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Gravitational waves from merging intermediate-mass black-holes
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A route to a SMBH
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the ring-down gravitational wave of a BH of the mass M < 2 x 10°M_. This enables us to check mlwm || (2) accumulations of IMBHs at the center region of
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528 | 110 86 433.4 a galaxy due to sinkages of clusters by dynamical IMBHS
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By estimating the event rate R at the designed KAGRA and predictec

mass distribution of detected

events, we find that, at the signal-to-noise ratio p = 10, the event of the BH mergers of its total mass

M ~ 60M, is at the peak of the mass distribution which is R ~ 7 per year.

We also find that BH mergers of the range 40M., < M < 150My are R > 1 per year, and
the designed KAGRA (and/or advanced LIGO/VIRGO) will see ~ 200 events per year in the most
optimistic case. Thus we conclude that the statistics of the signals will tell us both a galaxy distribution
and a formation model of SMBHs. Especially, if we observe a BH with more than 100M, in future

gravitational wave observations, our model naturally explains its source.

How many BHSs in a galaxy?
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How many galaxies in the Universe?
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GRAVITATIONAL WAVES FROM MERGING INTERMEDIATE-MASS BLACK HOLES
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Fic. 1.—Expected gravitational radiation amplitude from merging IMBHs of (a) the hierarchical growth model and (b) the monopolistic growth model. We plot

both the inspiral phase ( finsp, Hinsps €qs. [2] and [3]) and the ringdown phase ( fonms fecals €gs. [4] and [6]) for various mass combinations. The open and filled

circles and squares in the inspiral phase are of @ = 50Rguy, 10R;ny, and 5Rgyy. The final burst frequency, fynm, depends on the efficiency, €, which we fix at
€ ~ 1072 for the plots. The lines represent the sensitivities of future detectors (LIS4, DECIGO, LIGO 2, and LCGT), taken from Fig. 1 in Seto et al. (2001). The data
are evaluated at the distance R = 4 Gpe.
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Fig. 2.—Event numbers of mergers starting from 1000 IMBHs with masses of 108 M_.. The vertical axis is the event rate v(yr~1) from egs. (12), and (14). The
horizontal axis is for the mass of the postmerger BH, M, which is also interpreted in the final gravitational radiation frequency fiy. Panels (a) and (b) are for the
hierarchical growth model and for the monopolistic growth model, respectively. Both plots are for a homogeneous distribution model in which we just multiply by 3
each event rate for the thin-shell galaxy distribution model. If a SMBH expands hierarchically, then the bursts of gravitational radiation appear in the higher
frequency region. In the monopolistic model, the bursts appear in lower frequency region. We fix the increasing-mass rate, ¢, at unity for the plots.
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used for the observed data points plotted, taken from Lin et al.
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