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Merging binary black holes (BHs)

Masses In the Stellar Graveyard

L IGO-Virgo-KAGRA Black Holes LIGO-Virgo-KAGRA Neutron Stars EM Neutron Stars

« Loudest for GWs

» More massive than EM BHs
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The origin of merging binary BHs
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BH properties
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Attack on the 1solated binary scenario

» The 1solated binary scenario

» A sufficiently large number of BHs v/

Possibly rejected by

+ Mass and spin parameter space limited X — a—
only one event

The dense star cluster scenario + GWI190521: the pair instability mass gap merger

+ GW190412: the asymmetric merger
+ A small number of BHs X + (GW190814: the lower mass gap merger)

- 'Wide parameter space of mass and spin v/
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Pair instability mass gap

Pair instability mass gap Pop I and 11 stars Core-collapse

supernova
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Heating/Cooling rate [erg/g/sec]

Main stream: mass gap shifted upward
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Tanikawa’s model: Pop 111 stars

Main sequence Core-collapse T
(M; 2 8M) supernova Pop Il stars Large overshoot — Large He core — Large radius
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Comparison with GW observations

Tanikawa et al. (2022, AplJ, 926, 83)

Chon’s IMF (Chon et al. 2021)
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Prior-dependent BH mass

= ninformative prior

= population-informed prior
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GW190521 (Abbott et al. 2020) The ringdown signal was seen, but

S— - the chirp signal was not seen well...

frequency: ~ 66Hz
Damping time: ~ 19ms

Redshifted mass: ~ 252M
Source mass: ~ 142M®
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PISN survey by Euchlid telescope

Farmer et al. (2020)
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Multi-band GW observations
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BH binary exploration

Masses In the Stellar Graveyard

LIGO-Virgo-KAGRA Black Holes LIGO-Virgo-KAGRA Neutron Stars EM Neutron Stars

-------------6©




BH X-ray binary

Fishbach & Kalogera (2022)

© NASA/CXC/M. Weiss
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Non-interacting BH binary

- © background image: CSO/M.-R. Cioni/_V-l .‘_' , Magellanic Cloud survey;
visualization: Isca Mayo/Sara. Pinilla® B k3 132 e
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El-Badry et al. (2022)
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Spectroscopic binary

+ NGC 3210 BH (Giesers et al. 2018) V/

Observables 1f synchronized (e.g. Thompson et al. 2019),
but highly uncertain l

. LB-1 (Liu et al. 2019) X

» 2MASS J05215658+4359220 (Thompson et al. 2019) X
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Gaia: astrometry with spectroscopy

© ESA/D. Ducros

Observables by astrometry
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Promising BH candidate
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El-Badry’s BH 1n an open cluster?

Shikauchi et al. (2020, PASJ, 72, 45)
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Summary

» The 1solated binary scenario(s) can explain not only the BH properties, but
also peculiar events like GW 190521 and GW190412.

+ These scenarios may be constrained by future projects, such as Euclid PISN
SUrvey.

- BH binary exploration 1s providing further information for understanding
binary evolution.

+ LIGO-Virgo-KAGRA 04 will add much more binary BH population next
year.



