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Why we are interested in CBDs?

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



Why we are interested in CBDs?

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

Keppler et al. 2020, SPHERE Observation of GG Tau 
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I. Hydrodynamics Simulations



End? 
/Endless debates?



‘Gap opening criteria’

Resonances: Coplanar Binaries

Artymowicz & Lubow, 1994

Decomposing the gravitational potential

where

The coefficients have the form:

This is what we put in the excitation&eigenmode equations

Strength/Location of Resonances



Linear Analysis: Multiple Spiral Arms in CBD



Linear Analysis: Multiple Spiral Arms in CBD

Standard procedure of linear analysis

Eigen-Mode equation 
Strictly solve for all modes, m=0, 1, 2,…∀ ± ±



Linear Calculation Results: Adding up the Modes 
m = 1

Surface Density Azimuthal Velocity Radial Velocity

Mass ratio=0.5



Linear Calculation Results: Adding up the Modes 
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Surface Density Azimuthal Velocity Radial Velocity



Linear Calculation Results: Adding up the Modes 
m = 2

Surface Density Azimuthal Velocity Radial Velocity



Linear Calculation Results: Adding up the Modes 
m = 3

Surface Density Azimuthal Velocity Radial Velocity



Linear Calculation Results: Adding up the Modes 
m = 4

Surface Density Azimuthal Velocity Radial Velocity



Linear Calculation Results: Adding up the Modes 
m = 5

Surface Density Azimuthal Velocity Radial Velocity



Linear Calculation Results: Adding up the Modes 
m=1

Surface Density Azimuthal Velocity Radial Velocity

Mass ratio=0.1



Linear Calculation Results: Adding up the Modes 
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Surface Density Azimuthal Velocity Radial Velocity



Linear Calculation Results: Adding up the Modes 
m=2

Surface Density Azimuthal Velocity Radial Velocity



Linear Calculation Results: Adding up the Modes 
m=3

Surface Density Azimuthal Velocity Radial Velocity



Linear Calculation Results: Adding up the Modes 
m=4

Surface Density Azimuthal Velocity Radial Velocity



Linear Calculation Results: Adding up the Modes 
m=5

Surface Density Azimuthal Velocity Radial Velocity



Linear Calculation Results: Adding up the Modes 
m=5

Surface Density Azimuthal Velocity Radial Velocity



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” 


