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ABSTRAeT

UV instrumentation is required to address some of the most important topies
in modern astrophysies. Three among them are of speeial interest: the study of
galaxy formation and the intergalactic medium, the astronomical engines and
the formation of the Solar System and the atmospheres of extrasolar planets.
This introduetory contribution places in the broad astronomieal context the
interests of the Spanish scientific eommunity decsribed in the rest of the chapter.
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1. Introduction

Modern astrophysics is a mature science that has evolved from its early phase of
discovery and classification to a physics-oriented discipline focussed in finding an-
swers to fundamental problems ranging from cosmology to the origin and diversity
of life-sustainable systems in the Universe. For this very reason, progress of mod-
ern astrophysics requires the access to the electromagnetic spectrum in the broadest
energy range. The Ultraviolet (UV) is a fundamental energy domain since it grants
high sensitivity access to the study of both atomic plasmas at temperatures in the
3,000-300,000 K range and molecular plasmas illuminated by UV radiation since the
electronic transitions of the most abundant molecules in the Universe (H2, eo, OH,
es, cot, e2...) are in this range; the UV radiation field itself is a powerful astro-
chemical and photoionizing agent.

The impact of UV instruments in astronomical research can be clearly traced
through the considerable success of the International Ultraviolet Explorer (IUE) and
successor instruments such as the GHRS and STIS spectragraphs on-board the Hubble
Space Telescope (HST), or the Far UV Spectroscopic Explorer (FUSE). Of particular
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importance has been access to high resolution R:::40,000-1Q0,000 spectra allowing
to study the dynamics of hot plasma and separate multiple intergalactic, galactic,
stellar or interstellar spectral lines. Furthermore, the GALEX satellite is providing
new exciting views of UV sources.

A detailed accounting of the needs for UV instrumentation in the many fields of
astrophysical research can be found in the special issue entitled Fundamental prob-
lems in astrophysics: requiremenis [or future UV obseruatories (Gómez de Castro &
Wamsteker, eds., 2006) that summarizes the thoughts and work of the Netuiork of UV
Astronomy (NUVA1) and the UV community at-large. This contribution is just a brief
introduction describing some of the fundamental problems in modern astrophysics to
put into perspective the interests of the Spanish Astronomical Community.

2. Fundamental problems in astrophysics requiring UV data

UV instrumentation is required to make progress in some fundamental problems of
modern astrophysics such as:

(i) Galaxy formation: determination of the diffuse baryonic content in the Universe
and its chemical evolution.

(ii) The physics of accretion and outflow: the astronomical engines.

(iii) Extrasolar planetary atmospheres and astrochemistry in the presence of strong
UV radiation fields.

This list is by no means complete, but it certainly includes the most exciting and
active problems that the majority of the astrophysical community would like to see
solved (Gómez de Castro et al 2006).

2.1. The properties and evolution oE the intergalactic medium (IGM)

The composition of the Universe (baryonic matter, dark matter and dark energy
densities) is derived from observations related to the first 3 Gyr the Universe (Cosmic
Background, high z quasars and ultraluminous galaxies at z > 3) and thus based on
strong assumptions. To understand the physical transition from this early epoch to
our current Universe (14 Gyr) it is necessary to get information on the recycling of the
gas (InterGalactic Medium, IGM) and the evolution of the stellar population and the
radiation field over the redshift interval O< z < 2 that spans a 80% of the lifetime
of the Universe. Though theoretical modelling on structure and galaxy formation
is progressing rapidly there are not data to contrast with since the IGM is poorly
studied. Fundamental parameters such as the galaxy formation efficiency and its
variation across the Universe cannot be measured since data about the gas component

1http:www.ucm.esjinfojnuvaj
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are, at the very least, scarce. Fundamental questions such as, which physical forces
trigger galaxy formation or what controls the galaxy mass function and the lower
limits to galactic masses cannot be addressed without a good knowledge of the IGM
properties.

UV spectroscopy is the most sensitive technique to obtain direct information in
the z < 2 Universe on:

(i) The baryonic content o/ the Warm-Hot IGM
Independent of the different models for the early Universe the major baryonic
component of the Universe at z < 3 must be associated with the IGM. The
Warrn-Hot component of the IGM (WHIM), at temperatures T = 105 - 107K,
most likely accounts for a '""30% of the baryons to the cosmological mass density
in the local Universe (see e.g. the cosmological simulations by Cen & Ostriker
1999). Observations of the WHIM are scarce. The most promising techniques
are the search for absorption features in the far-U'V (for instance the strong
O VI lines) or in X-rays, as well as broad HI-Lyo: absorption.

