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Abstract
The implementation of P3T method (Oshino et al., 2011) to GRAPE-DR is in progress.
Besides, the study of dynamical evolution and structures of galaxies with super massive
black holes (SMBHs) is continued. The observational properties of merger remnants
with SMBHs are investigated using N -body simulations on the GRAPE-DR system of
the Center For Computational Astrophysics.

1 Background

Using N -body simulations, we found that the existence of a wide binary of SMBHs
in a merger remnant explain the observational kinematic properties of NGC 4889 well.
It is thought to be that the NGC 4889 has a SMBH which is the one of the most
massive SMBH. If the mass of central region in NGC4889 is estimated for a model with
one massive SMBH, the mass is apart from the normal m-σ relation of BHs. If in
the central region in NGC 4889 there is two SMBHs who consist a wide binary, there
is little problem with the m-σ relation. We conclude that the wide binary of SMBH
model provides a better interpretation of observational properties of the central region
of NGC4889 (Funato 2013). Since the observational technique is making progress, similar
galaxies may be found in near future. If similar galaxies will be observed, it will be a
clue to the co-evolution of galaxies and BHs.

2 Purpose

In order to estimate observational probabilities, we are carrying out a series of N -
body simulations of merging galaxies with SMBHs changing the mass ratio of SMBHs
and collision parameters.

3 Method

N -body simulation using GRAPE-DR in CFCA.



4 Result

4.1 Mass Ratio

Two kinematical cusps can be clearly observed for cases with the range of mass ratio
3/4 ∼ 1.0. We’ll continue N -body simulations with smaller ratios to make clear the
lower limit.

4.2 Collision Parameters

In our N -body simulations, the long-lived wide binary of SMBHs is observed for a
wide range of the eccentricities of initial collision orbit of two galaxy models. When the
eccentricity is more than 0.5, it is observed.

Generally, when two galaxies merge into one, some particles escape and the orbit of
two galaxies is not the same as those of two point masses with the same initial orbital
conditions. In our simulations each galaxy model represents a central region of an
elliptical rather than an entire dark halo. Therefore, the collision parameters in our
simulation cannot be interpreted those of collision of entire dark halos directly.

Further studies are required in order to interpret the result as a probability of existence
of wide SMBH binaries in real ellipticals.
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