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‘The Webb Space e |
Telescope is ready
to amaze us

by Damian G. Allis
NASA Solar System Ambassador

1/ has to work” was the ; #
It opening statement
from a 2010 article in

Nature ominously titled “The tele-
scope that ate astronomy.” A tele-
scope that, at launch on December
25t of last year, was over its initial
budget by nearly 20-fold. 15 years
late and subject to multiple delays
and launch rescheduling. A major
redesign in 2005. A move to cancel
the project completely within the
U.S. House of Representatives in
2011. Damage discovered to its del-
icate sunshield during inspections
and a practice deployment in 2018.
Concerns about excessive vibrations
during recent Ariane 5 rocket
launches that risked either another
delay of launch or the small possibil-
ity of damage from a “less than
fully nominal” delivery to space. A
NASA-reported ' “communication
issue between the observatory and
the launch vehicle system” just days
prior to its final scheduled launch.
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But enough about its time here on .

+ Earth - with the cost overruns, crit-

- icisms, and controversies surround-

ing its development, fabrication,

testing, naming, and launch all ac-

- counted for over its 25-year his-

- tory, NASA and its collaborators (the

European Space Agency, Canadian
Space Agency, and several academic -
; and industrial organizations) have
e LA successfully launched what is ar-
guably the most important tele-

scope ever deployed-in the history
of space science. . FREy
Now in a halo orbit around the Sun-
Earth L2 (second Lagrange) point, a
distance 930,000 miles (1,500,000
km) from Earth, the James Webb
Space Telescope (JWST) has been de-
livered, unfurled, and unfolded. It is
currently in the process of cooling
down before calibration, where it
will perform minute adjustments to
its 18 hexagonal mirror segments to
make the now-famous honeycomb-
shaped array act as a single mirror.
These adjustments are performed
by actuators capable of motions as
small as 10 nanometers — 1/10,000th
the width of a human hair and a
fraction of the wavelengths of light
that Webb was designed to detect.
The alignment process will take
three to five months to complete be-
fore the telescope is officially ready
to start doing the data collection its
developers and proponents have
been waiting so long to begin. If all
goes well, Webb observation time
is expected to begin this summer.
In the meantime, mission special-
ists will have to be content with
HD 84406, a 6t magnitude star
in Ursa Major this is being
used for alignment and data
collection purposes.

In terms of scientific discov-
ery, the expectations are
great. The JWST can de-

tect objects 100 times fainter
rtist conception of the James Webb Space Telescope. than those observed with the
[Adriana Manrique Gutierrez, NASA Animator] Hubble Space Telescope (HST), itself
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one of the great achieve-
ments in the history of as-
tronomy and, arguably,
the greatest contribution
to science outreach ever
created (just consider your
desktop background. If it's
a galaxy, cluster, nebula,
or planet, there’s a good
chance its JPG or TIFF was
obtained from a Hubble
gallery). Hubble was de-
signed for observation in
the ultraviolet and visible
parts of the electromag-
netic spectrum, with only
very limited capability of
observing in the infrared.
The absence of a broad,
space-based infrared-de-
tecting capability from as-
tronomy’s complement of
telescopes has only grown
with the discoveries in
observational astronomy
since the launch of Hubble
and has been felt even
more with the retirements
of such telescopes as the
ESA's Herschel Space Ob-
servatory in 2013 and
NASA's Spitzer Space Tele-

scope at the end of 2020. This ab-
sence of a space-based infrared ob-
servatory is felt across all scales of
observation in the universe. One set
of targets expected to garner signif-
icant Webb time — exoplanets — were
only first confirmed to exist at all
in 1992, two years after Hubble’s
launch and two decades after Hub-
ble began development. Because of
the red-shifting of wavelengths of
light due to the expansion of the
universe, there are also objects on
the far outskirts of the observable
universe which Hubble would have
been ideally suited to study — if only
we could send it back in time non-
trivial fractions of the age of the uni-
verse itself. Spitzer provided shin-
ing examples in Hubble’s own Ultra
Deep Field image of very prominent,
distant infrared sources that simply
do not exist accordingly to Hubble’s
detectors. These are galaxies that
were radiating light in the visible
spectrum but have had their pho-
tons stretched into the infrared - a
problem for one type of telescope
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we can solve by selecting a telescope

dedicated to that
length radiation.

As to the science to be performed by
the JWTS, high sensitivity in the in-
frared region of the spectrum means
a wealth of observational opportu-
nities. We'll consider the two exam-
ples mentioned above.

Readers of this magazine are aware
of the complexities of both finding
habitable exoplanets and determin-
ing whether the detection of life -
simple or complex, actively trying to
communicate or content in their iso-
lation —is going to be something our
current technologies enable. Like
brown dwarfs, comets, Kuiper belt
objects, debris disks, planets in our
own Solar System, and any new ob-
jects yet to be discovered (all of
these objects also being future

longer-wave-

Webb targets), exoplanets are not
shining prominently like the stars
they orbit or have been set adrift
from. Their emission is stronger in
the infrared than the visible. Be-
cause of this, there is more informa-
tion to be obtained, and more to be
learned, by collecting data at these
longer wavelengths. The problem,
of course, is the proximity of these
planets to their host stars, which
have made direct imaging of most
exoplanets all but impossible. Webb
combines greater sensitivity than
ever available with onboard corona-
graphs on its NIRCam and MIRI in-
struments to both “block out” the
associated star and directly image
exoplanets in the infrared. This is
something that observation from
the ground on Earth is made compli-
cated by due to the very molecules

that have made life possible at all -
water vapor and carbon dioxide in
our atmosphere, which absorb the
very same infrared wavelengths we
want to measure.

If we take the span of 100 million
years to be a chapter in a history
book of the universe, we currently
find ourselves at a distant Chapter
138. Despite only having started to
read backwards to uncover the plot
of the book from somewhere near
the very end of the very last sen-
tence of this current chapter, we've
made remarkable progress at skim-
ming through nearly all of the chap-
ters, albeit with some great difficulty
in turning the book back to its intro-
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duction. Hubble, for instance, has
just taken us back to Chapter Four, a
redshift of about z=11. The Cosmic
Background Explorer, or COBE, gave
us a notion of the shape of the book
binding through its measurement of
the cosmic background radiation.
Webb gives us access to Chapters
Two and Three, corresponding to a
redshift of z=20, a time 180 million
years after the Big Bang when the
first stars are theorized to have al-

ready been formed but before grav-
ity drew them together into the first
galaxies. This process, from stars to
galaxies within the architecture of
the early cosmos, will hopefully be
revealed in detail by Webb.

In terms of design and implementa-
tion, Webb's greatest strength for
astronomy — infrared sensitivity — is
also its greatest challenge for engi-
neers. Just as one would not find
much success trying to measure the
cosmic microwave background from
the inside of a running microwave
oven, nor to try to use a 12" Dobson-

i SR

ian telescope to observe distant
galaxies (nor arguably anything dim-
mer than Saturn) during their noon-
time lunch break, the usability of an
infrared telescope is limited dramat-
ically by its proximity to both in-
frared-emitting objects and to the
heat being generated by its own
electronics. The seeing from the
ground for infrared astronomy is
poor on its best days, as Earth’s at-
mosphere is not only being actively
heated by the Sun but is also itself
an excellent infrared absorber of
radiation coming from any object
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within and beyond. High-altitude
observatories, such as the Infrared
Telescope Facility in Hawaii, and
very-high-altitude  observatories,

such as the flying Stratospheric Ob-
servatory for Infrared Astronomy

(SOFIA), are solutions to the prob-
lem, but are limited compared to
having an infrared telescope that is
completely isolated from all nearby
heat sources.

The solution to all of Webb's prob-
lems is location, both in terms of the
location of the telescope itself, as
well as the placement of all onboard
equipment capable of producing
enough heat to set off the detectors.
Joseph-Louis Lagrange identified
five locations at which three bodies
could exist at stable locations with
respect to one another as they orbit.

p—

l3 {Lagrange point 3) =

James Webb
Space Telescope
trajectory

In these special cases of the famous
“three-body problem” in physics, so-
lutions work when two of the bodies
are massive and the third is diminu-
tive by comparison — a case for which
the Sun-Earth-JWST combination
certainly applies. At L2, JWST finds
itself in a reasonably stable orbit
with the Sun, Earth, and Moon all on
one side of the telescope — meaning
the sunshield can protect the on-
board detectors from the heat being
emitted or reflected from all three
celestial bodies. At the other four La-
grange points, JWST would either be

.....
Seene,
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directly between the Sun and Earth,
leading/training the Earth in its orbit
(and exposed to both bodies), or
completely on the other side of the
Sun. In the arrangement at L2 and
with its massive sunshield in place
and oriented back towards the Sun,
the limits of the telescope sensitivity
are determined by other nearby ce-
lestial sources — for which a source as
faint as zodiacal light is a primary
limiter. Its placement at L2 also
means that gravity alone will do the
work of moving the scope to study
the universe and only relatively

small adjustments will be required
with its onboard thrusters to main-
tain Webb'’s halo orbit. Despite the
massive sunshield sandwiched be-
tween the mirrors and we observers,
the JWST geometry still allows it to
observe any part of 40% of the uni-
verse at any one time. With this
wide access, JWST can observe any
point in the IR-observable universe —
with the notable exception of any
location within the Sun-JWST radius,
of course — in just the six months it
takes it and ourselves to make one-
half orbit around the Sun.

To solve the problem of radiation
from internal components, JWST
used the same solution — move the
entire equipment bus to the Sun-
side of the five sunshields, leaving
the telescope optics, detectors, and
support structures almost completely
isolated from the hardware doing
the movement, data processing, and
communications with the NASA
Deep Space Network. With the five
sunshields and additional radiators

in place, the mirrors and detectors
can all be kept under 50 K (-223 °C,
or -370 °F) by the 5% layer, below the
temperature at which any of the

Gt
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components might begin radiating
infrared energy and corrupting the
observations. This approach of engi-
neering a reflective cooling system
into the design is in stark contrast to
the approach taken with Spitzer,
where liquid helium cooling was
employed to keep the detectors cold
— a method that certainly kept the
telescope cold enough for IR obser-
vations, but which also then greatly
reduced the usability of the scope to
the time it took to deplete the he-
lium. The one onboard cryocooler
on Webb, a necessary addition for
the Mid-InfraRed Instrument (MIRI)
to achieve ultra-cold conditions (7 K)
at its detectors, employs a pulse-
tube cooling approach that has no
moving parts and requires no chem-
ical refrigerant, meaning no un-
wanted vibrations through the
telescope and a cryocooler lifetime
that is expected to well-exceed the
operational lifetime of the tele-
scope itself.

