supermassive black hole

supermassive black hole is a fascinating and powerful cosmic entity found at the center
of most galaxies, including our own Milky Way. These colossal objects contain millions to
billions of times the mass of the Sun, packed into an incredibly small region of space. The
immense gravitational pull of a supermassive black hole influences the dynamics of its host
galaxy, affecting star formation, galaxy evolution, and the behavior of surrounding matter.
This article explores the nature, formation, detection, and significance of supermassive
black holes in modern astrophysics. Readers will gain insight into how these enigmatic
giants shape the universe and the methods scientists use to study them. The following
sections will cover the definition and characteristics, formation theories, observational
evidence, and their role in galaxy evolution.
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Definition and Characteristics of Supermassive
Black Holes

A supermassive black hole is an astronomical object with a mass ranging from millions to
billions of times that of the Sun. Unlike stellar-mass black holes, which form from the
gravitational collapse of massive stars, supermassive black holes occupy the centers of
large galaxies and exhibit unique characteristics. Their event horizons—the boundaries
beyond which nothing, not even light, can escape—are vast, spanning distances
comparable to our solar system. These black holes exert a profound gravitational influence
on their surroundings, affecting the motion of stars and gas clouds nearby.

Mass and Size

Supermassive black holes typically have masses between 10° and 10'° solar masses.
Despite their enormous mass, their physical size is relatively compact due to the extreme
density. The radius of the event horizon, known as the Schwarzschild radius, scales directly
with mass. For instance, Sagittarius A*, the supermassive black hole at the center of the
Milky Way, has a mass of approximately four million suns and an event horizon radius of



about 12 million kilometers.

Gravitational Influence

The gravitational pull of supermassive black holes governs the dynamics of stars and
matter in the galactic core. This influence extends far beyond the event horizon, shaping
the orbits of stars and affecting the accretion of gas. The gravitational well created by these
black holes can accelerate particles to near-light speeds, producing high-energy
phenomena such as relativistic jets and accretion disks.

Formation Theories of Supermassive Black Holes

The origin of supermassive black holes remains a subject of active research, with several
competing theories proposed to explain their formation. Understanding how these objects
grew to such colossal sizes within the relatively short timescale of the universe is a central
question in astrophysics.

Direct Collapse Model

One leading theory suggests that supermassive black holes formed through the direct
collapse of massive gas clouds in the early universe. In this scenario, primordial gas clouds
avoided fragmentation into stars and instead collapsed directly into a black hole with a
mass of about 10* to 10° solar masses, providing a seed for further growth.

Stellar Remnant Growth and Mergers

Another hypothesis involves the gradual growth of black holes from smaller stellar
remnants. Stellar-mass black holes may have merged and accreted matter over time,
eventually reaching supermassive scales. This process could be accelerated by frequent
galaxy mergers, which bring multiple black holes into proximity, facilitating coalescence.

Accretion of Matter

Supermassive black holes can also grow by accreting gas and dust from their surroundings.
Accretion disks form as matter spirals inward, heating up and emitting intense radiation.
This process contributes significantly to the mass increase of the black hole over cosmic
time.



Observational Evidence and Detection Methods

Detecting supermassive black holes directly is challenging because they emit no light.
However, astronomers have developed various methods to infer their presence and study
their properties through indirect observations.

Stellar Dynamics

The motion of stars near a galactic center can reveal the presence of a supermassive black
hole. By tracking the orbits of stars, scientists can calculate the mass of the invisible object
exerting gravitational force. This method was famously used to confirm the existence of
Sagittarius A* in the Milky Way.

Accretion Disk Emissions

When matter falls into a supermassive black hole, it forms an accretion disk that emits X-
rays and other high-energy radiation. Observing these emissions with space telescopes
provides crucial information about the black hole’s characteristics, including spin and mass.

Gravitational Waves

The merger of two supermassive black holes can produce gravitational waves—ripples in
spacetime—that can be detected by advanced observatories. These signals offer a new way
to study black hole properties and the dynamics of galaxy collisions.

Impact of Supermassive Black Holes on Galaxy
Evolution

Supermassive black holes play a vital role in shaping the structure and evolution of their
host galaxies. Their interactions with surrounding matter influence star formation rates,
galactic morphology, and the distribution of gas and dust.

