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Abstract

The comprehensive photometry and spectroscopy for the neglected eclipsing binary
EU Pegasi are presented. We determine its spectral type to be A3V. With the W-D pro-
gram, the photometric solution was deduced from the four-color light curves. The results
imply that EU Peg is a detached binary with a mass ratio of g = 0.3105(+ 0.0011), whose
components nearly fill their Roche lobes. The low-amplitude pulsation occurs around
the secondary eclipse, which may be attributed to the more massive component. Three
frequencies are preliminarily explored by the Fourier analysis. The pulsating frequency
at fi = 34.1cd™" is a p-mode pulsation. The orbital period may be undergoing a sec-
ular decrease, superimposed by a cyclic variation. The period decreases at a rate of
dP/dt = —7.34 + 1.06dyr~', which may be attributed to mass loss from the system due
to stellar wind. The cyclic oscillation, with Pyoq = 31.0 = 1.4yrand A= 0.0054 + 0.0010d,
may be caused by the light-time effect due to the assumed third body. With its evo-
lution, the pulsating binary EU Peg will evolve from the detached configuration to the
semi-detached case.
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1 Introduction semi-detached binaries, mass transfer, accretion, and gas
Pulsations in eclipsing binaries are of particular interest for envelopes may influence pulsatl}on (Mkrtlchlan etal. 2005).
Although dozens of sample binaries have been observed
(Liakos et al. 2012; Zhang et al. 2013; Yang et al. 2014),

the problem of mode identification and shortcomings in

the theories of stellar formation, structure, and evolution
because binarity may provide accurate physical parameters

of both components. It may tell us about the internal struc- e )
the stellar models are major difficulties (Pamyatnykh et al.

ture of the pulsating star, especially for our Sun (Gough ) i
1998). The pulsation modes have been detected and their

2000). Therefore, it is important for us to probe such ) _
frequencies determined by many authors. Zhang, Luo,

and Fu (2013) and Cakirli and Ibanoglu (2016) derived
the correction between orbital and dominant pulsation

pulsations in helioseismology of eclipsing binaries (Aerts
2007; Huber 2015), to help us to identify pulsating modes

and compare the results from stellar theory. The pulsa-

tions of eclipsing binaries have not been adequately inves- periods. The threshold orbital period of ~13d may be an

tigated since the § Scuti-type pulsations in AB Cas were apparent limit, beyond which the intrinsic pulsations for the

first discovered by Tempesti (1971). In detached and 8 Scuti stars may not be affected by the binarity (Liakos &
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Fig. 1. Normalized spectra of the eclipsing binary EU Peg, observed on 2016 October 8 (a) and October 23 (b). The spectrum data are added with

displacements of +0.5 for HD 002857 and —0.5 for HD 122408. (Color online)

Niarchos 2015). Liakos and Niarchos (2017) published a
catalogue with properties of 118 § Scuti stars in binaries.
There were only two pulsating binaries with less than 0.7 d
periods: VVUMa (P = 0.6874d; Kim et al. 2005) and
V1464 Aqgl (P = 0.6978 d; Dal & Sipahi 2013). Therefore,
searching for short-period eclipsing binaries with pulsations
is helpful for us to understand their pulsating mechanisms.

EUPeg (= 2MASS ]23012519+42720211) is an
Algol-type eclipsing binary with EA-type light curves
(Budding et al. 2004). Malkov et al. (2006) classified it to
be in “semi-detached status” and assigned its spectral type
to be (A8) + [G2IV]. The visual magnitude ranges from
12.20 mag to 12.80 mag (Kukarkin et al. 1971). The orbital
period of EU Peg was reported as 0.7211 d, and refined to
be 0.721113 d (Keriner 2004). No determinations for this
binary have been made of the physical properties, and the
system has since been generally neglected except for mea-
surements of the times of eclipse.

In this paper, we found a § Scuti component in the EU Peg
binary system, which is the third short-period pulsating
binary. In section 2, the photometry and spectroscopy for
this binary are first presented. On the basis of two spec-
trograms, we determined the spectral type. Section 3 is
devoted to studying possible period variations. Models for
the four-band light curves and pulsation analysis are given
in section 4, in which we obtain the photometric elements
and pulsating frequencies. Finally, we discuss the evolu-
tionary state and causes of period changes.

