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~ YOUR SMARTPHONE

AND YOUR

TELESCOPE WILL
NOW BE THE BEST

OF FRIENDS

Push+ Go object finder for
Dobsonian telescopes

Smartphone holder:
for all smartphones
up to 75mm wide

= X
aavanced

Exploring the sky will become a completely new experience. You willbe able to find every planet and deep-sky object!
The new Push+ Go system makes all this possible: with digital encoders together with your Android smartphone. As
soon as you have downloaded the SkySafari® app you're ready to go. On the display you will see a digital star chart
and the direction in which your telescope is currently pointing. In this way you will find every object and get to know

the sky at the same time.

@ Easy to retrofit

Transform your Dobsonian telescope into a unique object-finder
system. All the components you need are already included. You can
install the set in a few simple steps, it'll take just 10-15 minutes.
Suitable for many common Dobsonian telescopes:

- Omegon Dobson Advanced X N 203/1200, 254/1250, 304/1500
-GSO Optical Classic 8", 10", 12"

- TS Dobsons Classic Line

- ICS Galaxy Dobson

BLUETOOTH™

Easy to operate: BLUETOOTH™ 2.0 enables a wireless connection
to your smartphone. Simply insert your phone into the holder and
say goodbye to cable chaos. Range of up to 10m!

Digital Encoders

Your telescope immediately knows whereitis. The technology used
by the large equatorial mounts can now also be found in the Push+
Go. Thanks to two precise digital encoders you can follow every
step and find objects in an instant.

Available at

Y Astro

.eu

For online orders, enter the
article number in the search field.

Software

Use the SkySafari® 4 Plus (or later) app for Android to control your
telescope. From now on, locating objects in your telescope will be
the easiest of tasks.

{Z Power bank included

You don't need to worry about a power source since a power bank
is already included. Simply plugin the cable and get going. You have
enough power for the entire night.

Scan here
. formore
information

acmcl- ES
P

Product nr. 55768

ndroid™ required 91 Bluetooth® 2.0 required

. +44 203 8688042
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SUMMARY

All the planets of Proxima Centauri

In the habitable zone of the Proxima Centauri system, the existence of an orbiting Earth-sized planet,
Proxima b, is now certain. Some studies have recently suggested the presence of a super-Earth in an outer
orbit, and there may even be a third planet smaller than ours in an inner orbit. The observations of...

ALMA reveals unusual composition of interstellar comet 2l/Borisov

A galactic visitor entered our solar system last year — interstellar comet 2I/Borisov. When astronomers
pointed the Atacama Large Millimeter/submillimeter Array (ALMA) toward the comet on 15 and 16
December 2019, for the first time they directly observed the chemicals stored inside an object from a...

Hot stars are plagued by giant magnetic spots

Astronomers using European Southern Observatory (ESO) telescopes have discovered giant spots on the
surface of extremely hot stars hidden in stellar clusters. Not only are these stars plagued by magnetic
spots, some also experience superflare events, explosions of energy several million times more energetic...

A supernova or Sagittarius — which should we thank?

The existence of the Sun and everything near it, including life on Earth, could be the result of a passage
of the Sagittarius satellite galaxy near the disk of the Milky Way. A recent study suggests that this dwarf
galaxy had profound effects on star formation in the Milky Way and probably also on the distribution of...

3/

ESO instrument finds closest black hole to Earth

A team of astronomers from the European Southern Observatory (ESO) and other institutes has discov-
ered a black hole lying just 1000 light-years from Earth. The black hole is closer to our Solar System than
any other found to date and forms part of a triple system that can be seen with the naked eye. The...

30

Hubble makes surprising find in the early Universe

New results from the NASA/ESA Hubble Space Telescope suggest the formation of the first stars and gal-
axies in the early Universe took place sooner than previously thought. A European team of astronomers
have found no evidence of the first generation of stars, known as Population Ill stars, as far back as...

30

SPHERE sees signs of planet birth

Observations made with the European Southern Observatory’s Very Large Telescope (ESO’s VLT) have re-
vealed the telltale signs of a planetary system being born. Around the young star AB Aurigae lies a dense
disc of dust and gas in which astronomers have spotted a prominent spiral structure with a ‘twist’ that...

40

The principle of mediocrity and the habitability of galaxies

Since the time of Copernicus, astronomers have adopted a statistical concept called the “principle of
mediocrity” to help us understand the cosmos that surrounds us. This principle extends to all members
of a category of appropriately selected objects the attributes of only one of them that we consider to...

ill

METIS instrument passes design milestone

METIS, the powerful imager and spectrograph for ESO’s Extremely Large Telescope (ELT), has passed its
Preliminary Design Review at ESO'’s headquarters in Garching, Germany. METIS, short for Mid-infrared ELT
Imager and Spectrograph, will make full use of the giant main mirror of the telescope to study a wide...

9/

ALMA discovers massive rotating disk in early universe

In our 13.8 billion-year-old Universe, most galaxies like our Milky Way form gradually, reaching their large
mass relatively late. But a new discovery made with the Atacama Large Millimeter/submillimeter Array
(ALMA) of a massive rotating disk galaxy, seen when the Universe was only ten percent of its current...



mailto:info@astropublishing.com
mailto:admin@astropublishing.com

EHOPLANETS

All the planets of
~w».gh,quunrl

- :
. —

by Michele Ferrara “h:-:—

revised by Damian G. Allis Sem, ey =
NASA Solar System Ambassador “" 3

e

In the habitable zone of the Proxima Centauri system, the existence of
an'orbiting Earth-sized planet, Proxima b, is now certain. Some studies
have recently suggested the presence of a super-Earth in an outer
orbit, and there may even be a third planet smaller than ours in an

. inner orbit. The observations of the star closest to the Sun are proving
to be much more interesting than expected.
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hypotheti-

cal view
of the Proxima
Centauri system,

as it might ap-
pear from one
of its planets.
[IAU/L. Calcada]

ery of an Earth-sized planet around the

star closest to the Sun, Proxima Centauri,
was a great surprise. The suspicion that this
red dwarf was orbited by a planet dates
back to at least a decade ago, but there was
no physical evidence to prove it.
The Catalan astronomer Guillem Anglada-
Escudé (Queen Mary University of London)

I n 2016, the announcement of the discov-

organized a team of thirty researchers in
2013 to find evidence that established the
existence of the planet. The observation
campaign conducted by the team was called
“Pale Red Dot” and involved the use of ad-
vanced instrumentation to follow Proxima
Centauri photometrically and spectroscopi-
cally. A few years passed before the initia-
tive became fully operational. During the
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first half of 2016, the HARPS spectrograph,
installed on the ESO’s 3.6-meter telescope
(La Silla Observatory, Chile), was used for a
total of 60 nights to show the researchers
more clearly than before that Proxima Cen-
tauri cyclically approaches and moves away
from the Earth at a speed of about 1.4 m/s
over a period of 11.2 days. The possibility
that this behavior was attributable to the
magnetic activity of the star (the expansion
and contraction movements of the photos-
phere) was ruled out. The most convincing
interpretation of the phenomenon was the
presence of a planet that, traveling in its
orbit, attracted the star towards itself. The
11.2-day period would then be the time it
takes for the planet to orbit the star, from
which a planet-star distance of just 0.05 AU
was calculated, equal to one-twentieth that
of the Earth-Sun distance.

If the orbital planes of our Solar System and
Proxima Centauri were aligned just right,
we would be able to observe the transits of
a planet from Earth, when the planet passed
directly in front of Proxima Centauri’s stellar
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pposite page,

the position
in the sky of
Alpha Centauri's
triple star system.
[ESO/B. Tafreshi
(twanight.org)/
DSS 2. Ack: Da-
vide De Martin/
Mahdi Zamani]

disk. In this case, the calculation of the mass
of the transiting planet is straightforward
and we can obtain a “true mass” for the
planet. When the planes are not aligned
and we do not observe passage of the
planet across the stellar disk, we are left to
predict a range of possible masses for a
planet based on how that planet causes its
host star to oscillate towards and away from

us. From this range of possible masses, we
are able to determine a planet’s “minimum
mass” for the case when that planet’s or-
bital plane places it just above or below the
stellar disk when it passes between its star
and Earth (the largest gravitational influ-
ence it can have on the star with respect to
our observing position without being able
to observe a transit). For the observed Prox-

An artistic view of the dust belt dis-
covered in 2017 around Proxima
Centauri. The band extends from 1-to
4 AU away from the star. The planet
Proxima b is represented here a little
larger and farther from the star than

‘it actually is. [ESO/M. Kornmesser].
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ima Centauri oscillation,
this minimum mass for
the planet turned out to
be approximately 30%
greater than that of the
Earth. If the orbital plane
of the Proxima Centauri
system deviates even
more from our own, it be-
comes necessary to con-
sider proportionally more
relevant masses to explain
the forward-backward os-
cillation of Proxima Cen-
tauri.

Theoretical considerations
of the size of the planet
led its discoverers to esti-
mate its diameter to be in
the range of 0.9-1.4 Earth
diameters, a size compar-
atively similar to Earth's.
A part of the surprise of
the discovery of Proxima b
was due precisely to its
size, while the rest of the
surprise was attributable to the fact that it
orbits within the habitable zone of Proxima
Centauri and receives a total amount of en-
ergy comparable to what the Earth receives
from the Sun. The observed similarities end
there, and we now wait for the direct ob-
servation and study of that elusive planet

that is, for now, only perceivable through
the very small oscillation of the spectral
lines of the red dwarf. This discovery was
enough to push many other researchers to
further intensify their observations of the
Proxima Centauri system. Among those re-
searchers were Mario Damasso (National In-
stitute for Astro-
physics — INAF,
Pino Torinese Ob-
servatory, Italy)
and Fabio Del
Sordo (University
of Crete).

