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Nova 1670, a mystery almost solved
345 years after the appearance of a nova in Cygnus, a small team of astronomers has established
that that event was most likely caused by the explosive fusion of two normal stars. The chemical and
physical characteristics of the remnant left by the event are wholly suitable to a type of explosion...

Mars: the planet that lost an ocean’s worth of water
A primitive ocean on Mars held more water than Earth’s Arctic Ocean, and covered a greater portion
of the planet’s surface than the Atlantic Ocean does on Earth, according to new results published
online in Science on 5 March 2015. An international team of scientists used ESO’s Very Large...

Hubble sees supernova split into four images by cosmic lens
Astronomers using NASA's Hubble Space Telescope have spotted for the first time a distant supernova
split into four images. The multiple images of the exploding star are caused by the powerful gravity of a
foreground elliptical galaxy embedded in a massive cluster of galaxies. This unique observation will...

Looking deeply into the universe in 3D
The MUSE instrument on ESO’s Very Large Telescope has given astronomers the best ever three-dimensional
view of the deep Universe. After staring at the Hubble Deep Field South region for only 27 hours, the new
observations reveal the distances, motions and other properties of far more galaxies than ever before...

The largest ocean is on Ganymede
Those who thought that the richest salt water reservoirs belonged to the Earth should think again, as it
is now certain that on Ganymede, the largest natural satellite in our solar system, there is a subterranean
ocean whose volume exceeds that of all our oceans put together. An extraordinary piece of news from...

An old-looking galaxy in a young universe
A team of astronomers, led by Darach Watson from the University of Copenhagen, used the Very Large
Telescope’s X-shooter instrument along with the Atacama Large Millimeter/submillimeter Array (ALMA)
to observe one of the youngest and most remote galaxies ever found. They were surprised to discover...

A grand extravaganza of new stars
This dramatic landscape in the southern constellation of Ara (The Altar) is a treasure trove of celestial
objects. Star clusters, emission nebulae and active star- forming regions are just some of the riches
observed in this region lying some 4000 light-years from Earth. This beautiful new image is the...

Unusual asteroid suspected of spinning to explosion
A team led by astronomers from the Jagiellonian University in Krakow, Poland, recently used the
W. M. Keck Observatory in Hawaii to observe and measure a rare class of “active asteroids” that spontaneously emit dust and have been confounding scientists for years. The team was able to measure...

Dusty cloud passes galactic centre black hole
A supermassive black hole with a mass four million times that of the Sun lies at the heart of the Milky
Way galaxy. It is orbited by a small group of bright stars and, in addition, an enigmatic dusty cloud,
known as G2, has been tracked on its fall towards the black hole over the last few years. Closest...

Waiting for Philae’s reawakening
The adventuresome Philae landing on the nucleus of 67P/Churyumov-Gerasimenko has partly compromised its mission, due to the unexpected impossibility to recharge its batteries. While waiting
for the probe’s possible return to activity, plentiful are the discoveries made in the two and a half...
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Nova 1670,
a mystery
almost
solved
345 years after the appearance of a nova in Cygnus, a small team of astronomers has established that that event was most likely caused by the explosive
fusion of two normal stars. The chemical and physical characteristics of
the remnant left by the event are wholly suitable to a type
of explosion halfway between those of classical
novae and those of supernovae.
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T

he 12-metre
diameter
APEX telescope
for sub-millimetre waves (Atacama Pathfinder
Experiment), on
the Chajnantor
plateau, Chile,
used by a team
of researchers to
investigate the
remnant of Nova
Vul 1670. [ESO]
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O

n the evening of 20 June 1670, in
Dijon, France, the attention of Dom
Voituret Anthelme, an astronomer
and Carthusian monk, is captured by a new
3rd magnitude star appeared out of nowhere immediately above the head of Cygnus (hence, near Albireo), just within the
confines of the current constellation of Vulpecula, outlined right at that time by the
great celestial cartographer Johannes Hevelius. About a month after Anthelme, while
making observations from Gdańsk, also Hevelius noted the new star and recorded it in

his charts. The event was clearly remarkable, despite the fact that in the previous
seventy years there had already been two
similar stellar spectacles, one at short angular distance, known as Nova Cygni 1600 (3rd
mag), and the other in the constellation
Ophiuchus, the Supernova 1604 (mag -2.5).
Both Anthelme and Hevelius were able
to admire this new star of 1670 until the
month of October, when the decline in its
brightness took it below the threshold of
visibility to the naked eye and to the rudimentary telescopes of that time. Surpris-
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ingly, on 17 March
1671, Anthelme realizes, once again before anyone else,
that the star showed up again, to the
point that on 30
April it reached mag
+2.6, i.e., about
twice as bright as
the previous year.
Hevelius notes its
unexpected return
only in late spring,
when the star is also
observed by Giovanni
Domenico
Cassini, who in that
same year was appointed director of
the newly founded
Paris Observatory.
Towards the end of
August, the star
disappeared again
from view, to then
reappear one last
time in March 1672, when it was rediscovered by Hevelius, who could observe it until
22 May, after which the star faded below
the 6th mag (average naked-eye limit). In
this third appearance the star never became
brighter than mag +5.5, and therefore went
unnoticed to most observers. Besides the
sky position and apparent brightness, the
various witnesses of that triple event did not

have the means to provide additional information for posterity, save for some controversial references to a reddish colour of the
new star during the periods of lower brightness.
Over the centuries, the appearance of that
star became a distant memory, also because
no one had until fairly recently been able to
relate Nova Vul 1670 to the potential celestial remains of cataclysmic phenomena, and
this despite the fact that
already from the first
half of the 20th century
astronomers knew that
historical novae and supernovae leave traces in
the form of nebulosity.
Any attempt to discover
something in the location of Nova Vul 1670
proved unsuccessful, including a research conducted in 1938 by Milton L. Humason on pho-

H

evelius’ celestial map published in the
scientific journal
Philosophical
Transactions of
the Royal Society
of London, with a
circle around the
location where
the Nova Vul
1670 appeared.
[Royal Society]
The video on the
left takes us on
the border between the constellations Cygnus and Vulpecula, where the
“new” star appeared. [ESO/Digitized Sky Survey
2, N. Risinger]
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W

ide angle
image
showing the sky
around the area
where the Nova
Vul 1670 exploded, with at its
centre the almost
indiscernible
remnant left by
the event. [ESO/
Digitized Sky
Survey 2, Davide
De Martin]

tographic plates of the Palomar Observatory
Sky Survey.
In the early ‘80s there was, though, a first
breakthrough: studies carried out mainly in
H-alpha (red light) by Michael M. Shara,
Anthony F. J. Moffat and Ronald F. Webbink with the Multiple Mirror Telescope
(Cerro Tololo International Observatory)
and the Canada-France-Hawaii Telescope revealed, in the location of Nova Vul 1670, a
gaseous ring with some subcondensations
and possible jets of matter perpendicular to
the ring, maybe aligned with the poles of

what appeared to be a central star enveloped in a gaseous cocoon, preventing researchers from determining the real nature
of the star. The team calculated the distance
of this object in approximately 1800 lightyears, and in knowing this it derived an
absolute magnitude of 10.4, which is about
6 mag (or 244 times) fainter than a typical old nova. Considering also that the difference between the nova’s maximum and
minimum apparent magnitude has over
the centuries reached 18 mag, Shara and
colleagues have fundamentally confirmed
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the anomaly represented by that event, but
while not excluding different scenarios from
those of a classical nova, they essentially
supported the latter interpretation, suggesting that at the base of it all there was a binary system with transfer of material. Some
decades went by, and what in the meantime
had been renamed as CK Vul (the combination of two letters followed by the
constellation abbreviation is one of

the ways used by astronomers to catalogue
variable stars) does not undergo further relevant investigations, leaving the doubt on
what really happened in that patch of sky
more than three centuries ago. Maybe it
was the outburst of a so-called “slow nova”
(like the Nova
Aquilae

T

he eight 6metre antennas which make
up the Submillimeter Array
(SMA) located on
the dormant volcano Mauna Kea,
Hawaii. Tomasz
Kamiński’s team
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has also used
this instrument
to investigate
the motions and
chemical composition of the material ejected by
the explosion of
Nova Vul 1670.
[Afshin Darian]