2 Data and data reduction

2.1 Spectroscopy

Two low-resolution spectrograms for EU Peg were observed
by using the OMR spectrograph of the 2.16 m telescope
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at the Xinglong station (XLs) of National Astronomical
Observatories of China (NAOC) on 2016 October 8, and
the Beijing Faint Object Spectrograph and Camera (BFOSC)
of the 2.4m telescope at the Lijiang station of Yunnan
Astronomical Observatory (YNAO) on 2016 October 23,
respectively. For the 2.16 m telescope, we chose a slit width
of 178 and the Grism-14 with a wavelength ranging from
3200 A to 7500 A (Fan et al. 2015). Its exposure time is
10 min. For the 2.4 m telescope, meanwhile, we used the
grating of 1200 lines mm~!, which results in a wavelength
coverage of ~1380 A (Fan et al. 2016). The exposure time
is 15 min. Reduction of the spectra was performed by using
IRAF packages,! including bias subtraction, flat-fielding,
and cosmic-ray removal. Finally, the one-dimensional spec-
trum was extracted. Using the winmk software,> two nor-
malized spectra are displayed in figure 1. The spectra of
two standard stars, HD 122408 and HD 002857,> are
also plotted in both panels. The spectrum of figure 1 a is
extremely noisy, although the double lines for Na and the
Ha line are evident. Due to the lack of short wavelength,
we re-observed this binary using the 2.4 m telescope and
obtained the spectrum shown in figure 1b. On the basis of
the stellar spectral classification (Gray & Corbally 2009),
we determined its spectral type to be A3V, which differs
from the estimated spectral type of (A8) + [G2IV] (Malkov
et al. 2006).

2.2 CCD photometry

Comprehensive photometry for EUPeg was carried out
from 2013 September 25 to November 11 with the 85cm

1 IRAF is supported by the National Optical Astronomy Observatories (NOAQ) in
Tucson, Arizona (http://iraf.noao.edu/iraf/web/iraf-homepage.html).

2 (http://www.appstate.edu/grayro/MK/winmk.htm).

3 (http;//www.ast.obs-mip.fr/users/leborgne/stelib/stars.html).


http://iraf.noao.edu/iraf/web/iraf-homepage.html
http://www.appstate.edu/~grayro/MK/winmk.htm
http://www.ast.obs-mip.fr/users/leborgne/stelib/stars.html

Publications of the Astronomical Society of Japan (2018), Vol. 70, No. 2 24-3
Table 1. Multicolor photometric observations for EU Peg.*
60 cm telescope 85 cm telescope
B band V band V band R¢ band I. band
JD (Hel.) Am JD (Hel.) Am JD (Hel.) Am JD (Hel.) Am JD (Hel.) Am
601.98744 40.053 576.15711  +0.126 560.96598 +0.111 560.96656 +0.214 561.05232  +0.330
601.98868 +0.051 576.15750 40.126 560.96715 40.117 560.96773  +0.218 561.05362  +0.324
601.98992  40.044 576.15790  4+0.125 560.96831 +0.118 560.96890 +0.219 561.05558 +0.327
601.99116 +0.050 576.15829  +0.121 560.96948 +0.124 560.97006 +0.224 561.05689  +0.348
601.99258 +0.046 576.15869  +0.133 560.97065 +0.122 560.97123  40.221 561.05819 +0.339
601.99405 40.048 576.15908 +0.130 560.97181 +0.117 560.97238 +0.216 561.05949 +0.343
601.99552  40.056 576.15948 40.127 560.97297  +0.115 560.97355 +0.214 561.06079  +0.352
601.99699  +0.048 576.15987 +0.138 560.97413  +0.117 560.97472  +0.220 561.06209 +0.342
601.99847 +0.043 576.16026  +0.129 560.97530  40.110 560.97588  +0.213 561.06339 +0.341
601.99997  4+0.048 576.16066  +0.124 560.97647 +0.118 560.97705  +0.222 561.06468 +0.354
602.00148 +0.036 576.16105 +0.127 560.97763 +0.119 560.97822 +0.217 561.06599  +0.338
602.00300 +0.044 576.16145 +0.124 560.97880  4+0.119 560.97938  +0.221 561.06729  +0.352
*All the individual data are available in the online edition as supplementary data.
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Fig. 2. BVR:I.-band light curves of EUPeg (a). The solid color lines show the photometric solution (see table 5). The resulting %(q) curve (b) is

deduced from all the photometric data. (Color online)

telescope (Zhou et al. 2009) and the 60 cm telescope (Yang
et al. 2010) at XLs of NAOC. The standard Johnson—
Cousin—Bessel UBVR.I. systems are mounted on two
small telescopes. The photometric effective images were
reduced by using the IMRED and APPHOT packages
in IRAF, after we performed bias and dark subtraction,
and flat-field correction. We then obtained the differen-
tial magnitudes between the variable and the comparison
star.

