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The intriguing TRAPPIST-1 system
With the instruments currently available to astronomers, the best chance of identifying a habitable extrasolar planet comes from ultracool dwarf systems. A group of researchers has now discovered the first of
these systems, which surprisingly contains three Earth-sized exoplanets, one of which may offer very...

Fragment from Earth’s formation returns after billions of years
Astronomers have found a unique object that appears to be made of inner Solar System material from
the time of Earth’s formation, which has been preserved in the Oort Cloud far from the Sun for billions
of years. Observations with ESO’s Very Large Telescope, and the Canada-France-Hawaii Telescope...

Planet-devouring star reveals possible limestone crumbs
A group of researchers using the W. M. Keck Observatory have discovered a planet-like body that may
have been encrusted in limestone and is having its surface layers devoured by its deceased host star. In
addition to extending a relatively new method of determining the chemical composition of planets to...

Stars and Maya, a “stupefying” discovery
The time of making scientific discoveries by hashing together different elements with empirical methods,
without the support of solid theoretical bases but simply proceeding by trial and error, has long gone.
Therefore, if a fifteen-year-old claims to have discovered a lost Mayan city just by simply consulting...

Faintest early-universe galaxy ever, detected and confirmed
An international team of scientists has detected and confirmed the faintest early-Universe galaxy ever
using the W. M. Keck Observatory on the summit on Maunakea, Hawaii. In addition to using the world’s
most powerful telescope, the team relied on gravitational lensing to see the incredibly faint object...

Hubble discovers moon orbiting the dwarf planet Makemake
Peering to the outskirts of our solar system, NASA's Hubble Space Telescope has spotted a small, dark
moon orbiting Makemake, the second brightest icy dwarf planet — after Pluto — in the Kuiper Belt. The
moon — provisionally designated S/2015 (136472) 1 and nicknamed MK 2 — is more than 1,300 time...

Is there an exoplanet in our solar system?
Of the approximately 5,000 exoplanets identified so far with various techniques, none is near enough
to leave any hope of reaching it with a probe in the relatively near future. But perhaps things are not
quite like that, as there are good reasons to believe that there is an exoplanet so close to us that it...

Cloudy days on exoplanets may hide atmospheric water
Water is a hot topic in the study of exoplanets, including “hot Jupiters,” whose masses are similar to that
of Jupiter, but which are much closer to their parent star than Jupiter is to the Sun. They can reach a
scorching 2,000 degrees Fahrenheit (1,100 degrees Celsius), meaning any water they host would take...

First detection of methyl alcohol in a planet-forming disc
The organic molecule methyl alcohol (methanol) has been found by the Atacama Large Millimeter/Submillimeter Array (ALMA) in the TW Hydrae protoplanetary disc. This is the first such detection of the
compound in a young planet-forming disc. Methanol is the only complex organic molecule as yet...

Hubble finds clues to the birth of supermassive black holes
For years astronomers have debated how the earliest generation of supermassive black holes formed
very quickly, relatively speaking, after the Big Bang. Now, an Italian team has identified two objects in
the early Universe that seem to be the origin of these early supermassive black holes. The two objects...

trappist EN:l'Astrofilo 21/06/16 09:29 Page 4

4

PLANETOLOGY

The intriguin
TRAPPIST-1 s
by Michele Ferrara

With the instruments currently available to astronomers, the best
chance of identifying a habitable extrasolar planet comes from ultracool
dwarf systems. A group of researchers has now discovered the first of
these systems, which surprisingly contains three Earth-sized exoplanets,
one of which may offer very interesting climatic conditions.
JULY-AUGUST 2016
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ing
system

A

rtist’s rendition
of the TRAPPIST-1 system, seen
from the surface
of the outermost
planet, perhaps
the one most similar to Earth. [ESO/
M. Kornmesser]
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F

or a few, the name TRAPPIST will bring
to mind a renowned and popular beer,
produced since the end of the 17th century by the eponymous monastic order originated in Soligny-la-Trappe (Normandy).
TRAPPIST is, however, also the name of a
robotic telescope dedicated to the search
for extrasolar planets, which had a key role

in an important recent discovery. The TRAnsiting Planets and PlanetesImals Small Telescope is located at ESO’s La Silla Observatory (Chile), has a diameter of just 60
cm and it is operated by the Université de
Liège (Belgium). A substantial part of the
observing time is devoted to monitoring
the brightness of about 60 ultracool dwarfs
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particularly near to Earth. This category of
objects is quite heterogeneous in being
formed by small-sized real stars and failed
stars, all sharing a surface temperature
lower than 2700 K (the term ‘ultracool’ is
quite relative as they are still very hot objects). These dwarfs account for 15% of the
star-like objects surrounding the Sun and
thus form a significant population.
The models interpreting the origin and
evolution of ultracool dwarfs and their protoplanetary disks predict the existence of
a considerable number of rocky planets located on orbits very close to their central ob-

ject. Before now, however, researchers have
never been able to discover a single one of
them, since ultracool dwarfs are more easily investigated in the infrared rather than
in the so-called white light (the one visible
to our eyes), which is within the operating
range of most ground telescopes. TRAPPIST
was specifically designed for observations
in the near infrared, allowing to see ultracool dwarfs hundreds of times more brilliant than they appear in the visible. Thanks
to the outstanding performance of this
small instrument, a group of researchers
led by Michaël Gillon (Institut d'Astrophy-

P

anoramic
view of some
facilities at La
Silla Observatory,
with in the foreground the open
dome of the
TRAnsiting Planets and PlanetesImals Small
Telescope. [ESO]

A
https://www.youtube.com/watch?v=qxh0
VurkA1c

nice time-lapse of the
transit of Mercury across
the Sun, shot from Palermo,
Italy, by Alessio Vaccaro and
Egidio Di Bianca on 9 May
2016. As per the sequence
of the event (1,320 frames),
the authors used an apochromatic refractor, a solar
filter, two unmodded Canon
cameras and a GoPro.
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sique et de Géophysique, Université de Liège) has discovered the first planetary system of an ultracool dwarf. The star, at first
classified as 2MASS J23062928-0502285 but
later renamed TRAPPIST-1, is located in the
constellation Aquarius, a little less than 40
light-years from Earth, is of spectral type
M8, is 2000 times less luminous than the
Sun, has a mass that is only 8% that of the
Sun and a diameter of just 160,000 km,
thus not much greater than that of Jupiter
(140,000 km). Constantly monitored by
TRAPPIST every 1.2 minutes, for 245 hours
over 62 nights between September and

JULY-AUGUST 2016

December 2015, the star showed 11 dips in
light close to 1%, consistent with the transit
of some planets on its disk. A second phase
of observations made with HAWK-I (a cryogenic wide field imager) on ESO’s Very
Large Telescope in Chile, with the Himalayan Chandra Telescope in India and with the
United Kingdom Infra-Red Telescope in Hawaii, confirmed the existence of 3 planets
with sizes very similar to those of Earth.
The two inner ones, TRAPPIST-1b and TRAPPIST-1c, orbit around their star in just 1.51
days and 2.42 days respectively, at medium
distances of 0.011 and 0.015 AU, and are
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A

scale comparison of TRAPPIST-1 with the
Sun. The ultracool
dwarf is only
slightly larger
than Jupiter. [ESO]

the existence of an atmosphere and accutherefore outside the habitable zone,
rately characterize its composition. Idenwhich in the case of TRAPPIST-1 extends
tifying the gases that make up the atmobetween 0.024 and 0.049 AU. The period
sphere of an Earth-sized exoplanet is an esof revolution and the distance from the
sential step in the search for certain molestar of the third planet, TRAPPIST-1d, are
cules, referred to as biomarkers (H20, CO2,
certainly greater but less definite, due to
CH4, O3 and others), which could indicate
the limited number of registered transits:
the presence of extraterrestrial life forms.
Gillon and colleagues have indicated as
But are TRAPPIST-1’s planets rocky? Do they
possible about a dozen different orbital
have an atmosphere? Do they have temperiods ranging from 4.5 and 72.8 days.
peratures suitable for life as we know it?
Since this range includes the values for the
Theoretical models show that these planets
semi-major orbital axis of between 0.022
have a high probability of being rocky and
and 0.146 AU, there is some likelihood that
TRAPPIST-1d is orbiting in the habitable zone, or not much outside
it. If that were so, this planet
would be the best place where to
look for traces of life outside our
solar system.
This assertion may seem odd,
https://www.eso.org/public/videos/eso1615a/
given the diversity of that dwarf
compared to a more ‘straightforward’ star of the solar-type. In
reality, what really count in the
end is the surface temperature
and rocky nature of a planet,
along with the possibility to verify

T

his video complements
what has been
said in the text
about the TRAPPIST-1 system and
the search for
possible signs of
life around ultracool dwarfs. [ESO]
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A

bove, the robotic TRAPPIST telescope.
This instrument is
remotely controlled by the Université de Liège, Belgium. [E. Jehin/ESO]
Right, an imaginary view of
TRAPPIST-1d, the
first planet on
which evidence of
extraterrestrial
life may be found.
[ESO/M. Kornmesser/N. Risinger]

to have gaseous envelopes not dominated by hydrogen and helium, and thus more
similar to the atmospheres of Venus and
Earth than to that of a mini-Neptune.

