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Black Hole from Iconic Image Appears to Be Wobbling
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Black holes are regions of space in which the
force of gravity is so strong that not even light can
escape. To create one, said Ulf Danielson, a physicist
on the Nobel Committee for Physics, at the event,
“you’d need to compress the sun into a region only a
few kilometers across—or to squeeze the Earth down
to the size of a pea.” At the heart of every black hole
would lie a “singularity,” a point at which gravity
squeezes matter to infinite density, shrouded by an
“event horizon” beyond which anything falling in
could not return to the wider outside universe.
Although scientists had speculated about their
existence for centuries, it was unclear whether such
extreme objects could occur in reality. Even Albert
Einstein—whose general theory of relativity forms
the modern basis for understanding black holes—
doubted their existence.

PR T LA — AN X, R IX AR, 51 J058EK
BRI . o DUR 2R I Y 2 R
IRK +FHE/RAR(UIf Danielson) FEAISAX K _F 5t : “ 45 226
AR, MFHERES R RAE LA R X
i, SRR FRAR B RN 7 AN SRR h O B LE
AR R, XA R BRG] R T E E E R
FERE CEAERSL B, FEIZAINEREIN, EEA
(IR TE T B B S R A 7 . RAERERATE
ZAHEN T TUAMEAD, (BT ASH X e b s (R 0 o e 15
MIfELE. ELARRTRAE%E « %2 KHE (Albert Einstein)
PREE SRR A7 AE, RIEAR AT SCREO R BV A4 B, 1 28 7
R B BLACEE At -



But in 1965 Penrose, a physicist who worked
with Stephen Hawking and is now a professor
emeritus at the University of Oxford, mathematically
“showed that black holes might really exist, forming
in a stable and robust process” consistent with
Einstein’s theories, David Havilland, a physicist at
the KTH Royal Institute of Technology in Sweden
and chair of the committee for the physics prize, told
reporters.

“Penrose and Hawking proved that, for stars
of a certain type, black holes are a pretty much
unavoidable outcome of stellar collapse,” says
Sabine Hossenfelder, a theoretical physicist at the
Frankfurt Institute for Advanced Studies in Germany.
“Prior to this groundbreaking work, most physicists
thought that black holes were merely mathematical
curiosities which appear in general relativity but that
they would not exist in reality. Instead it turned out
that black holes are hard to avoid in stellar collapse
and that the universe should be full of them.... The
story of the discovery of black holes demonstrates
vividly how powerful pure mathematics can be in the
quest to understand nature.”

Penrose’s black-hole work did not stop at
proving their possibility under general relativity,
notes Avi Loeb, an astrophysicist at Harvard
University and director of its Black Hole Initiative.
Penrose also showed how to extract energy from
spinning black holes—the so-called Penrose process,
which may play an important role in powering
quasars, the ultraluminous objects linked to
voracious black holes in the cores of distant ancient
galaxies. And Penrose’s “cosmic censorship
hypothesis,” Loeb says, “saves our ability to predict
the future throughout the wuniverse from the
pathology of the singularities associated with black
holes, where Einstein’s theory breaks down.... Just as
in Las Vegas, ‘whatever happens inside the event
horizon, stays inside the event horizon.’”

While Penrose, Hawking and other theorists
were codifying the physical foundations of black
holes, observational astronomers were searching for
and studying these exotic objects in ever-greater
detail.
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Scientists are now learning important new
things about the first-ever directly imaged black hole,
including behaviors consistent with Einsteinian
theory, but it’s also showing an unexpected feature in
the form of a very wobbly ring.

Seems like forever ago, but we finally got to
feast our eyes on the apparently unseeable back in
April 2019, when this incredible image of a
supermassive black hole was first released. Of
course, we can’t actually “see” the black hole,
because, as any 6-year-old will happily tell you,
black holes have a habit of sucking up light. What
the picture does show, however, is an asymmetric
ring, known as the black hole’s shadow, of
superheated gas swirling around the black hole’s
event horizon—that boundary beyond which light
cannot escape.

