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ABSTRACT 
 

Ultraviolet (UV) light pervades the Universe. Many astronomical sources emit 

electromagnetic radiation in the wavelength range from 20 to 320 nanometers among 

them, the brightest objects in the Universe. UV radiation is efficiently scattered by dust 

grains and interacts strongly with gas in space due to the atomic structure of matter. For 

this reason, the UV range is ideally suited to detect subtle astronomical structures and 

thin gas clouds. 

From the ground, the UV night sky is dark. The Earth atmosphere blocks the 

penetration of UV photons from space. Solar radiation with wavelengths below 280 

nanometers does not reach the surface of the Earth. 

UV space missions and astronomical satellites show an amazing view of the 

Universe. This chapter is an introduction to the processes and sources of UV radiation in 

space. The characteristics of the UV radiation from the Sun, planets, comets in the Solar 

System, from stars and interstellar clouds in the Galaxy and from the Universe, at large, 

are outlined.  
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11.0. INTRODUCTION 
 

Our eyes are sensors adapted to the strongest radiation field on the surface of the Earth, 

the light from a rather cool star, the Sun, around which our planet orbits. Astronomers denote 

this radiation field as the visible range of the electromagnetic spectrum. Visible stands for 

wavelengths between some 350 and 800 nanometers (nm). Electromagnetic radiation with 

wavelengths below 350 nm and above 20 nm is defined as ultraviolet (UV) radiation [1].  

UV photons are absorbed by molecules in the Earth‘s atmosphere and, very especially, by 

Ozone. Below 280 nm everything is dark on the Earth; no stars are observed in the night sky, 

neither the Moon nor even the Sun. For comparison, the UV bands commonly used to 

describe the effects of UV irradiation in human skin, UVA, UVB and UVC bands, correspond 

to wavelengths of 365 nm, 313 nm and 254 nm, respectively. Only UVA rays can penetrate 

into the subcutaneous tissue; UVC rays are fully absorbed (>> 99%) within 100 microns of 

the epidermis surface, destroying the tissue. 

The Ozone blockage allows the large organic molecules, and the human beings, to 

survive on the Earth surface. As a result, there is a rich wealth of information about the 

Universe or the very same Earth atmosphere that can only be obtained from space. 

The relevance of UV radiation is associated with the basic constitution of matter. The 

electronic structure of the most abundant atoms and molecules displays its strongest 

footprints at UV wavelengths. Atoms are resonators to electromagnetic fields. Depending on 

the distribution of electronic levels, the electromagnetic radiation produced by atoms and 

molecules is more or less energetic and can be observed anywhere from high energies (X-ray 

or UV) to low energies (infrared or radiofrequencies). The strongest resonances are those 

exciting the atoms in their lowest energy states, also known as fundamental states. The same 

occurs with ions and with the electronic transitions of molecules. The number of electrons at 

each energy level depends on the temperature. Up to temperatures of about 500,000 K, the 

most abundant species in the Universe either radiate or absorb radiation in the UV range. 

Very common molecules such as molecular Hydrogen, Carbon Monoxide, Water or Sulfur 

hydride interact strongly with UV radiation. 

Also dust is very sensitive to UV photons. Space dust is mainly built of carbonate or 

silicate cocoons covered with a mantle of ice and organic compounds. Large organic 

molecules, such as the Poly-cyclic Aromatic Hydrocarbons (PAHs), are widespread in the 

Universe absorbing strongly the UV radiation at 217.5 nm. 

Though some PAHs are toxic for human beings – the toxicity of PAHs is structure-

dependent – they are considered as candidate molecules for the earliest forms of life to be 

based on. 
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For all these reasons, astronomers have sought actively access to the UV range since the 

beginning of Space exploration. In 1972, the Apollo XVI mission carried to the Moon the 

small UV telescope in Figure 1, to observe bright stars. As today, there is only one space 

telescope to observe the Universe in the UV range, the Hubble Space Telescope (HST). 

Hubble is in a low Earth orbit, at about 560 km above the Earth surface and completes its 

orbit in 96-97 minutes [2]. This low orbit has allowed for in-orbit maintenance and repair 

work, as well as for new instruments be set on-board in several occasions. The Space Shuttle 

programme formally ended the 31st of August of 2011. Hence, Hubble will not be serviced 

any longer. 

