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An Earth-like planet around Proxima Centauri
Just over four light-years from the Solar System lies a red dwarf star that has been named Proxima Centauri as it is the closest star to Earth apart from the Sun. This cool star in the constellation of Centaurus is
too faint to be seen with the unaided eye and lies near to the much brighter pair of stars known as...

World’s biggest eye is about to open
After 5 years and a half of uninterrupted work and an expense of 160 million euros, it was completed
on schedule a pharaonic engineering achievement for astronomical research, a radio telescope of one
single disk with a diameter of half a kilometer. The architect of the enormous enterprise is China...

White dwarf lashes red dwarf with mystery ray
In May 2015, a group of amateur astronomers from Germany, Belgium and the UK came across a star
system that was exhibiting behaviour unlike anything they had ever encountered before. Follow-up observations led by the University of Warwick and using a multitude of telescopes on the ground and in...

A stellar laboratory in Sagittarius
The small smattering of bright blue stars in the upper left of this vast new 615 megapixel ESO image is
the perfect cosmic laboratory in which to study the life and death of stars. Known as Messier 18, this
star cluster contains stars that formed together from the same massive cloud of gas and dust. This...

K2: 104 new exoplanets validated
The “second life” of the Kepler space telescope is proving increasingly interesting and discoveries of
new exoplanets candidates still follow one another. In just over two years more than 450 have been
found, one-third of which were confirmed by large ground-based telescopes. Of all the newly...

The Crab Nebula as never seen before
The Crab Nebula, which lies 6500 light-years away in the constellation of Taurus (The Bull), is the result
of a supernova — a colossal explosion that was the dying act of a massive star. During this explosion
most of the material that made up the star was blown into space at immense speeds, forming an...

A surprising planet with three suns
Luke Skywalker's home planet, Tatooine, in the Star Wars saga, was a strange world with two suns in
the sky, but astronomers have now found a planet in an even more exotic system, where an observer
would either experience constant daylight or enjoy triple sunrises and sunsets each day, depending...

Prospector-1: space miner
We have long known that in order to colonize space on a sustained basis we must not be dependent on
the Earth. This means extracting the raw materials essential for survival directly from rocky bodies of the
solar system. A private space company is going to take the first step in that direction, with a mission...

Deepest ever look into Orion
An international team has made use of the power of the HAWK-I infrared instrument on ESO’s Very
Large Telescope (VLT) to produce the deepest and most comprehensive view of the Orion Nebula to date.
Not only has this led to an image of spectacular beauty, but it has revealed a great abundance of faint...

Discovered: youngest fully-formed exoplanet ever
A team of Caltech-led researchers discovered the youngest fully-formed exoplanet ever detected using
the W. M. Keck Observatory on Mauna Kea, Hawaii, and the Kepler Space Telescope. The planet, K2-33b,
at five to 10 million years old, is still in its infancy. Planet formation is a complex and tumultuous...
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An Earth-like planet aro
by ESO

J

ust over four light-years from
the Solar System lies a red
dwarf star that has been named
Proxima Centauri as it is the closest
star to Earth apart from the Sun.
This cool star in the constellation of
Centaurus is too faint to be seen
with the unaided eye and lies near
to the much brighter pair of stars
known as Alpha Centauri AB. During the first half of 2016 Proxima

Centauri was regularly observed
with the HARPS spectrograph on
the ESO 3.6-metre telescope at La
Silla in Chile and simultaneously monitored by other telescopes
around the world. This was the Pale
Red Dot campaign, in which a team
of astronomers led by Guillem Anglada-Escudé, from Queen Mary
University of London, was looking
for the tiny back and forth wobble

of the star that would be caused by
the gravitational pull of a possible
orbiting planet. As this was a topic
with very wide public interest, the
progress of the campaign between
mid-January and April 2016 was
shared publicly as it happened on
the Pale Red Dot website and via social media. The reports were accompanied by numerous outreach articles written by specialists around

SEPTEMBER-OCTOBER 2016
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round Proxima Centauri

the world. Guillem Anglada-Escudé
explains the background to this
unique search: “The first hints of a
possible planet were spotted back
in 2013, but the detection was not
convincing. Since then we have
worked hard to get further observations off the ground with help from
ESO and others. The recent Pale Red
Dot campaign has been about two
years in the planning.”

SEPTEMBER-OCTOBER 2016

The Pale Red Dot data, when combined with earlier observations
made at ESO observatories and elsewhere, revealed the clear signal of a
truly exciting result. At times Proxima Centauri is approaching Earth at
about 5 kilometres per hour — normal human walking pace — and at
times receding at the same speed.
This regular pattern of changing radial velocities repeats with a period

T

his artist’s impression shows a view
of the surface of the planet Proxima
b orbiting the red dwarf star Proxima
Centauri, the closest star to the Solar
System. The double star Alpha Centauri
AB also appears in the image to the
upper-right of Proxima itself. Proxima b
is a little more massive than the Earth
and orbits in the habitable zone around
Proxima Centauri, where the temperature is suitable for liquid water to exist
on its surface. [ESO/M. Kornmesser]
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O

n 24 August 2016 at 13:00
CEST, ESO hosted a press conference at its Headquarters in Garching, near Munich, Germany. In
this image, Prof. Dr. Ansgar Reiners
speaks. [ESO/M. Zamani]

of 11.2 days. Careful analysis of the
resulting tiny Doppler shifts showed
that they indicated the presence of a
planet with a mass at least 1.3 times
that of the Earth, orbiting about 7
million kilometres from Proxima
Centauri — only 5% of the Earth-Sun
distance.
Guillem Anglada-Escudé comments
on the excitement of the last few
months: “I kept checking the consistency of the signal every single day
during the 60 nights of the Pale Red
Dot campaign. The first 10 were
promising, the first 20 were consistent with expectations, and at 30
days the result was pretty much definitive, so we started drafting the
paper!”
Red dwarfs like Proxima Centauri
are active stars and can vary in ways
that would mimic the presence of a
planet. To exclude this possibility
the team also monitored the changing brightness of the star very carefully during the campaign using the
ASH2 telescope at the San Pedro de
Atacama Celestial Explorations Observatory in Chile and the Las Cumbres Observatory telescope network.

Radial velocity data taken when the
star was flaring were excluded from
the final analysis. Although Proxima
b orbits much closer to its star than
Mercury does to the Sun in the Solar
System, the star itself is far fainter
than the Sun. As a result Proxima b
lies well within the habitable zone
around the star and has an estimated surface temperature that would
allow the presence of liquid water.
Despite the temperate orbit of Proxima b, the conditions on the surface
may be strongly affected by the ultraviolet and X-ray flares from the
star — far more intense than the
Earth experiences from the Sun.
The actual suitability of this kind of
planet to support water and Earthlike life is a matter of intense but
mostly theoretical debate.
Major concerns that count against
the presence of life are related to
the closeness of the star. For example gravitational forces probably

T

his infographic compares the orbit of the planet around Proxima
Centauri (Proxima b) with the same
region of the Solar System. Proxima
Centauri is smaller and cooler than
the Sun and the planet orbits much
closer to its star than Mercury. As a
result it lies well within the habitable zone, where liquid water can
exist on the planet’s surface.
[ESO/M. Kornmesser/G. Coleman]

lock the same side of the planet in
perpetual daylight, while the other
side is in perpetual night. The planet's atmosphere might also slowly
be evaporating or have more complex chemistry than Earth’s due to
stronger ultraviolet and X-ray radiation, especially during the first billion years of the star’s life. However,
none of the arguments has been
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proven conclusively and they are unlikely to be settled without direct observational evidence and characterisation of the planet’s atmosphere.
Similar factors apply to the planets
recently found around TRAPPIST-1.
Two separate papers discuss the habitability of Proxima b and its climate. They find that the existence
of liquid water on the planet today

cannot be ruled out and, in such
be a prime target for the hunt for
case, it may be present over the surevidence of life elsewhere in the Uniface of the planet only in the sunverse. Indeed, the Alpha Centauri
niest regions, either in an area in the
system is also the target of humanhemisphere of the planet facing the
kind’s first attempt to travel to anstar (synchronous rotation) or in a tropical
belt (3:2 resonance rotation). Proxima b's rotation, the strong radiation from its star
and the formation hishttps://www.eso.org/public/italy/videos/eso1629f/
tory of the planet
makes its climate quite
different from that of
the Earth, and it is unlikely that Proxima b
has seasons. This discovery will be the behis video takes the viewer from Earth to the closest
ginning of extensive
star, Proxima Centauri. Here we can see the planet
further observations, Proxima b, which orbits its red dwarf star every 11.2
both with current in- days. This planet orbits within the habitable zone,
struments and with the shown in green, which means that liquid water could
next generation of exist on its surface. [PHL @ UPR Arecibo, ESO]
giant telescopes such
as the European Extremely Large
other star system, the StarShot projTelescope (E-ELT). Some methods to
ect. Guillem Anglada-Escudé constudy a planet’s atmosphere depend
cludes: “Many exoplanets have been
on it passing in front of its star and
found and many more will be found,
the starlight passing through the atbut searching for the closest potenmosphere on its way to Earth.
tial Earth-analogue and succeeding
Currently there is no evidence that
has been the experience of a lifetime
Proxima b transits across the disc of
for all of us. Many people’s stories
its parent star, and the chances of
and efforts have converged on this
this happening seem small, but furdiscovery. The result is also a tribute
ther observations to check this possito all of them. The search for life on
bility are in progress. Proxima b will
Proxima b comes next...”
n

T
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World’s bigg
about to ope
by Michele Ferrara

