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X-ray binary populations 

Mineo et al. 2014 Boroson et al. 2011

HMXBs LMXBs



X-ray binary populations 

    

Fundamental :  

•   Dependence on age, Z 

  Only now start to explore 

Important: 

XRB formation/evolution 

Modeling GW sources 

XRB feedback in Cosmic Dawn 

  
Fragos et al. 2013



Magellanic Clouds

Nearest star-forming galaxies  (50-60 kpc)    

Advantages :  

•  Probe very faint populations (Lx ~1033 erg/s) 

•  Large populations of HMXBs 

• Well determined star-formation history 
   metallicity (1/5 Z◉ - 1/3 Z◉) 

  



Harris & Zaritsky,  2004 
0.4Z◉0.05Z◉ 0.2Z◉

SMC  star-formation history



Magellanic Clouds

Nearest star-forming galaxies  (50-60 kpc)    

Advantages :  

•  Probe very faint populations (Lx ~1033 erg/s) 

•  Large populations of HMXBs 

• Well determined star-formation history 
   metallicity (1/5 Z◉ - 1/3 Z◉) 

Unique laboratories for the study of HMXBs 

Address:  formation efficiency of XRBs                               
accretion physics,  interaction of accretion flow and magnetic 
fields. 

  



The deep Chandra SMC Survey
A Chandra “X-ray Visionary Program”: 
 11 Fields in the SMC 

2 x 50ksec exposures  (1.1Msec total) 

Goals: 

•A deep census of accreting pulsars 

•HMXB formation efficiency at different ages 

•Long-term variability of accreting pulsars  

•Detailed studies of SNRs 

•Stars at low metallicity 
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//

Results
• 2392 sources detected (1095 > 5σ significance) 
   (limiting LX ~ 5 x 1032 erg/s; 0.5 – 7 keV) 

• ~ 65 (Wing) – 75 (Bar) sources per field 
• 20 pulsars detected  
   (out of the 34 known in these regions) 
•  A Be-XRB pulsar  emerging from the companion circumstellar 
disk (Hong et al. 2016) 
• 128 sources  associated with an OB star 
• 12 SNRs detected 
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HMXB classification

6.3Myr

25 Myr

63 Myr

6.7 Myr 42.2 Myr

Burst  1

burst 2 2

1 binary associated w/  
SF burst 1

N(HMXBs)-1 binaries  
associated w/ SF burst 2

Antoniou et al, in prep. 
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Highlight: HMXB formation efficiency

Antoniou et al, in prep. 



//

Looking ahead: The LMC

Higher metallicity than SMC 

 44  HMXBs 

•HMXBs younger than in the SMC 
•Total formation efficiency 
   x17 lower than in the SMC 

•Metallicity or age effect ?

Antoniou & Zezas 2016



//

Looking ahead: The LMC
Deep Chandra observations of regions of 
similar ages with SMC



//

Looking ahead: Other galaxies
Goal: A more complete picture of XRB formation/

evolution 

Need: 
• Cover age / metallicity space 
       Local Group galaxies 
       More distant galaxies  
•  Deep observations   
•  Uniform sensitivity 
•  Chandra – HST synergy 



//

Looking further ahead:  
X-ray Surveyor

Critical: 

• Spatial resolution 
• Source detection 
• Multi-λ associations 

Only way to understand 
accreting compact object 
populations



Summary
•  Results from the SMC Chandra XVP are very promising: 

✓ Measure formation efficiency of HMXBs down to 5x1032 erg/s  
as function of  age 

Next steps:     

• Compare with XRB population synthesis models  

•Extend to the LMC and other Local Group galaxies 

• Extend to a representative sample of nearby galaxies 

• Benchmark for X-ray Surveyor science  
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HMXB classification
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//

Looking ahead: The LMC
Deep Chandra observations of regions of 
similar ages with SMC

Andrews et al, in prep. 
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The deep Chandra SMC Survey
A Chandra “X-ray Visionary Program”: 
 11 Fields  

2 x 50ksec exposures  (1.1Msec total) 

Goals: 

•A deep census of accreting pulsars 

•HMXB formation efficiency at different ages 

•Long-term variability of accreting pulsars  

•Detailed studies of SNRs 

•Stars at low metallicity
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Survey sensitivity

4.1x1032 erg/s



First results



First results



105. HMXB candidates 
down to 5x1032 erg/s 

    

   

First results



//

Looking ahead: Other galaxies
Goal: A more complete picture of 

XRB formation/evolution 

Need: 
• Cover age / metallicity 

space 
  Deep observations   
•  Uniform sensitivity 
•  Chandra – HST synergy 

LMXB

GCs
HMXB



The luminosity function: 

     Flat slope  : α ~0.2 / 0.8 

    Indication for break at 

 3x1034 erg/s  

    consistent with accretion in an 
inhomogeneous environment and the 
onset of the propeller effect (c.f. 
Shtykovskiy & Gilfanov 2004). 

    

   

First results



First results

Hong et al. 2016

Time



First results



Peak in the formation efficiency 

of HMXBs  at ~40-50 Myr 

. 

    

   

First results

McSwain & Gies, 2005



First results




