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And here is the PORTUGUESE version!

Dear Readers,
Astro Publishing is proud to launch a new language version of l'ASTROFILO
magazine. After the one in English, “FREE ASTRONOMY MAGAZINE”, here it is

the Portuguese one, “NOTÍCIAS DO ESPAÇO”, made possible with the collaboration of Gonçalo Magalhães, Aerospace Engineering student at the University
of Lisbon, who has taken upon himself the not easy task of translating with the
necessary technical–scientific rigor all the contents of the magazine.
NOTÍCIAS DO ESPAÇO is currently the only magazine of astronomy, space and
related topics dedicated to Portuguese-language readers, and thus we hope that
both amateur astronomers and manufacturers/retailers of astronomical instruments will do their best to support it.
With its third totally free multimedia version, Astro Publishing takes another
step forward in the world of scientific dissemination and it is very likely that the
surprises do not end here...
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The new face of Pluto’s system
The downloading of data memorized by the New Horizons spacecraft continues non-stop, along with
the growing number of new discoveries made in the amazing Pluto system. Almost nothing of what
scientists had unanticipated to find was found, while something completely unexpected has emerged.

MAVEN reveals speed of solar wind stripping martian atmosphere
The MAVEN mission has identified the process that appears to have played a key role in the transition
of the Martian climate from an early, warm and wet environment that might have supported surface
life to the cold, arid planet Mars is today. MAVEN data have enabled researchers to determine the...

First observations from SEPIA
A new instrument attached to the 12-metre Atacama Path-finder Experiment (APEX) telescope at 5000
metres above sea level in the Chilean Andes is opening up a previously unexplored window on the
Universe. The Swedish–ESO PI receiver for APEX (SEPIA) will detect the faint signals from water and...

The glowing halo of a zombie star
The remains of a fatal interaction between a dead star and its asteroid supper have been studied in detail
for the first time by an international team of astronomers using the Very Large Telescope at ESO’s Paranal
Observatory in Chile. This gives a glimpse of the far-future fate of the Solar System. Led by Christopher...

LISA Pathfinder and gravitational waves
Gravitational waves, one of the phenomena predicted by Albert Einstein a century ago, could help researchers understand the mechanisms that generate some of the most energetic events of the universe,
namely those that not even the theory of General Relativity of the same Einstein is able to investigate...

Cool, dim dwarf star is magnetic powerhouse
Astronomers using the Atacama Large Millimeter/submillimeter Array (ALMA) have discovered that a
dim, cool dwarf star is generating a surprisingly powerful magnetic field, one that rivals the most intense
magnetic regions of our own Sun. The star’s extraordinary magnetic field is potentially associated with...

Diversity of exoplanet atmospheres revealed
To date, astronomers have discovered nearly 2000 planets orbiting other stars. Some of these planets are
known as hot Jupiters — hot, gaseous planets with characteristics similar to those of Jupiter. They orbit
very close to their stars, making their surface hot, and the planets tricky to study in detail without being...

“Born again” stars, a solved mystery
University of Texas astronomer Natalie Gosnell has used Hubble Space Telescope to better understand
why some stars aren’t evolving as predicted. These so-called “blue stragglers” look hotter and bluer
than they should for their advanced age. It’s almost as if they were somehow reinvigorated to look...

The birth of monsters
Just counting the number of galaxies in a patch of sky provides a way to test astronomers’ theories of
galaxy formation and evolution. However, such a simple task becomes increasingly hard as astronomers
attempt to count the more distant and fainter galaxies. It is further complicated by the fact that the...

Curiosity visits the sand dunes of Mars
Just as in terrestrial deserts, also on Mars there are areas covered with sand dunes, which are slowly
transformed by the wind action. The Mars Curiosity rover has reached one of these dunes and has
begun analyzing it to see if the wind is able to sort out sand grains according to their size and weight...
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The new fac
of Pluto’s
system
by Michele Ferrara

The downloading of data memorized by the
New Horizons spacecraft continues non-stop,
along with the growing number of new discoveries
made in the amazing Pluto system. Almost nothing
of what scientists had unanticipated to find was found,
while something completely unexpected has emerged.

A

Pluto very similar to the satellite
Triton of Neptune, a Charon with a
dark and pitted surface, and four
other insignificant satellites. This is more
or less what astronomers and geologists
thought would be the likely result from

the surveys of various kinds made by the
New Horizons spacecraft during its 14
July flyby. Such expectations were met
only to a very limited degree, as in fact
Pluto’s system turned out to be a mine of
surprises. In this latest update we will
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comment the most relevant news and
most significant images released during
the last months of 2015 by the various
teams of researchers of the mission.
One of the main discoveries regarding
Pluto was the deposits of exposed water
ice, identified by the Ralph/Multispectral
Visible Imaging Camera (MVIC) and highlighted in blue in the image above. Almost
the planet’s entire surface is covered by
ice elements more volatile than water, and
so far the researchers do not know why
it has surfaced or remained exposed in
these specific regions. It may not be accidental that these regions coincide with
areas of land particularly reddened by the
contemporary presence of complex molecular chains called tholins, at the origin

PLANETOLOGY

of which there are nitrogen and methane
atoms ionized in the atmosphere by the
Sun’s ultraviolet radiation. The more significant traces of water ice coincide with
a section along the Virgil Fossa, stretching
west of Elliot crater (inset left-side), and
with Viking Terra (image top left). Another concentration of water ice involves
Baré Montes, on the border with Pluto’s
“heart”. The framed area is about 450 km
across.
The outcrops of water ice are not other
than the latest demonstration of the geological variety of Pluto’s surface, well represented in the image below (a region
adjoining the top part of the previous
image), in which it is clearly evident the
stark contrast between the corrugated

A

bove, the regions in which
exposed water ice
was detected (coloured in blue). Below, a high-resolution image of a vast
area between Viking
Terra and Tombaugh
Regio. On the following page, the
two cryovolcanoes
high-lighted by 3-D
processing. [NASA/
Johns Hopkins University Applied
Physics Laboratory/Southwest Research Institute]
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and cratered surface billions of years old
(left side), and the almost immaculate
smooth stretch of ice, whose age is probably less than 10 million years old; a sure
sign of a geologically alive planet, perhaps even in our days. The framed scene
is about 530 km across and the smaller
recognizable structures reach about 250
metres in width.
On the top and side, we instead see the
evidence of another surprising discovery
made on Pluto, two giant elevations extending as far as 150 km, at the top of
which there is a depression that reveals its
likely volcanic nature. In the case in point,
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these could be cryovolcanoes, or ice volcanoes formed after the eruption of liquid
ice masses that solidified while gradually
piling on the surface. Provisionally named
Piccard Mons (the highest, about 5 km
high) and Wright Mons (about 3 km high),
the two cryovolcanoes are
not particularly obvious in individual

PLANETOLOGY

photo shoots, but are clearly noticeable in
the 3-D topographic maps created by combining images of the surface taken from
different angles. The two structures could
be geologically very recent, as further
demonstration that Pluto’s core could still
produce heat through the long-term decay of radioactive isotopes.
But the most interesting findings
are not only limited to Pluto’s
surface as, in fact, also its atmosphere produced great
surprises. Observations
made prior to the New
Horizons flyby had
convinced astronomers that the
dwarf planet was
surrounded by
a tenuous shell
of gas and that
much of its
original mass
had
already
dispersed into space. The
spacecraft’s
observations
have
instead
proved the contrary: the atmosphere is more extended and denser
than expected, and the
atoms composing it are
being dispersed under the

A

t the top, a
virtual overflight of Pluto’s
surface in high
definition. Left,
the evocative Pluto’s atmosphere
(seen around the
night hemisphere), that in
the lower layers
is sufficiently
dense to take on
a bluish hue reminiscent of the
Earth's atmosphere. Following page, Pluto
and Charon in
comparison. The
colours have
been accentuated
and the distance
greatly reduced.
[NASA/Johns
Hopkins University Applied Physics Laboratory/
Southwest Research Institute]
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T
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he location on Pluto of over 1,000 impact craters highlights the oldest territories.
[NASA/Johns Hopkins University Applied Physics Laboratory/Southwest Research Institute]
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P

revious page,
high-resolution view (0.8
km/pixel) of a
large area of
Charon’s surface, centred
downwards on
Serenity Chasma
and Vulcan Planum. Right, a
virtual overflight of Charon’s surface.
Below, the enigmatic Organa
crater and surrounding areas.
[NASA/Johns
Hopkins University Applied
Physics Laboratory/Southwest Research
Institute]
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pressure of the solar radiation at a rate a thousand times
slower than previously estimated. Furthermore, the fact
that the atmosphere is also
cooler than originally anticipated makes its consistency
even more enigmatic, since it
was expected that already at
higher temperatures the atmospheric gases should quickly fall to the ground.
Entirely unpredicted was also
the bluish hue of Pluto’s atmosphere, clearly visible in the
previous page image, taken when New
Horizons was behind the planet with respect to the Sun. According to the astronomers, that particular colour is due to the
scattering of sunlight by the aforesaid
tholins, through a process similar to that
previously observed in the atmosphere of
Titan, Saturn’s largest satellite.