On the occasion
of the Break-
through Discuss
in April 2019 (a
part of the Break-
through Initia-
tives program),
these two as-
tronomers  an-
nounced that
they had discov-
ered evidence of

ere’s what

Proxima b
could look like,
the only con-
firmed planet in
orbit around
Proxima Centauri.
[Ricardo Ramirez
and James Jenk-
ins, University
of Chile]
Left, Guillem
Anglada-Escudé,
the team leader
who discovered
Proxima b. [Jay
Brooks]

ASTRONOM
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M ario Damas-
so and Fa-
bio Del Sordo, at
the end of their
Breakthrough Dis-
cuss session, dur-
ing which they
reported the pos-
sible existence

of the planet
Proxima c.
[Breakthrough
Initiatives]

The infographic
below compares
regions of the
same size in the
Proxima Centauri
system and in our
Solar System.
Proxima b is lo-
cated inside the
habitable zone,
the one where
liquid water could
exist on its rocky
surface. [ESO/

M. Kornmesser/
G. Coleman]

a second planet in the
Proxima Centauri sys-
tem. The presence of the
new candidate emerged
from the processing of
data collected by HARPS
over 17 years of activity.
In these data were dis-
covered a “swing effect”
of the star, with a decid-
edly longer period than
that attributable to
Proxima b: around 1900
days. From the periodic-
ity of the signal and the
deviation of the star,
Damasso and Del Sordo
calculated both the dis-
tance of the (possible)
second planet from its star, about 1.5 UA,
and its minimum mass, close to six Earth
masses. It would therefore be a “super-
Earth” traveling in an orbit far enough from
Proxima Centauri to translate into surface
temperatures lower than -200 °C.

The first announcement in April 2019 was
followed in January of this year by the pub-
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Habitable Zone —
4 Period:

Proxima b Orbit

Mercury’s Orbit

Mass: 0.12 solar masses
Luminosity:
Rotation period: 83 days
Temperature: 2800 Celsius
Distance to Earth: 4.23 light-years

Minimum mass: 1.17 Earth masses

0.00155 solar luminosities

lication in Science Advances of a paper de-
tailing the discovery. In addition to Damasso
and Del Sordo, the authorship of this 2020
paper includes the aforementioned Anglada-
Escudé and many other researchers. The au-
thors are justifiably cautious about the exis-
tence of the new planet, called Proxima c,
and say that more detailed observations will
be needed to confirm
it. In fact, there is a re-
mote possibility that
the signal attributed to
the second planet is ac-
tually produced by the
magnetic activity of the
red dwarf.

One way to confirm the
existence of Proxima c
with certainty would be
to photograph it di-
rectly, a task certainly
within the reach of the
next generation of tel-
escopes. Nonetheless,
the results of the first
attempt to recognize
that planet on archive
images produced by
the SPHERE instrument,
installed on the ESO's
Very Large Telescope
(Cerro Paranal, Chile),
were already published

RED D@T

11.186 days
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in Astronomy & Astrophysics in April of this
year. A crowded team of researchers led by
Raffaele Gratton (National Institute for As-
trophysics — INAF, Padua Observatory, Italy)
attempted this feat.

SPHERE is equipped with a coronograph
and a sophisticated adaptive optics system,
also designed to characterize extrasolar
planets at visible and near-infrared wave-
lengths. Starting in 2014, this instrument
has revealed the existence of several proto-
planetary disks around distant stars and, for
a period of four years, it was the fulcrum of
the SHINE survey, during which it pho-
tographed about 600 nearby stars. One of
these stars was Proxima Centauri, around
which the existence of Proxima c was not
yet suspected.

Gratton’s team searched for traces of this
potential planet in the SHINE survey images,
trusting that if it had emitted a fairly in-
tense infrared signal, SPHERE might have
detected it. It had been calculated that the
maximum projected separation between
planet and star, or the an-
gular distance to the or-
bital quadratures, could ex-
ceed 1 arcsecond, an en-
couraging value consider-
ing the resolving power of
the photographic instru-
ment.

In order to account for the
expected large orbital mo-
tion of the planet, the re-
searchers used a method
that assumes a circular
orbit obtained from radial
velocities and exploits the
sequence of observations
acquired close to quadra-
ture in the orbit. Unfortu-
nately, the images acquired
by SPHERE did not detect
any clear trace of Proxima
¢. The best candidate was a
small and faint patch of
light with a signal-to-noise
ratio of 6-to-1. Statistically,
the probability that this de-
tection is due to a random
fluctuation is less than 1%,

a value that would be encouraging if the
noise distribution in the images was uni-
form, which is not the case. However, Grat-
ton and colleagues point out that the
position and orientation of the candidate
planet’s possible orbital plane is well-suited
to the arrangement of an external belt of
residual material imaged by ALMA. On the
other hand, the position and the orbital mo-
tion of the detected signal are not consis-
tent with what was observed by the Gaia

affaele Grat-

ton, the team
leader who at-
tempted to con-
firm the existence
of Proxima ¢
through the im-
ages acquired by
the SHINE sur-
vey. Below, the
SPHERE spec-
tropolarimeter,
with which the
SHINE survey was
conducted.
Here we see it
installed on the
UT3 unit of ESO’s
Very Large Tele-
scope. [SPHERE/
ONERA/
JF Sauvage]
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maps of the
Proxima Centauri
system, acquired
in 2018 by
SPHERE and in
which Gratton’s
team sought evi-
dence for Prox-
ima c. The can-
didate planet is
the signal en-
closed in small
circles, but the
uneven distribu-
tion of the noise
in the images
makes identifica-
tion uncertain.
[R. Gratton et al.]

mission, with reference to the motion in the
space of the Proxima Centauri system.

Another factor that makes the identifica-
tion of the candidate planet uncertain in
the SPHERE images is the excessive bright-
ness of the signal. Previous theoretical stud-
ies have fixed specific constraints on the
mass, brightness and distance from the star
for different planetary sizes, but the flux
highlighted by Gratton’s team does not cor-
respond to what the theoreticians fore-
casted. According to some commentators,
the latter inconsistency might be resolvable
by assuming that the candidate planet is
surrounded by a system of rings similar to
those of Saturn. An alternative explanation
could be a scenario like that of Fomalhaut
b, where the excess in brightness is attribut-
able to the destruction (partial or total) of

a planet and the scattering of its fragments
in an increasing volume of space.

While the specialists were still arguing over
the controversial existence of Proxima ¢, an
article published last May 26 in Astronomy
& Astrophysics brought Proxima b back
again to the center of attention. In essence,
the new work, carried out by a very crowded
team of researchers led by Alejandro Suarez
Mascarefio (Instituto de Astrofisica de Ca-
narias), has confirmed the existence of the
first planet of Proxima Centauri, using the
new and very powerful ESPRESSO spectro-
graph installed on the ESO's VLT.

ESPRESSO was mostly designed and manu-
factured in Switzerland by scientists and
technicians from the University of Geneva,
just like its predecessor HARPS. While the
latter manages to measure oscillations of

JULY-AUGUST 2020
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presence of that can-
didate.

Meanwhile, the few
observations carried
out thus far with the
new spectrograph
have made it possible
to exclude the pres-
ence of additional
planets with masses
greater than 0.6 Earth
masses and periods of
revolution fewer than
! 50 days. If other plan-
ets exist in very nar-
row orbits, they are
small enough to rep-
resent a challenge for
ESPRESSO as well. This
challenge seems to
have already been
taken up by this excel-
lent instrument, as the
Suarez Mascarefio’s
team has found faint

traces of a second sig-

0.029 0.36 0.69 1 14 1.7

a star with an accuracy of about 1 mf/s,
ESPRESSO reaches an accuracy of 30 cm/s
and it is expected that the next upgrades
will push it up to the astonishing accuracy
of 10 cm/s. What HARPS showed barely be-
fore is now clearly observed with ESPRESSO.
The Suarez Mascarefio’s team was able to
quickly confirm the period of revolution and
the mass of Proxima b, but the researchers
went even further. Combining all the obser-
vations available to them (63 by ESPRESSO
+ 274 by HARPS and UVES) that were regis-
tered in a span of 15 years, the team was
able to get a more precise value for the min-
imum mass of Proxima b: 1.173 + 0.086
Earth masses.

Having entered full operation just over two
years ago, ESPRESSO has not yet been able
to provide useful indications of the exis-
tence of Proxima ¢, as the two-year observa-
tion period is too short compared to the
calculated revolution of the hypothetical
planet. ESPRESSO will have to observe the
Proxima Centauri system for at least another
three years before being able to confirm the

2,3 21 nal in the variations of

the radial velocity of the red dwarf with a
period of 5.15 days that could be produced
by a planet with a minimum mass equal to
30% that of Earth’s. If this third potential
planet is confirmed, we will have identified
the smallest planet ever measured by the
radial velocity method.

p

Composite
image of the
region around
Proxima Centauri,
taken by the
SPHERE instru-
ment in five peri-
ods between
April 2018 and
April 2020. The
yellow circles in-
dicate the best
candidates of the
planet Proxima c
at the respective
observation peri-
ods. In this case,
the identification
of the planet also
remains uncer-
tain. [R. Gratton
etal.]

lejandro

Suarez Mas-
careno, the team
leader who, using
the ESPRESSO
spectrograph, has
definitively con-
firmed the exis-
tence of Proxima
b and detected
traces of another
candidate planet,
smaller and in a
closer orbit than
Proxima c.

