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Introduction 

The 22 scientific staff in Space Science Department 
support studies of potential ESA missions, act as project 
scientists during the development and data-exploitation 
phases of chosen missions and carry out some research. 

The study scientist supports studies through the various 
phases leading up to selection of the Agency's projects. 
He feeds in at an early stage experience gained by SSD in 
former projects and attempts to bridge the gap between 
the desires of the European scientists and the technical 
and financial realities of project execution. 

The project scientist provides the liaison between the 
national experimenters and the ESA project engineers 
and sorts out conflicts between scientists participating in 
the same project. During project execution he tries lo 
ensure that the original scientific aims of the mission are 
as far as possible maintained within the constraints 
properly imposed by the available technology, the cost 
and the schedule. Together with participating scientists 
he draws up plans for operating the satellite in orbit and 
for distributing the data. These plans require continuing 
revision after launch in the light of scientific discoveries 
and unexpected behaviour of spacecraft and 
experiments. The project scientist encourages the 
exchange and intercomparison of data and frequently 
organises symposia for these purposes. 

All SSD scientists participate in a research programme 
which is carried out jointly with colleagues in other 
European laboratories. The time which any individual 
can give to his research varies markedly from year to 
year depending on the demands of the projects which 
must be supported. On average, research occupies less 
then 50 percent of the working hours of an SSD scientist. 

In addition SSD has had on average during 1978/79 six 
visiting scientists, each of whom may be expected lo stay 
for two years. This visitor programme is financed from 
the General (Education) Budget of ESA and is not 
therefore a burden to the Scientific Programme. 
Although visitors, unlike other SSD staff, are not obliged 
to give priority to project work, SSD has found them 
helpful in all aspects of the work. Their presence has 
helped to maintain a scientific atmosphere within SSD. 
especially at times when the demands of project work 
have threatened to extinguish the research programme, 
and has helped to strengthen links with outside scientific 
groups. 

The Department aims through its structure, working 
methods and continuous reorientation of its research 
priorities to be in a position at any time to provide 
scientific support to studies or projects over a majority of 
the scientific disciplines in or likely to come into the ESA 
scientific programme. It is unrealistic to attempt to cover 
all areas and. given the constraints of a lowering <:tafT 
ceiling and fixed budget, re-direction has to be slow 
because of the long time constants ofspace projects. In 
deciding how best to proceed. SSD has from time lo time 
sought advice from senior scientists outside ESA. The 
most recent report on SSD. which resulted from the 
meeting of Professors J Geiss. J Hieblol. C de Jager. 
R Lust and Sir Harric Massey in July (978. is attached as 
an Annex to this report (rcf. ESA.SPC(7K}30). 

SSD is at present structured in four Divisions The 
Cosmic Ray. Space Plasma Physics. Astronomy and 
High Energy Astrophysics Divisions. Figure 1 illustrates 
this structure, names the scientists and visitors working 
in each Division and briefly lists the scientific topics 
being dealt with. The way in which SSD has evolved 
over the years in response lo the needs of the ESA 
programme is more fully described in the last SSD report 
(Ref. ESA/SPCf7S)/l ), One change recently made (others 
can be found in the body of the report) has been the 
strengthening of the ultraviolet expertise in the 
Astronomy Division so that the Space Telescope project 
and allied photon-detector developments could be better 
supported. This change was achieved at the expense of 
the infrared programme, since although SSD has had lo 
allocate considerable feasibility-study effort to this area. 
ESA has not yet had an IR project approved. Although 
the Department has no Division devoted to atmospheric 
physics, it has expertise in infrared techniques which are 
well suited to the study of the atmosphere and indeed 
joint proposals have been submitted for such studies. In 
addition the Cosmic Ray Division has pursued, together 
with atmospheric scientists in Belgium, its interest in 
Sun/Earth relations by developing detectors to measure 
the solar constant, and plans are now being made to 
devote the 1980 ESLAB symposium lo just this topic. 

The Department has continued to adhere to its policy of 
carrying out research in co-operation with outside 
scientific groups and of looking for arrangements which 
could benefit countries and institutes having little space 
experience. A recent example is the preparation by the 
Cosmic Ray Division and Dublin Institute for Advanced 
Studies of a cosmic-ray experiment to be flown on the 
Long Duration Exposure Facility (Shuttle Test Flight). 



Head of department Assi./sec. 
Dr D E Page Miss A M van den Eijkel 

Divisions Cosmic Ray Space Plasma Physics Astroromy High energy astrophysics 

Division Head 

Scientists 

Dr K-P Wenzel 

Dr V Domingo 
Dr AC Durney 
Dr R Reinhard 
Dr.TR Sanderson 

Dr A Pedersen 

Dr A Gonfalone 
Dr R Grard 
Dr K Knott 
Dr V Formisano 

Dr B Fitton 

Dr R Emery 
Dr Th de Graauw 
Dr B Feuerbacher 
Dr F Macchetto 

Dr BG Taylor 

Dr RD Andresen 
Dr K Bennett 
Dr A Peacock 
Dr RD Wills 
Dr R Zobl 

Project 
scientist 
support 

ISPM 
ISEE 
HEOS-2. HEOS-1. 
ESRO-IV 

Geos 
FSLP 

Lidar 
IUE 
ST 
FSLP 

Cos-B 
Exosat 
Exosat payload 
management 

Studies 1978/79 Comets 
Asteroids 
SEOCS 

POLO 
Eiscatsat 
Geos-3 

Hipparcos 
Infrared space 
observatory 

EXUV 
GRIST 
X-fay spectroscopy 
X-ray transients 

Research 
areas 

Cosmic rays + solar 
particles 
Magnetosphere 
Sun-climate relations 

Magnetospheric fields + 
waves 
Surface charging 
Laboratory plasmas 

Opt. + UV astronomy 
IR astronomy 
Laboratory astrophysics 

X and gamma astronomy 
detection techniques 

Visiting 
scientists 

Dr R Kamermans Dr D Andersson 
Dr JP Lebreton 

DrSLidholm 
Dr D Naylor 
Dr F Becckmans 
(+five IUE Fellows at 
Villafranca) 

Dr J Davelaar 
Dr G Manzo 

( + Dr G Lichti 
(Cos-B. ESOC» 

Figure ! Posilion at end of 1979 



In the chapters which follow each of the four Divisions 
has described its work in the sequence: 'Support given to 
projects', 'Support given to studies', and 'Research 
activities'. The effort and time devoted to each area of 
work is by no means proportional to the length of text 
appearing in each area. Any attempt to fully describe 
support given to a project tends to result in what is 
merely a diary of meetings, tests, failures, re-scheduling 
efforts, repair of experiments, re-tests, compromise 
negotiation, inter-experimenter refereeing etc.. and such 
diaries, although instructive, seemed inappropriate in 
this report Reports on projects and studies therefore in 
general simply describe the project and say that it was 
supported. It should be mentioned, however, that major 
efforts, outside the normal role ofSSD, have gone into 
the IUE and Exosat projects. Tbe scientific operations of 
IUE were planned and are directed from the Astronomy 
Division to which the visiting scientists at Villafranca 
report. The design and production of the Exosat payload 
is being managed from the High Energy Astrophysics 
Division and plans are now being made for the operation 
of the Exosat Observatory and the distribution of the 
data. 

During 1978/79 the rate of publications has remained at 
a very satisfactory level as can be seen by the lists 

provided by each Division. A dramatic increase appears 
in the chapter prepared by the Astronomy Division and 
this is explained almost entirely by the success of IUE 
and the involvement of SSD staff at ESTEC together 
with visiting scientists based at Villafranca in the IUE 
spacecraft operations. 

SSD encouragement of other scientists to co-ordinate 
data has continued and several symposia and workshops 
have been convened within the framework of the 
International Magnelospheric Study. The 1978 annual 
symposium was held in cooperation with COSPAR at 
Innsbruck and was called: 'Advances in Magnetospheric 
Physics with Geos-1 and ISEE-1 and 2'. The 1979 
symposium on 'Magnetospheric Boundary Layers' was 
jointly sponsored by the Max Planck Institute at 
Carching, Space Science Department the American 
Geophysical Union, the European Geophysical Society 
and the Austrian Solar and Space Agency. For the 
twelfth time SSD compiled the report describing results 
from ESA's scientific projects which is issued each year 
at the time of the COSPAR meeting. A brief text written 
in more popular style (SP-1013) was also prepared in 
order to describe the 'Achievements of ESA Scientific 
Satellites'. 
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Summary of Department budget and manpower 
(see ESA AF(79) 55| 

The main cost items in SSOovcr the period 1977 1979 
can be summarised as follows: 

1977 1978 1979 

(MAU) (MAU) (MAU) 
StaiT(nCt salaries) 1.390 1.643 1.839 
Research 0.988 0.751 0.969 
Support charged to SSD 2.570 Z655 3.075 

4.948 5.049 5.883 

Research collaborations entered into (Appendix II to 
each chapter) have been negotiated on the understanding 
that direct funding would continue at around the 1977 
level in terms of real purchasing power. 

The staff functions arc described and slaffare named in 
Appendix I to each chapter. Reference may also be made 
to ESA, AF(79);72 and to the summary in Figure I of this 
report. The stall*complement which stood at 54 in 1976 
has been cut to reach 49 at the beginning of 1980. 

The following notes may be helpful: 

Costs of the research programme 

Almost all the experimental work carried oui by SSD is 
within co-operative projects organised on a no-
exchange-of-funds basis. These co-operations are listed 
in Appendix II to each chapter and their extent and 
duration can be found within the reports. Such pooling 
of expertise and manpower makes possible projects 
which the individual laboratories may not be able to 
handle, avoids situations where SSD might appear to 
deprive others of flight opportunities, and at the same 
time ensures that a large part of the SSD research money 
is of direct benefit to national laboratories. Only by such 
partnerships could the tour divisions of SSD afford to be 
engaged in space research. With the amount of money 
available. SSD is obliged to organise small participations 
with other groups in order lo maintain a reasonably 
continuous programme. The research is planned to fit 
below a constant budgetary ceiling and only those 
opportunities which can be handled within the 
predefined limits are accepted. 

The nature of support charged to SSD 

SSD is charged for support according to the rules 
established for the Agency as a whole. The support falls 
into two main categories: 
(a) Support from workshops, test facilities and various 

technical services such as computing. This type of 
support can be requested or rejected by SSD when 
specified in terms of work packages. However lite
rates charged and facilities allocated are somewhat 
arbitrary, and tend to vary, particularly when 
attempts are made to distribute the ESA budget 
'residue*. 

(b) Support from administrative services (personnel, 
building maintenance, elc). This is essentially a 
charge per head of slalf complement. 
Administrative support is provided at a rate which 
in 1979 represented 28 percent of the net salary hill. 
A charge for 'Site Services' was levied tit 34 percent 
of the net salary hill. 

Support given by SSD 

The question naturally arises as to wh> 50 percent ol'the 
SSD budget is made up of support charges levied on 
SSD by other parts of the Agency while SSD recovers no 
costs for the services it provides to studies, projects and 
spacecraft operations. 

Support given by SSD has not been charged, in order to 
maintain some independence for the project scientist, 
who cannot exert financial control and must have the 
personal status and backing from his Department to 
operate by "friendly persuasion*. He frequently finds 
himself under attack for being 'disloyal' to the Agency 
through supporting the demands and criticisms of 
experimenters and at the same time under fire from the 
experimenters for defending too strongly the 
requirements of the Executive. A project scientist may 
have difficulty representing what he believes to be the 
best interests of the experimenters ifthe project manager 
«•ho has lo be persuaded controls that project scientist's 
activities through the budget. 
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Cosmic Ray Division 
Introduction Introduction 

Support given to projects 
- [SEE 
- ISPM 
- Data analysis phases of HEOS-2 and ESRO-IV 

Support given to studies 
- International Cometary Mission 
- Asteroid exploration mission (Astcrcx) 

Research activities 
- Analysis of HEOS-2 data 

Low energy proton experiment on ISEE-3 
- Cospin experiment on ISPM 
- Solar constant experiment on FSLP 
- Ultra-heavy nuclei cosmic ray experiment on LDEF 
- Simulation of charged particle trajectories in the 

vicinity of DC electric fields 
- Future research activities 

Appendices 
Manpower deployment 
Principal collaborative partners 1978 79 
Publications 1978/79 

The historical evolution of the Cosmic Ray Division 
from its origin in 1965 to its status in 1977 was presented 
in the SSD annual report 1977. It showed that the 
Divisional activities were always strongly linked to the 
support of the overall ESRO/ESA scientific programme 
and that they had evolved with the development of the 
Agency's programme. This report therefore concentrates 
on a summary of the activities and achievements of the 
Division in the project, study and research work in 1978 
and 1979. 

Major efforts of the Division's scientific staff went into 
the support of ongoing projects and of studies on 
potential future missions in magnetospheric 
interplanetary and planetary science. Project scientists 
arc serving two major ESA/NASA co-operative projects: 
ISEE-2. since October 1977 in its operational phase, and 
the International Solar Polar Mission (ISPM). approved 
as a new mission by the SPC in November 11*77 and 
ready to begin its hardware development phase in 
January 1980. Study scientist support, provided by SSD 
with the view of capitalising early in a new programme 
on project scientists' experience gained on previous 
projects, concentrated on the assessment study of the 
asteroid mission and on the phase A study of the 
International Cometary Mission. For example, the comet 
study scientist made major contributions during this 
phase toward finding solutions for the dust impact 
problem and the plasma problem of the Halley fly-by 
probe. 

The research interests in the Division remain focused on 
Sun-Earth relations and physical processes in the 
heliosphere. in particular on investigations of solar and 
interplanetary particles, on cosmic rays and on 
Sun/climate relations. The continued exploitation of 
data from the HEOS-2 mission has shed more light on 
the origin of the electron populations in the outer 
magnetosphere and provided descriptions of the three-
dimensional shapes of the magnetospheric boundaries. 
Regrettably (but unavoidably, owing to the lack of 
manpower). HEOS-2 analysis had to come to an end 
with the departure of a research fellow in 1979. A 
highlight for the Division in the reporting period was the 
launch of the low-energy proton instrument on the 
interplanetary ISEE-3 spacecraft in August 1978. The 
instrument, developed in co-operation with two other 
European groups, has been providing excellent data for 
studies on solar particle events, interplanetary shock 



phenomena and upstream particles of magnetospheric 
origin since then. Development work on charged-particle 
detection systems, leading on from the previous work for 
ÏSEE-3, contributed to the selection of a co-operative 
proposal for a cosmic-ray and solar-particle experiment 
to be flown on ISPM. The development of this 
experiment constitutes at present, together with the 
ISEE-3 data analysis, the major research effort in the 
Division. 

A specific task for SSD is assistance to scientific 
laboratories in smaller ESA member states by. for 
example, helping them to adapt instrumentation 
developed by them for use in space. The Division 
contributes to this task in two co-operative experiments. 
It participates in the development of the solar-constant 
experiment For FSLPand of an ultra-heavy cosmic-ray 
experiment for the Long Duration Exposure Facility to 
be launched by the Shuttle. The involvement of the 
Division in the Picpab experiment for FSLP'described in 
the 1977 report was terminated in early 1978 when 
descoping of the experiment became necessary. 

Support given to projects 

!n 197K and 1979. the Cosmic Ray Division provided 
project-scientist support to ISEE-2. launched in October 
1977. to ISPM in its design phase, and to HEOS-2 and 
ESRO-IV. both being at the end of their data-analysis 
phase. 

ISEE-2 

This multi-experiment spacecraft is part of the three-
spacecraft International Sun-Earth Explorer (ISEE) 
mission. This mission serves over 120 European and US 
investigators who supplied a total of 35 instruments. The 
main scientific aim of the mission is to quantify the 
dynamics of the magnelosphcre and the effect of the 
solar wind upon it. This demands close co-ordination of 
the measurements from aï) three spacecraft. 

The series of Science Working Team (SWT) meetings 
that began immediately after selection of the 
investigations in early 1973 has been continued into the 
data-analysis phase. Such meetings enable all scientific 
and technical groups involved in the mission to meet 
every six months or so for discussion of the problems 
that arise, for negotiations if necessary, for assessment of 
the state of the mission, for the planning of scientific 
workshops and foi making decisions on future 
operations. The more important orbital operations 

involve only ISEE-2 which is the more nimble of the two 
Earth-orbiting spacecraft. The ISEE-2 project scientist is 
thus responsible for the implementation of the SWT 
wishes and for monitoring the operations to ensure ihey 
are correctly carried out. 

By pushing for co-operative data analysis and, with his 
partner on ISEE- i, initiating workshops for data 
correlation, the ISEE-2 project scientist has been 
instrumental in fostering the production of scientific 
papers of high quality. SSD has always advocated the 
advantages of co-operation between scientific groups. 
This is now accepted as normal in Europe but. 
surprisingly, has been a novel idea to some US 
investigators. Considerable persuasion was necessary in 
the early stages of data analysis to reassure American 
principal investigators that their data would not be 
pirated. The workshops have been such an obvious 
success that they have 'taken otf and. apart from some 
co-ordination, now need little nursing by the project 
scientists. 

To date, about 100 scientific articles based on ISEE 
results have been published, and a further 40 are known 
to have been accepted Tor publication. It is interesting to 
noie that the results from this mission have attracted 
back to the field of magnetospheric and space plasma 
physics a number of theoreticians who had previously 
moved to apparently more fruitful areas of science. 

ISPM 

The international Solar Polar Mission (ISPM). orginally 
known as the Oui-of-Ecliptic Mission, will be the first 
spacecraft mission to explore the third dimension of the 
heliosphere within a few astronomical units of the Sun 
and to view the Sun over the full range ofheliographic 
latitudes. Us main objectives are to investigate, as a 
function of solar latitude, the properties of the 
interplanetary medium and the solar corona. The ISPM 
is a two-spacecraft venture jointly conducted by ESA 
and NASA. It is scheduled for launch by Space 
Transportation System, the Space Shuttle and the 
Integral Upper Stage, in February 1983. 

More than 200 European and American investmators 
belonging to 65 universities and research centres in 13 
countries are participating in this exploratory mission. 
Seventeen flight experiments have been jointly chosen by 
ESA and NASA to constitute the payloads of the two 
spacecraft. Besides these, radio science investigations 
have been selected that will make use of the spacecraft 
lelecommunication subsystems for scicnlific 



measurements during special periods of the mission. Also 
for the first time in an ESA mission, interdisciplinary and 
theoretical investigations have been selected in which 
scientists not supplying flight hardware will use data 
from several expérimenta! investigations in an 
endeavour to solve specific problems in out-of-ecliptic 
science. 

The ESA project scientist provides scientific advice to 
the project group on all mission aspects and for overall 
system design. He liaises with experimenters on scientific 
matters and is co-chairman of the Science Working 
Team (SWT). He is also a member of the Joint Working 
Group (J WG) which constitutes (he main ESA/N ASA 
executive body for this co-operative mission. 

SWT meetings provide a forum for bringing together all 
principal investigators (often accompanied by several 
scientific and technical members of their teams) and the 
two project groups. The SWT advises the JWG on those 
aspects of the mission that have an impact on the 
scientific objectives (e.g. spacecraft and mission design. 
mission operations and data processing). Four SWT 
meetings were held in 1978 and 1979 alternating between 
ESTEC and JPL. The SWT established, for example, the 
basic mission design characteristics and defined a 
minimum acceptable mission as containing observation 
times of at least two solar rotations above 70° 
heliographic latitude per spacecraft per polar pass. The 
SWT also assisted in the definition of mission operation 
activities, observation sequences, data distribution 
schemes, etc. 

Particular attention is being paid by the ESA project 
scientist to the implementation of the radio science 
investigations and to the exact definition of the role of 
the selected interdisciplinary investigators. The project 
scientist set up the framework for European 
investigators to participate in the central purchasing of 
radiation-hardened, high-reliability electronic 
components in the US. He also initiated a study that, it is 
hoped, will lead to the implementation of a common 
data file for both spacecraft with the aim of maximising 
the scientific return from this mission. Special emphasis 
is being placed on a close contact with the NASA project 
scientist, a tusk which is not always easy in view of the 
fact thai there is no overlap between a normal working 
day at ESTEC and one at JPL. 

Data-analysis phases of HEOS-2and ESRO-IV 

The task of the project scientists in the late post-
operational phases of these missions has been restricted 

mainly to the collection of the recent scientific results 
from all investigators and to composing annual 
summary reports which form part of ESA's annual 
report to COSPAR. 

Support given lo studies 

In 1978 and 1979, the Cosmic Ray Division provided 
study scientists to the phase A study of the cometary 
mission and the assessment study of the asteroid mission. 

International Cometary Mission 
(RcT.SCI(79)lt) 

NASA and ESA are jointly planning an exploratory 
cometary mission that will involve a fast fly-by of comet 
Halley in 1985 and a rendez-vous with comet Tempcl 2 
in 1988. A flight system, consisting of a three-axis 
stabilised main spacecraft, a spin-stabilised Halley probe 
and a solar electric propulsion system (SE PS), will be 
launched in late July 1985 by the Space Shuttle/inertial 
upper stage system. ESA's share will be the provision of 
the Halley probe, which is to be carried by the main 
spacecraft and released in the vicinity of Halley on a 
ballistic trajectory towards the nucfeus. The NASA 
spacecraft will pass Halley al a distance of 130000km. 
avoiding the cometary dust. The fly-by distance of the 
probe will be less than 500 km with 50 percent 
probability. Both space vehicles will participate in the 
exploration of comet Hallcy. which at this time will be at 
1.5 AU heliocentric distance 73 days before perihelion. 
The fly-by velocity will be 57 km<s due to the retrograde 
orbit of Halley. The probe experiments will be active for 
four hours. 

