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Long-Period X-ray Pulsars (LPXPs)

Mass capture rate Ṁc = π R2
G ρ∞ Vrel

Bondi radius RG =
2GMns

V 2
rel

Relative velocity Vrel = Vs + | V⃗orb + V⃗w |

Corotation radius Rcor =

(
GMns

ω2
s

)1/3

Alfvén radius RA =

(
µ2

Ṁc (2GMns)1/2

)2/7

Mass accretion rate Ṁa =
LxRns

GMns

Stationary accretion

Persistent X-ray emitter

Ṁc = Ṁa ≡ Ṁ

Rm < Rcor



Spin Evolution (Spin-up ←→ Spin-down)
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Name Ps, s logLx Ecyc Ṗ , s/s Porb, d Sp. type d
VelaX–1 283 36.5 ∼ 23 keV [± ] E− 6.8 9 B0.5 Ib 2 kpc

GX301–2 683 37-37.5 ∼ 35 keV [± ] E− 7.3 41.5 B1 Ia 1.8–3 kpc

X Persei 837 34.7–35.5 ∼ 30 keV [± ] E− 5.5 250 B0 Ve 950 pc

SXP1062 1062 35.8 – [ + ] E− 5.5 300 B0 IIIe 62 kpc

4U2206+54 5554 35–35.6 ∼ 30 keV [+ ] E− 6.3 19.25 O9e[shell] 2.6 kpc



Conventional Spin Evolution Scenario

2πIν̇ = Ksu + Ksd −→ Peq ≡ Ps ( |Ksu| = |Ksd| )

Spin-up torque Ksu =

 Ṁa (GMns Rm)
1/2 Disk

Ṁa
[
Ωorb R2

G

]
ξ Quasi-Spherical

Spin-down torque Ksd = − kt
µ2

R3
cor

Name Ps, Observed Peq, Disk Peq, Quasi-spherical

VelaX–1 283 s 10 s 200 - 600 s

GX301-2 683 s 4 s 50 - 150 s

X Persei 837 s 10 s 800 - 1000 s

4U2206+54 5554 s 10 s 250− 500 s

Rm = RA

< ξ >= 0.2

Ωorb =
1

Porb



Spin Evolution of the LPXP GX 301–2
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Spin period Ps ≃ 675− 700 s

Relative velocity Vrel ∼ 250− 600 km/s

Mass accretion rate Ṁ ≃ 1017 g/s

Spin-down trends < ν̇sd > ≃ −10−13Hz s−1

Rapid spin-up < ν̇su > ≃ 5× 10−12Hz s−1

|Ksd| >∼ 2πI ν̇sd ⇒ µ >∼
(
2πI ν̇sd GMns

kt ω2
s

)1/2

|Ksu| >∼ 2πI ν̇su ⇒ RA >∼
4π2I2 ν̇2su
Ṁ2GMns

Magnetic field determination

Spin-down phase Spin-up phase Cyclotron line

I ≈ 1045 g cm2 Ps=Peq (< ξ >≈ 0.2) I ≈ 1045 g cm2

Name |Ksd| >∼ 2πIν̇sd Quasi-Spherical Disc |Ksu| >∼ 2πIν̇su CRSF

GX301-2 >∼ 2× 1014 G >∼ 2× 1014 G > 1015 G 4× 1012 G 4× 1012 G
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Can an accreting neutron star brake harder ?

(Non-magnetized accretion flow approximation)

|Ksd| ∼ Seff νt ρ0 vϕ

|Ksd| ∼
[
4πR2

A

]
[ kt vt ℓt ]

[
Ṁ

4πR2
A vff(RA)

]
[ωsRA ] = kt vt

ṀωsR
5/2
A

(GMns)1/2

ℓt ≤ RA

vt ≤ vϕ = ωsRA

|K(0)
sd | =

kt µ
2 ω2

s

GMns
≈ kt µ

2

R3
cor

vt ≤ vff(RA) K
(t)
sd = kt Ṁ ωs R

2
A

Vrel

ω

Rα

Rm

GX301–2 brakes still harder: |ν̇| ≤
|K(t)

sd |
2 π I

∼ 0.2 kt |ν̇obssd |
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Accretion from a magnetized flow
(
β0 =

Eth(RG)

Em(RG)
∼ 1

)

r–Ram Eram(RG) = ρ∞ v2rel

ϕ–Ram Erot(RG) = ρ∞ (ΩorbRG)
2

Thermal Eth(RG) = ρ∞ c2s(RG)

Magnetic Em(RG) =
B2

f (RG)

8π

Eram(r) = Eram(RG)

(
RG

r

)5/2

Erot(r) = Erot(RG)

(
RG

r

)7/2

Em(r) = β0
−1 Eth(RG)

(
RG

r

)4

Shvartsman radius

Em(Rsh) = Eram(Rsh)
Rsh = β−2/3

(
cs
vrel

)4/3

RG
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Non-Keplerian Magnetic Slab trec =
r

ηm vA
= η−1m tff

(
vff
vA

)
Bisnovatyi-Kogan & Ruzmaikin (1974, 1976)

