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Table 1.1. ESRO/ESA scientific spacecraft.

Launch date

End of operational life

Mission

Launched
ESRO-II
ESRO-IA
HEOS-1
ESRO-IB
HEOS-2
TD-1
ESRO-1V
Cos-B

Geos-1
ISEE-2

IUE

Geos-2
Exosat

FSLP

Giotto
Hipparcos
HST

Ulysses
Eureca

ISO

SOHO
Huygens/Cassini
XMM-Newton
Cluster
Integral

Mars Express
SMART-1
Rosetta

Venus Express

Planned launches
Planck

Herschel

LISA Pathfinder
Gaia

JWST
BepiColombo
LISA

Solar Orbiter

17 May 1968

3 October 1968

5 December 1968
1 October 1969

31 January 1972
12 March 1972

26 November 1972
9 August 1975

20 April 1977

22 October 1977
26 January 1978
24 July 1978

26 May 1983

28 November 1983
2 July 1985

8 August 1989

24 April 1990

6 October 1990

31 July 1992

17 November 1995
2 December 1995
15 October 1997
10 December 1999
16 July/9 August 2000
17 October 2002

2 June 2003

27 September 2003
2 March 2004

9 November 2005

February 2008
February 2008
October 2009
2011

2013

2013

2015

2015

9 May 1971

26 June 1970

28 October 1975
23 November 1969
2 August 1974

4 May 1974

15 April 1974

25 April 1982

23 June 1978

26 September 1987
30 September 1996
October 1985

9 April 1986

8 December 1983
23 July 1992

15 August 1993

March 2008

24 June 1993

8 April 1998
March 2007

14 January 2005
March 2010
December 2009
December 2010
31 October 2007
September 2006
December 2015
August 2007

Cosmic rays, solar X-rays

Auroral and polar-cap phenomena, ionosphere
Interplanetary medium, bow shock

As ESRO-IA

Polar magnetosphere, interplanetary medium
Astronomy (UV, X- and gamma-ray)

Neutral atmosphere, ionosphere, auroral particles
Gamma-ray astronomy

Dynamics of the magnetosphere

Sun/Earth relations and magnetosphere
Ultraviolet astronomy

Magnetospheric fields, waves and particles
X-ray astronomy

Multi-disciplinary; First Spacelab Payload
Comet Halley and Comet Grigg-Skjellerup encounters
Astrometry

UV/optical/near-IR astronomy

Heliosphere

Multi-disciplinary

Infrared astronomy

Sun (including interior) and heliosphere

Titan probe/Saturn orbiter

X-ray spectroscopy

3-D space plasma investigation

Gamma-ray astronomy

Mars exploration

Navigation with solar-electric propulsion
Comet rendezvous

Venus exploration

Cosmic microwave background
Far-infrared and submillimetre astronomy
LISA Technology Package

Galaxy mapper

Next-generation space telescope

Mission to Mercury

Search for gravitational waves

Sun (including polar regions) and inner heliosphere



1. Introduction

The report for the 36th COSPAR Meeting covers, as in previous issues, the missions
of the Scientific Programme of ESA in the areas of astronomy, Solar System science
and fundamental physics. This year’s COSPAR meeting will take place only weeks
before the end of the SMART-1 mission to the Moon, a technology project that
provided the first European look at our natural satellite from lunar orbit. In October
of this year, a new mission will be launched: COROT. ESA, together with a number
of countries, is contributing to this unique, French-led project that will provide an
insight into the interior of the stars, by means of the asteroseismology technique
successfully applied by SOHO. COROT will also perform a systematic search for
new extrasolar planets using photometric transits.

The record number of ESA Science Programme missions in operation established
at the time of the last report was maintained in 2006 (Huygens having been replaced
in the list by Venus Express). Eleven different missions, involving 14 operating
spacecraft, are providing excellent science to the worldwide scientific community.
The Research and Scientific Support Department (RSSD) is responsible for the
science operations of these missions and makes every effort to ensure the best
possible science return. The Department also supports the realisation of approved
projects in all phases of their development.

Cassini/Huygens arrived at Saturn in June 2004, after having visited Jupiter en
route. The release of the European Huygens probe towards the atmosphere of Titan
occurred, exactly as planned, at Christmas 2005. Its purpose was to investigate the
physical nature of, and conditions at, Titan that were expected to provide important
insights into the early evolution of our own atmosphere. The Titan atmospheric
descent took place on 14 January 2005, with astonishing results from the probe,
including its landing on the surface of a new world.

