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In our �ducial model systems displaying multiple TDs are 
100 times more likely to host a close SMBH binary than an 
isolated SMBH
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TD Rate From SMBH Binaries
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Binary inspiral: Shows peak
in TD rate occurs as SMBH
binary stalls

Abstract0
We �nd that the majority of systems hosting multiple tidal dis-
ruptions (TDs) are likely to contain hard binary supermassive 
black hole (SMBH) systems, and also show that the rates of 
these repeated events are high enough to be detected by the 
Large Synoptic Survey Telescope (LSST) over its lifetime. 
Therefore, these multiple TD events provide a novel method 
for identifying SMBH binary systems with parsec to subparsec 
separations. The rates of TDs are investigated using simula-
tions of non-interacting stars initially orbiting a primary 
SMBH and the potential of the model stellar cusp. The stars 
are then evolved forward in time and perturbed by a secondary 
SMBH inspiraling from the edge of the cusp to its stalling 
radius. We �nd with conservative magnitude estimates that the 
next-generation transient survey LSST should detect multiple 
TDs in approximately three galaxies over �ve years of observa-
tion, though less conservative estimates could increase this rate 
by an order of magnitude. 
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�N�e�e�d�t�o�c�a�l�c�u�l�a�t�e�r�a�t�e�o�f�d�i�s�r�u�p�t�i�o�n�s�t�h�a�t�i�n�c�l�u�d�e�s�:

�� �N�o�n�-�K�e�p�l�a�r�i�a�n�S�t�e�l�l�a�r�p�o�t�e�n�t�i�a�l

�� �E�v�o�l�u�t�i�o�n�o�f�S�M�B�H�b�i�n�a�r�y

1. Primary SMBH

2. Primary surrounded by � -model cusp
Source of initial conditions of star
Source of non-Keplerian potential

3. Secondary SMBH spirals in.
Inspiral path �tted to dynamical friction, stellar ejection 
and stalling
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SMBH binary inspiral seperation

0.2% Stellar mass enclosed

1% Stellar mass enclosed

�T�D�r�a�t�e�g�r�e�a�t�l�y�i�n�c�r�e�a�s�e�d
�o�v�e�r �i�s�o�l�a�t�e�d�S�M�B�H�r�a�t�e�o�f
�1�0�� �4�{�1�0�� �5 �y�r�� �1

What is a Tidal Disruption?
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�r�t �� �r
�M�B�H

�M

�1�=�3
�5Stars that pass within

of a SMBH get torn apart 
by tidal forces

�5Half the star is un bound

�5Half falls back at a rate (for 
late times)

�5Modeling as a disk 
extending to r t emitting at 
Ledd spectrum peaks in 
EUV/X-ra y

�d�m�=�d�t�/ �t�� �5�=�3

But many, many, complications and uncertainties, e.g.
See Sw 1644+57 for situation analagous to Blazar

Galex J022517.0-043258 from Gezari et al. 2008

Rate of TDs from single SMBHs

Rate of TDs from binary SMBHs

Number of multiple TDs from single SMBHs

Number of multiple TDs from binary SMBHs
�U�s�i�n�g�t�h�e�r�e�s�u�l�t�s�o�f�o�u�r �s�i�m�u�l�a�t�i�o�n�s�,�w�e���n�d�d�u�r�i�n�g�5�y�e�a�r�s�o�f�o�b�s�e�r�v�a�-
�t�i�o�n�w�e�e�x�p�e�c�t�t�o�o�b�s�e�r�v�e�3�,�0�.�0�7�,�0�.�0�7�g�a�l�a�x�i�e�s�h�o�s�t�i�n�g�b�i�n�a�r�y�S�M�B�H�s
�d�i�s�p�l�a�y�i�n�g�m�u�l�t�i�p�l�e�t�i�d�a�l�d�i�s�r�u�p�t�i�o�n�s�.