Igumenschev, Narayan & Abramowicz (2003)

Magnetic field Density



Magnetic Accretion in X-ray Pulsars vbr < vrel < vmca

Rsh > RA −→ vrel <∼ vmca ≃ 760 km s−1 × β−1/5 m12/35 Ṁ
3/35
15 µ

−6/35
30

( cs
10 km s−1

)2/5

Rcirc > Rsh −→ vrel < vbr ≃ 100 km s−1 × β1/7 ξ
3/7
0.2 m3/7 P

−3/7
40

( cs
10 km s−1

)−2/7

I. Quasi-Spherical vrel > vmca Free-fall tff Hot flow (T (rm) >∼ 0.1Tff)

II. Keplerian Disk vrel < vcr Viscousity tvisc Cool flow (T (rm) ≪ 0.1Tff)

III. Magnetic Accretion vcr < vrel < vmca Reconnection trec Cool flow (T (rm) ≪ 0.1Tff)

Accretion from the non-Keplerian Magnetic Slab if LX >∼ Lcr

Lcr ≃ 3× 1034 erg s−1 µ1/430 m1/2 R
−1/8
6

( ηm
0.01

)(Rsh

RA

)1/2
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Spin-down torque applied to a Neutron Star
from the Magnetic Slab

|Ksl
sd| = Seff νm ρsl(rm) vϕ(rm)

Effective Area Seff = 2πrmhs(rm)

M-Viscosity νm = kmrmvA(rm)

ϕ–velocity vϕ = rm [ωs − ωsl(rm)]

Slab thickness hs(rm) =
kBT0r

2
m

mpGMns

Slab density ρsl(rm) =
µ2mp

2π kB T0 r6m

|Ksl
sd| =

km µ2

r
3/2
m

(
1

R
3/2
cor

− ωsl(rm)

(GMns)1/2

)

|Kmax
sd | =

km µ2

(Rm Rcor)
3/2
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Magnetospheric Radius

I.
Interchange
instabilities:

[
Ṁin(RA) ≡ Ṁc

]
−→ |Ksl

sd(RA)| = km Ṁ ωs R
2
A

[Rm = RA ]

II.
Bohm
Diffusion:

Ṁin(rm) = 4πrm δm(rm) ρsl(rm) vff(rm) ∝ rm
−13/4

Stationary
accretion:

Ṁin(Rma) =
LXRns

GMns
= Ṁc Plasma accumulation

Rma ≃ 8× 107 cm × α
2/13
0.1 µ

6/13
30 T

−2/13
6 m5/13 L

−4/13
37

(
Rns

10 km

)−4/13

GX 301–2: | ν̇(ma)
sd | =

| Ksl
sd(Rma) |
2πI

∼ | ν̇(obs)sd |
(

km
0.14

)
Spin-down at the observed rate !
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Magnetic Accretion Picture

1. Accretion from a magnetized wind (β0 ∼ 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 Ṁdiff(Rma) =
LXRns

GMns

New

parameters:

Shvartsman radius: Rsh

Magnetospheric radius: Rma

Spin-down torque: | Ksl
sd | =

km µ2

R
3/2
ma

(
1

R
3/2
cor

− ωsl(Rma)

(GMns)1/2

)



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

Associated with a SNR of the age τ ∼ (1− 4)× 104 yr

Persistent accretion-powered Pulsar Rm < Rcor

Name Ps, s logLx Ecyc ν̇, Hz/s Porb, d Sp. type d

SXP1062 1062 35.8 – −2.6× 10−12 300 B0 IIIe 62 kpc

Magnetic field determination

Spin-down torque Magnetic field Magnetospheric radius

µ2

R3
cor

≥ 2πIν̇obs B∗ ≥ 6× 1014G RA > Rcor

ṀωsR
2
A ≥ 2πIν̇obs B∗ ≥ 1015G RA > Rcor

µ2

(RmaRcor)
3/2
≥ 2πIν̇obs B∗ ≥ 4× 1013G Rma ∼ 0.01Rcor
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Spin Evolution of SXP1062

Name Ps, s logLx B∗ ν̇, Hz/s Porb, d Sp. type d

SXP1062 1062 35.8 4× 1013G −2.6× 10−12 300 B0 IIIe 62 kpc

Ejector phase
(Spin-powered pulsar)

Magneto-dipole (conv.) τ ∼ 6× 104 yr

Spitkovsky (2006) τ ∼ 2× 104 yr

Beskin et al. (1993) τ ∼ 104 yr

Propeller phase τprop ∼
πIR3

ma

µ2 Pprop
τprop ∼ 2300 yr

Accretor phase τacc ∼
1

2 | ν̇obs | Pprop
τacc ∼ 600 yr

Age of the Pulsar is τ ∼ (2− 4)× 104 yr
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Final Remarks

• Spin evolution of LPXPs can be explained in terms of Magnetic Accretion Scenario.

• No assumptions about peculiar properties of NS and their Magnetic Field are required.

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

A Farewell to Accreting Magnetars...

Welcome to Magnetic Accretion
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