This article was downloaded by:[Bochkarev, N.]

On: 18 December 2007

Access Details: [subscription number 788631019]

Publisher: Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954
Registered office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH, UK

ASTROPHYSICAL

r=

I RANSACTIONS

Transactions
The Journal of the Eurasian Astronomical
Society

Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713453505

"Recycled" white dwarfs?

V. M. Lipunov & S. N. Nazin 2

a Sternberg Astronomical Institute, USSR, Moscow

Online Publication Date: 01 January 1992

To cite this Article: Lipunov, V. M. and Nazin, S. N. (1992) "'Recycled" white
dwarfs?', Astronomical & Astrophysical Transactions, 1:2, 153 - 157

To link to this article: DOI: 10.1080/10556799208244528

URL: http://dx.doi.org/10.1080/10556799208244528

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article maybe used for research, teaching and private study purposes. Any substantial or systematic reproduction,
re-distribution, re-selling, loan or sub-licensing, systematic supply or distribution in any form to anyone is expressly
forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents will be
complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses should be
independently verified with primary sources. The publisher shall not be liable for any loss, actions, claims, proceedings,
demand or costs or damages whatsoever or howsoever caused arising directly or indirectly in connection with or
arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t713453505
http://dx.doi.org/10.1080/10556799208244528
http://www.informaworld.com/terms-and-conditions-of-access.pdf

Astronomical and Astrophysical Transactions, 1992, © 1992 Gordon and Breach Science Publishers S.A.

Vol. 1, pp. 153-157 Printed in the United Kingdom
Reprints availabie directly from the publisher.

Photocopying permitted by license only

“RECYCLED” WHITE DWAREFS?

V. M. LIPUNOV and S. N. NAZIN
USSR, 117899, Moscow, Universitetskij pr., 13, Sternberg Astronomical Institute

(Received April 8, 1991)

The observed magnetic strength and the spin period of single white dwarfs (WD) are analyzed. The
analysis of thermal and spin evolution shows that almost all WDs with known parameters can be
treated in terms of evolutionary scenario of so called recycled radio pulsars. In other words, it is

suggested that most white dwarfs had passed through the accretion spin-up stage in close binary
system.

KEY WORDS Magnetic white dwarfs, spin evolution

INTRODUCTION

It has become clear after discovering millisecond pulsars that some of them pass
through the accretion state in close binary system (Srinivasan & van den Heuvel,
1982). Mainly this conclusion is based on the radio pulsar distribution on the p—p
diagram (Kolosov, et al., 1989). It is obvious from common evolutionary
considerations that magnetized WDs can evolve according to an analogous
scenario. However two questions arise:

1) How this statement can be verified if p for WDs is unknown?

2) What part of WDs population are recycled WDs?
In this work we have tried to answer these questions.

B-p DIAGRAM FOR SINGLE WDs

Unlike neutron stars (NS) there is a possibility of directly measuring the WD
surface magnetic fields. In fact, the magnetic strength B or magnetic dipole
moment u (4 = BR*/2, where R is WD radius) for WDs, and the p for NSs, have
the same sense. That is why the B—p diagram was chosen as an evolutionary
diagram for the WDs. There are three basic regimes of interaction with
environment for single magnetized WDs (Lipunov, 1987).

“E”—Ejector, pyg¢<pe.

“P”—Propeller, p, < pu4<pa

“A”—Accretor, p, < pwd
The boundaries between them are determined by critical periods:

Pe =215BY*R3*v{*m~"?p =3} sec (1)

P.=17*10°BY"R¥¥ v "m """ p¥], sec )
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where Bg= B/10°G, Ry= R/10° cm and m = M/Mg are WDs magnetic strength,
radius and mass correspondingly, p_,,=p/107**g/cm® is the density of the
surrounding matter, vs/10°cm/sec is the WDs velocity relative to the environ-
ment (or the velocity of the environment relative to the WD). Let us turn to the
B-p diagram for the WDs with known parameters (Figure 1). The spin period p,
and surface magnetic field B, for the WD were taken from (Shmidt, 1987). It
follows from the diagram that three WDs lie in the region corresponding to “A”
stage while the others lie in the region corresponding to “P” stage.

Age of WDs

Fortunately we have the independent method for the WD age determination.
This method is based on the results of the WD cooling theory. The first
approximating of this theory was considered by Schwarzschild (1958). The more
correct analysis was made by Lamb & van Horn (1975), Sweeney (1976) and
Shaviv & Kovetz (1976). They investigated colling of WD by quantitative
method. Their results allowed us to determine the age of the investigated WDs
with known temperatures (see Table 1).

