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Abstract BX Peg is an overcontact W UMa binary system (P = 0.280416 d)
which has been rather well studied, but not fully understood due to complex
changes in eclipse timings and light curve variations attributed to star spots.
Photometric data collected in three bandpasses (B, V, and I ) produced nineteen
new times of minimum for BX Peg. These were used to update the linear
ephemeris and further analyze potential changes in orbital periodicity by
examining long-term changes in eclipse timings. In addition, synthetic fitting
of light curves by Roche modeling was accomplished with the assistance of
three different programs, two of which employ the Wilson-Devinney code.
Different spotted solutions were necessary to achieve the best Roche model
fits for BX Peg light curves collected in 2008 and 2011. Overall, the long-term
decrease (9.66x103sec y') in orbital period defined by the parabolic fit of
eclipse timing data could arise from mass transfer or angular momentum loss.
The remaining residuals from observed minus predicted eclipse timings for
BX Peg exhibit complex but non-random behavior. These may be related to
magnetic activity cycles and/or the presence of an unseen mass influencing
the times of minimum, however, additional minima need to be collected over a
much longer timescale to resolve the nature of these complex changes.

1. Introduction

The variable behavior of BX Peg was first discovered by Shapley and
Hughes (1934) and thereafter studied by numerous investigators. Briefly,
BX Peg belongs to the W UMa class of eclipsing binaries whose component
main sequence stars (spectral type A—F to early K) rotate rapidly (P<1day)
while in contact with each other. The spectral type of this overcontact binary
has been variously assigned between G4V and G9V. Light curves and/or
refined photoelectric- or CCD-derived light elements for BX Peg have been
reported by Zhai and Zhang (1979), Hoffmann (1982), Kaluzny (1984), Samec
(1990), Leung et al. (1985), Samec and Bookmyer (1987), De Young et al.
(1991), Samec and Hube (1991), Lee et al. (2004), and Lee et al. (2009). A
radial velocity study (Samec and Hube 1991) yielded a spectroscopic mass ratio
value (qsp=0.372); based solely upon these data, BX Peg belongs to the W-type
classification where the smaller secondary is somewhat hotter than the more
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massive primary star. This system also exhibits asymmetry at maximum light
which is ascribed to the so-called O’Connell effect frequently observed with
W UMa variables. Only the photoelectric V-band light curve collected in 1979
(Hoffmann 1982) and the 1978 B-band curve produced by Zhai and Zhang
(1979) convincingly exhibited a positive O’Connell effect (Max I > Max II).
Aside from a few examples where Max I = Max II (Samec and Bookmyer
1987), the majority of the published light curves show a negative O’Connell
effect (Max II > Max I). In most cases investigators invoked the addition of
cool or hot starspots in order to obtain the best light curve fits with Roche
modeling. The high orbital inclination angle (i ~88°) indicates that our view of
this eclipsing binary is very close to edge-on.

2. Observations and data reduction

Session dates in 2008 and 2011, along with the photometric equipment,
acquisition parameters, and image processing, were exactly as described in the
companion paper (Part I; Alton 2013) for KW Peg, which is in the same field-
of-view (FOV) as BX Peg.

Roche-type modeling was performed using BINARY MAKER 3 (BM3; Bradstreet
and Steelman 2002), wpwINT v5.6a (Nelson 2009), and pHOEBE v.31a (Prsa and
Zwitter 2005), the latter two of which employ the Wilson-Devinney (W-D)
code (Wilson and Devinney 1971; Wilson 1979). 3-D spatial renderings of
BX Peg were also produced by Bm3 once each model fit was finalized. Times of
minimum (ToM) were estimated using the method of Kwee and van Woerden
(1956) as implemented in Minima V25c (Nelson 2007).

3. Results and discussion

3.1. Photometry

Five stars in the same FOV as BX Peg were used to derive catalogue-based
(MPOSC3) magnitudes in Mpo caNoPUs (Minor Planet Observer 2010; Table 1).
Comparison stars showed no evidence of inherent variability over the period of
image acquisition and stayed within £0.015 magnitude for V and I_ filters and
+0.03 for the B passband.

