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Rivelate le onde gravitazionali
Per la prima volta gli scienziati hanno osservato quelle increspature nella struttura dello spazio-tempo
chiamate onde gravitazionali, in arrivo sulla Terra a seguito di un evento cataclismico nel lontano universo. Ciò conferma una delle principali previsioni della teoria della relatività generale di Albert Einstein...

Planet Nine is more probable than ever!
Once again, we talk about the existence of a large planet in the remotest depths of our solar system.
This time, though, such presence seems all the more concrete. The thrilling challenge in the field of
higher math that 170 years ago led to the discovery of Neptune looks set to be repeated today...

The turbulent birth of a quasar
Quasars are distant galaxies with very active supermassive black holes at their centres that spew out
powerful jets of particles and radiation. Most quasars shine brightly, but a tiny fraction of these energetic
objects are of an unusual type known as Hot DOGs, or Hot, Dust-Obscured Galaxies (only one of every

First light for future black hole probe
The GRAVITY instrument combines the light from multiple telescopes to form a virtual telescope up to
200 metres across, using a technique called interferometry. This enables the astronomers to detect much
finer detail in astronomical objects than is possible with a single telescope. Since the summer of 2015...

Svelata l'età di due dischi nucleari
Nelle regioni più centrali di molte galassie esistono delle piccole e compatte strutture a forma di disco
che possono essere usate come cronometri per misurare il tempo trascorso dall'ultima fusione con altre
galassie. Per la prima volta, due team di ricercatori sono riusciti a leggere “l'ora” segnata da quelle...

NASA's observatories weigh massive young galaxy cluster
Astronomers have used data from three of NASA's Great Observatories to make the most detailed study
yet of an extremely massive young galaxy cluster. This rare galaxy cluster, which is located 10 billion
light-years from Earth, is almost as massive as 500 trillion suns. This object has important implications...

Eta Carinae is not unique: 5 Eta twins discovered
For the first time a group of astronomers have found in neighbouring galaxies 5 objects whose properties are very similar to those of Eta Carinae, an amazing star system that seems to have no equivalent in the Milky Way and which it is difficult to study in detail precisely because of its uniqueness.

ALMA finds cold grains in planet-forming disc
An international team led by Stéphane Guilloteau, at the Laboratoire d'Astrophysique de Bordeaux,
France, measured the temperature of large dust grains around the young star 2MASS J162813702431391 in the spectacular Rho Ophiuchi star formation region, about 400 light-years from Earth.

Monstrous cloud boomerangs back to our galaxy
Hubble Space Telescope astronomers are finding that the old adage "what goes up must come down"
even applies to an immense cloud of hydrogen gas outside our Milky Way galaxy. The invisible cloud is
plummeting toward our galaxy at nearly 700,000 miles per hour. Though hundreds of enormous...

Ceresian craters collection
This view from NASA's Dawn spacecraft captures a portion of the southern hemisphere of Ceres. The
image of this unnamed crater is centered at approximately 46 degrees south latitude, 101 degrees east
longitude. Dawn captured the scene on Dec. 20, 2015 from its low-altitude mapping orbit (LAMO), at...
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GRAVITATIO
WAVES
REVEALED
by LIGO/Caltech/MIT/NSF

H

ow our Sun and Earth warp space and time, or spacetime, is represented here with a green grid. As Albert Einstein demonstrated
in his theory of general relativity, the gravity of massive bodies warps the fabric of space and time − and those bodies move along
paths determined by this geometry. His theory also predicted the existence of gravitational waves, which are ripples in space and time.
These waves, which move at the speed of light, are created when massive bodies accelerate through space and time. [LIGO/T. Pyle]
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LIGO opens new window on
the universe with observation of gravitational waves
from colliding black holes.

F

or the first time, scientists have observed
ripples in the fabric of spacetime called gravitational waves, arriving at the Earth from
a cataclysmic event in the distant universe. This
confirms a major prediction of Albert Einstein’s
1915 general theory of relativity and opens an
unprecedented new window onto the cosmos.
Gravitational waves carry information about
their dramatic origins and about the nature of
gravity that cannot otherwise be obtained.
Physicists have concluded that the detected gravitational waves were produced during the final
fraction of a second of the merger of two black
holes to produce a single, more massive spinning black hole. This collision of two black holes
had been predicted but never observed.
The gravitational waves were detected on September 14, 2015 at 5:51 a.m. Eastern Daylight
Time (09:51 UTC) by both of the twin Laser Interferometer Gravitational-wave Observatory
(LIGO) detectors, located in Livingston, Louisiana, and Hanford, Washington, USA.
The LIGO Observatories are funded by the National Science Foundation (NSF), and were conceived, built, and are operated by Caltech and
MIT. The discovery, accepted for publication in
the journal Physical Review Letters, was made
by the LIGO Scientific Collaboration (which includes the GEO Collaboration and the Australian Consortium for Interferometric Gravitational Astronomy) and the Virgo Collaboration
using data from the two LIGO detectors. Based
on the observed signals, LIGO scientists estimate
that the black holes for this event were about
29 and 36 times the mass of the Sun, and the
event took place 1.3 billion years ago. About 3
times the mass of the Sun was converted into
gravitational waves in a fraction of a second—
with a peak power output about 50 times that
of the whole visible universe. By looking at the
time of arrival of the signals—the detector in
Livingston recorded the event 7 milliseconds
before the detector in Hanford—scientists can
say that the source was located in the Southern

D
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Hemisphere. According
to general relativity, a
pair of black holes orbiting around each other
lose energy through the
emission of gravitational waves, causing them
to gradually approach
each other over billions
of years, and then much
more quickly in the final minutes. During the
final fraction of a second, the two black holes
collide into each other
at nearly one-half the
speed of light and form a single more massive black hole, converting a portion of the
combined black holes’ mass to energy, according to Einstein’s formula E=mc2. This energy is emitted as a final strong burst of gravitational waves. It is these gravitational waves
that LIGO has observed.
The existence of gravitational waves was
first demonstrated in the 1970s and 80s by
Joseph Taylor, Jr., and colleagues. Taylor and
Russell Hulse discovered in 1974 a binary system composed of a pulsar in orbit around a
neutron star. Taylor and Joel M. Weisberg in
1982 found that the orbit of the pulsar was
slowly shrinking over time because of the
release of energy in the form of gravitational waves. For discovering the pulsar and showing that it would make possible this particular gravitational wave measurement, Hulse and Taylor were awarded the Nobel Prize
in Physics in 1993.
The new LIGO discovery is the first observation of gravitational waves themselves,
made by measuring the tiny disturbances
the waves make to space and time as they
pass through the Earth.
“Our observation of gravitational waves accomplishes an ambitious goal set out over
5 decades ago to directly detect this elusive
phenomenon and better understand the universe, and, fittingly, fulfills Einstein’s legacy on
the 100th anniversary of his general theory of
relativity,” says Caltech’s David H. Reitze, executive director of the LIGO Laboratory.
The discovery was made possible by the enhanced capabilities of Advanced LIGO, a

T

he Laser Interferometer
GravitationalWave Observatory (LIGO)
consists of two
widely separated
installations within the United
States, one in
Hanford, Washington (left), and the
other in Livingston, Louisiana
(below), operated
in unison as a single observatory.
[LIGO Laboratory]

major upgrade that increases the sensitivity of the instruments compared to the first
generation LIGO detectors, enabling a large
increase in the volume of the universe probed—and the discovery of gravitational
waves during its first observation run.
The US National Science Foundation leads in
financial support for Advanced LIGO.
LIGO research is carried out by the LIGO
Scientific Collaboration (LSC), a group of
more than 1000 scientists from universities
around the United States and in 14 other
countries. More than 90 universities and research institutes in the LSC develop detector
technology and analyze data; approximately
250 students are strong contributing members of the collaboration.
“This detection is the beginning of a new era:
The field of gravitational wave astronomy is
now a reality,” says Gabriela González, LSC
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T

he side computer simulation shows the
collision of two
black holes, a
tremendously
powerful event
detected for the
first time ever by
the LIGO. [Simulating eXtreme Spacetimes Project]
The plots below
show the signals
of gravitational
waves detected
by the twin LIGO
observatories at
Livingston and
Hanford, The signals came from
two merging
black holes, each
about 30 times
the mass of our
Sun, lying 1.3 billion light-years
away. The top
two plots show
data received at
Livingston and
Hanford, along
with the predicted
shapes for the
waveform. These
predicted waveforms show what
two merging
black holes should
look like according to the equations of Albert
Einstein's general
theory of relativity, along with the
instrument's everpresent noise.
The final plot
compares data
from both detectors. As the
plots reveal, the
LIGO data very
closely match Einstein's predictions. [Caltech/
MIT/LIGO Lab]

spokesperson and professor of
physics and astronomy at Louisiana State University.
“With this discovery, we humans are embarking on a marvelous new quest: the quest to
explore the warped side of the
universe—objects and pheno- http://phys.org/news/2016-02-gravitational-years-einstein.html
mena that are made from
warped spacetime. Colliding
black holes and gravitational
waves are our first beautiful
examples,” says Thorne.
Virgo research is carried out by
the Virgo Collaboration, conics, but more importantly merely the start of
sisting of more than 250 physicists and engimany new and exciting astrophysical discovneers belonging to 19 different European
eries to come with LIGO and Virgo.”
research groups: 6 from Centre National de la
Bruce Allen, managing director of the Max
Recherche Scientifique (CNRS) in France; 8
Planck Institute for Gravitational Physics
from the Istituto Nazionale di Fisica Nucleare
(Albert Einstein Institute), adds, “Einstein
(INFN) in Italy; 2 in The Netherlands with
thought gravitational waves were too weak
Nikhef; the Wigner RCP in Hungary; the POLto detect, and didn’t believe in black holes.
GRAW group in Poland; and the European
But I don’t think he’d have minded being
Gravitational Observatory (EGO), the laborawrong!”
tory hosting the Virgo detector near Pisa in
At each observatory, the two-and-a-halfItaly. Fulvio Ricci, Virgo Spokesperson, notes
mile (4-km) long L-shaped LIGO interferomethat, “This is a significant milestone for physter uses laser light split into two beams that
travel back and forth down the arms (fourfoot diameter tubes kept under a near-perfect vacuum). The beams are used to monitor the distance between mirrors precisely
positioned at the ends of the arms. According to Einstein’s theory, the distance between the mirrors will change by an infinitesimal amount when a gravitational wave passes by the detector. A change in the lengths
of the arms smaller than one-ten-thousandth
the diameter of a proton (10-19 meter) can be
detected. Independent and widely separated observatories are necessary to determine
the direction of the event causing the gravitational waves, and also to verify that the signals come from space and are not from some
other local phenomenon.
“Hopefully this first observation will accelerate
the construction of a global network of detectors to enable accurate source location in the
era of multi-messenger astronomy,” concludes
David McClelland, professor of physics and
director of the Centre for Gravitational Physics at the Australian National University.
n
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Planet Nine i
probable tha
ever!
by Michele Ferrara

Once again, we talk about the existence
of a large planet in the remotest depths
of our solar system. This time, though,
such presence seems all the more concrete. The thrilling challenge in the
field of higher math that 170 years ago
led to the discovery of Neptune looks
set to be repeated today, although
with vastly more powerful means.

