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POSTÈCOMMON-ENVELOPE BINARY STARS AND THE PRECATACLYSMIC BINARY PG 1114]187

TODD C. HILLWIG,1 R. KENT HONEYCUTT,1 AND JEFF W. ROBERTSON2
Received 2000 March 27; accepted 2000 April 25

ABSTRACT
We present orbit-resolved spectroscopy and orbit-sampled photometry of the binary system PG

1114]187. Both photometry and radial velocity studies reveal a period P\ 1.75992 days, which is taken
to be the orbital period of the binary. Strong modulation of emission-line strength with the same period
is also present. A preliminary mass ratio, is found from primary- and secondary-star radialM2/M1B 0.7,
velocity amplitudes. No evidence is seen for either an accretion disk or mass transfer, leading to the
conclusion that PG 1114]187 is not a cataclysmic variable (CV) but is in a pre-CV state, before the
initiation of mass transfer. The short orbital period also leads to the conclusion that the system passed
through a common-envelope phase at some time in the past. The current list of known postÈcommon-
envelope and precataclysmic binary stars is also reviewed and the general properties of this class of star
are discussed.
Key words : binaries : close È stars : individual (PG 1114]187)

1. INTRODUCTION

PG 1114]187 is a poorly studied variable found in the
Palomar-Green survey (Green, Schmidt, & Liebert 1986)
that has received preliminary classiÐcation as a cataclysmic
variable (CV; Downes & Shara 1993 ; Downes, Webbink, &
Shara 1997) but has never had conclusive evidence present-
ed to that end. Initial observations of its UBV color (Bruch
& Engel 1994) and spectrum (Zwitter & Munari 1994) were
not inconsistent with those of typical CVs. However, further
photometric study (Misselt & Shafter 1995), although pre-
liminary, showed no signs of the Ñickering common to CV
systems.

Photometry and orbit-resolved spectroscopy presented
here lead to the removal of the classiÐcation of PG
1114]187 as a CV and to its classiÐcation as a postÈ
common-envelope binary (PCEB) and precataclysmic
binary (PCB). In addition, an orbital period obtained
through photometry, radial velocity studies, and emission-
line modulations is presented.

2. POSTÈCOMMON-ENVELOPE BINARIES

The Ðrst PCEBs were discovered as eclipsing binary
systems (for recent studies see Ibanoglu et al. 1994, for V471
Tau; Ferguson et al. 1999, for BE UMa) typically contain-
ing a low-mass main-sequence star and a hot compact com-
panion. The primaries are generally white dwarf or
subdwarf stars that have progressed through stages of
envelope expansion and ejection. The orbital periods of
these stars, typically on the order of a few days or less (see
Table 1), reveal that an expanded envelope on the order of 1
AU would have easily encompassed the low-mass compan-
ion. This would create a common-envelope conÐguration.

Not all PCEBs are PCBs, however. Most CVs contain a
white dwarf primary and a red dwarf secondary star. Some
PCEBs have white dwarfs with upper main-sequence or
even white dwarf or subdwarf companions. In addition, the
processes that reduce the orbital periods of these systems

ÈÈÈÈÈÈÈÈÈÈÈÈÈÈÈ
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(thought to be gravitational radiation and magnetic
braking) act very slowly. We can Ðnd the time for each
system to become semidetached because of gravitational
radiation from Warner (1995) by using

t
sd

\ 4.73] 1010 (1] q)1@3
q

M1~8@3(1)

][P
i
8@3(d) [ P

f
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where q is the ratio of the mass of the secondary to the mass
of the primary, (using WarnerÏs notation) is the massM1(1)
of the primary in units of solar mass, is the current orbitalP

iperiod, and is the orbital period at contact, found byP
fusing

P
f
(d) \ 0.37M14@5(2) for P

f
(d) [ 0.38 . (2)

Using this formulation, most systems for which we can cal-
culate the time until contact have greater than a Hubblet

sdtime. Magnetic braking, if present, would likely dominate
over gravitational radiation for orbital periods hr. ItZ2.0
is possible, however, that for systems with M2[ 0.25 M

_
,

where the secondary is fully convective, complicated Ðeld
lines prevent or limit a stellar wind (Taam & Spruit 1989).
Because of the many unknowns in magnetic braking, the
quantitative contribution it produces is less certain. Warner
(1995) provides an approximate equation analogous to
equation (1),

t
sd
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where k(2) is the radius of gyration of the portion of the
secondary that is coupled to the wind. Even considering this
mechanism, most current PCEBs have values of t

sd
Z tH,

the Hubble time. This, of course, leads to the question of
whether current CVs passed through a detached, PCB state
or evolved directly into contact during the common-
envelope phase. This question has been discussed exten-
sively in the literature and is beyond the scope of this paper.