An assessment-phase study which examined possible re
use of the ISEE-B design for the Halley probe was 
undertaken by ESA in late 1978. This initial study was 
followed by a more detailed phase A study in 1979. 
These studies showed that the ISEE- B design was usable. 
but that some major modifications would be required, 
mostly due to the passive character oÇ the probe (no 
active orbit or attitude control in contrast lo ISEE-B) 
and the unusual environment in the comctary 
atmosphcre. 

The probe model payload consists of ( ? ) a neutral and ar. 
ion mass spectrometer to determine the elemental and 
isolopic chemical composition of cometary neutrals and 
ions. (2) a dust impact mass spectrometer and a dust 
impact detector to determine the elemental composition 
and the size spectrum of cometary dust particles. (3) an 
ion,'cleclron analyser, a magnetometer and a passive 



plasma experiment to investigate the various plasma 
physics phenomena in the comctary ionosphere and its 
interaction with the solar wind and. finally, (4) a probc 
camera to determine physical properties of the nucleus. 
The camera is also to be used for reconstitution of the 
probe trajectory relative to the nucleus. 

The high lly-by velocity at Halley will cause a hazard to 
the probe in the innermost part of the coma. Numerous 
dust particles will impact on the leading surface of the 
probe, creating large craters and holes. In a workshop 
organised by ESA it was concluded that the probe, if 
protected by a dual-sheet bumper shield of - 25 kg 
weight, would have a high probability of surviving even 
a close fly-by of a few hundred kilometres. 

The impacting comctary neutrals and dust particles will 
create an ionised plasma around the probe, which may 
lead to an unacccptably high detector background and 
perhaps also to a probe potential different from that of 
the surrounding plasma. This problem was investigated 
by a small ESA study group. Preliminary results indicate 
that the expected probe potential wilt be small and that 
the velocity distribution of the impact plasma is 
characteristically different from that of the comeiary 
plasma. Furthermore, it is possible to influence the 
plasma environment to a large extent by careful selection 
of the probe shield material. The proceedings of the dust 
hazard workshop and the conclusions of the probe 
plasma environment study group arc contained in two 
ESA publications {SP-153 and SP-155). 

The SSD study scientist supported both the assessment 
phase study and the phase A study. He actively 
participated in the ESA scientist consultant group for the 
cometury mission. He also assisted in the preparation of 
the Announcement of Opportunity and the respective 
support documentation. He experimentally investigated 
hypervelocity impact phenomena (there was no expertise 
in this area in ESA) and arrived at a preliminary shield 
design. He organised the dust hazard workshop to which 
he contributed compulations of the presently jsed dust 
model for comet Halley and calculations of probe 
survival in the vicinity of the comet nucleus. He also 
organised the plasma environment study group to which 
he contributed a paper on the ion-cleetron pair 
production rale by comctary neutrals and dust particles. 

Asteroid exploration mission (Aslerex) 
(Rd. SCI (79)1) 

This assessment study, based on a proposal submitted by 
a group of European scientists to ESA in response to the 

request for new mission proposals, was undertaken 
between June and October 1979. 

Small bodies in the solar system such as asteroids and 
comets are as yet poorly known. Their investigation is 
expected to yield important clues to the origin of the 
solar system. Many fundamental questions about small 
bodies and their implications for solar system history 
require close-up analysis, and consequently the 
exploration of these objects is an essential component of 
planetary exploration. Until the advent of spice 
missions, meteorites were the only extraterrestrial 
objects accessible for intensive laboratory investigations. 
It would be important to understand the connections 
and the interplanetary dynamics which relate asteroids 
and meteorites. The assessment of the bes1 approach to 
the first exploratory mission to the aster id belt was the 
subject of this study. 

The SSD study scientist will) extensive project 
experience jxted as an interface between the F.SA 
engineers and the scientific consultant group. All hut one 
of the latter had little knowledge of space 
instrumentation. The study scientist helped to direct the 
si m'y towards lower-cost solutions where problems 
arose. He defined instrument parameters, helped with the 
priority list and wrote the section of the study report 
which translates the scientific objectives into specific 
technical requirements against which the engineers have 
to design the basic spacecraft. 

Research activities 

Analysis of H EOS-2 data 

The Division has recently decided to terminate the 
exploitation of data obtained during the H EOS-2 
mission, owing to the departure of slatfand the need to 
meet other commitments. The main effort in the final 
analysis phase was devoted to a better understanding of 
the properties and to a search for the source of energetic 
electrons in the outer magnet osphere. In addition, 
statistical studies based on the correlation of data from 
different HEOS-2 instruments and from different 
spacecraft led to a fust truly three-dimensional 
description of the magnctopause and the bow shock. 

Energetic electrons in the outer inaanelosphere 

One of the outstanding successes of H EOS-2 has been 
the discovery of the energetic (> 40 keV} electron layer at 
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ihc polar magnelopause by the Division's S 204 
experiment. Following on from this work published 
earner, a search for the source or this magnetopausc 
layer WHS undertaken by performing a statistical study of 
the electron population observed in different regions of 
ihc magnetopausc. Escape of energetic electrons from 
the outer trapping zone lhro>'qh the dayside 
magnetopausc has been ruled out as the main source for 
the nearly permanent polar magnetopausc layer. A clear 
correlation between the presence of energetic electrons in 
the exterior cusp region and the direction of 
interplanetary magnetic field (IMF) direction has been 
found. The average electron intensities in the exterior 
cusp region arc much highet «hen the IM F is pointing 
southward. There is also a strong correlation between 
the peak electron flux and the magnetic energy carried 
toward the magnetopausc. These results suggest merging 
of the IMF with magnelospheric field lines in the cusp 
region as u source mechanism for the electrons. 

Properties of energetic electron bursts often observed in 
the magnetoshcalh and occasionally in the solar wind 
have also been investigated. The observations strongly 
indicate that these electrons arc of exterior cusp origin. 
Their intensity is highest in this region. Their anisotropy 
and energy spectra also arc consistent with such an 
origin. Their relationship with the observed magnetic 
field is such that ihcy arc seen at the spacecraft only 
when this is magnetically connected to this region. 

7V three-dimensional shape of the mannetopause ami the 
how shock 

Previous studies of the average shape of the Earth's 
magnetopausc and the bow shock had been restricted to 
observations made essentially near the equatorial plane. 
Two and a half years of HEOS-2 measurements at high 
latitudes combined with observations from other 
spacecraft provided a unique sample of magnetic-field 
data enabling detailed studies to be made of the three-
dimensional shapes and positions of both boundaries. 
The long-term influence of the solar-wind conditions on 
the average geometry was reduced by normalising the 
radial distances of the observed crossings to an average 
dynamical solar-wind pressure. 

The observed aberration of the magnetopausc and bow-
shock surfaces is somewhat larger than that expected 
from the Earth's orbital motion. The magnctopause 
observations show evidence for a cusp-like indentation 
at high latitudes. They also indicate that the average 
high-latitude magnctopause flares en,;- ;Jcrably more 
than was predicted by theoretical mirJ.:;». The 

magnctosphcric boundary changes its shape under 
varying solar-wind conditions. For example, at times of 
high solar-wind density ( > 6cm"3) the magnetopausc is 
slightly closer to the Earth near the subsolar point but 
further from the Earth at higher latitudes. This suggests 
that under the denser solar-wind conditions more 
plasma enters the high-latitude magnctosphcrc and 
creates the more distant locations. The study also shows 
that the high-latitude magnctopause is farther from the 
Earth under southward IMF conditions. This result is 
consistent with the idea that, in the presence of a 
southward interplanetary field, daysidc geomagnetic 
field lines are swept back into (he magnctotai) and 
increase the high-lalitudc-magnctopausc distance. The 
elfccts of the solar-wind density and the IMF latitude on 
the magnetopausc shape may not be completely 
independent, as these two quantities can actually be 
related in the solar wind, due to stream stream 
interactions. 

Low-energy proton experiment on ISEE-3 

ISEE-3 was launched in August 1978 into a unique 'halo' 
orbit around the sunward libration point. L,. located 
- 235 R, upstream from the Earth {Fig. 1 ). The low-
energy proton experiment on ISEE-3 measures protons 
in the range 35 keV to 1600 kcV. with a high lime 
resolution of 16s. It uses three identical telescopes 
pointing in different directions in spaec(30°. 60". 135° 
with respect to the spin-axis) to obtain truly throe-
dimensional anisotropy measurements in eight energy 
channels. The instrument was designed primarily to 
investigate the acceleration and propagation of solar 
particles in interplanetary space, but in addition it now 
regularly observes particles accelerated in the Earth's 
environment, probably at the bow shock. 

The low-cncrgy-proton experiment was produced by a 
consortium comprising Imperial College London. Space 
Research Laboratory, Utrecht, and the Cosmic Ray 
Division of SSD. The Cosmic Ray Division, which was 
responsible for the development of the experiment data-
processing unit, the ground-support equipment and 
experiment project management, is now actively engaged 
in data analysis. 

Proton streaming from the direction of the Earth's how-
shock 

One of the unexpected aspects of the measurements 
made by the ISEE-3 experiment is the large number of 
upstream particle bursts which arc being observai. 
•Upstream" refers to the fact that the spacecraft is located 
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Figure I ISEE-3 orbit from launch to I March 1979 

X, 

300 

30 AUG 1978 
11.25 

Figure 2 Low energy proton connection path (solid 
line) from ISEE-3 spacecraft towards Earth's 
magnetosphere 
(a) At 1125 UT no upstream particles were observed 

and no good connection path existed 

30 AUG 1978 
11.15 

(b) Ai 1140 UT upstream particles were observed whilst 
a good connection path existed 



outside the bow shock in the direction towards the Sun 
(Fig. 1) and that these particles are generally flowing 
from the direction of the Earth, i.e. opposite to the solar 
wind flow. The upstream bursts are characterised by 
short-duration increases in the particle intensities as 
measured in the low-energy channels, with intensity 
increases of a few orders of magnitude lasting for 
typically tens of minutes. The spc-tra are steep and, in 
addition, the bursts are often highly coflimated, flowing 
from the direction of the Earth's bow shock. These 
particles appear to be present when a connection path 
exists between the Earth's magnetosphere and the 
spacecraft. 

One part of the work being pursued in the Division is an 
attempt to understand the way in which the spacecraft is 
connected to the magneosphere when these bursts are 
seen. The model developed uses magnetic-field direction 
and solar-wind velocity measurements from 1SEE-3, 
with the assumption that the Held directions retain their 
orientation as they are convected from the spacecraft to 
the Earth, to construct the field structure between these 
two regions. Within this structure, the path of a particle 
is traced, the transmit time and the E x B drift effect 
being taken into account. Figure 2 shows two examples 
of such tracings, one for a time during a burst, and the 
other IS minutes earlier. These tracings clearly s*-ow the 
existence of a connection path between the spacecraft 
and the magnetospheric bow shock during the burst, and 
the lack of such a connection path prior to the burst. On 
the basis of such a study, it should be possible to 
determine whether the presence of these particles at the 
1SEE-3 spacecraft is due to the existence of a connection 
path rather than a *switch-on' of the acceleration 
mechanism at the source. 

interplanetary 

Very many solar-particle events have been observed by 
the ISEE-3 experiment in its first orbital year. Such 
events observed at very low energy often exhibit very 
complex features quite different from the observations at 
the higher (1-10 MeV) energies at which most previous 
measurements were made. 

One example analysed in some detail was the flarc-
related event of 23 September 1978. During this event, 
charged particles were accelerated up to several CeV. 
Prominent particle-intensity increases were also 
recorded in all eight energy channels of the low-energy 
proton experiment on ISEE-3 (Fig. 3). At high energies 
the intensity /time profile displayed a classical shape: the 
peak intensity was reached after a few hours and was 

followed by a slow exponential decay. At very low 
energies ( Ï 100 keV) the profile was strongly governed 
by the shock wave. In the 35-56 keV energy channel the 
particle intensity increased by one order of magnitude 
within 30 min just prior to the arrival of the flare-
produced shock wave at the spacecraft. In the post-shock 

l 0 ' i I 1 • • ' ' I I 

U b 12 IN li' 

Figure 3 Spin-averaged low-energy proton intensities 
observed on ISEE-3 around the interplanetary shock on 
25 September 1978 



region, the intensity remainded at that high level for 
some lime and then decayed slowly reaching the prc-
shock level about two days later. When the sector count 
rates were transformed into the solar-wind frame of 
reference, they showed streaming from the direction of 
the shock in the upstream region and isotropy in the 
downstream region. 

The panide-intensity increase in the post-shock region is 
most likely due to interplanetary acceleration. However, 
the acceleration mechanism is not obvious. The short-
duration particle-intensity increase (shock spike) 
observed at the time of the shock may provide a clue to 
its identification. It is known that a shock spike can only 
form in a nearly perpendicular shock. Most of the 
particles around the shock have probably been 
accelerated by this shock acceleration mechanism, 
operating for extended periods on the way between the 
Sun and lhe spacecraft. The lower-energy particles were 
mostly overtaken by the shock whereas the higher-
energy particles outran it. The low-energy particles were 
extensively scattered by the irregularities in the highly 
disturbed do\. nstream magnetic field leading to the 
observed isolropy. In view of the low velocity of the 35-
56 keV protons, these particles did not quickly diffuse 
away from the location where they were formed an<i 
moved radially outward with the solar wind velociu 
receding more and more behind the shock thus forming 
the plateau-like high-intensity region downstream from 
the shock. 

Cospin experiment on ISPM 

Prime objectives of the Cosmic Ray and Solar Charged 
Particle Investigations (Cospin) on ISPM are to 
resolve problems in solar, interplanetary and cosmic-ray 
physics for which observations far out of the ecliptic are 
required. Specific goals include the understanding of (I ) 
the acceleration and propagation of charged particles in 
interplanetary space. (2) galactic cosmic-ray modulation, 
and (3) the source, confinement and propagation of 
cosmic rays in the galaxy. These investigations use 
measurements of intensities, spectra, anisotropics, and 
the chemical and isotopic composition of nuclei from 
hydrogen through iron over a wide energy range from 
- 0.3 to 600 MeV/n. with flux measurements extending 
to higher energies, and of electrons in the energy range 
from - 1 to2000MeV. 

Cospin i* -i co-operative effort between the University 
of Chicago, the National Research Council of Canada in 
Ottawa. Imperial College. London, the University of 
Kiel. CEN Saclay and the Cosmic Ray Division of SSD. 

Figure 4 Low Energy Telescope (LET) to be flown as 
part of Cospin on ISPM 

It was accepted for flight on the ESA ISPM spacecraft in 
February 1978. Physically. Cospin consists of six 
charged-particle detector systems with their associated 
electronics, interfaced to the spacecraft via a common 
data processing unit (DPU). The hardware contribution 
of the Division comprises the low-energy lelescopc (LET) 
and -jointly with Imperial College - the DPU. For one 
of ils parts, the microprocessor-based central processing 
unit (CPU), the Division has prime responsibility. 

The LET will measure the flux, spectra and elemental 
composition of nuclei from hydrogen up to iron, in the 
range of - 1 McV/n to - 75 MeV n. using a double 
iEUX vs £ solid-state detector telescope. The LET 
system is equipped with a comprehensive priority 
system, which enables the rare nuclei to be analysed in 
preference to the more common species. Isotope 
separation for light nuclei such as He can be achieved. 
Anisotropy measurements of low-energy protons will 
also be made. 

Low-energy ( < I0D MeV/n) galactic cosmic rays are 
excluded from the inner solar system near the ecliptic 
plane by solar modulation as a result of their interaction 
with magnetic-field irregularities carried by the solar 
wind. The low-energy particles we observe near Earth. 
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Figure 5 Two-dimensional energy-loss matrix acquired during accelerator beam calibration demonstrating the 
element resolulion of (he LET 

enter the heliosphere at higher energies and arc 
decelerated in the solar wind. There is compelling reason 
to Lclieve that this "modulation" is substantially reduced 
or even very small over the solar poles. Consequently, ue 
should be able to measure, or estimate with confidence, 
on ISPM the unmodulated spectra of all species of 
galactic cosmic rays down to quite low energies. These 

measurements will then help us to understand the 
modulating process better than wcdo at present. 
( .'S-: •. étions of the elemental and isolopic composition 
v.iih ••! energies in the interstellar medium will provide 
inf-';-'!! ;;•••> the origin and the propagation of cosmic 
ra\-~ noi rhininable in any other region accessible to us. 
Ai:'Mlu'i <»'i|.-clivcforthc LET is the investigation of 
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Figure 6 UHCRE experiment in LDEF tray 

solar particles. Study of their properties, in particular 
their anisotropics, at different solur latitudes (at high 
latitudes in the absence of the solar rotation one may 
expect very pronounced anisotropics) should improve 
our understanding of charged-particlc propagation in a 
magnetic plasma. 

In 1979 a scientific model of the LET was constructed 
( Fig. 4) and calibrated at low energies using a 2 0Nc beam 
at the VtCKSI accelerator of the Hahn-Mcitner Institute 
in Berlin. Figure S presents some calibration results 
produced by scattering the 2 0 Ne beam off a C foil. It 
dearly shows the ability of the instrument to separate the 
different elements up to Nc. Further extensive 
calibration activities arc planned in 1980 to cover the full 
dynamic range of the instrument. 

Development of the CPU is occurring in parallel with 
that of the LET. The CPU uses two redundant CMOS 
microprocessor systems to control the different detector 
or systems which make up the COSPIN experiment, as 
well as collecting and formatting all scientific and 

housekeeping data. The detailed design for both the LET 
and the DPU is nearing completion. The Engineering 
Unit is now under construction for COSPIN integration 
by mid-1980 and delivery to ihcESA project office in 
early 1981. 

Solar constant experiment on FSLP 

An accurate and absolute value of the solar constant or 
solar irradiance » a critical term in the determination of 
the Earth's radiation budget. Its value is one of the main 
ingredients in the energy balance equation describing the 
dynamic behaviour and circulation of the atmosphere. In 
addition, it is generally accepted that the solar output 
affects the terrestrial weather and climate in some way. 
The mechanism is unknowr,. One of the parameters that 
may play an important role in this is the solar constant. 
It is therefore necessary to determine its variations if one 
wants to establish the presence or the absence of such a 
relationship. Unfortunately, neither Earth-based nor 
spacecraft measurements have so far achieved the 



accuracy necessary to measure the solar irradiance or its 
long-term stability with high enough precision. 

The Division has been continuing its participation in the 
development of an accurate absolute solar-constant 
radiometer, in co-operation with the Institut Royal 
Météorologique de Belgique. Free of atmospheric effects, 
this instrument will be able to measure the solar constant 
with a precision of about 0.1 percent. The instrument will 
first be flown on the FSLP. at present scheduled for flight 
in April 1982 (it was originally scheduled for 1980). At 
the end of 1979. a prototype was nearing completion and 
will soon be subjected to environmental testing. Flight 
unit production is scheduled for 19801 Simultaneously, 
ground-based comparison measurements with other 
instrumentation will be continued before integration on 
the FSLP. planned to start in late 1980. 

To search Tor a long-term variability of the solar 
irradiance it is planned to refly the instrumer. t on later 
flights. A first step in this direction was made when 
NASA recently accepted the radiometer for another 
Spacelab flight. 

Ultra-heavy cosmic ray nuclei experiment (UHCRF.) on 
LDEF 

Accurate measurements of the charge spectrum of ultra-
heavy (UH) cosmic-ray nuclei are of vital importance for 
many areas of astrophysics. Examples arc the study of 
the origin and age of cosmic rays, acceleration and 
propagation processes and the nucleosynthesis of the 
heavy element». The two main samples of U H nuclei 
with Zs=65 {Skylab and balloon flight data) which at 
present are used as reference material for astrophysical 
theories lack - owing to the extremely small flux of UH 
cosmic rays - the statistical significance desired for such 
investigations. 

A collaboration between the Dublin Institute of 
Advanced Studies (D1AS). Ireland and the Cosmic Ray 
Division aims at improving significantly the available 
statistic* by exposing a very large array of solid-slate 
nuclear track detectors for a period of about 12 months 
in Earth orbit on board NASA's Long Duration 
Exposure Facility (LDEF). D1AS has a leading position 
in the world in the application of track detectors for 
cosmic ray research and will be responsible for supplying 
the detectors on this experiment. The Cosmic Ray 
Division will provide the technical and management 
expertise to adopt this detection technique for long-term 
use in space. 

The UHCR E detectors are slacks «* plastic (Lexan 
polycarbonate) sheets interleaved with Pb sheets for 
energy degradation, i racks in the detectors produced by 
cosmic rays penetrating them are revealed after recovery 
by chemical etching techniques Measurement of certain 
track parameters then leads to ihe identification of the 
charge of the penetrating particles. The detectors will be 
contained in pressurised aluminium cylinders during the 
flight. A total of 48 cylinders grouped into 16 experiment 
trays (Fig. 6) will be exposed on the first LDEF flight 
currently scheduled fui a shuttle launch in 1982. A 
prototype tray has undergone full qualification testing 
and flight hardware is now under construction. 

Simulation of charged particle trajectories in ihc vicinity 
of DC electric fields 

As- part of the Cosmic Ray Division's contribution to the 
FSLP Picpab experiment (which, as mentioned in the 
introduction, is now terminated due to descoping of the 
experiment), a study was initiated to investigate ways of 
using artificially injected ions to measure electric fields in 
the plasma surrounding a spacecraft. By using a rendez
vous between the motion of the spacecraft and the 
injected particles after a number of complete gyrations 
around the magnetic field plus one partial gyration, it 
should be possible to measure electric field and potential 
structures up to a few tens of kilometres away from the 
spacecraft. Solutions of the problem were derived for 
many cases with a view to optimising the design of the 
ion detector which the Cosmic Ray Division was 
developing. 