Since the 35th COSPAR report, a mission has been launched that represents a
significant step forward for European participation in the exploration of different
bodies of the Solar System. In November 2005, Venus Express was sent on its way to
Earth’s sister planet; insertion into orbit around Venus took place in April 2006 and
scientific operations began. The mission will provide the clues to understand why the
planet is so different from Earth, despite being the most similar in mass and size. The
atmosphere of Venus will be fully analysed, as will as its structure and dynamics, and
some surface features.

In July 2004, the second of the two satellites of the Double Star mission (a
cooperative effort between the Chinese National Space Administration and ESA) was
launched, completing the polar and equatorial set of spacecraft working together with
the European 4-satellite Cluster mission. The scientific results obtained by this
constellation have clearly demonstrated the advantages of multi-satellite missions in
understanding the physics of the magnetosphere. In the meantime, Cluster’s
operational life was extended to end-2009, while Double Star’s nominal mission will
be completed at the end of 2006.

Last year, one of the missions launched during the period of the previous report
reached an important milestone. Mars Express, launched from Baikonur in June 2003,
has been providing excellent scientific data and astonishing three-dimensional views
of the Red Planet. A key instrument, the MARSIS radar, was not brought in operation,
however, because of the risk associated with its deployment. After detailed studies
and simulations, the antennas were successfully deployed in 2005; the planet’s
subsurface is now open to exploration by the first European Mars orbiter.

The prime objective of SMART-1, launched in 2003, is to test solar electric
propulsion systems for navigating the Solar System. Starting at the end of 2004,
however, its path towards lunar orbit has also permitted new observations of the



Moon. As a result, new, close-up views of our neighbour in the Solar System are now
available. Unfortunately, the current orbit around the Moon cannot be held forever.
Propellant depletion will mark the end of the mission, ending in impact with the Iunar
surface at the beginning of September 2006. It is planned for this to happen on the
visible face of the Moon.

The most recent launch, that of the Japanese Astro-F mission, occurred in February
2006. The project includes significant operational support by ESA, and is open to
scientific exploitation by European scientists. Now called Akari, this is an IR
astronomical observatory that will pave the way for ESA’s Herschel telescope, while
complementing ESA’s earlier Infrared Space Observatory (ISO) mission.

The next challenge for ESA’s Science Programme, in addition to the scientific
exploitation of in-orbit missions, is the launch of a number of astronomy missions,
including the Herschel sub-mm observatory, and Planck, the explorer of the Cosmic
Microwave Background radiation that will provide data of unique quality for
understanding the origin of our Universe.

In the meantime, older missions in orbit have continued to provide excellent
scientific results. XMM-Newton, launched in 1999, continues to deliver new views of
our Universe at X-ray energies, thanks to its large photon-collection capability and
throughput. It is well into the phase of routine scientific operations as an observatory,
and has proved able to react rapidly to targets of opportunity showing short-lived,
high-energy bursts. The operation of XMM-Newton, together with the Integral
higher-energy observatory, has proved to be a scientific bonus. Integral also entered
routine operations and provided new views of the galactic centre region, as well as
close interacting binaries hosting compact objects. The quality of the scientific results
obtained with XMM-Newton and Integral is demonstrated by the increasing number
of scientific papers being published, and was the main reason for extending their
operations into 2010, well beyond their nominal lives.

At lower energies, the Hubble Space Telescope (HST) continues to give exciting
results in almost all areas of astronomy, contributing particularly to our understanding
of the extragalactic cosmos. The totally unexpected determination, through very
distant supernovae, of the acceleration of the expansion of the Universe, is an
example. The announcement of the cancellation of a future servicing mission (SM4)
to HST during the last reporting period was received as a major setback to the
continuation of the mission. Fortunately, the situation was reversed last year.
Preparations for SM4, including the installation of two new instruments, are now at
an advanced stage.

ESA’s missions studying the Sun-Earth connection have also retained their leading
role. SOHO, which celebrated its 10th anniversary of launch in December 2005,
continues its comprehensive study of the Sun’s interior, outer atmosphere and the
solar wind, even under the constraints imposed by problems with the high-gain
antenna. The four Cluster satellites, together with the Chinese-led Double Star
mission, are contributing in a fundamental way to our understanding of the
magnetosphere and its connection to the Sun. Ulysses, now in its 16th year, has
continued its journey outside the plane of the ecliptic and will fly over the poles of
the Sun for a third time in 2007 and 2008. This will enable Ulysses to search for
differences in behaviour of the interplanetary medium related to the solar magnetic
field reversal that occurred in 2000/2001, and will allow comparison of the
measurements during solar minimum concurrent with data from SOHO and Cluster.

