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The United Arab Emirates look at Mars
The Emirates’ rulers have given a significant boost to their state space program by launching an unmanned mission scheduled to reach Mars in 2021. The impact that this initiative will have in technological, scientific and socio-economic terms in that region of the Arab world will be much deeper...

The Dawn spacecraft reaches Ceres
The largest and most massive dwarf planet of the inner solar system has been closely photographed
for the first time by an unmanned spacecraft which entered into its orbit. The mapping of its surface
and the chemical and spectrometric surveys will allow to characterize the conditions and processes...

Hubble finds giant halo around the Andromeda Galaxy
Scientists using NASA's Hubble Space Telescope have discovered that the immense halo of gas enveloping the Andromeda galaxy, our nearest massive galactic neighbor, is about six times larger and 1,000
times more massive than previously measured. The dark, nearly invisible halo stretches about a...

VLT discovers new kind of globular star cluster
Globular star clusters are huge balls of thousands of stars that orbit most galaxies. They are among the oldest known stellar systems in the Universe and have survived through almost the entire span of galaxy
growth and evolution. Matt Taylor, a PhD student at the Pontificia Universidad Catolica de Chile, Santiago...

First detection of reflected visible light from 51 Pegasi b
The exoplanet 51 Pegasi b lies some 50 light-years from Earth in the constellation of Pegasus. It was
discovered in 1995 and will forever be remembered as the first confirmed exoplanet to be found
orbiting an ordinary star like the Sun (two earlier planetary objects were detected orbiting in the...

SDP.81, an unprecedented Einstein ring
Using the ESO's Atacama Large Millimeter/ submillimeter Array, some teams of astronomers took full
advantage of the natural phenomenon of gravitational lensing to investigate the internal structure of a
galaxy 11.7 billion light-years away. Never before had it been possible to reach such a high-resolution...

Dark matter may not be completely dark after all
For the first time dark matter may have been observed inter-acting with other dark matter in a way
other than through the force of gravity. Using the MUSE instrument on ESO’s VLT in Chile, along with
images from Hubble in orbit, a team of astronomers studied the simulta-neous collision of four...

Astronomers set a new galaxy distance record
An international team of astronomers, led by Yale and the University of California, Santa Cruz, pushed
back the cosmic frontier of galaxy exploration to a time when the Universe was only five percent of its
present age. The team discovered an exceptionally luminous galaxy more than 13 billion years in the...

Complex organic molecules discovered in infant star system
New ALMA observations reveal that the protoplanetary disc surrounding the young star MWC 480
contains large amounts of methyl cyanide (CH3CN), a complex carbon-based molecule. There is enough
methyl cyanide around MWC 480 to fill all of Earth’s oceans. This star is only about one million years...

Hubble traces the migration of white dwarfs in cluster 47 Tucanae
Astronomers using the NASA/ ESA Hubble Space Telescope have, for the first time, collected a census
of young white dwarf stars beginning their migration from the crowded centre of an ancient star cluster to its less populated outskirts. The new results challenge our ideas about how and when a star...
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The United Ar
look at Mars
by Michele Ferrara

The Emirates’ rulers have given a significant boost to their state
space program by launching an unmanned mission scheduled
to reach Mars in 2021. The impact that this initiative will
have in technological, scientific and socio-economic
terms in that region of the Arab world will be much
deeper than it may appear at first sight.
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Arab Emirates
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n 2014, the UAE announced plans to develop a space mission aimed at putting a
probe into orbit around Mars. In recent
months an overview of this mission has
been presented, which we want to summarize here, while highlighting the positive
offshoots that this initiative is already having and will increasingly have on the society and economy of this rich Arab state,
more eager than others to return after a
long time at making a significant contribution to astronomical knowledge. But let us
begin from the mission to Mars, that in

2020, year in which Dubai will host the
world exhibition, will see the launch into
space of a compact car-sized probe, on a
trajectory of about 600 million km, that at
a cruising speed of 126,000 km/h will reach
Mars in 2021, after a journey of 200 days.
In that year, the Emirates will celebrate the
50th anniversary of their formation. Once
reached the planet, the probe will go into
orbit around it and for a period of at least
two years (extendable to 4 years) it will
study the atmosphere of Mars from a relatively new perspective, including the be-
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haviour of gaseous masses in the presence
of particular conformations of the Martian
surface.
The Emirates’ interplanetary mission, besides being the first in the entire Arab
world, it will also be the first ever to study
the dynamic variations of the Martian atmosphere during daily and seasonal cycles.

The instruments of the probe, named Hope
after a survey conducted among the Arab
population, will enable scientists to observe
weather phenomena of various kinds, from
simple clouds to storms, from ice formation
at different altitudes to the distribution of
gaseous masses and of the elements constituting them, with special attention to water

T

he trajectory
that Hope will
follow on its journey toward Mars.
The probe will
enter into an elliptical orbit with a
minimum distance
from the planet of
22,000 km and period of 55 hours.
[Mohammed bin
Rashid Space Centre] On the side, the
major proponents
of the Emirates
Mars Mission, the
President of the
United Arab Emirates, HH Sheikh
Khalifa bin Zayed Al
Nahyan (left), and
(right) the Vice-President, HH Sheikh
Mohammed Bin Rashid Al Maktoum,
the governmental
authority most directly involved in
the aerospace projects of the Emirates.
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ight, an artist’s rendition
of Hope in orbit
around Mars. Below, HH Sheikh
Mohammed Bin
Rashid Al Maktoum announces,
during a historic
meeting held in
Dubai on last 6
May, the Emirates
Mars Mission
plans. [Mohammed bin Rashid
Space Centre]

molecules. As said, Hope will also be the
first spacecraft to study the interactions
between the atmosphere and topography
of Mars, and thus the role of volcanic
peaks, deep canyons and desert expanses in
the development and evolution of meteorological phenomena. All this in order to
create the first integrated model of the
Martian atmosphere, namely a clear overview of that gas structure. To this end, it
will also be useful the data being collected
by the NASA’s MAVEN probe, particularly
in the highest part of the Martian atmosphere, the one directly interacting with

the solar wind. Hope and MAVEN will jointly provide a fairly accurate answer to the
issue of the dispersion of the Martian atmosphere, which is crucial for determining
the time frame in which Mars was habitable
like Earth.
It is estimated that during the nominal mission Hope will send to the Science Data
Centre in the UAE about 1,000 gigabytes of
new data, which will be made available to
the international scientific community. The
Emirates have already invested nearly $6
billion in space technologies, while 75 local
engineers, benefiting in part of the know-
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how of foreign space agencies, are already
actively working on the project – a number
set to double by 2020.
So far, the UAE had limited themselves to
send in the near space some satellites for
telecommunications purpose and the observation and mapping of the Earth’s surface, but with the Emirates Mars Mission
their approach to astronautics has taken a
huge leap forward, making it necessary to
create a new space agency and other institutions connected to it. Hope will be jointly
developed by the UAE Space Agency and
the Emirates Institution for Advanced Science and Technology (EIAST). The first will

implement, according to a seven-year agreement, all phases of the project under the
supervision of the second, which will also
deal with the allocation of the budget
made available by governmental institutions. Last April, the EIAST became part of
a new entity directly created by the highest
government representatives, the Mohammed bin Rashid Space Centre (MBRSC),
whose task is to oversee the mission to
Mars, promote new astronautical projects,
enhance the acquired skills and knowledge
and develop new technologies.
The Emirates’ rulers have personally come
out in favour of the Arab mission to Mars

S

ummary of the
scientific objectives and structures on which
Hope will focus its
attention during
the mission between 2021 and
2023. The probe’s
observations will
be fundamental
to the knowledge
of the Martian atmosphere. [Mohammed bin Rashid Space Centre]
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n this spectacular side video,
the Emirates
Mars Mission’s
managers summarize the purposes of the project. The diagram
below shows the
scientific instruments and the
main structural
components of
Hope. [Mohammed bin Rashid
Space Centre]

and, more in general,
of a stronger development of astronautics in their State.
The reason for such
high profile endorsement is due to the
fact that the Emirates’ rulers see the
aerospace industry as
a promising area in
which to invest to develop and establish
new professionalisms.
To this regard, this
is what HH Sheikh
Khalifa bin Zayed Al Nahyan, ruler of Abu
Dhabi and President of the United Arab
Emirates, has said to the Emirates News
Agency: “The U.A.E. Mars probe represents
the Islamic world's entry into the era of
space exploration. We will prove that we
are capable of delivering new scientific
contributions to humanity. The U.A.E.'s purpose is to build Emirati technical and intellectual capabilities in the fields of aerospace and space exploration and to enter
the space industry and to make use of space

technology in a way that enhances the
country's development plans”.
Equally significant are the declarations
made by HH Sheikh Mohammed Bin Rashid
Al Maktoum, ruler of Dubai and also VicePresident and Prime Minister of the UAE,
whom, in formalising the creation of the
new space agency, said: “Despite all the
tensions and the conflicts across the Middle
East, we have proved today how positive
a contribution the Arab people can make
to humanity through great achievements,
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given the right circumstances and ingredients. Our destiny is, once again, to explore, to create, to build and to civilise.
The Emirates Mars Mission will be a great
contribution to human knowledge, a milestone for Arab civilisation, and a real investment for future generations. We chose
the epic challenge of reaching Mars because epic challenges inspire us and motivate us. The moment we stop taking on
such challenges is the moment we stop moving forward”.
Thus, the mission to Mars is considered a
turning point in the development of the

