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We present HST/COS spectroscopy for 40 cataclysmic variables (CVs), observed as part of a
122 orbit HST program. In 31 CVs, the white dwarf (WD) is recognisable through its broad
Lya absorption pro�le and we measure the WD effective temperatures (Teff) by �tting the HST
data of these 31 systems assuming logg = 8:35, which corresponds to the average mass for CV
WDs (0:8M�). Our results nearly double the number of CV WDs with an accurate temperature
measurement.
We �nd that the Teff of CV WDs above the period gap are, on average, higher and exhibit much
more scatter compared to those below the gap. This behaviour broadly agrees well with theoretical
predictions, re�ecting different angular momentum loss mechanisms driving CV evolution above
and below the period gap. Although our results show the expected decrease in Teff below the
period gap, they are not clustered in the predicted narrow track but present a relatively large
spread near the period minimum. These �ndings are in contrast with the results from population
synthesis and may point to some shortcomings in the CV evolutionary models. Reaching the
minimum period, CVs are expected to evolve back towards longer periods with mean accretion
rates �M . 10�11 M� yr�1, corresponding to Teff . 10000 K. We do not identify these systems in
our survey, suggesting that none of them are strong �period bouncer� candidates, and this major
component of the predicted CV population still remains elusive to observations.
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1. Introduction

Cataclysmic variables (CVs) are close interacting binaries containing a white dwarf (WD)
accreting mass from a Roche-lobe �lling low-mass companion star (Warner, 1995), giving rise to
an accretion disc around the WD1.

The evolution and the �nal fate of CV WDs are, as for all types of accreting WD, of key interest
in the framework of Type Ia Supernovae (SNe Ia) progenitors. Although early work showed the
average mass of CV WDs to lie in the range hMWDi ’ 0:8� 1:2M� (Warner 1973, Ritter 1987),
higher than that for isolated WDs hMWDi ’ 0:6M� (Liebert et al. 2005, Koester et al. 1979, Kepler
et al. 2007), historically CVs have not been considered as SNe Ia progenitors. This is because most
models for classical novae � i.e. the thermonuclear ignition of the accreted hydrogen � predict
that not only most (if not all) of the accreted matter (Prialnik & Kovetz, 1995) but also some of
the underlying core (Epelstain et al., 2007) would be ejected during the eruption, preventing mass
growth. Nevertheless, Zorotovic et al. (2011) showed that CV WD masses are genuinely higher
than both those of their detached progenitors and those of single white dwarfs, suggesting that CV
WDs may grow in mass. It is therefore fundamental to improve our understanding of the long-term
evolution of CVs in order to investigate their potential role as SNe Ia progenitors.

CV evolution is driven by angular momentum loss (AML) which results in continuous mass
loss from the donor star, and sets the mass accretion rate �M. It has been suggested (Rappaport
et al. 1983, Paczynski & Sienkiewicz 1983, Spruit & Ritter 1983) that the evolution of CVs can
be explained combining (at least) two different AML mechanisms: magnetic braking, which dom-
inates for orbital periods Porb & 3hr with typical mass transfer rates of �M � 10�9�10�8 M� yr�1

(Spruit & Ritter, 1983), and gravitational wave radiation, the dominant AML for Porb . 3hr with
typical �M � 5�10�11 M� yr�1 (Patterson, 1984). As angular momentum is removed from the or-
bit, the system shrinks and the orbital period decreases, therefore Porb provides an indicator of the
accretion rate and the evolutionary stage of the system. A more precise measurement of the mean
accretion rate can be derived from the WD effective temperature (Teff): its value is set by compres-
sional heating of the accreted material, providing a constraint on the time-averaged mass-transfer
rate h �Mi (averaged over the thermal time-scale of the WD envelope, 103 � 105 yr) and is one of the
best available tests for the present models of CV evolution (Townsley & Bildsten, 2003).