A final word on finality. Much has
been mentioned about JWST and
how “it has to work.” Unlike Hubble,
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ASA'’s James Webb Space Telescope separates
from its Ariane 5 rocket with the bright blue
Earth in the background in this view captured
after its launch on Dec. 25, 2021. [NASA TV]

which benefited greatly from two
service missions and actual astro-
nauts to perform the procedures,
JWST is nowhere near what anyone
would describe as a repair-accessible
location. Hubble remains about
540 km (335 mi) away from us at any
given time, a distance one could
cover on a highway in a long after-
noon on a single charge for some
electric cars now on the market.
From Thomas Zurbuchen (NASA Sci-
ence Mission Directorate) on down,
no one has offered the proposal (se-
rious or otherwise) that an issue with
Webb could be resolved with a mis-
sion, crewed or otherwise. The only
clear sign of optimism for any type
of visitation to JWST before the end
of its operational lifetime is a re-
ported refueling port. Interestingly,
a web search for this port will take
you to many space news websites
discussing the manners of approach
and dangers to the sunshields of re-
fueling through robotic missions, but
none of these sites end in nasa.gov.
Concerns about a failure in such a
complicated undertaking as an un-

folding telescope in space ignores,
of course, the fact that NASA excels
at one-way missions. In most re-
spects, almost every mission beyond
the Earth-Moon system is one-way
and, by nature, “has to work.”

While the JWST is a modern (albeit
expensive) and complicated engi-
neering feat, no one can deny the
great successes of the Voyagers,
Cassini, various Mars missions, New
Horizons, and the many other
probes either retired or still actively
doing great science. This is all to say
that the “flawless” and “perfect”
descriptors of the launch and un-
folding of JWST are welcome from
NASA, but not a surprise. With its
deployment complete and no expec-
tation of technical issues from here
on out, the JWST is nearly ready to
begin what could be two decades of
groundbreaking observations. The
great expectations cover nearly the
entirety of the history of the uni-
verse itself, from the earliest stars to
the possible detections of life-com-
patible conditions in our own celes-
tial neighborhood. [ |
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by ALIMA Observuatory
Nicolas Lira

sing ‘the gigantic telescope
| ' ALMA in Chile, a Chalmers-led

team of scientists studied 15
unusual stars in our galaxy, the Milky
Way, the closest 5000 light-years
from Earth. Their measurements
show that all the stars are double.
All have récently experienced a rare
phase that is poorly understood but
probably leads to many other astro-
nomical phenomena. Their results
are published in the scientific jour-
nal Nature Astronomy. By directing
ALMA towards each star and meas-
uring light from different molecules
close to each star, the researchers
.hoped to find clues to their backsto-
ries. Nicknamed “water fowntains,”
these stars were known to as-
tronomers because of intense light
from water molecules — produced by
unusually dense and fast—moxing gas.

- What he
two stars's )
atmosphere?

Located 5000 m above sehuve#in

Chile, the ALMA is sensitive to light

with wavelengths around one mil-
limeter, invisible toshuman eyes, but
ideal for looking through the Milky
Way’s layers of dusty interstellar
clouds towards dust-enshrouded
stars. “We were extra curious about
these stars because they seem to be
blowing out quantities of dust and
gas into space, some in the form of
jets with speeds up to 1.8 million
kilometers per hour. We thought
we might find out clues to how the
jets were being created, but in-
stead, we found much more than
that”, says Theo Khouri, first author
of the new study.

*The scientists used the telescope

to measure signatures of carbon
monoxide (CO) molecules in the
light from the stars and compared
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pair of stars at the start of a common envelope phase. In this artist’s impression, we get a view from very close to a binary

system in which two stars have just started to share the same atmosphere. The bigger star, a red giant star, has provided
a huge, cool atmosphere that only just holds together. The smaller star orbits ever faster around the stars’ center of mass, spin-
ning on its axis and interacting dramatically with its new surroundings. The interaction creates powerful jets that throw out
gas from its poles and a slower-moving ring of material at its equator. [Danielle Futselaar, artsource.nl]
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signals from different atoms (iso-
topes) of carbon and oxygen. Unlike
its sister molecule, carbon dioxide
(CO»), carbon monoxide is relatively
easy to discover in space and is a fa-
vorite tool for astronomers.

“Thanks to ALMA'’s exquisite sensitiv-
ity, we were able to detect the very
faint signals from several different
molecules in the gas ejected by these
stars. When we looked closely at the
data, we saw details that we weren’t
expecting to see”, says Theo Khouri.
The observations confirmed that the
stars were all blowing off their outer
layers. But the proportions of the dif-
ferent oxygen atoms in the mole-
cules indicated that the stars were in
another respect not as extreme as
they had seemed, explains team
member Wouter Vlemmings, an as-
tronomer at Chalmers.

“We realized that these stars started
their lives with the same mass as the
Sun or only a few times more. Now
our measurements showed that they
have ejected up to 50% of their total
mass just in the last few hundred
years. Something flamboyant must
have happened to them”, he says.
Why were such small stars come los-
ing so much mass so quickly? The ev-
idence all pointed to one explana-
tion, the scientists concluded.

These were all double stars, and they
had all just been through a phase in

which the two stars shared the same
atmosphere, one star entirely em-
braced by the other.

“In this phase, the two stars orbit
together in a sort of cocoon. This
phase, we call it a ‘common enve-
lope’ phase, is really brief and only
lasts a few hundred years. In astro-
nomical terms, it's over in the blink
of an eye”, says team member Daniel
Tafoya.

Most stars in binary systems simply
orbit around a common center of
mass. These stars, however, share the
same atmosphere. It can be a life-
changing experience for a star and
may even lead to the stars merging
completely.

Scientists believe that this sort of in-
timate episode can lead to some of
the sky’s most spectacular phenom-
ena. Understanding how it happens
could help answer some of the as-
tronomers’ most important ques-
tions about how stars live and die,
Theo Khouri explains.

“What happens to cause a super-
nova explosion? How do black holes
get close enough to collide? What's
makes the beautiful and symmetric
objects we call planetary nebulae?
Astronomers have suspected for
many years that common envelopes
are part of the answers to questions
like these. Now we have a new way
of studying this momentous but mys-

LMA'’s image of water-
fountain star system

W43A lies about 7000 light-
years from Earth in the constel-
lation Aquila, the Eagle. The
double star at its center is
much too small to be resolved
in this image. However,
ALMA'’s measurements show
the stars’ interaction has
changed its immediate environ-
ment. The two jets ejected
from the central stars are seen
in blue (approaching us) and
red (receding). Dusty clouds en-
trained by the jets are shown
in pink. [ALMA (ESO/NAOJ/
NRAO), D. Tafoya et al.]

terious phase”, he says.
Understanding the typical envelope
phase will also help scientists study
what will happen in the very distant
future, when the Sun too will be-
come a more extensive, cooler star —
a red giant — and engulf the inner-
most planets.

“Qur research will help us under-
stand how that might happen, but it
gives me a more hopeful perspec-
tive. When these stars embrace, they
send dust and gas out into space that
can become the ingredients for com-
ing generations of stars and planets,
and with them the potential for new
life”, says Daniel Tafoya.

Since the 15 stars seem to be evolv-
ing on a human timescale, the team
plans to keep monitoring them with
ALMA and with other radio tele-
scopes. With the future telescopes of
the SKA Observatory, they hope to
study how the stars form their jets
and change their surroundings. They
also hope to find more - if there are
any. “Actually, we think the known
‘water fountains’ could be almost all
the systems of their kind in the
whole of our galaxy. If that’s true,
then these stars are the key to un-
derstanding the strangest, most
wonderful, and most important
process that two stars can experi-
ence in their lives together”, con-
cludes Theo Khouri. [ |
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Science in School
aims to promote inspir-
ing science teaching by
encouraging communica-
tion between teachers, scientists, and
everyone else involved in European sci-
ence education. Science in School is
published by EIROforum, a collaboration
between eight European intergovernmen-
tal scientific research organisations, of
which ESO is a member. The journal
addresses science teaching both

across Europe and across disciplines:
highlighting the best in teaching and
cutting-edge research.

Read more about Science in School

at: http://www.scienceinschool.org/
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by ESO - Barbara Ferreira

| sing the European Southern
l ' Observatory’s Very Large Tele-
scope (ESO’s VLT), astronomers
have-discovered a small black hole
outside the Milky Way by looking at
how it influences the motion of a
star-in its close vicinity.
This is the first time this detection
method has been used to reveal the

* presence of a black hole outside of

our galaxy. The method could be key
to unveiling hidden black holes in
the Milky Way-and nearby galaxies,
and to help shed light on how these
mysterious objects form and evolve.
The newly. found black hole was:
spotted lurkingin NGC 1850, a clus-

“ter of thousands of stars roughly
160,000 light-years away in the

Large Magellanic Cloud, a neigh-
bour galaxy of the Milky Way.

“Similar to Sherlack Holmes tracking '

down a criminal gang from their mis-
steps, we are Iookmg at evéry single

- Black hole found
 hiding in star cluster -
- outside our galaxy
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his artist’s impression shows a compact black hole 11 times as massive as

the Sun and the five-solar-mass star orbiting it. The two objects are located
in NGC 1850, a cluster of thousands of stars roughly 160,000 light-years away
in the Large Magellanic Cloud, a Milky Way neighbour. The distortion of the
star’s shape is due to the strong gravitational force exerted by the black hole.
Not only does the black hole’s gravitational force distort the shape of the star,
but it also influences its orbit. By looking at these subtle orbital effects, a team
of astronomers were able to infer the presence of the black hole, making it the
first small black hole outside of our galaxy to be found this way. For this dis-
covery, the team used the Multi Unit Spectroscopic Explorer (MUSE) instrument
at ESO’s Very Large Telescope in Chile. [ESO/M. Kornmesser]
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A remarkable image of the Large Magellanic Cloud, one of our nearest
galactic neighbours, taken by ESO’s VISTA telescope. [ESO/VMC Survey]




star in this cluster with a magnify-
ing glass in one hand trying to find
some evidence for the presence of
black holes but without seeing them
directly,” says Sara Saracino from
the Astrophysics Research Institute
of Liverpool John Moores University
in the UK, who led the research pub-
lished in the Monthly Notices of the
Royal Astronomical Society. “The one
uncovered now s just one of the
wanted criminals, but when you

ASTRONOM

'his image shows NGC 1850, a cluster of thousands of stars roughly 160,000

light-years away in the Large Magellanic Cloud, a Milky Way neighbour. The
reddish filaments surrounding the cluster, made of vast clouds of hydrogen, are
believed to be the remnants of supernova explosions. The image is an overlay of
observations conducted in visible light with ESO’s Very Large Telescope (VLT)
and NASA/ESA'’s Hubble Space Telescope (HST). The VLT captured the wide field
of the image and the filaments, while the central cluster was imaged by the HST.
[ESO, NASA/ESA/R. Gilmozzi/S. Casertano, J. Schmidt]

have found one, you are well on  “criminal” tracked down by the team
your way to discovering many oth-  turned out to be roughly 11 times
ers, in different clusters.” This first ~ as massive as our Sun. The smoking
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gun that put the astronomers on the
trail of this black hole was its gravi-
tational influence on the five-solar-
mass star orbiting it.

Astronomers have previously spot-
ted such small, “stellar-mass” black
holes in other galaxies by picking
up the X-ray glow emitted as they
swallow matter, or from the gravita-
tional waves generated as black
holes collide with one another or
with neutron stars.