After 5 years and a half of uninterrupted
work and an expense of 160 million euros, it
was completed on schedule a pharaonic engineering achievement for astronomical research, a radio telescope of one single disk
with a diameter of half a kilometer. The architect of the enormous enterprise is China,
which seems to prefer the policy of giant
leaps instead of small steps, especially in
scientific and technological domains. The
goal is to align itself with superpowers engaged in knowledge and conquest of space.
SEPTEMBER-OCTOBER 2016
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ggest eye is
pen

T

he radio telescope of Arecibo (Puerto Rico), made famous
to the general public by movies such as Contact and GoldenEye, has lost the record of the astronomical instrument
with the world's largest aperture. On July 3 rd, indeed, it was
completed the construction of the Five-hundred-meter Aperture
Spherical radio Telescope (FAST). With a diameter of half a kilometer, FAST exceeds by almost 200 meters the disk of Arecibo

SEPTEMBER-OCTOBER 2016
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http://www.csiro.au/en/News/Newsreleases/2016/Australian-technology-behind-theworlds-largest-telescope

and is a candidate to become
the best instrument in many
sectors of the astronomical
research: from the weakest
pulsars to neutral hydrogen
clouds, from black holes to
amino acids scattered in the
cosmos, from the very first
stars that appeared after the
Big Bang to possible radio signals produced by extraterrestrial civilizations.
FAST is an entirely Chinese
work, which only partly adopts
technological solutions already tested in other coun-

A

bove, the
start of work
on the place that
hostes FAST, by
excavation at the
huge structure
that supports the
disk. On the side,
three phases of
the work advancement.
[NAOC, Xinhua]
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T

he map on
the side indicates the place
where FAST
stands. Below,
some people observe the work in
progress. Perhaps
they once lived in
that very valley:
more than 9000
residents were
moved to make
way for FAST.

tries. The design and construction of the gigantic instrument
was managed by the National
Astronomical Observatories of
China (NAOC), under the aegis
of the Chinese Academy of
Sciences. The idea of building
what would become the world’s
biggest single disk radio telescope dates back to 1994 when
it was submitted to the Chinese
authorities, and the search immediately began for the ideal
location to place the huge disk.
Ten years later, the Chinese
scientists concluded that the
most suitable place coincided
with a circular depression in the
district of Pingtang, a rural area
of the southeastern province of
Guizhou, characterized by karst and mountainous territories which by nature already
represent a valid shield against the interference to radio frequencies accessible to
FAST (from 70 MHz to 3 GHz). Unfortuna-

tely, the chosen site wasn't uninhabited,
so, after approval of the project by National Development and Reform Commission
(July 2007), the Chinese authorities began
to transfer the local population elsewhere.
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More than 9000 residents were moved to no
less than 5 km of distance from the place
that would house FAST,
and this mainly to avoid
that telephone devices
and other technological
products for private use
could pollute the competence frequency of
the great instrument.
After the area has been
“freed”, a ceremony
was held in December
2008 to lay the first
stone, although the acage time required for
the laying of each of
a total of 4450 aluminum panels, almost all triangularshaped and slightly
curved, with sides
of 11 meters (177 instead have rather different shapes).
All the panels are
fixed on a cablemesh structure consisting of thousands
of steel cable attached to each other
by sturdy clamps, and
the perimeter of the
entire structure is
fixed to a colossal cirtual construction of the radio telescope
only began in March 2011. Thanks to the
choice of a valley with a shape very similar
to the basin designed for FAST, the excavation works of superfluous material were
relatively quick and, all considered, the immense work was completed in a short period of time, as usual for the Chinese
population.
5 and a half years after the begginning of
the work, in the late morning of the first
Sunday of July, the last panel of the disk
was placed, an operation that lasted about
forty minutes, approximately the same aver-

T

hree snapshots of the
installation of the
4450 aluminum
panels on the
network of steel
cables. By working at a fast pace,
the Chinese engineers have posed
about twenty
panels a day.
[NAOC, Xinhua,
China Photo
Press, China Rex
Features]
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100 meters tall, allows to contain the
alignment error
within 100 mm
with respect to
the ideal “optical” path. Finally,
additional devices
in the cabin and
at the base of the
disk reduce the

A

group of
technicians
assembles one of
4450 panels before the crane
transports it into
place on the steel
cable-mesh. On
the side, FAST almost completed.
Below, a cut view
of the huge structure highlights
the strong curvature of the disk
and the impressive system of pylons and cables
that hold it in
place. [NAOC,
Xinhua, VCG via
Getty Images]

cular trellis, nearly 1.6 km
long, the top of which
was used as a rail for carrying and mounting the
various components of
the radio telescope.
The cable-mesh is flexible
and, within certain limits,
can be deformed to give
to the reflective disk the
most suitable configuration for the observation
of certain areas of the
sky. A focusing and signal
control cabin (a kind of
“illuminator”) is placed
140 meters above the
centre of the disk and
through
servomechanisms connected to 6 perimetrical towers, about
error to just 10 mm,
ensuring a resolution of 2.9’ arc (LBand) and a precision in pointing
equal to 8 arcseconds.
Thanks to the deformability of the
disk, which in fact
passes from spheric to parabolic,
FAST resolves in a
brilliant way the
problem of the
spherical aberration, that instead
affects the disk of
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Arecibo, where it is counteracted through
more complex solutions. Obviously, radio
telescopes of these dimensions are not adjustable, because
they don't have a
mount similar to
that of optical telescopes or smaller radio telescopes. In theory,
it should therefore be possible
to observe only
celestial objects
that pass the zenith.
Indeed, by acting
on the orientation of the device
receiving
the
waves collected
by the disk and, in
the case of FAST,
also acting on the
shape of the disk
itself, it is possible
to widen the region of sky to be
investigated up to
a few tens of de-

grees from the zenith (up to 40° for FAST,
almost 20° for the Arecibo instrument).
Whatever the position chosen for the observations, the optic geometry of
FAST implies that
only a 300-meter
wide portion of
the disk will actually be used
each time. It is
the so-called “illuminated aperture”. The same
goes for the more
static radio telescope of Arecibo,
of which is used
every time an
area not much
bigger than 200
meters.
Leaving out other
technical details
that might be
boring, what has
been said till
now is enough to
sense the considerable progress in

T

he final stages
of the installation of the
disk, with the assembling of the
last panel and
the party of the
technicians,
which released a
lot of colorful
balloons. [NAOC,
Xinhua/ REX/
Shutterstock]
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F

AST in its final
look, ready to
be submitted to
a series of functionality verifications. [NAOC,
Xinhua, VCG via
Getty Images]
Below, on July 3rd
2016, FAST is completed and in the
heart of the instrument the celebrations begin.

the knowledge of the universe that FAST
will bring in the coming decades. The most
intriguing expectations are concerning the
possibility to pick up unintentional communications (such as broadcasting signals)
of alien civilizations hosted by the 1000
nearest stars to Earth (or within 46 light-

years). More powerful signals, thus likely
intentional, will be recognized up to thousands of light years away. This is because
the sensitivity of FAST exceeds 50 times
that of the best radio telescopes to date
used by researchers.
Before moving onto the operational
phase, the instrument will be submitted
until the end of September to a debugging
process (bug fixes) and various tests on the
sky. After that, the instrument will be used
exclusively for a few years by Chinese
scientists, before being shared with the international astronomical community.
Project FAST is part of a broader billionsworth space exploration programme, already partially implemented by Beijing,
whose goal is mainly to ensure China a
strategic role in the control of circumterrestrial space. The effects on scientific research and technological applications will
inevitably be positive, especially if the Chinese implement their biggest two projects
of the near future: a permanent space station by 2020 and the return of humans to
the Moon by 2036.
n
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White dwarf lashes
red dwarf with
mystery ray
by NASA

I

n May 2015, a group of amateur
astronomers from Germany, Belgium and the UK came across a
star system that was exhibiting
behaviour unlike anything they
had ever encountered before.
Follow-up observations led
by the University of Warwick and using a multitude of telescopes on
the ground and in space,
including the NASA/
ESA Hubble Space Telescope, have now revealed the true nature
of this previously misidentified system.
The star system AR
Scorpii, or AR Sco for
short, lies in the constellation of Scorpius,
380 light-years from
Earth. It comprises a
rapidly spinning white
dwarf, the same size
as Earth but containing
200,000 times more mass,
and a cool red dwarf companion one third the mass of
the Sun. They are orbiting one
another every 3.6 hours in a
cosmic dance as regular as clockwork. In a unique twist, this binary
star system is exhibiting some brutal
behaviour. Highly magnetic and

SEPTEMBER-OCTOBER 2016
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spinning rapidly, AR Sco’s white
dwarf accelerates electrons up to almost the speed of light. As these
high energy particles whip through
space, they release radiation in a
lighthouse-like beam which lashes
across the face of the cool red dwarf
star, causing the entire system
to brighten and fade dramatically every 1.97
minutes. These

powerful pulses include radiation at
radio frequencies, which
has never been detected before from a white dwarf
system. Lead researcher
Tom Marsh of the University of Warwick’s
Astrophysics Group
commented: “AR Sco
was
discovered
over 40 years ago,
but its true nature
was not suspected
until we started
observing it in
June 2015.
We realised we
were seeing something extraordinary the more we
progressed with
our observations.”
The observed properties of AR Sco
are unique. And they
are also mysterious.
The radiation across a
broad range of frequencies is indicative of emission from electrons accelerated in magnetic fields,
which can be explained by
AR Sco’s spinning white dwarf.
The source of the electrons them-

SEPTEMBER-OCTOBER 2016

17

selves, however, is a major mystery
— it is not clear whether it
is associated with the
white dwarf, or its
cooler companion.

