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1. W h i t e Dwarf Evolut ion 

Low-mass white dwarfs with helium cores (He-WDs) are known to result from 
mass loss and/or exchange events in binary systems where the donor is a low 
mass star evolving along the red giant branch (RGB). Therefore, He-WDs are 
common components in binary systems with either two white dwarfs or with 
a white dwarf and a millisecond pulsar (MSP). If the cooling behaviour of He-
WDs is known from theoretical studies (see Driebe et al. 1998, and references 
therein) the ages of MSP systems can be calculated independently of the pulsar 
properties provided the He-WD mass is known from spectroscopy. 
Driebe et al. (1998, 1999) investigated the evolution of He-WDs in the mass 
range 0.18 < M W D / M © < 0.45 using the code of Blocker (1995). The evolution 
of a 1 M©-model was calculated up to the tip of the RGB. High mass loss termi
nated the RGB evolution at appropriate positions depending on the desired final 
white dwarf mass. When the model started to leave the RGB, mass loss was 
virtually switched off and the models evolved towards the white dwarf cooling 
branch. The applied procedure mimicks the mass transfer in binary systems. 
Contrary to the more massive C/O-WDs ( M W D Ji 0.5 M©, carbon/oxygen core), 
whose progenitors have also evolved through the asymptotic giant branch phase, 
He-WDs can continue to burn hydrogen via the pp cycle along the cooling branch 
down to very low effective temperatures, resulting in cooling ages of the order of 
Gyr, i. e. of the same order of magnitude as the spin-down ages of millisecond 
pulsars. The mass-radius-relation for He-WDs shows significant evolutionary 
effects due to this residual nuclear burning. The ongoing hydrogen burning in 
He-WDs is provided by large envelope masses which decrease with increasing 
M W D (see Blocker et al. 1997). In contrast to C/O-WDs, He-WDs cool down 
the slower the smaller their mass. 

2. Appl icat ion t o mil l isecond pulsars 

Based on their evolutionary models Driebe et al. (1998) determined the mass of 
the He-WD companion of the MSP PSR J1012+5307 (Nicastro et al., 1995, see 
also Sa rnae t al. 1998). They found M W D = 0.19 ± 0.02 M© and 0.15 ± 0.02 M© 
using the spectroscopic data of van Kerkwijk et al. (1996) and Callanan et al. 
(1998), resp. Thus, the mass ratio Mp uis a r /MHe-WD ~ 9.5 ± 0.3 (van Kerkwijk 
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Figure 1. Ages of 6 MSP systems based on pulsar measurements as 
a function of the WD companion mass (see Burderi et al. 1998). The 
boxes refer to the uncertainties of spin-down ages and mass determina
tions. Cooling ages for evolutionary He- and C /O-WD models (Driebe 
et al. 1998, Blocker 1995) are given for four effective temperatures. 

et al. 1998, priv. comm.) gives a pulsar mass Mp u i s a r = 1.43 ± 0.25 M 0 and 
1.81 ± 0.25 M©, resp. From our models we derived a white dwarf age of ss 6 Gyr 
in excellent agreement with the pulsar's spin-down age of 7 Gyr. 
We studied other MSP systems as well assuming the correspondence of white 
dwarf cooling age and Tspjn-dcrwn. Selecting only systems with well given ages 
and/or masses, the white dwarf effective temperatures and surface gravities can 
be determined with the present evolutionary models. Figure 1 shows the results 
for 6 MSP systems. Note that the consideration of fully evolutionary He-WD 
models is crucial for the determination of the effective temperature. More details 
will be given in Schonberner et al. (1999). 
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