However, most stellar-mass black
holes don’t give away their presence
through X-rays or gravitational
waves. “The vast majority can only
be unveiled dynamically,” says Ste-
fan Dreizler, a team member based
at the University of Goéttingen in
Germany. “When they form a system
with a star, they will affect its mo-
tion in a subtle but detectable way,
so we can find them with sophisti-
cated instruments.”

This dynamical method used by
Saracino and her team could allow
astronomers to find many more
black holes and help unlock their
mysteries. “Every single detection we
make will be important for our fu-
ture understanding of stellar clusters
and the black holes in them,” says
study co-author Mark Gieles from
the University of Barcelona, Spain.
The detection in NGC 1850 marks
the first time a black hole has been
found in a young cluster of stars (the
cluster is only around 100 million
years old, a blink of an eye on astro-
nomical scales). Using their dynami-
cal method in similar star clusters
could unveil even more young black
holes and shed new light on how
they evolve. By comparing them
with larger, more mature black holes
in older clusters, astronomers would
be able to understand how these
objects grow by feeding on stars or
merging with other black holes. Fur-
thermore, charting the demograph-
ics of black holes in star clusters
improves our understanding of the

'his animation explains the method used by a team of astronomers to discover

a small black hole outside of our galaxy — the first to be found using this
technique. They discovered it in the star cluster NGC 1850, an image of which ap-
pears at the start of the animation. The researchers used the Multi Unit Spectro-
scopic Explorer (MUSE) instrument at ESO’s Very Large Telescope in Chile to
analyse the spectra of thousands of stars in the cluster at the same time. Spectra
(represented in the video by colourful bars) show the light emitted by the stars at
different wavelengths and contain information about their chemical composition,

temperature and velocity. The animation then focuses on one of the spectra, that
of a star five times as massive as our Sun. The dark lines in its spectrum — due to
different chemical elements — oscillate back and forth towards blue and red
colours. This means that the star is periodically moving towards and away from
us. This allowed the astronomers to infer the presence of the eleven-solar-mass
black hole influencing the star’s orbit with its strong gravitational force. [ESO/L.
Calcada, NASA/ESA/M. Romaniello. Acknowledgement: J.C. Muhoz-Mateos]

origin of gravitational wave sources.
To carry out their search, the team
used data collected over two years
with the Multi Unit Spectroscopic
Explorer (MUSE) mounted at ESO’s
VLT, located in the Chilean Atacama
Desert. “MUSE allowed us to ob-
serve very crowded areas, like the in-
nermost regions of stellar clusters,
analysing the light of every single
star in the vicinity. The net result is
information about thousands of
stars in one shot, at least 10 times
more than with any other instru-
ment,” says co-author Sebastian
Kamann, a long-time MUSE expert
based at Liverpool’s Astrophysics Re-
search Institute. This allowed the
team to spot the odd star out whose

peculiar motion signalled the pres-
ence of the black hole. Data from
the University of Warsaw'’s Optical
Gravitational Lensing Experiment
and from the NASA/ESA Hubble
Space Telescope enabled them to
measure the mass of the black hole
and confirm their findings.

ESO’s Extremely Large Telescope in
Chile, set to start operating later this
decade, will allow astronomers to
find even more hidden black holes.
“The ELT will definitely revolutionise
this field,” says Saracino. “It will al-
low us to observe stars considerably
fainter in the same field of view, as
well as to look for black holes in
globular clusters located at much
greater distances.” |
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revised by Damian G.
NASA Solar System

ne of the most studied stars
Oin the entire sky is Proxima

Centauri, the closest star to
our Solar System, located at a dis-
tance of “just” 4.24 light-years. We
know that it is a red dwarf (spectral
class M5.5V) with a mass and a diam-
eter almost ten times smaller than
those of the Sun. Despite its tiny
size, Proxima Centauri shows much
more intense magnetic activity than

Proxima b, a

our star, which “manifests “itself
mainly through the recurrent emis-
sion of white light flares. For our
Sun, this highly energetic phenome-
non occurs a few times per century.
In the case of Proxima Centauri, at
least a couple of white light flares
occur each day, a quantity that con-
siderably complicates photometric
and spectroscopic studies of the star.
This is a feature that almost all red

hypothetical landscape for the

planet Proxima b, dominated
by the looming presence of its star,
Proxima Centauri. Like many red

dwarfs, Proxima Centauri also mani-
fests its magnetic activity in the
form of frequent flares that flood
the surrounding planets with deadly
radiation. [NASA/Ames Research
Center/Daniel Rutter]
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dwarfs have in common, including
not only the youngest ones, but also
those several billions of years old.
This is precisely the case for Proxima
Centauri, which, at about five billion
years old, makes it only a little older
than the Sun.

If a star’s magnetic activity heavily
affects the stability of its light curve
and the position of its spectral lines,
it goes without saying that that star

his video shows a hypothetical journey from Earth to Proxima b, an exoplanet

orbiting the closest star to the Sun, Proxima Centauri. Leaving the Solar Sys-
tem, one recognizes the Southern Cross (Crux) constellation and the bright stars
Alpha and Beta Centauri. Shortly after, we see a faint red star, Proxima Centauri,
the weakest component of a triple star system. Eventually, we see Proxima b, the
closest exoplanet to Earth. [ESO/L. Calcada/Nick Risinger (skysurvey.org)]

is not an ideal target in the search
for exoplanets, the presence of
which is almost systematically in-
ferred through minute dips in
starlight during transits in front of
the stellar disk or through slight os-
cillations of the host star’s spectral
lines. Nevertheless, discovering one
or more planets in orbit around the
closest star to the Solar System has
been a primary goal for astronomers

for decades. This type of research
reached its milestone in 2016 when,
overcoming all the difficulties posed
by the “noise” produced by the
flares, a team of astronomers led by
Guillem Anglada-Escudé (Instituto
de Ciencias del Espacio, Barcelona)
discovered the first planet of that
star, designated Proxima b. The dis-
covery was made by finding a perio-
dicity of 11.2 days in the star’s radial
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velocity variations, which mani-
fested themselves by way of the
aforementioned oscillations of the
spectral lines. While magnetic activ-
ity generates non-periodic random
variations that do not move the geo-
metric center of the star, a planet
with an orbit not orthogonal to the
line of sight physically moves the
star towards the observer and in the
opposite direction, generating a pe-
riodic signal in the spectrum. The
challenge of the Anglada-Escudé
team was to be able to extract this
signal (the orbital period) from the
noise. The extent of the oscillation
of the spectral lines, combined with
the known mass of Proxima Cen-
tauri, made it possible to calculate
the minimum mass of the planet,

Sirius A

Gliese 205

Lacaille 9352

Kapteyn’s Star

Proxima

Jupiter

'he relative

sizes of several
objects, including
the three (known)
members of the
Alpha Centauri
triple system and
some other stars
for which angular
sizes were meas-
ured with the Very
Large Telescope
Interferometer
(VLTI) of the ESO
Paranal Observa-
tory. For compari-
son, the Sun and
Jupiter are also
shown. [ESO]

which was deter-
mined to be equal
to 1.3 times that of
the Earth. From the
orbital period, it
was then possible
to trace the star-
planet  distance,
which is 0.048 as-
tronomical  units
(7.2 million km or
4.5 million mi).
These values were a
sensation soon after their calcula-
tion because they suggested that
Proxima b may be
arocky planet that
surely orbits in the
habitable zone of
Proxima Centauri,
a zone that ex-
tends from 0.023
to 0.054 astronom-
ical units from the
center of the star.
Let’s recall that the
term “habitable
zone” means the
region around a
star where liquid
water can exist on
the surface of a
planet.

In short, its size and positioning give
hope that Proxima b is the closest
exoplanet that has the essential re-
quirements to host life. However,
this scenario is made extremely un-
likely by several factors. The first is
the exuberant magnetic activity of
Proxima Centauri, which continually
storms the planet with deadly
streams of ultraviolet and X-ray ra-
diation. The second is the real mass
of the planet itself, which might ac-
tually be twice that of the Earth if
the planet is far above or below
the line of sight at the closest and
furthest points from the Earth. In
fact, when we talk about “minimum
mass” from calculations of exo-
planet orbits, we mean the mass the
planet would have if its orbit led it
to intersect the Earth-star junction -
it is much more likely that that spe-
cific configuration is not the actual
one, making the mass of the planet
only a bounded variable.

Precisely knowing the mass of Prox-
ima b would allow us to better
frame the typology of the planet,
but the known mass alone would
not be sufficient to distinguish be-
tween a small rocky planet, an
ocean world, or a mini-Neptune. In
other words, mass alone does not
tell us whether a planet is about the

UNIVERSITAT be

~ ACELONA

uillem Anglada-Escudé, the astronomer who, with his

team, discovered Proxima b. [Universitat de Barcelona]
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=F“his composition com-" "
I bines a view of the ..~
southern'sky abovethe . "
."dome of ESO’s 3.6-meter
“ telescope at La Silla Ob-
" servatory inChile with .
.'Hubble Space Telescope: -
. _images of the stars Prox--. -
_.ima Centauri'(bottom.
. right)-and the Alpha Cen-~
- tauri AB binary (bottom . s

: ; /,'\\.—”.
left). [Y. Beletsky (LCO)/ . .

. ESO/ESA/NASA/ ;. -/

M. Zamani]. - /‘». T

size of the Earth or not, much less
whether it is potentially habitable.
To obtain this information, it is in-
dispensable to also know the diam-
eter of the planet. There are essen-

MARCH-APRIL 2022

tially two ways to do this: getting a
direct image with an angular reso-
lution sufficient to measure the ap-
parent size of the planet (with the
distance known, you can calculate

the actual size) or record its transit
in front of the stellar disk and de-
duce the diameter from the per-
centage of the eclipsed photo-
sphere (with the diameter and the
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endering of Proxima b orbiting
the red dwarf Proxima Centauri,
. : the closest star to the Solar System. -
- The double star. Alpha Centauri AB
" also appears between the planet
and Proxima Centauri. Proxima b.is
somewhat more massive than Earth
and orbits in the habitable Zone of
Proxima Centauri, where the tem- -
perature is suitable for the exis-
tence of liquid -water on its surface.
[ESO/M. Kornmesser]

brightness of the star both known).

In the case of Proxima b, as well as
for all other known exoplanets, the
first way is not feasible due to the
impossibility, with current instru-
ments, of obtaining planetary im-
ages larger than a pixel.
Furthermore, many of those planets
are very close to their stars (espe-
cially true for red dwarfs) and it is
impossible to “extract” them from
the dazzling starlight. Almost al-
ways practicable is, however, the
second way, that of transits on stel-
lar disks, which, even so, are geo-
metrically rare.

At this point, the question we must
ask ourselves is the following: for at
least a short stretch of its orbit, does
Proxima b pass in front of the Prox-
ima Centauri disk as observed from
Earth? Astronomers have been ask-
ing this question from the very first
day of the planet’s discovery. If Prox-
ima b were observed in transit, we
would immediately have confirma-
tion that its mass coincides with the
minimum estimated one, and we
could easily deduce the diameter,

identifying the planetary type with
sufficient precision. Spectroscopic
observations could also tell us if the
planet has an atmosphere and
which gases it is mainly composed
of; to accomplish this, it is sufficient
(but not simple) to subtract from

the stellar spectrum acquired during
a transit the one acquired out of
transit: the difference is indicative
of the gases that make up the plan-
etary atmosphere (if one exists).