ASTRONOM
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13

A part of the
ESPRESSO
facility which,
through a fiber
optic system, col-
lects the light
beams from the
four VLT's 8.2-
meter telescopes
and sends them
to the spectro-
graph located in
another room.
[ESO/P. Horalek]
Below, Fritz
Benedict, the as-
tronomer whose
independent work
might have con-
firmed the exis-
tence of Proxima c
using archive data
from the Hubble
Space Telescope.
[University of
Texas, McDonald
Observatory]

Just a week after these latest remarkable
revelations, news began to circulate about
a new search in the archive data conducted
by Fritz Benedict (retired astronomer of the
McDonald Observatory) that would have
confirmed the existence of the outer planet,
Proxima c. The results of this latest work on
the topic in question were presented in
early June at the 236th meeting of the
American Astronomical Society and are
based on the reanalysis of astrometric meas-
urements ob-
tained in the last
quarter of a cen-
tury by the Fine
Guidance Sensors
of the Hubble
Space Telescope.
Although the pri-
mary task of
these sensors is to
ensure accurate
pointing of the
telescope, it is
also possible to
use them to make
precise measure-
ments of the posi-

tions and motions of stars. In the 1990s,
Benedict had already attempted to high-
light anomalies in Proxima Centauri’s mo-
tion in the sky by searching for periods of
less than 1000 days, but had been unable to
find anything.

After learning about the work of Damasso’s
team, Benedict reviewed all of the available
data, looking for a swing in the stellar mo-
tion with a longer period. This time, it seems
that he has found a variation (acceleration
and deceleration with respect to the
straight motion) with a period of 1907 days,
practically identical to that found by Da-
masso and colleagues. But Benedict went
further, combining his results with those of
previous measurements and producing a
calculated mass of seven Earth masses for
Proxima c.

Until Benedict's results are validated by
other researchers, the presence of extra
planets in addition to Proxima b remains un-
confirmed. Discovering others would not be
a surprise, however, because small-mass stars
tend to host several rocky planets, not infre-
quently in very narrow orbits. We, there-
fore, expect further and compelling dis-
coveries in the Proxima Centauri system. H

JULY-AUGUST 2020
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ALMA reveals unusual
composition of
interstellar comet
21/Borisov

' by ALMA Obseruatory

galactic visitor entered our
A solar system last year — inter-

stellar comet 2I/Borisov.'\When
astronomers pointed the Atacama
Large Millimeter/submillimeter Array
(ALMA) toward the comet on 15 and
16 December 2019, for the first time
they directly observed the chemicals
stored inside an object from a plan-
etary system other than our own.
This research is published online in
the journal Nature Astronomy.
The ALMA observations from a
team of international scientists led

by Martin Cordiner and Stefanie
Milam at NASA’s Goddard Space
Flight Center in Greenbelt, Mary-
land, revealed that the gas coming
out of the comet contained un-
usually high amounts of carbon
monoxide (CO). The concentration
of CO is higher than anyone has de-
tected in any comet within 2 astro-
nomical units (au) from the Sun,
that is, within less than 186 million
miles, or 300 million kilometers.
2l/Borisov’s CO concentration was
estimated to be between nine and

26 times higher than that of the av-
erage solar system comet.

Astronomers are interested to learn
more about comets, because these
objects spend most of their time at
large distances from any star in very
cold environments. Unlike planets,
their interior compositions have not
changed significantly since they
were born. Therefore, they could
reveal much about the processes
that occurred during their birth in
protoplanetary disks. “This is the
first time we’ve ever looked inside
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a comet from outside ‘our solar ,

system,” said astrochemist Martin
Cordiner, “and it is dramatically
different from most other comets
we’ve seen before.”

ALMA detected two molecules in
the gas ejected by the comet: hy-
drogen cyanide (HCN) and carbon
monoxide (CO)."While the team ex-
pected to see HCN, which is present
in 2l/Borisov at simifar amounts to
that found in solar system comets,
they were surprised to see largé
amount® of CO. “The comet must

hgve formed from material very
rich in CO ice, which is only present
at the lowest temperatures found
in space, below -420 degrees
Fahrenheit (-250 degrees Celsius),”
said planetary scientist, Stefanie
Milam. “ALMA has been instrumen-
tal in transforming our understand-
ing of the nature of cometary
material in our own solar system -
and now with this unique object
coming from our next-door neigh-
bors. It is only because of ALMA’s
unprecedented sensitivity at sub-

rtist impression of the interstel-

lar comet 2I/Borisov as it travels
through our solar system. This myste-
rious visitor from the depths of space
is the first conclusively identified
comet from another star. The comet
consists of a loose agglomeration of

ices and dust particles, and is likely
no more than 3,200 feet across, about
the length of nine football fields. Gas
is ejected out of the comet as it ap-

M proaches the Sun and is heated up.
[NRAO/AUI/NSF, S. Dagnello]

millimeter wavelengths that we are
able to characterize the-gas coming
out of such unique objects,” said
Anthony Remijan of the National
Radio Astronomy Observatory in
Charlottesville, Virginia, and co-au-

*thor of the paper.

Carbon monoxide is one of the
most- common molecules in space
and is found ‘inside most comets.
Yet, there’s a huge variation in the
concentration of CO in comets and
no one quite knows why. Some of
this might be related to where in
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ALMA Observation of 21/Borisov

LMA observed hydrogen cyanide gas (HCN, left) and carbon monoxide gas
(CO, right) coming out of interstellar comet 2I/Borisov. The ALMA images
show that the comet contains an unusually large amount of CO gas. ALMA is

the first telescope to measure the gases originating directly from the nucleus
of an object that travelled to us from another planetary system. [ALMA (ESO/
NAOJ/NRAO), M. Cordiner & S. Milam; NRAO/AUI/NSF, S. Dagnello]

the solar system a comet was
formed; some has to do with how
often a comet’s orbit brings it closer
to the Sun and leads it to release its
more easily evaporated ices.

“If the gases we observed reflect the
composition of 2l/Borisov’s birth-
place, then it shows that it may have
formed in a different way than our
own solar system comets, in an
extremely cold, outer region of a
distant planetary system,” added
Cordiner. This region can be com-
pared to the cold region of icy bod-
ies beyond Neptune, called the
Kuiper Belt. The team can only
speculate about the kind of star that
hosted 21/Borisov’s planetary system.
“Most of the protoplanetary disks
observed with ALMA are around
younger versions of low-mass stars
like the Sun,” said Cordiner. “Many

of these disks extend well beyond
the region where our own comets
are believed to have formed, and
contain large amounts of extremely
cold gas and dust. It is possible that
2l/Borisov came from one of these
larger disks.”

Due to its high speed when it trav-
eled through our solar system (33
km/s or 21 miles/s) astronomers sus-
pect that 2I/Borisov was kicked out
from its host system, probably by in-
teracting with a passing star or
giant planet. It then spent millions
or billions of years on a cold, lonely
voyage through interstellar space
before it was discovered on 30 Au-
gust 2019 by amateur astronomer
Gennady Borisov.

2I/Borisov is only the second inter-
stellar object to be detected in our
solar system. The first — 11/"'Oumua-

mua — was discovered in October
2017, at which point it was already
on its way out, making it difficult to
reveal details about whether it was
a comet, asteroid, or something else.
The presence of an active gas and
dust coma surrounding 2I/Borisov
made it the first confirmed interstel-
lar comet.

Until other interstellar comets are
observed, the unusual composition
of 2I/Borisov cannot easily be ex-
plained and raises more questions
than it answers. Is its composition
typical of interstellar comets? Will
we see more interstellar comets in
the coming years with peculiar
chemical compositions? What will
they reveal about how planets form
in other star systems?

“2l/Borisov gave us the first glimpse
into the chemistry that shaped
another planetary system,” said
Milam. “But only when we can com-
pare the object to other interstel-
lar comets, will we learn whether
2I/Borisov is a special case, or if
every interstellar object has unusu-
ally high levels of CO.” [ ]
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Hot stars are

plagued by giant

magnetic spots

by ESO

stronomers using European

‘ \ Southern Observatory (ESO)
telescopes have discovered

giant spots on the surface of ex-
tremely hot stars hidden in stellar
clusters. Not only are these stars
plagued by magnetic spots, some
also experience superflare events,
explosions of energy several mil-
lion times more energetic than
similar eruptions on the Sun. The
findings, published in Nature As-
tronomy, help astronomers better
understand these puzzling stars
and open doors to resolving other
elusive mysteries of stellar astron-
omy. The team, led by Yazan Mo~
many from the INAF Astronomical
Observatory of Padua in Italy,
looked at a particular type of star
known as extreme horizontal
branch stars — objects with about

half the mass of the Sun but four
to five times hotter. “These hot
and small stars are special because
we know they will bypass one of
the final phases in the life of a
typical star and will die prema-
turely,” says Momany, who was
previously a staff astronomer at
ESO’s Paranal Observatory in
Chile. “In our Galaxy, these pecu-
liar hot objects are generally asso-
ciated with the presence of a
close companion star.”

Surprisingly, however, the vast ma-
jority of these extreme horizontal
branch stars, when observed in

tightly packed stellar groups called -

globular clusters, do not appear
to have companions. The team'’s
long-term monitoring of these

stars, made with ESO telescopes,.

also revealed that there was some-
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thing more to these mysterious ob-
jects. When looking at three differ-
ent globular clusters, Momany and
his colleagues found that many of
the extreme horizontal branch stars
within them showed regular changes
in their brightness over the course of
just a few days to several weeks.
“After eliminating all other scenar-
ios, there was only one remaining
possibility to explain their observed
brightness variations,” concludes
Simone Zaggia, a study co-author
from the INAF Astronomical Obser-
vatory of Padua in Italy and a former
ESO Fellow: “these stars must be
plagued by spots!”

Spots on extreme horizontal branch
stars appear to be quite different
from the dark sunspots on our own
Sun, but both are caused by mag-
netic fields. The spots on these hot,
extreme stars are brighter and hot-
ter than the surrounding stellar sur-
face, unlike on the Sun where we
see spots as dark stains on the solar
surface that are cooler than their
surroundings. The spots on extreme
horizontal branch stars are also sig-
nificantly larger than sunspots, cov-
ering up to a quarter of the star’s
surface. These spots are incredibly
persistent, lasting for decades, while
individual sunspots are temporary,
lasting only a few days to months.