This particular black hole, with the mass of 6.5
billion Suns, is located 55 million light-years away
in the Messier 87 galaxy, or M87 for short. The black
hole, designated M87*, was imaged by the Event
Horizon Telescope in April 2019, in what was a
historic scientific achievement. The image provided
a static view of M87%*, but new research published
this week to The Astrophysical Journal shows it’s
now possible to study physical changes to this black
hole and its surrounding area over time.

Astronomers with the EHT project observed
M87* for a one-week period in April 2017, which
didn’t afford them enough time to track dynamic
aspects of the system, like changes to its shape. But
the researchers have now done exactly that, by
studying archival EHT data going back to 2009.

“If you want to see a black hole evolve over a
decade, there is no substitute for having a decade of
data,” said Maciek Wielgus, an astronomer at the
Center for Astrophysics at Harvard & Smithsonian
and the lead author of the new paper, in a press
release.

EHT is a large telescope array composed of
radio dishes strategically placed around the globe.
The system achieved full operational power in 2017,
and, with dishes at five different locations, it resulted
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in a kind of “Earth-sized radio dish,” as it was
described in a press release put out by the Max
Planck Institute for Radio Astronomy. Importantly,
however, an early prototype of the EHT array was
gathering important astronomical information while
the system was being built. Specifically,
observations of the monstrous black hole were
gathered from 2009 to 2012 from three sites, and in
2013 from four sites.

“ While these observations do not contain
enough information to produce images, they are
sufficient to constrain simple geometric models,”
wrote the authors in the new study.

A statistical modeling technique, plus some
educated guessing, allowed the researchers to chart
changes to the system over time, in a process that
included observations gathered by EHT until 2019.

As the models showed, the overall shape of this
thing has remained constant over the past 10 years,
which is good news if you’re a fan of Albert Einstein.
The fixed diameter of the crescent shadow for a
black hole of this size agrees with a prediction drawn
from his famous theory of general relativity.

“In this study, we show that the general
morphology, or presence of an asymmetric ring,
most likely persists on timescales of several years,”
said Kazumori Akiyama, an MIT scientist and study
co-author, in the Harvard & Smithsonian press
release. “This is an important confirmation of
theoretical expectations as the consistency [of
multiple observations] gives us more confidence
than ever about the nature of M87* and the origin of
the shadow.”

This constancy aside, the astronomers did
notice a major difference, as the asymmetric ring
appears to be wobbling to a significant degree. The
ring’s shape hasn’t changed in the past decade, but it
has rotated.

“ Actually, we see quite a lot of variation there,”
said Wielgus.
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Thomas Krichbaum, an astronomer at MPIfRA
and a co-author of the study, said the “data analysis
suggests that the orientation and fine structure of the
ring varies with time,” which is important as it
provides a “first impression on the dynamical
structure of the accretion flow, which surrounds the
event horizon,” as he explained in the Max Planck

press release.

Accretion flow—the rate of material streaming
into a black hole—for M87* appears to be variable.
As the authors speculate, the glowing gas in the ring
is in a highly turbulent state, the result of magnetic
fields, and this is what is causing the shifting
appearance of the black hole over time. This is super
exciting, because the “dynamics of this wobbling
will allow us to measure the accretion flow,” said

Anatua.

With this paper, we’ve now entered into a new
era of studying the intimate areas around black holes.
Astronomers can track changes to these exotic
systems over time, and they should be able to study
not just accretion flow but also related phenomena,
such as relativistic jets. The physical characteristics
of relativistic jets—outflows of highly energetic
particles—are “key to understanding the interactions
with the surrounding medium in a black hole’s host
galaxy,” said Richard Anantua, study co-author, in
the release. Observations of accretion flow will also
provide another way for scientists to test general

relativity, a theory that has held up pretty well so far.
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This year’s Nobel Prize in Physics was awarded
to three scientists for their work on black holes.
British cosmologist Roger Penrose will receive half
of the prize, with the remaining half split between
Reinhard Genzel and

German astrophysicist

American astrophysicist Andrea Ghez.

“This year’s prize is about the darkest secrets
of the universe,” said Goran K. Hansson, secretary-
general of the Royal Swedish Academy of Sciences,
at a press event. The academy recognized Penrose
for his “discovery that black hole formation is a
robust prediction of the general theory of relativity,”
Hansson added, while Ghez and Genzel were
awarded

“for the discovery of a supermassive

compact object at the center of our galaxy.”