Feedback Mechanisms

Energy released by accreting supermassive black holes can drive powerful outflows and
jets, injecting energy into the galactic environment. This feedback can regulate star
formation by heating or expelling gas, preventing runaway collapse and influencing galaxy



growth.

Correlation with Galaxy Properties

Observations have revealed correlations between the mass of supermassive black holes
and properties of their host galaxies, such as the bulge mass and velocity dispersion. These
relationships suggest a co-evolutionary process where black holes and galaxies grow in
tandem.

Role in Galaxy Mergers

During galaxy mergers, supermassive black holes from each galaxy may eventually
coalesce, impacting the galactic dynamics and triggering bursts of star formation and
active galactic nuclei activity. This process is fundamental to understanding hierarchical
galaxy formation.

Notable Examples of Supermassive Black Holes

Several well-studied supermassive black holes serve as benchmarks for understanding
these cosmic giants and their influence on the universe.

e Sagittarius A*: Located at the center of the Milky Way, this black hole has a mass of
about 4 million solar masses and is the closest supermassive black hole to Earth.

* Messier 87 (M87) Black Hole: Famous for the first-ever image of a black hole’s
event horizon captured by the Event Horizon Telescope, this black hole has a mass of

approximately 6.5 billion solar masses.

e NGC 1277 Black Hole: An ultra-massive black hole with a mass of around 17 billion
solar masses, notable for its unusually large size relative to its host galaxy.

e Ton 618: One of the most massive known black holes, with an estimated mass of 66
billion solar masses, located in a distant quasar.

Frequently Asked Questions



What is a supermassive black hole?

A supermassive black hole is a type of black hole with a mass ranging from hundreds of
thousands to billions of times the mass of the Sun, typically found at the centers of
galaxies.

How do supermassive black holes form?

Supermassive black holes likely form through the merging of smaller black holes and the
accretion of large amounts of gas and dust over billions of years, although their exact
formation process is still an area of active research.

Where are supermassive black holes located?

Supermassive black holes are found at the centers of most large galaxies, including our
Milky Way.

What role do supermassive black holes play in galaxy
formation?

Supermassive black holes influence galaxy formation and evolution by regulating star
formation through their powerful gravitational forces and energetic jets that can heat or
expel gas in the galaxy.

How do scientists detect supermassive black holes?

Scientists detect supermassive black holes by observing the motion of stars and gas near
the galactic center, as well as by detecting emissions from the surrounding accretion disk in
X-ray and radio wavelengths.

What was significant about the first image of a
supermassive black hole?

The first image of a supermassive black hole, captured by the Event Horizon Telescope in
2019, provided direct visual evidence of a black hole's event horizon and confirmed
predictions of Einstein's general relativity.

Can supermassive black holes merge?

Yes, supermassive black holes can merge during galaxy collisions, creating even more
massive black holes and releasing gravitational waves detectable by future observatories.

Do supermassive black holes affect time and space?

Supermassive black holes significantly warp space and time around them due to their
immense gravity, causing phenomena such as gravitational lensing and time dilation near
their event horizons.



Additional Resources

1. Supermassive Black Holes: Giants of the Universe

This book offers an in-depth exploration of supermassive black holes, detailing their
formation, growth, and influence on galaxies. It covers the latest research, including
observations from cutting-edge telescopes and simulations. Readers will gain a
comprehensive understanding of these cosmic giants and their role in shaping the universe.

2. The Heart of Darkness: Understanding Supermassive Black Holes

Focused on the physics behind supermassive black holes, this book explains complex
concepts in an accessible way. It delves into event horizons, singularities, and the immense
gravitational forces involved. The author also discusses the challenges scientists face when
studying these enigmatic objects.

3. Cosmic Behemoths: The Story of Supermassive Black Holes

Tracing the history of supermassive black hole discovery, this book highlights key
milestones and breakthroughs. It explores how these massive entities affect galaxy
formation and evolution. With vivid illustrations and engaging narratives, it’s ideal for both
enthusiasts and students.

4. Black Holes and Galaxy Evolution

This scientific text examines the relationship between supermassive black holes and their
host galaxies. It provides evidence for how black holes regulate star formation and galactic
dynamics. The book includes recent findings from astrophysical research and theoretical
models.