Future research activities 

The near-future research activities o: the Division will be 
a natural consequence of the on-gohm programme. Data 
analysis and interpretation of the 1S1 i>3 proton 
measurements being performed in Jt :eco-operaiion 
with our partners in London and I u-.-cht, will form the 
bans for the scientific results to be obtained in the next 
few years. This analysis is part of the whole ISEE/1MS 
programme for which the Division also fulfils an 
important co-ordinating role by supplying the ISF.E-2 
project scientist support. 

Hardware development requires a major eflort in the 
Division at the present time. The main emphasis in 
1980,-81 will be placed on the co-operative COS PIN 
experiment for ISPM. Preparation for the ISPM data-
analysis phase will follow, based on our HEOS-2 and 
ÏSEE-3 experience and investment, 



Some modest activity will be maintained in the area of 
Sun/climate research, irresources allow, the present 
experiment development will be supported by 
investigation on improved radiometer designs. The 
organisation of the 1980 ESLAB Symposium dealing 
with trie Physics of Solar Variations is another step 
focusing on this new and exciting field. 

The long-term future research activities of the Division 
will strongly depend on the evolution of the ESA 
scientific programme in the solar/terrestrial field and on 
the flight opportunities that will arise in the 1980s. 

Appendix I Manpower deployment (end 1979) 

Scientific manpower {grade) Main research activities 

K-P Wenze) (A6) 
(Head of Division) 

Studies 

ISEE-3 data interpretation. JSP M and 
LDEF experiment development 

Project 

ISPM 
HEOS-2 

V Domingo (A4) 

AC Durney (A4) 

R Rein hard (A4) 

TR Sanderson (A4) 

Research Felhws 

V, I-ormisano 
(til! April 79) 

R Kamermuns 
(Nov. 78 Oct. 79) 

R G Marsden 
(till Dec. 7K) 

LDEF and FSLP experiment 
development Sun climate relations. 
data handling organisation. ISEE-3 
data analysis 

FSLP experiment development 

ISEE-3 data interpretation 

ISPM experiment development 
ISEE-3 data interpretation 
laboratory organisation 

HEOSand ISEEdala interpretation 

ISPM experiment development 

ISPM experiment development 

A&erex 

Intern. 
Comet ary 
Mission 

ISEE-2 
ESRO-IV 

Technical and administrative staff 

A secretary (F Montciro)and live technieal stalVsuppori 
the research and project activities of the Division. The 
technical stud'arc M Dcmoed. j Hcnrion. ST Ho. 
TF Ivcrsen and M Trischberger. 

Space Science Department technical support group 

This group provides technical support to all four 
Divisions. It is formally attached to I lie Cosmic Ray 
Division. In 1978 79 the group mainly assisted the 
Astronomy Division in the development of the infrared 
balloon experiment, the Space Plasma Phvsies Division 
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on their MAGIK. Galileo and Picpab experiments. 
the Cosmic Ray Division on their tSPM and FSLP 
experiments and the High Energy Astrophysics Division 
on their FSLP and Aries sounding rocket experiments. 
The Group is headed by J Bouman and ils members are 
A Duindam. A Franscn. J Heida. L Smit and J Verveer. 

Appendix II - Principal collaborative partners 1978/79 

ISEE-3. solar pr.ttim experiment 

Imperial College. London (UK)- RJ Hynds. H Elliot 
Space Research Laboratory. Utrecht (NL) 
JJ van Rooijen. C de Jager 

ISPM. Cospin Experiment 

University of Chicago (USA) - JA Simpson 
Imperial College. London (UK) - RJ Hynds. H Elliot 
National Research Council. Ottawa (Can.) 
M Bcrcovich. I McDiarmid 
University of Kiel (D) H Kunow. G Wibberenz 
Centre d'Etudes Nucléaires. Saclay (F) 
A Raviart. C Ccsarsky. L Koch 

FSLP. Solar Constant 

Institut Royal Météorologique de Belgique. Brussels (B) 
D Crommclynck 

LDEF. UHCRE experiment 

Dublin Institute for Advanced Studies (IRL) 
D O'Sullivan. A Thompson. CO Ccallaigh 

Co'Operatire data analysis anil interpretations 

Dcmocritos University of Thrace. Xanlhi (GR) 
ETSarris 
APL. John Hopkins University (USA) 
R Gold. EC Roelof 
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Introduction 

The Division has been heavily involved in the 
operational phases of the Geos satellites, which have 
been chosen by the world-wide scientific community as 
reference satellites during the international 
Magnetosphcric Study'. This threc-year-long attempt to 
correlate space and ground observations has required 
major efforts. The many events linked with Geos. from 
conjugate rocket and balloon campaigns, lo planning of 
shifts in longitude for Geos-2 in order to monitor the 
charged-particle environment near Meteosui. have 
required constant attention from the Geos project 
scientist and from other stall' in the Division. 

Support was given to the studies of POLO and Eiscalsat 
which arc candidates for future ESA projects. The 
experience and expertise of the Division in the field of 
spacecraft- plasma interactions, developed gradually over 
the years particularly in connection with Geos. were put 
to good use in supporting the study of the International 
Comeiary Mission. There it was necessary to pi edict and 
analyse the effects of the plasma environment resulting 
from the impact of dust and neutral gas on (he 
spacecraft. 

The perfecting of a new experimental method for 
measurements of electric fields in a tenuous 
magnctosphcric plasma has requited many years of 
development. The technique, which is based on the use of 
spherical sensors with preamplifiers at the end of long 
wire booms extended radially on a spinning satellite, has 
been successfully proven by co-operative experiments on 
a number of magnetosphcric satellites; Geos-1 launched 
in April 1977.followcd by ISEE-1 in October 1977 and 
Geos-2 in July 1978. The Division has also been involved 
in designing and building electric field and plasma wave 
instrumentation for the Intercosmos MAG1K satellite 
launched into a high-inclination ncar-Eanh orbit in 
October 1978 and for rockets in the German national 
programme. The aim of the latter activities is lo correlate 
low-altitude polar observations with those on the Geos 
and ISEE satellites. 

The data from these experiments have ulruady provided 
important contributions in the form of presentations at 
international meetings and will continue to provide 
material for deeper scientific studies for many years to 
come. 



An active plasma experiment, referred to as Piepab 
(phenomena induced by charged panicle beams) and 
intended for flight on the First Spacelab Pay load, has 
been developed and has undergone successful tests with 
all participating laboratories. 

The visiting scientists coming to the Division have 
traditionally worked for part of their time on laboratory 
plasma experiments. These activities have been closely 
linked with space observations and hav^ resulted in a 
fruitful cross-coupling of studies. These modest 
laboratory facilities have in many cases also prove ' 
useful in providing opportunities for carrying out pilot 
studies on new ideas for space experiments. 

Support given to projects 

Geos-1/Geos-2 

The Division has been heavily engaged in the support of 
Geos-1 and Gcos-2. While the project scientist has 
carried most of the load, other staff members have also 
contributed by data analysis and co-operation. During 
the first half of 1978 the orbital operations and data 
distribution of Geos-1 had to be co-ordinated. Al the 
same time the final system tests of Geos-2 were 
undertaken and in June/July the launch campaign of 
Geos-2 took place, requiring support during all testing 
and the final countdown phases. 

After the successful launch of Geos-Z the experiment 
switch-on phase had to be supervised and. shortly 
afterwards, a serious solar array anomaly required 
detailed diagnostics and resulted in numerous software 
changes both by ESOC and by various experimenters to 
minimise the influence of the mishap on experiments. 

At the request of the Geos experimenters, the project 
scientist took initiatives to obtain data acquisition 
periods for Geos-1 by a ground station in the UK and 
helped in the planning of simultaneous operations of 
Geos-1 and Geos-2 

In 1979 the fluxgate magnetometer on Geos-2 
encountered difficulties which made it necessary to 
invoke the use of a magnetic wave experiment to 
generate good quality magnetic attitude data. In 
collaboration with the experimenters involved, the 
necessary software was defined and prepared at ESOC. 

Other examples of the support provided by the Division 
for the Gcos project include liaison with the 
experimenters by means of regular experimenter 

meetings or newsletters as well as the supervision and 
updating of spacecraft operations with ground 
campaigns and other salellhcs. An interesting 
forthcoming activity to be co-ordinated will be the 
operation of Geos-2 in the immediate vicinity of 
Meteosat, in an attempt to correlate occasional 
anomalies observed on this spacecraft with hot plasma 
injection events and thus check whether spacecraft 
charging is causing these anomalies. 

First Spacelab Payload (FSLP) 

An assistant FSLP project scientist, w ih experience in 
the magnctosphcric and plasma physics disciplines, is 
provided by the Division. A series of discussions and 
meetings ha\ebeen held to bring together the scientific 
requirements of the principal investigators with the 
SPICE activities. In particular this scientist took a major 
share of the preparation work for one Investigators' 
Working Group meeting with 150 participants arranged 
in Marseille under the auspices of the Laboratoire 
d'Astronomie Spatiale in October 1978. The delivery and 
integration activities have been under preparation and a 
number of meetings and discussions have taken place 
with SPICE and ESTEC in order to arrive at practical 
procedures. 

The Division is itself involved in the development of an 
experiment on FSLP together with a number of other 
laboratories. Besides designing and building part of the 
hardware, co-ordinalion of work and tests have been 
done. Because of the size and complexity of this FSLP 
experiment and the many new (and frequently changing) 
interlaces to Spacclab it is fair to classify a major share of 
this activity as project work. 

The Division has also performed an advisory role to the 
Spacelab programme during various committee 
meetings. 

Spacecraft charging 

The starting point for work related to spacecraft 
charging, or. more generally, spacecraft plasma 
interactions was the need to provide the Geos satellite 
with a conductive coating in order to assure correct 
electrostatic conditions for the on-board electric-field 
experiment (in which the Division was involved) and for 
other low-energy-plasma experiments. The border line 
between research and project work is very difficult to 
define in this case. However, it is fair to say that the 
Division has contributed to the understanding of 
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spacecraft /plasma interactions and thereby provided 
vital information, not only for electric field 
measurements, but for spacecraft in general. 

The FSLP experiment mentioned in the previous 
paragraph is described more fully in the section on 
research activities. However, the experience to be gained 
from this active plasma experiment by emission of 
electron and ion beams will be important for the 
understanding of charging phenomena on Spacelab. 
Such an understanding is of general interest to many 
disciplines. 

In the next paragraph we will outline an involvement in 
a study of dust and neutral gas impact ionisation on the 
Halley Comet Probe. This is a good illustration of how 
accumulated knowledge can be used to provide 
information of importance for a new project. 

Activities in this field have not been well co-ordinated so 
far, and very few scientific groups outside ESA have the 
knowledge to translate scientific requirements into 
satellite engineering solutions. SSD staff in co-operaticn 
with project engineers are in a good position to make a 
significant contribution to the study of spacecraft 
charging and naturally the Division has allocated 
considerable effort in this direction. 

Support given to studies 

Staff members of the Division were actively engaged in 
ongoing phase A studies (Geos-3 and part of the 
International Cometary Mission) and assessment studies 
(POLO and Eiscatsat). 

Geos-3 (magnctolail satellite) phase A study-
It is proposed to fly Gcos-3. based on existing Gees 
hardware and designs, into the poorly explored 
geomagnetic tail. The spacecraft will be placed in a 
highly eccentric orbit and kept in the geomagnetic tail 
with the assistance of lunar gravity. An option to place it 
in the antisunward librution point has also been studied. 
Efforts have been concentrated on experiment 
adaptation and accommodation on the existing Geos 
platform. Knowledge of gi,..i experiment interfaces and 
basic Gcos system constraints gained in the Division by 
project scientist work on Geos-1 and 2 was crucial for 
carrying out this task. 

The International Cometary Mission phase A study 

The Cometary Probe to Halley's Comet Js expected to 
encounter dust particles and neutral gas that will impact 
on a protective shield with a velocity of 57 km/s. Dust 
particles will vaporise and erode the shield, and neutral 
gas will cause sputtering. Both dust and neutral gas will 
in addition cause the release of ions and electrons. 
thereby forming a plasma cloud which will increase in 
extent and density as the Probe approaches the comet. 
The Division is presently involved in the studies 
associated with the hazard to and contamination of 
experiments resulting from these phenomena. The task 
involves participation in workshops, as well as the 
definition and monitoring of contractual and in-housc 
research programmes related to this activity. 

POLO (Polar Orbiting Lunar Observatory) assessment 
study 

The POLO project consists of a lunar polar orbiter in a 
low circular orbit around the Moon and a small relay 
spacecraft in an eccentric lunar orbit, the relay being 
required to obtain tracking data on the far side of the 
Moon. Although most aspects of lunar science arc 
outside the present scope of the Division, support could 
be given in areas like model payload resource definition, 
experiment accommodation and mission analysis. 

Eiscatsat assessment study 

This study was performed to assess the scientific merits 
of a possible mission dedicated to the study of the 
auroral magnetosphere. The Eiscatsal mission is a 
coordinated investigation on the ground and in-situ of so 
far unexplained phenomena occurring at high altitudes 
over the auroral region, such as the formation of elect rir 
double-layers, the acceleration of precipitated particles 
and the generation of the terrestrial kilometric radiation. 
The scientific payload consists mainly of particle 
detectors and electromagnetic sensors. An imaging 
system is also included to observe aurorac in the UV-
visible spectral range. The contribution of this Division 
was in assessing how to optimise the scientific rclurn 
with the model payload and orbits suggested by the 
study group. 
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Research activities Ultra-low-frequemy (ULF) phenomena 

The Ceos wave and field experiment 
(Co-opemtion: CRPE-lssy-les-Moulineiux and Orleans; DSRJ. 
Lynçby: Unîwrsity of Sheffield; University of Sussex; RIT Stockholm.) 

The Division is engaged in measurements of quasistatic 
electric fields in the magnetosphere using sensors 
developed in its laboratories. The same sensors are used 
for measurements up to 77 kHz and form the basis for 
plasma wave studies where the Division is also actively 
involved. 

ULF waves are easily detected by the long double-sphere 
antenna up to frequencies of u few Hz These waves arc 
mostly linked to the ion gyrofrequeneies and their 
harmonics, and iire often seen when the pitch-angle 
distributions of protons and helium ions with energies of 
the order of lOkeV are anisotropic. This type of study 
therefore calls for co-operation with other investigators 
measuring charged particles on Geos. 

Quashtatu-electric fields 

The Geos electric field experimenters have succeeded in 
building up considerable confidence in their 
measurements because it has been possible to compare 
the results obtained by three independent techniques. In 
addition to the double-probe technique developed in the 
Division, the Geos-2 satellite also carries an electron 
beam experiment from the Max-Planck-fnstitut. 
Munich, which measures the gyrocentre displacement or 
a keV electron beam by a spinning system consisting of 
un electron gun displaced radially with respect lo a 
detector for observation of returning electrons. With the 
beam technique as a reference, the double-probe 
measurements have been systematically corrected for 
influences from ion w»ke effects due to ion drift an effect 
not understood before. Another check using anisotropy 
measurements of low energy ions (mass spectrometer. 
Univ. Berne) during favourable conditions has 
demonstrated that the measured ion drift is orthogonul 
to the corrected electric field measured by the double 
probe. This relationship is the expected one and confirms 
the procedure for achieving'correct electric-field data. 

On the basis of these improvements and confirmation of 
the double-probe technique it has been possible to 
analyse data during conditions when the electric fields 
arc very strong and varying in time, tn this case, only the 
double-probe measurements provide information. On 
the other hand, the beam technique provides 
information when the electric field is small and cannot be 
measured by the double probe ' rlie techniques therefore 
are complementary. 

Figure 1 shows u characteristic electric-field signature 
during a disturbance on the night side of the 
magnetosphere. This kind of information has not been 
available before and will, when combined with other 
data, provide a real possibility to understand how such 
explosive events are generated. 
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Figure I Electric Held signature observed on GEOSO 
during a magnetosphcric disturbance near midnight 
local time in the geostationary orbit. E\and È„arc 
electric Held vectors perpendicular to the magnetic field. 
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respectively. "LIN" = negation of satellite floating 
potential. </>„and <t>„arc magnetic field elevation and 
azimulhal angles. 
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Vtry-hw-jh'yiu'tuy{VLF) waves 

Two examples of VLF signals are illustrated by the 
spectrogram shown in Figure 2. which covers the 
frequency range fl -78 k Hz of the signal detected with the 
long electric aerial. 

Non-thermal continuum (NTC) noise is generated at 
locutions where strong electron-density gradients exist, 
such us the plasmapause. These waves have a relatively 
low intensity and can propagate in regions where their 
frequencies are larger than the local plasma frequency. 
They cannot however penetrate a medium where the 
electron density is loo large and arc therefore trapped in 
the cavity formed by the plasmaspherc and the 
magnetopause. 

Terrestrial kilometric radiation (TKR) has a very strong 

Figure 2 Colour spectrogram showing the intensity of 
the electric component of waves up to 77 kHz, This is u 
display of the high bit rate (100 kb. s) data from GEOS. 

intensity and is analogous to the decametric radiation of 
Jupiter, The source region lies in the auroral zone at a 
distance of 2-3 K,., The frequency of these waves may be 
closely related to electron gyrofrcquency in the source 
region but the mechanism for their generation is not yet 
clearly understood. Research on this subject is therefore 
being actively pursued in several laboratories associated 
with the Division in connection with the Geos wave 
experiment. 

The quasi-static electric-field experiment on ISEE-1 
(Co-operation: Sparc Selena: Laboratory. Berkeley. California: KIT 
Stockholm.) 

ISEE-1 is carrying an electric-field experiment very 
similar to the one on the Geos satellites hut with Longer 
booms and therefore better sensitivity. The combination 
of simultaneous electric field observation on the satellites 
has already proved to be extremely valuable. In adHmon 
ISEE is giving results which arc unique in the sense that 
it is crossing the magnctopausc and bow-shock 
boundaries and going partly into the magnetotail. One 
of the outstanding results from ISEE is the identification 
of local power dissipation (E-J) of the order 10OW knr 
at the magnctopausc where Ë is the measured electric 
field and the current density J is derived from the 
inversion of the magnetic field at the magnetopause. This 
efl'ccl is a clear signature of magnetic field reconnect km 
at the magnetopause. a process of basic importance in 
space plasma physics. 

The experiment on ISEE-1 also includes two electron 
guns{5-40cV and 10/<A 1 mA) which are still 
operational after two years in space. The original 
purpose of the electron guns on ISEE-1 was to improve 
the double-probe electric-field measurements by 
controlling the potential of the spacecraft. This control 
of>potential by electron emission has been successfully 
achieved for the first lime on 1SEE-1. However, the small 
emitted electron current has also stimulated a series of 
plasma wave modes which are very interesting and may 
lead to a better understanding of natural wave 
generation in the Earth's environment. The high 
flexibility achieved in mode control of the experiment 
through a programmable microprocessor has made it 
possible to modulate the beam emission at diflerent 
frequencies showing wave excitation in various plasma 
conditions. Modulated electron and ion beams have 
been proposed in the past as a possible means to produce 
long dipolc antennas in space, and ISEE-1 electron-gun 
data which arc under analysis will be used to assess the 
validity of the principle. This experiment has also 
provided useful information for the Picpab experiment 
to be flown on FSLP (sec next paragraph). 
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Figure 3 FSLP experiment layout. 

The Picpab experiment on FSLP 
(Co-operaiion: CRPE-Ortcans: LGE. Si. Matin NDRE. Kjullcr) 

The Picpab (phenomena induced by charged particle 
beams) experiment is scheduled to fly on Spucclub in 
1982 and will investigate fundamental problems related 
to particle beams in the Earth's ionosphere. The 
following points need to be studied before beams can be 
used as a measuring tool in space: 
- neutralisation processes of Spacclab 

beam dynamics 
wave generation. 

The 'active puckiigc' located on the pullet is composed of 
an ion gun and an electron gun generating ion and 
electron beams, and two particle analysers. The 'passive 
package' mounted in the airlock monitors the 
perturbations of the ambient plasma induced by the 
emission of the beam and measures eleclric and magnetic 
fields of generated waves. The 'track unit' in the module 
contains a swept frequency analyser linked to the 
antennas of the passive package. It also carries data 
interfaces with the instruments, with the on-board 
compulcr. the telemetry and command systems. Figure 3 

shows the different units on FSLP. In recent months 
most instruments have been tested functionally, and a 
general test in a large plasma simulation chamber is 
foreseen for next year. 

The development of the control unit and processor. 
which is under the responsibility of the Division, has 
partly been achieved by purchasing off-the-shelf 
equipment originally developed lor sounding rockets 
and updating this to SL standards. 

Electric-field experiment on the Intercosmos MAGIK 
satellite 
{{/"•operation: IZM1KAN. t'SSRf 

The Division played an advisory role and delivered a 
correlator and several sensors for an electric-field 
experiment on the Intercosmos MAGIK satellite which 
was launched into a high-inclination. ncar-Enrth orbit in 
October 1978. This experiment is functioning well and 
plans are under preparation to exchange data between 
MAGIK and Geos. It is of particular interest to compare 
electric field data taken on the two satellites when 
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measurements are taken by Geos near the equatorial 
plane and by MAGIK. when it passes ne-;r the magnetic-
field line conjugate with Geos. 