Remarkable are also the news about Charon, which like Pluto appears to have been
geologically active until very recently.
Above, an animation allowing us to fly
over part of the satellite, while below we
have an image that intrigues geologists
and which portrays Organa and Skywalker craters. The picture was taken in the in-
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frared, at 2.2 µm, and it is part of a scan
of the surface of Charon that highlights its
chemical/mineralogical composition. The
two craters are similar in size, shape and
depth, but while Skywalker appearance is
consistent with the surrounding surface
dominated by water ice, Organa does instead show an excess of ammonia ice, depicted in green in the image. Why this
difference between two structures that
are so similar and close to each other?
Researchers speculate that Organa may be
a crater relatively recent and that the
event that originated it has exposed the
ammonia hidden underground; alternatively, the excess ammonia may have been
brought by the impacting body. Leaving

PLANETOLOGY

aside this specific case, from
the study of impact craters
visible on Charon and Pluto,
the researchers have estimated
that the smaller bodies of the
Kuiper belt, with diameter less
than 1 km, must be less abundant than shown by current
models. This means that the
larger bodies may not have
been formed through the slow
aggregation of smaller objects,
but rather through a faster
process, from spatially more
concentrated primordial material. If this was the case, the next candidate target of the New Horizons mission,
the Kuiper Belt Object (KBO) 2014 MU69,
whose diameter should be about 40-50
km, could prove very interesting, since it
would allow to study a mine of primordial
matter of the solar system, remained unchanged over the past 4 billion years.
And what about the small satellites of
Pluto? Even they have sprung some surprises. Styx, Nix, Kerberos and Hydra
(in order of distance from Pluto) are very
small compared to Charon, as shown in
the comparison scale below, but even in
their small way they showed unexpected
features. All were probably formed (along
with Charon) from material taken from

O

n the side,
an animation
of the orbits of
Pluto’s system,
with a representation of the rotatory motions.
Below, a scaled
photo comparison of Pluto’s satellites. [NASA/
Johns Hopkins
University Applied Physics Laboratory/Southwest Research
Institute]
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ix, Pluto’s third satellite for size
and distance from the planet, was
the one more closely photographed
by New Horizons. Here it can be seen
from different angles and at different
resolutions. [NASA/Johns Hopkins
University Applied Physics Laboratory/Southwest Research Institute]

Pluto as a result of a very remote
impact of the dwarf planet with a
foreign object of significant size.
Unlike Nix, the other three small
satellites have a bi-lobed shape,
suggesting that they may be conglomerates of two or more pre-existing smaller objects; a scenario
that suggests the existence in ancient times of a larger population
of satellites.
Unlike what happened for the explorations of giant planets, this
time the in-situ observation has
not produced new discoveries of
satellites, but of the ones already
known it has however allowed to
more accurately calculate their diameters (for all 4 by a few tens of
km), orbits (travelled between 20
and 38 days periods) and axis-rotation periods (from a little more than 10 hours to over
5 days). These latter periods, as well as chaotic, are
far from the typical synchronization with the period
of revolution around Pluto, as a result of Charon’s destabilizing mass.
Perhaps due to the simple fact that it was the one closest to New Horizons during its flyby, the most in-
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teresting of the four small satellites appears to be Nix, which we
can see on this page from different
angles and at different resolutions.
The composite image lower down
clearly shows an impact crater that
has given astronomers much to
think about. In fact, its size is very
large compared to that of the moon,
such that the energy released by
the event causing it must have
been close to the limits that Nix
could withstand.
Researchers do not exclude that
the small satellite may actually be
a fragment of a larger object that
was destroyed in ancient times and
that this crater was actually formed
on its progenitor.
Also the crater’s colour appears inconsistent with the rest of the visible surface. Since meteorite impacts dig deep into the ground and
bring to light the subsurface material, if the impact had occurred directly on Nix, the little moon would
then have an inner composition
distinctly different from that of its
surface; a quite unusual scenario
for such small objects, which do not generally have a
differentiated structure.
At the time of writing, more than 70% of the data
recorded by New Horizons has yet to be downloaded, it is therefore reasonable to expect further surprising discoveries over the coming months and we will
not fail to comment on them.
n
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MAVEN reveals speed
of solar wind stripping
martian atmosphere
by NASA

T

he MAVEN mission has identified the process that appears
to have played a key role in
the transition of the Martian climate from an early, warm and wet
environment that might have supported surface life to the cold, arid
planet Mars is today. MAVEN data
have enabled researchers to determine the rate at which the Martian
atmosphere currently is losing gas
to space via stripping by the solar
wind. The findings reveal that the
erosion of Mars’ atmosphere increases significantly during solar storms.
The scientific results from the mission appeared in the Nov. 5 issues of
the journals Science and Geophysical Research Letters.
“Mars appears to have had a thick
atmosphere warm enough to support liquid water which is a key ingredient and medium for life as we
currently know it,” said John Grunsfeld, astronaut and associate administrator for the NASA Science Mission Directorate in Washington.
“Understanding what happened to
the Mars atmosphere will inform
our knowledge of the dynamics and
evolution of any planetary atmosphere. Learning what can cause
changes to a planet’s environment
from one that could host microbes
at the surface to one that doesn’t is
important to know, and is a key

A

rtist’s rendition of a solar storm hitting Mars and stripping ions from the
upper atmosphere. [NASA/GSFC]
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question that is being addressed in
NASA’s journey to Mars.”
MAVEN measurements indicate that
the solar wind strips away gas at a
rate of about 100 grams (equivalent
to roughly 1/4 pound) every second.
“Like the theft of a few coins from
a cash register every day, the loss
becomes significant over time,” said
Bruce Jakosky, MAVEN principal investigator at the University of Colorado, Boulder. “We’ve seen that the
atmospheric erosion increases signif-

icantly during solar storms, so we
think the loss rate was much higher
billions of years ago when the Sun

was young and more
active.” In addition, a
series of dramatic solar
storms hit Mars’ atmosphere in March 2015,
and MAVEN found that
the loss was accelerated. The combination
of greater loss rates and
increased solar storms
in the past suggests
that loss of atmosphere
to space was likely a
n this simulation, we see how the solar wind
major process in changaccelerates ions from the Mars upper atmoing the Martian cli- sphere into space. [NASA/GSFC]
mate. The solar wind is
a stream of particles, mainly proentists to think that billions of years
tons and electrons, flowing from
ago, the atmosphere of Mars was
the sun’s atmosphere at a speed of
much denser and warm enough to
about one million miles per hour.
form rivers, lakes and perhaps even
The magnetic field carried by the
oceans of liquid water.
solar wind as it flows past Mars can
Recently, researchers using NASA’s
generate an electric field, much
Mars Reconnaissance Orbiter observas a turbine on Earth can be used
ed the seasonal appearance of hyto generate electricity. This electric
drated salts indicating briny liquid
field accelerates electrically charged
water on Mars. However, the curgas atoms, called ions, in Mars’ uprent Martian atmosphere is far too
per atmosphere and shoots them
cold and thin to support long-lived
into space.
or extensive amounts of liquid waMAVEN has been examining how
ter on the planet’s surface. “Solarthe solar wind and ultraviolet light
wind erosion is an important mechstrip gas from of the top of the plananism for atmospheric loss, and was
et’s atmosphere. New results indiimportant enough to account for
cate that the loss is experienced
significant change in the Martian
in three different regions of the
climate,” said Joe Grebowsky, MARed Planet: down the “tail” where
VEN project scientist from NASA’s
the solar wind flows behind Mars,
Goddard Space Flight Center in
above the Martian poles in a “poGreenbelt, Maryland. “MAVEN also
lar plume,” and from an extended
is studying other loss processes—
cloud of gas surrounding Mars. The
such as loss due to impact of ions or
science team determined that alescape of hydrogen atoms—and
most 75 percent of the escaping ions
these will only increase the imporcome from the tail region, and neartance of atmospheric escape.”
ly 25 percent are from the plume reThe goal of NASA’s MAVEN misgion, with just a minor contribution
sion, launched to Mars in November
from the extended cloud.
2013, is to determine how much of
Ancient regions on Mars bear signs
the planet’s atmosphere and water
of abundant water – such as feahave been lost to space. It is the first
tures resembling valleys carved by
such mission devoted to understandrivers and mineral deposits that
ing how the Sun might have influonly form in the presence of liquid
enced atmospheric changes on the
water. These features have led sciRed Planet.
n

I
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Hubble spies
Big Bang frontiers
by NASA

axies the team discovered that the
accumulated light emitted by these
galaxies could have played a major
role in one of the most mysterious
periods of the Universe’s early history — the epoch of reionisation.
Reionisation started when the thick
fog of hydrogen gas that cloaked
the early Universe began to clear.