“Science is so important, and presenting the
reality of our physical world is critical to us as
human beings,” Ghez said in an interview with
reporters after learning of her award. “We have no
idea what’s inside black holes.... They really
represent the breakdown of our understanding of the
laws of physics. That’s part of the intrigue—we still

don’t know.”
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Black Hole from Iconic Image Appears to Be Wobbling
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Black holes are regions of space in which the force of gravity is so strong that not even light can escape.

To create one, said UIf Danielson, a physicist on the Nobel Committee for Physics, at the event, “you’d need
to compress the sun into a region only a few kilometers across—or to squeeze the Earth down to the size of a
pea.” At the heart of every black hole would lie a “singularity,” a point at which gravity squeezes matter to
infinite density, shrouded by an “event horizon” beyond which anything falling in could not return to the wider
outside universe. Although scientists had speculated about their existence for centuries, it was unclear whether
such extreme objects could occur in reality. Even Albert Einstein—whose general theory of relativity forms

the modern basis for understanding black holes—doubted their existence.
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But in 1965 Penrose, a physicist who worked with Stephen Hawking and is now a professor emeritus at
the University of Oxford, mathematically “showed that black holes might really exist, forming in a stable and
robust process” consistent with Einstein’s theories, David Haviland, a physicist at the KTH Royal Institute of
Technology in Sweden and chair of the committee for the physics prize, told reporters.
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“Penrose and Hawking proved that, for stars of a certain type, black holes are a pretty much unavoidable
outcome of stellar collapse,” says Sabine Hossenfelder, a theoretical physicist at the Frankfurt Institute for
Advanced Studies in Germany. “Prior to this groundbreaking work, most physicists thought that black holes
were merely mathematical curiosities which appear in general relativity but that they would not exist in reality.
Instead it turned out that black holes are hard to avoid in stellar collapse and that the universe should be full
of them.... The story of the discovery of black holes demonstrates vividly how powerful pure mathematics can
be in the quest to understand nature.”
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Penrose’s black-hole work did not stop at proving their possibility under general relativity, notes Avi
Loeb, an astrophysicist at Harvard University and director of its Black Hole Initiative. Penrose also showed
how to extract energy from spinning black holes—the so-called Penrose process, which may play an important
role in powering quasars, the ultraluminous objects linked to voracious black holes in the cores of distant
ancient galaxies. And Penrose’s “cosmic censorship hypothesis,” Loeb says, “saves our ability to predict the
future throughout the universe from the pathology of the singularities associated with black holes, where
Einstein’s theory breaks down.... Just as in Las \Vegas, ‘whatever happens inside the event horizon, stays inside

the event horizon.
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While Penrose, Hawking and other theorists were codifying the physical foundations of black holes,
observational astronomers were searching for and studying these exotic objects in ever-greater detail.
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Scientists are now learning important new things about the first-ever directly imaged black hole,
including behaviors consistent with Einsteinian theory, but it’s also showing an unexpected feature in the form
of a very wobbly ring.
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Seems like forever ago, but we finally got to feast our eyes on the apparently unseeable back in April
2019, when this incredible image of a supermassive black hole was first released. Of course, we can’t actually
“see” the black hole, because, as any 6-year-old will happily tell you, black holes have a habit of sucking up
light. What the picture does show, however, is an asymmetric ring, known as the black hole’s shadow, of
superheated gas swirling around the black hole’s event horizon—that boundary beyond which light cannot
escape.
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This particular black hole, with the mass of 6.5 billion Suns, is located 55 million light-years away in the
Messier 87 galaxy, or M87 for short. The black hole, designated M87*, was imaged by the Event Horizon
Telescope in April 2019, in what was a historic scientific achievement. The image provided a static view of
M87*, but new research published this week to The Astrophysical Journal shows it’s now possible to study
physical changes to this black hole and its surrounding area over time.
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Astronomers with the EHT project observed M87* for a one-week period in April 2017, which didn’t

afford them enough time to track dynamic aspects of the system, like changes to its shape. But the researchers