The UV Universe shines powerfully above the protecting cover of the Earth‘s Ozone 

layer. The Earth glow, the Sun, Jupiter and the Jovian planets, the comets, all radiate in the 

UV range. However, they have not the same appearance as in the visible range. Strongly 

variable nests of bright loops growing and erupting on the surface of the Sun are seen in UV 

light. UV radiation from planets is mainly produced in the upper atmospheric layers, as well 

as in their extended magnetic envelopes. Beyond the Solar System, the UV radiation from the 

very luminous hot stars is scattered by the dust grains pervading the Galaxy, producing a 

diffuse ultraviolet background (see Figure 2). Thin laces of plasma are observed among the 

stars, produced by the left overs of supernovae explosions and the action of the galactic 

magnetic field. The subtle connection between galaxies and the intergalactic medium is 

clearly apparent in the UV. 

 

 
Credit: NASA. 

Figure 1. The UV telescope set in the Moon during the Apollo 16 mission. 
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Courtesy: GALEX team. 

Figure 2. The night sky seen by the GALactic Evolution eXplorer mission. Every circle has a radius of 

about 0.6 deg. Notice the networks of filaments radiating in the UV. 

This chapter is a brief primer to the UV night sky and to the phenomena in the Universe 

that are best studied by means of UV radiation. 

 

 

11.1 GENERATION OF UV RADIATION FROM  

ASTRONOMICAL SOURCES 
 

There are two main processes to produce UV radiation from astronomical sources: black 

body emission and radiation from diffuse (thin) gas in space. 

Radiation is produced by all kind of species (atoms, ions, molecules) whenever an 

electron moves to a lower energy level releasing a photon. If this photon is reprocessed many 

times (absorbed and re-emitted) within a single body, for instance a star, the output radiation 

provides direct information on the temperature of the body. 

In thermal equilibrium the number of particles at any given velocity (or with a given 

kinetic energy) is prescribed by a simple function, the Boltzmann distribution that is 

parametrized in terms of the average kinetic energy of the particles, in the body/system. The 

absolute or Kelvin scale of temperatures directly measures this average kinetic energy; for 

instance, at 0 K (0 Kelvin degrees) all particles are at rest. 

In a dense body, the many photons produced by the multiple interactions between the 

particles and the photons generate a well-defined spectrum named as black body spectrum; 

spectrum is the technical term to define the histogram of the number of photons radiated per 

wavelength unit. 
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Let us denote as λmax, the wavelength at which most of the photons are emitted, e.g. the 

peak of the energy distribution.  A simple law was found back in the XIXth century relating 

the wavelength of the maximum and the temperature of the body, T, in Kelvin degrees. This 

law is known as Wien‘s law and states that, 

 

λmax (nm) T (K) = 2.9 10
6 

 

Thus a solar type star, with a surface temperature of 5700 K, has its maximum at 509 nm, 

i.e., in the visible range. However, a 10,000 K star, like Deneb, the brightest star in the 

Cygnus constellation, has its maximum at 290 nm, i.e., in the UV range. Stellar surface 

temperatures may reach 50,000 K thus, there are plenty of sources in the night sky that are 

brighter in the UV than in the visible range. 

In the Universe, there are objects much hotter than the stars as, for instance, the white 

dwarfs. The term ―white dwarf‖ is used to name the naked stellar cores containing the 

exhausts of the nuclear fuel left over after the life of a Solar-like star ends; their surface 

temperatures reach as high as few hundredth thousands Kelvin. 

But UV radiation is not only produced in dense bodies. UV photons can also be produced 

in diffuse environments and nebulae. In these objects, radiation escapes directly to space 

without being scattered or absorbed, as a result, it carries detailed information of the media 

originating it. Basic parameters such as temperature but also density, velocity, abundance of 

the various possible species can be measured with a clever selection of the spectral lines, also 

known as spectroscopic tracers. 

In some sources, this information is susceptible to be used to build 3D maps of the 

radiating nebula; the UV spectrum is the fingerprint of the ionized gas to be analyzed in depth 

with the full remote sensing artillery. 

 

 

11.2. UV RADIATION IN THE SOLAR SYSTEM 
 

The dominant source of UV radiation in the Solar System is the Sun. The nuclear fusion 

reactor that generates the solar energy occupies roughly the central quarter of the Sun. An 

envelope of ionized gas that transports to the surface the heat generated in the reactor cools 

this core. In the upper layers of the Sun, the transport is made through convective currents 

that give its granular aspect to the solar surface. 

