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High Mass X-ray Binaries

F Wind-fed Accretion

Ropt < RRoche

Ṁc = π r2
α ρ∞ Vrel

rα =
2GMns

V 2
rel

|~Vrel|2 = |~Vns + ~Vw|2 + V 2
s

F Accretion-powered pulsar

Ṁa =
LxRns

GMns

B(Rns) ∼ 1012G

(Cyclotron line in X-ray spectrum)



Long-period X-ray pulsars

Name Sp. type Ps, s Porb, d log Lx

J170006-4157 – 715 – 34.7

0352+309 B0 Ve 837 250 34.7 – 35.5
(X Per) (O9.5 IIIe)

J1037.5-5647 B0 V-IIIe 862 – 34-35

J2239.3+6116 B0 Ve 1247 262.2 33 – 36

J0103.6-7201 O5 Ve 1323 – 35.3 – 36.8

J0146.9+6121 B1 III-Ve 1412 – 34.6 – 36
(V831 Cas)

2S 0114+650 B1 Ia 10008 11.6 34.7 – 35



Canonical Evolutionary Track

Ejector −→ Propeller −→ Accretor

Assumption: Transition to Accretor occurs at Rm = Rcor

Pmax <∼ 15 s × m−2/7 R
−3/7
6 L

−3/7
35 B

6/7
12

Lx < 1031 erg/s × m−2/3 P
−7/3
700 B2

12

Something is incorrect...



2S 0114+650 / LSI +65010

Neutron star Evolutionary track Normal companion

Ps ' 10008 s

Ṗ ' −10−7 s/s

Ps

Ṗ
' 3000 yr

Observed: B1 Ia

Progenitor: O9.5 V

Ṁloss(B1 Ia)

Ṁloss(O9.5 V)
∼ 10

F Assumption about the spin-down of the NS in the accretor state is not effective

F Magnetar: B0 ∼ 1015 G −→ B(t = 105 yr) ∼ 1014 G. Putting Pmax = Pcd(Rm = Rcor), one finds:

Ṁc(tsd) <∼ 2×1013 g/s×m−5/3 µ32
2

(
Pcd

104 s

)−7/3

=⇒ Ṁa

Ṁc(tsd)
' 250



Accretion flow geometry

F Evolution of the spin period of accretion-powered pulsars:

2π I
d

dt

(
1

Ps

)
= Ksu + Ksd

Ksd = − kt

(
µ2 / R3

c

)

Ksu =





Ṁa

√
GMnsRm, disk accretion,

1
4 ξ Ṁa Ωorb r2

α, spherical accretion.

F Equilibrium period: Peq =





10 s × m−5/7 µ
6/7
30 Ṁ

−3/7
15 , disk accretion,

900 s × m−3/2 µ30 Ṁ
−1/2
15 V 2

500 P
1/2
250 ξ

−1/2
0.2 , spherical accretion

F For the
disk accretion case: Peq ¿ Ps =⇒





Ṗ ' P 2
s

Ṁa

√
GMnsrm

2πI
∼ −5× 10−8 s/s,

∆t ' 2πI

Ṁa

√
GMnsrm

(
1

Ps
− 1

P0

)
<∼ 100− 1000 yr

I. Regular spin-up at a high rate

II. Very short life-time of LPXPs



X Persei

Vrel ' 350− 400 км/с µ ' 1.7× 1030 Гс · см3

Peq = 900 s × m−3/2 µ30 Ṁ
−1/2
15 V 2

500 P
1/2
250 ξ

−1/2
0.2

Spherical (Bondi) accretion !



Supersonic propeller rm > rc (Spherical accretion flow geometry)

Rm ' 1.4× 109 cm × µ
4/7
30 Ṁ

−2/7
14.3 M

−1/7
1.4

Tff(Rm) ' 4× 108 K × M1.4

(
rm

1.4× 109 cm

)−1

N(Rm) ' 4.4× 1010 cm−3 × µ2
30 T−1

8.6

(
rm

1.4× 109 cm

)−6

Vrel

ω

Rα

Rm

Heating time: tff(Rm) ' 3 s × M
−1/2
1.4

(
Rm

1.4× 109 cm

)3/2

Cooling time: tbr(Rm) ∼ 105 s × T
1/2
8.6

(
N(Rm)

4.4× 1010 cm−3

)−1

The hot envelope forms if

Ṁ0 <∼ 3.5× 1017 g/s ×m V 8

Correction of the DFP-scenario by a factor of 175 !



