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Why are high-mass X-ray binaries 

(HMXBs) interesting?

• Many highly interesting HMXBs, for example 

Cyg X-1, Cyg X-3, Vela X-1, SS 433.

• A recent discovery of the first eclipsing black-

hole binary M33 X-7, with the black-hole mass 

of ~16MŸ and the donor mass of ~70MŸ.

• The recently discovered binaries emitting TeV 

photons are all HMXBs.

• Young systems, the age of millions rather than 

billions of years.



Classifications

• Compact object: a neutron star (most of HMXBs) 

or a black hole (Cyg X-1, LMC X-1, LMC X-3, 

SS 433, M33 X-7, probably many of ULXs).

• Companions: O, B, supergiants, Be, WR.

• Mode of accretion: via stellar wind (e.g., Cyg X-1, 

Cyg X-3, M33 X-3), Roche-lobe overflow (SS 

433, LMC X-4), or from a Be-star decretion disc.

• High-energy emission from accretion or from 

pulsar-wind/stellar-wind interaction (PSR B1259–

63, LS I +61 303). 



Black-hole HMXBs:

• the main difference with respect to black-hole 

low-mass X-ray binaries (LMXB) is the 

persistence of emission.

• Otherwise very similar spectral and timing 

properties, similar spectral states, e.g. Cyg X-1 

vs. GX 339–4, in spite of the different accretion 

mode, wind vs. Roche lobe overflow.



Main properties of Cyg X-3

• A very luminous radio and X-ray source, the only 
Galactic X-ray binary with a WR donor.

• A very short 4.8 hr period .

• Strong extinction makes the donor invisible in O, 
X-rays very strongly absorbed.

• The X-ray spectra bear a general resemblance to 
those of various spectral states of black-hole 
binaries, but differ in important details.

• Peculiar power spectrum, no variability above ~1 
Hz, different from typical X-ray binaries, where 
variability is seen at >100 Hz.



Cygnus X-3

The peculiar cutoff energy:

Neutron star or a 

black hole? 

XTE J1550–564

XTE J1550–564 – a 

transient black-hole 

LMXB

Z. & Gierliński 2004



How to explain the peculiarity of the 

X-ray spectra and power spectra?

• Compton scattering in a Thomson-thick 

medium can damp variability at high 

frequencies.

• Compton downscattering of hard X-rays can 

move the high-energy break in the hard state 

from ~100 keV to ~20 keV.

• In addition, scattering can explain the 

energy-independent orbital variability of X-

rays.



The effect of 

Compton 

downscattering 
Dashes: the assumed intrinsic 

spectrum from thermal 

Comptonization in a hot medium, 

typical for black hole binaries.

Error bars: the data for two types of 

the hard state.

Crosses: the spectra after Compton 

downscattering through an ionized 

cloud with tT = 5.

The break occurs at ~mec
2/ tT

2

roughly independently of the 

temperature of the hot source.



Timing from Comptonization



The attenuation of the power 

spectrum from scattering:

t0 = 10

6.5

5



The size of the scattering cloud 

inferred from a break in the power 

spectrum:

The size inferred from t0 = 5 and fc ~ 1 Hz is 

~3ä109 cm. This is á the separation between the 

stars, ~3ä1011 cm. Thus, the scattering cloud will 

be heated by the X-ray source only, and will not 

be cold. We find the equilibrium kT ~ 3 keV.



The effect of Compton scattering at kT ~ 3 keV

now t0 = 6.5



The effect of scattering on the power 

spectrum:



The parameters of the self-consistent 

model:

• The Thomson depth of the cloud º 6, kT º 3 
keV, the size of º 2ä109 cm.

• The intrinsic hot source at kT º 30 keV and tT ~ 
1, the same as fitted in the black-hole binary GX 
339–4 at a similar L.

• The intrinsic bolometric luminosity of L ~ 1038

erg s−1.

• If the black hole M = 10MŸ, the Eddington ratio 
(for He system) is several %, typical for the hard 
state in black hole binaries.



Conclusions

• We have explained the peculiar X-ray spectrum 

and the power spectrum of Cyg X-3 as that of a 

standard accreting black-hole binary modified by 

a Thomson-thick scattering cloud.

• The size of the cloud is º 2ä109 cm, i.e. several 

hundred of Schwarzschild radii at ~10MŸ.

• The cloud may be due to accretion-disc wind, or a 

bulge formed by collision of the stellar wind with 

the disc, which size is then typical for wind-fed 

systems. Such a bulge is present in Cyg X-1.



Two other WR X-ray binaries 

recently discovered. Each probably 

contains a black hole.

• IC 10 X-1 (Silverman & Filippenko 2008): 

M º (23–34) MŸ, P º 35 hr, and L º

3ä1038 erg s−1, similar to that of Cyg X-3 .

• NGC 300 X-1 (Carpani et al. 2007a,b): L º

1039 erg s−1 and P º 35 hr, similar to that of 

IC 10 X-1, which also suggests the 

presence of a black hole. 



Roche lobe radius vs. WR stellar radius

helium WR star

Roche, NS

Roche, BH

A WR star fits easily 

within the Roche lobe, 

accretion from the 

stellar wind


