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Abstract

Dynamical evolution and structures of galaxies with super massive black holes (SMBHs)

are investigated using N -body simulations on the GRAPE-DR system of the Center For

Computational Astrophysics. Here we report the most recent result of our simulations.

We investigated the structure evolution of the central region of mergers of galaxies with

SMBHs. We found that a wide binary of SMBHs so frequently exists that it will be

discovered in future observations using the techniques of adaptive optics and multi-

dimensional spectrographs.

1 Introduction

Recently, a discovery of the most massive blackhole was reported (McConnell et al.,

2011, Nature, hereafter MC11). MC11 observed kinematic properties of stars around

the center of NGC4889 , one of central bright galaxies in the Coma cluster, using GMOS

spectrograph on the Gemini North telescope and estimated the central mass of NGC

4889 is as 2 × 1010M�.

In this report, we present an alternative explanation for the observed kinematic prop-

erties of NGC4889. We reproduce the kinematic properties of NGC4889 using N -body

simulations and found that the properties is similar to those of a galaxy who has a bi-

nary blackholes. Our result suggest that the kinematic observation is as powerful tool

as observing some emissions from BH binaries such as jet, radio and X-ray activities, to

find massive black hole binaries.

2 Numerical Simulation

We perform a series of N -body simulations of mergings of two galaxies each of which

has an SMBH.

As a progenitor model, we adopted a spherical N -body system. The merging interval

is longer than the dynamical time, while much shorter than two-body relaxation time.

Therefore, we the initial progenitor model is in its dynamical equilibrium, but not in

thermal one. According to Nakano and Makino (1999), we prepare the progenitor. Its

density profiles are shown in Fig.1.

The units we used is the standard N -body units (Heggie and Mathieu, 1986), which

roughly correspond to 1 ∼ 100 pc, 1 ∼ 100 Myr, 1 ∼ 1011M�.



図 1: 3D-Density profile of a progenitor model. In the central region where gravity from

the SMBH dominates, ρ ∝ r−0.5

図 2: Velocity (up) and σ (bottom) profiles of a merger remnant after the progenitors

globally merged. The red lines show the positions of SMBHs. A length unit roughly

corresponds to 100pc in the case of NGC4889.

3 Result

In Fig. 2, a sample of the rotation velocity and σ profiles of the center region of the

merger remnant are plotted. This figure corresponds to t = 2tdyn of the center region.

Our result show that the center region of each progenitor, where each SMBH dominates

the structure of stars, survives for several dynamical times of the center region after two

galaxies merge.

Fig. 2 shows that from the kinematic structure data with the resolution of ∼ 100

m/s, the existence of a binary SMBHs can be found. The velocity and σ profiles of our

merger remnant is similar to those of NGC4889 (McConnell, et al., 2011). There may

be a wide SMBH binary in the center of NGC4889 rather than the most massive BH.
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