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ABSTRACT

The system IK Peg has been known to be a binary for over 60 years but the secondary
has never been identified. The detection of this system in the British Wide Field
Camera All-Sky Survey in the EUV has enabled the secondary to be positively
identified as a white dwarf. Fits to EUV survey data, the first JUE spectrum, and
archival X-ray data indicate that the system contains a high-mass (~1 M) white
dwarf and that it is very close to edge-on. The evolutionary status of this system is
discussed, it is shown to be the result of a common-envelope phase, and it is expected
to evolve into a Type I supernova or a cataclysmic variable.

Key words: binaries: close - stars: evolution — stars: fundamental parameters - stars:
individual: IK Peg - white dwarfs.

1 INTRODUCTION

Known binary systems composed of a degenerate star and a
non-degenerate companion are relatively rare. Those that
interact (the cataclysmic variables) do so spectacularly, but
their precursors are difficult to find because of the con-
trast between the white dwarf and its considerably brighter
companion, For late-type companions (e.g. Feige24 or
V471 Tauri), the separation of the individual spectra is
straightforward, but this situation worsens for non-degener-
ate companions of increasingly early type as the spectra
overlap more and more in the blue.

Cowley et al. (1969) identified IK Peg as a marginally
metallic-lined A star in a survey of A stars and allocated it
A8m: as its spectral type. Cowley & Aikman (1980) showed
that IKPeg A is a few tenths of a dex underabundant in
manganese, yttrium and iron, and strongly depleted in
chromium ([Cr/Fe]~ —0.97). These abundances are ~0.8
dex below the expected abundances for Am and evolved Am
stars (Kurtz 1976), making the identification with the metal-
lic-lined group very uncertain. Guthrie (1987) found that the
calcium abundance in IK Peg A is [Ca/H]= +0.08, flatly
contradicting the Am classification as these stars are charac-
terized by ‘...an apparent surface underabundance of cal-
cium... (Conti 1970). The corrected ‘age’ parameter
d'cy=—0.026 for IK Peg A was also derived, making it the
youngest of the stars in that sample of 57 Am stars and indi-
cating that it is very close to the main sequence where
d'cy=0.

The earliest (and only) orbit determination for IKPeg
(HR 8210, HD 204188) is due to Harper (1927), who found
a 21.7-d period and a small but non-zero eccentricity
(e=0.027). The same author later revised the period

downwards slightly (Harper 1935). To date, this is the only
determination of the orbital parameters of this system. From
the same data, Lucy & Sweeny (1971) estimated that the
probability that the orbit is in fact circular (e=0) is ~56
per cent, and adjusted the orbital parameters accordingly.

Trimble & Thorne (1969) proposed that a number of
single-lined spectroscopic binary systems (including the 6th-
magnitude A star IK Peg) have compact companions, based
on the values of the known mass functions.

2 IDENTIFYING THE COMPANION

Several pieces of evidence from different spectral regions lead
to the conclusion that IK PegB is a white dwarf. Given that,
because of the presence of the A star, a white dwarf com-
panion could never be sighted in the visual region or at
longer wavelengths, the three sets of data below comprise the
most complete coverage of the white dwarf currently avail-
able.

2.1 The extreme ultraviolet

In 1990 November, the British Wide Field Camera (WFC)
All-Sky Survey detected a strong source of extreme-ultra-
violet radiation at the position RA(2000)=21"26™24:3,
Dec.(2000)= +19°23'04", with a 99 per cent error circle of
9 arcsec. Cross-correlation with known catalogues identified
the Am star IK Peg as the nearest (and by far the brightest)
candidate. Although the source is 47.1 arcsec from the pre-
dicted epoch J2000 position of IK Peg (Hoffleit 1982), it
should be borne in mind that the current pointing accuracy
in some parts of the WFC sky reconstruction (as opposed to
the precision with which a source can be located on an
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image, as given above) can be as large as ~ 40 arcsec, and the
typical width of the WFC point spread function is 3-4 arc-
min.