In addition to eclipses, PCEBs have also been discovered
through studies of photometric and spectral variations
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TABLE 1

PROBABLE POSTÈCOMMON-ENVELOPE BINARIES WITH DAYSPorb \ 16

R.A. Decl. P T i
Star (hr) (deg) V a (hr)b M1(1) M1(2) (K) (deg) Commentc Refs.

Feige 24 . . . . . . . . . . . . . . . 03 ]04 12.40 4.23160d 0.47^ 0.03 0.295^ 0.035 . . . . . . Irr 1
V664 Cas . . . . . . . . . . . . . . 03 ]65 13.38 13.96 . . . . . . . . . . . . Irr, PNN 2
CC Cet . . . . . . . . . . . . . . . . 03 ]10 15.23 6.823 0.40^ 0.11 0.18^ 0.05 . . . . . . Irr 3, 4
BPM 71214 . . . . . . . . . . . 03 [09 14.2b 4.33 . . . . . . . . . . . . ? 5
V471 Tau . . . . . . . . . . . . . 04 ]17 9.2 12.508 0.76^ 0.02 0.73^ 0.03 32,400 . . . Ecl, Irr 6, 7
RR Cae . . . . . . . . . . . . . . . . 04 [49 14.36 7.289 0.467 0.095 7,000 84.0^ 0.2 Ecl, rv 8
HZ 9 . . . . . . . . . . . . . . . . . . . 05 ]18 13.93 13.544 0.51^ 0.10 0.28^ 0.04 22,000 . . . rv, accr? 9
HD 33959C . . . . . . . . . . . 05 ]33 7.95 90.96 1.0 : 1.8 . . . . . . rv, quadruple 10
AA Dor . . . . . . . . . . . . . . . 06 [70 11.20 6.277 0.25^ 0.05 0.043^ 0.005 40,000 . . . Ecl 11, 12
HD 49798 . . . . . . . . . . . . . 07 [44 8.30 37.1441 1.75^ 1.0 1.75 : . . . . . . X-ray pulsator, rv 13, 14
V651 Mon . . . . . . . . . . . . 07 [01 10.8b 15.991d 0.40^ 0.05 1.8^ 0.3 100,000 . . . PNN, Irr? 15
GD 448 . . . . . . . . . . . . . . . . 07 ]74 14.97 2.473 0.41^ 0.01 0.096^ .004 . . . . . . Irr 16, 17
IN CMa . . . . . . . . . . . . . . . 07 [32 16.1 24.5 0.49[0.62 0.49[0.79 52,400 . . . Irr 18, 19
VW Pyx . . . . . . . . . . . . . . . 09 [29 16.5 16.09 . . . . . . . . . . . . PNN, ? 20
BI Lyn . . . . . . . . . . . . . . . . . 09 ]40 12.87 8.116 . . . . . . . . . . . . Irr 21, 22
RE 1016-053 . . . . . . . . . . 10 [05 14.3 18.943 0.61^ 0.1 0.16 55,400 . . . Irr 23, 24, 25
PG 1026]002 . . . . . . . . 10 [00 13.8 14.334 0.68^ 0.23 0.22^ 0.05 . . . . . . Irr 3, 26
KV Vel . . . . . . . . . . . . . . . . 11 [49 11.78 8.571 0.55^ 0.15 0.25^ 0.06 . . . . . . Irr, PNN 27
Feige 36 . . . . . . . . . . . . . . . 11 ]25 12.78 4.94 0.5 : [ 0.42 . . . . . . rv, WD pair 28
PG 1114]187 . . . . . . . . 11 ]18 14.6b 42.2369 . . . . . . . . . . . . Irr This paper
BE UMa . . . . . . . . . . . . . . 12 ]49 14.8 54.988 0.70^ 0.07 0.36^ 0.07 105,000 84.^ 1. Ecl, Irr, PNN 29
TW Crv . . . . . . . . . . . . . . . 12 [19 12.77 7.86 . . . . . . . . . . . . Irr 30
