Black Hole on Galaxy's Star Turn

The role of an excited black hole in the death of an exotic 'jellyfish' galaxy will be
presented today (3 July) by Callum Bellhouse of the University of Birmingham at the RAS
National Astronomy Meeting in Lancaster. [28]

Previous attempts to measure the mass of the NGC 4395 black hole yielded results
ranging from 1000-400,000 solar masses. [27]

US computer scientist Katie Bouman, who became a global sensation over her role in
generating the world'’s first image of a black hole, has described the painstaking process
as akin to listening to a piano with broken keys. [26]

Astronomers on Wednesday unveiled the first photo of a black hole, one of the star-
devouring monsters scattered throughout the Universe and obscured by impenetrable
shields of gravity. [25]

Paul McNamara, an astrophysicist at the European Space Agency and project scientist for
the LISA mission that will track massive black hole mergers from space, helped AFP put
what he called an "outstanding technical achievement" into context. [24]

We’re about to see the first close-up of a black hole. [23]

In short, the concept of a black hole gravity machine presents humanity with a plausible
path to becoming an interstellar species. In the meantime, the study of the concept will
provide SETI researchers with another possible technosignature to look for. [22]

Physicists have used a seven-qubit quantum computer to simulate the scrambling of
information inside a black hole, heralding a future in which entangled quantum bits
might be used to probe the mysterious interiors of these bizarre objects. [21]

Rotating black holes and computers that use quantum-mechanical phenomena to process
information are topics that have fascinated science lovers for decades, but even the most
innovative thinkers rarely put them together. [20]

If someone were to venture into one of these relatively benign black holes, they could
survive, but their past would be obliterated and they could have an infinite number of
possible futures. [19]



The group explains their theory in a paper published in the journal Physical Review
Letters—it involves the idea of primordial black holes (PBHs) infesting the centers of
neutron stars and eating them from the inside out. [18]

But for rotating black holes, there’s a region outside the event horizon where strange
and extraordinary things can happen, and these extraordinary possibilities are the focus
of a new paper in the American Physical Society journal Physical Review Letters. [17]

Astronomers have constructed the first map of the universe based on the positions of
supermassive black holes, which reveals the large-scale structure of the universe. [16]

Astronomers want to record an image of the heart of our galaxy for the first time: a
global collaboration of radio dishes is to take a detailed look at the black hole which is
assumed to be located there. [15]

A team of researchers from around the world is getting ready to create what might be
the first image of a black hole. [14]

"There seems to be a mysterious link between the amount of dark matter a galaxy holds
and the size of its central black hole, even though the two operate on vastly different
scales,” said Akos Bogdan of the Harvard-Smithsonian Center for Astrophysics (CfA). [13]

If dark matter comes in both matter and antimatter varieties, it might accumulate inside
dense stars to create black holes. [12]

For a long time, there were two main theories related to how our universe would end.
These were the Big Freeze and the Big Crunch. In short, the Big Crunch claimed that the
universe would eventually stop expanding and collapse in on itself. This collapse would
result in...well...a big crunch (for lack of a better term). Think “the Big Bang”, except just
the opposite. That’s essentially what the Big Crunch is. On the other hand, the Big Freeze
claimed that the universe would continue expanding forever, until the cosmos becomes a
frozen wasteland. This theory asserts that stars will get farther and farther apart, burn
out, and (since there are no more stars bring born) the universe will grown entirely cold
and eternally black. [11]

Newly published research reveals that dark matter is being swallowed up by dark
energy, offering novel insight into the nature of dark matter and dark energy and what
the future of our Universe might be. [10]

The gravitational force attracting the matter, causing concentration of the matter in a
small space and leaving much space with low matter concentration: dark matter and
energy.