The source was observed over approximately five days
(three in one filter and two in the other) for periods of up to
80 s once every orbit (P, ~ 96 min). The count rates were
obtained by extracting the count data (source-plus-
background and a separate background displaced by
approximately 3 s of time along the scan direction) and expo-
sure-time data as time series, summing the number of
detected photons and exposure times over all orbital passes,
and dividing the two. Subtraction of the source-plus-
background and the background data gives the required
source counts. This method of extraction was adopted for
two reasons. First, the exposure times as a function of clock
time should have the functional form of a parabola (equiva-
lent to the chord length across a circular field of view at
varying ‘impact parameters’), and this provides a consistency
check on the performance of the satellite and the software.
Secondly, when the source enters and leaves the field of view
it follows a very short chord, and this can adversely affect the
observed counts if the sky reconstruction is not performed
with sufficient accuracy (as may be the case for. the preli-
minary survey data), as well as adding to the photon noise.
To circumvent this problem, the first and last four orbits of
data (amounting to a total of ~80 s of data) have been
removed from the statistics prior to the analysis, giving a
minimum exposure time per orbit of approximately 20 s. The
errors on the count rates have been derived using the
Bayesian statistics of Kraft, Burrows & Nousek (1991), and a
10 per cent (10) uncertainty in the WFC calibration
(Barstow et al. 1993) has been added in quadrature (after
multiplication by 2.57 to correct it to the 99 per cent limit).
The count rates are also corrected for the decrease in detec-
tor efficiency through the survey by the addition of 27.3 and
12.6 per cent to Sla and S2a count rates respectively. The
integrated mean count rates and their 99 per cent limits are
given in Table 1.

The appearance of this system in the WFC All-Sky Survey
and the very soft filter ratio (strongly implying that the source
is a white dwarf) seem to vindicate the prediction of Trimble
& Thorne (1969). The possibility of a non-negligible contri-
bution to the observed signal from the A star can be ruled
out by comparison with the absence of signals from other
well-known and nearby A stars (Wonnacott et al. 1992).

2.2 The Einstein HRI observation

A search of the Einstein X-ray data base at Leicester Uni-
versity showed that the Einstein HRI detected a bright X-ray

source in the vicinity of IK Peg. The count rate was high at
0.223+£0.016 count s~ ! for an exposure of 1398.74 s. A re-
analysis of these data using Bayesian statistics, with a vignet-
ting correction of 2 per cent and a scattering correction of
3.5 per cent (Seward, private communication) at the very soft
wavelengths at which the flux dominates (A 2 50 A), gives a
count rate and 99 per cent limits of 0.206*333¢ count s~ !, in
good agreement with the standard reduction. The latter value
is used in the following analysis.

This observation is confirmed by the German XRT ex-
periment, also on board the ROSAT observatory, which
detected a strong X-ray source at RA(2000)=21"26™26%4,
Dec.(2000)= +19°22'19", with a 90 per cent error circle of
4.1 arcsec (Schmitt, private communication). This is offset
from the epoch J2000 position by 13.3 arcsec. (Note that the
XRT and WFC sky coordinate systems are assembled separ-
ately and small offsets between them are not uncommon at
the moment.)

2.3 The ultraviolet spectrum

The large values of the WFC and Einstein HRI detections
suggested that a white dwarf, if responsible, would be an easy
target for the International Ultraviolet Explorer (IUE)
cameras (Boggess et al. 1978). One of us (DJS) acquired a
low-resolution (~ 7 A) IUE spectrum of IK Peg in the short-
wavelength region (141150-2000) of the ultraviolet. The
exposure time was 1800 s. The spectrum was extracted and
calibrated using the 1UEDR software (Rees 1987) supplied by
Starlink. The spectrum (shown in Fig. 1) is saturated long-
wards of ~ 1650 A because of the presence of the A star in
the IUE large aperture. Nevertheless, in the region to the
blue of this wavelength where the A star flux falls rapidly, the
rising continuum of a white dwarf is clearly seen. The low-
resolution spectrum of 51 Tau (spectral type FO V), chosen
to fit the non-metallic-lined spectral type of IKPeg and
retrieved . from the Uniform Low-Dispersion Archive
(ULDA) at RAL (Murray 1990), is shown (scaled to IK Peg)
for comparison. A comparison of IK Peg with the late-Am
star 15 UMa (spectral type kA2hF2mF2 ~F0 IV-Vm; Gray
& Garrison 1989) is identical to this, indicating that the
metallicity or otherwise of IK Peg does not affect this result.