Work is continuing on missions in their post-operational phase, i.e. after switch-off
of the respective satellites. These activities are aimed at obtaining a full,
homogeneous recalibration of the observations and the delivery of a final archive to



the scientific community. In the case of the International Ultraviolet Explorer, the
final archive was delivered some time ago and handed over to national organisations.
For the ISO, the active archive phase continues to improve the quality and
accessibility of the data by improving the previous global pipeline analyses that
populated the existing archive. This effort will culminate within the current year.

Concerning missions under development, activities now centre on the preparation
of Planck, which will investigate the fine spatial variation of the cosmic background
radiation, and Herschel, a powerful far-IR and sub-mm observatory. These satellites
are to be launched together in early 2008 and delivered to the L2 Lagrangian point on
the Earth-Sun line for their operational phases. LISA Pathfinder, designed to test the
technologies for measuring gravitational waves in space, is now planned for launch in
late 2009. This delay has, of course, implications for the full development of LISA,
which can started at industrial level only be after the tests have been successfully
carried out.

Work on the European contribution to the James Webb Space Telescope (JWST)
has started at full speed, for delivery in 2010. The development phase at industrial
level has been started for Gaia, with a launch in late 2011, and BepiColombo, to be
launched in 2013. Gaia will conduct a three-dimensional study of the stellar content
of our Galaxy of unprecedented quality, while BepiColombo, in cooperation with the
Japanese space agency, will explore the intriguing characteristics of the innermost
planet of the solar system, Mercury. Still in its study phase is the LISA gravitational
wave observatory (a cooperative project with NASA), as is Solar Orbiter, a mission
to study the Sun and inner heliosphere in detail, building on the experience gained
with SOHO and Ulysses. Both have planned launch dates no earlier than 2015.

Looking further into the future of ESA’s Scientific Programme, a Call for
Proposals to the scientific community will soon be issued, following the earlier call
for themes. This will form the basis for the definition of the Cosmic Vision plan for
the 2015-2025 time period. It is expected that new, exciting proposals will be
submitted, a small number of which will be selected for further study, leading to a
renewed breadth of ideas and science in the European space science programme
beyond Solar Orbiter and LISA.



2. Missions in Operation



2.1 Hubble Space Telescope

More than a decade after launch, the Hubble Space Telescope (HST) continues to
produce excellent scientific results and stunning imagery. In the current cycle, 70% of
HST observations use the third-generation Advanced Camera for Surveys (ACS),
installed in April 2002. It consists of three independent cameras that provide wide-
field, high-resolution and UV imaging, respectively, with a broad assortment of filters
designed to address a wide range of scientific goals. Other active instruments are the
Near-IR Camera and Multi-Object Spectrometer (NICMOS), the Wide Field
Planetary Camera 2 (WFPC2) and the Fine Guidance Sensors (FGS). They are all
performing nominally. Unfortunately, the Space Telescope Imaging Spectrograph
(STIS), the only spectrograph on HST, ceased operating in August 2004.

Observations with HST have had an impact on every area of astronomical research.
A few highlights of the results obtained during 2005 are presented here.

Star formation in the Milky Way

One of the most stunning images delivered by HST in 2005 was the high-resolution
map of the Orion Nebula (Fig. 2.1.1). This turbulent star-formation region is one of
astronomy’s most dramatic and photogenic celestial objects. Observations were
carried out between September 2004 and May 2005, using 105 HST orbits.
Astronomers used all of HST’s cameras (ACS, WFPC2 and NICMOS-Camera 3) in
parallel to observe a field 1/6th of a square degree, almost centred on the Trapezium
stars. The survey covers this cornerstone region with unprecedented sensitivity (24
mag), dynamic range (~12 mag), spatial resolution (50 mas), and wide spectral
coverage (9 filters from U to H). A full resolution (3.3 x 3.6 10* pixels) colour mosaic
was obtained from the combination of 520 ACS images, creating the largest HST
picture ever produced.