TRAPPIST-1b and TRAPPIST-1c respectively
receive from their star four times and twice
as much energy as the Earth receives from
the Sun, and it is thus likely that their atmospheres are a little too hot (but not as hot
as that of Venus). Because of their proximity to TRAPPIST-1, it is assumed that two
planets' periods of rotation and revolution
are synchronized and thus presenting always the same hemisphere to their star,
while the other remains in perpetual darkness. According to Gillon’s team this could
cause temperatures to vary within a range
of +130 degrees C and -30 degrees C.
Accordingly, along the terminator there
may be a more or less wide band in which
conditions would, on the whole, be liveable. To this would also contribute the thermal stability of the star, which, in having
been formed about 500 million years ago,
will remain in its current state for further
tens of billions of years.
The most interesting target remains, however, TRAPPIST-1d, which due to its greater
distance from the star has not yet undergone the synchronization of the rotational
and orbital periods, which in the specific
case will be achieved, according to Gillon
and colleagues, in about half a billion years.
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In the best scenario, this planet’s atmosphere could be heated just like that of the Earth,
and thus offering interesting
ground conditions. Nonetheless, it is also possible that it is
significantly colder, but if the
object's orbit is not circular, it
is very likely that the gravitational pull exerted on it by the
star may contribute to elevate
its internal temperature, and
accordingly that of the surface.
Understanding whether TRAPPIST-1d can be considered a
habitable planet (in the broad
sense) is at the limits of current
technology. If it were to orbit
around a brighter star, e.g. of
the solar-type, like the many
Earth-sized planets discovered
by Kepler, we would have no
chance of being able to investigate its atmosphere in search
of particularly interesting molecules. But the stellar light filtering through the atmosphere
of TRAPPIST-1d, which consequently acquires the ‘signatures’ of the elements composing it, is not swamped by the
light emitted by the dwarf,
due to the small size and low
brightness of the latter.
Thus on Earth are received readable information on the atmosphere composition and Gillon’s team has already started
to collect them with instruments operating at different
wavelengths, in order to characterize with sufficient accuracy that gaseous envelope
and identify possible biomarkers. The Hubble's Space Telescope Imaging Spectrograph
(STIS) should already be able to
provide data on the extention
and composition of the atmosphere along the terminator
(which during the transits coincides with the edge of the plan-

A

suggestive representation of
TRAPPIST-1d’s surface.
The environment is
probably bitterly cold,
but it might not be
totally hostile to the
emergence of basic
forms of life. [ESO/M.
Kornmesser]
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et’s disk). If Gillon and colleagues will not
reach a conclusion within a short time, a definitive answer will in any case arrive in just
a few years from the James Webb Space
Telescope (6.5 metre diameter), which will
be launched in 2018.
In the meantime, the number of known
planetary systems around ultracool dwarfs
is certainly set to increase, given that it is
already partially active TRAPPIST’s successor, that is to say, SPECULOOS (from Search
for habitable Planets EClipsing ULtra-cOOl
Stars), an array of four telescopes, each of
1 metre diameter, that over the next five
years will monitor the brightness of about

T

he high proper motion of
TRAPPIST-1 compared to some
slower stars of
the constellation
Aquarius: a) 1953,
Palomar Observatory Sky Survey
image; b) 1998,
2MASS image; c)
2015, TRAPPIST
telescope image.
[M. Gillon et al.]

a

b

c

500 ultracool stars. Big telescopes that will
become operational in the next few years
will allow researchers to determine also the
masses of TRAPPIST-1’s planets, a task today impossible even with higher resolution
spectrometers (such as HARPS), which do
not receive sufficient white light from the
star (magnitude 18.8) to be able to analyze
it in detail and thus identify the radial velocity variations necessary for calculating
the masses of disruptive bodies.
To do this we will need instruments specifically designed for the infrared radiation,
such as SPIRou (from SpectroPolarimètre InfraRouge), a high precision spectropolarimeter/velocimeter that will be
installed at the Cassegrain
focus of the Canada-FranceHawaii-Telescope (CFHT) during the next year and that
will able of detecting movements of the star (or, rather,
of characteristic lines of its
spectrum) of just 1 metre
per second.
Alternatively, the masses may
be derived from the timing
variations of the planets’
transit on the stellar disk;
variations caused by the attractions between the planets themselves, which in
practice lead to early or late
transits, whose magnitude
is proportional to the masses involved. Making use of
this option would however
require scheduling an intensive photometric monitoring campaign with the
effective involvement of
the major telescopes in the
world, which would be
rather difficult to accomplish without adequate planning. Regardless of the lines
along which the investigation on TRAPPIST-1 system
will proceed, there are some
chances of finding, right
there, the first habitable
extrasolar planet.
n
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Fragment from Earth’s fo
returns after billions of y
by ESO

A

stronomers have found a
unique object that appears
to be made of inner Solar
System material from the time
of Earth’s formation, which
has been preserved in the
Oort Cloud far from the Sun
for billions of years. Observations with ESO’s Very
Large Telescope, and the
Canada-France-Hawai`i
Telescope, show that
C/2014 S3 (PANSTARRS)
is the first object to be
discovered on a longperiod cometary orbit
that has the characteristics of a pristine
inner Solar System asteroid. It may provide important clues about how
the Solar System formed.
In a paper published in the
journal Science Advances,
lead author Karen Meech of
the University of Hawai`i’s Institute for Astronomy and her colleagues conclude that C/2014 S3
(PANSTARRS) formed in the inner
Solar System at the same time as
the Earth itself, but was ejected at
a very early stage. Their observations indicate that it is an ancient

A

rocky
body, rather than a contemporary
asteroid that strayed out. As

rtist's impression of the unique object C/2014 S3 (PANSTARRS). Observations
with ESO’s Very Large Telescope, and the Canada France Hawai`i Telescope,
show that this is the first object to be discovered that is on a long-period cometary
orbit, but that has the characteristics of a pristine inner Solar System asteroid. It may
provide important clues about how the Solar System formed. [ESO/M. Kornmesser]

such, it is one
of the potential building blocks
of the rocky planets, such as the
Earth, that was expelled from the

JULY-AUGUST 2016
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formation
f years

inner
Solar System and preserved
in the deep freeze of the
Oort Cloud for billions of years.
The Oort Cloud is a huge region

JULY-AUGUST 2016

surrounding the
Sun like a giant,
thick soap bubble. It is
estimated that it contains trillions
of tiny icy bodies. Occasionally,
one of these bodies gets nudged
and falls into the inner Solar System, where the heat of the Sun
turns it into a comet. These icy
bodies are thought to have been
ejected from the region of the

giant planets as these were forming, in the early days of the Solar
System. Karen Meech explains the
unexpected observation: “We
already knew of many asteroids, but they have
all been baked by billions of years near
the Sun. This one is
the first uncooked asteroid we
could observe:
it has been preserved in the
best freezer
there is.”
C/2014 S3
( P A N S TA R R S )
was originally identified by the
P a n - S TA R RS1
telescope as a
weakly active
comet a little
over twice as
far from the Sun
as the Earth. Its
current long orbital period (around 860
years) suggests that
its source is in the Oort
Cloud, and it was nudged
comparatively recently into
an orbit that brings it closer to
the Sun. The team immediately noticed that C/2014 S3 (PANSTARRS)
was unusual, as it does not have
the characteristic tail that most
long-period comets have when
they approach so close to the Sun.
As a result, it has been dubbed a
Manx comet, after the tailless cat.
Within weeks of its discovery, the
team obtained spectra of the very
faint object with ESO’s Very Large
Telescope in Chile.
Careful study of the light reflected by C/2014 S3 (PANSTARRS) indicates that it is typical of asteroids
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T

his image of C/2014
S3 (PANSTARRS)
was acquired using the
Canada-France-Hawai`i
Telescope. [K. Meech
(IfA/UH)/CFHT/ESO]

known as S-type, which
are usually found in the
inner asteroid main belt.
It does not look like a
typical comet, which are
believed to form in the
outer Solar System and
are icy, rather than rocky.
It appears that the material has undergone very
little processing, indicating that it has been
deep frozen for a very
long time.
The very weak cometlike activity associated
with C/2014 S3 (PANSTARRS), which is consistent with the sublimation of water ice, is
about a million times
lower than active longperiod comets at a similar distance from the Sun. The authors conclude that this object is
probably made of fresh inner Solar System material that has been

stored in the Oort Cloud and is
now making its way back into the
inner Solar System.
A number of theoretical models
are able to reproduce much
of the structure
we see in the
Solar System.
An important
difference behttp://www.eso.org/public/unitedkingdom/videos/eso1614a/
tween
these
models is what
they
predict
about the objects that make
up the Oort
Cloud.
Different modhis video shows the probable dynamic history of C/2014 S3
els
predict sig(PANSTARRS) in both the inner and outer Solar System,
nificantly difover a period of more than four billion years. [ESO/L. Calçada]
ferent ratios of

T

icy to rocky objects. This first discovery of a rocky object from the
Oort Cloud is therefore an important test of the different predictions of the models.
The authors estimate that observations of 50–100 of these Manx
comets are needed to distinguish
between the current models, opening up another rich vein in the
study of the origins of the Solar
Sys-tem.
Co-author Olivier Hainaut (ESO,
Garching, Germany), concludes:
“We’ve found the first rocky
comet, and we are looking for
others. Depending how many we
find, we will know whether the
giant planets danced across the
Solar System when they were
young, or if they grew up quietly
without moving much.”
n
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Catch a Star 2016 Contest Now Open
Catch a Star is a contest organised as a collaboration
between the European Association for Astronomy
Education (EAAE) and ESO. Its goal is to stimulate the creativity and independent work of
students, to strengthen and expand their
astronomical knowledge and skills.
How to Participate
http://www.eaae-astronomy.org/catchastar/participate-menu

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

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

sure and characterize the material
being accreted by the star.
What they found is that the white
dwarf appears to be accreting the
group of researchers using
outer-most layers of a differentithe W. M. Keck Observatory
ated, rocky extrasolar body (i.e., the
have discovered a planet-like
surface of massive, planet-like obbody that may have been encrusted
ject) from its exin limestone and is
tant planetary syshaving its surface
tem.
layers devoured by
“Spectroscopic obits deceased host
servations of the
star. In addition to
white dwarf allowextending a relaed us to measure
tively new method
the abundances of
of determining the
the rocky material
chemical composias it is being action of planets to
creted and filtered
examine their inthrough the star’s
ternal structure,
atmosphere in real
the team found
time,” Melis said.
that the rocky ma“We can see the
terial being accretmaterial that used
ed by the star
to make up this
could be complanet being acprised of minerals
creted and replenthat are typically
ished on a daily
associated
with
timescale. What
marine life prowe see is what the
cesses here on
rock was made
Earth. The team –
of.”
comprised of Carl
This may be the
Melis of University
he Keck II (twin of the Keck I) 10-meter, 36-segment mirror is seen from a
single best tool
of California, San
bird's eye view nearly 30 meters above. [Laurie Hatch]
astronomers have
Diego and Patrick
used Keck Observatory’s HIRES into determine the chemical composiDufour of the Université de Monstrument fitted to the 10-meter
tion of planets, according to Luca
tréal – announced their findings at
Keck I telescope as well as data from
Rizzi, Support Astronomer at Keck
the 228th meeting of the American
the Hubble Space Telescope to meaAstronomical Society.
Observatory.