MAY-JUNE 2015

1919), culminated with its explosion as a result of a final helium shell flash, or perhaps
a violent event not yet fully known or completely unknown to us. The only sure thing
is its explosive dynamics, given that material was observed moving away from the centre of the stellar object at speeds of a few
hundred km/s.
And it is equally certain that the remnant of
that explosion was not spotted before as a
result of the very low temperature of such
material, estimated at around minus 260
degrees C, which shifts the maximum light
emission (if we can call it so) towards millimetre wavelengths and beyond,
as far as to the radio domain.
Some of the technologies best suited
to inves-

tigate these regions of the electromagnetic
spectrum have made significant progress
only in recent years, and the first to usefully
employ them on CK Vul were six researchers
led by Tomasz Kamiński (Max-Planck-Institut
für Radioastronomie, Germany), who pointed on the enigmatic star the single dish
APEX antenna of ESO (Atacama Pathfinder
Experiment, ALMA’s predecessor), the eight
antennas of the Submillimeter Array (SMA),
located and operated in Hawaii by the Smithsonian Astrophysical Observatory, and the
huge radio telescope at Effelsberg, North
Rhine-Westphalia, Germany.
The observation at millimetre waves has surprisingly revealed that the expanding molecular gas and dust associated with CK Vul
are particularly varied from a chemical point
of view.
That environment is exceptionally rich in nitrogen and characterized by very peculiar
isotopic ratios, especially as regards to
carbon, oxygen and the same ni-
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trogen. The observed chemical composition
and abundances of the different isotopes
appear incompatible either with a typical
nova scenario, or with a
slow nova, or other known
explosive processes, including the formation of planetary nebulae, which if in
some cases they may resemble the remnant of CK
Vul as a result of their
vague hourglass shape,
they show, unlike such
remnant, a marked abundance of oxygen and a less
significant presence of nitrogen. Also the mass of
the material that makes up
the expanding remnant (at
least 1.2 solar masses) is
excessive in relation to
that generally accumulated around it by a nova, as
well as the excessively low
brightness of the same
remnant is incompatible
with the average of known

novae remains. Another difference compared to other remnants is the strong molecular emission at sub-millimetre waves from

E

vocative winter shot of the
100-metre diameter radio telescope
of Effelsberg in
Germany, used by
Kamiński and colleagues to observe
the remnant of
Nova Vul 1670 beyond the sub-millimetre domain.
[Max-Planck-Institut für Radioastronomie] Left, an
image of what remains of the nova,
created by combining the visible radiation of gas (blue,
from the Gemini
telescope) and
sub-millimetre
dust (yellow, from
the SMA), and the
molecular emission
(red, from APEX
and the SMA).
[ESO/T. Kamiński]
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ight, false colour images
published in July
1985 in The Astrophysical Journal,
as part of an article confirming the
discovery of the
remnant of Nova
Vul 1670. The variable stellar
source within it
was named CK
Vul. [Shara, Moffat, Webbink]
Almost 30 years
later, Kamiński
and colleagues
published in Nature the images
below: “a”
shows the entire
nebular remnant
shot in H-alpha
and Nll, with outlined in green
the molecular
emission newly
discovered with
the SMA; and “b”
a close-up of the
central region.
[Kamiń ski et al.]

CK Vul, absent in other
17 novae remnants observed for comparison
with APEX by Kamiński's team. According to
the researchers, such
atypical scenario could
be the end product of
a Luminous Red Nova
(LRN), a rather rare occurrence, still subject
to debate in the astronomical community, in
which two main-sequence stars (stars as
normal as the Sun, but
not necessarily of the
same size) collide and
merge, creating a very
powerful, but not entirely destructive explosion. In practice,
something half-way between the supernovae, where the stars concerned do not survive, and the novae, where only the surface
layer explodes, without deeply destabilising the stellar structure. As to the luminous
red novae, or “red transients”, we essentially know that after the explosion – which
also affects the deep layers of the two
stars, and thus the richness of the chemical
composition of the remnant – there occurs

a very rapid expansion of the material,
which ends up occupying a radius volume
thousands or tens of thousands of times
greater than that of the Sun. This expansion rapidly lowers the temperature of the
bubble of gas and dust, pushing the light
emitted towards greater wavelengths and
causing therefore the remnant to assume a
red hue, from which the name of this class
of objects derives.
That CK Vul may have effectively been a
LRN is corroborated by a now confirmed
red transient, OGLE-2002-BLG-360, observed
on more occasions between 2002 and 2006,
which has shown a light curve that is actually a scaled down version of that of
Nova Vul 1670. More generally, Kamiński
and colleagues point out in an article published in Nature on 23 March 2015 (in
which they show the results of their observations), that most of the characteristics of
CK Vul suits the luminous red novae model
and that consequently that object could be
considered the archetype of that class of
stars. It remains to understand the type of
star that nests at the centre of the remnant,
but answering this question will not be an
easy task, both for its low brightness and
because it is still surrounded and thus obscured by the material processed in the
thermonuclear reactions and scattered by
the explosive fusion.
n
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Mars: the planet that
lost an ocean’s worth
of water
by ESO

A

primitive ocean on Mars
held more water than
Earth’s Arctic Ocean, and
covered a greater portion of the
planet’s surface than the Atlantic
Ocean does on Earth, according to
new results published online in
Science on 5 March 2015. An international team of scientists used
ESO’s Very Large Telescope, along
with instruments at the W. M. Keck
Observatory and the NASA Infrared Telescope Facility, to monitor
the atmosphere of the planet and
map out the properties of the
water in different parts of Mars’s
atmosphere over a six-year period.
These new maps are the first of
their kind. About four billion years
ago, the young planet would have
had enough water to cover its entire surface in a liquid layer about
140 metres deep, but it is more
likely that the liquid would have
pooled to form an ocean occupying almost half of Mars’s northern
hemisphere, and in some regions
reaching depths greater than 1.6 kilometres.
“Our study provides a solid estimate of how much water Mars
once had, by determining how
much water was lost to space,” said
Geronimo Villanueva, a scientist
working at NASA’s Goddard Space
Flight Center in Greenbelt, Mary-

land, USA, and lead author of the
new paper. “With this work, we can
better understand the history of
water on Mars.”
The new estimate is based on detailed observations of two slightly
different forms of water in Mars’s
atmosphere. One is the familiar
form of water, made with two hydrogen atoms and one oxygen,
H2O. The other is HDO, or semiheavy water, a naturally occurring
variation in which one hydrogen
atom is replaced by a heavier form,
called deuterium.
As the deuterated form is heavier
than normal water, it is less easily
lost into space through evaporation. So, the greater the water loss
from the planet, the greater the
ratio of HDO to H2O in the water
that remains. (In oceans on Earth
there are about 3200 molecules of
H2O for each HDO molecule.)
By comparing the ratio of HDO to
H2O, scientists can measure by
how much the fraction of HDO has
increased and thus determine how
much water has escaped into space.
This in turn allows the amount of
water on Mars at earlier times to
be estimated. (Although probes on
the Martian surface and orbiting
the planet can provide much more
detailed in situ measurements,
they are not suitable for monitoring the properties of the whole
Martian atmosphere. This is best
done using infrared spectrographs

on large telescopes back on Earth.)
In the study, the team mapped
the distribution of H2O and HDO repeatedly over nearly six Earth years
— equal to about three Mars years
— producing global snapshots of
each, as well as their ratio. The
maps reveal seasonal changes and
microclimates, even though modern
Mars is essentially a desert.
Ulli Käufl of ESO, who was responsible for building one of the instruments used in this study and is a
co-author of the new paper, adds:
"I am again overwhelmed by how
much power there is in remote sensing on other planets using astronomical telescopes: we found an
ancient ocean more than 100 million kilometres away!"
The team was especially interested
in regions near the north and south
poles, because the polar ice caps
are the planet’s largest known reservoir of water. The water stored
there is thought to document the
evolution of Mars’s water from the
wet Noachian period, which ended
about 3.7 billion years ago, to the
present.
The new results show that atmospheric water in the near-polar region was enriched in HDO by a
factor of seven relative to Earth’s
ocean water, implying that water
in Mars’s permanent ice caps is enriched eight-fold. Mars must have
lost a volume of water 6.5 times
larger than the present polar caps

MAY-JUNE 2015
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to provide such a high
level of enrichment. The

volume of Mars’s early ocean must
have been at least 20 million cubic
kilometres. Based on the surface of
Mars today, a likely location for
this water would be the Northern
Plains, which have long been
considered a good candidate because of their
low-lying ground.
An
ancient
ocean there
would
have

covered 19% of the planet’s surface — by comparison, the Atlantic
Ocean occupies 17% of the Earth’s
surface. “With Mars losing that
much water, the planet was very
likely wet for a longer period of
time than previously thought, suggesting the planet might have
been habitable for longer,” said Michael Mumma, a senior scientist at
Goddard and the second author on
the paper. It is possible that Mars
once had even more water, some of
which may have been deposited
below the surface. Because the new
maps reveal microclimates and
changes in the atmospheric
water content over time,
they may also prove to
be useful in the continuing search for underground water.