In the observing process, TYC2243-709-1 (B = 11.88,
V =11.22) and TYC2243-1242-1 (B=11.98, V= 11.09)
were chosen to be the comparison and check stars, respec-
tively. Typical exposure times were generally set to be 50's
for B, 40s for V, 30s for R, and 25 s for the I. band, which
depends on the weather condition. Most useful observa-
tions were obtained over nine nights. In total, we obtained

4565 effective CCD images. Table 1 lists the heliocentric
Julian dates (HJDs) and the differential magnitudes with
respect to the comparison star. The comparison — check
magnitude differences, i.e., rms scatters, are 0.007 mag in
B and 0.006 mag in the V band for the 60 cm telescope,
and 0.013 mag in V, 0.014 mag in R., and 0.022 in the I,
band for the 85cm telescope, respectively. The complete
light curves are shown in figure 2a, in which the phases
are computed by the new linear ephemeris in equation (1)
in section 3. From this figure, the brightness fluctuations,
especially in the B and V bands, occur during the secondary
minima and disappear near the central phase of the primary
minima, which is similar to another previously studied star
FR Ori (Yang et al. 2014). The low-amplitude pulsations
in the BV light curves are displayed in figure 3, which were
obtained only on the fine nights. The pulsations occurring
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Table 2. New observed eclipsing times for EU Peg.

JD (Hel.) Error Filter ~ Min.  Telescope
2456561.13335 +0.00065 14 I 85cm
2456561.13790 +0.00100 R, II 85cm
2456561.13238 +0.00066 I 1T 85 cm
2456562.21142 4+0.00023 \% I 85cm
2456562.20989 +0.00019 R 1 85cm
2456562.21184 +0.00023 I I 85cm
2456604.03722 +0.00019 B 1 60 cm
2456606.20108 +0.00057 B I 60 cm
2456606.20121 +0.00069 14 1 60 cm

at the secondary eclipses imply that the more massive com-
ponent in the EU Peg binary may be a § Scuti-type star.

3 Orbital period variations

From our new data, we determined four light minimum
times, listed in table 2. From the O — C gateway,* a total
of 34 eclipse times (i.e., 11 photographic, 3 photoelectric,
and 20 CCD) was compiled to study the period changes.
Table 3 gives those data with their errors and measurement
methods. For all the eclipsing times, individual weights are
assigned inversely proportional to their standard errors.
However, the uncertainties for some timings could not
be given. Therefore, we have assumed errors of £0.001d
for the 11 photographic data, and £0.0005d for two of
the photoelectric ones (Hiibscher et al. 1994), respectively.
Based on all the times of minimum light, a weighted least-
squares method yields a new linear ephemeris as follows:

Min. I = HJD 2456562.2086(11) 4+ 0.72111515(8) x E,
(1)

4 (http//var2.astro.cz/ocgate/).
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in which the numbers in parentheses show the errors in the
last decimal place. The initial timing residuals with respect
— C);, are listed in table 3 and dis-
played in figure 4a. From this figure, the orbital period of

to equation (1), (O

EU Peg clearly displays a secular decrease with some irreg-
ular oscillations, although a 36-year gap exists between
HJD 2435401.078 (Kaho 1952) and HJD 2448465.538
(Hiibscher et al. 1995). Therefore we have assumed that the
(O — C); curve may be described by a downward parabola
with a sinusoidal curve, similar to the case occurring in
the binary SX Dra (Soydugan & Kacgar 2013). By using a
nonlinear least-squares method with weights, the following
equation was used to represent the cyclic variation and
parabola of the (O — C) data:

Min. I =T+ P x E + Q x E?