There is an asymmetry between the mass of the electric charges, for example proton and
electron, can understood by the asymmetrical Planck Distribution Law. This temperature
dependent energy distribution is asymmetric around the maximum intensity, where the



annihilation of matter and antimatter is a high probability event. The asymmetric sides
are creating different frequencies of electromagnetic radiations being in the same
intensity level and compensating each other. One of these compensating ratios is the
electron - proton mass ratio. The lower energy side has no compensating intensity level,
it is the dark energy and the corresponding matter is the dark matter.
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Black hole brings down curtain on jellyfish galaxy's star turn

The role of an excited black hole in the death of an exotic 'jellyfish' galaxy will be presented today (3
July) by Callum Bellhouse of the University of Birmingham at the RAS National Astronomy Meeting
in Lancaster. The supermassive black hole at the centre of jellyfish galaxy JO201 is stripping away
gas and throwing it out into space, accelerating suppression of star formation and effectively
'killing' the galaxy.

Jellyfish galaxies are spectacular objects that undergo a dramatic process of transformation as they
plunge through the dense core of a galaxy cluster at supersonic speeds. External drag forces tear
away the galaxy's gas, in a process known as ram-pressure stripping, leaving extended tentacles of
trailing material.

The fate of J0201 has been revealed as part of a study of 114 jellyfish galaxies by the GASP (GAs
Stripping Phenomena) collaboration, an international team of researchers led by Dr. Bianca
Poggianti.

To explore the structure of the jellyfish galaxies in 3-D and estimate the timescales of their
transformation, Bellhouse has createdinteractive models that can also be experienced in virtual
reality.

The study shows that JO201, originally a large spiral galaxy, has been diving through the massive
cluster Abell 85 at supersonic speeds for around a billion years. As the jellyfish galaxy is travelling
along the line of sight, its tentacles appear foreshortened in the model, but the team estimates that
they trail 94 kiloparsecs behind J0201—about three times the diameter of our Milky Way.



Jellyfish galaxy JO201. Credit: Callum Bellhouse and the GASP collaboration

"A galaxy sustains itself by constantly forming new stars from gas, so understanding how gas flows
into and out of a galaxy helps us learn how it evolves. The example of J0201 shows how the
balance tips towards then away from star-formation as it plunges through the galaxy cluster and
faces increasingly extreme stripping of its gas," said Bellhouse.

JO201's transformation into a jellyfish galaxy has caused a brief increase in star formation due to
the ram-pressure stripping process. Compressed clouds of gas have collapsed and formed a ring of
stars in the disk of the galaxy. Dense knots in tentacles have condensed like rainclouds to begin
forming new stars in the galaxy's wake.

However, the over the last few hundred million years, the black hole appears to have ripped away
gas to leave a large void around the centre of the galaxy disc. The team believes that the ram-
pressure stripping may have funnelled gas into the central parts of the galaxy, where it has
provoked the black hole into blasting out material and creating a shock-wave that has left a cavity
behind.

"An important balancing act occurs between processes which either boost or diminish the star
formation rate in jellyfish galaxies. In the case of J0201, the central black hole becomes excited by
the ram-pressure stripping and starts to throw out gas. This means that the galaxy is being
hollowed out from the inside, as well as torn away from the outside," said Bellhouse.



Composite image of jellyfish galaxy JO201 made from combining near ultraviolet (colored blue), Ha
(colored red) and oxygen (colored green). Credit: Callum Bellhouse and the GASP collaboration.

"JO201 is, so far, a unique example of a supermassive black hole and ram-pressure stripping in
guenching star formation in a jellyfish galaxy. Studying these curious objects gives us an insight into
the complex processes that galaxies experience," said Bellhouse.

Interactive models

An interactive visualisation showing a 3-D model of the distribution of stars and gas in the Jellyfish
Galaxy JO201/JW100/J0194. The model is made using the spatial distribution of stars and gas on
the sky, with the velocity along the line-of-sight giving the depth. Red=Hydrogen, Blue=Nitrogen,
Green=0xygen, White=stars. Credit: Callum Bellhouse and the GASP collaboration. [28]

Is black hole at the centre of NGC 4395 a primordial relic?

The mass of the smallest black hole known to exist at the centre of an active galaxy has been
determined by an international team of astronomers, who argue that their result is “the best direct
mass measurement for a galaxy of this size”. The researchers also say that their study could provide
important clues about how the most massive black holes form.