UX CVn . . . . . . . . . . . . . . . 12 ]37 13.10 13.769 0.39^ 0.05 0.42 28,000 90. Ecl 31, 32
EG UMa . . . . . . . . . . . . . . 12 ]53 13.34 16.023 0.38^ 0.07 0.26^ 0.04 13,000 . . . rv, accr? 9
PG 1224]309 . . . . . . . . 12 ]31 16.16 6.2085 0.45^ 0.05 0.28^ 0.05 29,300 . . . Irr 33
HW Vir . . . . . . . . . . . . . . . 13 [09 9.4 2.801 0.54^ 0.09 0.16^ 0.03 36,500 81.6^ 0.5 Ecl 34
EC 13471[1258 . . . . . . 14 [13 14.80 3.617 . . . . . . . . . . . . ? 35
SuWt 2 . . . . . . . . . . . . . . . . 14 [59 12.29 58.8 . . . . . . . . . . . . Ecl, PNN 36
GK Vir . . . . . . . . . . . . . . . . 14 ]01 17.0b 8.264 0.51^ 0.04 0.10 . . . . . . Ecl, Irr 37
PG 1538]269 . . . . . . . . 16 ]27 13.83 60.02 0.5 : [ 0.68 25,200 . . . rv, WD pair? 38
SP 1 . . . . . . . . . . . . . . . . . . . 16 [52 13.9 69.8 . . . . . . . . . . . . Irr, PNN 39
NN Ser . . . . . . . . . . . . . . . . 16 ]13 16.6 3.122 0.54^ 0.07 0.12^ 0.03 . . . . . . Irr 40, 41
HaTr 4 . . . . . . . . . . . . . . . . 17 [51 17.1 41.0 . . . . . . . . . . . . Irr, PNN 39
G 203-47 . . . . . . . . . . . . . . 17 ]44 11.77 14.7136 0.5 : [ 0.2 (M3.5) . . . . . . rv 42
MT Ser . . . . . . . . . . . . . . . . 17 -15 15.95 2.717 0.6 : 0.2^ 0.1 50,000 . . . Irr, PNN 43, 44
V477 Lyr . . . . . . . . . . . . . . 19 ]27 15.07 11.321 0.51^ 0.07 0.15^ 0.02 . . . . . . Ecl, Irr, PNN 45
Hf 2-2 . . . . . . . . . . . . . . . . . . 19 [29 . . . 9.566 . . . . . . . . . . . . Irr, PNN 46
UU Sge . . . . . . . . . . . . . . . . 20 ]17 14.67 11.162 0.63^ 0.06 0.29^ 0.03 87,000 . . . Ecl, PNN 47
Abell 65 . . . . . . . . . . . . . . . 20 [23 15.90 24.00 . . . . . . 80,000 . . . Irr, PNN 39, 48
RE 2013]400 . . . . . . . . 20 ]40 14.6 16.932 0.57^ 0.1 0.19 48,000 . . . Irr 23, 25, 49
FF Aqr . . . . . . . . . . . . . . . . 22 [03 9.31 9.2078d 0.5 2.0 . . . 81. Ecl, Irr 50
MS Peg . . . . . . . . . . . . . . . . 23 ]25 13.68 4.168 0.48^ 0.02 0.22^ 0.02 22,170 . . . Irr 51

a Items followed by b are B magnitudes.
b Those periods followed by d are given in days.
c Denotes method of determination of binarity : (Ecl) eclipses ; (Irr) irradiation e†ect (equivalent width or photometric variations) ; r(v) radial velocity

studies ; (accr) possible mass transfer due to a wind or transient accretion stream; ( ?) literature is unclear. For other comments, see text.
REFERENCES.È(1) Vennes & Thorstensen 1994 ; (2) Grauer et al. 1987 ; (3) Sa†er et al. 1993 ; (4) Somers et al. 1996 ; (5) Livio & Shara 1987 ; (6) Barstow et al.