3.2. Ephemerides
3.2.1. Light curves from 2008 Campaign

Photometric values in B (n = 873), V (n = 863), and I_(n = 885) were
folded by filter to produce light curves that spanned 23 days in October 2008
(Figure 1). These determinations produced eight new ToM values in each
bandpass. No meaningful color dependencies emerged; therefore the timings
from all three filters were averaged for each session (Table 2). The Fourier
routine (FALC) in Mpo canoprus provided a period solution for all the data after
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initially seeding the analysis with the orbital period derived by Kreiner (2004).
The corresponding linear ephemeris (Equation 1) was determined as follows
using the latest primary epoch from this dataset:

Min. I (hel.) = 2454770.5181 (8) + 0.2804259 (1) E (1)

3.2.2. Light curves from 2011 Campaign

Photometric values in B (n = 638), V (n = 646), and I_(n = 649) were folded
by filter to produce light curves that spanned 32 days (Figure 2) in October and
November 2011. These observations produced eleven new ToM values in each
bandpass (Table 2). As described above for the 2008 data, the linear ephemeris
(Equation 2) for the last primary epoch captured in 2011 was as follows:

Min. I (hel.) = 2455868.6282 (8) + 0.2804197 (1) E )

The overall accuracy of the orbital period can be improved by pooling the light
curve data from 2008 and 2011 which extends the time baseline for Fourier
analysis from less than 33 days to 1,126 days. As a result, the composite linear
ephemeris (Equation 3) was determined to be:

Min. I (hel.) = 2455868.6282 (8) + 0.2804164 (5) E 3)

which compares more favorably with values reported over the past five decades.
Asis standard practice at UnderOak Observatory (UO), all period determinations
were independently confirmed using PERANSO v2.5 (CBA Belgium Observatory
2011) by applying periodic orthogonals (Schwarzenberg-Czerny 1996) to fit
observations and analysis of variance (ANOVA) to evaluate fit quality. In toto,
eleven new secondary (s) and eight primary (p) minima were recorded during
this investigation of BX Peg. These nineteen new minima along with published
values starting in 1960 (Table 3) were used to assess eclipse timing (ET) over
the past fifty-one years. The reference epoch (Kreiner 2004) employed for
calculating ET residuals (ETR) was defined by the following linear ephemeris
(Equation 4):

Min. I (hel.) = 2452500.2563 (8) + 0.2804177 (2) E (4)

To visualize the progression of orbital periodicity over time the difference
between the observed eclipse times and those predicted by the reference epoch
are plotted against period cycle number (Figure 3). Although commonly called
an observed minus computed, or O—-C diagram, this generalized term fails
to exactly inform the reader about which variables are being plotted. Going
forward, the term ET diagram will be used instead. The top panel in Figure 3
chronicles a very complex pattern of eclipse timings for BX Peg over the past
fifty-one years. Collectively all of the ETR values describe a parabola as a
function of time, however, there is significant scatter which complicates any
cogent interpretation about the periodic behavior of this system. Due to the very
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apparent variability associated with visual (vis) and photographic (pg) values,
photoelectric- (PE) and CCD-derived observations were weighted eight-fold
while curve fitting. As indicated by the downwardly turned parabolic relationship
(c +ax —a,x’) between ETR and time, the corresponding period decrease is
similar irrespective of whether all data (Figure 3, top) or just the CCD/PE data
are evaluated (Figure 3, middle). This leads to an updated quadratic ephemeris
(Equation 5) as follows:

Min. I (hel.) = 2455873.4019 (4) + 0.28041753 (4) E — 4.29 (17) x 10" E2(5)

In this case the orbital period rate of decrease (Ap/p =2a,=8.585+0.169 x 10 ')
of'this system, which is equivalent to a period decrease rate of dP/dt =+0.00966
sec y!, has lasted from at least 1960. The secular, or long-term period change
associated with a parabola-shaped ET diagram is often attributed to mass
transfer or by angular momentum loss (AML) due to magnetic stellar wind.
The first systematic examination of period and light variations for BX Peg was
conducted by Lee et al. (2004) and included ET data up through mid-2003
(cycle 1124). Essentially their analysis suggests the continuous period decrease
is most likely related to mass transfer from the primary to secondary star or a
combination of AML and mass transfer. Quadratic residuals derived from the
CCD and PE data (Figure 3, bottom) reveal a potential quasi-sinusoidal change
up through 2003 as described by Lee et al. (2004). Thereafter, new eclipse
timings reveal what appears to additional cyclic changes of shorter duration.
Further attempts to mathematically model all the CCD and PE eclipse timing
data using non-linear polynomial regression with and without a sine term did
not lead to a good fit of the data. Cyclic changes of eclipse timings are also
attributed to the light-time effect of a third unseen body and/or cyclical changes
in the magnetic activity of either binary constituent. Beyond speculation there
presently are not enough supporting data which could be used to confidently
explain the complex behavior of this binary system.

