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Going backwards in time
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Currently observed properties: Donor’s position on the H-R (Tef vs. L) diagram, BH and
donor masses,orbital period, position in the galaxy and 3-D systemic velocity

Step 1: Model the mass-transfer phase

Step 2: Model the detached post-SN secular evolution

Step 3: Find the peculiar velocity post BH formation

Step 4: Compute the orbital dynamics involved in core collapse



Results so far...
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The origin of black-hole spin
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The spin of 9 stellar BHs measured with the continuum fitting method
McClintock etal. (2011, 2013)
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The origin of black-hole spin

Initial Mgy
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The origin of black-hole spin

The spin of 9 stellar BHs measured with the continuum fitting method
McClintock etal. (2011, 2013)



Sample of Galactic BH LMXBs

Fragos & McClintock (2015) - ApJ, 800, 17

Mpn (Mg) | M2 (Mg) Porb (days) | Tes (K)
GRS 1915+105 12.4+2.0 0.52+0.41 33.85 4100-5433
4U 1543-47 9.4+2.0 2.7+1.0 1.116 9000+500
GRO J1655-40 6.3+0.5 2.4+0.4 2.622 5706-6466
XTE J1550-564 9.1+0.61 0.3+0.07 1.542 4700+250
A0620-00 6.61+0.25 0.4+0.045 0.323 3800-4910
GRS 1124-683 6.95+1.1 0.9+0.3 0.433 4065-5214
GX 339-4 8.0+1.0* -- 1.754 --
XTE J1859+226 8.0+1.0% -- 0.383 --
GS 2000+251 8.0+1.0% 0.35+0.05 0.344 3915-5214
GRO J0422+32 8.0+1.0* 0.95+0.25 0.212 2905-4378
GRS 1009-45 8.5+1.0 0.54+0.1 0.285 3540-4640
GS 1354-64 8.0+1.0 -- 2.545 4985-6097
GS 2023+338 9.0+0.6 0.54+0.05 6.471 4100-5433
H1705-250 6.4+0.75 0.245+0.0875 0.521 3540-5214
V4641 Sgr 6.4+0.6 2.9+0.4 2.817 10500+200
XTEJ1118+480 | 7.55+0.325 0.17+0.07 0.17 3405-4640

* No reliable BH mass measurement is available. Using fiducial value from Ozel et al. (2010)

A
0.95+0.05
0.8+0.1
0.7+0.1
0.34+0.2
0.12+0.19
0.25+0.15
0.25+0.15
0.25+0.15
0.05+0.05

T Spin estimates from Steiner et al. (2013) using the BH spin - jet power correlation (Narayan & McClintock, 2012)
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The origin of black-hole spin

Fragos & McClintock (2015) - ApJ, 800, 17

Retrieved binary properties at the onset of RLO

Mg, init (Mg)| Mz init (Mg)|Porb.init (days)
GRS 1915+105 3-10 1.0-10.0 0.6-30.0
4U 1543-47 3-10 2.2-6.4 0.6- 1.1
GRO J1655-40 4- 6 2.6-5.0 0.7-1.7
XTE J1550-564 7-9 0.9-1.5 0.3-0.9
A0620-00 5-6 1.1-1.8 0.6-0.8
GRS 1124-683 4- 8 1.0-1.8 0.3-0.9
GX 339-4 3-9 0.6-8.8 0.2-1.7
XTE J1859+226 5-9 0.6-1.8 0.2-0.9
GS 2000+251 5-9 0.9-1.8 0.3-0.9
GRO J0422+32 5-9 0.8-1.5 0.3-0.7
GRS 1009-45 6-10 1.0-1.6 0.6-0.8
GS 1354-64 3-9 1.6-6.8 0.6-24
GS 2023+338 7-9 1.0-2.0 0.6-2.0
H1705-250 4- 6 1.0-1.5 0.4-0.9
V4641 Sqgr 3-4 7.0-7.8 1.2-1.7
XTE J1118+480 6-7 1.0-1.8 0.6-0.8
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Retrieved binary properties at the onset of RLO
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GX 3394 3-9 0.6-8.8 0.2-1.7 0.0-5.8
XTE J1859+226 5-9 0.6-1.8 0.2-0.9 0.1-1.5
GS 2000+251 5-9 0.9-1.8 0.3-0.9 0.1-1.3
GRO J0422+32 5-9 0.8-1.5 0.3-0.7 0.2-1.0
GRS 1009-45 6-10 1.0-1.6 0.6-0.8 0.5-1.3
GS 1354-64 3-9 1.6-6.8 0.6-24 0.0-5.1
GS 2023+338 7-9 1.0-2.0 0.6-2.0 04-14
H1705-250 4- 6 1.0-1.5 0.4-0.9 0.9-14
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Retrieved binary properties at the onset of RLO
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GRS 1124-683 4- 8 1.0-1.8 0.3-0.9 0.3-1.1 0.12-0.62
GX 3394 3-9 0.6-8.8 0.2-1.7 0.0-5.8 0.01-1.00
XTE J1859+226 5-9 0.6-1.8 0.2-0.9 0.1-1.5 0.02-0.63
GS 2000+251 5-9 0.9-1.8 0.3-0.9 0.1-1.3 0.05-0.57
GRO J0422+32 5-9 0.8-1.5 0.3-0.7 0.2-1.0 0.09-0.49
GRS 1009-45 6-10 1.0-1.6 0.6-0.8 0.5-1.3 0.15-0.50
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H1705-250 4- 6 1.0-1.5 0.4-0.9 0.9-14 0.40-0.63
V4641 Sqgr 3-4 7.0-7.8 1.2-1.7 2.3-2.6 0.85-0.94
XTE J1118+480 6-7 1.0-1.8 0.6-0.8 0.7-1.6 0.29-0.59
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Implications on birth black-hole mass
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Summary

The detailed evolutionary history of six nearby BH X-ray R
binaries, taking into account all available observational s
constraints was examined. Doing so, we derived limits on
immediate progenitor mass and natal kicks magnitude. o700 205

BH Kick Velocity (km/s)

We test the hypothesis that
during the XRB phase. We put

constraints on the maximum BH spin based on the
observed properties of a system.
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Assuming that the observed BH spin in LMXBs is due to
accretion, we find that the observed Mgy spectrum in these
systems can differ significantly from the initial one.
Indication for bimodal distribution of birth BH masses
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