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Table 1
Properties of 23 Black Hole Binaries
Source Coordinate Common Name Typeb l b Max. Int. Pop D References
Number Name or Prefix® (deg) (deg) (Crab) (hr) (kpc) (distance)
1 1354—64 (GS) LPT 310.0 -2.8 0.12 61.1 >25 1
1543—-47 (4U) LPT 330.9 +54 15 26.8 75+ 05 2 oy . .
3 1550—564  (XTEJ) LPT 3259 —18 7.0 370 44405 3 (W]k]pedlai @)
4 1655—40 (GROJ) LPT 345.0 +2.5 3.9 62.9 324+ 05 4
5 1659—487 GX 339-4 LPT 338.9 —43 1.1 42.1 9+3 5
6 1819.3—-2525 V4641 Sgr LPT 6.8 —-48 13 67.6 99 + 24 6
7 1915+105 (GRS) LPT 454 -0.2 3.7 739 9+3 7
8 2023+338 (GS) LPT 73.1 -21 20 155.3 239 £+ 0.14 8
9 0422+32 (GROJ) SPT 1660 —12.0 3 5.1 2+1 9,10
10 0620—003 (A) SPT 210.0 —6.5 50 7.8 1.06 £+ 0.12 11
11 1009—45 (GRS) SPT 275.9 +94 0.8 6.8 3.82 £ 0.27 10
12 1118+480 (XTE)) SPT 157.6  +62.3 0.04 4.1 1.7 £ 0.1 12
13 1124—683 Nova Mus 91 SPT 295.3 -7.1 3 104 5.89 + 0.26 10
14 1650—500 (XTE)) SPT 336.7 —-34 0.6 7.7 2.6 £ 0.7 13
15 1705—-250 Nova Oph 77 SPT 358.2 +9.1 3.6 12.5 8.6 + 2.1 14
16 1859+226 (XTE)) SPT 54.1 +8.6 1.5 9.2¢ 8+3 10
17 2000+251 (GS) SPT 63.4 -30 11 8.3 2.7+ 07 14
18 0020+593 IC 10 X-1 PS . e 0.00006 349
19 0055-377 NGC 300-1 PS . e 0.00004 323
20 0133+305 M33 X-7 PS . e 0.00002 82.9
21 0538—641 LMC X-3 PS . e 0.06 40.9
22 0540—697 LMC X-1 PS . e 0.03 93.8
23 1956+350 Cyg X-1 PS . e 23 1344

Ozel et al. 2010
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accreting isolated BH D #HZ%
'__nHH Eﬁj'u(j::bd)_d—; </R|J-|3736 (Shvartsman 1971;

Grindlay 1978; Carr 1979; McDowell 1985; Campana & Pardi 1993;
Popov & Prokhorov 1998; Fujita et al. 1998; Armitage & Natarajan
1999; Grindlay et al. 2001; Agol & Kamionkowski 2002; Maccarone
2005; Mii & Totani 2005; Sartore & Treves 2010; Motch & Pakull 2012;
Barkov et al. 2012; Fender et al. 2013; Ioka et al. 2017; Inoue &
Kusenko 2017; Matsumoto et al. 2018)
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FORCE (FOcusing Relativistic universe and Cosmic Evolution)

Hard X-ray telescope
—> small absorption, high
sensitivity (2022~7)

Wideband Hybrid X-ray Imager (WHXI)

v" New Si sensor (SOI-CMOS) + CdTe hybrid

v Low BG with active shield, the same
concept as the A-H’s hard X-ray
detector

X-ray Super-mirror
v Light-weight Si
mirror provided

by NASA/GSFC

v" Wideband sensitivity _ f ,
of 1-80 keV £
/ v" Multi-layer coating directly

: on the Si mirror surface

v" Unprecedented angular resolution of <15” in hard X-ray

g U TV
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BEEMODOBHMNEE v TEE p, 5iF c, DMEFHIZHLEE.
(GM)?p

(v? + 63)3/2
A:BEELIZHADSEBH £T:EBHEE

T

M =A-4r

Bondi & Hoyle (1944)

BEE n= L/]\ZC2 [E accretion regime [CK>TELESH

| M/Mgqa (when M < 0.1Mgqq) | € RIAF
: 0.1 (when M > 0.1Mgqq) | € standard disk

L=2Lggq |1 +1In

(M/[;[Edd )] < slim disk (Watarai et al. 2006)
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o HRMDZEME 57 : Nakanishi & Sofue (2017) etc.