A near-term linear ephemeris (Equation 6) from the present investigation
was projected from a straight line segment (Figure 3, middle inset) covering
observations from 2008 to 2011; calculated least-squares fit residuals over this
period of time are provided in Table 4.

Min. I (hel.) =2455873.3958 (8) + 0.28041636 (8) E (6)

Not surprisingly, this near term orbital period is consistent with the linear
ephemeris (Equation 3) determined directly from Fourier analysis of the pooled
(2008 and 2011) light curves. Given the complex changes in orbital period for
this system, revised ephemerides for BX Peg should be determined on a regular
basis to maintain an accurate record about the behavior of this overcontact
variable system.
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3.3. Light curve behavior

Individual light curves from 2008 (Figure 1) and 2011 (Figure 2) show that
minima are separated by 0.5 phase and as might be expected from a contact
binary system, are consistent with a circular orbit. Similar to most published
light curves for BX Peg (Samec 1990, De Young ef al. 1991, Lee et al. 2004,
and Lee ef al. 2009), a negative, albeit modest O’Connell effect (Max I fainter
than Max II) was observed with all passbands during the 2008 campaign. The
so-called O’Connell effect is believed to involve the presence of cool starspot(s),
hot regions, gas stream impact on one or both of the binary components, and/or
other unknown phenomena which distort surface homogeneity and can produce
unequal heights during quadrature (Yakut and Eggleton 2005). In 2008 this
asymmetry was most noticeable in B-band. By comparison the 2011 light
curves exhibited a positive (Max I brighter than Max II) O’Connell effect but
in this case the asymmetry was more prominent in V-band (Table 5). Brighter
measurements during first quadrature (Max I) had only been sporadically
reported (Hoffmann 1982; Zhai and Zhang 1979) in the past.

3.4. Spectral classification

The effective temperature (Teff) of the primary was estimated from the
mean observed color index (B—V =0.716) determined during quadrature (0.25P
and 0.75P) in 2008 and 2011. Since W UMa systems are invariably comprised
of main sequence stars, this corresponds to the effective temperature (5613 K)
associated with spectral class G7V (Flower 1996; Harmanec 1988). Similarly,
other investigators (Kaluzny 1984, Samec 1990, Samec and Hube 1991, Leung
et al. 1985, Maceroni and van’t Veer 1996, Lee ef al. 2004, and Lee et al. 2009)
report that BX Peg ranges between G4 (5807 K) and G9V (5330K). Supporting
color index (B—V) data from other surveys (Table 6) indicate a system ranging
between G3 and GI9V. For Roche modeling, the average Teff (5520K; G7-
G8YV) from this tabulation was adopted for the more massive but cooler star.
Assignment of this temperature to the cooler component in a W-type W UMa
variable at first glance seemed counter-intuitive. Although the luminosity of a
star is proportional to the fourth power of its effective temperature according to
the Stefan-Boltzmann law (L=4nR*a/T*), brightness also increases with surface
area or radius squared (R?). As is the case with most W UMa type variable stars,
the temperature difference between each main sequence component rarely
exceeds S00K. It follows that the overall luminosity of BX Peg is dominated
by the nearly three-fold mass difference between the primary and secondary
components, which, according to the mass-radius relationship (R=M®**) for
main sequence stars, also corresponds to more than a two-fold difference in size.
A heads-up comparison from a 500K difference in temperature (6020/5520)*
versus the putative radius ratio (1/0.38)*® from radial velocity data reveals that
overall luminosity increases 1.4-fold with a hotter secondary but by a greater
amount (2.2-fold) due to the increased size of the primary. This “size-beats-
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temperature-difference” luminosity relationship for BX Peg is confirmed in
the next section where the relevant attributes (Teff,, Teff,, R, and R)) for this
binary system are defined in more detail after Roche modeling.

