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X-ray bfnary populations
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The deep Chandra SMC Survey

A Chandra‘ “X ray Vrsronary Program
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SMC star-formation history

10 Gy 6 Gy 4 Gy 2.5 Gy 1.6 Gy

] I B
600 My 400 My 250 My 100 My

40 My 25 My 16 My 10 My 6 My 4 My

Harris & Zaritsky,
2004



SMC The deepChandra Survey

_50- 80 Myr

MCELS Ha



1

-72:00:05

1

-73:00:05.0

30:05.0

10 M
Yt 50-80 Myr
g 10 Myr
S 60-100Myr
e b N
2 By : \
20-50 Myr SR e
10-20 Myr
g.
15:?0.0. lD:C'IlD.{Z}/ l:DUiUU.U 55:{?0.0 50:90.0 45:?0.0 IU:4U:{DD.{]



HMXB classification
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HMXB formation efficiency
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N(HMXBs)/N(OBs)
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' - M81 .

.

Grand design SpiréLQalaxy (3.6 Mpc)

+ Complete HST coverage

+ Deep Chandra cov_eragl .-
* Sell et al. 2011s Swartz et al.
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M81

Optical counterparts : Donor star classification
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M81

XLFs for different source'class_es (Sell et al.)
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Limitations of Chafndra : variable under-sampled PSF
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From Chandra to Lynx

#

With well-sampled 0.5” PSF across the field we can:
Characterize X-ray sources
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From Chahdra_to Lynx

With 0.5” resolution and 2m?2 we can
reach fainter populations (end-to-end

Pop. Synthesis

Andrews et al.
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Chandra to Lynx

#

With extended energy coverage we can

Classify cdmpact objects

Black holes:
Neutron stars
. Pulsars
2 | o M=6-12keV
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Lynx discovery space
M3L/M33 | Virgo
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Why bother ?

. Gravitationgl wave sources

-
High mass stars
Zero-Age .
Main Sequence .
-

l

Supernova explosion (NS)
Fall back or direct collapse (BH*)

Supernova explosion (NS)
Fall back or direct collapse (BH*)

Coalescence - GVV burst
(lasting a few seconds)

.Marchant-et al., 2016



Why bother ?

Fragos Model 269
— — aM,+BSFR (Global Fit)
aM,+BSFR (Panel Fit)
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Why bother ?

* Cosmological evolution of galaxies-and compact .
objects — |

 Models nee'd to be cal'ibrated g
. Source statistics - % |

 Known environment «

*« Source classification criticai
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Summary

* Cosmological QV-qu_tion of galaxies and compact
objects -

* Gravitational wave sources

Next major leap requires Lynx:
v |dentification of multi-A counterparts
v’ Larger samples (statistics, diversity)

v Extended energy coverage ?
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Chance coincidence
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Chance coincidence
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HMXB clg_ssificétion '

- Antoniou et al, 2017



HMXB classification

burst 2

3
06 -05 -04 -03 02 -01 O 01 02 03 04 05 0& 07
(V'l)o

SFR[1 O_GMO/yr/(o remin)?]

. Antoniou et al, 2017 f l

. By il I b s @l

- 7.5 : l 8 8.5
"~ 42.2 Myesern)




Results

*2393 sources déteﬁted_ (1095 > 50 significance)
(limiting L, ~ 3.5 x_1032__-_erg/s;_ 0.5-7keV @ 50%
~compl.) ' |

* ~ 65 (Wing) - 75 (Bar) sources per field

21 pulsars detected (Hdng et al. 2017)
(out of the 34 known in these regions)

*A Be-XRB pulsar emerging from the companion
circumstellar disk (Hong et al. 2016)

*12 SNRs detected

+128 sources associated with an OB star



SMC The deepChandra Survey
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*.Large populatle
2016) .
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Magellanic-Clouds

Nearest star—formmg gaIaX|es (5.0-_6(-)'I<_p_c)'

* Well determmed sta%r' orm lst@ry
metaII|C|ty (1/5 Za s

Address: formation efficiency of XRBSs
_ accretion physics, -interaction of accretlon
flow and magnetlc ﬁelds
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First results

105 HMXB
~ candidates down to
5x1032 erg/s
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Looking ahead: Othg
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- formation/evolution

Cover age /

A more complete
picture of XRB

metallicity space
Deep observations
Uniform sensitivity
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First results

The luminosity function: | ]
. Flat slope : 2 ~0.2/0.8
5 Indication for break at J
- 3x1034 erg/s

consistent with accretion in
‘inhomogeneous environment i
~and the onset of the propeller
effect (c.f. Shtykovskiy &

- Gilfanov 2004).




First results
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Hong et al. 2016



Spectrum (cts/s/keV) & Error (Sigma

_'_

L 1
T T

Bt ok o+ T4
Hﬁ Hi ﬁ et HH

L 1 L

2 4 6
Energy (keV)

Spectrum (cts/s/keV) & Error (Sigma)

T
pilealeslaslaalyy

co

L1

(e) Quartile Ratio

1 2.0

First results

(b) Lightcurve cts/ks
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