I

n the May/June 2014 issue, we reported
a study by Kevin Luhman (Penn State
University) on the possible presence of
a planet of significant mass beyond Neptune’s orbit. On that occasion, it was pointed out that no planet as big as Saturn
could exist within 10,000 AU from the Sun,
and neither another Jupiter within nearly
three times that distance. This does not
exclude that there could be a smaller size
planet, at a considerably lesser distance
from the Sun. In the same issue of the magazine, we commented the discovery of
2012 VP113 , a dwarf planet characterized
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is more
han

C

reative representation of the large
planet that should exist at the edge
of the solar system and that was predicted by numerical simulations performed by Konstantin Batygin and Mike
Brown. This is a gas giant a bit smaller
than Neptune. [Caltech/R. Hurt (IPAC)]
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by a very wide orbit, comparable to that of
the famous dwarf planet Sedna for the fact
of having a perihelion very external to the
orbits of major planets, such as not to be
affected by the gravitational influence of
Neptune, to which are instead subject a
number of other Edgeworth-Kuiper belt
objects (known as KBOs). 2012 VP113 , Sedna
and a handful of others similar to them are
considered the brightest and closest members of a population of KBOs orbiting in
the outer-belt regions.
The discoverers of 2012 VP 113 , Chadwick
Trujillo (Gemini Observatory) and Scott
Sheppard (Carnegie Institution for Science),
noticed immediately that the final orbit of
the new object has in common with Sedna
a very revealing parameter, the argument
of perihelion (ω), whose value, close to 300
degrees indicates that both KBOs reach perihelion and cross the ecliptic plane (south
to north) on the same side with respect to
the Sun. Intrigued by this coincidence, Trujillo and Sheppard started to examine more
in detail the orbits of the two unusual objects, along with those of about ten other
very distant KBOs. In so doing, they discovered that they all share (with some degree of approximation) similar ω values.
Subsequently, the two researchers published the results of their study, suggesting
that the curious crowding of the perihelia
close to the ecliptic could be caused and
maintained by the orbiting around the Sun
of a distant planet yet unknown. Towards
the end of 2014, such conclusions aroused
the interest of two other researchers, Konstantin Batygin and Mike Brown of the Cal-

ifornia Institute of Technology (Caltech) in
Pasadena; the first has an in-depth knowledge of orbital dynamics and numerical simulations; the second is a planetary science
professor, co-discoverer of numerous transNeptunian objects, including Eris
and Sedna, and promoter of the
downgrading of Pluto to the
status of dwarf planet, occurred
10 years ago. In short, not just
two ordinary researchers!
By carefully re-examining the ishttp://www.sciencemag.org/news/2016/01/feature-astronomers-say-neptune-sized-planet-lurks-unseen-solar-system
sue, Batygin and Brown realized
that there had to be more behind these strange “coincidences”. In fact, they soon discovered that the perihelia of that
small population of KBOs were
not only on the same side of the

P

ercival Lowell,
a wealthy astronomer of
whom this year
marks the centenary of his death,
was the first to
assiduously devote himself to
the search for a
large trans-Neptunian planet.
[Lowell Obs.]
Left, a video providing an overview of the likely
existence of Planet Nine. [Science
AAAS]
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T

he orbits of
the 6 most distant KBOs of the
solar system appear unusually
aligned in similar
directions and, if
viewed edgewise, also tilted in
the same way.
This particular
configuration can
be explained by
admitting the existence of a planet of about 10
Earth masses,
moving in an orbit
similar to the one
drawn here.
In the diagram
below were added
the perpendicular
orbits predicted
by the simulations
and observed
for 5 real objects.
[Caltech/R. Hurt
(IPAC)]

Sun and next to the ecliptic, but also physically clustered in space, with their orbits
facing the same direction and all tilted
about 30 degrees.
In order to implement sustainable simulations (lasting several months even with the
most powerful computers), the two Cal-

tech researchers reduced the sample of
KBOs on which to further study the orbits
and selected from the Trujillo and Sheppard’s list consisting of a dozen objects, the
6 more distant from the Sun (perihelia beyond the orbit of Neptune and semi-major
axis greater than 150 AU): thus Sedna, 2012
VP113 , 2004 VN112 , 2007
TG422 , 2010 GB174 and
2013 RF98 , which more
than others should be
affected by the influence of the hypothetical planet. All 6 were
discovered with different telescopes in different surveys, which
ruled out any possible
biases introduced by
the methods used by
the discoverers.
With this in mind, in
2015 Batygin started a
series of complex simulations of the solar
system by adding a virtual planet of various
masses and located on
different orbits, to verify which version was
capable of more faith-
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fully reproducing
the orbital properties of the considered KBO sample.
After computations
lasting months, it
emerged that the
scenario more closely corresponding to
the observational
reality contemplates the existence
of a planet with a
mass between 10
and 15 Earth masses (and a diameter
from 2 to 4 times
that of the Earth),
located on a rather
elongated orbit (eccentricity of about
0.6), which brings it
to a distance from
the Sun from a minimum of 200-300
AU to a maximum
of 1200 AU (7 light-days), with period of revolution between 10,000 and 20,000 years.
Contrary to what suggested by Trujillo and
Sheppard, Batygin's models indicate that
the orbit of the hypothetical planet would
extend in the opposite direction to those
of the KBOs that it keeps confined.
The orbits of the latter would cross that of
the planet, but without any risk of collision, since orbital resonances (fixed relationships between periods of revolution)

would have over time been established,
preventing the KBOs coming face to face
with the planet. The overall orbital configuration of the objects taken as sample
would therefore be stable and governed
by the gravitational influence of the hypothetical planet.
The two Caltech researchers calculated that
there is only one chance in about 15,000
that this clustering is emerging just by
chance precisely in this period. All planetary orbits do, in fact, rotate very slowly around the
Sun and their axes gradually point in different directions. (It is the so-called
“precession of the perihelion”, which for Earth has
https://www.youtube.com/watch?v=6poHQ2h00ZA
a period of about 112,000
years.)
Without a dynamic mechanism hindering that movement, the ω values would
not remain clustered for
long. The numerical simulations of Batygin were

T

he two brilliant researchers who reproposed the existence of a large
trans-Neptunian
planet: Mike
Brown (left) and
Konstantin Batygin. [Damian Dovarganes, Associated Press]
In the side video,
Brown and Batygin describe their
point of view.
[Caltech]
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T

he Palomar
Observatory
image that made
possible the discovery of Sedna
(centre of the circle), the KBO that
along with 2012
VP113 renewed
the hypothesis of
the existence of a
new trans-Neptunian planet. The
brightest star just
above Sedna is as
bright as Pluto.

however not limited to only provide a possible explanation of the
orbital behaviour
of the analyzed
KBOs sample, as
they also created
some objects arranged on orbits
almost perpendicular to that of
Neptune.
In effect, of those
objects there are
in reality at least
5, and their unusual orbits (inexplicable so far)
and individual positions on the orbit are perfectly in agreement with the simulations, such that they
acquire consistency. But one thing is finding what it is looked for in a targeted way,
and quite another is that also the computational by-products replicate real scenarios in which all protagonists are already
known.
To date, no alternative hypothesis to the

presence of a planet with the characteristics identified by Batygin and Brown can
explain the orbital properties of the 6 most
distant KBOs of the solar system. Confident in its existence, the two researchers
decided to informally call it Planet Nine
and began to explore the possibility to observe it directly; and thus effectively discover it and not only virtually.
The main obstacle is the very vague knowledge of its orbit, so much so that Planet
Nine could follow a large number of significantly different orbits, all equally valid
for the purpose of the performed simulations. Moreover, there is the need to understand, at least in broad outlines, at which
point of the orbit it is. If it were near the
perihelion, then perhaps it would have already been discovered.
According to Brown it is instead more likely that it lies in intermediate positions or
even at the aphelion, a region expected
to project itself in a portion of sky that includes the crowed plane of the Milky Way

I

n this diagram are represented, by bundles
of black lines, the possible positions, distances, magnitudes and apparent speed of
Planet Nine. The red lines demarcate the
Milky Way, while the blue line is the ecliptic.
It is easy to guess that the search for that hypothetical object will take a rather long
time. [Konstantin Batygin & Mike Brown]
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T

his diagram compares
the orbits of the outer
planets with those of the
more distant KBOs and
that of the hypothetical
Planet Nine. On this latter
it is shown the path
along which, according to
Brown and Batygin, we
will be more likely to see
the planet. [JPL; Batygin
and Brown/Caltech; A.
Cuadra/Science]

and that has not yet
been covered by more
deeper photographic
surveys. If it were near
the aphelion, Planet
Nine would then be
moving very slowly and
would have a magnitude around 22 (if not
weaker) and would
have therefore been off-limits to all large
past surveys.
A punctiform image of the planet might
nevertheless already exist and be hidden in
the WISE (Wide-field Infrared Survey Explorer) database, within a limited number
of observations conducted at the most extreme infrared wavelengths accessible by
this instrument. The above-mentioned Luhman is at present looking into that series

of observations in the search for any feedback, but since only 20% of the entire sky
has been recorded in this mode, it will thus
also be necessary to rely on luck.
Meanwhile, Batygin is constantly refining
the parameters of the simulations, in order
to restrict as much as possible the area of
sky within which to search for the planet.
For his part, Brown has arranged a fiveyear observational campaign to be con-

B

elow left, the
dome of the
Subaru telescope,
and more to the
right the ones of
the Keck twin
telescopes. On
the Subaru are
pinned the hopes
of finding Planet Nine. [NAOJ]
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O

n the side,
the Subaru
telescope. With
its 8.2 meters diameter monolithic mirror, breadth
of the field of
view (unmatched
among large telescopes) and sensitivity to the
infrared, it is the
instrument most
suited in the
world to search
for Planet Nine.

