
Pulsar Astronomy — 2000 and Beyond 
ASP Conference Series, Vol. 202, 2000 
M. Kramer, N. Wex, and R. Wielebinski, eds. 

H e l i u m w h i t e d w a r f c o o l i n g in P S R J 0 7 5 1 + 1 8 0 7 a n d P S R 
J 1 0 1 2 + 5 3 0 7 

Ene Ergma, J.Antipova 

Department of Physics, University of Tartu, Ulikooli 18, EE2400 Tartu, 
Estonia 

and M. J. Sarna 

N. Copernicus Astronomical Center, Polish Academy of Sciences, ul. 
Bartycka 18, 00-716 Warsaw, Poland 

1. Introduct ion 

It is accepted that formation of a binary millisecond (or recycled) pulsar with a 
low-mass companion may be explained as the end-point of close binary evolution 
in which an old pulsar is spun-up by accretion from the secondary (Alpar et al., 
1982). After detachment from the Roche lobe, the pulsar spin period starts 
to change due to magneto-dipole radiation and the white dwarf begins to cool 
down. In this paper we shall discuss the cooling history of helium core low-
mass white dwarfs in the short orbital period millisecond binary pulsars PSR 
J0751+1807 and PSR J1012+5307 (Ergma, Sarna, & Antipova 1999). 

2. Observational data a n d e v o l u t i o n a r y considerat ions 

In Table 1 we present main observational da ta for PSRJ0751+1807 and PSR 
J1012+5307. To produce short orbital period systems with a low-mass helium 
white dwarf and a millisecond pulsar, it is necessary that the low-mass secondary 
(red giant) fills its Roche lobe below the so called bifurcation period and above 
the boundary period (Ergma & Sarna 1996; Ergma, Sarna, & Antipova 1998). 
Ergma et al. (1998) and recent calculations by Sarna, Ergma, & Antipova (1999) 
have shown that after detachment of the donor star from its Roche lobe, a rather 
thick hydrogen layer is left on the top of the helium core. This thick hydrogen 
layer will greatly influence the cooling history of the very low-mass helium white 
dwarf (< 0.25 M @ ). Alberts et al. (1996) were the first to argue that since white 
dwarfs with Mwd<0.20 M e do not show thermal flashes (as found by Webbink 
1975), then the amount of hydrogen in the envelope remains high and results in 
a much longer phase of significant hydrogen burning. Driebe et al. (1998) and 
our recent calculations (Sarna et al. 1999) confirm this result. This removes the 
discrepancy between the cooling and spin-down ages for the millisecond binary 
systems PSR J1012+5307 (Alberts et al. 1996; Sarna, Antipova, & Muslimov 
1998; Driebe et al. 1998). But now a question arises for the PSR J0751+1807. 
The evolutionary history for both pulsar systems is very similar, as argued by 
Ergma & Sarna (1996). This means that in PSR J0751+1807 the helium white 
dwarf must also be in a long, stable hydrogen burning phase, which leads to 
considerably long cooling times and a hot white dwarf. However, observations 
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Table 1. Systems parameters 

system 
[PSR] 

J0751+18073'4 

J1012+53071'2'6 

P 
[ms] 

3.5 

5.256 

P 
[ss-7lO-20] 

0.8 

1.46 

P/2P 
[Gyr] 

~ 8 

~ 7 

Zcool/ ^ • v * 

[Gyr/mag] 

> 23.5* 

0.3 

Mwd 

[Me] 

0.1 

0.16±0.02 

'Callanan, Garnavich, & Koester 1998; 2Lorimer et al. 1995; 3Lundgren, Zepka, h Cordes 
1995; 4Lundgren et al. 1996; 5Nicastro et al.1995; 6van Kerkwijk, Bergeron, & Kulkarni 1996. 

show that the white dwarf in this system is undetectable and really very old. 
To solve this discrepancy, we propose that irradiation of the donor star by the 
millisecond pulsar PSR J0751+1807 may cause from the secondary additional 
mass loss after detachment from the Roche lobe. 

3 . S imple cool ing mode l for t h e wh i t e dwarf in P S R J0751 + 1807 

To illustrate how the irradiative mass loss will influence the cooling evolution 
of the pre-white dwarf (after detachment from Roche lobe) we computed the 
evolutionary sequence for a system of 1.5 + 1.4 M©, with an initial orbital period 
1.07 days and Z=0.02. After detachment from the Roche lobe, irradiative mass 
loss is defined by the simple van den Heuvel & van Paradijs (1988) model 

where B and Rns are the magnetic field strength and radius of the neutron star 
respectively, Rwd is radius of the white dwarf, / is efficiency factor (from 0 to 
1) and a is the separation between the stars. 

Figure 1 shows the evolution of the visual magnitude (my) of the progenitor 
of the white dwarf during the cooling phase, with wind mass loss included. The 
decrease of the mass of the hydrogen envelope leads to a significant decrease of 
the hydrogen shell burning efficiency. Therefore, if compared to the evolution 
of a white dwarf with stationary hydrogen shell burning, the cooling time is 
decreased. For example, when log L/L© = -2.0, the cooling age without mass 
loss is 8 .4x l0 9 yrs, with mass loss (f=0.1) is 5 .07x l0 9 yrs, and with a very 
efficient wind (f=0.5) is 2 .17x l0 9 yrs. Figure 1 gives the limit for acceptable 
my from theoretical cooling tracks. We can exclude normal cooling (with shell 
hydrogen burning) due to too high a my (see Table 1). Two other cases of cooling 

https://doi.org/10.1017/S0252921100060863 Published online by Cambridge University Press

https://doi.org/10.1017/S0252921100060863


Helium WD cooling in PSRs 30751 + 1807 and 31012+5307 639 

6 7 8 9 10 11 

log t cool 

Figure 1. Evolution of the visual magnitude during the cooling phase 
for the three cases considered. For the wind phase we show three dif­
ferent efficiencies of the wind: f=0 (solid line), f=0.1 (dashed line) and 
f=0.5 (dash-dotted line). The thin horizontal dashed line shows the 
Lundgren et al. (1996) lower bound for visual magnitude. The two thin 
vertical dashed lines show lower and upper limits for the millisecond 
pulsar age. 
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with an irradiation induced wind gives the right range of visual magnitude. For 
the upper limit of the pulsar age (spin-down age ~ 8 Gyrs) the my and Tejj 
are (22.4, 7200K) for / = 0.1 and (24.7, 4700K) for / = 0.5. 

4 . Conclus ion 

We propose that for PSR J0751+1807 the irradiation by the pulsar causes 
irradiation-driven mass loss from secondary, resulting in exhaustion of the hy­
drogen envelope, and as a consequence hydrogen shell burning stops. The 
irradiation-driven wind influences also the cooling phase, decreasing the cooling 
time-scale by a factor 1.7-4 (depending on how efficient this process is). For the 
PSR J1012+5307 system the irradiative flux may be too small to cause signifi­
cant mass loss, and hydogren shell burning will be maintained for a long enough 
time to keep the white dwarf hot. 
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