5. The Invisible Monsters: Mapping Supermassive Black Holes

Detailing the techniques astronomers use to detect and study supermassive black holes,
this book covers radio, X-ray, and gravitational wave observations. It explains how indirect
evidence helps reveal these otherwise invisible objects. Readers learn about the technology
enabling breakthroughs in black hole astronomy.

6. Into the Abyss: Journey to a Supermassive Black Hole

A captivating narrative that takes readers on a hypothetical voyage toward a supermassive
black hole. It combines scientific facts with imaginative storytelling to illustrate the extreme
environments near these objects. The book highlights the dangers and mysteries of
crossing the event horizon.

7. Gravitational Giants: The Role of Supermassive Black Holes in the Cosmos

This book explores the profound impact supermassive black holes have on cosmic structure
and dynamics. It discusses phenomena like quasars, relativistic jets, and black hole
mergers. The author synthesizes observational data with theoretical insights to paint a full
picture of these gravitational giants.

8. Dark Titans: The Formation and Growth of Supermassive Black Holes

Focusing on the origins of supermassive black holes, this book examines competing
theories about their birth and early growth phases. It evaluates evidence from cosmology,
star formation, and galaxy collisions. The book is a resource for readers interested in the
cosmic timeline of these titanic objects.

9. Echoes from the Void: Signals from Supermassive Black Holes



This book explores how supermassive black holes communicate with the universe through
electromagnetic waves and gravitational signals. It highlights discoveries from
observatories like the Event Horizon Telescope and LIGO. The author explains how these
signals help unlock the secrets of black hole physics.
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supermassive black hole: Supermassive Black Holes Andrew King, 2023-03-30 An
accessible introduction to the new and cutting-edge concepts in supermassive black hole research,
for graduate students and researchers.

supermassive black hole: Supermassive James Trefil, Shobita Satyapal, 2025-03-04 Black
holes, demystified: follow along the quest to understand the history and influence of one of space
science's most fascinating and confounding phenomena Led by physicist James Trefil and
astrophysicist Shobita Satyapal, this book traverses the incredible history of black holes and
introduces contemporary developments and theories on still unanswered questions about the
enigmatic objects. From the early work of Albert Einstein and Karl Schwarzschild to an insider look
at black hole-galaxy connection research led by co-author Satyapa, the comprehensive book surveys
an exciting and evolving branch of space science, with topics that include: Visibility of black holes
Quasars, the brightest objects in the universe The black hole at the center of the Milky Way Popular
theories on the origin of black holes Cosmic X rays Death of supermassives Black hole collisions
Black holes in science fiction Invisible to the naked eye and telescopes, black holes have mystified
and entranced astronomers, scientists, and humanity for more than a century. The first image of a
supermassive black hole was only unveiled in 2019, and new black holes are continually discovered.
Supermassive illuminates what we know about black holes so far and what we have yet to uncover.

supermassive black hole: Supermassive Black Holes in the Distant Universe A.]. Barger,
2013-11-09 Quasars, and the menagerie of other galaxies with unusual nuclei, now collectively
known as Active Galactic Nuclei or AGN, have, in one form or another, sparked the interest of
astronomers for over 60 years. The only known mechanism that can explain the staggering amounts
of energy emitted by the innermost regions of these systems is gravitational energy release by
matter falling towards a supermassive black hole --- a black hole whose mass is millions to billions of
times the mass of our Sun. AGN emit radiation at all wavelengths. X-rays originating at a distance of
a few times the event horizon of the black hole are the emissions closest to the black hole that we
can detect; thus, X-rays directly reveal the presence of active supermassive black holes. Oftentimes,
however, the supermassive black holes that lie at the centers of AGN are cocooned in gas and dust
that absorb the emitted low energy X-rays and the optical and ultraviolet light, hiding the black hole
from view at these wavelengths. Until recently, this low-energy absorption presented a major
obstacle in observational efforts to map the accretion history of the universe. In 1999 and 2000, the
launches of the Chandra and XMM-Newton X-ray Observatories finally broke the impasse. The
impact of these observatories on X-ray astronomy is similar to the impact that the Hubble Space
Telescope had on optical astronomy. The astounding new data from these observatories have
enabled astronomers to make enormous advances in their understanding of when accretion occurs.