ducted with the Japanese
Subaru Telescope, located
on Mauna Kea, Hawaii. With
its single 8.2 meters diameter mirror, the capacity of
observing in the near-infrared and a field of view 75
times larger than that provided by the neighbouring
Keck telescopes, Subaru is
considered the best instrument for confirming (or rebutting) the existence of
Planet Nine. Involved with
the observing campaign are
also Trujillo and Sheppard,
both strong supporters of
Batygin and Brown’s theory. Obviously there are no
certainties at the moment:
the orbital clustering of the
KBOs examined could just
be an extraordinary coincidence and perhaps soon will
be found objects of that
kind with orbital characteristics incompatible with
the existence of Planet Nine.
What does not instead represent a problem is the position of Planet
Nine in such remote location, since it is in
fact indisputable, as confirmed by the observation of numerous extrasolar systems,

that planets isolated in the outer outskirts
are recurrent (just as recurrent are planets
of 10-15 Earth masses, apparently absent
in our solar system).
Since they cannot have formed where we
see them, it is likely that they arrived so far
from their stars as a result of gravitational
interactions with other significant size
planets. Moreover, already in 2012, David
Nesvorný (Southwest Research Institute,
Department of Space Studies, Boulder, Colorado) had shown through computer simulations that most likely more than 4 billion years ago there were 5 large sized
planets in our system solar. What has become of the fifth one? Was it permanently
ejected or just transferred itself to an
outer orbit?
170 years ago celestial mechanics allowed
to discover Neptune. Since then there has
never been such strong evidence of the
existence of a large unknown planet at the
edge of our solar system.
n
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The turbulent birth
of a quasar
by ESO

Q

uasars are distant galaxies
with very active supermassive black holes at
their centres that spew out
powerful jets of particles and
radiation. Most quasars shine
brightly, but a tiny fraction of
these energetic objects are of
an unusual type known as Hot
DOGs, or Hot, Dust-Obscured Galaxies (only one of every 3000
quasars observed are classified
as Hot DOGs), including the galaxy WISE J224607.57-052635.0,
the most luminous known galaxy
in the Universe. This object was
found by NASA’s Wide-field Infrared Survey Explorer (WISE)
spacecraft and the rest of the
name gives the precise location
of the quasar on the sky.
For the first time, a team of researchers led by Tanio Díaz-Santos of the Universidad Diego Portales in Santiago, Chile, has used
the unique capabilities of ALMA
(in the detection of the faint, millimetre-wavelength light naturally emitted by atomic carbon)
to peer inside W2246-0526 and
trace the motion of ionised carbon atoms between the galaxy’s
stars. “Large amounts of this interstellar material were found in
an extremely turbulent and dynamic state, careening throughout the galaxy at around two
million kilometres per hour,” explains lead author Tanio DíazSantos. The astronomers believe

that this turbulent behaviour
could be linked to the galaxy’s
extreme luminosity. W2246-0526
blasts out as much light as roughly 350 trillion Suns. This startling
brightness is powered by a disc
of gas that is superheated as it
spirals in on the supermassive

black hole at the galaxy’s core.
The light from the blazingly
bright accretion disc in the centre
of this Hot DOG does not escape
directly, it is absorbed by a surrounding thick blanket of dust,
which re-emits the energy as infrared light. This powerful infra-
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A

rtist impression of W2246-0526,
a single galaxy glowing in infrared light as intensely as 350 trillion
suns. It is so violently turbulent that
it may eventually jettison its entire
supply of star-forming gas, according to new observations with ALMA.
[NRAO/AUI/NSF; Dana Berry / SkyWorks; ALMA (ESO/NAOJ/NRAO)]

red radiation has a direct and violent impact on the entire galaxy.
The region around the black hole
is at least 100 times more luminous than the rest of the galaxy
combined, thus releasing intense
yet localised radiation in W22460526 that is exerting tremendous

MARCH-APRIL 2016

pressure on the entire galaxy. In
most other quasars this ratio is
much more modest. (This process of mutual interaction between the central black hole of
a galaxy and the rest of its material is known to astronomers
as feedback.) Because of the ex-

pansion of the Universe the infrared radiation from W22460526 is redshifted to longer millimetre wavelengths — where
ALMA is very sensitive — when
it is observed from Earth. “We
suspected that this galaxy was
in a transformative stage of its
life because of the enormous
amount of infrared energy,”
said co-author Peter Eisenhardt,
Project Scientist for WISE at NASA's Jet Propulsion Laboratory
in Pasadena, California. “ALMA
has now shown us that the raging furnace in this galaxy is
making the pot boil over,” adds
Roberto Assef, also from Universidad Diego Portales and leader
of the ALMA observations.
If these turbulent conditions continue, the intense infrared radiation would boil away all of the
galaxy’s interstellar gas. Models of galaxy evolution based on
the new ALMA data indicate
that the interstellar gas is already being ejected from the
galaxy in all directions. “If this
pattern continues, it is possible
that W2246-0526 will eventually mature into a more traditional quasar,” concludes Manuel
Aravena, also from the Universidad Diego Portales. “Only ALMA, with its unparalleled resolution, can allow us to see this
object in high definition and
fathom such an important episode in the life of this galaxy.” n
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Solved! 40 year-old
mystery on the size of
shadowy galaxies
by KECK OBSERVATORY

U

sing the world’s largest telescopes, researchers discovered ancient cold gas clouds
larger than galaxies in the early Uni-

T

verse. The discovery was announced
at the 227th meeting of the American Astronomical Society in Orlando,
Florida. The discovery, led by Associate Professor Jeff Cooke, Swinburne University of Technology, and
Associate Professor John O’Meara,

he twin 10-meter Keck telescopes, located atop Mauna Kea,
are among the largest in use today. [W. M. Keck Observatory]

St. Michael’s College, has helped
solve a decades-old puzzle on the
nature of gas clouds, known as
damped Lyman alpha systems, or
DLAs. Cooke and O’Meara realized
that finding DLA gas clouds in the
line of sight to background galaxies
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would enable measurements of their
size by determining how much of
the galaxy they cover.
“Our new method first identifies galaxies that are more likely to have intervening DLA gas clouds and then
searches for them using long, deep
exposures on the powerful Keck Observatory 10m telescopes on Mauna
Kea and deep data from the VLT 8m
telescopes in Chile,” Cooke said. “The
technique is timely as the next generation of giant 30m telescopes will be
online in several years and are ideal
to take advantage of this method to
routinely gather large numbers of
DLAs for study.” DLA clouds contain
most of the cool gas in the Universe
and are predicted to contain enough
gas to form most of the stars we see
in galaxies around us today, like the
Milky Way. However, this prediction
has yet to be confirmed. DLAs current-

A

rtists impression of the power
of background galaxies to measure the size of gas clouds as compared to the conventional method
of using quasars. The plane to the
far right shows the background galaxy and overlaid in the center of
the galaxy is a bright white light representing a quasar. The DLA gas
cloud is shown at the center of the
plane in between the galaxy and
Earth. The blue/white narrow beam
indicates the small area of the DLA
gas cloud probed by quasars, the
wider red cone of light indicates the
large area of the DLA probed by
galaxies, which is a 100 million-fold
increase in area. [Adrian Malec
(Swinburne University) and Marie
Martig (Max Planck Institute For
Astronomy, Heidelberg)]

ly have little ongoing star formation,
making them too dim to observe di-

rectly from their emitted light alone.
Instead, they are detected when they
happen to fall in the line of sight to
a more distant bright object and
leave an unmistakeable absorption
signature in the background object’s
light. Previously, researchers used
quasars as the background objects to
search for DLAs. Although quasars
can be very bright, they are rare and
are comparatively small, only a fraction of a light year across, whereas
galaxies are quite common and provide a 100 million-fold increase in
area to probe DLAs.
“Using the galaxy technique, DLAs
can be studied in large numbers to
provide a 3-D tomographic picture
of distribution of gas clouds in the
early Universe and help complete
our understanding of how galaxies
formed and evolved over cosmic
time,” O’Meara concluded.
n
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First light for future
black hole probe
by ESO

T

he GRAVITY instrument combines the light from multiple
telescopes to form a virtual
telescope up to 200 metres across,
using a technique called interferometry. This enables the
astronomers to detect much finer detail in astronomical
objects than is possible with a single
telescope.
Since the summer
of 2015, an international team of
astronomers and
engineers led by
Frank Eisenhauer
(MPE,
Garching,
Germany) has been
installing the instrument in specially adapted tunnels under the Very Large Telescope
at ESO’s Paranal Observatory in
northern Chile. The VLTI tunnels and
beam-combining room have recently undergone significant construction work to accommodate GRAVITY
as well as to prepare for other future instruments. This is the first
stage of commissioning GRAVITY
within the Very Large Telescope Interferometer (VLTI). A crucial milestone has now been reached: for the
first time, the instrument successfully combined starlight from the
four VLT Auxiliary Telescopes.
It would be more accurate to call
this step “first fringes” as the mile-

stone was the first successful combination of light from the different
telescopes so that the beams interfered and fringes were formed and
recorded.
“During its first light, and for the
first time in the history of long baseline interferometry in optical astron-

omy, GRAVITY could make exposures of several minutes, more than
a hundred times longer than previously possible,” commented Frank
Eisenhauer. “GRAVITY will open optical interferometry to observations
of much fainter objects, and push
the sensitivity and accuracy of high

