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ABSTRACT

This thesis describes the complete development of four ultraviolet detectors for use at
grazing incidence angles in a solar science instrument. The instrument is one of twelve
on board the Solar Heliospheric Observatory (SOHO), a satellite to be launched in
November 1995 with a minimum design lifetime of two years. The accurate
measurement of abundances and small scale motions in the sun's atmosphere, requires
that the detectors combine high speed and resolution with the low power and mass
compatible with space flight.

These detectors represent a novel use of microchannel plates (MCPs), in the
detection of extreme ultraviolet at grazing angles of incidence and at high count rates.
Furthermore, this is the first time a spiral anode will have been used on a flight
instrument.

In order to get the maximum science out of the mission, it is crucial that the
instrument be fully calibrated. For this reason emphasis is placed, in the thesis, on
dividing the detector into its constituent parts and on understanding the various
processes involved, from the arrival of the photon to the output spectrum. Computer
modelling as well as experimentation is used in the investigation.

Starting with an introduction to SOHO in the context of Solar Physics, a
description of the instrument reveals the requirements of the detectors. As one of the key
parts of the detector, MCPs are described and results are presented from experiments
investigating their behaviour. The thesis then describes how the SPAN readout is made
and used, and how it is configured to suit the MCP set up.

Finally, the flight design, building and testing is described, followed by results
from the flight calibration test and predictions of problems and successes in the

detectors' mission.
In summary, the detectors meet the requirements of resolution (<50 yum FWHM),

speed (>105 random), background count rate (<0.2 ¢ s~1 cm~2) and integral non-linearity
(<0.03%). They fulfil the expected quantum efficiency (3—12%). However, limitations
from using 8-bit digitisation with the SPAN anode, leads to a high level of differential
non-linearity (27% r.m.s.). There are also problems with count rate dependence and long
term gain depression in the MCPs. The sources of the problems are analysed and

modelled where practicable, so that they can be minimised for flight operations.
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CHAPTER 1.

OBSERVING THE SUN IN ULTRAVIOLET LIGHT

1.1. INTRODUCTION

The Solar and Heliospheric Observatory (SOHO) is a European Space Agency (ESA)
project scheduled for launch in 1995. Together with the multisatellite mission
CLUSTER, SOHO forms the first cornerstone of ESA’s Horizon 2000 programme. One
of the twelve instruments on SOHO is the ultraviolet Coronal Diagnostic Spectrometer
(CDS) which itself involves two spectrometers called the Grazing Incidence
Spectrometer (GIS) and the Normal Incidence Spectrometer (NIS).

In this thesis my work on the design, construction, testing, integration and finally
the calibration of the grazing incidence detectors for the GIS are described. The
experiments, calculations and computer models presented in Chapters 2—8 are entirely
my own except where explicitly referenced to other people. In Chapter 7, Table 15
details my particular work.

The thesis starts with a comprehensive review chapter, introducing SOHO in the
context of solar physics. A broad description of CDS reveals how the detectors were
selected and how their scientific requirements were defined. A review of broadly similar
detectors is also included in this chapter.

The GIS and particularly the detectors are explained in more detail in Chapter 2,
showing how I established the detector requirements. Chapters 3 to 6 break down the
detector, conceptually, into its constituent parts, describing how I developed it and my
experiments to establish its performance. They include background work which
contributed to the design and expected performance.

Chapter 3 deals with the MCPs, including background information and theoretical
models. My choice of MCP configuration for the GIS is explained, supported by results
from my experiments. In Chapter 4, I present my results from further experiments in-
vestigating the behaviour of MCPs in a grazing incidence configuration with extreme
ultraviolet (EUV) light, at a range of count rates. Chapter 5 explores the theory of the
detector readout, including theoretical and computer modelling. Chapter 6 describes
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how I made the readouts and used them with the MCPs. It also gives the results of my
characterisation of the flight model detectors.

Chapter 7, in addition to the chronology, describes the detectors in the context of
the space mission and flight operation. Finally, in Chapter 8, I present my analysis of
results from the flight model calibration test.

1.2. SOHO AND THE SUN

SOHO is basically a ‘quiet sun’ mission, aimed at studying the physics of the typical
sun. The main goals are to discover the nature of the solar corona, the internal structure
of the sun and the forces which accelerate the solar wind. The twelve instruments can be
grouped according to these three goals. Three instruments will use helioseismology to
study the internal structure of the sun. Coronagraphs in white light and UV will image
the corona, while EUV imaging and spectroscopy will study the structure and evolution
of the low corona. Particle detectors will monitor the solar wind directly. Anisotropies in
the solar wind will be measured through the imaging of the hydrogen Lyman-o. line.

The CDS will use EUV spectroscopy to enable the determination of some of the
physical parameters in the corona. Meanwhile SUMER (Solar UV Measurement of
Emitted Radiation) will be used to study the fine structures in the chromosphere and
transition region, recording flows and wave motions.

The launch of SOHO will be on an Atlas Centaur I AS rocket from the Kennedy
Space Center in Florida. After a four month cruise phase it will reach the L1 Lagrangian
point, 1.5x106km away. At this point the gravitational pull of the sun and the earth
balances the centripetal force required for the satellite to orbit the sun synchronously
with the earth. It will be injected into a halo orbit around the L1 point, with an orbital
period of 180 days. The advantage of this position is that it will have an uninterrupted
view of the sun, pointing with an accuracy of 10 arcseconds. Being outside the magneto-
sphere, it will continuously sample the solar wind and particles.

