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X-ray Binaries

NS/BH + Donor Star

Low Mass X-ray Binaries (LMXBs)




old:  years

(bursters, symbiotic binaries…)

MC ≲ 1M⊙
∼ 109

High Mass X-ray Binaries (HMXBs)




young:  years

(SgXBs, BeXBs, SFXTs…)

MC ≳ 10M⊙
≲ 107

Disk-fed

(RLOF) Wind-fed



• IGR J16195-4945 (SFXT)


• 3A 1954+319 (RSG XB)



Credits: ESA/AOES Medialab

SFXT - Supergiant Fast X-ray Transient

• HMXB: compact object accretes the clumpy wind from supergiant 
companion


• Bright sporadic X-ray flares: dynamic range , duration ~1000 s,          
duty cycle  5% 


• Average luminosity 


• Possible models:                                                                                                     
- extremely clumpy winds (in’t Zand 2005): clump masses ,      
- centrifugal or magnetic gates (Grebenev 2008; Bozzo et al. 2008): 

,  or , ,                                                  
- quasi-spherical subsonic settling accretion (Shakura et al. 2012): 

≥ 10
≲

L ≲ 1034erg s−1

∼ 1021 − 1023 g

B ∼ 1012 G Pspin ∼ 10 s B ∼ 1014 G Pspin ≳ 1000 s

LX ≲ 4 × 1036 erg s−1



X-ray Binaries with 

Red  Supergiant Donor

(RSG XBs)
Wind-fed X-ray Binaries


Galactic RSG SgXBs: 

3A 1954+319 (Hinkle et al. 2020)

SWIFT J0850.8-4219 (De et al. 2023)

(?)  CXO 174528.79-290942.8 (Gottlieb et al. 2020)



IGR J16195-4945 
• Discovered by INTEGRAL (Walter et al. 2004)


• Orbital period   (Cusumano et al., 2016) 


• Eclipsing HMXB, duration ∼3.5% of  (Cusumano et al., 2016) 


• Blue Supergiant ON9.7Iab companion star (Coleiro et al., 
2013)


• Distance ~5-15 kpc  (Tomsick et al., 2006)

Po = 3.945 ± 0.005 d

Po



SRG/ART-XC


4-30 keV

SRG/eROSITA


0.3-11 keV



SRG/ART-XC observed IGR J16195-4945 from 2021-03-03 01:42 UTC to 2021-03-04 01:40 UTC




Epoch Folding






Hardness = counts[8-20 keV]/counts[4-8 keV]



Hardness = counts[8-20 keV]/counts[4-8 keV]



Hardness = counts[8-20 keV]/counts[4-8 keV]
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“Colorless” variability 



Lbol = (1.38 ± 0.05) × 1035(d/5 kpc)2 erg s−1 < Lcrit = 4 × 1036 erg s−1

Settling accretion?



Lcrit = 4 × 1036 erg s−1

·M < ·Mcrit = 4 × 1016 g s−1

( ·Mcrit = 4 × 1016 g s−1) Shakura et al., 2012

Quasi-spherical subsonic 

settling accretion:

·M > ·Mcrit = 4 × 1016 g s−1

Bondi-Hoyle-Littleton accretion (supersonic):

Bondi, 1952



Waiting time 
ΔT ∼ 130[s] ·M−1
16

δtrise ∼ 30[s] ·M−2/3
16


ΔE ∼ 3 × 1035[erg s−1]v3
8Δt

ΔE
ΔT

= 1036[erg s−1] ·M16

Sidoli et al. 2019, Shakura et al. 2014







 typical for HMXBs (Martinez-Nunez et al. 2017)vw ≈ 500 km s−1



Rapid IR variability

IGR J16195-4945 in Ks filter (red dots) according to the VVV survey.

White markers show magnitudes of comparison stars normalized to the 
average magnitude of IGR J16195-4945

• Changes in brightness for 0.1-0.2 magnitudes 
over several days 
• Atypical  for blue supergiants.  
Usual variability in range 0.02-0.04 
(Buysschaert et al. 2015; Aerts et al. 2017)



3A 1954+319
• Discovered by the Uhuru (Forman et al. 1978)


• Slowest NS in XBs (spin period ~5 hours; Corbert et al. 2008) 


   with spin-ups and spin-downs (Marcu et al. 2011)


• SyXB with M4-5 III optical companion at a distance of 1.7 kpc (Masetti et al. 
2006) 


• Gaia revealed that 3A 1954+319 is SgXB with RSG donor at a distance of ~3.3 
kpc (Hinkle et al. 2020)


• NS may have magnetar-like magnetic field B  G or settling accretion 
regime (Enoto et al. 2014, Bozzo et al. 2020)

≳ 1014
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NuSTAR

3-79 keV

Detectors

Optics

10m mast

Harrison et al. 2013
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NH = (8.3+0.4
−0.6) × 1022 cm−2

EC = 7.2+0.3
−0.6 keV

EF = 26+1
−2 keV

Γ = 1.65+0.28
−0.57

Lbol = (1.6+0.5
−0.7) × 1036 erg s−1 < Lcrit = 4 × 1036 erg s−1





 inconsistent with RSG wind velocities ( )vw ≈ 1700 km s−1 ∼ 10 − 30 km s−1



Results
• spectral and temporal analysis of IGR J16195-4945 and 3A 1954+319


• IGR J16195-4945 shows “colorless” X-ray variability


• flare properties of IGR J16195-4945 are consistent with subsonic settling accretion model and with other 

SFXTs


• no pulsations detected in IGR J16195-4945 data


• IGR J16195-4945 wind velocity estimated 


• IGR J16195-4945 exhibits unusual rapid IR variability


• 3A 1954+319 flare properties are different from SFXTs


• 3A 1954+319 wind velocity estimation is too high for red supergiants

vw ≈ 500 km s−1

https://ui.adsabs.harvard.edu/abs/2023AstL...49..249S/abstract



Thank you!



Orbital folded light curve of IGR J16195-4945(Cusumano et al., 2016)














Marcu et al. 2011