3 THE WHITE DWARF PARAMETERS

Breger (1979), using a ubvyp calibration due to Crawford,
gives the absolute magnitude of IKPeg A as M, = +2.70.
With the observed m,= +6.07 (Hoffleit 1982), this gives a
distance of 47.2 pc if there is negligible absorption (A, ~ 0.0
mag) and 45.1 pc if A,=0.1 mag. The former is adopted for

Table 1. Passbands, exposure times, count rates and 99 per cent errors from the WFC

Sky Survey observations of IK Peg.
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Filter Effective Bandwidth Total exposure Mean count-rate
wavelength (A)° (A) time (sec) (counts/sec)

Sla 100.0 70.8 1460 0.250%9:97%

S2a 137.9 88.3 1485 0.760%9:23

“Data taken from the ROSAT A0-2 document.
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the following analysis and will be tested a posteriori. It is
expected that this assumption will be validated, as IK Peg is
very bright, even though extreme-ultraviolet (EUV) radia-
tion is very sensitive to the hydrogen column.

3.1 The ultraviolet constraint

The spectrum of a distant white dwarf longward of 912 A is
relatively insensitive either to the presence of helium or
metals in the white-dwarf photosphere or to an absorbing
interstellar column of neutral gas. This permits the rela-
tionship between the white dwarf’s temperature (T,) and its
radius (Ryp) to be found from model fits to the IUE data
alone. Data at wavelengths longer than 1450 A were not
used because the primary was also in the IUE aperture dur-
ing the observation and may be contributing light at these
wavelengths. The region around Lya was also excluded to
remove the geocoronal contamination of this line. The
(T4, Ryp) solution is shown in Fig, 2.

It should, in principle, also be possible to use the width of
the Lya wings and the line depth to restrict the range of
possible temperatures of the white dwarf, but a close exami-
nation of the profile shows it to be contaminated by ‘features’
in the wings, particularly to the redward side, as well as by
the geocoronal emission in its core. This permits only rather
weak limits to be set such that 30 000 < T, < 70 000 K. This
lower limit is in concordance with the strong constraint
imposed by the sensitivity of the WFC, which only detects
white dwarfs if they are hotter than ~ 25 000 K.

3.2 The EUV and X-ray solution

To incorporate the WFC and Einstein HRI information, a
grid of white dwarf models is required. Those used were
based on the pure hydrogen (LTE and hydrogen line-blank-
eted) logg=8.0 model atmospheres of Wesemael et al.
(1980), extended into the EUV and X-ray region, with cor-
rections for trace helium (Petre, Shipman & Canizares 1986).
The models were normalized using the radius-distance ratio.
They were convolved with the WFC and HRI instrumental
efficiencies and filter passbands to produce a set of solution
contours in the temperature-column plane for each value of
the helium abundance. The final solution is obtained by iter-
ating between the temperature and radius (adjusting the
normalization each time) until the solution contours move
less than 0.5 per cent of their current value.

4 RESULTS

Initial tests for possible fits were run with the helium abund-
ance fixed at zero. The orientation of the solution contours
for each filter is such that an increase in the amount of
helium present in the photosphere would strongly decrease
the likelihood of obtaining a solution. Fig. 3 gives the full
graphical solution to the fits and the best-fitting parameters
are given in Table 2.