Emirates, who see in
space technology an
important component for their national economy in
future years. This vision of things goes
well beyond the
Hope project, as it is
a far-sighted way to invest the proceeds
from the export of oil and natural gas, a
strategy that will surely have a positive impact on the economy in the medium to
long term, when the rich mineral resources

S

ome highlights
during the Dubai presentation
of the Emirates
Mars Mission
plans. At the top
are recognizable
Omran Sharaf, the
mission’s project
manager, and
Sarah Amiri, deputy project manager and scientific
director. [Mohammed bin Rashid
Space Centre]
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ther photos
of the meeting held in Dubai,
which marked a
turning point in
the planning of
the technological,
scientific and
socio-economic
future of the
United Arab Emirates. [Mohammed bin Rashid
Space Centre]

will be less plentiful. The rulers have placed
great store on their internal forces, so much
so that today all the engineers involved
in the Hope mission are UAE nationals; a
noteworthy accomplishment for a country
where about 80% of its population is constituted by foreigners. Considering also the
plan to establish new university courses
aimed at promoting career opportunities in

the aerospace sector, it is easy to predict a
further flourishing of skilled professionals
within this fertile reality. A project that
has already been completed is the Sharjah
Centre for Space Sciences and Astronomy
(SCSSA), at the University City of Sharjah,
inaugurated last May by HH Dr. Sheikh Sultan bin Mohammed Al Qasimi, Supreme
Council Member and ruler of the Sharjah
Emirate. The new facility provides study and
research programs, including advanced laboratories, a planetarium
with more than 10 million stars and a permanent exhibition tracing the Muslims’ contribution to astronomy,
the history of the telescope and the conquest of space. Now we
just have to wait for the
actual construction of
Hope and related tests.
Given the authoritativeness of who has promoted the mission, we
can be sure that everything will proceed according to plans.
n

ceres EN:l'Astrofilo 01/07/15 09:14 Page 12

12

PLANETOLOGY

The Dawn spa
reaches
Ceres
by Michele Ferrara

The largest and most massive dwarf planet of the
inner solar system has been closely photographed for the first time by an unmanned spacecraft which entered into its orbit. The mapping of its surface and the chemical and
spectrometric surveys will allow to
characterize the conditions and
processes that were active during the first million years of
our planetary system.
JULY-AUGUST 2015
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pacecraft

2015
A

rtist's rendering of the
Dawn spacecraft
firing its ion engine for manoeuvring into orbit
around Ceres.
[NASA/JPL-Caltech]

JULY-AUGUST 2015

will be remembered as
a golden year for the
exploration of the solar
system, since besides the hoped but nonetheless surprising reawakening in June of
ESA's Philae lander on the 67P/Churyumov-Gerasimenko comet, we also have to
record the reaching and close observation
of the last two historical planetary targets
that were still missing: Ceres and Pluto.
Originally considered an asteroid (the first)
and a planet (the latter), they both ended
up in the class of dwarf planets until 2006,
when the International Astronomical Union
redefined the distinctive characteristics of
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the various categories of planetary bodies. By mid-July
Pluto will be reached by
NASA's New Horizons
probe, and therefore
we will talk about it in
the next issue, when
the initial scientific
results will be available. Instead, here
we talk of Ceres,
reached in June by
the Dawn spacecraft (this too a
NASA’s
project,
with European participation) after a
long journey that
began on 27 September 2007, with
its launch from Cape
Canaveral Air Force
Station in Florida.
On 15 July 2011, after a
gravity assist with Mars
needed for accelerating the
spacecraft and shorten its travel time, Dawn reached its first
target, the asteroid Vesta, around
which it orbited for nearly 14 months,
collecting information of fundamental
importance on what is now considered the
last of the rocky protoplanets, namely
early celestial objects with a differentiated
internal structure that at the dawn of the

T
solar system gradually formed the planets
by aggregating themselves in large quantities under the gravitational force.
After Ceres, Vesta is
the second most massive object in the main
asteroid belt, as well
as the third by volume
(after the same Ceres
and Pallas), and, during the most favourable oppositions, under dark, cloudless
skies it is also the only
one that can be seen
with relative ease by
the naked eye.
After leaving Vesta on
4 September 2012,
Dawn travelled the

op, the long
path followed
by the Dawn
spacecraft to first
reach Vesta, then
Ceres. Left, a view
of Ceres in crescent phase, shot
on 1 March 2015
by the Framing
Cameras on board
the spacecraft, just
before entering its
first orbit, from a
dis-tance of about
48,000 km. [NASA/
JPL-Caltech/UCLA/
MPS/DLR/IDA]
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T

he two sets of
images on the
right show two
different bright
regions of Ceres,
recorded by Dawn
on last 19 February. The area later
found to be composed of distinct
groups of white
spots is the one
circled in black.
[NASA/JPL-Caltech/
UCLA/ASI/INAF]
Below, an example
of the increased
image definition, as
a result of the changeover from the
first to the second
orbital altitude. In
the first image are
already clearly visible the mysterious
bright spots. [NASA/
JPL-Caltech/UCLA/
MPS/DLR/IDA]

visible light

near infrared

last stretch of its long journey, which
would have taken it to Ceres, the mission’s
long-awaited and final destination. This
dwarf planet is 950 km across (compared
to Vesta’s 590 km), and by itself accounts
for about a third of the entire mass of the

thermal infrared

main asteroid belt. Most likely, Ceres
would have become a real planet if the
gravitational perturbations of the emerging Jupiter had not intervened to stop its
growth by causing havoc in the orbits of
the material blocks aimed at making it
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emerged from underground. But this crater could also have been originated by the
impact of a small asteroid and consequently it was necessary to wait
for successive images with higher
resolution before attempting further interpretations. However, the
wait was not long, given that on 6
March the spacecraft would have
began its manoeuvres for entering
into orbit around Ceres; an operation that Dawn completed successfully, making it first spacecraft to
orbit two different extraterrestrial
planetary bodies. The approach trajectory to the dwarf planet caused
the spacecraft to be, scientifically,
of little use for over a month, both
because Dawn’s momentum carried it to the altitude of 75,400 km
(on 18 March), and because it transited in the shadowed hemisphere
of Ceres.
As it continued its path towards
the lighted hemisphere, the spacecraft gradually moved on a trajectory closer to Ceres, and on 23
April it reached an altitude of
13,500 km, into the first planned
scientific orbit. This phase, needed
for an initial surface mapping, end-

ed on 9 May, when Dawn reignited its innovative ion engine and began a month-

eft, one of the
first shots taken
on 6 May during the
second mapping
phase at a distance
of 4,400 km. In the
foreground a large
crater of the southern hemisphere,
with many structures which can be
associated with
meteorite impacts
(410 mt/pixel resolution). [NASA/JPLCaltech/UCLA/MPS/
DLR/IDA] Below, a
portion of the northern hemisphere of
Ceres, taken in the
visible, near-infrared and thermalinfrared range.
[NASA/JPL-Caltech/
UCLA/ASI/INAF]
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P

lane projection
map of Ceres,
created with images taken by the
Dawn spacecraft
in March, before
entering into orbit. The colouring
has been enhanced
to highlight the
differences between neighbouring structures and
provide clues on
the physical-chemical properties of
the surface materials. Right, image
of a heavily cratered region of
Ceres’ northern
hemisphere, taken
on 6 June at the
beginning of the
second mapping
phase of the dwarf
planet. [NASA/JPLCaltech/UCLA/MPS/
DLR/IDA]

long descent to a lower orbit, from where
it will undertake a more detailed mapping
of the dwarf planet.
While the spacecraft was changing its orbit, Russell and colleagues examined the
latest and more detailed images of the
mysterious couple of bright spots, which
now appeared to be made up of many
smaller spots, gathered into two groups.
The good image resolution (1.3 km/pixel)
allowed Dawn’s team to better discern the
shape and size of the crater housing the
spots, and to doubt the possible cryovolca-

nic origin. On 3 June, Dawn reached the
new orbit – altitude 4,400 km, orbital period 3 days, from where it restarted mapping the surface, but with a resolution
which was never before obtained, all with
the aim of revealing the geological history
of the dwarf planet to tell if it is still active
in some way. If there is still some residual
geological activity, it could be related to
the rock and ice mantle, supposedly shrouding the rocky/metal core lying at its centre.
When it was about halfway towards the
new orbit, on 23 April, Dawn took a series
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of images useful for its correct navigation,
in which a resolution of 480 mt/pixel had
been reached. These and other excellent
images taken subsequently have allowed to
confirm that the two groups of bright spots
are the most reflective structures of the entire globe and that they are constituted by
many smaller individual spots of different
shapes and sizes, with an increased concentration towards the centre of the two groupings. In commenting these structures, Russell said: “The bright spots in this configuration make Ceres unique from anything
we’ve seen before in the solar system. The
science team is working to understand their
source. Reflection from ice is the leading
candidate in my mind, but the team continues to consider alternate possibilities, such
as salt. With closer views from the new
orbit and multiple view angles, we soon
will be better able to determine the nature
of this enigmatic phenomenon”.

surface activity, as evidenced by various
areas affected by landslides, streams of
once fluid materials, and structural collapses. After having orbited seven
times around Ceres at an altitude
of 4,400 km, collecting among
other things valuable geological
and spectrometric information,
including the infrared, on 28 June
Dawn reignited its ion engine and
began to descend again towards
a smaller orbit, which by early August will take it to an altitude of
just 1,450 km. We will surely have
the opportunity to return to this
subject in the future.
n