3.5. Roche Modeling
3.5.1. 2008 Light Curves

Coincidently, Lee et al. (2009) also recorded light curve data (B-, V-, and
R -band) for BX Peg in the fall of 2008. Different starspots were used by these
investigators to model data collected between September 27 and October 22
(Group 1; Max I < Max II) and on two consecutive nights (15th and 16th) in
November (Group 2; Max I > Max II). Group 1 data were fit with a single
cool spot on the more massive star, whereas Group 2 also required a hot
spot on either star. Since the 2008 data collected at UO only included values
from October, a photometric solution using PHOEBE was initially attempted
by adopting all of the parameters described for Group 1 (Lee et al. 2009).
Roche modeling proceeded with phased B-, V-, and I -band data which had
been transformed into catalogue-based magnitudes. Mode 3 (an overcontact
binary system not in thermal contact) with synchronous rotation and circular
orbits were employed in pHOEBE. Each model fit of data from the present
study incorporated individual observations assigned an equal weight of 1. All
Group | parameters from Lee et al. (2009) remained fixed whereas phase shift
and passband specific luminosity corrections were iteratively adjusted using
differential corrections (DC) to achieve a simultaneous minimum residual fit
of all (B, V, and 1) photometric observations. The best simultaneous solution
provided a reasonable synthesis of the B-band light curve (Figure 4), but less
than acceptable in V- (Figure 5) and I -bands (Figure 6) due to marginal fits
around Min I and Min II.

Significant improvement in the synthetic fit for all filters was ultimately
achieved but this required modification of many modeling parameters. When
setting up W-type W UMa eclipsing binaries for Roche modeling according to
the Wilson-Devinney code, the reader should be aware of different approaches
that appear in the literature regarding the assignment of effective temperatures
for Teff, and Teff, as well as the calculations for mass ratio (q). By convention,
the primary star in an eclipsing binary system is the one being eclipsed that
produces the deeper minimum. In most cases but not all it is the most massive
and therefore the brightest and hottest as might be predicted from luminosity-
mass relationship established in Hertzsprung-Russell type diagrams. The
primary star in an A-type W UMa eclipsing variable is more massive, hotter,
and therefore brighter than its secondary companion. As would be expected, in
this case Teff, is assigned to the primary and Teff, to the secondary, while the
mass ratio (q) corresponds to m,/m , a value that is less than one. It follows
that the deepest minimum (Min I) or dimmest photometric reading on an A-
type light curve occurs when the secondary star either transits or partially
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eclipses the brighter primary star. By contrast, the effective temperature of the
more massive star in a W-type W UMa binary system is somewhat cooler than
its less massive stellar cohort. In this case the deepest minimum (Min I) or
dimmest photometric reading on a W-type light curve occurs when the primary
star either occults or partially eclipses the hotter secondary star. Under these
circumstances, in order to properly execute the Wilson-Devinney code during
Roche lobe modeling, an adjustment from standard convention can be made
using one of two different approaches. For example, in the paper by Lee ef al.
(2009), the authors chose to define the mass ratio (q) as m /m,, which in this
case is 2.6897, or the reciprocal of q,, (0.372), which was based upon initial
radial velocity experiments by Samec and Hube (1991). This approach also
requires re-defining the primary star as the hottest (Teff)), rather than the most
massive, and the secondary star as the coolest (Teff)). The equivalent strategy
taken herein, maintains the convention whereby the primary is still defined as
the most massive (m, ) star, however, in this case Teff, < Teff, and model fitting
starts by shifting the phase of the folded light curve data by 0.5. This approach
where q < 1 is also employed by Samec and Hube (1991) and mathematically
leads to a different value for the dimensionless Roche potential (€2, = €2,) which
defines the common envelope in overcontact binary systems.

Given other differences (for example, R vs. I_filters) from the dataset
produced by Lee et al. (2009), modeling the 2008 light curves (B, V, and
I) collected at UO essentially started with a clean slate except for the
spectroscopically determined mass ratio (qSp = 0.372) reported by Samec and
Hube (1991) and the orbital inclination (i = 88°) which is fairly consistent
across all BX Peg publications. The putative effective temperature (Teff, =
5520K) of the cooler star was based on the G7-G8V spectral classification
proposed herein. BM3 requires normalized flux that has been phased; this was
accomplished by mpo caNopus, which has a feature to prepare light curve data
for Bm3. Bolometric albedo (A, , = 0.5) and gravity darkening coefficients (g, ,
= 0.32) for cooler stars with convective envelopes were assigned according
to Rucinski (1969) and Lucy (1967), respectively. Following any Teff change
to either star, new logarithmic limb darkening coefficients (x,, x,, y,, y,) were
interpolated according to van Hamme (1993). Values for Teff, (5520K) and the
spectroscopic mass ratio (0.372) were initially held constant while iteratively
adjusting the effective temperature of the secondary (Teff)), inclination (i),
and common envelope surface potential (= €2,) until an acceptable fit of the
model in a single bandpass (V) was initially obtained.