As the hot stars rotate, the spots on
the surface come and go, causing
the visible changes in brightness.
Beyond the variations in brightness
due to spots, the team also discov-
ered a couple of extreme horizontal
branch stars that showed superflares
— sudden explosions of energy and
another signpost of the presence of
a magnetic field. “They are similar
to the flares we see on our own Sun,
but ten million times more ener-
getic,” says study co-author Henri
Boffin, an astronomer at ESO’s head-
quarters in Germany. “Such behav-
iour was certainly not expected and
highlights the importance of mag-
netic fields in explaining the proper-
ties of these stars.”

After six decades of trying to under-
stand extreme horizontal branch
stars, astronomers now have a more
complete picture of them. Moreover,
this finding could help explain the
origin of strong magnetic fields in
many white dwarfs, objects that rep-
resent the final stage in the life of
Sun-like stars and show similarities to
extreme horizontal branch stars.
“The bigger picture though,” says
team member, David Jones, a former
ESO Fellow now at the Instituto de
Astrofisica de Canarias, Spain, “is that
changes in brightness of all hot stars
— from young Sun-like stars to old

extreme horizontal branch stars and
long-dead white dwarfs — could all
be connected. These objects can thus
be understood as collectively suffer-
ing from magnetic spots on their sur-
faces.” To arrive at this result, the
astronomers used several instru-
ments on ESO’s Very Large Telescope
(VLT), including VIMOS, FLAMES and
FORS2, as well as OmegaCAM at-
tached to the VLT Survey Telescope at
Paranal Observatory. They also em-
ployed ULTRACAM on the New Tech-
nology Telescope at ESO’s La Silla
Observatory, also in Chile. The break-
through came as the team observed
the stars in the near-ultraviolet part
of the spectrum, allowing them to re-
veal the hotter, extreme stars stand-
ing out bright amongst the cooler
stars in globular clusters. [ ]
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by Michele Ferrara

revised by Damian G. Allis
NASA Solar System Ambassador

The existence of the Sun and everything near it, including
life on Earth, could be the result of a passage of the
Sagittarius satellite galaxy near the disk of the Milky
Way. A recent study suggests that this dwarf galaxy had
profound effects on star formation in the Milky Way and

. probably also on the distribution of stellar masses.

GALARIES

I n the back-
ground, a
graphic recon-
struction of our
galaxy, made on
the basis of NASA
images. [Nick
Risinger]
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popular article that dis-

cusses the formation of
the solar system, we usually find
the statement that it all started
with the explosion of a supernova.
The supernova hypothesis is com-
monly accepted right now — almost
five billion years ago, the explosion

hen we read a book or a

: il e o CINEETER
of a very massive star compressed

‘a nearby or surrounding interstellar

cloud of gas and dust, creating re-
gions ‘with greater density that
then collapsed in on themselves to
generate new stars, including ours.
In the accretion disk of the Sun, the
Earth and the other planets would
then have formed in a few tens of

"millions of years. A supernova is

certainly an ideal trigger to produce
instability within a cloud of gas and
dust, but it is not the only one. An-
other mechanism capable of trig-
gering the formation of new stars
(and their associated planets) is the
gravitational interaction between
galaxies. An event of this kind oc-
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curs on a much larger scale than the dis-
tinctly local one of a supernova. The more
intense the gravitational interaction be-
tween two galaxies is, the higher the star
formation rate. The borderline case is the
merging of galaxies, which represents the
main triggering mechanism for star forma-
tion within the galaxies themselves, while
also yielding significant changes in their
chemical and dynamic evolution.
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Like all galaxies, the Milky Way has experi-
enced episodes of gravitational interactions
and mergings, resulting in increased mass
and the adoption of its current form.

As far as we know, the most relevant of
these episodes happened approximately 10-
11 billion years ago, when the young Milky
Way collided with a galaxy four times less

massive, called Gaia-Enceladus, completely
engulfing it. Traces of this distant event are

A schematic
representa-
tion of the bar
and spiral arms
of the Milky Way.
The Sun is near
the so-called
Orion Spur.
[NASA/ JPL-Cal-
tech/R. Hurt
(SSC/Caltech)]
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~10 billion years ago

bove and in

the video
below we see the
reconstruction of
the dynamics of
the Gaia-Ence-
ladus event. Note
that the current
form of the Milky
Way is also the
result of minor
interactions
caused by small
satellite galaxies.
[Gabriel Pérez
Diaz/SMM (IAC)]

still recognizable through the different dy-
namic and physical properties that the two
sets of original stars show. Many studies
have indeed highlighted that our galaxy is
home to two distinct sets of stars, having
the same age but different metallicity. The
set of stars containing fewer metals (in as-
tronomy, all of the elements heavier than
hydrogen and helium) were carried by Gaia-
Enceladus and are characterized by a
chaotic motion. In the billions of years fol-
lowing the galactic merger, Gaia-Enceladus
stars contributed to building up the halo of
the current Milky Way. The dynamically-ti-
dier set of stars is the original set of the

present-day

current Milky Way

young Milky Way. As is easy to imagine, the
merging of the two galaxies was a slow and
gradual process, nevertheless capable of
triggering a star formation burst which,
gradually decreasing, kept on for about
four billion years. At the end of that process,
the residual gas and dust entered the thin
disk of the Milky Way.
The cannibalization of Gaia-Enceladus is the
most relevant event of its kind still recogniz-
able, but not the last for which there re-
mains a trace. Other star formation bursts
have also been recognized, albeit less in-
tense and more remote. However, until a
few years ago, it was practically impossible
go back to find the
cause of those events.
In order to do this, it is
essential to know at
least some fundamen-
tal properties (bright-
ness, color, position,
distance, direction of
motion, speed) of nu-
merous stars spread
across a very signifi-
cant fraction of the
Milky Way. If the sam-
pling is done in a too-
narrow region, say in
a sphere with a radius
of a few hundred
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#» Sagittarius dwarf galaxy

Milky Way

8 billion years ago

1.9 billion years ago
Second Sagittarius passage

light-years around the Sun, it is not at all
possible to obtain sufficient temporal reso-
lution to isolate individual star formation
events and place them precisely in the evo-
lutionary history of the Milky Way.

The ability to investigate these merger
events has increased significantly in recent
years, thanks to the release in 2016 and
2018 of the extremely accurate photomet-
ric, astrometric and

spectroscopic  data

collected for over

one billion stars by

the Gaia Space Ob-

servatory. Gaia's data

allowed for the test

of an intriguing hy-

pothesis, according

to which some star

formation bursts that

occurred in the Milky

Way might have

been related to the

pericentric passages

of one of its satel-

lites, the Sagittarius

5.7 billion years ago
First Sagittarius passage

1 billion years ago
Third Sagittarius passage

dwarf galaxy. This small and evanescent stel-
lar agglomerate, vaguely spheroidal, was
discovered in 1994 and turned out to be the
then-closest galaxy to the Milky Way, a
record that lasted until 2003. Sagittarius is
currently about 70,000 light-years from
Earth and about 50,000 light-years from the
galactic center. It follows a spiraling polar
orbit which, due to gravitational interac-

3 billion years ago

Current situation

his illustration

and the video
below summa-
rize the last pas-
sages to the
pericenter of the
Sagittarius dwarf
galaxy, the re-
sults of which
were an observed
increase in star
formation in the
Milky Way during
each. [ESA, IAC]
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'he globular

cluster M54 is
located in the cen-
ter of the Sagit-
tarius galaxy. It is
its most striking
component. [ESA/
Hubble & NASA]

tions, narrows at each passage of the peri-
center. Sagittarius has a diameter of about
10,000 light-years, a mass many times
smaller than that of the Milky Way, is essen-
tially composed of old and low-metal stars,
and is almost gas-free. Its center is occu-
pied by the globular cluster M54, the only

easily observable Sagittarius component.
Astronomers estimate that the first closed
orbit of Sagittarius around the Milky Way
began approximately 1 billion years ago
and that, in the repeated and ever-closer
pericenter passages, it has lost at least half
of its mass to the Milky Way's advantage.
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Direct observations of very peripheral stars
of our galaxy and computer simulations
lead us to believe that part of the mass lost
by Sagittarius is scattered in large arcs along
the orbits so far described. It was reasonable
to expect that mass transfer and gravita-
tional perturbations would have produced
star formation events in the Milky Way, but
convincing evidence was needed to associ-
ate their timing with that of the transits of
the pericenter by Sagittarius. A decisive step
in this direction has been performed re-
cently by a team of researchers lead by
Tomas Ruiz-Lara (Instituto de Astrofisica de
Canarias), who combined data from Gaia
and modeling techniques based on color-
magnitude diagrams. With this procedure,
the team was able to characterize with suf-
ficient precision the stellar content in a
sphere of space about 13,000 light-years in
diameter, centered on the Sun; a sample cer-
tainly representative of the whole galactic
disk. Ruiz-Lara and colleagues found that at
the end of the Gaia-Enceladus event, the
star formation in our galaxy had returned
to the levels of other massive spiral galaxies,
which are generally very low levels. Never-
theless, within this constant behavior, three
well-defined star formation bursts are rec-

R

= -
— e
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ognizable whose central phases date back
to 5.7, 1.9 and 1.0 billion years ago with es-
timated durations of 0.8, 0.2 and 0.1 billion
years, respectively. There are also traces of
a possible fourth peak of star formation,
which can be located in the last 100 million
years. It is very interesting that the timings
of these episodes coincide with the passages
to the pericenter of Sagittarius deduced
from simulations of the orbit, from the
structure of the galactic disk and from the
stellar contents of Sagittarius.

