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Strong magnetic fields  

Elementary processes can have another behavior in comparison 
with a case when B-field is weak or absent. Even particles should 
be described in the another way.



Strong magnetic fields  

Elementary processes can have another behavior in comparison 
with a case when B-field is weak or absent. Even particles should 
be described in the another way: 
•Electrons occupy Landau levels:



Compton scattering: non-magnetic case

Klein-Nishina cross-
section



Mushtukov+  2012, 2016, Phys.Rev.D

Compton scattering in a strong magnetic field



Critical luminosity  

Basko & Sunyaev, 1976, MNRAS, 175  
Mushtukov+ , 2015, MNRAS, 447



Critical luminosity: radiation pressure  

Optically thick case: 

Mushtukov+ 2015, MNRAS, 447



Critical luminosity 
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Accretion column model

Mushtukov+ , 2015, MNRAS, 454

Dipole magnetic field.  
* 

Accretion flow stops at radiation 
dominated shock and slowly settles 

in inside a sinking region  
* 

The gravitational force will be 
offset by the radiation pressure 

gradient only  
* 

The gas pressure is unimportant 
* 

Neutrino emission is negligible 



Along the accretion channel:

Across the accretion channel:

where

Across the accretion channel:

Accretion column model

Mushtukov+ , 2015, MNRAS, 454



Accretion column model
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Maximum accretion luminosity

Mushtukov+ , 2015, MNRAS, 454



Hot  
spots

Accretion 
columns

Maximum accretion luminosity

Mushtukov+ , 2015, MNRAS, 454



”Propeller effect”: limitation from below
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Propeller-effect:

Supercritical accretion:

”Propeller effect” and super-critical accretion 



”Propeller effect” and super-critical accretion 

super-critical disc accretion

Mushtukov+ , 2015, MNRAS, 454



ULXs in general

- Off-center bright X-ray sources in nearby galaxies 

- Discovered with Einstein X-ray observatory 30 years ago 

- X-ray luminosity:  Lx=1039-1041 erg s-1

The theoretical models 
focused on black holes.



Pulsations from ULX in M82

P ~1.37 sec

M82

M



Pulsations from ULX in M82



Pulsations from ULX in M82: explanation

Mushtukov+ 2015, MNRAS, 454 
(see also Ekşi+ 2015, MNRAS, 448)



Pulsations from ULX in M82: propeller effect

Tsygankov+ 2016, MNRAS, 457



Pulsations from ULX in M82: propeller effect
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Maximum luminosity of NS, ULXs & HMXBs   

Mushtukov+ , 2015, MNRAS, 454  
Mineo+ 2012, MNRAS, 419

Because of a set of restrictions it seems 
that the luminosity ~ few*1040 erg/s is a 

good estimation for maximum accretion NS 
luminosity. 

This value coincides with the cut-off value 
of HMXB X-ray luminosity function.