supermassive black hole: The Galactic Supermassive Black Hole Fulvio Melia, 2007
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supermassive black hole: Measuring the Angular Momentum of Supermassive Black
Holes Laura Brenneman, 2013-06-26 Measuring the spin distribution of supermassive black holes is
of critical importance for understanding how these black holes and their host galaxies form and
evolve over time, yet this type of study is only in its infancy. This brief describes how astronomers
measure spin in supermassive black holes using X-ray spectroscopy. It also reviews the constraints
that have been placed on the spin distribution in local, bright active galaxies over the past six years,
and the cosmological implications of these constraints. Finally, it summarizes the open questions
that remain in this exciting new field of research and points toward future discoveries soon to be
made by the next generation of space-based observatories.

supermassive black hole: Supermassive Black Hole Celestial Angell, A black hole is a region
in space where the gravitational pull is so strong that nothing, not even light, can escape from it.
This occurs when a massive amount of matter is compressed into a very small area, creating a
powerful gravitational field. Black holes form through various processes that involve the collapse of
massive astronomical objects and the merging of smaller black holes. One primary method is the
stellar collapse. Stars, during their lifecycle, fuse hydrogen into helium in their cores. When the
hydrogen is depleted, they begin fusing heavier elements until iron is produced. For stars more than
20 times the mass of the Sun, the end of this fusion process leads to a supernova explosion. The core
of the star collapses rapidly due to gravity, and if the core's mass is sufficiently large (typically more
than about three times the mass of the Sun), it will continue collapsing into a singularity, forming a
stellar-mass black hole. Another way black holes can form is through accretion and growth. A
compact object like a neutron star or a white dwarf can accumulate matter from a companion star or
its surroundings. As this matter accumulates, the mass of the compact object increases, and it may
eventually reach a critical mass where it collapses into a black hole.

supermassive black hole: The Edge of Infinity Fulvio Melia, 2003-09-04 In the past, they
were recognized as the most destructive force in nature. Now, following a cascade of astonishing
discoveries, supermassive black holes have undergone a dramatic shift in paradigm. Astronomers
are finding out that these objects may have been critical to the formation of structure in the early
universe, spawning bursts of star formation, planets, and even life itself. They may have contributed
as much as half of all the radiation produced after the Big Bang, and as many as 200 million of them
may now be lurking through the vast expanses of the observable cosmos. In this elegant,
non-technical account, Melia conveys for the general reader the excitement generated by the quest
to expose what these giant distortions in the fabric of space and time have to say about our origin
and ultimate destiny.

supermassive black hole: The Physics of Accretion onto Black Holes Maurizio Falanga,
Tomaso Belloni, Piergiorgio Casella, Marat Gilfanov, Peter Jonker, Andrew King, 2014-10-28
Provides a comprehensive summary on the physical models and current theory of black hole
accretion, growth and mergers, in both the supermassive and stellar-mass cases. This title reviews
in-depth research on accretion on all scales, from galactic binaries to intermediate mass and
supermassive black holes. Possible future directions of accretion are also discussed. The following
main themes are covered: a historical perspective; physical models of accretion onto black holes of
all masses; black hole fundamental parameters; and accretion, jets and outflows. An overview and
outlook on the topic is also presented. This volume summarizes the status of the study of
astrophysical black hole research and is aimed at astrophysicists and graduate students working in
this field. Originally published in Space Science Reviews, Vol 183/1-4, 2014.

supermassive black hole: Black Holes Steff Jaywan, This book consists of two titles, which are
the following: Galaxies - Galaxies are dynamic entities, constantly evolving through processes like
mergers, collisions, and interactions with neighboring galaxies. When galaxies merge, their stars,
gas, and dust can undergo dramatic transformations, leading to the formation of new stars and
restructuring of the galaxy's shape. These interactions can trigger intense bursts of star formation
and feed supermassive black holes at the galaxies' centers, leading to the emission of powerful jets



of radiation. Supermassive Black Hole - Black holes form through various processes that involve the
collapse of massive astronomical objects and the merging of smaller black holes. One primary
method is the stellar collapse. Stars, during their lifecycle, fuse hydrogen into helium in their cores.
When the hydrogen is depleted, they begin fusing heavier elements until iron is produced. For stars
more than 20 times the mass of the Sun, the end of this fusion process leads to a supernova
explosion. The core of the star collapses rapidly due to gravity, and if the core's mass is sufficiently
large (typically more than about three times the mass of the Sun), it will continue collapsing into a
singularity, forming a stellar-mass black hole.

