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We present high speed photometric observations of thestatjdwarf nova IP Peg taken with
the triple-beam camera ULTRACAM mounted on the William Héresl Telescope. We obtained
eighteen observations of the eclipse in 2004/2005, simedtas in the Sload’, g andr’ bands.
By phase-folding and averaging our data we make the firstfgignt detection of the white
dwarf ingress in this system and thus make the most secutemphktric determinations of the
binary parameters in this system to date, which are in ageaemith the best spectroscopic
determinations. The white dwarf temperature is more difftcudetermine, since the white dwarf
is seen to vary significantly in flux, even between conseeuwnlipses. This is seen particularly
in theu/-band, and is probably the result of absorption by disc natedur best estimate of the
temperature is 1000 — 15000K, which is much lower than would be expected for a CV with
this period, and implies a mean accretion rate that is mane 40 times lower than the expected
rate. Unless the mass transfer in IP Peg has begun very kedbase findings imply either that
CVs can sustain accretion rates well below the expectedaatery long periods of time, or that
the classical picture whereby the long-term accretiongesées with period is not correct.
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1. Introduction

Cataclysmic variable stars (CVs: [11]) provide examples of white dwadsstéing from low
mass companions at rates 010 ! — 10°M./yr. The mass transfer in CVs is due to angular
momentum loss, which is thought to be driven by gravitational radiation atesheeriods and
magnetically-coupled stellar winds at longet3 h or greater) periods. While this is observationally
supported to some extent [7], there is no one-to-one relationship bepeeied and mass transfer
rate M). The most likely explanation is that the instantanebus/e measure is a poor indicator
of the mearM, so that even high mead systems spend some fraction of their time as slowly
accreting dwarf novae.

One independent means of inferring a longer-tern? @A Pyr) value ofM is through mea-
surement of the white dwarf temperature. The temperature is a good tfaiter long-termM
since it is determined not by the accretion heating, but by the compressioa ohderlying white
dwarf by the accreted matter [9, 10]. Spectroscopically determined whief d@mperatures are
likely to be subject to an observational bias, and so we observed&he8riod eclipsing dwarf
nova IP Pegasi (IP Peg hereafter) with the aim of making an (unbiakethmetric measurement
of the white dwarf temperature.

2. Observations

The high speed CCD camera ULTRACAM [4] was mounted on tfadWilliam Herschel
Telescope (WHT) in August 2005. Observations of IP Peg were madehistinstrument between
9 — 15 August, and 25 August — 1 September. Over these periods, &sepbservations of the
IP Peg eclipse were made. In addition, two observations of the eclipseweelein August 2004.
ULTRACAM is a triple beam camera and all observations were made usingDB& 8, g and
r’ filters, except for the first 2004 observation, in which thélter was used in place af, for
scheduling reasons. All of these data were reduced with aperturenpéioyousing the ULTRA-
CAM pipeline software, with debiassing, flatfielding and sky backgrowridraction performed
in the standard way. A nearby comparison star was used to compensagi&bions in observ-
ing conditions, and observations of standard stars [8] taken in evenilightvwvere used to flux-
calibrate the data. Typical exposure times wefs1

3. Resaults

The light curves show one obvious single ingress feature, followedepgirate egresses of
the white dwarf, and later, the bright spot. We combined and phase-foldedata and fitted a
model to them using the MCMC method. The model consisted of a white dwarfgyrim&oche
lobe filling secondary and accretion disc and bright spot componentss aescribed in detail in
[3]. We plot the phase-folded light curves and model fits in Figure 1. ésdtphase folded light
curves we detect the white dwarf ingress feature, which is separateana prior to the much
deeper bright spot ingress. This is the first time the white dwarf ingresbéden identified: in the
individual light curves it is obscured by the accretion driven flickering

One complication is that previous authors have suggested the white dweség be variable
in both size and duration [15, 16]. Consequently after determining thensysteameters by fitting
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Figure 1. Top panel: phase-folded and binned light curves (topniddle,d’; bottom,u’), comprised of the
eleven complete eclipse observations made in 2004 and 208%lot the average flux in mJy against the
binary phase, where a phase of O corresponds to the midsegfrése white dwarf. We plot the datapoints
with uncertainties in black, and the best model fits to thesta ¢ red, green and blue (fof, g’ andu/,
respectively). The four vertical lines indicate the stdr{foom left to right) the white dwarf ingress, the
bright spot ingress, the white dwarf egress and the bright egress. Middle panel: residuals in the three
bands (tops’; middle, g’; bottom,u’). Bottom panel: the three components of tidband model plotted
separately, showing the relative strengths of the brigbt,sgccretion disc and white dwarf. These three
lines have been offset for clarity.

the phase-folded light curves, we refitted each light curve individualiigtermine the white dwarf
contribution for each individual light curve. In Figure 2 thie, ¢’- andr’-band light curves of the
region around the white dwarf egress are plotted, with the accretion digoarent of the emission
subtracted from the data. This plot shows clearly that the height of tes®tgature and hence the
white dwarf contribution does vary significantly from eclipse to eclipse.