Z

ooming in on
black holes is
the main mission
for the newly
installed instrument GRAVITY at
ESO’s Very Large
Telescope in
Chile. During its
first observations, GRAVITY
successfully combined starlight
using all four Auxiliary Telescopes.
[ESO/GRAVITY
consortium]
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A

s part of the first observations with the new GRAVITY instrument the team looked closely at the bright, young stars
known as the Trapezium Cluster, located in the heart of the Orion star-forming region. Already, from these first data,
GRAVITY made a discovery: one of the components of the cluster (Theta1 Orionis F) was found to be a double star for the first
time. The brighter known double star Theta1 Orionis C is also well seen. The background image comes from the ISAAC instrument on ESO's Very Large Telescope. The views of two of the stars from GRAVITY, shown as inserts, reveal far finer detail than
could be detected with the NASA/ESA Hubble Space Telescope. [ESO/GRAVITY consortium/NASA/ESA/M. McCaughrean]

angular resolution astronomy to
new limits, far beyond what is currently possible.”
As part of the first observations the
team looked closely at the bright,
young stars known as the Trapezium
Cluster, located in the heart of the
Orion star-forming region. Already,

from these first commissioning data,
GRAVITY made a small discovery:
one of the components of the cluster was found to be a double star.
The newly discovered double star is
Theta1 Orionis F, and the observations were made using the nearby
brighter star Theta1 Orionis C as the

reference. The key to this success
was to stabilise the virtual telescope
for long enough, using the light of
a reference star, so that a deep exposure on a second, much fainter
object becomes feasible. Furthermore, the astronomers also succeeded in stabilising the light from four
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ometric imaging and spectroscopy.
GRAVITY aims to measure the positions of objects on scales of order
ten microarcseconds, and perform
imaging with four milliarcsecond resolution. If there were
buildings on the moon,
GRAVITY would be
able to spot them.
Such extremely high
resolution imaging has
many applications, but
http://www.eso.org/public/unitedkingdom/videos/eso1601a/
the main focus in the
future will be studying the environments
around black holes.
In particular, GRAVITY
will probe what haphis zoom video starts with a broad view of the fapens in the extremely
mous constellation of Orion (The Hunter) and then
strong gravitational
shows successively more detailed images of the region
field close to the
with different telescopes. The final view from GRAVITY
event horizon of the
reveals far finer detail around one of the fainter cluster
supermassive black
stars than could be detected even with the NASA/ESA
hole at the centre
Hubble Space Telescope. [ESO/M. McCaughrean/GRAVof the Milky Way —
ITY consortium, Nick Risinger (skysurvey.org)]
which explains the

telescopes simultaneously — a feat
not achieved before.
GRAVITY can measure the positions
of astronomical objects on the finest
scales and can also perform interfer-

T

T

his picture shows some of the
large and international GRAVITY
team during initial observations at
the Paranal Observatory. [ESO/
GRAVITY consortium]

choice of the name of the instrument. This is a region where behaviour is dominated by Einstein's theory of general relativity. In addition,
it will uncover the details of mass
accretion and jets — processes that
occur both around newborn stars
(young stellar objects) and in the regions around the supermassive
black holes at the centres of other
galaxies.
It will also excel at probing the motions of binary stars, exoplanets and
young stellar discs, and in imaging
the surfaces of stars. So far, GRAVITY
has been tested with the four 1.8metre Auxiliary Telescopes. The first
observations using GRAVITY with
the four 8-metre VLT Unit Telescopes
are planned for later in 2016.
n
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Catch a Star 2016 Contest Now Open
Catch a Star is a contest organised as a collaboration
between the European Association for Astronomy
Education (EAAE) and ESO. Its goal is to stimulate the creativity and independent work of
students, to strengthen and expand their
astronomical knowledge and skills.
How to Participate
http://www.eaae-astronomy.org/catchastar/participate-menu

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

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

In the more central regions of many galaxies,
there are small and compact disk-shaped structures that can be used as
timepieces for measuring
the time elapsed since
their last merge with
other galaxies. For the
first time, two teams of
researchers were able to
read the ‘time’ marked
by these structures.

T

he evolution of galaxies is largely governed by merging events with other
galaxies. This mechanism seems to be
at the base of the formation of the large
galaxies that we observe in various eras of
the universe. Astronomers are in broad
agreement that as from 500-600 million
years after the Big Bang the first small galaxies that formed in that remote past began to collide with each other, generating
bigger and bigger structures. With the progressing expansion of the universe, this process became increasingly less effective, even
though it remained moderately active in the
most populous galaxy clusters, where the
probability of close encounters is greater.
In this general framework, which appears
to accurately reflect the observational reality, there are still, however, some unclear
points, on which researchers are trying to
shed light. One of them is, for example, the

I

n the background, centre,
the elliptical galaxy NGC 4458,
surrounded by
other field galaxies. A team of
researchers has
succeeded in calculating the minimum age of the
nuclear disk nesting in NGC 4458,
thus determining
the possible date
of the last merger
undergone by the
galaxy. [NASA,
ESA, and E. Peng
(Peking University, Beijing)]
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age of
disks
fact that more and more frequently are discovered galaxies
of considerable size in eras subsequent to the Big Bang by only
700-800 million years; namely,
structures which according to
the most reliable models on the
https://www.youtube.com/watch?v=agqLEbOFT2A
evolution of galaxies should not
have yet even existed at that
time. Another unclear point is
the difficulty of proving that the
larger and most massive galaxies of our contemporary universe are really the ones that
bove, video showing a computer simulahave undergone a greater number of mergtion of the appearance of two merging
ers, as we would expect if that was the
spiral
galaxies as they would look through the
main, if not the only, mechanism of galaxy
telescope, taking also into account the light
growth. Proving the existence of that reabsorption due to the interstellar dust. The collationship would support the most up to
ours are approximately those perceived by the
date models, but it is not an easy challenge
human eye. [Patrik Jonsson, Greg Novak & Joel
Primack, University of California, Santa Cruz]
as of each galaxy we only have a ‘still im-

A
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age’, which, if distant from merging episodes, tells us very little on the past history
of these systems.
Some years ago, however, were laid the
basis for the solution of the problem. In
fact, astronomers began to identify in the
nuclei of many galaxies some small structures in the form of disk, composed by a large
number of stars in rapid rotation around
the galactic centres. These nuclear disks
range in size between a few dozen and a
few hundred parsecs (1 parsec = 3.26 lightyears), have a brightness greater than 10
million Suns and masses also of the order
of tens of millions of solar masses. The nuclear disks appear to be nesting both, without distinction, at the centre of spiral
galaxies and in the core of the elliptical
ones. It is estimated that about 20% of the
latter galaxies (of which the major ones are
considered the point of arrival of the repeated mergers between galaxies) host a
nuclear disk in their centre. But what is the
origin of these relatively small and compact
structures? The various mechanisms proposed by researchers over the years can be
summarised in two different scenarios. In

GALACTIC EVOLUTION

the first, a disruptive event, such as the
close passage between two galaxies, would
redirect the gas of one of the two towards
the core of the most massive one, where
with its spiralling movement would form a
relatively flat disk, inside which dense local
clumpings would trigger the production of
new stars. The second scenario sees instead
the absorption of different globular clusters, whose already-formed stars would
pool in the centre of the hosting galaxy,
thus ending up forming the disk.
As can be imagined, the discriminating factor between the two scenarios is the age
of the stars that form the two disks: in the
first case it would be significantly lower
than that of the galaxy as a whole, while
in the second it would be almost identical.
Since some numerical simulations have recently shown that nuclear disks are fragile
structures unable to survive mergers between galaxies (their stars end up dispersed),
it appears unlikely that these same disks
can be made of stars as old as the galaxy
hosting them. If that were so, it should
be concluded that galactic mergers ceased
sometime in the distant past, which is not

T

he Very Large
Telescope facility of ESO, which
has provided to
the team of Marc
Sarzi the necessary material for
determining the
minimum age of
the nuclear disk of
NGC 4458. [ESO]
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A

section of
Markarian's
Chain, to which
belongs NGC 4458,
distinguishable
by its spherical
shape in the top
part of the image.
[Wikisky SDSS7]

27

compatible either with the
observational reality or with
mathematical models’ predictions. If instead the nuclear disks were at least in
most cases made up of stars
younger than those of the
spheroid (the central bulge
of a galaxy), by being able
to precisely calculate their
age would not only definitely exclude the alternative scenario, but also establish the era to which the
last merger of a given galaxy could be traced back.
Doing this for a significant
sample of galaxies would
allow refining our knowledge of the evolutionary
history on large-scale of
these structures. This kind of
investigation appears however, rather difficult, since
the small apparent size of
the nuclear disks will allow
an in-depth study of them
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only in relatively nearby galaxies. In addition, in being enveloped by the bulges of
the galaxies hosting them, the light emitted by the two structures mixes up, thus
greatly complicating the spectroscopic analysis if the goal is to separate the individual
contributions and identify the properties of
the stars that form the nuclear disks. For
this reason, despite the various attempts
made from the end of the 20th century onwards, until now no one has been able to
determine with the necessary accuracy the
age of the stars of a nuclear disk.
Until now that is. In fact, in the February
issue of the Monthly Notices of the Royal
Astronomical Society were published the
results of two studies that for the first time
provide that valuable data for two distinct
nuclear disks.
The first study is from an international
team led by Marc Sarzi (Center for Astrophysics Research, University of Hertfordshire), and has as its subject NGC 4458, an
elliptical galaxy in Virgo, about 53 million
light-years away (visual magnitude 11.8).
In processing the galaxy’s archival data collected with the multi-object spectrograph
VIMOS (mounted on the telescope Melipal,
one of the four units of the VLT), along

with images taken with the Hubble Space
Telescope, Sarzi and colleagues were able
to differentiate the properties of the stellar population of the nuclear disk from

T

he barred lenticular galaxy
NGC 1023. At the
centre of this galaxy there is a
compact disk of
stars, whose age
was calculated
with high precision by Corsini’s
team.[STScI/NASA]
On the side, the
famous 6-metre
Bolshoi Teleskop
Azimutalnyi of
the Zelenchuksky
Observatory,
which provided
part of the spectra of NGC 1023.
[SAO RAS]
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R

ight, the giant
dome of
BTA-6 (53 metres
high). [SAO RAS]
Below, the position of the dwarf
satellite galaxy
PGC 10139 (aka
NGC 1023A) with
respect to NGC
1023. The two
galaxies are connected by a neutral hydrogen
bridge, probably
generated by an
interaction currently underway.
[STScI/NASA]

those of the surrounding stars. While the
galaxy’s age was calculated in 12 billion
years, the stars of its nuclear disk were instead found to be at least 6 billion years
old and to have an obviously greater metal
content (the gas from which they originated had meantime been enriched by the
metals released from previous generations
of massive stars that reached the end of

their lives). Entirely comparable results
were observed in the second and more recent study, conducted by a mainly Italian
team, led by Enrico Maria Corsini (Department of Physics and Astronomy “Galileo
Galilei”, University of Padua), on the barred lenticular galaxy NGC 1023, located in
Canes Venatici and distant about 35 million light-years (visual magnitude 10.6). By
processing Hubble’s archival data together
with the spectra collected by the MultiPupil Field Spectrograph of the historic
Russian telescope BTA-6, Corsini and colleagues succeeded in separating the light
contribution (and thus the properties) of
the stars of the nuclear disk from that of
the stars of the hosting spheroid. Thanks
to this, the team found that while NGC
1023 is about 12 billion years old, its nuclear disk exists ‘only’ from 3 billion years,
an era to which can be dated back the last,
big merging event for this specific particular galaxy.
The objective of those involved in the two
works is now that of dating a growing
number of nuclear disks and, once gathered a statistically significant sample size,
ascertain whether the galaxies with greater size and mass are indeed those which
have undergone most mergers.
n
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A star’s moment
in the spotlight