Ultraviolet light was now able to
travel over larger distances without
being blocked and the Universe
became transparent to ultraviolet
n international team of aslight.
tronomers, led by Hakim
By observing the ultraviolet light
Atek of the Ecole Polytechfrom the galaxies found in this study
nique Fédérale de Lausanne, Switthe astronomers were able to calcuzerland, has discovered over 250 tiny
late whether these were in fact some
galaxies that existed only 600-900
of the galaxies involvmillion years after the
ed in the process.
Big Bang — one of the
The team determined,
largest samples of
for the first time with
dwarf galaxies yet to
some confidence, that
be discovered at these
the smallest and most
epochs. The light from
abundant of the galthese galaxies took
axies in the study could
over 12 billion years to
be the major actors in
reach the telescope,
keeping the Universe
allowing the astronotransparent. By doing
mers to look back in
so, they have establishtime when the unied that the epoch of
verse was still very
reionisation — which
young. The calculated
ends at the point when
redshift for these obthe Universe is fully
jects is between z = 6
transparent — came to
and z = 8.
a close about 700 milAlthough impressive,
lion years after the Big
the number of galaxies
Bang (this corresponds
found at this early
to a redshift of about
epoch is not the team’s
z = 7.5). Lead author
only remarkable breakAtek explained, “If we
through, as Johan Ritook into account only
chard from the Obserthe contributions from
vatoire de Lyon, France,
bright and massive galpoints out, “The faintaxies, we found that
est galaxies detected in
these were insufficient
these Hubble observato reionise the Unitions are fainter than
his image from the NASA/ESA Hubble Space Telescope shows
verse. We also needed
any other yet uncoverthe galaxy cluster MACS J0416.1–2403. This is one of six being
to add in the contribued in the deepest Hub- studied by the Hubble Frontier Fields programme, which together
tion of a more abunble observations.”
have produced the deepest images of gravitational lensing ever
dant population of
By looking at the light made. [NASA, ESA and the HST Frontier Fields team (STScI)]
faint dwarf galaxies.”
coming from the gal-

A

T
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To make these discoveries, the team utilised the
deepest images of gravitational lensing made so
far in three galaxy clusters, which were taken as
part of the Hubble Frontier Fields programme, a
three-year, 840-orbit programme which will yield
the deepest views of the
Universe to date, combining the power of Hubble
with the gravitational amplification of light around
six different galaxy clusters to explore more distant regions of space than
could otherwise be seen.
These clusters generate
immense gravitational
fields capable of magnifying the
light from the faint galaxies that lie
far behind the clusters themselves.

T

his image from the
NASA/ESA Hubble
Space Telescope shows
the galaxy cluster MACS
J0717.5+3745. Due to
the huge mass of the
cluster it is bending the
light of background objects, acting as a magnifying lens. It is one of
the most massive galaxy clusters known, and
it is also the largest
known gravitational
lens. Of all of the galaxy
clusters known and
measured, MACS J0717
lenses the largest area
of the sky. [NASA, ESA
and the HST Frontier
Fields team (STScI)]

This makes it possible to search for,
and study, the first generation of
galaxies in the Universe. Jean-Paul

Kneib, co-author of the study from
the Ecole Polytechnique Fédérale
de Lausanne, Switzerland, explains,
“Clusters in the Frontier Fields
bell 2744,
act as powerful natural telenicknamed
scopes and unveil these faint
Pandora’s Clusdwarf galaxies that would othter, was the
erwise be invisible.”
first of six tarCo-author of the study Mathilde
gets within the
Jauzac, from Durham UniversiFrontier Fields
ty, UK, and the University of
programme,
KwaZulu-Natal, South Africa,
which together
remarks on the significance of
have produced
the discovery and Hubble’s role
the deepest
in it,“Hubble remains unrivalled
images of
in its ability to observe the
gravitational
most distant galaxies. The sheer
lensing ever
depth of the Hubble Frontier
made. The clusFields data guarantees a very
ter is thought
precise understanding of the
to have a very
cluster magnification effect, alviolent history,
lowing us to make discoveries
having formed
like these.”
from a cosmic
These results highlight the
pile-up of mulim-pressive possibilities of the
tiple galaxy
Frontier Fields programme with
clusters.
more galaxies, at even earli[NASA, ESA
er time, likely to be revealed
and the HST
when Hubble peers at three
Frontier Fields
more of these galaxy clusters in
team (STScI)]
the near future.
n

A
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First observations
from SEPIA
by ESO

A

new instrument attached to
the 12-metre Atacama Pathfinder Experiment (APEX)
telescope at 5000 metres above sea
level in the Chilean Andes is opening up a previously unexplored
window on the Universe.
The Swedish–ESO PI receiver for
APEX (SEPIA) will detect the faint

signals from water and other molecules within the Milky Way, other
nearby galaxies and the early Universe. Installed on APEX earlier this
year, SEPIA is sensitive to light with
wavelengths in the range 1.4–1.9
millimetres (frequencies between
158 and 211 GHz).
The exceptional observing conditions on the extremely dry Chajnantor Plateau in northern Chile mean
that, although this light is blocked

T

his picture shows the SEPIA instrument after installation.
[ESO/Carlos Duran]

A

new instrument attached to the 12-metre Atacama Pathfinder Experiment (APEX) telescope at 5000 metres above sea level in the Chilean
Andes is opening up a previously unexplored window on the Universe. The
Swedish–ESO PI receiver for APEX (SEPIA) will detect the faint signals from
water and other molecules within the Milky Way, other nearby galaxies and
the early Universe. In this picture engineers from Onsala Space Observatory's
Group for Advanced Receiver Development examine the top part of SEPIA
before installation at APEX. On the left, Mathias Fredrixon and Denis Meledin (leaning down), and behind them Igor Lapkin. [ESO/Sascha Krause]

by water vapour in the atmosphere
at most places on Earth, SEPIA is
still able to detect the faint signals
coming from space.
This wavelength region is of great
interest to astronomers as signals
from water in space are found here.
Water is an important indicator of
many astrophysical processes, including the formation of stars, and
is believed to play an important role
in the origin of life. Studying water
in space — in molecular clouds, in
star-forming regions and even in
comets within the Solar System — is
expected to provide critical clues to
the role of water in the Milky Way
and in the history of the Earth. In
addition, SEPIA’s sensitivity makes it
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O

n a snowy scenario,
SEPIA is lifted up and
into the APEX instrument
cabin. [ESO/Onsala Space
Observatory/A. Ermakov]

a powerful tool for also detecting carbon monoxide
and ionised carbon in galaxies in the early Universe.
The new SEPIA receiver has
been used to make test
astronomical observations
at APEX during 2015.
Identical receivers are being installed in the ALMA
antennas. Results from the
new detector on APEX
have shown it to be working well. With this validation, SEPIA is being made
available to the wider scientific community. Observations with SEPIA can now
be proposed by astronomers in the community.
"The first measurements
with SEPIA on APEX show
that we really are opening
up a new window, including looking at water in interstellar space — SEPIA
will give astronomers a
chance to search for objects that can be followed
up at higher spatial resolution when the same receiver becomes operational on
the ALMA array," says John
Conway, director of Onsala
Space Observatory, Chalmers University of Technology in Sweden.
Just as dark skies are essential to see faint objects in
visible light, a very dry atmosphere
is needed to pick up the signals
from water in the cosmos at longer
wavelengths. But dry conditions are
not the only requirement, the detectors need to be cooled to a very
low temperature of –269 degrees

Celsius — just 4 degrees above absolute zero — for them to work.
Recent technological advancements
have only now made these detectors possible and practical.
APEX, which is a collaboration between the Max Planck Institute for

Radio Astronomy (MPIfR), the Onsala Space Observatory (OSO) and
ESO, is the largest single-dish submillimetre telescope operating in the
southern hemisphere and is based
on a prototype antenna constructed
for the ALMA project.
n
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The glowing halo of
a zombie star
by ESO

T

he
r e mains
of a fatal interaction between a dead
star and its asteroid supper
have been studied in detail for
the first time by an international
team of astronomers using the Very
Large Telescope at ESO’s Paranal
Observatory in Chile. This gives a
glimpse of the far-future fate of the
Solar System.
Led by Christopher Manser, a PhD
student at the University of Warwick in the United Kingdom, the
team used data from ESO’s Very

Large
Te l e s c o p e
(VLT) and other observatories to study the
shattered remains of an asteroid
around a stellar remnant — a white
dwarf called SDSS J1228+1040.
Using several instruments, including
the Ultraviolet and Visual Echelle

Spectrograph (UVES) and X-shooter,
both attached to the VLT, the team
obtained detailed observations of
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his artist’s impression shows
how an asteroid torn apart by
the strong gravity of a white dwarf
has formed a ring of dust particles
and debris orbiting the Earth-sized
burnt out stellar core SDSS J1228
+1040. Gas produced by collisions
within the disc is detected in observations obtained over twelve years
with ESO’s Very Large Telescope,
and reveal a narrow glowing arc.
[Mark Garlick (www.markgarlick.com)
and University of Warwick/ESO]

the light
coming from the white dwarf
and its surrounding material over
an unprecedented period of twelve

JANUARY-FEBRUARY 2016

years between 2003 and
2015. Observations over
periods of years were needed to
probe the system from multiple
viewpoints. The team identified
the unmistakable trident-like spectral signature from ionised calcium,

called the
calcium
(Ca II) triplet. The difference between the
observed and known
wavelengths of these
three lines can determine the
velocity of the gas with considerable precision.
“The image we get from the processed data shows us that these
systems are truly disc-like, and reveals many structures that we cannot detect in a single snapshot,” explained lead author Christopher Manser. The team used a technique called Doppler tomography — similar in
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principle to medical tomographic
scans of the human body — which
allowed them to map out in detail
the structure of the glowing gaseous
remains of the dead star’s meal orbiting J1228+1040 for the first time.
While large stars — those more massive than around ten times the mass
of the Sun — suffer a spectacularly
violent climax as a supernova explosion at the ends of their lives, smaller
stars are spared such dramatic fates.
When stars like the Sun come to the
ends of their lives they exhaust their
fuel, expand as red giants and later
expel their outer layers into space.
The hot and very dense core of the

T

former star — a white dwarf — is all
that remains.
But would the planets, asteroids and
other bodies in such a system survive
this trial by fire? What would be left?
The new observations help to answer
these questions.
It is rare for white dwarfs to be surrounded by orbiting discs of gaseous material — only seven have
ever been found.
The team concluded that an asteroid had strayed dangerously close
to the dead star and been ripped
apart by the immense tidal forces it
experienced to form the disc of material that is now visible.