The Sun does not rotate like a rigid body; the rotation rate is faster at the equator than at 

high latitudes. The combination of differential rotation and convection works like a dynamo 

that feeds the solar magnetic field. The excess magnetic energy is released in the solar surface 

through phenomena like coronal loops, eruptions, flares and Solar storms but also in a quieter 

manner, through waves that heat the Solar atmosphere to reach about 1 million Kelvin in the 

corona (see Figure 3). Moreover, the Sun produces a continuous flow of particles, the Solar 

wind, which propagates through the interplanetary medium reaching the planetary 

atmospheres and beyond.  
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Credit: K Schrijver and A. Title. 

Figure 3. On August 1, 2010, there was a big eruption in the Sun. This is a false-colour image obtained 

with the Solar Dynamics Observatory (SDO) in the extreme UV during the eruption. The areas where 

the key events took place are labeled. SDO permitted to trace the topology (white lines) of the Solar 

magnetic field. Compare them, with the field lines of a simple magnet. 

As a result, the transition region cannot be described as a well-defined layer, at a given 

height above the surface of the Sun (see Figure 4). The location of the transition region itself 

is set by the full ionization of Helium [3]. Above it, Helium is fully ionized, and cannot help 

to the thermal control of the atmosphere. The temperature jumps from about 35,000 K to 

nearly one million Kelvin in about 100 km, which is tiny compared with the solar radius: 

696,000 km. 

In the UVA, UVB and UVC bands the Sun appearance is similar to the disk seen in 

visible light from the Earth‘s surface; these bands capture the UV tail of the blackbody 

spectrum that dominates the visible radiation from the Sun. In the far UV range (90-200 nm), 

the solar appearance depends on the wavelength. For instance, at 103 nm, the five times 

ionized oxygen provides a view to the Sun rather similar to the loops and laces observed in 

the extreme UV (see Figure 4). However at 130 nm, cool oxygen in the lowest atmospheric 

layers is detected. 

The Sun‘s magnetic activity affects the Earth‘s biosphere through a variety of phenomena 

that include the solar wind or the showers of high velocity particles reaching the Earth after 

eruptions, flares and coronal mass ejections. 

A single ultraviolet spectrum provides simultaneous information on the thermal 

properties of a wide range of atmospheric components in the high atmosphere of the Sun. 

The Solar magnetic activity cycle lasts for 11 years during which the Sun evolves from 

magnetically quiet to magnetically active. The maximum degree of activity may change from 

one cycle to the next. 



The Universe in Ultraviolet Light 257 

 
Credit: Solar Dynamic Observatory/NASA. 

Figure 4. Extreme UV image of the Sun obtained with the Extreme Ultraviolet Variability Explorer 

(EVE) on board the NASA mission SDO. The transition region is visible as a low, bright fog over the 

surface of the Sun. The large, bright structures are magnetic loops in the solar corona. The dark areas 

are prominences; cool gas lifted up from lower atmospheric levels by the magnetic field. 

Furthermore, the Sun‘s activity has varied during the Solar System life, affecting the 

evolution of the primitive planetary atmospheres and the environment in which life began on 

Earth [4]. At present, measurable effects are, for instance, the decrease of the temperature and 

density of the Earth‘s thermosphere as the Solar magnetic activity decreases. 

The thermosphere is the Earth‘s layer where the Sun‘s radiation makes first contact with 

the atmosphere; it expands and shrinks with the level of extreme UV radiation and hence with 

the Solar magnetic activity [5]. 

As relevant as the energy input from solar UV radiation, it is the input in terms of 

particles and magnetic energy from the Sun. The Solar wind is basically made of two 

components: fast and slow.  

The fast (800 km/s) wind leaves the Sun through coronal holes that are funnel-like 

regions of open field lines in the Sun‘s magnetic field (see for instance the open lines in the 

upper right corner of figure 3). For the ionized gas in the solar surface, the magnetic field 

lines act as a sort of rigid bars that channel the flow being pushed outwards by the centrifugal 

force. In a sense, the Sun works like a gigantic sprinkler system filling the interplanetary 

space with matter.  
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Credit: NASA. 

Figure 5. Artist concept of the dynamic conditions in space and the Earth‘s magnetic field shielding 

action. 

The slow component (400 km/s) to the wind originates from regions above and below the 

solar equator, at latitudes of 30-35 during the solar minimum and expands to the pole 

during the solar magnetic activity cycle; at maximum, the Sun‘s poles are ejecting the slow 

wind. The slow wind has turbulent regions and large-scale structures [6]. 

Both fast and slow winds pass by the Earth sequentially and can produce storms in the 

Earth‘s magnetosphere. 