A
S

i
c
c
c

by ESO
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T

he glowing region in this new
image from the MPG/ESO 2.2metre telescope is a reflection
nebula known as IC 2631. These objects are clouds of cosmic dust that

A

newly formed star lights up the surrounding
cosmic clouds in this image from ESO’s La
Silla Observatory in Chile. Dust particles in the
vast clouds that surround the star HD 97300 diffuse its light, like a car headlight in enveloping
fog, and create the reflection nebula IC 2631. Although HD 97300 is in the spotlight for now, the
very dust that makes it so hard to miss heralds
the birth of additional, potentially scene-stealing, future stars. In the box, IC 2631 is at the
centre of this striking panorama in the southern
constellation of Chameleon. This picture was
created from images forming part of the Digitized Sky Survey 2. [ESO/Digitized Sky Survey 2]

reflect light from a nearby star into
space, creating a stunning light show
like the one captured here. IC 2631 is
the brightest nebula in the Chamaeleon Complex, a large region of gas
and dust clouds that harbours numerous newborn and still-forming stars.
The complex lies about 500 lightyears away in the southern constellation of Chamaeleon.
IC 2631 is illuminated by the star HD
97300, one of the youngest — as well
as most massive and brightest — stars
in its neighbourhood. This region is
full of star-making material, which is
made evident by the presence of dark
nebulae noticeable above and below

IC 2631 in this picture. Dark nebulae
are so dense with gas and dust that
they prevent the passage of background starlight.
Despite its dominating presence, the
heft of HD 97300 should
be kept in perspective.
It is a T Tauri star, the
youngest visible stage
for relatively small stars.
As these stars mature
and reach adulthood
they will lose mass and
shrink. But during the T
Tauri phase these stars
have not yet contracted
to the more modest size
that they will maintain
for billions of years as
main sequence stars.
These fledging stars already have surface temperatures similar to their
main sequence phase
and accordingly, because
T Tauri-phase objects are
essentially jumbo versions of their later selves,
they look brighter in
their oversized youth
than in maturity. They
have not yet started to
fuse hydrogen into helium in their cores, like
normal main sequence
stars, but are just starting to flex their
thermal muscles by generating heat
from contraction.
Reflection nebula, like the one spawned by HD 97300, merely scatter starlight back out into space. Starlight
that is more energetic, such as the ultraviolet radiation pouring forth from
very hot new stars, can ionise nearby
gas, making it emit light of its own.
These emission nebulae indicate the
presence of hotter and more powerful stars, which in their maturity can
be observed across thousands of
light-years. HD 97300 is not so powerful, and its moment in the spotlight is
destined not to last.
n
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NASA's observatories
weigh massive young
galaxy cluster
by NASA

A

stronomers have used data
from three of NASA's Great
Observatories to make the
most detailed study yet of an extremely massive young galaxy cluster.
This rare galaxy cluster, which is
located 10 billion light-years from
Earth, is almost as massive as 500 trillion suns. This object has important
implications for understanding how
these megastructures formed and
evolved early in the universe. The
galaxy cluster, called IDCS J1426.5
+3508 (IDCS J1426 for short), is so far
away that the light detected is from
when the universe was roughly a
quarter of its current age. It is the
most massive galaxy cluster detected
at such an early age. First discovered by the Spitzer Space Telescope in
2012, IDCS J1426 was then observed
using the Hubble Space Telescope and
the Keck Observatory to determine its
distance. Observations from the Combined Array for Millimeter-wave Astronomy indicated it was extremely
massive. New data from the Chandra
X-ray Observatory confirm the galaxy cluster mass and show that about
90 percent of the mass of the cluster
is in the form of dark matter, a mysterious substance detected so far only
through its gravitational pull on normal matter composed of atoms. "We
are really pushing the boundaries
with this discovery," said Mark Brod-

A

stronomers have made the most detailed study yet of an extremely massive young galaxy cluster using three of NASA's Great Observatories. This
multiwavelength image shows this galaxy cluster, called IDCS J1426.5+3508
(IDCS J1426 for short), in X-rays, blue, visible light, green, infrared and red
light from Chandra X-ray Observatory, Hubble Space Telescope and Spitzer
Space Telescope. [NASA, ESA, and M. Brodwin (University of Missouri)]
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H

ST image of massive galaxy cluster IDCS J1426.5
+3508. [NASA, ESA, and M.
Brodwin (Univ. of Missouri)]

win of the University of Missouri at Kansas City, who led
the study. "As one of the earliest massive structures to form
in the universe, this cluster
sets a high bar for theories
that attempt to explain how
clusters and galaxies evolve."
Galaxy clusters are the largest
objects in the universe bound
together by gravity. Because
of their sheer size, scientists
think it should take several
billion years for them to form.
The distance of IDCS J1426
means astronomers are observing it when the universe
was only 3.8 billion years old,
implying that the cluster is
seen at a very young age.
The data from Chandra reveal
a bright knot of X-rays near
the middle of the cluster, but
not exactly at its center. This
overdense core has been dislodged from the cluster center, possibly by a merger with
another developing cluster
500 million years prior. Such a merger
would cause the X-ray-emitting, hot
gas to slosh around like wine in a
glass that is tipped from side to side.
"Mergers with other groups and
clusters of galaxies should have been
more common so early in the history
of the universe," said co-author Michael McDonald of the Massachusetts Institute of Technology in
Cambridge, Massachusetts.
"That appears to have played an important part in this young cluster's
rapid formation."
Aside from this cool core, the hot
gas in the rest of the cluster is very
smooth and symmetric. This is another indication that IDCS J1426
formed very rapidly. In addition, as-

tronomers found possible evidence
that the abundance of elements
heavier than hydrogen and helium
in the hot gas is unusually low. This
suggests that this galaxy cluster
might still be in the process of enriching its hot gas with these elements as supernovae create heavier
elements and blast them out of individual galaxies.
"The presence of this massive galaxy
cluster in the early universe doesn't
upset our current understanding
of cosmology," said co-author Anthony Gonzalez of the University of
Florida in Gainesville, Florida. "It
does, however, give us more information to work with as we refine
our models." Evidence for other mas-

sive galaxy clusters at early times
has been found, but none of these
matches IDCS J1426, with its combination of mass and youth. The mass
determination used three independent methods: a measurement of
the mass needed to confine the hot
X-ray-emitting gas to the cluster,
the imprint of the cluster's gaseous
mass on the cosmic microwave background radiation, and the observed
distortions in the shapes of galaxies
behind the cluster, which are caused
by the bending of light from the galaxies by the gravity of the cluster.
These results were presented at the
227th American Astronomical Society meeting being held in Kissimmee, Florida.
n
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Dazzling diamonds
by NASA

S

Carina Nebula, but also the youngingle stars are often overlooked
ible rate and putting on a stunning
est. However, it is fast making up for
in favour of their larger cosmic
visual display.
lost time, forming stars at an incredcousins — but when they join
This region of space houses one of
forces, they create
truly breathtaking
scenes to rival even
the most glowing of
nebulae or swirling
of galaxies.
This NASA/ESA Hubble Space Telescope
image features the
star cluster Trumpler
14. One of the largest gatherings of
hot, massive and
bright stars in the
Milky Way, this cluster houses some of
the most luminous
stars in our entire
galaxy. Around 1100
open clusters have
so far been discovered within the Milky
Way, although many
more are thought to
exist. Trumpler 14 is
one of these, located some 8000 lightyears away towards
the centre of the
well-known Carina
Nebula.
At a mere 500,000
years old — a small
fraction of the Pleiades open cluster’s
age of 115 million
his NASA/ESA Hubble Space Telescope image features the star cluster Trumpler 14. One of
years — Trumpler 14
the largest gatherings of hot, massive and bright stars in the Milky Way, this cluster houses
is not only one of some of the most luminous stars in our entire galaxy. [NASA & ESA, Jesús Maíz Apellániz (Centhe most populous tro de Astrobiología, CSIC-INTA, Spain)]
clusters within the

T
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the highest concentrations
of
massive,
luminous stars in the
entire Milky Way
— a spectacular
family of young,
bright,
whiteblue stars.
These stars are
rapidly working
their way through
their vast supplies of hydrogen, and have
only a few million years of life
left before they
meet a dramatic
demise and explode as supernovae. In the meantime, despite their
youth, these stars
are making a huge
impact on their
environment.
They are literally
making waves!
As the stars fling
out high-speed particles from their
surfaces, strong winds surge out into
space. These winds collide with the
surrounding material, causing shock
waves that heat the gas to millions
of degrees and trigger intense bursts
of X-rays. These strong stellar winds
also carve out cavities in nearby
clouds of gas and dust, and kickstart
the formation of new stars.

T

his short
sequence
zooms in on
the open
young cluster
of stars,
Trumpler 14.
[ESO, DSS,
ESA/Hubble,
Risinger (skysurvey.org)]

The peculiar arc-shaped cloud visible
at the very bottom of the (previous
page) image is suspected to be the
result of such a wind. That feature is
thought to be a bow shock created
by the wind flowing from the nearby star Trumpler 14 MJ 218.
Astronomers have observed this star
to be moving through space at some
350,000 kilometres per hour, sculpting the surrounding
clumps of gas
and dust as it
does so.
Astronomers
http://www.spacetelescope.org/videos/heic1601a/
estimate that
around 2000
stars reside
within Trumpler 14, ranging in size

T

his colour-composite image of the
Carina Nebula, made
by the MPG/ESO 2.2metre telescope at La
Silla, Chile, reveals exquisite details in the
stars and dust of the
region. The open star
cluster Trumpler 14, a
collection of very
bright, young stars
within the Carina Nebula, is marked with a
red circle. Several more
well known astronomical objects can be
seen in this wide field
image: to the bottom
left of the image is
one of the most impressive binary stars in
the Universe, Eta Carinae, with the famous
Keyhole Nebula just
adjacent to the star.
A second open star
cluster, Collinder 228
is also seen in the
image, just below Eta
Carinae. [ESO]

from less than one tenth to up to
several tens of times the mass of
the Sun. The most prominent star in
Trumpler 14, and the brightest star
in the image, is the supergiant HD
93129Aa. It is one of the most brilliant and hottest stars in our entire
galaxy. HD 93129Aa is part of the
binary star system HD 93129AaAb
consisting of HD 93129Aa and HD
93129Ab. HD 93129Aa is an O-type
star that is approximately two and a
half million times brighter than the
Sun, and has a mass 80 times greater. It forms a close binary with another massive star within the open
cluster, meaning that the two orbit
around a shared centre of mass.
With a surface temperature of over
50,000 degrees, HD 93129Aa is one
of the hottest O-type stars in the entire Milky Way.
n
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Eta Carinae is
unique: 5 Eta t
discovered
by Michele Ferrara

For the first time a group of astronomers have found
in neighbouring galaxies 5 objects whose properties
are very similar to those of Eta Carinae, an amazing
star system that seems to have no equivalent in the
Milky Way and which it is difficult to study in detail
precisely because of its uniqueness.

