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e The Missing Isolated Neutron Stars Problem

e Possible Solutions...

e Evolutionary Tracks of Isolated Neutron Stars

iPulkovo Observatory

IoA

8= UNIVERSITY OF
" CAMBRIDGE




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,)



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...



Possible Reasons

e LOW MAGNETIZATION

e A DIFFERENT VELOCITY DISTRIBUTION

LOW EFFICIENCY OF BONDY ACCRETION

e A DIFFERENT EVOLUTIONARY TRACK



EJECTOR = SUPERSONIC PROPELLER . (ry, > reor)

it] 2GM

% Condition: Pwind(TC) = Poo(rc) (TG - )
rel

% Transition period: P4~ 155 M;%Q V%/Q N-1/4 Ml_.zll/Q

% Spin-down timescale: 7,4 ~ 5 x 107 yr '”30 Vo N~ 1/2 Lis ]\41—4

Why Propeller 7

For the direct Ejector — Accretor transition to occur
( m > Teor = (GM/Q2)1/3 )3

: 7/5
M:; & Mgy ~ 0.1 Mg yr :u?)()v/ Mil.él

Il An intermediate spin-down state is required !!






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

Supersonic Propeller:

Excess heat content of convective blob 172 Vi tir ~ '
Energy radiated in the lifetime of a blob ~ ~ Mah |
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Me S Miax 1017 gs_l

ty ~ 2 x 101 TYV2 N 1s is the bremsstrahlung cooling time;

Ne(rq) =~ Mc / Wrivoomp is the number density of the envelope plasma;
Vi ~ Vi ~ Vir(r) = \/2GM,s/r s the velocity of turbulent motions;

T(r) ~ Tx(r) = (GMysmy)/(kr) is the free-fall temperature;

ro = (2G M)/ V2 is the capture radius;



SUPERSONIC = SUBSONZIC PROPELLER

Y Condition:

% Transition period:

% Spin-down time:

2 2/7
T'cor = Tm Tm=<- o )
M. V2GM
Py ~ 7000 s pST AT N3/T A

Top ~ 2.5 107 yr  15¥" V¥ NI Ly M

(Tpp < Ting )
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Tkhsanov, N.R. 2001, A&A, 375, 944

PLASMA ENTRY INTO THE MAGNETOSPHERE (rn < )

[. Diffusion M, >~ Mp =2 X 100 gs_l T L VA N TR o A

II. Interchange instabilities of the magnetospheric boundary

ARE SUPPRESSED aslong as  theat < Teool

(Arons & Lea 1976; Elsner & Lamb 1976)

Joff = — — >0, «— T(rm) < 0.37Tg(rm)
-



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

SUBSONIC PROPELLER
SPIN-DOWN HEATING: Break period

Vit
% Condition: = MI%/IaCh[ tr bl‘] > 1
% Break period: B~ 1008 02 y-smyts ppowm
% Spin-down time: Ty ~ 2 X 10° VI s I Py My

(Thr < Tpp <K Tipd )



Ikhsanov, N.R. 2001, A&A, 375, 944

Subsonic Propeller = Diffusion-driven Accretor

L~ 92 x 1020 erg 5L ozé./f ,ui)l/M N1L/14 V7_33/14 Mlliﬁ 7“671

Quasi-stable envelope approximation

Drift velocity Ve =~ (Sm1 / Sﬁc) Vi
Drift time-scale tar =7/Va
Time-scale of energy redistribution te =r/V;

(due to turbulent motions)

The quasi-stable envelope approximation is applicable if t; < t4,, i.€.

6 —1/2 13/14 . ,—6/7 —3/14
Ps S Pys=10"s o'~ pgy' — My, My



Ikhsanov, N.R. 2003, A&A, 399, 1147
SUBSONIC PROPELLER

HEATING by Radial Plasma Drift
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° Ldr dominates the Spin-Down Power if P g A H X 104 (1)/16 23/ 12 img 5/14 M, 416/ 21

e Heating time-scale: gl ©F Tg/ 2;

e Cooling time-scale is (T" oc 1/r,n oc 775/2) lhy X T

e Heating dominates cooling if

—1 7/17  —1/17

M. S My~ 104 s gy Hag V14/17

16/17
My 4
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A Neutron Star in a Weak Wind remains in the Subsonic Propeller state
as long as r, > g



Ikhsanov, N.R. 2001, A&A, 368, L5

Why Subsonic Propellers ?..

Long spin-period (P > 100s) Be/X-ray pulsars:

Me ~ 1010g/s; p~10Cem’; V ~10%ecm/s; tyq S 107yr

. L _1 _
Pz107 13 P1oo t- 88 L
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*  Tod = (Tind + Top + Tor) ~ 109 VT

6/7 —9/7T ~xv—9/ 7
* P e = P B2 28 & ,ug(/) M1.4/ 9ﬁ15/
16/21 , —4/21 =57




Ikhsanov, N.R. 2003, A&A, 399, 1147

CONCLUSIONS

* The of a Magnetized INS
ends by the state of SUBSONIC PROPELLER

% % Luminosity of Old INSs
from ISM is limited to

L, S 2X% 1040 erg g1 ol/? 211 11 B 18T