The magnetic field of the Earth acts like a shield to the supersonically flowing solar wind. 

A standing bow shock is formed in the solar wind ahead of the Earth‘s magnetosphere [7]. 

The bow-shock is similar to a paraboloid of revolution with its nose being located at about 14 

Earth radii from the center of the Earth, Sunwards. The particles in the Solar wind brake to 

subsonic speeds, so that Solar wind can flow into the magnetosphere. Particles are channeled 

and accelerated by the Earth magnetic to the magnetic poles producing the aurorae.  

Aurorae take different morphologies: homogenous arcs, rays corona, drapery… The 

radiation from the aurorae traces the location where atmospheric constituents are excited by 

collision with the precipitating particles from the interplanetary space. These emissions are 

primarily due to a two steps process. Firstly, the precipitating energetic auroral particles 

(electrons and ions) collide with the atoms and molecules in the Earth‘s upper atmosphere 

exciting these species; their kinetic energy is partially stored in the chemically excited states 

of atmospheric species. At the end, radiation is produced when these species relax to less 

energetic configurations. Thus, the auroral emissions can be considered as fingerprints of the 

atmospheric constituents. 

The first UV view of the Earth was obtained with the small lunar telescope in Figure 1. 

As shown in Figure 6a, the Sun illuminated hemisphere shines in the UV. In addition, 

some bands are observed in the night hemisphere caused by the solar wind particles trapped 

by the Earth‘s magnetic field. 
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a 

Credit: G. Carruthers (NRL) et al., Far UV Camera, Apollo 16, NASA. 

Figure 6a. UV image of the Earth obtained from the Moon by the Apollo 16 mission. 

 
b 

Credit: THEMIS mission, NASA. 

Figure 6b. Ultraviolet image of the Earth Aurora seen from space by the Cluster mission. The satellite 

image is overlaid on top of a visible image of the Earth. 

The UV radiation from all solar system bodies follows a similar behavior. Planets with 

tiny or absent magnetic fields reflect the UV radiation from the Sun. Also, the high 

atmospheric layers emit radiation after collisions with Solar wind particles. In planets hosting 

magnetic fields, aurorae are observed. For the astronomers, aurorae are an invaluable tool to 

study the planetary magnetic fields, and thus the internal structure of planets and the process 

that leads to planet formation [8]. 
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In some objects, like Jupiter, other phenomena may come in. Jupiter‘s far UV auroral 

emission results from the currents driven between Jupiter's magnetosphere and Io‘s 

ionosphere [9]; Io is a volcanically active satellite. 

 

 
Courtesy: Jonathan Nichols. Based on NASA Hubble Space Telescope images. 

Figure 7. A collage of some solar system UV targets. From left to right, these include the atmospheres, 

auroras and airglow of Jupiter, Io, Saturn,Titan, and Uranus. 

 
Credit: M.R. Combi. 

Figure 8. Comet Hyakutake observed by the Hubble. Left, visible image tracing the dust location, right 

UV image tracing the Hydrogen location. 

Most of the minor bodies in the Solar System have an appearance in the UV similar to 

that observed in the visible since they are observed through the reflection of the Sun‘s 

radiation. 

Comets however, are a special case. They are built from rock, dust and ice. As comets 

approach the Sun, the evaporation of the water ice in the surface creates a tail of debris, 

known as coma, which reflects the Sun‘s light [10]. 

The comas contain water products such as Hydrogen, Oxigen and OH that radiate 

strongly in the UV producing spectacular images. This effect is nicely illustrated for comet 

Hyakutake in Figure 8. 
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11.3. UV RADIATION FROM STARS AND GALAXIES 
 

The Milky Way also named as the Galaxy, is made of stars, gas, and dust. The main 

source of UV radiation is hot stars with surface temperatures above 10,000. 

Stars produce black body radiation. An important characteristic of black body radiation is 

that the higher the temperature, the higher the energy radiated per unit surface and time. This 

relation goes as a power of four, i.e., a star with a surface temperature of 30,000 K radiates 81 

times more energy per unit surface than a 10,000 K star. As a result, the most luminous 

sources in the Galaxy are the hottest stars and they radiate mainly in the UV between 5.8 nm 

and 290 nm. These luminous stars are readily recognized in any galaxy, as shown in Figure 9 

for the 30 Doradus Nebula in the Large Magellanic cloud (LMC). The LMC is a satellite 

galaxy to the Milky Way located 170,000 light years away from the Sun. At the heart of the 

nebula, there are more than 200 stars with masses from 10 to 50 times the Sun‘s mass. 