L

eft, a shot of
Ceres taken on
5-6 May at a distance of 13,600
km. The two
bright spots at
the bottom of a
crater were already very evident. Below, the
enigmatic structure photogra-

phed in detail on
6 June. The main
spot is located
right in the centre
of the crater, and
it is about 13 km
across. In the
video on the left
we can see Ceres
as viewed by
Dawn at varying
heights ranging
from 13,600 km
to 5,100 km.
[NASA/JPL-Caltech/UCLA/MPS/
DLR/IDA]

Image: Saturn by NASA

While waiting to know the
composition and origin of
those bright deposits, it is already possible to attempt a
rough comparison between
the surfaces of Ceres and Vesta, because if it is true that
they have a lot in common,
like the abundance of craters,
it is also true that Ceres appears to have had a greater
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Robot discovers two
new neighbors
by Keck Observatory

A

team of astronomers using
ground-based telescopes in
Hawaii, California, and Arizona recently discovered a planetary system orbiting a nearby star
that is only 54 light-years away. All
three planets orbit their star at a
distance closer than Mercury orbits
the sun, completing their orbits in
just 5, 15, and 24 days.
Astronomers from the University of
Hawaii at Manoa, the University of
California, Berkeley, the University
of California Observatories, and
Tennessee State University found
the planets using measurements
from the W. M. Keck Observatory on
Maunakea, Hawaii, the Automated
Planet Finder (APF) Telescope at Lick
Observatory in California and the
Automatic Photometric Telescope
(APT) at Fairborn Observatory in Arizona. The team discovered the new
planets by detecting the wobble of
the star HD 7924 as the planets orbited and pulled on the star gravitationally. APF and Keck Observatory
traced out the planets’ orbits over
many years using the Doppler technique that has successfully found
hundreds of mostly larger planets
orbiting nearby stars. APT made crucial measurements of the brightness
of HD 7924 to assure the validity of
the planet discoveries.
The Keck Observatory found the
first evidence of planets orbiting HD
7924, discovering the innermost planet in 2009 using the HIRES instrument installed on the 10-meter Keck

I telescope. This same combination
was also used to find other superEarths orbiting nearby stars in planet searches led by UH astronomer
Andrew Howard and UC Berkeley
Professor Geoffrey Marcy. It took
five years of additional observations

at Keck Observatory and the yearand-a-half campaign by the APF
Telescope to find the two additional
planets orbiting HD 7924. The new
APF facility offers a way to speed up
the planet search. Planets can be
discovered and their orbits traced
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much more quickly because APF is
a dedicated facility that robotically searches for planets every clear
night. Training computers to run the
observatory all night, without human oversight, took years of effort
by the University of California Observatories staff and graduate students on the discovery team.
“We initially used APF like a regular
telescope, staying up all night searching star to star. But the idea of letting a computer take the graveyard
shift was more appealing after
months of little sleep. So we wrote
software to replace ourselves with

a robot,” said University of Hawaii
graduate student BJ Fulton.
The Kepler Space Telescope has discovered thousands of extrasolar
planets and demonstrated that
they are common in our Milky Way
galaxy. However, nearly all of these
planets are far from our solar system. Most nearby stars have not
been thoroughly searched for the
small “super-Earth” planets (larger
than Earth but smaller than Neptune) that Kepler found in great
abundance. This discovery shows
the type of planetary system that
astronomers expect to find around

driverless car that goes planet shopping.”
Observations by APF, APT, and Keck
Observatory helped verify the planets and rule out other explanations.
“Starspots, like sunspots on the sun,
can momentarily mimic the signatures of small planets. Repeated observations over many years allowed
us to separate the starspot signals
from the signatures of these new
planets,” said Evan Sinukoff, a UH
graduate student who contributed
to the discovery.
The robotic observations of HD 7924
are the start of a systematic survey
for super-Earth planets
rtist’s impression of a
orbiting nearby stars.
view from the HD 7924
Fulton will lead this twoplanetary system looking
year search with the APF
back toward our sun, which
as part of his research
would be easily visible to
for his doctoral dissertathe naked eye. Since HD
tion. “When the survey
7924 is in our northern sky,
is complete we will have
an observer looking back
a census of small planets
at the sun would see oborbiting sun-like stars
jects like the Southern
within
approximately
Cross and the Magellanic
100 light-years of Earth,”
Clouds close to our sun in
Fulton said.
their sky. [Art by Karen Teramura & BJ Fulton, UH IfA]
Telescope automation is
relatively new to astronmany
nearby
omy, and UH astronomers are buildstars in the coming two forefront facilities.
ing years. “The
Christoph Baranec built the Robothree planets are
AO observatory to takes high-resounlike anything
lution images using a laser to rein our solar sysmove the blur of Earth’s atmotem, with masses
sphere, and John Tonry is develop7-8 times the
ing ATLAS, a robotic observatory
mass of Earth and
that will hunt for killer asteroids. In
orbits that take
honor of the donations of Gloria
them very close
and Ken Levy that helped facilitate
to their host star,”
the construction of the Levy specexplains UC Berketrograph on APF and supported
ley graduate stuLauren Weiss, the team has infordent Lauren Weiss.
mally named the HD 7924 system
“This level of authe “Levy Planetary System.”
tomation is a
The team also acknowledges the
game-changer in
support of NASA, the U.S. Naval
astronomy,” HowObservatory, and the University of
ard said. “It’s a
California for its support of Lick Obbit like owning a
servatory.
n
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Hubble finds giant halo
around the
Andromeda Galaxy
by NASA

S

cientists using NASA's Hubble
Space Telescope have discovered
that the immense halo of gas
enveloping the Andromeda galaxy,
our nearest massive galactic neighbor, is about six times larger and
1,000 times more massive than previously measured. The dark, nearly
invisible halo stretches about a million light-years from its host galaxy, halfway to our own Milky Way
galaxy. This finding promises to tell
astronomers more about the evolution and structure of majestic giant
spirals, one of the most common
types of galaxies in the universe.
"Halos are the gaseous atmospheres
of galaxies. The properties of these
gaseous halos control the rate at
which stars form in galaxies according to models of galaxy formation,"
explained the lead investigator, Nicolas Lehner of the University of Notre
Dame, Indiana. The gargantuan halo
is estimated to contain half the mass
of the stars in the Andromeda galaxy
itself, in the form of a hot, diffuse
gas. If it could be viewed with the
naked eye, the halo would be 100
times the diameter of the full Moon
in the sky. This is equivalent to the
patch of sky covered by two basketballs held at arm's length.
The Andromeda galaxy, also known
as M31, lies 2.5 million light-years
away and looks like a faint spindle,

about 6 times the
diameter of the full
Moon. It is considered a near-twin to
the Milky Way galaxy. Because the gas
in Andromeda's halo is dark, the team
looked at bright
background objects
through the gas and
observed how the
light changed. This is
a bit like looking at a
glowing light at the
bottom of a pool at
night. The ideal background "lights" for
such a study are quasars, which are very
distant bright cores
of active galaxies
powered by black
holes. The team used
18 quasars residing
far behind Andromeda to probe how
material is distributed well beyond the
visible disk of the
galaxy.
Earlier research from
Hubble's Cosmic Origins Spectrograph
(COS)-Halos
program studied 44
distant galaxies and
found halos like
Andromeda's, but
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never before has such a massive halo
been seen in a neighboring galaxy.
Because the previously studied galaxies were much farther away, they
appeared much smaller on the sky.
Only one quasar could be detected
behind each faraway galaxy, providing only one light anchor point to
map their halo size and structure.
With its close proximity to Earth and
its correspondingly large footprint
on the sky, Andromeda provides a
far more extensive sampling of a lot

of background quasars. "As the light
from the quasars travels toward
Hubble, the halo's gas will absorb
some of that light and make the
quasar appear a little darker in just
a very small wavelength range," explains co-investigator J. Christopher
Howk, also of Notre Dame.
"By measuring the dip in brightness
in that range, we can tell how much
halo gas from M31 there is between
us and that quasar." The scientists
used Hubble's unique capability to

ta already existed. But where did
the giant halo come from? Largescale simulations of galaxies suggest that the halo formed at the
same time as the rest of Andromeda. The team also determined
that it is enriched in elements much
heavier than hydrogen and helium,
and the only way to get these
heavy elements is from exploding
stars called supernovae. The supernovae erupt in Andromeda's starfilled disk and violently blow these

T

his diagram shows how scientists determined the size
of the halo of the Andromeda galaxy. Because the gas
in the halo is dark, the team measured it by using the light
from quasars, the very distant bright cores of active galaxies powered by black holes. They observed the quasars'
light as it traveled through the intervening gas. The halo's
gas absorbed some of that light and made the quasar appear darker in a very small wavelength range. By measuring the tiny dip in brightness at that specific range,
scientists could tell how much gas is between us and each
quasar. Some quasars showed no dip in brightness, and
this helped define the size of the halo. [NASA, ESA, A.
Feild (STScI), N. Lehner and J.C. Howk (University of Notre
Dame), and B. Wakker (University of Wisconsin, Madison)]

study the ultraviolet light from the
quasars. Ultraviolet
light is absorbed by
Earth's atmosphere,
which makes it difficult to observe
with a ground-based telescope.
The team drew
from about 5 years'
worth of observations stored in the
Hubble data archive
to conduct this research. Many previous Hubble campaigns have used
quasars to study gas
much farther away
than — but in the
general direction of
— Andromeda, so a
treasure trove of da-

heavier elements far out into space.
Over Andromeda's lifetime, nearly
half of all the heavy elements made
by its stars have been expelled far
beyond the galaxy's 200,000-lightyear-diameter stellar disk.
What does this mean for our own
galaxy? Because we live inside the
Milky Way, scientists cannot determine whether or not such an equally
massive and extended halo exists
around our galaxy.
It's a case of not being able to see
the forest for the trees. If the Milky
Way does possess a similarly huge
halo, the two galaxies' halos may be
nearly touching already and quiescently merging long before the two
massive galaxies collide.
Hubble observations indicate that
the Andromeda and Milky Way galaxies will merge to form a giant elliptical galaxy beginning about 4
billion years from now.
n
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to deduce the mass of the clusters
and compare this result with how
brightly each of the clusters shines.
For most of the clusters in the new
survey, the brighter ones had more
mass in the way that was expected
— if a cluster contains more stars it
has greater total brightness and
more total mass. But for some of
the globulars something strange
showed up: they were many times
more massive than they looked.
And even more strangely, the more
massive these unusual clusters were,
the greater the fraction of their material was dark. Something in these
clusters was dark, hidden and massive. But what?
There were several possibilities. Perhaps the “dark clusters” contain
black holes, or other dark stellar
remnants in their cores? This may
be a factor that explains some of
the hidden mass, but the team concludes that it cannot be the whole