his plot is an unusual type of image, showing the velocities of the gas
in the disc around the white dwarf SDSS J1228+1040, rather than its position. It was mapped out from Very Large Telescope observations over a
period of twelve years and by applying a method called Doppler tomography. The dashed circles correspond to material in circular orbits at two different distances from the star. This appears “inside out” because material
moves faster in close-in orbits. [University of Warwick/C. Manser/ESO]

The orbiting disc was formed in similar ways to the photogenic rings seen
around planets closer to home, such
as Saturn. However, while J1228+1040
is more than seven times smaller in
diameter than the ringed planet, it
has a mass over 2500 times greater.
The team learned that the distance
between the white dwarf and its
disc is also quite different — Saturn
and its rings could comfortably sit in
the gap between them. Although
the disc around this white dwarf is
much bigger than Saturn’s ring system in the Solar System, it is tiny compared to the debris discs that form
planets around young stars.
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A

n artist's impression of the debris disc around the white dwarf SDSS
J1228+1040 (left) at the same scale as Saturn and its rings (right).
While the white dwarf in SDSS J1228+1040 has about seven times smaller
diameter than Saturn, it has a mass 2500 times greater. [Mark Garlick
(www.markgarlick.com) and University of Warwick/ESO/NASA/Cassini]

The new long-term study with the
VLT has now allowed the team to
watch the disc precess under the influence of the very strong gravita-

tional field of the white dwarf. They
also find that the disc is somewhat
lopsided and has not yet become circular. “When we discovered this de-

T

he side video
shows the ring
of dust particles
and debris orbiting the Earth-sized
burnt out stellar
core SDSS J1228
+1040. [Mark Garlick (www.markgarlick.com) and
University of
Warwick/ESO]

bris disc orbiting the white dwarf
back in 2006, we could not have
imagined the exquisite details that
are now visible in this image, constructed from twelve years of data —
it was definitely worth the wait,”
added Boris Gänsicke, a co-author of
the study. Remnants such as J1228
+1040 can provide key clues to understanding the environments that
exist as stars reach the ends of their
lives. This can help astronomers to
understand the processes that occur in exoplanetary systems and even
forecast the fate of the Solar System
when the Sun meets its demise in
about seven billion years.
n
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Hubble uncovers
fading cinders of some
of our galaxy's
earliest homesteaders
by NASA

U

sing NASA's Hubble Space Telescope to conduct a "cosmic
archaeological dig" at the very
heart of our Milky Way galaxy, astronomers have uncovered the blueprints of our galaxy's early construction phase.
Peering deep into the Milky Way's
crowded central hub of stars, Hubble researchers have uncovered for
the first time a population of ancient white dwarfs — smoldering
remnants of once-vibrant stars that
inhabited the core. Finding these relics at last can yield clues to how our
galaxy was built, long before Earth
and our Sun formed.
The observations are the deepest,
most detailed study of the galaxy's
foundational city structure — its vast
central bulge that lies in the middle
of a pancake-shaped disk of stars,
where our solar system dwells.
As with any archaeological relic, the
white dwarfs contain the history of
a bygone era. They contain information about the stars that existed about 12 billion years ago that
burned out to form the white dwarfs.
As these dying embers of once-radiant stars cool, they serve as multi-

N

ASA's Hubble Space Telescope has detected for
the first time a population of
white dwarfs embedded in
the hub of our Milky Way
galaxy. The Hubble images
are the deepest, most detailed study of the galaxy's central bulge of stars. The
smoldering remnants of
once-vibrant stars can yield
clues to our galaxy's early
construction stages that happened long before Earth and
our sun formed. [Left] — This
is a ground-based view of the
Milky Way’s central bulge,
seen in the direction of the
constellation Sagittarius.
Giant dust clouds block most
of the starlight coming from
the galactic center. Hubble,
however, peered through a
region (marked by the arrow)
called the Sagittarius Window, which offers a keyhole
view into the galaxy's hub.
[Upper right] — This is a
small section of Hubble's
view of the dense collection
of stars crammed together in
the galactic bulge. The region
surveyed is part of the Sagittarius Window Eclipsing Extrasolar Planet Search (SWEEPS) field and is loc
Hubble uncovered extremely faint and hot white dwarfs. This is a sample of 4 out of the 70 bright es
bulge. Astronomers picked them out based on their faintness, blue-white color, and motion relative to
spond to the white dwarfs' location in the larger Hubble view. [A. Fujii, NASA, ESA, A. Calamida an
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billion-year-old time pieces that tell
astronomers about the Milky Way's
groundbreaking years.
An analysis of the Hubble data supports the idea that the Milky Way's
bulge formed first and that its stellar
inhabitants were born very quickly
— in less than roughly 2 billion
years. The rest of the galaxy's sprawling disk of second- and third-generation stars grew more slowly in
the suburbs, encircling the central
bulge like the brim of a giant sombrero. "It is important to observe
the Milky Way's bulge because it is
the only bulge we can study in detail," explained Annalisa Calamida

is located 26,000 light-years away. [Lower right] —
ht est white dwarfs spied by Hubble in the Milky Way's
ve to our Sun. The numbers in the inset images correda and K. Sahu (STScI), and the SWEEPS Science Team]

of the Space Telescope Science Institute (STScI) in Baltimore, Maryland,
lead author of the study. "You can
see bulges in distant galaxies, but
you cannot resolve the very faint
stars, such as the white dwarfs. The
Milky Way's bulge includes almost a
quarter of the galaxy's stellar mass.
Characterizing the properties of the
bulge stars can then provide important information to understanding
the formation of the entire Milky
Way galaxy and that of similar, more
distant galaxies."
The Hubble survey also found slightly more low-mass stars in the bulge,
compared to those in the galaxy's
disk population.
"This result suggests that the environment in the bulge may have
been different than the one in the
disk, resulting in a different star-formation mechanism," Calamida said.
The observations were so sensitive
that the astronomers also used the
data to pick out the feeble glow of
white dwarfs. The team based its results on an analysis of 70 of the hottest white dwarfs detectable by
Hubble in a small region of the
bulge among tens of thousands of
stars. These stellar relics are small and
extremely dense. They are about the
size of Earth but 200,000 times denser. A teaspoon of white dwarf material would weigh about 15 tons.
Their tiny stature makes them so
dim that it would be as challenging
as looking for the glow of a pocket
flashlight located on the moon.
Astronomers used the sharp Hubble
images to separate the bulge stars
from the myriad stars in the foreground of our galaxy's disk by tracking their movements over time. The
team accomplished this task by analyzing Hubble images of the same
field of 240,000 stars, taken 10 years
apart. The long timespan allowed
the astronomers to make very precise measurements of the stars' motion and pick out 70,000 bulge stars.

The bulge's stellar inhabitants move
at a different rate than stars in the
disk, allowing the astronomers to
identify them.
The region surveyed is part of the
Sagittarius Window Eclipsing Extrasolar Planet Search (SWEEPS) field
and is located 26,000 light-years
away. The unusually dust-free location on the sky offers a keyhole view
into the "downtown" bulge. Hubble's Advanced Camera for Surveys
made the observations in 2004 and
2011-2013.
"Comparing the positions of the
stars from now and 10 years ago we
were able to measure accurate motions of the stars," said Kailash Sahu
of STScI, the study's leader. "The
motions allowed us to tell if they
were disk stars, bulge stars, or halo
stars." The astronomers identified
the white dwarfs by analyzing the
colors of the bulge stars and comparing them with theoretical models. The extremely hot white dwarfs
appear bluer relative to sun-like
stars. As white dwarfs age, they become cooler and fainter, becoming
difficult even for sharp-eyed Hubble to detect.
"These 70 white dwarfs represent
the peak of the iceberg," Sahu said.
"We estimate that the total number
of white dwarfs is about 100,000 in
this tiny Hubble view of the bulge.
Future telescopes such as NASA's
James Webb Space Telescope will
allow us to count almost all of the
stars in the bulge down to the faintest ones, which today's telescopes,
even Hubble, cannot see."
The team next plans to increase their
sample of white dwarfs by analyzing
other portions of the SWEEPS field.
This should ultimately lead to a more
precise estimate of the age of the galactic bulge. They might also determine if star formation processes in
the bulge billions of years ago were
different from what's seen in the
younger disk of our galaxy.
n
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LISA Pathfin
gravitational
by Michele Ferrara

Gravitational waves, one of the phenomena predicted by
Albert Einstein a century ago, could help researchers
understand the mechanisms that generate some
of the most energetic events of the universe,
namely those that not even the theory
of General Relativity of the same
Einstein is able to investigate.
Discovering those waves
is, however, extremely difficult from a
technological
point of
view.
JANUARY-FEBRUARY 2016
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of General Relativity,
which predicted their
existence, as well as
the existence of many
other phenomena virtually unknown at the
time. In the last 100
years, scientists have
tried to demonstrate
from the ground the
existence of gravitational waves by devising various experiments
(the best known being
the Laser Interferometer Gravitational-Wave
Observatory and the
Virgo Interferometer),
without ever obtaining
convincing results. But
why is it so difficult to
ascertain through observations a phenomenon whose existence
was theoretically predicted already a century ago? The answer is in the nature of
gravitational waves. Their origin and propagation are totally different from those of
the much more familiar electromagnetic
waves that so far have enabled us to discover almost everything we know of the
universe. Gravitational waves are, by definition, generated by “accelerated masses”.
It is the case of the merger of supermassive black holes, of the explosion of supernovae, of close binary systems of collapsing stars, but also of fast-forming galaxies.