Simulations evolve a star under the in�uence of three components:

�� �M�o�n�i�t�o�r�i�n�g�s�y�s�t�e�m�s�t�h�a�t�h�a�v�e�a�l�r�e�a�d�y�d�i�s�p�l�a�y�e�d�a�T�D�i�s�a�g�o�o�d
�s�t�r�a�t�e�g�y�f�o�r���n�d�i�n�g�m�o�r�e�T�D�s�a�n�d�l�o�c�a�t�i�n�g�S�M�B�H�b�i�n�a�r�i�e�s�.

�� �O�n�c�e�a�d�o�u�b�l�e�T�D�i�s�d�e�t�e�c�t�e�d�t�h�e�s�e�g�a�l�a�x�i�e�s�w�o�u�l�d�b�e�e�x�p�e�c�t�e�d�t�o
�h�a�v�e�a�s�t�e�a�d�y�T�D�r�a�t�e�,�w�i�t�h�f�u�r�t�h�e�r�e�v�e�n�t�s�o� n � a �h�u�m�a�n�t�i�m�e�s�c�a�l�e�.

�� �A�l�l�r�a�t�e�s�/�n�u�m�b�e�r�s�s�c�a�l�e�w�i�t�h�t�h�e�r�e�d�s�h�i�f�t�l�i�m�i�t�s�,�o�u�r�s�a�r�e�c�o�n�-
�s�e�r�v�a�t�i�v� e � - �i�f�t�h�e�T�D�c�a�n�d�i�d�a�t�e�o�f�v�a�n�V�e�l�z�e�n�(�2�0�1�0�)�w�i�t�h�a�b�s
�m�a�g�-�2�0�.�3�w�a�s�t�y�p�i�c�a�l�a�l�l�n�u�m�b�e�r�s�w�o�u�l�d�i�n�c�r�e�a�s�e�b�y �a�n�o�r�d�e�r�o�f
�m�a�g�n�i�t�u�d�e�.

�� �W�e�h�a�v�e�c�h�o�s�e� n � a �s�t�e�e�p�c�u�s� p � - �c�e�n�t�r�a�l�l�y�� �/ �r���1�:�7�5 �. �R�a�t�e�s�o�f
�t�i�d�a�l�d�i�s�r�u�p�t�i�o�n�s�f�r�o�m�c�l�o�s�e�b�i�n�a�r�i�e�s�c�o�u�l�d�p�o�t�e�n�t�i�a�l�l�y�a�l�s�o�p�r�o�b�e
�c�u�s�p�d�e�n�s�i�t�i�e�s�.

�� �A �m�u�c�h �h�i�g�h�e�r��, �o�r�o�t�h�e�r�t�r�a�n�s�i�e�n�t �i�n�c�r�e�a�s�e�s�i�n�t�h�e �T�D �r�a�t�e
�c�o�u�l�d�c�a�u�s�e�c�o�n�t�a�m�i�n�a�t�i�o�n�, �b�u�t�o�t�h�e�r�s�i�g�n�a�t�u�r�e�s�w�i�l�l�l�i�k�e�l�y�i�d�e�n�-
�t�i�f�y�T�D�s�t�h�a�t�o�c�c�u�r�r�e�d�i�n�S�M�B�H�b�i�n�a�r�i�e�s�.�T�h�e�s�e�i�n�c�l�u�d�e�p�o�s�s�i�b�l�e
�s�p�e�c�t�r�o�s�c�o�p�i�c�s�i�g�n�a�t�u�r�e�s�,�m�o�r�p�h�o�l�o�g�y�o�r�k�i�n�e�m�a�t�i�c�s�i�n�d�i�c�a�t�i�n�g�a
�r�e�c�e�n�t �m�a�j�o�r�m�e�r�g�e�r�,�o�r�i�n�t�e�r�r�u�p�t�i�o�n�o�f�t�h�e�T�D��a�r�e�(�L�i�u�,�2�0�0�9�)�.