Electric field experiments on rockets 

The Division delivered plasma-wave analysers for four 
rockets launched in the German national programme 
during 1978 and 1979. These launches have been closely 
coordinated with the Geos satellite and have taken place 
during so-called substorms. when plasma from the tail or 
the magnetosphere is accelerated towards the Earth and 
causes perturbations on auroral magnetic field lines. On 
two or these rockets a xenon ion gun was used for part of 
the flights Tor carrying out studies or beam/plasma 
interactions where the wave analysers identified very 
interesting phenomena related to stimulated plasmu-
wavc emission. 

Plasma sensor on Pioneer Venus spacecraft 
(Co-orwruliom Ltih, Planetary Atmospheres. GSl-'C. Grccnbdi. USA) 

Pioneer Venus was launched during Spring of 1978 and 
was injected into an orbit around Venus in December 
1978. The Division has been involved on a small scale in 
the design of a plasma probe for measurements of 
electron density and temperature on this spacecraft, and 
has participated in data analysis with a view to 
understanding bow shock and ionopause features in a 
plasma which, in these regions, is much more tenuous 
than in the ionosphere of Venus, for which the plasma 
sensor was primarily designed. By differentiating 
between phenomena produced by spacecraft and probe 
photocmission and the effects of ambient electrons it has 
been possible to determine thi positions of the bow 
shock and the ionopause. Characteristic densily changes 
across these boundaries have been measured and have 
provided data which may after further study yield 
important information on another planetary 
magnetosphere. 
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Laboratory plasma experiments 
(Mainly supported hy Visiting Scientist Programme). 

Research on wave propagation and on the formation of 
electrostatic double layers in a magnetised plasma have 
been carried out in a laboratory plasma. A 
minicomputer has been used to control measurement 
sequences and data handling, thereby providing quick 
data outputs. 

Whereas the existence of plasma waves in space is now 
well known, the interpretation of satellite measurements 
in terms of microscopic and macroscopic plasma 
processes is still limited. Even the so-called direct 
problem, i.e. the wave propagation characteristics when 
the plasma parameters arc given, becomes difficult when 
inhomogeneities. drifts. non-Maxwellian and anisotropic 
distributions are included. This is why the inverse 
problem, which is relevant (oe satellite measurements, 
has been solved only for a few cases which arc sometimes 
far removed from the real conditions in space. 
Laboratory measurements, supported by theoretical 
work, have been used for studying electron Bernstein 
waves. Landau waves and. more recently, ion acoustic-
waves. The radiation characteristics or particular 
electrostatic wave modes observed by Geos can be 
studied in detail. The possibility of inferring the plasma 
drift from the wave propagation is also being studied. 

An electrostatic double layer in a plasma is. in a first 
theoretical approach, a time-independent, self-consistent 
structure of two adjacent, planar space charge layers of 
opposite sign with a high electric field between. Since 
such a structure ucceleratcs particles, it has been 
suggested as a mechanism for accelerating auroral 
particles, and recent satellite measurements have given 
support for this. As double layers can form in current-
carrying plasmas, the phenomenon rrifiy also be of more 
general importance in space. However, double layers in 
magnetised plasmas have been studied experimentally by 
very few so far. The phenomenon is now bcin^ studied in 
the plasma chamber of the Division, and the 
measurements show a time-dependent, three-
dimensional structure which accclcrutes electrons and 
ions and also emits high-frequency waves up to and 
above the plasma frequency. 

Combined experimental and theoretical work has 
resulted in new basic information cm such plasma 
structures, and has also demonstrated that they arc more 
complicated than has normally been assumed. 

Future research activities 

The general direction of the research in the Division will 
be similar to (hut O'ltliped in the present report. The data 
from the many experiments flown during the last few 
years (Geas-I. Gcos-Z ISEE-I. MAGIK. Pioneer Venus 
and rockets) will provide material for several years of 
studies. The measurements of quasi-static electric Ileitis 
in the magnctosphcrc to an accuracy not achieved 
previously will provide an important clement for the 
understanding of the magnetosphere and its dynamic 
behaviour and it may provide the key to understanding 
the connection between the magnctosphcre and the 
Earth's ionosphere atmosphere. 

These studies are intimately linked with data analysis 
and interpretation of experiments also on other satellite 
missions in which the Division is not involved. We will 
sec it as our task to stimulate meaningful data 
coordination and comparison. The work on 
spacecraft plasma interaction will he continued. It 
constitutes a link between research and project work. It 
is important for application satellites as well as for 
several types of scientific satellites intended for in situ 
measurements near the Earth and in more distant 
planetary environments. 

As explained in the previous paragraphs, the Division is 
at present involved in the development of an experiment 
on FSLP which modifies ihc ionospheric plasma by 
shooting electron and ion beams through it. This type of 
experiment aimed at studies of baste plasma physics may
be promoted with profit if sufficiently low-price 
opportunities become available. 

Technical and administrative staff 

A secretary (L Ouwcrkerk) and four technical staff 
support the research and project activities of the 
Division. The technical stall' are; H Arends. A Butler. 
JEcmunand DKIinge. 
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Appendix I - Manpower deployment (end 1979) 

Scientific manpower (grade) 

A Pedersen (A6) 
(Head of Division) 

V Formisano (A4) 
(arrived November 1979) 

Main research activities 

Data analysis. Geos-ISEE 

Data analysis. Gcos-ISEE 

Studies Prjects 

Geos 

A Gonfalone (A4) 
(till January 1980) 

Data analysis. ISEE. FSLP 
experiment 

FSLP 
support 

RGrard(AS) Data analysis. Gcos-ISEE Eiscatsat 
Comets 
(support) 

Geos support 
S/C charging 

K Knott (A?) Data analysis. Geos-ISEE Geos-1. Gcos-2 
Geos-3. POLO 

D Jones (A5) 
(left 1st October 1979) 

Data analysis Geos-ISEE 
Intercosmos MAGIK Experiment. 
Rocket data analysis 

Gcos 

BLembège 
(till December 1978) 

J P Lebrcton 
(From October 1978) 

Laboratory plasma experiments 
Theoretical work 

M Candidi 
(September 1977- September 1979) 
(Placed in IMS Center. Boulder. 
Colorado. USA) 

D Andersson 
(from June 1978) 

Appendix II - Principal collaborative partners 1978.1979 

Geas S-300 

Centre de Recherches en Physique de 1'Environncmcm 
terrestre et planétaire. Issy-les-Moulineaux (F) - R 
Gendrin. M Petit. NCornillcau-J Eichcto. S Perrault 
and others 
Centre de Recherches en Physique de l'Environnement 
terrestre cl planétaire. Orleans (F)- C.Bcghin. P 
Dccrcau. F Lefcuvrc 
Danish Space Research Institute. Lyngby (DK) A 
Bahnscn. E Ungstrup 
University or Sheffield (UK) T Kaiser. W Gibbons 
University oTSussn tUK) G Martclli. P Christiansen. 

P Gaugh 
Royal Institute of Technology. Stockholm (S) C G 
Fallhammar 

FSLP 

Centre de Recherches en Physique de l'Environnement 
terrestre et planétaire. Orléans (F) C Bcghin. P 
Dccrcau. F Lefcuvrc 
Laboratoire Physique Externe/CNRS. Sainl-Maur-des-
Fo.ssés(I;) J Berthelier. J Lavcrgnat 
Norwegian Defence Research Establishment. Kjcllcr(N) 

B Machlum. J Troim 
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ISEE.A Racket eteetric-pvltl experiment 

Royal Institute of Technology. Stockholm (S) C G 
Falthammar 
Space Science Laboratory. University ol California. 
Berkeley (US) F Mozer. R Torbert 

[nici-cosmos MAG1K 

IZMIRAN. Moscow (USSR) - 1 Zhulin. Ya I Likhtcr 

Max-Plunck-lnstitut. Garching(D) G Hacrcndcl. B 
Hauslcr 
Max-Planck-lnstitut. Lindau(D) K Wilhclm 
Institute Tor Space Research. Freiburg ( D) R 
Grabowski 

Pioneer Venus whiter 

Lab. Planetary Atmospheres. CSFC. Gnx-nbclt. Md. 
(USA) - L Brace 

Appendix III Publications appearing in 1978/1979 

Bahnsen A. Ungslrup E. FaTthammar C-G. Fahleson U. 
Olesen J K. Primdahl F. Spangslev F and Pcdcrsen 
A. Electrostatic waves observed in an unstable polar 
cap ionosphere. J. Ceophys. Res. 83.5191 (1978). 

Cornelisse J W. Schniewind J, Knott K. Orbit design for 
a geomagnetic-tail mission. ES A Journal 3,7 ( 1978). 

Cornilleau-Wehrlin N. Gendrin R. Lefeuvre F. Parrot 
M. Grard R. Jones D. Bahnsen A. Ungstrup E and 
Gibbons W. VLF Electromagnetic waves observed 
on board Geos-1. Sp. Sei. Rev. 22.371 ( 1978). 

Christiansen P. Gough P. Martelli G. Block J J. 
Cornilleau N. Etchelo J. Gendrin R. Jones D. 
Bcghin C. Decreau P. Identification of electrostatic 
emissions around the plasma frequency from 
Geos-1. Nature 272.682 ( 1978). 

Christiansen P. Gough M P. Martelli G. Bloch J J. 
Cornilleau N. Etcheto J. Gendrin R. Beghin C. 
Decreau P. and Jones D. Geos-1 observations or 
electrostatic waves and their relationship with 
plasma parameter. Sp. Sei. Rev. 22.383 (1978). 

Decreau P M E . Etcheto J. Knott K. Pcdersen A. Wrcnn 
G F. Young D T. Multi-experiment determination 
or plasma density and temperature. Sp, Sel. Rer. 22. 
633(1978). 

Gonfalonc A, Reflection of resonance cone and plasma 
filled waveguide modes. Appl. Pins. Lett. 32.(9) 
(May 1978). 

Gonfalonc A. Pedcrsen A. Fahleson U V. Fa°lthammar 
C-G. Mozcr F S and Torbert R B. Spacecraft 
potential control on 1SEE-1. Pruceeilinus of the 
spacecraft charging conference. Colorado Springs. 
256 (November 1978). 

Gonfalone A. Properties of the resonance cone. 
Proceedings UPSI 19c Assemblée Générale. 
Helsinki. July-August 1978. 

Joncs D (for Gcos S-300 experimenters). Introduction to 

the S-300 wave experiment on board GEOS. Sp. Set. 
Rev. 22.327(1978). 

Jones D. Significance for terrestrial kilomctric and 
Jovian decametric radiations of eonvcclive beam 
amplification of UH R waves. J. Geomagn. &. 
Gi'iK'/rcrr.3n.291(l978). 

Knott K. The Geos-1 mission. Sp. Sei. Art-. 22.321 
(1978). 

Lembège B and Gonfalone A. Cyclotron harmonic 
waves propagation in a large magnctoplasma. 
Plasma Phys. 20. 879 ( 197X). 

Lcmbcgc B and Gonfalonc A. Cyclotron harmonic-
waves and resonance cone. Pltvs. l-'luids. 21. (9|. 1659 
(1978). 

Mozer F S. Torbcrt R B. Fahlcson U V. Fiilthammar 
C-G. Gonfalone A. and Pedcrsen A. Measurements 
of quasisiatic and low frequency fields with spherical 
double probes on the ISEE-I spacecraft. IEEE 
Trans. Grain'. Electron. GE-16. (3) 258 (1978). 

Ohnuma T and Gonfalonc A. Duct propagation of 
localised radio frequency fields along an 
inhomogencous magnctoplasma column. Radio Set. 
14.(1)141(1979). 

Ohnumu T and Lembège B. Observation of a reflection 
of loculiscd radio frequency fields near the f . layer. 
Phys. Fluids. 21 (12) 2339(1978). 

Pcdersen A. Grard R. Knott K. Joncs D. Gonfalonc *.. 
and Fahleson U. Measurements of quasislalic 
electric fields between 3 and 7 earth radii on Gcos-1. 
Sp. Sci. Rer. 22.333(1978). 

Perraut R. Gendrin R. Robert P. Roux A. de 
Villcdury C. and Jones D, ULF waves observed with 
magnetic and electric sensors on Gcos-1. Sp. Sci. 
Rev. 22.347 (1978). 

Reeve C. Fahlcson U. Maehlum B. Pedersen A and 
Rothwell P. Rocket measurements of ULF electric 
fields and precipitating particles in the aurora. 
Planet. & Space Sci. 26.833(1978). 



31 

Ronnmark K. Borg H. Christiansen P J. Gough M P 
und Jones D. Banded electron cyclotron harmonic 
instability - a first comparison of theory and 
experiment. Sp. Sri. Rev. 22,401 (1978). 

Fahleson U. Grard R. Madsen M M. I versen I R 
Tanskanen P, Niskanen J. Korth A. Fremser G. 
Torkar K. Riedler W. Ullaland S and Bronstad K. 
Pulsating magnetosphcric event observed from 
Geos-2 and with balloons. First Int. Svntp. on IMS 
Results. IAGA Bulletin No. 42.10(1979). 

Fâlthammar C-G. Lindqvist P A. Pedersen A. Grard R. 
Mozer F S and Torbert R V. Quasistatic electric 
Held observations on Gcos and ISEE during 
magnetosphericsubstorms. First Int. Svmp. on IMS 
Results. I AGA Bulletin No. 42.11 (1979). 

Fahlcson U V. Faltharnmar C-G. Lindqvisl P A. Mozer 
F S. Torbert R B. Gonfalonc A and Pedcrsen A. 
Quasistatic electric fields observed during a number 
of magnctopausc crossings by ISEE-1. Proc. of 
Muanetn&pheric Bouitdary La)vrs Conference. 
Alphueh. I \-l5June 1979. ESA SP-148. 51 (1979). 

Gonfalone A. and Arends H J. Open vacuum tube in 
space, «w. Sri. lustrum. S0(11) 1484(1979). 

Grard R. Pedcrsen A. Mariani F. Signorini C. 
Magnctopausc electric and magnetic Held signatures 
at time of magnetospheric compressions. Proc. of 
Muanctaspheric Boundary Layers Conference. 
Alphuch. 11-15 Jinn-1979. ESA SP-148.67(1979). 

Greenwald R A. Geiger G. Grard R. Haercndcl G. Knott 
K. Mclzncr F. Nielsen E. Pedcrsen A. and Sofko G. 
Conjugate measurements of magnctosphcric and 
ionospheric plasma drifts by Geos-2 and stare. First 
Int. Srmp. on IMS Results. I AG A Bulletin No. 42.11 
(1979). 

Jones O (editor for S-300 experimenters) Measurements 
of electric and magnetic wave fields and of cold 
plasma parameters on board Geos-1. Planet. & 
Space Sci. 27.317(1979). 

Joncs D. Auto- and cross-correlation analysis techniques 
on-board spacecraft. Ann. Telecontmun.35,187 
(1979). 

Knott K. Grard ft and Pedcrsen A. Discontinuities in 
low-energy magnctosphcric plasma observed on 
Geos*l. Prw. of MaHnetosplwrie Boundary Layers 
Conference. Atphaclt. I M S June 1979. ESA SP-148. 
75(1979). 

Lehreton J P. Mourgucs G. und Fijulkow E. 
Measurement of the drift velocity in a space 
simulation plasma with a two electrode probe. Prix. 
Chapman Conference for Wares anil Instabilities in 
Space Plasmas. Denrer. Colorado. August 1979. 

Lcmbcgc B. Theoretical method for predicting the 
properties of cyclotron harmonic waves from the 
perpendicular dispersion relation. J. Plies. (France) 
Colt C7.615(1979). 

Melzner F. Geiger G. Haerendel G. Grard R. Knott K 
and Pedersen A. Simultaneous measurements of 
plasma drifts and quasistatic electric fields with the 
Geos satellite. First Int. Svmp. on IMS Results. 
IACA Bulletin V«. 42, 11(1979). 

Mozer F S. Torbert K B. Anderson R R. Gonfalonc A. 
"ttcheto J and Harvey C C. Observation of radiation 
ftoin an electron beam on-board ISEE-1. P- n: 
Chapman Conferencefor Wares and Instabilities in 
Space Plasma. Denver, ^.dorado. Auaust 1979. 

Mozer F S. Toberl R B. Fahlcson U V. Fiilthammar 
C-G. Gonfalonc A. Pedcrsen A. and Russel C T. 
Direct observation of a tangential electric field 
component at the magnetopausc. Geophys. Res. Lett. 
6(4)305(1979). 

Pedersen A and Grard R. Quasisialic electric field 
measurements on the Geos-1 and Gcos-2 satellites. 
Quantitative modelling of magnclospheric 
processes. AUG Geophysical Mtmoaraph Series No. 
21.281(1979). 

Pedcrsen A. Gonfalonc A. Mozer F S. Torbert R B. 
Fâlthammar C-G and Lindqvisl P A. Magnctopausc 
electric field structure observed in ISEE-1. f (r.vr Iml. 
Svmp. on IMS Results. IAGA Bulletin No. 42. 10 
(1979). 

Sternberg J R and Knott K. Handling the data for the 
Geos satellite. Tin' Proceedings of the Sixth 
International Codata Conference. Pcrgamon Press 
Oxford and New York. 347 ( 1979). 

Knott K. Durncy A and Ogilvie K (Eds!, Alliance-' in 
Maunelosplmrk Physics with G .«-I and ISEE. D. 
Reitlel Publishing Company. Dordrecht (1979). 

Young D T. de Villcdary C. Gcndrin R. Perraul S. Roux 
A. Jones D. Korlh A and Krcmscr G. Observations 
of ULF wave-particle interactions in helium-rich 
magnetospheric plasma. EGS Vienna. September 
10-15.1979. 

Jones D. Korth A. Pcrraut S. Ronnmark K. Young D T.. 
Electrostatic helium cyclotron harmonic waves 
delected on Gcos-1 at 6-7 ft,. AGU Chapman 
Conference Boulder. Aug. 1979. 

Jones D. Christiansen P. Etchcto J and Gough P. Source 
locations of nonthermal continuum: Gcos and ISEE 
results. EGS Vienna. September 10-15.1979. 

Gcndrin R. Etchcto J. Knott K. Johnson J. Young D. 
Aparicio B. Korlh A. Amata E and Bahnsen A. 
Microstruclurc of the magnctopausc during a 
magnetic storm. First Int. Symposium on IMS 
results. I AGA Bulletin No 42. 20 (1979). 

Pedersen A. Quasistatic electric field measurements on 
Gcos-1 and Gcos-2. Geophys. J.R. Astron. Soc. 57. 
294(1979). 

Lcmbcgc B. Antcnnu radiati' >i pattern of cyclotron 
harmonic waves in u hoi .nagnetoplasma. Radio Sci. 
14.(3)487(1979). 
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The Astronomy Division provides the scientific support 
for planned or existing space projects within the fields of 
ultraviolet, optical and infrared astronomy. It has also 
provided support for particular aspects of atmospheric 
studies from space (Lidar) and given the project scientist 
support for the European First Spacelab Mission. In 
addition lo the Division's main role of support to 
projects and studies, a small but very active research 
programme exists in each of the main areas mentioned 
above. Infrared astronomy has been carried out since the 
Astronomy Division was formally created in 1974. There 
are now also research programmes in ultraviolet 
astronomy, following the launch of IUE and the 
Division's subsequent responsibility for science 
operations from the Villafranca ground station, and a 
developing programme of research in the optical domain 
using an imaging photon counting system derived from 
that being used for the Faint Object Camera of the Space 
Telescope. Apart from these astronomy programmes, 
there have been small research studies in laboratory 
astrophysics, concerned with the formation mechanisms 
of interstellar molecules. 

Support given to projects 

The International Ultraviolet Explorer 

From the start of this joint ESA. NASA. SRC project in 
ultraviolet astronomy, the Astronomy Division has been 
responsible for the overall management of the ESA 
section oï the project. The spacecraft contains a 45 cm 
diameter telescope and associated UV spectrographs 
operating in the range from roughly 1150 Â to 3500 A. It 
is operated from a geosynchronous orbit and is under 
the control ofa ground station operated by NASA at 
Goddard for the use of US observers some 16 hours each 
day. and by ESA at the Villafranca station near Madrid 
for European observers, eight hours per day. The 
Division is responsible for the provision of the scientific 
operations staff at the Villafranca station. These IUE 
Fellows and the two Observatory Controllers arc 
required to assist the guest astronomers in preparing and 
carrying out their observations. The actual observations 
arc performed in a similar way to thai in normal ground-
based observatories: that is. in a real-lime observer-
interactive mode. The difference lies in the increased 
complexity and the greatly increased pressure to 
maximise observational efficiency due to the strictly 



limited observing time available to each observer. 
Consequently the IUE Observatory staff need to assist 
the guest observer in optimising the observing 
programme, scheduling the observations, directing 
operations at the spacecraft experiment console and 
finally carrying out the processing of the data received, 
so that the guest observer is able to return, after the 
usual one or two shifts (eight hours) ofobservations. with 
data in a form which provides a basis for detailed 
analysis. In addition to these tasks, the IUE Fellows 
have been very active in developing techniques and 
software aimed at improving the efficiency of the 
operations and data processing. They have also had 
major tusks in developing systems associated with 
calibration and error correction routines for the IU E 
spectrograph. 

Observations are performed eight hours per day. seven 
days per week. A further period of up to eight hours per 
day is spent on the data-processing work. Outside of 
these hours the Fellows are encouraged to carry out 
collaborative research. The results of such work is 
reported later. 

Space Telescope 

The Division provides the project scientist to assist the 
ESA team responsible for the design and construction of 
the Faint Object Camera. This unit is one of five which 
together form the scientific instrument compplement of 
the Space Telescope, the other Tour instruments being 
built in the USA under NASA funding. The project 
scientist pluys un important role in the FOC design and 
development work in acting as interlocutor between ihe 
FOC scientific advisory and working groups who 
provide detailed input to the project oa alt matters 
relating to the scientific aspects of the instrument and the 
project group responsible for translating these 
requirements and ideas into un actual system. In 
addition, the project scientist acts in a wider role to 
interface between European astronomers and the NASA 
ST project and associated astronomy committees. 