Aside from the obvious sources of error, such as photon
noise which is accounted for, there are also calibration errors
present in the WFC and HRI: those in the WFC have been
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Figure 1. First JUE spectrum of IK Peg clearly showing the presence of a white dwarf companion. The FOV star 51 Tau is also shown to
indicate the flux expected from a single FO star. (51 Tau has been scaled to IK Peg at the longest wavelength available.)
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Figure 2. Polynomial fit to the temperature-radius relation derived from model fits to the IUE data in Fig. 1 assuming a distance of 47.2 pc.
The errors are derived from fits that lie at the limits of the noise in the IUE spectrum.
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Figure 3. Analysis of the X-ray/EUV photometry of IK Peg show-
ing the formal solution (assuming a distance of 47.2 pc). The solu-
tions are bracketed by their 90 and 99 per cent error contours.

included in the preceding analysis, but the shortest wave-
length calibration point for the HRI is at ~ 66 A and conse-
quently the effective area for this instrument had to be
extrapolated down into the hard X-ray region. Variation of
this extrapolation as much as possible within reasonable
limits (i.e. such that no unreasonable distortions were intro-
duced into the HRI effective area—energy relation) produced
fluctuations in the model fits of the order of 300 K. These
extra contributions to the errors are not included in the
results of Fig. 3, but should be convolved into error estimates
based on this figure.

Table 2. Derived best ‘parameters describing

IK PegB.

Ter = 33000K

log ¢ = 8.0 (assumed)
Rwp = 0.0080 + 0.0002Rg
Mwp = 0.985 + 0.03 Mg
n(He)/n (H) < 10-5

log (Ng/em=2) = 18.90

As a consistency check, the derived column can be con-
verted to a visual absorption using the formulae of Zombeck
(1990), giving A,=0.005 mag, a result entirely consistent
with the assumption of zero visual absorption and a distance
of 47.2 pc.

S WHITE DWARF MASS

If one nominally assigns 99 per cent errors of + 500 K to the
effective temperature of IK Peg B (equivalent to £400 K
from the widest part of the 99 per cent contour and +300 K
from the HRI calibration uncertainty added in quadrature),
the relationship displayed in Fig. 2 yields equivalent errors
on the radius of £0.00013 R,,. The Hamada-Salpeter zero-
temperature mass for a carbon core (Hamada & Salpeter
1961) is then 0.985%0.03 M. This constitutes quite a
strong lower limit, as this relationship underestimates the
true mass of white dwarfs by as much as 0.08 M, for very
hot white dwarfs. This effect is reduced if the objects are
more massive than on average (Bergeron, Saffer & Liebert
1992). The derived mass and radius give log g=8.6. A com-
parison of unmblanketed log g=8.0 and log g=9.0 models
shows little significant difference and gives values for the
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derived parameters which agree to well within the quoted
errors. The effect of the inclusion of blanketing is more diffi-
cult to gauge as there are no blanketed models available in
the literature with log g> 8.0. However, large effects on the
continuum due to the presence of lines redward of several
hundred &ngstroms diminish rapidly at shorter wavelengths.
Only the line profiles in the EUV region remain sensitive to
log g, whereas the broad-band photometry and continuum
slope analyses used here are predominantly sensitive to tem-
perature and abundance effects. It is expected, therefore, that
the derived results will not be significantly affected by fixing
the gravity too low by a factor of 4 during the modelling.

This derived mass is considerably higher than the
observed mean for white dwarfs of (Myp)=0.562+0.137
M, (Bergeron et al. 1992). The mass function of IK Peg
[f(My)=0.16106 M; Harper 1927], however, is such that
for white dwarf masses near this mean it is impossible to
reconcile the calculated mass of the primary with its
observed spectral type. This lends confidence to the large
mass derived for IK Peg B.

6 THE TIME SERIES

The WFC EUV time series of IK Peg is shown in Fig, 4. (The
preliminary survey data contain a drop in the S1a count rate
near MJD 48210.88 which was due to a fault in the telescope
pointing reconstruction and has been corrected for the pres-

ent analysis.) The errors are 99 per cent probability limits
constructed, as before, from the raw count and background
data using a Poisson distribution, Bayesian statistics and a
slow exponential prior (Kraft et al. 1991). The same correc-
tion factors as described in Section 2.1 have been applied.

The best estimate of the systemic parameters, including
the primary radius ~ 1.25 R, from Allen (1973) based on
the derived mass, yields a maximum eclipse duration of 4.75
h. This should have been clearly observable with the WFC if
it had occurred.

