
What was the genesis and what are
the objectives of the XMM-Newton
observatory?
XMM-Newton is a European Space
Agency (ESA) mission launched on
the 10th December 1999 to observe
the sky in X-rays. XMM-Newton’s
main challenge and objective was to
put X-ray astronomy at the same
level as astronomy at other
wavelengths. 

X-ray astronomy has a short
history, since the Earth's atmosphere
absorbs all X-rays; its study is bound
to space telescopes. It was not
possible to detect X-rays coming
from the Sun until the first balloons
or rockets were developed in the
fifties. We had to wait until 1962 to
see the first cosmic X-rays from an
object other than the Sun. In the
seventies the first satellites were
launched, they detected an increasing

number of X-ray sources. It was then
understood that there was a need 
to increase the sensitivity of the
instruments and to introduce the
capability to obtain spectra, i.e. to
separate X-rays according to their
energy or “colour”. In 1982, a
proposal to build a satellite whose
“strengths” were precisely these two
capabilities was formulated. In 1984,
ESA approved the development of
the X-ray Multi-Mirror Mission as
one of the four cornerstones of its
programme “Horizon 2000”,
designed to bring ESA to the 21st
century as one of the world’s leaders
in space research. 

The XMM-Newton Space
Observatory was designed to help 
us to understand the Universe in
extreme temperature conditions, as
those generated when gas, accelerated
to velocities close to that of light,

collides with material of the
interstellar or intergalactic medium;
or in extreme gravity conditions, 
as those taking place in the vicinity
of black holes or neutron stars, very
often modified by intense magnetic
fields.

XMM-Newton’s increased
sensitivity to X-rays was achieved 
by using slightly curved cylindrical
mirrors, which are capable of
focusing photons that reach the
interior at a very small incident
angle. Furthermore, many of those
cylindrical mirrors were placed one
inside the other, as Russian dolls, in
order to increase the collecting area.
XMM-Newton carries three X-ray
telescopes, containing each 58
mirrors of this type. The
spectroscopic power was achieved by
designing the first reflection gratings
which disperse X-ray photons at
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different angles according to their
energy. An optical telescope was built
to complete the set, and it was
mounted parallel to the X-ray
telescopes, thus managing to collect
visible or ultraviolet light and X-rays
at the same time. 

What are the contents of the review
paper that youand your colleagues
have published in Nature?
Before answering that question 
I would like to say that XMM-
Newton has a “cousin”, born almost
at the same time, the NASA’s
Chandra satellite. Thanks to their
complementary properties, it has
been possible to obtain very sharp
images and precisely measure the
energy of cosmic X-rays. Thus, less
than 50 years after the first detection
of an extrasolar X-ray source, these
two observatories have achieved an
increase in sensitivity comparable to
that obtained over the last 400 years
of optical astronomy, i.e. since
Galileo to the present day! 

The paper published in Nature to
celebrate the 10th anniversary of the
first observations made by these
satellites highlights some of the

many discoveries made by XMM-
Newton and Chandra that have
transformed twenty-first century of
astronomy. 

The paper includes a sample list
of the most important discoveries,
although it clearly states that this
list is neither objective nor complete
or, in other words, that it contains
many of the several discoveries but
not all of them. The work covers
very different aspects: from X-ray
production mechanisms in comets
or the influence of X-rays in planet
formation around young stars to 
the behaviour in of hot gas jets
streaming from galaxies and
impacting on the intergalactic
medium at high speed and thus
regulating the growth of these
galaxies, of giant black holes in the
galaxy cores and even of the large
scale structures of the Universe. In
the paper, we explain in detail some
of these discoveries. We also explain
how XMM-Newton and Chandra
have contributed and are still
contributing to our understanding
of one of the most important
mysteries of astronomy today: the
nature of dark matter and energy. 

Which are the main problems in this
area of Astrophysics and what are
the expected discoveries in the
coming years?
It is difficult to predict the main
future discoveries and the impact
they may have. We are convinced
that an important part of them will
come from sky surveys, which are
increasingly deeper and cover larger
and larger areas. We expect that in
the near future XMM-Newton and
Chandra will solve some critical
issues ranging from the sub-nuclear
composition of neutron stars to the
large-scale structure of the Universe.
Objects as diverse as the highest
layers of the Earth’s atmosphere or
the nuclei of the youngest galaxies,
still undetected because they are
extremely distant and therefore very
faint, will be studied. We are
confident that a detailed census of
these objects over the history of the
Universe will be done. The intention
is to study the regions where stars are
being formed, both in the Milky Way
and in younger distant galaxies, in
order to understand what triggers the
bursts of star formation and how
these bursts modify the environment,
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enriching it and injecting energy into
the interstellar gas, or, in a similar
way, how giant black holes in galaxy
clusters inject energy into the
intracluster gas. 

Surely, some of the discoveries will
be done thanks to the cooperation
with other telescopes, as for example
ESA’s Herschel and Planck space
missions, launched in May 2009,
which will be essential for
understanding obscured star
formation, in the case of Herschel, or
the nature of dark matter and energy,
in the case of Planck. 

