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e Long-period X-ray Pulsars (LPXPs)

e Evolutionary tracks of massive X-ray binaries

e Conclusions
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High Mass X-ray Binaries

w Wind-fed Accretion
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Long-period X-ray pulsars

Name Sp. type Py s P, d log Ly
J170006-4157 - 715 = 34.7
03524-309 B0 Ve 837 250 LT = J0.8
(X Per) (09.5 Ille)

J1037.5-5647 B0 V-Ille 862 - 34-35
J2239.3+6116 B0 Ve 1247 262.2 33 — 36
J0103.6-7201 05 Ve 1323 — 35.3 — 36.8
J0146.94+6121 B1 III-Ve 1412 — 34.6 — 36
(V831 Cas)

2501144650 Bl Ia 10008 11.6 34.7 — 35




Canonical Evolutionary Track

Ejector o Propeller o Accretor

Assumption: Transition to Accretor occurs at Ry =

Puax S 155 x m~2/7 g7 237 BY

Ly < 107 erg/s x m =2/ P%)g/g B,

Something is incorrect...
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Neutron star Evolutionary track Normal companion
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% Assumption about the spin-down of the NS in the accretor state is not effective

% Magnetar: By ~ 10 G — B(t = 10°yr) ~ 101 G. Putting Puax = Pra(Rm = ), one finds:

~ 250
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Accretion flow geometry

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

d 1 Kg = — k (;u2/ 3)
2T [ — | — = KSH + st gﬁq vVGM, R, disk accretion,
dt \ P, S Ko = :
% &M, T?y, spherical accretion.
10s x m™o/7 Mg(/)7 9'311_53/ 7, disk accretion,

* Equilibrium period: P eq = _y i
900 s x m /2 130 9ﬁ1_5/ V%OO 2é0 &2/, spherical accretion

( .
) M./ G My -
P ~ P2 'm 5% 10 s /s,
. 2l
or the —
disk accretion case: Peq <5 < ol L1
Af o 2T <_ _ _) < 100 — 1000 yr
L M/ GMysrm \ s B

[. Regular spin-up at a high rate
[I. Very short life-time of LPXPs
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X Persei

Viel =~ 350 — 400 xM/c

— —3/2 Mm—1/2 1,9 1/2 ~—1/2
Peq = 900 8 x m™/% pgo M5~ Vg Pabo &0
Spherical (Bondi) accretion !
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Supersonic propeller 7, > 7 (Spherical accretion flow geometry)

R ~ 14x10%cm x ul7 o 2l" Myl

1
- 8 Tm
TH<RIH) — M X Mg <14 x 109 Cl’fl)

—6
-~ 10 _3 2 —1 TIII
(Rm> ~ 4.4 x 107 em 7 x 5 T (1.4 x 107 Cm)

. _ Ry \¥?
Heating time: tr(Rm) = 38 x M” (1.4>< 1O9cm)

L Ra) \7
Cooling time: by (Rm) ~ 10°s x 733 <4.4>< 1(010 lm?’)

The hot envelope forms if

My < 3.5 x 1017 g/s xm Vg

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




Meton: Davies, R.E. & Pringle, J.E.,

Koppeknusa: Ikhsanov, N.R.

CBepx3BYKOBOII mpoIliejijiep: YcjJoBue oopa3oBaHUS 000JOUYKN

[TGMII HarpeBa KOHBEKTHUBHDBIX SJIGMGHTOBJ
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VeyoBue oxJtazkienud TypOyJIeHTHOH 000I0UKN:
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CkopocTh TypOyJIEHTHBIX JIBUKEHUI B 000I0YUKe, BRI3BAHHBIX 3 heKToM mporesepa:
Vo~ Vi~ Vi(r) = V2G My /7

Bupunasibnast Temmneparypa:

T(r) ~ Ta(r) = (GMusmy,)/(kr)
Pajmyc rpaBuTaIliioHHOTO 3aXBaTa MaTepun HeHTPOHHOI 3Be3/10it (paamyc Bonu):
ro = (2GMys)/V2
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Supersonic propeller = Subsonic propeller = Accretor

Vi (rm)

Aecurv - — Rcurv<9> . G M _ V%I(rm)
4 Jeff = RIQH(9> Rcurv(e)
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Cooling at Ry, dominates heating if

16/21 3
—4/21 gp—5/7 ( Bt K
Py & Piy(tsq) = 20005 x m~ 4/ 15/ (O é%d)) (106?111)
. Cr

Correction of DFP-model by a factor of 8 !

Py(Ryn=F.) < P, — New state: Subsonic propeller
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LPXPs Formation Scenario: Transition to Accretor at Fyax ~ B,

Name = im - @ Fns
< My > Bies 100 cm
J170006-4157 1 0.08 1
0352+309/X Per 1 0.3 1
J1037.5-5647 1 0.3 1
J2239.34+6116 1 0.1 1
J0103.6-7201 1 0.9 1.3
J0146.9+6121/V831 Cas 1 0.3 1.3

25 0114-+650 | | 1.3




CONCLUSIONS

% LPXPs are Neutron Stars undergoing spherical accretion

% Spin-down epoch contains four evolutionary states:

e Ejector —

e Supersonic propeller —

e Subsonic propeller —

e Accretor

% Assumption about supercritical MF of LPXPs is not nesessary

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