While there are now over 1100 CVs with an orbital period determination (Ritter & Kolb 2003,
7th Edition, Release 7.21, March 2014), relatively little is know about their accreting white dwarfs:
only 35 have an accurate mass determination (Zorotovic et al., 2011) and a reliable Teff measure-
ment is available for only 43 CV WDs (Townsley & Gänsicke, 2009). To improve our knowledge
of CV evolution, it is essential to increase the number of objects with an accurate Teff and mass
measurement. Since CV WDs are relatively hot objects (Teff & 10000K) their spectral energy
distribution peaks in the ultraviolet (UV). At these wavelengths, the contamination from the accre-
tion �ow and the secondary star are often negligible compared to their contribution in the optical,
therefore space-based UV observations are necessary for a WD Teff determination (Szkody et al.
2002, Gänsicke et al. 2006, Sion et al. 2008, and many others). For this purpose, we carried out a

�Speaker.
1This is true only for non-magnetic systems and intermediate polars. Here, we only consider non-magnetic systems.
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large Hubble Space Telescope (HST) program in Cycle 20 (122 orbits), in which we obtained high-
resolution ultraviolet spectroscopy of 40 CV WDs with the Cosmic Origin Spectrograph (COS).

The targets were selected to sample the entire orbital period range of the galactic CV popula-
tion; three objects with previous Teff measurements were included for comparison with our results.
In particular, we selected one eclipsing system to compare our spectroscopic analysis with results
obtained from modelling the eclipse light curve (e.g. Littlefair et al. 2006, 2008), which is the most
commonly used method for determining WD Teff from ground based observations.

Here we present the HST observations and the results of our spectral analysis, which almost
doubles the number of objects with reliable Teff measurements. In the the next years, the ESA Gaia
mission will provide accurate parallaxes for all the targets in our sample. From the knowledge of
the temperature and the distance, the WD mass can then be estimated assuming a mass�radius rela-
tionship, doubling also the number of systems with an accurate mass determination. This enlarged
sample of well�characterised CV WDs will be used to answer the question whether accreting CV
WDs grow in mass.

2. Observations

The data were collected in 122 HST orbits from October 2012 to March 2014. Each CV was
observed with COS for two to �ve consecutive spacecraft orbits. The data were obtained using
the Primary Science Aperture (PSA) in TIME TAG mode, which also allows construction of light
curves. We used the G140L grating at the central wavelength of 1105¯ and the far-ultraviolet
(FUV) channel, covering the wavelength range of 1105�2253¯. The detector sensitivity quickly
decreases in the red portion of the spectrum, reducing the actual useful range to ’ 1150�1730 ¯ ,
with a nominal resolution of R� 3000. The data from all the orbits were summed to produce a
single ultraviolet (UV) spectrum for each object. The COS FUV detector consists of a photon-
counting micro-channel plate detector which is subject to damage by excessive illumination.

An important characteristic of many CVs is that periods of quiescence, in which the accretion
onto the WD is greatly reduced, are interrupted by bright outbursts (e.g. as in Dwarf Novae).. These
arise from a thermal instability in the disc causing a variation in the mass transfer rate through the
disc (Osaki, 1974). During an outburst, CVs brighten typically by 2-5 magnitudes, occasionally
up to 8 magnitudes (Warner, 1995). This increase in luminosity occurs rapidly, on the time�scale
of about a day, �rst at optical wavelengths and only hours to a day later in the UV (King, 1997).
Therefore CVs can easily reach, and exceed, the COS detector safety threshold. These events are
unpredictable and to avoid damaging the HST detector an intensive monitoring of each target was
required before the observations. This monitoring program was carried out by the global amateur
community (AAVSO, CBA and many others), and only their outstanding support has made this
HST survey possible.

After an outburst, the WD does not cool immediately to its quiescence temperature since it
has been heated by the increased infall of material. The cooling time is related to the outburst
amplitude and can vary from days to weeks, up to years (Gänsicke & Beuermann 1996, Slevinsky
et al. 1999, Piro et al. 2005). Therefore the effective temperature measured in a system in which an
outburst has occurred recently provides only an upper limit for its quiescence effective temperature
and, consequently, for h �Mi.
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Figure 1: HST/COS spectra for three objects in which the WD dominates the far�ultraviolet. The
temperatures are, top to bottom: ’ 11000K, ’ 18000K, ’ 26000K. The geocoronal emission
lines of Lya (1216 ¯ ) and O I (1302 ¯) are plotted in grey.
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Figure 2: HST/COS spectra of three objects dominated by emission from the accretion �ow, out-
shining the WD. The geocoronal emission lines of Lya (1216 ¯ ) and O I (1302 ¯) are plotted in
grey.
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