�R�e�s�u�l�t�s�f�o�r�1�0�8�M�� �p�r�i�m�a�r�y�S�M�B�H�,
�3�� �1�0�7�M�� �s�e�c�o�n�d�a�r�y�S�M�B�H�,
�c�e�n�t�r�a�l�c�u�s�p�� �/ �r�� �1�:�7�5

�� �T�h�e�c�a�n�o�n�i�c�a�l�T�D�r�a�t�e�i�s�� �= ��1�0���5 �y�r���1 �w�i�t�h� �� �1�� �1�0�(�W�a�n�g
�& �M�e�r�r�i�t�t�,�2�0�0�4�)

�� �I�t �h�a�s�b�e�e�n�s�u�g�g�e�s�t�e�d�t�h�a�t�m�e�r�g�i�n�g �S�M�B�H�b�i�n�a�r�i�e�s�g�r�e�a�t�l�y�e�n�-
�h�a�n�c�e�T�D�r�a�t�e�b�y�u�p�t�o�� �= �1�y�r���1 �(�C�h�e�n�e�t�a�l�.�,�2�0�0�9�;�I�v�a�n�o�v�e�t
�a�l�.�2�0�0�5�)

�� �P�r�o�b�a�b�i�l�i�t�y �o�f�o�b�s�e�r�v�i�n�g�t�w�o�T�D�s�f�r�o�m�t�h�e�s�a�m�e�g�a�l�a�x�y�/ �� �2

�! �s�y�s�t�e�m�s�w�i�t�h�m�u�l�t�i�p�l�e�T�D�s�i�n�� �5�{�1�0�y�r�s�m�u�s�t�h�a�v�e�h�i�g�h�r�a�t�e
�! �B�i�n�a�r�y�S�M�B�H

�O�b�s�e�r�v�i�n�g�f�o�r�5�y�e�a�r�s�t�h�e�e�x�p�e�c�t�e�d�n�u�m�b�e�r�o�f�s�y�s�t�e�m�s�h�o�s�t�i�n� g � a �s�i�n�g�l�e
�S�M�B�H �e�x�h�i�b�i�t�i�n�g �m�u�l�t�i�p�l�e�t�i�d�a�l�d�i�s�r�u�p�t�i�o�n�s�i�s�0�:�0�3��2 �, �8�� �1�0���4 � �2 �,
�8�� �1�0�� �4� �2�.

�U�s�i�n�g�t�h�e�r�e�s�u�l�t�s�o�f�o�u�r �s�i�m�u�l�a�t�i�o�n�s�a�n� d � a �l�o�c�a�l�S�M�B�H�m�e�r�g�e�r�r�a�t�e�o�f
�0�:�0�2�G�y�r���1 �G�a�l�a�x�y���1 �w�e���n�d�o�v�e�r�a�l�l�r�a�t�e�s�f�r�o�m�c�l�o�s�e�S�M�B�H�b�i�n�a�r�i�e�s
�o�f�8�,�0�.�0�2�,�0�.�0�2�y�r�� �1�.
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�W�e�c�a�l�c�u�l�a�t�e�r�a�t�e�s�f�o�r�h�i�g�h�c�a�d�e�n�c�e�o�p�t�i�c�a�l�s�u�r�v�e�y�s�L�S�S�T�,�P�T�F�a�n�d
�P�a�n�-�S�T�A�R�R�S�. �G�e�z�a�r�i�e�t�a�l�.�(�2�0�0�8�)�T�D�s�h�a�v�e�a �m�e�a�n�a�b�s�g �m�a�g�o�f
�-�1�8�.�3�(�s�e�e�p�l�o�t�i�n�p�a�n�e�l�1�)

�) �R�e�d�s�h�i�f�t�l�i�m�i�t�o�f�0�.�3�5�,�0�.�0�6�,�0�.�3�5

�) �W�e�c�a�n�o�b�s�e�r�v�e �T�D�s�f�r�o�m�(�3�0�;�1�;�1�)�� �1�0�6 �g�a�l�a�x�i�e�s�w�h�i�c�h �h�a�v�e
�b�l�a�c�k �h�o�l�e�s�o�f�m�a�s�s�1�0�6�{�1�0�8�M��

�) �A�s�s�u�m�i�n�g�a�r�a�t�e�o�f�T�D�s�o�f� �� �1�0���5 �y�r���1 �w�e�w�i�l�l�o�b�s�e�r�v�e�T�D�s�a�t
�a�r�a�t�e�o�f�� �3�0�0��, �0�:�7��, �0�:�7��y�r�� �1