n

A

rtist’s impressions and video that show
how Mars may have looked about four
billion years ago. The young planet would
have had enough water to cover its entire surface in a liquid layer about 140 metres deep,
but it is more likely that the liquid would have
pooled to form an ocean occupying almost
half of Mars’s northern hemisphere, and in
some regions reaching depths greater than 1.6
kilometres. [ESO/M. Kornmesser/N. Risinger]
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Hubble sees supernova
split into four images
by cosmic lens
by NASA

light-years from Earth. The supernova behind it is 9.3 billion lightyears away.
Although astronomers have discovstronomers using NASA's Hubered dozens of multiply imaged galble Space Telescope have spotaxies and quasars, they have never
ted for the first time a distant
seen a stellar explosion resolved insupernova split into four images. The
to several images. "It remultiple images of the
ally threw me for a loop
exploding star are caused
when I spotted the four
by the powerful gravity
images surrounding the
of a foreground elliptigalaxy — it was a comcal galaxy embedded in a
plete surprise," said Patmassive cluster of galarick Kelly of the Univerxies. This unique observasity of California, Berketion will help astronoley, a member of the
mers refine their estiGrism Lens Amplified Surmates of the amount and
vey from Space (GLASS)
distribution of dark matcollaboration. The GLASS
ter in the lensing galaxy
group is working with the
and cluster. Dark matter
Frontier Field Supernova
cannot be seen directly
(FrontierSN) team to anabut is believed to make
lyze the exploding star.
up most of the universe's
Kelly is also the lead aumass.
thor on the science paper
The gravity from both
appeared on March 6 in a
the elliptical galaxy and
special issue of the jourthe galaxy cluster distorts
nal Science celebrating
and magnifies the light
the centenary of Albert
from the supernova beEinstein's Theory of Genhind them, an effect caleral Relativity.
led gravitational lensing.
When the four images
First predicted by Albert
his image shows the huge galaxy cluster MACS J1149.6
fade away, astronomers
Einstein, this effect is sim+2223, whose light took over 5 billion years to reach us.
predict they will have a
ilar to a glass lens bend- [NASA, ESA, S. Rodney (John Hopkins University, USA) and the
rare opportunity to catch
ing light to magnify and FrontierSN team; T. Treu (University of California Los Angeles,
a rerun of the supernova.
distort the image of an USA), P. Kelly (University of California Berkeley, USA) and the
This is because the curobject behind it. The mul- GLASS team; J. Lotz (STScI) and the Frontier Fields team; M.
rent four-image pattern
tiple images are arranged Postman (STScI) and the CLASH team; and Z. Levay (STScI)]
is only one part of the
around the elliptical galaxy in a cross-shaped pattern called
an Einstein Cross, a name originally
given to a particular multiply imaged quasar, the bright core of an
active galaxy.
The elliptical galaxy and its cluster,
MACS J1149.6+2223, are 5 billion

A

T
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his image shows four different images of the same supernova whose light
has been distorted and magnified by the huge galaxy cluster MACS
J1149.6+2223 in front of it. The huge mass of the cluster and one of the galaxies within it is bending the light from a supernova behind them and creating four separate images of the supernova. The light has been magnified and
distorted due to gravitational lensing and as a result the images are arranged
around the elliptical galaxy in a formation known as an Einstein cross.
[NASA, ESA, S. Rodney (John Hopkins University, USA) and the FrontierSN
team; T. Treu (University of California Los Angeles, USA), P. Kelly (University of
California Berkeley, USA) and the GLASS team; J. Lotz (STScI) and the Frontier
Fields team; M. Postman (STScI) and the CLASH team; and Z. Levay (STScI)]

lensing display. The supernova may
have appeared as a single image
some 20 years ago elsewhere in the
cluster field, and it is expected to reappear once more within the next
five years. This prediction is based
on computer models of the cluster,
which describe the various paths the
supernova light is taking through
the maze of
clumpy dark
matter in the
galactic grouping. Each image takes a different route
through the
cluster and arrives at a different time,
due, in part, to

differences in the length of the pathways the light follows to reach Earth.
The four supernova images captured
by Hubble, for example, appeared
within a few days or weeks of each
other.
The supernova's various light paths
are analogous to several trains that
leave a station at the same time, all

T

traveling at the same speed and
bound for the same location. Each
train, however, takes a different
route, and the distance for each
route is not the same. Some trains
travel over hills. Others go through
valleys, and still others chug around
mountains. Because the trains travel
over different track lengths across
different terrain, they do not arrive
at their destination at the same time.
Similarly, the supernova images do
not appear at the same time because
some of the light is delayed by traveling around bends created by the
gravity of dense dark matter in the
intervening galaxy cluster.
"Our model for the dark matter in
the cluster gives us the prediction of
when the next image will appear because it tells us how long each train
track is, which correlates with time,"
said Steve Rodney of the Johns Hopkins University in Baltimore, Maryland, leader of the FrontierSN team.
"We already missed one that we
think appeared about 20 years ago,
and we found these four images
after they had already appeared.
The prediction of this future image
is the one that is most exciting because we might be able to catch it.
We hope to come back to this field
with Hubble, and we'll keep looking to see when that expected next
image appears."
Measuring the time delays between
images offers clues to the type of
warped-space terrain the supernova's light had to cover and will help

his animation shows how the huge galaxy cluster
MACS J1149.6+2223 — whose light took over 5 billion
years to reach us — bends the light from a supernova
lying behind the cluster so that Hubble captures four images of the supernova. The huge mass of the cluster and
one of the galaxies within it is bending the light from a
supernova behind them and creating four separate images of the supernova. The light has been magnified and
distorted due to gravitational lensing and as a result the
images are arranged around the elliptical galaxy in a formation known as an Einstein cross. [NASA & ESA]
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the
astronomers
light, confirming it
fine-tune the modwas the signature of
els that map out the
a supernova. They
cluster's mass. "We
then turned to the
will measure the
W.M. Keck Observatime delays, and
tory on Mauna Kea,
we'll go back to the
in Hawaii, to measure
models and comthe distance to the
pare them to the
supernova's host gamodel predictions
laxy. The astronomers
of the light paths,"
nicknamed the superKelly said. "The lens
nova Refsdal in honmodelers, such as
or of Norwegian asAdi Zitrin (Califortronomer Sjur Refnia Institute of Techsdal, who, in 1964,
nology) from our
first proposed using
team, will then be
time-delayed images
able to adjust their
from a lensed supermodels to more acnova to study the excurately recreate
pansion of the unithe landscape of
verse. "Astronomers
dark matter, which
have been looking to
dictates the light
find one ever since,"
travel time."
said Tommaso Treu of
While making a routhe University of Calitine search of the
fornia, Los Angeles,
GLASS team's data,
the GLASS project's
Kelly spotted the
principal investigator.
four images of the
"The long wait is
exploding star on
over!"
Nov. 11, 2014.
The Frontier Fields
The FrontierSN and
survey is a three-year
GLASS teams have
program that uses
his illustration shows how four different images of the same supernova
been searching for
Hubble and the gravwere created when its light was distorted and magnified by the huge
such highly magni- galaxy cluster MACS J1149 +2223 in front of it. The light has been magniitational-lensing effied explosions since fied and distorted due to gravitational lensing and as a result the images
fects of six massive
2013, and this object are arranged around the elliptical galaxy in a formation known as an Eingalaxy clusters to
is their most spec- stein cross. The massive galaxy cluster focuses the supernova light along at
probe not only what
tacular discovery.
is inside the clusters
least three separate paths, and then when one of those light paths happens
The supernova ap- to be precisely aligned with a single elliptical galaxy within the cluster, a
but also what is bepears about 20 times secondary lensing effect occurs. The dark matter associated with the elliptiyond them.
brighter than its cal galaxy bends and refocuses the light into four more paths, generating
The three-year Fronnatural brightness, the rare Einstein cross pattern that the team observed. [NASA & ESA]
tierSN program studdue to the comies supernovae that
specific elliptical galaxy within the
bined effects of two overlapping
appear in and around the galaxy
cluster. "The dark matter of that inlenses. The dominant lensing effect
clusters of the Frontier Fields and
dividual galaxy then bends and refois from the massive galaxy cluster,
GLASS surveys. The GLASS survey is
cuses the light into four more paths,"
which focuses the supernova light
using Hubble's spectroscopic capaRodney explained, "generating the
along at least three separate paths.
bilities to study remote galaxies
rare Einstein Cross pattern we are
A secondary lensing effect occurs
through the cosmic telescopes of 10
currently observing." The two teams
when one of those light paths hapmassive galaxy clusters, including
spent a week analyzing the object's
pens to be precisely aligned with a
the six in the Frontier Fields.
n
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Looking deeply into
the universe in 3D
by ESO

T

he MUSE instrument on ESO’s
Very Large Telescope has given
astronomers the best ever
three-dimensional view of the deep

T

Universe. After staring at the Hubble Deep Field South region for
only 27 hours, the new observations
reveal the distances, motions and
other properties of far more galaxies than ever before in this tiny
piece of the sky. They also go be-

yond Hubble and reveal previously
invisible objects. By taking very
long exposure pictures of regions of
the sky, astronomers have created
many deep fields that have revealed much about the early Universe.
The most famous of these was the

he background image in this composite shows the NASA/ESA Hubble Space Telescope image of the region known as the Hubble Deep Field South. New observations using the MUSE instrument on ESO's Very
Large Telescope have detected remote galaxies that are not visible to Hubble. Two examples are highlighted
in this composite view. These objects are completely invisible in the Hubble picture but show up strongly in
the appropriate parts of the three-dimensional MUSE data. [ESO/MUSE Consortium/R. Bacon]
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T

he MUSE instrument on
ESO’s Very
Large Telescope
has given
astronomers
the best ever
three-dimensional view of
the deep Universe. After
staring at the
Hubble Deep
Field South region for a total
of 27 hours the
new observations reveal the
distances, motions and other
properties of
far more galaxies than ever
before in this
tiny piece of
the sky. But
they also go
beyond Hubble
and reveal
many previously unseen objects. In this
picture the objects that had
their distances
measured by
MUSE are shown with coloured symbols. White star symbols are faint stars in the Milky Way. Everything else is
a distant galaxy. Circles show objects that appear in the Hubble imaging of this field, triangles are more than
25 new discoveries in the MUSE data, and cannot be seen in the Hubble picture. Blue objects are comparatively
close, green and yellow ones more distant and purple and pink galaxies are seen when the Universe was less
than one billion years old. MUSE has measured more than ten times as many distances to distant galaxies in
this field than had been achieved up to now. [ESO/MUSE consortium/R. Bacon]