Not unexpectedly, the first iterations leading to an unspotted solution clearly
indicated a marginal synthetic fit, especially during quadrature where the
O’Connell effect is largely observed. To rectify this shortcoming, a cool spot on
the more massive star was introduced into the model. Thereafter, model fitting
with PHOEBE employed phased data that had been transformed into catalogue-
based magnitudes. A , A,, g, g,, and Teff, were fixed parameters whereas initial
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values for Q,(2.60), i (88°), and Teff, (5800K) from Bm3 along with passband
specific luminosity, phase shift, x , x,, y , and y, were iteratively adjusted using
differential corrections (DC) to achieve a simultaneous minimum residual fit
of all (B, V, and 1) photometric observations. Although Lee et al. (2004) had
proposed the potential presence of additional mass around BX Peg based upon
sinusoidal-like behavior of residuals in the ET diagram, invoking third light (1,)
in each bandpass during DC did not meaningfully improve the fit. A number of
different spot solutions were attempted, most notably some which invoked the
presence of an additional cool or hot spot on one or both stars. These solutions
offered some improvement in the overall fits, however, they exemplify the
slippery slope of trying to fit light curve data by the addition of multiple
starspots. The additional degrees of freedom to the model allowed by multiple
spots limits the possibility that a unique fit can be found. This was notably
obvious by the increased number of iterations required to reach convergence
and by the much broader error estimates for €2, i, Teff,, and q obtained from
heuristic scanning (Prsa and Zwitter 2005).

Sticking with the simplest model, the final proposed location of a single
cool spot which accounts for most of the asymmetry is shown in a spatial
representation for BX Peg (Figure 7). Associated unspotted and spotted light
curve fits from the present study (2008) are reproduced in Figures 8 (B mag.),
9 (V mag.), and 10 (I, mag.) while a comparison of light curve parameters
and geometric elements obtained from Lee et al. (2009) and those collected
at UO are summarized in Table 8. Importantly, excellent agreement between
the spectroscopically determined (Samec and Hube 1991) mass ratio (q, =
0.372 £+ 0.002) and the photometrically derived value (q,,=0.370+0.005) was
obtained in the present study. This is not unexpected in cases where the high
orbital inclination of a contact binary leads to a total eclipse (Terrell and Wilson
2005).

3.5.2. 2011 light curves

As had been previously mentioned, in contrast to 2008 the light curves from
2011 exhibited a positive O’Connell effect where Max I was brighter than Max I1.
Roche model fitting with BM3 and PHOEBE was attempted using the same geometric
and physical parameters derived from the 2008 light curves collected at UO, but
initially without any spots. Incorporation of a single cool spot on the primary
(Figure 11) facing the observer during primary minimum ultimately provided the
best model fit in each filter (Figures 12—14). A comparison between light curve
parameters and geometric elements obtained from Roche modeling the 2008
and 2011 light curves collected at UO is summarized in Table 6. Based upon a
compilation of absolute dimensions of eclipsing binaries (Harmanec 1988), the
mean stellar mass for an G7-G8 main sequence binary star (0.96 M) was used
to derive M, M,, R , R , and the semi-major axis (a) in solar units. These values
(Table 7) compare favorably with those published by Samec and Hube (1991).
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4. Conclusions

CCD-based photometric data collected in B, V, and I produced nineteen
new times of minimum for BX Peg. The linear ephemeris for BX Peg was
updated and potential changes in orbital periodicity were assessed through the
use of ET diagrams. The ET diagram for BX Peg exhibited complex behaviors
often attributed to mass transfer, magnetically active cycles, and/or the presence
of an unseen mass influencing the times of minimum. However, no convincing
single explanation for these periodic changes can be derived from the data
extant. Different spotted solutions were necessary to achieve the best Roche
model fits for BX Peg light curves collected in 2008 and 2011. Public access
to any light curve data associated with this research can be obtained by request
(mail@underoakobservatory.com)
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Table 2. New times of minimum for BX Peg acquired at UnderOak Observatory.