Метод: Davies, R.E. & Pringle, J.E., 1981, MNRAS 196, 209
Коррекция: Ikhsanov, N.R. 2002, A&A, 381, L61

Сверхзвуковой пропеллер: Условие образования оболочки

Γ =
[Темп нагрева конвективных элементов]

[Радиационные потери конвективных элементов]

Условие охлаждения турбулентной оболочки:

Γ(r) = M2
Mach

[
Vt tbr

r

]
=

V 3
t tbr

V 2
s r

< 1, Γ ∝ r−3/2 (1)

tbr время охлаждения вследствии тормозного излучения:

tbr = 6.3× 104

[
T

109 K

]1/2 [ n

1011 см−3

]−1

c (2)

n – плотность плазмы оболочки:

n(rα) ' Ṁc

πr2
αV∞mp

. (3)

Скорость турбулентных движений в оболочке, вызванных эффектом пропеллера:

Vs ∼ Vt ∼ Vff(r) =
√

2GMns/r (4)

Вириальная температура:
T (r) ∼ Tff(r) = (GMnsmp)/(kr) (5)

Радиус гравитационного захвата материи нейтронной звездой (радиус Бонди):

rα = (2GMns)/V
2
∞ (6)
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Ṁc <∼ Ṁmax = 3.5× 1017

[
Mns

M¯

] [
V∞

108 cm s−1

]
г/с



Supersonic propeller =⇒ Subsonic propeller =⇒ Accretor

acurv =
V 2

Ti
(rm)

Rcurv(θ)

agrav =
GMns

R2
m(θ)

acent = Ω2
s rm

geff =
GMns

R2
m(θ)

− V 2
Ti

(rm)

Rcurv(θ)
> 0

T (rm) <∼ Tcr ' (0.1− 0.3) Ts(Rm)

Cooling at Rm dominates heating if

Ps >∼ Pbr(tsd) ' 2000 s × m−4/21 Ṁ
−5/7
15

(
B(tsd)

0.3 Bcr

)16/21 (
Rns

106 cm

)3

Correction of DFP-model by a factor of 8 !

Ps(Rm=Rcor) ¿ Pbr −→ New state: Subsonic propeller



Метод: Davies, R.E. & Pringle, J.E., 1981, MNRAS 196, 209
Коррекция: Ikhsanov, N.R. 2001, A&A, 368, L5

Дозвуковой пропеллер: Условие существования оболочки

Условие охлаждения турбулентной оболочки:

Γ(r) = M2
Mach

[
Vt tbr

r

]
=

V 3
t tbr

V 2
s r

< 1, Γ ∝ r1/2 (1)

tbr время охлаждения вследствии тормозного излучения:

tbr = 6.3× 104

[
T

109 K

]1/2 [ n

1011 см−3

]−1

c (2)

n – плотность плазмы на границе магнитосферы:

n(rm) =
µ2

8π k T (rm) r6
m

(3)

Скорость турбулентных движений в оболочке, вызванных эффектом пропеллера:

Vt ∼ ΩsRm (4)

Вириальная температура:
T (r) ∼ Tff(r) = (GMnsmp)/(kr) (5)

Радиус магнитосферы:

rm ≡
(

µ2

Ṁc

√
2 G Mns

)2/7

(6)
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Pbr ' 450 µ
16/21
30

(
Mns

M¯

)−4/21
(

Ṁc

1015 g s−1

)−5/7

c



LPXPs Formation Scenario: Transition to Accretor at Pmax ' Pbr

Name
< Ṁ >

< Ṁx >

B0

Bcr

Rns

106 см

J170006-4157 1 0.08 1

0352+309/X Per 1 0.3 1

J1037.5-5647 1 0.3 1

J2239.3+6116 1 0.1 1

J0103.6-7201 1 0.9 1.3

J0146.9+6121/V831Cas 1 0.3 1.3

2S 0114+650 1 1 1.3



CONCLUSIONS

F LPXPs are Neutron Stars undergoing spherical accretion

F Spin-down epoch contains four evolutionary states:

• Ejector −→
• Supersonic propeller −→

• Subsonic propeller −→
• Accretor

F Assumption about supercritical MF of LPXPs is not nesessary

F A question about the mechanism of accretion in LPXPs is open