original Hubble Deep Field, taken
by the NASA/ESA Hubble Space Telescope over several days in late 1995.
This spectacular and iconic picture
rapidly transformed our understanding of the content of the Universe
when it was young. It was followed

two years later by a similar view in
the southern sky — the Hubble Deep
Field South.
But these images did not hold all
the answers — to find out more
about the galaxies in the deep field
images, astronomers had to care-

fully look at each one with other instruments, a difficult and time-consuming job. But now, for the first
time, the new MUSE instrument can
do both jobs at once — and far more
quickly. One of the first observations using MUSE after it was com-
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missioned on the VLT in 2014 was a
long hard look at the Hubble Deep
Field South (HDF-S). The results exceeded expectations.
“After just a few hours of observations at the telescope, we had a
quick look at the data and found
many galaxies — it was very encouraging. And when we got back to
Europe we started exploring the
data in more detail. It was like fishing in deep water and each new
catch generated a lot of excitement
and discussion of the species we
were finding,” explained Roland
Bacon (Centre de Recherche Astrophysique de Lyon, France, CNRS)
principal investigator of the MUSE
instrument and leader of the commissioning team.
For every part of the MUSE view of
HDF-S there is not just a pixel in an
image, but also a spectrum revealing the intensity of the light’s different component colours at that
point — about 90,000 spectra in
total (each spectrum covers a range
of wavelengths from the blue part
of the spectrum into the near-infrared (475‒930 nanometres). These
can reveal the distance, composition and internal motions of hundreds of distant galaxies — as well
as catching a small number of very
faint stars in the Milky Way.
Even though the total exposure time
was much shorter than for the Hubble images, the HDF-S MUSE data
revealed more than twenty very
faint objects in this small patch of
the sky that Hubble did not record
at all. (MUSE is particularly sensitive
to objects that emit most of their
energy at a few particular wavelengths as these show up as bright
spots in the data. Galaxies in the
early Universe typically have such
spectra, as they contain hydrogen
gas glowing under the ultraviolet
radiation from hot young stars.)
“The greatest excitement came when
we found very distant galaxies that

T

his ESOcast explains what makes the new MUSE observations so significant and shows how astronomers interpret three-dimensional datacubes of the distant Universe. [Editing: Herbert Zodet. Web and technical
support: Mathias André and Raquel Yumi Shida. Written by: Christopher
Marshall, Richard Hook and Herbert Zodet. Narration: Sara Mendes da
Costa. Music: Johan B. Monell (www.johanmonell.com). Footage and photos: ESO, MUSE Consortium/R. Bacon, Robert Williams and the Hubble Deep
Field Team (STScI), the HDF-S Team, F. Summers (STScI), NASA/ESA/Hubble,
L. Calçada, M. Kornmesser, B. Tafreshi (twanight.org), C. Malin (christophmalin.com), Mario Nonino, Piero Rosati and the ESO GOODS Team. Directed by: Herbert Zodet. Executive producer: Lars Lindberg Christensen.]

were not even visible in the deepest
Hubble image. After so many years
of hard work on the instrument, it
was a powerful experience for me
to see our dreams becoming reality,” adds Bacon.
By looking carefully at all the spectra in the MUSE observations of the
HDF-S, the team measured the distances to 189 galaxies. They ranged
from some that were relatively
close, right out to some that were
seen when the Universe was less
than one billion years old. This is
more than ten times the number of
measurements of distance than had
existed before for this area of sky.
For the closer galaxies, MUSE can
do far more and look at the different properties of different parts of

the same galaxy. This reveals how
the galaxy is rotating and how
other properties vary from place to
place. This is a powerful way of understanding how galaxies evolve
through cosmic time.
“Now that we have demonstrated
MUSE’s unique capabilities for exploring the deep Universe, we are
going to look at other deep fields,
such as the Hubble Ultra Deep
field. We will be able to study
thousands of galaxies and to discover new extremely faint and distant
galaxies. These small infant galaxies, seen as they were more than
10 billion years in the past, gradually grew up to become galaxies
like the Milky Way that we see
today,” concludes Bacon.
n
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Thermonuclear
supernova ejects
galaxy’s fastest star
by Keck Observatory

S

cientists using the W. M. Keck
Observatory and Pan-STARRS1
telescopes on Hawaii have discovered a star that breaks the galactic speed record, traveling with a
velocity of about 1,200 kilometers
per second or 2.7 million miles per
hour. This velocity is so high, the
star will escape the gravity of our
galaxy. In contrast to the other
known unbound stars, the team
showed that this compact star was
ejected from an extremely tight binary by a thermonuclear supernova
explosion. These results have been
published in the March 6 issue of

Science. Stars like the Sun are bound
to our Galaxy and orbit its center
with moderate velocities.
Only a few so-called hypervelocity
stars are known to travel with velocities so high that they are unbound, meaning they will not orbit
the galaxy, but instead will escape
its gravity to wander intergalactic

space. A close encounter with the
supermassive black hole at the centre of the Milky Way is typically
presumed the most plausible mechanism for kicking these stars out of
the galaxy.
A team of astronomers led by Stephan Geier (European Southern Observatory, Garching) observed the

A

n artist impression of the mass-transfer phase followed by a doubledetonation supernova that leads to the ejection of US 708. While this
illustration shows the supernova (bottom center) and the ejected star (left)
at the same time, in reality the supernova would have been faded away
long before the star reached that position. [ESA/HUBBLE, NASA, S. Geier]
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A

nimation of a white dwarf accumulating
matter and the resulting supernova that
ejected US 708 at high velocity. [NASA, ESA and
P. Ruiz-Lapuente, cut and coloured by S. Geier]

known high-velocity star know as
US 708 with the Echellette Spectrograph and Imager instrument on
the 10-meter, Keck II telescope to
measure its distance and velocity
along our line of sight. By carefully
combining position measurements
from digital archives with newer
positions measured from images
taken during the course of the PanSTARRS1 survey, they were able to
derive the tangential component
of the star's velocity (across our
line of sight).
Putting the measurements together,
the team determined the star is mov-

MAY-JUNE 2015

ing at about 1,200 kilometers per
second – much higher than the velocities of previously known stars
in the Milky Way galaxy. More importantly, the trajectory of US 708
means the supermassive black hole
at the galactic center could not be
the source of US 708's extreme velocity.
US 708 has another peculiar property in marked contrast to other
hypervelocity stars: it is a rapidly
rotating, compact helium star likely
formed by interaction with a close
companion. Thus, US 708 could
have originally resided in an ultra

compact binary system, transferring helium to a massive white
dwarf companion, ultimately triggering a thermonuclear explosion
of a type Ia supernova. In this scenario, the surviving companion, i.e.
US 708, was violently ejected from
the disrupted binary as a result,
and is now travelling with extreme
velocity.
These results provide observational
evidence of a link between helium
stars and thermonuclear supernovae, and is a step towards understanding the progenitor systems of
these mysterious explosions.
n

ganimede EN:l'Astrofilo 28/04/15 08:32 Page 22

22

PLANETOLOGY

The largest
ocean is on
Ganymede

Those who thought that the richest salt water reservoirs
belonged to the Earth should think again, as it is now certain that on Ganymede, the largest natural satellite in our
solar system, there is a subterranean ocean whose volume
exceeds that of all our oceans put together. An extraordinary piece of news from the astrobiological point of view.

G

anymede photographed by
the Galileo probe
in 1996. This moon
hosts below its
surface the largest
ocean in the solar
system. [NASA,
Ted Styrk]
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U

ntil a few decades ago, it was hard to imagine that in the
solar system there may have been liquid water on planetary bodies other than Earth. It was known that there
is some in comets in the form of ice, it was suspected
that in that same state there could have been some
on Mars, and only the most optimistic astronomers hoped one day to be able to find it on
some large moons. Computer models of
the ‘70s indicated that on Ganymede,
the largest natural satellite of Jupiter
(and of the entire solar system)
and whose diameter exceeds
that of the planet Mercury,
there could have been a
global ocean hidden beneath a very thick surface layer composed
of rocks and ice. As
easily guessed, the
times were premature in order for astronomers
to have the
necessary

MAY-JUNE 2015
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instruments for a possible verification of
this hypothesis, and thus the matter remained pending. Thereafter, in 2002, the
Galileo probe visited Jupiter’s system and

for a couple of years
studied the planet
and its satellites.
Thanks to a series of
measurements taken
with the on-board instruments, including
a charged particles
counter and a magnetometer, astronomers discovered that
Ganymede had (and
it has) its own magnetic field (the only
case in satellites), in
turn immersed in the
immense
Jupiter’s
magnetosphere. The
existence of a magnetic field around that moon was essential
for validating the models, and having discovered it was a first concrete step towards
the confirmation of the existence of its

L

eft, a reconstruction of
fantasy of the Galileo probe in the
Jovian system.
[NASA] Below,
comparison between the sizes
of the largest
satellites of the
solar system and
the sizes of Mercury and Pluto.
[NASA, Calvin J.
Hamilton]
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A

rtist’s depiction of Ganymede in orbit
around Jupiter,
with highlighted
the two auroral
ovals discovered
at mid-latitudes
in the northern
and southern
hemispheres.
Hubble's measurement of the
fluctuations that
affect those
structures has led
to the discovery
of a huge underground ocean.
[NASA, ESA, G.
Bacon (STScI), J.
Saur (University
of Cologne, Germany)]

ocean. But it was not possible to go further, because the measurements, performed for short periods at intervals of 20 minutes, were too brief to highlight with certainty a peculiar interference in the behaviour of Ganymede's magnetic field, expected in case of the ocean’s existence.
That interference is part of a broader context that has as its dominant element the
Jovian magnetic field, which “solidly” rotates with the planet over a period of
about 10 hours. For half that cycle the lines
of force of the field point approximately
towards Ganymede, while for the remaining half they point in the opposite direction (with respect to the planet’s rotation
axis). This behaviour affects the structure
of the magnetic field of Ganymede (originated by the rotation of its iron core),
whose axis is forced to oscillate, making in
turn oscillate in latitude the phenomena
associated with it (in both hemispheres).