'omas Ruiz-

Lara, Postdoc-
toral Fellow, at
the Instituto de
Astrofisica de Ca-
narias, coordi-
nated the team
of researchers
who proposed
the Sagittarius
galaxy as the
driving force for
the formation of
our Solar System.

hotomontage

of the Gaia
Space Observa-
tory against the
background of
the Milky Way.
[ESA/ATG media-
lab; background:
ESO/S. Brunier]
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tar formation

history in the
two kpc bubble
around the Sun,
with distinction
between the thin
and thick galactic
disks. The star for-
mation rate is
expressed in arbi-
trary units for
both disk sub-
structures. The
inset shows the
spatial distribu-
tion of the stars
belonging to each
substructure in
the x-z plane.
Some regions
close to the galac-
tic plane were not
included in the
analysis due to
the strong extinc-
tion of the signal
in those direc-
tions. The stars
were divided into
thin disk or thick
disk stars based
on their tangential
velocity. The four
star formation
peaks of the last
six billion years
are evident, in-
cluding the cur-
rent one, still not
well-defined. [T.
Ruiz-Lara et al.]

have been born as
a result of that

7 x-z plane

close passage of
the dwarf galaxy.
The Sun is located

— Thick dise
—— Thin disc

6 in the thin disk and

— could  therefore
= 51 fall within that
S 24%. The subse-
E 4 guent passages of
S Sagittarius  pro-
a duced less relevant
5 31 effects in the thin
. disk, and almost
D 5 imperceptible ef-
fects in the thick

1 disk, but they
nonetheless con-

tributed to increas-

12 10 8 6
Lookback time [Gyr]

ing the stellar mass
of our galaxy.
The opposite hap-

If the results of the Ruiz-Lara team are cor-
rect, we can deduce that Sagittarius played
a non-marginal role in the building up of the
stellar mass of the Milky Way's disk, and that
probably the Sun and its planetary system
were formed as a consequence of a pericen-
tric passage of the dwarf galaxy and not be-
cause of the explosion of a supernova. The
passage of about 5.7 billion years ago could
be the one that created the conditions for
the subsequent birth of the solar system. It
is true that the Sun was formed about a bil-
lion years after the apex of that event, but
several factors may have intervened to delay
its formation. For example, not a short time
must have elapsed before gravitational per-
turbations generated a sufficient degree of
inhomogeneity in the distribution of gas and
dust to trigger the collapse of clouds of mat-
ter and the consequent birth of new stars.

Although it seems impossible to accurately
reconstruct the sequence of events, the star
formation burst caused by Sagittarius be-
fore, during and after the pericenter passing
of 5.7 billion years ago is very evident both
in the thick disk and in the thin disk. In these
two kinematic components of our galaxy,
the Ruiz-Lara team found that, respectively,
16% and 24% of the component stars could

pened instead to
Sagittarius. In fact, an analysis of its stellar
content shows that, between five and seven
billion years ago, the formation of new stars
and chemical enrichment were those typical
of dwarf galaxies. After moving to the peri-
center 5.7 billion years ago, the star forma-
tion rate collapsed, a sign of a remarkable
loss of gas that was likely acquired by the
Milky Way.

At this point, can we say that the spark that
gave rise to the Sun, the Earth and ourselves
arose from a close passage of Sagittarius?
Not with certainty, due to the difficulties re-
searchers encounter in representing the or-
bital dynamics of the dwarf galaxy.
However, it is undeniable that the current
shape of the Milky Way and its stellar mass
are at least, in part, the result of the action
of a crowd of satellite galaxies (about sixty
are known), among which Sagittarius has
certainly played an important role — more
than that of the Magellanic Clouds, which
are only on their first approach. Sagittarius
could also have indirectly started the for-
mation of the solar system by contributing
to the birth of that massive star that would
later produce the supernova many as-
tronomers considered the source of our ex-
istence. All hypotheses remain open. [ |

JULY-AUGUST 2020

ASTRONOM.



32

ESO mstrument flnds
closest black hole

to Earth

by ESO .

Q team of astronomers from
the European Southern Ob-
servatory (ESO) and other in-

stitutes has discovered a black hole
lying just 1000 light-years from
Earth. The black hole is closer to our
Solar System than any other found
to date‘and forms part of a triple
system that can be seen with the
.naked eye. The team found evi-
dence for the invisible object by
tracking its two companion stars
using the MPG/ESQO 2.2-metre tele-
scope at ESO’s La Silla' Observatory in
Chile: They say this system could just
be the tip of the iceberg, as many
more similar black holes could be
found in the future. ;

“We were totally surprised when we:
realised that this is the first stellar
system with a black hole that can be
seen with the unaided eye,” says
Petr Hadrava, Emeritus Scientist at
the Academy of .Sciences of the
Czech Republicin Prague and co-au-
thor. of the research. Located in the
constellation of Telescopium, the
system is so close to us that its stars
can be viewed from the southern
hemisphere on a dark, clear night
without binoculars or a telescope.
“This system contains the nearest
black hole“to Earth that we know
of,” says ESO scientist Thomas Riv-
inius, who led the study published

today in Astronomy & Astrophysics.

The team originally observed the, °
system; called HR 6819, as part of a
study of double- star systems. How-
ever, as they analysed their observa-
tions, they were stunned when they
revealed a third, previously undiscov-
ered body in HR 6819: a black hole.
The observations with the FERQS
spectrograph on the MPG/ESO 2.2-
metre telescope at La Silla showed
that one of the two visible stars or-
bits an unseen object every 40 days,
while the second star is at a large dis-
tance from this-inner pair.

Dietrich Baade, Emeritus As-
tronomer at ESO in Garching_and
co-author of the. study, says: “The
observations needed to determine
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his artist’s impression shows the

orbits of the objects in the HR
6819 triple system. This system is
made up of an inner binary with

one star (orbit in blue) and a newly
discovered black hole (orbit in red),
as well as a third object, another
star, in a wider orbit (also in blue).
[ESO/L. Calcada]

the period of 40 days had to be
spread over several months. This was
only possible thanks to ESO’s pio-

« ,neering service-observing scheme

under which:observations are made
by ESO staff on behalf of the scien-
tists needing them.” ..

The hidden black hole in HR 6819

is one of the very first stellar-mass
_ black holes found that do not inter-

.. .

act viantly,with their environment
and, therefore, "appear truly black.
But the team could spot its presence
and calculate its mass by studying
the orbit of the star in the inner
pair. - “An- invisible object with a
mass at least 4 times that of the Sun
can only:be a black hole,” concludes
Rivinius, who:-is based in Chile. As-

tronomers have spotted only a cou-

.
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ple of dozen black holes in our
galaxy to date, nearly all of which
strongly interact with their envi-
ronment and make their presence
known by releasing powerful X-rays
in this interaction. But scientists es-
timate that, over the Milky Way’s
lifetime, many more stars collapsed
into black holes as they ended their
lives. The discovery of a silent, invis-
ible black hole in HR 6819 provides
clues about where the many hidden
black holes in the Milky Way might
be. “There must be hundreds of mil-
lions of black holes out there, but
we know about only very few.
Knowing what to look for should
put us in a better position to find
them,” says Rivinius. Baade adds
that finding a black hole in a triple
system so close by indicates that we
are seeing just “the tip of an excit-
ing iceberg.”

Already, astronomers believe their
discovery could shine some light on
a second system. “We realised that
another system, called LB-1, may
also be such a triple, though we'd
need more observations to say for
sure,” says Marianne Heida, a post-
doctoral fellow at ESO and co-au-
thor of the paper. “LB-1 is a bit
further away from Earth but still
pretty close in astronomical terms,
so that means that probably many
more of these systems exist. By find-
ing and studying them we can learn
a lot about the formation and evo-

his wide-field view shows the region of the sky, in the constellation of Tele-

scopium, where HR 6819 can be found, a triple system consisting of two stars
and the closest black hole to Earth ever found. This view was created from im-
ages forming part of the Digitized Sky Survey 2. While the black hole is invisible,
the two stars in HR 6819 can be viewed from the southern hemisphere on a dark,
clear night without binoculars or a telescope. [ESO/Digitized Sky Survey 2]

lution of those rare stars that begin
their lives with more than about 8
times the mass of the Sun and end
them in a supernova explosion that
leaves behind a black hole.”

The discoveries of these triple sys-
tems with an inner pair and a distant
star could also provide clues about

his animation shows the

orbits and movements of
the objects in the HR 6819
triple system. This system in-
cludes an inner binary with
one star (orbit indicated in
blue) and a newly discovered
black hole (orbit indicated in
red). As we move away from
this inner pair, we see the
outer object in the system, an-
other star in a much wider
orbit (in blue). [ESO/L. Cal¢ada]

the violent cosmic mergers that re-
lease gravitational waves powerful
enough to be detected on Earth.
Some astronomers believe that the
mergers can happen in systems with
a similar configuration to HR 6819 or
LB-1, but where the inner pair is
made up of two black holes or of a
black hole and a neutron
star. The distant outer ob-
ject can gravitationally im-
pact the inner pair in such
a way that it triggers a
merger and the release of
gravitational waves.

Although HR 6819 and LB-1
have only one black hole
and no neutron stars, these
systems could help scientists
understand how stellar col-
lisions can happen in triple
star systems. [ |
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The ESO Annual Report 2019 is now available.
It presents a summary of ESO’s many activities European Organisation

throughout the year. for Astronomical

The contents include: .
4+ Research highlights from ESO facilities, includ- Researchin the

ing the first image of the shadow of a supermas-
sive black hole, groundbreaking investigations of
exoplanets and how the shapes and characteris-
tics of asteroids are being uncovered in unprece-
dented detail from the ground.

+A summary of activities at ESO’s front-line ob-
servatories in Chile: 2019 was a very special
year for the La Silla Observatory, marking 50
years since its inauguration. The celebrations of
this anniversary were further distinguished by
the opportunity to witness a rare total solar
eclipse at the observatory.