Stars are gaseous bodies where the gravitational contraction force is balanced by the 

outwards thermal pressure. During the stellar phase, gas heating is produced by the energy 

released in the nuclear reactions taking place in the stellar core. Therefore, the balance is 

conditioned by the total mass of the star that, in turn, regulates the rate of nuclear energy 

production, as well as the efficiency of its transport through all the stellar layers. For the same 

set of nuclear reactions, stellar surface temperature and radius increase as the stellar mass 

does it. So does the stellar luminosity. 

 

 
Credit: NASA, ESA, and F. Paresce, R. O'Connell, and the Wide Field Camera 3 Science Oversight 

Committee. 

Figure 9. Composite image of 30 Doradus obtained by combining several HST images in various 

bands. The blue color is associated with the near UV band, the green with the visible band and the red 

with the red and near infrared bands [11]. 
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The efficiency of the nuclear reactions sets the stars lifetime. Nuclear reactions are more 

efficient in massive stars than in solar type stars (the CNO cycle in massive stars versus the 

proto-proton chain reaction in solar type stars). As a result, the most massive stars live some 

hundred thousand years. The least massive stars have lifetimes comparable to the age of the 

Universe. Thus the massive, UV stars in Figure 9 are young, recently formed stars, in a 

starburst. 

Stars form from giant clouds of gas and dust known as molecular clouds. Any given 

cloud forms many more low mass stars than high mass stars; the distribution of initial masses 

goes roughly like M
-2.35

 [12], i.e., for any 10,000 Suns being formed in a massive cloud, only 

one 50 solar masses star is produced. 

In summary, massive stars are scarce, since only very few of them are produced, and their 

life is short. They are very luminous though, and can be easily recognized even in distant 

galaxies. 

The short life of massive (UV) stars makes of them ideal tracers to locate where star 

formation occurs in galaxies and which processes trigger it. 

In Figure 10, there is a set of images of galaxies obtained with NASA‘s GALEX mission 

that has changed our understanding of star formation triggering in the Universe [13]. 

Galaxies come in few basic morphologies associated with their color, gas content and 

ability to form stars. Star formation is scarce in elliptical galaxies, as a result, old red giant 

stars dominate the stellar population. Hence, elliptical galaxies are bright in the visible range 

(where the radiation from the red stars peaks) and significantly weaker in the UV. Spiral and 

irregular galaxies, like the Milky Way or the Magellanic Clouds, are live entities where star 

formation proceeds at a good pace and gas is abundant. 

The study of the Galaxy during the last century drove to a coherent scenario where star 

formation occurs in the dense disk of gas and dust, triggered by the passage of spiral density 

waves; gas in the disk is compressed by the waves. The subsequent gravitational collapse of 

the dense molecular clouds drives to the onset of star formation. The galactic magnetic field 

assists the concentration of matter in isolated pockets, large complexes of molecular gas 

containing about 100,000 times the mass of the Sun. These complexes are located along the 

spiral arms at relative distances of about 2,500 light years [14]; from outside, from the 

intergalactic space, these giant star forming regions look like UV beads on a necklace (see 

Figure 10). 

The GALEX mission has shown that star formation may be triggered in apparently dead 

elliptical galaxies. Also it has shown that the spiral arms are able to trigger star formation in 

the extended galactic planes of the spiral galaxies, where the population of visible red giants, 

is tiny or undetectable. Thus, the paradigm has changed: galaxies are now understood as 

bodies surrounded by invisible pools of gas (the intergalactic medium) that submitted to the 

proper triggering can give rise to new generations of stars [15]. Galaxies are not perceived 

any longer as lost entities, ―island universes‖, in the intergalactic space but as the brightest 

parts, the tip of the iceberg, of a much larger and subtle network of matter-energy, the cosmic 

web. 

GALEX was also able to map the evolution of the star formation history for about 80% of 

the life of the Universe. Notice that since the cosmological expansion introduces a redshift 

(by the Doppler effect) in the wavelength of the radiation measured in the Earth, young, UV 

bright, stars need to be observed in the optical or the infrared range for redshifts, z, above 2; 
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z=2 roughly corresponds to looking backwards about 10 billion years in the life of the 

Universe. 

These measurements have pointed out that overall, the star formation rate is apparently 

decreasing since z=1 to present times [16]. The Universe does not seem to be rejuvenating 

any longer, as a whole. 

 

 
Credit: NASA/ESA/JPL-Caltech/STScI/UCLA. 