These would be, in theory, some of the scenarios in which the more energetic gravitational waves are produced. Each of those
sources would irradiate the cosmos of waves
as fast as the light, having different characteristics depending on the mechanism of
production and full of information about
the processes from which they sprang.
Succeeding to “observe” them would mean
being able to investigate phenomena that
today are inaccessible to any type of telescope in any band of the electromagnetic
spectrum. In order to succeed we must, however, overcome some obstacles that seem insurmountable, such as the fact that a
gravitational wave moves in
space-time by contracting
and expanding it with its
passing, which means that
also the instruments used for
its detection jointly contract
and expand with space-time.
This makes it extremely difficult to measure waves, which
even if they can reach millions of kilometres in length,
their height is insignificant,

T

he liftoff of
the VEGA
VV06 rocket from
the European
spaceport the
French Guiana,
carrying onboard
the LISA Pathfinder probe. [ESA–
Stephane Corvaja]
Bottom left, a
video showing
the structure and
operation of the
LISA Pathfinder
probe. [ESA/ATG
medialab]
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S

ide video, representation
of the complex
trajectory followed by the
LISA Pathfinder.
Below, an illustration showing the
probe’s main components. [ESA/
ATG medialab]

even less than the size of an
atom! To record the passage of
a gravitational wave it is therefore necessary to build a sensor
capable of detecting movements on the scale of billionths
of a millimetre. Even Einstein
and other eminent scientists of
that time were very sceptical
about the possibility of discovering gravitational waves, due
both for the weakness of these

radiations and because any instrument
used and the environment surrounding them could in turn generate a gravitational field stronger than the sought
signal and thus hide it.
Since in ground experiments such limitations have proved harmful, already a
couple of decades ago researchers had
begun to design experiments to be conducted in space. The aim was to observe
the behaviour of “test masses” floating freely in the cosmic void. The most
difficult task from the engineering
standpoint was precisely to ensure that
on such test masses there weren’t any
forces acting outside the gravitational
one. Clearly, the probe laboratory intended to contain the experiment had
to be made so as to not generate any
“gravitational noise"; in short, it was
essential that its mass was uniformly
distributed around the test masses
with such precision that even the displacement of a thin copper wire would
upset the equilibrium.
Back in the ‘90s, NASA and ESA decided to cooperate in developing a forerunner mission capable of testing the
technologies needed for detecting
gravitational waves, and in 2000, the
ESA's Science Programme Committee
approved the design of the LISA Pathfinder mission (where LISA stands for
Laser Interferometer Space Antenna),
whose launch was scheduled for 2008,
as part of the ESA’s SMART program
(Small Missions for Advanced Research
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in Technology). Unfortunately, due to budget cuts, the US space agency was forced to
abandon the mission project, which in 2007
risked to be scrapped altogether. The original mission included the launch of three
twin probes, stationed 5 million kilometres
apart, constantly checking through laser
beams their respective positions, in order to
detect possible anomalies induced by the
passage of gravitational waves (something
vaguely similar to ocean buoys that signal
rogue waves). Following a redesign of the
mission, in 2011, ESA announced its intention to continue on its own, opting for a
single probe (weighing nearly 2 tons), with

S

two small test masses, consisting of two
cubes in gold and platinum alloy, of 4.6 cm
per side and weighing 1.96 kg each. This
time the construction of the vehicle laboratory was successful and its launch (from
the Guiana Space Center in French Guiana,
through a 4-stage Vega rocket) was set, not
by chance, for 2 December 2015, on the hundredth anniversary of the publication of General Relativity. A last minute hitch causes
the launch to be postponed by 24 hours,
which consequently takes place on 3 December at 01:04 French Guiana Time.
After a few orbits around Earth, LISA Pathfinder started its journey to the Lagrang-

chematic representation of the key stages of LISA Pathfinder’s journey to the Lagrangian point
L1, to which have been added some technical notes. [ESA/ATG medialab]

JANUARY-FEBRUARY 2016

LISA EN:l'Astrofilo 22/12/15 17:52 Page 31

ASTRONAUTICS

31

T

his animation shows how gravitational waves are expected to move. This would consist in the rhythmic expansions and contractions of space-time, capable as they pass
of increasing and decreasing the distance between bodies
floating freely in the cosmos. [ESA–C. Carreau]

D

egenerate
stars systems,
such as the one
shown here, consisting of a white
dwarf (the largest) and a pulsar,
are one of the
scenarios in which
researchers expect copious production of intense
and continuous
gravitational
waves. [ESO/L.
Calçada]

ian point L1, located between the Sun and
our planet, about 1.5 million km from the
latter. L1 is a region of space where the
gravitational pull of the Sun and Earth on
a body compensates, keeping the body in
permanent equilibrium. The probe will not
actually remain in a stable position, but it
will orbit around L1 at distances between
250,000 and 400,000 km. Its arrival in L1 is
scheduled for mid-February, while the operational phase will start in early March.
After its arrival, inside the LISA Technology
Package, i.e. the laboratory containing the
actual experiment, will be released the two
cubes, which from that moment should no

JANUARY-FEBRUARY 2016

longer come into contact with the walls of
the cavities housing them, in which they
will fluctuate as if they were in a perpetual
free fall. A complex system of laser beams
will bounce on the cubes’ surfaces and measure their position with an accuracy in the
order of a billionth of a millimetre (picometre). At the end of its path, each laser beam
will be recombined and any variation in
the cubes’ position will result in phase
changes of the light, which, depending on
the case, will be dimmer or brighter.
This is relatively simple to perform in laboratories on the ground, but a technology
of this kind becomes tricky to handle in
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space. The task of LISA Pathfinder is precisely to show that it can be done and that
consequently researchers can start putting
the project in the pipeline on a larger scale,
that is to say the real LISA, the one truly capable of recording gravitational waves.
It should be noted that when the laser system signals a displacement, even infinitesimal, of the cubes, the probe laboratory
housing them compensates in turn this displacement by moving itself, through a micro-propulsors system developed by NASA
called Disturbance Reduction System. It is
capable of generating pulses so small and

ASTRONAUTICS

precise that it can move the whole structure by a few nanometers with respect to
the cubes that it houses (which will continue to float freely). The nominal duration
of the mission is 6 months (with possible
extension to 1 year).
During the first 3 months the LISA Technology Package will be tested, while in the following 2 it will be turn of the Disturbance
Reduction System, and only in last month
both systems will work together. With this
mission, the final confirmation of the existence of gravitational waves is getting closer, but it still remains a long-term goal. n

T

his image, taken from a numerical simulation,
depicts the structure of gravitational waves that are
generated when
two supermassive black holes
merge. These
events represent
the most powerful sources of gravitational waves.
[NASA/C. Henze]
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Cool, dim dwarf star is
magnetic powerhouse
by ALMA/ESO

A

stronomers using the Atacama Large Millimeter/submillimeter Array (ALMA)
have discovered that a dim, cool
dwarf star is generating a surprisingly
powerful magnetic
field, one that rivals
the most intense
magnetic regions of
our own Sun.
The star’s extraordinary magnetic field
is potentially associated with a constant flurry of solar-flare-like eruptions. As with our
Sun, these flares
would trace tightly
wound
magnetic
field lines that act
like cosmic particle
accelerators: warping the path of electrons and causing
them to emit telltale radio signals
that can be detected with ALMA. Such
intense flare activity, the astronomers
note, would barrage nearby planets
with charged particles.
"If we lived around
a star like this one,
we wouldn’t have
any satellite commu-

nications. In fact, it might be extremely difficult for life to evolve at all
in such a stormy environment," says

A

lead author Peter Williams of the
Harvard-Smithsonian Center for Astrophysics (CfA) in Cambridge, Mas-

rtist impression of red dwarf star TVLM 513-46546. ALMA observations suggest that it has an amazingly powerful magnetic field, potentially associated
with a flurry of solar-flare-like eruptions. [Dana Berry (NRAO/AUI/NSF) / SkyWorks]
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sachusetts. The team used ALMA to
study the well-known red dwarf star
TVLM 513-46546, which is located
about 35 light-years from Earth in
the constellation Boötes.
The star is a mere 10 percent the
mass of the Sun and is so small and
cool that it's right on the dividing
line between stars (which fuse hydrogen) and brown dwarfs (which
don’t). One of the things that make
this small star remarkable is that it
spins rapidly, completing a full rotation about every two hours. Our
Sun takes about 25 days to rotate
once about its equator. Previous da-

ta from the National Radio Astronomy Observatory’s
Karl G. Jansky Very
Large Array in Socorro, New Mexico, show that this
star exhibits a magnetic field that rivals the Sun’s most
extreme magnetic
regions and is several hundred times
stronger than the
Sun's average magnimation of artist impression of red dwarf star
netic field.
TVLM 513-46546. This star is a mere 10 percent the
This puz- mass of the Sun and is so small and cool that it's right
zled
as- on the dividing line between stars and brown dwarfs.
tronomers [NRAO/AUI/NSF; Dana Berry / SkyWorks]
because
the physical processes that
ALMA. Our Sun generates similar
generate the Sun’s magnetemission from solar flares but only
ic field shouldn’t operate in
intermittently. What's more, the
such a small star. "This star
emission from this star is 10,000
is a very different beast
times brighter than what our own
from our Sun, magneticalSun produces, even though it has
ly speaking," states CfA asless than one-tenth of the Sun's
tronomer and co-author Edo
mass. The fact that ALMA detected
Berger.
this emission in a brief 4-hour obserWhen the researchers examvation suggests that the red dwarf
ined the star with ALMA
is continuously active.
they detected emission at a
This has important implications for
particularly high frequency
the search for habitable planets out(95 GHz or a wavelength of
side the Solar System.
about 3 millimeters).
Red dwarfs are the most common
Such a radio signal is protype of star in our Galaxy, which
duced by a process known
makes them promising targets for
as synchrotron emission, in
planet searches.
which electrons zip around
But because a red dwarf is so cool,
powerful magnetic field
a planet would have to orbit very
lines: the more powerful
close to the star to be warm enough
the magnetic field, the
for liquid water to exist at its surhigher the frequency.
face. That proximity would put the
This is the first time that
planet right in the bull's-eye for raflare-like emission at such
diation that could strip its atmohigh frequencies has been
sphere or destroy any complex moldetected from a red dwarf
ecules on its surface, the astronostar. It is also the first time
mers speculate.
that such a star has been
Astronomers will study similar stars
detected at millimeter
in the future to determine whether
wavelengths, opening up a
this one is an oddball or an example
new avenue of study with
of an entire class of stormy stars. n