AR Scorpii was first observed in the early
1970s and regular fluctuations in brightness every 3.6
hours led it to be incorrectly classified as a lone variable star. A variable star is one whose brightness
fluctuates as seen from Earth. The
fluctuations may be due to the intrinsic properties of the star itself
changing. For instance some stars
noticeably expand and contract. It
could also be due to another object

T

he background artist’s impression
shows the strange object AR Scorpii. In this unique
double star a rapidly spinning
white dwarf star (right) powers
electrons up to almost the speed of
light. These high energy particles
release blasts of radiation that lash
the companion red dwarf star (left)
and cause the entire system to pulse
dramatically every 1.97 minutes
with radiation ranging from the ultraviolet to radio. [M. Garlick/University of Warwick, ESA/Hubble]

AR Scorpii’s varying luminosity was
revealed thanks to the combined
efforts of amateur and professional astronomers. Similar pulsing behaviour has been observed before,
but from neutron stars —
some of the
densest celestial
objects
known in the
Universe — rather than white
http://www.spacetelescope.org/videos/heic1616a/
dwarfs. Boris
Gänsicke, coauthor of the
new study, also
at the University of Warwick,
concludes:
"We've known
losing in the exotic AR Scorpii system, this video shows
about pulsing
how the lighthouse-like beam of radiation due to acneutron stars
celerated electrons orbiting the white dwarf lashes its red
for nearly fifcompanion, making it flash and fade dramatically every
ty years, and
1.97 minutes. [ESA/Hubble, L. Calçada, University of Warwick]
some theories
predicted white dwarfs could
regularly eclipsing the star. AR
show similar behaviour. It's very
Scorpii was mistaken for a single
exciting that we have discovervariable star since regular fluctuaed such a system, and it has been
tions in observed brightness occur
a fantastic example of amateur
as the two stars orbit each other
astronomers and academics workand one blocks some of the light
ing together."
from the other. The true source of
n

C
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First accurate
measurement of oxygen
in distant galaxy
by Keck Observatory

U

CLA astronomers have used
the W. M. Keck Observatory
on Maunakea, Hawaii to
make the first accurate measurement of the abundance of oxygen
in a distant galaxy. Oxygen, the
third-most abundant chemical element in the Universe, is created inside stars and released into interstellar gas when stars die. Quantifying the amount of oxygen is key to
understanding how matter cycles in
and out of galaxies.
“This is by far the most distant
galaxy for which the oxygen abundance has actually been measured,”
said Alice Shapley, a UCLA professor
of astronomy, and co-author of the
study. “We’re looking back in time
at this galaxy as it appeared 12 billion years ago.”
Knowing the abundance of oxygen
in the galaxy called COSMOS-1908
is an important stepping stone
toward allowing astronomers to
better understand the population
of faint, distant galaxies observed
when the Universe was only a few
billion years old, Shapley said. COSMOS-1908 contains approximately
one billion stars. In contrast, the
Milky Way contains approximately
100 billion stars. Furthermore, COSMOS-1908 contains approximately
only 20 percent the abundance of

G

alaxy COSMOS-1908 is in the center of this Hubble Space Telescope image,
indicated by the arrow. Nearly everything in the image is a galaxy.
[Ryan Sanders and the CANDELS team]

oxygen that is observed in the Sun.
Typically, astronomers rely on extremely indirect and imprecise techniques for estimating oxygen abun-

dance for the vast majority of distant galaxies. But in this case, UCLA
researchers used a direct measurement, said Ryan Sanders, astronomy
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graduate student and
from large stars that
the study’s lead auend their lives viothor. “Close galaxies
lently in supernova
are much brighter,
explosions — a ubiqand we have a very
uitous phenomenon
good method of
in the early Universe,
determining
their
when the rate of stelamount of oxygen,”
lar births was dramatSanders added.
ically higher than the
In faint, distant galrate in the Universe
axies, the task is dratoday; how much of
matically more difthat oxygen gets
ficult, but COSMOSejected from the
1908 was one case for
galaxy by so-called
which Sanders was
“super winds,” which
able to apply the “ropropel oxygen and
bust” method comother
interstellar
monly applied to
gases out of galaxies
nearby galaxies. “We
at hundreds of thouhope this will be the
sands of miles per
first of many,” he stahour; and how much
ted. Shapley confirpristine gas enters
med that prior to Santhe galaxy from the
ders’ discovery, reintergalactic medisearchers didn’t know
um, which doesn’t
if they could measure
contain much oxyhow much oxygen
gen. “If we can meathere was in these
sure how much oxydistant galaxies.
gen is in a galaxy, it
“Ryan’s
discovery
will tell us about all
shows we can meathese processes,” said
sure the oxygen and
Shapley, who, along
compare these obserwith Sanders, is invations with models
terested in learning
of how galaxies form
how galaxies form
and what their hisand evolve, why galtory of star formaaxies have different
tion is,” Shapley said.
structures, and how
The researchers used
galaxies
exchange
an extremely admaterial with their
”grazing” image of the Keck telescope that hosts the MOSFIRE invanced and sophisstrument. [W.M. Keck Observatory, Rick Noyle]
intergalactic environticated instrument
ments.
called MOSFIRE (Multi-Object Specoratory for Astrophysics. McLean and
Shapley expects the measurements
trometer for Infra-Red Exploration)
co-principal investigator Chuck Steiof oxygen will reveal that super
installed on the Keck I telescope at
del from the California Institute of
winds are very important in how
the Keck Observatory.
Technology built the instrument
galaxies evolved. “Measuring the
This five-ton instrument was dewith colleagues from UCLA, Caloxygen content of galaxies over
signed to study the most distant,
tech, UC Santa Cruz and industrial
cosmic time is one of the key methfaintest galaxies, said UCLA physics
sub-contractors.
ods we have for understanding how
and astronomy professor Ian McThe amount of oxygen in a galaxy
galaxies grow, as well as how they
Lean, co-project leader on MOSFIRE
is determined primarily by three
spew out gas into the intergalactic
and director of UCLA’s Infrared Labfactors: how much oxygen comes
medium,” she concluded.
n
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A stellar laboratory
in Sagittarius
by ESO

T

he small smattering of bright
blue stars in the upper left of
this vast new 615 megapixel
ESO image is the perfect cosmic laboratory in which to study the life
and death of stars. Known as Messier 18, this star cluster contains stars

that formed together from the same
massive cloud of gas and dust.
This image, which also features red
clouds of glowing hydrogen and
dark filaments of dust, was captured
by the VLT Survey Telescope (VST) located at ESO’s Paranal Observatory

in Chile. Messier 18 was discovered
and catalogued in 1764 by Charles
Messier — for whom the Messier
Objects are named — during his
search for comet-like objects. It
lies within the Milky Way, approximately 4600 light-years away in the
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he small smattering of bright
blue stars upper left of centre in
this huge 615 megapixel ESO image
is the perfect cosmic laboratory in
which to study the life and death
of stars. Known as Messier 18 this
open star cluster contains stars that
formed together from the same
massive cloud of gas and dust. This
image was captured by the OmegaCAM camera attached to the VLT Survey Telescope (VST) located at ESO’s
Paranal Observatory in Chile. [ESO]

constellation of Sagittarius, and consists of many sibling stars loosely
bound together in what is known as
an open cluster. There are over 1000
known open star clusters within the
Milky Way, with a wide range of
properties, such as size and age, that

provide astronomers with clues to
how stars form, evolve and die. The
main appeal of these clusters is that
all of their stars are born together
out of the same material. In Messier
18 the blue and white colours of the
stellar population indicate that the

cluster’s stars are very young, probably only around 30 million years old.
Being siblings means that any differences between the stars will only
be due to their masses, and not their
distance from Earth or the composition of the material they formed
from. This makes clusters very useful
in refining theories of star formation
and evolution.
Astronomers now know that most
stars do form in groups, forged from
the same cloud of gas that collapsed
in on itself due to the attractive
force of gravity. The cloud of leftover gas and dust — or molecular
cloud — that envelops the new stars
is often blown away by their strong
stellar winds, weakening the gravitational shackles that bind them.
Over time, loosely bound stellar siblings like those pictured here will
often go their separate ways as interactions with other neighbouring
stars or massive gas clouds nudge, or
pull, the stars apart. Our own star,
the Sun, was most likely once part of
a cluster very much like Messier 18
until its companions were gradually
distributed across the Milky Way.
The dark lanes that snake through
this image are murky filaments of
cosmic dust, blocking out the light
from distant stars. The contrasting
faint reddish clouds that seem to
weave between the stars are composed of ionised hydrogen gas. The
gas glows because young, extremely
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T

he small smattering of bright stars
at the centre of this wide-field view
is Messier 18, an open star cluster containing stars that formed together from
the same massive cloud of gas and dust.
This picture, which also shows part of
the bright Omega Nebula (Messier 17)
at the top, was created from images
forming part of the Digitized Sky Survey 2. [ESO/Digitized Sky Survey 2]

hot stars like these are emitting intense ultraviolet light which strips

the surrounding gas of its electrons
and causes it to emit the faint glow

seen on the previous pages image.
Given the right conditions, this material could one day colhis sequence takes the
lapse in on itself and
viewer from a wide
provide the Milky Way
view of the Milky Way deep
with yet another brood
into the central regions,
of stars — a star formawhere many bright star formtion process that may
ing regions and star clusters
continue indefinitely.
can be seen. The final view
This mammoth 30,577 x
is a close-up of the sky
20,108 pixel image was
around the bright star cluscaptured using the Ometer Messier 18 taken with
gaCAM camera, which is
the VLT Survey Telescope at
attached to the VLT SurESO’s Paranal Observatory.
vey Telescope (VST) at
[ESO/Digitized Sky Survey
ESO’s Paranal Observa2/N. Risinger (skysurvey.org)]
tory in Chile.
n

T
http://www.eso.org/public/unitedkingdom/videos/eso1628a/
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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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K2: 104 new
validated
by Michele Ferrara
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w exoplanets

The “second life” of the Kepler space telescope is proving increasingly
interesting and discoveries of new exoplanets candidates still follow one
another. In just over two years more than 450 have been found, onethird of which were confirmed by large ground-based telescopes. Of all
the newly discovered systems, the most interesting is that of the red
dwarf K2-72, which hosts 4 Earth-sized planets, almost certainly rocky.

