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X-ray pulsar

Rotating Neutron Star in binary systems

Neutron star
parameters:
Mygs~1.5-2 My,
Ryg ~10-15 km
Pspin "’1 —y 103 S
BNS ~1012 G




X-ray pulsar

Typical spectra
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X-ray pulsar
Typical spectra

Source name

Cyclotron energy, keV
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117, 367, 63’
30




X-ray pulsar
Typical spectra
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X-ray pulsar
Typical radii

Light cylinder:
Ry =5 x 10° P, cm

———Light cylinder \
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X-ray pulsar
Typical radii

Corotational radius:

GMP2\'/* ‘
Reor = ( ) — 1.68 x 103M, "/’ P23 cm

472



X-ray pulsar
Typical radii

Magnetospheric radius:

Rm = 2.5 x 103AB, L2/ MR em



X-ray pulsar
Typical radii

Magnetospheric radius:

Rm = 2.5 x 103AB, L2/ MR em

Lipunov, Sov. Ast., 1978
Aly, A&A, 1979
Spruit & Taam, 1993



X-ray pulsar
Typical radii

Magnetospheric radius:

Lipunov, Sov. Ast., 1978
Aly, A&A, 1979
Spruit & Taam, 1993



X-ray pulsar
Typical radii

Magnetospheric radius:

Rm =25 x 108AB, L2 "M R em

Psaltis & Chakrabarty, 1999
Dall’Osso+, MNRAS, 2015
Chashkina +, MNRAS, 2017
Monkkonen+, A&A, 2019
Mushtukov +, MNRAS, 2019



X-ray pulsar
Typical radii

Corotational radius:

GMP2\"?
Reor :( ym ) — 1.68 x 103M, "/’ P2/3 cm
=

Magnetospheric radius:

Rm = 2.5 x 103AB, L2/ MR T em



“Propeller” effect
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“Propeller” effect
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“Propeller” effect
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“Propeller” effect and episodic accretion events

RC — Rm

Behaviour of accretion disc behind the
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“Propeller” effect
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Swift/BAT + XRT monitoring
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“Propeller” effect

Detection _
Important details:
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Magnetic field strength in ULXs:
M82 as seen by Chandra

Tsygankov, AM+, MNRAS, 2016
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Disc instability
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Accretlon process can be stable |f
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Stable accretion from a cold disc
Detection in GRO 1008
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Stable accretion from a cold disc
Detection in IGR J19294+1816
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Summary (l)

Detection of “propeller” state is a perfect way to measure dipole component of
magnetic field
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Summary (l)

But

The inner disc radius can be affected by a number of factors:
magnetic field structure
accretion disc structure
viscosity
luminosity of the central object




Summary (ll)

There is a class of X-ray pulsars which will never turn into “propeller” regime
but will accrete stably from a cold recombined disc.
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Questions

How cold disc interacts with a magnetic field?

Cold Disc vs. ADAF
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