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Stranger and more unpredictable worlds
The originality of nature in creating planetary systems far exceeds the researchers’ imagination in predicting their characteristics through mathematical models. The variety of new worlds that are being discovered appears endless, so much so that many of the more recently studied planets should not even...

ALMA spots baby star’s growing blanket
A team led by Yusuke Aso (a graduate student at the University of Tokyo) and Nagayoshi Ohashi (a professor at the Subaru Telescope, National Astronomical Observatory of Japan) observed the baby star
named TMC-1A located 450 light years away from us, in the constellation Taurus (the Bull). TMC-1A is...

Behemoth black hole found in an unlikely place
Astronomers have uncovered a near-record-breaking supermassive black hole, weighing 17 billion suns, in
an unlikely place: in the center of a galaxy in a sparsely populated area of the universe. The observations,
made by NASA's Hubble Space Telescope and the Gemini telescope in Hawaii, could indicate that these...

The realm of buried giants
In this huge new image clouds of crimson gas are illuminated by rare, massive stars that have only recently
ignited and are still buried deep in thick dust clouds. These scorching-hot, very young stars are only fleeting
characters on the cosmic stage and their origins remain mysterious. The vast nebula where these giants...

2060: postcards from Alpha Centauri
A preliminary in-depth study is currently underway for an ambitious project called Breakthrough Starshot,
whose aim is the exploration of the Alpha Centauri system within an incredible short time, supposed
inconceivable thus far. A flotilla of miniprobes will reach this target in just 20 years from its launch...

Planet formation in Earth-like orbit around young star
This new image from the Atacama Large Millimeter/submillimeter Array (ALMA) shows the finest detail
ever seen in the planet-forming disc around the nearby Sun-like star TW Hydrae. It reveals a tantalising
gap at the same distance from the star as the Earth is from the Sun, which may mean that an infant...

Hubble breaks cosmic distance record
Using the NASA/ESA Hubble Space Telescope an international team of astronomers has measured the
distance to this new galaxy, named GN-z11. Although extremely faint, the galaxy is unusually bright
considering its distance from Earth. The distance measurement of GN-z11 provides additional strong...

ExoMars: is this our best chance?
After 40 years from the first Viking probe landing on Mars, the search for life on the red planet is now
continuing with the ExoMars mission, that within 3-4 years could tell us if certain surface regions, which
seem ideal habitats for basic forms of life, had been or still are affected by the presence of microorganisms.

ATLASGAL survey of Milky Way completed
APEX, the Atacama Pathfinder EXperiment telescope, is located at 5100 metres above sea level on the
Chajnantor Plateau in Chile’s Atacama region. The ATLAS-GAL survey took advantage of the unique
characteristics of the telescope to provide a detailed view of the distribution of cold dense gas along...

NASA introduces Wide-Field Infrared Survey Telescope
After years of preparatory studies, NASA is formally starting an astrophysics mission designed to help unlock the secrets of the universe — the Wide-Field Infrared Survey Telescope (WFIRST). With a view 100
times bigger than that of NASA's Hubble Space Telescope, WFIRST will aid researchers in their efforts...
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Stranger and
unpredictabl
worlds
by Michele Ferrara

The originality of nature in creating planetary systems far exceeds the researchers’ imagination in
predicting their characteristics through mathematical models. The variety of new worlds
that are being discovered appears endless, so much so that many of the
more recently studied planets
should not even exist...
but only in theory!

A

rtist’s conception of
planet 55 Cancri
e, transiting on
the disk of its
host star. This
blazing-hot world
is the first superEarth whose atmosphere has
been analyzed.
[ESA/Hubble, M.
Kornmesser]
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I

n recent months, Pluto, gravitational waves and Martian missions
seems to have relegated to the
background the constant and increasingly interesting discoveries of exoplanets, which follow one another in
quick succession and that progressively bring us closer to the identification of worlds similar to our own.
In this article we will focus on those
discoveries that more than others
have surprised researchers.

THE LARGEST ROCKY PLANET
For some years, the varied world of
extrasolar planets has put to a hard
test the theories and models attempting to interpret their chemical,
physical and dynamic properties.
The basic problem lies in the fact
that, historically, our knowledge on
the birth and evolution of the planetary system in which we live is
only partly directly applicable to
other systems. It follows that
what was for us was the norm,
i.e., the typical architecture
of the solar system and characteristics of the planets in
it, now it appears more and
more as one of the many
and diverse possible realities. Indeed, for certain
aspects it is our system
that does not seem to fall
within the norm. We do
not have, for example,
that class of planets called
super-Earths, which may be
the most common in the
Milky Way.
Based on seemingly solid theoretical arguments, these planets should have a mass of up to
10 Earth masses, but even this
certainty has fallen apart, as a result of a study conducted by a
group of astrophysicists of the Pontificia Universidad Católica de Chile,
coordinated by Néstor Espinoza. The
researchers, thanks to observations
made with the Kepler space tele-
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A

bove and right, two archive images (Palomar Observatory Sky Survey) of the
super-massive rocky planet
BD+20594b (in the centre of
the red circle, while its host
star BD+20594 is in the black
one). Below, the most recent
picture of the same planet, obtained by the Las Cumbres Observatory Global Telescope. [N.
Espinoza et al./Pontificia Universidad Católica de Chile]

scope and the HARPS spectrograph of ESO,
have discovered that in the constellation of
Aries, around the star BD+20594, about 500
light-years away, there is a planet 16 times
more massive than the Earth, thus a size
very similar to those of our gas planets Uranus and Neptune. Instead of having a diameter comparable to these (about 50,000
km), the new planet, called BD+20594b, has
a diameter not much greater than half that
size, and accordingly a very high average
density, about 8 grams per cubic centimetre, which indicates an essentially rocky
composition; a surprising fact if we consider
that according to the current models on
planet formation, a super-Earth with this
mass should not exist.

L

ight curve of the transit of the super-Earth BD+20594b on the disk of the star BD+20594.
The curve is based on photometric observations made by the Kepler space telescope
during the K2 mission. [N. Espinoza et al./Pontificia Universidad Católica de Chile]
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C

omparison between the positions and sizes of
the Kepler-36 planets and those of Mercury
(the stars are not to scale). Below, an imaginative
representation of Kepler-36b and Kepler-36c which,
due to their very close orbits, are as close as two
planets can get. [Rodrigo Luger/NASA images]

A

bove, an example of
how planet BD
+20594b might
appear to a hypothetical visitor.
With a mass 16
times that of the
Earth and a diameter more than
twice that of the
Earth it is the largest rocky planet
discovered so far.
Its revolution period only lasts 42
days. [NASA/JPLCaltech]

KEPLER-36’S NON-IDENTICAL TWINS
Another recent, puzzling case concerned
the two known planets of Kepler-36, a sunlike star located 1,530
light-years away in the
constellation Cygnus.
The two planets have
the particular characteristic of orbiting extremely close to one another, such that (at the
minimum distance) they
are separated by only 2
million kilometres, or 5
times the average EarthMoon distance. But even
more peculiar is the fact

that despite having formed at the same
time, approximately at the same distance
from their star (0.115 AU and 0.128 AU), the
two objects have very different average
densities which are difficult to interpret if
we consider that the size of the two planets
are not significantly different: the inner
one, Kepler-36b, is a super-Earth, while the
outer one, Kepler-36c, is a mini-Neptune
(two proximate planetary classes). One is
thus rocky, with a negligible atmosphere in
terms of mass, while the other has a solid
core surrounded by an extended gaseous
envelope of hydrogen and helium. In order
to make sense of the glaring differences
between the two planets, James Owen (Institute for Advanced Study, Princeton) and
Timothy Mortom (Princeton University) reprocessed the archival data of the Kepler
space telescope, with the aim of establishing the initial physical conditions of the two
planets and the weight of the stellar radiation in the evaporation process of the atmosphere during the 6 billion years since the
birth of this system. It was found that when
the two planets were formed, they were
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A

n exaggerated depiction
of the transit of
the Kepler-36
planets observed
from Kepler. In
reality the telescope sees the
star as a dot and
does not directly see the two
planets. [NASA
Ames, W. Stenzel]

much more similar to each other than they
are today: Kepler-36b had a thicker atmosphere corresponding to nearly 10 percent
of its total mass, compared to 15-30 percent
represented instead by Kepler-36c’s atmosphere. The evaporation induced by the stellar radiation has, over time, been more effective on the inner planet’s atmosphere,
not as much for its closer proximity to the
star, but for its lower initial core mass, which
the model developed by
Owen and Mortom indicates to have been of 4.4
Earth masses, compared
to the 7.3 Earth masses
of Kepler-36c’s core; a
difference that is also at
the root of the different
efficiency in accumulating the early atmosphere.
The case of Kepler-36 system will help researchers
define a relationship between the mass of the
atmosphere and that
of the core at the birth
of the planets, and to
better define the evolutionary processes affecting them.