W

hen in 2012 and 2013 two of Kepler’s gyroscopes stopped working
and no longer able to keep the
telescope pointed with super-accuracy on
the small sky area that it was meant to constantly monitor, it looked like the end for

SEPTEMBER-OCTOBER 2016

T

he background illustration depicts the new observational strategy of the Kepler space telescope which, since the start of the K2
mission, is targeting sky regions arranged along the ecliptic. By exploiting the pressure exerted by the solar radiation, NASA engineers
managed to get round the pointing stability problem caused by the
malfunction of two gyroscopes and ensured another four years of
operation for the telescope. [NASA Ames/JPL-Caltech/T. Pyle]
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the most exciting hunt for exoplanets conducted that far. In about four years of surveys, Kepler had found more than 4,000
candidate planets, half of which were validated (it is almost certain that they are
planets) or confirmed (i.e., their masses are
known) through in-depth observations conducted with large telescopes on Earth.
The dismay of not being able to continue
the original mission (just when Earth-sized
planets on orbits like ours, around stars
similar to the Sun, were beginning to be
discovered) did not, though, last long, as
NASA engineers quickly planned a phoenixlike resurrection for Kepler: a new mission that began in May 2014 for which were
sufficient the other two functioning gyro-

scopes and the Sun’s radiation pressure, i.e.,
the strict minimum needed to keep the instrument pointed in the direction of the
ecliptic and no longer observe just a restricted patch of the heavens, but various regions along a band of the sky.
The second Kepler mission, called K2, differs
from the first in some significant details. In
fact, it has as target more types of stars, as in
addition to sun-like stars there are now also
red-dwarf type stars and, given that it covers
a more diverse and wider sky region and that
red dwarfs are more predominant in the
Milky Way, the telescope is now looking for
exoplanets that are on average closer to
Earth compared to before. Also the forced
orientation on the ecliptic has a positive

T

his image
taken on 20
October 2014
gives an idea of
how Kepler’s sensor is made. It
consists of various
pairs of adjacent
CCDs, with blind
areas on the borders. On this occasion, two pairs
failed to produce
any signal. In a
corner of the first
element (upper
left) we can see
the image left by
the Siding Spring
comet. [NASA
Ames/W. Stenzel;
SETI Institute/
D. Caldwell]
On the side, a
photomontage
with the approximate location of
the latest validated exoplanets. [K.
Teramura (UHIfA)
et al., NASA]
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T

he diagram
below summarizes the
K2 mission strategy and the solution adopted
to overcome
the faulty gyroscopes issue.
[NASA Ames/
W. Stenzel]

aspect: the targets are in fact closer to the celestial equator than they were when the instrument was pointed at the Cygnus and Lyra
constellations, and thus observations for the
verification and confirmation of exoplanets
can now be made with large ground-based
telescopes located in both hemispheres.
With these assumptions, the K2 mission looked immediately promising and the results
were not slow in coming. One example is the

discovery and validation of more than 100
exoplanets reported by a large group of researchers led by Ian Crossfield, of the University of Arizona’s Lunar and Planetary Laboratory, and published in July in The Astrophysical Journal Supplement Series.
The study concerned a sample of 197 exoplanet candidates, discovered during the
first five observational campaigns (each of
about 80 days) between 2014 and 2015, and
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P

later subjected to intensive photometric,
spectroscopic and high-resolution imaging
analysis using several powerful instruments,
including the W. M. Keck telescopes in Hawaii, the Gemini telescopes (Hawaii and
Chile), the Large Binocular Telescope (Arizona) and the Automated Planet Finder
(California). The data collected were then
processed using statistical validation models.
The result from all this was that 104 of the
initial 197 candidates were validated and
that 57 of them are located in multi-planet
systems. 30 other candidates have instead
turned out to be false positives, while for
the remaining 63 some uncertainties exist

and further study will be needed to determine their nature. Among all the newly validated planets, 37 have diameters less than
twice that of the Earth and 5 of them receive from their star the same amount of
energy that our planet receives from the
Sun. The most interesting finding emerging
from the work of Crossfield’s team involves
the planetary system of a red dwarf star of
spectral type M, called K2-72, 181 light-years
away, in the constellation Aquarius. Around
this star rotate 4 planets, arranged on much
smaller orbits than that of Mercury. All 4
have sizes comparable to that of the Earth
(from 1.2 to 1.5 Earth diameters) and almost

hotometry of
K2-72. From
the overall signal,
Ian Crossfield and
colleagues extracted the light
curves of the
transits of the 4
planets, whose
minima are
shown in different colours. [ApJ,
Crossfield et al.]
Below, an artist’s
rendition of the
K2-72 planetary
system. All 4 planets composing it
are Earth-sized
and two of them
might be habitable. [NASA/JPL]
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S

ince Kepler’s
current targets
are arranged
along the ecliptic,
verification observations for
exoplanets candidates can now
also be made
with the large
telescopes of the
southern hemisphere, such as
the Gemini South
telescope (pictured), located
on Cerro Pachón,
Chile. [Gemini Observatory/AURA]

certainly have a rocky surface. Two of them
have an energy input similar to that of our
planet and may therefore be both habitable. The orbital periods of the four planets
are approximately 5.5, 8, 15 and 24 days,
thus inevitably brief, due to the short distance from the red dwarf. If they were to
orbit around the Sun, these planets would
be blazing-hot, but K2-72 has a diameter
that is 40% that of the Sun, which means a
proportionally reduced mass, surface temperature and irradiation level.
Given that the K2 mission has increased 20fold the number of monitored red dwarfs,
we may expect the discovery of numerous
systems similar to that of K2-72. The brief
revolution periods and the favourable ratio
between the diameters of the Earth-sized

planets and those of the red dwarfs, make
it easier to detect the former while they
transit on the disks of the latter. Crossfield
and colleagues predict that in the 4 years
scheduled for the K2 mission, the Kepler
space telescope will discover between 500
and 1,000 new exoplanets, if adequate resources will be available for performing the
verification observations from the ground.
These are absolutely essential as there are
several natural phenomena that can mimic
the transit of a planet in front of a star. It is
only through an accurate spectral analysis of
the starlight and equally accurate photometric measurements, combined with in-depth
high-resolution imaging, that it will be possible to characterize the guest-stars and, to
some extent, the planets orbiting them. n
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The Crab Nebula
as never seen
before
by NASA

W

hile many other images of the famous Crab Nebula have focused
on the filaments in the outer part of the
nebula, this image shows the very heart
of the Crab Nebula including the central
neutron star — it is the rightmost of
the two bright stars near the centre of
this image. The rapid motion of the material nearest to the central star is revealed by the subtle rainbow of colours
in this time-lapse image, the rainbow
effect being due to the movement of
material over the time between one
image and another. [NASA, ESA]
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T

he Crab Nebula, which lies
6500
lightyears away in the
constellation of Taurus (The Bull), is the
result of a supernova — a colossal
explosion that was
the dying act of a
massive star. During this explosion
most of the material
that made up the
star was blown into
space at immense
speeds, forming an
expanding cloud of
gas known as a supernova remnant.
This extraordinary
view of the nebula
his two-colour image shows 2.7 x 2.7 degrees of the
is one that has nevsurroundings around the Crab Nebula. It was comer been seen be- posed from Digitized Sky Survey 2 images. The brightest
fore. Unlike many star is Zeta Tauri. [ESA/Hubble and Digitized Sky Survey 2]
popular images of
terial nearest to the star is revealed
this well-known object, which highby the subtle rainbow of colours in
light the spectacular filaments in
this time-lapse image, the rainbow
the outer regions, this image shows
effect being due to the movement
just the inner part of the nebula
of material over the time between
and combines three separate highone image and another.
resolution images — each repreHubble’s sharp eye also captures the
sented in a different colour — taken
intricate details of the ionised gas,
around ten years apart.
shown in red in this image, that
At the very centre of the Crab Nebforms a swirling medley of cavities
ula lies what remains of the innerand filaments. Inside this shell of
most core of the original star, now
ionised gas a ghostly blue glow sura strange and exotic object known
rounds the spinning neutron star.
as a neutron star. Made entirely of
This glow is radiation given off by
subatomic particles called neutrons,
electrons spiralling in the powerful
a neutron star has about the same
magnetic field around the star at
mass as the Sun, but compressed
nearly the speed of light .
into a sphere only a few tens of kiThe supernova explosion from
lometres across. A typical neutron
which the Crab Nebula was born
star spins incredibly fast and the
was one of the first to be recorded
one at the centre of the Crab Nebin human history. This has made the
ula is no exception, rotating approxCrab Nebula an invaluable object
imately 30 times per second.
for the study of supernova remThe region around a neutron star
nants and has enabled astronomers
is a showcase for extreme physito probe the lives and deaths of
cal processes and considerable viostars as never before.
lence. The rapid motion of the man

T
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Abell S1063,
the final frontier
by NASA

F

ifty years ago Captain Kirk and
the crew of the starship Enterprise began their journey into
space — the final frontier. Now, as the
newest Star Trek film hits cinemas,
the NASA/ESA Hubble space telescope is also exploring new frontiers,
observing distant galaxies in the galaxy cluster Abell S1063 as part of the
Frontier Fields programme.
The Hubble Frontier Fields is a threeyear, 840-orbit programme which will
yield the deepest views of the Universe to date, combining the power
of Hubble with the gravitational amplification of light around six different galaxy clusters to explore more
distant regions of space than could
otherwise be seen.
Space... the final frontier. These are
the stories of the Hubble Space Telescope. Its continuing mission, to explore strange new worlds and to
boldly look where no telescope has
looked before.
The newest target of Hubble’s mission is the distant galaxy cluster Abell
S1063, potentially home to billions of
strange new worlds.
This view of the cluster, which can be
seen in the centre of the image,
shows it as it was four billion years
ago. But Abell S1063 allows us to explore a time even earlier than this,
where no telescope has really looked
before. The huge mass of the cluster
distorts and magnifies the light from
galaxies that lie behind it due to an
effect called gravitational lensing.

