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Observation of GW150914

Abbott et al. (2016)
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* GW150914 shows the existence of 30 M,
BH binary and its merger.



Evolutional channels for GW150914

Rodriguez et al. (2016)
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We newly propose “Merger from non-binary stars”

Belczynski et al. (2016)
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Origin of GW150914

Binary Stars

VS

Non-Binary Stars
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Mergers from multiple non-binary BHSs

Tagawa, Umemura, Gouda, Yano & Yamai, 2015, MNRAS, 451, 2174
Tagawa, Umemura, Gouda, 2016, MNRAS, 462, 3812
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Objectives: Investigate conditions or environments that BHs merge at
masses of GW150914 from smaller mass BHs and large separation.



Fundamental processes for BH merger
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Classification of merger mechanisms

Type A Type B
Gas drag-driven merger Interplay-driven merger
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Initial and merged BH masses
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Preferable environments

* Environments would vary within 108 yr

(AGN duty cycle, galactic rotation timescale)
* tmerge < 10%yr

* tmerge X Ngas + (Tagawa et al. 2015)
> Ngas > 105 cm™

Possible environments:

= 108 cm3 at < 1pc)

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

Event rate (LIGO 01) \q‘ 69
 0.6-6 yr!in galactic nuclear regions

« 2-20 yr'tin dense interstellar cloud cores

* Galactic nuclear regions (n

Disk galaxies are preferred as host galaxies
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Conclusions

1. The multiple non-binary BHs can
account for the merger in the
GW150914 event.

2. Required conditions are
m~0.01 myy, "ypical S 1PC,
mgy = 25 Mgy, typeBorC

Ngas > 10° cm™3, tyerge < 108 yr.

3. Event rates by the LIGO O1 are
* 0.6-6 yr!in galactic nuclear regions
e 2-20 yr! in dense interstellar cloud cores
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Thank you!