Figure 10 a. Rings and arcs of star formation regions seen in ultraviolet light around a selection of 

galaxies. The blue color represents the GALEX UV image, superimposed on a visible image obtained 

with the Hubble. 

 
Credit: NASA/JPL-Caltech/MPIA. 

Figure 10b. GALEX image of the M83. Young stars can be seen way beyond the main spiral disk up to 

140,000 light-years from its center. The image is one of the longest-exposure, or deepest, images ever 

taken of a nearby galaxy in ultraviolet light. Near-ultraviolet light (or longer-wavelength ultraviolet 

light) is colored yellow, and far-ultraviolet light is blue. 
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11.3.1. The Cosmic Web. Mixing and Chemical Evolution 
 

The cosmic web is a large scale mesh created by the primordial density fluctuations in the 

Universe; it is a network of filaments that leave large voids of empty space with characteristic 

diameters of about 0.3 billions of light years. 

A 26.8% of the content of the cosmic web is dark matter. Baryonic matter, like the gas, 

stars or dusty clouds, only represents approximately a 4.3% of the total matter-energy density 

of the Universe [17]. 

Only about a fourth of the baryonic mass is detectable in terms of stars or galaxies and 

this is concentrated in the filaments of the web, where the gravitational potential is strong and 

galaxies do form. 

About 50% of the baryons are predicted to be in low density, highly ionized gas in the 

intergalactic space heated during the process of galaxy formation and structure generation; the 

gravitational collapse of the intergalactic medium (IGM) leads to shocks that heats it to 

temperatures from 100,000 to 1,000,000 Kelvin [18]. This gas radiates primarily in the far 

and extreme UV and in soft X-rays but unfortunately, it is so tenuous that its UV emission 

cannot be detected with the current instruments. 

However it can be detected and analyzed by absorption spectroscopy since it produces a 

detectable signature in the spectra of any strong UV source located behind it, typically a 

QSO. QSOs are supermassive black holes that get their extraordinary luminosity by 

converting into heating the gravitational energy lost when a flow of matter of about a solar 

mass per year crosses the events horizon (see Sect. 12.5). From these studies, it is inferred 

that still about 30% of the baryonic mass in the Universe remains undetected [19]. 

There is a feedback loop between the IGM and the galaxies. Galaxies are formed from 

the IGM and massive stars in galaxies drive very powerful winds that blow matter into the 

interstellar and intergalactic space; these winds may reach velocities of 2000-3000 km/s. Of 

special relevance are the super winds produced by the starbursts: regions with a very high, 

abnormally high, star formation rate [20]. Moreover, some massive stars become supernovae 

that are especially efficient in releasing gas into the IGM. 

In this feedback loop, the gas content of the universe is enriched through successive 

stellar generations. Only very simple atoms were formed in the Big Bang: Hydrogen, Helium 

and some small amount of Lithium and Berillium. The rapid expansion of the Universe drove 

it to be cooled to below 1 billion Kelvin, in about three minutes after the Big Bang. At these 

―low‖ temperatures, electrons, neutrons and protons recombined to form atoms. Roughly 25% 

of the mass of the Universe was Helium and 75%, Hydrogen. 

Elements of biological interest such as Oxygen, Nitrogen or Carbon, were produced 

massively much later on, by nucleosynthesis in the stars. Every stellar generation has 

enriched the Universe with these and many more elements as to cover the whole periodic 

table. The metallicity of the gas (the logarithm of the abundance of Iron with respect to 

Hydrogen compared to the solar value) measures this enrichment and it has been found to 

increase steadily since z=5, on the average [21]. 

However, the UV observations of the IGM absorption have also shown that the metal 

enrichment of the Universe is neither uniform nor homogeneous; for instance, chemically 

processed material has been found in the voids of the Cosmic Web, where the gas density is 

very low and the star formation rate is expected to be small. Important clues on the metal 

enrichment spreading in the Universe depend on inter-galactic transport processes. When the 
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time comes that high sensitivity UV imaging of the galaxies and the IGM becomes feasible, 

the warm/hot plasma emission from galactic halos will be detected, as well as the currents 

driving matter from/to the galaxies to/from their haloes and the IGM, in general. 

 

 
Credit: NASA and B. Wakker. 

Figure 11. This image shows the projection of the sky in a plane. The central white band marks the 

location of the disk of the Milky Way, the ―equator‖ of the galactic coordinates system. The colored 

structures are high velocity clouds falling onto the galactic disk from the Halo. The map is made in the 

21 cm line of atomic hydrogen at radio wavelengths. In the UV, these clouds would be shadowing the 

UV background [22, 23]. 