The image reveals a tapestry of star formation, from the dense pillars of gas and
dust that may be the homes of fledgling stars, to the hot, young, massive stars that
have emerged from their gas-and-dust cocoons and are shaping the nebula with their
powerful UV light. Because of its proximity, the Orion Nebula is a perfect laboratory
for studying how stars are born. The data reveal for the first time a rich population of
young substellar objects (brown dwarfs) at visible wavelengths, allowing their
circumstellar discs, envelopes and occasionally their multiple nature to be resolved.
The photometric database and the atlas of non-stellar objects are in preparation. The
stellar photometry of the cluster, which spans a factor of 10* in mass (from 40 solar
masses to a few Jupiter masses) will provide the richest, most accurate and unbiased
dataset of stellar parameters for pre-main-sequence objects ever obtained.

Star formation in a neighbouring galaxy: the Small Magellanic Cloud
The Small Magellanic Cloud’s (SMC) subsolar present-day metallicity (Z = 0.004)
makes it the best empirical laboratory to study star formation and evolution in an
environment that most closely resembles the early Universe. Its proximity readily
permits in-depth studies of its resolved stellar content with the HST. The SMC is
characterised by a dust-to-gas mass ratio that is 30 times lower than that of the Milky
Way. The combination of low metallicity and low dust content could influence the
star-formation process. How does this environment affect the process for lower-mass
star formation, given that the intense radiation field is much harsher than in the Milky
Way? This question can only be answered by a systematic study of star formation in
the SMC and a detailed comparison of its star formation properties with those of the
Milky Way.

From HST/ACS deep V, I and Ha images, astronomers have discovered pre-main

For further information, see http://ecf.hq.eso.org/
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Figure 2.1.1. HST colour composite map
of the Orion Nebula.

sequence populations in two young clusters of the SMC: NGC 346 (Fig.2.1.2) and
NGC 602 (Fig. 2.1.3). NGC 346 is the largest, most massive HII region in the SMC,
and is considered to be an archetype of massive star formation in low-metallicity
dwarf galaxies. It contains more than half of the known O stars in the SMC and
associated CO clouds. NGC 602 is an extremely young cluster in the relatively
isolated wing of the SMC, where the gas and stellar content are lower. The low-mass
stars in NGC 346 have likely formed together with the cluster ~3—-5 Myr ago, but have
not yet reached the main sequence. Their magnitudes and colours are those of pre-
main sequence stars in the mass range 0.6-3 Mg,,, mostly concentrated in the main
cluster, but with secondary subclusters spread over a larger region. These subclusters
appear to be spatially coincident with previously known knots of molecular gas
identified in ground-based and ISO observations.

Understanding the ages of galaxies

SBS 1415+437 is a metal-poor (Z ~ 1/11 Zg,,,) star-forming dwarf galaxy, regarded as
a very young system in the nearby Universe that started to form stars less than
100 Myr ago. The presumed ‘youth’ of this galaxy is in contrast with the classical
picture that dwarf galaxies are the first systems to collapse in an hierarchical scenario
of galaxy formation, and supports the view that star formation in such systems may
have been inhibited until the present epoch (for example, owing to ionisation).
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Figure 2.1.2. HST V, I colour composite
image of the star-forming region NGC 346
in the Small Magellanic Cloud.

Figure 2.1.3. HST V, I, Ho. colour compo-
site image of the star-forming region
NGC 602 in the Small Magellanic Cloud.
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Figure 2.14. HST true-colour composite
image of SBS 1415+437. North is at about
—-14.6° from horizontal.

The most direct way to infer the age of a nearby galaxy is to resolve it into
individual stars and study the colour-magnitude diagram. The red giant branch (RGB)
sequence, formed by evolved stars with ages in excess of ~1 Gyr, is of particular
interest. An unambiguous RGB detection implies that star formation was already
active more than a Gyr ago, whereas absence of the RGB indicates that the system has
started to form stars only recently. While SBS 1415+437 has already been resolved
with HST/WFPC?2 (but only the brightest young stars have been detected owing to the
relatively short integration times of the observations), a new deep HST/ACS imaging
study of this system (Fig.2.1.4) found for the first time clear evidence of a
conspicuous RGB stellar population (Fig. 2.1.5). While the brightness of the RGB tip
in the new I versus V-I colour-magnitude diagram, yields a distance ~13.6 Mpc, the
colour of the RGB implies that its stars must be older than ~1.3 Gyr, with the exact
age depending on the assumed metallicity and dust extinction. The number of RGB
stars also suggests that most of the stellar mass resides in this evolved population. In
view of these and other HST results for metal-poor galaxies, it seems that the local
Universe simply may not contain any galaxies that are currently undergoing their first
burst of star formation.