Mean Computed Error UT Date Type of

Time of Minimum + of Observations Minimum*

(HJD—-2400000)*
54747.5240 0.0009 08 Oct 2008 p
54751.5902 0.0006 12 Oct 2008 S
54752.5717 0.0006 13 Oct 2008 p
54755.5162 0.0008 16 Oct 2008 S
54759.5823 0.0004 20 Oct 2008 p
54763.5074 0.0004 24 Oct 2008 p
54766.5924 0.0004 27 Oct 2008 p
54770.5181 0.0008 31 Oct 2008 p
55840.5864 0.0006 06 Oct 2011 p
55841.5688 0.0005 07 Oct 2011 S
55841.7066 0.0009 07 Oct 2011 p
55842.5496 0.0006 08 Oct 2011 p
55842.6906 0.0008 08 Oct 2011 S
55843.5316 0.0007 09 Oct 2011 S
55843.6709 0.0005 09 Oct 2011 p
55844.6535 0.0008 10 Oct 2011 S
55868.4890 0.0007 02 Nov 2011 S
55868.6282 0.0008 03 Nov 2011 P
55873.5372 0.0005 08 Nov 2011 S

Note: a. s = secondary, p = primary
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Table 4. Near-term recalculated eclipse timing residuals (ETR), for BX Peg
following simple linear least squares fit of residuals (ETR), from reference
epoch and cycle number between 2008 July 03 and 2011 Nov 08.

Time of Minimum  Type Cycle (ETR) * (ETR),  Reference*
(HJD-2400000) Number
54650.7799 p 7669 0.00025870 0.00089989 1
54678.4008 s 7767.5 0.00001525 0.00076849 2
54690.4604 s 7810.5 0.00165415 0.00071113 2
54702.6579 p 7854 0.00098420 0.00065310 1
54721.7261 P 7922 0.00078060 0.00056239 3
54736.7282 s 7975.5 0.00053365 0.00049102 4
54736.8681 P 7976 0.00022480 0.00049036 4
54737.7092 p 7979 0.00007170 0.00048635 4
54737.8500 s 7979.5 0.00066285 0.00048569 4
54738.6912 s 7982.5 0.00060975 0.00048168 4
54747.5241 P 8014 0.00036553 0.00043966 5
54751.5906 s 8028.5 0.00074555 0.00042032 5
54752.5719  p 8032 0.00061027 0.00041565 5
54755.5164 s 8042.5 0.00076442 0.00040164 5
54757.3391 P 8049 0.00073270 0.00039297 6
54759.5824 p 8057 0.00068110 0.00038230 5
54759.7225 s 8057.5 0.00058225 0.00038163 4
54760.7033 p 8061 —0.00007970 0.00037697 4
54761.6856 s 8064.5 0.00075835 0.00037230 4
54763.5079 p 8071 0.00029330 0.00036363 5
54766.5923 p 8082 0.00015527 0.00034895 5
54770.5184 p 8096 0.00043080 0.00033028 5
54785.6608 p 8150 0.00024500 0.00025824 4
54786.6426 s 8153.5 0.00058305 0.00025357 4
55000.4587 p 8916 —0.00181320 —0.00076360 7
55000.4587 p 8916 —0.00181320 —0.00076360 7
55000.4590 p 8916 —0.00151320 —0.00076360 7
55057.3837 p 9119 —0.00160630 —-0.00103440 8
55061.0300 p 9132 —0.00073640 —0.00105175 9
55061.1705 s 9132.5 —0.00044525 —0.00105241 9
55087.6684 p 9227 —-0.00201790 —0.00117848 10
55107.2959 p 9297 —0.00375690 —-0.00127186 10
55121.6025 p 9348 0.00154040 —0.00133989 11
55121.7390 s 9348.5 —0.00216845 —-0.00134056 11
55146.5572  p 9437 —0.00093490 —0.00145861 10
55383.7904 p 10283 —-0.00110910 —0.00258718 12
55481.3719 p 10631 —0.00496870 —0.00305141 13

table continued on next page
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Table 4. Near-term recalculated eclipse timing residuals (ETR), for BX Peg
following simple linear least squares fit of residuals (ETR), from reference
epoch and cycle number between 2008 July 03 and 2011 Nov 08, cont.