 BH DFLHEIE: bulge:disk = 15:85 (~ Eﬁg@kb)
 BH birth rate: bulge (10-8 Gyr giI) & disk (10 Gyr BI -
IRE) TENETN—F

« BH Ty &EE: F A Maxwell5 =50-400 kmss™!
. BHEB57: T4 7.8M,, 58K 1. ZM@ DEHRH T
(Ozel et al. 2010)

o FHHRTUH)L: Irrgang et al. (2013) “model 2”
 A=0.1-0.001

il

Phase nilem™]  mylem™] g £PR Hy cs[kms!] o[Mg pc 2] &(r = 8.3 kpc)
Molecular clouds 102 10° 2.8 0.001 75pc  3.7(n/100 cm=3)~0-3 2.3 0.0004
Cold HI 10! 102 3.8 002 150pc 10 3.1 0.026
Warm H1 0.3 - 0.35 500 pc 10 3.5 0.46
Warm H1I 0.15 - 020  1kpc 10 2.0 0.16

Hot HII 0.002 - 0.43 3 kpc 150 0.17 0.37
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Cumulative histogram: Ny, (>Fy)
Tsuna, NK & Totani (1801.04667)
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Cumulative histogram: Ny, (>Fy)
Tsuna, NK & Totani (1801.04667)

“ Soft X
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N(> Fx) in all sky

107/ A =0.1(solid black),0. 01(solid gray),0.001(dashed)
Vavg = D0 km s~ (thin),400 km s~ (thick)
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Tsuna, NK & Totani (1801.04667)

B2k | A=0.1(thin),0.01 (thick)
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Astrometric observations

s FEDXKKE LDAEEXHEZIZED
_ElZ&kY . BHEEE (B=2HIE)

e.g.: Gaia (108 EIMDIEEZFE=4—.50 . =S

H ~ 244 0) & & EE}J@L_’) (From ESAswél?élte)

XH1.BHE ERINE/EEDEETHD

- [EEDERIFTEDEREYES.
HEOFHLYEL

EH2. EEHD BH ADEEHIE (T4
mm) | 22 DHZ(F Roche lobe HELY/NELY |

FH3. RABLEZEDHEEEZTEZAD
— “ &R R+ 725 (e.g. <~ 2 years for Gaia) “




Gaia CHeH R 8E7: BH D {E %X

2 i 100Me ) 1
/ AN, U (N, / dq Ty®(q)
A[mn BH min

—1 +fbin

I’nin(z‘IperiodaAmax) _ 1
X (tL2 — ZLL,I)/ - dA =
maxX(ARL,Amin,Adet) A

2T 7('/2 Dma.x —
X / di / cos bdb / D2dDpy(D, b, 1, My),
0 0 0

Juint binary fraction

WY(M): FIEAE EEH (Salpeter)
D(q) = 1, Ocql xq : ﬁgﬂj/\
L(4) =T A EEEFED
0D, b, I, M): EDMBREST
Z DELFTEITEHIE (no mass loss)
common envelope phase, B E#iiIXZ 5 &




BH identification by Gaia (< New!)

Dark companion D &= > 3Mg,
= _
M, Oy >3M

IT5— Oypy [FMDMEEDITS—HLLLTD
FOURHELTRFED

OMB 2_ 3 Mgn _2
Mpn) ~ \2 Mga + M,

s My \° |
Mpu + M |
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EREE D DT RNEEH:

A(P,p = 50 days) < A < A(P,p = 3 years)

—

A>10 [BH M or(my)D

AL[B H

(—1.631 + 680.8 - 2(my) + 32.73 - 22(my))"/? < =—,
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Results: detectable number of BHs
Yamaguchi, NK, Bulik & Piran (1710.09839)

Models Total number ~ 3000 13

adudal S0 s TRV KBS
lin05 4600 (Mashian & Loeb 2017;
curved 2900 ~3x10° BHs)

K03 1200 °." Gaia COEHAIBESAE
al01 300 n,\ﬁd){ﬂ% E/RRINEE
al20 3900 EIZ AN THEMRLL

q—1 5700

q+1 1200




Results: distance & mass distributions
Yamaguchi, NK, Bulik & Piran (1710.09839)

BH & & x ZAMS B =% R E
- *ﬁu_.u_lﬁ‘é& BH W E =% fil& power-law
ZTDiEE~ 5 kpe LLAIZH % (~EREIRIN)
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different ZAMS mass - BH mass relations
Yamaguchi, NK, Bulik & Piran (1710.09839)
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Rahvar etal. 2011

main sequence — compact
object MEZE TO self-
lensing [Z& 5 E BARIIE SE
> ZHDEDE=FILY
(~ 108{#) Z+%%% cadence
(<~15 min) TITA X FE[E 24

=1 4
TER DN SETHE
Accuracy Sampling rate Detectability Event rate Period
o At fa]l |4 P
(per cent) (min) (yr 1 (yr)
5 15 1.45 x 1077 3.71 x 1077 0.39
2 120 6.50 x 1078 2.08 x 1073 3.12
0.3 15 9.97 x 1077 3.28 x 107° 0.30




% Wj“a‘y77|_\_)l/d)JL.0 H-jj_

EEXHHATLS BEIMTEMHELTLS

e Bondi-Hoyle [&7&(Z
otéxﬁfﬂﬁt
Q#2 R & E D E D

H A&
HY

MEERICEDMET

v | - HEOB=EEE
Zi“ﬁ .  BENEALUR




Visr [km S_1]

EZBEBT 20 FEDER

Oka etal. 2017; Tsuboi et al. 2017
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Oka et al. 2017, Nature Astronomy
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