ROGUE PLANET IN THE BETA PICTORIS
MOVING GROUP
As we have just seen, that of Kepler-36 is
one of those planetary systems best suited
to be investigated through the transit
technique, which at the same time reveals
the planetary diameters, the orbital periods
and even the masses if two planets orbit sufficiently close to each other to cause the
transits of the other to be early or late, due

B

elow, a possible look of
the giant rogue
planet PSO J31822, roaming alone
in space, within
the Beta Pictoris
moving group.
[NASA]
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to their mutual attraction. The fact is, however, that with this technique the planets remain invisible, in the sense that they are not
directly observable, and thus do not lend
themselves to an easy spectroscopic investigation. It is true that if we subtract the stellar spectrum, it is possible with difficulty to
extract the more obvious lines left by the
chemical elements of the atmosphere of a
planet in transit, but if there is no atmosphere, then no information can be obtain-

A

real image
of the rogue
planet PSO J31822, which, by
being very young
and hot, it is particularly bright in
the red and nearinfrared. [N. Metcalfe/Pan-STARRS
1 Science Consortium]

ed. This problem does not exist for a particular class of planets, so-called ‘free-floating’, that roam through space since not
bound by the gravitational relationship
with the star around which they formed.
The latest of these objects was discovered
inside a young stellar association known as
the Beta Pictoris moving group, whose
members are characterized by the common
motion of translation in space. The new
planet, called PSO J318.5338-22.8603 (PSO
J318-22 for short), has been detected by a
team of researchers led by Katelyn Allers,
Bucknell University, through spectroscopic
observations made in the near infrared with
the Gemini North telescope. The survey

made it possible to calculate the rotational
and radial velocities of the object. The latter,
combined with the already known tangential velocity (and spatial position), has confirmed that PSO J318-22 is a member of the
Beta Pictoris moving group, allowing to attribute to the object the same age of the
other members, about 23 million years old.
Once established its age, the extremely red
colour and apparent brightness, Allers and
colleagues were able, through appropriate evolutionary models, to
determine that the object
is not, as we would have
expected, a failed star (a
brown dwarf) but a rogue
planet with roughly 8.3
times the mass of Jupiter
and a ‘surface’ temperature of 1,130 Kelvin. By
combining the spectroscopic data with equally up-todate data on the photometric variability of PSO
J318-22, the researchers
also found that its axis of
rotation appears inclined
of at least 29 degrees, and
that its rotation period is
between 5 and 10.2 hours,
with an equatorial velocity
that is consistent with the
relationship between mass
and velocity found in the
giant planets of our solar
system. PSO J318-22 is the
third known planet in the Beta Pictoris moving group (the only rogue one), while the
others are 51 Eridani b, slightly larger than
Jupiter, and Beta Pictoris b, about 11 Jupiter masses. The intermediate mass of PSO
J318-22 and the absence of a star in its immediate vicinity make it an excellent laboratory for testing our theories of planetary
evolution.
INVESTIGATED THE ATMOSPHERE
OF A SUPER-EARTH
After several unsuccessful attempts, astronomers were able to examine the composition of a super-Earth’s atmosphere for the
first time. The planet in question, Cancri e
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(‘e’ indicates that it was the fourth planet
discovered in that system), rotates as easy
to guess around the star 55 Cancri, a star similar to the Sun, located just 40 light-years
away from Earth. The revolution period

T

hanks to the consistency and high temperature of 55 Cancri e’s atmosphere, researchers
were able to chemically analyze it during the
transit on the stellar disk, after isolating its spectrum from that of 55 Cancri. Below, schematic illustration of the internal structure of the planet,
which according to some researchers may have
a thick layer formed of pure carbon, i.e. diamonds. [NASA, Haven Giguere/Yale University]

PLANETOLOGY

of 55 Cancri e is
very short, about
18 hours, which implies that the visible ‘surface’ of the
planet is characterized by very high temperatures, even up to
2,000 degrees C. In a
scenario such as this, if
the ‘blazing-hot’ planet
has an atmosphere sufficiently dense and transits
on the disk of its host star,
there is the possibility to separate the stellar spectrum from
the planetary atmosphere, in
being also this rather intense. This
is the case of 55 Cancri e, that besides transiting on the stellar disk it
is also surrounded by a dense gaseous
envelope, which has been recently investigated by an international team led by
researchers of the University College London. By processing with new analytical techniques the data collected on the 55 Cancri
system by the Hubble Space Telescope, the
researchers found that planet ‘e’, whose
mass is more than 8 times that of the Earth,

I

n the background, a representation of
55 Cancri e, the
first super-Earth
to have its atmosphere analyzed.
The surface temperature is about
2000 degrees C.
[ESA/Hubble/
M. Kornmesser]
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http://phys.org/news/2016-03-rocky-exoplanetreveals-lava-world.html

A

ccording to a recent study by a team from the University of Cambridge (UK), 55 Cancri e presents always the
same hemisphere to its star. It follows that while in the lit
hemisphere the temperatures can go up to 2,500 degrees C,
in the dark one should not exceed 1,100 degrees C. It is
very likely that due to the high temperature difference between the two hemispheres, the atmosphere is swept by
blustering blazing-hot winds. As shown in this video, it is
possible that those extreme conditions are leading to the
slow dispersion of the atmosphere. [NASA/JPL-Caltech]

is surrounded by a thick atmosphere, composed mostly
of hydrogen and helium, virtually free of water vapour
and thus of oxygen, but at the same time also rich in carbon. The massive presence on the planet of this element
was already known, but the established absence of oxygen (at least in detectable amounts) now strengthens
the hypothesis that the solid mass of 55 Cancri e is com-

MAY-JUNE 2016

posed in substantial part of materials so rich in carbon
that about one-third of the planet’s inner mass, where
the temperatures and pressures are extremely high,
maybe constituted of diamond. In short, an unpredictable planet, far from the models imagined for the typical
Earth-like planets, in which oxygen is instead a fundamental component of the solid, liquid and gas mass. n
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ALMA spots baby
star’s growing blanket
by ALMA Observatory

A

team led by Yusuke Aso (a
graduate student at the
University of Tokyo) and
Nagayoshi Ohashi (a professor at
the Subaru Telescope, National
Astronomical Observatory of Japan) observed the baby star
named TMC-1A located 450 light

years away from us, in the constellation Taurus (the Bull). TMC1A is a protostar, a star still in the
process of forming. Large amounts
of gas still surround TMC-1A.
Stars form in dense gas clouds.
Baby stars grow by taking in the
surrounding gas, like a fetus receiv-

ing nutrition from the mother’s
placenta. In this process, gas cannot flow directly into the star.
Instead it first accumulates and
forms a disk around the star, and
then the disk feeds into the star.
However, it is still unknown when
in the process of star formation this

MAY-JUNE 2016
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I

n the background, an artist’s impression of the baby star TMC-1A.
The star is located in the center and
surrounded by a rotating gas disk.
Gas is infalling to the disk from the
envelope further out. Below, the
animation of the same scene. [NAOJ]

disk appears and how it evolves.
Lack of sensitivity and resolution
in radio observations has made it
difficult to observe these phenomena.
“The disks around young stars are
the places where planets will be
formed,” said Aso, the lead author

MAY-JUNE 2016

of the paper that appeared in The
Astrophysical Journal. “To understand the formation mechanism of
a disk, we need to differentiate
the disk from the outer envelope
precisely and pinpoint the location
of its boundary.” Using ALMA, the
team directly observed the bound-

http://www.almaobservatory.org/en/pressroom/press-releases/930-alma-spotsbaby-stars-growing-blanket
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C

omposite image of TMC-1A observations.
Dense gas seen around the star with ALMA
is shown in red. ALMA also spotted outflowing
gas from the star, a feature often seen around
baby stars; this outflowing gas is shown in
white. The position of the star is indicated with
a cross. [ALMA (ESO/NAOJ/NRAO), Aso et al.]

ary between the inner rotating disk and the
outer infalling envelope with high accuracy for
the first time. Since gas from the outer envelope
is continuously falling into the disk, it had been
difficult to identify the transition region in previous studies. In particular, the tenuous but high
speed gas in rotating disks is not easy to see.
But ALMA has enough sensitivity to highlight
such a component and illustrate the speed and
distribution of gas in the disk very precisely.
This enabled the team to distinguish the disk
from the infalling envelope.
The team found that the boundary between
the disk and envelope is located 90 astronomical units from the central baby star. This distance is three times longer than
the orbit of Neptune, the outermost planet in the Solar System. The ob-

G

as motion around TMC-1A. The red color indicates gas is moving away from us
while the blue color is coming closer to us. [ALMA (ESO/NAOJ/NRAO), Aso et al.]

served disk obeys Keplerian rotation: the material orbiting closer to
the central star revolves faster than
material further out.
The high-sensitivity observations
provided other important information about the object.
From detailed measurement of the
rotation speed, the research team
could calculate that the mass of the
baby star is 0.68 times the mass of
the Sun.
The team also determined the gas
infall rate to be a millionth of the
mass of the Sun per year, with a
speed of 1 km per second. Gravity
causes gas to fall towards the central baby star, but the measured
speed is much less than the free-fall
speed. Something must be slowing
the gas down. The researchers suspect that a magnetic field around
the baby star might be what is slowing the gas.
“We expect that as the baby star
grows, the boundary between the
disk and the infall region moves
outward,” said Aso. “We are sure
that future ALMA observations will
reveal such evolution.”
n
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Catch a Star 2016 Contest Now Open
Catch a Star is a contest organised as a collaboration
between the European Association for Astronomy
Education (EAAE) and ESO. Its goal is to stimulate the creativity and independent work of
students, to strengthen and expand their
astronomical knowledge and skills.
How to Participate
http://www.eaae-astronomy.org/catchastar/participate-menu

Contacts
Oana Sandu
Community Coordinator & Strategy Officer
ESO education and Public Outreach Department
Tel: +49 89 320 069 65
Email: osandu@partner.eso.org

School students around
the world are invited to take
part in the 2016 Catch a Star
astronomy writing contest.
To participate, students should submit a written report on an astronomical topic of their choice — for example,
an astronomical object, phenomenon,
observation, scientific problem or theory.
Reports must be written in English and be
no more than 5000 words in length. They may
be undertaken by groups of up to three students, plus a group leader who is not a student.
Each submission must be emailed as a PDF file to
astro.edu@gmail.com. The deadline for all entries
is 30 November 2016.
The five winners will each receive a mounted image of
a fascinating astronomical object, courtesy of ESO. In
addition, each winner will also have the chance to carry
out remote observations at the National Astronomical Observatory "Rozhen", Bulgaria, or to hold a video conference
with a professional astronomer.
Catch a Star is organised jointly by the European Association
for Astronomy Education (EAAE) and ESO. Its aim is to encourage creativity and independent work amongst students, and to
strengthen and expand their astronomical knowledge and skills.
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Behemoth black hole
found in an unlikely
place
by NASA

A

stronomers have uncovered a
near-record-breaking supermassive black hole, weighing
17 billion suns, in an unlikely place:
in the center of a galaxy in a sparsely
populated area of the universe. The
observations, made by NASA's Hubble Space Telescope and the Gemini
telescope in Hawaii, could indicate
that these monster objects may be
more common than once thought.
Until now, the biggest supermassive
black holes — those roughly 10 billion times the mass of our sun —
have been found at the cores of very
large galaxies in regions of the universe packed with other large galaxies. In fact, the current record
holder tips the scale at 21 billion
suns and resides in the crowded
Coma galaxy cluster, which consists
of over 1,000 galaxies. "The newly
discovered supersized black hole resides in the center of a massive elliptical galaxy, NGC 1600, located in a
cosmic backwater, a small grouping
of 20 or so galaxies," said lead discoverer Chung-Pei Ma, a University
of California-Berkeley astronomer
and head of the MASSIVE Survey, a
study of the most massive galaxies
and supermassive black holes in the
local universe. While finding a gigantic black hole in a massive galaxy
in a crowded area of the universe is
to be expected — like running across

