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AGN environments foster
BH interaction across
the mass spectrum
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From fragmentation to gravitational waves

A disk becomes gravitationally
unstable...

The star evolves...

Feedback-regulated accretion?
Metallicity evolution? Disk migration?
Life is fascinating.

..until it leaves a
compact remnant.

A protostellar cloud accretes
and contracts

until a star is born.

Let's be a binary.

I cannot resist this
gravitational attraction.

Some lucky black holes
find each other.




From fragmentation to gravitational waves

A disk becomes gravitationally
unstable...

A protostellar cloud accretes
and contracts
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until a star is born.

..until it leaves a
compact remnant.

The star evolves...

Let's be a binary. |
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. Metallicity evolution? Disk migration?
™ Lifeis fascinafing.
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I cannot resist this
gravitational attraction. }
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Some lucky black holes
find each other.
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AGN fragmentation questions

» How massive are the fragments”? How fast do they collapse and grow?
What's the stellar population?

 How do they migrate?
Where are the stars/BHs born?
Do they interact?
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Nonlinear deviations

from protoplanetary disks to AGN scales

MFM HR Beta4 : T10_B0.03
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Clumps have rotation, eccentricity, masses depend on EOS, magnetic fields...




Mpy = 106Msun
Mbulge = 1O61Wsun
Mdisk — 1OS]Wsun

A global simulation with GIZMO

Step 1: relax to gravitoturbulent state

Step 2: gradually reduce cooling time 0.100
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Simulations by Simona Pacuraru (Birmingham)




1 million particles with mass 10~
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Fragment mass evolution

Prediction: Simulation:
Mgy = 105M,
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AGN fragmentation questions

» How massive are the fragments”? How fast do they collapse and grow?

What's the stellar population? —
~ 100" protostellar clumps within 0.1 pc

+ How do they migrate? ranging from 10s to 100s solar masses
Where are the stars/BHs born?

Do they interact?




AGN fragmentation questions

» How massive are the fragments”? How fast do they collapse and grow?
What's the stellar population?

~ 100" protostellar clumps within 0.1 pc
+ How do they migrate? ranging from 10s to 100s solar masses

Where are the stars/BHsS born?
Do they interact?

protostar trajectories and concurrent /N
accretion rates suggest rapid collapse WORK IN

to massive stars PROGRESS

NE APOLOGISE FOR ANY INCONVENIENCE CAUSED
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+ Initial conditions for what happens
next




A stellar population is naturally seeded

within a typical (moderately accreting) AGN
accretion disk

Variations of this process occur based on
MBH mass, accretion rate, cooling

Simulations provide insights into formation,
collapse, morphology and orbits of
embedded protostars

+ tools to calibrate subsequent EMRI rates

andrea.derdzinski @ vanderbilt.edu
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average accretion rate M [Msun/OOP]
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