A

bell S1063, a galaxy cluster, was observed by the NASA/ESA Hubble Space
Telescope as part of the Frontier Fields programme. The huge mass of the
cluster acts as a cosmic magnifying glass and enlarges even more distant galaxies,
so they become bright enough for Hubble to see. [NASA, ESA, and J. Lotz (STScI)]

This allows Hubble to see galaxies
that would otherwise be too faint
to observe and makes it possible to
search for, and study, the very first

generation of galaxies in the Universe. “Fascinating”, as a famous
Vulcan might say. The first results
from the data on Abell S1063 prom-

chronicles EN:l'Astrofilo 27/08/16 11:25 Page 33

SPACE CHRONICLES

T

his part of the sky was observed
in parallel with the galaxy cluster
Abell S1063 and is also part of the
Frontier Fields programme. While one
of Hubble’s cameras observed the
galaxy cluster itself, another simultaneously captured the spectacular
scene pictured here, of an “unremarkable” patch of space. While not having the advantage of strong gravitational lensing this parallel field observation is still nearly as deep as the
Hubble Ultra-Deep Field. Combined
with other deep fields it helps astronomers understand how similar the
Universe looks in different directions.
[NASA, ESA, and J. Lotz (STScI)]

ise some remarkable new discoveries. Already, a galaxy has been found
that is observed as it was just a billion years after the Big Bang.
Astronomers have also identified sixteen background galaxies whose
light has been distorted by the cluster,
causing multiple images of them to
appear on the sky. This will help astronomers to improve their models of
the distribution of both ordinary and
dark matter in the galaxy cluster, as it
is the gravity from these that causes
the distorting effects. These models
are key to understanding the mysterious nature of dark matter.
Abell S1063 is not alone in its ability

to bend light from background galaxies, nor is it the only one of these
huge cosmic lenses to be studied using Hubble. Three other
clusters have already been observed as part of the Frontier
Fields programme, and two
http://www.spacetelescope.org/videos/heic1615a/ more will be observed over
the next few years, giving
astronomers a remarkable picture of how they work and
what lies both within and beyond them.
Data gathered from the previhis video begins with a view of the night
ous galaxy clusters were studsky from the ground, before zooming in
ied by teams all over the
on the distant galaxy cluster Abell S1063 as
world, enabling them to make
the NASA/ESA Hubble Space Telescope sees it.
important discoveries, among
The cluster was observed as part of the Fronthem galaxies that existed
tier Fields programme. [Fuji/DSS/Hubble]
only hundreds of million years

T

after the Big Bang and the first predicted appearance of a gravitationally lensed supernova.
Such an extensive international collaboration would have made Gene
Roddenberry, the father of Star Trek,
proud. In the fictional world Roddenberry created, a diverse crew work together to peacefully explore the Universe. This dream is partially achieved
by the Hubble programme in which
the European Space Agency (ESA),
supported by 22 member states, and
NASA collaborate to operate one of
the most sophisticated scientific instruments in the world. Not to mention the scores of other international science teams that cross state,
country and continental borders to
achieve their scientific aims.
n
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A surprising planet
with three suns
by ESO

L

uke
Skywalker's home planet, Tatooine, in the Star
Wars saga, was a strange
world with two suns in the sky,
but astronomers have now found a
planet in an even more exotic system, where an observer would either experience constant daylight or
enjoy triple sunrises and sunsets
each day, depending on the seasons, which last longer than human
lifetimes. This world has been discovered by a team of astronomers
led by the University of Arizona,
USA, using direct imaging at ESO’s
Very Large Telescope (VLT) in Chile.
The planet, HD 131399Ab, is unlike
any other known world — its orbit
around the brightest of the three
stars is by far the widest known
within a multi-star system. Such orbits are often unstable, because of
the complex and changing gravitational attraction from the other two
stars in the system, and planets in

stable
o r b i t s
were thought
to be very unlikely. Located about 320
light-years from Earth in
the constellation of Centaurus (The Centaur), HD 131399Ab
is about 16 million years old, making it also one of the youngest exoplanets discovered to date, and one
of very few directly imaged planets. With a temperature of around
580 degrees Celsius and an estimated mass of four Jupiter masses, it is
also one of the coldest and least
massive directly-imaged exoplanets. “HD 131399Ab is one of the
few exoplanets that have been di-

rectly imaged, and
it's the first
one in such an
interesting dynamical configuration,”
said Daniel Apai, from
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T

he background artist's
impression shows a
view of the triple-star system HD 131399 from close
to the giant planet orbiting
in the system. The planet
is known as HD 131399Ab
and appears on the left
in the picture. [ESO/L. Calçada/M. Kornmesser]

the University of Arizona, USA, and
one of the co-authors of the new
study. “For about half of the planet’s orbit, which lasts 550 Earthyears, three stars are visible in
the sky; the fainter two are
always much closer together, and change in
apparent separation
from the brightest
star throughout the
year,” adds Kevin Wagner, the
study's first au-

SEPTEMBER-OCTOBER 2016

thor and discoverer of HD 131399Ab.
For much of the planet’s year the
stars would appear close together in
the sky, giving it a familiar night-side
and day-side with a unique triple
sunset and sunrise each day. As the
planet moves along its orbit the
stars grow further apart each day,
until they reach a point where the
setting of one coincides with the
rising of the other — at which point
the planet is in near-constant daytime for about one-quarter of its
orbit, or roughly 140 Earth-years.
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Kevin Wagner, who is a PhD
his video
student at the University
shows the
of Arizona, identified the orbit of the planplanet among hundreds of et in the triplecandidate planets and led star system HD
the follow-up observations 131399. Two of
the stars are
to verify its nature.
The planet also marks the close together
http://www.eso.org/public/unitedkingdom/videos/eso1624a/
first discovery of an exoplan- and the third,
brighter comet made with the SPHERE
ponent is orinstrument on the VLT.
bited by a gas
SPHERE is sensitive to infra- giant planet
red light, allowing it to de- named HD
tect the heat signatures of 131399Ab.
young planets, along with [ESO/L. Calçada/
sophisticated features cor- M. Kornmesser]
recting for atmospheric
observations and simulations seem
massive stars, B and C, at about 300
disturbances and blocking out the
to suggest the following scenario:
au (one au, or astronomical unit,
otherwise blinding light of their
the brightest star is estimated to be
equals the average distance behost stars. Although repeated and
eighty percent more massive than
tween the Earth and the Sun).
long-term observations will be needthe Sun and dubbed HD 131399A,
All the while, B and C twirl around
ed to precisely determine the planwhich itself is orbited by the less
each other like a spinning dumbet's trajectory among its host stars,

T

T

his graphic shows the orbit of the planet in the HD 131399 system (red line) and the orbits of the stars (blue lines).
The planet orbits the brightest star in the system, HD 131399A. [ESO]
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bell, separated by a distance roughly equal to that between the Sun
and Saturn (10 au). In this scenario, planet HD 131399Ab travels
around the star A in an orbit with
a radius of about 80 au, about
twice as large as Pluto’s in the
Solar System, and brings the planet to about one third of the separation between star A and the B/C
star pair.
The authors point out that a range
of orbital scenarios is possible, and
the verdict on the long-term stability of the system will have to wait
for planned follow-up observations
that will better constrain the planet’s orbit.
“If the planet was further away
from the most massive star in the
system, it would be kicked out of
the system,” Apai explained. “Our
computer simulations have shown
that this type of orbit can be stable,
but if you change things around
just a little bit, it can become unstable very quickly.”
Planets in multi-star systems are of
special interest to astronomers and
planetary scientists because they
provide an example of how the
mechanism of planetary formation

T

his wide-field
image shows
a piece of the
constellation of
Centaurus (The
Centaur) centred
on the position of
the triple star HD
131399. It was
created from images from the
Digitized Sky Survey 2. HD 131399
itself appears as a
star of moderate
brightness exactly at the centre of
the picture. [ESO/
Digitized Sky
Survey 2]

T

his annotated composite image shows the newly discovered exoplanet
HD 131399Ab in the triple-star system HD 131399. The image of the planet
was obtained with the SPHERE imager on the ESO Very Large Telescope in
Chile. This is the first exoplanet to be discovered by SPHERE and one of very
few directly-imaged planets. With a temperature of around 580 degrees Celsius and an estimated mass of four Jupiter masses, it is also one of the coldest
and least massive directly-imaged exoplanets. This picture was created from
two separate SPHERE observations: one to image the three stars and one to
detect the faint planet. The planet appears vastly brighter in this image than
in would in reality in comparison to the stars. [ESO/K. Wagner et al.]

functions in these more extreme
scenarios. While multi-star systems
seem exotic to us in our orbit
around our solitary star, multi-star
systems are in fact just as common
as single stars.
“It is not clear how this planet
ended up on its wide orbit in this
extreme system, and we can't say
yet what this means for our broader
understanding of the types of planetary systems, but it shows that
there is more variety out there than
many would have deemed possible,” concludes Kevin Wagner.
“What we do know is that planets
in multi-star systems have been studied far less often, but are potentially just as numerous as planets in
single-star systems.”
n
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ALMA observes first
protoplanetary water
snow line thanks to
stellar outburst
by ALMA Observatory