T

his computer-simulated image shows a supermassive black hole at the core of a
galaxy. The black region in the center represents the black hole's event horizon,
where no light can escape the massive object's gravitational grip. The black hole's
powerful gravity distorts space around it like a funhouse mirror. Light from background stars is stretched and smeared as the stars skim by the black hole. [NASA, ESA,
and D. Coe, J. Anderson, and R. van der Marel (Space Telescope Science Institute)]

a skyscraper in Manhattan — it seemed less likely they could be found in
the universe's small towns.
"There are quite a few galaxies the
size of NGC 1600 that reside in average-size galaxy groups," Ma said.
"We estimate that these smaller
groups are about 50 times more
abundant than spectacular galaxy

clusters like the Coma cluster. So the
question now is, ‘Is this the tip of an
iceberg?' Maybe there are more
monster black holes out there that
don't live in a skyscraper in Manhattan, but in a tall building somewhere in the Midwestern plains."
The researchers also were surprised
to discover that the black hole is 10
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times more massive than they had
predicted for a galaxy of this mass.
Based on previous Hubble surveys
of black holes, astronomers had developed a correlation between a
black hole's mass and the mass of
its host galaxy's central bulge of
stars — the larger the galaxy bulge,
the proportionally more massive
the black hole. But for galaxy NGC
1600, the giant black hole's mass far
overshadows the mass of its relatively sparse bulge. "It appears that
that relation does not work very
well with extremely massive black
holes; they are a larger fraction of
the host galaxy's mass," Ma said.
Ma and her colleagues reported the
discovery of the black hole, which is
located about 200 million light-years
from Earth in the direction of the
constellation Eridanus, in the April
6 issue of the journal Nature. Jens
Thomas of the Max Planck Institute
for Extraterrestrial Physics, Garching,
Germany, is the paper's lead author.
One idea to explain the black hole's
monster size is that it merged with
another black hole long ago when
galaxy interactions were more frequent. When two galaxies merge,
their central black holes settle into
the core of the new galaxy and orbit
each other. Stars falling near the binary black hole, depending on their
speed and trajectory, can actually
rob momentum from the whirling
pair and pick up enough velocity to
escape from the galaxy's core. This
gravitational interaction causes the
black holes to slowly move closer together, eventually merging to form
an even larger black hole. The supermassive black hole then continues to
grow by gobbling up gas funneled
to the core by galaxy collisions. "To
become this massive, the black hole
would have had a very voracious
phase during which it devoured lots
of gas," Ma said. The frequent meals
consumed by NGC 1600 may also be
the reason why the galaxy resides in

T

he massive elliptical galaxy in the center of this image, taken by the Digitized
Sky Survey, resides in an uncluttered region of space. A close-up view of the galaxy, called NGC 1600, is shown in the inset image, which was taken in near-infrared
light by the Hubble Space Telescope's Near Infrared Camera and Multi-Object Spectrometer (NICMOS). [NASA, ESA, and C.-P. Ma (University of California, Berkeley)]

a small town, with few galactic neighbors. NGC 1600 is the most dominant galaxy in its galactic group, at
least three times brighter than its
neighbors. "Other groups like this
rarely have such a large luminosity
gap between the brightest and the
second brightest galaxies," Ma said.
Most of the galaxy's gas was consumed long ago when the black
hole blazed as a brilliant quasar
from material streaming into it that
was heated into a glowing plasma.
"Now, the black hole is a sleeping
giant," Ma said. "The only way we
found it was by measuring the velocities of stars near it, which are
strongly influenced by the gravity
of the black hole. The velocity measurements give us an estimate of
the black hole's mass." The velocity
measurements were made by the
Gemini Multi-Object Spectrograph
(GMOS) on the Gemini North 8meter telescope on Mauna Kea in
Hawaii. GMOS spectroscopically dissected the light from the galaxy's

center, revealing stars within 3,000
light-years of the core. Some of
these stars are circling around the
black hole and avoiding close encounters. However, stars moving on
a straighter path away from the
core suggest that they had ventured closer to the center and had
been slung away, most likely by the
twin black holes.
Archival Hubble images, taken by
the Near Infrared Camera and MultiObject Spectrometer (NICMOS), support the idea of twin black holes
pushing stars away. The NICMOS
images revealed that the galaxy's
core was unusually faint, indicating
a lack of stars close to the galactic
center. A star-depleted core distinguishes massive galaxies from standard elliptical galaxies, which are
much brighter in their centers. Ma
and her colleagues estimated that
the amount of stars tossed out of
the central region equals 40 billion
suns, comparable to ejecting the entire disk of our Milky Way galaxy. n
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The realm of
buried giants
by ESO

I

n this huge new image clouds of
crimson gas are illuminated by rare,
massive stars that have only recently ignited and are still buried deep
in thick dust clouds. These scorchinghot, very young stars are only fleeting
characters on the cosmic stage and
their origins remain mysterious. The
vast nebula where these giants were
born, along with its rich and fascinating surroundings, are captured here
in fine detail by ESO’s VLT Survey Telescope (VST) at the Paranal Observatory in Chile. RCW 106 is a sprawling
cloud of gas and dust located about
12,000 light-years away in the southern constellation of Norma (The Carpenter’s Square). The region gets its
name from being the 106th entry in a
catalogue of HII regions in the southern Milky Way. The catalogue was
compiled in 1960 by three astronomers from the Mount Stromlo Observatory in Australia whose surnames
were Rodgers, Campbell and Whiteoak, hence the prefix RCW. HII regions like RCW 106 are clouds of
hydrogen gas that are being ionised
by the intense starlight of scorchinghot, young stars, causing them to
glow and display weird and wonderful shapes. RCW 106 itself is the red
cloud above centre in this new image,
although much of this huge HII region is hidden by dust and it is much
more extensive than the visible part.
Many other unrelated objects are also
visible in this wide-field VST image.
For example, the filaments to the
right of the image are the remnants

of an ancient supernova, and the
glowing red filaments at the lower
left surround an unusual and very hot
star. The supernova remnant is SNR
G332.4-00.4, also known as RCW 103.
It is about 2000 years old. The lower
filaments are RCW 104, surrounding
the Wolf–Rayet star WR 75. Although
these objects bear RCW numbers,
detailed later investigations revealed
that neither of them were HII regions.
Patches of dark obscuring dust are
also visible across the entire cosmic
landscape. Astronomers have been
studying RCW 106 for some time, although it is not the crimson clouds
that draw their attention, but rather
the mysterious origin of the massive
and powerful stars buried within. Although they are very bright, these
stars cannot be seen in visible-light
images such as this one as the surrounding dust is too thick, but they
make their presence clear in images of
the region at longer wavelengths.
For less massive stars like the Sun the
process that brings them into existence is quite well understood — as
clouds of gas are pulled together
under gravity, density and temperature increase, and nuclear fusion begins — but for the most massive stars
buried in regions like RCW 106 this explanation does not seem to be fully
adequate. These stars — known to
astronomers as O-type stars — may
have masses many dozens of times the
mass of the Sun and it is not clear how
they manage to gather, and keep together, enough gas to form. O-type

stars likely form from the densest
parts of the nebular clouds like RCW
106 and they are notoriously difficult
to study. Apart from obscuration by
dust, another challenge is the brevity
of an O-type star’s life. They burn
through their nuclear fuel in mere
tens of millions of years, while the
lightest stars have lifetimes that span
many tens of billions of years. The difficulty of forming a star of this mass,
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n this huge image of part of the southern constellation of Norma (The Carpenter’s Square) wisps of crimson gas are illuminated by rare, massive stars
that have only recently ignited and are still buried deep in thick dust clouds.
The vast nebula where these giants were born, known as RCW 106, is captured here in fine detail by ESO’s VLT Survey Telescope (VST), at the Paranal
Observatory in Chile. Many other interesting objects are also captured in this
wide-field image. For example the filaments to the right of the image are the
remnants of an ancient supernova (SNR G332.4-00.4, also known as RCW 103),
and the glowing red filaments at the lower left surround an unusual and very
hot star (RCW 104, surrounding the Wolf–Rayet star WR 75). Patches of dark
obscuring dust are also visible across the entire cosmic landscape. [ESO]

and the shortness of their lifetimes,
means that they are very rare — only
one in every three million stars in our
cosmic neighbourhood is an O-type
star. None of those that do exist are
close enough for detailed investigation and so the formation of these
fleeting stellar giants remains mysterious, although their outsized influence is unmistakeable in glowing
HII regions like this one.
n
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UCR student traces
star formation rates
in distant galaxies
by Keck Observatory

A

group of researchers, led
by a University of California,
Riverside graduate student,
observed distant galaxies with the
MOSFIRE high-resolution near-infrared spectrometer at W. M. Keck Observatory and their results will help