(ii) The Damped Lu-o: (DLA) systems
DLA systems trace column densities about 1020 cm-3, e.g. dense clumps of
gas likely associated with galaxy formation sites. umerical simulations show
that these clumps arise naturally in the hierarchical theory of galaxy forma-
tion (Katz et al 1996) and thus become the best tracers to the characteristic
scales of structure formation between the early epochs and the local Universe.
DLAs trace the location of the gravitational potential wells of all the matter,
henceforth representing another tracer of dark matter.

(iii) HeII reionization
From theoretical modeling of the IGM we know that after the HI reionization,
the IGM cools by expansion, is reheated by the delayed HeII reionization at z=3,
and continues to cool with decreasing redshift. Observations of the HeIIA304Á
forest over the redshift range 2.1 < z < 2.9 will test this model in the most
direct way (Reimers et al 2005) ..

(iv) Chemical Enrichment
Gas and stars are the dominant baryonic components of the Universe which can
be understood in terms of a two-fluids system interacting through gravitation,
starbirth and death; the massive stars life cycle controls the chemical enrichment
of the Universe. Key parameters in the evolution of this system are the relative
contributions to the energy and chemical input from the various possible sources
to the gas phase (radiation field in the IGM, SNe, massive star winds and ra-
diation fields, galactic fountains and gas ejection in the intergalactic medium
(IGM), disk-halo gas circulation, cosmic rays and magnetic fields). UV observa-
tions are instrumental to measure and constraint these energy inputs as well as
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to understand the heatingjcooling processes and the overall thermaljdynamical
evolution of the two fluids system, including the formation of molecular clouds
and massive stars cluster s (starburst). This loops needs to be established at
two scales:

At galactic scale where the details of the physics of the process can be tested.

At low redshifts (z,,-,O.1-0.2) where it is feasible to resol ve the starbursts and
thus understand the violent star formation processes in galaxies and the
variation of the Initial Mass Function (IMF) across the Universe.

2.2. Astronomical engines: The protostellar engines

Astronomical engines (stars, black holes, etc ...) can accelerate large masses to veloc-
ities close to the speed of light or generate sud den ejections of mass as observed in
Supernova explosions. They are also able to produce significantly milder winds, as
seen in the Sun, or to eject gas shells induced by pressure pulsations in the stellar
atmosphere. All of these phenomena transform energy of various forms (gravitational,
thermal, radiative, magnetic) into mechanical energy to produce outflows in condi-
tions very different than those tested in Earth laboratories. Mass ejections are hot,
since a fraction of the mechanical energy involved in the acceleration heats the gas.
The ejected matter is also diffuse, since it emerges from rarefied environments and the
plasma confinement there is weak. Thus, the study of the thermal and kinetic prop-
erties of the ejected matter most astronomical engines need to be studied in the UV,
with the only possible exception being very dense and slow outflows where molecules
and dust can formo

The least conventional engines are those generating highly collimated bipolar out-
flows and jets. These are thought to be driven by a combination of gravitational
energy, differential rotation and magnetic fields. They are among the most exciting
objects in nature; however, their underlying physics is poorly known. This physical
regime affects all of the many scales of Astrophysics; it determines the luminosity
of the AGNs and the re-ionization of the Universe at z ::: 3. It also determines the
properties of planetary systems, which are just angular momentum reservoirs left over
when the engine is turned off in pre-main sequence stars.

The most general physics controlling accretion-based engines is non-stationary
and highly non-linear, since magnetic fields and relativity are involved. This implies
an enormous mathematical complexity that can only be addressed in two manners:
either by working with simplified models, or by designing good numerical experiments
(which, in turn, require the simplified models to be properly understood). Thus, from
the physics point of view, non-relativistic objects represent the very best laboratory
to test our understanding of accretion.

Key questions that remain open concern:

(i) What controls the efficiency of accreting objects as gravitational engines?, is
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the magnetic field needed to guarantee that outflows are fast?, what are the
relevant timescales for mass ejection?

(ii) How does the accretion flow proceed from the disk to the source of the grav-
itational field in the presence of moderate magnetic fields?, which fraction of
the gravitational energy lost in this process is deposited on the stellar surface?,
which fraction is lost in amplífication/ dissipation of magnetic flux?

(iii) Which is the role played by radiation pressure in this whole process?

(iv) What role do disk instabilities play in the whole accretion/outflow process?,
which are the key mechanisms driving these instabilities?