N

A

ew observations with the Atacama Large Millimeter/submillimeter Array (ALMA) have

produced the first image of a water
snow line within a protoplanetary
disk. This line marks where the temperature in the disk surrounding a
young star drops sufficiently low for
snow to form. A dramatic increase in

rtist impression of the water snow line around the young star V883 Orionis, as detected with ALMA. [A. Angelich (NRAO/AUI/NSF)/ALMA
(ESO/NAOJ/NRAO)]

the brightness of the young star
V883 Orionis flash heated the inner
portion of the disk, pushing the
water snow line out to a far greater
distance than is normal for a protostar, and making it possible to observe it for the first time.
Young stars are often surrounded
by dense, rotating disks of gas and
dust, known as protoplanetary disks,
from which planets are born. Snow
lines are the regions in those disks
where the temperature reaches the
sublimation point for most of the
volatile molecules. In the inner disk
regions, inside water snow lines,
water is vaporized, while outside
these lines, in the outer disk, water
is found frozen in the form of snow.
These lines are so important that
they define the basic architecture of
planetary systems like our own and
are usually located for a typical
solar-type star at around 3 au from
the star. In the solar nebula, that
line was between the orbits of Mars
and Jupiter during the formation of
the Solar System, hence the rocky
planets Mercury, Venus, Earth and
Mars formed within the line, and
the gaseous planets Jupiter, Saturn,
Uranus and Neptune formed outside. However, the recent ALMA observations show that the water
snow line in V883 Orionis is current-
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T

his image of the planetforming disc around the
young star V883 Orionis
was obtained by ALMA in
long-baseline mode. This
star is currently in outburst,
which has pushed the
water snow line further
from the star and allowed
it to be detected for the
first time. The dark ring
midway through the disc is
the water snow line, the
point from the star where
the temperature and pressure dip low enough for
water ice to form. [ALMA
(ESO/NAOJ/NRAO)/L. Cieza]

ly at more than 40 au of
the central star (beyond the
Neptune's orbit in our system), greatly facilitating
its detection. (The resolution of ALMA at the distance of V883 Orionis is
about 12 au — enough to
resolve the water snow line
at 40 au in this outbursting
system, but not for a typical young star.) This star is
only thirty percent more massive
than the Sun, but its luminosity is
400 times brighter as it’s currently
experiencing what is known as a FU
Ori outburst, a sudden increase in
temperature and luminosity due to
large amounts of material being

T

transferred from the disk to the star.
(Stars are believed to acquire most
of their mass during these short but
intense accretion events.)
This explains the displaced location
of its water snow line: the disk has
been flash-heated by the stellar outburst.
Lead author Lucas
Cieza, from the Protoplanetary Disks Nucleus (MAD) and University Diego Portales
https://vimeo.com/174511456
(Santiago, Chile), explains: “The ALMA
discovery came as a
surprise to us.
Our observations were
designed to look for
disk
fragmentation
his video shows a three-dimensional view of
leading to planet forV883 Orionis. [ALMA (ESO/NAOJ/NRAO)/L. Cieza]
mation. We saw none

of that; instead, we found what
looks like a ring at 40 au. This illustrates well the transformational
power of ALMA, which delivers exciting results even if they are not
the ones we were looking for.”
The discovery that these outbursts
may blast the water snow line to
about 10 times its typical radius is
very significant for the development of good planetary formation
models.
Such outbursts are believed to be
a stage in the evolution of most
planetary systems, so this may be
the first observation of a common
occurrence.
In that case, this observation from
ALMA could contribute significantly to a better understanding of how
planets form and evolve throughout the Universe.
n
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Prospector-1:
space miner
by Michele Ferrara

We have long known that
in order to colonize space
on a sustained basis we
must not be dependent on
the Earth. This means extracting the raw materials
essential for survival
directly from rocky bodies
of the solar system. A private space company is
going to take the first step
in that direction, with a
mission designed to investigate a small asteroid and
assess the value of the resources that it can offer.
SEPTEMBER-OCTOBER 2016
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I

n the background, depiction of a collector
of asteroidal soil,
as envisaged by
the private company Deep Space
Industries. [DSI]

41

W

hen, during the ‘70s of the last
century, the astronomers’ interest turned towards asteroids,
which began to be studied more carefully,
it soon became clear that each of these
minor bodies of the solar system could be
considered a quarry from which extract a

SEPTEMBER-OCTOBER 2016

large quantity of elements and chemical
compounds. For decades this prospect remained just a fantasy as it was not part of
the priorities of the various government
space agencies. In the new millennium,
however, we saw a flourishing of private
astronautical companies, some of which,
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having profit as their main goal, began to
seriously reconsider the possibility of mining asteroids. Among the companies most
committed in undertaking such activity
there is the American Deep Space Industries (DSI), operating in partnership with
the government of Luxembourg in the resources and space technologies field, from
its base at the NASA Ames Research Park in

California. It is precisely DSI that recently announced
plans for the first
commercial interplanetary mining
mission, to be imp l e m e n t e d
through its Prospector program.
This program will
consist of two automatic missions:
Prospector-X and
Prospector-1.
The first will be
an experimental
mission, with the
launch in 2017 of
a low-Earth orbit
satellite, whose task will be to test the key
systems and technologies needed to build
a low-cost but high-performance interplanetary spacecraft, namely Prospector-1,
which according to DSI’s plans will be ready
for launch by 2020. The Prospector-1 mission will be essentially exploratory as, in
fact, it will have to reach a suitably chosen
asteroid, approach it close enough to be

I

n the side image, we can see
the Prospector-X
spacecraft, which
will be the forerunner of Prospector-1, the first
interplanetary
robotic miner.
Below, a graphic
representation
showing the position of the scientific instruments
of Prospector-1.
[DSI]
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T

he illustrations on this
page show the
approach of
Prospector-1 to
its target and
the subsequent
transfer of an asteroid fragment
to the processing
plant. [DSI]

able to map its surface and subsurface layers up to about 1 meter deep, detect the
water content and photograph its surface
in the visible and infrared spectrum. After
this first approach, Prospector-1 will use its
thrusters to get sufficiently close to the
asteroid to hook up to its surface, to then
start analyzing its geophysical and mineralogical properties to establish whether that
particular object can be profitably exploit-

ed from the mining point of
view. In addressing the utility of the program, this is
what Grant Bonin, chief engineer at Deep Space Industries, said: “DSI’s Prospector missions will usher in a
new era of low cost space
exploration. DSI is developing Prospector-1 both for its
own asteroid mining ambitions, as well as to bring
an extremely low-cost, yet
high-performance exploration capability to the market”. There is no doubt that
one of the strengths of the
Prospector platform will the
ability to minimize costs and
maximize results, thus supporting the growing space
economy; a sector that is today worth more
than $330 billion and that in the last fifteen years has seen dozens of private companies investing more than $13 billion in it.
For DSI, minimizing costs does not mean
compromising on technological innovations; on the contrary, it is precisely through
them that the company's managers are
planning to reach their goals. One example
of this is the Comet-1 electrothermal thrust-

DSI EN:l'Astrofilo 27/08/16 11:52 Page 44

ASTRONAUTICS

er, which will ensure the
travelling in space of the
craft by using as propellant ordinary water transformed into high pressure
steam. We know that water is the most abundant
chemical compound in the
universe and that in various forms there is plenty
of it also in our solar system. We also know that
water is the basis not only
of life but also of any human activity, and carrying
it into space from Earth is
extremely expensive, i.e.
about $4,000 per litre (source: SpaceX
2015). Therefore, by being able to extract
it from asteroids and use it also as propellant for the various space activities would
open up entirely new horizons for the colonization of the solar system, as a start. DSI
wants to bring this opportunity to fruition,
and it is no coincidence that in the various

S

imulation of
asteroidal soil
after the initial
treatment to extract resources
useful to human
activities in space.
Below, representation of a hypothetical future
mission of Deep
Space Industries,
with the capture
of an entire
asteroid. [DSI]

expressions of intent, we find written that:
“Water is at the core of Deep Space Industries’ work both today and in the future. It
is the first resource we will harvest, and the
first product we will sell”. Water molecules
can also be broken into their basic components to extract liquid hydrogen and oxygen, perhaps the two most important pro-
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D

ata sheet of
one of the
potential targets
of the DSI program. This is a
typical Near-Earth
Asteroid with
orbit similar to
that of our planet
and thus relatively easy to approach. 2016 HO3
was discovered
on 27 April and it
is now the most
stable quasi-satellite of the Earth.
Its year lasts 366
days. [DSI]

to reach, thus one of the Near-Earth Asteroids. This is a large group of small mass bodies and thus with weak gravitational fields,
easy to approach at relative low speeds
without having to resort to costly deceleration devices.
Prospector-1 can obviously only assess the
possibility of mining those asteroids. For
moving on to a more concrete stage, DSI
will have to design, build and send into
space real robotic diggers, able to extract
mineral ores and transport them to a sorting and processing plant, from where they
will come out as raw materials to be placed on the market. Processing those raw
materials directly in the circumterrestrial
space will also allow
to build components
for spacecrafts, orbital stations and lunar
bases, and countless
other products that
would be too expensive or even impossible to transport from
https://deepspaceindustries.com/prospector-1/#video
Earth. For now much
of it is still at sci-fi
tech level, but if we
really want to conquer space, the first
step to make is that
announced by Deep
Space Industries. n

pellants in astronautics history. But if the
ultimate goal is to create the conditions for
colonizing space, water by itself is not sufficient, and, in fact, the DSI engineers are
also targeting the extraction of other significant resources, such as nitrogen, phosphorus, sulphur, ferrous metals, carbon
compounds and silicates, just to name a
few. Both the water and these additional
resources are particularly abundant in
C-type asteroids (i.e., carbonaceous), which
are the most common variety as they represent about 75% of all those known. Prospector-1’s target will be one of them, but
in order for the mission to be truly economical, the choice must fall on one easy

T

his spectacular video
shows the Prospector project
and its possible
developments.
[DSI]
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Deepest ever
look into
Orion
by ESO