Unfortunately, as previously men-
tioned, Proxima Centauri is very noisy

'his video takes the viewer on a journey at 20% the speed of light to the nearest

star, Proxima Centauri. The planet Proxima b is visible, orbiting its star every 11.2
days. This planet is located within the star’s habitable zone, which means that liquid
water may exist on its surface. [PHL @ UPR Arecibo, ESO. Music by Lyford Rome]
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n exoplanet can be de-

tected through an os-
cillation in the movement
of its star, caused by the
gravitational attraction of
the planet itself on the star
as they orbit around their
common center of mass.
When viewed from afar,
the star seems to approach
and move away from the
observer. The movement
makes the light of the star
appear slightly bluer when
it moves towards the ob-
server and slightly redder
when it moves away. This
change in frequency is
known as the Doppler Ef-
fect. Most of the early dis-
coveries of exoplanets
took place by exploiting
this effect. [ESA]

both photometrically and
spectroscopically, allowing
it to easily hide the signal
produced by any Proxima b
transits. Nevertheless, if
the planet transits, it does
so every 11.2 days, a fre-
quency that in the long run
could bring out the signal.

%]
0
<3
=1

)

=
o

=

[as]

Brightness

If it were possible to regularly record  Escudé team, which analyzed anum-  of transits. Those same researchers,
the transits, there would be the op-  ber of the star’s light curves avail-  considering the orbital separation
portunity to carry out more in- ablein 2016 but found no evidence  of the planet, calculated that the

depth spectroscopic analy-
ses and reveal the possi-
ble presence of biosigna-
tures — molecules poten-
tially linked to the presence
of life, such as oxygen and
methane. This opportunity,
referring precisely to the
planet in the habitable
zone closest to the Solar
System, has lately prompted
many teams of researchers
to study Proxima Centauri
assiduously to confirm or
definitively exclude the
transits of Proxima b. The
first team was the Anglada-
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'his graph shows the movement of Proxima Centauri with respect to the Earth in the first
months of 2016. In one part of its orbit, the star approaches the Earth at about 5 km/h,

then in another part it moves away at the same velocity. This regular pattern of radial ve-
locity variation repeats itself over a period of 11.2 days. [ESO/G. Anglada-Escudé]

MARCH-APRIL 2022

ASTRONOMY:



26

ASTRO PUBLISHING

avid Kipping, the astronomer who,

while examining MOST observa-
tions with his team, highlighted two
candidates transiting the Proxima
Centauri disk. [Columbia University]

geometric probability that Proxima
b transits is about 1.5%.

In 2017, a team led by David Kip-
ping (Columbia University, Depart-
ment of Astronomy) reworked Prox-
ima Centauri observations collected
over 40 days between 2014 and
2015 with the MOST Space Tele-
scope, a very high-precision instru-
ment measuring just 15 cm in di-
ameter (MOST stands for Microvari-
ability and Oscillation of Stars). Al-
though this study did not reveal a
photometric periodicity directly at-
tributable to Proxima b, two iso-
lated signals of candidate transits
were identified with the expected
depth for the transit of a body of
similar size.

Again in 2017, a team led by Yiting
Li (Pennsylvania State University)
presented the data obtained by ob-
serving Proxima Centauri for 23
nights with a 30 cm robotic tele-
scope at the Las Campanas Observa-
tory. The research was inconclusive
regarding Proxima b, but a transit

candidate was identified, per-
haps attributable to a second
planet (not necessarily to one
of the more recently discovered
planets).

In 2018, a team led by Hui-Gen
Liu (Nanjing University, School
of Astronomy and Space Sci-
ence) published the results of
10 days of photometric moni-
toring of Proxima Centauri
with the Bright Star Survey Tel-
escope at Zhongshan Station,
Antarctica. Also in this case, a
signal was found with the char-
acteristics of a planetary transit
and consistent with the orbital
parameters of Proxima b de-
duced from the variations in
the radial velocity of its star,
but the confidence level of the
detected signal was not partic-
ularly high. Once again, the
photometric noise produced by
Proxima Centauri’s magnetic
activity was deleterious.
Another study published in 2018 was
that of David Blank’s team (James
Cook University, North Queensland,

G

raphic depiction of the MOST Space Tele-
scope orbiting the Earth. [Canadian

Space Agency]

Australia), who reworked over 300
observations of Proxima Centauri,
collected by different telescopes
around the world, in the period

Transiting exoplanets are detected as they pass in front of their star, causing
a drop in starlight visible to a distant observer. The transit is repeated with
a cadence that depends on the time taken by the exoplanet to orbit around its

star. For example, under ideal conditions, any alien observer of our Solar System
would have to wait one of our years to see a repeat of the Earth’s transit in
front of the Sun. [ESA]
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2006-2017. Despite the amount and
variety of data, the team failed to
pinpoint any transit candidates,
while they easily confirmed the
star’s considerable and unpre-
dictable photometric variability.

A selection of the highest quality
light curves already reworked by
Blank and colleagues became, in
2019, the database on which a dif-
ferent team led by Dax Feliz (Van-
derbilt University, Nashville, TN)
worked. These researchers focused
their analysis on orbital periods in
the 1-to-30-day range. To better
evaluate the sensitivity threshold of
their investigation methods, they in-
cluded in the database some series
of “synthetic” signals with different
properties, easily recognizable if de-

tected in the photometric noise. The
team was thus able to establish that
the mathematical procedures to

which the real database was sub-
jected had a sensitivity useful for
detecting transits with a depth of
five thousandths of a magnitude, a
value just sufficient to show Prox-
ima b. However, from this minimum
value up, no periodic event similar
to a transit was highlighted.

Also in 2019, a work by James Jenk-
ins (Department of Astronomy, Uni-
versidad de Chile) and colleagues
was published that was based on
data from the Spitzer Infrared Space
Telescope. Observations at the 4.5
micron wavelength over 48 hours
did not reveal any transit on sched-
ule, despite the benefit of the re-
peated stellar flares of Proxima
Centauri appearing less prominent
in the infrared. Spitzer’s sensitivity
would certainly have shown the
transit of a planet with a minimum
diameter of no less than 40% the

R epresentation of a violent
flare erupting from the
red dwarf Proxima Centauri.
[NRAO/S. Dagnello]

Earth’s. By considering the minimum
mass estimated for Proxima b, it is
practically impossible that it could
be so small: even a diameter for a
planet of just under 0.9 earth diam-
eters would require that that planet
be entirely composed of iron!

To dispel residual doubts that Prox-
ima b does not pass in front of its
star, a team led by Emily Gilbert
(University of Chicago, Department
of Astronomy and Astrophysics) col-
lected and analyzed photometric
observations of Proxima Centauri
made by the Transiting Exoplanet
Survey Satellite (TESS) in the periods
of April-June 2019 and April-May
2021, for a total of almost 80 days

'he Bright Stars Survey Telescope

(BSST) from Zhongshan Station,
Antarctica. [Chinese Center of
Antarctic Astronomy]
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ax Feliz, the researcher who,

with his team, has shown that
there are no transiting planets
around Proxima Centauri capable of
reducing its brightness by more than
five thousandths of a magnitude.
[Vanderbilt University]

of observations. The task of TESS is
to observe the whole sky in the visi-
ble and near-infrared to discover
planets with frequent transits in

front of stars relatively close to the
Sun. Of about 200,000 targets, TESS
has collected high-precision photo-
metric data with a cadence of two
minutes in both periods considered,
as well as with the new cadence
mode of just 20 seconds in the most
recent period. Despite such intense
photometry, it could still be difficult
to correctly interpret the evolution
of Proxima Centauri flares and iso-
late signals potentially attributable
to planetary transits. Additionally,
James Davenport (University of
Washington’s Department of As-
tronomy) and colleagues had sug-
gested in 2016 that the star’s light
curve could even be dominated
by the superposition of numerous
flares of varying energies, a scenario
that would make it almost impossi-
ble to extract the very weak signal
of a transit from the noise despite

mily Gilbert is the author of one of

the most recent and most accurate
Proxima Centauri photometry studies.
With her team, she established that,
around the closest star to the Solar
System, there are no transiting plan-
ets with a diameter larger than 40%
of Earth’s. [University of Chicago]

comparison between the angu-

lar dimension of Proxima Cen-
tauri as seen from Proxima b and that
of the Sun as seen from the Earth.
Proxima Centauri is much smaller
than the Sun, but Proxima b is very
close to its star. [ESO/G. Coleman]

Sun angular diameter = 32" = 0.5°

Proxima angular diameter = 96’ = 1.5° Proxima
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that signal being both periodic and

frequent. To mitigate the problems
from that noise, Gilbert's team has
integrated a new methodology into
the planet’s search algorithms that
includes modeling of stellar activity,
allowing them to predict the photo-
metric behavior of flares. By sub-
tracting the theoretical light curve
of the modeled flares from that of
the star, it becomes possible to clean
up the stellar photometry of some
noise produced by the photospheric
activity. However, this procedure is
easier to describe than to apply, es-
pecially if the photometry includes
the co-evolution of several flares of
different energies. To reduce the
margin of uncertainty, the team also
“injected” artificial transits into
Proxima Centauri’s light curves to
test the sensitivity of the method re-
garding possible real transits and to
determine under what circum-
stances they can be detected. Once
again, the result was that any tran-
sits that might be occurring are not
of planets with a diameter greater
than 0.4 Earth diameters. Further-
more, this latest study established

that the existence of transiting
planets larger than Mars in the hab-
itable zone of the star (where the
orbital periods are 6-27 days) is ex-
tremely unlikely.