Time of Minimum  Type Cycle (ETR) * (ETR),  Reference*

(HJD-2400000) Number
55481.5166 s 10631.5  —0.00047755 —0.00305207 13
55482.3561 s 10634.5  —0.00223065 —0.00305608 13
55840.5864 p 11912 —0.00549907 —0.00476026 5
55841.7065 p 11916 —0.00715320 —0.00476559 5
55841.5692 s 119155  —-0.00419102 —0.00476493 5
55842.5498 p 11919 —0.00509963 —0.00476960 5
55842.6907 s 11919.5  —-0.00435515 —0.00477026 5
55843.6711 p 11923 —0.00543377 —0.00477493 5
55843.5318 s 119225  —0.00455825 —0.00477427 5
55844.6536 s 11926.5  —0.00436905 —0.00477960 5
55849.7021 s 119445  —0.00341765 —0.00480361 14
55850.6809 p 11948 —0.00607960 —0.00480828 14
55868.6284 p 12012 —0.00529240 —0.00489366 5
55868.4891 s 12011.5  —0.00442688 —0.00489299 5
55873.5372 s 12029.5  —0.00380882 —0.00491700 5

Note: a. Eclipse Timing Residuals; (ETR), from linear elements; (Kreiner 2004) for BX Peg.

* References:; (1) Samolyk 2008b; (2) Parimucha et al. 2009; (3) Samolyk 2009; (4) Lee et al.
2009; (5) Alton 2013 (present study); (6) Hiibscher et al. 2009; (7) Brat et al. 2011; (8) Parimucha
et al. 2011; (9) Nagai 2010, (10) Samolyk 2010, (11) Diethlem 2010; (12) Diethlem 2011; (13)
Hiibscher 2011; (14) Diethlem 2012.

Table 5. Difference in BX Peg light curve magnitude at minimum and
maximum light.

Bandpass Min I-Min II Max I-Max II* Min I-Max I Min [I-Max II
(Year)
B (2008) 0.119 0.016 0.724 0.621
V (2008) 0.122 0.009 0.694 0.581
I, (2008) 0.101 0.007 0.614 0.520
B (2011) 0.199 -0.013 0.794 0.582
V (2011) 0.160 -0.024 0.747 0.563
I, (2011) 0.101 —0.005 0.650 0.544

Note: a. Measure of asymmetry at maximum light.




254

Table 6. Spectral classification of BX Peg based upon data from various survey

catalogs and present study.

Alton,

JAAVSO Volume 41,2013

Stellar Tycho-2  USNO-  USNO-  All Sky MPOSC3 2MASS ~ SDSS-  Present
Attribute B1.0 A2.0  Combined DRS Study
(B-V) 0.871 0.695 0.617 0.764 0.812 0.812 0.766 0.716
Teff* (K) 5258 5660 5837 5503 5390 5390 5504 5613

Spectral Class® G9-KO G6V

G3V G7-G8V GV  GYV G7-G8V GTV

Notes: a. Interpolated from Flower (1996). b. Estimated from Harmanec (1988).

Table 7. Absolute and relative system dimensions for BX Peg

Parameter

Present Study

Lee et al. 2009

2008 2011

M,(M,) 0.96 (0.059)" 0.96 (0.059)

M,(M,) 0.352 (0.022) 0.356 (0.022)

R,(R,) 0.9391 (0.0025)  0.9466 (0.0041)

R,(R,) 0.5971 (0.0013)  0.6081 (0.0014)

a(R,) 1.9717 (0.0029)  1.9735 (0.0042)

r,(back) 0.5041+0.0038  0.5084 +0.0037  0.5034 + 0.0012

r (side) 0.4762+0.0036  0.4793 +0.0035  0.4752 + 0.0009

r,(pole) 0.4442 +0.0034  0.4465+0.0032  0.4435 + 0.0007
r(volume)  0.4739+0.0033  0.4767 +0.0035 0.4755

r,(back) 0.3293 +0.0025 0.3366+0.0024 0.3310+0.0016

r,(side) 0.2932+0.0022 0.2978+0.0022  0.2946 + 0.0010

r,(pole) 0.2807+0.0021  0.2847+0.0021  0.2820 + 0.0009
r(volume)  0.3004+0.0023  0.3047 +0.0022 0.3042

Note: a. Formal error estimates from numerical methods according to Prsa and Harmanec (2010,