A
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Aging star’s weight
loss secret revealed
by ESO

as it enters the final stages of its life.
The new observations of the star
used the SPHERE instrument on the
VLT. The adaptive optics system of
this instrument corrects images to a
higher degree than earlier adaptive
optics systems. This allows features

very close to bright sources of light
to be seen in great detail. SPHERE
clearly revealed how the brilliant
team of astronomers using
light of VY Canis Majoris was lightESO’s Very Large Telescope
ing up clouds of material surround(VLT) has captured the most
ing it. And by using the ZIMPOL
detailed images ever of the hypermode of SPHERE, the team could not
giant star VY Canis
only peer deeper
Majoris. These obinto the heart of
servations show
this cloud of gas
how the unexpectand dust around
edly large size of
the star, but they
the particles of
could also see how
dust surrounding
the starlight was
the star enable it
scattered and poto lose an enorlarised by the surmous amount of
rounding material.
mass as it begins
These
measureto die.
ments were key to
This process, undiscovering
the
derstood now for
elusive properties
the first time, is
of the dust. (The
necessary to preimages in the new
pare such gigantic
study are also takstars to meet exen in visible light
plosive demises as
— shorter wavesupernovae. VY Calengths than the
nis Majoris is a stelnear-infrared relar goliath, a red
gime, where most
hypergiant, one of
earlier adaptive opthe largest known
tics imaging was
stars in the Milky
performed.
Way.
These two factors
It is 30–40 times
result in signifithe mass of the
cantly sharper imSun and 300,000
ages than earlier
times more lumiVLT images. Even
his wide-field view shows the sky around the very brilliant red hypergiant
nous. In its current
higher spatial resstar VY Canis Majoris, one of the largest stars known in the Milky Way. The
state, the star
olution has been
star itself appears at the centre of the picture, which also includes clouds of glowwould encompass
achieved with the
ing red hydrogen gas, dust clouds and the bright star cluster around the bright
the orbit of Jupi- star Tau Canis Majoris towards the upper right. This picture was created from
VLTI, but the inter, having expand- images forming part of the Digitized Sky Survey 2. [ESO/Digitized Sky Survey 2]
terferometer does
ed tremendously
not create images

A
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T

he star VY Canis Majoris is a red hypergiant, one of the largest known
stars in the Milky Way. It is 30–40 times the mass of the Sun and 300,000
times more luminous. In its current state, the star would encompass the orbit
of Jupiter, having expanded tremendously as it enters the final stages of its
life. New observations of the star using the SPHERE instrument on the VLT
have clearly revealed how the brilliant light of VY Canis Majoris lights up the
clouds of material surrounding it and have allowed the properties of the component dust grains to be determined better than ever before. In this very
close-up view from SPHERE the star itself is hidden behind an obscuring disc.
The crosses are artefacts due to features in the instrument. [ESO]

directly.) Careful analysis of the
polarisation results revealed these
grains of dust to be comparatively large particles, 0.5 micrometres
across, which may seem small, but
grains of this size are about 50 times
larger than the dust normally found
in interstellar space. Throughout
their expansion, massive stars shed
large amounts of material — every
year, VY Canis Majoris sees 30 times
the mass of the Earth expelled from
its surface in the form of dust and

gas. This cloud of material is pushed
outwards before the star explodes,
at which point some of the dust is
destroyed, and the rest cast out into
interstellar space. This material is
then used, along with the heavier
elements created during the supernova explosion, by the next generation of stars, which may make use of
the material for planets.
Until now, it had remained mysterious how the material in these
giant stars’ upper atmospheres is

pushed away into space before the
host explodes. The most likely driver
has always seemed to be radiation
pressure, the force that starlight exerts. As this pressure is very weak,
the dust particles must be large
enough to ensure the starlight can
push it, but not so large that it simply sinks. Too small and the starlight
would effectively pass through the
dust; too large and the dust would
be too heavy to push. The dust the
team observed about VY Canis Majoris was precisely the right size to
be most effectively propelled outwards by the starlight.
“Massive stars live short lives,” says
lead author of the study, Peter
Scicluna, of the Academia Sinica Institute for Astronomy and Astrophysics, Taiwan. “When they near
their final days, they lose a lot of
mass. In the past, we could only
theorise about how this happened.
But now, with the new SPHERE
data, we have found large grains
of dust around this hypergiant.
These are big enough to be pushed
away by the star’s intense radiation pressure, which explains the
star’s rapid mass loss.”
The large grains of dust observed so
close to the star mean that the cloud
can effectively scatter the star’s visible light and be pushed by the radiation pressure from the star. The size
of the dust grains also means much
of it is likely to survive the radiation
produced by VY Canis Majoris’ inevitable dramatic demise as a supernova. This dust then contributes to
the surrounding interstellar medium,
feeding future generations of stars
and encouraging them to form planets. The star explosion will be soon
by astronomical standards, but there
is no cause for alarm, as this dramatic
event is not likely for hundreds of
thousands of years. It will be spectacular as seen from Earth — perhaps as bright as the Moon — but
not a hazard to life here.
n

chronicles EN2:l'Astrofilo 19/12/15 17:06 Page 38

SPACE CHRONICLES

Diversity of exoplanet
atmospheres revealed
by NASA

T

o date, astronomers have discovered nearly 2000 planets
orbiting other stars. Some of
these planets are known as hot Jupiters — hot, gaseous planets with

characteristics similar to those of Jupiter. They orbit very close to their
stars, making their surface hot, and
the planets tricky to study in detail without being overwhelmed by
bright starlight. Due to this difficulty, Hubble has only explored a
handful of hot Jupiters in the past,

across a limited wavelength range.
These initial studies have found
several planets to hold less water
than expected.
Now, an international team of astronomers has tackled the problem
by making the largest ever study of
hot Jupiters, exploring and compar-
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ing ten such planets in a bid
to understand their atmospheres. Only three of these
planetary atmospheres had
previously been studied in detail; this new sample forms
the largest ever spectroscopic
catalogue of exoplanet atmospheres. The team used multiple observations from both
the NASA/ESA Hubble Space
Telescope and NASA’s Spitzer
Space Telescope. Using the
power of both telescopes allowed
the team to study the planets,
which are of various masses, sizes,
and temperatures, across an unpre-

cedented range of wavelengths (the
observations spanned from the ultraviolet (0.3 μm) to the mid-infrared (4.5 μm). “I’m really excited to
finally ‘see’ this wide
his image shows an artist’s imgroup of planets
pression of the ten hot Jupiter
together, as this is
exoplanets studied by David Sing
the first time we’ve
and his colleagues. The images are
had sufficient waveto scale with each other. HAT-Plength coverage to
12b, the smallest of them, is apbe able to compare
proximately the size of Jupiter,
multiple
features
while WASP-17b, the largest planfrom one planet to
et in the sample, is almost twice
another,” says David
the size. The planets are also depicted with a variety of different
Sing of the Univercloud properties. There is almost
sity of Exeter, UK,
no information about the colours
lead author of the
of the planets available, with the
new study. “We
exception of HD 189733b, which
found the planetary
became known as the blue planet.
atmospheres to be
The hottest planets within the
much more diverse
sample are portrayed with a
than we expected.”
glowing night side. This effect is
All of the planets
strongest on WASP-12b, the hothave a favourable
test exoplanet in the sample, but
orbit that brings
also visible on WASP-19b and
them between their
WASP-17b. It is also known that
several of the planets exhibit
parent star and
strong Rayleigh scattering. This
Earth. As the exoplaeffect causes the blue hue of the
net passes in front
daytime sky and the reddening of
of its host star, as
the Sun at sunset on Earth. It is
seen from Earth,
also visible as a blue edge on the
some of this starplanets WASP-6b, HD 189733b,
light travels through
HAT-P-12b, and HD 209458b.
the planet’s outer
The wind patterns shown on
atmosphere. “The
these ten planets, which resemble
atmosphere leaves
the visible structures on Jupiter,
its unique fingerare based on theoretical models.
[ESA/Hubble & NASA]
print on the starlight, which we can

T

T

his video shows an artist’s impression of the
ten hot Jupiter exoplanets studied by David Sing
and his colleagues. From
top left to to lower left
these planets are WASP12b, WASP-6b, WASP-31b,
WASP-39b, HD 189733b,
HAT-P-12b, WASP-17b,
WASP-19b, HAT-P-1b
and HD 209458b.
[ESA/Hubble & NASA]

study when the light reaches us,” explains co-author Hannah Wakeford,
now at NASA Goddard Space Flight
Center, USA.
These fingerprints allowed the team
to extract the signatures from various elements and molecules — including water — and to distinguish
between cloudy and cloud-free exoplanets, a property that could explain the missing water mystery.
The team’s models revealed that,
while apparently cloud-free exoplanets showed strong signs of water, the atmospheres of those hot Jupiters with faint water signals also
contained clouds and haze — both
of which are known to hide water
from view. Mystery solved!
“The alternative to this is that planets form in an environment deprived
of water — but this would require us
to completely rethink our current
theories of how planets are born,”
explained co-author Jonathan Fortney of the University of California,
Santa Cruz, USA.
“Our results have ruled out the dry
scenario, and strongly suggest that
it’s simply clouds hiding the water
from prying eyes.”
The study of exoplanetary atmospheres is currently in its infancy,
with only a handful of observations
taken so far. Hubble’s successor, the
James Webb Space Telescope, will
open a new infrared window on
the study of exoplanets and their
atmospheres.
n
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“Born again” stars,
a solved mystery
by NASA/McDonald Obs.