A very massive and evolved galaxy in the early Universe: a crisis in cosmology?
A major aim of observational cosmology is to understand how and when stars are
formed and how they assemble into galaxies. These questions are intimately related
to the question of how the Universe became transparent to radiation; that is, how the
vast amounts of gas residing between galaxies first became ionised. In order to pursue
these aims, it is necessary to study the light from the first stars and galaxies at the very
early stages of the evolution of the Universe, when visible light is shifted by the
expansion of the Universe into IR and longer wavelengths. Recent developments have
allowed us to push these types of studies to epochs when the Universe was only a
fraction of its present age.

Recently, HST acquired the deepest images of the Universe ever made at optical
and near-IR wavelengths, the Hubble Ultra Deep Field (HUDF). This is located
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within the area covered by the Great Observatories Origins Deep Survey (GOODS),
for which mid- and far-IR observations (3.6-8.0 ym) with the Spitzer Space
Telescope are also available. Among approximately 10 000 galaxies detected in the
HUDF, an extremely massive galaxy was found that is believed to be about as far
away as the most distant galaxies and quasars now known.

The light reaching us today began its journey when the Universe was only about
800 million years old. ACS does not see the galaxy at all, despite the fact that the
HUDF is the deepest image ever taken in optical light. This indicates that the galaxy’s
blue light has been absorbed by traveling billions of light-years through intervening
hydrogen gas. The galaxy was detected using NICMOS, and also with an IR camera
on the Very Large Telescope (VLT) at the European Southern Observatory, but at
those wavelengths it is very faint and red (Fig. 2.1.6). However, the galaxy was found
to be very bright at the longer wavelengths covered by Spitzer. At these wavelengths,
light originates from older, redder stars that should make up most of the mass in a
galaxy, and the brightness of the galaxy suggests that it is indeed quite massive. By
combining the multi-wavelength information provided by HST, Spitzer and VLT, a
stellar mass of 6x10" Mg, is calculated for this galaxy, at redshift z = 6.5, 800 Myr
after the Big Bang.

Most galaxies are expected to have been built by the mergers of smaller galaxies.
However, the discovery of this object suggests that at least a few galaxies formed

Figure 2.1.5. I vs. V-I colour-magnitude
diagram of the resolved stellar population
of SBS 1415+437. The data are corrected
for foreground extinction but not for
possible internal extinction. The median
photometric random error as a function of
I-band magnitude is indicated on the
right. The dashed curve provides an
estimate of the 50% completeness level.
The detection of a red giant branch at
I1~26.7 clearly reveals the presence of
stars older than 1 Gyr. The main
evolutionary sequences seen in the data
are indicated in an approximate sense as
coloured straight lines: main sequence
(MS), blue supergiants (BSG), red super-
giants (RSG), the red giant branch (RGB)
with its tip (TRGB), the asymptotic giant
branch (AGB), and carbon stars (AGB
stars in which carbon has been dredged up
to the surface).
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Figure 2.1.6. Images of the massive galaxy
at z=6.5 from observations with HST (B,
V,1,z), HST/NICMOS (J, H) VLT/ISAAC
(K) and Spitzer (3.6-8.0 um).

rapidly (and in their entirety) long ago, as some older theories of ‘monolithic’ galaxy
formation have suggested. For such a large galaxy, this would have been a
tremendously explosive event, and the energy from the rapid emergence of those stars
would have helped to reheat the Universe very shortly after it cooled following the
Big Bang. This early epoch (the first 5% of the Universe’s age) is fertile ground
awaiting the James Webb Space Telescope, which will have the IR sensitivity
possibly to look all the way back to the very first stars that ignited after the Big Bang.



2.2 Ulysses

Ulysses is an exploratory mission being carried out jointly by ESA and NASA. Its Introduction
primary objective is to characterise the uncharted high-latitude regions of the

heliosphere within 5 AU of the Sun, under a wide range of solar activity conditions.

Ulysses has, for the first time, permitted in sifu measurements to be made away from

the plane of the ecliptic and over the poles of the Sun. Its unique trajectory (Fig. 2.2.1)

has taken the spacecraft into the unexplored third dimension of the heliosphere.