The models predict that in Ganymede's
case, those oscillations are of 6 degrees towards north and then of 6 degrees towards
south, in a cycle of about 10 hours (which
coincides with Jupiter's rotation). This is
the expected scenario in the event of the
large moon being entirely solid and thus
without a global underground ocean.
Conversely, in the presence of an enormous
reservoir of liquid salt water, its mass, fluidity and electrical conductivity, would alter the dynamics of Ganymede’s magnetic
field by introducing an inhibiting effect in
the influence of the Jovian magnetosphere
and significantly reducing the magnitude
of the oscillations.
By succeeding in measuring a migration in
latitude below the theoretical 6 degrees
would have in fact validated the hypothesis
of the global ocean, and the amplitude of
the difference would have provided valuable information on its main characteristics.
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In the absence of an in-situ probe, suitably
designed and equipped to study in the
long term the behaviour of Ganymede’s
magnetic field, it would seem impossible to
provide a definitive answer to this question. But since scientists are accustomed to
find startling solutions, it is not surprising
that Joachim Saur, professor for Geophysics
at the University of Cologne in Germany,
came up with this fine idea: studying the
internal structure of Ganymede through
the observation of its auroras. As known,
magnetic fields are invisible and their lines
of force, as well as their polarity, are basically recognizable by the presence of tracers of various kinds, such as iron filings,
charged particles, particular forms of radiation and so on. It is through the behaviour
of tracers that it is possible to determine

the properties of magnetic fields and of
the structures and mechanisms generating
them. Since auroras are governed by the
interaction between charged particles and

the magnetic field, by observing the first
with appropriate techniques it is possible
to deduce the conformation of the latter
and obtain information about
the internal structure of the
planetary body generating it.
For producing auroras, the
charged particles (mostly electrons and protons of solar origin) captured by the lines of
force of the magnetic field
must however impact the gas
of an atmosphere, and, as it
happens, Ganymede has a very
tenuous atmosphere of oxygen, the most suitable chemical element for producing
auroral light.
In expecting to be able to better comprehend that phenomenon in the ultraviolet (a radiation mostly absorbed by the
atmosphere), Saur and some
of his colleagues decided to
set up their own observations

A

bove, a very
simplified representation of
the lines of force
of Ganymede’s
magnetic field,
generated by the
rotation of the
fluid iron core.
On the side, comparison between
the amount of
water contained
in Ganymede’s
ocean and that in
the Earth's
oceans: the first
exceeds the sum
of the latter. Bottom left, diagram
of Ganymede’s
internal structure
based on Saur
and colleagues’
recent work, published in March in
the Journal of
Geophysical Research. The salt
water ocean laying beneath its
icy crust, sits on
top a layer of ice,
a rocky mantle
and the iron core.
[NASA, ESA, and
A. Feild (STScI)]
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T

his illustration
shows the
shifts in latitude
of Ganymede’s
auroral ovals: left,
in case of absence
of an ocean, and
right, in case that
ocean exists and
has the characteristics explained in
this article.
[NASA, ESA, and
A. Feild (STScI)]

I

mages of Ganymede’s auroras
taken by Hubble
in the ultraviolet,
which were overlaid, in accordance with their
actual positions,
on an image in
white light of the
large Jovian moon
taken by the Galileo probe. [NASA,
ESA, and J. Saur
(University of Cologne, Germany)]

program using the Hubble Space Telescope
(capable of recording ultraviolet light with
wavelengths up to the 200 nanometers, corresponding to UVC rays) and to aim the instrument towards Ganymede, possibly in
coin- cidence with peaks in the flow of the
solar wind, so as to maximize their chances
of catching the occurrence of auroras. In so
doing, Saur's team was able to follow the
dynamics of Ganymede's auroras for a sufficiently long time to establish that their migration in latitude is only 2 degrees wide.
Based on the models of the large moon’s internal structure, this value corroborates the
existence of a global salt water ocean, hid-

den about 150 km below the surface and
about 100 km deep, thus around ten times
deeper than the deepest abysses on Earth.
The researchers estimated that that ocean
contains more water than that of all our
oceans put together, and from the astrobiological point of view this makes Ganymede
an extremely interesting object. In fact, it
cannot be excluded a priori that in that gigantic water reservoir may be present some
form of primitive life comparable to that
found in our abysses and capable of proliferating by drawing energy from possible
hydrothermal sources; a scenario seemingly shared by another of the larger Jovian
moons, Europa, which too is characterized
by a global underground ocean.
Ganymede should therefore be added to
that already large group of objects of various sizes and nature on which the presence of water has been ascertained.
Whether in a gaseous, liquid or solid state,
it would seem that it can be found anywhere in our solar system.
With the same technique used by Saur, but
applied to the more powerful telescopes of
the near future, it will be possible to discover oceans also on planets and large
moons in orbit around other stars; an exceptionally fascinating opportunity that
even the most fervent and imaginative
minds could have ever imagined.
n
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I

n the side video, a zoom into the galaxy cluster Abell
1689. The NASA/ESA Hubble Space Telescope, with a
boost from the natural gravitational lensing of this cluster, can faintly detect the remote galaxy A1689-zD1
seen just 700 million years after the beginning of our
Universe. This object has been detected by ALMA and
had its distance measured using ESO's Very Large Telescope. [ESA/Hubble (M. Kornmesser & L. L. Christensen)]
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T

his view includes infrared light images from the WFC3 instrument on the NASA/ESA
Hubble Space Telescope as well as visible light views. It shows a close up look at part
of the rich galaxy cluster Abell 1689. [ESO/J. Richard]

surprised the observers with its rich
chemical complexity and abundance
of interstellar dust.
“After confirming the galaxy’s distance using the VLT,” said Darach
Watson, “we realised it had previously been observed with ALMA.
We didn’t expect to find much, but I
can tell you we were all quite excited
when we realised that not only had
ALMA observed it, but that there
was a clear detection. One of the
main goals of the ALMA Observatory was to find galaxies in the early
Universe from their cold gas and
dust emissions — and here we had it!”
This galaxy was a cosmic infant —

but it proved to be precocious. At
this age it would be expected to display a lack of heavier chemical elements — anything heavier than
hydrogen and helium, defined in
astronomy as metals. These are produced in the bellies of stars and scattered far and wide once the stars
explode or otherwise perish.
This process needs to be repeated
for many stellar generations to produce a significant abundance of the
heavier elements such as carbon,
oxygen and nitrogen.
Surprisingly, the galaxy A1689-zD1
seemed to be emitting a lot of radiation in the far infrared, indicating

that it had already produced many of its stars
and significant quantities of metals, and revealed that it not only
contained dust, but had
a dust-to-gas ratio that
was similar to that of
much more mature galaxies.
“Although the exact origin of galactic dust remains obscure,” explains
Darach Watson, “our
findings indicate that its
production occurs very
rapidly, within only 500
million years of the beginning of star formation in the Universe — a
very short cosmological
time frame, given that
most stars live for billions of years.”
The findings suggest
A1689-zD1 to have been
consistently
forming
stars at a moderate rate
since 560 million years
after the Big Bang, or
else to have passed
through its period of
extreme starburst very
rapidly before entering
a declining state of star

formation.
Prior to this result, there had been
concerns among astronomers that
such distant galaxies would not be
detectable in this way, but A1689zD1 was detected using only brief
observations with ALMA.
Kirsten Knudsen (Chalmers University of Technology, Sweden), co-author of the paper, added, “This
amazingly dusty galaxy seems to
have been in a rush to make its first
generations of stars. In the future,
ALMA will be able to help us to
find more galaxies like this, and
learn just what makes them so keen
to grow up.”
n
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Hubble gets best view
of a circumstellar
debris disk distorted
by a planet
by NASA

A

stronomers have used NASA's Hubble Space Telescope
to take the most detailed
picture to date of a large, edge-on,
gas-and-dust disk encircling the 20million-year-old star Beta Pictoris.
Beta Pictoris remains the only directly imaged debris disk that has a
giant planet (discovered in 2009).
Because the orbital period is comparatively short (estimated to be
between 18 and 22 years), astron-

omers can see large
motion in just a few
years. This allows scientists to study how
the Beta Pictoris disk
is distorted by the
presence of a massive
planet embedded within the disk.
The new visible-light
Hubble image traces
the disk in closer to the
star to within about
650 million miles of the
star (which is inside