A

stronomers do not really like having to deal with celestial objects of
which there is a single specimen,
because regardless of how thoroughly they
can be investigated, the results are still limited to a sole object in a single context and
in a restricted evolutionary stage. A good

example of an exotic object is Eta Carinae
(η Car), a star system 7,500 light-years from
Earth, consisting of a pair of giant stars orbiting around their common centre of gravity in 5.54 years. Eta Carinae could be the
most massive binary system of the entire
Milky Way, and most certainly it is within
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is not
twins

S

pectacular image of Eta Carinae obtained with the Hubble Space Telescope. The
bilobed structure of gas and
dust surrounding the binary
star took form as a result of the
Great Eruption, whose peak
was reached between 11 and 14
March 1843. [NASA, ESA and
the Hubble SM4 ERO Team]
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a distance of 10,000 light-years. The two
stars that make it up, η Car A and η Car B,
are no more than 3 million years old and
their masses are at least 90 and 30 times
that of the Sun. Astronomers estimate that
the mass of the larger star was initially
close to 150 solar masses, a large part of
which were lost in the turbulent eruptions
that characterize the unstable and short
existence of this kind of giant stars. One of
those eruptions occurred rather recently
(in astronomical terms), encompassing a
period of 18 years, from 1837 to 1856. In
that time frame, Eta Carinae, catalogued
until then of magnitude 4 (with a moderate variability), exceeded Canopus (α Car)
in brightness, thus becoming the brightest
star in the southern hemisphere (mag ≈ -1)

and the second brightest star of the entire
night sky, outshined only by Sirius (α CMa,
mag -1.46).
During what was entered in the annals of
astronomy with the term “Great Eruption”, η Car A expelled a quantity of gas
estimated at several solar masses. By moving away from the pair of stars, and thus
cooling down, in just a few years that gas
facilitated the formation of a huge bipolar
dusty envelope in expansion, that in midlast century began to be called Homunculus Nebula.
As the dust envelope became increasingly
thicker, the apparent brightness of Eta Carinae dimmed down as far as falling in 1886
below the threshold of naked-eye visibility
(mag > 6). While producing about 5 million

A

t the height
of the Great
Eruption, Eta
Carinae (yellow
arrow) rivalled
Canopus in
brightness, as
shown in this sky
map portraying
the Carina constellation in
March 1843. [Celestia planetarium software]
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times more
energy than
the Sun, Eta
Carinae appears today
as a star of
https://www.youtube.com/watch?v=HGqXMEWiRvs
magnitude
7.6, with variations that
a few times
a century allows it for
short periods
s shown in
to be still visible to the naked eye under
this video, the
dark and clear skies. Astronomers suspect
complex bilobed
that the paroxysmal phenomena of this
structure of the
system are linked to the star’s duplicidust cloud surty, as, in fact, some
rounding Eta Caof the most sigrinae is due to
nificant historical
the star’s dupliceruptions have ocity and to the turcurred during the
bulent periastron
two stars’ periaspassages of the
tron passage.
two components.
[GSFC/NASA]
Nevertheless, the
On the side, a
cause of the erupsuggestive pictive phenomena
ture of the southremains today esern hemisphere
sentially unknown.
with Mount KiliAnd this brings us
manjaro on the
back to the issue
horizon, just up
of the uniqueness
on the left the
of Eta Carinae,
Southern Cross
since with a sinand at the top
gle specimen it is
centre the Great
impossible to proCarina Nebula,
within which
pose theoretical
hides Eta Carinae.
models capable of
[Babak Tafreshi]
accurately describing what happened in the past
and neither predict the number
and distribution
of similar objects.
In short, it would
be desirable to discover twin stars of
Eta Carinae. But
what to look for
and where? The
two blue giant

A

stars that make up the pair under discussion produce immense flows of ultraviolet
radiation that is absorbed by the surrounding dust, which by warming, reradiates this
energy mostly in the form of infrared rays.
Thanks to the observations of the Spitzer
Space Telescope, we now know that for
Eta Carinae that kind of energy rises rapidly between 3.6 and 8 µm (microns), to then
drop from 8 to 24 µm. This behaviour indicates the presence of circumstellar dust
with a temperature between 400 and 600
Kelvin. From the apparent brightness in
visible light of the pair of stars and from
the comparison with the theoretical brightness expected in the absence of dust, it
has been possible to determine through
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wo of the 5 Eta twins discovered by Khan’s team are in a spiral arm of M83, a galaxy with a high rate of star formation.
Due to their very small angular size, the new objects will be able
to be studied in detail only when the James Webb Space Telescope will become operational. [NASA, ESA, the Hubble Heritage
Team (STScI/AURA) and R. Khan (GSFC and ORAU)]
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ubab Khan, a postdoctoral researcher at
NASA’s Goddard Space Flight Center and
coordinator of the team that discovered the
5 Eta twins. [NASA]

the data collected by the Hubble Space
Telescope the amount of such dust: 5-10
solar masses. What must thus be looked
for is an object enshroued in a huge cloud
of dust that from the spectral and photometric point of view behaves like Eta Carinae and that therefore has the same
visible and infrared properties. Inside our
Galaxy the search is hampered by various
factors, such as the small number of stars
of great mass, the need to observe them in
a very brief phase of their existence, the
excessive overcrowding of many star fields,
the presence of obscure interstellar clouds
and the difficulty to accurately determine
the distances of potential candidates.
These problems can be overcome by looking for Eta Carinae twin systems in other
galaxies, a task undertaken for some years
by Rubab Khan, a researcher at NASA’s
Goddard Space Flight Center in Greenbelt,
Maryland. The first attempts by Khan’s
team proved unsuccessful, but they however confirmed the validity of the method
of investigation adopted, namely, a targeted analysis of archival data of the Hubble
and Spitzer space telescopes, in the search
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for compact sources that are bright in the
mid-infrared, but at the same time dim in
the visible spectrum.
Having established how to look for them,
it only remained to figure out where. For
the aforesaid reasons it was necessary to
look beyond the Milky Way, towards other galaxies. Since stars of great mass are
believed to be the progenitor of Type II supernovae (core-collapse supernovae) and
hypernovae (Type II superluminous supernovae), the galaxies most likely to
host Eta twins are
those with a high
rate of star formation (mainly spirals
rich of hydrogen
and dust clouds)
and a greater number of observed supernovae.
But as these galaxies must also be
sufficiently close to
allow the observation of objects of
very small angular
size, the choice is
rather limited.
After having examined dozens of Eta

twins candidates, during 2015 Khan and
colleagues focused their attention on the
M83, NGC 6946, M101 and M51 galaxies,
located respectively 15, 18, 21 and 26 million light-years away. In the last century,
in these four galaxies were observed not
less than 20 supernovae, thus making
them an ideal target.
That choice was rewarded by some important results, presented at a press conference of the 227th American Astronomical So-

T

he 5 Eta twins
viewed by Spitzer (top row, midinfrared at 3.6
µm) and by Hubble (near-infrared
at 800 nanometers). Even though
Spitzer’s resolution is lower, it is
however sufficient to show the
radiation emitted
by the dust surrounding the Eta
twins. [NASA,
ESA, and R. Khan
(GSFC and ORAU)]
On the side, the
light curve of eta
Carinae in visible
light, obtained
with various methods and instruments from 1822
to date. [Fernández-Lajús et al.]
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T

he side diagram shows
some peculiar elements detected
in the near-infrared of Eta Carinae’s spectrum.
With JWST this
type of observations will be able
to be carried out
also on Eta twins.
[NASA, ESA and
the Hubble SM4
ERO Team]
Below, the Eta
twins location in
the galaxies in
which they were
discovered. [R.
Khan et al./NASA]

ciety meeting held
on 4-8 January 2016
in Kissimmee, Florida, during which
Khan announced the
discovery of five Eta
twins, two of which
in M83 and the
other three equally
distributed in the
other galaxies. The
spectrophotometric
properties of these
objects mirror those
of Eta Carinae: they
appear relatively dim
in visible light and
in the near-infrared
(Hubble images), but they show themselves luminous at the mid-infrared wavelengths (Spitzer images), where their emission shows the type of “flattening out”
expected in the presence of an envelope of
dust with temperatures between 400 and
600 Kelvin. The 5 Eta twins are obviously
too far away to be able to observe them in
detail as they are smaller than one pixel

across and their image appears therefore
“spread” over a wider area than the actual
one, and this in environments crowded
with stars.
Such limitation does not allow researchers
to find the answers to basic issues that
could shed light on what caused the Great
Eruption of Eta Carinae. In particular, we
do not yet know if the 5 new objects are
single or binary stars, if they are going
through the same evolutionary stage of
Eta Carinae, if the surrounding material
was released in a single, massive eruption
or it is the sum of several minor events occurred in different eras. In order to have
exhaustive answers we will have to wait
for the arrival on the scene of the NASA’s
James Webb Space Telescope (JWST),
whose launch is scheduled for the end of
2018. With its 6.5 meters diameter mirror
and the Mid-Infrared Instrument (MIRI),
the JWST will provide images of Eta twins
with an angular resolution 10 times greater than that of Spitzer and it will also be
much more sensitive than the latter to
wavelengths in which these objects shine
brightest.
Precise estimates of the number of Eta
twins, frequency of their eruptions and the
recurrence of binary systems among them
will provide astronomers a fuller picture
about the influence that these extreme
objects have on the physical-chemical evolution of galaxies.
n