4 The latest news from the Atacama Large Mil-
limeter/submillimeter Array (ALMA) and ESO's
Extremely Large Telescope (ELT).

4+ News about ESO staff and infrastructure, and
recommendations from the ESO Visiting Com-
mittee.

This product is available to download for free
and will soon be available to buy in the
ESOshop.

Southern Hemisphere

Download PDF 133 pages:

https://www.eso.org/public/usa/products/annualreports/ar_2019/
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Hubble makes
surprising find in
the early Universe

by NASA/ESA

ew results from
the NASA/ESA
Hubble Space

Telescope suggest the
formation of the first
stars and galaxies in
the early Universe
took place sooner than
previously thought. A
European team of as-
tronomers have found
no evidence of the first
generation of stars,
known as Population
Il stars, as far back as
when the Universe was
just 500 million years
old.

The exploration of the
very first galaxies re-
mains a significant challenge in
modern astronomy. We do not know
when or how the first stars and
galaxies in the Universe formed.
These questions can be addressed
with the Hubble Space Telescope
through deep imaging observations.
Hubble allows astronomers to view
the Universe back to within 500 mil-
lion years of the Big Bang.

A team of European researchers, led
by Rachana Bhatawdekar of the Eu-
ropean Space Agency, set out to
study the first generation of stars in
the early Universe. Known as Popu-

lation Ill stars, these stars were
forged from the primordial material
that emerged from the Big Bang.
Population Il stars must have been
made solely out of hydrogen, he-
lium and lithium, the only elements
that existed before processes in the
cores of these stars could create
heavier elements, such as oxygen, ni-
trogen, carbon and iron.

Bhatawdekar and her team probed
the early Universe from about 500
million to 1 billion years after the
Big Bang by studying the cluster
MACSJ0416 and its parallel field

his artist’s impression presents
the early Universe. [ESA/Hubble,

M. Kornmesser]

with the Hubble Space Telescope
(with supporting data from NASA's
Spitzer Space Telescope and the
ground-based Very Large Telescope
of the European Southern Observa-
tory). “We found no evidence of
these first-generation Population Ill
stars in this cosmic time interval”
said Bhatawdekar of the new results.
The result was achieved using the
Hubble’s Space Telescope's Wide
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Field Camera3and § iy
Advanced Camera ‘ ;
for Surveys, as part 4

of the
Frontier Fields pro-
gramme. p-
This programme

(which  observed

six distant galaxy

clusters from 2012
to 2017) produced
the deepest obser-
vations ever made [
of galaxy clusters 5
and the galaxies

located behind

them which were N w ¥

magnified by the
gravitational lens-
ing effect, thereby
revealing galaxies
10 to 100 times \
fainter than any : .
previously ob- S .
served. The masses [ "
of foreground [

galaxy clusters are

large enough to

bend and magnify P

the light from the [ .

more distant ob- R

jects behind them.

This allows Hubble . 4

to use these cosmic
magnifying glasses
to study objects
that are beyond its
nominal  opera-
tional capabilities.
Bhatawdekar and her team devel-
oped a new technique that removes
the light from the bright fore-
ground galaxies that constitute
these gravitational lenses. This al-
lowed them to discover galaxies
with lower masses than ever previ-
ously observed with Hubble, at a dis-
tance corresponding to when the
Universe was less than a billion years
old. At this point in cosmic time, the
lack of evidence for exotic stellar
populations and the identification
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of many low-mass galaxies supports
the suggestion that these galaxies
are the most likely candidates for
the reionisation of the Universe. This
period of reionisation in the early
Universe is when the neutral inter-
galactic medium was ionised by the
first stars and galaxies.

“These results have profound astro-
physical consequences as they show
that galaxies must have formed
much earlier than we thought,”
said Bhatawdekar. “This also strongly

'his image from the NASA/ESA Hubble Space Telescope shows the galaxy cluster MACS J0416. This is one of six
clusters that was studied by the Hubble Frontier Fields programme, which yielded the deepest images of gravita-
tional lensing ever made. Scientists used intracluster light (visible in blue) to study the distribution of dark matter

within the cluster. [NASA, ESA, and M. Montes (University of New South Wales, Sydney, Australia)]

supports the idea that low-mass/
faint galaxies in the early Universe
are responsible for reionisation.”
These results also suggest that the
earliest formation of stars and gal-
axies occurred much earlier than can
be probed with the Hubble Space
Telescope.

This leaves an exciting area of fur-
ther research for the upcoming
NASA/ESA/CSA James Webb Space
Telescope — to study the Universe's
earliest galaxies. [ |
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SPHERE sees signs
of planet birth

by ESO

bservations made with the
O European Southern Observa-

tory’s Very Large Telescope
(ESO’s VLT) have revealed the telltale
signs of a planetary system being
born. Around the young star AB Au-
rigae lies a dense disc of dust and
gas in which astronomers have spot-
ted a prominent spiral structure with
a ‘twist’ that marks the site where a
planet may be forming. The ob-
served feature could be the first di-
rect evidence of a baby planet
coming into existence.
“Thousands of exoplanets
have been identified so far,
but little is known about how
they form,” says Anthony
Boccaletti who led the study
from the Observatoire de
Paris, PSL University, France.
Astronomers know planets are
born in dusty discs surround-
ing young stars, like AB Auri-
gae, as cold gas and dust
clump together. The new ob-
servations with ESO’s VLT, pub-
lished in Astronomy & Astro-
physics, provide crucial clues
to help scientists better under-
stand this process.
“We need to observe very
young systems to really cap-
ture the moment when plan-
ets form,” says Boccaletti.

But until now astronomers had been
unable to take sufficiently sharp and
deep images of these young discs to
find the ‘twist’ that marks the spot
where a baby planet may be coming
to existence.

The new images feature a stunning
spiral of dust and gas around AB Au-
rigae, located 520 light-years away
from Earth in the constellation of
Auriga (The Charioteer). Spirals of
this type signal the presence of baby

planets, which ‘kick’ the gas, creat-
ing “disturbances in the disc in the
form of a wave, somewhat like the

etailed view of the SPHERE op-

tical bench is shown with the
main subsystems clearly visible.
SPHERE (Spectro-Polarimetric High-
contrast Exoplanet REsearch) is

installed on the ESO Very Large
Tele- scope, and operates in direct
imaging of exoplanets larger than
Jupiter. [ESO]
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wake of a boat on a lake,” explains
Emmanuel Di Folco of the Astro-
physics Laboratory of Bordeaux
(LAB), France, who also participated
in the study. As the planet rotates
around the central star, this wave
gets shaped into a spiral arm. The
very bright yellow ‘twist’ region
close to the centre of the new AB
Aurigae image, which lies at about
the same distance from the star as
Neptune from the Sun, is one of
these disturbance sites where the
team believe a planet is being made.
Observations of the AB Aurigae
system made a few years ago with
the Atacama Large Millimeter/sub-
millimeter Array (ALMA), in which
ESO is a partner, provided the first
hints of ongoing planet formation
around the star. In the ALMA im-
ages, scientists spotted two spiral

arms of gas close to the star, lying
within the disc’s inner region. Then,

in 2019 and early 2020, Boccaletti
and a team of astronomers from
France, Taiwan, the US and Belgium
set out to capture a clearer picture
by turning the SPHERE instrument
on ESO’s VLT in Chile toward the
star. The SPHERE images are the
deepest images of the AB Aurigae
system obtained to date.
With SPHERE's powerful imaging
system, astronomers could see the
fainter light from small dust grains
and emissions coming from the
inner disc. They confirmed the pres-
ence of the spiral arms first detected
by ALMA and also spotted another
remarkable feature, a “twist’, that
points to the presence of ongoing
planet formation in the disc. “The
twist is expected from some theoret-
ical models of planet formation,”
says co-author Anne Dutrey, also at
LAB. “It corresponds to the connec-
tion of two spirals — one winding
inwards of the planet’s orbit, the
other expanding outwards — which
join at the planet location. They
allow gas and dust from the disc to
accrete onto the forming planet and
make it grow.”
ESO is constructing the 39-metre Ex-
tremely Large Telescope, which will
draw on the cut-
ting-edge work of
ALMA and SPHERE
to study extrasolar
worlds. As Boc-
caletti explains, this
powerful telescope
will  allow  as-
tronomers to get
even more detailed
views of planets in
the making. “We
should be able to
see directly and
more precisely how
the dynamics of the
gas contributes to
the formation of
planets,” he con-
cludes. [ |

JULY-AUGUST 2020

ASTRONOM


http://skysurvey.org/

o

The principle of
mediocrity and
the habltablllty
of galames

by Michele Ferrara

revised by Damian G. Allis
NASA Solar System Ambassador

tirely legitimate today to extend the prmc:ple '. f _
_for extraterrestrial life, but how far can we go?




D billion galaxies
niverse, each of
average, many bil-
f these billions of stars
planets. This means
the region of the universe
where the cosmological red-
or at zero), there are proba- .
of planets,‘and we can expect
all fraction of them (Millions) are

itable by terrestrial life forms. Depending on
how hospitable a planet might be, life could
evolve to develop technological species,
those which by definition are “biological
species that have developed electronic de-
vices and are capable of significantly influ-
encing their planetary environment.”