A

to build the foundations of galaxy
evolution studies by predicting the
star-formation rate of distant galaxies from the light they emit.
To understand the physics of the formation and evolution of galaxies it
is crucial to know at what rate galaxies form stars, referred to as the
star-formation rate. This rate shows
how active a galaxy is: young gal-

n image of distant galaxies forming stars.
[NASA, ESA and Bahram Mobasher]

axies with large amounts of gas
form many stars, while red and old
galaxies that have depleted their gas
reservoirs do not actively form stars.
Cosmological events such as mergers
between galaxies can also boost the
star-formation rate. However, unless
we are observing the Milky Way and
very close local galaxies, we cannot
detect individual stars and star-forming regions in distant galaxies.
Therefore, we need to rely on global
observable characteristics to estimate the star-formation rate of galaxies located far away.
The best way to fully understand the
properties of galaxies is by studying
them at a broad range of wavelengths; as each type of light is emitted from a different actor in a galaxy. For example, the ultraviolet light
comes from the youngest and most
massive stars, while the optical and
near-infrared continuum light is
emitted mostly from more evolved
stars. Infrared light, on the other
hand, traces dust in a galaxy, and
emission lines that are detected in
spectral lines trace the gas clouds.
The group of researchers, led by
Irene Shivaei, observed 17 bright
distant galaxies with the MOSFIRE
high-resolution near-infrared spectrometer. Then, they combined the
spectra with infrared images of the
Spitzer Space Telescope, the Herschel Space Observatory, and optical
images of the Hubble Space Telescope, to create a complete multi-
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MKO Support Astronomer Marc Kassis inspects the electronics cabinet
at the rear of MOSFIRE shortly after its delivery to the Keck I telescope’s Nasmyth deck. [W.M. Keck Observatory]

wavelength picture of their galaxies:
from rest-frame ultraviolet to restframe far-infrared.
They looked at various observables
that are commonly used to estimate
the star-formation rates in galaxies
and compare them with each other.
These star-formation rate estimators
include the ultraviolet light that is
emitted from young stars, the infrared light that shows how much of
the ultraviolet light was absorbed by
dust, and the nebular emission lines
that are caused by young stars making the clouds of gas around them
glow and radiate. These diagnostics
have been observed and tested for

local galaxies extensively in the past
decade, but for distant galaxies it is
challenging to acquire complete multi-wavelength datasets.
This study makes the first direct comparison between the optical emission line and the ultraviolet and infrared tracers of star formation and
indicates that, despite the underlying uncertainties, astronomers can
trust the nebular emission lines as
robust indicators of the star-formation rate and the amount of light
that is obscured by dust in distant
galaxies.
These results help to build the foundations of galaxy evolution studies;

in other words, help predict a physical quantity (in this case, the starformation rate) of a distant galaxy
from the light that our telescopes
capture. This analysis is part of the
MOSFIRE Deep Evolution Field (MOSDEF) survey, which is conducted by
astronomers at UC Riverside, UCLA,
UC Berkeley, UC San Diego.
The MOSDEF team uses the MOSFIRE
spectrometer on the the W. M. Keck
Observatory telescopes to obtain
spectra for many galaxies that are
located at 1.5 to 4.5 billion years
after the Big Bang, the interval in
which the universe formed the highest amount of stars in its history. The
goal of the survey is to study the
stellar, gaseous, and blackhole content of galaxies at this important era
in the history of the universe.
n
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2060: postcard
from Alpha
Centauri
by Michele Ferrara

A preliminary in-depth study is currently underway
for an ambitious project called Breakthrough Starshot, whose aim is the exploration of the Alpha
Centauri system within an incredible short time,
supposed inconceivable thus far. A flotilla of miniprobes will reach this target in just 20 years from its
launch, travelling at a fifth of the speed of light!
MAI-JUNE 2016
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A

lpha Centauri
is one of the
closest stars to the
Sun, and also one
of the brightest in
the night sky. This
will be the Breakthrough Starshot
destination.
[ESO/Digitized
Sky Survey 2/Davide De Martin]

MAI-JUNE 2016

O

f all the spacecraft humans have
ever built and launched, the fastest
mover is the New Horizons, the NASA's probe that visited the Pluto system. If
instead of Pluto its target had been the
Alpha Centauri system, it would still today
only at the beginning of a journey lasting
almost 30,000 years. This gives us an idea
of what can be achieved in terms of space
exploration with the currently available
sary
means. Until last 12 April (the 55th anniver

of Gagarin’s spaceflight and 35th anniversary of the first Space Shuttle launch), being
able of observing other stars close up in relatively short time was a dream that only
our future generations may see com-ing
true. But on 12 April, from the One World
Observatory in New York was made a stunning announcement: within less than half a
century we may have well have reach-ed the
Alpha Centauri system and hold in our
hands pictures of any planet orbiting
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around the stars making it up!
Laughs and scepticism must surely have been the overriding feelings of those who first heard this
news without knowing its behind-the-scenes facts. Who too
hastily dismissed the topic as a
science fiction story were wide of
the mark, as it would have been
sufficient to quickly look at who
were the authors of the announcement to realize that this is serious stuff.
One of them is no less than Stephen Hawking, renowned theoretical physicist and cosmologist
at the University of Cambridge,
one of the most enlightened
scientific minds of our time. Another highly respected scientist is
Freeman Dyson, a world-renowned theoretical physicist and mathematician.
Among the other prominent figures involved and bringing with them an unmatched
wealth of technical and scientific knowledge
and experience, suffice to mention Peter
“Pete” Worden, former director of NASA’s
Ames Research Center, and Avi Loeb, a prolific researcher and professor at Harvard University. With the achievements of these
world-class scientists and engineers we could
fill whole issues of the magazine
that would be easy to illustrate
with pictures of the several high
profile awards received during
their brilliant careers. If behind
that announcement there are
scientists of this calibre, we can
sure bet that it is not so abstract
as it might have seemed at first
sight. Before we get to the facts,
we though need a component
without which, unfortunately,
almost nothing can be done:
money. Who could ever finance
an idea apparently so far-fetched? The answer is Yuri Milner,
a Russian entrepreneur with assets of $3.1 billion (2015), and
Marc Zuckerberg, aka Mr. Facebook, who can sit on a $35.7 billion nest egg (2015).

Now that along with the minds and the
means we also have the money, we can go
into it in detail. The surprising announcement, made personally by Milner, with Hawking's presence, falls under the Breakthrough
Initiatives of the Breakthrough Foundation,
a private organization created by Milner
himself to fund scientific research projects
considered too ambitious for accessing public
funds. One of those projects, called Break-

S

ome moments
of the Breakthrough Starshot
presentation: top,
Milner and Hawking; bottom,
Freeman, Druyen,
Loeb, Jemison
and Worden.
[Bryan Bedder/
Getty Images]
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ilner shows
to the audience the size
that the miniprobes’ StarChip component will have.
[Bryan Bedder/
Getty Images]

through Starshot, involves the construction of large fleets
of super lightweight
miniprobes to be sent
towards nearby stars.
The individual miniprobes, accelerated
by the radiation pressure of a highly intense laser source,
could reach in a few
minutes the incredible speed of 50,00060,000 km/s (200 million km/h), i.e. a substantial fraction of
the speed of light.
With such a speed, these miniprobes could
pass the orbit of Neptune in just one day!
As incredible as all of this might appear at
first sight, the technology on which Breakthrough Starshot intends to rely on is already

available or will be available within a few
years, if technological development will proceed at the expected pace. Thanks to the
adoption of increasingly miniaturized electronic components and extremely light-

weight and resistant materials produced
through nanotechnologies, each probe will
weigh no more than a few grams and will be
comprised of two main parts. The first, called
StarChip, is wafer-bonded and it will have
the size of a postage stamp,
and it will contain everything
that typically goes into an interplanetary probe, including
recording cameras, obviously
miniaturized in this specific
case. The second part, called
Lightsail, will basically be a
sail a few meters across, with
a thickness of a few hundred
atoms (thus made with metamaterials) and with a reflectance close to 100%. The latter property will be crucial for
rapidly accelerating the miniprobes through a laser beam.
In fact, if the incident energy on the sails were to be absorbed above a critical limit,
the miniprobes would end up
vaporized. Their design does
not however seem to worry
the several engineers involved in the Starshot project.
More challenging is instead the construction
of the propulsion system, i.e. a large array
(kilometres) formed by thousands of optical
elements (lasers) of one or more metres each
in diameter, necessary to produce the laser
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beam. The modular and
scalable array of lasers, called “light beamer” will ensure energy power between 100 and 200 gigawatts (50 times the capacity of the USA’s largest nuclear power plant), of which
only a portion will be needed for each single acceleration. Apart from the fact
that the light beamer will
have to be sited in a highaltitude dry environment,
the main difficulty will be
to synchronize and phase
lock the laser beams produced by the individual optical elements of the array,
or even different arrays.
The miniprobes will first be carried together
at a high-altitude orbit by a standard carrier
rocket and, given their small size, it will be
necessary to know with extreme precision
their position in space and the sail orientation. Once the “target” is correctly positioned and facing its destination, the laser beam
will accelerate the miniprobe for a couple of

minutes, sufficient for making it reach 20%
of the speed of light (over 2 minutes the
distance becomes already such that the laser
consistency of performance becomes more
difficult). The energy power required for
each acceleration will have an estimated cost
of at least $100,000, significantly higher (perhaps 100 times) than that required for build-

A

rtist’s rendering of the
100 gigawatts
laser array. As
shown below,
each optical element will produce
a beam synchronized and phase
locked with the
other. [Breakthrough Foundation]
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ight, image
roughly showing the laser beam
pushing the Lightsail. The video
below summarizes the miniprobes’ acceleration
procedure.
[Breakthrough
Foundation]

ing each miniprobe. This is explained by
considering that the miniprobes will be produced on an industrial scale, expected in
hundreds of thousands of samples.
The reason why thousands of miniprobes
will be launched towards each destination
can be easily guessed: the majority of them
will not arrive unscathed at the end of their
journey. Besides possible failures and malfunctions, many will end up destroyed by
impacts with the matter present on their
path. The interstellar space is not
empty, as appearances would have
us believe, but filled with dust and
gas, although at a
very low density.
The impact of a
probe with a
grain of dust at
50,000 km/s releases
the
same
energy as the explosion of a stick
of
dynamite;
more
than
enough to destroy
a manmade object weighing only a few grams. Indeed, for
damaging the miniprobe is sufficient an impact with a hydrogen atom, that at that speeds has the effect of a cosmic ray, which will
not certainly improve the performance of its
microelectron-ic components.
After having travelled 4.4 light-years (40 trillion km) in twenty years at a speed 4,000
times greater than that of New Horizons,
and after having avoided all possible dangers, any surviving Starshot’s miniprobes

https://www.youtube.com/watch?v=wMkWG
N1G6Kg

will arrive in the Alpha Centauri system,
which consists of two stars similar to the
Sun, rather close to each other (Alpha Centauri A and B), and of a more isolated red
dwarf (Proxima Centauri).
Once there, their photo cameras and various
scientific instruments will go into action, gathering as many images and data as possible
during the flyby time span (a few days). At
present, there is no certainty that there are
planets around these stars, but if so, one or

more miniprobes may be able to photograph them and gather some information
on their properties. All the collected scientific material will then be transmitted to
Earth via a very compact laser communications system, powered (like other devices of
each miniprobe) by a radioisotope battery.
The various signals will be received after a
further 4.4 years by the same light beamer
that nearly a quarter of a century earlier
was used to accelerate the miniprobes.
The Breakthrough Starshot team is aware
that there will be many problems that will
need to be solved before reaching the operational stage and various pitfalls throughout it, but they are very optimistic, ready to
overcome every obstacle and launch the
first miniprobes towards the Alpha Centauri
system within 20 years. Since the estimated
$10 billion needed to implement the project
is not coming from our pockets, it costs us
nothing to go along with it.
n
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Planet formation in
Earth-like orbit
around young star
by ESO