A

T

Building on past observations of the
white dwarf called SDSSJ1043+0855
(the dead core of a star that originally was a few times the mass of
the Sun), which has been known to
be gobbling up rocky material in its
orbit for almost a decade, the team
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“We've known for some time that
surfaces) is difficult. The terrestrial
More likely than not, it’s going to
examining the accreted remains of
planets in our Solar system are said
come as a nuanced signature that
rocky planets in the atmosphere of
to live in a “carbon desert” since
may not be immediately recogniztheir host white dwarf star can give
they are so heavily depleted in this
able.”
bulk chemical composition informaelement — the planetary surface
Non-biological processes can protion, and now it looks like we can
being accreted by this white dwarf
duce calcium-carbonate too, so its
even hone in on
presence isn't necspecific layers of
essarily a smoking
an accreted body
gun, even if it is
in some fortuconfirmed.
itous cases,” Melis
“There’s a lot of
said. Determining
hoops to jump
the chemical comthrough before
position or strucwe can settle on
ture of planets
the
conclusion
outside of the
that life was inSolar system to
volved in what we
date has been
are observing,”
elusive at best.
Dufour said. Spe“It’s a huge issue
cifically, the inferin exo-planetolred presence of
ogy right now,”
calcium-carbonrtist's impression of the surface of the massive, planet-like body being devourMelis added.
ate came from exed by the white dwarf SDSSJ1043+0855. The Keck Observatory and Hubble
“The major exoamining the atomSpace Telescope data (shown in inset) show calcium and carbon, the presence of
planet identifyic leftovers of the
which can be explained with a model suggesting the surface of the planet may have
ing methods can't been encrusted in limestone (calcium-carbonate). This material was removed from
planet accretion
tell you what a the surface of the massive rocky body, probably through large-scale collisions, subevent in the atplanet is made of sequently shredded into a disk of material, and accreted by the white dwarf star
mosphere of the
or what it's struc- (ringed object seen in the planet's sky). [A. Hara/C. Melis/W. M. Keck Observatory]
white dwarf star –
ture is.”
after the preWhile the finding will provide a new
star could have as much as several
sumed dust from the planet’s demolangle for scientists to study the chemhundred times more carbon than
ished surface was consumed by the
ical composition and structure of
the surface of the Earth.
white dwarf. The next step will be to
rocky planets, the possibility that life
“This method allows us to truly get
look at the dust in a mineral state
may have contributed to the infera glimpse of what aliens might be
before it falls into the star, to both
red mineralogy certainly intrigued
standing on,” Melis said. “In this
confirm its composition and to meathe team.
particular case, the presence of such
sure its concentration. “Future obserThe researchers’ finding shows that
high levels of carbon is unique and
vations with the James Webb Space
SDSSJ1043+0855 is accreting the surreally needs to be explained.
Telescope can confirm calcium-carface of a body that has large enOur choice of calcium-carbonate as
bonate if it is present. If we are able
hancements of carbon. This feature
a potential carrier of the carbon proto get to that point, then you have to
— combined with mild enhancevides a natural way for it to be lockask: Is there enough there for it to be
ments of calcium and oxygen —
ed up in the planet and eventually
produced with natural processes?”
points to the possibility of the matedelivered to the white dwarf star, is
Melis concluded. While the presence
rial coming in the form of calciumentirely consistent with the observaof the calcium-carbonate is still in
carbonate, a mineral that is often
tions in hand, and of course is sugquestion, the study shows strong eviassociated with shelled marine orgestive. When people think about
dence that the accreted material is alganisms here on Earth. Calcium-carfinding extra-terrestrial life, they
most certainly coming from the outer
bonate is attractive as a mineral
think about Hollywood dramatizalayers of a planet-like object and that
constituent of this planet-like body
tions. But the first evidence of life
white dwarf stars hold promise in inas incorporating and entraining caroutside of our Solar system will probforming on the structure of planets
bon in rocky objects (especially their
ably come in a much subtler form.
outside of the Solar system.
n

A

chronicles EN:l'Astrofilo 21/06/16 09:17 Page 18

SPACE CHRONICLES

ALMA measures mass
of black hole with
extreme precision
by ALMA Observatory

S

upermassive black holes, some
weighing millions to billions of
times the mass of the Sun, dominate the centers of their host galaxies. To determine the actual mass
of a supermassive black hole, astronomers must measure the strength
of its gravitational pull on the stars
and clouds of gas that swarm
around it.
Using the Atacama Large Millimeter/submillimeter Array (ALMA), a
team of astronomers has delved remarkably deep into the heart of a
nearby elliptical galaxy to study the
motion of a disk of cold interstellar gas encircling the supermassive
black hole at its center. These observations provide one of the most
accurate mass measurements to
date for a black hole outside of our
Galaxy, helping set the scale for
these cosmic behemoths.
To obtain this result, Aaron Barth,
an astronomer at the University of
California, Irvine (UCI) and his team
used ALMA to measure the speed
of carbon monoxide gas in orbit
around the black hole at the center
of NGC 1332, a massive elliptical
galaxy approximately 73 million
light-years from Earth in the direction of the southern constellation
Eridanus. “Measuring the mass of a
black hole accurately is very challenging, even with the most power-

ful telescopes on Earth or in space,”
Barth said. “ALMA has the revolutionary ability to observe disks of
cold gas around supermassive black
holes at small enough scales that
we can clearly distinguish the black
hole's influence on the disk's rotational speed.”
The ALMA observations reveal details of the disk's structure on the
order of 16 light-years across.
They also measure the disk's rotation well within the estimated 80
light-year radius of the black hole's
“sphere of influence” – the region
where the black hole's gravity is
dominant. Near the disk's center,
ALMA observed the gas traveling
at more than 500 kilometers per
second.
By comparing these data with simulations, the astronomers calculated that the black hole at the center of NGC 1332 has a mass 660 million times greater than our Sun,
plus or minus ten percent. This is
about 150 times the mass of the
black hole at the center of the
Milky Way, yet still comparatively
modest relative to the largest black
holes known to exist, which can be
many billions of solar masses.
ALMA's close-in observations were
essential, the researchers note, to
avoid confounding the black hole
measurement with the gravitational influence of other material –
stars, clouds of interstellar gas, and
dark matter – that comprises most

of the galaxy's overall mass. “This
black hole, though individually
massive, accounts for less one percent of the mass of all the stars in
the galaxy,” noted Barth. “Most of
a galaxy's mass is in the form of
dark matter and stars, and on the
scale of an entire galaxy, even a
giant black hole is just a tiny speck
in the center. The key to detecting
the influence of the black hole is to
observe orbital motion on such
small scales that the black hole's
gravitational pull is the dominant
force.” This observation is the first
demonstration of this capability for
ALMA. Astronomers use various
techniques to measure the mass of
black holes. All of them, however,
rely on tracing the motion of objects as close to the black hole as
possible. In the Milky Way, powerful ground-based telescopes using
adaptive optics can image individual stars near the galactic center
and precisely track their trajectories over time.
Though remarkably accurate, this
technique is feasible only within our
own Galaxy; other galaxies are too
distant to distinguish the motion of
individual stars.
To make similar measurements in
other galaxies, astronomers either
examine the aggregate motion of
stars in a galaxy's central region, or
trace the motion of gas disks and
mega-masers − natural cosmic radio
sources. Previous studies of NGC
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C

ombined image of NGC 1332 shows the central disk of gas surrounding the supermassive black hole at the center of the
galaxy. New ALMA observations traced the motion of the disk, providing remarkably precise measurements of the black
hole's mass: 660 million times the mass of our Sun. The main image is from the Carnegie-Irvine Galaxy Survey. The box in
the upper left is from the Hubble Space Telescope and shows the galaxy's central region in infrared light and the dusty disk
appears as a dark silhouette. The ALMA image, upper right box, shows the rotation of the disk, enabling astronomers to
calculate its mass. The red region in the ALMA image represents emission that has been redshifted by gas rotating away
from us; the blue represents blue-shifted gas rotating toward us. The range of colors represent rotational speeds up to 500
kilometers per second. [A. Barth (UC Irvine), ALMA (NRAO/ESO/NAOJ); NASA/ESA Hubble; Carnegie-Irvine Galaxy Survey]

1332 with ground- and space-based
telescopes gave wildly different estimates for the mass of this black
hole, ranging from 500 million to
1.5 billion times the mass of the
Sun. The new ALMA data confirm
that the lower estimates are more
accurate. Crucially, the new ALMA
observations have higher resolution than any of the past observations. ALMA also detects the emission from the densest, coldest com-

ponent of the disk, which is in a
remarkably orderly circular motion
around the black hole. Many past
measurements made with optical
telescopes, including the Hubble
Space Telescope, focused on the
emission from the hot, ionized gas
orbiting in the central region of a
galaxy.
Ionized-gas disks tend to be much
more turbulent than cold disks,
which leads to lower precision when

measuring a black hole's mass. “ALMA can map out the rotation of gas
disks in galaxy centers with even
sharper resolution than the Hubble
Space Telescope,” noted UCI graduate student Benjamin Boizelle, a
co-author on the study.
“This observation demonstrates a
technique that can be applied to
many other galaxies to measure
the masses of supermassive black
holes to remarkable precision.” n
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Stars and Maya,
discovery
by Michele Ferrara

The time of making scientific discoveries by hashing together different
elements with empirical methods, without the support of solid theoretical bases but simply proceeding by trial and error, has long gone.
Therefore, if a fifteen-year-old claims to have discovered a lost Mayan
city just by simply consulting terrestrial and celestial atlases from the
comfort of his own home, maybe we ought to take a closer look before
endorsing such discovery. And this is what can happen if we don’t...
JULY-AUGUST 2016
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a, a “stupefying”

E

l Castillo at
Chichen Itza is
the most popular
among the Mayan
step-pyramids.
The four stairways have 91
steps each, which
added together
with the summit
platform give a
total of 365 steps.