In order for an intelligent species to have
the time necessary to evolve up to a tech-
nological level, it is necessary that the host
star resides in the main sequence for billions




of years without showing a
significant variability. One
might assume that it doesn’t
matter if the star and its plan-
etary system are in a spiral
galaxy or an elliptical galaxy,
but this is not so. The typol-
ogy of the host galaxy seems
to be able to influence the
habitability of planets. A

well-known theoretical work
in this area was conducted in
2015 by researchers coordi-
nated by astronomer Pratika
Dayal (University of Durham).
The team modeled the num-
ber of potentially habitable

planets in the local uni-
verse relative to the plan-
ets within the Milky Way.
The conclusion was that
large elliptical galaxies,
with at least double the
mass of the Milky Way,
should contain 100 to
10,000 times more terres-
trial planets than galaxies

N . P L.

similar to ours. Dayal and
colleagues interpreted this
high proportion as a conse-
quence of three properties
that typically distinguish
large elliptical galaxies from
spiral ones: the greater
stellar mass, the very low
supernovae rate, and the
very high metallicity. Large
elliptical galaxies have, in
fact, already transformed
almost all the gas available
into stars, while the most
massive stars have aged
and died more or less rap-
idly, enriching the interstel-

ASTROBIOLOGY

'hree spiral

galaxies simi-
lar in size to the
Milky Way or
slightly larger: on
the side is M61 in
the constellation
Virgo; below is
NGC 2336 in
Camelopardalis;
to the lower left

e .

is M109 in Ursa
Major. The latter
galaxy is a barred
spiral, morpho-
logically very
similar to ours.
[Cima Rest Astro-
nomical Observa-
tory, Magasa,
Valvestino, Italy]
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GC 5128, in the

constellation
Centaur, is an inter-
mediate class be-
tween ellipticals and
spirals. The photo
above, taken in visi-
ble light with the
2.2-meter MPG/ESO
telescope at La Silla
Observatory, does
not show the violent
activity of the SMBH
evident in other
wavelengths (right).
[ESO/WFI (Optical);
MPIfR/ESO/APEX/
A.Weiss et al.
(Submillimetre);
NASA/CXC/CFA/R.
Kraft et al. (X-ray)]

lar medium with metals.
The latter would favor
the formation of planets,
while the shortage (or
absence) of supernovae
would preserve any life
forms present on those
planets from being cut
down by the radiation re-
leased in the explosions.

The surprising results
reached by Dayal’s team
have obviously been the
subject of discussion
among astronomers, and
just recently their hypoth-
esis has regained the lime-
light thanks to a critical
reworking based on the

so-called  “principle of
mediocrity.” According to
this principle, if an element
is randomly extracted from
a well-defined category of
elements, it is very likely
that it is representative of
the whole category. Ap-
plied to astronomy, the
principle of mediocrity tells
us that there are no privi-
leged realities in the uni-
verse and, in the absence
of contrary evidence, the
evolution of our solar sys-
tem, our planet, and all life
on it have to each be con-
sidered typical scenarios of
the reference classes to
which they belong.

An example will clarify the
concept. Three famous as-
tronomers of the past,
James Gregory, Isaac New-
ton and Christiaan Huygens
(also known for the optical
schemes they each gave
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us), ventured into calculating the distance
from the Earth to the star Sirius by assum-
ing that the Sun was a typical star and rep-

resentative of all stars. From the
differences between the apparent
brightness of the two stars and the
assumption that both were similar,
they obtained a distance of about
half a light-year — a value proven
to be underestimated (by just over
eight light years) only after the
subsequent awareness of the mul-
tiplicity of the stellar classes. That
said, the calculated distance of
about half a light-year provided a
realistic idea of the depth of the
cosmos at the time.

Just as the astronomers of the sev-
enteenth century once did, even
today’s astronomers are in the po-
sition of having to apply the prin-
ciple of mediocrity to a restricted
class of an appropriately chosen
reference — that of the technolog-
ical species. The only representa-

tive that we know to fall into this class is the
human species, and it goes without saying
that any extrapolation to hypothetical real-

81, in Ursa

Major, is
a spiral galaxy
slightly smaller
than ours, hous-
ing an SMBH al-
most 20 times
more massive
than Sgr A* - still
much lighter than
those typical of
large elliptical
galaxies. Below,
the famous
Whirlpool Galaxy,
M51, in Canes Ve-
natici, the Hunt-
ing Dogs constel-
lation, a spiral
galaxy par excel-
lence. One of its
arms interacts
gravitationally
with its compan-
ion NGC 5195 - a
clash between
galaxies. [Cima
Rest Astronomi-
cal Observatory,
Magasa, Valvesti-
no, Italy]
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87, in the

constellation
Virgo, is a giant el-
liptical galaxy, one
of the most mas-
sive in the local
universe. Its SMBH
is proportionally
massive (about
seven billion solar
masses) and is the
engine of the pow-
erful jet of plasma
erupting from
the active galactic
nucleus. [ESO]
Right, the Dragon
Trio: NGC 5981,
NGC 5982, and
NGC 5985, contain-
ing two barred spi-
rals, one cutting
view and the other
almost in front,
and an elliptical
cross in the middle.
[Stephen Leshin]

JULY-AUGUST 2020

ities different from ours risks being a mere
philosophical speculation. Nonetheless, a
single datum is better than nothing and, ac-

cording to the princi-
ple of mediocrity, we
must consider our
technological species
as typical, having no
comparison that sug-
gests the opposite.

At this point a ques-
tion arises: “If we
consider our techno-
logical species to be
typical, but a large
elliptical galaxy may
contain up to 10,000
times more poten-
tially habitable plan-
ets than a spiral
galaxy, why would
we, and spiral galax-
ies in general, not in-
stead be considered
outliers in the search

for other technological
species?” It would be
reasonable to expect a
typical species to inhabit
a galaxy that offers life
more development op-
portunities. As a result,
either we are not typi-
cal, or the results that
Dayal and colleagues
have reached are wrong.
Recently, Daniel P. Whit-
mire (University of Ar-
kansas) conducted a
study published in the
Monthly Notices of the
Royal Astronomical So-
ciety that substantially
challenges the results of
Dayal’s team. The main
objection raised by
Whitmire is that the
previous work only con-

siders the evolutionary
stage of the galaxies of
the local universe, ig-
noring the fact that the
time it takes for life to evolve into a techno-
logical species is probably billions of years
throughout the universe, periods during

ASTRONOM
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which galaxies un-
dergo  profound
transformations.
Observations show
that today’s large
and quiescent ellip-
tical galaxies may
have been shocked
billions of vyears
ago by the quasar
phenomenon pro-
duced by super-
massive black holes
(SMBH) nestled at
their centers. In
those times, the el-
liptical galaxies
were, on average,
more compact. As a
result, the activity
of the nucleus most
likely led to the in-
hibition of star for-
mation and the
sterilization of a
large number of
planets.
Consequently, if
the large elliptical
galaxies relatively
close to us may
seem safer right
now for possible
forms of advanced
life compared to
conditions in spiral
galaxies (in which
the supernovae
rate is decidedly
higher), the fact re-
mains that ellipticals were by no means safe
when life would have had to conquer the
mainland of any habitable planets.

It is true that nearly all larger galaxies, in-
cluding spirals, have gone through active
phases during which their SMBHs have pro-
duced a quasar. That said, the effects have
been much more intense in elliptical galax-
ies due to the proportionately greater mass
of the black holes.

In a paper published in Nature in 2017,
Amedeo Balbi and Francesco Tombesi (Uni-

versity of Rome “Tor Vergata”) investigated
the habitability of the Milky Way during the
active phase of our SMBH, Sgr A*, to under-
stand up to which distances and to what ex-
tent UV and X-ray radiation may have
affected the loss of mass of planetary at-
mospheres and the development of life. The
two researchers found that only within a
few kiloparsecs (1 kpc = 3,262 light-years) of
Sgr A* would the radiation have been lethal
for any life forms hosted on the surface of
Earth-like planets. Beyond about 7 kpc, all

majestic

group of
galaxies domi-
nated by the spi-
ral NGC 7331 in
the constellation
Pegasus. [Cima
Rest Astronomical
Observatory, Ma-
gasa, Valvestino,
Italy]
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n the right is

M101, also
known as the
Pinwheel Galaxy.
It is located in
Ursa Major and is
about 1.5 times
the size of the
Milky Way.
Below, the barred
spiral NGC 4236
in the constella-
tion Draco. [Cima
Rest Astronomical
Observatory, Ma-
gasa, Valvestino,
Italy]

rocky planets with an at-
mosphere even less thick
than that of the Earth
would not have under-
gone permanent steriliza-
tion (our planet is located
8.2 kpc from the galactic
center). According to Bal-
bi and Tombesi, during
the nearly 50 million years
of strong activity of our
galactic core, any Earth-
like planet within the 7
kpc critical radius may
have lost a significant part
of its atmosphere, but
probably not all. For large
elliptical galaxies, the
story is different, as their
SMBHs are typically hun-
dreds or thousands of
times more massive than
Sgr A* and are propor-
tionally more intense -
the radiation flux in the

past that flooded potentially habitable
planets would have been biologically
lethal. Since the progenitors of the current
ellipticals were more compact, the devas-
tating action of quasars must have neces-
sarily affected almost all of the planets in
those galaxies. If billions of years ago the
Earth had been about 8 kpc from the
quasar of an elliptical galaxy, it would
have lost much of its atmosphere and per-
haps today would be sterile.

To argue that technological species are
more likely to exist in elliptical galaxies,
therefore, does not seem realistic, espe-
cially if we consider that the high metallic-
ity of those galaxies, one of the strengths
of Dayal and colleagues’ work, is also one
of its weakest points.

According to that same team, the relative
number of gaseous planets in large ellip-
tical galaxies is up to a thousand times
that of the Milky Way. Hence, there would
be a considerable disproportion between
gaseous planets and terrestrial planets,
caused by the high metallicity that, de-
spite how one might associate the terms
“metallicity” and “terrestrial,” favors the
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formation of the former in planetary sys-
tems. Various studies indicate that gaseous
planets generally formed beyond the water
condensation radius (4-6 AU for solar-type
stars) and subsequently migrated into the

interior of their planetary system. If the mi-
gration is relatively slow, the gaseous plan-
ets push the planetesimals
of the less massive planets
that are still forming in the
warmer regions towards the
star, preventing the birth of
future potentially habitable
planets.