T

he photo at the bottom is the most detailed
picture to date of a large, edge-on, gas-anddust disk encircling the 20-million-year-old star
Beta Pictoris. The new visible-light Hubble image
traces the disk in closer to the star to within about
650 million miles of the star (which is inside the radius of Saturn's orbit about the Sun). When comparing the latest images to Hubble images taken in
1997 (top), astronomers find that the disk's dust
distribution has barely changed over 15 years despite the fact that the entire structure is orbiting
the star like a carousel. The Hubble Space Telescope photo has been artificially colored to bring
out detail in the disk's structure. [NASA, ESA, and
D. Apai and G. Schneider (University of Arizona)]
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T

his is a color composite image of the large, edge-on, gas-and-dust disk encircling the 20-million-year-old star Beta
Pictoris. The image shows a curious asymmetry in the dust and gas distribution. This may be due to a planetary collision within the disk, which may have pulverized the bodies. The new Hubble Space Telescope Imaging Spectrograph
visible-light image (shown in blue) traces the disk in closer to the star to within about 650 million miles of the star
(which is inside Saturn's orbit about the Sun). Radio data from the Atacama Large Millimeter/submillimeter Array
(ALMA) shows the dust (1.3 millimeter is colored green) and carbon monoxide gas (colored red). [Hubble data: NASA,
ESA, and D. Apai and G. Schneider (University of Arizona); ALMA Data: NRAO and W.R.F. Dent (ALMA, Santiago, Chile)]

the radius of Saturn's orbit about
the Sun).
"Some computer simulations predicted a complicated structure for the
inner disk due to the gravitational
pull by the short-period giant planet.
The new images reveal the inner disk
and confirm the predicted structures.
This finding validates models, which
will help us to deduce the presence
of other exoplanets in other disks,"
said Daniel Apai of the University of
Arizona. The gas-giant planet in the
Beta Pictoris system was directly imaged in infrared light by the European Southern Observatory's Very
Large Telescope six years ago.
When comparing the latest Hubble
images to Hubble images taken in
1997, astronomers find that the
disk's dust distribution has barely
changed over 15 years despite the
fact that the entire structure is orbiting the star like a carousel.
This means the disk's structure is
smoothly continuous in the direction
of its rotation on the timescale, rough-

ly, of the accompanying planet's orbital period. In 1984 Beta Pictoris was
the very first star discovered to host
a bright disk of light-scattering circumstellar dust and debris. Ever since
then Beta Pictoris has been an object
of intensive scrutiny with Hubble
and with ground-based telescopes.
Hubble spectroscopic observations in
1991 found evidence for extrasolar
comets frequently falling into the
star. The disk is easily seen because it
is tilted edge-on and is especially
bright due to a very large amount of
starlight-scattering dust.
What's more, Beta Pictoris is closer to
Earth (63 light-years) than most of
the other known disk systems.
Though nearly all of the approximately two-dozen known light-scattering circumstellar disks have been
viewed by Hubble to date, Beta Pictoris is the first and best example of
what a young planetary system looks
like, say researchers.
One thing astronomers have recently learned about circumstellar debris

disks is that their structure, and
amount of dust, is incredibly diverse
and may be related to the locations
and masses of planets in those systems. "The Beta Pictoris disk is the
prototype for circumstellar debris
systems, but it may not be a good
archetype," said co-author Glenn
Schneider of the University of Arizona.
For one thing the Beta Pictoris disk
is exceptionally dusty. This may be
due to recent major collisions among
unseen planetary-sized and asteroid-sized bodies embedded within
it. In particular, a bright lobe of dust
and gas on the southwestern side of
the disk may be the result of the pulverization of a Mars-sized body in a
giant collision.
Both the 1997 and 2012 images were
taken in visible light with Hubble's
Space Telescope Imaging Spectrograph in its coronagraphic imaging
mode. A coronagraph blocks out the
glare of the central star so that the
disk can be seen.
n
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A grand extravaganza
of new stars
by ESO

T

his dramatic landscape in the
southern constellation of Ara
(The Altar) is a treasure trove
of celestial objects. Star clusters,
emission nebulae and active starforming regions are just some of the
riches observed in this region lying
some 4000 light-years from Earth.
This beautiful new image is the most
detailed view of this part of the sky
so far, and was taken using the VLT
Survey Telescope at ESO’s Paranal
Observatory in Chile.
At the centre of the image is the
open star cluster NGC 6193, containing around thirty bright stars and forming the heart of the Ara OB1 association. The two brightest stars are
very hot giant stars. Together, they
provide the main source of illumination for the nearby emission nebula,
the Rim Nebula, or NGC 6188, which
is visible to the right of the cluster.
A stellar association is a large grouping of loosely bound stars that have
not yet completely drifted away
from their initial formation site. OB
associations consist largely of very
young blue–white stars, which are
about 100 000 times brighter than
the Sun and between 10 and 50
times more massive.
The Rim Nebula is the prominent wall
of dark and bright clouds marking
the boundary between an active starforming region within the molecular
cloud, known as RCW 108, and the
rest of the association. The area
around RCW 108 is made up of mostly hydrogen — the primary ingre-

dient in star formation. Such areas
are also known as H II regions.
The ultraviolet radiation and intense
stellar wind from the stars of NGC
6193 seem to be driving the next generation of star formation in the surrounding clouds of gas and dust. As
cloud fragments collapse they heat
up and eventually form new stars.
As the cloud creates new stars, it is
simultaneously being eroded by the
winds and radiation emitted by previous stars, and by violent supernova explosions. In this way, such starforming H II regions tend to have a
lifespan of just a few million years.
Star formation is a very inefficient
process, with only around 10% of
the available material contributing
to the process — the rest is blown
off into space. The Rim Nebula also
shows signs of being in the early
phase of “pillar formation”, meaning that in the future it could end up
looking similar to other well-known
star-forming regions, such as the
Eagle Nebula (Messier 16, containing the famous Pillars of Creation)
and the Cone Nebula (part of NGC
2264). This single spectacular image
was actually created from more
than 500 individual pictures taken
through four different colour filters
with the VLT Survey Telescope. The
total exposure time was more than
56 hours. It is the most detailed view
of this region yet achieved.
n

T

his image, taken by OmegaCAM on the VLT Survey Telescope at Paranal Observatory, shows a section of the Ara OB1 stellar association.
In the centre of the image is the young open cluster NGC 6193, and
to the right is the emission nebula NGC 6188, illuminated by the ionising
radiation emitted by the brightest nearby stars. [ESO]
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Unusual asteroid
suspected of spinning
to explosion
by Keck Observatory

A

team led by astronomers
from the Jagiellonian University in Krakow, Poland, recently used the W. M. Keck Observatory
in Hawaii to observe and measure a
rare class of “active asteroids” that
spontaneously emit dust and have
been confounding scientists for
years. The team was able to measure
the rotational speed of one of these
objects, suggesting the asteroid spun
so fast it burst, ejecting dust and
newly discovered fragments in a
trail behind it. The findings are being published in The Astrophysical
Journal Letters on March 20, 2015.
Unlike the hundreds of thousands of
asteroids in the main belt of our solar system, which move cleanly along
their orbits, active asteroids were
discovered several years ago mimicking comets with their tails formed
by calm, long lasting ice sublimation.
Then in 2010 a new type of active
asteroid was discovered, which ejected dust like a shot without an obvious reason. Scientist gravitated
around two possible hypotheses.
One states the explosion is a result
of a hypervelocity collision with another minor object. The second popular explanation describes it as a
consequence of “rotational disruption”, a process of launching dust and
fragments by spinning so fast, the

large centrifugal forces produced exceed the object’s own gravity, causing it to break apart. Rotational
disruption is the expected final state
of what is called the YORP effect – a
slow evolution of the rotation rate
due to asymmetric emission of heat.
To date, astronomers have identified four objects suspected of either

A

collision- or rotation-driven activity.
These four freakish asteroids are all
very small, at a kilometer or less,
which makes them unimaginably
faint when viewed from a typical
distance of a couple hundred million
miles. Despite prior attempts, the
tiny size of the objects kept scientists from determining some of the

ctive asteroid P/2012 F5 captured by Keck II/DEIMOS in mid-2014. Top
panel shows a wide-angle view of the main nucleus and smaller
fragments embedded in a long dust trail. Bottom panel shows a close-up
view with the trail numerically removed to enhance the visibility of the
fragments. [M. Drahus, W. Waniak (OAUJ) / W. M. Keck Observatory]
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rightness fluctuations of the nucleus
of P/2012 F5 during two
consecutive rotation cycles. Presented versus
time (top panel) and
versus the nucleus rotation phase (bottom
panel). [M. Drahus, W.
Waniak (OAUJ) / W. M.
Keck Observatory]

key characteristics that could prove
or disprove the theories.
Until last August, when the team
led by Michal Drahus of the Jagiellonian University was awarded time
at Keck Observatory.
“When we pointed Keck II at
P/2012 F5 last August, we hoped to
measure how fast it rotated and
check whether it had sizable fragments. And the data showed us all
that,” Drahus said. The team discovered at least four fragments of the
object, previously established to
have impulsively ejected dust in
mid-2011. They also measured a
very short rotation period of 3.24
hours – fast enough to cause the
object impulsively explode. “This is
really cool because fast rotation has
been suspected of catapulting dust
and triggering fragmentation of
some active asteroids and comets.
But up until now we couldn’t fully
test this hypothesis as we didn’t
know how fast fragmented objects
rotate,” Drahus said.