JULY-AUGUST 2016

I

n the first half of May, a rather surprising
news began to pop up all over the Web,
according to which a teen had discovered
a new Mayan city from his bedroom by
comparing the shape of constellations to
the geographical distribution of known urban settlements of this civilization. In this
article, we will examine this episode as it
offers the opportunity to demonstrate (if
ever there was the need) how any scientific
discovery cannot ignore the prerequisite of

going through the essential steps of the socalled “scientific method”, which involves
observation, hypothesis generation and testing, formulation of theory, reproducibility.
The protagonist of the story is the 15-yearold William Gadoury, from Saint-Jean-deMatha, Québec. As an archaeology and astronomy enthusiast, the young boy had for
some years been gathering information on
Maya settlements in the Yucatan Peninsula, and how often done by “little scien-
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T

he Canadian
Space Agency
headquarters in
Longueuil, Québec, were built in
1992. The building's design concept is inspired by
the International
Space Station and
it was named in
honour of John H.
Chapman, pioneer
of the Canadian
Space Program.
Here is where William Gadoury was
able to gather images for supporting his hypothesis. [Canadian
Space Agency]

tists” he was trying to unravel possible mysteries by following the empirical methods
usually adopted by those who do not yet
have the necessary basic scientific knowledge. Probably knowing that other ancient civilizations arranged their cities to
mirror certain constellations,
William decided to see if also
the Mayans, worshippers of the
starry sky, had adopted that
propitiatory solution. Knowing
through more or less reliable
sources the location of numerous settlements, by trial overlaying the figures of 22 constellations that the Mayans could
have known, William realized
that 142 stars coincided with
117 major urban centres that

W

illiam Gadoury during the illustration of his hypothesis
on the correlation between the
shape of constellations and Maya
urban sprawl.

the Mayan people built and occupied
along the Yucatan Peninsula. The young
boy also noticed a certain correspondence
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W

illiam meets
Daniel De
Lisle, Canadian
Space Agency
project officer.
The outcome of
this meeting will
result rather controversial. [Canadian Space Agency]

between the brightest stars and the largest
Maya cities. Encouraged by the results, he
continued his research and on a not clearly
identifiable source he found references to
a possible 23rd constellation known by the
Mayans, made up of only three stars, that
the Québec teen projected onto the settlements still waiting for a “heavenly match”.
Two stars appeared to coincide with as
many cities, while the third was not projecting onto any known archaeological
site. At that point William
had a remarkable intuition: perhaps the third
city exists, but it has not
been yet discovered because hidden deep in the
thick jungles of that region; if that’s so, the third
star will tell us exactly
where to look for it.

W

illiam proudly showing a framed print
that reads “my new archaeoastronomy discovery”. Unfortunately for him, the
truth turned out to be quite
different. [Hydro-Québec]

It was with this seemingly sound reasoning
that William asked for the help of the Canadian Space Agency, which let him put his
hands on some satellite images of the area
where that missing city should have been.
Not yet satisfied with these images produced by NASA and JAXA, the teen visited
also dozens of websites where similar material could be consulted, including images
taken in 2005 showing the supposed area
after a fire had thinned down its dense veg-
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etation, making in this way easier the identification of any ruins undetectable before.
At this stage of his research, the enterprising William was been assisted by Armand
Larocque, a remote sensing specialist of
the Université du Nouveau-Brunswick, Fredericton. In the throes of enthusiasm for
what seemed to be emerging from the satellite images, Laroque started making premature press releases, which along with
those made by his very young “colleague”
were quickly picked up and published by
the Journal de Montréal. A William’s
phrase that sums up well the situation:
“When last January, Dr. Larocque confirmed
to me that they distinguished a pyramid

and about thirty other structures, it was extraordinary”. The little scientist decided to
also give a name to the elusive city, K'aak
Chi, or “Mouth of Fire”.
Once released, the incredible news spread
like wildfire in just a few days and the matter began to take on bizarre overtones.
Here are some examples. Daniel De Lisle,
Canadian Space Agency, in presenting a
medal of merit to the young discoverer,
said: “What is fascinating in William’s project is the depth of his research. Finding a
link between the position of stars and the
location of a lost city [...] was quite exceptional”. To make things even worse, Laroque added: “Discovering hidden human

E

l Caracol, the
famous Mayan
astronomical observatory at Chichen Itza, embellishes the map
showing the location of the elusive city discovered by William
with the help (so
to speak) of Armand Larocque
and Daniel De
Lisle. [Le Journal
de Montréal]
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T

he Google
Earth maps
used to confirm
the existence of
a pyramid (top,
where in reality
what is seen are
two polygonal
structures) and a
settlement of
about thirty houses (side). These
features have
been wrongly interpreted as buildings of an unknown Mayan
city. [Google
Earth]

structures in the Yucatan jungle was not an
easy task, but the use of satellite images,
as well as the contribution of digital image
processing, allowed to bring out these
structures and confirm their possible existence”. Yet again De Lisle, in a statement
to The Independent, with reference to the
satellite images: “There are linear features
that would suggest there is something
underneath that big
canopy”. From the
Daily Mail we also
learn that: “Dr. Larocque thinks William
Gadoury’s technique
could lead archaeologists to pinpointing
the location of more
possible lost Maya
metropolises”. If all
this wasn’t enough,
someone even started thinking about a
scientific paper for
announcing the discovery on specialist
magazines, with William among its authors. In addition, a

fundraising was launched to take the very
young discoverer and the results of his
work at the Expo-Sciences International
2017, in Brazil.
If this was really the way science worked,
it would be reasonable to cast some doubt
on the capabilities of hundreds of archaeologists that for generations explored every
corner of the Yucatan Peninsula to search

maya EN:l'Astrofilo 21/06/16 09:27 Page 26

ARCHAEOASTRONOMY

and study Maya settlements. It is hard to
believe that none of these professionals
had ever tempted, during a lifetime devoted to these specific issues, to follow the
same path followed by William in his spare
time. And in fact, in the same days in which
the news was going viral (around 10/11
May), Maya civilization experts began to
look into the claim and the conclusions
they drew must have kept the innocent
William sleepless.
The first bitter blow came from a comment
in The Washington Post: “Gadoury’s enthusiasm is wonderful, and he did a neat experiment. But how much can we conclude
from his informal findings? Not much. [...]
Without a formal, peer-reviewed study of
the stars-and-cities hypothesis (and even
with one), it’s a bit reckless to run with the
conclusion that it has been proven. And
now many experts have chimed in to express skepticism”. In an article published by

Wired magazine, Susan Milbrath, a curator
at the Florida Museum of Natural History,
recalled that the famous New York archaeologist Edward Barna Kurjack (who died
two years ago) used to say that the Maya
area was so densely occupied during the
classic period of that civilization (250-900
AD), that in any given part of that territory you were likely to find an archaeological site. Thus the apparent correlation between constellations and cities could be
random. Always on Wired, the science journalist Sarah Zhang pointed out that, in reality, we do not know if and which stars
have been clustered into constellations by
the Mayans, and consequently those used
by William may have been unknown to
that culture.
Among the first Mayan experts to intervene there was David Stuart, an anthropologist from the Mesoamerica CenterUniversity of Texas at Austin: “The whole

B

elow, the promotional material of a non-discovery: dedicated
posters, trophies,
medals and the
“precious” book
showing Mayan
constellations
that not even the
Mayans knew. We
wish William to
become a more
cautious scientist
than those he met
so far. [Le Journal
de Montréal, Martin Chevalier]
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A

possible
close-up view
of the pyramid
that dominated
the Mayan city
“Mouth of Fire”:
the pyramid does
not exist and in
its place there is
probably a lush
marijuana field!

thing is a mess – a terrible example of junk
science hitting the Internet in freefall. The
ancient Maya didn’t plot their ancient cities according to constellations. Seeing such
patterns is a Rorschach process [a sort of
optical illusion], since sites are everywhere and so are stars”. Similarly skeptical was Ivan Šprajc of the Institute of
Anthropological and Spatial Studies, Slovenia, who confirmed to Gizmodo: “Very few
Maya constellations have been identified,
and even in these cases we do not know
how many and which stars exactly composed each constellation. It is thus impossible to check whether there is any correspondence between the stars and the
location of Maya cities”. Always on Gizmodo, Thomas Garrison, an anthropologist
at the University of Southern California
Dornsife and remote sensing expert, pointed out that the satellite images provided
to William do not show a pyramid, but a
wheat or corn field, left fallow for 10-15
years, and added: “This is obvious to
anyone that has spent any time at all in the
Maya lowlands”. The final blow on the al-

leged discovery was delivered by Geoffrey
E. Braswell, of the Mesoamerican Archaeology Laboratory at the University of California, San Diego. Braswell knew the area
indicated by the young boy as he visited it
with some colleagues for research studies,
and here is how he commented the two satellite photos produced by William in support of his hypothesis: “An image shows a
small seasonally dried patch of swamp
about 500 m north of the Laguna El Manguito”. Thus, no Maya settlement, with the
thirty or so buildings seen there that just
vanish into nothing. As regards the image
of the alleged pyramid, Braswell concluded: “The other image shows two rectangular features on the southeast edge of a
dried seasonal lagoon. This is the Laguna
El Civalón in southeast Campeche. The two
rectangular features identified as pyramids
are small fields filled with weeds. The fields
may be fallow or may be active marijuana
fields, which are common in the area”.
In a sense, that of the budding scientist
William Gadoury may have truly been a
“stupefying” discovery!
n
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Hubble captures
birthday bubble
by NASA

T

his new Hubble Space Telescope image, released to celebrate Hubble’s 26th year in
orbit, captures in stunning clarity
what looks like a gigantic cosmic
soap bubble. The object, known as
the Bubble Nebula, is in fact a cloud
of gas and dust illuminated by the
brilliant star within it.
The vivid new portrait of this dramatic scene wins the Bubble Nebula a place in the exclusive Hubble
hall of fame, following an impressive lineage of Hubble anniversary
images.
Twenty six years ago, the NASA/ESA
Hubble Space Telescope was launched into orbit aboard the space shuttle Discovery as the first space telescope of its kind. Every year, to commemorate this momentous event
in space history, Hubble spends a
modest portion of its observing
time capturing a spectacular view
of a specially chosen astronomical
object.
This year’s anniversary object is
the Bubble Nebula, also known as
NGC 7635, which lies 8,000 light-

years away in the constellation
Cassiopeia. This object was
first discovered by William
Herschel in 1787 and this
is not the first time it
has caught Hubble’s eye. However, due to its
very
large
size on the
sky, prev i o u s
Hubble