The European contribution to the Ulysses programme consists of the provision and
operation of the spacecraft and about half of the experiments. NASA provided the
launch aboard Space Shuttle Discovery (together with the upper stage) and the
spacecraft power generator, and is responsible for the remaining experiments. NASA
also supports the mission using its Deep Space Network (DSN).

The broad range of phenomena being studied by Ulysses includes the solar wind,
the heliospheric magnetic field, solar radio bursts and plasma waves, solar and
interplanetary energetic particles, galactic cosmic rays, interstellar neutral gas, cosmic
dust and gamma-ray bursts. A summary of the nine sets of instruments is presented in
Table 2.2.1.

While the main focus of the mission is clearly the heliosphere and its variations in
time and space, the investigations cover a wider range of scientific interest. Examples
include studies related to Jupiter’s magnetosphere (both in situ and via remote
sensing), and radio-science investigations into the structure of the corona and a search
for gravitational waves using the spacecraft and ground telecommunication systems.
A major theme for Ulysses is the nature of the Local Interstellar Medium and its
interface with the heliosphere; the mission continues to provide important
contributions to our knowledge in this area, and to topics of a broad astrophysical
nature.

In addition to the science teams selected at the start of the project, the group of

Ulysses
Third Solar Crhif

Figure 2.2.1. The Ulysses orbit viewed
from 15 deg above the ecliptic plane. Dots
mark the start of each year.

For further information, see http://helio2.estec.esa.int/ulysses/
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Table 2.2.1. The Ulysses scientific payload.

Expt. Scientific Principal
Code Investigation Acronym Investigator Collaborating Institutes
HED Magnetic field VHM/FGM A. Balogh, Imperial JPL (USA)
College London (UK)
BAM Solar wind plasma SWOOPS D.J. McComas, Southwest Los Alamos National Lab (USA):
Research Institute (USA) Ames Research Center (USA);
JPL (USA); HAO Boulder (USA):
Univ of Boston (USA); MSFC (USA);
MPS Lindau (D)
GLG Solar wind ion composition SWICS J. Geiss, ISSI (CH); Univ of New Hampshire (USA);
G. Gloeckler, Univ of GSFC (USA); TU Braunschweig (D);
Maryland (USA) MPS Lindau (D); Univ of Michigan (USA)
STO Unified radio URAP R.J. MacDowall, Obs de Paris Meudon (F); Univ of
and plasma waves GSFEC (USA) Minnesota (USA); CETP Velizy (F)
KEP Energetic particles and EPAC/GAS N. Krupp, Imperial College (UK); Swedish Inst Space
interstellar neutral gas MPS Lindau (D) Physics Kiruna & Umea (S); Aerospace
Corp (USA); Univ of Bonn (D); MPE
Garching (D); Polish Acad Sciences (P)
LAN Low-energy ions and electrons HI-SCALE L.J. Lanzerotti, APL Laurel (USA); UC Berkeley (USA);
Bell Laboratories (USA) Univ of Kansas (USA); Obs de Paris
Meudon (F): Univ of Thrace (Gr);
Univ of Birmingham (UK)
SIM Cosmic rays and solar particles =~ COSPIN R.B. McKibben, Imperial College (UK); ESA Research &
Univ of New Hampshire Scientific Support Dept (NL);
(USA) NRC Ottawa (Can); Univ of Kiel (D);
CEN Saclay (F); Danish Space Research
Inst (DK); NCR Milan (I); MPK
Heidelberg (D); Univ of Maryland (USA);
MPS Lindau (D)
HUS Solar X-ray and GRB K. Hurley, CESR Toulouse (F); SRON Utrecht (NL);
cosmic gamma-ray bursts UC Berkeley (USA) Obs de Paris Meudon (F); GSFC (USA)
M. Sommer (retired),
Samerberg (D)
GRU Cosmic dust DUST H. Kriiger, Univ of Canterbury (UK); ESA RSSD

16

Mission status

MPS Lindau (D)

(NL); MPE Garching (D);
JSC (USA); Univ of Florida (USA);
MPK Heidelberg (D)

scientists directly associated with the mission comprises nine European Guest
Investigator (GI) teams, a number of NASA GlIs, and the European Interdisciplinary
Investigators who were selected together with the hardware teams.

The spacecraft was launched by the Space Shuttle on 6 October 1990, using a
combined IUS/PAM-S upper-stage to inject it into a direct Earth/Jupiter transfer orbit.
A gravity-assist manoeuvre at Jupiter in February 1992 placed Ulysses in its final



Table 2.2.2. Key dates in the Ulysses mission.