chronicles EN:l'Astrofilo 29/02/16 18:12 Page 44

44

SPACE CHRONICLES

ALMA finds
cold grains in
planet-forming disc
by ESO

A

n international team led by
Stéphane Guilloteau, at the
Laboratoire d'Astrophysique
de Bordeaux, France, measured the
temperature of large dust grains
around the young star 2MASS
J16281370-2431391 in the spectacular Rho Ophiuchi star formation region, about 400 light-years from
Earth. This star is surrounded by a
disc of gas and dust — such discs are
called protoplanetary discs as they
are the early stages in the creation

of planetary systems. This particular
disc is seen nearly edge-on, and its
appearance in visible light pictures
has led to its being nicknamed the
Flying Saucer. The astronomers used
the Atacama Large Millimeter/submillimeter Array (ALMA) to observe
the glow coming from carbon monoxide molecules in the 2MASS
J16281370-2431391 disc. They were
able to create very sharp images
and found something strange — in
some cases they saw a negative signal! Normally a negative signal is
physically impossible, but in this
case there is an explanation, which
leads to a surprising conclusion.
Lead author Guilloteau takes up
the story: “This disc is not observed

against a black and empty night
sky. Instead it’s seen in silhouette
in front of the glow of the Rho
Ophiuchi Nebula. This diffuse glow
is too extended to be detected by
ALMA, but the disc absorbs it. The
resulting negative signal means
that parts of the disc are colder
than the background. The Earth is
quite literally in the shadow of the
Flying Saucer!”
The team combined the ALMA measurements of the disc with observations of the background glow made
with the IRAM 30-metre telescope
in Spain (the IRAM measurements
were needed as ALMA itself was
not sensitive to the extended signal
from the background). They derived
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T

he young star 2MASS J16281370
-2431391 lies in the spectacular
Rho Ophiuchi star formation region, about 400 light-years from
Earth. It is surrounded by a disc of
gas and dust — such discs are called protoplanetary discs as they are
the early stages in the creation of
planetary systems. This particular
disc is seen nearly edge-on, and its
appearance in visible light pictures
has led to its being nicknamed the
Flying Saucer. The main image
shows part of the Rho Ophiuchi region and a much enlarged close-up
infrared view of the Flying Saucer
from the NASA/ESA Hubble Space
Telescope is shown as an insert.
[Digitized Sky Survey 2/NASA/ESA]

a disc dust grain temperature of
only −266 degrees Celsius (only 7
degrees above absolute zero, or 7
Kelvin) at a distance of about 15 billion kilometres from the central star.
This is the first direct measurement
of the temperature of large grains
(with sizes of about one millimetre)
in such objects.
This temperature is much lower
than the −258 to −253 degrees Celsius (15 to 20 Kelvin) that most current models predict. To resolve the
discrepancy, the large dust grains
must have different properties than
those currently assumed, to allow
them to cool down to such low temperatures. “To work out the impact
of this discovery on disc structure,

MARCH-APRIL 2016

we have to find what plausible dust
properties can result in such low
temperatures. We have a few ideas
— for example the temperature
may depend on grain size, with the
bigger grains cooler than the smaller ones. But it is too early to be
sure,” adds co-author Emmanuel di
Folco (Laboratoire d'Astrophysique
de Bordeaux).
If these low dust temperatures are
found to be a normal feature of protoplanetary discs this may have
many consequences for understanding how they form and evolve. For
example, different dust properties
will affect what happens when
these particles collide, and thus
their role in providing the seeds for

planet formation. Whether the required change in dust properties is
significant or not in this respect cannot yet be assessed.
Low dust temperatures can also
have a major impact for the smaller
dusty discs that are known to exist.
If these discs are composed of mostly larger, but cooler, grains than is
currently supposed, this would
mean that these compact discs can
be arbitrarily massive, so could still
form giant planets comparatively
close to the central star.
Further observations are needed,
but it seems that the cooler dust
found by ALMA may have significant consequences for the understanding of protoplanetary discs. n
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Monstrous cloud
boomerangs back to
our galaxy
by NASA

T

his diagram shows the
100-million-year-long
trajectory of the Smith
Cloud as it arcs out of the
plane of our Milky Way
galaxy and then returns
like a boomerang. Hubble
Space Telescope measurements show that the cloud,
because of its chemical
composition, came out of
a region near the edge of
the galaxy's disk of stars
70 million years ago. The
cloud is now stretched into
the shape of a comet by
gravity and gas pressure.
Following a ballistic path,
the cloud will fall back into
the disk and trigger new
star formation 30 million
years from now. [NASA,
ESA, and A. Feild (STScI)]

H

ubble Space Telescope
astronomers are finding that the old adage
"what goes up must come
down" even applies to an
immense cloud of hydrogen
gas outside our Milky Way
galaxy. The invisible cloud is
plummeting toward our galaxy at nearly 700,000 miles
per hour. Though hundreds
of enormous, high-velocity
gas clouds whiz around the
outskirts of our galaxy, this
so-called "Smith Cloud" is
unique because its trajectory
is well known. New Hubble
observations suggest it was
launched from the outer regions of the galactic disk,
around 70 million years ago.
The cloud was discovered in
the early 1960s by doctoral astronomy student Gail
Smith, who detected the
radio waves emitted by its
hydrogen. The cloud is on a
return collision course and is
expected to plow into the Milky
Way's disk in about 30 million years.
When it does, astronomers believe
it will ignite a spectacular burst of
star formation, perhaps providing
enough gas to make 2 million suns.
"The cloud is an example of how the
galaxy is changing with time," ex-

plained team leader Andrew Fox of
the Space Telescope Science Institute in Baltimore, Maryland. "It's
telling us that the Milky Way is a
bubbling, very active place where
gas can be thrown out of one part
of the disk and then return back
down into another."

"Our galaxy is recycling its
gas through clouds, the
Smith Cloud being one example, and will form stars in
different places than before.
Hubble's measurements of
the Smith Cloud are helping
us to visualize how active the
disks of galaxies are," Fox said.
Astronomers have measured this
comet-shaped region of gas to be
11,000 light-years long and 2,500
light-years across. If the cloud could
be seen in visible light, it would span
the sky with an apparent diameter
30 times greater than the size of the
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full moon. Astronomers long
his comthought that the Smith Cloud
posite
might be a failed, starless image
galaxy, or gas falling into the shows the
Milky Way from intergalactic size and lospace. If either of these sce- cation of
narios proved true, the cloud the Smith
would contain mainly hy- Cloud on
drogen and helium, not the the sky. The
heavier elements made by cloud apstars. But if it came from pears in
within the galaxy, it would false-color,
contain more of the ele- radio wavements found within our sun. lengths as
observed by
The team used Hubble to
the Robert
measure the Smith Cloud's
C. Byrd
chemical composition for the Green Bank
first time, to determine where Telescope in
it came from.
West Virginia. The visible-light image of the background star field shows the cloud's loThey observed the ultraviolet cation in the direction of the summer constellation Aquila. The cloud is 15 degrees
light from the bright cores of across in angular size — the width of an outstretched hand at arm's length. The apparthree active galaxies that re- ent size of the full moon is added for comparison. [NASA, ESA, and Z. Levay (STScI)]
side billions of light-years beelements reside in the cloud. The
yond the cloud. Using Hubble's Cosit were pristine hydrogen from outastronomers found that the Smith
mic Origins Spectrograph, they measide the galaxy, or if it were the remCloud is as rich in sulfur as the Milky
sured how this light filters through
nant of a failed galaxy devoid of
Way's outer disk, a region about
the cloud. In particular, they looked
stars. Instead, the cloud appears to
40,000 light-years from the galaxy's
for sulfur in the cloud which can abhave been ejected from within the
center (about 15,000 light-years
sorb ultraviolet light. "By measuring
Milky Way and is now boomerangfarther out than our sun and solar
sulfur, you can learn how enriched in
ing back.
system). This means that the Smith
sulfur atoms the cloud is compared
Though this settles the mystery of
Cloud was enriched by material
to the sun," Fox explained. Sulfur is
the Smith Cloud's origin, it raises
from stars. This would not happen if
a good gauge of how many heavier
new questions: how did the cloud
get to where it is
he infalling Smith Cloud does
now?
not emit light at wavelengths
What calamitous
that the Hubble Space Telescope is
event could have
sensitive to. However, Hubble's Coscatapulted it from
mic Origins Spectrograph can meathe Milky Way's
sure how the light from distant
disk, and how did
background objects is affected as it
it remain intact?
passes through the cloud. These
Could it be a remeasurements yield clues to the
chemical composition of the cloud.
gion of dark matBy using these intergalactic forenter — an invisible
sics, Hubble astronomers trace the
form of matter —
cloud's origin to the disk of our
that
passed
Milky Way. Combined ultraviolet
through the disk
and radio observations correlate to
and
captured
the cloud's infall velocities, providMilky Way gas?
ing solid evidence that the spectral
The answers may
features link to the cloud's dynamics.
be found in future
[NASA, ESA, and A. Feild (STScI)]
research.
n
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The Milky Way’s clean
and tidy galactic
neighbour
by ESO

freak! IC 1613 contains very little
cosmic dust, allowing astronomers
to explore its contents with great
clarity. This is not just a matter of appearances; the galaxy’s cleanliness
is vital to our understanding of the
Universe around us. IC 1613 is a
dwarf galaxy in the constellation of
Cetus (The Sea Monster). This VST
image shows the galaxy’s unconventional beauty, all scattered stars and
bright pink gas, in great detail.
German astronomer Max Wolf discov-

ered IC 1613’s faint glow in 1906. In
1928, his compatriot Walter Baade
used the more powerful 2.5-metre
any galaxies are chock-full
telescope at the Mount Wilson Obof dust, while others have
servatory in California to successfully
occasional dark streaks of
make out its individual stars. From
opaque cosmic soot swirling in
these observations, astronomers figamongst their gas and stars. Howured out that the galaxy must be
ever, the subject of this new image,
quite close to the Milky Way, as it is
snapped with the OmegaCAM camonly possible to resolve single pinera on ESO’s VLT Survey Telescope in
prick-like stars in the very nearest
Chile, is unusual — the small galaxy,
galaxies to us. Astronomers have
named IC 1613, is a veritable clean
since confirmed that IC 1613 is indeed a member of the Local
Group, a collection of more
than 50 galaxies that includes
our home galaxy, the Milky Way.
IC 1613 itself lies just over 2.3
million light-years away from
us. It is relatively well-studied
due to its proximity; astronomers have found it to be an irregular dwarf that lacks many
of the features, such as a starry
disc, found in some other diminutive galaxies.
However, what IC 1613 lacks in
form, it makes up for in tidiness. We know IC 1613’s distance to a remarkably high
precision, partly due to the
unusually low levels of dust
lying both within the galaxy
and along the line of sight from
the Milky Way — something
that enables much clearer obhis image, captured with the OmegaCAM camera on ESO’s VLT Survey Telescope
servations.
in Chile, shows an unusually clean small galaxy. IC 1613 contains very little cosCosmic dust is made of various
mic dust, allowing astronomers to explore its contents with great clarity. [ESO]
heavier elements, such as car-

