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Abstract: In her live Perimeter Public Lecture webcast on March 3, 2021, Priyamvada Natargan guided the audience through what we currently
know about the nature of dark matter and black holes. Natargjan is a professor in the Departments of Astronomy and Physics at Yale University,
noted for her seminal contributions toward mapping the distribution of dark matter and tracing the growth history of black holes.
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Evidence for Dark Matter

Impact on motions of stars
Impact on our cosmic messenger - light - the bending of light
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Evidence for Dark Matter

Impact on motions of stars
Impact on our cosmic messenger - light - the bending of light
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1933 Coma cluster galaxy speeds
1937 Light deflections by clusters
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Galaxy Rotation Speeds
(Rubin, Ford & Thonnard Paper, 1978)
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Weakly Interacting Massive Particles WIMPS, Axions

Inferred properties
Cold, Collision-less, almost no interactions
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# 1 - STRENGTH OF THE PULL OF GRAVITY

Notion of escape speed: v = (2 G M/R)"2

escape

If v > Veseape then the object will escape the
gravitational pull of mass M and coast to infinity!

WHAT IF THE ESCAPE VELOCITY
SPEED OF LIGHT = c?
Escape speed from Earth 11.2 km/s

FOR THAT CASE R = Schwarzschild radius = 2 GM/c?

not even light can escape!

FOR THE EARTH R = 0.89 cm; SUN R = 3.0 km
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# 2 - DENSE CORPSES OF MASSIVE STARS
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# 3 — PUNCTURES IN SPACETIME
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GRAVITY WELLS -

SCALED To EARTH SURFACE. GRAVITY .

THIS CHART SHoWS THE 'DEPTH' OF
VARIOUS SOLAR SYSTEM GRAVITY WELS. EUROPA
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Every galaxy hosts a supermassive black hole.

/

6.5 billion times the mass
of our Sun

Focus on the First Event Horizon Telescope Results

April 11
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This Hubble Space Telescope image identified the location of an
ntermediate-mass black hole, \ S0.( 5 the mass
of our Sun (making it much smaller than supermassive black
holes found in the centers of galaxies). The black hole, named
IXMM J215022.4-055108, is indicated by the white circle. The
elusive type of black hole was first identified in a burst of telltale
X-ravs emitted bv hot oas from a star as it was caotured and
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This Hubble Space Telescope image identified the location of an
ntermediate-mass black hole, weighing 50,000 times the mass
of our Sun (making it much smaller than supermassive black
holes found in the centers of galaxies). The black hole, named
IXMM J215022.4-055108, is indicated by the white circle. The
elusive type of black hole was first identified in a burst of telltale
X-ravs emitted bv hot oas from a star as it was caotured and

This mid-sized black hole betrayed its existence by
tearing apart a wayward star that passed too dose.
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Pretorius+ Campanelli+
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Masses in the Stellar Graveyard

STAGES OF A BLACK HOLE MERGER
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Coalescence of
Massive Black Holes
NS-NS and BH-BH
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Nuclear star cluster Supermassive Star/[DCBHs

Quasi star

Poplll
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Correlation Between Black Hole Mass
and Bulge Mass
Quasars
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Correlation Between Black Hole Mass

and Bulge Mass
Quasars
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