The black hole lies 14 million light-years away in the spiral galaxy NGC 4395, which has an active
galactic nucleus (AGN) that glows with radiation produced by matter falling into the black hole.
NGC 4395 is one of the least luminous active galaxies known. This suggests that its black hole is
relatively small compared to most other AGN'’s, which can harbour supermassive black holes with
masses millions of times that of the Sun.



Previous attempts to measure the mass of the NGC 4395 black hole yielded results ranging from
1000-400,000 solar masses. One reason for the differing results is that the black hole is surrounded
in the sky by a large star cluster, and the two cannot be distinguished telescopically.

Cloudy reflections
To try to obtain a more accurate measure of the mass, a research team led by Jong-Hak

W00 of Seoul National University in Korea measured how the fluctuations in the luminosity of the
accretion disc of material around the black hole reflect off gas clouds much further out. The time
delay associated with the reflection is 83 min, which give their distance from the black hole. This is
combined with the range, or dispersion, in the velocities of the clouds orbiting the black hole, which
is measured to be 426 km/s. Putting all of this together, Woo's team calculate the black hole’s
mass as 10,000 times that of the Sun.

This differs by a factor of 40 with a measurement made in 2018 by an international team
led by Mark den Brok, now at the Leibniz-Institut fiir Astrophysik Potsdam in Germany. Their
measurement of 400,000 solar masses was made by trying to optically resolve the centre of NGC
4395,

“Both determinations are heavily dominated by systematic effects,” cautions Michele

Cagpellari of the UK’s University of Oxford, who was a member of den Brok’s team. “I do not
see the difference as too surprising or necessarily invalidating one of the two.”

Bulging correlations

If the mass measurement by Woo's group is correct, then it is intriguing for a variety of reasons —
including how it relates to a general correlation between the mass of a central black hole and the
mass and therefore the velocity dispersion of a galaxy’s bulge. This correlation is ubiquitous in more
massive galaxies, but even though NGC 4395 does not have a bulge, the correlation appears to have
been maintained in the ratio of the mass of the black hole relative to the mass of the central part of
NGC 4395.

“It’s surprising to see that the same correlation exists at this very low mass scale,” Woo

tells Physics World.

The reason for this correlation is unclear, but a popular explanation is that the black hole and bulge
(or the central part of NGC 4395) grow at the same rate. Feedback effects, in the form of an
outpouring of radiation from the active black hole, can also play a role in regulating the mass of a
galactic bulge by heating and ejecting molecular gas from the centre of the galaxy, curtailing star
formation in the process.

In such cases, the active black hole is being fed material that has found its way to the black hole by
hierarchical formation — the idea that galaxies grow by absorbing smaller galaxies. However, NGC
4395 displays no evidence of having experienced such mergers, since they would have produced a
central bulge in the galaxy around the black hole. Furthermore, although NGC 4395 has an AGN, its
activity is so low that it produces minimal feedback. Although Cappellari warns against drawing
conclusions from just one object, it could mean that while AGN feedback may still play a role in
regulating the mass of larger galaxies, other mechanisms may also be at work.


http://astro1.snu.ac.kr/home/eng/Personnel/Faculty.asp?globalmenu=2&localmenu=1
http://astro1.snu.ac.kr/home/eng/Personnel/Faculty.asp?globalmenu=2&localmenu=1
https://arxiv.org/abs/1507.04358
http://www-astro.physics.ox.ac.uk/~mxc/
http://www-astro.physics.ox.ac.uk/~mxc/

Light or heavy seeds?

This has implications for how the most massive black holes form. “There are two scenarios
suggested for the origin of supermassive black holes,” says Woo. Both begin with the earliest large
black holes forming directly from the collapse of a giant gas cloud. Then these early black holes
became the seeds for supermassive black holes. In the “light seed” scenario, these first black holes
were born with masses 100-1000 times the mass of the Sun. In the alternative “heavy seed”
scenario, the black holes were instead born with 10,000-100,000 solar masses.