27

O

bservations with ESO’s Very
Large Telescope in Chile
have discovered a new class of
“dark” globular star clusters
around this galaxy. These are
marked in red. Normal globulars
are marked in blue and globulars
showing similar properties to
dwarf galaxies are in green. The
dark globulars appear very similar to other globulars around this
galaxy but contain much more
mass. [ESO/Digitized Sky Survey]

story. What about dark matter?
Globular clusters are normally considered to be almost devoid of this
mysterious substance, but perhaps,
for some unknown reason, some
clusters have retained significant
dark matter clumps in their cores.
This would explain the observations
but does not fit into conventional
theory. Co-author Thomas Puzia
adds: “Our discovery of star clusters

with unexpectedly high masses for
the amount of stars they contain
hints that there might be multiple
families of globular clusters, with
differing formation histories.
Apparently some star clusters look
like, walk like, and smell like run-ofthe-mill globulars, but there may
quite literally be more to them than
meets the eye.”
These objects remain a mystery. The
team is also engaged in a wider survey of other globular clusters in other galaxies and there are some
intriguing hints that such dark clusters may also be found elsewhere.
Matt Taylor sums up the situation:
“We have stumbled on a new and
mysterious class of star cluster!
This shows that we still have much
to learn about all aspects of globular cluster formation. It’s an important result and we now need to find
further examples of dark clusters
around other galaxies.”
n
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Our Sun came late
to the Milky Way's
star-birth party
by NASA

I

n one of the most comprehensive multi-observatory galaxy
surveys yet, astronomers find
that galaxies like our Milky
Way underwent a stellar "baby
boom," churning out stars at a
prodigious rate, about 30 times
faster than today. Our Sun, however, is a late "boomer." The
Milky Way's star-birthing frenzy

T

his illustration depicts a view of the
night sky from a hypothetical planet
within the youthful Milky Way galaxy 10
billion years ago. The heavens are ablaze
with a firestorm of star birth. Glowing pink
clouds of hydrogen gas harbor countless
newborn stars, and the bluish-white hue of
young star clusters litter the landscape. The
star-birth rate is 30 times higher than it is
in the Milky Way today. Our Sun, however,
is not among these fledgling stars. The Sun
will not be born for another 5 billion years.
[NASA, ESA, and Z. Levay (STScI)]

peaked 10 billion years ago, but
our Sun was late for the party,
not forming until roughly 5 billion years ago. By that time the
star formation rate in our galaxy
had plunged to a trickle.
Missing the party, however, may
not have been so bad. The Sun's
late appearance may actually
have fostered the growth of our
solar system's planets. Elements
heavier than hydrogen and helium were more abundant later
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T

hese six snapshots taken by NASA's Hubble Space Telescope show how galaxies similar in mass to our Milky
Way evolved over time. The images reveal that Milky Way-like galaxies grow larger in size and in stellar mass
over billions of years. The image at far right reveals a compact, youthful galaxy as it looked 11.3 billion years
ago, when our universe was only about 2.5 billion years old. The bluish-white glow reveals that the fledgling
galaxy is undergoing a wave of star birth, as its rich reservoir of gas compresses under gravity, creating myriad
stars. At 10.3 billion years ago (image at center), the firestorm of star birth is reaching its peak. The stellar "baby
boom" churned out stars 30 times faster than the Milky Way does today. The galaxy's yellowish color most likely
indicates ongoing star formation that is being obscured by dust and gas. Eventually, the galaxies exhaust their
star-making gas. The galaxy at 8.9 billion years ago has developed a spiral shape, and the oldest stars reside in
its central region. Nearly 3 billion years later, a similar galaxy has grown even larger. The galaxy is dominated
by mostly older stars, which can be seen in its reddish appearance. [NASA, ESA, C. Papovich (Texas A&M University), H. Ferguson (STScI), S. Faber (University of California, Santa Cruz), and I. Labbé (Leiden University)]

in the star-forming boom as more
massive stars ended their lives early
and enriched the galaxy with material
that served as the building blocks of
planets and even life on Earth. Astronomers don't have baby pictures
of our Milky Way's formative years to
trace the history of stellar growth. Instead, they compiled the story from
studying galaxies similar in mass to
our Milky Way, found in deep surveys
of the universe. The farther into the
universe astronomers look, the further back in time they are seeing, because starlight from long ago is just
arriving at Earth now. From those surveys, stretching back in time more
than 10 billion years, researchers assembled an album of images containing nearly 2,000 snapshots of Milky
Way-like galaxies. The new census
provides the most complete picture
yet of how galaxies like the Milky Way
grew over the past 10 billion years
into today's majestic spiral galaxies.
The multi-wavelength study spans
ultraviolet to far-infrared light, combining observations from NASA's
Hubble and Spitzer space telescopes,
the European Space Agency's Herschel

Space Observatory, and ground-based
telescopes, including the Magellan
Baada Telescope at the Las Campanas
Observatory in Chile. "This study allows us to see what the Milky Way
may have looked like in the past," said
Casey Papovich of Texas A&M University in College Station, lead author on
the paper that describes the study's
results. "It shows that these galaxies
underwent a big change in the mass
of its stars over the past 10 billion
years, bulking up by a factor of 10,
which confirms theories about their
growth. And most of that stellar-mass
growth happened within the first 5
billion years of their birth." The new
analysis reinforces earlier research
that showed Milky Way-like galaxies
began as small clumps of stars. The diminutive galaxies built themselves up
by swallowing large amounts of gas
that ignited a firestorm of star birth.
The study reveals a strong correlation
between the galaxies' star formation
and their growth in stellar mass. Observations revealed that as the starmaking factories slowed down, the
galaxies' growth decreased as well. "I
think the evidence suggests that we

can account for the majority of the
buildup of a galaxy like our Milky Way
through its star formation," Papovich
said. "When we calculate the star-formation rate of a Milky Way galaxy
and add up all the stars it would have
produced, it is pretty consistent with
the mass growth we expected. To me,
that means we're able to understand
the growth of the 'average' galaxy
with the mass of a Milky Way galaxy."
The astronomers selected the Milky
Way-like progenitors by sifting
through more than 24,000 galaxies
in the entire catalogs of the Cosmic
Assembly Near-infrared Deep Extragalactic Legacy Survey (CANDELS),
taken with Hubble, and the FourStar
Galaxy Evolution Survey (ZFOURGE),
made with the Magellan telescope.
They used the ZFOURGE, CANDELS,
and Spitzer near-infrared data to
study the galaxy stellar masses. The
Hubble images from the CANDELS
survey also provided structural information about galaxy sizes and how
they evolved. Far-infrared light observations from Spitzer and Herschel
helped the astronomers trace the starformation rate.
n

space chronicles EN1:l'Astrofilo 01/07/15 09:07 Page 30

30

SPACE CHRONICLES

First detection of
reflected visible light
from 51 Pegasi b
by ESO

T

he exoplanet 51 Pegasi b lies
some 50 light-years from Earth
in the constellation of Pegasus. It was discovered in 1995 and
will forever be remembered as the
first confirmed exoplanet to be
found orbiting an ordinary star like
the Sun (two earlier planetary objects were detected orbiting in the
extreme environment of a pulsar).
It is also regarded as the archetypal hot Jupiter — a class of plan-

ets now known to be relatively commonplace, which are similar in size
and mass to Jupiter, but orbit much
closer to their parent stars.
Since that landmark discovery, more
than 1900 exoplanets in 1200 planetary systems have been confirmed,
but, in the year of the twentieth anniversary of its discovery, 51 Pegasi
b returns to the ring once more to
provide another advance in exoplanet studies. The team that made this
new detection was led by Jorge
Martins from the Instituto de Astrofísica e Ciências do Espaço (IA) and

the Universidade do Porto, Portugal,
who is currently a PhD student at
ESO in Chile. They used the HARPS
instrument on the ESO 3.6-metre
telescope at the La Silla Observatory
in Chile.
Currently, the most widely used
method to examine an exoplanet’s
atmosphere is to observe the host
star’s spectrum as it is filtered
through the planet’s atmosphere
during transit — a technique known
as transmission spectroscopy. An
alternative approach is to observe
the system when the star passes in

