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Lattice Boltzmann Method for Fluid Dynamics
with Astrophysical Application

Caveats & TODO
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(From Athena++ simulation)

2. Shearing box implementation

(Local study for Circumstellar disk)

® ()



Why we are interested in CBDs?

Supermassive Binaries Black Hole(SMBBHS)
“Final parsec” Problem/how to bring SMBBHSs together?

Galaxies Collide and Merge

Chandra X-ray image

of NGC 6240 (Komassa et al. 2003)
Many ~10kpc “dual” or “offset” AGN
in optical (Comerford et al. 2013)

am 271 @reaic s | Vayer et al. 2007 7.3pc double AGN in radio galaxy 0402+379 by VLBA (Rodriguez et al. 2006




Why we are interested in CBDs?

Young Stellar Binaries
Rich in dynamical processes; enormous parameter space(e, q, h, I...)

circumstellar discs

near side

HK Tauri (a, = 350AU)
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Pl counts

RA offset (arcsec)

(Brinch et al. 2016)

offset [arcsec]

o Keppler et al. 2020, SPHERE Observation of GG Tau



CBD-Binary interaction
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Accretion Streams
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l. Hydrodynamics Simulations




More Re.cev\&j 3>
Recently (e,h,M1/M2)
Before 2016 or so
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Resonances: Coplanar Binaries

Strength/Location of Resonances
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This is what we put in the excitation&eigenmode equations
Artymowicz & Lubow, 1994

‘Gap opening criteria’  3ma,(H/7)? =T / (6Q%rY),



Linear Analysis: Multiple Spiral Arms in CBD

Continuity equation: Dp = —pV-u
Dt
: Du <—>
N-S equation: th = —pV®—-VP+V.-T

Energy equation:  Isothermal/Adiabatic/General



Linear Analysis: Multiple Spiral Arms in CBD
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Eigen-Mode equation
Strictly solve for all modes, Vm=0,%+1,%2,...



Linear Calculation Results: Adding up the Modes
m=1
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Linear Calculation Results: Adding up the Modes
m=1
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Linear Calculation Results: Adding up the Modes
m=2
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Linear Calculation Results: Adding up the Modes
m=>5
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Linear Calculation Results: Adding up the Modes
m=4
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Linear Calculation Results: Adding up the Modes
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Linear Calculation Results: Adding up the Modes
m-=1
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Linear Calculation Results: Adding up the Modes
m-=1
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Linear Calculation Results: Adding up the Modes
m=2
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Linear Calculation Results: Adding up the Modes
m=5
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Linear Calculation Results: Adding up the Modes
m=4
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Linear Calculation Results: Adding up the Modes
m=o
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|.incar Calcula ,
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Conclusion

1. One of the first attempts at analytical calculation of Binary-Disk-Interaction

2. m=2 to m=1 (azimuthal mode) from Binary-Disk-Interaction to Planet-Disk-
Interaction

3. “Cheap Simulation”