T

he Bubble Nebula, also known
as NGC 7635, is an emission
nebula located 8,000 light-years
away. This stunning new image
was observed by the NASA/ESA
Hubble Space Telescope to celebrate its 26th year in space. [NASA, ESA, Hubble Heritage Team]
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images have only shown small
sections of the nebula, providing
a much less spectacular overall
effect. Now, a mosaic of four images from Hubble’s Wide Field
Camera 3 (WFC3) allows us to see
the whole object in one
picture for the first
time. This complete view
of the

Bubble Nebula
allows us to
fully
appreciate the almost perfectly
symmetrical
shell
which
http://www.spacetelescope.org/videos/heic1608e/
gives the nebula its name.
This shell is
the result of
a
powerful
flow of gas —
known as a
stellar wind
his animation, using the observation from the NASA/ESA
— from the
Hubble Space Telescope, gives an impression on the 3D
b r i g h t structure of the Bubble Nebula. [ESA/Hubble, M. Kornmesser]
s t a r
visible just to the left
around ten light-years in diameter,
of centre in this imit is still growing, owing to the conage. The star, SAO
stant pressure of the stellar wind —
20575, is between
currently at more than 100,000 kiten and twenty
lometres per hour!
times the mass
Aside from the symmetry of the
of the Sun and
bubble itself, one of the more strikthe pressure
ing features is that the star is not
created by its
located at the centre. Astronomers
stellar wind
are still discussing why this is the
forces the
case and how the perfectly round
surroundbubble is created nonetheless. The
ing interstar causing the spectacular colourstellar
ful bubble is also notable for somematerial
thing less obvious. It is surrounded
outwards
by a complex system of cometary
into this
knots, which can be seen most clearbubblely in this image just to the right of
like form.
the star.
The giant
The individual knots, which are genmolecular
erally larger in size than the Solar
cloud that
System and have masses comparasurrounds
ble to Earth’s, consist of crescent
the star —
shaped globules of dust with large
glowing in
trailing tails illuminated and ionthe star’s inised by the star.
tense ultraObservations of these knots, and of
violet radiathe nebula as a whole, help astrontion — tries to
omers to better understand the
stop the expangeometry and dynamics of these
sion of the bubvery complicated systems.
ble. However, alAs always, and twenty six years on,
though the sphere
Hubble gives us much more than a
already
measures
pretty picture.
n
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Faintest early-universe
galaxy ever, detected
and confirmed
by Keck Observatory

A

n international team of
scientists has detected and
confirmed the faintest earlyUniverse galaxy ever using the W. M.
Keck Observatory on the summit on
Maunakea, Hawaii. In addition to

using the world’s most powerful
telescope, the team relied on gravitational lensing to see the incredibly
faint object born just after the Big
Bang. The team detected the galaxy
as it was 13 billion years ago, or
when the Universe was a toddler on
a cosmic time scale. The detection
was made using the DEIMOS instru-

ment fitted on the ten-meter Keck
II telescope, and was made possible
through a phenomenon predicted
by Einstein in which an object is
magnified by the gravity of another
object that is between it and the
viewer. In this case, the detected galaxy was behind the galaxy cluster
MACS2129.4-0741, which is massive

C

olor
image of
the cluster
taken with
Hubble
Space Telescope (images in three
different filters were
combined to
make an RGB
image). In
the inset we
show three
spectra of
the multiply
imaged systems. They
have peaks
at the same
wavelength,
hence showing that they
belong to
the same
source. [Bradac/HST/W.
M. Keck Observatory]
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D

EIMOS
(DEep
Imaging
Multi-Object Spectrograph)
is a visible-wavelength,
faint-object,
multi-slit
imaging
spectrograph in
operation
at the
Nasmyth
focus of
the Keck
II telescope
since
2002. [W.
M. Keck
Observatory]

enough to create three different
images of the object. “Keck Observatory's telescopes are simply the
best in the world for this work,”
said Marusa Bradac, a professor at
University of California, Davis, who
led the team. “Their power, paired
with the gravitational force of a
massive cluster of galaxies, allows us
to truly see where no human has
seen before.”
“Because you see three of them and
the characteristics are exactly the
same, that means it was lensed,”
said Marc Kassis, staff astronomer at
Keck Observatory who assists the
discovery team at night. “The other
thing that is particularly interesting
is that it is small. The only way they
would have seen it is through lensing. This allowed them to identify it
as an ordinary galaxy near the edge
of the visible Universe.”
“If the light from this galaxy was

not magnified by factors of eleven,
five and two, we would not have
been able to see it,” said KuangHan Huang, a team member from
UC Davis. “It lies near the end of the
reionization epoch, during which
most of the hydrogen gas between
galaxies transitioned from being
mostly neutral to being mostly ionized (and lit up the stars for the first
time). That shows how gravitational
lensing is important for understanding the faint galaxy population that
dominates the reionization photon
production.”
The galaxy’s magnified images were
originally seen separately in both
Keck Observatory and Hubble Space
Telescope data. The team collected
and combined all the Keck Observatory/DEIMOS spectra from all three
images, confirming they were the
same and that this is a triply-lensed
system. “We now have good con-

straints on when the reionization
process ends – at redshift around 6
or 12.5 billion years ago – but we
don’t yet know a lot of details
about how it happened,” Huang
said. “The galaxy detected in our
work is likely a member of the faint
galaxy population that drives the
reionization process.”
“This galaxy is exciting because the
team infers a very low stellar mass,
or only one percent of one percent
of the Milky Way galaxy,” Kassis
said. “It’s a very, very small galaxy
and at such a great distance, it’s a
clue in answering one of the fundamental questions astronomy is
trying to understand: What is causing the hydrogen gas at the very
beginning of the Universe to go
from neutral to ionized about 13
billion years ago. That’s when stars
turned on and matter became
more complex.”
n
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A beautiful
instance
of stellar
ornamentation
by ESO

I

n this image from ESO’s Very
Large Telescope (VLT), light
from blazing blue stars energises the gas left over from
the stars’ recent formation.
The result is a strikingly colourful emission nebula, called
LHA 120-N55, in which the
stars are adorned with a mantle of glowing gas. Astronomers study these beautiful
displays to learn about the
conditions in places where
new stars develop.
LHA 120-N55, or N55 as it is
usually known, is a glowing
gas cloud in the Large Magellanic Cloud (LMC), a satellite
galaxy of the Milky Way located about 163,000 light-years
away. N55 is situated inside a
supergiant shell, or superbubble called LMC 4.
Superbubbles, often hundreds
of light-years across, are formed when the fierce winds from
newly formed stars and shockwaves from supernova explosions work in tandem to blow
away most of the gas and dust
that originally surrounded
them and create huge bubble-

shaped cavities. The material
that became N55, however,
managed to survive as a small
remnant pocket of gas and
dust. It is now a standalone
nebula inside the superbubble and a grouping of brilliant blue and white stars —
known as LH 72 — also managed to form hundreds of millions of years after the events
that originally blew up the
superbubble. The LH 72 stars
are only a few million years
old, so they did not play a
role in emptying the space
around N55. The stars instead
represent a second round of
stellar birth in the region.
The recent rise of a new population of stars also explains
the evocative colours surrounding the stars in this image. The
intense light from the powerful, blue–white stars is stripping nearby hydrogen atoms
in N55 of their electrons, causing the gas to glow in a characteristic pinkish colour in visible light.
Astronomers recognise this telltale signature of glowing hydrogen gas throughout galaxies as a hallmark of fresh
star birth. While things seem

quiet in the star-forming region of N55 for now, major
changes lie ahead. Several million years hence, some of the
massive and brilliant stars in
the LH 72 association will themselves go supernova, scattering N55’s contents. In effect, a
bubble will be blown within a
superbubble, and the cycle of
starry ends and beginnings
will carry on in this close neighbour of our home galaxy.
This new image was acquired
using the FOcal Reducer and
low dispersion Spectrograph
(FORS2) instrument attached
to ESO's VLT.
It was taken as part of the
ESO Cosmic Gems programme, an outreach initiative to
produce images of interesting, intriguing or visually attractive objects using ESO
telescopes for the purposes
of education and public outreach.
The programme makes use of
telescope time that cannot
be used for science observations. All data collected may
also be suitable for scientific
purposes, and are made available to astronomers through
ESO’s science archive.
n
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Hubble discovers moon
orbiting the dwarf
planet Makemake
by NASA

Makemake is one of
five dwarf planets recognized by the Intereering to the outnational Astronomical
skirts of our solar
Union. The observasystem, NASA's
tions were made in
Hubble Space TeleApril 2015 with Hubscope has spotted a
ble's Wide Field Camsmall, dark moon orera 3. Hubble's unique
biting Makemake, the
ability to see faint obsecond brightest icy
jects near bright ones,
dwarf planet — after
together with its sharp
Pluto — in the Kuiper
resolution, allowed asBelt. The moon — protronomers to pluck out
visionally designated
the moon from MakeS/2015 (136472) 1 and
make's glare. The obnicknamed MK 2 — is
serving team used the
more than 1,300 times
same Hubble techfainter than Makenique to observe the
make. MK 2 was seen
moon as they did for
approximately 13,000
finding the small satelmiles from the dwarf
lites of Pluto in 2005,
planet, and its diame2011, and 2012. Sevter is estimated to be
eral previous searches
100 miles across.
around
Makemake
Makemake is 870 miles
had turned up empty.
his artist's concept shows the distant dwarf planet Makemake
and its newly discovered moon. Makemake and its moon, nickwide. The dwarf plan“Our preliminary estiet, discovered in 2005, named MK 2, are more than 50 times farther away than Earth is from
mates show that the
is named after a crea- the sun. The pair resides in the Kuiper Belt, a vast reservoir of leftmoon's orbit seems to
tion deity of the Rapa over frozen material from the construction of our solar system 4.5
be edge-on, and that
Nui people of Easter Is- billion years ago. Makemake is covered in bright, frozen methane
means that often when
land. The Kuiper Belt is that is tinted red by the presence of complex organic material. Its
you look at the system
moon is too small to retain ices as volatile as methane, even given
a vast reservoir of leftyou are going to miss
the feeble heating by the very distant Sun, and likely has a much darkover frozen material er surface. MK 2 is orbiting 13,000 miles from the dwarf planet, and
the moon because it
from the construction its estimated diameter is roughly 100 miles across. Makemake is 870
gets lost in the bright
of our solar system 4.5 miles wide. [NASA, ESA, and A. Parker (Southwest Research Institute)]
glare of Makemake,”
billion years ago and
said Alex Parker of the
lites, but this is the first discovery of
home to several dwarf planets. Some
Southwest Research Institute, Boula companion object to Makemake.
of these worlds have known satelder, Colorado, who led the image