“It is not clear which seed was the origin of NGC 4395’s black hole,” says Woo, “but if the heavy
seed model is right, then it means that its black hole has not grown much.”

The lack of black hole growth would be surprising in such a gas-rich galaxy as NGC 4395,

says Victor Debattista of the University of Central Lancashire, who is another of den Brok’s
collaborators. “This probably implies that the seed black hole was relatively low mass,” he adds, but

Woo argues that this is contradicted by the apparent lack of galaxy mergers experienced by NGC
4395, which would have perturbed the orbits of gas clouds to fall into the black hole, while also
supplying a diet of intermediate-mass black holes that would merge to form the current black hole.

Instead, says Woo, we may be looking at a primordial relic — a leftover black hole seed that never
got the chance to grow into a supermassive black hole.

The research is described in Nature Astronomy. [27]

Imaging black hole like listening to broken piano, says scientist

US computer scientist Katie Bouman, who became a global sensation over her role in generating
the world's first image of a black hole, has described the painstaking process as akin to listening to
a piano with broken keys.

Testifying before Congress on Thursday, the postdoctoral fellow at the Harvard Smithsonian Center
for Astrophysics also suggested the technology developed by the project could have practical
applications in the fields of medical imaging, seismic prediction and self-driving cars.

A photo released last month of the star-devouring monster in the heart of the Messier 87 (M87)
galaxy revealed a dark core encircled by a flame-orange halo of white hot plasma.

But since M87 is 55 million Iight years away, "This ring appears incredibly small on the sky:
roughly 40 microarcseconds in size, comparable to the size of an orange on the surface of the Moon
as viewed from our location on Earth," said Bouman.

The laws of physics would require a telescope the size of our entire planet to view it: an
impossible proposition.


https://www.uclan.ac.uk/staff_profiles/victor_debattista.php
https://www.nature.com/articles/s41550-019-0790-3
https://phys.org/tags/practical+applications/
https://phys.org/tags/practical+applications/
https://phys.org/tags/light+years/
https://phys.org/tags/telescope/

The Event Horizon Telescope (EHT) Collaboration instead spent over a decade building an Earth-
sized computational telescope that combined signals received by various telescopes working in
pairs around the world.

However, since there are a limited number of locations, the telescopes are able to capture only
some frequencies, leaving large gaps in information.

"As an analogy, you can think about the measurements the EHT makes a bit like notes in a song;
each measurement corresponds to the tone of one note, " said Bouman.

"Observing the black hole with the Event Horizon Telescope is a bit like listening to a song being
played on a piano with over half of its keys broken."

The approach led to numerous gaps that could be filled with infinite possibilities consistent with the
data.

"But just as your brain may still be able to recognize a song being played on a broken piano if there
are enough functioning keys, we can design algorithms to intelligently fill in the EHT's missing
information to reveal the underlying black hole image," she concluded.

Avoiding human bias
While the images were captured in 2017, the final result had to be independently validated by four
EHT teams working around the world to avoid shared human bias.

The four images they produced varied slightly, but they all contained the same basic structure.

"Seeing these images for the first time was truly amazing and one of my life's happiest memories,"
recalled Bouman, who maintained a broad smile throughout her testimony.

The final image released to the public on April 10 this year was a composite of the four images
further tuned by algorithms designed to eliminate human preferences.

Bouman said she first began working on the EHT as a graduate student studying computer vision at
MIT and found the problem shared striking similarities with work she had done on brain imaging
based on limited data from an MRI scanner.

"Thus, although the project was well outside of my core area, and | had no background in
astrophysics let alone black holes, | hoped that | might be able to make a difference."

She also hailed the early-career scientists who had come to the project from various fields and
ranged from post doctorates to undergraduates whose work was vital to the project.

"However, like black holes, many early-career scientists with significant contributions often go
unseen," she said. [26]


https://phys.org/tags/black+holes/

Astronomers deliver first photo of black hole
Astronomers on Wednesday unveiled the first photo of a black hole, one of the star-devouring
monsters scattered throughout the Universe and obscured by impenetrable shields of gravity.

