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HIERARCHICAL GROWTH

Simulation performed using GADGET-2 (Springel 2005)
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MASSIVE BLACK HOLE BINARIES

/One of the most important LISA sources

L)

Theories of formation and assembly
* uncertain

/ Dynamics sensitive to the

surrounding environment
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5 Figures based on Amaro-Seoane+ (2022)
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NUCLEAR STAR CLUSTERS

90% at My, = 10°M, 50% of Milky Way sized galaxies

~kilo-pc ~PC ~milli-pc
7 Image credits: NASA/ESA & EHT collaboration



MBH BINARIES IN NUCLEAR STAR CLUSTERS

e Ogiya+ (2020) showed that NSCs greatly accelerate transition to GW
dominated phase

e Robust and works better for lower mass ratio binaries

 Motivated to study how realistic models of NSCs with mass spectrum aftect
dynamics



SIMULATING PC SCALE DYNAMICS
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Mukherjee+ (2021)



MODELS
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MODELS
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Begelman+ (1980), Merritt (2013), Ogiya+ (2020)
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VISUALIZING THE MERGER PROCESS
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EVOLUTION
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EVOLUTION OF MBH BINARY
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Why does the trend change over the mass ratio?

14




EVOLUTION OF THE MBH BINARY
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ECCENTRIC ORBITAL PARAMETERS
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Non-relaxed models demonstrate higher eccentricities
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GRAVITATIONAL WAVE TIMESCALES
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IMPROVING COSMOLOGICAL SIMULATIONS




CONCLUSIONS

e Able to ascertain the differences in evolution of MBHs in relaxed and non-
relaxed NSCs

e Showed that NSCs are extremely robust and efficient at merging MBHs,
especially lower mass MBHs

* Presented Taichi as an effective N-body code to solve problems of this
scale

e Discussed potential improvements to future cosmological simulations
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