T

his zoom video takes the viewer from a broad
view of the sky deep into the northern constellation of Pegasus (The Winged Horse). The sequence
ends with a close-up of 51 Pegasi, which is orbited
by 51 Pegasi b, the first exoplanet ever discovered
around a normal star. [ESO/Digitized Sky Survey 2/A.
Fujii, M. Kornmesser/Nick Risinger (skysurvey.org)]
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T

his artist’s view shows the hot
Jupiter exoplanet 51 Pegasi b,
sometimes referred to as Bellerophon, which orbits a star about 50
light-years from Earth. This was
the first exoplanet around a normal star to be found in 1995.
Twenty years later this object was
also the first exoplanet to be be
directly detected spectroscopically
in visible light. [ESO/M. Kornmesser/ Nick Risinger (skysurvey.org)]

front of the planet, which primarily
provides information about the exoplanet’s temperature.
The new technique does not depend on finding a planetary transit,
and so can potentially be used to
study many more exoplanets. It allows the planetary reflected light
spectrum to be directly detected in
visible light, which means that different characteristics of the planet

JULY-AUGUST 2015

that are inaccessible to other techniques can be inferred.
The host star’s spectrum is used as a
template to guide a search for a similar signature of light that is expected to be reflected off the planet as
it describes its orbit. This is an exceedingly difficult task as planets
are incredibly dim in comparison to
their dazzling parent stars.
The signal from the planet is also

easily swamped by other tiny effects and sources of noise (the challenge is similar to trying to study
the faint glimmer reflected off a
tiny insect flying around a distant
and brilliant light). In the face of
such adversity, the success of the
technique when applied to the
HARPS data collected on 51 Pegasi
b provides an extremely valuable
proof of concept.
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T

his image shows
the sky around
the star 51 Pegasi in
the northern constellation of Pegasus
(The Winged Horse).
In 1995 the first exoplanet to be discovered was detected
orbiting this star.
Twenty years later
this object was also
the first exoplanet to
be be directly detected spectroscopically in visible light.
This image was created from photographic
material forming part
of the Digitized Sky
Survey 2. [ESO/Digitized Sky Survey 2]

Jorge Martins explains: “This type
of detection technique is of great
scientific importance, as it allows us
to measure the planet’s real mass
and orbital inclination, which is essential to more fully understand the
system. It also allows us to estimate
the planet’s reflectivity, or albedo,
which can be used to infer the composition of both the planet’s surface
and atmosphere.”

51 Pegasi b was found to have a
mass about half that of Jupiter’s
and an orbit with an inclination of
about nine degrees to the direction
to the Earth. This means that the
planet’s orbit is close to being edge
on as seen from Earth, although this
is not close enough for transits to
take place. The planet also seems to
be larger than Jupiter in diameter
and to be highly reflective. These

are typical properties
for a hot Jupiter that is
very close to its parent
star and exposed to intense starlight.
HARPS was essential to
the team’s work, but
the fact that the result
was obtained using
the ESO 3.6-metre telescope, which has a limited range of application with this technique, is exciting news
for astronomers. Existing equipment like this
will be surpassed by
much more advanced
instruments on larger telescopes,
such as ESO’s Very Large Telescope and the future European Extremely Large Telescope.
"We are now eagerly awaiting first
light of the ESPRESSO spectrograph
on the VLT so that we can do more
detailed studies of this and other
planetary systems,” concludes Nuno
Santos, of the IA and Universidade
do Porto.
n
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encountered in
our
everyday
lives. Dark matter is central to
our understanding of how galaxies form and
evolve – and is
ultimately one
of the reasons
for the existence of life on
Earth – yet we
know
almost
nothing about
it. “The surprising finding of
our study was
that
elliptical
galaxies maintain a remarkably
constant
circular speed
out to large
distances from
their centers, in
the same way
that spiral galaxies are alxample of mapping out and analyzing the speeds of stars in an elliptical galaxy. Blue colors
ready known to
show regions where the stars are hurtling toward the observer on Earth, and red colors show
do,” said Cap- regions that are moving away, in an overall pattern of coherent rotation. The top panel shows the
pellari.
“This original data, as collected using the DEIMOS spectrograph at the W.M. Keck Observatory. The botmeans that in tom panel shows a numerical model that matches the data remarkably well, from using the comthese very dif- bined gravitational influence of luminous and dark matter. [M. Cappellari and the SLUGGS Team]
ferent types of
rate at large distances. Remarkdifferent shapes and formation hisgalaxies, stars and dark matter
ably, decades after it was protories than spiral galaxies, the newconspire to redistribute themselves
posed, this alternative theory (withly discovered conspiracy is even
to produce this effect, with stars
out dark matter) still cannot be conmore profound and will lead exdominating in the inner regions of
clusively ruled out. Spiral galaxies
perts in dark matter and galaxy forthe galaxies, and a gradual shift in
only constitute less than half of the
mation to think carefully about
the outer regions to dark matter
stellar mass in the Universe, which
what has happened in the "dark
dominance.”
is dominated by elliptical and lensector" of the universe.
However, the conspiracy does not
ticular galaxies, and which have
“This question is particularly timely
come out naturally from models of
puffier configurations of stars and
in this period when physicists at
dark matter, and some disturbing
lack the flat disks of gas that spirals
CERN are about to restart the Large
fine-tuning is required to explain
have. In these galaxies, it has been
Hadron Collider to try to directly dethe observations. For this reason,
very difficult technically to measure
tect the same elusive dark matter
the conspiracy even led some autheir masses and to find out how
particle, which makes galaxies rothors to suggest that, rather than
much dark matter they have, and
tate fast, if it really exists!,” said
being due to dark matter, it may
how this is distributed – until now.
Professor Jean Brodie, principal inbe due to Newton's law of gravity
Because the elliptical galaxies have
vestigator of the SLUGGS survey. n
becoming progressively less accu-

E
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SDP.81, an unp
Einstein ring
by Michele Ferrara

Using the ESO's Atacama Large Millimeter/
submillimeter Array, some
teams of astronomers took
full advantage of the natural phenomenon of gravitational lensing
to investigate the internal structure of
a galaxy 11.7 billion light-years away.
Never before had it been possible to reach
such a high-resolution in an era so remote.
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nprecedented

T

he light from
a galaxy distributed along an
almost full ring –
and this is essentially SDP.81.
[ALMA (NRAO/ESO/
NAOJ)/Y. Tamura
(The University of
Tokyo)] The video
on the side shows
the gravitational
lensing distorting
a galaxy by turning it into a ring.
[ALMA (NRAO/ESO/
NAOJ)/Luis Calçada (ESO)]
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A

s predicted by Albert Einstein's theory of general relativity, a celestial
body of great mass bends spacetime and the amount of curvature
is proportional to the mass. One of
the consequences of that highlyverified prediction is that a mass interposed between a light source
and the observer will deviate the
photons emitted by the source
from the straight line of propagation, causing them to be perceived
as coming from a different position
than the original one. Depending
on the amount and distribution of
the interposed mass, the original

image of the source could be intensified, reversed, inverted, multiplied and distorted in
various ways. From the Earth we perceive

video
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those alterations in various forms, one of
which is the so-called “Einstein ring”,
where the image of the source, typically a
remote galaxy, appears overall more
bright, elongated and redistributed along
a circle centred on the mass causing that
alteration, known as “gravitational lensing”. More often than not, Einstein’s rings
are incomplete, thus formed by one or
more arcs of different lengths, and only
rarely we can see full ones, although their

brightness and density is not uniform.
One of these structures has recently attracted much attention from groups of researchers, such that in the last months at
least seven of them published no less than
eight scientific articles regarding it.
We are referring to the ring produced by
the distortion of galaxy HATLAS J090311.6
+003906, more simply called SDP.81, spotted 11.7 billion light-years away from Earth
in the constellation of Hydra. It is located

F

rom left to
right: an image
taken by Hubble
of the galaxy producing the lensing
on SDP.81 (the
ring is practically
invisible); a shot
of the ring taken
by ALMA (the interposed galaxy is
largely invisible);
an image of SDP.81
reconstructed
with a mathematical model. [ALMA
(NRAO/ESO/NAOJ)
/Y. Tamura (The
University of To
kyo)/Mark Swinbank (Durham
University)] Left,
a diagram summarizing SDP.81
case. [ALMA (ESO/
NAOJ/NRAO)/
C. Collao/Japan
Meteorological
Agency]
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T

he lensed ring
of SDP.81 in
three different
versions: bottom,
the image taken
by ALMA showing
the light emitted
by the dust of the
galaxy; centre, as
the first, but with
the addition of
the light emitted
by the carbon
monoxide recorded by ALMA; top,
as the second, but
with the addition
of the light emitted by the interposed galaxy as
seen with Hubble.
[ALMA (NRAO/ESO
/NAOJ)B. Saxton
NRAO/AUI/NSF;
NASA/ESA Hubble, T. Hunter
(NRAO)]

in an era in which the universe was affected by powerful waves of star formation,
which deeply changed the then existing
young galaxies. Astronomers study with
particular attention these remote objects,
for understanding how we got to our contemporary universe.
SDP.81 was one of the targets being observed in October 2014 with the Atacama
Large Millimeter/submillimeter Array (ALMA)
to test the performance in high-resolution
mode of that array of 66 parabolic antennas operating, as the
name suggests, in the
millimeter and submillimeter domains.
(ALMA uses the principles of interferometry, in that its antennas work in synchrony and collect
photons as if they
were a single giant

antenna: the resultant resolution is virtually that of an instrument whose size
is equivalent to the
maximum distance
between the antennas themselves, even
though the amount
of collected light is
proportional only to
the total area of the
antennas.) The images of SDP.81 obtained
at 1 millimeter wavelength appeared immediately extraordinary for the richness of
details, and the same goes for the spectra
recorded during the observations, which
allowed to highlight the internal motions
of individual regions of the deformed galaxy, understand how the whole system rotates and also estimate its mass. Such a rich
gathering of information is the result of
the extremely high-resolution that ALMA