The image of a dark core encircled by a flame-orange halo of white-hot gas and plasma looks like
any number of artists' renderings over the last 30 years.

But this time, it's the real deal.

Scientists have been puzzling over invisible "dark stars" since the 18th century, but never has one
been spied by a telescope, much less photographed.

The supermassive black hole now immortalised by a far-flung network of radio telescopes is 50
million lightyears away in a galaxy known as M87.

"It's a distance that we could have barely imagined," Frederic Gueth, an astronomer at France's
National Centre for Scientific Research (CNRS) and co-author of studies detailing the findings, told
AFP.

Most speculation had centred on the other candidate targeted by the Event Horizon Telescope—
Sagittarius A*, the black hole at the centre of our own galaxy, the Milky Way.

By comparison, Sag A* is only 26,000 lightyears from Earth.

Locking down an image of M87's supermassive black hole at such distance is comparable to
photographing a pebble on the Moon.

European Space Agency astrophysicist Paul McNamara called it an "outstanding technical
achievement".

It was also a team effort.

"Instead of constructing a giant telescope that would collapse under its own weight, we combined
many observatories," Michael Bremer, an astronomer at the Institute for Millimetric Radio
Astronomy (IRAM) in Grenoble, told AFP.

Earth in a thimble
Over several days in April 2017, eight radio telescopes in Hawaii, Arizona, Spain, Mexico, Chile, and
the South Pole zeroed in on Sag A* and M87.

Knit together "like fragments of a giant mirror," in Bremer's words, they formed a virtual
observatory some 12,000 kilometres across—roughly the diameter of Earth.

In the end, M87 was more photogenic. Like a fidgety child, Sag A* was too "active" to capture a
clear picture, the researchers said.

"The telescope is not looking at the black hole per se, but the material it has captured,” a luminous
disk of white-hot gas and plasma known as an accretion disk, said McNamara, who was not part of
the team.



"The light from behind the black hole gets bent like a lens."

The Event Horizon Telescope (EHT) -- a planet-scale array of eight ground-based radio
telescopes forged through international collaboration -- was designed to capture images
of a black hole. Today, in coordinated press conferences across the globe, EHT
researchers reveal that they have succeeded, unveiling the first direct visual evidence of
a supermassive black hole and its shadow.

For more multimedia, visit NSF.gov/blackhole, including text-free versions of all
images. Credit: NSF

The unprecedented image—so often imagined in science and science fiction —- has been analysed
in six studies co-authored by 200 experts from 60-odd institutions and published Wednesday
in Astrophysical Journal Letters.

"I never thought that | would see a real one in my lifetime," said CNRS astrophysicist Jean-Pierre
Luminet, author in 1979 of the first digital simulation of a black hole.

Coined in the mid-60s by American physicist John Archibald Wheeler, the term "black hole" refers
to a point in space where matter is so compressed as to create a gravity field from which even light
cannot escape.

The more mass, the bigger the hole.

At the same scale of compression, Earth would fit inside a thimble. The Sun would measure a mere
six kilometres edge-to-edge.

A successful outcome depended in part on the vagaries of weather during the April 2017
observation period.

"For everything to work, we needed to have clear visibility at every [telescope] location worldwide",
said IRAM scientist Pablo Torne, recalling collective tension, fatigue and, finally, relief.

'Hell of a Christmas present’
Torne was at the controls of the Pico Veleta telescope in Spain's Sierra Madre mountains.

The Event Horizon Telescope (EHT) -- a planet-scale array of eight ground-based radio
telescopes forged through international collaboration -- was designed to capture images
of a black hole. For more multimedia, visit NSF.gov/blackhole. Credit: NSF

After that, is was eight months of nail-biting while scientists at MIT Haystack Observatory in
Massachusetts and the Max Planck Institute for Radio Astronomy in Bonn crunched the data.

The Universe is filled with electromagnetic "noise", and there was no guarantee M87's faint signals
could be extracted from a mountain of data so voluminous it could not be delivered via the
Internet.