U

niversity of Texas astronomer
Natalie Gosnell has used Hubble Space Telescope to better
understand why some stars aren’t
evolving as predicted. These so-called “blue stragglers” look hotter
and bluer than they should for their
advanced age.
It’s almost as if they were somehow
reinvigorated to look much younger
than they really are. Though blue
stragglers were first identified 62 years ago, astronomers have yet to converge
on a solution for their odd
appearance. The most popular explanation among several competing theories is
that an aging star spills material onto a smaller companion star. The small star
bulks up on mass to become
hotter and bluer while the
aging companion burns out
and collapses to a white
dwarf – a burned out cinder.
To test this theory Gosnell’s
team conducted a survey of
the open star cluster NGC
188 that has 21 blue stragglers. Of those, she found
that seven had white dwarf
companions, by identifying
their ultraviolet glow that
is detectable by Hubble.
Of the remaining 14 of the
21 blue stragglers, a further
seven show evidence of
so-called mass transfer between stars in other ways.

Gosnell said she believes these are
older white dwarf-blue straggler binaries, and indicate two-thirds of
blue stragglers form through mass
transfer. “This was really great,”
Gosnell says. “Until now there was
no concrete observational proof,
only suggestive results,” Gosnell
said. “It’s the first time we can place
limits on the fraction of blue stragglers formed through mass transfer.” This discovery sheds light on
the physical processes responsible
for changing the appearance of 25

percent of evolved stars. The problem came to light because in recent
years, astronomers have been able
to make a complete and accurate
census of stars in a number of open
star clusters, Gosnell said.
“Open clusters really are the best
laboratory for the study of stellar evolution,” Gosnell said. “They
have a simple stellar population.”
The stars in a cluster form at the
same time and from the same materials, she explained. The cluster
population studies revealed that up
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red giant is left with only its
core, making it into a white
dwarf. The partner — initially the less massive of the
pair, but now the heavier
one — becomes a blue straggler. Gosnell’s method is limited by the fact that it will
not detect white dwarfs that
have cooled down enough
so that they don’t glow in
UV light detectable by Hubble. That means that only
those white dwarfs formed
in the last 250 million years
(youngsters, astronomically
speaking) are detectable.
Knowing more about how
these stars form is important
because astronomers use
their assumptions to model
the stellar populations of
distant galaxies, where the
light from all the stars
blends together. “You don’t
want to be ignoring 25 percent of the evolved stars in
those galaxies,” Gosnell said.
Such models are important
because distant galaxies
figure into many different
types of cosmological studies. “Right now — Gosnell
said — the models have a lot
of room for improvement.”
“If we tweak the way models treat
mass transfer, that would bring the
observations and theory together,”
Gosnell said.
“They would agree. And we can use
this to inform our understanding
of unresolved stellar populations”
— that is, those stars in galaxies so
far away that all their light is blended together. Gosnell plans to continue studying these stars using the
2.7-meter Harlan J. Smith Telescope
at McDonald Observatory and its
IGRINS spectrograph to constrain
the number of blue stragglers that
could form through mergers in triple systems.
n

revious page, a normal star in a binary system gravitationally pulls in matter from an aging
companion star that has swelled to a bloated red giant that has expanded to a few hundred
times of its original size. Below, after a couple hundred million years the red giant star has burned
out and collapsed to the white dwarf that shines intensely in ultraviolet wavelengths. The companion star has bulked up on the hydrogen siphoned off of the red giant star to become much hotter,
brighter and bluer than it was previously. [NASA/ESA, A. Feild (STScI)]

to a quarter of the oldest stars “are
not evolving like we think they’re
supposed to,” Gosnell said. Stars
that astronomers expected to become red giants (like Aldebaran,
the eye of Taurus, the bull) instead
became “blue stragglers,” unexpectedly bright, blue stars with a host of
strange characteristics.
Gosnell wanted to find out what
happened to them. So she, along
with Bob Mathieu at the University
of Wisconsin-Madison and their collaborators, designed a study using
Hubble Space Telescope’s Advanced
Camera for Surveys to try to differentiate between three theories of

how these stars became blue stragglers. The theories included: collisions between stars in the cluster
(with debris coalescing to form a
blue straggler), the merger of two
of the stars in a triple star system, or
mass transfer between two stars in a
binary pair. In a binary pair of stars,
the larger star will evolve faster,
Gosnell said. That star becomes a red
giant. A red giant is so bloated that
the outermost layers of gas on its
surface are only tenuously held by
the star’s gravity. They can be pulled
off by the gravity of the companion
star. This is mass transfer. As the gas
is siphoned off by the partner, the
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Hubble’s planetary
portrait captures
changes in Jupiter’s
Great Red Spot
by NASA

S

cientists using the NASA/ESA
Hubble Space Telescope have
produced new maps of Jupiter
that show the continuing changes
in its famous Great Red Spot. The
images also reveal a rare wave structure in the planet’s atmosphere
that has not been seen for decades.
The new image is the first in a series of annual portraits of the Solar
System’s outer planets, which will
give us new glimpses of these remote worlds, and help scientists to
study how they change over time.
In this new image of Jupiter a
broad range of features have been
captured, including winds, clouds
and storms. The scientists behind
the new images took pictures of
Jupiter using Hubble’s Wide Field
Camera 3 over a ten-hour period
and have produced two maps of
the entire planet from the observa-

T

tions. These maps make it possible
to determine the speed of Jupiter’s
winds, to identify different phenomena in its atmosphere and to
track changes in its most famous
features. The new images confirm
that the huge storm which has

raged on Jupiter’s surface for at
least three hundred years continues to shrink, but that it may not
go out without a fight. The storm,
known as the Great Red Spot, is
seen here swirling at the centre of
the image of the planet. It has been

his new image from the largest
planet in the Solar System, Jupiter,
was made during the Outer Planet Atmospheres Legacy (OPAL) programme.
The images from this programme make
it possible to determine the speeds of Jupiter’s winds, to identify different phenomena in its atmosphere and to track
changes in its most famous features. [NASA, ESA, A. Simon (GSFC), M. Wong (UC Berkeley), and G. Orton (JPL-Caltech)]
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sing the NASA/ESA Hubble Space Telescope scientists have produced new maps of Jupiter. The data
in the Jupiter map shown here were taken during the
Hubble Outer Planet Atmospheres Legacy (OPAL) programme. This map has been projected onto a rotating
globe, which allows us to see the whole of the planetary surface. [NASA, ESA, A. Simon (GSFC), M. Wong (UC
Berkeley), G. Orton (JPL-Caltech), and G. Bacon (STScI)]

decreasing in size at a noticeably
faster rate from year to year for
some time. But now, the rate of
shrinkage seems to be slowing
again, even though the spot is still
about 240 kilometres smaller than
it was in 2014.
The spot’s size is not the only
change that has been captured by
Hubble. At the centre of the spot,

the
entire
coming visible when it propagates
width of the
up into the cloud deck, according
vortex. This
to the researchers.
filamentary
The observations of Jupiter form
streamer ropart of the Outer Planet Atmotates
and
spheres Legacy (OPAL) programtwists throughout the ten-hour
me, which will allow Hubble to dedspan of the Great Red Spot image
icate time each year to observing
sequence, distorted by winds that
the outer planets.
are blowing at
540 kilometres
per hour.
There is another
feature of interest in this new
view of our
giant neighbour.
Just north of the
planet’s equator, researchers
have found a
rare wave structure, of a type
that has been
n overlaying both created maps on a globe, the movespotted on the
ment of the dust lanes becomes visible. This allows
planet only once scientists to calculate the wind speed in Jupiter’s atmobefore, decades sphere. [NASA, ESA, A. Simon (GSFC), M. Wong (UC
ago by the Voy- Berkeley), G. Orton (JPL-Caltech), and G. Bacon (STScI)]
ager 2 mission,
which was launched in 1977. In the
In addition to Jupiter, Neptune and
Voyager 2 images the wave was
Uranus have already been observed
barely visible and astronomers beas part of the programme and maps
gan to think its appearance was a
of these planets will be placed in
fluke, as nothing like it has been
the public archive. Saturn will be
seen since, until now.
added to the series later.
The current wave was found in a reThe collection of maps that will be
gion dotted with cyclones and antibuilt up over time will help sciencyclones. Similar waves — called
tists not only to understand the
baroclinic waves — sometimes apatmospheres of giant planets in
pear in the Earth’s atmosphere
the Solar System, but also the atwhere cyclones are forming.
mospheres of our own planet and
The wave may originate in a clear
of the planets that are being dislayer beneath the clouds, only becovered around other stars.
n