P

T
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analysis for the observais in a special orientations. A moon's discovery
tion, these dark patches
can provide valuable inshould make the dwarf
formation on the dwarfplanet's brightness vary
planet system. By measubstantially as it rotates.
suring the moon's orbit,
But this amount of variastronomers can calcuability has never been
late a mass for the sysobserved. These previous
tem and gain insight into
infrared data did not
its evolution.
have sufficient resoluUncovering the moon
tion to separate Makealso reinforces the idea
make from MK 2. The
that most dwarf planets
team's reanalysis, based
have satellites.
on the new Hubble ob“Makemake is in the
servations, suggests that
class of rare Pluto-like
much of the warmer surobjects, so finding a comface detected previously
panion is important,”
in infrared light may, in
Parker said. “The disreality, simply have been
covery of this moon has
the dark surface of the
given us an opportunity
companion MK 2.
to study Makemake in
There are several possifar greater detail than
bilities that could explain
we ever would have
why the moon would
been able to without the
have charcoal-black surhis Hubble Space Telescope image reveals the first moon ever
companion.”
face,
even though it is
discovered around the dwarf planet Makemake. The tiny
Finding this moon only moon, located just above Makemake in this image, is barely visible
orbiting a dwarf planet
increases the parallels be- because it is almost lost in the glare of the very bright dwarf planthat is as bright as fresh
tween Pluto and Make- et. [NASA, ESA, A. Parker and M. Buie (Southwest Research Instisnow. One idea is that,
make. Both objects are tute), W. Grundy (Lowell Observatory), and K. Noll (NASA GSFC)]
unlike larger objects such
already known to be covas Makemake, MK 2 is
origin. A tight circular orbit means
ered in frozen methane. As was
small enough that it cannot gravitathat MK 2 is probably the product of
done with Pluto, further study of the
tionally hold onto a bright, icy crust,
a collision between Makemake and
satellite will easily reveal the density
which sublimates, changing from solanother Kuiper Belt Object. If the
of Makemake, a key result that will
id to gas, under sunlight. This would
moon is in a wide, elongated orbit,
indicate if the bulk compositions of
make the moon similar to comets
it is more likely to be a captured
Pluto and Makemake are also similar.
and other Kuiper Belt Objects, many
object from the Kuiper Belt. Either
“This new discovery opens a new
of which are covered with very dark
event would have likely occurred
chapter in comparative planetology
material.
several billion years ago, when the
in the outer solar system,” said team
When Pluto's moon Charon was dissolar system was young.
leader Marc Buie of the Southwest
covered in 1978, astronomers quickThe discovery may have solved one
Research Institute, Boulder, Cololy calculated the mass of the system.
mystery about Makemake. Previous
rado. The researchers will need more
Pluto's mass was hundreds of times
infrared studies of the dwarf planet
Hubble observations to make accusmaller than the mass originally
revealed that while Makemake's surrate measurements to determine if
estimated when it was found in
face is almost entirely bright and
the moon's orbit is elliptical or circu1930. With Charon's discovery, asvery cold, some areas appear warmlar. Preliminary estimates indicate
tronomers suddenly knew someer than other areas. Astronomers
that if the moon is in a circular orbit,
thing was fundamentally different
had suggested that this discrepancy
it completes a circuit around Makeabout Pluto. “That's the kind of
may be due to the sun warming dismake in 12 days or longer. Determintransformative measurement that
crete dark patches on Makemake's
ing the shape of the moon's orbit
having a satellite can enable,” Parsurface. However, unless Makemake
will help settle the question of its
ker concluded.
n
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Is there an e
in our solar s
by Michele Ferrara

Of the approximately 5,000 exoplanets identified so far with various
techniques, none is near enough to
leave any hope of reaching it with a
probe in the relatively near future.
But perhaps things are not quite like
that, as there are good reasons to
believe that there is an exoplanet
so close to us that it could be orbiting around the Sun!
JULY-AUGUST 2016
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exoplanet
system?

T

he study by Mike Brown and Konstantin Batygin on the possible existence in our solar system of a ninth
planet located far beyond Neptune's orbit
has led many astronomers to conduct further researches, using numerical simulations, in order to characterize with reduced uncertainty the physical and dyna-

T

he Sun was born some 4.6 billion years
ago in an environment similar to this
stellar cluster (NGC 4755). The high concentration of stars implies that from time to
time they get very close to each other. During one such occurrence, the Sun could have
stolen a planet from another star. [ESO]

JULY-AUGUST 2016
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T

he James
Webb Space
Telescope, of
which we see
here some mirror
segments during
cryogenic testing,
will be one of the
candidate instruments for discovering Planet Nine.
[NASA/MSFC]
Below, Esther Linder and Christoph
Mordasini, the two
researchers who
estimated Planet
Nine’s diameter
and temperature.
[Universität Bern]

mic properties of such planet. One of
these researches was conducted by Christoph Mordasini and Esther Linder (Universität Bern), both experts in planetary evolution modelling. Using their own model
and assuming that Planet Nine (informal
name of the hypothetical object) is a smaller Uranus and Neptune version, the two
scientists reproduced the evolution over
time of some planetary parameters, starting from the formation of the solar system. This allowed determining the current
diameter and temperature of Planet Nine.
Assuming a mass 10 times that of Earth
(established with previous studies), Mordasini and Linder found that the planet
has a diameter 3.7 times that of Earth and
a temperature of minus 226 degrees C, or
47 Kelvin. A so cool object emits almost
exclusively infrared light, nearly entirely
produced by its cooling core.
The Swiss researchers calculated that the
intrinsic energy of Planet Nine is about
1,000 times greater than that received
from the Sun, and that in the absence of
an internal heat production, the surface
temperature of the object would be just

10 Kelvin, thus making it even more elusive. The two researchers have gone even
further and calculated the infrared brightness of the planet also for sizes smaller
and greater than 3.7 Earth diameters.
This is useful for establishing if some telescopes have already photographed the ob-
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F

red Adams and
Gongjie Li are
the authors of a
recent study that
places the origin
of Planet Nine in
our solar system.
Below, left to
right, a scaled
comparison between Uranus,
Neptune and the
hypothetical ninth
planet. [NASA]

ject or not. The conclusion was
that past sky surveys had little
chance of even detecting an object with a mass twice that estimated for Planet Nine, and that
not even the observation program
most suited to that end, i.e. the
Wide-field Infrared Survey Explorer, could have recorded such a subtle presence. According to the
Swiss researchers, only with the entry into service
of instruments like the James
Webb Space Telescope and the
Large Synoptic Survey Telescope (both in advanced construction stage), or with the
implementation of dedicated
surveys, we will be able to determine whether Planet Nine
actually exists or not. Even if
admitting its existence would
be the simplest and most sensible way to
explain the orbital anomalies of some Kuiper Belt objects, not all astronomers agree
on this scenario, mostly due to the difficulty of explaining how a planet so massive could have formed at a distance from
the Sun that (according to the simulation
used as reference) could be between 200
and 1,500 astronomical units (the distance
most widely quoted is close to 700 AU).
Among those who investigated the reason
for such unusual remote location so as to
understand if the planet formed there or

just arrived from somewhere else, there
are Gongjie Li (Harvard-Smithsonian Center for Astrophysics) and Fred Adams (University of Michigan). The two researchers
performed together countless computer
simulations to test three possible scenarios: 1) Planet Nine has migrated from a
more inner region of our solar system; 2)
it is a rogue planet captured
by the Sun; 3) it is an exoplanet stolen from another star
by the Sun.
In the first scenario, supported and complemented by
another study conducted by
Scott Kenyon (Harvard-Smithsonian Center for Astrophysics) and Benjamin Bromley
(University of Utah), Planet
Nine would have been born
not far from the gas giants
of the solar system. When
about 4.5 billion years ago
the planetary orbits were still subject to
instability and the protoplanetary disk
was still present, although thinned, a series of close encounters with Jupiter and
Saturn would have shoved Planet Nine beyond Neptune’s orbit. Almost certainly it
would have dispersed into space if the
remnants of the protoplanetary disk had
not slowed it down to the point of stopping it in a region beyond the Kuiper Belt,
perhaps at a distance in the order of 100
AU. Later, but not by much, a star would
have passed close enough to our solar sys-
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tem to gravitationally perturb Planet Nine’s
orbit. As expected in these cases, not only
the planet's orbit would have become
considerably wider, but it would have also
become decidedly more elliptical, far more
than that of any planet familiar to us. In
spite of the many variables involved, the
positive thing about this scenario is that it
can be verified – assuming, that is, to be
one day able to directly observe Planet
Nine: if its spectral properties were to match
those of a small gas giant,
this would show that it
comes from within the
solar system; if, instead, it
was more like a giant
Pluto, then it could have
formed in a much outer
region, which is not very
likely given the decreasing density of the protoplanetary disk at
increasing distances from the Sun. Once
the shape of the orbit of the hypothetical
planet is exactly known, also its eccentricity will provide some information about

the history of this object. And what about
the scenarios according to which Planet
Nine would actually be an exoplanet
(whether rogue or not) captured by the
Sun in very remote times?
According to Li and Adams there is just a
2 percent chance that things happened
exactly like that. But not all simulations
provide equally pessimistic results. A recent study conducted by Alexander Mustill
and Melvyn Davies (Lund
University, Sweden), together with Sean Raymond (Laboratoire d'Astrophysique de Bordeaux,
France), has produced very
different results which led
the authors to conclude
that it is highly likely that
Planet Nine is a captured
exoplanet. Also in this case
such event would have taken place during
the first million years of existence of the
solar system, when the Sun was still in the
open stellar cluster in which it was born,
along with another thousand stars of va-