supermassive black hole: The Tidal Disruption of Stars by Supermassive Black Holes Nicholas
Chamberlain Stone, 2014-12-13 This book provides a general introduction to the rapidly developing
astrophysical frontier of stellar tidal disruption, but also details original thesis research on the
subject. This work has shown that recoiling black holes can disrupt stars far outside a galactic
nucleus, errors in the traditional literature have strongly overestimated the maximum luminosity of
“deeply plunging” tidal disruptions, the precession of transient accretion disks can encode the spins
of supermassive black holes, and much more. This work is based on but differs from the original
thesis that was formally defended at Harvard, which received both the Roger Doxsey Award and the
Chambliss Astronomy Achievement Student Award from the American Astronomical Society.

supermassive black hole: MONSTER OF THE MILKY WAY Julia Cort, Matt Novak, Jonathan
Grupper, Thomas Lucas, Liev Schreiber, Thomas Lucas Productions, WGBH (Television station :
Boston, Mass.), WGBH Video (Firm), Astronomers are closing in on the proof they've sought for
years, that one of the most destructive objects in the universe - a supermassive black hole - is
lurking right in the center of our own galaxy.

supermassive black hole: Black Holes Katie Parker, 2010 This new series allows readers to
take a look at some of science's biggest concepts

supermassive black hole: Supermassive Black Hole Growth During The Peak Of Cosmic Star
Formation Nathaniel Robert Ross, 2016 Massive galaxies in the nearby universe all show evidence of
a central Supermassive Black Hole. The black holes are seen to grow over time by accretion of gas
from their host galaxy, a phenomenon referred to as an Active Galactic Nucleus. This process is
believed to be fundamental to the observed correlations between black hole mass and properties of
the host galaxies. We have a more limited and biased understanding of the growth of supermassive
black holes in more 'typical' galaxies at z 1 2. In this work, we search for Active Galactic Nuclei in a
population of star-forming galaxies spanning a mass range of M 10”~7 10”12 M at 0.62 z

supermassive black hole: Supermassive Black Holes in Peculiar Galaxies Nina Nowak,
2010-04 Supermassive black holes reside in the centres of all normal nearby galaxies. Their masses
correlate strongly with several properties of the host galaxy, such as the bulge velocity dispersion
and the bulge luminosity. This shows that galaxy evolution and black hole growth must be strongly
linked. It remains an open question whether these correlations are also valid for galaxies at the
extreme low and high-mass ends, galaxies with a pseudobulge and merger remnants. Nina Nowak
measured supermassive black hole masses in the centres of four such galaxies using stellar
dynamics. All measurements are based on observations with the adaptive-optics assisted,
near-infrared integral-field spectrograph SINFONI at the European Southern Observatory's Very
Large Telescope on Cerro Paranal, Chile. The results imply that the bulge velocity dispersion is
always a good indicator of the central black hole mass, independent of galaxy type. The bulge
luminosity, however, only seems to be a good mass inidicator for old classical bulges.

supermassive black hole: From the Mind of the Supermassive Black Hole Dr. Nadine
Judith Lynch PhD, 2018-05-11 This book is a good readpoetry written in classical style, which is so
wonderful to read. After you absorb this creation, it will become a part of your consciousness.

supermassive black hole: Reverberation Mapping the Inner Environments of Supermassive
Black Holes Yasaman Homayouni, 2021 Supermassive black holes are among the most exciting and
unusual objects in our Universe, as literal rips in space and time. Reliable measurements of the
mass, the structure, and geometry of infalling material to supermassive black holes are critical to




understanding the growth history of black holes and galaxy formation and evolution over cosmic
time. Beyond the local Universe, the gold standard for black hole mass and accretion-disk structure
measurements is reverberation mapping. I will present a new generation of industrial-scale study of
the structure and geometry of infalling material and black hole mass studies from the Sloan Digital
Sky Survey Reverberation Mapping (SDSS-RM) project and Ultraviolet-monitoring using the Hubble
Space Telescope. These new measurements have transformed our understanding of supermassive
black holes by dramatically expanding the number of quasars with reliable mass and accretion
structure in distant Universe. These measurements have also revealed a surprisingly large diversity
in accretion structure and the broad-line region size of quasars at the peak of supermassive black
hole assembly. My work lays the foundation for future work by developing the framework to reliably
measure mass and the structure of accretion using direct disk size measurements from future
massive time-domain photometric monitoring studies from SDSS-V and Rubin/LSST.