M
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his wide-field view shows
the sky around the dwarf
galaxy IC 1613 in the constellation of Cetus (The Sea Monster).
This picture was created from
images forming part of the Digitized Sky Survey 2. The galaxy
appears at the centre of the picture as an irregularly shaped
clump of faint stars. [ESO/Digitized Sky Survey 2]

So, by measuring how quickly
they fluctuate astronomers can
work out their intrinsic brightness. They can then compare
these values to their apparent
measured brightness and work
out how far away they must be
to appear as dim as they do.
Stars of known intrinsic brightness can act like standard candles, as astronomers say, much
like how a candle with a specific brightness would act as a
good gauge of distance intervals based on the observed brightness of its flame’s flicker.
Using standard candles — such as the
variable stars within IC 1613 and the
less-common Type Ia supernova explosions, which can seen across far

bon and iron, as well as larger, grainAs we know from our daily lives on
ier molecules. Not only does dust
Earth, shining objects such as light
block out light, making dust-shroudbulbs or candle flames appear dimed objects harder to see, it also prefmer the further they are away from
erentially scatters bluer light. As a
us. Astronomers can use this simple
result, cosmic dust makes objects appiece of logic to figure out exactly
pear redder when seen through
his sequence starts with a
our telescopes than they are in
broad view of the rather faint
reality. Astronomers can factor
constellation of Cetus (The Sea
out this reddening when studyMonster). As we zoom, we close
ing objects. Still, the less redin on a faint, but nearby galaxy,
dening, the more precise an obIC 1613. The final detailed image,
http://www.eso.org/public/videos/eso1603a/
servation is likely to be.
captured with the OmegaCAM
The second reason we know camera on ESO’s VLT Survey Telethe distance to IC 1613 so pre- scope in Chile, shows an unusually
cisely is that the galaxy hosts a clean small galaxy. [ESO/A. Fujii/
number of notable stars of two Digitized Sky Survey 2]
types: Cepheid variables and RR
Lyrae variables. Both types of star
how far away things are in the Unigreater cosmic distances — astronorhythmically pulsate, growing charverse— so long as they know how
mers have pieced together a cosmic
acteristically bigger and brighter at
bright they really are, referred to as
distance ladder, reaching deeper and
fixed intervals. Other than the two
their intrinsic brightness.
deeper into space. Decades ago, IC
Magellanic Clouds, IC 1613 is the only
Cepheid and RR Lyrae variables have
1613 helped astronomers work out
irregular dwarf galaxy in the Local
the special property that their period
how to utilise variable stars to chart
Group in which RR Lyrae type variof brightening and dimming is linked
the Universe’s grand expanse. Not
able stars have been identified.
directly to their intrinsic brightness.
bad for a little, shapeless galaxy. n
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▼

T

his view from NASA's Dawn spacecraft captures a
portion of the southern hemisphere of Ceres. The
image of this unnamed crater is centered at approximately 46 degrees south latitude, 101 degrees east longitude. Dawn captured the scene on Dec. 20, 2015 from
its low-altitude mapping orbit (LAMO), at an approximate altitude of 240 miles (385 kilometers) above Ceres.
The image resolution is 120 feet (35 meters) per pixel.

T

he northeast rim of Sintana Crater on Ceres. The crater's
steep rim is shadowed in this particular view. The crater
density along this area of Sintana's rim (both interior and
exterior) appears to be roughly the same, and is dominated by
small impacts. The image is centered at approximately 45.6 degrees south latitude, 49.2 degrees east longitude. Dawn captured the scene on Jan. 1, 2016, from its low-altitude mapping
orbit (LAMO), at an altitude of 234 miles (376 kilometers) above
Ceres. The image resolution is 115 feet (35 meters) per pixel.

▼
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K

A

portion of the northern hemisphere of
Ceres. Bright material can be seen in the
wall of this large, unnamed crater at
upper center. The image is centered at approximately 15 degrees north latitude, 351 degrees
east longitude. Dawn captured the scene on
Dec. 21, 2015 from its low-altitude mapping
orbit (LAMO), at an approximate altitude of 240
miles (385 kilometers) above Ceres. The image
resolution is 120 feet (35 meters) per pixel.

U

nnamed crater in the southern hemisphere of Ceres with a prominent central
peak. The image is centered at approximately 63 degrees south latitude, 143 degrees
east longitude. Dawn captured the scene on
Dec. 24, 2015 from its low-altitude mapping
orbit (LAMO), at an approximate altitude of 240
miles (385 kilometers) above Ceres. The image
resolution is 120 feet (35 meters) per pixel.

▼

▼

T

he western rim of Occator Crater. The outside of the crater's
sharp, fresh rim is covered
by an ejecta layer with a low
crater density. Inside and
outside the crater are small
fractures trending toward
northwest. Several small,
bright patches of material
can be seen along the rim.
The image is centered at approximately 19.4 degrees
north latitude, 238.8 degrees
east longitude. Dawn captured the scene on Jan. 2,
2016, from its low-altitude
mapping orbit (LAMO), at an
altitude of 231 miles (371 kilometers) above Ceres. The
image resolution is 112 feet
(34 meters) per pixel.
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▼

▼

upalo Crater, one of
the youngest craters
on Ceres. The crater
has bright material exposed on its rim and walls,
which could be salts. Its
flat floor likely formed
from impact melt and debris. Kupalo, which measures 16 miles (26 kilometers)
across and is located at
southern mid-latitudes, is
named for the Slavic god
of vegetation and harvest.
Dawn took this image on
Dec. 21, 2015 from its lowaltitude mapping orbit
(LAMO) at an approximate
altitude of 240 miles (385
kilometers) above Ceres.
The image resolution is 120
feet (35 meters) per pixel.
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▼

M

essor Crater (25 miles or 40 kilometers,
wide), located at northern mid-latitudes
on Ceres. The scene shows an older crater
in which a large lobe-shaped flow partly covers
the northern (top) part of the crater floor. The flow
is a mass of material ejected when a younger crater formed just north of the rim. Dawn took this
image on Dec. 19, 2015, from its low-altitude mapping orbit (LAMO) from an approximate altitude
of 240 miles (385 kilometers) above Ceres. The
image resolution is 120 feet (35 meters) per pixel.

▼

U

nnamed craters in the southern
hemisphere of Ceres. The image
is centered at approximately 45
degrees south latitude, 325 degrees
east longitude. Dawn took this image
on Dec. 18, 2015, from its low-altitude
mapping orbit (LAMO), at an approximate altitude of 240 miles (385 kilometers) above Ceres. The image resolution
is 120 feet (35 meters) per pixel.

MARCH-APRIL 2016

Ceres EN:l'Astrofilo 29/02/16 18:09 Page 53

U
▼

nnamed crater near the
equator of
Ceres. The image is
centered at approximately 4 degrees
south latitude, 350
degrees east longitude. Dawn took
this image on Dec.
18, 2015, from its
low-altitude mapping orbit (LAMO),
at an approximate
altitude of 240
miles (385 kilometers) above Ceres.
The image resolution is 120 feet (35
meters) per pixel.

T

his view of the ceresian crater
Victa was captured by NASA's
Dawn spacecraft on Dec. 19, 2015.
The steep-walled crater is approximately 19 miles (30 kilometers) in diameter,
and was named for the Roman goddess
of food and nourishment. Dawn took
this image from its low-altitude mapping orbit (LAMO), at an approximate
altitude of 240 miles (385 kilometers)
above Ceres. The image resolution is
120 feet (35 meters) per pixel.

▼
▼

T

he southeast rim of
Dantu Crater. Bright
material can be seen
in some places along the
walls. The image is centered at approximately 20
degrees north latitude,
142 degrees east longitude. Dawn cap-tured the
scene on Dec. 20, 2015
from its low-altitude
mapping orbit (LAMO), at
an approximate altitude
of 240 miles (385 kilometers) above Ceres. The
image resolution is 120
feet (35 meters) per pixel.
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▼

O

ne of the most intriguing features
on Ceres, Occator crater, is seen in
this oblique view from Dawn. This
crater is 60 miles (90 kilometers) across
and 2 miles (4 kilometers) deep, and is
home to the brightest areas on Ceres. This
image was acquired on Oct. 18, 2015 from
an altitude of 915 miles (1,470 kilometers).
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▼

U
T

wo relatively young, fresh craters on Ceres.
The larger of the two is about 10 miles (16 kilometers) in diameter, while the smaller one
has a width of about 3 miles (5 kilometers). Large
blocks of ejected material fell near the rims of the
craters and onto the floor of the larger crater. The
image is centered at approximately 23 degrees
south latitude, 279 degrees east longitude. Dawn
captured the scene on Jan. 1, 2016, from its low-altitude mapping orbit (LAMO), at an approximate altitude of 229 miles (368 kilometers) above Ceres. The
image resolution is 112 feet (34 meters) per pixel.

▼

nnamed crater covered in ridges and steep slopes. These features likely resulted when the
crater partly collapsed during its formation. This
20-mile-wide (32-kilometer-wide) crater is located just
west of the larger, named crater Dantu, at northern
mid-latitudes on Ceres. Dawn took this image from its
low-altitude mapping orbit (LAMO) at an approximate altitude of 240 miles (385 kilometers) above
Ceres. The image resolution, taken on Dec. 23, 2015, is
120 feet (35 meters) per pixel. Below, an animated
flight over Ceres that emphasizes the most prominent
craters, such as Occator, and the tall, conical mountain Ahuna Mons. Features on Ceres are named for
earthly agricultural spirits, deities and festivals.

▼

Video
https://www.youtube.com/watch?v=nJiw2NxqoBU
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Motorized Focuser 2.5" Feather Touch
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of the boundary layer
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