G

raphical representation
of the Large Synoptic Survey Telescope inside its
dome. This is another potential
candidate for the
discovery of Planet Nine. [Todd
Mason, Mason
Productions Inc./
LSST Corporation]
Scott Kenyon (left)
and Benjamin
Bromley (below)
have produced a
study that complements that of
Li and Adams.
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A

lexander Mustill, first author
of a study according to which Planet Nine would actually be an exoplanet. Right, the
Wide-field Infrared Survey Explorer telescope, the
instrument that
more than others
may have come
closer to photograph the elusive
Planet Nine.[NASA]

rious sizes. The high stellar density within
the cluster fostered for about 100 million
years the close encounters between stars,
which could pass as close as a few hundred
astronomical units from each other. During those ‘flybys’, if a planet of a star were
to find itself at the border edge of its system (for the reasons foreseen in Li and
Adams’ scenario), it would have stood a
good chance of being stolen.
Mustill and colleagues calculated that if a
planet had been stolen from another star
by the Sun, its current orbit should be sim-

for a transfer of that type to take place,
the minimum separation between the
stars must be less than three times the
distance between the parent star and the
exoplanet, i.e. less than 2,100 AU in our
case. Given that the Kuiper Belt was not
destroyed by the encounter, we can say
that the minimum distance between the
two stars was surely greater than 150 AU.
At this point, for assessing the verisimilitude of the scenario according to which the
explanet was captured by the Sun, we need
to know how often and the distance within

ilar to the one it had around its original
star (in the case of the two stars’ masses
being comparable, otherwise its orbit
would have been smaller), and that the
relative velocity at which the two stars
met had to be very low and similar to the
orbital speed of the stolen planet, i.e.
about 1 km/s.
If the actual orbit of Planet Nine were to
have a semi-major axis of about 700 AU,
we could already have an idea of how the
Sun got closer to the ‘despoiled’ star (or
vice versa if you prefer). In fact, in order

which these close approaches between
stars occur in a typical stellar cluster consisting of a thousand stars. Studies carried out
in this regard over the past decade show
that most of the stars have at least one low
speed ‘near miss’ with others within 1,000
AU, with minimum distances of 250 AU. It
follows that Planet Nine could really be an
exoplanet, and, in that case, we would
have a unique opportunity to study up
close an object otherwise unreachable with
current technology. But first we must figure out where it is hiding.
n

chronicles EN:l'Astrofilo 21/06/16 09:18 Page 42

SPACE CHRONICLES

Cloudy days on
exoplanets may hide
atmospheric water
by NASA

W

ater is a hot topic in the
study of exoplanets, including “hot Jupiters,”
whose masses are similar to that of
Jupiter, but which are much closer
to their parent star than Jupiter is
to the Sun. They can reach a scorching 2,000 degrees Fahrenheit (1,100
degrees Celsius), meaning any water they host would take the form
of water vapor. Astronomers have
found many hot Jupiters with water
in their atmospheres, but others
appear to have none. Scientists at
NASA's Jet Propulsion Laboratory,
Pasadena, California, wanted to
find out what the atmospheres of
these giant worlds have in common.
Researchers focused on a collection
of hot Jupiters studied by NASA's
Hubble Space Telescope.
They found that the atmospheres of
about half of the planets were blocked by clouds or haze. “The motivation of our study was to see what
these planets would be like if they
were grouped together, and to see
whether they share any atmospheric properties,” said Aishwarya Iyer,
a JPL intern and master's degree
candidate at California State University, Northridge, who led the
study. The new study, published in
the June 1 issue of the Astrophysical
Journal, suggests that clouds or

H

ot Jupiters, exoplanets around the
same size as Jupiter
that orbit very closely
to their stars, often
have clouds or haze layers in their atmospheres. This may prevent space telescopes
from detecting atmospheric water that lies
beneath the clouds, according to a study in
the Astrophysical Journal. [NASA/JPL-Caltech]

haze layers could be
preventing a substantial amount of atmospheric water from
being detected by
space telescopes. The
clouds themselves are
likely not made of
water, as the planets in
this sample are too hot
for water-based clouds.
“Clouds or haze seem
to be on almost every
planet we studied,”
Iyer said. “You have
to be careful to take
clouds or haze into account, or else you could
underestimate
the
amount of water in an
exoplanet's atmosphere by a factor of two.”
In the study, scientists
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looked at a set of 19 hot Jupiters
previously observed by Hubble. The
telescope's Wide Field Camera 3 had
detected water vapor in the atmospheres of 10 of these planets, and
no water on the other nine. But that
information was spread across more
than a dozen studies.
The methods of analyzing and interpretation varied because the studies
were conducted separately. There
had not been one overarching analysis of all these planets. To compare

the planets and look for patterns,
the JPL team had to standardize the
data. Researchers combined the
datasets for all 19 hot Jupiters to
create an average overall light spectrum for the group of planets. They
then compared these data to models of clear, cloud-free atmospheres
and those with various cloud thicknesses. The scientists determined
that, for almost every planet they
studied, haze or clouds were blocking half of the atmosphere, on aver-

age. “In some of these planets, you
can see water peeking its head up
above the clouds or haze, and there
could still be more water below,”
Iyer said.
Scientists do not yet know the nature of these clouds or hazes, including what they are they made of.
“Clouds or haze being on almost all
these planets is pretty surprising,”
said Robert Zellem, a postdoctoral
fellow at JPL and co-author of the
study.
The implications of this result agree
with findings published in the Dec.
14, 2015, issue of the journal Nature. The Nature study used data
from NASA's Hubble and Spitzer
Space Telescopes to suggest that
clouds or haze could be hiding undetected water in hot Jupiters.
This new study uses exoplanet data
from a single instrument on Hubble
to uniformly characterize a larger
group of hot Jupiters, and is the first
to quantify how much of the atmosphere would be shielded as a result
of clouds or haze.
The new research could have implications for follow-up studies with
future space observatories, such as
NASA's James Webb Space Telescope. Exoplanets with thick cloud
covers blocking the detection of
water and other substances may be
less desirable targets for more extensive study.
These results are also important for
figuring out how planets form,
scientists say. “Did these planets
form in their current positions or
migrate toward their host stars
from farther out? Understanding
the abundances of molecules such
as water helps us answer those
questions,” Zellem said. “This study
is an exciting step forward for the
study of exoplanets and comparing
their properties,” said Mark Swain,
study co-author and group supervisor for the exoplanet discovery and
science group at JPL.
n
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Black hole fed by cold
intergalactic deluge
by ALMA Observatory

black hole. It also reshapes astronomers’ views on how supermassive
black holes feed, in a process known
n international team of asas accretion.
tronomers using the AtaPreviously, astronomers believed
cama Large Millimeter/subthat, in the largest galaxies, supermillimeter Array (ALMA) has witnesmassive black holes fed on a slow
sed a cosmic weather event that has
and steady diet of hot ionised gas
never been seen before — a cluster
from the galaxy’s halo.
of towering intergalactic gas clouds
The new ALMA observations show
that, when the intergalactic weather
conditions are right,
black holes can also
gorge on a clumpy,
chaotic downpour of
giant clouds of very
cold molecular gas.
“Although it has been
a major theoretical
prediction in recent
years, this is one of
the first unambiguous
pieces of observational evidence for a chaotic, cold rain feeding
a supermassive black
hole,” said Grant
Tremblay, an astronomer with Yale University in New Haven,
Connecticut, USA, former ESO Fellow, and
lead author on the
new paper. “It’s exciting to think we
might actually be obeep in the heart of the Abell 2597 Brightest Cluster Galaxy, astronomers see a small cluster
serving this galaxyof giant gas clouds raining in on the central black hole. They were revealed by the billion
spanning rainstorm
light-year-long shadows they cast toward Earth. These ALMA data present the first observafeeding a black hole
tional evidence for predicted chaotic cold accretion onto a supermassive black hole.
whose mass is about
[NRAO/AUI/NSF; Dana Berry/SkyWorks; ALMA (ESO/NAOJ/NRAO)]
300 million times that

A

D

raining in on the supermassive black
hole at the centre of a huge galaxy
one billion light-years from Earth.
The results appeared in the journal
Nature on 9 June 2016. The new ALMA observation is the first direct evidence that cold dense clouds can
coalesce out of hot intergalactic gas
and plunge into the heart of a galaxy to feed its central supermassive
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of the Sun.” Tremblay and his team
used ALMA to peer into an unusually bright cluster of about 50
galaxies, collectively known as Abell
2597. At its core is a massive elliptical galaxy, descriptively named the
Abell 2597 Brightest Cluster Galaxy.
Suffusing the space between these
galaxies is a diffuse atmosphere of
hot ionised gas, which was previously observed with NASA’s Chandra Xray Observatory.
"This very, very hot gas can quickly
cool, condense, and precipitate in
much the same way that warm,
humid air in Earth's atmosphere can
spawn rain clouds and precipitation," Tremblay said. "The newly
condensed clouds then rain in on
the galaxy, fueling star formation
and feeding its supermassive black
hole." Near the centre of this galaxy the researchers discovered just
this scenario: three massive clumps
of cold gas are careening toward
the supermassive black hole in the
galaxy’s core at about a million kilometres per hour. Each cloud contains as much material as a million

T

he background image
(blue) is from the
NASA/ESA Hubble Space
Telescope. The foreground
(red) is ALMA data showing
the distribution of carbon
monoxide gas in and around
the galaxy. The pull-out box
shows the ALMA data of the
"shadow" (black) produced
by absorption of the millimetre-wavelength light
emitted by electrons whizzing around powerful magnetic fields generated by the
galaxy's supermassive black
hole. The shadow indicates
that cold clouds of molecular gas are raining in on the
black hole. [B. Saxton
(NRAO/AUI/NSF)/G. Tremblay et al./NASA/ESA Hubble/ALMA (ESO/NAOJ/NRAO)]