In the Milky Way, this interaction can already be observed in the so-called galactic 

fountain. The galactic disk is surrounded by a large UV halo of hot gas that must be 

replenished as the gas cools [24]. In fact, most of the UV emission comes from the flows 

generated by supernovae and massive star forming regions that open from the stellar disk into 

the halo. The fountain is a dynamic process that involves a flow time scale that can be much 

shorter than any of the microphysical time scales due to ionization and recombination. Thus, 

the gas escaping into the halo has an initial temperature well in excess the million Kelvin. 

As the hot plasma expands away from the disk, it cools adiabatically thereby reducing its 

temperature and density (to be about 10 particles per cubic decimeter) and rains back to the 

galactic disk, as shown in Figure 11. While matter in the disk is concentrated in dense shells 

and filaments, the halo acts as a pressure release valve for the hot gas in the disk, thereby 

controlling the fraction of the galactic disk volume, it occupies. 

 

 

11.4. UV RADIATION FROM ASTRONOMICAL ENGINES 
 

An engine is a device that transforms any kind of energy into mechanical energy. In 

astronomy, the widespread gravitational energy is converted into mechanical energy by 

different processes. The simplest examples are the stellar winds, either those driven by 

radiation pressure or those solar-like described in Section 12.3. These winds are driven by the 
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excess energy (thermal, radiative…) of a star. There is however, another family of interesting 

outflows that are produced from sources surrounded by accretion disks. Accretion disks are 

formed when matter is attracted by a compact source of gravitational field be it a star, a white 

dwarf, a neutron star or a black hole. Infalling matter has an intrinsic angular momentum, if 

excessive, matter keeps orbiting around the source until the excess is transferred away. If the 

flow of infalling matter is high, an accretion disk is formed.  

For this to occur, either the source of gravity is a young object surrounded by gas, as it is 

the case of the young stars or the supermassive black holes, or matter is being transferred 

within a binary stellar system  from a giant star into the companion compact object.  

Young stars and their accretion disks form simultaneously, giving rise to the formation of 

planetary systems [25]. Matter in the disk orbits around the parent star following Johannes 

Kepler‘s 3
rd

 law: the orbital period is proportional to the orbital radius to the (3/2) power. For 

matter to fall onto the star, it needs to brake from this natural Keplerian velocity and hence, 

transport angular momentum to other scales. 

In the micro-scale, the angular momentum is transported into turbulence and finally, into 

heating. In the macro-scale, rotating bipolar outflows are generated that carry away part of the 

excess angular momentum with them. These flows are some of the most spectacular 

astronomical objects (see Figure 12). In some systems, the connection between the accretion 

disk and the star is made through a magnetic interface, the stellar magnetosphere, and large 

structures radiating at UV wavelengths are generated; they may reach Mercury‘s orbit in 

solar-type stars. About 85% of the energy released by this magnetic interface is radiated in the 

Lyman- line at 121.6 nm. The inner area of the disk heats by absorbing this UV radiation. 

As a result, the gas thermal velocity is high enough to escape the gravitational field. A 

photoevaporative flow is produced that evacuates the gas content from the inner region of the 

disk. This inner hole spreads with time. The disk lifetime is some few million years, after 

planetary systems life begins. 

 

 
Credit: F. Duccio Macchetto/NASA/ESA 

Figure 12. Ultraviolet light image of a 4,000 light-year long jet of plasma emanating from the bright 

nucleus of the giant elliptical galaxy M87 obtained with the HST and the instrument FOC. 
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At early times in the history of the Universe, a similar process took place but at a much 

larger scale; matter concentrated in the center of galaxies reached the critical mass and 

formed black holes that kept growing by accreting more gas and stars until they reached a 

mass of millions or even, hundreds of millions times the mass of the Sun, a QSO. Though the 

formulation of the physical problem is much harder in the black hole context, the general 

pattern repeats: the excess angular momentum of the matter falling into the black hole is 

transported into turbulence and heating, as well as into generating large scale bipolar outflows 

and jets. The inner region of the accretion disk heats to hundreds thousands of Kelvin and 

radiates in the UV [26]. They are the most luminous sources in the Universe; a QSO radiates 

about 10
12

 times the luminosity of the Sun, roughly a hundred times the radiation produced by 

the Milky Way, as a whole. The first QSO was discovered back in 1963, when Schmidt 

published the distance to the radiosource 3C 273 to be 2.44 billions of light years [27]. As 

today, about 200,000 quasars are known covering a very broad range of distances (from 600 

million to 29 billion light years), though quasars were much more common in the early 

universe. Quasars radiate in all ranges of the electromagnetic spectrum but they are the 

brightest in the UV, in the Lyman- line at 121.6 nm. Quasars contribute to the 

photoionization of the intergalactic medium and are the background sources against which the 

haloes of the galaxies and the IGM distribution are studied. 