If, as all the research conducted in
recent years seem to demonstrate,
Proxima b does not pass in front of
the Proxima Centauri disk, it will be
necessary to take other paths to
know something more about this
elusive planet. Unfortunately, not

ASA’s Transiting Exo-
planet Survey Satellite
(TESS) during final tuning

in the laboratory (left) and
pictured as it travels its
wide orbit around the
Earth (below). [Orbital ATK]

even with the new Webb
Space Telescope will it be
possible to observe the
planet directly, although we
will still be able to under-
stand if Proxima b has an
atmosphere and, therefore,
what kind of planet it is.
The prerequisites for ob-
taining this information are
remarkable sensitivity to in-
frared light (which Webb
provides) and the fact that
the planets orbiting in the
habitable zones of red dwarfs are,
likely, all gravitationally locked,
meaning they always turn the same
hemisphere to their star (the period
of rotation on its axis and the or-
bital period coincide, as happens for
the Moon). It follows that Webb
could detect variations in the ther-
mal emissions from the planet as it
moves around the star. Although
not directly visible, Proxima b makes
a small contribution to the total in-
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Small sat
clusters

D iagram of the concept of a solar
gravitational lens, which could
allow a better visualization of po-
tentially habitable exoplanets. The
natural lens generates an Einstein
Ring, which is a deformed image of

the amplified celestial object. With
appropriate mathematical procedures
it is possible to reconstruct the real
image as if the object were being ob-
served closely. [The Aerospace Cor-
poration — Music by Lyford Rome]

frared emission of the star-planet
system, an emission that is certainly
greater when it turns the illumi-
nated (and therefore warmer) hemi-
sphere in our direction, and is
smaller half an orbit later, when it is
the night hemisphere that points
towards us. Recording a modest dif-
ference in thermal radiation be-
tween the two hemispheres would
suggest the presence of an atmos-
phere or an ocean (or both) capable
of redistributing the heat received
by the star, while a large thermal

contrast would indicate that the
planet is devoid of atmosphere and
substantially arid. Interestingly, the
time required for Webb to make
this check might be as short as a sin-
gle orbit of the planet. Avi Loeb and
Laura Kreidberg (Harvard-Smithson-
ian Center for Astrophysics, Cam-
bridge, MA) are convinced that if
Webb could observe this star-planet
system for a couple of months, it
would be able to identify the in-
frared spectral line of ozone (if pres-
ent), which would then indicate the
presence of molecular oxygen in the
atmosphere.

All of the attempts to unveil Prox-
ima b summarized thus far are evi-
dently indirect ways of gathering
information. Will we ever be able to
observe and photograph it directly?
From a theoretical point of view, this
is possible by exploiting the curva-
ture of space produced by the mass
of the Sun. In fact, our star could be
used as a gravitational lens and,

_ Ein_steip

placing an “eyepiece” at the focus
of the unusual lens, the necessary
resolution to photograph Proxima b
in detail could be reached.

This bizarre but scientifically flawless
idea came to a team led by Louis
Friedman (The Planetary Society,
Pasadena, CA), who published the
details last summer. The phenome-
non of the gravitational lens was
predicted by Albert Einstein over a
century ago, was then amply demon-
strated, and is now regularly ex-
ploited for the study of very distant
galaxies that would otherwise be in-
scrutable without the amplification
of their light by large masses (typi-
cally galaxies or clusters of galaxies)
interposed along the line-of-sight.
Compared to the cosmological pro-
tagonists of gravitational lensing,
the Sun would be a very small lens,
but enough to amplify the informa-
tion coming from the Proxima Cen-
tauri system by at least one hundred
billion times. To get an idea of the

ASTRONOM

MARCH-APRIL 2022



ASTRO PUBLISHING

31

difference from traditional imaging
at the distance of that system, it's
enough to say that the largest
ground-based telescopes can re-
solve details no smaller than two
million kilometers wide, or about
150 times the size of the Earth. At
that scale, the image of no exo-
planet could occupy more than one
single pixel. If, on the other hand,
we could use the Sun as if it were
the objective of a telescope, we

cal units away
from the Sun (82
billion km or 51
billion mi). If we
consider that the
Voyager 1 probe,
launched in 1977,
has moved away
by just over 155
astronomical
units, the idea of
Friedman and col-

'hese images taken by the Planetary Society’s LightSail 2

spacecraft show the Red Sea, the Nile River, the Eastern
Mediterranean Sea with surrounding areas (below), and
northern Brazil (right). The LightSail 2 mission demonstrated
that it is possible to accelerate a spacecraft by simply using
the pressure of solar radiation, a type of propulsion that
could be exploited to reach distant destinations in a few
decades, such as the focal line of the solar gravitational lens
or the nearest exoplanets. [The Planetary Society]

could obtain a resolution of a few
kilometers on Proxima b, which
would mean mapping the surface in
amazing detail.

Beyond all the technical difficulties
that such an undertaking would
bring, the most relevant problem is
reaching the focal line of the “lens,”
which begins about 550 astronomi-

leagues appears rather utopian,
even despite the advances accumu-
lated by astronautics in the last 45
years. However, this same team pro-
posed a solution to shorten the time
needed to reach the focal line. The
solution consists of using a probe
equipped with a large solar sail, a
technology that recently has been

successfully tested in Earth orbit
with LightSail 2. The principle of
solar sailing finds the sail propelled
(therefore accelerated) by the pres-
sure of solar radiation. The larger
the sail and the lighter the load car-
ried, the higher the achievable ve-
locity. The team calculated that a
focusing device weighing about 100
kg (220 Ib) could arrive at its desti-
nation in about a quarter of a cen-
tury, which is acceptable given the
impressive prospects. We cannot
predict what from all this possibility
will be achieved in the coming
decades and what will remain only
theory. What is certain is that Prox-
ima b will remain a primary target
for many research teams, at least
until it is certain (and not just prob-
able) that it is an inhospitable planet
for life as we know it. |
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The first super
explosion of

% <
».-".“"‘

WOIf-.Rayet st ;

by IAC - Outreach Unit

covery of a supernova — an explod-

ing star —was considered a rare
occasion. Today, advanced measur-
ing instruments an analysis meth-
ods make it possible to detect fifty
such explosions on a daily basis,
which has also increased the proba-.
bility that researchers would be able
to spot rarer types of explosions that
have so far existed only as theoreti-
cal constructs. -
Recently, an international team of
scientists, led by researchér Avishay
Gal-Yam of the Weizmann Institute’s
Particle Physics and Astrophysics De- "~ .
partment, discovered a supernova - . " WAL 34
that has never been ob3@rved be- o R S M -3 o
fore.’It is an explosion originating ‘ :

I n the not-so-distant past, the dis-

. -

from a Wolf-Rayet s#ar, a type of o P = ey
highly evolved massive star that A .
loses a large amount of mass due to - i :
intense stellar winds. : .
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Wolf-Rayet star and the

nebula surrounding it
captured by the Hubble
Space Telescope. Gal-Yam
and colleagues are the first
to discover a rare-type su-
pernova originating from
this star. [NASA/ESA Hubble
Space Telescope]
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The life spans of massive stars are
considered relatively short, a few
million years at most. The Sun, in
comparison, has a life expectancy of
about 10 billion years. The subse-
quent processes of nuclear fusion at
the core of massive stars lead to
their stratification, in which the
heavy elements are concentrated at
the core, and gradually lighter ele-
ments compose the outer layers.
Wolf-Rayet stars are particularly
massive stars that are missing one or
more of the external layers that are
made up of lighter elements. In this
way, instead of hydrogen - the
lightest element — the star’s surface
is characterized by the presence of
helium, or even carbon and heavier
elements. One possible explanation
for this phenomenon is that strong
winds blowing due to high pressure
at the star’s envelope, disperse its
outermost layer, thus causing the
star to lose one layer after the other
over several hundred thousand
years.

Despite their relatively short life
spans and their state of progressive
disintegration, analysis of the ever-
growing number of supernova dis-
coveries has led to the hypothesis
that Wolf-Rayet stars simply don’t
explode — they just quietly collapse
into black holes — otherwise, we
would have been able to observe
one by now. This hypothesis, how-
ever, has just been shattered owing
to the recent discovery.
Spectroscopic analysis of the light
emitted from the explosion led to
the discovery of spectral signatures
that are associated with specific el-
ements. In this way, the researchers
were able to show that the explo-
sion contained carbon, oxygen and
neon atoms, the latter an element
that has not yet been observed in
this manner in any supernova to
date. Moreover, the researchers
identified that the matter spouting
cosmic radiation did not in itself

participate in the blast but rather
originated from the space surround-
ing the volatile star. This, in turn,
strengthened their hypothesis in
favor of strong winds that took part
in stripping the star of its outer en-
velope.

Since this observation is the first of
its kind, Gal-Yam states that it may
be too early to unequivocally deter-
mine the fate of all such stars. “We
can’t say at this stage whether all
Wolf-Rayet stars end their lives with
a bang or not. It might be that some
of them do collapse quietly into a
black hole,” he says.

Researchers estimate that the mass
that dispersed during the explosion
is probably equal to that of the Sun
or a slightly smaller star; the star
that exploded was significantly
heavier — having a mass at least ten
times greater than that of the Sun,
so scientists wonder where the ma-
jority of mass end up.

Gal-Yam suggests a midway sce-
nario, in which both possible fates
are fulfilled at the same time: once
nuclear fusion is exhausted at the
star’s core, an explosion takes place
that blasts some of the mass into
space, while the remaining mass col-
lapses in on itself, forming a black
hole. “One thing’s certain,” says
Gal-Yam, “This is not the ‘silent’ col-
lapse often referred to in the past.”
The study has used observations
made with different telescopes, in-
cluding the Gran Telescopio Ca-
narias (GTC or Grantecan) located at
the Roque de los Muchachos Obser-
vatory (Garafia, La Palma).

For Antonio Cabrera Lavers, head of
scientific operations at Grantecan
and affiliated researcher at the IAC
who participated in the study, “It is
worth mentioning that since this
discovery was first made, another
similar explosion of a Wolf-Rayet
star has been observed, implying
that this phenomenon is indeed not
a single occurrence.” [ |
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The VLT images planet
around most masswe

star palr to date

by ESO - Barbara Ferreira

he European Southern Obser-
Tvatory's Very Large Telescope
(ESO’s VLT) has. captured an
image of a planet orbiting b Cen-
tauri, a two-star system that can be

seen with the naked eye. This is the
hottest and most massive planet-

hosting star system found to date, -

and the planet was spotted orbiting
. it at 100 times the distance Jupiter
orbits the Sun. Some astronomers
believed planets could not exist
around stars this massive and this
hot — until now.
“Finding a planet around b Centauri
‘was very exciting since it completely
changes the picture about massive
stars as planet hosts,” explains Mar-
kus Janson, an astronomer at.Stock-
holm University, Sweden and first
author of the new study published
"in Nature.
Located approximately 325 light-
years away in the constellation Cen-

taurus, the b Centauri two-star sys-

tem (also known as HIP 71865) has

at least six times the mass of the Sun,
making it by far the most massive
system around which a planet has
been confirmed. Until now, no plan-
ets had been spotted around a star
more than three times as massive as
the Sun. :

Most massive stars are also very hot,
and this system is no exception: its
main star is a so-called B-type star
that is over three times as hot as the
Sun. Owing to its intense tempera-

ture, it emits large amounts of ultra- -

violet and X-ray radiation.

The large mass and the heat from
this type of star have a strong im-
pact on the surrounding gas, that
should work against planet forma-
tion. In particular, the hotter a star
is, the more high-energy radiation
it produces, :which causes the sur-
rounding material to evaporate
faster. “B-type stars are generally

considered as quite destructive and

dangerous environments, so it was
believed that it should be exceed* -
ingly difficult to form large plan-
ets around them,” Janson says.
But the new discovery shows
planets can in fact form |n
such severe star systems.