supermassive black hole: What are Black Holes? Larry Slawson, 2019-05-06 This eBook
explores current (and past) theories pertaining to the existence of black holes in our universe. It
aims to provide its readers with a fundamental understanding of what black holes are, what they are
composed of, and where they developed.

supermassive black hole: The Supermassive Black Hole at the Centre of Our Galaxy
Ecaterina Marion Howard, 2015

supermassive black hole: An Introduction to Galaxies and Cosmology David John Adams,
2004-05-31 This introductory textbook has been designed by a team of experts for elementary
university courses in astronomy and astrophysics. It starts with a detailed discussion of the structure
and history of our own Galaxy, the Milky Way, and goes on to give a general introduction to normal
and active galaxies including models for their formation and evolution. The second part of the book
provides an overview of the wide range of cosmological models and discusses the Big Bang and the
expansion of the Universe. Written in an accessible style that avoids complex mathematics, and
illustrated in colour throughout, this book is suitable for self-study and will appeal to amateur
astronomers as well as undergraduate students. It contains numerous helpful learning features such
as boxed summaries, student exercises with full solutions, and a glossary of terms. The book is also
supported by a website hosting further teaching materials.

supermassive black hole: Demographics of Supermassive Black Holes Andreas Schulze, 2011
Supermassive black holes are a fundamental component of the universe in general and of galaxies in
particular. Almost every massive galaxy harbours a supermassive black hole (SMBH) in its center.
Furthermore, there is a close connection between the growth of the SMBH and the evolution of its
host galaxy, manifested in the relationship between the mass of the black hole and various
properties of the galaxy's spheroid component, like its stellar velocity dispersion, luminosity or mass.
Understanding this relationship and the growth of SMBHs is essential for our picture of galaxy
formation and evolution. In this thesis, I make several contributions to improve our knowledge on
the census of SMBHs and on the coevolution of black holes and galaxies.The first route I follow on
this road is to obtain a complete census of the black hole population and its properties. Here, I focus
particularly on active black holes, observable as Active Galactic Nuclei (AGN) or quasars. These are
found in large surveys of the sky. In this thesis, I use one of these surveys, the Hamburg/ESO survey
(HES), to study the AGN population in the local volume (z0). The demographics of AGN are
traditionally represented by the AGN luminosity function, the distribution function of AGN at a given
luminosity. I determined the local (z
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capabilities of the Subaru Telescope, astronomers discovered active supermassive black holes, or
quasars, in the distant universe and then

List of most massive black holes - Wikipedia A supermassive black hole (SMBH) is an extremely
large black hole, on the order of hundreds of thousands to tens of billions of solar masses (M[]), and
is theorized to exist in the center of

Supermassive black hole - Wikipedia A supermassive black hole (SMBH or sometimes SBH) [a] is
the largest type of black hole, with its mass being on the order of hundreds of thousands, or millions
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Supermassive black hole (SMBH) | Definition & Facts | Britannica supermassive black hole
(SMBH), a black hole more than one hundred thousand times the mass of the Sun. Nearly every
large galaxy has a supermassive black hole at its

NASA'’s Chandra Finds Black Hole With Tremendous Growth An artist’s concept of a
supermassive black hole, a surrounding disk of material falling towards the black hole and a jet
containing particles moving away at close to the speed

Supermassive black holes: Characteristics and formation | Space A few of those black holes
are truly enormous, with masses millions of times greater than the sun. Here we take a closer look at
the strange world of supermassive black

Scientists Discover Giant Black Hole Growing 2.4X Faster Than A supermassive black hole in
the far reaches of the Universe has been found guzzling down material at one of the fastest rates
ever seen

A Black Hole Primer - Smithsonian Institution The formation of supermassive black holes is
more mysterious. They may be created when stellar mass black holes merge and gobble up matter in
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