The three ephemerides mentioned in Section 1 were used
to derive the expected times of secondary conjunction (i.e.
the times of the white dwarf eclipse assuming that i ~90°).
The prediction of the revised ephemeris of Harper (1935)
lies outside the WFC observation window, but the remaining
two (Harper 1927; Lucy & Sweeny 1971) predict conjunc-
tions which are labelled ‘H27’ and ‘LS71’ respectively in Fig.
4.1t is clear that there is no eclipse at either of these times.

There are six possibilities to account for this. First, the
accumulation of the quoted period error in the 65 years since
the orbit determination may be large enough to move the
predicted conjunction times outside the WFC window. This
can be rejected, as the slippage amounts to between 0.11 and
0.55 d which is too small to produce the required effect.
Secondly, the period may have changed sufficiently to do the
same: a total period change of +1-4 din 65 yr yields a value
for d In(P)/dz~(0.7-2.8) X 10~3 yr~ L. This is an implausibly
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Figure 4. WFC time series showing the positions of the conjunction predictions of Harper (H27) and of Lucy & Sweeny (LS71). There are no
eclipses and the time series is consistent with a constant count-rate at the 99 per cent level.
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large value. The high-rate mass-transfer system S Lyr has
dIn(P)/dz~2.0 x107% yr~! (Plavec 1990), and the magneti-
cally active binaries in the RSCVn class typically have
d In(P)/d¢ of the same order of magnitude (Strassmeier et al.
1988). It is hard (if not impossible) to see how such a sizeable
period change could have occurred in a binary with a period
of a few weeks. Thirdly, apsidal motion can cause shifts in
the expected times of eclipse. However, the low eccentricity,
long period and central condensation of the white dwarf give
an apsidal period (from equations 18.17 and 18.18 of
Schwarzschild 1965) in excess of 106 yr, which is far too long
to have the desired effect in a mere 65 yr. Fourthly, there is
still the possibility that Harper’s revised orbit is correct. For
the moment, without a modern estimate of the phase of this
system, it is not possible to reject this hypothesis. The fifth
possibility is that the eclipse is sufficiently short to fall
between two passes of the WFC. Given the stellar parameters
derived here and elsewhere, this requires that the inclination
of the system lies in the narrow range 8837 <is88°47.
Along with the requirement that the WFC does, indeed, miss
the eclipse, it is not considered that this is a likely set of cir-
cumstances. The final option is, of course, that the system
does not eclipse. The system cannot be viewed from too high
an inclination, however, as the v sini of IKPeg A is quite
large (83 km s~ !; Hoffleit 1982). The metallic-lined pheno-
menon occurs only in stars below the observational limit of
vsini~100 km s~! (Charbonneau & Michaud 1991 and
references therein), and this implies that the system must be
seen from an inclination {2 56°. (This is only a suggestive
observation, as the metallic lines may have a different origin
from the classical metallicity.) If the white dwarf does rot
eclipse, this places a weak upper limit on the inclination:
i<88%37.

Given the mass function of Harper (1927), and the mass of
the white dwarf from Section 5, the primary mass can be esti-
mated to lie between 0.85 and 1.45 M,, (corresponding to
56°<i<90°)if it is still on or near the main sequence. To be
consistent with the observed spectral type of the primary, the
inclination is, again, required to be very close to 90°, for
which Allen (1973) gives a spectral type of F2V. This is
entirely consistent with the nominal type A8m: quoted else-
where, as the metal lines can substantially modify the spectral
distribution. Rotation has no appreciable effect on the classi-
fication of stars of this spectral type (Gray & Garrison 1989).

It can be seen from Fig. 4 that the count rates derived
from each pass are consistent with the constant rate derived
from the whole data stream at the 99 per cent level. There is
less than one chance in a hundred, therefore, that the system
exhibits variations in the extreme ultraviolet.

