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Rotating Neutron Star in binary systems
Neutron star 
 parameters:  
MNS~1.5-2 Мsun    
RNS ~10-15 km  
Pspin ~1 – 103 s 
BNS ~1012 G  

X-ray pulsar
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Transients
Swift J0243.6+6124

Doroshenko+, 2019, MNRAS, accepted



What happens at low 
luminosity state?

“propeller” effect 
vs. 

accretion from cold disc 

Tsygankov, AM+  2017, A&A, 608
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Observations: 
Low luminosity state in GX 304-1

Ecyc ~50-60 keV

Tsygankov+, 2019, MNRAS,483L



Observations: 
Low luminosity state in GX 304-1

X Persei

GX 304-1

Tsygankov+, 2019, MNRAS,483L
Doroshenko+, 2012, A&A,540



Observations: 
Low luminosity state in A 0535+262

L ~ 2×1036 erg s-1 

L ~ 6×1035 erg s-1 

L ~ 7×1034 erg s-1 

Tsygankov+, 2019, MNRAS,487L



Observations: 
Low luminosity state in X Persei, A0535+262 & GX 304-1

Tsygankov+, 2019, MNRAS,487L



What happens at low 
luminosity state?
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Physical model of spectra formation 

Absorption (bremsstrahlung and cyclotron absorption followed by electron collision) 
+ 

Compton scattering 
+ 

Cyclotron emission and Black Body

AM+,in prep.



Physical model of spectra formation 

Absorption (bremsstrahlung and cyclotron absorption followed by electron collision) 
+ 

Compton scattering 
+ 

Cyclotron emission and Black Body

Probability of true cyclotron absorption:

AM+,in prep.



Physical model of spectra formation 

Absorption (bremsstrahlung and cyclotron absorption followed by electron collision) 
+ 

Compton scattering 
+ 

Cyclotron emission and Black Body

AM+,in prep.

Cross-sections are based  
on non-relativistic amplitudes 

recalculated for plasma 
polarisation modes



Physical model of spectra formation 

Absorption (bremsstrahlung and cyclotron absorption followed by electron collision) 
+ 

Compton scattering 
+ 

Cyclotron emission and Black Body

AM+,in prep.



Details of numerical simulations
The basic parameters in the model: 
(1) temperature of the upper layer (Tup) and 
temperature below the upper layer (Tbot); 
(2) optical thickness of the upper layer due to 
Thomson scattering (τup); 
(3) effective depth where the accretion flow stopes 
in the atmosphere (τbr).

`

AM+,in prep.



Results of numerical simulations vs. Data
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Conclusions

There is dramatic changes of X-ray energy spectra at 
very low luminosity states of X-ray pulsars. The spectra 
clearly show two components. 

The observed spectra can be explained by cyclotron 
emission in the atmosphere of accreting neutron star with 
its further comptonisation affected by resonant scattering.
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A0535+262

GX 304-1

Spectra of X-ray pulsars at 
very low luminosity states can 
be used for estimations of 
magnetic field strength at the 
neutron star surface.





Physical model of spectra formation 

Absorption (bremsstrahlung and cyclotron absorption followed by electron collision) 
+ 

Compton scattering 
+ 

Cyclotron emission and Black Body