There was at least one glitch.



"We were desperately waiting for the data from the South Pole Telescope, which—due to extreme
weather conditions during the southern hemisphere winter—didn't arrive until six months later,"
recalled Helger Rottmann from the Max Planck Institute.

It arrived, to be precise, on December 23, 2017.

"When, a few hours later, we saw that everything was there, it was one hell of a Christmas
present," Rottmann said.

It would take another year, however, to piece together the data into an image.
"To be absolutely sure, we did the work four times with four different teams," said Gueth.

Each team came up with exactly the same spectacular, history-making picture of a dark circle
encased in a flaming-red halo. [25]

Black holes: picturing the heart of darkness

Astronomers are poised Wednesday to unveil the first direct image of a black hole and
the surrounding whirlwind of white-hot gas and plasma inexorably drawn by gravity into its
ravenous maw, along with the light they generate.

The picture will have been captured by the Event Horizon Telescope (EHT), a network of
eight radio telescopes scattered across the globe.

Paul McNamara, an astrophysicist at the European Space Agency and project scientist for the LISA
mission that will track massive black hole mergers from space, helped AFP put what he called an
"outstanding technical achievement" into context.

How do we know black holes exist?
"We think, of course, of a black hole as something very dark. But the mass it sucks in forms a so-

called accretion disk that gets so hot it glows and emits light.

Over the years, we accumulated other indirect observational evidence -— X-rays coming off objects,
for example, in other galaxies.

In September 2015, the LIGO gravitational wave detectors in the Us made a
measurement of two black holes smashing together.

All the evidence we have from around the universe -— X-rays, radio-waves, light — points to these
very compact objects, and the gravitational waves confirmed that they really are black holes, even
if we have never actually seen one."

What is an 'event horizon'?
"At the centre of a black hole is something we call a 'singularity' -— a huge amount of mass shrunk
down to an infinitely small, zero-dimensional point in space.


https://phys.org/news/2019-04-scientists-unveil-picture-black-hole.html
https://phys.org/tags/radio+telescopes/
https://phys.org/tags/accretion+disk/
https://phys.org/tags/gravitational+wave+detectors/

If you get a certain distance away from that singularity, the escape velocity drops under the speed
of light. That's the event horizon.

It is not a physical barrier -— you couldn't stand on it. If you're on the inside of it, you can't escape
because you would need infinite energy. If you are on the other side, you could escape—in
principle."

How big is a black hole?
"The diameter of a black hole depends on its mass but it is always double what we call the
Schwarzschild radius.

If the Sun were to shrink to a singularity point, the Schwarzschild radius would be three kilometres,
and the diameter would be six.

Supermassive black holes rip up and devour hapless stars a hundred times more frequently than
thought, according to research released in 2017

For Earth, the diameter would be 18 millimetres, or about three-quarters of an inch. The event

horizon of the black hole at the centre of the Milky Way, Sagittarius A*, measures about 24
million kilometres across.

Sagittarius A*—which has four million times the mass of the Sun—is one of two black holes
targeted by the EHT. The other, even bigger, is in the galaxy M87."

What will the image look like?
"The Event Horizon Telescope is not looking at the black hole per se, but the material it has
captured.


https://phys.org/tags/event+horizon/
https://phys.org/tags/event+horizon/

It won't be a big disk in high resolution like in the Hollywood movie 'Interstellar'. But we might see a
black core with a bright ring—the accretion disk—around it.

The light from behind the black hole gets bent like a lens. No matter what the orientation of the
disc, you will see it as a ring because of the black hole's strong gravity.

Visually, it will look very much like an eclipse, though the mechanism, of course, is completely
different."

How is the image generated?

"The technical achievement is outstanding. Rather than having one telescope that is 100 metres
across, they have lots of telescopes with an effective diameter of 12,000 kilometres—the diameter
of Earth.

The data is recorded with very high accuracy, put onto hard disks, and shipped to a central location
where the image is reconstructed digitally.