1997 ; (7) Ibanoglu et al. 1994 ; (8) Bruch 1999 ; (9) Stau†er 1987 ; (10) Tokovinin 1997 ; (11) Sarna 1985 ; (12) Kudritzki et al. 1982 ; (13) Kudritzki & Simon
1978 ; (14) Israel et al. 1997 ; (15) Mendez et al. 1985 ; (16) Marsh & Duck 1996 ; (17) Maxted et al. 1998 ; (18) Barstow et al. 1995b ; (19) Vennes & Thorstensen
1996 ; (20) Bond & Grauer 1987 ; (21) Lipunova & Shugarov 1991 ; (22) Orosz, Wade, & Harlow 1997 ; (23) Wood, Harmer, & Lockley ; (24) Thorstensen,
Vennes, & Bowyer 1996 ; (25) Vennes, Thorstensen, & Polomski 1999 ; (26) Bruch & Diaz 1999 ; (27) Landolt & Drilling 1986 ; (28) Moran et al. 1999 ; (29)
Ferguson et al. 1999 ; (30) Chen et al. 1995 ; (31) 1978 ; (32) Greenstein 1973 ; (33) Orosz et al. 1999 ; (34) Wood & Sa†er 1999 ; (35) Warner 1995 ;Scho� nberner
(36) Bond 2000 ; Tylenda et al. 1991 ; (37) Fulbright et al. 1993 ; (38) Sa†er et al. 1998 ; (39) Bond & Livio 1990 ; (40) Wood & Marsh 1991 ; (41) et al.Catala� n
1994 ; (42) Delfosse et al. 1999 ; (43) Grauer & Bond 1984 ; (44) Green, Liebert, & Wesemael 1984 ; (45) Pollacco & Bell 1994 ; (46) Lutz et al. 1998 ; (47) Bell,
Pollacco, & Hildich 1994 ; (48) Walsh & Walton 1996 ; (49) Barstow et al. 1995a ; (50) Marilli et al. 1995 ; (51) Schmidt et al. 1995.

caused by the irradiated hemisphere of the low-mass sec-
ondary. For young PCEB systems or those with very hot
primaries, UV radiation striking the interior hemisphere of
the secondary star is reprocessed and emitted primarily in
the optical part of the spectrum (Ferguson & James 1994).
This creates a photometric variation as the heated hemi-
sphere is alternately hidden and presented face-on to the
observer as the system rotates.

When the irradiated hemisphere is visible, emission lines
from radiation reprocessed in the outer layers of the second-
ary typically dominate the absorption spectrum of the sub-
dwarf or white dwarf primary. The appearance of these
emission lines led to the misclassiÐcation of some of these
systems as CVs. However, the emission lines produced in
PCEBs are much narrower than most CV emission lines,
which are broadened by the rotation of an accretion disk.
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The broadening mechanisms in PCEBs are rotation of
the secondary and thermal broadening. In addition, if the
system is at an inclination that causes variations in the
visible surface area of the irradiated hemisphere (all but
those with inclinations near zero), the emission lines show
corresponding changes in equivalent width.

This situation leads to very speciÐc phase relations
among radial velocities, photometry, and emission-line
strengths. We denote the primary star as the hotter star, or
star 1. Superior conjunction of the primary (primary eclipse
for an eclipsing system) is taken as orbital phase /\ 0.0.
The system appears brightest at superior conjunction of the
secondary when the irradiated hemisphere is facing the
observer, or /\ 0.5. At this point the radial velocity of the
secondary is changing from positive to negative through
zero and the emission-line strength is expected to be great-
est.