The absence of (periodic) changes in the EUV is good
evidence either that the white dwarf is non-magnetic or that
there is practically no material being swept up by an intrinsic
magnetic field. The latter is more likely to be the explanation,
as A stars are notorious for their lack of mass loss (Brown et
al. 1990; Wonnacott & Kellett 1992 and references therein).

7 DISCUSSION

There are many different evolutionary pathways along which
a binary system can evolve, dependent on the initial masses
and separation. Most, if not all of the systems with relatively
‘short” periods (P<500-1000 d) have undergone some

exchange of mass, conservatively or otherwise, at rates which
vary from <1071 M, yr~! for white dwarfs to ~ 1072 M,
yr~! for the rapid Roche lobe overflow which leads to a
common-envelope (CE) system. The understanding of the
processes which go on in these evolutionary stages requires
that several good candidates which have undergone such
changes are found and well understood. Only then are they
testable against the theory.

The system IK Peg seenis to be a good example of com-
mon-envelope evolution, for the following reason. The pres-
ent mass of the white dwarf provides a lower limit to the
mass of the core remnant which was exposed when its pre-
cursor ejected its outer layers to form a nebula. The core
mass-luminosity relation from Livio & Soker (1984) indi-
cates that the luminosity of the precursor would be of the
order of log(L/L,)~ 4.8, and hence the star would have a
radius of ~840 R near the red giant tip. This is much
greater than the current size of the binary orbit, and so dur-
ing this phase the companion (now seen as the late A-early
FV star) was well within the supergiant’s envelope - this is
the classical common-envelope configuration.

The supergiant state demands that the star evolved from
an initial mass M25 Mg. The upper limit for stars to
become white dwarfs (as opposed to neutron stars or black
holes), however, is 8 M, (Maeder & Meynet 1989). The pre-
cursor to IK Peg B must, therefore, lie in this range. The
nuclear lifetime of such an object lies in the range
(4.5-12.6)x 107 yr (Maeder & Meynet 1989). The addition
of the white dwarf cooling time (~ 1.8 X107 yr; Koester &
Schénberner 1986) brings the current age of the system to
(6.3-14.4)x 107 yr, and this constrains the companion to be
less massive than 6.0 My and 4.3 M, (for IK Peg B mitial
masses of 8 and 5 M, respectively) if it is to be currently
unevolved. These are quite stringent upper limits, as IK Peg A
is observed to be still very close to the main sequence. The
CE phase is, in fact, expected to transfer little or no mass to
the companion (Iben 1991) (but may be responsible for the
abundance anomalies noted in Section 1). Its initial mass is,
therefore, unchanged from its present value of 1.45 M, in
agreement with the aforementioned limits and the initial
mass ratio of IK Peg, g, ~ 0.25.

With this information in hand, the evolution of IK Peg is
likely to have proceeded as follows. The system probably
originated as a binary composed of a 5- and a 1.5-M, star .
with an orbital separation of order 500 solar radii (P, ~ 450
d). The more massive star evolved into a red supergiant and
the system entered a CE phase before shedding the outer
envelope and most of the mass of the system as a nebula.
This nebula dispersed into invisibility over the next 18 X106
yr and, assuming a typical expansion velocity of 20 km s™!
(Pottasch 1984), it now has a radius of ~370 pc and
envelops the Earth.

If no other interaction occurs, the time-scale for braking
by gravitational radiation is 7gg~1.9x10° yr (Landau &
Lifshitz 1962). This implies that the orbital separation will, in
all probability, have shrunk dramatically before the main-
sequence star becomes a giant (R ~ 110 R) sometime in the
next 5% 10° yr (=1,,). Two scenarios can ensue. If
Tvol < Tgr, the system will enter a second CE phase and
emerge as a double degenerate system. This binary confi-
guration will spiral inwards due to further gravitational radia-
tion but, unless a substantial fraction of the current mass is
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lost in the second CE phase, the system will be too massive
to merge within a Hubble time (Iben 1991). If 7., > 7gg, the
Roche lobe around IK Peg A will eventually contract on to it
and initiate mass transfer. The system will have P~ 13 h and
A~4 R, not unlike a wide cataclysmic variable (CV). A
short-lived third CE phase begins when the transferred
hydrogen ignites on the white dwarf and mass transfer conti-
nues until My <0.8 My,p,. The system then dispels the CE,
becomes a normal CV, and follows the usual evolution for
such a system, either to explode as a Type I supernova if the
white dwarf can accrete enough mass to reach the Chan-
drasekhar limit, or to evolve across the period gap, where
mass transfer continues until the donor is totally absorbed
(Tben 1991). The resulting object will either explode (again as
a Type I supernova) or cool to invisibility, dependent on the
final mass as before.