PHOEBE (.32 manual).
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Figure 1. Folded CCD light curves for BX Peg produced from photometric data
obtained between October 8 and October 31, 2008. The top (I ), middle (V),
and bottom (B) curves shown above were reduced to MPOSC3-based catalogue
magnitudes using MPO CANOPUS.
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Figure 2. Folded CCD light curves for BX Peg produced from photometric data
obtained between October 6 and November 8, 2011. The top (I ), middle (V),
and bottom (B) curves shown above were reduced to MPOSC3-based catalogue
magnitudes using MPO CANOPUS.
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Figure 3. Non-linear regression fit (top) from visual, pg, PE, and CCD times
of minimum (1960-2011) for BX Peg using a quadratic expression weighted
8:1 with respect to instrumental and non-instrument readings. The middle plot
shows quadratic fit only from the CCD and PE times of minimum. The inset
graph shows a straight-line fit and 99% confidence intervals of ET data between
2008 and 2011 which were used to calculate a near term linear ephemeris for
BX Peg. Residuals (ETR), from the quadratic fit of instrumental (CCD and PE)
eclipse timings are shown in the bottom panel.
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Figure 4. Synthetic fit of light curve (B mag.) for BX Peg collected at UO during
2008 using Roche model parameters (T, T, i, q, €, and cold spot) identical to
those reported by Lee et al. (2009). Residuals are offset by a constant value to

keep the y-axis on scale.
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Figure 5. Synthetic fit of light curve (V mag.) for BX Peg collected at UO during
2008 using Roche model parameters (T1, T2, i, q, 2, and cold spot) identical to
al. (2009). Residuals are offset by a constant value to

those reported by Lee et
keep the y-axis on scale.
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Figure 6. Synthetic fit of light curve (I_ mag.) for BX Peg collected at UO during
2008 using Roche model parameters (T, T, i, q, €2, and cold spot) identical to
those reported by Lee et al. (2009). Residuals are offset by a constant value to
keep the y-axis on scale.

Figure 7. 3-D spatial representation (phase = 0.10) of BX Peg during October
2008 with cool spot positioned on the more massive star visible to the viewer
during and slightly after Min 1.
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Figure 8. Synthetic fits of BX Peg light curve (B mag.) collected at UO during
2008 using an unspotted (solid-line) and a spotted (dotted-line) Roche model
which incorporates a cool spot on the more massive star. Spotted residuals are
offset by a constant value to keep the y-axis on scale.
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Figure 9. Synthetic fit of light curve (V mag.) for BX Peg collected at UO during
2008 using an unspotted (solid-line) and spotted (dotted-line) Roche model
which incorporates a cool spot on the more massive star. Spotted residuals are
offset by a constant value to keep the y-axis on scale.



Alton, JAAVSO Volume41,2013 261

9.8

T T
. Observed e Spotted . Residuals

No Spot

100

Magnitude (1)
s
=

106

11.0

-0.3 —0‘42 —0I41 (I) Oil 0‘.2 0‘.3 0.‘4 0:5 0:6 017 018 019 i 14‘1 1‘.2 13
Phase

Figure 10. Synthetic fit of light curve (I, mag.) for BX Peg collected at UO

during 2008 using an unspotted (solid-line) and spotted (dotted-line) Roche

model which incorporates a cool spot on the more massive star. Spotted residuals

are offset by a constant value to keep the y-axis on scale.

Figure 11. 3-D spatial model (phase = 0.63) of BX Peg between October and
November 2011 with a cool spot positioned on the more massive star which
diminishes brightness during Max II.
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Figure 12. Synthetic fit of light curve (B mag.) for BX Peg collected at UO
during 2011 using an unspotted (solid-line) and spotted (dotted-line) Roche
model which incorporates a cool spot on the more massive star. Spotted residuals
are offset by a constant value to keep the y-axis on scale.
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Figure 13. Synthetic fit of light curve (V mag.) for BX Peg collected at UO
during 2011 using an unspotted (solid-line) and spotted (dotted-line) Roche
model which incorporates a cool spot on the primary star. Spotted residuals are
offset by a constant amount in order to keep the y-axis on scale.
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Figure 14. Synthetic fit of light curve (I, mag.) for BX Peg collected at UO
during 2011 using an unspotted (solid-line) and spotted (dotted-line) Roche
model which incorporates a cool spot on the primary star. Spotted residuals are
offset by a constant amount in order to keep the y-axis on scale.