S

ome of the 66 antennas of 12 and 7 meters
diameter that make up ALMA, the most powerful instrument available to astronomers today.
[ALMA (ESO/NAOJ/NRAO), O. Dessibourg]
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can achieve: 23 milliarcseconds in
the observed band, namely 6 times
better than the Hubble Space Telescope is capable of in the infrared.
In fact, the lensed ring of SDP.81 is
so sharp that it is possible to distinguish ramifications, graininess and
other subtle structures never before
noticed for such a distant galaxy.
These structures, which (although
distorted) reflect SDP.81’s internal
structures, would nonetheless not
have been accessible to ALMA without the help of the gravitational
lensing effect from the interposed
galaxy, a “mere” 3.4 billion light-years
away from us, which increased the size and
brightness of the remote galaxy. Although
a superficial investigation of the images of

SDP.81 already allows us to note an uneven
distribution of the mass and brightness inside the galaxy, and hence identify possible
regions of intense star formation, it is always desirable to trace back the
original shape of the galaxy, in order to determine
with certainty the single
substructures. The first to
do this were two assistant
professors at the University of Tokyo, Yoichi Tamura and Masamune
Oguri, who, together with
researchers from the National Astronomical Observatory of Japan (NAOJ),

developed what is today the best mathematical model of gravitational lensing.
Through this model, the astronomers corrected the lensing effects and reconstructed the true shape
of SDP.81 (or at least
of its most active regions), showing that
this is a monstrous
system that is forming stars at a rate hundreds to thousands
of times greater than
that of the current
Milky Way. The model
used by the Japanese
researchers has fairly
accurately turned the
brightest regions of
the ring into a series of dust and molecular
gas clouds, ranging between 200 and 500
light-years across, distributed in an ellipti-

video

A

bove, we can
see how the
model used on the
ring of SDP.81
would have reproduced the galaxy,
using three different instrumental
solutions. It is
clearly evident the
help provided by
the gravitational
lensing. Left, a
scaled representation of the size of
dust and molecular gas clouds
identified in
SDP.81 (conventionally spherical), of
“our” Orion Molecular Cloud, and
of the star-forming region NGC
604, belonging to
the nearby galaxy
M33. [Y. Tamura
(The University of
Tokyo)/NASA and
The Hubble Heritage Team
(AURA/STScI)] The
video on the side
shows a graphical
reconstruction of
the formation of
the ring of SDP.81.
[ALMA (NRAO/
ESO/NAOJ)/Luis
Calçada (ESO)]
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secondary
image of the
deformed galaxy
in the shape of
ring should appear almost unchanged at the
centre of the
same ring. From
its brightness, or
lack of it, it is possible to deduce
the mass of any
supermassive
black hole nestled
in the core of the
interposed galaxy
that is causing
the gravitational
lensing. The video
below shows how
the deformed
image of SDP.81
would vary by
moving the mass
of the interposed
galaxy. [Y. Tamura
(The University of
Tokyo)]

cal structure approximately 5,000 lightyears long. Never before have astronomers
been able to unveil this type of relatively
small structures at such a great distance
from Earth. Dust and molecular gas are the
basic ingredients for star formation. However, ALMA cannot directly see the light of
the stars of SDP.81, as they do not shine at
the same wavelengths in which the instrument operates. Nonetheless, these clouds
have all the characteristics to be gigantic
nurseries filled with new stars, showing, in
fact, similar or even greater sizes than the
largest protostellar clouds of our galaxy
and of those nearby, and, most importantly, they have a sufficiently low temperature to facilitate the aggregation of huge
masses in relatively narrow areas, making
it an ideal scenario for the ignition of ther-

video

monuclear furnaces. Moreover, spectroscopic data show that the diffuse gas of
SDP.81 is largely unstable and that is falling inwards in large quantities, laying the
foundation for the future formation of
protostellar clouds.
Besides reconstructing the shape of the
most active regions of SDP.81, Tamura and
Oguri’s model suggests also the existence
of a supermassive black hole at the centre
of the interposed galaxy, whose mass can
be estimated from the possible presence
and brightness of a weak “copy” of the remote galaxy at the centre of Einstein ring.
Under optimal conditions that image should
be apparent in the high-resolution photos
taken by ALMA, but there seems to be no
sign of it and the theory is that this happens when the interposed galaxy has at its
centre a supermassive black hole of a very
considerable size. In the present case, the
model indicates a mass of the black hole
equal to 200-300 million solar masses,
which amounts to a real monster, when we
consider that the one nestled at the centre
of our galaxy is about 60 times less massive.
The results obtained with ALMA on SDP.81
are indicative of the enormous potential
of that instrument, especially when used
in synergy with that “natural telescope”
called gravitational lensing. In the near future these instruments will be crucial for
the characterization of galaxies in the
young universe.
n
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Death of giant galaxies
spreads from the
core
by NASA

A

stronomers have shown for
the first time how star formation in "dead" galaxies
sputtered out billions of years ago.
A major astrophysical mystery has
centred on how the massive, quiescent elliptical galaxies, common in
the modern Universe, quenched
their once furious rates of star formation. Such colossal galaxies, often also called spheroids because of
their shape, typically pack in stars
ten times as densely in the central
regions as in our home galaxy, the
Milky Way, and have about ten
times its mass.

T

his NASA/ESA Hubble Space
Telescope image shows an elliptical galaxy known as IC 2006.
Massive elliptical galaxies like
these are common in the modern
Universe, but how they quenched their once furious rates of star
formation is an astrophysical
mystery. Now, the NASA/ESA
Hubble Space Telescope and
ESO's Very Large Telescope (VLT)
have revealed that three billion
years after the Big Bang, these
types of galaxies still made stars
on their outskirts, but no longer
in their interiors. The quenching
of star formation seems to have
started in the cores of the galaxies and then spread to the outer parts. [ESA/Hubble & NASA]

Astronomers refer to these big galaxies as red and dead as they exhibit
an ample abundance of ancient red
stars, but lack young blue stars and
show no evidence of new star formation. The estimated ages of the
red stars suggest that their host
galaxies ceased to make new stars
about ten billion years ago. This
shutdown began right at the peak
of star formation in the Universe,
when many galaxies were still giving
birth to stars at a pace about twenty
times faster than nowadays.
"Massive dead spheroids contain
about half of all the stars that the
Universe has produced during its entire life," said Sandro Tacchella of
ETH Zurich in Switzerland, lead author of the article. "We cannot claim
to understand how the Universe
evolved and became as we see it
today unless we understand how
these galaxies come to be."
Tacchella and colleagues observed a
total of 22 galaxies, spanning a
range of masses, from an era about
three billion years after the Big
Bang. They used the NASA/ESA
Hubble Space Telescope's Wide Field
Camera 3 (WFC3) to peer at the
galaxies from above our planet's
distorting atmosphere — WFC3
snapped detailed images in the nearinfrared, revealing the spatial distribution of older stars within the

actively star-forming galaxies. The
researchers also used the SINFONI instrument on ESO's Very Large
Telescope to collect light from the
galaxies, showing precisely where
they were churning out new stars.
SINFONI could make these detailed
measurements of distant galaxies
thanks to its adaptive optics system,
which largely cancels out the blurring effects of Earth's atmosphere.
"Hubble was able to show us how
the stars are distributed within
these galaxies in amazing detail,"
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commented Marcella Carollo, also
of ETH Zurich and co-author of
the study. "We were able to match
this accuracy with SINFONI to find
patches of star formation. Using the
two telescope together, we were
able to explore this population of
galaxies in more detail than ever
before." According to the new data,
the most massive galaxies in the
sample kept up a steady production
of new stars in their peripheries. In
their bulging, densely packed centres, however, star formation had
already stopped.

S

43

"The newly demonstrated inside-out
nature of star formation shutdown
in massive galaxies should shed light
on the underlying mechanisms involved, which astronomers have
long debated," says Alvio Renzini,
Padova Observatory, of the Italian
National Institute of Astrophysics. A
leading theory is that star-making
materials are scattered by torrents
of energy released by a galaxy's central supermassive black hole as it
sloppily devours matter. Another
idea is that fresh gas stops flowing
into a galaxy, starving it of fuel for

tar formation in what are now "dead" galaxies sputtered out billions of years
ago. The quenching of star formation seems to have started in the cores of the
galaxies and then spread to the outer parts. This diagram illustrates this process.
Galaxies in the early Universe appear at the left. The blue regions are where star
formation is in progress and the red regions are the "dead" regions where only
older redder stars remain and there are no more young blue stars being formed.
The resulting giant spheroidal galaxies in the modern Universe appear on the right.

JULY-AUGUST 2015

new stars and transforming it into a
red and dead spheroid. "There are
many different theoretical suggestions for the physical mechanisms
that led to the death of the massive
spheroids," said co-author Natascha
Förster Schreiber of the Max-PlanckInstitut für extraterrestrische Physik in Garching, Germany.
"Discovering that the quenching of
star formation started from the centres and marched its way outwards
is a very important step towards understanding how the Universe came
to look like it does now."
n
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Dark matter may not
be completely dark
after all
by ESO

F

or the first time dark matter
may have been observed interacting with other dark matter in
a way other than through the force
of gravity.