Similarities exist between IKPeg and other classes of
object, for example, the Ba u stars (e.g. Lambert 1985) where
an evolved giant orbits a cool (~ 15 000 K) white dwarf. The
late-type giant (GO-KOII-III) has an excess of s-process ele-
ments, notably barium and other lanthanides. These objects
probably differ from IKPeg in that their initial separation
was sufficiently wide to prevent the rapid mass transfer
which leads to a CE stage, and produce instead a milder
(~1077-10"% M, yr™!) Algol-type mass transfer. It would
be expected that, as in the case of IK Peg, the white dwarf
companions should be more massive than 0.6 M.

Sirius, the system that springs most readily to mind when
looking for comparisons, would have been (and still is) far
too wide (P=150.1 yr) to have interacted significantly, and
constitutes a system with an extreme value of the initial
separation. Systems which are born much closer together will
interact more strongly in their youth, but will almost certainly
all pass through a CE stage like IK Peg at some point. The
major difference is that they are substantially more likely to
merge into a single object.

A more recent discovery, also a product of the WFC All-
Sky Survey, is 8 Crt (Fleming et al. 1991) which is thought to
consist of a main-sequence A2IV star and a white dwarf
which is slightly cooler (and hence older) than that in IK Peg.
The radial velocity data for this system are sparse at best
(comprising 15 measurements over eight years), but the last
seven points, covering 19 days, are capable of constraining
the period to between 3 d and 1 yr. A modern estimate of the
period of S Crt would be most useful. It seems that there are
at least two systems of this type within 50 pc of the Sun: this
particular evolutionary pathway therefore appears to be
quite favoured.

Another system of direct interest to an analysis of IK Peg
is V651 Mon. This binary is composed of a very hot
(100000 K) compact object and an A5V star, and the
period is only 16 d. More interesting is that it lies at the
centre of the planetary nebula NGC 2346, and is only
~ 6000 yr old (Walsh 1983). Every indication is that it is a
younger version of IKPeg. A comparative analysis, parti-
cularly of the elemental abundances, would be of great use in
establishing any relationships between these two objects.

8 CONCLUSION

One of the major benefits of the first All-Sky Survey in the
EUV is that it will help to extend the range covered by the

currently complete sample of WDs (in particular, the DA-
types) from ~ 10 pc (Jahrei 1987), perhaps out as far as
~100 pc. As demonstrated here, the WFC is particularly
good at picking out white dwarfs that are hidden in short-
period binary systems and would otherwise remain unseen.

Observations of the nearby binary IK Peg have demon-
strated it to be a system composed of a massive white dwarf
and a main-sequence star. This is most likely to be the result
of a common-envelope phase in a moderately wide binary of
intermediate mass. A great deal remains uncertain about this
nearby but relatively unstudied system.

Of primary importance is the determination of a modern
ephemeris for this system. This would cast light on 60 yr of
weak mass loss. A full and detailed abundance analysis of
IK Peg A would be of enormous benefit in deciding how
much influence the CE phase has had on the main-sequence
companion, and whether a companion really does gain or
lose a significant amount of mass during the CE phase.
Forthcoming EUVE observations of the white dwarf will
permit a determination of how contaminated the remnant is,
either by material left over from the nebular phase, or by
accretion from the interstellar medium or a wind from the A
star.

It is clear that the study of these systems, which are of
intermediate type between the better known classes of CVs,
PNN, post-Algols or double degenerates, can provide tests of
the theory of stellar evolution where the objects concerned
have evolved rapidly across the HR diagram.
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