Because of its importance to astronomy there is 
naturally a very strong interest in the Space Telescope 
project, both in Europe and the US. The result has been 
un extensive series of meetings and consultations with 
European scientists at all levels in the past two ycurs in 
which the project scientist has been heavily involved. 
The purpose has been to ensure that there is a consensus 
on how best to arrange for the future long-term US 
based operations of the ST. from the European 
viewpoint: and to determine what the specific needs arc 
in Europe to prepare for those operations. 

For the future, a continuing process of involvement by 
the project scientist in the FOC development process can 
be foreseen together with the essential liaison work with 
European astronomers and scientific committees directly 
interested in the Space Telescope. It will also be 
necessary to widen the scope of activities to include 
preparatory work for the actual operations, which will 
involve additional staff from the Division. 

First Spacelab Payload 

The project scientist for the FSLP is provided by the 
Division. Clearly there are many differences between a 
S/L payload and a satellite payload. both in complexity, 
in size, in operation and in man involvement. For the 
FSLP. the experiments range from materials science 
experiments, life science studies through to atmospheric 
measurements. From the European side alone, there arc 
over thirty experiments to be accommodated on the 
FSLP. Compounding this difficulty is the fact that 
interface requirements to the Spacelab and Shuttle 
systems have been uncertain as each system was being 
developed. The work of the project scientist has therefore 
been particularly difficult during this phase of the 
project. In consequence, additional scientific support 
manpower hus been drawn from other areas in SSD for 
particular problem areas. A considerable amount of 
effort has been required and will continue to be 
necessary to give close liaison between the European 
experimenters and the FSLP project. As the capabilities 
of the Shuttle become more certain and as the definition 
of the experimenters and their operational requirement 
arc more clearly established there will be a need for 
closer consultation and planning, with probably 
consequent changes to the original payload 
arrangements. In all of these the project scientist will 
continue to be heavily involved. 

Other activities 

A significant amount of effort has also been devoted over 
the years to giving scientific advice and assistance to 
various DDT Divisions which are concerned with 
stimulating European industry or scientific groups to 
improve European expertise in particular areas of 
instrumentation for future space experiments. This work 
comprises the joint development ofideas for potential 
contract areas, the specifications for contracts, tender 
evaluation and assistance in supervising the contracts. 
Amongst such contracts have been those for the 
development oHR detector systems, oscillators for 
heterodyne receivers, high-frequency mixers and 
Joscphson junctions. A future commet in the astronomy 
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instrumentation area is related to further development of 
imaging photon counting systems. The Division has uiso 
played a significant role in generating ideas and 
specifications for a liquid-helium cryostat for space 
operations, it should be made clear that although SSD 
may at the request of DDT advise on the technological 
research programme which might be of most use to 
European scientists, at no lime docs SSD use the 
technology programme of ESA to support its own 
research. SSD research is carried out strictly within its 
published budget. 

Support given to studies 

Hipparcos - astromctry satellite 

This mission has been the subject of a phase A feasibility 
study in the 1978/79 period, during which the Division 
has provided the project scientist. The decision to 
proceed further with this mission, to a full project, was 
madccarlvin 1980. The aims of the mission arc to 

provide order of magnitude improvements over current 
measurements in the knowledge of trigonometric 
parallaxes, proper motions and the positions of about 
100 000 selected stars brighter than tenth magnitude. 
The principle is lo measure with very high precision the 
cxa"t angle between stars separated by roughly 70°. and 
to do this in a survey mode, sweeping out areas oi'the 
sky over a two and a half year period to form an 
interlocking reference grid ofstar positions. The subject 
of astrometry is a novel one for ESA. the design 
requirements very demanding, and the conceptual 
approach to the scientific payload and the data 
processing unusual. In consequence the phase A study 
has been rather demanding. It has required a detailed 
study not only of the spacecraft but also of the scientific 
instrument itself. This was necessary since a knowledge 
of the feasibility of the mission rests upon knowing not 
only the details of the spacecraft performance but also 
whether the mechanical and thermal requirements on 
the telescope and detector assembly can realistically be 
met. 

1UE Science Operations Console at the Villafranen Uround Station. 
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Lidar - atmospheric laser sounding 

The objective of this mission is to explore the vertical 
profile of specific atmospheric constituents and to study 
their temporal and spatial distribution from the 
Spacelab. Lidar was approved for a phase B study which 
has been carried out during 1978/79 with the assistance 
of a project scientist from this Division. The future of this 
project is still under discussion, but meanwhile a transfer 
of responsibility for continuing studies has been made at 
the end of 1979. placing future responsibility within the 
'Applications' area of the ESA programme. 

ISO - Infrared Space Observatory 

This mission was approved for further study through 
phase A in December 1979. Prior to that decision. 
Division personnel had been active in preparation of the 
original proposal and in the subsequent assessment 
phase in the study scientist role. 

The mission aims to place a liquid-hclium-cooled 
infrared telescope 60 cm in diameter, with associated 
cooled instruments, into a 12 hour orbit such that the 
system is under essentially real-time control from two 
ground stations. The primary scientific objective is the 
spectroscopy and broadband photometry of 
extragalactic ]R sources. However, the observatory 
nature of this mission will accommodate a diverse range 
of scientific observations in the infrared. 

Apart from the provision of a study scientist, work is also 
being carried out in the Division's laboratory in 
connection with feasibility tests on potential critical 
components of the scientific instruments. For example, 
arrangements are being made to obtain and test an InSb 
camera array which has been provisionally earmarked 
for carrying out imaging in the 1-5 /mi region in addition 
to its essential role for checking in flight the geometrical 
and optical axis of the cooled telescope. Various 
Mich el son interferometer drive systems are also being 
tested to determine the probable limit for its power 
dissipation, a crucial requirement upon which the design 
of the cryostat depends in large measure. 

Research activities 

At theformation of the Astronomy Division in 1974. 
there was already an active research interest in studies of 
the interstellar medium and the application of infrared 
spectroscopy to astronomy. Infrared astronomy was still 
at that time a young and rapidly developing branch of 

astronomy, one which was attractive to a new group 
starting in astronomy, and one which embraced a diverse 
range of astro physical phenomena. The infrared view of 
the Universe is very different from that in the optical and 
ultraviolet domains. The greatly reduced extinction by 
interstellar dust in the infrared permits observations into 
heavily dust-obscured regions such as l ue galactic centre 
or the dust- and gas-enshrouded re.-,ions of stellar 
formation. The infrared sky is dominated at the longer 
wavelengths by the diffuse cosmic background radiation 
and the extended diffuse emission in the galactic plane. 
At shorter wavelengths, around 100 jim. there is strong 
emission from discrete sources such as the external 
galaxies, whilst below about 100/on cool stellar objects. 
at each end of the evolutionary scale, predominate. The 
infrared region is also rich in atomic, ionic and molecular 
transitions, observations of which can provide valuable 
information on conditions in these objects and the 
general interstellar mechanism. This topic, the infrared 
line emission from the interstellar medium, which 
includes the H1I ionised nebulae and the molecular 
clouds which are the source of star formation, was the 
subject of the Astronomy Division's early research work. 

With the launch of IUE and the Division's major role in 
the science operations, plus the growing involvement in 
the Space Telescope project activities, there has naturally 
been a sharp increase in the Division's interests in the 
fields of U V and optical astronomy. Information from 
these spectral regions on atomic and ionic electronic 
transitions in the interstellar medium gives 
complementary information to that derived from 
infrared studies, provided the visual obscuration is low. 
In general however, the astrophysical interests of UV 
and visible astronomers differ from those of astronomers 
working in the infrared. 7he emphasis tends to be on the 
higher energy processes occurring in both galactic and 
extragalactic objects. 

Although early UV observational astronomy suffered 
even greater experimental difficulties than present-day 
IR observations, due to absorptions and emission by the 
Earth's atmosphere, that is no longer the case since the 
advent ofspaee observations in the UV and the very 
high sensitivity of U V detection systems. Therefore, 
whereas the IR group may derive two or three 
publications from a year's effort in airplane and balloon-
borne observations, one eight-hour shift of U V 
observations with IUE by a single observer may lead to 
the same number of publications. Hence the rates of 
publication from the Division's staff working in these 
two branches of astronomy are very different. 

All the UV observational work with IUE is carried out 
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in collaboration with outside scientists. The proposals 
for such observations have of course to be approved by 
the IUE Selection Committee. They cover a diverse 
range of astrophysical problems, as outlined later. 

Infrared astronomy 

Airborne astronomy of Hll regions 

The study of IR line emission from nebuhe has required 
the construction of a high-resolution ((/./A/.)^ 10*) 
Michelson interferometer system which, in order to 
reduce atmospheric interference, is used with an airborne 
telescope. The design, construction and observations 
were carried out as a join! programme with groups in 
France, at the Observatoire de Meudon. and the 
Laboratoire de Physique Stella!re et Planétaire, 
Verricres-le-Buisson. Dr. J.-P. Baluteau of Meudon is the 
project leader. The main programme has centred upon 
the use of the NASA CI4I airborne IR telescope. 

The scientific objectives are to observe the IR line 
emission due to transitions between the fine structure 
levels in the ground slate of various ionic species in those 
highly ionised gaseous regions extending about young 
hot stars (Ml regions). These levels are populated 
through excitations from collisions with the electrons in 
the nebula. Consequently, we can in principle obtain 
information on the electron density and an indication of 
the mean kinetic energy of these electrons by 
determining the intensity of emission for transitions from 
different fine structure levels of the same ion. By using a 
spectrometer with a resolution at least comparable to the 
line width, we can also determine the Dopplcr 
broadening and radial velocity of the line, and hence 
gain some insight i:no the motions of the ions within 
different sections of the nebula. Finally, by measuring the 
line strength for different ions and the relative intensity 
for différent states of ionisation, wc can infer something 
about the ionisation structure through the nebula, the 
stellar spectrum and the ubundanee distribution, Similar 
information can also be obtained in principle from 
measurements of the forbidden-lîne radiation which is 
emitted in the visible region, but in practice, most HII 
regions arc associated with large amounts of dust grains 
which strongly scatter and absorb the visible radiation. 
The longer wavelength IR lines suffer very litife 
extinction due to this dust and therefore are an obvious 
choice for studies of nebulae in general. 

Observations using the NASA C14I Airborne 
Observatory have taken place over the past four years. 
and amounted to roughly 70 hours of actual 

observations, The outcome of the earlier work ' has been 
the first observations of the infrared | OUI | and | Sill | 
lines in the Orion nebula and a basic map of the | OUI | 
line intensity across the nebula, including the visually 
obscured regions. Velocity information has been 
obtained for the Trapezium and surrounding region, but 
the main result, so far. in the analysis has been the strong 
indication of density clumps in the nebula, in which 
electron temperatures are higher than average and for 
which there is a larger ratio of low to high ionisation 
species. Five C141 flights were made in July 1978 and 
these concentrated on the heavily obscured M17 region 
and the galactic centre, giving information2 on the two 
[ SIIII lines at 18 and 33 /im and the) ONI | lines at 52 and 
88/tmandthe|NIU|linesat57/(m. ForthelSllll 18^m 
line and the other lines it was possible to map their 
distribution across the nebula. 

Due to staff changes and reductions it was decided to 
stop further work in airborne astronomy, despite its 
success, and concentrate on the existing balloon-borne 
!R astronomy programme from 1979 onwards. 

The Miche I son Interferometer on the UCL 60cm 
diameter balloon borne IR telescope prior to Immeh 
(September 1979) 

Biillooij-hnnw IR astronomy of HII rc^Ums 

A continuing programme of IR line spectroscopy of HM 
regions is being carried out jointly with Professor 
Jcnning's Group of University College London. The 
scientific motivation is the same as thiit outlined above 
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for the airborne astronomy programme; the advantage 
of balloon measurements is a potentially higher 
sensitivity and lower level of atmospheric interference. 
Measui intents are made with a Michelson 
interferometer built by the Division, the resolution of 
which is presently —4 x 10s and is shortly to be 
improved to -10*. This Is flown on the 60cm diameter 
balloon-borne IR telescope of UCL. Flights of this 
system, at altitudes of about 90000ft. were made 
successfully in April 1978 and August 1979. On the first 
flight of this instrument in 1978. the principal objective3 

wa. .he Omega nebula, M17. In 1979, further 
observations of this object were made, followed by 
detailed measurements on the Orion Nebula. M42. In 
the 1979 flight each of these two HII regions was 
mapped by making a pattern of observations involving 
about 12 positions separated by * beam width of 1.4 arc 
min. which is close to the diffraction limit of the 
telescope. Spectra were obtained covering the 
wavelength range 45 ftta to 125 ftm. This wide spectral 
range enabled the two OKI lines, at 32 ftm and 88 /«n, 
the NIII line at 57/mi and the Ol line at 63 /un to be 
observed. Accurate values for the intensity ratio of the 
52 fan and 88 /«n OUI lines were obtained and from 
these it was possible to derive mean values for the 
electron density of the emitting region. The present 
observations confirm the picture of strong density 
clumping, so the observed line emission comes mainly 
from a small fraction of the total region. Detailed 
analysis of the latest data is continuing. 

Further flights of the interferometer system are planned. 
Its present performance has shown that the spectral 
resolution should be doubled in order to allow more 
accurate information to be obtained on velocity 
structure derived from the widths and wavelengths ofthe 
emission lines. In addition, the use of photo-conductive 
detectors, together with design changes to reduce the 
thermal background on the detector will allow the 
system sensitivity to be significantly improved, to give 
access to weaker ionic lines and to permit observations 
of lines in the many HII regions of lower brightness. 

H eiwotlym* astronomy 

In the past decade it has become clear that the mast 
massive objects iii the Galaxy arc the molecular clouds. 
These clouds arc the main sites of star formation and are 
concentrated in the galactic plane and towards the 
galactic centre. The determination ofthe extent of these 
clouds, their constituents, and the physical and chemical 
conditions within them have largely been the result of 
radio astronomy observations at centimetre and 

millimetre wavelengths, supplemented by IR continuum 
measurements at sub- millimetre wavelengths. The 
dominant constituents are molecular hydrogen and 
helium, but in addition roughly 50 different molecules 
and ion molecules have so far been identified. More 
molecules are being detected, and higher energy 
transitions of known molecules found, as astronomy 
observations move to ever shorter wavelengths. 

Receivers constructed jointly by the Astronomy Division 
and the Astronomical Institute. Utrecht, have the 
capability to allow observations at wavelengths from the 
millimetre range down to about 600 pm at a resolution 
f/./A/.) of roughly 10*. Observations with these receivers 
ha /e concentrated on studies of star-formation regions 
in our galaxy and in the two nearest external galaxies. 
the Large and the Small Magellanic Clouds. 

Using the ESO 3.6 m diameter telescope in Chile, several 
southern HII region complexes have been mapped in the 
1 2CO (/=2-* ! ) transition4. The Carina Nebula appears 
to be wrapped in an extended molecular cloud, u 
situation consistent with the Elmegreen-Lada model for 
sequential star formation. The HII regions G 333.6-0.2. 
G 333.3-0.4. G 333.1 0.4. G 333.8-0.6 and G 332.7 0.6 
form u giant elongated (75 pc x 20 pc) molecular 
complex. The complex consists of at least four large 
clouds. A velocity shift of about 5 km s" 1 between the 
northern and southern end of the complex is interpreted 
as being due to the presence of two cloud groups within 
the complex, each associated with its own HII regions of 
slightly different age. 

Observations at 12 positions in the Magellanic Clouds 
failed to produce clear detection of CO. These 
observations will be repeated early in 1980 using a 
receiver of higher sensitivity. 

With the Caltech Owens Valley 10 metre diameter 
telescope, high-resolution observations were carried out 
of 12 galactic HII regions, also in the *2CO (J = 2~* 1 ) 
transition5. Self-absorption features were observed in 
ON-I. Cep H and Mon R2 and mapped extensively in 
the latter two sources. HCN |J = 3 -* 2) was studied in (he 
Orion plateau source. Observation at the frequency of 
PH „ (J = 1 -*0J revealed an emission feature in the 
direction of Cep A. Further studies in 1980 arc planned 
to confirm this first detection of interstellar PH,. 

A proposal to NASA to carry out observations with 
these receivers on the Kuiper CI41 Airborne 
Observatory was accepted in 1979. The observations 
were concentrated on studies of H,0 a! 380GHz in 
galactic HII regions and stars. No positive detection of 
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the 4(1.4)-* 3(2.1) transitions was obtained in any of the 
observed sources. Further observations on this airborne 
observatory are scheduled for 1980, again concentrating 
on studies of lines inaccessible from the ground due to 
atmospheric interference. 

Ultraviolet astronomy 

The astronomers from the Division together with the 
IUE fellows supervised by the Division and working at 
the IUE ground station in Villafranca have succeeded in 
carrying out a very active programme of research in 
collaboration with many European groups. Work 
associated with their prime task of assisting IUE 
operations occupies most of the normal working hours. 
so that much of the research work is in fact done ouiàide 
those hours. In addition to work at Vilspa, UV and 
optical astronomy research has been performed by the 
Division's staff at ESTEC. The following summarises 
that research, which covers a very wide range of subjects 
in astrophysics and has involved both UV and ground-
based optical astronomy. 

Extragalactic astronomy 

1UE observations of the UV spectrum of the quasar 
3C273 have been made by Vilspa staff and a group of 
European astronomers6. They have found a spectrum 
basically similar to that of high-redshift quasars and 
confirm the anomalously low La/H/Ï ratio. In addition. 
these observations showed absorption lines due to the 
halo of our own galaxy, with properties similar to the 
absorption systems in high-redshift quasars. An excess of 
continuum in the ultraviolet may be attributable to 
material accreted by the nuclear power source. 

The same collaboration studied the type 1 Seyfert galaxy 
NGC4151. where variations in the UV continuum. 
absorption-line strength and width of the emission tines 
occur. Division staff, with ESO and UCL astronomers, 
have obtained high-dispersion data on this object and 
find significantly different line profiles for the strong UV 
lines7. Joint observations of the U V spectra of the 
BL Lac object MK501 and the radio galaxy NGC1052 
were also made". Work with French and UK 
astronomers on the UV spectrum of the Seyfert galaxy 
NGC 4593 suggested that the low-contrast features 
might be attributed (o emission in the Fell resonance 
lines. There is considerable interest in the relationship of 
these to the optical Fell lines to determine the properties 
of the broad line region of Seyfert galaxies. The X-ray 
emitting, narrow-cmission-line galaxy NGC 7582 has 

been studied by the Vilspa group, who showed that the 
UV continuum was best fitted by a reddened non
thermal spectrum. The line-emitting region is reddened 
more than this continuum9. 

Two globular clusters, NGC S824 and NGC 6093. were 
observed with IUE by Italian and Division astronomers 
to define the UV colour indices needed for population 
synthesis, to investigate the spatial behaviour in and 
around the central region, to analyse the spectral 
behaviour so as to allow definition of stellar populations 
and to investigate the possible occurrence of anomalous 
UV sources, such as a black-hole. Preliminary analysis of 
the data indicates that NGC 6093 may belong to the 
extreme horizontal branch group. Also the two clusters 
show marked differences in the UV emission 
characteristics of their central regions, indicating 
different concentrations and population distributions. 

The brightest extragalactic supernova since 1971 was 
observed with IUE by an international team which 
included astronomers from the Division in a 'target of 
opportunity' team 1 0 . Supernova Johnson lies in the 
spiral galaxy NGC 4321. located near the centre of the 
Virgo cluster. The study of the supernova is interesting in 
itself, but in conjunction with the Baade-Wesselink 
method it also provides an independent method of 
determining the distance to the galaxy and hence to the 
whole Virgo cluster. Preliminary results show, in 
addition to the supernova spectrum, the absorption 
produced by the gas in the parent galaxy and that of our 
own galaxy. The data show also the rapid changes that 
occur in the continuum as the shell expands and cools. A 
number of P Cygni profiles of the CIV, Sil V, etc. allow 
the determination of the expansion velocity of the shell, 
and its comparison with the data obtained in the visible 
will allow the important physical parameters such as 
temperature and density to be determined. 

Galactic astronomy 

Observations ofemission-line stars, by Division staff and 
fellows together with other European astronomers, have 
included a study of two standard symbiotic stars1 '. Z 
And and CI Cygni. These have been studied in 
combination with visual and 1R observations in an 
attempt to understand the nature of thcîr continu» and 
the physical process producing the emission lines. In the 
case of Z And, it was found that the high ionisation lines 
are formed in a region with Ne*2x IO , Q cm~ 3 anda 
thickness in the line of sight of not more than 5 x 10 I ( I 

cm. The continuum is composite, part coming from a M , 
6.5 star and part coming from a subdv.arf with a radius 
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ofo.4 R ,. A new model for this star was proposed, 
involving formation of the high ionisation lines around 
the cool star. A similar investigation is in progress for 
C( Cygni. 