Event Date Event Date

Launch 1990 10 06 4th Polar Pass (north)

Jupiter flyby 1992 02 08 start 2001 08 31
start 1994 06 26 maximum latitude (80.2°, 2.0 AU) 2001 10 13
maximum latitude (80.2°, 2.3 AU) 1994 09 13 end 2001 12 12
end 1994 11 05 Jupiter approach (0.8 AU) 2004 02 04

1st Perihelion (1.34 AU) 1995 03 12 Aphelion 2004 06 30

2nd Polar Pass (north) 5th Polar Pass (south)
start 1995 06 19 start 2006 11 17
maximum latitude (80.2°, 2.0 AU) 1995 07 31 maximum latitude 2007 02 07
end 1995 09 29 end 2007 04 03

Start of Solar Maximum Mission 1995 10 01 gﬁ g:ie;‘aosrs’ o 200708 18

Aphelion (5.40 AU) 1998 04 17 start 2007 11 30

3rd Polar Pass (south) maximum latitude 2008 01 11
start 2000 09 06 end 2008 03 15
maximum latitude (80.2°, 2.3 AU) 2000 11 27 End of Mission 2008 03 15
end 2001 01 16

2nd Perihelion (1.34 AU) 2001 05 23

Sun-centred out-of-ecliptic orbit, which has a perihelion distance of 1.3 AU and an
aphelion of 5.4 AU. The orbital period is 6.2 years. Key mission milestones, including
details of the polar passes (defined to be the parts of the trajectory when the spacecraft
is above 70° heliographic latitude in either hemisphere), are presented in Table 2.2.2.

The mission celebrated its 15th launch anniversary in October 2005, and all
spacecraft systems and the nine sets of scientific instruments continue to function
well. Spacecraft operations, conducted by the joint ESA-NASA Mission Operations
Team at JPL have proceeded in a highly efficient and productive way, with no
anomalies during the reporting period. Data coverage over the mission lifetime to date
is an impressive 97%. The payload power-sharing strategy introduced in May 2002 to
cope with the decreasing output of the Radioisotope Thermoelectric Generator (RTG)
that provides onboard power has continued, albeit with a further restriction. Starting
in October 2004, a fixed ‘core payload’ configuration (measuring magnetic field, solar
wind ions, energetic particles and cosmic rays, radio waves and dust) was introduced.
This configuration was chosen on scientific grounds, and because it provided the best
compromise from the thermal and power standpoints. A fixed configuration was
deemed necessary in order to avoid thermal and power transients at a time when
critical areas of the spacecraft were colder than at any time in the mission to date.
Maintaining the hydrazine fuel above its freezing point has been a high operational
priority during the reporting period. This approach minimised both the risk to the
spacecraft, and the impact on the scientific output of the mission. More flexible
payload operations will be possible again starting in 2007, when Ulysses is close
enough to the Sun that the Cold-Case Heater that warms the equipment platform is no
longer required. It is anticipated that sufficient power will be available to operate the
full payload complement during the majority of the third polar passes. Currently, the
spacecraft continues its climb to high southern latitudes as it moves closer to the Sun,
and will reach 50° south by mid-2006.
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Figure 2.2.2. Iron charge state vs. day-of-
year (DOY) from Ulysses/SWICS, normal-
ised to a total flux of unity for each data
sample. The normal solar wind charge
state is ~10-11. The red bars at the top
draw attention to intervals of unusually
large enhancements in the high iron
charge state Fe'*. (Courtesy S.T. Suess)
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In February 2004, the SPC agreed to extend the mission until March 2008. This
third extension will enable the spacecraft to complete a third set of polar passes. On
the NASA side, the 2005 Sun-Solar System Connections (S3C) Senior Review Panel
also recommended that Ulysses be funded through its return to the north solar pole in
2008.

