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Tagawa, Umemura, Gouda, Yano & Yamai, 2015, MNRAS, 451, 2174
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(AGN duty cycle, galactic rotation timescale)
* tmerge < 10%yr

* tmerge X Ngas + (Tagawa et al. 2015)

> Ngas > 105 cm™

* Galactic nuclear regions (ng,; = 10’ cm> at < 1pc)

* Dense interstellar cloud cores (n,,, =10>" cm™)

T,

Event rate (LIGO 01) - @

 0.6-6 yr!in galactic nuclear regions

« 2-20 yr'tin dense interstellar cloud cores
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Ngas > 10° cm™3, tyerge < 108 yr.

3. LIGO OlIZ&Bbevent ratesld,

* 0.6-6 yr'! in galactic nuclear regions
e 2-20 yr! in dense interstellar cloud cores



Event rate in GMCs

BH number in Milky Way sized galaxies~ 108 (Remillard et al. 2009)
Volume that BH would exist 10 kpc X 10 kpc X 1 kpc =100 kpc3
Volume of GMC 10 pc X 10 pc X 10 pc X 1000 (humber) =103 kpc3
Averaged volume per one BH 100 kpc3/108=10° kpc3

Averaged BH number in 1000 GMC 103 kpc3/10° kpc3=1000

In this case, about 100 GMC hold multiple BH system

Merger time is ~100 Myr (Tagawa et al. 2015)

Merger rate in one galaxy is 100 event/100 Myr=1 event Myr1
Horizon distance by aLIGO Dy~ (My;..,,=75 Mg,,)8 Gpc (z~1.1)

Comoving volume V=230 Gpc?

sun

Number density of MW sized galaxies~2e6/Gpc3

Number of galaxies, which is observed 230 X 2e6=5e8
If rate of massive BH to all BH is 10%,

rate of massive BH-massive BH to all BH-BH is 1%

Event rate is 1 Myr?! X 1% X 5e8=5yr*!



Event rate for pop Ill BHs in GMCs

If each mini halo of 10°>-10° M, ,, hold 100 pop Il BHs,

MW sized galaxy hold pop 11l 107 BHs. (Ishiyama et al. 2016)

Most of pop Ill BHs possibly formed as multiple BH systems (Susa et al. 2014)
If all BHs are multiple system of 4 BHs,

25 GMCs hold multiple BH systems.

Merger time is ~100 Myr
Merger rate in one galaxy is 25 event/100 Myr=0.25 event Myr*
Horizon distance by alIGO Dy~ (My;,a,=75 Mg,,)8 Gpc (z~1.1)

Comoving volume V=230 Gpc3

sun

Number density of MW sized galaxies~2e6/Gpc3

Number of galaxies, which is observed 230 X 2e6=5e8

If rate of massive BH to all pop Ill BH is 50%,

rate of massive BH-massive BH to all pop Il BH-pop Il BH is 25%

Event rate is 0.25Myr! X 25% X 5e8=23 yr!



Event rate in GNRs

* About 3 X 106 stars exist in the 1 pc from SMBH (Alexander 2005), and about 1
BH exist per 1000 stars.

* Therefore, ~3 X 103 BHs may exist in GNRs.

e Merger time and AGN duty cycle are ~100 Myr
* Merger rate in one galaxy is 3 X 103 event/100 Myr=30 event Myr!
* Horizon distance by aLIGO D, ~ (M;,=75 M,,)8 Gpc (z~1.1)

* Comoving volume V=230 Gpc?

sun

 Number density of MW sized galaxies~2e6/Gpc3

* Number of galaxies, which is observed 230 X 2e6=5e8
* |f rate of massive BH to all BH is 10%,

rate of massive BH-massive BH to all BH-BH is 1%

* Rate of merger phase (AGN phase) 100 Myr/10Gyr=1%
* Event rateis 30 Myr! X 1% X 5e8 X 1%=2 yr*