T

Using the MUSE instrument on
ESO’s VLT in Chile, along with images from Hubble in orbit, a team of
astronomers studied the simultaneous collision of four galaxies in
the galaxy cluster Abell 3827. The
team could trace out where the
mass lies within the system and com-

his image from the NASA/ESA Hubble Space Telescope shows the rich
galaxy cluster Abell 3827. The strange blue structures surrounding
the central galaxies are gravitationally lensed views of a much more distant galaxy behind the cluster. Observations of the central four merging
galaxies have provided hints that the dark matter around one of the galaxies is not moving with the galaxy itself, possibly implying dark matterdark matter interactions of an unknown nature are occuring. [NASA]

pare the distribution of the dark
matter with the positions of the luminous galaxies.
Although dark matter cannot be
seen, the team could deduce its location using a technique called gravitational lensing. The collision happened to take place directly in front
of a much more distant, unrelated
source. The mass of dark matter
around the colliding galaxies severely distorted spacetime, deviating the
path of light rays coming from the
distant background galaxy — and
distorting its image into characteristic arc shapes.
Our current understanding is that all
galaxies exist inside clumps of dark
matter. Without the constraining effect of dark matter’s gravity, galaxies like the Milky Way would fling
themselves apart as they rotate. In
order to prevent this, 85 percent of
the Universe’s mass must exist as
dark matter, and yet its true nature
remains a mystery.
In this study, the researchers observed the four colliding galaxies
and found that one dark matter
clump appeared to be lagging behind the galaxy it surrounds. The
dark matter is currently 5000 lightyears (50 000 million million kilometres) behind the galaxy — it would
take NASA’s Voyager spacecraft 90
million years to travel that far. A lag
between dark matter and its associated galaxy is predicted during collisions if dark matter interacts with
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T

he distribution of dark matter
in the cluster is shown with
blue contour lines. The dark matter clump for the galaxy at the
left is significantly displaced
from the position of the galaxy
itself, possibly implying dark
matter-dark matter interactions
of an unknown nature are occuring. [NASA, ESO/R. Massey]

itself, even very slightly, through
forces other than gravity. Dark matter has never before been observed
interacting in any way other than
through the force of gravity. (Computer simulations show that the extra friction from the collision would
make the dark matter slow down.
The nature of that interaction is unknown; it could be caused by wellknown effects or some exotic unknown force. All that can be said at
this point is that it is not gravity. All
four galaxies might have been separated from their dark matter. But we
happen to have a very good measurement from only one galaxy, because it is by chance aligned so well
with the background, gravitationally lensed object. With the other
three galaxies, the lensed images are
further away, so the constraints on

the location of their dark matter too
loose to draw statistically significant
conclusions.)
Lead author Richard Massey at Durham University, explains: “We used
to think that dark matter just sits
around, minding its own business,
except for its gravitational pull. But
if dark matter were being slowed
down during this collision, it could
be the first evidence for rich physics
in the dark sector — the hidden Universe all around us.”
The researchers note that more investigation will be needed into other effects that could also produce a
lag. Similar observations of more galaxies, and computer simulations of
galaxy collisions will need to be
made.
Team member Liliya Williams of the
University of Minnesota adds: “We

know that dark matter exists because of the way that it interacts
gravitationally, helping to shape the
Universe, but we still know embarrassingly little about what dark matter actually is.
Our observation suggests that dark
matter might interact with forces
other than gravity, meaning we
could rule out some key theories
about what dark matter might be.”
This result follows on from a recent
result from the team which observed 72 collisions between galaxy clusters [3] and found that dark matter
interacts very little with itself. The
new work however concerns the
motion of individual galaxies, rather
than clusters of galaxies. Researchers
say that the collision between these
galaxies could have lasted longer
than the collisions observed in the
previous study — allowing the effects of even a tiny frictional force to
build up over time and create a measurable lag. (The main uncertainty in
the result is the timespan for the collision: the friction that slowed the
dark matter could have been a very
weak force acting over about a billion years, or a relatively stronger
force acting for “only” 100 million
years.)
Taken together, the two results
bracket the behaviour of dark matter for the first time. Dark matter interacts more than this, but less than
that. Massey added: “We are finally
homing in on dark matter from
above and below — squeezing our
knowledge from two directions.” n
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Astronomers set a
new galaxy distance
record
by Keck Observatory

A

n international team of astronomers, led by Yale and
the University of California,
Santa Cruz, pushed back the cosmic
frontier of galaxy exploration to a
time when the Universe was only
five percent of its present age. The
team discovered an exceptionally
luminous galaxy more than 13 billion years in the past and determined its exact distance from Earth
using the powerful MOSFIRE instrument on the 10-meter Keck I telescope at the W. M. Keck Observatory in Hawaii. These observations
confirmed it to be the most distant
galaxy ever measured, setting a
new record. The galaxy, EGS-zs8-1,
is one of the brightest and most
massive objects in the early universe and was originally identified
based on its particular colors in images from NASA’s Hubble and Spitzer Space Telescopes.
“While we saw the galaxy as it was
13 billion years ago, it had already
built more than 15 percent of the
mass of our own Milky Way today,”
said Pascal Oesch of the Yale University, the lead author of the
study. “But it had only 670 million
years to do so. The universe was still
very young then.” The new distance measurement also enabled
the astronomers to determine that
EGS-zs8-1 was still forming stars

very rapidly, about 80 times faster
than our galaxy today.
Only a handful of galaxies currently
have accurate distances measured
in this epoch of the Universe and

F

none younger than this. “Every
confirmation adds another piece to
the puzzle of how the first generations of galaxies formed in the
early universe,” said Pieter van Dok-

ield of galaxies in the CANDELS survey (Cosmic Assembly Near-infrared Deep Extragalactic Legacy Survey). [NASA, ESA, P. Oesch and I.
Momcheva (Yale University), and the 3D-HST and HUDF09/XDF Teams]
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T

his is a Hubble
Space Telescope
image of the farthest
spectroscopically confirmed galaxy observed
to date (inset). It was
identified in this Hubble image of a field of
galaxies in the CANDELS survey (Cosmic
Assembly Near-infrared Deep Extragalactic
Legacy Survey). NASA's
Spitzer Space Telescope also observed
the unique galaxy.
The W. M. Keck Observatory was used to
obtain a spectroscopic
redshift (z=7.7), extending the previous
redshift record. Measurements of the
stretching of light, or
redshift, give the most
reliable distances to
other galaxies. This
source is thus currently the most distant confirmed galaxy
known, and it appears
to also be one of the
brightest and most
massive sources at
that time. The galaxy
existed over 13 billion
years ago. The near-infrared image of the galaxy (inset) has been colored blue as suggestive of its young, and
hence very blue, stars. The CANDELS field is a combination of visible-light and near-infrared exposures.
[NASA, ESA, P. Oesch and I. Momcheva (Yale University), and the 3D-HST and HUDF09/XDF Teams]

kum of the Yale University, second
author of the study. “Only the largest telescopes are powerful enough
to reach to these large distances.”
The discovery was only possible
thanks to the relatively new MOSFIRE instrument on the Keck I telescope, which allows astronomers to
efficiently study several galaxies at
the same time.
Measuring galaxies at these extreme distances and characterizing
their properties is a main goal of
astronomy over the next decade.

The observations see EGS-zs8-1 at a
time when the Universe was undergoing very important changes: the
hydrogen between galaxies was
transitioning from a neutral to an
ionized state.
“It appears that the young stars in
the early galaxies like EGS-zs8-1
were the main drivers for this transition called reionization,” said Rychard Bouwens of the Leiden Observatory, co-author of the study.
These new Keck Observatory, Hubble, and Spitzer observations to-

gether also pose new questions.
They confirm that massive galaxies
already existed early in the history of the Universe, but that their
physical properties were very different from galaxies seen around us
today. Astronomers now have very
strong evidence that the peculiar
colors of early galaxies seen in the
Spitzer Space Telescope images originate from a very rapid formation
of massive, young stars, which interacted with the primordial gas in
these galaxies.
n
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Hubble finds ghosts
of quasars past
by NASA

T

he NASA/ESA Hubble Space
Telescope has imaged a set
of enigmatic quasar ghosts —
ethereal green objects which mark
the graves of these objects that
flickered to life and then faded. The
eight unusual looped structures
orbit their host galaxies and glow in

T

a bright and eerie goblin-green hue.
They offer new insights into the turbulent pasts of these galaxies. The
ethereal wisps in these images were
illuminated, perhaps briefly, by a
blast of radiation from a quasar —
a very luminous and compact region
that surrounds a supermassive black
hole at the centre of a galaxy. Galactic material falls inwards towards
the central black hole, growing hot-

ter and hotter, forming a bright and
brilliant quasar with powerful jets
of particles and energy beaming
above and below the disc of infalling matter.
In each of these eight images a quasar beam has caused once-invisible
filaments in deep space to glow
through a process called photoionisation. Oxygen, helium, nitrogen,
sulphur and neon in the filaments

his image shows the winding green filaments observed by the NASA/ESA Hubble Space Telescope within eight
different galaxies. The ethereal wisps in these images were illuminated, perhaps briefly, by a blast of radiation
from a quasar — a very luminous and compact region that surrounds a supermassive black hole at the centre of a
galaxy. In each of these eight images a quasar beam has caused once-invisible filaments in deep space to glow
through a process called photoionisation. Oxygen, helium, nitrogen, sulphur and neon in the filaments absorb light
from the quasar and slowly re-emit it over many thousands of years. Their unmistakable emerald hue is caused by
ionised oxygen, which glows green. [NASA, ESA, Galaxy Zoo Team and W. Keel (University of Alabama, USA)]
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Complex organic
molecules discovered
in infant star system
by ESO