2
+ Apog X sin [P—”(E - 7:)] , 2)

mod

where Apnods Pmod, and T are the amplitude, period, and
moment of the minimum of the sinusoidal variation, while
Ty, P, O, and E are the epoch, teh orbital period of
the binary system, the coefficient of the quadratic term,
and the epoch number, respectively. The fitting parame-
ters are listed in table 4. From equation (2), we obtained
the computed values, (O — C)parap and (O — C), for all
eclipsing times, which are listed in table 3. From the coef-
ficient of the quadratic term, Q, we determined a period
decrease rate of dP/dt = —7.34(£ 1.06) x 10~7dyr L.
As shown in figure 4a, the solid and dotted lines are
plotted from equation (2) and only its parabolic part,
respectively.

After being removed from (O — C); by the best parabolic
fit of equation (2), the (O — C). residuals are displayed
in figure 4b. The cyclic change is plotted as a solid line
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Table 4. New ephemeris of EU Peg.

Quadratic plus sinusoidal fitting
MinI (HJD) = Ty + Ex P+ Ox E2 + Ax sm[[}id(gﬂg)}

To = HJD 2456562.2037(+0.0008)

P =0.72111515(% 0.00000028) d

O =—7.24(+1.05) x 10~11d

Anod = 0.0054(£0.0010) d

Ppod = 11327( 570)d = 31.0(% 1.4)yr
Ts = 12470(% 400) epochs

from the sinusoidal term of equation (2). The period of this
oscillation is Pp0q = 31.0(% 1.4) yr. From the fit including
both quadratic and sinusoidal terms, we obtained the final
residuals (O — C)y, which are listed in table 3 and shown in
figure 4c. From this figure, no regularity is found. Therefore,
equation (2) is acceptable for us to fit all the data, although
a large gap exists. In future observations, more eclipsing
times are needed to check the behavior of the orbital period

variations.

4 Analyzing light curves

From the light curves of figure 2a, EU Peg is identified to be
an Algol-type eclipsing binary. The photometric elements
are deduced from four-color light curves, including 912
data in the B band, 2729 in the V band, 806 in the R,
band, and 741 in the I. band. After the binary solution

was removed from the observations (i.e., the light-curve
residuals), a Fourier analysis was performed on the residuals
in order to study the pulsation behavior of the primary

component.

4.1 Photometric solution

Theoretical light curves of EUPeg were simultaneously
computed by the 2015 version of the W-D program’
(Wilson & Devinney 1971; Wilson & Van Hamme 2014).
The limb-darkening coefficients were generated with the
LC and DC programs. In the calculating process, we
fixed LDy = LD, = —2 for the bolometric logarithmic
limb-darkening law (van Hamme & Wilson 2007), and
MREF = 2 for the detailed reflect model (Wilson 1979).
Assuming the spectral type of A3V with an uncertainty of
a subtype for EUPeg, the mean effective temperature for
Star 1 may be estimated to be T; = 8730(% 270) K, based
on the calibration of MK spectral types (Cox 2000). The
gravity-darkening exponents and bolometric albedo coeffi-
cients were fixed to be g; = 1.0 (von Zeipel 1924), g, = 0.32
(Lucy 1967), A, = 1.0, and A, = 0.5 (Rucinski 1973),
respectively. As usual, the other adjustable parameters are
Ty, Po, Ta, i, q, 21, 22, and £5 in solving the light curves.
In order to determine a mass ratio, we performed a
g-search process on all the data. The solutions tried imply

5 FTP site (ftp:/ftp.astro.ufl.edu/pub/wilson/lcdc2015).
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Table 5. Geometrical and physical parameters for EU Peg.

Parameter Primary Secondary
T (K) 8730 £+ 270* 5064 + 12
To (HJD) 2456562.2117(+ 0.0002)

Po (d) 0.72113316( 0.00000192)

i(°) 81.3+0.8

q=My/M; 0.3105 £ 0.0011
Q) 2.8713 + 0.0031 2.5938 + 0.0041
Li/(Ly + La)s 0.9829 + 0.0055 0.0171
Li/(L1 + Lo)y 0.9650 + 0.0057 0.0350
Li/(Li + La)g, 0.9474 £ 0.0065 0.0526
Li/(Li + Ly)y, 0.9269 + 0.0087 0.0731