“The planet in b Centauriis

an alien world in an eénviron-
ment that is-completely dif-
ferent from what we expe-

" rience here on Earth and 'in

ourSoIarSystem explalns co-
author Gayathri Viswanath, a

PhD student at Stockholm Uni-
versity. “It’s a harsh environment,
dominated by extreme radiation,
where everything is on a gigantic
scale: the stars are bigger, the planet
is bigger, the distances are higger.”
Indeed, the _planet+ discovered,
named b Centauri (AB)b or b Cen-
tauri b, is also extreme. It is 10 times
as massive as Jupiter, making it one
of the most massive planets ever
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I n the background, an
artist’s impression shows a
close up of the planet b Cen-
tauri b, which orbits a binary
system with mass at least six
times that of the Sun. This is
the most massive and hottest
planet-hosting star system
found to date. The planet is
ten times as massive as
Jupiter and orbits the two-
star system at 100 times the
distance Jupiter orbits the
Sun. [ESO/L. Calcada] On the
right, ESO’s Very Large Tele-
scope has captured an image of a planet orbiting b Centauri, a pair of stars that can be seen with

the naked eye. Find out why this next-door planetary system is extreme in this short video. [ESO]

found. Moreover,
it moves around
the star system
in one of the
widest orbits
yet  discov-
ered, at a dis-
tance’a stag-

gering 100
times greater
than the

distance of °

Jupiter from
“the Sun. This
large distance
from the cen-

tral pair-of stars

could be key to

the planet’s survival.

These results were

made possible thanks to

'the sophisticated Spectro-
Polarimetric High-contrast Ex-
oplanet REsearch instrument
(SPHERE) mounted on ESO’s VLT in

. Chile. SPHERE has successfully im-

aged several planets orbiting stars
other than the Sun before, including
taking the first ever-image of two
planets orbiting a Sun-like star.
However, SPHERE was not the first
instrument to image this planet.
As part of their study, the team
looked into archival data on the b
Centauri system and discovered
that the planet had actually been
imaged more than 20 years ago by
the ESO 3.6-m telescope, though it
was.not recognised as a planet at
the time. ;

With ESO’s Extremely Large Tele-
scope (ELT), due to start observa-

"tions later this decade, .and with

upgrades to the VLT, astronomers
may be able to unveil more about
this planet’s formation and fea-
tures. “It will be an intriguing task
to try to figure out how it might
have formed, which is a mystery at
the moment,” concludes Janson.
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Mini-jet discovered
near Sagittarius A*

by NASA/ESA
Roay Uillard

ur Milky Way's central black
O hole has a leak. This super-

massive black hole (Sagittar-
ius A*) looks like it still has the
vestiges of a blowtorch-like jet dat-
ing back several thousand years.
NASA's Hubble Space Telescope has
not photographed the phantom jet
but has helped find circumstantial ev-
idence that it is still pushing feebly
into a huge hydrogen cloud and then
splattering, like the narrow stream
from a hose aimed into a pile of sand.
This is further evidence that the black
hole, with a mass of 4.1 million Suns,
is not a sleeping monster but period-

ASTRONOM

'he nearby barred-spiral galaxy NGC 1068 serves as a proxy for helping as-

tronomers understand the fireworks taking place at the center of our Milky
Way galaxy, driven by eruptions from a supermassive black hole. Because we
live inside the Milky Way, much of our view of the galaxy’s center is blocked by
intervening clouds of gas and dust. But, looking 47 million light-years away at
NGC 1068 gives astronomers a birds-eye view of similar black hole outbursts.
The inset Hubble Space Telescope image resolves hydrogen clouds as small as 10
light-years across within 150 light-years of the core. The clouds are glowing be-
cause they are caught in a “searchlight” of radiation beamed out of the galaxy’s
black hole, which is larger and more active than the black hole in the heart of
our galaxy. [NASA, ESA, Alex Filippenko (UC Berkeley), William Sparks (STScl),
Luis C. Ho (KIAA-PKU), Matthew A Malkan (UCLA), Alessandro Capetti (STScl)]

ically hiccups as stars and gas clouds
fall into it. Black holes draw some
material into a swirling, orbiting ac-
cretion disk where some of the in-
falling material is swept up into
outflowing jets that are collimated
by the black hole's powerful mag-
netic fields. The narrow “searchlight

beams” are accompanied by a flood
of deadly ionizing radiation. “The
central black hole is dynamically
variable and is currently powered
down, ” said Gerald Cecil of the Uni-
versity of North Carolina in Chapel
Hill. Cecil pieced together, like a jig-
saw puzzle, multiwavelength obser-
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vations from a variety of telescopes
that suggest the black hole burps
out mini-jets every time it swallows
something hefty, like a gas cloud.
His multinational team’s research
has been published in The Astro-
physical Journal.

In 2013 evidence for a stubby south-
ern jet near the black hole came
from X-rays detected by NASA's
Chandra X-ray Observatory and ra-
dio waves detected by the Jansky
Very Large Array telescope in So-
corro, New Mexico. This jet too ap-
pears to be plowing into gas near
the black hole. Cecil was curious if
there was a northern counter-jet as
well. He first looked at archival
spectra of such molecules as methyl
alcohol and carbon monosulfide
from the ALMA Observatory in Chile
(Atacama Large Millimeter/submil-
limeter Array), which uses millime-
ter wavelengths to peer through
the veils of dust between us and the
galactic core. ALMA reveals an ex-
panding, narrow linear feature in
molecular gas that can be traced for
15 light-years back towards the
black hole. By connecting the dots,
Cecil next found in Hubble infrared-
wavelength images a glowing, in-
flating bubble of hot gas that aligns
to the jet at a distance of at least 35
light-years from the black hole. His
team suggests that the black hole
jet has plowed into it, inflating the
bubble. These two residual effects
of the fading jet are the only visual
evidence of it impacting molecular
gas. As it blows through the gas the
jet hits material and bends along
multiple streams. “The streams per-
colate out of the Milky Way'’s dense
gas disk,” said co-author Alex Wag-
ner of Tsukuba University in Japan.
“The jet diverges from a pencil
beam into tendrils, like that of an
octopus.” This outflow creates a se-
ries of expanding bubbles that ex-
tend out to at least 500 light-years.
This larger “soap bubble” structure

Milky Way Jet
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'his is a composite view of X-rays, molecular gas, and warm ionized gas near

the galactic center. The graphic of a translucent, vertical white fan is added
to show the suggested axis of a mini-jet from the supermassive black hole at the
galaxy'’s heart. The orange-colored features are of glowing hydrogen gas. One
such feature, at the top tip of the jet is interpreted as a hydrogen cloud that has
been hit by the outflowing jet. The jet scatters off the cloud into tendrils that flow
northward. Farther down near the black hole are X-ray observations of super-
heated gas colored blue and molecular gas in green. These data are evidence that
the black hole occasionally accretes stars or gas clouds, and ejects some of the su-
perheated material along its spin axis. [NASA, ESA, Gerald Cecil (UNC-Chapel Hill)]

has been mapped at various wave-
lengths by other telescopes. Wagner
and Cecil next ran supercomputer
models of jet outflows in a simu-
lated Milky Way disk, which repro-

duced the observations. “Like in
archeology, you dig and dig to find
older and older artifacts until you
come upon remnants of a grand civ-
ilization,” said Cecil.
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Wagner's conclusion: “Our central
black hole clearly surged in luminos-
ity at least 1 millionfold in the last
million years. That sufficed for a jet
to punch into the Galactic halo.”
Previous observations by Hubble
and other telescopes found evi-
dence that the Milky Way’s black
hole had an outburst about 2-4 mil-
lion years ago. That was energetic
enough to create an immense pair
of bubbles towering above our
galaxy that glow in gamma-rays.
They were first discovered by NASA's
Fermi Gamma-ray Space Telescope
in 2010 and are surrounded by X-ray
bubbles that were discovered in
2003 by the ROSAT satellite and
mapped fully in 2020 by the
eROSITA satellite. Hubble ultravio-
let-light spectra have been used to
measure the expansion velocity and
composition of the ballooning lobes.
Hubble spectra later found that the
burst was so powerful that it lit up
a gaseous structure, called the Mag-
ellanic stream, at about 200,000
light-years from the galactic center.
Gas is glowing from that event even
today. To get a better idea of what'’s
going on, Cecil looked at Hubble
and radio images of another galaxy

Milky Way Galaxy

'his schematic is based on multiwavelength observations of a suspected jet

from the massive black hole at the center of our Milky Way galaxy. The wide
view shows our galaxy edge-on, with two huge bubbles of plasma glowing in
gamma-rays and X-rays. These are evidence for an explosive outburst from the
black hole about 2 million years ago. Probing deep into the galaxy’s core (inset),
astronomers using the Hubble Space Telescope have captured a glowing cloud of
hydrogen near the black hole. The interpretation is that the cloud is being hit by a
narrow, columnated jet of material that was blasted out of the black hole merely
2000 years ago. The black hole is still active, but on a smaller scale of energy out-
put than previously known outbursts. When the jet slams into the hydrogen knot
the outflow scatters into octopus-like tendrils that continue along a trajectory out
of our galaxy. [NASA, ESA, Gerald Cecil (UNC-Chapel Hill), Dani Player (STScl)]

with a black hole outflow. Located
47 million light-years away, the ac-
tive spiral galaxy NGC 1068 has a
string of bubble features aligned
along an outflow from the very ac-
tive black hole at its center.

Cecil found that the scales of the
radio and X-ray structures emerging
from both NGC 1068 and our Milky
Way are very similar. “A bow shock
bubble at the top of the NGC 1068
outflow coincides with the scale of
the Fermi bubble start in the Milky
Way. NGC 1068 may be showing us
what the Milky Way was doing dur-
ing its major power surge several
million years ago.” The residual jet
feature is close enough to the Milky
Way'’s black hole that it would be-

come much more prominent only a
few decades after the black hole
powers up again. Cecil notes that
“the black hole need only increase
its luminosity by a hundredfold over
that time to refill the jet channel
with emitting particles. It would be
cool to see how far the jet gets in
that outburst. To reach into the
Fermi gamma-ray bubbles would re-
quire that the jet sustain for hun-
dreds of thousands of years because
those bubbles are each 50,000 light
years across!” The anticipated im-
ages of the black hole’s shadow
made with the National Science
Foundation’s Event Horizon Tele-
scope may reveal where and how
the jet is launched. |
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by Frangais Blateyron

translated by Michele Ferrara
and reuvised by Damian G. Allis
NASHA Solar System Ambassador

ncient and modern civiliza-
Ations alike share a special
bond with the sky and the
stars, and in particular with the Sun.
In addition to illuminating us, warm-

ing us, and providing energy to grow

The sundial,
from antiquity to
computer drawing

the plants we consume, the Sun pro-
vides a temporal reference, allow-
ing the human being to measure
the passage of time. The ancients
counted 12 hours between sunrise
and sunset — a practical measure for

'he magnificent sundial at All Souls College in Oxford (United Kingdom). Sun-
dials are often the support for the artistic expression of their creator. [Photo FB]

S




Multiple sundials installed
at the main entrance of

Gonville and Caius College,
Cambridge, United Kingdom.
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'he vertical sundial of Guedoz House, in Abbé Henry Square, in Courmayeur (Italy), de-

signed and built by Captain Enrico Alberto D’Albertis in 1920. Deteriorated by the pas-
sage of time and urban transformations, this sundial was restored in 2017 based on the
original designs. Among the fifteen sundials present in the territory of Courmayeur, this is
the most historically important one. [Photo MF]

working in the fields, but whose du-
ration varied between summer and
winter. The direction of dawn al-
lowed us to orient ourselves across
the seasons and to know when to
sow or harvest.