The general physics controlling accretion and outflow is non-stationary and highly non-

linear since magnetic fields and relativity are involved. This implies a significant 

mathematical complicacy that only can be addressed in two manners: either by working with 

simplified models or by designing good numerical experiments (which, in turn, requires the 

simplified models to be properly understood). 

This theoretical complexity, together with the limited spectral and time resolution in 

many previous studies, has defeated some of the bravest efforts to tackle the problem of 

accretion physics. 

 

 

11.5. THE ROLE OF UV RADIATION IN ASTROCHEMISTRY 
 

The interstellar medium and the circumstellar environment are major chemical 

laboratories though the kinetics and energy exchange processes differ significantly from the 

Earth standards. Astrochemistry is vacuum chemistry; the compounds are either in gas phase 

in the interstellar space or in solid phase in the icy mantle of the interstellar dust grains.  

In the gas phase, Coulomb fields drive the reactions since the ISM density is very low. In 

this environment, the UV radiation field becomes a major chemical agent leading to 

photodissotiation and photoionization. 

In the solid phase, on the surface of the interstellar dust grains, UV radiation releases 

bonds of the chemical compounds accelerating the chemical processes. Moreover, the 

photoelectric effect produces hot photoelectrons from the dust that inject energy into the gas 

phase.  

Strong UV radiation fields are able to photodissociate and destroy all the molecules and 

suppress chemical processes. 
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Accretion disks around young stars are the most interesting sites to study astrochemical 

processes. Young planetary systems grant the opportunity to assess the astrochemical 

conditions in environments where live can emerge. 

At early phases, the composition of accretion disks is dominated by molecular hydrogen. 

Dust however, controls the thermal properties of disks. The gas to dust mass ratio is about a 

hundred. 

The disk is surrounded by a thin atmosphere of atomic gas produced by the photodissotia-

tion of molecules induced by the UV radiation from the star. However, molecular hydrogen 

self-shields efficiently. UV photons are trapped by the H2 in the disk atmosphere (in the 

Lyman and Werner bands) protecting the disk interior, where dust grains and planetesimals 

grow.  

Dust in the disk is mainly made of small amorphous carbon grains, large silicate grains 

(in two basic compounds olivine and orthopyroxene), and silicate grains coated with ―dirty 

ice.‖ ―Dirty ice‖ is mainly constituted of H2O, CO, and other simple molecules. However, its 

exact composition is very uncertain and depends on the physical conditions and the local star 

forming history in the parent molecular cloud. The most abundant ice in protostellar disks is 

H2O ice. 

Understanding disk chemistry requires considering both gas phase and dust grain-surface 

processes. Dust grains are key ingredients in the disk chemistry since they control the degree 

of ionization in the most opaque areas of the disk; dust is an efficient electron donor for 

recombining ions and a sink for neutrals. At low temperatures (T ≃ 10 K) large molecules are 

stationary on the grain surface and grow by reaction with mobile species like hydrogen. 

However, as the temperature rises, diffusion and thermal evaporation produce desorption of 

the light species such as hydrogen, thus slowing down the hydrogenation-driven chemistry on 

the surface. Later, heavier compounds move from the grain surface to the gas phase. 

Desorption processes depend exponentially on the grain temperature, gas phase abundan-

ces and chemistry; thus chemical modeling is very sensitive to the processing of the grain 

mantles. 

In general, chemical models of disk structure and evolution are developed with reduced 

sets of equations that are defined selecting only those species necessary to compute the abun-

dances of the compounds under study. 

Unfortunately, there is not yet a fully consistent disk model that solves for the chemical 

and dynamical structures simultaneously. As the chemistry of the disk evolves on timescales 

comparable to the dynamical timescale, this is a relevant source of uncertainty [28]. 

 

 

CONCLUSION 
 

This chapter outlines the richness and relevance of the UV range for astronomical studies. 

As such, I expect that it is wide enough to provide a proper perspective and deep enough to 

give some clues about the extraordinary scientific rewards that UV astronomical 

instrumentation provides.  
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