This is very, very, very Iong baseline interferometry -— over the entire surface of the
Earth."

Any threat to general relativity?

"Einstein's theory of general relativity fits all the observations made so far related to black
holes.

The gravitational wave signature from the LIGO experiments, for example, was exactly what the
theory says would be expected.

But the black holes LIGO measured were small, only 60-100 times the mass of the Sun.

Maybe black holes millions of times more massive are different. We don't know yet.

We should see a ring. If we see something elongated on one axis, then it can no longer be a
singularity—that could be a violation of general relativity." [24]

4 things we’'ll learn from the first closeup image of a black hole
We're about to see the first close-up of a black hole.

The Event Horizon Telescope, a network of eight radio observatories spanning the globe, has set
its sights on a pair of behemoths: Sagittarius A*, the supermassive black hole at the Milky Way's
center, and an even more massive black hole 53.5 million light-years away in galaxy M87 (SN
Online: 4/5/17).

In April 2017, the observatories teamed up to observe the black holes’ event horizons, the
boundary beyond which gravity is so extreme that even light can’t escape (SN: 5/31/14, p. 16).
After almost two years of rendering the data, scientists are gearing up to release the first images in
April.


https://phys.org/tags/long+baseline+interferometry/
https://phys.org/tags/general+relativity/
https://phys.org/tags/black+holes/
https://www.sciencenews.org/blog/science-ticker/event-horizon-telescope-try-capture-images-elusive-black-hole-edge
https://www.sciencenews.org/article/mysterious-boundary

Here’s what scientists hope those images can tell us.

What does a black hole really look like?
Black holes live up to their names: The great gravitational beasts emit no light in any part of the
electromagnetic spectrum, so they themselves don’t look like much.

But astronomers know the objects are there because of a black hole’s entourage. As a black hole’s
gravity pulls in gas and dust, matter settles into an orbiting disk, with atoms jostling one another at
extreme speeds. All that activity heats the matter white-hot, so it emits X-rays and other high-
energy radiation. The most voraciously feeding black holes in the universe have disks that
outshine all the stars in their galaxies (SN Online: 3/16/18).

A CAMERA THE SIZE OF EARTH How did scientists take a

picture of a black hole? Science News explains.

The EHT’s image of the Milky Way’s Sagittarius A*, also called SgrA*, is expected to capture the
black hole’s shadow on its accompanying disk of bright material. Computer simulations and the
laws of gravitational physics give astronomers a pretty good idea of what to expect. Because of the
intense gravity near a black hole, the disk’s light will be warped around the event horizon in a ring,
so even the material behind the black hole will be visible.

And the image will probably look asymmetrical: Gravity will bend light from the inner part of the
disk toward Earth more strongly than the outer part, making one side appear brighter in a lopsided
ring.

Does general relativity hold up close to a black hole?
The exact shape of the ring may help break one of the most frustrating stalemates in theoretical
physics.

The twin pillars of physics are Einstein’s theory of general relativity, which governs massive and
gravitationally rich things like black holes, and quantum mechanics, which governs the weird world
of subatomic particles. Each works precisely in its own domain. But they can’t work together.

“General relativity as it is and quantum mechanics as it is are incompatible with each other,” says
physicist Lia Medeiros of the University of Arizona in Tucson. “Rock, hard place. Something has to
give.” If general relativity buckles at a black hole’s boundary, it may point the way forward for
theorists.

Since black holes are the most extreme gravitational environments in the universe, they’re the best
environment to crash test theories of gravity. It’s like throwing theories at a wall and seeing
whether — or how — they break. If general relativity does hold up, scientists expect that the black
hole will have a particular shadow and thus ring shape; if Einstein’s theory of gravity breaks down, a
different shadow.

Medeiros and her colleagues ran computer simulations of 12,000 different black hole shadows that
could differ from Einstein’s predictions. “If it’s anything different, [alternative theories of gravity]
just got a Christmas present,” says Medeiros, who presented the simulation results in January in
Seattle at the American Astronomical Society meeting. Even slight deviations from general relativity
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could create different enough shadows for EHT to probe, allowing astronomers to quantify how
different what they see is from what they expect.