Table 1 provides a list of probable PCEBs that have been
detected by the methods described above. Masses are given
in and temperatures listed are for the primary star. TheM

_remaining columns are self-explanatory. Approximate coor-
dinates are given as indicators of seasonal and latitudinal
observability. A few additional systems that were dis-
covered by means of radial velocity variations but that do
not show eclipses or irradiation e†ects have also been
included. These may be systems consisting of a hot sub-
dwarf and upper main-sequence star or those with an old,
low-temperature subdwarf incapable of heating the second-
ary to a signiÐcant degree for reprocessing to be observable.
We do not include systems with orbital periods longer than
that of V651 Mon (15.991 days), for which certainly t

sd
? tHeven when considering both gravitational and magnetic

braking. Systems not conÐrmed as close binaries or dis-
covered to be close but with no reported orbital period are
not listed.

Several objects in Table 1 have additional characteristics
noted in the comments column. Thirteen are known planet-
ary nebula nuclei (PNNs), and brief descriptions of four
other systems follow.

HD 33959C : This is a quadruple system containing two
close binary systems (Tokovinin 1997). One is an F3V-M3V
pair with an orbital period of 2.99 days. The other is an A9
IV-WD pair with an orbital period of 3.79 days. The white
dwarf identiÐcation is uncertain.

HD 49798 : This is an X-ray pulsator (Israel et al. 1997)
that is seen to have periodic radial velocity variations with
P\ 37.1441 hr. The primary is an sdO star and the com-
panion is another degenerate, quite possibly a neutron star.

Feige 36, PG 1538+ 269 : These were discovered as
binary systems via strong radial velocity variations. The
masses are not well known, but it is believed that both
systems are white dwarf pairs (for Feige 36, see Moran et al.
1999 ; for PG 1538]269, see Sa†er, Livio, & Yungelson
1998).

3. OBSERVATIONS AND REDUCTIONS OF PG 1114]187

3.1. Photometry
The photometric data consist of V -band CCD photo-

metry obtained during the interval October 1993 to May
1999 with the Indiana Automated CCD Photometric Tele-
scope, also known as RoboScope (Honeycutt et al. 1990 ;
Honeycutt & Turner 1992). A total of 260 usable 4 minute
exposures were reduced by inhomogeneous ensemble pho-

tometry (Honeycutt 1992) using 17 comparison stars. The
errors range from D0.005 to D0.015 mag. The zero point is
determined using four secondary standard stars from
Henden & Honeycutt (1997) and has an uncertainty of 0.02
mag. The 6 yr light curve for PG 1114]187 displayed in
Figure 1 shows short-term variations of 0.13 mag and no
long-term trends.

The periodogram in Figure 2 was produced using the
period search technique of Scargle (1982) as modiÐed by
Horne & Baliunas (1986). The three major peaks corre-

FIG. 1.ÈLight curve for PG 1114]187 covering the interval October
1993 to May 1999.

FIG. 2.ÈPeriodogram for the light curve in Fig. 1. The labeled peak is
believed to represent the true orbital period, accompanied by two alias
peaks.
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TABLE 2

PHOTOMETRIC SINE WAVE FITTED

PARAMETERS

Parameter Value

Vmean . . . . . . . . . . . . 14.7827^ 0.0004
Amplitude . . . . . . 0.0373^ 0.0005
To . . . . . . . . . . . . . . . 2449312.586^ 0.004
P . . . . . . . . . . . . . . . . 1.75992^ 0.00003

spond to 2.31607, 1.70064, and 0.63653 days. Folding the
data on these three periods yields rms values from a sine
wave of 0.0240, 0.0179, and 0.0221 respectively. The peak at
period P\ 1.76004 days has both the greatest power in the
periodogram and the lowest rms deviation from a sine
wave. Visual inspection of the folded light curves also
greatly favors this period, as do rms deviations for the spec-
troscopic data discussed in the following section. We take
this approximate period as a starting point for Ðtting a sine
curve of the form

Vmean\ V ] K sin [(2n/P)(T [ T
o
)] /] , (4)

where V is the visual magnitude, K is the amplitude, and P
is the period ; either or / is a Ðtted parameter. For theTophotometry we set /\ 0.75 and Ðt for and the remainingToparameters, anticipating this phase shift from the spectro-
scopic data, whose behavior deÐnes the orbital phasing. The
derived photometric ephemeris for minimum light is

T \ (2449312.586^ 0.004)] (1.75992^ 0.00003)E , (5)

and the Ðtted parameters are listed in Table 2. Figure 3
shows the light curve folded on this ephemeris and the sine
curve Ðt. The rms variation of the data from the Ðtted sine
curve is 0.0174 mag. Such a small scatter rules out Ñickering
from an accretion disk commonly seen in CVs.

