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Introduction

• When a star passes close enough to a supermassive black hole 
(SMBH), it will be tidally disrupted.            —TDE
the pericenter distance rp smaller than the tidal radius rT

• Motivation—a growing number of TDE candidates have been recently 
discovered in the optical. But the recent optical TDE observations are difficult 
to reconcile with theoretical expectations, in which the optical signal is due to 
accretion onto the black hole.

←



Introduction

• classical TDE picture

the semimajor axis of the most bound matter 

(Wevers T. & Ryu T., 2023, arXiv:2310.16879)

the most bound debris returns, turns around the black 
hole, and collides with a newly returning stream. The 
collision occurs at shorter distances as relativistic 
apsidal precession becomes stronger



Introduction

• classical TDE picture

Streams returning at different times to shock 
against each other and dissipate sufficient orbital 
energy to compress these very extended, highly 
elliptical orbits into approximately circular orbits 
with radii ~2 rp.
The inflow time through the accretion disk that 
then forms is estimated to be ≪ t0, so that the 
accretion rate onto the black hole closely tracks 
the mass return rate of the tidal streams.

→

If so, the bolometric light curve should 
peak at 

after the star is destroyed, reaching a 
maximum luminosity

and then decay

within this model, the effective temperature of 
the peak would be



Introduction
This simple model now faces serious problems when confronted with 
observations of optical TDE candidates.

Although optical light curves of these events show (in rough terms) the expected           
decline. The observed temperature and bolometric luminosity are significantly lower 
than predicted.       ~

The assumptions behind the classical TDE picture have been criticized by many authors.



Introduction

the assumption that the gas circularizes immediately upon returning to the vicinity 
of the black hole, and that it does so on the scale of the tidal radius
→  Shiokawa et al. (2015) took up this question using detailed numerical 
simulations. 
They found that the circularization process is slower than previously thought

and leaves most of the debris at radii closer to amin than rT because the principal 
shocks are located at that scale.
And demonstrated that circularization may remain incomplete even at the end of the 
event.



TDE model – disk formation

• several parameters

f :  the ratio of the gravitational binding energy of the star to 
k : the apsidal motion constant

fiducial value 

→              



TDE model – disk formation
the outer shock heating rate

the blackbody temperature of the apocenter radiation

the typical relative velocity between shocking streams at the apocenter region



TDE model – disk formation

• Model Predictions for TDEs with a Rise Time of a Month

Here assuming 100% efficiency of the shocks in converting gravitational energy to observed luminosity.

Shiokawa et al. (2015) suggests luminosities lower by a factor of ≈5 and temperatures lower by a factor of ≈1.5.



Comparison with observations

• Observed Properties of Optical TDE Candidates

Prediction results of that model 



Summary

• The authors suggest that the energy liberated during the 
formation of the accretion disk, rather than the energy liberated 
by subsequent accretion onto the black hole, powers the 
observed optical TDE candidates. 
• The observed rise times, luminosities, temperatures, emission radii, 

and line widths seen in these TDEs are all more readily explained 
in terms of heating associated with disk formation rather than in 
terms of accretion.

Thanks!