A simple stick planted vertically in
the horizontal ground already al-
lows you to identify the direction of
sunrise and sunset and to count the
hours during the day. This device is
a gnomon, the ancestor of sundials.
The origin of sundials is lost to an-
tiquity and probably dates back
more than 2000 years. After the sim-
ple gnomon, the first sundials took
the form of either a sphere carved
into stone, whose hour lines were
spaced 15° (360°/24h) apart, or a ver-
tical sundial with a straight stylus
that allowed one to identify the
times of prayer, called a canonical A
sundial. Sundials subsequently be-

came more sophisticated,
with the appearance of the
polar style, the Babylonian
and Italic hours, diurnal
arcs, and many other ways
of marking certain infor-
mation related to the Sun.
Some countries are distin-
guished by the large num-
ber of ancient sundials that
were created there: in par-
ticular, Italy, France, and
England. Most of these
sundials are now restored
and are considered as real
elements of the architec-
tural and artistic heritage
of their hosting cities. It is
enough to spend a few
days in many lItalian cities,
in  Saint-Véran in the
French Alps, in Oxford in
England, or in Prague in
the Czech Republic, to see
magnificent sundials on
many street corners.

Several famous museums
have very nice collections
of portable or decorative

“landscape” sundial painted on wood, whose stylus is represented by one
of the ski poles! Pragelato, Sestriere (Italy). [Photo FB]
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sundials. The Louvre Museum and
the National Conservatory of Arts
and Crafts in Paris, the Galileo Mu-
seum in Florence, the Navy Museum
in Madrid, the Adler Planetarium in
Chicago, the Greenwich Observatory
in England, the Munich Science Mu-
seum in Germany... Each time, these
collections amaze and arouse inter-
est and admiration.

Disappearing into oblivion for a
while starting in the nineteenth cen-
tury due to the spread of mechanical
wall and wrist clocks, sundials re-
turned to fascinate the public, thanks
in no small part to software and
computerized drawing and carving
tools. More and more people are in-
stalling one at their houses, espe-

'he sundial of the Palais de Justice in Besangon, near Saint-Pierre Square. This

sundial is, in fact, a vertical dial that declines in the morning.

cially in some regions such as the
French and Italian Alps. It is one of
the rare subjects that combine sci-
ence with art or handicraft, as well
as with philosophy, with inscribed
mottos that often make passersby
reflect on their life and the passage
of time.

Many books on the subject have
been published in the last thirty
years, including technical and math-
ematical, as well as beautiful pho-
tographic books that allow, for ex-
ample, the reader to discover the
many sundials of Queyras or the
Hautes Alpes. The archives available

online also allow one to delve into
ancient scriptures by downloading
beautiful books from the 17t or 18t
centuries and discovering geometric
methods richly illustrated with hand
engravings.

While it is possible to manually cal-
culate a horizontal or vertical south-
ern sundial, it becomes a bit more
complicated to accurately trace a
vertical descending sundial, or to
trace the sidereal hours and analem-
mas. Many people dream of mak-
ing a sundial on their own for their
garden or the facade of their house,
expressing their talents in painting,
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analemmatic, bifilar, and
cylindrical, all valid for
any place on Earth.

The software also pro-
vides a database of over
5000 predefined locations
with their latitude, longi-
tude, and time zone. Of
course, it is possible to add
new locations, as a sun-
dial must be designed for
a precise latitude. Such a
personalized sundial, de-
signed for its location and
placement, is much more
interesting than an indus-

v

Pour laide, appuyez sur F1

decoration, woodworking, metal-
working and so on in the process,
but they give up in the face of the
technical difficulty of calculating

lowing the user to concentrate on
their skills as a creator starting from
printed projects. Shadows offers
many types of sundials: classic,

< trial one bought from
somewhere.

The process of creating a sundial in
Shadows is very simple. Once the lo-
cation has been chosen from the list,

sundial drawn

with Shadows
software for the city
of Marseille. Above is
the flat drawing; on

the right, the ani-
mated 3D view. The
options are guided by
icons and menus.

hourly lines. Not infre-
quently, people think
that a sundial should be
level and south-oriented.
Instead, it is possible to
make one with any in-
clination or orientation,
and on any type of sup-
port too. This, however,
requires specific calcula-
tions and knowledge.

Fortunately, software
comes to our rescue — in
particular, the free soft-
ware Shadows, a digital
reference point for many
years. Shadows is a pro-
gram for Windows that
takes care of all of the
calculations and tracing
drawings in 1:1 scale, al-

5 Shadows Pro (Licence accordée a: Frangois BLATEYRON) [MARSEILLE-Vertical méridional]
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the sundial is displayed on the
screen and the user only needs to
configure it by changing its size and
design options, decorating it with
clip art or images, and possibly em-
bellishing it with a personalized
motto, or simply choosing an option
from the long list provided by the
software. Finally, the result can be
printed to scale, possibly on several
sheets. For large sundials, the

jd oneokells,

\\

\
\

\\‘4

\

‘.g"

\ I
\

the layout to the final mate-

rial, as well as assembling the
stylus and placing it on the
facade of the house orona R
column in the garden. The
satisfaction of the work done

will still be there and can be shared
with others.

The users’ sundials gallery highlights
the diversity of layouts and materi-

n the left, a vertical sundial made

by Heiko De Jong with Shadows,
for his house in the Netherlands.
Below, a painted wood sundial, made
by Mark Mills in Springfield (IL, USA),
with the same software.

als. There are horizontal and vertical

sundials of any orientation, armillary
spheres, portable shepherd sundials,
and so on. It is evident how the tal-
ent of some can be expressed

coordinates of the points are
provided in Excel-compatible
tables. The lines can also be ex-
ported in vector format (EMF),
to allow one to rework them in

once the software eliminates
the difficulty of the calculations.
Furthermore, it is not only the
private individual who uses
Shadows, but also teachers and

Corel Draw or Adobe Illustra-
tor, or in DXF format, compati-
ble with CAD software and,
from there, engraving ma-
chines.

The computer can help a lot,
but the user still has to do the

professors in their schools for il-
lustrating projects on celestial
mechanics or the Solar System,
and even professionals who
produce sundials in engraved
stone, wrought iron or fresco.
The Shadows software is used
all over the world thanks to its

practical work of transferring

bove,

Italic
(green
lines) and

Babylonian

& IS s

o )
gl 1 12 13 %

(red lines)
hours. Left,
sidereal
hours.
Right, mean

time and
coloring of
diurnal arcs.
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bove, armillary corona
with polar style. Top right,
shepherd’s cylindrical dial.

Opposite, multiple sundials on
a cube (5 dials).

translation into 17 languages.
Its user manual, over 130 pages
long, has been translated into
seven languages and can be
downloaded for free from the
software website.

Shadows has been around since
1997 and accessible online since
its inception. It was awarded
in 2005 the Julien Saget medal,
assigned by the Société As-
tronomique de France.

The software has constantly
evolved based on user requests,
gradually enriching itself
through to today, becoming an
undisputed model for all ama-
teur gnomonists.

At the end of 2021, the new ver-
sion 5.0 introduced animated

3D viewing on the
screen, which increases
the educational poten-
tial of the software itself
and opens the door to
three-dimensional print-
ing.

Sundials are fascinating,
and you can have fun
simulating and animat-
ing the shadow of the
stylus on the dial on your
screen, varying with the
time of day or day of the
year. This helps to under-
stand the effects of the
tilt of the Earth’s rota-
tion axis and the eccen-
tricity of the Earth’s
orbit.

In addition to drawings
directly related to the
sundials, the software
also offers complete
ephemeris for the year,
calculated for a day or

ASTRONOM
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for a specific in-
stant. The solar
spheric astrolabe, gra p_h allows you
Ll A to view the az-
movable ruler. imuth and
Below, the back of height of the
ik i | Sun during the
L F ek year based on
Sl il the time, and

to  superim-

pose a horizon mask on it to predict

the times in which obstacles will put

the observer (or the sundial) in the
shade. This tool is used by architects to
optimize the orientation of the rooms

in a house. Amateur astronomers may

be interested in ephemeris, but also in
the map of the sky, drawn according to
place and time. In short, many features of
educational or practical natures are available.

n the right, the
face of a plani-

O

www.shadowspro.com

[OITLL TTTITTT T [
25 20 15 "ln.,'

Umbra versa

Finally, we recall the other unique feature of Shadows:
its ability to simulate three types of astrolabes on
the screen, including the superb planispheric as-
trolabe, all elements of which can be config-

ured and manipulated by mouse.
The program also provides a very simple

way to make a functional astrolabe.

The software can be downloaded from
https://www.shadowspro.com. Its ba-
sic version is free. It comes with a
complete and illustrated user man-
ual in PDF format, allowing you to
discover all of the features and to
understand gnomonics. Interested
amateurs can then upgrade to the
Shadows Expert or Shadows Pro
levels by purchasing a license at a

low price (23 or 57 USD).

Amateur astronomers who spend
their nights observing and photo-
graphing the deep sky can remain in

contact with the stars and celestial me-
chanics by taking an interest in sundials
and astrolabes during the day or when
the weather conditions are not favorable -
providing another topic of interest and won-
der of human intelligence in the face of the
richness of the universe. |

MARCH-APRIL 2022
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Astronomers discover
an ultra-light and
super-fast sub-Earth

by IAC - Outreach Unit

n international team, includ-
A ing researchers from the In-

stituto de Astrofisica de Ca-
narias (IAC), has discovered an extra-
solar planet with half the mass of
the Earth that takes approximately
eight hours to orbit its parent star, a
red dwarf just under 31 light-years
from Earth. Called GJ 367 b, it is one
of the lightest among the nearly
5000 exoplanets known today.
a diameter of jUSt over 9000

known exoplanets. Many exoplanets
were discovered using the transit
method - the measurement of
minute differences in the emitted
light, or its apparent magnitude, of
a star as a planet passes in front of
it (with respect to the observer). GJ
367 b was also discovered using this
method, with the help of NASA's
Transiting Exoplanet Survey Satellite
(TESS).

With an orbital period of only one-
third of an Earth day, GJ 367 b is a
fast mover. “From the precise deter-
mination of its radius and mass, GJ
367b is cIass:fled as a rocky planet,”

esearch at
e Center

hours. “We already know a few of
these, but their origins are currently
unknown, ” says Savita Mathur, a re-
searcher at the IAC and co-author of
the article. Moreover, with a rota-
tion period of 48 days for the star,
“it is a very interesting system to
study and understand the dynami-
cal evolution of small rocky planets
with this orbit,” explains the re-
searcher.