3.2. Spectroscopy
A total of 44 spectra of PG 1114]187 were obtained on

1998 March 8È11 with the WIYN multiobject

FIG. 3.ÈPhase-folded light curve of PG 1114]187 for the given
ephemeris.

TABLE 3

IDENTIFIED EMISSION LINES

j EW
(A� ) I.D. (A� ) F

x
/FHb

6676.596 . . . . . . He I 6678.1 [1.66 0.472
6560.280 . . . . . . Ha [7.92 2.25
5874.217 . . . . . . He I 5875.6 [2.11 0.599
5167.211 . . . . . . Fe I 5167.5 ? [0.65 0.18
5015.168 . . . . . . He I 5015.7 [1.07 0.304
4920.260 . . . . . . He I 4921.9 [0.74 0.21
4860.096 . . . . . . Hb [3.52 1.00
4713.704 . . . . . . He I 4713.1^ 0.4 [0.32 0.09
4470.466 . . . . . . He I 4471.7 [0.50 0.14
4339.235 . . . . . . Hc [2.07 0.588
4100.805 . . . . . . Hd [2.16 0.614

spectrograph3 using the Hydra Ðber positioner (March 8)
and the DensePak Ðber array (March 9È11), both with the
Bench spectrograph camera. A 600 line mm ~1 grating with
a blaze angle was used. The central wavelength was13¡.9
5300 covering the range 3885È6731 with 3A� , A� A�
resolution.

Hydrogen Balmer and He I lines were seen in emission.
For a listing of identiÐed emission lines and their relative
strengths (at /\ 0.5, or maximum light) see Table 3.

3.2.1. Emission-L ine Radial Velocities

Radial velocities of the Ha, He I 6678 and He I 5876A� , A�
lines were measured. Line centers were found using a best-
Ðt Gaussian proÐle of variable width and height, and the
radial velocities were converted to the heliocentric frame.
The resulting data are displayed in Table 4. The strength of
the Ha emission line permitted its measurement at all
phases. The He I lines, however, disappeared into the con-
tinuum noise near /\ 0. Fewer measurements were
obtained for He I 6678 than for He I 5876 because of theA� A�
lower signal-to-noise ratio (S/N) in that line. Additionally,
contamination of He I 5876 emission by the nearby NaD
absorption line was present in all spectra. Measurements
that were overly contaminated were discarded.

Periodograms of the radial velocity data for each line
were inconclusive. However, constraining the period to the
photometric period produces the results in Figure 4. In this
case, in equation (4), V and are now radial velocities,Vmeanis set from the photometric ephemeris, and / is a ÐttedToparameter. The parameters of the Ha and He I Ðts generally
agree with one another to within respective errors. There is
a phase di†erence of B0.1 between the Ha and He I Ðts,
however. This is possibly because of the NaD absorption
lines at 5891 contaminating the He I emission line andA�
skewing the line center measurements. Both Ðts also yield
phase shifts from photometry of /(rv) [ /(phot) B 0.25, as
expected.

3.2.2. Emission-L ine Equivalent W idth

Also apparent in the spectra is an orbital modulation of
the equivalent widths of the emission lines, particularly the
Ha line. Figure 5 shows representative spectra by orbital

ÈÈÈÈÈÈÈÈÈÈÈÈÈÈÈ
3 The WIYN Observatory is jointly operated by the University of

Wisconsin, Indiana University, Yale University, and the National Optical
Astronomy Observatories.
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TABLE 4

Ha AND HE I EMISSION-LINE RADIAL VELOCITIES

V rad (km s~1)

