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e “Missing” Accreting Isolated Neutron Stars

e Does this the Theory of Accretion?

e No! There is no Problem.
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The Problem

e Mass Capture Rate Me ~ 101%g/s  Nigym V6_3 ]\412.4
e Luminosity Ly ~ 10% erg/s Ny Ve : ]\413 1 Rg !
1/4 ~—1/4
e Fnergy Range ey ~ 0.0keV Lo~ Sy
Predictions:
* Treves & Colpi (1991, A&A, 241, 107) ~ O X 103 (ROSAT, All Sky Survey)
% Blaes & Madau (1993, ApJ, 403, 690) ~ 103 — 104 (ROSAT, All Sky Survey)
% Popov et al. (2000, ApJ, 544, L53) ~ 3 x 104 & XMM-Newton
Observations:

ROSAT, All Sky Survey a few candidates...



e An accretion onto the surface of a NS can occur if

2/7
T — : ~ r —
m m. 5N Ccor 2
P, 3 Py~ 10005 pd7 VT 3T T

e The spin-down time scale of a NS is

T(R) = T + ™ ~ 5 X 107 yr ,u30 Vi =Ly Iy5 ]\4141

T(F) S yr = NS is strongly magnetized (ry > ryg) !!!




Geometry of the Accretion Flow

e Disk Accretion (in a turbulent ISM):

Vo < 109 em [s X g 8 e %/ A R \%
rel ~ 2EN) 1.4 106 Cm/S 1020 cm

e Spherical (Bondi) Accretion (Direct Accretion Approximation 9, = 911,):

~1/3
—1/3 L
Viee < 300 km/s X 1/3 R6 / M1 4 (1028€>;g/s)

o Kick velocity: Vg = 5x10% em/s




Basic Conditions (normalization of parameters)

%  Strong magnetic field: u ~ 100G em?

%  Relative velocity: 50km/s < Vg S 300km/s

% Spherical (Bondi) Accretion: M ~ 107 g/s v7—3 ]\412.4

ESTIMATED NUMBER OF OBJECTS WITHIN 140pc ~ 10%




Flow Parameters at the magnetospheric boundary

Magnetosperic Radius:

Free-fall temperature:

Plasma density:

Free-fall time scale:

Bremsstrahlung cooling time:

rm =~ 6 X 1010 cm

(rm) =~ 300cm—?

lhyy ™~ 10° yr
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PLASMA ENTRY INTO THE MAGNETOSPHERE (I)

Interchange instabilities
(Arons & Lea 1976, ApJ, 207, 914; Elsner & Lamb 1976, Nature, 262, 356)

- G My 3 Vq%(?“m)
P =02 00 T Rew(V)

>O7 «— T(Tm) < O.3Tﬂr(7“m)

Recurrent time: ~ 10° yr

A Transient X-ray Source | Outburst duration: ~ 15 min.

Luminosity ~ 10 erg /s

(Lamb, Fabian, Pringle, & Lamb 1977, ApJ, 217, 197)



PLASMA ENTRY INTO THE MAGNETOSPHERE (IT)

Diffusion

% Entry Rate:

1/2 —1/14

: : _ 11/7
Mm:MB:QxlOGgS1 Qo'1 s My /

11/14 {,—33/14
N/ o

% Persistent Luminosity:

1/2 —1/14

L, ~ 2x10% erg s71 Qo' s N1L/14 Ve 33/
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The Evolutionary Track of a Neutron Star

contains TWO states of Propeller

(Davies, Fabian, & Pringle 1979, MNRAS, 186, 779)
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I. EJECTOR (spin-powered pulsar) —

IT*. SUPERSONIC PROPELLER —

IIT*X*. SUBSONIC PROPELLER —

IV. ACCRETOR (direct accretion: 9. = 9t,)






Subsonic Propeller = Diffusion-driven Accretor

% Spin-down heating: Py $ B, ~ 1028 %2 y-oryls/7 ps

Thy ™ 2 X 105 VI pag Lus Ps Miy

% Heating by Radial Plasma Drift: Ly ~ M,

Heating by the drift dominates cooling (tpeat S thp) if

' - 4 -1 71T —1/17 _14/17 . .16/17
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Old Isolated NS Accreting Material from ISM can appear as

Y Persistent Sources

Y Transient Sources
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Recurrent time: ~ 10°yr

Outburst duration: ~ 15 min

Luminosity ~ 10% erg/s




