Galaxy

A galaxy is a large, massive
system consisting of stars,
an interstellar medium of gas
and dust, stellar remnants,
and dark matter, all bound
together by gravity.

* There are probably about 2 trillion galaxies in the
observable Universe!

* Tens of thousands of galaxies have now been catalogued, but
only a few given a well-established name (example:
Andromeda Galaxy, Magellanic Clouds, etc.)

* Sizes of galaxies range from dwarfs with as few as ten million
stars to giants with one hundred trillion stars; most galaxies
in the Universe appear to contain only a few billion stars.




(Hubble) Galaxy Types
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Our Galaxy: the Milky Way

The Milky Way is a large barred
spiral galaxy (we think!) some
~100,000 light-years in diameter,
which contains 100—400 billion
stars. It may contain at least as
many planets as well.
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Our Local Group of Galaxies

The total size of the Local Group
is 10 million light-years across.

It contains more than 50 W
(mostly dwarf) galaxies.
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Galaxy sizes comparison




The largest
known galaxy

-

|

would fit over 50 Milky Ways!




BIaCk HOIQS It’s right there!
Black holes are volumes

of space where gravity is /
extreme enough to Matter
falling in...

prevent the escape of
even the fastest moving

) ) (first ever indirect “image”
particles — light photons! of a supermassive black hole in
M87 galaxy 55 million LY away)

Sagittarius A*

* The first black holes are thought
to have begun to emerge ~13.5
billion years ago resulting from
deaths of short-lived massive stars.

* After a black hole has formed,

‘ it can continue to slowly grow

by absorbing mass (like gas or other
(a supermassive black hole at stars) from its surroundings and
MG LS merging with other black holes.




Relativistic jet: when stars are absorbed
by black holes, jets of particles and radiation

are blasted out at near light speed Accretion disc

of superheated gas
and dust whirls
Photon sphere: around black hole
photons emitted at immense speeds,
from hot plasma / producing
near the black hole / electromagnetic
which bends radiation (x-rays)
their trajectory
producing -
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Singularity: the very centre
of a black hole where matter
has collapsed in a region of

; ' Event horizon:

_— “the radius around a singularity

AFP PHOTO/NASA/JPL-C e where matter and energy cannot
s ' escape the black hole’s gravity.

Artist rendering - ]
. The point of no return.

Source: eventhorizontelescope.ors

* Black holes have infinitely dense core (“singularity”).

* Their “size” is defined by the event horizon - the boundary
of the region from which no escape is possible.




Black Hole Types

e - & STELLAR

‘ . s formed by the gravitational
Stellar black holes I\ collapse of a star following
Mass of 10-20 solgr masses, Exist. \ Ny . d supernova eXPIOSion

<& INTERMEDIATE
poorly understood; may be
found at the centers of
_ Mass of 100 to 1000 solar masses, Exist. globular Clusters or Within
' low-luminosity galaxies

- Intermediate black holes

Supermassive black holes £ . 38 €& SUPERMASSIVE
' P found at the centers of all
large galaxies; formation?

‘Mass of Millions of solar masses, Exist.

+ Theoretical Primordial Black Holes, formed soon after
the Big Bang by gravitational collapse of extremely dense pockets
of subatomic matter — can be ANY mass! —is THIS “dark matter”?



Masses in the Stellar Graveyard

In Solar Masses

STELLAR
BLACK HOLES

LOWER BH MASS LIMIT ~2-3 SM
NEUTRON STARS

EM Neutron Stars
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SAGITTARIUS A* (Milky Way)
~4 million SM, ~0.1 AU




What happens when matter gets too close to a black hole?

Spaghettification-

- the tidal effect
(tidal disruption)
caused by strong

gravitational fields.

X-RAY & OPTICAL

* When falling towards a black hole, an object is stretched
in the direction of the black hole and simultaneously
compressed perpendicular to it as it falls, which can
result in it breaking out into a line of debris.
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