T

his new image from the Atacama Large Millimeter/submillimeter Array (ALMA)
shows the finest detail ever seen in
the planet-forming disc around
the nearby Sun-like star TW Hydrae. It reveals a tantalising
gap at the same distance
from the star as the Earth
is from the Sun, which
may mean that an infant version of our
home planet, or possibly a more massive super-Earth,
is beginning to
form there. The
star TW Hydrae
is a popular target of study for
astronomers because of its proximity to Earth
(only about 175
light-years away)
and its status
as an infant star
(about 10 million
years old). It also
has a face-on orientation as seen from
Earth. This gives astronomers a rare, undistorted view of the com-

plete protoplanetary disc around
the star. "Previous studies with optical and radio telescopes con-

firm that TW Hydrae
hosts a prominent

MAY-JUNE 2016
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n the background, ALMA image of
the planet-forming disc around the
young, Sun-like star TW Hydrae. The
inset image (left) zooms in on the
gap nearest to the star, which is at
the same distance as the Earth is
from the Sun, suggesting an infant
version of our home planet could be
emerging from the dust and gas.
The additional concentric light and
dark features represent other planetforming regions farther out in the disc.
[S. Andrews (Harvard-Smithsonian
CfA), ALMA (ESO/NAOJ/NRAO)]

disc with features that strongly
suggest planets are beginning to
coalesce," said Sean Andrews with
the Harvard-Smithsonian Center
for Astrophysics in Cambridge,
Massachusetts, USA and lead author of the study.
"The new ALMA images show the
disc in unprecedented detail, revealing a series of concentric dusty
bright rings and dark gaps, including intriguing features that may indicate that a planet with an Earthlike orbit is forming there."
Other pronounced gaps that show
up in the new images are located
three billion and six billion kilome-

MAY-JUNE 2016

tres from the central star, similar to the average distances from
the Sun to Uranus and Pluto in the
Solar System. They too are likely to
be the results of particles that came
together to form planets, which
then swept their orbits clear of
dust and gas and shepherded
the remaining material into welldefined bands. For the new TW
Hydrae observations, astronomers
imaged the faint radio emission
from millimetre-sized dust grains in
the disc, revealing details on the
order of the distance between the
Earth and the Sun (about 150 million kilometres). These detailed
observations were made possible
with ALMA’s high-resolution, longbaseline configuration. When ALMA's dishes are at their maximum

separation, up to 15 kilometres
apart, the telescope is able to resolve finer details. "This is the highest spatial resolution image ever of
a protoplanetary disc from ALMA,
and that won't be easily beaten in
the future!" said Andrews. (The angular resolution of the images of
HL Tauri was similar to these new
observations, but as TW Hydrae is
much closer to Earth, finer details
can be seen.)
"TW Hydrae is quite special. It is
the nearest known protoplanetary
disc to Earth and it may closely
resem-ble the Solar System when it
was only 10 million years old,"
adds co-author David Wilner, also
with the Harvard-Smithsonian Center for Astrophysics.
Earlier ALMA observations of another system, HL Tauri, show that
even younger protoplanetary discs
— a mere 1 million years old — can
display similar signatures of planet
formation. By studying the older
TW Hydrae disc, astronomers hope
to better understand the evolution
of our own planet and the prospects for similar systems throughout the Milky Way.
The astronomers now want to find
out how common these kinds of
features are in discs around other
young stars and how they might
change with time or environment. n
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Hubble breaks cosmic
distance record
by NASA

U

sing the NASA/ESA Hubble
Space Telescope an international team of astronomers has
measured the distance to this new
galaxy, named GN-z11. Although extremely faint, the galaxy is unusually
bright considering its distance from
Earth. The distance measurement of
GN-z11 provides additional strong
evidence that other unusually bright
galaxies found in earlier Hubble im-

ages are really at extraordinary distances, showing that we are closing in
on the first galaxies that formed in
the Universe. Previously, astronomers
had estimated GN-z11’s distance by
analysing its colour in images taken
with both Hubble and the NASA Spitzer Space Telescope. Now, for the first
time for a galaxy at such an extreme
distance, the team has used Hubble’s
Wide Field Camera 3 (WFC3) to precisely measure the distance to GN-z11
spectroscopically by splitting the light
into its component colours.

“Our spectroscopic observations reveal the galaxy to be even further
away than we had originally thought,
right at the distance limit of what
Hubble can observe,” explains Gabriel Brammer of the Space Telescope Science Institute and second
author of the study. This puts GN-z11
at a distance that was once thought
only to be reachable with the upcoming NASA/ESA/CSA James Webb
Space Telescope. The JWST is a collaboration between NASA, the European Space Agency (ESA) and the Ca-

T

his image shows the position
of the most distant gal-axy
discovered so far within a deep
sky Hubble Space Telescope survey called GOODS North (Great
Observatories Origins Deep Survey North). The survey field contains tens of thousands of
galaxies stretching far back into
time. The remote gal-axy GN-z11,
shown in the inset, existed only
400 million years after the Big
Bang, when the Universe was
only 3 percent of its current age.
It belongs to the first generation
of galaxies in the Universe and
its discovery provides new insights into the very early Universe. This is the first time that
the distance of an object so far
away has been measured from its
spectrum, which makes the measurement extremely reliable. GNz11 is actually ablaze with bright,
young, blue stars but these look
red in this image because its light
was stretched to longer, redder,
wavelengths by the expansion
of the Universe. [NASA, ESA,
and P. Oesch (Yale University)]
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his illustration shows a timeline of the Universe, stretching from the present day (left) back to the Big Bang, 13.8
billion years ago (right). The newly found galaxy GN-z11 is the most distant galaxy discovered so far, at a redshift
of 11.1, which corresponds to 400 million years after the Big Bang. The previous record holder’s position is also identified. Its remote position puts GN-z11 at the beginning of the reionisation era. In this period starlight from the first
galaxies started to heat and lift the fog of cold hydrogen gas filling the Universe. The previous record-holding galaxy
was seen in the middle of this epoch, about 150 million years later. [NASA, ESA, and A. Feild (STScI)]

nadian Space Agency (CSA). It is scheduled for launch in 2018.
“We’ve taken a major step back in
time, beyond what we’d ever expected to be able to do with Hubble.
We managed to look back in time
to measure the distance to a galaxy
when the Universe was only three
percent of its current age,” says Pascal Oesch of Yale University and lead
author of the study.
To determine large distances, like the
one to GN-z11, astronomers measure
the redshift of the observed object.
This phenomenon is a result of the
expansion of the Universe; every distant object in the Universe appears
to be receding from us and as a result its light is stretched to longer,
redder wavelengths.
Before astronomers determined the
distance to GN-z11, the most distant
measured galaxy, EGSY8p7, had a
redshift of 8.68. Now, the team has
confirmed GN-z11’s distance to be at
a redshift of 11.1, which corresponds
to 400 million years after the Big
Bang. “The previous record-holder
was seen in the middle of the epoch
when starlight from primordial gal-

axies was beginning to heat and
lift a fog of cold, hydrogen gas,” explains co-author Rychard Bouwens
from the University of Leiden, the
Netherlands. “This transitional period is known as the reionisation era.
GN-z11 is observed 150 million years
earlier, near the very beginning of
this transition in the evolution of the
Universe.” The combination of observations taken by Hubble and Spitzer revealed that the infant galaxy is
25 times smaller than the Milky Way
and has just one percent of our galaxy’s mass in stars. However, the
number of stars in the newborn GNz11 is growing fast. The galaxy is
forming stars at a rate about 20
times greater than the Milky Way
does today (about 24 solar masses of
gas and dust per year into new stars).
This high star formation rate makes
the remote galaxy bright enough for
Hubble to see and to perform detailed observations. However, the
discovery also raises many new questions as the existence of such a bright
and large galaxy is not predicted by
theory. “It’s amazing that a galaxy so
massive existed only 200 million to

300 million years after the very first
stars started to form. It takes really
fast growth, producing stars at a
huge rate, to have formed a galaxy
that is a billion solar masses so soon,”
explains Garth Illingworth of the
University of California, Santa Cruz.
Marijn Franx, a member of the team
from the University of Leiden highlights: “The discovery of GN-z11 was
a great surprise to us, as our earlier
work had suggested that such bright
galaxies should not exist so early in
the Universe.” His colleague Ivo
Labbe adds: “The discovery of GNz11 showed us that our knowledge
about the early Universe is still very
restricted. How GN-z11 was created
remains somewhat of a mystery for
now. Probably we are seeing the first
generations of stars forming around
black holes?”
These findings provide a tantalising
preview of the observations that the
James Webb Space Telescope will perform. “This new discovery shows that
JWST will surely find many such
young galaxies reaching back to
when the first galaxies were forming,” concludes Illingworth.
n
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Telescopes combine
to push frontier
on galaxy clusters
by NASA

T

o learn more about galaxy
clusters, including how they
grow via collisions, astronomers have used some of the world's
most powerful telescopes, looking
at different types of light.
They have focused long observations
with these telescopes on a half-dozen galaxy clusters. The name for the

M

ACS J0416.1-2403. [NASA, ESA, CXC, NRAO/AUI/NSF, STScI, and G. Ogrean
(Stanford University)]

galaxy cluster project is the "Frontier Fields." Two of these Frontier
Fields galaxy clusters, MACS J0416.12403 (abbreviated MACS J0416),
above, and MACS J0717.5+3745
(MACS J0717 for short), in the next

page, are featured here in a pair of
multiwavelength images.
Located about 4.3 billion light-years
from Earth, MACS J0416 is a pair of
colliding galaxy clusters that will
eventually combine to form an even
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bigger cluster. MACS J0717, one of
the most complex and distorted
galaxy clusters known, is the site of
a collision between four clusters. It
is located about 5.4 billion lightyears away from Earth.
These new images of MACS J0416
and MACS J0717 contain data from
three different telescopes: NASA's

