first order model). The escape peak strength is therefore dependent on the gas composition and the detector geometry.

Crystal and structural fluorescence. High-energy photons incident on the crystal can cause the emission of characteristic X-rays. If these enter the detector volume, they will give another photo peak in the pulse height distribution, with possibly an attendant escape peak. Other structural materials (spectrometer body, fasteners, etc) can in principle also emit X-rays when illuminated by solar radiation, and these may also impinge on the detector. Most of the material that the detector can view is of low atomic number, and hence fluorescence yield.

The crystal itself is the largest single structure viewed by the detector. Since it is angled with respect to the plane of the detector, its fluorescence appears brighter from one end than the other. A typical (roughly trapezoidal) shape of fluorescence radiation can be calculated.

Cross-channel signals in spectrometer and detectors. Radiation reflected from the spectrometer crystals are in principle prevented from reaching the "wrong" detector by the presence of a dividing baffle in the structure. However, a series of specular reflections could carry a small number of photons from one side to the other. It is likely that their positions would not be correlated very well with wavelength and these would merely add to the background. 

Another more likely possibility is that radiation enters the detector near its centre and causes a primary the electron cloud which is sufficiently close to the central cathode wires that some of the primary electrons diffuse to the opposite side. This situation would give rise to an event in both anode chambers at once. The counting electronics processes the signal and attributes it to the strongest anode. If the avalanche on the "wrong" side turns out to be larger than that in the true channel, then the incorrect spectrum will be addressed by the processing system. In this way, it is possible to obtain a phantom spectrum in the adjacent detector channel. These have been observed from time to time in the Yohkoh BCS data, particularly in the Sulphur/Calcium spectrometer when the solar temperatures have been such that one channel is strongly active whilst the other is quiescent. 

Non-solar sources. In theory it is possible for a source of X-rays, other than the Sun, to illuminate the crystal in such a way that the incident and exit angles will satisfy the Bragg condition and hence strike the detector. Alternatively, an X-ray source could illuminate the detector directly. There is a certain range of angles with respect to the spacecraft axis for which this is possible. If the spacecraft pointing is known, then a corresponding location on the sky can be plotted. Candidate sources that have been mentioned in this regard include the Moon, bright galactic or extra-galactic sources, and the Earth's Aurora.

Setting up the discriminators for first order and other operations-

This sensitivity of the system to photons of a given wavelength depends on two things: the high-voltage setting and the position of the upper and lower level discriminators.

This is due to fluorescence in the gas and is usually associated with the xenon L shell. if the photons that cause this fluorescence are themselves of scientific interest, in other words they correspond to a interesting features in the solar spectrum, then adjustment of the discriminators to include the secondary photo peak will improve the sensitivity. Sometimes the gas fluorescence is initiated by photons which are no scientific interest, such as fluorescence of the instrument materials caused by hard X-rays. In this case the discriminators ought to be adjusted so that the fluorescence peaks are not counted. Otherwise, such hard X-ray initiated fluorescence will cause a strong background signal in the spectrum as in the germanium crystal fluorescence in the Yohkoh BCS).

Table XXX shows the positions of the main photo peaks and any known fluorescence peaks for the range of available voltages. In each case these are given for the middle of the wavelength range (defined as the ray which intersects the middle of the detector window) and the extremes (defined as the rays which strike the edges of the detector window). These positions are given both in PHA bin numbers and in the units of the discriminator settings.

Estimated widths are also given. These show the full width at half maximum, expressed as a fraction of the peak position, and the lower and upper limits that enclose 95% of the photo-peak area. The latter are also expressed as fraction of the peak position and have been adjusted to account for any observed asymmetry in the peak shape. If no such figures are given this is because there is no reliable estimate of the peak shape at that particular energy.

An example of the pulse height distribution is given in Figure XXX. 

Note that the pulse height distribution in most cases will show the response of the entire detector and it is usually not possible to discriminate on the basis of a the position of the event. 

This shows the pulse height distribution data from the instrument, where the distribution is stored in a memory space having 32 energy bins and two bytes allocated for the data in each bin. This results in a rather crude representation of the pulse height distribution.

With a high-resolution pulse height analysis system, such as was used for detector development and characterisation, it is possible to see the pulse height distribution in more detail. A series of examples is given in Figure X X X showing pulse height distribution for an 55 fe Test source for a particular detector run at a number of supply voltages. One can see clearly the main photo peak, the xenon l escape peak, and the shape of the distributions. The bulk of the distribution is well fitted by a Gaussian function, but there is an asymmetry in the tails of the distribution. The high-energy side of the main photo peak is more extended than the low-energy side. The main photo peak is noticeably more asymmetric than the escape peaks.

Forgotten what this paragraph is meant to refer to exactly: 

Figure XXX shows how the enclosed area of this distribution varies as a function of a discriminator setting as it is moved with respect to the central maximum. Also shown on this figure are the enclosed areas for a distribution of Gaussian profile having the same peak position and full width at half maximum.

Polish data based on the discriminators:

It is possible to control the discriminators to acquire the in-flight pulse height distribution in detail. Since of each discriminator can be set to any one of 256 levels, with a range of between 1 and 3 V of amplitude at a particular point in the pulse processing chain (i.e. 1 V pedestal), the upper portion of distribution can be sampled with this number of effective bins. If the upper level discriminator is set to a small number of steps higher than the low level discriminator, say 10 steps, and both discriminators then incremented by the same amount, then a small sampling window is formed. A complete distribution can be acquired by sweeping this window and observing the values of the three event counters for each position in the sweep. Essentially the photon intensity corresponding to each of these energy bins is reported by the in window counter. Depending on the intensity of the source been observed, it may of course be necessary to dwell the discriminators for a number of data gathering intervals, in order to reduce the counting uncertainties. If there are intensity variations of the source during the time that the sweep occurs, then these will be shown by examination of the all events counter. The ratio of in window events to all events can be used for normalisation should this occur.

Of course there are disadvantages in using this high-resolution technique. The process of acquiring the distribution takes considerably longer, and some relatively trivial post processing must be done on the ground. More importantly, a way of incrementing the discriminator levels must be set up, either by timed telecommands or procedures in the instrument control computer. Furthermore, the received counter data must be correlated with the settings of the discriminators.

A series of distributions obtained using this technique, for various conditions, is shown in Figure X X X.
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