There have been studies with ÏUE of several other 
peculiar binaries which display evidence of hoi 
plasmas12. All of these (except VVCep)have UV 
continua, suggesting the presence of stars much hotter 
than is indicated by their spectra in the optical spectral 
region, i: Am is a single-line spectroscopic binary whose 
visible component is an FO la star. It is eclipsed once 
every 27.1 years by the invisible companion. IUE spectra 
have shown that this companion is a hot star with 
T;. - 15 000 K and R ̂  2R The line spectrum supports 
this value or T,̂  

VV Cep is an eclipsing binary with a period of 20.4 years. 
The most important observations made were those of the 
chromospheric eclipse when the light of the blue 
companion shines through the higher layers of the M 
supergiam13. A set of IUE spectra taken at the initial 
phase of the chromospheric eclipse have shown that the 
chromospheric line spectrum is well developed in the 
region 2500-3000 Â. superimposed on the spectrum of 
the companion. The flux distributed seems to indicate 
that the temperature of the secondary star is about 
10000 K whereas previous studies based on ground 
observations have indicated an earlier spectral type. 
Observations were also made of the two binary systems 
ji Lyr and vSgr. which could represent two successive 
evolutionary stages ofa contact binary system. 

A study of the binary WR star y2 Vel ( WC8 + 091) was 
made jointly by the Division staff al ESTEC with Dutch 
and UK astronomers19. High-resolution spectra have 
been obtained at six different phases in one binary cycle 
and show substantial differences in strengths and profiles 
of many resonance and low excitation ionic lines, but not 
in the higher excitation lines. These variations arc 
explained in terms of an eclipse model. The CIII 1909 A 
intcrcombination line, which shows eclipse absorption, 
has been used io deduce a mass loss rate of I x 10"+ M 
y ' from the WCK star. Eclipse path column densities 
inferred for the lower levels oflhc CIII/. 1909 and CIII /. 
2297 transitions have allowed the excitation temperature 
in the outer region of the WCK stellar wind to be 
determined as 10000 K. No such obvious variations are 
observed in the spectra of 0 Muscae(WC6 
+ 09.5 BPlab) obtained at four different phases. 

Stellar muss-has processes have been the subject of a 
number of other studies. Joint observations'" of the UV 
spectrum of P Cygni shows il to be dominated by blue-

shifted absorption lines of singly and doubly ionised 
metals such as Fe. Mn, Ni, Cr and Ti formed in the 
expanding envelope. The corresponding expansion 
velocities are about - 220 k m s ' ' for the highly ionised 
metals and considerably lower, about - K0 km s " '. for 
the doubly ionised metals. A second absorption 
component, at about - 177 kms" 1. is seen on the red 
edges of the singly ionised metal lines. At least for Fell], 
the expansion velocity appears to be a monolonically 
decrcasing function of the excitation energy. This 
behaviour has been interpreted as due to an outward 
decrease oflhc excitation and ionisalion conditions. The 
observations suggest also ihc presence ofa plateau in ihc 
velocity cnvclope-radius relation, connected with 
possible changes in the ionisation conditions through the 
envelope. A curve of growth analysis has been carried on 
for the Fel I lines. From this an excitation temperature of 
12 000 ± 900 K has been found for the shell in which 
these lines are formed. A rough estimate has been given 
of the energy blocked by the blue-shifted absorption 
lines. This energy could supply sufficient radiation 
pressure to explain the acceleration of the gas in the 
envelope. However, other mechanisms appear to 
contribute to the mass loss from P Cygni. 

Observations with 1U E of the spectrum of the star v. Cam 
(09.5 la) were made continually for 72 hours, in a 
collaboration with Dutch astronomers'". During these 
three days the star showed gradual short-term ( *- days) 
change of the edge velocity of the CIV and NV resonance 
lines. The change was largest for the lines formed at large 
distance from the star and may be due to either UV-ilu.x 
variations of the star or variations in the muss-loss rate, 
the so called 'stellar puffs*. Evidence was also found for 
erratic very-short term ( - I h) variations of the edge 
velocities. 

The survey of mass-loss stars carried out from the 
Copernicus satellite had left a gap in the H-R diagram 
for hot siars of low bolometrie magnitude. A number of 
stars of spectial types between B3 to AS were therefore 
observed to determine up lo which luminosity limit the 
mass-loss process occurred. A firm limil of A / M i - 5 has 
now been established,K. 

Data from the TD-I S2,68 observations of fit' ami shell 
stars have been studied1" by staff'at ESTEC and 
compared with those of normal B stars of the same 
photospheric characteristics, after correction oftlie 
interstellar extinction, based on the depth of the 2200 A 
absorption band. Contrary to what could be expected 
from their behaviour in the near ultraviolet (filter U). the 
early type Be stars (B0 to about B5) do not exhibit any 
excess of flux at 2100 A with respect to the visible (V). 
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More than half the stars having strong visual emission 
lines present un ultraviolet flux deficiency larger than 
0.20 mag. and about 25 percent of them a flux deficiency 
of more than 0.50 mag. If a probable emission of the 
envelope in the visible is taken into account the defect of 
flux in the ultraviolet is decreased, but it still amounts to 
more than 0.20 mag. for 34 percent of the 63 Be and shell 
stars examined. A positive correlation of the flux 
deficiency with the presence of strong emission lines in 
the visible, or IR flux excesses, or shell lines (especially 
Fel I in the visible) has been found. For the shell stars, a 
large part of the ultraviolet flux deficiency is caused by 
continuous hydrogen (Balmer) absorption. High-
resolution IUE spectra of seven Be and shell stars and of 
a few normal B stars taken as comparison are currently 
being analysed. As noled from the S2/68 low resolution 
spectra, the B shell stars show strong absorption lines of 
doubly ionised metals (FelII and CrIEl mainly) arising 
from mctastablc levels. 

The binary HD41335 is of particular interest in that it 
shows mass transfer between the two components of the 
system, and muss loss from the system. S2/68 . 
observations obtained at different phases showed an 
enhancement of the Fell I lines when the primary is seen 
through the stream flowing from the companion. The 
IUE observations-" confirm this. 

In a study of superluminous stars in the Magellanic 
Clouds, by Vilspa staff and European collaborators2 '. 
the luminous Hubble-Sandage variable star S Dor 
(LMC) has been observed in iheUV with lUEand in the 
optical region at ESO. The observed energy distribution 
of S Dor is explained by a superposition of the radiation 
of an early A-type supcrgiant photosphere and a 
surrounding envelope producing the Balmer continuum. 
The line profiles observed in the visual region indicate a 
very s'rong time-dependent mass loss of M == 7 x 10 " 4 

M y " 1 . The suggestion was made that the evolutionary 
status of S Dor is intermediate between main-sequence O 
stars and WR stars as a result of a short-lived phase of 
strongly enhanced mass loss. 

Vilspa astronomers have also made an intensive study of 
the stmr novo RR Tel. which shows over 430 emission 
lines in the high-dispersion spectra 3 2. About three 
quarters of these arc identified, including lines of 
common species up to four limes ionised and over 150 
Fel I lines. The lines originate in a gas o~ density 
10" cm •' and temperature 12000 K and increase in 
width with ionisation potential. IUE observations 
permit a more accurate measurement of the excitation 
energy of some mctastable levels. UV spectra of Nova 
Cyani 1978. have been obtained 2 3 with lUE at three 

dates during the first month after its outburst (13 
September 1978). A rich emission-line spectrum is âeen 
and a strong continuum. The high-resolution spectrum 
of 28 September is dominated, in the range 2300-2800 A. 
by broad undisplaced emission lines of singly ion;sed 
metals such as Fell. CrII and Mnll. The width of these 
lines indicates expansion velocities of about 310 km s '. 
Larger expansion velocities are observed in some OKI 
fluorescence lines. A P Cygni profile is observed in Mgll 
doublet lines. Most of the same spectral features are 
found in the earlier spectrum of 14-15 September. The 
low-resolution spectrum obtained on 10 October 
indicates higher degrees of excitation and ionisation than 
the earlier spectra. 

In a study ofcarhtm thtst absorption features, the F-type 
carbon-rich supcrgiant R CrB is being observed in the 
ultraviolet with IUE to examine the time variability of 
the 2200 A dust absorption band in correlation with the 
visual and infrared variability. A positive detection of the 
2200 A bump variability in phase with the IR variability 
would imply that the scmipcriodic fading of R CrB is due 
to dust absorption. 

Studies of the inierstvltar medium have involved joint 
observations with Italian and Australian astronomers of 
the UV spccirum ofthe Cygnus-loop supernova 
remnant 1 4. These suggested that carbon, initially 
depicted in the gas phase by a factor ten. is progressively 
returned to this phase, presumably by destruction of 
graphite grains in the high-lemperaturc post-shock 
region. Other studies concentrated on the UV spectrum 
of the Crab Nebula. An anomaly in the 2200 A dust 
feature may be due to the destruction of the smaller dust 
particles by the supernova blast wave. 

Cornel Si'iiiyi'iit was observed with IUE by Vilspa stall'in 
collaboration with US and German astronomers. 
Emission bands of OH. CS. CO, *. NH and CO *. HI. 
OI. CI and SI have been identified35. 

Optical astronomy 

A small amount of observational work in optical 
astronomy has been performed, as a natural adjunct to 
the UV astronomy carried out with lUE. Some of these 
observations have already been discussed during 
reference to the companion U V observations. 

In collaboration with Italian astronomers on the ESO 
telescope, about 30 hot stars in the Large and Small 
Magellanic Clouds have been observed. The aim v-;:s to 
investigate whether the known chemical composition 
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differences have an effect on the. ass-lois process. To 
this end l) BV and HB photometry was first carried out 
and ten spectra obtained of a number of candidates. 
Preliminary analysis indicates that - 70 percent of the 
stars show a significant amount of mass loss as evidenced 
by the presence of emission lines of H and He. 
Simultaneous observations from the ground and from 
I LIE will be carried out in the near future on the most 
interesting objects. 

Another programme, involving members of the Anglo-
Australian telescope and Cambridge University with 
Vilspa staff, has been concerned with a study of the 
absorption lines from the interstellar medium of external 
galaxies 2 6. This has included the use of Seyfert nuclei 
(IC4329A). a supernova (NGC4321) and other active 
nuclei (NGC7582 and NGC2992) as background 
sources. With the AAT data one can use the Call and 
Nal lines to find the velocity dispersion of the absorbing 
material by Stromgren's method. Other work by this 
group is the completion of a study of the optical radio 
and X-ray variations of the N-galaxy 3C390.3 which 
occurred during the 1970s. 

A new laboratory programme was started at the end of 
1979 to assemble an imaging photon counting system for 
ground-based use. This instrument will be very similar to 
that being developed for the ST Faint Object Camera. 
The aims of this programme are both scientific and 
technical. From the scientific point of view, a photon-
counting detector with the capability of 512 x 512 pixels 
will allow imaging and spectroscopy to be carried out lo 
the faintest possible limits imposed by the telescope and 
the sky background. The scientific applications are very 
large, but observations will be oriented towards the field 
of extragalactic astronomy. The aim is to carry out 
observations that are complementary to those to be 
performed with the FOC, such as dynamical studies of 
galactic nuclei, studies of the relationship of quasars to 
underlying galaxies, optical emission studies in radio 
sources, lobes, etc 

From a technical viewpoint, this development will be 
important in that the software to be delivered to NASA 
to perform the data analysis or the FOC images and 
spectra will also be used to perform the data analysis of 
the ground-based data, thus ensuring that a full 
understanding of this software and of its limitations 
exists well in advance of the launch of the ST. The 
technical sections of this programme will be carried out 
within ESTEC in a collaboration between the 
Astronomy Division and the Space Telescope Project 
Division, whereas the scientific observations will be 
carried out in collaboration with various of European 
astronomy groups active in this field. 

Laboratory astrophysics 

Within the last year, >he laboratory astrophysics 
programme has undergone a major redirection and also 
a reduction. In the past the emphasis was on electron 
spectroscopy as a research tool for the laboratory 
studies 2 7. This has been changed to give emphasis to 
molecular- beam spectroscopy. At the same time, the 
staff level has been reduced by hah", leaving one A grade 
(-rart time) and one B grade. The reason for the 
redirection has two aspects. First, a joint proposal with 
European groups has been made to both ESA and 
NASA for an atmospheric beams experiment (ABE) to 
be flown on a spacecraft payload. Molecular-beam 
facilities were therefore needed in the laboratory in 
support of this proposal. Second, the laboratory 
astrophysics programme, which is centred on the 
interaction of interstellar gas with surfaces, was 
redirected from an emphasis on electronic and 
vibrational states to the investigation of the gas/grain 
interaction dynamics, which ha^ a more direct relevance 
to the observables and energetics of the interstellar 
matter. 

Molecular-beam techniques have been developed to a 
highly advanced state in atomic physics concerned with 
gas-phase interactions. In contrast, very limited 
application of these techniques had been made in the 
area of gas/surface interaction. Considerable advances 
are expected, first in determining the atom/surface 
interaction potential, which can be studied by observing 
the 'bound states' and second in the dynamics of 
atom/surface interactions in terms of energy and 
momentum exchange (this is of direct relevance for the 
energy balance of interstellar matter). It is also possible 
to study the energetics and dynamics of gas/gas reactions 
on solid surfaces, with their immediate relation to the 
problem of «i/crsrWfar molecular formation. 

The basic instrumentation for such studies consists of a 
molecular-beam source, which is usually in the form of a 
highly monochromatic jet source: a well characterised 
surface, and the equipment to obtain, observe, and 
maintain it; and a detection system including time-of-
flight analysis capability. A simple but effective working 
molecular-beam system has been completed in the 
laboratory. The complex technology oflarge pumping 
systems and fast choppers has been avoided by 
developing a beam source with an integrated fast valve, 
which allows a pulsed beam operation. Beams of 10 per 
cent velocity monochromaticity in 20;is pulses are now 
obtained on a routine basis. The surface characterisation 
system (UHV apparatus. LEED. Auger-Spectrometer) 
lias been taken over from the previous experimental 
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setup. A detection system and the electronics for lime-of-
flight measurements have been completed and tested. 

As a first experiment, the challenging problem of atom-
phonon interaction has been attempted. Here a 
monochromatic atom beam is scattered from a single 
crystal surface, and the energy loss and gain spectrum is 
observed as a function of the scattering angle. This gives 
the complete information of energy and momentum 
exchange between the atom and the solid and thus 
information on the elementary excitations in the surface 
of the solid. For the first time, both gains and losses of 
beam energy have been observed over a range of angles, 
corresponding to the annihilation and creation or 
phonons with varying wavelength 1 8. 

Future research 

The Division has experienced major changes in its 
personnel, and it has had staff reductions and important 
programme changes during 1978/79. Substantial new 
research activities in optical and U V astronomy have 
been introduced, the laboratory astrophysics 
programme reduced and redirected and the airborne 1R 
astronomy programme abandoned. Future attention 
must therefore befocussed on developing these new 
programmes, consolidating and exploiting the remaining 
IR activities, and integrating new personnel into the 
project work and the research work. 
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SSI) I 10 78) 

BFcucrbadicr(A5) 

Th dc Ci-aauw (A4) 
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Research and management 

Heterodyne astronomy 

Laboratory astrophysics 

Heterodyne astronomy 

[J V and optical astronomy 

Laboratory astrophysics 
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IUE management. 
ISO study 

Member of Astromctry 
Mission Definition Team: 
LIRTS instrumentation study 
scientist 

Project scientist. First S L 
Payload 

Lidar study scientist. !>I)T 
contracts on heterodyne 
developments 

ST project scienlisl 

Science Advisor l'or S L project 
and for S L development studies 



Rl;mcry(A4| Infrared astronomy ISO study scientist 

A I- M Moonvood(A4) 
(lei) Sepicmber 197X) 

Rcsnirch Fvlhws 

V Beeekmans 
(January 197K 79) 

S Lidholm 
(January 197K 79| 

D. Nay lor 
(February 1979 ) 

/ IE ohsrriatory xttiff 

M Pension (A5) 
PBenvenuli (Il JE fellow) 
A CussatellaOUE fellow) 
J ClavclUUE fellow) 
A Heck HUE fellow) 
P.Selvelli<|I/Eièllow) 

Balloon Michclson project & C141 
Michelson project 

IPS project scientist; 
LIRTS instrumentation study 
scientist: LIRTS phase A study 
manager 

Theoretical astrophysics and stellar WV Assisi II IE project. 
spectroscopy Hippargos project .scientist 

Heterodyne astronomy 

Infrared astronomy 

IIJE Observatory Controller 
Deputy Observatory Controller 
Resident astronomer 
Resident astronomer 
Resident astronomer 
Resident astronomer 

Technical and administrative stall" 
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the research und project activities of the Division. The 
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tk-ft September 1979). C Boeder (left October 1979). 

ll.'E Fellows 
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to the Vilspa 11 IF. Observatory in optimising their 
onsen ation programme, scheduling the observations. 
operating the spacecraft experiment console to perform 
the observations, working closely with the outside 
astronomer during the observations in order to 
maximise the scientific return from the piogramme and 
finally assisting with the throughput of data for 
processing to pro\ ide the outride astronomer with 

corrected spectra in v arious formats. They are permitted 
to do some observations themselves as a result of 
proposals submitted to and accepted by the II.' V. 
Proposal Selection Committee. Operations are carried 
out over eight hours per day. se\ en d. v s per week, on 
adjusting shifts. They are under the direct control of the 
U.'l: project Observatory Controller, hut report to the 
Astronomy Division for scientific and general personnel 
mailers. 

There are presently fi\e Fellow s at Vilspa. A policv of 
rotation of Fellows is applied, with the intention of 
giving a number of young astronomers the valuable 
experience of working in an Observatory of this type. So 
lar two Fellows have left and during 19NU further 
changes will he made. However a limit on the rate at 
which such stall' can be rotated is sel by the neeessitv to 
maintain continuity and a high level »»f experience within 
the station. 
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CI4I Airbttrne AstrontMly Prtigrttmme 

Groupe Infrarouge Spatial. Observatoire do Mcudon (F| 
J-P Balutcau. Y Biraud 

Laboratoire de Physique Stcllairc cl Planétaire. CNRS. 
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IR Astronomy Group. University College London (UK) 
R E Jennings. I Furniss. K King 

lli'tirtnlyih' IR uslrotuwiy 

The Astronomical Institute. Utrecht (NL| H van de 
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Jet Propulsion Laboratories. Pasadena. CA. (USA) 
J Waters. T Kuipcr 
California Institute of Technology. Pasadena. CA. (USA) 
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University College of Cork. Cork. Eire ( IR L) 
G T Wri.xon 
Queen Marv College. University of London (UK) 
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Opt'uwlanil I'I'dslnmomy 
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involving various collaborations with astronomers from 
the UK. Italy. Australia. Holland. USA. Belgium. ESO 
and Germany, as indicated in the publication list. 
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Introduction Introduction 

Support given to projects 
- Cos-B 
- Exosat 

Support given to studies 
- X-ray astronomy missions 
- EXUV survey mission 

Research activities 
- Cos-B and high energy gamma-ray astronomy 
- Low energy gamma-ray astronomy 
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- Spectroscopy in X-ray astronomy 

Imaging gâs scintillation spectrometers 
Future programme 

Appendices 
Manpower deployment 
Principal collaborative partners 1978/1979 
Publications appearing in 1978/1979 

The majoi activities undertaken wiihin the High Energy 
Astrophysics Division are concerned with X and 
gamma-ray astronomy, and in the two years since the 
last report there has been considerable evolution in the 
work of the division in the three areas of on-going 
scientific project work, future mission studies and 
research. 

On the project side, the Exosat payload. managed within 
the Division, and spacecraft have proceeded through the 
design phase to the integration and testing of the 
engineering model satellite. Preparations for the 
operational phase of the Exosat observatory are now 
well under way. Cos-B, now into its fifth year in orbit is 
still generating new data and still requires projecL 
scientist support for operations. 

On the future mission studies side, the original Transient 
X-ray Sources Satellite is no longer with us but a new 
mission, the Timing and Transient Mission in X-ray 
Astronomy has been supported through the proposal 
and mission definition assessment phases, as has the 
Spectroscopy and Variability Mission in X-ray 
Astronomy. The EXUV mission, now a candidate for the 
next project selection, has been supported through two 
phase A studies. 

On the research side, the analysis of the Cos-B data 
continues at the same level as before. A collaborative 
proposal for an instrument on (he Gamma Ray 
Observatory was selected in 1978 and the formal 'new-
start* for this programme is expected shortly. However, 
with the selection of a spark chamber instrument for the 
same mission, activities on developing the drift chamber 
for future gamma-ray missions have been curtailed. 
Development of the gas scintillator for medium-energy 
X-ray spectroscopy has continued, particularly in the 
building of the instruments to be flown on FSLPand 
Exosat, and th- first flight of such an instrument on a 
much-delayed Aries rocket is keenly awaited. First 
results have been published on a position-sensitive gas 
scintillator suitable, in connection with the appropriate 
X-ray optics, for X-ray imaging and spectroscopy. 
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Support given to projects 

Cos-B 

The Cos-B satellite for gamma-ray astronomy carries a 
single, principal experiment the constituent parts of 
which were developed and funded by the institutes 
making up the Caravane Collaboration. Since SSD is a 
member of the collaboration, the distinction between 
'project work' and 'research work' is not sharply defined. 
Before launch the project scientist function included co
ordination of the various accelerator tests, the balloon 
flight and preparation for the post-launch phase of 
operations and data reduction. Since launch the tasks of 
the SSD project scientist have included the monitoring 
of data processing at ESOC. liaison with ESOC on the 
evolution of the observation programme, co-ordination 
of data reduction and analysis within the collaboration, 
assistance with the organisation and programme for the 
1979 European Study Conference on *Gamma-ray 
Astronomy after Cos- B* at Erice and the overall 
responsibility for the so-called "Fast Routine Facility' 
(FRF) at ESOC. Within the FRF some 20 percent of 
data retrieved are analysed on a daily basis. This 
provides, firstly, continuous monitoring of the 
engineering functions so that the instrument can be kept 
operational at its peak performance and. secondly, a 
scientific quick-look capability enabling the early 
identification of the more interesting observations and. 
on occasion, the quick announcement of a result which 
may be of immediate relevance to other astronomers. 
The tasks within the FRF are performed by an ESA 
internal research fellow. 