33

M

ACS J0717.5+3745. [NASA, ESA, CXC, NRAO/AUI/NSF, STScI, and R. van Weeren (Harvard-Smithsonian Center for Astrophysics)]

Chandra X-ray Observatory (diffuse
emission in blue), Hubble Space
Telescope (red, green, and blue),
and the National Science Foundation's Karl G. Jansky Very Large Array (diffuse emission in pink). Where

the X-ray and radio emission overlap the image appears purple.
Astronomers also used data from
the Giant Metrewave Radio Telescope in India in studying the properties of MACS J0416.
n
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Hubble unveils
monster stars
by NASA

A

n international team of scientists using the NASA/ESA Hubble Space Telescope has combined images taken with the Wide
Field Camera 3 (WFC3) with the unprecedented ultraviolet spatial resolution of the Space Telescope Imaging Spectrograph (STIS) to successfully dissect the young star cluster
R136 in the ultraviolet for the first
time. R136 was originally listed in a
catalogue of the brightest stars in the
Magellanic Clouds compiled at the
Radcliffe Observatory in South Africa.
It was separated into three components a, b, c at the European Southern Observatory, with R136a subsequently resolved into a group of
eight stars at ESO, and confirmed as
a dense star cluster with the NASA/
ESA Hubble Space Telescope after the
first servicing mission in 1993. R136 is
only a few light-years across and is located in the Tarantula Nebula within
the Large Magellanic Cloud, about
170,000 light-years away. The young
cluster hosts many extremely massive,
hot and luminous stars whose energy
is mostly radiated in the ultraviolet.
This is why the scientists probed the
ultraviolet emission of the cluster.
(Very massive stars are exclusive to
the youngest star clusters because
their lifetimes are only 2-3 million
years. Only a handful of such stars are
known in the entire Milky Way galaxy.) As well as finding dozens of
stars exceeding 50 solar masses, this
new study was able to reveal a total
number of nine very massive stars in

the cluster, all more than 100 times
more massive as the Sun. However,
the current record holder R136a1
does keep its place as the most massive star known in the Universe, at
over 250 solar masses. The detected
stars are not only extremely massive,
but also extremely bright. Together
these nine stars outshine the Sun by
a factor of 30 million.
The scientists were also able to investigate outflows from these behemoths, which are most readily studied in the ultraviolet. They eject up to
an Earth mass of material per month
at a speed approaching one percent
of the speed of light, resulting in extreme weight loss throughout their
brief lives.
“The ability to distinguish ultraviolet
light from such an exceptionally
crowded region into its component
parts, resolving the signatures of individual stars, was only made possible
with the instruments aboard Hubble,” explains Paul Crowther from
the University of Sheffield, UK, and
lead author of the study. “Together
with my colleagues, I would like to
acknowledge the invaluable work
done by astronauts during Hubble’s
last servicing mission: they restored

T

he image shows the central region of the Tarantula Nebula in
the Large Magellanic Cloud. The
young and dense star cluster R136
can be seen at the lower right of the
image. This cluster contains hundreds of young blue stars, among
them the most massive star detected
in the Universe so far. [NASA, ESA,
P. Crowther (University of Sheffield)]
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STIS and put their own lives at risk for
the sake of future science!”
In 2010 Crowther and his collaborators showed the existence of four
stars within R136, each with over 150
times the mass of the Sun. At that
time the extreme properties of these
stars came as a surprise as they exceeded the upper-mass limit for stars
that was generally accepted at that
time. Now, this new census has shown
that there are five more stars with
more than 100 solar masses in R136.
The results gathered from R136 and
from other clusters also raise many
new questions about the formation
of massive stars as the origin of these
behemoths remains unclear. The ultraviolet signatures of even more
very massive stars have also been revealed in other clusters — examples
include star clusters in the dwarf galaxies NGC 3125 and NGC 5253. However, these clusters are too distant for
individual stars to be distinguished
even with Hubble.
Saida Caballero-Nieves, a co-author
of the study, explains: “There have
been suggestions that these monsters result from the merger of less
extreme stars in close binary systems.
From what we know about the frequency of massive mergers, this scenario can’t account for all the really
massive stars that we see in R136,
so it would appear that such stars
can originate from the star formation process.” In order to find answers about the origin of these stars
the team will continue to analyse the
gathered datasets. An analysis of
new optical STIS observations will
also allow them to search for close
binary systems in R136, which could
produce massive black hole binaries
which would ultimately merge, producing gravitational waves. “Once
again, our work demonstrates that,
despite being in orbit for over 25
years, there are some areas of science
for which Hubble is still uniquely capable,” concludes Crowther.
n
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The wilds of the
Local Group
by ESO

— explaining the galaxy’s unusual
moniker. The dim galaxy is located in
the constellation of Cetus (The Sea
Monster) about three million lightyears away from the Milky Way,
which is one of the three dominant
spiral galaxies in the Local Group.
WLM is quite small and lacks structure, hence its classification as a dwarf
irregular galaxy. WLM spans about

T

8000 light-years at its greatest extent, a measurement that includes a
halo of extremely old stars discovered in 1996. Astronomers think that
comparatively small primeval galaxies
gravitationally interacted with each
other and in many cases merged,
building up into larger composite
galaxies. Over billions of years, this
merging process assembled the large

his image, captured by ESO’s
OmegaCAM on the VLT Survey
Telescope, shows a lonely galaxy known as Wolf-Lundmark-Melotte, or WLM for short. Although considered part of our Local Group of
dozens of galaxies, WLM stands alone
at the group’s outer
edges as one of its
most remote members. In fact, the galaxy is so small and
secluded that it may
never have interacted with any other
Local Group galaxy
— or perhaps even
any other galaxy in
the history of the
Universe. Rather like
an uncontacted tribe
living deep in the
Amazon rainforest
or on an island in
Oceania, WLM offers
a rare insight into
the primordial nature of galaxies that
have been little disturbed by their environment.
WLM was discovered
in 1909 by German
astronomer
Max
Wolf, and identified
his image, captured by ESO’s OmegaCAM on the VLT Survey Telescope, shows a lonely galaxy
as a galaxy some fifknown as Wolf-Lundmark-Melotte, or WLM for short. Although considered part of our Local
teen years later by Group of dozens of galaxies, WLM stands alone at the group’s outer edges as one of its most remote
astronomers Knut members. In fact, the galaxy is so small and secluded that it may never have interacted with any
Lundmark and Phili- other Local Group galaxy — or perhaps even any other galaxy in the history of the Universe. [ESO]
bert Jacques Melotte

T
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T

his wide-field
view shows the
sky around the dwarf
galaxy WLM in the
constellation of Cetus
(The Sea Monster).
This picture was created from images
forming part of the
Digitized Sky Survey
2. The galaxy appears
near the centre of the
picture as an irregularly shaped clump of
faint stars. [ESO/Digitized Sky Survey 2]

spiral and elliptical galaxies that now appear
to be common in the
modern Universe.
Galaxies congregating
in this manner is similar
to the way in which human populations have
shifted over thousands
of years and intermixed
into larger settlements,
eventually giving rise to
today’s megacities.
WLM has instead developed on its own, away
from the influence of
other galaxies and their
stellar populations. Accordingly, like a hidden human population with limited contact with

outsiders, WLM represents a relatively unperturbed “state of nature”, where any changes occurring over its lifetime have
taken place largely independent of activity elsewhere.
This small galaxy features an
extended halo of very dim
http://www.eso.org/public/videos/eso1610b/
red stars, which stretches out
into the inky blackness of the
surrounding space. This reddish hue is indicative of advanced stellar age. It is likely
that the halo dates back to
his close-up video pan sequence, captured
the original formation of the
by ESO’s OmegaCAM on the VLT Survey Telegalaxy itself, helpfully offerscope, shows a lonely galaxy known as Wolfing clues about the mechLundmark-Melotte, or WLM for short. [ESO]
anisms that spawned the very

T

first galaxies. The stars at the centre
of WLM, meanwhile, appear younger and bluer in colour. In the image
(previous page), pinkish clouds highlight areas where the intense light
from young stars has ionised ambient hydrogen gas, making it glow
in a characteristic shade of red.
This detailed image was captured by
the OmegaCAM wide-field imager, a
huge camera mounted on ESO’s VLT
Survey Telescope (VST) in Chile — a
2.6-metre telescope exclusively designed to survey the night sky in
visible light. OmegaCAM’s 32 CCD
detectors create 256-megapixel images, offering a very detailed widefield view of the cosmos.
n
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ExoMars:
is this our
best chance?
by Michele Ferrara

After 40 years from the first Viking probe
landing on Mars, the search for life on
the red planet is now continuing with the
ExoMars mission, that within 3-4 years
could tell us if certain surface regions,
which seem ideal habitats for basic forms
of life, had been or still are affected by
the presence of microorganisms.

T

he number of terrestrial machines currently roaming on
the red planet will be further
boosted in October with two new
entries, the Trace Gas Orbiter and
Schiaparelli lander, which were
launched together on 14 March
2016 with a Proton rocket from the
Baikonur Cosmodrome, as part of
the ExoMars programme.
This space programme has had a
long and rather troubled history and,

MAY-JUNE 2016
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?
I

n the background, an
artist’s concept of the
Trace Gas Orbiter with
the Schiaparelli lander
orbiting around Mars.
[ESA/ATG medialab,
NASA/JPL-Caltech]
In the side video, some
phases of the separation of the two probes
and their rapid approach to the planet.
[ESA/ATG medialab]

MAY-JUNE 2016

http://www.esa.int/spaceinvideos/Videos/2016/02/ExoMars_2016_TGO_and_Schiaparelli_approaching_Mars
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whilst not wanting to go into unnecessary detail, it is worth recalling that the initial project dates back to more than 10
years ago and that it has been revised several times to take account of the changing
financial resources of the various space
agencies that through alternating phases
expressed support for it. Eventually ExoMars was back on track thanks to ESA (the
European Space Agency) and Roscosmos
(the Russian Space Agency), who planned
to split the programme into two different
missions: ExoMars 2016 and ExoMars 2018.
The first is the one currently underway and
has essentially the task of paving the way
for the second mission, whose implementation will be probably delayed to 2020,
due to current insufficient funds.