The astronomers calculated the object’s rotation
period by measuring small
periodic fluctuations in
brightness. Such oscillations occur naturally as
the irregular nucleus rotates about its spin axis
and reflects different
amounts of sunlight during a rotation cycle.
“This is a well-established
technique but its application on faint targets is challenging,” said Waclaw Waniak of the
Jagiellonian University who processed the Keck Observatory data.
“The main difficulty is the brightness must to be probed every few
minutes so we don’t have time for
long exposures. We needed the
huge collecting area of Keck II,
which captures a plentiful amount
of photons in a very short time.”
The photons were then concentrated in the telescope’s light path and
sent to the DEIMOS instrument to
produce the data that allowed the
scientists to determine P/2012 F5’s
nature. While monitoring brightness in the individual 3-minute exposures, scientists also compiled all
the data to produce a single ultradeep image, which revealed the
fragments.
The success wouldn’t be possible if
the selected target, P/2012 F5, were
not an ideal candidate for this study.
Alex R. Gibbs discovered the object
on March 22, 2012 with the Mount

Lemmon 1.5 meter reflector. It was
initially classified as a comet, based
solely on its “dusty” look. But two
independent teams quickly have
shown all this dust was emitted in a
single pulse about a year before the
discovery – something that doesn’t
happen to comets. When the dust
settled in 2013, another team using
the University of Hawaii’s 2.2-meter
telescope on Mauna Kea detected a
star-like nucleus and suggested a
maximum size of 2 kilometers.
“We suspected that this upper limit
was close to the actual size of the
object. Consequently, we chose to
observe P/2012 F5 because – despite
its small size – it appeared to be the
largest and easiest to observe active
asteroid suspected of rotational disruption,” said Jessica Agarwal of the
Max Planck Institute for Solar System Research who chose P/2012 F5
as the subject. As a result of the
study, P/2012 F5 is the first freshly
fragmented object in the solar system with a well-determined spin
rate, and this spin rate turns out to
be the fastest among the active
asteroids. A careful analysis made by
the team shows that these two features of the object are consistent
with the “rotational disruption” scenario. But alternative explanations,
such as fragmentation due to an impact, cannot be completely ruled
out. “There are many faster rotators
among asteroids which don’t show
signs of a recent mass loss. And
there are many hypervelocity impactors straying out there and looking
for targets to hit – be it a fast or
slow rotator,” Drahus said.
“We’re indebted to the Caltech Optical Observatories for generously
awarding Keck Observatory time for
this program,” said Drahus – formerly a NRAO Jansky Fellow at Caltech. “Without the huge collecting
area of Keck II’s 10-meter mirror,
we wouldn’t be able to achieve our
goals so swiftly.”
n
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Dusty cloud passes
galactic centre
black hole
by ESO

A

supermassive black hole with
a mass four million times that
of the Sun lies at the heart of
the Milky Way galaxy. It is orbited
by a small group of bright stars and,
in addition, an enigmatic dusty
cloud, known as G2, has been tracked on its fall towards the black
hole over the last few years. Closest
approach, known as peribothron,
was predicted to be in May 2014.
The great tidal forces in this region
of very strong gravity were expected to tear the cloud apart and disperse it along its orbit. Some of this
material would feed the black hole
and lead to sudden flaring and
other evidence of the monster enjoying a rare meal. To study these unique events, the region at the galactic centre has been very carefully
observed over the last few years by
many teams using large telescopes
around the world.
A team led by Andreas Eckart (University of Cologne, Germany) has observed the region using ESO’s Very
Large Telescope (VLT) over many
years, including new observations
during the critical period from February to September 2014, just before
and after the peribothron event in
May 2014. These new observations
are consistent with earlier ones
made using the Keck Telescope on
Hawaii. (These are very difficult ob-

servations as the region is hidden
behind thick dust clouds, requiring
observations in infrared light. And,
in addition, the events occur very
close to the black hole, requiring
adaptive optics to get sharp enough
images. The team used the SINFONI

instrument on ESO’s Very Large Telescope and also monitored the be
haviour of the central black hole region in polarised light using the
NACO instrument.)
The images of infrared light coming
from glowing hydrogen show that

T

his composite image
shows the motion of
the dusty cloud G2 as it
closes in on, and then
passes, the supermassive black hole at the
centre of the Milky
Way. These new observations with ESO’s VLT
have shown that the
cloud appears to have
survived its close encounter with the black
hole and remains a
compact object that is
not significantly extended. In this image the
position of the cloud in
the years 2006, 2010,
2012 and February and
September 2014 are
shown, from left to
right. The blobs have
been colourised to
show the motion of the
cloud, red indicated
that the object is receding and blue approaching. The cross marks
the position of the supermassive black hole.
[ESO/A. Eckart]

Feb. 2014

2012

2010

2006
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the cloud was compact both before
and after its closest approach, as it
swung around the black hole.
As well as providing very sharp images, the SINFONI instrument on
the VLT also splits the light into its
component infrared colours and
hence allows the velocity of the
cloud to be estimated. Before closest approach, the cloud was found
to be travelling away from the
Earth at about ten million kilometres/hour and, after swinging
around the black hole, it was measured to be approaching the Earth
at about twelve million kilometres/hour. (Because the dusty cloud is
moving relative to Earth — away
from Earth before closest approach
to the black hole and towards Earth

Sept. 2014

Supermassive
black hole

afterwards — the
Doppler
shift
changes the observed
wavelength of light.
These changes in
wavelength can
be measured using a sensitive
spectrograph
such as the SINFONI instrument
on the VLT. It
can also be used
his video sequence shows the motion of the dusty
to measure the
cloud G2 as it closes in on, and then passes, the
spread of velocities of the supermassive black hole at the centre of the Milky
material, which Way. In this sequence observations of the cloud
would be ex- during the period from 2006 and 2014 are shown.
pected if the The final two images are from February and Septemcloud was ex- ber 2014, before and after the object passed closest
tended along its to the black hole. The cross marks the position of
orbit to a sig- the supermassive black hole. [ESO/A. Eckart]
nificant extent.)
instrument on the VLT. These, the
Florian Peissker, a PhD student
best such observations so far, reveal
at the University of Cologne, who
that the behaviour of the material
did much of the observing, says:
being accreted onto the black hole
“Being at the telescope and seeing
is very stable, and — so far — has
the data arriving in real time was a
not been disrupted by the arrival of
fascinating experience,” and Momaterial from the G2 cloud.
nica Valencia-S., a post-doctoral reThe resilience of the dusty cloud to
searcher also at the University of
the extreme gravitational tidal efCologne, who then worked on the
fects so close to the black hole strongchallenging data processing adds:
ly suggest that it surrounds a dense
“It was amazing to see that the
object with a massive core, rather
glow from the dusty cloud stayed
than being a free-floating cloud.
compact before and after the close
This is also supported by the lack, so
approach to the black hole.”
far, of evidence that the central
Although earlier observations had
monster is being fed with material,
suggested that the G2 object was
which would lead to flaring and inbeing stretched, the new observacreased activity.
tions did not show evidence that
Andreas Eckart sums up the new rethe cloud had become significantly
sults: “We looked at all the recent
smeared out, either by becoming
data and in particular the period in
visibly extended, or by showing a
2014 when the closest approach to
larger spread of velocities. In addithe black hole took place. We cantion to the observations with the
not confirm any significant stretchSINFONI instrument the team has
ing of the source. It certainly does
also made a long series of measurenot behave like a coreless dust
ments of the polarisation of the
cloud. We think it must be a dustlight coming from the supermassive
shrouded young star.”
black hole region using the NACO
n
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Waiting for
Philae’s
reawakening
The adventuresome Philae landing on the
nucleus of 67P/Churyumov-Gerasimenko
has partly compromised its mission, due
to the unexpected impossibility to recharge its batteries. While
waiting for the probe’s
possible return to activity,
plentiful are the discoveries made in the two and a
half days in which it was
able to analyze the comet.
MAY-JUNE 2015
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A

fter the hullabaloo raised last August
by the Rosetta mission, with the entry into orbit of the probe around the
comet 67P/Churyumov-Gerasimenko, and
last November, with the descent of the Philae lander on the surface of the cometary
nucleus, the interest of the general public
towards those events has, as always happens in these cases, waned. A major contribution in lowering the level of
attention was certainly had by the
adventurous landing of the same Philae, which instead of
just resting on the comet and anchor itself to the
surface with its special
harpoons, it bounced
three times before ending up in a ditch, hiding
close to a ridge preventing it from recharging its solar panels batteries. The
scientific
instruments
of the
small