Suns and is tens
of
light-years
across.
Normally, objects
on that scale
would be difficult to distinhttp://www.eso.org/public/unitedkingdom/videos/eso1618a/
guish at these
cosmic distances,
even with ALMA’s
amazing
resolution. They
were revealed,
however, by the
billion-light-yearhe cosmic weather report, as illustrated in this artist’s
long “shadows”
concept video, calls for condensing clouds of cold molethey cast toward
cular gas around the Abell 2597 Brightest Cluster Galaxy. The
Earth. The shadclouds condense out of the hot, ionised gas that suffuses the
ows are formed
space between the galaxies in this cluster. New ALMA data
when the in-fal- show that these clouds are raining in on the galaxy, plunging
ling opaque gas toward the supermassive black hole at its centre. [NRAO/AUI/
clouds block out NSF; Dana Berry/SkyWorks; ALMA (ESO/NAOJ/NRAO)]
a portion of the
bright background millimetre-waveVery Long Baseline Array indicate
length light emitted by electrons
that the gas clouds observed by
spiraIling around magnetic fields
ALMA are only about 300 lightvery near the central supermassive
years from the central black hole,
black hole. Additional data from
essentially teetering on the edge of
the National Science Foundation’s
being devoured, in astronomical
terms.
While ALMA was only
able to detect three
clouds of cold gas
near the black hole,
the astronomers speculate that there may
be thousands like
them in the vicinity,
setting up the black
hole for a continuing
downpour that could
fuel its activity for a
long time. The astronomers now plan to use
ALMA to search for
these "rainstorms" in
other galaxies in order to determine
whether such cosmic
weather is as common
as current theory suggests it might be. n
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First detection of
methyl alcohol in a
planet-forming disc
by ESO

T

he organic molecule methyl alcohol (methanol) has been
found by the Atacama Large
Millimeter/Submillimeter Array (ALMA) in the TW Hydrae protoplanetary disc. This is the first such detection of the compound in a young
planet-forming disc. Methanol is the
only complex organic molecule as
yet detected in discs that unambiguously derives from an icy form. Its
detection helps astronomers understand the chemical processes that
occur during the formation of planetary systems and that ultimately lead
to the creation of the ingredients
for life. The protoplanetary disc
around the young star TW Hydrae is
the closest known example to Earth,
at a distance of only about 170 lightyears. As such it is an ideal target for
astronomers to study discs.

T

his artist’s impression shows
the closest known protoplanetary disc, around the star TW Hydrae in the huge constellation of
Hydra (The Female Watersnake).
The organic molecule methyl alcohol (methanol) has been found by
the Atacama Large Millimeter/Submillimeter Array (ALMA) in this disc.
This is the first such detection of
the compound in a young planetforming disc. [ESO/M. Kornmesser]

This system closely resembles what
astronomers think the Solar System
looked like during its formation
more than four billion years ago.

The Atacama Large Millimeter/Submillimeter Array (ALMA) is the most
powerful observatory in existence
for mapping the chemical composi-
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tion and the distribution of cold
gas in nearby discs. These unique
capabilities have now been exploited by a group of astronomers led
by Catherine Walsh (Leiden Observatory, the Netherlands) to investigate the chemistry of the TW Hydrae protoplanetary disc. The ALMA
observations have revealed the fingerprint of gaseous methyl alcohol,
or methanol (CH3OH), in a protoplanetary disc for the first time.
Methanol, a derivative of methane,
is one of the largest complex organic molecules detected in discs to
date. Identifying its presence in
pre-planetary objects represents a
milestone for understanding how

organic molecules are incorporated into nascent
planets. Furthermore, methanol is itself a building
block for more complex
species of fundamental pre- http://www.eso.org/public/unitedkingdom/videos/es
o1619b/
biotic importance, like amino acid compounds.
As a result, methanol plays
a vital role in the creation
of the rich organic chemistry needed for life.
his artist’s impression video shows the molCatherine Walsh, lead auecule methanol, or methyl alcohol (CH3OH).
thor of the study, explains:
“Finding methanol in a pro- This organic compound has been found by
toplanetary disc shows the ALMA in the closest known protoplanetary disc,
around the star TW Hydrae. This is the first such
unique capability of ALMA
detection of the compound in a young planetto probe the complex or- forming disc. Its detection helps astronomers
ganic ice reservoir in discs understand the chemical processes that occur
and so, for the first time, al- during the formation of planetary systems and
lows us to look back in time that ultimately lead to the creation of the ingreto the origin of chemical dients for life. [ESO/M. Kornmesser]
complexity in a planet nursery around a young Sun-like star.”
tion of methanol in the gas phase,
Gaseous methanol in a protoplanecombined with information about its
tary disc has a unique importance in
distribution, implies that methanol
astrochemistry. While other species
formed on the disc’s icy grains, and
detected in space are formed by
was subsequently released in gasgas-phase chemistry alone, or by a
eous form. This first observation
combination of both gas and solidhelps to clarify the puzzle of the
phase generation, methanol is a
methanol ice–gas transition, and
complex organic compound which is
more generally the chemical procesformed solely in the ice phase via
ses in astrophysical environments.
surface reactions on dust grains.
Ryan A. Loomis, a co-author of the
The sharp vision of ALMA has also alstudy, adds: “Methanol in gaseous
lowed astronomers to map the gasform in the disc is an unambiguous
eous methanol across the TW Hydrae
indicator of rich organic chemical
disc. They discovered a ring-like patprocesses at an early stage of star
tern in addition to significant emisand planet formation. This result has
sion from close to the central star.
an impact on our understanding of
A ring of methanol between 30 and
how organic matter accumulates in
100 astronomical units (au) reprovery young planetary systems.”
duces the pattern of the observed
This successful first detection of cold
methanol data from ALMA.
gas-phase methanol in a protoplanThe identified structure supports the
etary disc means that the production
hypothesis that the bulk of the disc
of ice chemistry can now be explorice reservoir is hosted primarily on
ed in discs, paving the way to future
the larger (up to millimetre-sized)
studies of complex organic chemistry
dust grains, residing in the inner 50
in planetary birthplaces.
au, which have become decoupled
In the hunt for life-sustaining exofrom the gas, and drifted radially inplanets, astronomers now have acwards towards the star. The observacess to a powerful new tool.
n
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Hubble finds clues to
the birth of supermassive black holes
by NASA

F

or years astronomers have debated
how the earliest generation of supermassive
black holes formed very
quickly, relatively speaking, after the Big Bang.
Now, an Italian team has
identified two objects in
the early Universe that
seem to be the origin of
these early supermassive
black holes.
The two objects represent the most promising
black hole seed candidates found so far. Supermassive black holes
contain millions or even
billions of times the mass
of the Sun. In the modhis artist’s impression shows a possible seed for the formation of a supermassive black
ern Universe they can be
hole. Two of these possible seeds were discovered by an Italian team, using three space
found in the centre of telescopes: the NASA Chandra X-ray Observatory, the NASA/ESA Hubble Space Telescope,
nearly all large galaxies, and the NASA Spitzer Space Telescope. [NASA/CXC/M. Weiss]
including the Milky Way.
ray Observatory, the NASA/ESA Hubthese monster black holes were
The supermassive black hole in the
ble Space Telescope, and the NASA
born,” said Fabio Pacucci, lead aucentre of the Milky Way has a mass
Spitzer Space Telescope to find and
thor of the study, of Scuola Normale
of four million solar masses. The
identify the two objects. Both of
Superiore in Pisa, Italy.
two black hole seed candidates
these newly discovered black hole
This new result helps to explain why
would also be the progenitors of
seed candidates are seen less than a
we see supermassive black holes less
two of the modern supermassive
billion years after the Big Bang and
than one billion years after the Big
black holes.
have an initial mass of about
Bang. There are two main theories
The group used computer models
100 000 times the Sun. “Our discovto explain the formation of superand applied a new analysis method
ery, if confirmed, would explain how
massive black holes in the early Unito data from the NASA Chandra X-
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his image “shows” one of two detected supermassive black hole seeds, OBJ29323, as it is seen by the
NASA/ESA Hubble Space Telescope. [NASA/STScI/ESA]

verse. One assumes that the seeds
grow out of black holes with a
mass about ten to a hundred times
greater than our Sun, as expected
for the collapse of a massive star.
The black hole seeds then grew
through mergers with other small
black holes and by pulling in gas
from their surroundings. However,
they would have to grow at an
unusually high rate to reach the
mass of supermassive black holes
already discovered in the billion
years young Universe.
The new findings support another
scenario where at least some very
massive black hole seeds with
100 000 times the mass of the Sun
formed directly when a massive
cloud of gas collapses. In this case
the growth of the black holes would
be jump started, and would proceed
more quickly. Black hole seeds created through the collapse of a mas-

sive cloud of
gas bypass
any other intermediate
phases such
as the formation and subsequent destruction of a
massive star.
“There is a
lot of controversy
over
which path
these black
holes take,”
said co-author Andrea
Ferrara also
of Scuola Normale Superiore. “Our work suggests
we are converging on one answer,
where black holes start big and
grow at the normal rate, rather

T

his image
shows
more clearly
the supermassive black
hole seed
OBJ29323, as
it is seen by
the NASA
Chandra
Space Telescope. The
properties of
the X-ray data
match those
predicted by
models produced by the
Italian research team.
[NASA/CXC/Sc
uola Normale
Superiore/
Pacucci]

than starting small and growing at a
very fast rate.” Andrea Grazian, a
co-author from the National Institute for Astrophysics in Italy explains: “Black hole seeds are extremely hard to find and confirming
their detection is very difficult.
However, we think our research has
uncovered the two best candidates
so far.” Even though both black hole
seed candidates match the theoretical predictions, further observations
are needed to confirm their true nature. To fully distinguish between
the two formation theories, it will
also be necessary to find more candidates. The team plans to conduct
follow-up observations in X-rays
and in the infrared range to check
whether the two objects have more
of the properties expected for black
hole seeds. Upcoming observatories,
like the NASA/ESA/CSA James Webb
Space Telescope and the European
Extremely Large Telescope will certainly mark a breakthrough in this
field, by detecting even smaller and
more distant black holes.
n
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