Could you comment on the influence
this project has had in your
professional career?
My professional career has
completely changed since I started
to work on the XMM-Newton
project. On the one side my work is
no longer mainly dedicated to
astronomical research but more to
provide a service to astronomers,
something that despite reducing my
scientific “productivity” I have
always considered very important.
On the other hand, my own
research has been increasingly
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Figure 1. Image of Messier 82, a galaxy with intense star formation observed with XMM-Newton in
ultraviolet, visible light, and X-rays; the latter are shown mainly in blue colours. Whereas the galactic plane is
mainly seen in visible and ultraviolet light, with dark bands owing to dust and bright spots due to the process
of star formation, X-rays show two very hot gas cones bursting out from the galactic disk thanks to the boost
given by the more massive stars when they explode as supernovas. This image perfectly illustrates the
importance of having information in different wavelengths (visible, ultraviolet or X-rays), something which is
possible with XMM-Newton. Courtesy: P. Rodríguez-Pascual and ESA.



centered on the analysis and
interpretation of X-ray data. What 
I have kept from previous years
working as an astronomer is my
interest in active galactic nuclei and
its connection with star formation;
currently I am studying them mostly
in the X-ray band, although I try to
maintain an overall view, since they
emit radiation in the entire
electromagnetic spectral range. 

Do you have any anecdote related
to this paper’s gestation and
publication or the events you have
lived through in the 10 years of the
XMM-Newton project?
Regarding the paper I would like to
stress the excellent collaboration with
the co-authors who are part of the
Chandra team. Together we have
tried, and in my opinionsucceeded,
to reveal the complementarity and
excellence of both observatories. 

Regarding the XMM-Newton
project, obviously, in more than ten
years all kinds of anecdotes have
arisen. One of the main landmarks
in any space mission is the launch:
in a few seconds, the past and the
future of nearly a generation of
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Figure 2. The sky in X-rays: The image shows thousands of X-ray sources in an area of the sky which covers
approximately 10 times the area of the full Moon, the XMM-COSMOS field. Red colours show the least energetic
X-rays and blue colours show the more energetic ones, with green in the middle. Most of the approximately 2000
colour dots are active nuclei of distant galaxies, while the more than 100 regions, which appear as extended spots
correspond to groups of galaxies or galaxy clusters. Courtesy: G.Hasinger, N.Cappelluti, XMM-COSMOS and
ESA collaboration.
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scientists is at a stake. We saw 
the XMM-Newton launch live,
surrounded by colleagues who
suffered with nerves and enjoyed 
the success with us. The next critical
step came after a few days: opening
the mirror doors and collecting the
first data with the instruments,
the “first light”. It is amazing to
realize how simple things as lifting 
a lid or opening a camera become
very complicated in space,
fortunately everything went well!

The most critical event happened
in October 2008. For several hours,
even days, we thought we had lost
the satellite forever. It became “deaf ”,
“mute” and perhaps “blind”. It
stopped sending signals and
answering to ours. Where was it?
Why wasn't it answering? Luckily,
the problem could be solved as soon
as it was understood: A switch had
got stuck and a very powerful signal
had to be sent to move it back to its
correct position. The switch reacted
to this signal and since then XMM-
Newton continues to work perfectly,
as before. 

On the personal side, I feel
privileged to have been able to work

on a project as exciting as XMM-
Newton and I recognize that I have
been a bit lucky because I was 
“in the right place at the right
moment”. But undoubtedly the
most important thing has been the
privilege of working with people on
the project, with people that I value
and admire a lot, both professionally
and personally. The hardest thing is
the powerlessness I feel when I see
them fearing for their future. When
a space project has been running 
for a long time, its maintenance
becomes increasingly expensive for
the space agencies, which have
amongst their main goals to develop
new technologies together with
industry. Although scientists find 
it very hard to understand the
reasoning based on immediate
productivity gains, we have no
choice but to try to achieve better
and better results with fewer
resources. Despite the efforts done,
jobs seem to be menaced by the
need to reduce expenses and even
more so in times of crisis. That
insecurity is very hard. That is the
reason why I would like to thank
everyone who continues to work

every day, making XMM-Newton 
to be, and continue to be, a
scientific success for many years 
to come. 

THE FIRST DECADE OF SCIENCE WITH CHANDRA

AND XMM-NEWTON

M. SANTOS-LLEÓ, N. SCHARTEL, H. TANANBAUM, W.

TUCKER AND M.C. WEISSKOPF

2009, NATURE, 462, 997
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The evolution of the expansion of a supernova remnant, detailed monitor-
ings of gamma ray bursts, studies of the storms in Saturn and Jupiter, the
first brown dwarf, the confirmation of the presence of black holes in bina-
ry stars, models for novae and supernovae, the role of magnetic fields in
the rotation pattern of galaxies, sunspots phenomena, the methane cycle
in Titan, the impacts of volatile material on the Moon, the discovery of a
spherical bubble around a stellar embryo, the description of the inter-
galactic medium...

These are some of the results we present in ‘Astronomy made in Spain’, a
project of the Spanish Astronomical Society (Sociedad Española de
Astronomía, SEA) to commemorate the International Year of Astronomy 2009.
This book is a collection of conversations with the Spanish astronomers
who have published as first authors a paper —at least— in Nature or Science
in the last 30 years. We would like this legacy paid homage to all Spanish
astronomers, stimulated the new generations of students and composed a
living history of discoveries told at first hand, without any intermediaries, by
the people who made them possible. 

Benjamín Montesinos
Emilio J. Alfaro