N

ew ALMA observations reveal
that the protoplanetary disc
surrounding the young star
MWC 480 contains large amounts
of methyl cyanide (CH3CN), a complex carbon-based molecule. There
is enough methyl cyanide around
MWC 480 to fill all of Earth’s oceans.
This star is only about one million
years old. By comparison the Sun is
more than four billion years old. The
name MWC 480 refers to the Mount
Wilson Catalog of B and A stars with
bright hydrogen lines in their spectra. Both this molecule and its simpler cousin hydrogen cyanide (HCN)
were found in the cold outer reaches
of the star’s newly formed disc, in a
region that astronomers believe is
analogous to the Kuiper Belt — the
realm of icy planetesimals and comets in our own Solar System beyond
Neptune. Comets retain a pristine record of the early chemistry of the
Solar System, from the period of
planet formation. Comets and asteroids from the outer Solar System
are thought to have seeded the
young Earth with water and organic
molecules, helping set the stage for
the development of primordial life.
“Studies of comets and asteroids
show that the solar nebula that
spawned the Sun and planets was
rich in water and complex organic
compounds,” noted Karin Öberg, an

A

rtist impression of the protoplanetary disc surrounding the young star
MWC 480. ALMA has detected the complex organic molecule methyl cyanide in the outer reaches of the disc in the region where comets are believed
to form. This is another indication that complex organic chemistry, and potentially the conditions necessary for life, is universal. [B. Saxton (NRAO/AUI/NSF)]
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astronomer with the Harvard-Smithsonian Center for Astrophysics in
Cambridge, Massachusetts, USA, and
lead author of the scientific paper
on the discovery.
“We now have even better evidence
that this same chemistry exists elsewhere in the Universe, in regions that
could form solar systems not unlike
our own.” This is particularly intriguing, Öberg notes, since the molecules
found in MWC 480 are also found in
similar concentrations in the Solar
System’s comets.
The star MWC 480, which is about
twice the mass of the Sun, is located
455 light-years away in the Taurus
star-forming region. Its surrounding disc is in the very early stages of
development — having recently coalesced out of a cold, dark nebula of
dust and gas. Studies with ALMA
and other telescopes have yet to detect any obvious signs of planet formation in it, although higher resolution observations may reveal structures similar to HL Tauri, which is of
a similar age.
Astronomers have known for some
time that cold, dark interstellar
clouds are very efficient factories for
complex organic molecules — including a group of molecules known as
cyanides. Cyanides, and most especially methyl cyanide, are important
because they contain carbon–nitrogen bonds, which are essential for
the formation of amino acids, the
foundation of proteins and the building blocks of life. Until now, it has remained unclear, however, if these
same complex organic molecules
commonly form and survive in the
energetic environment of a newly
forming solar system, where shocks
and radiation can easily break chemical bonds. By exploiting ALMA’s remarkable sensitivity astronomers
can see from the latest observations
that these molecules not only survive, but flourish. Importantly, the
molecules ALMA detected are much

T

his image shows the sky around the young star MWC 480 in the constellation of Taurus (The Bull). This picture was assembled from images
forming part of the Digitized Sky Survey 2. [ESO/Digitized Sky Survey 2]

more abundant than would be
found in interstellar clouds. This tells
astronomers that protoplanetary
discs are very efficient at forming
complex organic molecules and that
they are able to form them on relatively short timescales. This rapid
formation is essential to outpace the
forces that would otherwise break
the molecules apart. Also, these molecules were detected in a relatively
serene part of the disc, roughly 4.5
to 15 billion kilometres from the
central star. Though very distant by
Solar System standards, in MWC
480’s scaled-up dimensions, this

would be squarely in the comet-forming zone. As this system continues to
evolve, astronomers speculate that
it’s likely that the organic molecules
safely locked away in comets and
other icy bodies will be ferried to environments more nurturing to life.
“From the study of exoplanets, we
know the Solar System isn’t unique
in its number of planets or abundance of water,” concluded Öberg.
“Now we know we’re not unique in
organic chemistry. Once more, we
have learnt that we’re not special.
From a life in the Universe point of
view, this is great news.”
n
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Hubble traces the
migration of white
dwarfs in cluster
47 Tucanae
by NASA

A

stronomers using the NASA/
ESA Hubble Space Telescope
have, for the first time, collected a census of young
white dwarf stars beginning their migration from the crowded centre of an ancient star cluster to its
less populated outskirts. The new results

T

challenge our ideas about how and
when a star loses its mass near the
end of its life.
White dwarfs are the burned-out relics of ancient stars that rapidly shut
down their nuclear furnaces, cooling

down and losing mass at the end of
their active lives. As these stellar carcasses age and shed mass, they are
expelled from the densely packed
centre of the globular cluster and
migrate to wider orbits.

he heart of the
giant globular
star cluster 47 Tucanae in the Hubble
Space Telescope
image at left reveals
the glow of 200,000
stars. The green box
outlines the cluster's crowded core,
where Hubble spied
a parade of young
white dwarfs starting their slow-paced
40-million-year journey to the less populated suburbs. The
stellar relics are too faint to be seen clearly in visible light, as shown in the Hubble image at top right. But in ultraviolet light the stars glow brightly because they are extremely hot, as shown in the image at bottom right, taken by
Hubble's Wide Field Camera 3. The green circles in the image outline the brightest of the young white dwarfs
spied by Hubble. [NASA, ESA, and H. Richer and J. Heyl (University of British Columbia, Vancouver, Canada)]
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T

his diagram shows how white
dwarfs, the burned-out relics
of stars, are distributed in the
ancient globular star cluster 47
Tucanae. The youngest white
dwarfs are the hottest and bluest
stars dwelling mostly in the cluster's core, where the most massive stars reside. Shortly before
collapsing to become white
dwarfs, the stars shed most of
their mass. Now, as lightweight
white dwarfs, they interact gravitationally with more massive
stars in the core. Through these
gravitational encounters, the
white dwarfs rob enough speed
from their more massive cousins
to begin migrating slowly outward from their home. During
their journey, they become older
and cooler white dwarfs, depicted in the orange dots. Eventually, the white dwarfs settle on
the outskirts of the cluster,
where the oldest, coolest, reddest white dwarfs reside.
[NASA, ESA, and A. Feild (STScI)]

White dwarfs are forced out of the
densely packed centre of the cluster
by gravitational interactions with
more massive stars. Whilst astronomers knew about this process, they
had never seen it in action, until now.
Astronomers used Hubble to trace
this stellar journey by studying 3000
white dwarfs in the globular star
cluster 47 Tucanae, a dense swarm
of hundreds of thousands of stars in
the Milky Way.
“We’ve seen the final picture before: white dwarfs that have migrated and settled into more distant
orbits outside the core, determined
by their mass,” explained Jeremy
Heyl of the University of British Columbia, Canada, first author on the
science paper. “But in this study,
which comprises about a quarter of
all the young white dwarfs in the
cluster, we’re actually catching the
stars in the process of moving out-

has just begun its journey from the
ward and distributing themselves
dense cluster centre. Another popappropriately according to mass.”
ulation is around 100 million years
Using the ultraviolet capabilities of
old and has already arrived at its
Hubble’s sharp-eyed Wide Field Camnew position, roughly 1.5 light-years
era 3, the astronomers traced popufrom its starting point, and far from
lations of white dwarfs with a range
the cluster centre. “Before becomof ages. (Although the white dwarfs
ing white dwarfs, the migrating
have exhausted the hydrogen fuel
that makes them shine as
stars, their brilliant hot
cores have been exposed
which makes them very luminous in ultraviolet light.
Only Hubble can detect
these stars because ultraviolet light is blocked by
Earth’s atmosphere and
therefore does not reach
ground-based telescopes.)
Using the colours of the
stars, the astronomers can
his video shows a pan across the globular
also estimate the age of
cluster 47 Tucanae, taken by the NASA/ESA
each star. One group of Hubble Space Telescope. [ESA/Hubble Team]
six-million-year-old stars

T
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47

Tucanae in ultraviolet, with
white dwarfs marked.
[NASA, ESA, and H. Richer and
J. Heyl (University of British
Columbia, Vancouver, Canada)]

stars were among the most massive
in the cluster, roughly as massive
as the Sun,” explained co-author Elisa Antolini of the Università degli
Studi di Perugia, Italy. “We knew
that as they lost mass we would see
a migration to the outskirts; that
wasn’t a surprise. But, what did surprise us was that the youngest
white dwarfs were only just embarking on their journey. This could be
evidence that the stars shed much
of their mass at a later stage in their

lives than we once thought, which
is an exciting find.”
About 100 million years before stars
evolve into white dwarfs, they swell
up and become red giant stars.
Many astronomers thought that
stars lost most of their mass during
this phase. However, if this were the
case, the stars would already have
been expelled from the centre of
the cluster at the red giant stage.
“Our observations with Hubble
found white dwarfs that are just beginning their migration to wider orbits,” explains team member Harvey
Richer, also from the University of
British Columbia, Canada. “This reveals that the migration of the stars
from the centre — and the loss in

their mass that has caused it — begins later in the star’s life than once
thought. These white dwarfs are
losing a large amount of mass just
before they become white dwarfs
and not during the earlier red giant
phase.”
The new results imply that the stars
actually lose 40 to 50 percent of
their bulk just 10 million years before completely burning out as
white dwarfs.
Studies into the mass segregation of
white dwarfs will continue, and the
47 Tucanae cluster is an ideal place
to do them due to its proximity to us
and the significant number of stars
at the cluster’s core that can be resolved by Hubble’s crisp vision.
n