I

which is less intense in colour than
it once was, an unusual wispy filament can be seen spanning almost
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The birth of monsters
by ESO

J

ust counting the number of galaxies in a patch of sky provides
a way to test astronomers’ theories of galaxy formation and evolution. However, such a simple task
becomes increasingly hard as astronomers attempt to count the
more distant and fainter galaxies.
It is further complicated by the fact

E

that the brightest and easiest galaxies to observe — the most massive galaxies in the Universe — are
rarer the further astronomers peer
into the Universe’s past, whilst the
more numerous less bright galaxies
are even more difficult to find.
A team of astronomers, led by Karina Caputi of the Kapteyn Astronomical Institute at the University
of Groningen, has now unearthed
many distant galaxies that had es-

caped earlier scrutiny. They used
images from the UltraVISTA survey,
one of six projects using VISTA
to survey the sky at near-infrared
wavelengths, and made a census of
faint galaxies when the age of the
Universe was between just 0.75 and
2.1 billion years old.
UltraVISTA has been imaging the
same patch of sky, nearly four times
the size of a full Moon, since December 2009. This is the largest

SO’s VISTA survey telescope has spied a horde of previously hidden massive galaxies that existed when the Universe was in its infancy. By discovering and studying more of these galaxies than ever before, astronomers have for
the first time found out exactly when such monster galaxies first appeared. The newly discovered massive galaxies are
marked on this image of the UltraVISTA field. [ESO/UltraVISTA team. Acknowledgement: TERAPIX/CNRS/INSU/CASU]
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patch of sky ever imaged to these
depths at infrared wavelengths.
The team combined these UltraVISTA observations with those from
the NASA Spitzer Space Telescope,
which probes the cosmos at even
longer, mid-infrared wavelengths
(ESO’s VISTA telescope observed
in the near-infrared wavelength
range 0.88–2.15 μm while Spitzer
performed observations in the midinfrared at 3.6 and 4.5 μm).
“We uncovered 574 new massive
galaxies — the largest sample of
such hidden galaxies in the early
Universe ever assembled,” explains
Karina Caputi. “Studying them allows us to answer a simple but important question: when did the
first massive galaxies appear?”
Imaging the cosmos at near-infrared wavelengths allowed the astronomers to see objects that are both
obscured by dust, and extremely
distant, created when the Universe
was just an infant. The expansion
of space means that the more distant a galaxy is, the faster it appears to be speeding away from an
observer on Earth. This stretching
causes the light from these distant
objects to be shifted into redder
parts of the spectrum, meaning
that observations in the near-tomid infrared are necessary to capture the light from these galaxies.
The team discovered an explosion

A

few of the newly discovered massive galaxies are shown in close-up on
these small subsets of the UltraVISTA field. [ESO/UltraVISTA team.
Acknowledgement: TERAPIX/CNRS/INSU/CASU]

in the numbers of these galaxies in
a very short amount of time.
A large fraction of the massive galaxies (more than 50 billion times
the mass of the Sun) we now see
around us in the nearby Universe
were already formed just three billion years after the Big Bang. “We
found no evidence of these massive
galaxies earlier than around one
billion years after the Big Bang, so
we’re confident that this is when
the first massive galaxies must have
formed,” concludes Henry Joy McCracken, a co-author of the study.
In addition, the astronomers found
that massive galaxies were more

T

his
video
shows the
massive galaxies discovered in the
early Universe. [ESO/
UltraVISTA
team. Acknowledgement: TERAPIX/CNRS/IN
SU/CASU]

plentiful than had been thought.
Galaxies that were previously hidden make up half of the total number of massive galaxies present
when the Universe was between
1.1 and 1.5 billion years old (this is
equivalent to redshifts between
z=5 and z=4). These new results,
however, contradict current models of how galaxies evolved in the
early Universe, which do not predict any monster galaxies at these
early times.
To complicate things further, if
massive galaxies are unexpectedly
dustier in the early Universe than
astronomers predict then even UltraVISTA wouldn’t be able to detect them. If this is indeed the case,
the currently-held picture of how
galaxies formed in the early Universe may also require a complete
overhaul.
The Atacama Large Millimeter/submillimeter Array (ALMA) will also
search for these game-changing
dusty galaxies. If they are found
they will also serve as targets for
ESO’s 39-metre European Extremely Large Telescope (E-ELT), which
will enable detailed observations of
some of the first ever galaxies. n
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Curiosity visi
sand dunes
of Mars
by Michele Ferrara

A

track left by
one of the
Curiosity rover’s
wheels near a Martian sand dune,
photographed on
2 December with
the Mastcam. The
scene is a mosaic
of several individual images,
shown with colours and lighting
conditions that
simulate a terrestrial environment.
[NASA/JPL-Caltech/MSSS]
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Just as in terrestrial deserts, also on Mars there are
areas covered with sand
dunes, which are slowly
transformed by the wind
action. The Mars Curiosity
rover has reached one of
these dunes and has begun
analyzing it to see if the
wind is able to sort out
sand grains according to
their size and weight, performing thereby a mineralogical differentiation.

I

n the second half of 2015, Pluto has stolen the limelight from all the other planets, and for a while we have forgotten
that on Mars, the Curiosity rover continues
relentlessly its slow march at the foot of
Mount Sharp in Gale Crater. After its landing in 2012 in a flat area of the crater, the
rover began its long journey towards the
higher formations rising at the centre of
the structure. Along the way, it repeatedly
dug and drilled the ground, examining soil
samples in its internal laboratory and by
means of external instruments. Curiosity
has then reached the base of Mount Sharp
in September 2014, continuing its exploration of the red planet without any particular problems. In November 2015, bordering
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n the left, area around
High Dune, the first
Martian dune studied up
close as from end-November. This territory is part of
the active dunes complex
called Bagnold Dunes,
along the northwestern
slopes of Mount Sharp, inside Gale Crater. Also in this
case, the colours and lighting conditions simulate a
terrestrial environment.
[NASA/JPL-Caltech/MSSS]

along the northwestern
flanks of Mount Sharp,
the rover finally reached
an area with spectacular
sand dunes up to 6-7 metres high, very similar to
those of terrestrial deserts. It is the first time ever
that structures of this
type are being observed
so closely. So far had been
visited only undulations
similar in appearance but
much lower, such that they
cannot be defined dunes,
term used for indicating
conformations which have
a downwind face sufficiently steep to allow the
sand of which they are
composed to slide down.
The area reached by Curiosity had been (informally) named Bagnold
Dunes, in honour of Ralph
Alger Bagnold, British army officer and engineer, who had been
a pioneer in the study of the effects of wind on the migration of
the dunes’ sand grains. The study
of these Mars structures has many
interesting aspects. One in particular is the fact that they are
still active, in that they are moving about 1 metre every Earth
year, as shown by careful observations made with the High Res-

A

bove, a shallow layer of
Martian sand,
located at High
Dune. The sand
has been loosened by a wheel of
Curiosity to expose the underlying material,
containing a component of fine
sand that on the
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surface has already
been removed by
the wind. The
image is a mosaic
of photographs
taken on 3 December with the
Mars Hand Lens
Imager (MAHLI).
The captured area
is just 3.3 × 2.5
cm. [NASA/JPLCaltech/MSSS]
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olution Imaging Science Experiment (HiRISE) on NASA's Mars Reconnaissance Orbiter (MRO); it will thus be interesting
studying the phenomenon in-situ. Besides
the dunes’ migration process, researchers
are also keen to investigate the mineralogical composition of the sand grains forming them. Since this sand is also the basic
component of ancient sandstone rocks rather common on Mars, understanding the
sand grains composition and evolution can
help us to better interpret the sandstone

internal structure and assess to what extent its formation can be attributed to
water.
The relative abundance of certain minerals
– such as olivine (fairly widespread in the
solar system) – inside rock layers can provide an idea of the role of water in a given
scenario, although certain concentrations
may, however, also have different origins.
In particular, if the Martian wind is actually
able to perform a kind of “preliminary sorting” of the minerals, according to the size
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and weight of the sand grains containing
them, the effect would be that the study
of the sandstone resulting from the transformation of this selected sand could lead
to erroneous assessments of the role of
water in its formation. In short, a more
thorough understanding of the mechanisms acting on the dunes may have implications in a more general assessment of
the role of water on Mars. Curiosity has

PLANETOLOGY

now, in fact, the task of understanding if
the wind actually sorts the minerals, as
well as how it moves individual grains of
sand and what differences there are between the top-most layer of sand and
those underneath. The rover has already
started with its wheels to loosen the soil of
the first dune encountered (High Dune)
and to investigate it with its instrumentation. Inevitably, before we have the results a lot more wind will blow
where Curiosity is. For now, it has
only been possible to ascertain,
through surveys by the Compact
Reconnaissance Imaging Spectrometer on the MRO, that the mineralogical composition of Bagnold
Dunes is not evenly distributed.
Pending further specific information, we can meanwhile admire on
these pages the first highly detailed images released by NASA of
the place where the rover is currently operating.
n

C

lose-up of
sand grains of
High Dune, not
disturbed by the
Curiosity rover’s
activity. This shot
was taken on 5
December with
the Mars Hand
Lens Imager (MAHLI). The framed
area is only 3.6 ×
2.7 cm. [NASA/JPLCaltech/MSSS]
On the side, an
exciting video
that retraces the
50 years of Mars
exploration and
anticipates what
will happen in
the near future.
[NASA]

Image: Saturn by NASA
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