035 (%) 0.25 + 0.04

t3v (%) 0.39 + 0.04

3p, (%) 0.68 + 0.05

6. (%) 1.02 + 0.07

7 (pole) 0.3954 + 0.0022 0.2429 £ 0.0018
7 (point) 0.4398 £ 0.0035 0.2875 + 0.0087
7 (side) 0.4134 + 0.0034 0.2506 + 0.0020
r (back) 0.4256 + 0.0025 0.2714 + 0.0023
i 0.4185 + 0.0032 0.2631 + 0.0037
a(Rg) 5.09 £ 0.20

M (Mg) 2.60 + 0.30¢ 0.81 + 0.10

R (R@) 2.13 £ 0.02 1.34 £ 0.02
L(Lg) 23.65 £ 0.36 1.06 £ 0.03

*The mean effective temperature for the more massive component is
fixed from the spectral type of A3V with an uncertainty of a subtype.

TBracket indicates the equal-volume radius.

Based on A3V with a subtype error, the mass for the primary component
(i.e., star 1) was estimated (Cox 2000).

that EUPeg has a detached configuration, rather than a
semi-detached one (Budding et al. 2004). The relation
between g and ¥ is shown in figure 2b, in which a min-
imum value of ¥ appears at around a mass ratio of 0.3.
The mass ratio g and third light £3 are then considered to be
free parameters. The final photometric elements are listed
in table 5. The fill-out factor is computed by [ = (r)/7,
in which 7, is the equivalent relative radius of the Roche
lobe (Eggleton 1983). The values for both components are
f, = 86.7(x 0.6)% and f, = 92.6(%+ 0.1)%. The computed
light curves are plotted as solid lines in figure 2a. From this
figure, the R, and I. light curves may be not fitted well,
which may be due to the different filters. The contributions
to the total light, €3, are 0.25%, 0.39%, and 0.68%, and
1.02% in the B, V, R., and I. bands, respectively.

4.2 Pulsating frequency analysis

To explore the pulsating frequencies, small-amplitude pul-
sations were analyzed after being removed by the binary
solution from the light curves. From figure 3, the pulsations
occur around both light maxima, and may result from the
more massive component, possibly in the instability strip of

the H-R diagram. This kind of pulsation occurs in another
short-period (P < 1d) detached Algol-type binary, HZ Dra
(Liakos et al. 2012). After the eclipses and proximity effects
of the binary were removed by theoretical light curves, we
obtained 5.9 hr in the V band (from the 85 cm telescope),
and 4.2 hr in the B and V bands (from the 60 cm telescope)
residual data. Due to only 10.1 hr pulsations (i.e., 225 in
the B band and 917 in the V band), searching for pulsa-
tion frequencies is then preliminary. As shown in figure 5,
a total of 1142 residual observations were analyzed using
the Period04 software® (Lenz 2004; Lenz & Breger 2005),
which is based on the classical discrete Fourier transform
and multiple-least-squares algorithms.

When we calculated the frequencies, the residual light
curves were subsequently pre-whitened one by one. The
signal/noise amplitude ratio is S/N ~ 4.0 as a good crite-
rion to distinguish between peaks due to pulsation and noise
(Breger et al. 1993). The analyses were performed for the B
data, the V data, and all the data together, respectively. The
detected frequencies are listed in table 6, in which the uncer-
tainties of the parameters are computed by the formulae
from Montgomery and O’Donoghue (1999). The observed
noises are o(m)p = 0.0071mag, o(m)y = 0.0113 mag,
and o(m)z . v = 0.0106 mag, respectively. From table 3,
three frequencies from the V data approximately agree
with those from all the data. For 225 data points in the
B band, the only reliable result may be the frequency of
f1. So we accept the results derived from the data in the B
and V bands. The spectral window and amplitude spectra
are displayed in figure 6, although three peaks are not
prominent due to pulsating observations with a short dura-
tion of 10.1 hr. Using the estimated parameters in table 4,
the mean density of the primary can be computed to be
p1/pe = (Mi/Mg)/(Ri/Rp)* = 0.2685(+ 0.0370). Fol-
lowing the formula of Q = P,u(p/p@), we can calculate
the pulsating constant for each frequency. The theoretical
curves are plotted in figure 5 as solid lines using the equation
m(t) = ap + Y aisin[2z(fit + ¢;)] (i = 1, 2, 3), where
m(t), ao, a;, ¢;, and f; are the calculated magnitude, zero
point, semi-amplitude, phase, and frequency of the ith fre-
quency. The dominant frequency of f; = 34.119c¢d™! (i.e.,
Ppous >~ 42.2 min) with an amplitude of 4.82(+ 0.44) mmag
may be a reliable pulsating frequency. The value of Q for
low-radial-order press mode (i.e., p-mode) oscillation of a
8-Scuti star is shorter than 0.04 d or less (Handler & Shob-
brook 2002), which serves as a criterion to perform a rough
mode identification. In order to further identify the pulsa-
tion mode, we estimated the phase shift and amplitude ratio
between the B and V bands. For the frequency of f; from
table 5, the observed phase shift is +436 for B — V, which