In short, living in a spiral
galaxy is arguably the more
typical scenario for a tech-
nological species, while the
existence of technological
species within elliptical gal-
axies should be considered
more of a violation of the
principle of mediocrity.
Even so, our supposed “typ-
ical-ness” may not be good
news. In fact, since we have
only been technological for
a century or so, if we are
not among the very first in
the Milky Way to reach this
level, it means that those
who preceded us did not
last long. Paraphrasing the
Fermi Paradox, if there are

ASTRONOM

other  technological
species out there, why
haven’t they come into
contact with us yet?
Maybe they don't exist,
maybe they don't want
to contact us, maybe
they don't know we
exist, or maybe we are
the most advanced at
the moment.
The worst alternative is
the last one, because
the Milky Way is more
than double the age of
the Earth. Even if the
metallicity has grown
over time (thanks to
the death of countless stars), it is difficult to
imagine that life never appeared and
evolved to the point of reaching an aware-
ness of itself and the cosmos during our
galaxy’s first five or six billion years.
According to Whitmire, if our species were
to become extinct within a much shorter

ASTROBIOLOGY

n the left,

the spiral
galaxy NGC 772
in the constella-
tion Aries. It is
twice the size of
our own and has
an asymmetric
shape caused by
gravitational in-
teractions with
its numerous
satellite galaxies.
[Cima Rest Astro-
nomical Observa-
tory, Magasa,
Valvestino, Italy]
Below, a part of
the Virgo Cluster,
dominated by
the two large el-
lipticals M86
(near the center)
and M84. [Greg
Morgan (Sierra
Remote Observa-
tories)]
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he spiral

galaxy NGC
6946, located
along the Cygnus-
Cepheus border,
is also known as
the Fireworks
Galaxy for the
numerous star-
forming regions.
This is the main
feature that dis-
tinguishes spirals
from ellipticals (in
addition to their
shape). The ellip-
tical galaxies are,
in fact, consid-
ered dead from
the point of view
of the formation
of new stars and
new planets.
What type of gal-
axy will be most
suitable for host-
ing evolved life
forms? [Cima Rest
Astronomical Ob-
servatory, Maga-
sa, Valvestino,
Italy]

period of time than that during which the
Sun will allow for the habitability of the
emerged lands (1-2 billion years), it is possi-
ble that dozens of species might evolve up
to a technological phase and then also
quickly be extinguished.

Taking this into consideration, the striking
contrast between the number of potentially
habitable planets that likely exist in the
Milky Way and the total absence of commu-
nications from alien civilizations could sug-
gest that the extinction of a technological
species coincides with the extinction of its
entire biosphere, or at least of the animal

species that populate the emerged lands. In
this case, it is understandable that a few mil-
lion or tens of millions of years would no
longer be enough to go from a wild being
to a technological being.

However questionable the principle of medi-
ocrity is, especially if applied to a single da-
tum, the fact is that we exist, that other
evolved species like ours do not seem to exist,
and that we are doing everything to destroy
the biosphere that hosts us. In this sense, the
principle of mediocrity would seem to have
a predictive capacity which is perhaps the
case to interpret to our advantage. [ |
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METIS

instrument
passes design
milestone

by ESO

ETIS, the powerful imager
M and spectrograph for ESO'’s

Extremely Large Telescope
(ELT), has passed its Preliminary De-
sign Review at ESO’s headquarters in
Garching, Germany. METIS, short for
Mid-infrared ELT Imager and Spec-
trograph, will make full use of the

giant main mirror of the telescope to
study a wide range of science topics,
from objects in our Solar System to
distant active galaxies. METIS will be
extremely well suited to study the
life cycle of stars, from infant stars
and planet-forming discs to older
stars near the end of their lifetime.

roup photo of the event “METIS Preliminary Design Review” (PDR), ESO
Garching, 6-10 May 2019. [ESO]
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rtist depiction

of the METIS
instrument set to
be used with the
Extremely Large
Telescope upon
completion. METIS,
short for Mid-in-
frared ELT Imager
and Spectrograph,
will make full use
of the giant main
mirror of the tele-
scope to study a
wide range of sci-
ence topics, from
objects in our Solar
System to distant
active galaxies.
[ESO/METIS Con-
sortium/L. Calcada]

The ELT will be the largest optical to
mid-infrared telescope on Earth
when it starts operations towards
the middle of this decade. With its
39-metre primary mirror and ad-
vanced adaptive-optics systems, it
will have six times the resolution of
the James Webb Space Telescope.
METIS will take full advantage of
this remarkable telescope and its
adaptive optics to probe the struc-
ture and composition of objects
with revolutionary precision.
Among others, METIS is expected to
make large contributions to one of
the most dynamic and exciting fields
of astronomy for both scientists and
the public, exoplanets. The instru-
ment will be able to study the tem-
perature, weather, and seasonal
changes of the atmospheres of
many giant exoplanets. Further-
more, METIS has the potential to di-
rectly detect terrestrial exoplanets
around the nearest stars and, in
favourable cases, investigate their
atmospheric composition.

Now that the instrument has passed
this Preliminary Design Review, the
METIS consortium will continue to
develop its design in further detail
before construction on the instru-
ment starts. [ ]
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ALMA discovers
massive rotating

disk in

early

universe

by ALMA Obseruatory

verse, most galaxies like our Milky

Way form gradually, reaching their
large mass relatively late. But a new
discovery made with the Atacama
Large Millimeter/submillimeter Array
(ALMA) of a massive rotating disk
galaxy, seen when the Universe was
only ten percent of its current age,
challenges the traditional models of
galaxy formation. This research ap-
peared in the journal Nature.

In our 13.8 billion-year-old Uni-

Galaxy DLA0817g, nicknamed the
Wolfe Disk after the late as-
tronomer Arthur M. Wolfe, is the
most distant rotating disk galaxy
ever observed. The unparalleled
power of ALMA made it possible to
see this galaxy spinning at 170 miles
(272 kilometers) per second, similar
to our Milky Way.

“While previous studies hinted at
the existence of these early rotat-
ing gas-rich disk galaxies, thanks to
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ALMA we now have unambiguous
evidence that they occur as early as
1.5 billion years after the Big Bang,”
said lead author Marcel Neeleman
of the Max Planck Institute for As-

tronomy in Heidelberg, Germany.
The discovery of the Wolfe Disk pro-
vides a challenge for many galaxy
formation simulations, which pre-
dict that massive galaxies at this
point in the evolution of the cosmos
grew through many mergers of
smaller galaxies and hot clumps of
gas. “Most galaxies that we find
early in the Universe look like train
wrecks because they underwent
consistent and often ‘violent” merg-
ing,” explained Neeleman. “These
hot mergers make it difficult to
form well-ordered, cold rotating
disks like we observe in our present
Universe.”

In most galaxy formation scenarios,
galaxies only start to show a well-
formed disk around 6 billion years
after the Big Bang. The fact that the
astronomers found such a disk
galaxy when the Universe was only
ten percent of its current age, indi-
cates that other growth processes
must have dominated.

“We think the Wolfe Disk has
grown primarily through the steady
accretion of cold gas, ” said J. Xavier
Prochaska, of the University of Cali-
fornia, Santa Cruz and coauthor of
the paper. “Still, one of the ques-
tions that remains is how to assem-
ble such a large gas mass while
maintaining a relatively stable, ro-
tating disk.”
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The team also used the National Sci-
ence Foundation’s Karl G. Jansky
Very Large Array (VLA) and the
NASA/ESA Hubble Space Telescope
to learn more about star formation
in the Wolfe Disk. In radio wave-
lengths, ALMA looked at the gal-
axy's movements and mass of
atomic gas and dust while the VLA
measured the amount of molecular
mass — the fuel for star formation.
In UV-light, Hubble observed mas-
sive stars.

“The star formation rate in the
Wolfe Disk is at least ten times
higher than in our own galaxy,” ex-
plained Prochaska. “It must be one
of the most productive disk galaxies
in the early Universe.”

The Wolfe Disk was first discovered
by ALMA in 2017. Neeleman and his
team found the galaxy when they
examined the light from a more
distant quasar. The light from the
quasar was absorbed as it passed

Wolfe Disk galaxy

Hubble + VLA

Hubble + ALMA

'he Wolfe Disk as seen with ALMA (right - in red), VLA (left - in green) and

the Hubble Space Telescope (both images - blue). In radio light, ALMA
looked at the galaxy’s movements and mass of atomic gas and dust and the
VLA measured the amount of molecular mass. In UV-light, Hubble observed
massive stars. The VLA image is made in a lower spatial resolution than the
ALMA image, and therefore looks larger and more pixelated. [ALMA (ESO/
NAOJ/NRAO), M. Neeleman; NRAO/AUI/NSF, S. Dagnello; NASA/ESA Hubble]

through a massive reservoir of hy-
drogen gas surrounding the galaxy

LMA radio image of the Wolfe Disk, seen when the Universe was only ten
percent of its current age. [ALMA (ESO/NAOJ/NRAO), M. Neeleman;

NRAO/AUI/NSF, S. Dagnello]

— which is how it revealed itself.
Rather than looking for direct light
from extremely bright, but more
rare galaxies, astronomers used this
‘absorption’ method to find fainter,
and more ‘normal’ galaxies in the
early Universe.

“The fact that we found the Wolfe
Disk using this method, tells us that
it belongs to the normal population
of galaxies present at early times,”
said Neeleman. “When our newest
observations with ALMA surpris-
ingly showed that it is rotating, we
realized that early rotating disk
galaxies are not as rare as we
thought and that there should be a
lot more of them out there.”

“This observation epitomizes how
our understanding of the Universe
is enhanced with the advanced sen-
sitivity that ALMA brings to radio
astronomy, ” said Joe Pesce, astron-
omy program director at the Na-
tional Science Foundation, which
funds the telescope. “ALMA allows
us to make new, unexpected find-
ings with almost every observa-
tion.” [ |
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