HJD Ha He I 5876 He I 6678

2,450,880.83164 . . . . . . 51. . . . . . .
2,450,880.84227 . . . . . . 45. . . . . . .
2,450,880.86063 . . . . . . 44. . . . . . .
2,450,880.87771 . . . . . . 54. . . . . . .
2,450,881.68274 . . . . . . [120. [73. [71.
2,450,881.69956 . . . . . . [126. [70. [80.
2,450,881.71487 . . . . . . [128. [70. [72.
2,450,881.73018 . . . . . . [133. [80. [83.
2,450,881.74578 . . . . . . [135. [86. [94.
2,450,881.76109 . . . . . . [139. [81. [95.
2,450,881.77639 . . . . . . [144. [93. [95.
2,450,881.79339 . . . . . . [146. [92. [110.
2,450,881.80870 . . . . . . [147. [86. [104.
2,450,881.82401 . . . . . . [149. [100. [99.
2,450,881.84186 . . . . . . [155. [105. [133.
2,450,881.85717 . . . . . . [153. [106. [132.
2,450,881.87248 . . . . . . [156. [99. [94.
2,450,882.74284 . . . . . . 62. 44. 23.
2,450,882.75816 . . . . . . 60. 51. 66.
2,450,882.77347 . . . . . . 63. 39. 88.
2,450,882.78906 . . . . . . 56. 59. 86.
2,450,882.80437 . . . . . . 59. 53. 55.
2,450,882.81968 . . . . . . 61. 50. 91.
2,450,882.83937 . . . . . . 69. 65. 59.
2,450,882.85468 . . . . . . 69. 39. 43.
2,450,882.87000 . . . . . . 61. 43. 78.
2,450,882.88571 . . . . . . 61. 59. 106.
2,450,882.90103 . . . . . . 65. 46. 88.
2,450,882.91634 . . . . . . 64. 56. 91.
2,450,882.93282 . . . . . . 68. 63. 68.
2,450,882.94813 . . . . . . 65. 54. 68.
2,450,883.71950 . . . . . . [112. [136. [103.
2,450,883.73481 . . . . . . [114. [140. [96.
2,450,883.75013 . . . . . . [120. [156. [110.
2,450,883.76888 . . . . . . [122. [114. [88.
2,450,883.78419 . . . . . . [114. [154. [116.
2,450,883.79950 . . . . . . [117. . . . . . .
2,450,883.81500 . . . . . . [115. [139. . . .
2,450,883.83031 . . . . . . [119. . . . . . .
2,450,883.84562 . . . . . . [111. [145. . . .
2,450,883.86407 . . . . . . [129. . . . . . .
2,450,883.87938 . . . . . . [125. . . . . . .
2,450,883.92261 . . . . . . [126. . . . . . .
2,450,883.93792 . . . . . . [106. . . . . . .

phase. Plotting the equivalent widths of the Ha line con-
strained to the photometric orbital period results in the
phase-folded plot in Figure 6. The sine Ðt to this data, using
our derived ephemeris, yields the expected phase shift from
the photometric and radial velocity curves (i.e., EW
maximum occurs at photometric maximum).

3.2.3. Absorption-L ine Radial Velocities

Broad Balmer absorption lines are very noticeable in the
spectra near /\ 0.0 (see the Hb region of the /\ 0.1 spec-
trum, upper left of Fig. 5). The proÐle of these lines (very
broad shallow wings) suggest that they originate from the
white dwarf. In fact, similar absorption lines have been
observed in many other PCEBs. Accurate measurement of
the radial velocity curves of these lines can produce a mea-
surement of the mass ratio, since we haveq \M2/M1,

FIG. 4.ÈRadial velocity curves for the Ha and He I 5876, 6678 lines,A�
constrained to the photometric period.

determined the radial velocity amplitude of the secondary
star.

The absorption lines grow in strength relative to the sec-
ondaryÏs emission lines as the order of the Balmer line
increases. Therefore the Hb absorption line is more easily
visible near maximum brightness than is the Ha absorption
line. The S/N is very degraded near the Hc line and at
shorter wavelengths, requiring that the Hb absorption line
be used. Attempts were made at measuring both the Hc and

FIG. 5.ÈRepresentative spectra arranged by photometric orbital phase
showing modulation of the emission-line strengths.
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FIG. 6.ÈEquivalent widths of the Ha line constrained to the photo-
metric period.

Ha lines, but they were dominated, respectively, by noise
and emission from the secondary to such a degree that
reliable data could not be obtained.

