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Summary 1n advance

- I X BAEAEBHDOF HIZ X ) BHEER NG

- XHRTCTHE W TAATENE) ZBHEAE  (Gaia BH) 23Gaia DR372> 5 H, (e.g.
Tanikawa et al. 2023, AplJ, 946, 79)

+ Gaia BHIZHRE L D bEHENT1 0 0 IR E < PR RE
(Shikauchi+Tanikawa+ 2020; Tanikawa et al. 2023, MNRAS 1n press).
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Low-mass companion Massive companion
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Masses in the Stellar Graveyard
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El Badry et al. (2023 see also Chakrabarti et al 2023)

Gaia BHI1
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We discovered Gaia

BH2 not at random.
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BH progenitor ( ~ 30M ;) Companion ( ~ 1M )

O 1 —10 au O O

Stavie/unstable mass transfer
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Common envelope
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The origin of Gaia BHs

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

* Binary (Pop I/IL, Pop I1I)

»  Triple/Quadruple (Pop I/11, Pop I1I)
* Open cluster

» Globular cluster

+ (@Galactic center/AGN disk
* Primordial BH

" Previous slide .- Companion’s metallicity
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N-body simulation for open clusters
PeTar (Wang et al. 2020)
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Physical effects

Single/Binary star evolution Galactic potential
(BSEEMP: AT+20) (GALPY: Bovyl2)
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Initial conditions of open clusters
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Criteria of Gaia BHs

MS, PMS, He star
(Gaia BH: MS, PMS)

10> < P/day <2 x 10°
(Gaia BH: 186, 1230 day)

m, < 1.1M
(Gaia BH: ~ 1M,)

- 03 <e<09
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'8 Eiected at < 50 km/s

J




----TIsolated binary (2nd, Z=0.02) --4--Open cluster (v <50 [km/s]) - ---TIsolated binary (2nd, Z=0.02) --4-- Open cluster (v <50 [km/s])

@10_5 — @10_5
~ Cluster (0.1 < m,/m; < 1) =
510 ° 1 510 ¢
o ¢ 2 T
= 107 5 10
S

5 e 5 e
O 10 - O 10
ks Binary (0.0005| < m,/m; < 1) S
3 —9 | - | S += -9 S I

9907 10° 0t 010 10’ 10° 10

Cluster mass Initial half-mass density [M o pc™]
----TIsolated binary (2nd, Z=0.02) --4-- Open cluster (v <50 [km/s])
-5

10
©
=
5 10 : : :
= At least 100 times efficient 1f open
L A . .
M 10 clusters have reasonably high density
S 107 and high binary fraction.
G

1070.0 0.2 0.4

Initial binary fraction



The number of Gaia BHs in Milky Way

~ 1()_6MG_>1 for clusters with reasonable mass,
density and binary fraction

Sufficiently large to explain the presence of Gaia BHs
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The number of binary stars
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Needs for follow-up observations

Bashi et al. (2022)
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Possible candidates
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