2.3. Young planetary disks and extrasolar planetary atmospheres

T Tauri stars (TTSs), solar-like pre-rnain sequence stars, are unique to study the en-
vironment (radiation, high energy particles, dynamical processes) in which planetary
systems, like ours, grow. Notice that recent theories propose that the inner, Earth-
like, planets begin to build-up some 106yr after the star begin to form and, at this
stage, the accretion-based engine is still operating. The radiation produced by the
engine ought to have an important effect on the inner disk evolution and the evap-
oration of the primary atmospheres of the planets-embryos through photoionization
and photochemical reactions (Watson et al 1981, Lecavelier des Etangs et al 2004).
Thus, UV spectroscopy will allow the study of the interactions between the stellar
UV field and the young planetary disks and detect the molecular component in very
diffuse disks (Lecavelier et al 2001, Jolly et al 1998). Very recent chemical models
are showing that the penetration of UV photons coming from the central engine in
a dusty disk could produce an important change in the chemical composition of the
gas allowing the growth of large organic molecules. In this context, UV photons at
A > 1500 Á photodissociating organic molecules could playa key role in the chemistry
of the inner regions of the proto-planetary disk, while those photodissociating H2 and
CO would control the chemistry of the external layers of the disk directly exposed to
the radiation from the star. The radiation field can produce a rich photochemistry on
times cales shorter than the dynamical evolution time scales, leading to the formation
of large carbon-rich molecules such as CnH2, HC(2n+l)N, and Cn. Reactions between
these species and H and H2 may maintain their high abundances in spite of the strong
radiation field emerging from the central star (see e.g., Cernicharo 2004).

UV spectroscopy will also allow to study the properties of the atmospheres of
extrasolar planets (high resolution ultraviolet spectroscopy has been the technique
that has allowed detecting/ studying for the first time the atmosphere of an extrasolar
planet: HD 209458b). Notice that there is no simple answer to the question of the
expected characteristics of planets and their atmospheres. The solar system planets
provide a first hint of the expected diversity of the exoplanets and their atmospheres.
Observations of exoplanets and the detailed characterization of their atmospheres will
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help us understand better the physical processes at work in the building of a planet
and its atmosphere, and in the further evolution of such a system.

In the coming decade, several ground and space-based observing programs will
lead to the discovery of an extremely large number of exoplanets, in particular, near-
future space missions including Corot, Kepler or GAlA will discover large numbers
of exoplanets transiting their parent stars. To acquire a revealing picture of these
new worlds, we need to characterize the planetary atmospheres of a large sample of
these exoplanets. The observation of UV and optical absorptions occurring when an
exoplanet transits its parent star are a very powerful diagnostic technique because of
the strong absorption of stellar UV photons by the ozone molecule in the planetary
atmosphere (see Ehenreich et al 2005).

In this manner, we expect to be able to address some important questions as: how
do properties such as effective temperature, stellar type, high-energy particle environ-
ment, and metallicity of the central star alter the evolution of its planetary system?
What effects do a planet's orbital parameters (orbital distance and eccentricity) have
on its size, mass and potential migration during the formation process?(see Gómez
de Castro et al 2006 for more details)

3. In summary

This review outlines the scientific reasons behind the need for an ultraviolet observa-
tory. Spanish scientists interests are focussed on various of these aspects:

The Solar System group is primarely interested in the atmosphere, and magne-
tospheric phenomena (aurorae) in giant planets which are somewhat alike he
Jupiter-sized planets detected in extrasolar planetary systems.

Interstellar Medium (ISM) studies are related with the Local Bubble and the micro-
physics of the ISM.

Astronomical engines are the working area of several groups: the massive stars team,
the A-supergiants team and the young stars team. An outline of these two last
groups research can be found in this book. There is a massive stars review
written by Najarro, Herrero and Verdugo (2006) in Fundamental Problems in
Astrophysics: requirements for future UV observatories produced by the NUVA.

Galaxy formation and evolution is mainly addressed from starburst research in the
Spanish team. González has written a review on this work for the Fundamen-
tal Problems in Astrophysics: requirements for future UV observatories book
produced by the NUVA..

Compact stars, white dwarfs and interacting binaries is a major research topic in
UV astrophysics world-wide. These sources are relevant not only for accretion
physics and their interesting structure and evolution but also, because some of
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them are the progenitors of supernovae la, the standard candles for cosmological
research (for instance, dark energy was discovered using them as candles).

Finally, the cool stars group is contributing significantly to the research on the
properties of the stars hosting planetary systems (see also Pagano ee al 2006).

The next contributions in this chapter go thoroughly on all these subjects.
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