The unique perspective offered by Ulysses’ orbit naturally lends itself to multi-
spacecraft studies of transient solar wind features. Examples are the SOHO-Ulysses
‘quadrature’ campaigns conducted when Ulysses is positioned off the solar limb as
seen from Earth. Remote-sensing observations from SOHO can then be used to track
disturbances leaving the Sun in the direction of Ulysses, and the in sifu measurements
at Ulysses reveal the evolution of these structures as they travel outwards in the
heliosphere. A prerequisite is the ability to identify the same parcel of plasma at both
locations. The quadrature campaign in November 2002, at which time Ulysses was at
4.3 AU and 27°N off the west limb of the Sun, was particularly successful. For the
first time, it was possible to identify the same very hot plasma remotely at the Sun
with SOHO and in situ at Ulysses. Four large coronal mass ejections (CMEs) were
observed by SOHO leaving the Sun in the general direction of Ulysses over a period
of several days at the end of November. By the time they reached Ulysses some
15 days later, the interplanetary counterparts of these CMEs (ICMEs) had apparently
merged to form a single large solar wind structure that drove a strong interplanetary
shock. The plasma of this merged structure contained unusually large enhancements
in highly ionised iron ions (charge state Fe'**), indicating a high-temperature source
(Fig. 2.2.2). Such high-charge states are often seen in the solar wind and have been
identified with ICMEs. The data from SOHO/UVCS also showed high Fe charge
states, in particular in the aftermath of the 26 November 2002 CME. In this case, it
was very hot plasma at 6-10x10°K that was apparently produced high in the solar
atmosphere, above 1.5 solar radii. The most likely source of such hot plasma was a
reconnection event occurring in post-flare loops.

The major episode of solar activity in October/November 2003 (dubbed the
‘Halloween’ events) appeared to be the last in the present sunspot cycle. This proved
not to be the case, however. In January and September 2005 the Sun, although rapidly
approaching solar minimum, again produced displays of major activity. The latter
period included one of the largest solar flares of cycle 23, an X17+ flare on
7 September, occurring as the active region responsible rotated into view of the Earth
on the Sun’s east limb. A very large and very fast CME was also associated with this
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flare. At the time, Ulysses was positioned almost directly behind the Sun as seen from
Earth, at 30°S latitude and 4.8 AU from the Sun (Fig. 2.2.3). This geometry provided
Ulysses with a unique view of the source of the activity for several days prior to its
appearance on the visible (from Earth) solar disc. Based on observations from the
Ulysses radio experiment, it is likely that region 10808 produced at least four intense
flares while on the far side as viewed from Earth. The X17+ flare produced an
unusually intense radio burst observed by Ulysses, and a shock was observed in situ
at Ulysses on 14 September. Assuming the shock was driven by the disturbance
associated with the X17+ flare, this implies a transit velocity of ~1210 km/s over a
distance of almost 5 AU! The radio bursts associated with some of the X-class flares
occurring after the X17+ flare had surprisingly low intensities. This is consistent with
what was seen for the 2003 Halloween events. A possible explanation is that the entire
inner heliosphere was filled with energetic electrons to a flux level sufficient to block
the plasma instability that would otherwise initiate the radio emission process.

Like water droplets from a rotating garden sprinkler, the magnetic field carried
away from the rotating Sun by the radially out-flowing solar wind is on average
wound into a spiral pattern (an Archimedean spiral) in the heliosphere. A recurring
theme in many of the results obtained by Ulysses, however, is the unexpectedly large
degree to which the instantaneous heliospheric magnetic field direction measured at
the spacecraft deviates from this pattern. Theories exist to explain such systematic
deviations from the spiral pattern, but these require radial distances of several AU for
a deviation of order 1 AU to develop. Observations of ‘jets’ of energetic electrons
from Jupiter’s magnetosphere, acquired by Ulysses during its distant encounter with
the planet in 2003/2004, show that such deviations are common within a radial
interval of as little as 0.1 AU, however. Electron jets were discovered during Ulysses’
first Jupiter flyby in 1992, and were identified as brief (lasting minutes to hours),
highly focused bursts of MeV electrons flowing away from Jupiter along the
heliospheric magnetic field. Jets were observed up to distances of 1 AU from Jupiter
and were interpreted as evidence for direct magnetic connection to Jupiter’s
magnetosphere. In the recent cases, the position of Ulysses relative to Jupiter was
such that magnetic connection along the average spiral field could not have occurred,
implying large deviations. If such large deviations are indeed common, they may play
a significant role in the distribution of charged particles throughout the heliosphere.

Figure 2.2.3. Radio bursts from Active
Region 10808, detected aboard Ulysses by

URAP in August/September 2005.
(Courtesy R.J. MacDowall)
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Figure 2.2.4. Spectrum of ‘inner-source’
pick-up ions measured by Ulysses/SWICS.
(Courtesy G. Gloeckler)
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