have now done exactly that, by studying archival EHT data going back to 2009.
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“If you want to see a black hole evolve over a decade, there is no substitute for having a decade of data,”
said Maciek Wielgus, an astronomer at the Center for Astrophysics at Harvard & Smithsonian and the lead
author of the new paper, in a press release.
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EHT is a large telescope array composed of radio dishes strategically placed around the globe. The system
achieved full operational power in 2017, and, with dishes at five different locations, it resulted in a kind of
“Earth-sized radio dish,” as it was described in a press release put out by the Max Planck Institute for Radio
Astronomy. Importantly, however, an early prototype of the EHT array was gathering important astronomical
information while the system was being built. Specifically, observations of the monstrous black hole were
gathered from 2009 to 2012 from three sites, and in 2013 from four sites.
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“While these observations do not contain enough information to produce images, they are sufficient to
constrain simple geometric models,” wrote the authors in the new study.
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A statistical modeling technique, plus some educated guessing, allowed the researchers to chart changes
to the system over time, in a process that included observations gathered by EHT until 2019.

— MG ORI b SRR AR I, (AT AN B R L HY X — R P AR A S Y
ek, XA RAE 2019 4E 2 BRI EHT WL 320 A5 -

As the models showed, the overall shape of this thing has remained constant over the past 10 years, which
is good news if you’re a fan of Albert Einstein. The fixed diameter of the crescent shadow for a black hole of
this size agrees with a prediction drawn from his famous theory of general relativity.
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“In this study, we show that the general morphology, or presence of an asymmetric ring, most likely
persists on timescales of several years,” said Kazumori Akiyama, an MIT scientist and study co-author, in the
Harvard & Smithsonian press release. “This is an important confirmation of theoretical expectations as the
consistency [of multiple observations] gives us more confidence than ever about the nature of M87* and the
origin of the shadow.”
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This constancy aside, the astronomers did notice a major difference, as the asymmetric ring appears to
be wobbling to a significant degree. The ring’s shape hasn’t changed in the past decade, but it has rotated.
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“Actually, we see quite a lot of variation there,” said Wielgus.
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Thomas Krichbaum, an astronomer at MPIfRA and a co-author of the study, said the “data analysis
suggests that the orientation and fine structure of the ring varies with time,” which is important as it provides
a “first impression on the dynamical structure of the accretion flow, which surrounds the event horizon,” as
he explained in the Max Planck press release.
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Accretion flow—the rate of material streaming into a black hole—for M87* appears to be variable. As
the authors speculate, the glowing gas in the ring is in a highly turbulent state, the result of magnetic fields,
and this is what is causing the shifting appearance of the black hole over time. This is super exciting, because
the “dynamics of this wobbling will allow us to measure the accretion flow,” said Anatua.
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With this paper, we’ve now entered into a new era of studying the intimate areas around black holes.

Astronomers can track changes to these exotic systems over time, and they should be able to study not just



accretion flow but also related phenomena, such as relativistic jets. The physical characteristics of relativistic
jets—outflows of highly energetic particles—are “key to understanding the interactions with the surrounding
medium in a black hole’s host galaxy,” said Richard Anantua, study co-author, in the release. Observations of
accretion flow will also provide another way for scientists to test general relativity, a theory that has held up
pretty well so far.
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This year’s Nobel Prize in Physics was awarded to three scientists for their work on black holes. British
cosmologist Roger Penrose will receive half of the prize, with the remaining half split between German
astrophysicist Reinhard Genzel and American astrophysicist Andrea Ghez.

A AU DRI AR T = A0 SRR I 2 . Horp, SEEFE PR B A - 2P RS
—BE, T AR E AR P SOR Ay« MR RN 56 [ AR PR X 2B L. » 75 26T
IFe

“This year’s prize is about the darkest secrets of the universe,” said Goran K. Hansson, secretary-general
of the Royal Swedish Academy of Sciences, at a press event. The academy recognized Penrose for his
“discovery that black hole formation is a robust prediction of the general theory of relativity,” Hansson added,
while Ghez and Genzel were awarded “for the discovery of a supermassive compact object at the center of
our galaxy.”
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“Science is so important, and presenting the reality of our physical world is critical to us as human beings,”
Ghez said in an interview with reporters after learning of her award. “We have no idea what’s inside black
holes.... They really represent the breakdown of our understanding of the laws of physics. That’s part of the
intrigue—we still don’t know.”
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