Orbital operation of Cos-B began in 1975 and. while 
originally two years were planned, successive extensions, 
the most recent by way of a 'special project', require 
operations to be continued to the end of 1980. 

Exosat 

The Exosat satellite for X-ray astronomy carries four 
distinct but complementary instruments: a large-area, 
proportional-counter array for medium-energy 
observations (2 50 kcV). two Woller 1 imaging 
telescopes for low-energy observations (up to 2.5 keV) 
and a gas scintillator for spectroscopy in the medium-
energy range. Exosat is an observatory in the widest 
sense in that the orbital data will be made available to 
the whole scientific community through the submission 
and acceptance of observational proposals. 

The scope of the project is such that the project scientist 

function is shared by two staff. Between them they 
provide scientific advice to the project group on all 
mission aspects and for overall system design, they liaise 
with experimenters on scientific matters, and they are 
responsible for preparations for orbital operations, in 
particular the observation programme strategy for data 
reduction and analysis and liaison with the Exosat user 
community. 

The development of the experiments, while proposed 
and defined by the scientific institutes, is. for the first time 
in an ESA programme, funded by the Agency. In order 
to maintain and ensure the independence of the 'science', 
i.e. the development of the experiment hardware and the 
Exosat science programme from the 'project', i.c. satellite 
development, the management of the Exosai payload is 
conducted within this Division of SSD. To this end. the 
Division Head acts as Payload Manager and one 
member of the Division acts at Experiment Engineering 
Manager. Attached to the Division, though not part of 
the SSD complement, arc a number of engineers who 
report to the Payload Manager and the Experiment 
Engineering Manager. This group is responsible Tor the 
engineering design and implementation of the pay load 
and manage five major industrial contracts totalling 
some 10 MAU for payload development. 

The definition of and planning for the Exosut 
observatory operations have recently been completed. 
Data from the satellite received at Villafranca will be 
transmitted to the control centre and observatory at 
ESOC where on-line they will be reduced, processed, 
analysed and displayed to provide a preliminary 
scientific output as a particular observation proceeds. 
The observatory will be manned by a team of ESA staff 
and fellows. The building of this team has started and 
until the launch it will be located at ESTEC and be 
under the responsibility of this Division of SSD. Prior to 
launch the team will transfer to ESOC but the 
monitoring and control link will be maintained through 
the SSD project scientist. The Exosai observatory will 
thus be run on lines very similar to those followed in the 
caseofthc highly successful 1UE. 

Support given to studies 

X-ray astronomy missions 
! i. Rrf. SCI(70H Timing and Transients 
2. Rcf. SCTfTVp Sfwclrost-opy mid V;iriuhi!;>vi 

Two mission definition or assessment studies were 
undertaken in 1979 on two proposals submitted by a 
consortium of 14 groups in response to the 
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announcement of a new planning cycle issued by the 
Director of Science in November 1978. 

The objectives of the Timing and Transient Mission are 
the study of the temporal variability of known X-ray 
sources on time scales from submilliseconds to hours, the 
survey of the sky every few days to a sensitivity limit of 
one Uhuru unit in order to monitor the long-term 
variability of sources ind to detect transients, and ihc 
study of complex transient and burst phenomena over a 
spectral range from about I to 200 keV. The model 
payload studied comprised large-area proportional 
counters, wide-field cameras, phoswich detectors and a 
gummu-bursl detector. 

The objective of the Spectroscopy and Variability 
Mission :- the study of X-ray spectra and variability of a 
wide range of astrophysical objects including the nuclei 
of active galaxies and quasars, clusters of galaxies, binary 
systems containing black holes, neutron stars or while 
dwarfs. X-ray burst sources, supernova remnants and 
active stars and stellar coronae. The model pn"load 
studied comprised large-area, high-resolution, crystal 
spectrometers, medium-resolution, broadband 
proportional counters and phoswich detectors for high-
energy and cyclotron line spectroscopy. 

The SSD study scientists supported the scientific 
consultant team and ESTEC engineers with regard to 
mission analysts, requirements and constraints of 
instrumentation and spacecraft services, operations and 
data management and instrumental performance. 

Following review by the Astrophysics Working Group 
and the Science Advisory Committee, a mission for X-
ray astronomy combining the objectives of the two 
described above, but with less emphasis on 
submillisecond timing, will be the subject of a phase A 
study to be undertaken during 19X0. 

EXUV survey mission 
(Rtf.Sri(79)H| 

Following ii mission definition study in 1976 and a 
preliminary phase A industrial study in 1977 7K. a full 
phase A study has recently been completed on the 
EXUV survey mission. 

The EXUV waveband, for purposes of ihc study defined 
as the range 10 A 1000 A. is one of lite lew remaining 
unexplored slots in the electromagnetic spectrum. It had 
been thought, until rather recently, thai little could be 
learned by studying ihc sky at wavelengths in the decade 

or so of the spectrum to the high-energy side ol the 
hydrogen Lyman absorption edge. The widely believed 
estimates of the interstellar gas density in our part of the 
Galaxy implied that all but the nearest stars would, at 
these wavelengths, be totally obscured, whatever their 
brightness, by absorption processes in the Tog' of this 
gas. However recent radio and UV measurements have 
resulted in substantial downward revision of estimates of 
the interstellar gas density and while very few viewing 
directions have yet been examined, the first few very 
bright EUV stars have now been found. As a result, 
current estimates on the 'viewing horizon', to unit optical 
depth in this interstellar fog', have moved substantially 
outward from the Sun. and indeed to clear the Galaxy in 
the Jirection of the galactic poles at the shorter 
wavelengths of the band. 

The appearance of the Galaxy and indeed the Universe is 
almost totally unknown at these wavelengths and the 
mission of the EXUV project is to conduct an 
exploratory, all-sky. unbiased survey to search for EUV 
point and extended sources in the pass-band 100 1000 A 
and to map to the few-arcminute level the diffuse XUV 
emission known to exist in the 10 250 A band. Given the 
instrumental response down to •<* 6 A the power of the 
survey is such that it is reasonable to expect the detection 
of tens oflhousands of cxtragalaelic high-energy sources. 

The satellite designed for the mission, us well as 
providing the survey capability in a scanning mode, can 
provide an extended observation capability in an inertial 
pointing mode so thai the most exciting features revealed 
by the survey can be examined to a greater sensitivity, in 
the same mission. The model payload comprises two 
Woltcr-type grazing-inridence telescopes with associated 
local-plane instrumentation, «iw optimised for 1:1 -V. the 
other for XUV. 

The SSD study scientists have supported the scientific 
consultant team, ihe ESTEC engineers and the industrial 
team with regard specifically to the scientific objectives, 
focal-plane instrumentation for the XUV telescope, 
mission-analysis aspects, requirements on the satellite 
system and ground segment mid mission management. 

Research activities 

Cos-B and high-energy gamma-ray astronomy 

The Cos-B satellite launched in August 1975 carries a 
single spark-chamber telescope for gamma-ray 
astronomy in the energy range from about 50 McV to 
5 GcV. This telescope was designed, built and operated 
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Figure I Presentation in galactic co-ordinates of the structure of the galactic gamma-ray emission as measured by 
Cos-B. In the map the surface filled to the data matrix is indicated by contour lines and a grey scale. The accepted 
field of view is indicated by dashed circles. The latitude profiles show the data points with errors and the fitted surface 
(full line). The longitude ranges over which the data are averaged are indicated by brackets. In these profiles and in 
the map a background is subtracted. In the longitude profile the data points with errors averaged over ± S degrees 
are shown. The full line indicates a cross-section through the fitted surface along the galactic equator. The 
background is indicated by the shaded area. The map and the profiles show the parameter 'on-axis' counts s " ' sr " '. 

by the Caravane Collaboration of groups at G. rehing, 
Leiden. Milan. Palermo. Saclay and SSD/ESTEC. The 
instrumentation has performed excellently since the 
launch and the few malfunctions which have appeared 
with age have in no way led to a reduction in the quality 
of the data. The task of processing the data is shared 
among all members of the collaboration and, as 
evidenced by the author lists, the analysis and 
publication of observational results are collaborative 
efforts. In (he first years of orbital operation the greater 
part of the time was spent in viewing the galactic disc 
known from the limited results from earlier experiments 
to emit gamma-rays, while more recently, in connection 
with mission extension, more time has been devoted to 
searching for extragalactx emissions. The flux ofgamma 
radiation is such that Cos-B with its useful field of view 
of about 20° half cone angle has to be pointed to observe 
a region of the sky for periods typically of one month. 

Data from 20 such observations in the galactic plane 
undertaken prior to the beginning of 1978 have been 
analysed, yielding some 64 000 gamma-ray events, the 
arrival directions of which have been used to derive 
contour maps and profiles of the galactic gamma-ray 
intensity. These were first presented at the 9th Texas 
Symposium in December 1978 and Figure I shows one 
example for the energy range 70 MeV - 5 GeV. The large 
gamma-ray emission is characterised by a narrow ridge 
centred on the galactic equator with variable thickness in 
galactic latitude and significant structure along the ridge. 
The emission is very bright towards the inner galaxy. i.e. 
from galactic longitudes (f) 300° to 50° with a relatively 
smooth longitude profile from 0° to 50° but much 
rougher from 300° to 360°. There is very little emission 
from a 'galactic hole' at /=60° which is an empty. 
interarm region. The emission from the Cassiopcia-
Perscus-Taurus regi n(IO0°<l< 170°) is enhanced with 
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respect to that in the Monoceros-Puppis-Veia region 
(210°</<250°) which is known as another particularly 
empty region of the disc. There are smalt but significant 
displacements of the peaks of the galactic latitude (6) 
profiles from 6 = 0 with a tendency to negative latitudes 
for 180° < ( < 3é0° and positive latitudes for 0°> f> 180°. 
These displacements correspond well to the 'hat brim* 
effect seen in HI (21 cm line) emission considered to 
indicate the large-scale warping of the galactic disc 
Detailed examination of the latitude profiles shows the 
disc emission to comprise two components related to 
features at different distances in the galaxy, one at 4-6 
kpc distance and the other much more local. < 1 kpc. 
The Icai component is less dependent on longitude and 
correlates well to the local matter distribution including 
Gould's Belt 

Data obtained during the first three years of operations 
have been subjected lo a systematic analysis to reveal 
localised sources of gamma rays, a source being defined 
as a significant excess of counts compatible wi;n the 
instrument's point-spread function as determined by 
ground calibration and confirmed by flight data on the 
Vela pulsar. The instrument's resolution is such that a 
true point-like object and a feature of one degree angular 
size cannot be distinguished. Figure 2 shows the 
positions of 29 such sources detected above 100 MeV. 
This sample is subject to strong selection effects because 
of the strong variations in the gamma ray background 
against which the sources are seen. However, the sample 
is thought to be complete at a threshold of 1.3 x 10" 6 y 
cm" 2 s~ ' in the region 90°< l< 300° and - 1 5 ° < 6 < 
+15°. but probably incomplete in the region 300° < / 
< 90°, particularly at | f>| <2.5° where the galactic 
emission is intense and highly structured. 

Figure 2 Region of the sky searched for gauma-ray 
sources (unshaded) and sources detected above 100 Me V 
by spatial analysis. The closed circles denote sources 
with measured fluxes 3* 1.3 x 1 0 " photon cm" 2 s~'. 
Open circles denote sources below this threshold. 

The identification of these sources is presently a mystery. 
Only two are identified with complete certainty, the 
Crab and Vela pulsars, while one is identified with high 
confidence with the quasar 3C273, the first extragalactic 
gamma-ray source discovered. Another source has been 
associated with the p Oph cloud complex. As for the rest, 
their distribution in galactic latitude indicates their 
galactic nature at distances in excess of 2 kpc assuming a 
scale height of about 70 pc and conforms to the hat-brim 
distortion of the galactic plane as seen in the latitude 
profiles of the general galactic emission. The gamma-ray 
luminosities appear to be about 10 3* erg s~ ' but since no 
obvious counterparts are found in the Uhuru X-ray 
catalogue their X-ray luminosities must be less than one 
tenth of this value, and source models are thus 
constrained in that they must explain how the major 
part of the energy is emitted in the form of high-energy 
gamma rays. 

Detailed spectra and timing signatures arc now available 
on several sources, including the gamma-ray pulsars, 
enabling a deeper understanding of the objects and many 
data await analysis. 

Clearly, future work will concentrate on the 
identification and nature of the sources, the detection of 
further localised emission to unravel the relative 
contribution of point-like and diffuse features to the 
galactic emission and the search for other exlragalactic 
objects. 

Low-energy gamma-ray astronomy 

The electromagnetic spectra of celestial objects in the 
region near I MeV and up to about 30 MeV are at the 
present time among the least studied and understood 
phenomena in observational astrophysics, owing not to 
the lack of richness in this domain, but to instrumental 
difficulties. Firstly, such photons in this energy range are 
highly penetrating and interact largely through the 
Compton process and are thus difficult to detect. 
Secondly, such photons are produced in large numbers 
through the interaction of energetic particles in material 
around the instrumentation, thereby constituting a 
severe background within which the celestial gamma-
rays have to be detected. 

Observations in this energy range will throw new light 
on a range of astrophysicat problems from those of 
compact stellar objects to the Universe as a whole. At a 
few MeV. the gamma-ray production mechanisms 
undergo a transition from low-energy processes, such as 
thermal emission, to a variety of high-energy processes. 
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Figure 3 The figure presents the intensities of a variety of point sources of X and gamma-ray emission over a wide 
range of energies. These data are presented in a form in which the intensities are multiplied by E* in order to 
illustrate more clearly the spectral features and relative intensities. Included in the figure are the expected sensitivity 
limits of the Compte! instrument. 

like inverse Coropion radiation. ir° radiation, nuclear 
radiation etc.. and observations will therefore provide 
data for sensitive tests and constraints on the various 
production mechanisms. 

Many instruments have been flown on balloons and 
satellites in attempts to measure the flux and distribution 
oflow-cncrgy gamma rays, but to date the results have 
been conflicting and unconvincing compared with the 
high-quality measurements made at energies above and 
below this range. The Imaging Compton Telescope 
(Comptcl). accepted for the Gamma-Ray Observatory. 
was proposed by a collaboration of institutes (consisting 
of MPI Garehing, CRWG Leiden. SSC University ol" 
New I lampshire and SSD) in order to rectify this 
imbalance. 

The instrumentation comprises an array of position-
sensitive liquid scintillator cells as an upper detector and 
an array of position-sensitive sodium-iodide crystals as a 
lower detector, the two détecte *s being surrounded by 
plastic anticoincidence shields. A coincidence between 
the two detectors is required to register the passage of a 
gamma ray. which is validated by measuring the time of 

flight between the two detector arrays and the relative 
energy deposits and pulse shapes in both detectors. Over 
the energy range from 1 to 30 MeV the instrument has a 
sensitive area of - 20-50cnr. an angular resolution of 
2° 5° (similar to that of Cos-B). an energy resolution of 
- 1 0 percent FWHM and afield of vicw'of » 1 
steradian. 

Figure 3 indicates the power of the Compte) 
instrumentation as presently designed in delecting point 
sources and shows thai a sensitivity several orders of 
magnitude better than that achieved to dale should be 
realised and indeed that an impact comparable to that of 
Uhuru at X-ray wavelengths and Cos-B at high energies 
can be expected. 

At X-ray wavelengths the galactic disc is barely visible 
but at Cos-B energies the disc is very bright and defined. 
Accurate spectral measurements by Comptcl of the 
distribution of galactic emission in the low-energy 
gamma-ray domain will be crucial in determining the 
various production mechanisms and hence the 
distributions of matter, magnetic fields and cosmic rays 
in the Galaxy. 
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A diffuse flux of X and gamma emission is observed at 
high galactic latitudes and is thought to be of cosmic 
origin. At low gamma-ray energies, the data are very 
uncertain while at the same time the possibility or a 
significant spectral feature exists which may be indicative 
of red-shifted photons from jr° decay in cosmologically 
distant regions. Comptel is designed to provide definitive 
measurements on this diffuse emission and in particular 
to search for dumpiness or anisotropics in the emission 
in case, for example, clusters of galaxies should turn out 
to be responsible for a significant fraction of the flux. 

Finally, with its good spectroscopy capability Comptel 
will, on the basis of presently available measurements 
and predictions, be able to measure broadened gamma-
ray lines from excited nuclei. 

Since the proposal was selected in 1978, instrument 
delînition and detector and electronics development 
have been undertaken, although at a relatively modest 
level, pending the formal authorisation for the GRO 
programme to start. As things stand the project is high 
on the NASA list for a new start in fiscal year 1981. 
While all gioups in the collaboration are jointly 
concerned with instrument definition, calibration and 
data analysis, the hardware contribution from SSD is in 
the area of event definition and data handling electronics 
and electrical test equipment. 

Drift-chamber development 

Tor high-energy gamma-ray astronomy to progress after 
Cos-B. the instrumentation, in addition to being bigger, 
should possess improved spatial and hence angular 
resolution. To this end. the multiwire drift chamber was 
evaluated as an alternative to the now very conventional 
multiwire spark chamber. After a number of small-scale 
trials, three modules each containing two orthogonal 
pairs of chambers with areas of 52 x 52 cm 2 (four times 
the area of the Cos-B spark chamber) were built for 
testing at the DESY accelerator on gamma and electron 
beams. These three modules, while representing only one 
quarter of a practical detector for gamma-ray 
astronomy, were arranged in different configurations to 
permit meaningful testing for the evaluation of the 
performance of a complete system. The beam tests 
showed that an angular resolution of ~ 1.5° could be 
achieved at 100 McV. which compares with - 5* for 
Cos-B. i.e. an improvement of between three and four. 
With our collaborators from Imperial College and 
Southampton, together with other groups, two proposals 
for drift-chamber telescopes for high-energy gamma-ray 
astronomy were submitted for NASA's Gamma-Ray 

Observatory. One of these, with Prof. G Frye of CWRU 
as principal investigator, received a category-one rating 
as did a proposal incorporating spark chambers from 
GSFC. This latter instrument was selected and because 
of this our work on the drift chamber has since been 
discontinued. 

Spectroscopy in X-ray astronomy 

Most of the X-ray missions flown in the 1970s, starting 
with Uhuru and progressing through Ariel V. ANS. 
'. ?0-8. SAS-3. HEAO-1. the Einstein Observatory 
(HEAO-B) and Ariel VI. have tended to concentrate on 
the detection and identification of X-ray sources to lower 
limiting sensitivities and the detection and study of the 
temporal behaviour of the sources. However, largely as a 
result of the instrumentation available (predominantly 
involving gas proportional counters) there are few data 
revealing details of spectral features, eg . emission lines 
and absorption edges. Thus, while much is known about 
various populations of sources. e.g. compact objects in 
binary systems, supernova remnants. Seyfcrts. quasars 
and clusters of galaxies, and in particular their 
topography, very little is known of their physics and 
chemistry. 

Plasmas at high temperatures ( 10"-10" K)emit thermal 
radiation in the X-ray band near I keV. and at these 
temperatures the principal emission lines are expected to 
result from transitions in oxygen, silicon, sulphur and 
iron. Fluorescent K lines from sulphur and iron and 
iron-absorption edges are also expected to be present. 
The emission lines while intrinsically very narrow will be 
broadened by electron scattering and through 
rotational and gravitational effects. The relatively crude 
instruments on Ariel V and OSO-8 gave the first 
evidence of spc .tral features, attributed to iron at about 
6 keV. while oxygen, silicon and sulphur features have 
been detected by the high spectral resolution instruments 
of the Einstein Observatory. Non-thermal spectral 
features include cyclotron emission as observed in Her 
XI at about GOkeV and perhaps cyclotron absorptions 
as observed in 4U0I15 + 63. 

To measure such broadened emission lines hnd 
absorption features, a detector with large area, high 
efficiency, good energy resolution and broad bandwidth 
is required. The conventional proportional counter, the 
solid-state detector and the crystal spectrometer as 
presently available and flown all fail on one or more of 
these criteria. This background led us to the 
development of the gas-scintillation proportional 
counter (GSPC). 
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Figure 4 Cross-section and general view oTthe gas 
scintillation proportional counter cell to be flown on an 
Aries rocket (1980). iixosat (1981) and FSLP(1982)to 
study emission and absorption features in the spectra of 
cosmic X-ray sources. 

In this detector, the incoming X-ray is photoclectrically 
absorbed in a gas. typically xenon, and the free electrons 
resulting from the event are drifted to an electric Held 
region where they acquire kinetic energies high enough 
to excite light emitting levels of the gas. The field is kept 
below the value at which secondary electron 
multiplication would occur. The light, generated as a 
burst, may be observed by a pholomultiplier. the output 
signal of which is proportional to the energy of the 
absorbed X-ray. The light produced in the scintillation 
process in xenon is found mainly in the UV region 
between I SOD A and 2200 A. Given good light generation 
and collection, such that photon statistics do not play a 

role, the energy resolution of the device is limited only by 
the statistics of the original photoabsorption and a 
theoretical resolution of about 6 percent at 6 keV is 
predicted. 

