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TDE rate as a function of MSMBH
(steady state solution)

1-D Fokker-Planck equation (isotropic NSC)
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Three radii:

Four regions:

I: relaxation dominated 

II: off-disk aerodynamical drag 

III: Lindblad resonance, in-disk aerodynamical 
drag

IV: off-disk aerodynamical drag



Disk-star interaction
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>0: orbital alignment -> angular profile

<0: orbital decay -> radial profile

<0: circularization -> thermal profile

Wang Y., Zhu Z. & Lin D 2024
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Does not apply to the BHs!

TDE rate from two-body relaxation is oscillating. 
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Disk model independent!
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semi-major axis damping
Inclination damping

Tidal radius AGN disk

Disk-captured TDE region
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�0 → �, �� →0

Wang Y., Zhu Z. & Lin D 2024
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Isotropic two-body relaxation

DGN phase

circular orbits

Axisymmetric disk drift (AGN phase only)

AGN phase

circular orbits



Wang Y., Zhu Z. & Lin D in prep

MSMBH = 107�⨀



Wang Y., Zhu Z. & Lin D in prep

MSMBH = 107�⨀



Semi-major axis distribution of disrupted stars Eccentricity distribution of disrupted stars

Wang Y., Zhu Z. & Lin D in prep

TDEs in DGN: high eccentricity (e~1) from large distances.

TDEs in AGN: low eccentricity from small distances.



Low eccentricity tidal peeling

Xin, Perna, Haiman, Wang& Ryu 2023



Takeaways

2. These stars arrive with low eccentricity, in contrast to those parabolic stars 
delivered by relaxation processes.

1. AGN disks can rapidly transport substantial number of retrograde stars to the 
vicinity of the SMBH in the early AGN phase, leading to a TDE outburst through 
direct disk capture.

3. The AGN phase can reshape the NSC structure by steepening the radial density 
profile, aligning stellar obits, and altering the thermal distribution of eccentricities, 
resulting in a deficit in relaxation-driven TDE rates in the DGN phase.

4. The TDE rate (direct capture + relaxation) will oscillate due to the episodic AGN 
activities. 



>0: orbital alignment

?: decay or expand

?: circularization or eccentrilize


