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How do Black Holes form?
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Light Seeds

Pros
❏ Aligns with well-established 

star formation process.
❏ Large Abundance in early 

universe.

Cons
❏ Need super-eddington 

accretion to grow.
❏ Cannot sink to the center of 

the galaxies.

Credit: Maiolino et al. 2024
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Simulation Setup
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Realizations
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❏ Two simulations: No Feedback and Feedback
❏ Maximum gas cell resolution of 10-2 pc.
❏ Softening Length of 10-2 pc.
❏ Evolved for 107 years.

Sink Particle (SMARTSTARs) 
❏ Star formation : Jeans unstable gas cell at 

maximum resolution.
❏ Supernova : Depends on the stellar mass.
❏ Accretion : Bondi-Hoyle-Lyttleton with a 

distance weighting scheme.



Results



Sink Particle Masses
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No Feedback 
❏ Around 75% of BHs accrete more than 1 solar 

masses with ~38.5% doubling their initial masses.
❏ We observe runaway accretion episode in 33 BHs, 

with their masses reaching up to 105  M
⊙
.

❏ The fastest growing BHs reached 105 solar masses 
in just 104 years. 

❏ For the first 103 years, little accretion occurs 
because of the surrounding gas’s angular 
momentum. 

❏ As accretion continues, the angular momentum is 
decreased, facilitating higher accretion rates. This 
causes a runaway accretion episode.

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

❏ 33 black holes grow larger than 105 

Mⵙ.

❏ 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.
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Why do they grow?
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❏ BHs accrete 1% of gas in their accretion 
radius. 

❏ BHs stay coupled to their formation gas 
clump.



Feedback

❏ Only ~8.4% of BHs accrete more than 1 with only 
~3.5% doubling their mass.

❏ Supernova feedback decreased growing BHs by an 
order of magnitude.

❏ Runaway accretion episode still occurs in 16 BHs, 
bring their masses to 105.

❏ Growth is delayed by an order of magnitude.
❏ Accretion is completely halted because of supernova 

feedback disrupts the entire galaxy.

❏ Supernova feedback reduced the 
number of growing black holes by an 
order of magnitude.

❏ 16 black holes still grow larger than 
105 Mⵙ.

❏ 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?
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❏ Supernova inefficient in pushing gas back.
❏ Colliding shockwaves facilitate accretion onto 

BHs

https://docs.google.com/file/d/1WKIpgii3kvXU84n2vVOR-wOMW1qL7uYk/preview


Conclusions

❏ In idealized conditions, BHs can grow efficiently to 105 Mⵙ in just 104 years.
❏ They stay coupled with their formation gas cloud, leading to a runaway 

accretion episode.
❏ Supernova feedback decreased the number of growing BHs by an order of 

magnitude. 
❏ Supernova feedback is not always efficient in pushing back the gas cloud.
❏ Regions of colliding shock waves from supernovae also create ideal 

conditions for BH growth.

Future Work
❏ See whether conditions like my galaxy appear in cosmological simulation.
❏ Include radiative feedback.
❏ Also include black hole mergers.
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