Spin evolution of WDs

The evolution of a single magnetized WD is defined mainly by the equation for
angular momentum change (Lipunov, 1987):
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Figure 1 “B-p” diagram for WDs with known parameters. Both lines show critical periods.
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Table 1

White Dwarf T, K Age,yr p Phegs § B, MGs
PG 1015+ 01 10,000 6%10°  99m 4%10° 90
Feige 7 2,000 6.3+107 132m 7%10° 35
PG1031+23 15,000 2%10° 204m 9x10% 500
PG 1313+ 095 15,000 2%10°  324m 2%10% 50
G 195-19 8,000 10° 1.3d 9x10° 100
BPM 25114 20,000 4%107 2.8d 10° 36
G 240-72 6,000 2.5%10° >100yr 4x%10° 200
GD 229 16,000 2.5+10° >100yr 4%10* 200
Grw + 708247 12,000 4x10° >100yr 2%10% 350

where [ is the inertia moment of WD, w =2x/p, K, and R,, in general case, are
determined by the regime of rotator interaction with environment (see Lipunov,
1987). For “P” and ““A” stages (3) yields the following equations:
for the “P” stage:
Pice — Pana =107 km" R5¥Tu5 "Tp*, B, ©)
for the “A” stage:
Pend — Poeg = 10-‘3m—2R;Bgtyr, (5)

Then we can estimate the initial period of WD using Egs (4) and (5). The
obtained results are shown in the Figure 2 (see also Table 1). It is easy to notice
that the initial periods of WDs lie in a small region on the diagram. In order to
explain this fact let us consider the WD spin evolution in close binary system at
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Figure 2 Evolutionary diagram for WDs with known parameters. The dashed lines are evolutionary
tracks. The zone between thick lines corresponds to the state with equilibrium period.
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the accretion stage. This evolution was considered in detail by Lipunov (1987)
and Postnov (1985). We now consider only some main points following Lipunov
(1987). The evolutionary equations for the spin period in this case may be written
as follows:

dlw . A 12 u?

1 = M(GMR,)"” —x, R ©)
where R,—is the magnetospheric Alfven radius (it can be estimated from the
condition (u*/(2nRS) = pv* = MS4:rR§)“1 (GM/R,)"?), and R.—is the corotation
radius given by R.=(GM/w?)'. It is clear from (6) that WD must accelerate
until equilibrium spin period p.q, which is determined by the balance between the
acceleration and deceleration torques. This gives:

Peq=1.8%10°Bg"R" m™>"M;3” )

where Mm =M/10% g/sec is the accretion rate on WD.

Let M,¢ be equal to 0.6 +60 (107'°+ 1078 Mg/yr). Taking into account that
parameters of WDs have some dispersion we obtain a corresponding error box on
the B—p diagram. From Figure 2 one can see that the tracks of eight WDs pass
through the equilibrium zone. So we can explain the observed distribution of
WDs on B-p diagram by the following reason. All considered WDs except
BPM 25114 have passed through the accretion spin up stage in close binary
system. In order to verify this assumption let us estimate WDs relaxation time
into equilibrium state:

" M(GMR,)"?
Substituting 7 =MR? into (8) we obtain the relaxation time in the following
convenient form:

rel Rc M ( )

The last expression shows that the relaxation time is much less than the duration
of mass exchange stage. The achievement to equilibrium state occurs most
probably at the common envelope stage. The stage of cataclysmic variables seems
more incredible because only one per cent of binary system can pass through this
stage.

DISCUSSION

Analysis carried out above shows that practically all considered WDs can be
accelerated in binary system. However, the following question is not answered:
why these WDs are single now? The second component must be younger and,
generally speaking, more hot in considered “recycled” scenario. If we assume
nevertheless that the second component is cooled faster than the first one, and
becomes invisible, then we have to assume that it must be 3 + 5 times more
massive (see for example Shapiro, Teukolsky, 1983). But it is improbable. The
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observable solitariness of WDs cannot be explained by means of binary system
disintegrations only because the rate of such disintegrations is low. The peculiar
selection effect can play some role in explaining this fact. All considered WDs
have very strong magnetic fields. If we assume that these fields are generated only
in very close binary system, then the absence of the second component is
naturally explained by its absolute destruction. Another explanation of the
observable solitariness of WDs can be as follows. All considered WDs passed
through the accretion stage of cataclysmic binaries and when the mass of light
secondary reached the mass ~0.01 Mg, this component was destroyed (Paczyn-
ski, 1983; Ruderman, 1989).
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