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Key question In TDEs

 How does debris stream dissipate its orbital energy?

M)

* Most likely early

dissipation channels: 2) Apo-center self intersection.
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1) Peri-center nozzle shock: tog weak!



However, when BH iIs spinning and
misaligned with stellar orbital plane ...

e Stream might miss itself at apocenter.

Dai et al. (2013); Guillochon et al. (2015)
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Apsidal precession+ Lense-Thirring precession
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— Delayed stream dissipation and TDE signal

(2) Self-crossing =

shock (1) Nozzle
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“dark year”
Guillochon et al. 2015

Apsidal precession+ Lense-Thirring precession



We study the small-angle collision at peri-center

 May be the earliest collision, for the misaligned Kerr BH
case.




Order-of-magnitude estimate

* Specific energy dissipation at peri- 1°'f ————
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* However, L-T precession causes a vertical offset between
streams at their peri-center encounter.



Assumption: stream width increment
due to nozzle shock

e The width of stream after the N-th orbit:

R
H ~ NR. ,—

1nt
RP

e The vertical offset of two streams at
thelr encounter:

Az ~ R.__AC

1nt

* Collision happens when:
Az < H,+ H,




Methods

* Local 3-D hydrodynamical
simulation with Athena++.

* Adiabatic index 4/3.
 Newtonian gravity.

* Spherical coordinates.

Mbh Mstar | Rstar a ;
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e Two streams cross at small angle at R...

® Represent the ones which passed the
nozzle shock once and twice, respectively.

Az/(H, + Hy) = 0.68



Simulation run
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Results

Energy dissipation
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Results

Post-collision width expansion

e His defined as for
(107 = 1) of p,,..-

 Expanded stream may be
easier for later apsidal
collisions.
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Summary

* The near-pericenter collision dissipates very little
energy, ~ 0.5% of stream kinetic energy, due to the
vertical offset nature of the collision.

» After the collision, the stream experiences a lateral
expansion, making its width to increase with distance
more quickly than the case without a peri-center
collision.

* This width expansion likely promotes collisions in
subsequent orbits and accelerates the disk formation.
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