Magnetic Accretion in Long-period X-ray Pulsars

Nazar Ikhsanov

®Pulkovo Observatory

Lev A. Pustil’nik

Saint-Petersburg, Russia

TeL AVIV UNIVERSITY

Tel-Aviv, Israel

3K 2K 2k ok sk sk sk sk sk sk sk sk sksk sk sk skosk sk ks sk sk sksk sk sk skosk sk skoskosk sk skosk sk sk skosk sk sk skosk sk sk skosk sk sk skok

REFERENCES

1. Ikhsanov N.R., Pustil'nik, L.A. & Beskrovnaya, N.G. 2012

2. Ikhsanov N.R. & Beskrovnaya, N.G.

3. Ikhsanov N.R. & Finger, M.H.

4. Ikhsanov N.R.

5. Ikhsanov N.R. & Pustil’'nik, L.A.

6. Ikhsanov N.R. & Beskrovnaya, N.G.

2012

2012

2012

2012

2012

AIP Conf. Proc. 1439, 237

Astronomy Reports, in press (arXiv:1205.2846)
ApJ 751, in press (arXiv:1204.4975)

MNRAS, in press

ApJ, submitted

Astronomy Reports, submitted



Long-Period X-ray Pulsars (LPXPs)
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Spin Evolution (Spin-up <— Spin-down)
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Conventional Spin Evolution Scenario

2rly = Kgu + Ky — Peq — PS(|KSH‘:|KSd‘>

M, (GMns Run)Y/? pisk

Spin-up torque Kq =
Z)ﬁa [Qorb Ré] f Quasi-Spherical
M2
Spin-down torque Ky = — kt 53—
Rcor
Name P, Observed P, Disk P, Quasi-spherical Rm - RA
Vela X-1 283 s 10s 200 - 6008 < é’ >— (.2
GX301-2 683 s 4s 50 - 150s
X Persei 837's 10s 800 - 1000 s 0 _ 1
orb — p
4U 2206+ 54 5554 10's 250 — 5005 orb




12-50 keV Pulsed Flux

Spin Evolution of the LPXP GX 3012
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Can an accreting neutron star brake harder ?

(Non-magnetized accretion flow approzimation)
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Eq (R
Accretion from a magnetized flow (ﬁo — th(£c) ~ 1)
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Non-Keplerian Magnetic Slab I N nt ty (v_ﬁ

Mlm VA

Bisnovatyi-Kogan & Ruzmaikin (1974, 1976)
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Igumenschev, Narayan & Abramowicz (2003)
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Magnetic field




Magnetic Accretion in X-ray Pulsars v, < v, < Umea

Ry, > Ra —  Urel S Umea =~ 760km s, B3 A2/ LS e/ (L)%

10kms—!

Rirc > Ry — Uy < vy = 100kms™ «omapmr o (o)™

10 kms—1

I.  Quasi-Spherical Ure] -~ Umeca Free-fall tg  Hot flow (T'(rn) =& 0.17T%)

II. Keplerian Disk VUre] < Vcr Viscousity  tyise Cool flow (T'(ry) < 0.1Tk)

ITI. Magnetic Accretion | Uer < Upe] < Umecall Reconnection .. Cool flow (T'(ry) < 0.17k)

Accretion from the non-Keplerian Magnetic Slab if Ly <& L,

1/2
1/4 —1/8 (7 Ry,
Ler 2 3 x 107 ergs ,ugé m/2 R / (O—gll) (R_SA)
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Spin-down torque applied to a Neutron Star
from the Magnetic Slab

K3 = Sett vm poi(rm) vg(rm)

Effective Area Seft = 2T mhg(7m) Ry

Slab thickness hs(rm) = mi GOJ\7ZS
M-Viscosity Vm = km"mVA(rm)
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Slab density Ps1(Tm) = bl -
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Magnetospheric Radius

min(RA) = mc]
: Interchange | : ,
" instabilities: — KB = ki Moy B
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Diffusion:
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ey Min (Rna) = XS 00, Plasma accumulation
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Spin-down at the observed rate!
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Magnetic Accretion Picture

1. Accretion from a magnetized wind ( 60 ~ 1)

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

3. Formation of the non-Keplerian magnetic slab

4. Accumulation and diffusion of material into the NS’s magnetic field

5. Stationary accretion at mdiff( Rma> —

LXRHS
G My

New

parameters:

Shvartsman radius: RSh

Magnetospheric radius: Rma

Wsl<Rma)

Spin-down torque: ’ ’
3 /2
RCOT

3/2

(GMys)t/?



Magnetic Accretion in young Be/X-ray Pulsar SXP 1062

Associated with a SNR of the age T (1 — 4) X 104 VT

Persistent accretion-powered Pulsar Rm < RCOI
Name P, s log Ly B v, Hz/s Py, d Sp. type d
SXP 1062 1062 35.8 - —2.6 x 10712 300 BOIlle  62kpc

Magnetic field determination

Spin-down torque Magnetic field Magnetospheric radius
12
R3 2 27T[Dobs B* Z 6 X 1014G RA > Rcor
Mw, RY > 2wy, B, > 10°G Ry > Reo
12
3 > 2wl ) B, > 4x108G Rya ~ 0.01 Reop
(Rma Rcor)
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Spirtyolution of SXP 1062

Y Y~
Name P, s log L%/ B, ¢, Hz /s Py, d Sp. type d
SXP 1062 1062 35.8 Q 4 x 101G —2.6 x 10712 300 BOIlle  62kpc
N \ \
agnoto-dipole (conv.) T ~6x 10tyr
Ejector phase Spitkovsky (2006) T ~2x 10yt
(Spin-powered pulsar)
Beskin et al. (1993) T ~ 10yt
TIR3 .
Propeller phase Torop ~ 3 Tprop ~ 2300yt
1° Porop
1
Accretor phase Tace ™ 3 o | P Tace ~ 000yr

Age of the Pulsar is 7 ~ (2 —4) x 10*yr
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Final Remarks

4

e Spin evolution of LPXPs can be explained in terms of Magnetic Accretion Scenario.
e No assumptions about peculiar properties of NS and their Magnetic Field are required.

e Diffusion-driven accretion (the magnetospheric boundary can be interchange stable)

|
A Farewell to Accreting Magnetars... -

Welcome to Magnetic Accretion
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