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High mass 
companions

High B-fields

Mass capture
from wind/disk

Disruption of 
disk by B-field

Rotating Neutron Star in binary systems

Matter channeled
onto star

Neutron star parameters: 

MNS~1.5-2 Мsun

RNS ~10-15 km (106 sm)
Pspin ~1 – 103 s
BNS ~1012 G 

X-ray pulsar



X-ray pulsar

Keplerian and stellar-rotation 
frequencies are equal

Alfven radius: magnetic pressure 
equals to the ram pressure of gas
in spherical free-fall from infinity



Propeller!

Romanova et al.

R
m 

< R
c

- accretion is possible

R
m 

> R
c

- accretion is prohibited due 
to centrifugal barrier

Illarionov & Sunyaev, 1975

“Propeller effect”

Keplerian and stellar-rotation 
frequencies are equal

Alfven radius: magnetic pressure 
equals to the ram pressure of gas
in spherical free-fall from infinity



Magnetospheric  accretion

Corbet, 1996



Observational manifestation



V 0332+53

Stella et al., 1986

Llim = 2.6 x 1036

erg/s

GRO J1744-28

Cui, 1997

Llim = 3 x 1037

erg/s



SAX J1808.4-3658

Campana et al., 2008

Patruno et al., 2016

Llim = 5 x 1035 erg/s



4U 0115+63 and V 0332+53 in 2015

Pspin = 3.6 s

Ecyc ~ 12 keV

d = 7 kpc

Pspin = 4.3 s

Ecyc ~ 30 keV

d = 7 kpc
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4U 0115+63 and V 0332+53 in 2015

Llim = 7 x 1035

erg/s
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4U 0115+63 and V 0332+53 in 2015

Llim = 1 x 1036

erg/s
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Black body with

kT = 0.5 keV

Absorbed power-law

Gamma = 0.4 – 0.7

4U 0115+63  and  V 0332+53 in 2015



Tsygankov et al., 2016a

Propeller in action



Even brighter

M82 

galaxy



Bachetti et al., 2014L~100 L
Edd

for 1.4 M
sun

mass object!



The NuSTAR 
data 

P
spin

=1.37 s

P
orb

=2.5 d

M
c
>5.2M

sun

a sin i = 23 light seconds

Bachetti et al., 2014



Magnetic field estimations

Mushtukov et al., 2015



Dall'Osso et al., 2015

Numerically solving the torque 
equation within the framework 
of the magnetically threaded-
disc scenario:
B~1013 G
Beaming 0.5<b<1.0Standard accretion 

torque equation:
B~1012 G (dipole)
B~1014 G (multipole)
Beaming ~ 0.2
M

NS
= 2 M

sun

Tong, 2015
Spin-up value implies 
torques consistent with 
the accretion disc 
extending down to the 
vicinity of the stellar 
surface: B~109 G

Kluzniak & Lasota, 2015

The torque equilibrium 
condition for the pulsar 
indicates that the dipole 
magnetic field of NS is 
B~(2-6) x 1013 G

Eksi et al., 2014

Standard accretion 
torque equation:
B~1012-1013 G 
Beaming, Eddington 
accretion rate

Christodoulou et al., 2014

Neutron star is nearly 
an orthogonal rotator
B~1.4x1013 G

Lyutikov, 2014

Equilibrium spin period 
and Eddington acc. rate: 
B~1012 G

Bachetti et al., 2014

Magnetic field estimations:
wide range of possible values

B109 G 1012 G 1013 G 1014 G



The Chandra observatory

4 mirror pairs

Launched: July 23, 1999

Energy band: 0.2-10 keV

Angular resolution:   <1” 

Temporal resolution: 3.2 s



Chandra observations of M82

M82 observed by the Chandra observatory during ~15 years more or less 
evenly resulting in 29 publicly available observations (15 are on-axis)



M82 X-2 light curve



M82 as seen by Chandra 

Tsygankov et al., 2016b



M82 X-2 intensity distribution 

Distribution is bimodal
Tsygankov et al., 2016b



Propeller in action

Tsygankov et al., 2016b



Propeller in action

= 0.5

L
lim

=2.0 x 1040 erg s-1

B~1.1 x 1014 G

P=1.37 s

Tsygankov et al., 2016b



Conclusion (I)

4U 0115+63 and 
V 0332+53 in 2015



Conclusion (II)

Bimodal distribution of flux:
propeller effect in action

Magnetic field strength 
B ~ 1014 G

M82 X-2



Why is it interesting?

• Confirmation of the whole paradigm of X-ray pulsars

• Determination of the magnetic field strength without 
measuring the cyclotron line

• Dipole component can be compared to the surface field 
(from Ecyc) => estimation of the multipole components

• Disc-magnetosphere interaction




