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Space

‘Little red dot’ galaxies are breaking
theories of cosmic evolution

The James Webb Space Telescope has spotted hundreds of odd, distant galaxies that seer . n s .
to either produce an impossible amount of stars or host black holes far more enormous JWST’s ‘Little Red Dots’ Offer Astronomers the

than they should be Universe’s Weirdest Puzzle

By Leah Crane

9 S e 303k The James Webb Space Telescope’s search for the earliest stars and black holes

has yielded a very weird, very red, puzzle

JWST Spots Giant Black Holes All Over the
Early Universe

Strange, tiny red dots found in space are baffling
scientists

The spots contain young galaxies with stars that are hundreds of millions of years old.

By Ariana Garcia, Trending News Reporter @ @




How do Black Holes form?
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Simulation Setup

0.000 kyr




Realizations
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Two simulations: No Feedback and Feedback
Maximum gas cell resolution of 107 pc.
Softening Length of 1072 pc.

Evolved for 107 years.

Sink Particle (SMARTSTARS)
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Star formation : Jeans unstable gas cell at
maximum resolution. '
Supernova : Depends on the stellar mass.
Accretion : Bondi-Hoyle-Lyttleton with a
distance weighting scheme.
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Results



Sink Particle Masses

I No Feedback

Feedback f(logM)dM = M~ 13exp [(

1\'I(:har

1.6
<) 1] dn

102 I i 11 102
Sink Mass [Mo ] Stellar Mass [Mo ]




No Feedback

104 105
Time [yrs]

104 10°
Time [yrs]

75 % of black holes grow by more
than 1 M with 38.5 % doubling their
mass.

33 black holes grow larger than 10°
M

Hyper-Eddington
accretion
observed in most
of the growing
black holes.
After the initial
runaway accretion
episode,
eddington ratio
gradually falls off
to sub-eddington
regime.



Why do they grow?

A BHs accrete 1% of gas in their accretion
radius.
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d  BHs stay coupled to their formation gas
clump.
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Feed baCk No Supernova

—— Supernova

No Supernova
—— Supernova
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d  Supernova feedback reduced the

104 105 number of growing black holes by an

Time [yrs] order of magnitude.

d 16 black holes still grow larger than
10°M .

No difference
between black
holes that
underwent
supernova to
black holes that
did not go
supernova.
Because of galaxy
disruption,
Eddington ratio
becomes zero at
the end.
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Why is supernova feedback inefficient?

A Supernova inefficient in pushing gas back.
A Colliding shockwaves facilitate accretion onto
BHs
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https://docs.google.com/file/d/1WKIpgii3kvXU84n2vVOR-wOMW1qL7uYk/preview

Conclusions

A Inidealized conditions, BHs can grow efficiently to 10° M_in just 10* years.

d They stay coupled with their formation gas cloud, Ieadlng to a runaway
accretion episode. :

A Supernova feedback decreased the number of growing BHs by an order of
magnitude.

A Supernova feedback is not always efficient in pushing back the gas cloud.

A Regions of colliding shock waves from supernovae also create ideal
conditions for BH growth.

Future Work

A See whether conditions like my galaxy appear in cosmological simulation.
[ Include radiative feedback.
A Also include black hole mergers.
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