6 Period04 is available at (http://www.univie.ac.at/tops/).
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Fig. 5. Residual light curves with pulsations, observed by using the 85cm telescope (top), and the 60 cm telescope (middle and bottom). The solid

lines are plotted by three fitted frequencies from table 6. (Color online)

Table 6. Results of the multiple-frequency analysis.

Band Frequency Amplitude Phase S/N Q
(cd™h) (mmag) (rad) (x 1072d)

B f1 = 34.125436(3)* 6.55 £0.67 0.9784 + 0.1025 7.927 1.52

f» = 11.182094(9) 1.74 £ 0.67 0.5956 + 0.3860 4.152 4.63

f1 = 34.183144(3) 4.47 £ 0.53 0.8968 + 0.1176 13.365 1.52
14 f» = 6.455440(5) 2.17 £ 0.53 0.9837 + 0.2423 12.436 8.03

f3 =12.904531(7) 1.54 £ 0.53 0.4752 + 0.3414 6.154 4.01

fi = 34.118590(1) 4.82 £ 0.44 0.4875 £ 0.0918 9.264 1.52
B+V f» = 6.393003(3) 1.97 £ 0.44 0.6553 + 0.2246 8.378 8.11

f3 = 13.645320(4) 1.42 + 0.44 0.1436 + 0.3116 5.979 3.80

*The numbers in parentheses are the errors in the last decimal place.

means its radial pulsation according to the diagrams of
Watson (1988) and Garrido, Garcia-Lobo, and Rodriguez
(1996). The amplitude ratio, B/V, of 1.47 may be a typ-
ical value compared with those for radial mode § Scuti stars
(Rodriguez et al. 1996). Therefore, the detected frequency

of fi may be a p-mode pulsator.
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Based on the eclipsing binaries with § Scuti type pri-
maries, Soydugan et al. (2006) and Soydugan and Kacgar
(2013) successively derived two relations of Pyu—Po, (see
figure 7a) and log Pp,—log F (see figure 7b), where F is
the gravitational pull exerted per gram of the matter on
the surface of the primaries by the secondary companions.
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and Py taken from Soydugan and Kagar (2013), in which the open circles
panels. (Color online)

The primary pulsation of EUPeg (i.e., Py, = 0.029d) is
also plotted as a solid circle in figure 7. From both panels,
the observed main pulsation of EU Peg identifies the two
relations (Soydugan et al. 2006; Soydugan & Kacgar 2013).
For the short-period Algol-type binary EU Peg, the large
gravitational force exerted from the secondary component,
F, results in the short pulsating period. Figure 7 implies that
when the orbital period decreases, the separation between
the two components decreases. This will cause the grav-
itational force applied by the secondary companion onto
the pulsating primary star to increase. Finally, the pulsating
period will also decrease. According to the criterion given

4.5
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0 L
235
o~ }
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L |
L o ]
a0k logPpuls=-0.40(6)logF+4.63(0.40) |
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log F [cgs]

where the open circles represent 20 systems. (b) Relation between Py,
refer to 19 binaries. The solid circle refers to the binary EU Peg in both

by Breger et al. (1993), the two frequencies f, and f; are
below the significance limit and may not be meaningful.
This case occurs in the pulsating binary SX Dra (Soydugan
& Kagar 2013). Therefore, f> and f; with low amplitudes
are needed for further identification in the future.