M

osaic of two images of
the 67P/ChuryumovGerasimenko’s surface, showing the rocky ridge close to
which Philae bounced. On the
left can be seen one of the
three legs of the small probe.
[ESA/Rosetta/Philae/CIVA]
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lander (the size of a washing machine)
were therefore only able to work until the
power stored in its batteries before separation from Rosetta completely run out
after about 60 hours; Philae then placed itself into safe mode, while waiting to perhaps one day resume its valuable work of
analysis of the cometary nucleus. That brief
period of activity was, however, sufficient
to produce some important discoveries and
spur the publication in recent months of
several scientific articles.
Besides organic molecules and water ice,
researchers found that the core of 67P/Churyumov-Gerasimenko is not magnetic, and
this is a very interesting discovery with significant implications on our understanding
of the birth of the planetary system. It is in
fact certain that a modest amount of the
iron initially present in the protoplanetary
nebula was in the form of magnetite and

P

hilae photographed by
the OSIRIS camera shortly after
its separation
from Rosetta.
[ESA/Rosetta/
MPS for OSIRIS
Team MPS/UPD/
LAM/IAA/SSO/INT
A/UPM/DASP/IDA]

that therefore the molecules in which it
was embedded represented a suitable catalyst for other molecules and could favour,
with their tiny magnetic fields, the aggregation of dust and grains of gradually increasing sizes. These would be the first step

S

ome shots of the descent of Philae towards
the comet: in the first three the probe can be
seen getting closer to the surface; the two images taken at 15:43 GMT show where Philae
should have been (touchdown point) and where
instead it really was. From the comparison with
the shot taken at 15:18 GMT are evident the signs
left by the probe after its first bounce. It will definitely land at 17:32 GMT at a yet unknown location. [ESA/Rosetta/MPS for OSIRIS Team
MPS/UPD/LAM/IAA/SSO/INTA/UPM/DASP/IDA]
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n this image of 67P/Churyumov-Gerasimenko, the red oval line circumscribes the
area inside which Philae is hidden in a shaded
location. [ESA/Rosetta/MPS for OSIRIS Team
MPS/UPD/LAM/IAA/SSO/INTA/UPM/DASP/IDA]

T

he video
above shows
the Philae mission
on 67P/Churyumov-Gerasimenko as originally
scheduled.
[ESA/ATG medialab] Right, the
sizes of the main
parts of the
comet. [Science]

of a cascade-like aggregation which would
first lead to the formation of planetesimals
and then of comets, asteroids, moons and
planets. But astronomers did not know up
to what bodies' size the magnetic fields
could play a key role in the progression of
accretion before the gravity action becomes
dominant.
The Rosetta mission provided us the opportunity to shed light on those mechanisms
and ascertain whether, as some theories
suggest, the aggregation of magnetic and
non-magnetic material can produce a body
of significant size characterized by magnetism. A cometary nucleus is a very suitable
subject for this purpose, since composed of
primordial materials that have not undergone significant changes. Before the Rosetta mission there had never been an oppor-

tunity to discover and possibly measure a
cometary magnetic field, since the few previous encounters between probes and comets had occurred at speeds that were too
fast and for periods too short for that kind
of research.
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Rosetta's approach to 67P/Churyumov-Gerasimenko was instead totally different, as it
provided for entry into orbit around the
comet and the subsequent descent on its
surface. Both the orbiter and the Philae
lander had been equipped with magnetometers capable of measuring weak magnetic fields and their spatial and temporal

SMALL BODIES

variations. The sensitivity of the two instruments (called RPC-MAG and ROMAP) has,
for example, allowed to record changes in
the magnetic field around Rosetta produced by the release of Philae (12 November 2014), and after the lander’s repeated
bounces on the comet’s surface, the data
provided by its magnetometer (along with

6

7P/ChuryumovGerasimenko
photographed by
Rosetta’s NavCam
on 3 February
2015, from 28.7
km away. ESA/Rosetta/ NAVCAM –
CC BY-SA IGO 3.0]
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T

he comet photographed by
Rosetta’s NavCam
on 28 March 2015,
from 19.9 km
away. [ESA/Rosetta/NAVCAM –
CC BY-SA IGO 3.0]

information from other instruments) has
allowed to correctly interpret its several
contacts with the ground and its orientation. What for most scientists and technicians had been an imperfect landing,
turned out to be a happy mishap for the
Rosetta Lander Magnetometer and Plasma
Monitor (abbreviated in ROMAP) team,
since the unexpected Philae’s tumbles have
allowed to collect precise measurements of
the magnetic field around it, both at the
four points of contact with the surface and
over a wide range of heights above the surface (thanks to the bounces). By including
also the data collected during the long initial descent (about 20 km in 7 hours), the

S

ome interest-ing surface
structures of the
comet: the A and B
arrows indicate
some bright and
bluish patches,
probably composed of ice; the C,
bright boulders of
uncertain nature;
and D, soft ground.
[ESA/Rosetta/MPS
for OSIRIS Team
MPS/UPD/LAM/
IAA/SSO/INTA/
UPM/DASP/IDA]

ROMAP team found that the strength of
the magnetic field detected around 67P/
Churyumov-Gerasimenko is neither related
to the height or the surface location of Philae. If the comet’s nucleus was equipped
with its own magnetic field (resulting from
the sum of the magnetism contributed by
the magnetite molecules), during approach
to the surface, ROMAP would have recorded a rising force, while in moving away it
should have recorded a decrease thereof.
Additionally, from a region of the cometary
surface to another it could have been expected to detect small local variations in
the magnetic field, related to the conformation of the nucleus and to its surface
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and subsurface properties. But none of all
that was detected, because the changes in
the intensity of the magnetic field measured by Philae in its brief period of activity
were equally and simultaneously recorded
also by the magnetometer aboard Rosetta
which at that stage of the mission was travelling at 17 km from the surface. This leads
to the conclusion that the source of the magnetism found is not the cometary nucleus,

but the Sun, which through its wind pushes
that force as far as the comet. This does
not, though, mean that 67P/ChuryumovGerasimenko is totally free of magnetized
material, but if there is any it is gathered
in rocky structures less than 1 metre across,
corresponding to the spatial resolution reached by ROMAP during its measurements.
It follows that if that comet is representative of the entire class (and there is no rea-

T

his spectacular
sequence of
images shows the
activity of 67P/Churyumov-Gerasimenko viewed from
different angles, in
a period between
31 January and 25
March 2015 (left
to right and top to
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bottom), and
from distances
between 30 and
100 km. At that
time the comet
was between 363
million and 300
million km from
the Sun. [ESA/Rosetta/NAVCAM –
CC BY-SA IGO 3.0]

son to believe otherwise) it appears very
unlikely that magnetic forces have played
an important role in the aggregation of
the solar system bodies on scales greater
than one metre. At most they may have encouraged the initiation of that process. This
result achieved thanks to Philae (and
others mentioned above) only furthers the
disappointment for the forced standby of
the small lander. But all is not lost, as for

some time the technicians of the German
Aerospace Center (DLR) ESA are trying to
contact it via a radio link with Rosetta, in
the hope that the progressive approach of
the comet to the Sun will eventually allow
the photovoltaic panels to gather sufficient
light to recharge its batteries. The first attempt to establish a connection with Philae
was made on 12 March, with a listening period that lasted for a week, without, how-
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quences were however suffered by its stars
tracking navigation system, which by taking as stars numerous glittering particles of
cometary material caused the probe to lose
its orientation.
Consequently, the telecommunications antennas started to point in
the wrong direction, putting at risk
the continuation of the mission.
After several hours of intermittent
or absent connections, Rosetta entered into safe mode, turning off
all the instruments. Luckily, when
the probe was about 75 km from
the comet, the star trackers restarted to work correctly and allowed to
restore the proper alignment with
the Earth. At that point the engineers cautiously took Rosetta to an
altitude of 400 km, confident of
being able to gradually move it
back to less than 100 km from the
surface without running further
risks, which would prevent the
hoped reawakening of Philae that
everyone wishes to see.
n

F

alse colour
image, taken on
21 August 2014
from 70 km away,
showing a bevelled
region called Hapi,
connecting the
two large lobes
that make up the
comet. The differences in reflectivity have been
emphasized with
shades of blue,
which could indicate water ice
reserves. [ESA/Rosetta/MPS for
OSIRIS Team
MPS/UPD/LAM/IAA/
SSO/INTA/UPM/DAS
P/IDA] Left, details
of that same region
taken 2 months
later from 10 km
away. [ESA/Rosetta/NavCam – CC
BY-SA IGO 3.0]

Image: Saturn by NASA

ever, producing the desired result. It is
though fair to say that the chances of success were rather small, given that with the
comet travelling at about 300 million km
from the Sun it is highly unlikely that the
lander’s temperature could be warmer than
the minus 45 degrees C which are needed
to awaken it; as well as needing at least 5
watts of power (while for a stable radio
link the watts needed are instead at least
19). That of March had, in short, been a rather unrealistic attempt. A second attempt to
communicate with Philae was started on 11
April and it is still underway, with Rosetta
that periodically listens out to any signals
coming from an area of 30 by 50 metres
within which it is believed that Philae
ended up. The most suitable period for reestablishing a connection will be from May
to June, also because in the months immediately after the comet will reach its maximum surface activity and Philae could be
rendered permanently unusable by blasts
of gas and dust. A taste of what could happen to it was had by the same Rosetta in
late March, when racing at an altitude of
just 14 km it was hit by a dense outflow of
material from underground and suffered
an unexpected deceleration due to the friction on its solar panels. The worst conse-