A

n international team has
made use of the power of
the HAWK-I infrared instrument on ESO’s Very Large Telescope
(VLT) to produce the deepest and
most comprehensive view of the
Orion Nebula to date. Not only has
this led to an image of spectacular

beauty, but it has revealed a great
abundance of faint brown dwarfs
and isolated planetary-mass objects.
The very presence of these low-mass
bodies provides an exciting insight
into the history of star formation
within the nebula itself. The famous
Orion Nebula spans about 24 light-

years within the constellation of Orion, and is visible from Earth with the
naked eye, as a fuzzy patch in Orion’s sword. Some nebulae, like Orion, are strongly illuminated by ultraviolet radiation from the many
hot stars born within them, such that
the gas is ionised and glows brightly.
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T

his spectacular image of the
Orion Nebula star-formation
region was obtained from multiple exposures using the HAWK-I
infrared camera on ESO’s Very
Large Telescope in Chile. This is
the deepest view ever of this region and reveals more very faint
planetary-mass objects than expected. [ESO/H. Drass et al.]

paraíso, Valparaíso,
Chile; Max-Planck Institut für Astronomie, Königstuhl, Germany), a co-author
of the new study
and member of the http://www.eso.org/public/unitedkingdom/videos/eso1625c/
research team, explains why this is
important: “Understanding how many
low-mass objects are
found in the Orion
Nebula is very important to constrain curhis sequence compares an infrared image of the Orion Nebula star-formation region that was obtained
rent theories of star
formation. We now from multiple exposures using the HAWK-I infrared camrealise that the way era on ESO’s Very Large Telescope with a picture of the
these very low-mass same part of the sky imaged in visible light with the
objects form de- WFI camera on the MPG/ESO 2.2-metre telescope. The
longer wavelength light detected by HAWK-I can penepends on their envitrate the dusty regions of the nebula and expose many
ronment.” This new young stars that are normally invisible and also reveal
image has caused ex- many curious features created by very young stars and
citement because it the jets that they expel. [ESO/H. Drass/Igor Chekalin]
reveals a unexpected
er than this in the Orion Nebula has
wealth of very-low-mass objects,
now created a second maximum at
which in turn suggests that the
a much lower mass in the distribuOrion Nebula may be forming protion of star counts. These observaportionally far more low-mass obtions also hint tantalisingly that
jects than closer and less active star
the number of planet-sized objects
formation regions.
might be far greater than previousAstronomers count up how many
ly thought.
objects of different masses form in
Whilst the technology to readily
regions like the Orion Nebula to try
observe these objects does not eto understand the star-formation
xist yet, ESO’s future European Exprocess. (This information is used to
tremely Large Telescope (E-ELT),
create something called the Initial
scheduled to begin operations in
Mass Function (IMF) — a way of de2024, is designed to pursue this as
scribing how many stars of different
one of its goals. Lead scientist Holmasses make up a stellar population
ger Drass (Astronomisches Institut,
at its birth. This provides an insight
Ruhr-Universität Bochum, Bochum,
into the stellar population’s origins.
Germany; Pontificia Universidad CaIn other words, determining an actólica de Chile, Santiago, Chile) encurate IMF, and having a solid theory
thuses: “Our result feels to me like
to explain the origin of the IMF is
a glimpse into a new era of planet
of fundamental importance in the
and star formation science.
study of star formation.)
The huge number of free-floating
Before this research the greatest
planets at our current observational
number of objects were found with
limit is giving me hope that we will
masses of about one quarter that of
discover a wealth of smaller Earthour Sun. The discovery of a plethora
sized planets with the E-ELT.”
of new objects with masses far lown

T

The relative proximity of the Orion
Nebula (it’s estimated to lie about
1350 light-years from Earth) makes
it an ideal testbed to better understand the process and history of star
formation, and to determine how
many stars of different masses form.
Amelia Bayo (Universidad de Val-
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First atmospheric
study of earth-sized
exoplanets
by NASA

gen-helium envelope increases the
chances for habitability on these
planets,” said team member Nikole
sing NASA's Hubble Space
Lewis of the Space Telescope Science
Telescope, astronomers have
Institute (STScI) in Baltimore, Maryconducted the first search for
land. “If they had a significant hyatmospheres around temperate,
drogen-helium envelope, there is
Earth-sized planets beyond our solar
no chance that either one of them
system and found indications that
could potentially support life because the dense atmosphere would act
like a greenhouse.”
Julien de Wit of the
his illustration and the
Massachusetts Instifollowing video show
tute of Technology in
two Earth-sized worlds
Cambridge, Massapassing in front of
chusetts, led a team
their parent red dwarf
of scientists to obstar, which is much
serve the planets in
smaller and cooler
near-infrared light
than our sun. The
using Hubble's Wide
planets, TRAPPIST-1b
Field Camera 3. They
and TRAPPIST-1c, reused spectroscopy to
side 40 light-years
decode the light and
away. They are bereveal clues to the
tween 20 and 100
chemical makeup of
times closer to their
star than Earth is to the
an atmosphere.
sun. Researchers think
While the content of
that at least one of the
the atmospheres is
planets, and possibly both,
unknown and will
may be within the star's habhave to await further
itable zone, where moderate
observations, the low
temperatures could allow for liquid
concentration of hywater on the surface. Hubble looked
drogen and helium
for evidence of extended atmospheres
has scientists excited
around both planets and didn't find anything. This leaves open the possibility the planets
about the implicahave thinner, denser atmospheres like Earth's. [NASA, ESA, G. Bacon (STScI), J. de Wit (MIT)]
tions. “These initial
Hubble observations

U

T

increase the chances of habitability
on two exoplanets.
Specifically, they discovered that the
exoplanets TRAPPIST-1b and TRAPPIST-1c, approximately 40 light-years
away, are unlikely to have puffy,
hydrogen-dominated atmospheres
usually found on gaseous worlds.
“The lack of a smothering hydro-
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scope, will help determine the full
This
doublecomposition of these atmospheres
transit, which ocand hunt for potential biosignacurs only every
tures, such as carbon dioxide and
two years, proozone, in addition to water vapor
vided a combinand methane. Webb also will anaed signal that
http://hubblesite.org/newscenter/archive/releases/2016/27/video offered simultalyze a planet's temperature and
/a/
surface pressure — key factors in
neous indicators
assessing its habitability.
of the atmoThese planets are the first Earthspheric characsized worlds found in the Search
teristics of the
for habitable Planets EClipsing
planets.
ULtra-cOOl Stars (SPECULOOS) surThe researchers
vey, which will search more than
hope to use Hubare a promising first step in learn1,000 nearby red dwarf stars for
ble to conduct follow-up obsering more about these nearby worlds,
Earth-sized worlds. So far, the survations to search for thinner atwhether they could be rocky like
vey has analyzed only 15 of those
mospheres, composed of elements
Earth, and whether they could susstars. “These Earth-sized planets
heavier than hydrogen, like those
tain life,” said Geoff Yoder, acting
associate administrator for NASA's
Science Mission Directorate in Washington, D.C. “This is an exciting time
for NASA and exoplanet research.”
The planets orbit a red dwarf star at
least 500 million years old, in the
constellation of Aquarius. They were
discovered in late 2015 through a
series of observations by the TRAnsiting Planets and PlanetesImals
Small Telescope (TRAPPIST), a Belgian robotic telescope located at
the European Southern Observatory’s (ESO’s) La Silla Observatory in
Chile. TRAPPIST-1b completes a circuit around its red dwarf star in 1.5
days and TRAPPIST-1c in 2.4 days.
The planets are between 20 and
100 times closer to their star than
he TRAPPIST-1 system, consisting of several known Earth-sized planets orEarth is to the sun.
biting a red dwarf star, would fit deep inside the orbit of the sun's innerBecause their star is so much fainter
most planet, Mercury. [NASA, ESA, and A. Feild (STScI)]
than our sun, researchers think that
are the first worlds that astronoat least one of the planets, or posof Earth and Venus. “With more damers can study in detail with cursibly both, may be within the star's
ta, we could perhaps detect methrent and planned telescopes to
habitable zone, where moderate
ane or see water features in the
determine whether they are suittemperatures could allow for liquid
atmospheres, which would give us
able for life,” said de Wit. “Hubble
water to pool. On May 4, astronoestimates of the depth of the atmohas the ability to play the central
mers took advantage of a rare sispheres,” said Hannah Wakeford,
atmospheric pre-screening role to
multaneous transit, when both
the paper's second author, at NAtell astronomers which of these
planets crossed the face of their
SA's Goddard Space Flight Center in
Earth-sized planets are prime canstar within minutes of each other,
Greenbelt, Maryland. Observations
didates for more detailed study
to measure starlight as it filtered
from future telescopes, including
with the Webb telescope.”
through any existing atmosphere.
NASA's James Webb Space Telen

T
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Hubble uncovers a
galaxy pair coming in
from the wilderness
by NASA

N

ASA's Hubble Space Telescope
has uncovered two tiny dwarf
galaxies that have wandered
from a vast cosmic wilderness into a
nearby “big city” packed with galaxies. After being quiescent for billions of years, they are ready for
partying by starting a firestorm of
star birth. “These Hubble images
may be snapshots of what presentday dwarf galaxies may have been
like at earlier epochs,” said lead researcher Erik Tollerud of the Space
Telescope Science Institute in Baltimore, Maryland. “Studying these
and other similar galaxies can provide further clues to dwarf galaxy
formation and evolution.”
The Hubble observations suggest
that the galaxies, called Pisces A and
B, are late bloomers because they
have spent most of their existence in
the Local Void, a region of the universe sparsely populated with galaxies. The Local Void is roughly 150
million light-years across.
Under the steady pull of gravity from
the galactic big city, the loner dwarf
galaxies have at last entered a crowded region that is denser in intergalactic gas. In this gas-rich environment, star birth may have been triggered by gas raining down on the
galaxies as they plow through the
denser region. Another idea is that

the duo may have encountered a gaseous filament, which compresses gas
in the galaxies and stokes star birth.
Based on the galaxies' locations, Tol-