The two ExoMars 2016 probes have very
different tasks. After having travelled together towards Mars for seven months, on
16 October they will separate and Schiaparelli (weighing about 600 kg) will begin its
descent to the Martian surface, which it
will reach three days later, when the Trace
Gas Orbiter (over 3.5 tons) will enter into a
temporary orbit around Mars.
Schiaparelli will basically have the task of
demonstrating the validity of new landing
procedures and technologies that will then
be used for the ExoMars 2018 lander, which
consists of a combined surface platform of
about 1.8 tons and a mobile rover weighing just over 200 kg. During the descent,
with its multisensor instrument called DREAMS (Dust Characterisation, Risk Assess-

T

he key stages
of Schiaparelli’s descent towards the surface of Mars. [ESA/
ATG medialab]

exomars EN:l'Astrofilo 27/04/16 12:33 Page 41

T

he arrangement of
Schiaparelli’s main
devices and internal sensors. [ESA/ATG medialab]

ment, and Environment Analyser on the
Martian Surface), Schiaparelli will measure
the wind speed and direction, the humidity
and transparency of the atmosphere (it will
be the sandstorms season), the pressure
and temperature at various altitudes, and
the atmospheric electric fields close to the
surface. Other onboard instruments will
relay telemetry data and measure the heating rate of various parts of the lander during its descent. The most critical phases are
also the most interesting in view of ExoMars 2018: Schiaparelli's entry into the atmosphere will occur at about 120 km of
altitude, at a speed of 21,000 km/h, which
due to the deceleration exerted by the atmosphere will drop to nearly 1,700 km/h at
11 km of altitude, where its parachute will

deploy, to be then jettisoned at 1,300 metres from the surface, when the probe
speed will be of 270 km/h. At that point the
reverse rockets will kick in to bring Schiaparelli below 7 km/h at 2 metres from the
ground. The landing, not the softest one,
will be cushioned by a crushable structure
built into the base of the lander.
The landing target is Meridiani Planum
(the same chosen in early 2004 for the Opportunity rover), which, as its name suggests, is a flat and mostly rock-free plain.
However, some modest-sized obstacles cannot be anticipated, and thus its contact
with the ground will be a highly critical
phase. In any case, Schiaparelli is capable of
resting on ground with stones as high as 40
cm and slopes up to 12.5 degrees.
Once landed, its mission will be almost concluded, given that its only source of energy
is the limited amount of power provided by
the batteries fitted onboard, sufficient to
keep its instruments operating for a period
between 2 and 8 Martian days.
Much more ambitious is instead the Trace
Gas Orbiter (TGO) mission, which will first
take the orbiter to follow a long series of
different elliptical orbits around Mars, leading it, towards the end of 2017, to its operational orbit, from where it will begin its
scientific observations. The TGO will be
equipped with three groups of instruments
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E

xoMars Trace
Gas Orbiter
(TGO) and Schiaparelli (attached
to its top) during a vibration resistance test.
[ESA – S. Corvaja]
Below, an overview of the two
probes, showing
the position of
the TGO’s four
groups of instruments. [ESA/ATG
medialab]

dedicated to the study of atmospheric gases
and one instrument for mapping the subsurface water ice. The orbiter's main task is
to unravel the mystery of the presence of
small amounts of methane in the Martian
atmosphere. Such presence has been confirmed as from 2009, both by previous
probes and by observations from Earth.
Since this is a molecule with a comparatively short life on geological scale and since it
is generally the result of the decomposition
of various organic substances in the absence of oxygen, as well as the by-product
of living beings’ metabolism, it goes without saying that discovering the origin of
such presence is extremely interesting.
The release of methane into the Martian
atmosphere appears to be varying with the
seasons and could be associated with relatively restricted surface regions.
For all we know today, the source of that
gas could be a natural geological process,
such as the oxidation of certain minerals
exposed to the atmosphere, or another
type of chemical reaction, or indeed the
biological activity of basic forms of life.
From an altitude of about 400 km above
the Martian surface, the TGO will be able
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to map atmospheric methane (as well as
water vapour, nitrogen oxides, acetylene
and other molecules) with a level of sensitivity 1,000 times greater that previously
available to researchers. This will allow to
more precisely locate the areas in which
methane is being released into the atmosphere, when it is released and if such release is associated with certain geological
structures or if it is concurrent with certain

will consist of a large lander, formed by a
stationary platform equipped with a suite
of scientific instruments for the study of
the internal structure of Mars and by an
automated rover that propels itself across
the planet's surface.
Inside the rover will be housed a true exobiological laboratory, capable of analyzing
soil samples and identify, if present, biosignatures of past or present life forms.

phenomena. A possible territorial coincidence between methane springs and underground water ice deposits would support the hypothesis that at the origin of
that gas there are contemporary life forms.
This does not mean, however, that the TGO
will be able to directly confirm the existence of microscopic Martians, but may
nevertheless indicate which sites have the
highest probability of hosting them.
Once identified the most promising environments, it will be up to the second mission to verify if the intriguing methane
traces are the product of some biological
processes or not. ExoMars 2018 (or 2020)

Thanks to a special drill, the rover will be
able to bore up to 2 metres into the Martian surface and extract materials belonging to that particular frozen substrate considered by many scientists as the ideal habitat for possible microbial colonies which
have survived to the present day.
If by 2022, year in which the dual mission
is expected to be concluded, ExoMars has
not produced significant results in the limited areas that it will explore, this does
not necessarily mean that Mars has always
been lifeless, but at that point it is clear
that finding traces of life within a short
time will be extremely difficult.
n

A

flight model
of Schiaparelli photographed
during preparation for thermal
vacuum testing.
[ESA – B. Bethge]
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ATLASGAL survey of
Milky Way completed
by ESO

A

PEX, the Atacama Pathfinder
EXperiment telescope, is located at 5100 metres above
sea level on the Chajnantor Plateau
in Chile’s Atacama region. The ATLASGAL survey took advantage of the
unique characteristics of the telescope to provide a detailed view of

the distribution of cold dense gas
along the plane of the Milky Way
galaxy. The new image (constructed
from individual APEX observations
of radiation with a wavelength of
870 µm) includes most of the regions of star formation in the southern Milky Way.
The new ATLASGAL maps cover an
area of sky 140 degrees long and 3
degrees wide, more than four times

larger than the first ATLASGAL release. The new maps are also of
higher quality, as some areas were
re-observed to obtain a more uniform data quality over the whole
survey area. The ATLASGAL survey
is the single most successful APEX
large programme with nearly 70 associated science papers already published, and its legacy will expand
much further with all the reduced

MAY-JUNE 2016
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T

he APEX telescope in
Chile has mapped the
full area of the Galactic
Plane visible from the southern hemisphere at submillimetre wavelengths — between infrared light and
radio waves. The APEX
data, at a wavelength of
0.87 millimetres, shows up
in red and the background
blue image was imaged at
shorter infrared wavelengths by the NASA Spitzer Space Telescope as part
of the GLIMPSE survey.
The fainter extended red
structures come from complementary observations
made by ESA's Planck satellite. Many of the most
prominent objects are
named and the parts of the
galaxy that are shown in
the three slices are indicated at the right. [ESO/
APEX/ATLASGAL consortium/NASA/GLIMPSE consortium/ESA/Planck]

data products now available to the
full astronomical community.
At the heart of APEX are its sensitive
instruments. One of these, LABOCA
(the LArge BOlometer Camera) was
used for the ATLASGAL survey.
LABOCA measures incoming radiation by registering the tiny rise in
temperature it causes on its detectors and can detect emission from
the cold dark dust bands obscuring
the stellar light. The new release of
ATLASGAL complements observations from ESA's Planck and Herschel satellites. The combination of
the Planck and APEX data allowed
astronomers to detect emission
spread over a larger area of sky and
to estimate from it the fraction of
dense gas in the inner Galaxy. The
ATLASGAL data were also used to

MAY-JUNE 2016

create a complete census of cold
and massive clouds where new generations of stars are forming.
“ATLASGAL provides exciting insights into where the next generation of high-mass stars and clusters
form. By combining these with observations from Planck, we can now
obtain a link to the large-scale structures of giant molecular clouds,” remarks Timea Csengeri from the Max
Planck Institute for Radio Astronomy (MPIfR), Bonn, Germany, who
led the work of combining the
APEX and Planck data.
The APEX telescope recently celebrated ten years of successful research on the cold Universe. It plays
an important role not only as pathfinder, but also as a complementary
facility to ALMA, the Atacama Large

Millimeter/submillimeter Array,
which is also located on the Chajnantor Plateau. APEX is based on a
prototype antenna constructed for
the ALMA project, and it has found
many targets that ALMA can study
in great detail.
Leonardo Testi from ESO, who is a
member of the ATLASGAL team and
the European Project Scientist for
the ALMA project, concludes: “ATLASGAL has allowed us to have a
new and transformational look at
the dense interstellar medium of our
own galaxy, the Milky Way. The new
release of the full survey opens up
the possibility to mine this marvellous dataset for new discoveries.
Many teams of scientists are already
using the ATLASGAL data to plan for
detailed ALMA follow-up.”
n
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Sharpest view ever of
dusty disc around
aging star
by ESO

A

s they approach the ends of
their lives many stars develop
stable discs of gas and dust
around them. This material was ejected by stellar winds, whilst the star
was passing through the red giant
stage of its evolution. These discs
resemble those that form planets
around young stars. But up to now
astronomers have not been able to
compare the two types, formed at
the beginning and the end of the
stellar life cycle.
Although there are many discs associated with young stars that are sufficiently near to us to be studied in
depth, there are no corresponding
old stars with discs that are close