To increase the signal-to-noise ratio, consecutive spectra
were coadded into bins of B1 hr, or 0.025 phase units. To
obtain line center, the continuum and absorption line were
Ðtted using a Lorentz proÐle, omitting those parts of the
absorption proÐle contaminated by emission. The radial
velocities, shifted to the heliocentric frame, are presented in
Table 5. The line centers were then transformed to radial
velocities and the resulting curve was Ðtted in the same
manner as the emission-line radial velocities, although c is
not a free parameter here but is deÐned as the value deter-
mined for the Ha Ðt. The data and resulting sine wave Ðt are
shown in Figure 7. The error bars are formal errors from the

TABLE 5

Hb ABSORPTION LINE RADIAL

VELOCITIES

Vrad
HJD (km s~1)

2,450,880.8572 . . . . . . [103.
2,450,881.6988 . . . . . . 21.
2,450,881.7458 . . . . . . 11.
2,450,881.7934 . . . . . . 178.
2,450,881.8502 . . . . . . 91.
2,450,882.7582 . . . . . . [87.
2,450,882.8044 . . . . . . [86.
2,450,882.8547 . . . . . . [24.
2,450,882.9010 . . . . . . [83.
2,450,882.9412 . . . . . . [135.
2,450,883.7348 . . . . . . 48.
2,450,883.7842 . . . . . . 76.
2,450,883.8303 . . . . . . 83.
2,450,883.9156 . . . . . . 17.

FIG. 7.ÈRadial velocity curves for the Hb absorption line constrained
to the photometric period.

proÐle Ðts. An additional error contribution due to removal
of the emission lines is likely present.

3.3. Mass Ratio
Using the radial velocity curves from above, the mass

ratio of the system may be estimated. The results arrived at
here are approximate for several reasons. First, the absorp-
tion lines are not well Ðtted at our low dispersion because of
contamination by emission lines from the secondary.
Second, the radial velocity curves found using the emission
lines are not truly those of the secondary star because of the
emission originating from one hemisphere of the star, not
from the entire surface. Therefore we expect the observed
amplitude to be smaller than the true amplitude and the
derived mass ratio to be an upper limit.

Using the observed K amplitudes of the radial velocity
curves for the Ha emission km s~1) and Hb(K1D 110
absorption km s~1) curves, we Ðnd(K2D 80 q [ 0.7.
Therefore, for a typical white dwarf of B0.6 M

_
, M2[ 0.4.

Furthermore, since the light is dominated by the white
dwarf in the visual range, the secondary is necessarily a
dwarf star.

4. SUMMARY

We conclude that PG 1114]187 is a binary system in
which the cool component has an irradiated hemisphere.
Minimum light of the system occurs when the heated hemi-
sphere (assumed to be on the secondary) revolves out of
view. Taking the source of irradiation to be illumination by
a hot primary, this occurs at superior conjunction of the
primary or at an emission-line radial velocity of zero (with
respect to the center of mass). This produces a 0.25 phase
shift of the radial velocity data from the photometric light
curve. Similarly, the maximum equivalent width of emission
lines occurs when the illuminated face is exposed, producing
zero phase shift from the photometric data. Table 6 includes
the Ðtted parameters for the three radial velocity data sets
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TABLE 6

SPECTROSCOPIC SINEWAVE FITTED PARAMETERS

Parameter Ha Emission He I Emission Hb Absorption EW

c . . . . . . . . . . [33.6^ 0.9 [30.3^ 2.2 [33.6 [4.29^ 0.03
K . . . . . . . . . 109.9^ 0.8 92.0 ^ 2.4 79.2^ 9.1 4.19^ 0.07
/ . . . . . . . . . . 0.09^ 0.02 0.01 ^ 0.04 0.57^ 0.18 0.729^ 0.008

NOTE.ÈP\ 1.75992 days and To\ 2,449,312.586.

and the equivalent-width data. The phasing of the varia-
tions in radial velocity, equivalent width, and brightness
agrees within errors with the model described above. It is
clear that PG 1114]187 is a detached, short-period binary

system consisting of a white dwarf or subdwarf primary and
late-type dwarf secondary, leading to the classiÐcation of
the system as a postÈcommon-envelope and precataclysmic
binary.
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