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What a Black Hole
Actually Is

* Region of spacetime with
gravity so strong light
cannot escape

* Event horizon: the
boundary of no return

* Singularity: collapsing
matter at the center

* Accretion region:
surrounding hot gas
and dust

* Forms from massive
star collapse and other
pathways

Accretion region
surrounding hot
gas and dust

Event horizon
the boundary
of no return

Singularity
collapsing matter
at the center

Black hole

region of spacetime
with gravity so strong
light cannot escape



The Event Horizon ot
and Singularity = oot e,
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® Event horizon: the point of no return,
not a solid surface

® A boundary where escape speed
equals light speed

® |Inside, matter collapses toward an
infinitely dense singularity

® Known physics breaks down

at the singularity o
® A conceptual boundary, o :.'/ e
not a visible object '



Direct Imaging: The Event Horizon Telescope
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First resolved images of M87*
and Sagittarius A* show a
bright ring around a dark shadow

Ring comes from synchrotron
emission by hot plasma near
the event horizon

Polarimetric imaging reveals
organized magnetic fields and
constrains black hole spin

Spectral-index maps track
plasma conditions and opacity
on event-horizon scales



Gravitational Waves ~  +
from Black Hole Mergers

* LIGO, Virgo, and KAGRA detect spacetime
ripples from binary black hole mergers

* GW250114, the loudest signal yet, probes
the remnant's rotation and surface gravity

* Black hole spectroscopy uses ringdown
signals to test general relativity

e Ringdown treats black holes as
'gravitational atoms' emitting
quasinormal modes

* Beyond-Teukolsky deviations remain
consistent with general relativity
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Indirect Evidence: Orbits, X-rays, and Lensing

OBSERVATIONAL SIGNATURE }

o Stellar orbits near Sagittarius A*
reveal a 4 million solar mass object

o X-ray binaries like Cygnus X-1
show accretion disks around
dark companions

o Gravitational lensing bends light,
exposing otherwise invisible
black holes

o Stellar motion and accretion glow
provide independent confirmation




Types and Sizes of Black Holes

SCALE
LADDER

STELLAR-MASS INTERMEDIATE-MASS SUPERMASSIVE

e Stellar-mass: from collapsing massive stars; a few to tens of solar masses
e Supermassive: at galaxy centers; millions to billions of solar masses

o * [ntermediate-mass: the "missing link"; hundreds to hundreds of thousands =
= | of solar masses |

® Primordial: hypothetical tiny black holes from the early universe



Intermediate-mass
Black Holes:
The Missing Link

¢ Tidal disruption events reveal
black holes between stellar and
supermassive mass scales

® Omega Centauri fast-moving stars
suggest a central object near
40,000 solar masses

® Reverberation mapping of
NGC 4395 and POX 52 confirms

low-mass black hole activity S

® Extremely low-metallicity
starbursts may host
intermediate-mass black holes
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OMEGA CENTAURI . © -,

Globular Cluster -

Dense central core
suggesting a central
intermediate-mass

25 plack hole

SCALE LADDER

Stellar-mass
Black Holes

Intermediate-mass
Black Holes

Supermassive
Black Holes




How Black Holes
Affegt Their Surround

® Accretion disks heat to
millions of degrees and
emit X-rays

Y

® Relativistic jets launch
material at near
light speed

® These jets can stretch

for millions of
light-years

d

¢ Black hole feedback W, o g
regulates galaxy expansion A S
and star formation ' |




Common Misconceptions:
Vacuum Cleaners and Visible Holes

' FICTION | AL | TRUTH |

) - Black holes do not suck in everything; their gravity is ordinary from afar

- Replacing the Sun with an equal-mass black hole
wouldn’t change Earth’s orbit

@ - Only matter crossing the event horizon is trapped
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Common Misconceptions:
Size, Sun, and
Swallowing the Universe

(® Black holes range from stellar-mass
to supermassive; not all are huge

(® Our Sun will never become a black hole:
it will end as a white dwarf

O,

A black hole will not eat an entire galaxy

(® Gravity is only extreme very close
to the event horizon

(® From a distance, a black hole's gravity
Is just ordinary gravity



Falling Into a R ol e
Black Hole and B %

m * Tidal forces stretch

s ) objects vertically and
v / squeeze them
horizontally

* Smaller black holes
spaghettify sooner;
supermassive ones
allow deeper falls

A black hole is not
a portal or wormhole




Black Holes in Popular Culture vs. Science

FICTION Interstellar - Gargantua (Film) TRUTH Scientifically Accurate Rendering

Interstellar's Gargantua was based on real general relativity calculations
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Some film tropes remain fictional, like portals to other universes
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Popular culture is a useful teaching entry point

* Pairing media with accurate science helps correct misconception."



Open Questions and Teaching Takeaways
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o Singularity physics, information ‘
loss, and black hole entropy
remain unsolved

Open .
~ Questions * Gravitational-wave ringdown
Exploring and horizon-scale imaging keep
refining our picture
Black Holes: *

Questions
and Teaching
Strategies

® Emphasize gravity, scale,
I and independent lines

O- Teaching of evidence
=" Takeaways

* Replace "vacuum cleaner’
myths with orbital and
lensing realities
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PersonWise - Al digital-human course platform

Scan the code or click anywhere to watch this course live, with voice Q&A
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