CONSIDERING ALL POSSIBILITIES Physicists expect black holes
to follow Einstein’s rules of general relativity, but it might be

more interesting if they don’t. This computer simulation

shows one possibility for how a black hole would look if it
behaved unexpectedly.

Do stellar corpses called pulsars surround the Milky Way’s black hole?
Another way to test general relativity around black holes is to watch how stars careen around
them. As light flees the extreme gravity in a black hole’s vicinity, its waves get stretched out,
making the light appear redder. This process, called gravitational redshift, is predicted by general
relativity and was observed near SgrA* last year (SN: 8/18/18, p. 12). So far, so good for
Einstein.

An even better way to do the same test would be with a pulsar, a rapidly spinning stellar corpse
that sweeps the sky with a beam of radiation in a regular cadence that makes it appear to pulse
(SN: 3/17/18, p. 4). Gravitational redshift would mess up the pulsars’ metronomic pacing,
potentially giving a far more precise test of general relativity.

“The dream for most people who are trying to do SgrA* science, in general, is to try to find a pulsar
or pulsars orbiting” the black hole, says astronomer Scott Ransom of the National Radio Astronomy
Observatory in Charlottesville, Va. “There are a lot of quite interesting and quite deep tests of
[general relativity] that pulsars can provide, that EHT [alone] won’t.”

Despite careful searches, no pulsars have been found near enough to SgrA* yet, partly because gas
and dust in the galactic center scatters their beams and makes them difficult to spot. But EHT is
taking the best look yet at that center in radio wavelengths, so Ransom and colleagues hope it
might be able to spot some.

“It’s a fishing expedition, and the chances of catching a whopper are really small,” Ransom says.
“But if we do, it’s totally worth it.”
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ONE OF MANY? The pulsar PSR J1745-2900 (left in this illustration) was discovered in 2013

orbiting roughly 150 light-years from the black hole at the center of the galaxy. That’s too far to

use it to do precise tests of general relativity, but astronomers hope that the pulsar’s existence

means the Event Horizon Telescope will find many more even closer to the black hole.

How do some black holes make jets?

Some black holes are ravenous gluttons, pulling in massive amounts of gas and dust, while others
are picky eaters. No one knows why. SgrA* seems to be one of the fussy ones, with a surprisingly
dim accretion disk despite its 4 million solar mass heft. EHT’s other target, the black hole in galaxy
M87, is a voracious eater, weighing in at about 2.4 trillion solar masses. And it doesn’t just amass a
bright accretion disk. It also launches a bright, fast jet of charged subatomic particles that stretches
for about 5,000 light-years.

“It’s a little bit counterintuitive to think a black hole spills out something,” says astrophysicist
Thomas Krichbaum of the Max Planck Institute for Radio Astronomy in Bonn, Germany. “Usually
people think it only swallows something.”

Many other black holes produce jets that are longer and wider than entire galaxies and can extend
billions of light-years from the black hole. “The natural question arises: What is so powerful to
launch these jets to such large distances?” Krichbaum says. “Now with the EHT, we can for the first
time trace what is happening.”

EHT’s measurements of M87’s black hole will help estimate the strength of its magnetic field, which
astronomers think is related to the jet-launching mechanism. And measurements of the jet’s
properties when it’s close to the black hole will help determine where the jet originates — in the
innermost part of the accretion disk, farther out in the disk or from the black hole itself. Those
observations might also reveal whether the jet is launched by something about the black hole itself
or by the fast-flowing material in the accretion disk.



Since jets can carry material out of the galactic center and into the regions between galaxies, they
can influence how galaxies grow and evolve, and even where stars and planets form (SN:
7/21/18, p. 16).

“It is important to understanding the evolution of galaxies, from the early formation of black holes
to the formation of stars and later to the formation of life,” Krichbaum says. “This is a big, big story.
We are just contributing with our studies of black hole jets a little bit to the bigger puzzle.” [23]
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