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• Small relative velocities

• BHs are ground down into 
alignment with the orbital plane

Fabj et al. (2020)

Secunda et al. (2019)

• Migration torques

Bellovary et al. (2016)



Simulation Set up - Forces

• N-body interactions


• Migration force (Paardekooper et al. 2010)


• Eccentricity and Inclination Damping (Cresswell & Nelson 2008)


• MRI turbulence (Ogihara et al. 2017)
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Simulation Set up - “Mergers”

• A BBH is formed once two BHs are:


• Within one Hill Radius


• Relative kinetic energy < Binding energy

<
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With Gas No Gas
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Retrograde Orbiters

• Fundamentally different orbital evolution


• Have large relative velocities from prograde 
orbiters



 Orbital Evolution

Binney & Tremaine (1987)10



Retrograde Orbital Evolution

Secunda et al. (2021)11



Retrograde Collision Probability
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Retrograde Collision Probability

Secunda et al. (2021)13



Conclusions

• Our “binaries” are good input for hydro codes


• Retrograde orbiters could lead to scattering
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