P

lerud's team determined that the objects are at the edge of a nearby filament of dense gas. Each galaxy contains about 10 million stars.

isces A is 18.4 million light-years away. In this image of the galaxy, the bright
object at the top is a more distant background galaxy. Other distant background galaxies are visible as bright dots. [NASA, ESA, and E. Tollerud (STScI)]
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Dwarf galaxies are
these Hubble obserthe building blocks
vations, for calculatfrom which larger
ing how far away the
galaxies were formed
galaxies are from
billions of years ago
nearby voids. Pisces A
in the early universe.
is about 19 million
Inhabiting a sparse
light-years from Earth
desert of largely empand Pisces B roughly
ty space for most of
30 million light-years
the universe's history,
away.
these two galaxies
An analysis of the
avoided that busy
stars' colors allowed
construction period.
the astronomers to
“These galaxies may
trace the star formahave spent most of
tion history of both
their history in the
galaxies. Each galaxy
void,” Tollerud excontains about 20 to
plained. “If this is
30 bright blue stars, a
true, the void envisign that they are very
ronment would have
young, less than 100
slowed their evolumillion years old.
tion. Evidence for the
Tollerud's team estigalaxies' void address
mates that less than
is that their hydrogen
100 million years ago,
content is somewhat
the galaxies doubled
high relative to simtheir star-formation
ilar galaxies. In the
rate. Eventually, the
past, galaxies containstar formation may
isces B is 29.0 million light-years away. In this image of the galaxy,
ed higher concentraslow down again if
the bright object with the diffraction spikes below left of center
tions of hydrogen, is a foreground star in our Milky Way galaxy. Several distant backthe galaxies become
the fuel needed to ground galaxies are also visible. [NASA, ESA, and E. Tollerud (STScI)]
satellites of a much
make stars. But these
larger galaxy. “The
blobs as possible galaxies. The regalaxies seem to retain that more
galaxies could even probably stop
searchers used the WIYN telescope
primitive composition, rather than
forming stars all together, because
in Arizona to study 15 of the most
the enriched composition of conthey will stop getting new gas to
promising candidates in visible light.
temporary galaxies, due to a less
make stars,” Tollerud said. “So they
Based on those observations, Tollevigorous history of star formation.
will use up their existing gas. But it's
rud's team selected the two that
The galaxies also are quite compact
hard to tell right now exactly when
were the most likely candidates to
relative to the typical star-forming
that would happen, so it's a reasonbe nearby galaxies and analyzed
galaxies in our galactic neighborable guess that the star formation
them with Hubble's Advanced
hood.”
will ramp up at least for a while.”
Camera for Surveys. Hubble's sharp
The dwarf galaxies are small and
Tollerud's team hopes to observe
vision helped the astronomers confaint, so finding them is extremeother similar galaxies with Hubble.
firm that both of them, Pisces A and
ly difficult. Astronomers spotted
He also plans to scour the Panoramic
B, are dwarf galaxies. The Hubble
them by using radio telescopes in a
Survey Telescope & Rapid Response
telescope is aptly suited to study
unique survey to measure the hySystem (Pan-STARRS) survey for ponearby, dim dwarf galaxies because
drogen content in our Milky Way.
tential dwarf galaxies. Future wideits sharp vision can resolve individThe observations captured thousurvey telescopes, such as the Large
ual stars and help astronomers estisands of small blobs of dense hySynoptic Survey Telescope (LSST) in
mate the galaxies' distances.
drogen gas. Most of them are gas
Chile and the large radio telescope in
Distance is important for determinclouds within our galaxy, but astronChina, should be able to find many
ing a galaxy's brightness, and, in
omers identified 30 to 50 of those
of these puny galactic neighbors. n

P
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Discovered: youngest fully
exoplanet ever
by Keck Observatory

A

team of Caltech-led researchers discovered the
youngest fully-formed exoplanet ever detected using the
W. M. Keck Observatory on Mauna
Kea, Hawaii and the Kepler Space
Telescope. The planet, K2-33b, at five
to 10 million years old, is still in its infancy. Planet formation is a complex
and tumultuous process that remains
shrouded in mystery. Astronomers
have discovered roughly 2,000 planets orbiting stars other than our Sun
— however, nearly all are middleaged, with ages of a billion years or
more. For astronomers, attempting
to understand the life cycles of planetary systems using existing examples is like trying to learn how
people grow from babies to children to teenagers, by only studying
adults. The first signals of the planet's existence were measured by NASA's Kepler space telescope during
its K2 mission. The telescope detected a periodic dimming in the light
emitted by the planet's host star, K233, that hinted at the existence of an
orbiting planet. Observations from
the W. M. Keck Observatory in Hawaii validated that the dimming was
indeed caused by a planet, using
both of the 10 meter Keck telescopes: the HIRES instrument installed on Keck I and NIRC2 on the Keck
II. “HIRES was used to measure the
Doppler shift (radial velocity) of
the star over time, and confirm that
the orbiting companion is a plan-

et,” said Trevor David, first author
of the study and a graduate student working with professor of
astronomy Lynne Hillenbrand.
“The high resolution spectra were
also used to confirm the youth of
the star, measure its temperature and how fast it is rotating, and rule out the presence of any additional
stars in the system.” High
resolution images obtained with Keck Observatory’s NIRC2 instrument in
2011 and 2016 were
also used to confirm that there
were no other
nearby stars
(either gravitationally
bound to
K2-33, or in
the background but
aligned by
chance) that
might be mimicking a planet
transit signal. By
comparison, the
new discovery is a
new born. “At 4.5
billion years old, the
Earth is a middleaged planet — about
45 in human-years,” David said.
“The planet K2-33b would be an infant of only a few weeks old.”
“This discovery is a remarkable milestone in exoplanet science,” added

SEPTEMBER-OCTOBER 2016
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lly-formed

K

2-33b, shown in this illustration, is the
youngest fully-formed exoplanet detected to date. It makes a complete orbit
around its star in about five days. These
two characteristics combined provide exciting new directions for planet-formation
theories. K2-33b could have formed on a
farther out orbit and quickly migrated inward. Alternatively, it could have formed
in situ, or in place. [NASA/JPL-Caltech]
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Erik Petigura, a postorbit around its host
doctoral scholar in
star in about five
planetary science and
days. This implies
a coauthor of the
that it is 20 times
study. “The newborn
closer to its star than
planet K2-33b will
Earth is to the Sun.
help us understand
K2-33b is a large
how planets form,
planet like the gas
which is important
giants in our solar
for understanding
system. In our solar
the processes that led
system these giant
to the formation of
planets are all far
the Earth and evenfrom the Sun.
tually the origin of
As it turns out, the
life.” When stars form,
proximity of the
they are encircled by
giant
planet K2-33b
his image shows the K2-33 system, and its planet K2-33b, compared
dense regions of gas
to its star is not too
to our own solar system. The planet has a five-day orbit, whereas
and dust called pro- Mercury orbits our sun in 88 days. The planet is also nearly 10 times
out of the ordinary
toplanetary
disks, closer to its star than Mercury is to the sun. [NASA/JPL-Caltech]
for planets in our
from which planets
galaxy — many have
has just completed in this region,
form. By the time a young star is a
been discovered close in, often
called Upper Scorpius, because roughfew million years old, this disk has
completing an orbit around their
ly a quarter of the stars still have
largely dissipated and planet formaparent star in weeks or even days.
bright protoplanetary disks,” David
tion is mostly complete. The star orThe explanation for this is that
said. “The remainder of stars in the
bited by K2-33b has a small amount
large planets can be formed far
region do not have such disks, so
of disk material left, indicated by
from their star and migrate inward
we reasoned that planet formation
observations from NASA's Spitzer
over time. The position of K2-33b
must be nearly complete for these
space telescope, indicating that it is
so close to its parent star at such an
stars, and there would be a good
in the final stages of dissipating.
early age implies that if migration
chance of finding young exoplanets
“Astronomers know star formation
occurred, it must have occurred
around them.”
quickly.
K2-33b, like many other
Alternatively, the planet could be
exoplanets, was detectevidence against the migration theed due to the periodic
ory, suggesting that giant planets
dimming in the central
can in fact form close in to their
star's
light
as
the
planet
stars.
http://www.spacetelescope.org/videos/heic1616a/
passes in front of it.
K2-33b is fully formed, but it may
By studying the frestill evolve over time. The next step
quency of dips in the
is to measure the planet's mass and
star's light and measurdetermine its density. These meaing by how much the
surements will offer insights into the
light dimmed, the team
planet's fate later in life — whethhen a planet such as K2-33b passes in front of
was able to determine
er it will stay roughly the same size
its host star, it blocks some of the star's light.
the size and orbital peor if it will cool and contract.
Observing this periodic dimming, called a transit,
riod of the planet.
“In the last 20 years, we have learnfrom continual monitoring of a star's brightness,
K2-33b is “a remarkable
ed that Nature can produce a stagallows astronomers to detect planets outside our
world,” Petigura said.
gering diversity of planets — from
solar system with a high degree of certainty. This
The exoplanet, which is
planets that orbit two stars to planNeptune-sized planet orbits a star that is between
about six times the size
ets that complete a full orbit every
five and 10 million years old. In addition to the planof
Earth,
or
about
50
few hours,” Petigura concluded.
et, the star hosts a disk of planetary debris, seen as
percent larger than Nep“We have much to learn, and K2a bright ring encircling the star. [NASA/JPL-Caltech]
tune, makes a complete
33b is giving us new clues.”
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