5 Discussions

From the previous analysis, EUPeg is a detached
binary with a §Sculti component, whose mass ratio is
g = 0.3105(% 0.0011). The fill-out factors for both com-
ponents are f, = 86.7(x 0.6)% and f; = 92.6(+ 0.1)%,
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Fig. 8. Evolutionary locations of both components for the detached
binary EU Peg. (Color online)

respectively. The light curves possess small pulsations; the
dominant pulsating frequency of f; = 34.12cd™! is a
p-mode pulsation. In order to obtain reliable frequency
values, more data are needed in future observations. Due to
the lack of spectroscopic elements (i.e., the semi-amplitudes
of the radial velocity curves, K; and K;), the absolute
parameters are estimated by using Kepler’s third law,
M, + M, = 0.1344°/P?, in which M, ,, a, and P are in
units of M, R, and d, respectively.

Based on the assumed spectral type of A3V with a sub-
type error, we adopted a mass of M; = 2.60(+ 0.30) Mg
(Cox 2000). Using Kepler’s third law and the photo-
metric solution, we determined the other absolute param-
eters as listed in table 5. Both components are shown
in figure 8; zero-age main sequence (ZAMS), terminal-
age main sequence (TAMS), the evolutionary tracks, and
isochrones for solar chemical compositions are taken from
Girardi et al. (2000). The primary component between the
ZAMS and TAMS lines is close to ~2.0 M in an isochrone
of ~0.47 Gyr, whose low luminosity and temperature with
respect to its mass may result from the single-star evolu-
tionary model. Meanwhile, the secondary component is
near to the evolutionary track of 0.8 M, and is far from the
isochrone line. This may result from the binary interaction,
which may represent its true evolutionary state.

From the period analysis, the (O — C) curve possibly
includes a cyclic variation. For close binaries, this kind of
change may be attributed to either cyclic magnetic activity
(Applegate 1992) or the light-time effect (Irwin 1952). For
the early-type binary EU Peg, the less massive component
may be an active star. The observed amplitude of the sinu-
soidal term in equation (2) may result from a change of
the gravitational quadrupole moment, which can be com-
puted by the equation from Lanza and Rodono (2002)

as follows:

R A AP 27 Ao
_9 Q -2 ~ 27 (3)
a MR? P Pod

R, and M are taken from table 3,
and A and P,.¢ from equation (2). The value of
AQ,; = 6.71(% 1.24) x 10~* gcm? is much smaller than
the typical order of 107°'=10~5? gcm? (Lanza & Rodond

1999). Therefore, we could remove the magnetic activity,

where a,

which may not work out in the secondary. On the other
hand, another mechanism is the light-time effect due to
the assumed third companion. From equation (2), we can
easily obtain the value of aj;sin7 = A4 X ¢, in which ¢
and 7 are the velocity of light and the orbital inclination.
Then we can compute the mass function of the additional
companion, f(m), with the help of the following equation:

4m? a3 (Mssini')?
= /') = 4
flom) Gp2 ~ @sind) = M ¥ M “)

By the iteration method, we can determine the mass
and radius for an orbital inclination /. The minimum
mass for the suggested third companion (i.e., i/ = 90°) is
M; = 0.23(£ 0.04) M at a radius of 14.2(+ 5.1)au. It
may be a red dwarf with low luminosity (i.e., £3 < 1.0%),
which is difficult to explore by spectroscopy.

In the non-conservative evolution for a close binary,
the secular period changes should be the result of the net
effect of mass transfer, mass loss, and angular momentum
loss (Tout & Hall 1991). Due to the detached configura-
tion for EUPeg, both components do not fill the Roche
lobes, respectively. Assuming that the mass loss due to
stellar wind is proportional to the total mass of system (i.e.,
M = M, M/M,) and the escape radius is equal to the separa-
tion between both components (i.e., R 2 a), we can obtain
a simplified formula as follows (see Yang et al. 2013):

ldl_SqZ—q+2M (5)
P dt q M’

where P, g, and M are the orbital period, mass ratio, and
total mass, respectively. Inserting dP/dt and other param-
eters of the binary, we can determine a mass loss rate of
dM/dr = —4.96(£ 0.72) x 107 M yr~'. Moreover, the
possible additional companion in the EUPeg binary may
extract angular momentum from the central system. Mass
loss and angular loss result in the period decreasing. This
will cause the orbit of the binary to shrink. Due to two
components nearly filling their limiting Roche lobes, EU Peg
finally may evolve from the detached configuration into the
semi-detached one. More high-precision spectroscopy and
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photometry for EU Peg are necessary to determine the abso-
lute parameters more reliably, to explore the pulsating fre-
quencies, and to search for any signature of the presence of
a third component.
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