Following the discovery of this
planet using TESS and the transit
method, the spectrum of its star was
then studied from the ground using
the radial velocity method. This
technique consists of measuring
changes in the position and velocity
of a star as it and a surrounding
planet orbit their common centre of
ass. The variation caused by the
itational force of the two ob-
] eflected in a shift in the




Si1

With the meticulous study and com-
bination of different evaluation
methods, the radius and mass of the
planet were accurately determined:
its radius is 72 percent of Earth’s ra-
dius, and its mass 55 percent of
Earth’s mass. By determining its ra-
dius and mass with an accuracy of 7
and 14 percent respectively, the re-
searchers were also able to draw
conclusions about the exoplanet’s
inner structure. It is a low-mass rocky
planet, but has a higher density than
the Earth. “The high density indi-
cates the planet is dominated by an
iron core,” explains Szilard Csizma-
dia co-author of the article from the
DLR. “These properties are similar to
those of Mercury, with its dispropor-

tionately large iron and nickel core
that differentiates it from other ter-
restrial bodies in the Solar System.”
However, the planet’s proximity to
its star means it is exposed to an ex-
treme high level of radiation, more
than 500 times stronger than what
the Earth experiences.

“The surface temperature could
reach up to 1500 degrees Celsius — a
temperature at which all rocks and
metals would be melted. GJ 367 b
therefore cannot be considered a
‘second Earth’” notes Enric Pallé, a
researcher at the IAC who has also
participated in the study.

The parent star of this newly discov-
ered exoplanet, a red dwarf called
GJ 367, is only about half the size of

A n artist’s simu-
lation of the
subterrestrial planet
GJ 367 b. [DLR]

the Sun. This was beneficial for its
discovery as the transit signal of the
orbiting planet is particularly sig-
nificant. “Red dwarfs are not only
smaller, but also cooler than the Sun.
This makes their associated planets
easier to find and characterise”, says
Felipe Murgas co-author of the arti-
cle from the IAC.

Red dwarfsare among the most
common stellar objects in our cosmic
neighbourhood and are therefore
suitable targets for exoplanet re-
search. Researchers estimate that
these red dwarfs, also known as
‘class M stars’, are orbited by an av-
erage of two to three planets, each
of which is at most four times the
size of Earth.
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Closest pair of
supermassive black
holes uncovered

by ESO - Barbara Ferreira

sing the European Southern
l ' Observatory’s Very Large Tele-

scope (ESO's VLT), astronomers
have revealed the closest pair of su-
permassive black holes to Earth ever
observed. The two objects also have
a much smaller separation than any
other previously spotted pair of su-
permassive black holes and will even-
tually merge into one giant black
hole. Located in the galaxy NGC
7727 in the constellation Aquarius,
the supermassive black hole pair is
about 89 million light-years away
from Earth. Although this may seem
distant, it beats the previous record
of 470 million light-years by quite
some margin, making the newfound
supermassive black hole pair the clos-
est to us yet.
Supermassive black holes lurk at the
centre of massive galaxies and when
two such galaxies merge, the black
holes end up on a collision course.
The pair in NGC 7727 beat the
record for the smallest separation
between two supermassive black
holes, as they are observed to be just
1600 light-years apart in the sky.
“It is the first time we find two su-
permassive black holes that are this
close to each other, less than half
the separation of the previous
record holder,” says Karina Voggel,
an astronomer at the Strasbourg

Observatory in France and lead au-
thor of the study published in As-
tronomy & Astrophysics.

“The small separation and velocity
of the two black holes indicate that
they will merge into one monster
black hole, probably within the next
250 million years,” adds co-author

Holger Baumgardt, a professor at
the University of Queensland, Aus-
tralia. The merging of black holes
like these could explain how the
most massive black holes in the Uni-
verse come to be.

Voggel and her team were able to
determine the masses of the two ob-

his image shows close-up (left) and wide (right) views of the two bright galactic nuclei,
each housing a supermassive black hole, in NGC 7727, a galaxy located 89 million light-

ASTRONOM

years away from Earth in the constellation Aquarius. Each nucleus consists of a dense group
of stars with a supermassive black hole at its centre. The image on the left was taken with
the MUSE instrument on ESO’s Very Large Telescope (VLT) at the Paranal Observatory in
Chile while the one on the right was taken with ESO’s VLT Survey Telescope. [ESO/Voggel
et al.; ESO/VST ATLAS team. Acknowledgement: Durham University/CASU/WFAU]
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jects by looking at how the gravita-
tional pull of the black holes influ-
ences the motion of the stars around
them. The bigger black hole, located
right at the core of NGC 7727, was
found to have a mass almost 154
million times that of the Sun, while
its companion is 6.3 million solar
masses.

It is the first time the masses have
been measured in this way for a su-
permassive black hole pair. This feat
was made possible thanks to the
close proximity of the system to
Earth and the detailed observations
the team obtained at the Paranal
Observatory in Chile using the Multi-
Unit Spectroscopic Explorer (MUSE)
on ESO’s VLT, an instrument Voggel
learnt to work with during her time
as a student at ESO. Measuring the
masses with MUSE, and using addi-
tional data from the NASA/ESA Hub-
ble Space Telescope, allowed the
team to confirm that the objects in

Using the ESO’s Very Large Telescope, astronomers have revealed the closest

pair of supermassive black holes to Earth ever observed. This video sum-

marises the discovery. [ESO]

NGC 7727 were indeed supermassive
black holes. Astronomers suspected
that the galaxy hosted the two black
holes, but they had not been able to

confirm their presence until now
since we do not see large amounts
of high-energy radiation coming
from their immediate surroundings,
which would otherwise give them
away. “Our finding implies that
there might be many more of these
relics of galaxy mergers out there
and they may contain many hidden
massive black holes that still wait to
be found,” says Voggel. “It could in-
crease the total number of super-
massive black holes known in the
local Universe by 30 percent.”

The search for similarly hidden su-
permassive black hole pairs is ex-
pected to make a great leap for-
ward with ESO’s Extremely Large
Telescope (ELT), set to start operat-
ing later this decade in Chile’s Ata-
cama Desert. “This detection of a
supermassive black hole pair is just
the beginning,” says co-author Stef-
fen Mieske, an astronomer at ESO in
Chile and Head of ESO Paranal Sci-
ence Operations. “With the HAR-
MONI instrument on the ELT we will
be able to make detections like this
considerably further than currently
possible. ESO’s ELT will be integral
to understanding these objects.” ®
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The Gemini South
' catches a one-winged
s butterfly

by NOIRLab
Uonessa

his ethereal image, captured
Tfrom Chile by the' interna-

tional Gemini Observatory, a
Program of NSF’s NOIRLab, looks as
delicate as a butterfly’s wing. It is,
however, a nabula located near the
center of the mammoth Chamaeleon
I dark cloud, one of the nearest star-
forming regions in our Milky Way.
This breathtaking visible-light im-
age, taken with the Gemini South
telescope, looks as though it is ready
to flutter off the screen. This appar-
ently wispy objggt is an outflow of
gas known as the CAamaeleon In-
frared Nebula — so named because
it is bright at some infrared wave-
lengths of light, although it can also

be seen in visible light, as in this
view. Hidden at the core of this re-
flection nebula, and at the centé of
this image, is the engine of the neb-
ula, a low-mass star (less massive
than our Sun) that is eclipsed by a
dark vertical band. Even though it is
concealed from view, this young,
cool star emits streams of fast-mov-
ing gas that have carved a tunnel
through the interstellar cloud from
which the young star formed. In-
frared and visible light emitted by
the star escapes along this tunnel
and scatters off its walls, giving rise
to the wispy reflection nebula. The
bright red object to the left of the
image center marks where some of

E
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the fast-moving stream of gas lights
up after colliding with slower-mov-
ing gas in the nebula. It is known as
a Herbig-Haro (HH) object and has
the designation HH 909A. Other
Herbig-Haro objects have been
found along the axis of the star’s
outflow beyond the edges of the
ima8e to the sight and left. As-
tronomers have suggested that the
dark band at the center of the

Chamaeleon Infrared Nebula is a cir- .

cumstellar disk — a reservoir of gas
and dust orbiting the star. Circum-
stellar disks, are typically associated
with young stars and provide the
materials needed to build planets.
The reason the disk appears as a
band rather than a circle in this
image is because it is edge-on, only
revealing one edge to observers
here on Earth. Astronomers believe
that the nebula’s central star is a
young stellar object embedded

'his ethereal image, captured

from Chile by the international
Gemini Observatory, a Program of
NSF’s NOIRLab, looks as delicate as a
butterfly’s wing. It is, however, a
structure known as the Chamaeleon

Infrared Nebula, which is located
near the center of the even larger
Chamaeleon I dark cloud, one of the
nearest star-forming regions in our
Milky Way. [International Gemini Ob-
servatory/NOIRLab/NSF/AURA]
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within the disk. The background
nebulosity, appearing in blue in this
image, is reflecting light from a
nearby star located outside the
frame. The Chamaeleon Infrared
Nebula resides within the larger
Chamaeleon | dark cloud, which is
neighbored by the Chamaeleon Il
and Chamaeleon llI dark clouds.
These three dark clouds collectively
comprise the Chamaeleon Complex,
a large area of star formation that
occupies almost the entirety of the
constellation Chamaeleon in the
southern sky. The gorgeous detail in
this image is thanks to the southern
edition of the twin Gemini Multi-
Object Spectrographs (GMOS), lo-
cated atop Cerro Pachén in Chile at
Gemini South, part of the interna-
tional Gemini Observatory, a Pro-

emini South at sunset,

Cerro Pachon, Chile.
[International Gemini Ob-
servatory/NOIRLab/NSF/
AURA/M. Paredes]

'his video

zooms in to
the Chamaeleon
Infrared Nebula,
located in the
constellation
Chamaeleon.
[International
Gemini Observa-
tory/NOIRLab/NSF
/AURAV/E. Slawik,
D. De Martin/
Kwon O Chul]

gram of NSF’s NOIRLab. GMOS has
imaging capabilities in addition to
being a spectrograph, which makes
it a very versatile instrument.
“GMOS-South is the perfect instru-
ment to make this observation, be-
cause of its field of view, which can
nicely capture the whole nebula,

and because of its ability to capture
the emission from the nebula’s ion-
ized gas,” said NOIRLab instrument
scientist German Gimeno. The image
was produced by NOIRLab’s Commu-
nication, Education & Engagement
team as part of the NOIRLab Legacy
Imaging Program. |
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INSTRUMENTS - COMPOSITES - OPTICS

www.northek.it
www.facebook.com/northek.it
info@northek.it
phone +39 0159!

Ritchey-Chrétien
» SCHOTT Supremax 33 optics
> optical diameter 355 mm
» useful diameter 350 mm
» focal length 2800 mm
>» focal ratio f/8

Dall-Kirkham

» SCHOTT Supremax 33 optics
> optical diameter 355 mm

> 18-point floating cell
> customized focuser
» useful diameter 350 mm

> focal length 7000 mm

> focal ratio f/20
> 18-point floating cell
> Feather Touch 2.5” focuser

",’74'.

Cassegrain ¢
> SCHOTT Supremax 33 optics [
> optical diameter 355 mm
> useful diameter 350 mm
> focal length 5250 mm
> focal ratio f/15
> 18-point floating cell

>» Feather Touch 2.5” focuser
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