Laboratory trials and development conducted over the 
last several years have led to the realisation of the GSPC 
gas cell shown in Figure 4. and il is this gas cell which is 
the basis of the instrumentation to be flown on the Aries 
racket, FSLP and Exosat. The entrance aperture of 
20 cm diameter, leading to a useful collecting area in 
excess of 300 cm 2 is defined by a freestanding, spherical-
section, beryllium window 170/un thick. The X-rays are 
absorbed in a 10cm deep conical-section drift region 
containing pure xenon at 1 atmosphere pressure. The 
scintillation region is defined by two spherical-section 
grids maintained at high potential. Together with the 
spherical beryllium window, these provide for electron 
focusing in the drift and scintillation regions, preventing 
electron losses to the walls and enabling the U V 
scintillation light, produced in a relatively small volume. 
to be viewed through a quartz window by a single small 
photomultiplier whose output for a single photon energy 
is independent of the position of the incoming X-ray. 
Gas purity and lifetime are guaranteed by the use of 
ultra-high vacuum construction techniques and the 
incorporation of getters. With this design, the practical 
aim of an energy resolution -- 10 percent FWHM at 
6keV integrated over the full entrance aperture of 
- 300cm 2 is achieved and a useful energy bandwidth 
from - 2 to 80keV is provided. By virtue of the well-
determined duration of the UV photon burst, the device 
has a high background rejection efficiency, an important 
attribute for a satellite-borne instrument. 

The first flight of two such GSPCs is scheduled on a 
much delayed Aries rocket flight in September 1980. The 
instrumentation is produced in collaboration with 
MSSL. University College London, the principal 
experiment on the flight being an imaging telescope 
developed by MSSL and the Lockheed Palo Alto 
Research Laboratory. Because of the launch-date 
uncertainty, the flight targets are not yet firm but, if the 
Cygnus X-3 source is taken as an example, the ionisation 
state and true and equivalent widths of the feature at 
- 6 kcV. thought to be due to iron, would be obtainable 
in an exposure ofonly 200 second?. 

On the basis of the original planning the next flight of a 
single GSPC would have been on the short duration 
FSLP mission where some three hours of prime 
observing time have been allocated. However, because of 
Spacclab delays, the next flight ofa single GSPC will be 
on Exosat and it is from this mission that the greatest 
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scientific return can be expected. On the other hand, the 
Spacclab orbit offers a lower particle background 
environment more suitable for study of weaker sources. 
The FSLP flights arc in collaboration with LFCTR 
Milan/University of Palermo and MSSL. 

The free-standing gas scintillator is still under 
development for future applications, for example as a 
routine replacement Tor the normal proportional 
counter. In particular, other geometries, more suitable 
for conventional, very-thin, beryllium windows allowing 
greater sensitivity at the sulphur and silicon lines, are 
under study as arc gas mixtures to reduce dead time and 
improve background rejection and detectors filled to 
several atmospheres pressure to increase the sensitivity 
at higher energies. 

Imaging gas scintillation spectrometers 

The gas scintillators described above arc flux collectors 
and provide no information on the spatial distribution of 
photons from an X-ray source. Given imaging optics, 
however, a focal-plane detector having position-sensing 
capability can provide a map of the object under study, 
which is of relevance for the study of extended objects 
including supcrnovi remnants, the structure of the 
interstellar medium, external galaxies, etc. The range of 
energy accessible to such a combination is limited by the 
transmission of the entrance window to the gas volume, 
typically 02 kcV and the high energy cut-oflTof the 
optics, being - Z5 keV for Exosal. - 5 kcV for the 
Einstein Observatory and - lOkeV for AXAF. the 
Advanced X-ray Astrophysics Facility presently being 
studied by NASA. 

Figure 5 Planar gas scintillator under development as 
a focal plane instrument for telescopes for X-ray 
agronomy. 

As an alternative to several focal-plane detectors. 
including the position-sensitive proportional counter 
and the charge-coupled device, we are developing the 
image gas-scint.Nation proportional counter which. 
while maintaining its advantage of better energy 
resolution over other devices, will have good position-
sensing capability. The first counter evaluated, shown in 
Figure 5. had a planar electric-field geometry, and a thin 
plastic entrance window. The UV scintillation light was 
viewed by a combination of three photomuhiplicr tubes 
operated as an Anger camera. The position of the hurst 
ofUV light and hence the position of the incoming 
photon was determined by the relative pulse height 
outputs of the photomultiplicrs. An on-axis position 
resolution of about 2 mm for a 6 kcV photon was 
achieved which, for the geometry used, was very close to 
the theoretical prediction. 

This good correlation between theory and practice has 
facilitated the design of a second counter, presently 
under construction, using ultra-high vacuum techniques. 
which can incorporate a variety of readout devices 
including a seven-tube Anger camera and a 
microchannel plate array. With the seven-tube Anger 
camera, a position resolution of about 500 /im at 2 kcV is 
expected throughout a detector with a diameter of 
S 10cm. Such a device placed at the locus of the AXAF 
optics would produce broad-band, high-resolution 
spectra] maps of ex (ended X-ray sources to the 10 
arcsccond scale. 

Future programme 

Project scientist support to Cos-B operations will 
continue through ll>80. and support requirements to 
Exosat. in particular in relation to the preparations for 
post-launch opérations, will increase very sharply in the 
next two years. Ninclccn-cighty will be a very heavy year 
for Exosat payload development in that the flight model 
instrumentation has to be built, tested and calibrated. 
Delivery for spacecraft in'egration is planned for early 
1%I. Study scientist support will be allocated to the 
phase A study of the X-ray mission (see page 55). 

In the research area Cos-B data analysis will continue 
and preparations will start for Exosal experiment data 
analysis. First results from the Aries gas-scintillator 
experiment are eagerly awaited and work will continue 
on the hardware development of the Exosal and FSLP 
gas-scintillator experiments. Breadboarding :ind detailed 
design of the Comptel experiment electronics will pick 
up momentum in the case of NASA go-ahead on the 
Gamma Ray Observatory mission. Development of the 
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imaging gas scintillator will proceed with the aim of 
demonstrating a competitive performance for 
application in future X-ray astronomy missions. Further 

Technical and administrative stalT 

A secretary (D Mulders) and three technical staff support 
the research and project activities of the Division. The 
technical stalTare E-A Lcimann. A van Dordrecht and 
W Vlccshouwcr. A student. H Bcckhuizcn. is employed 
part-time to undertake manual editing of Cos-B data. 

investigative work on the gas scintillator for high-energy 
applications will be undertaken. 

Engineering statffor Exosat payload development 

Attached to the Division for the duration of the Exosat 
programme arc D Andrews. K Bock. H Eggel. R Giralt 
and J Sternberg. R Laine was a team member up to early 
1979. 

Appendix 1 Manpower deployment (end 1979) 

Scientific manpower iyrtltle) Main research areas Studies 

B G Taylor (A6) X-ray detectors Compte! development EXUV 

RDAndrcsen(A4) 

K Bennet(A4) 

A Peacock (A3) 

R D Wills (A4) 

RZobl(A4) 

Research Fellows 

J Davelmir 
(from March "79) 

G Lichli 
(1975-79) 

GManzo 
(from 1977) 

S P McKcchnie 
(1977 April 79) 

Aries. FSLPand Exosat 
experiment development 

X-ray detector development 

Cos-B data analysis 

X-ray detectors 
software development 

Drift chamber development 

Projects 

Exosat 
(Payload 
Manager) 

Exosat 
(Project 
Scientist) 

Cos-B data analysis. Comptcl 
dcwlopmeni. Drift chamber 
development 

X-ray detector development EXUV Exosat 
X-ray (S+V) ( Project 

Scientist) 

Cos-B data analysis Cos-B 
(Project 
Scientist) 

X-ray detector and Exosal Exosal 
experiment development (Engineering 

Manager) 

Cos-B 
(Fast F:;.ililv 
Coordinator) 
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Appendix II Principal collaborative partners 1978/1979 

Cos-B Caracane Collaboration (High energy gamma-ray 
astronomy) 

Cosmic Ray Working Group. Leiden (NL) 
B N Swancnburg. W Hcrmsen 
LFCTR. Milan (1) G Bignami. G Boclla 
University of Palermo (I) R Bucchcri. L Scarsi 
Max Planck Institute. Garching (D) G Kanbach. 
H Maycr-Hassclwandcr. K Pinkau 
CEN. Saclay (F) L Koch. J Paul 

Complet Collaboration (Low energy gamma-ray 
astronomy) 

Max Planck Institute Garchine(D) VSchdoTeldcr(PI) 

Appendix HI Publications appearing in 1978/1979 

Paul J A. Bennct K.. Bignami G F.. Bucchcri R„ 
Caravco P.. Hcrmsen W.. Kanbach G.. Maycr-
Hassclwandcr H A.. Scarsi L. Swancnburg B.N. and 
Wills R D.. Spectral characteristics of the galactic-
gamma radiation observed by Cos-B. Astmn. & 
Astrophys.63. L31(I978). 
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EUBOPEflN SPACE A5BNCT 

SiTingCE PBOGBAME OMMEETOE 

Considerations and Beoamnendations 
of the Space Science Department 

" ' CrmnLttee 
(1978) 

The Director General would l i k e to draw the at tent ion of Delegations 
t o the attached report containing the considerations and recocnrendations 
o f the Space Science Department Advisory Committee. 

5he Committee was~sefTup in | ear ly ; a978 and i t s functions are t o 
a s s e s s , on a two-yearly bas^s, the a c t i v i t i e s o f ESA's Space Science 
Department (cf. ESA/SPC(78)'2J. ..The Cormittee i s presently conposed of 
the following tuatoers.tji$.*#!>&t.1>. .,•*,•*-

- Prof. J. Geiss. ;-.fJl%& . . • • X -•y 
- Prof. J . Hiêbl6t".'-f:. ,v. tf"-.' f M'--** 
- Prof. C. de J a g e p ' C «•- ,- ••**&-;"<•,;. ' -, 
- Prof. R. Lust, i-i'- •.£ " '"£&£• £* • 
- S i r Harrie Massey L,"-. '*§ •• 

Bie Conmittee niet;6n-5th July.W=H&!êawijk iand heard an extens ive 
report on the a c t i v i t i e s arxa.reséât^^ig^OTajiiES o f the four Divis ions 
o f SSD. Prof. Lûst was unable to'*a:tfiai&"M}ie presentat ions . The 
attadied considerations and':reoonifEiT(3afelens were subsequently drafted 
and presented to the Director General:." -'r.'.r 

The SPC i s inv i ted t o contient on the enclosed document 

78-1353 



ESA/SPC(78)30 
Annex 

Considérations and Recommandations 
of the Space Science Department 

Advisory Committee 
(Ï578) 

I t i s the task of the Spaoe Science Department to : 

- support the scientific projects of ESA during planning, development 
and operation. Indeed, this i s the main reason for having such a 
department and must always be that department's f irst priority; 

- act as interlocutors between ESA and the European scientif ic 
ocnnunityj 

- participate directly in the main research areas covered by ESA1 s 
scientific progranne. Experience has shown that the better 
project scientists tend also to be -the better research workers. 

I t i s very important that a satisfactory balance i s found in the 
emphasis given to the three tasks. At the meeting on 5th July at Noordwijk, 
we found that the Space Science Department i s indeed fulfi l l ing these tasks 
in a way which we consider very satisfactory from the point of view of the 
scientific immunity in the Member States. Details of our findings are 
given below. 

1. Reports of the four Division Heads of SSD constituted a major part 
of the agenda of our meeting on 5th July. All these reports were 
given in a concise and satisfactory manner and were followed by 
interesting discussions. We concluded that the research progranne 
of SSD, although covering a broad range of disciplines, i s cohesive 
and corresponds to ESA's needs. Many scientific results obtained 
have been ôf a high quality and the number of publications accepted 
by journals of repute has been satisfactory in relation to the man
power available. 

2. Over the years, the structure of SSD and the work of i t s four 
divisions has been gradually adjusted in order to cover the require
ments of ESA's evolving scientific programme and to some extent to 
anticipate the future. Partly as a consequence of such adjustments, 
the research in SSD has remained at the forefront and we could find 
no evidence of reluctance to move into new areas. This policy should 
be continued, care being taken to f i l l the vacancies created by 
departing staff in a way which best suits the ESA scientif ic programme 
at that tine. A small amount of flexibility in staff ceiling, say 
two posts in the 50 total , could significantly improve the efficiency 
of such adjustments by, for example, permitting some overlap between 
the outgoing and tile arriving staff. 
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3. If SSD retains this ability of adiabatic evolution, there should be 
no need for sudden major adjustments in research areas. He believe 
that, with the exception of Life Sciences (cf. 4) , an adequate base 
is provided for supporting the ESA programmes, lor example, although 
there i s no Division devoted to Atmospheric Sciences or to Planetary 
Sciences, some of the techniques required are already present within 
the existing Divisions, and we encourage SSD to further the develop
ment of these techniques. Attention should continue to be paid to 
the need for adequate support for Optical Astronomy within SSD. 

4. In the area of Life Sciences, there i s no expertise available. 
However, ws would not zeccmnaid inclusion in this field. Introduction 
of such a Division in SSD would require a non-adiabatic change in the 
Department. Ihe new Division would have l i t t l e in cannon with the 
other Divisions and could not easily be integrated into the divisional 
relationships which characterise the efficient working of the Depart
ment at present. 

5. SSD has in the past and should in the future provide the project 
scientists for ESA's scientif ic missions. I t i s our impression that 
this task has always been fulfil led very satisfactorily from the 
point of view of the European scientists involved in the project and 
of the wider scientif ic ccranunity. We recctmend that also in the 
future the project scientist should be a member of the SSD whenever 
possible. In this way, the required combination of scientif ic ocm-
petence, knowledge of the Agency's working methods, accountability 
to the Agency and of neutrality can best be guaranteed. We would dis
courage the use of seconded staff. "Die typical secondment period of 
three years i s too short to ensure either efficient and responsible 
working as a project scientist or deep involvement in the research 
programme. In addition, i t may also be difficult for such people to 
maintain the desired neutrality. 

6. Especially in recent times when science has been only part of the 
overall ESA effort, i t i s important that the scientif ic community has 
an adequate means of ccnnunicating with the Agency. Thus, at the 
working level, we expect SSD to continue to act as interlocutor with 
this cctmunlty. We believe this has been satisfactorily accomplished 
in the past, helped by the organisation of symposia and data coordina
tion, by the carrying out of joint research with national laboratories 
and by the visit ing scientist programme. 

7. We recommend that SSD continues to organise symposia and workshops 
related to ESA's scientific programme. Ws would also like to mention 
that the OOSPAR report prepared each year by SSD gives a good and 
comprehensive account of the results obtained from ESA's scientif ic 
missions which form a substantial part of tine space research prograime 
of Western Europe. 
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8. He believe that in a few tfember States there i s s t i l l a need for 
strengthening participation in ESA's scientific missions and that 
SSD can help in fostering this participation. We were pleased to 
find that SSD research projects are in general carried out jointly 
with one or more national institutes and we would strongly recommend 
that scientists from the above-mentioned Member States and especially 
from the smaller laboratories continue to be included in such coope
rations. 

9. The research output of SSD i s enhanced be the employment of visiting 
scientists who, unlike regular SSD staff, do not have to make project 
work their f irs t priority. Although nest of the visitors at SSD are 
junior and in the process of learning, a few senior theoreticians 
have been employed with profit. We encourage this procedure, espe
cial ly since SSD regular staff have to be experimental scientists . 

10. Vfe note that in -the SSD budget of approximately 5 MMJ, the support 
costs amounted to around 60% of that total . While we would urge 
that these be kept to a minimum, i t was fe l t by some of us that these 
overheads were not very different from those experienced in national 
establishments having similar budgeting procedures. 

11. If Spacelab payloads are to be planned and operated effectively in the 
future, a substantial effort by SSD in providing study scientists and 
project scientists wi l l be required. The situation may be comparable 
with that of the sotnding rocket programma in which scientif ic staff 
of ESRO was rather strongly involved. This area should be studied 
later when the future programme for Spacelab has become clearer. 

12. We approve the SSD sipport given to the applied research programma 
carried out elsewhere in ESA and suggest this could be usefully con
tinued. We noted in particular the inputs on surface charging of 
spacecraft, on dewar development and on heterodyne detection tech
nology. 

In summary, we think the Department i s well run, that i t s staff i s 
competent and i s carrying out effisctive research and that i t has played 
and should continus to play an important role in the successful execution 
of ESA's scientif ic progranne. 
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Annex II-Seminars 

Date Title 

1978 

20 January The anomalous component or cosmic 
rays at low energies 

27 January The impact of satellite measurements 
on modern climatological research 

17 February Recent measurements of charged 
particles in aurorae 

3 March Low energy gamma-ray astronomy 

31 March Astrophysics of the interstellar medium 
relating to soft X-ray observations 

7 April The problems of cosmic ray origin 
above 10" eV 

21 April The Martian atmosphere, past, present 
and future 

28 April Magnetic field line merging and its role 
in cosmic plasmas 

19 May A new approach to the study of plasma 
drift in the magnetosphere 

30 June Gamma-ray astrophysics in the light of 
Cos-B results 

14 July 

27 October 

3 November 

17 November 

24 November 

I December 

8 December 

Ground-based gamma ray astronomy 

24 October Extreme ultraviolet astronomy 

Speaker 

Dr D Hovestadt MPI. Garching 

Prof Dr E Raschke. Inst. Geophysics & Meteorology. 
Univ. Koln 

Dr D Bryant. Appleton Lab. Slough 

Dr V SchSnfclder MPI, Garching 

Dr J Bleeker. Huygens Lab. Leiden 

Dr A Watson. Dept of Physics. University of Leeds 

Dr G Hunt, Dept of Physics. University College 

Prof V M Vasyliunas. MPI. Lindau 

Dr E Whipple Jr. Depl of Physics. Univ of Cal. San 
Diego 

Dr A Strong. Dept of Physics. Univ of Durham. UK 

Dr T C Weekcs. Smithsonian Institution, Astrophys 
Obs. Amado 

Dr C Stuart Bowyer. Space Science Lab. Univ of Cal. 
Berkeley 

Scientific aspects of a comctary mission Prof Dr L Biermann. MPI. MUnchcn 

Origin of plasma in the Earth's 
neighbourhood (OPEN) 

Galaxies and their environments 

Recent observational and theoretical 
results on discontinuities i 'he solar 
wind 

Measurements of interplanetary dust 

Maximum entropy data processing 

Dr D J Williams. Space Environment Lab. NOAA. 
Boulder 

Dr C A Norman. Huygens Lab. Leiden 

Prof. Dr F M Ncubauer. Inst for Geophysics & 
Meteorology. TU Braunschweig 

Dr E GrOn, MPI. Heidelberg 

Dr J Skilling. Dept of Applied Math & Theoretical Phys. 
Cambridge 
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Date Title 

1979 

12 January Plasma in space and in the laboratory 

26 January Filament disruptions and flares 

2 February Pulsars - ten years on 

16 February Energetic particles upstream from the 
Earth's bow shock 

23 February Experiments with spin-polarised 
electron beams 

2 March Muonîum 

9 March Middle atmosphere photo-chemistry 
and related measurements 

16 March Turbulence and acceleration in the 
solar corona 

23 March Interstellar grains and complex organic 
molecules in space 

20 April Cosmic ray isotopes at high energies -
hopes and prospects 

27 April Do solar flares and northern lights have 
a similar physical origin? 

4 May Unconventional imaging techniques in 
X-ray astronomy 

9 May Voyager I exploration of the Jupiter 
system 

11 May Plasma phenomena in the 
magnetosphere and hcliospherc 

18 May Particle acceleration at shock waves 

I June Solar cosmic ray results Tram Helios 1 
and 2 

8 June ISEE l/ISEE 3 observations of low 
energy particles upstream from the bow 
shock 

15 June Cosmic ray modulation during the 
Maunder minimum 

21 September Energy 

Speaker 

Prof C-G F&'lthammar. RIT. Dcpt ofPhys. Stockholm 

Prof Z Svestka. Space Research Lab. Utrecht 

Dr J Bell-Burnell. MSSL. Holmsbury Si Mary 

Prof K A Anderson. Space Sciences Lab. Univ of Cal.. 
Berkeley 

Prof M van der Wicl. FOM Insi. Amsterdam 

Dr H Kaspar. SIN. Villigen. CH 

Prof M Ackerman. Inst d'Acronomic Spat de Belgique. 
Brussels 

Dr A O Ben/. Radio-uslronomy Group ETH. Zurich 

Prof J M Grccnbcrg. Huygens Lab. Leiden 

Dr N Lund. DSRI. Lyngby 

Dr G Haeiendcl. MPI. Garching 

ProrA P Willmore. Dcpt of Space Research. Univ of 
Birmingham 

Dr Carl Sagan. Cornell Univ. Ithaka 

Prof H ABvcn. RIT. Depl of Plasma Physics Stockholm 

Prof WI Axford. MPI. Lindau 

ProfG Wibbcrcnz. Inst ftir Rcinc und Angcw 
Kcrnphysik. Univ Kiel 

Dr M Scholcr. MPI. Garching 

Dr M A Forman. Slate Univ of New York 

Prof Sir Herman Bondi. Dcpt of Energy. London 
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Date Title Speaker 

28 September The energetic particle model of solar 
Dares 

Prof H Elliot, Imperial College of Science and 
Technology. London 

5 October Some recent developments in X-ray 
astronomy 

Prof K A Pounds, Dept of Physics. University of 
Leicester 

19 October High energy muonium physics at 
CERN 

Dr W D Dau. Inst fu'r Reine und Angew Kcrnphysik. 
Univ Kiel 

26 October The early history of the Moon: its 
physical and chemical evolution 

23 November Optical investigation of dust in the 
solar system 

30 November Project Daedalus 

7 December The development of field ionization 
neutral particle analyser 

Prof S K Runcorn. School of Physics. Univ of Newcastle 
upon Tyne 

Prof R H Gicsc. Extraterrestrial Physics. University 
Bochum 

Dr A Bond. Culham Lab. UK AEA Research Group. 
Abingdon. Oxon 

Prof K C Hsich. MPI. Lindau 


