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Abstract. Using a hybrid binary population synthesis approach, we modelled the formation and
evolution of populations of accreting white dwarfs (WDs) for differing star formation histories.
We found that the delay time distribution of SNe Ia in the single degenerate scenario is incon-
sistent with observations. Additionally, we found that our predicted X-ray and UV emission of
populations of accreting WDs are consistent with the X-ray luminosities of early-type galaxies
observed by Chandra and the HeII 4686 Å/Hβ line ratio measured in stacked SDSS spectra of
passively evolving galaxies. Moreover, we found that the majority of current novae in elliptical-
like galaxies have low-mass WDs, long decay times, long recurrence periods and are relatively
faint. In contrast, the majority of current novae in spiral-like galaxies have massive WDs, short
decay times, short recurrence periods and are relatively bright. Our predicted distribution of
mass-loss timescales in an M31-like galaxy is consistent with observations for Andromeda.
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1. Introduction

It is now understood (e.g., Nomoto et al. (2007)) that for a narrow range of accretion
rates, hydrogen will undergo steady nuclear-burning on the surface of an accreting white
dwarf. If the accretion rate is below this range, hydrogen burns unstably, observed as
novae. In this regime, accreting WDs produce little X-ray emission. In the stable burning
regime, accreting WDs have a typical effective temperature of 105 − 106K, and radiate
predominantly in the soft X-ray and EUV bands. For accretion rates above the stable
burning regime, the evolution of accreting WDs is still unclear. In one scenario, suggested
by Hachisu et al. (1996), an optically thick wind is launched. In this case, the typical
effective temperature of accreting WDs in the wind regime is 104 − 105K and WDs emit
prominently in the EUV. In this work, we modelled the formation and evolution of
accreting WDs in different types of galaxies using a hybrid binary population synthesis
approach. We study their X-ray and UV emission and properties of the nova population.
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2. Hybrid Binary Population Synthesis Approach

Our calculations consist of two steps. First, we use the bse code (Hurley et al. 2002)
to obtain the population of WD binaries with non-degenerate companions at the onset
of mass transfer. Then we use the mesa (Paxton et al. 2011) code to compute a grid of
models describing the evolution of WD binaries with varying initial parameters. With
the binary parameters at the onset of mass transfer from our bse calculations, we can
select the closest track in the grid of mesa calculations and follow the evolution of any
WD binary. For more details, we refer to Chen et al. (2014).

3. Results

In Chen et al. (2014), we have computed the SN Ia rate in the single degenerate scenario
in different types of galaxies, and compared these results with observational constraints.
We found that the delay time distribution of SNe Ia in our calculation is inconsistent
with observations (see Fig. 8 in Chen et al. (2014)), being more than 10 times smaller
than the observationally inferred value.
In Chen et al. (2015), we computed the X-ray luminosity in the soft X-ray (0.3–0.7

keV) band for elliptical-like galaxies as a function of stellar age and found that it is
comparable to the Chandra observational data of nearby elliptical galaxies (see Fig. 9 in
Chen et al. (2015)). In addition, we computed the time evolution of the He II λ4686/Hβ
line ratio in passively evolving galaxies, and found that it is in good agreement with the
line ratio measured in stacked SDSS spectra of retired galaxies (Johansson et al. 2014,
2016; Fig. 11 in Chen et al. (2015)).

In Chen et al. (2016), we have modelled the evolution of the nova population in different
types of galaxies. We found that the current nova rate per unit mass in elliptical-like
galaxies is 10–20 times smaller than that in spiral-like galaxies. Moreover, we found that
the current nova population in elliptical-like galaxies has lower-mass WDs, longer decay
times, relatively fainter absolute magnitudes and longer recurrence periods. The current
nova population in spiral-like galaxies have massive WDs, short decay times, are relatively
bright and have short recurrence periods. In addition, the predicted distribution of mass-
loss timescale in a M31-like galaxy is in good agreement with observed statistics (see
Fig. 3 in Chen et al. (2016)).
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