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Magnetic Levitation Accretion Rsh > maxfrA; rcircg

Non-Keplerian Magnetic self-Levitating Disk
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Non-Keplerian Magnetically-Levitating Disk trec =
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Bisnovatyi-Kogan & Ruzmaikin 1974, ApSS, 28, 45; 1976, ApSS, 42, 401

Igumenschev, Narayan & Abramowicz 2003, ApJ, 592, 1042
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Ikhsanov & Beskrovnaya 2012, Astronomy Reports, 56, 589

Magnetic Levitation Accretion (MLA) in X-ray Pulsars

Basic condition: Rsh > maxfrA; rcircg vcr < vrel < vma

vcr � vma
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Three possible wind-fed accretion scenarios
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MAGLEV Disk vcr < vrel < vma
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Ikhsanov & Mereghetti 2015, MNRAS, 454, 3760

Magnetic Levitation Accretion (MLA) in X-ray Pulsars

Basic condition: Rsh > maxfrA; rcircg vca < vrel < vma

vca � vma
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Magnetic �eld of the stellar wind is B � Bmin
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Ikhsanov MNRAS, 424, L39 (2012)
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Ikhsanov & Beskrovnaya, Astronomy Reports, 56, 589 (2012)

Magnetically-Levitating (MAGLEV) Disk
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Spin Evolution of X-ray Pulsars
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j 2� I _� j = j Ksu j � j Ksd j

j Ksd j � 2� I j _�sd j j Ksu j � 2� I j _�su j

Peq � Ps (j Ksu j = j Ksd j)
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Torque definition

K = r � F

Model task:

A sphere of the radius rm

is rotating in a viscose medium

Vrel

ω

Rα

Rm



Torque exerted on a NS at its magnetosphere

K(rm) = �t Seff(rm) �(rm) vϕ(rm)
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Ikhsanov, N.R. & Beskrovnaya, N.G. Astronomy Reports, 56, 589 (2012)

Ikhsanov, N.R. & Finger, M.H. Astrophysical Journal, 753, 1 (2012)

Ikhsanov, N.R., Kim, V.Yu., Beskrovnaya, N.G. & Pustil'nik, L.A. ApSS, 346, 105 (2013)
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Correspondence principle is satisfied

jKsd(rm)j � �2

(rm rcor)
3=2
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I. Accretion from a Turbulent-dominated Atmosphere
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II. Accretion from a free-falling material (Bondi accretion scenarios)
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Ikhsanov N.R. 2012, MNRAS, 424, L39
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Evaluation of the Magnetospheric Radius from Spin Evolution

jKsdj =
kt �2

(rm rcor)
3=2

� 2� I j _�obs
sd j

rm �

(
kt �2

2�Ij _�obs
sd j

)2=3 (
!2

s

GMns

)1=3

Name B12; G Ps; s j _�sd j, 10�13 Hz=s rm, 108 cm rA, 108 cm rm=rA

Vela X-1 2:6 283 3 1:5 8:3 0:18

4U 1907+09 2:1 438 0:4 2:9 6 0:48

GX 301-2 4 683 1 1:9 5:5 0:34

X Persei 3:3 837 0:24 4:5 23 0:2
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Spin-down rates of LPXPs
�� _�max
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Ikhsanov & Mereghetti 2015, MNRAS 454, 3760

Torque exerted on NS

2�I _� = Ka + Kb + Kc

� Inside the magnetosphere:

Ka = _M ℓ(rma) ≃ _M !s r2
ma

� At the magnetospheric boundary

Kb =
kt �2
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3=2
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� 1

)
� Beyond the magnetospheric boundary
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EQUILIBRIUM PERIOD

Peq = Pf(rma)
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Minimum/Maximum possible equilibrium period

� Minimum possible equilibrium period (weakly magnetized wind β0 � βmax)
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Ikhsanov & Mereghetti 2015, MNRAS 454, 3760[
Ps vs. Porb

]
diagram of Be/X-ray pulsars in SMC

B � 1011 � 1012 G,
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Equilibrium periods range in ML-accretion scenario
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Ikhsanov & Mereghetti 2015, MNRAS 454, 3760

Magnetic-Levitation Accretion onto a Neutron Star

1. Accretion from a magnetized wind (1 � �0 � �max)

2. Deceleration of a free-falling material at the Shvartsman radius Rsh

3. Formation of a non-Keplerian Magnetically-Levitating Disk (MAGLEV Disk)

4. Di�usion of accreting material into the stellar MF at the magnetospheric boundary

New
parameters:
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Popular simpli�cations of MLA scenario:

Quasi-spherical (QS) and Keplerian disk (KD) accretion scenarios

1. Neglecting Magnetic �eld in Stellar Wind of Massive Star we come to

� QS scenario if rcirc < r
A
, (vrel > vcr) , or

� KD scenario if rcirc > r
A
, (vrel < vcr)

This implies the surface magnetic �eld of O/B star to be weak (B� ≪ 100 G) and Rsh = 0

2. Magnetospheric radius rma �! r
A
for the case8>>>><>>>>:

µ2

2πr6
ma

= ρ(rma) c2s(rma)

Ṁin(rma) =
LXRns

GMns

ρ(rma) �! ρsp =
Ṁ

4πr2vff

cs(rm) �! vff(rm)

µ2

2πr6
A

= ρsp(rA)v
2
ff(rA)

r
A
=

(
µ2

Ṁ (2GMns)1/2

)2/7

3. The price is paid: di�culties with explanation of

� X-ray luminosity and rapid spin evolution of accretion-powered pulsars,

� origin of turbulence and large-scale magnetic �eld in a Keplerian accretion disk,

� a contribution of non-thermal processes into spectra of HMXBs.
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