The mission is planned to last for 2 years, extendable to 6. Communication with
the spacecraft will take place via the Deep Space Network, for three short (1.6 hour) and
one long (8 hour) contact per day.

1.2.1. Corona

In visible light the corona can be seen during eclipses or using coronagraphs. It appears
as tenuous streamers and plumes extending out from the sun's disk. The white light
corona is photospheric light scattered into the line of sight by electrons and dust grains.
The electron scattering, known as the K-corona, dominates for the first 700,000 km or
2Y2 Solar radii, varying by up to 50% with the solar cycle. The electron density de-
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see the visible corona against the background of the photosphere, X-rays, EUV and
radio radiation are not strongly emitted by the photosphere. Observations of the corona
in these wavelength bands can therefore be made on the disc as well as off limb.

The X-ray band consists of continuum and emission lines from highly stripped
ions, e.g. the two Al-like Fe XIV resonance lines mentioned above, as well as the He-
like CV, O VI, NeIX and H-like C VI and O VIII. The continuum radiation is caused
by recombination of electrons with the bare nuclei of carbon or oxygen. Bremsstrahlung
radiation also contributes. The continuum peak is at 4 nm.

The EUV region is normally considered to be from 10-100 nm. In this wavelength
band several Li-like ions can be detected e.g. Mg X at 61.0 and 62.5nm and SiXI at
49.9 and 52.1 nm. In addition the 3p-3d transition is observed from the ions Fe X to
Fe XIV. Lithium-like ions have 3 electrons with the outer in the n=2 orbit; the outer
electron can be excited from the 2s to the 2p level and de-excited back to 2s giving a
doublet separated by the spin energy.

There is a strong neutral hydrogen Ly-« line, caused by photo-ionisation from the
n=1 to the n=2 level by photons from the chromosphere, at 121.6 nm. Although only
1 in 106 atoms are in the neutral state at any one time at 2x106K, hydrogen is very
abundant compared with any other elements (X106 argon or calcium).

The continuum present in the EUV is weak by comparison with the emission
lines. The continuum is due to Bremsstrahlung, radiative recombination and two-photon
decay from metastable states (Phillips, 1992b).

At the other end of the spectrum, radio emission consists of a constant background
of Bremsstrahlung emission. There is a radio S-component with a 27 day periodicity as
active regions pass across the sun. There is also a burst component from flares.

1.2.1.1. Some features of the corona

In soft X-rays, the Corona appears to be composed entirely of loops and arches, with
footprints in the photosphere or chromosphere. Loops are small (104 km), bright and are
associated with flares. Arches, which connect active regions, are large (105 km), stable
and faint.

The coronal magnetic field is assumed to be an extension of the photospheric
field. Because of the high electrical conductivity, the field is “frozen” into the plasma.
Field lines therefore follow the shape of the arches (see Figure 2). When the electrons,
spiralling round the field lines, reach the footprint of the arch where the densities are
higher, they tend to collide and dissipate energy. By this means, heat is taken from the
upper loop to the chromosphere.
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Spicules originate in the chromosphere. They are very numerous, fine, jet-like
structures, a few hundred kilometres in diameter. They ascend into the corona with
velocities of 30kms™1, to altitudes of 9000 km. Each one lasts only 15 minutes or so.
Spicules appear at the cell boundaries of a network, which is comprised of the tops of
the convection cells in the body of the sun.

X-ray bright points in the corona can appear anywhere on the surface. These are
regions of magnetic reconnection. Usually about 40 are visible per day, the smallest are
less than 7000 km in diameter and have a temperature of 2.5x100K.

Prominences (called filaments when seen against the disc) consist of very dense,
cool tongues of material in the corona emitting a visible Hal spectrum typical of the
chromosphere. The material is at a temperature of only 10,000 K, but is surrounded by
the much hotter corona. They therefore look like thin dark filaments on the disk, extend-
ing to about 50,000 km above the photosphere. They can appear anywhere on the sun
and last typically for a few months, after which time they may become unstable and
‘erupt’: ascending rapidly (up to a few kms~!) and finally disappearing.

Flares, which are rapid brightenings in the corona and chromosphere, appear near
sunspot regions. Sunspots appear as cool dark areas in the photosphere with extremely
strong magnetic fields (~3kG). Active regions are areas of moderate field strength
(~300G) in the chromosphere above sunspots. Sunspots often occur in pairs, with num-
bers varying with the eleven year solar cycle. Fibrils are dark elongated (~20,000 km
long) features in the area of sunspots, often arranged in a radial pattern, following mag-
netic field lines, centred on the sunspot. They are low lying and do not therefore appear
above the limb. Mottles are smaller features than fibrils and appear in quiet-sun areas.

Coronal holes are defined by the absence of X-ray emission. They are cool regions
in the corona. Up to 20% of the hemisphere can be covered with coronal holes when
they are most prevalent i.e. a few years before solar minimum. The holes start small then
expand until they meet the coronal hole at the pole of the same polarity. They can be
enormous, spreading to the pole from the other side of the equator. Coronal holes have
magnetic field lines open to space and are the source of high-speed particle streams.

Ulysses, a joint ESA and NASA mission, launched in 1990, confirmed the pres-
ence of a coronal hole at the sun south pole in summer 1994 during its orbit over the
polar regions, in an orbit inclined 80° to the sun's equator (Marsden, 1995). This was
near the time of a minimum in the solar activity cycle. At latitudes above 40°, Ulysses
became totally immersed in a fast solar wind from the polar coronal hole flowing con-
tinuously at an average speed of 750kms~1. It was found to originate in the chromo-
sphere at a lower temperature than a slower wind, which emerges from the corona in a

































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