T

he Very Large Telescope Interferometer at ESO’s Paranal Observatory in Chile has obtained the
sharpest view ever of the dusty disc
around the close pair of aging stars
IRAS 08544-4431. For the first time
such discs can be compared to the
discs around young stars — and they
look surprisingly similar. It is even
possible that a disc appearing at the
end of a star’s life might also create
a second generation of planets. The
inset shows the VLTI reconstructed
image, with the brighter central star
removed. The background view
shows the surroundings of this star
in the constellation of Vela (The Sails).
[ESO/Digitized Sky Survey 2]
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enough for us to obtain detailed
images. But this has now changed. A
team of astronomers led by Michel
Hillen and Hans Van Winckel from
the Instituut voor Sterrenkunde in
Leuven, Belgium, has used the full
power of the Very Large Telescope
Interferometer (VLTI) at ESO’s Paranal Observatory in Chile, armed with
the PIONIER instrument, and the
newly upgraded RAPID detector.
Their target was the old double star
IRAS 08544-4431 (detected and cata-

logued by the IRAS
satellite observatory in the 1980s),
lying about 4000
light-years
from
Earth in the southern constellation of
http://www.eso.org/public/videos/eso1608a/
Vela (The Sails). This
double star consists
of a red giant star,
which expelled the
material in the surrounding dusty disc,
and a less-evolved
his video takes the viewer deep into a spectacular
more normal star orregion of the southern Milky Way in the constellabiting close to it.
Jacques Kluska, team tion of Vela (The Sails). We pass many interesting obmember from the jects, including star formation regions and the blue
filaments of a supernova remnant, before closing in on
University of Exeter,
the faint star IRAS 08544-4431. This aging object is surUnited Kingdom, ex- rounded by a dusty disc that has been clearly resolved
plains: “By combin- for the first time by the Very Large Telescope Interfering light from sev- ometer at ESO’s Paranal Observatory in Chile. [ESO/
eral telescopes of Digitized Sky Survey 2/N. Risinger (skysurvey.org)]
the Very Large Tele“We were also surprised to find a
scope Interferometer, we obtained
fainter glow that is probably coming
an image of stunning sharpness —
from a small accretion disc around
equivalent to what a telescope with
the companion star. We knew the
a diameter of 150 metres would see.
star was double, but weren’t expectThe resolution is so high that, for
ing to see the companion directly. It
comparison, we could determine the
is really thanks to the jump in persize and shape of a one euro coin
formance now provided by the new
seen from a distance of two thoudetector in PIONIER, that we are
sand kilometres.”
able to view the very inner regions
Thanks to the unprecedented sharpof this distant system,” adds lead auness of the images (about one milthor Michel Hillen.
liarcsecond) from the Very Large
The team finds that discs around old
Telescope Interferometer, and a new
stars are indeed very similar to the
imaging technique that can remove
planet-forming ones around young
the central stars from the image to
stars. Whether a second crop of planreveal what lies around them, the
ets can really form around these old
team could dissect all the building
stars is yet to be determined, but it
blocks of the IRAS 08544-4431 sysis an intriguing possibility.
tem for the first time.
“Our observations and modelling
The most prominent feature of the
open a new window to study the
image is the clearly resolved ring.
physics of these discs, as well as stelThe inner edge of the dust ring, seen
lar evolution in double stars. For the
for the first time in these observafirst time the complex interactions
tions, corresponds very well with the
between close binary systems and
expected start of the dusty disc: clostheir dusty environments can now
er to the stars, the dust would evapbe resolved in space and time,” conorate in the fierce radiation from
cludes Hans Van Winckel.
the stars.
n
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NASA introduces
Wide-Field Infrared
Survey Telescope
by NASA

ministrator of NASA's Science Mission Directorate at NASA Headquarters in Washington, D.C. “This
mission uniquely combines the ability to discover and characterize planets beyond our own solar system
with the sensitivity and optics to

A

look wide and deep into the universe in a quest to unravel the mysteries of dark energy and dark matter.”
WFIRST is the agency's next major
astrophysics observatory, following
the launch of the James Webb

fter years of preparatory
studies, NASA is formally
starting an astrophysics mission designed to help unlock the secrets of the universe —
the Wide-Field Infrared
Survey Telescope (WFIRST).
With a view 100 times
bigger than that of NASA's Hubble Space Telescope, WFIRST will aid
researchers in their efforts to unravel the secrets of dark energy and
dark matter, and explore
the evolution of the cosmos. It will also discover
new worlds outside our
solar system and advance
the search for worlds that
could be suitable for life.
NASA's Agency Program
Management
Council,
which evaluates the agency's programs and projects on content, risk management, and performance, made the decision to move forward with
he Wide-Field Infrared Survey Telescope (WFIRST) will image large regions of the sky in
the mission. “WFIRST has
near-infrared light to answer fundamental questions about dark energy and the structhe potential to open our
ture and evolution of the universe. It will also greatly expand our knowledge of planetary
eyes to the wonders of
systems around other stars, and revolutionize many other astrophysical topics. Slated to
the universe, much the
launch in the mid-2020s, the observatory will operate at a gravitational balance point
same way Hubble has,” known as Earth-Sun L2, which is located about 930,000 miles from Earth in a direction disaid John Grunsfeld, as- rectly opposite the Sun. [NASA's Goddard Space Flight Center/Conceptual Image Lab]
tronaut and associate ad-

T
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Space Telescope in 2018. The obserFSWG. “It will also develop technolthe ability to capture a single image
vatory will survey large regions of
ogy that will pave the way for findwith the depth and quality of Hubthe sky in near-infrared light to aning and characterizing Earth-like
ble, but covering 100 times the area.
swer fundamental questions about
planets in the future.”
The coronagraph will provide revthe structure and evolution of the
“WFIRST is designed to address
olutionary science, capturing the
universe, and expand our knowscience areas identified as top prifaint, but direct images of distant
ledge of planets beyond
gaseous worlds and superour solar system — known
Earths.”
as exoplanets.
The telescope's sensitivity
“As a general-purpose oband wide view will enable a
servatory, astronomers will
large-scale search for exouse WFIRST to create panoplanets by monitoring the
ramic views of the unibrightness of millions of
https://www.youtube.com/watch?time_continue=1&v=verse,” said Jason Kalirai of
stars in the crowded central
HXYg_BWGpk
the Space Telescope Science
region of our galaxy.
Institute (STScI) in Baltimore,
The survey will net thouMaryland, who is one of the
sands of new exoplanets
members of the WFIRST Forsimilar in size and distance
mulation Science Working
from their star as those in
Group (FSWG).
our own solar system, com“These new windows on
plementing the work startASA officially is beginning work on an astrophysics
our solar system, the Milky
ed by NASA's Kepler mismission designed to help unlock the secrets of the
Way galaxy, and the distant
sion and the upcoming
universe will yield funda- universe, the Wide Field Infrared Survey Telescope (WFIRST).
work of the Transiting Exomental progress in many WFIRST is an upcoming space telescope designed to perplanet Survey Satellite.
form wide-field imaging and spectroscopy of the infrared
astrophysical topics.”
Employing multiple techWFIRST will carry a wide- sky. One of WFIRST's objectives will be looking for clues
niques, astronomers also
field instrument for surveys, about dark energy, the mysterious force that is accelwill use WFIRST to track
and a coronagraph instru- erating the expansion of the universe. Another objective
how dark energy and dark
ment designed to block the of the mission will be finding and studying exoplanets.
matter have affected the
glare of individual stars and These two videos gives us a complete overview of the
evolution of our universe.
reveal the faint light of plan- WFIRST mission. [NASA’s Goddard Space Flight Center]
Dark energy is a mysterious,
ets orbiting around them.
negative pressure that has
By blocking the light of the
been speeding up the exhost star, the coronagraph
pansion of the universe.
instrument will enable deDark matter is invisible matailed measurements of the
terial that makes up most
chemical makeup of planof the matter in our unietary atmospheres. Comparverse.
ing these data across many
By measuring the distances
https://www.youtube.com/watch?v=LbJpVHMV1m4
worlds will allow scientists
of thousands of supernoto better understand the
vae, astronomers can map
origin and physics of these
in detail how cosmic exatmospheres, and search for
pansion has increased with
chemical signs of environtime.
ments suitable for life.
WFIRST also can precisely
“The coronagraph will promeasure the shapes, posivide us an entirely new window for
orities by the astronomical commutions, and distances of millions of
the detection of planets around
nity,” said Paul Hertz, director of
galaxies to track the distribution
other stars, and for the study of
NASA's Astrophysics Division in
and growth of cosmic structures,
their atmospheres,” said STScI's NiWashington, D.C. “The wide-field
including galaxy clusters and the
kole Lewis, another member of the
instrument will give the telescope
dark matter accompanying them.
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“In addition to its exciting capabilities for dark energy and exoplanets,
WFIRST will provide a treasure trove
of exquisite data for all astronomers,” said Neil Gehrels, WFIRST
project scientist at NASA's Goddard
Space Flight Center in Greenbelt,
Maryland. “This mission will survey
the universe to find the most interesting objects out there.”
WFIRST is slated to launch in the
mid-2020s. The observatory will begin operations after traveling to a
gravitational balance point known
as Earth-Sun L2, which is located
about one million miles from Earth
in a direction directly opposite the
Sun. WFIRST is managed at Goddard, with participation by the
Jet Propulsion Laboratory (JPL) in
Pasadena, California; the Space
Telescope Science Institute (STScI)
in Baltimore, Maryland; the Infrared Processing and Analysis Center

ide-Field Infrared Survey Telescope front
view. [NASA's Goddard Space Flight
Center/Conceptual Image Lab]

(IPAC), also in Pasadena; and a
science team comprised of members from U.S. research institutions
across the country. The leading
members of the science team, together with NASA and science centers representatives, make up the
FSWG. “The WFIRST mission will
provide tremendous synergy with
Hubble and Webb,” STScI director
Ken Sembach said. “It will extend
the legacy of Hubble-quality imaging to much wider fields, and will
likely find many unique objects suitable for detailed follow-up study by
Webb.” STScI is the science operations center for both the Hubble
and Webb telescopes. It will also be
a partner in the WFIRST science
center, sharing science operations
responsibilities with Goddard and
IPAC. STScI astronomers are also represented on the WFIRST science
team and the FSWG.

During the mission formulation
phase, STScI's work will focus on the
mission's observation scheduling
system, wide-field imaging data
processing system, and the data archive. The Barbara A. Mikulski Archive for Space Telescopes (MAST) at
STScI already holds the astronomical data from some 20 astronomy
missions, and the addition of the
WFIRST data will add considerably
to its scientific discovery potential.
“We are proud that NASA has made
us a partner in this revolutionary
new mission,” said Roeland van der
Marel, the WFIRST mission lead at
STScI. “Our expertise with the Hubble and Webb space telescopes puts
us in a unique position to support
the science teams and the astronomical community, and to make this
mission a success. The new observations and discoveries are guaranteed to be spectacular.”
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