4. Discussion

The phase width of the white dwarf eclipse is an observable quantity thatiissioadly linked
to two physical properties: the mass ratio and the binary inclination [1]. Witladtional ge-
ometric information resulting from measurement of the bright spot ingres®aress phases the
mass ratio and inclination in this system can be determined photometrically. Sinobsee/e
for the first time the white dwarf ingress, we make the first accurate memsuoteof the phase
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Figure 2: The region of the light curves around the white dwarf egressikteen of the eighteen eclipses.
We plot theu'-band data in the first column, tige-band data in the second and tthédand data in the third.
The vertical lines identify the mean phase width of the wHikarf egress.
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Figure 3: We plot the colours and magnitude of the white dwarf for eadividual eclipse. In the left panel
we plot theu’ — ¢ andg’ —r’ colours for the white dwarf, and in the right panel we showuhe g colour
versus the absolute magnitulllg . For this we indicate to the right of the plot our estimatenaf tincertainty

in the distance modulus. The red lines that run from the tfitea of each panel are synthetic white dwarf
tracks [5]. In the left panel we plot tracks for a white dwaidiss of 03 to 1.2M,, plotted every M, but

for clarity in the right panel we just show the tracks for a mag10, 11 and 12M.. Perpendicular to these
tracks we plot isotherms (blue) every0BOK. The green lines are example tracks for a simple phettét
absorption model which is consistent with the variationg/ite dwarf colour which we observe [3].

width of the white dwarf eclipse, which we find to B = 0.0935+ 0.0003. This is higher than
the previous best value of @63 [15]. We subsequently find the mass ratio inghband data
to beq = 0.48+0.01 and the inclination to be 81+ 0.45. This inclination is higher than most
previous determinations, with the difficulty in identifying the white dwarf ingifesgure, and the
subsequent under-estimation of the phase width of the white dwarf'sedipsg the confounding
factor.

We found the white dwarf mass to belé+ 0.02M, in close agreement with the best spec-
troscopic determination [12]. The donor mass and radius were found @bbe- 0.02 M, and
0.47+ 0.01R; respectively. This is low given our mass determination, suggesting a doabr
is slightly undersized compared to an equivalent main sequence starjB.isTunusual for an
accreting binary: donor stars tend to be oversized, due to either evotrtloeing out of thermal
equilibrium as a result of mass loss. Our finding is consistent with a donoeimdi equilibrium.

We see in Figure 2 that, while the length of the white dwarf egress appasstang its flux
varies significantly on timescales of days. In the left panel of Figure 3letéheu — g andg’ —r’
colours of the white dwarf. We plot also synthetic white dwarf tracks [Blgfevhite dwarf mass
range of 03 to 1.2M.. In the right panel we plot/ — g’ against the absolug-band magnitude
Mé. We assume a distance of 151pc [3]. This figure shows apparentioasian the white dwarf
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colour, particularly it —d'. It is most likely that this variation is due to photoelectric absorption,
as a result of obscuration of the white dwarf by material from the accrdigm The green tracks
in Figure 3 are the results of a simple absorption model [3] and seem consistie the observed
behaviour. An occulting region of disc material could explain the pastrte@d very extended
white dwarf egresses in this system [15]. Alternatively these might hase fadlures to detect the
variable egress at all.

By comparing the data points with the synthetic tracks, Figure 3 suggests adwilaitbtem-
perature of between 1000 to 15000K; it is difficult to be more precise than this due to the flux
variations. We assume that our points with the bluéstg’ colour are indicative of a white dwarf
that is largely unobscured. This temperature range is remarkably cevioBRs studies have sug-
gested that a white dwarf in a CV with a period3h would have a typical temperature of between
25,000 — 35000K [14, 9]. Such a temperature is clearly inconsistent with our IP Peg tfave
examine this result in the context of the medium tern?l@ yr) accretion rate, our value for the
IP Peg white dwarf implies a mean accretion rate<ds x 10 M., yr—1. The expected rate for
a dwarf nova of this period is'2 x 10-°M., yr~1: more than 40 times greater. The value we find
is much closer to the instantaneous rate. This low mass transfer rate mayo ey we find
the donor to be in thermal equilibrium.

The low temperature of this system suggests there could be a selection biasexidting
sample of long-period systems with spectroscopically determined tempergiresnd further
detailed studies of eclipsing systems are necessary in order to determindethiead this bias.
At this stage, for example, it is possible that mass transfer in IP Peg haa kegy recently and
so the temperature in this system is a poor indicator of the long term rate. Aiteipawe can
take our low value for the mass transfer rate over the pastlf yr in this system to be correct,
which would suggest it has sustained an accretion rate well below thetedpaean rate for more
than 1000 years. If all ‘'steady-state’ CVs go through low accretiondataf nova phases, then
this result implies the length of these phases can be very long indeed. Tdhedbkaibility is that
there are problems with the picture of CV evolution as driven by angular mimeloss, and
alternatives to the classical disrupted magnetic braking model (suchlaskib8ld be explored.
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