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Abstract. This paper reports the first spectroscopic observations in the
Hα region at different orbital phases and the revised photometric solutions, for the contact binary KP101231 (V1) in the direction of the open
cluster Praesepe. The photometric solutions obtained for the data in V and
R passbands using the Wilson–Devinney (WD) method suggest that both
components were in good thermal contact. The equivalent widths (EW) of
Hα and Na lines were studied at various phases and a filled-in absorption
profile around phase 0.58–0.68 was observed and compared with other
phases. A correlation was observed between the profiles of Hα and Na
lines at various phases.
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1. Introduction
Common among the variable stars are the contact binaries which form an excellent
source in determining the stellar parameters with high degree of accuracy (Southworth
2012). These binaries which are also referred to as W Ursae Majoris (W UMa)
stars occur when both components of the system fill their Roche lobes (Drake et al.
2014). W UMa binaries are good astrophysical tools for understanding the phenomena such as mass transfer, mass loss and angular momentum loss at late stellar
evolutionary stages. In order to study such phenomena, accurate fundamental parameters like period and mass ratio for the binary systems are required. Since direct
imaging of the stellar surface is not possible due to the presence of photospheric and
chromospheric inhomogeneities, the required information is extracted from the light
curves/spectral line fluxes (Cakirli et al. 2003).
Preliminary spectroscopic studies and additional revised photometric results
obtained for the variable with KELT ID KP101231 (TYC 1397-1030-1 or GSC
01397-01030) in Praesepe are discussed elaborately in this work. The variable has
components of G6-K0 spectral types with radii similar to that of main sequence stars
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and moderate mass ratios, whose photometric solutions have been published previously (Shanti Priya et al. 2013a, b). The details of the variable are given in Table 1.
Hα line is identified to be one of the strongest and most prominent lines associated
with the activities in binaries. Thus, an attempt was made to study variations of Hα
line along with Na line as a function of time which is a common approach followed
for RS CVn binaries.

2. Observations and data reduction
The V band CCD photometric observations for the variable were taken using the 2
m telescope at IUCAA Girawali Observatory, India on 3 March 2012. For a good
photometric accuracy, the field was centered at αJ2000 = 08h 57m 9.71s , δJ2000 =
18◦ 56 44.12 . A total of 175 frames in the V band were obtained with an exposure time of 10–35 s and subsequent bias and flat frames were obtained. Additional
data were acquired from Northern Sky Variability Survey (NSVS) database observed
using ROTSE-I campaign in the V band (Gettel et al. 2006) and the Kilodegree
Extremely Little Telescope (KELT) project in the R band (Pepper et al. 2008). Aperture photometry was performed on the photometric observations using the APPhot
package available in IRAF software. The period and times of minima of the variable
were determined using Period04 package (Lenz & Breger 2005) and the Kwee and
van Woerden method (1956) respectively. The ephemeris obtained is given as
Min. I = 2455984.355270(35) + 0d .291000(01)E,
which is in agreement to the one reported earlier (Pepper et al. 2008).
The spectroscopic observations were carried out using Vainu Bappu Telescope
(VBT) at Vainu Bappu Observatory (VBO). The VBT is equipped with an OptoMechanics Research (OMR) spectrograph along with a detector of 1 K × 1 K
CCD. The obtained spectra, subtends a range of 3000 Å window, centered around
the Hα line with a dispersion of 600 lines/mm grating, resulting in a resolution of
2.6 A/pixel. The Fe–Ne arc lamp was used for wavelength calibrations. A spectrophotometric standard (BD + 08 2015), given in Table 1 was also observed as it
belongs to the same spectral type as the variable. Two spectra of the variable on
December 5, 2013, one spectra on December 6, 2013 and one spectra on February
12, 2016, were obtained along with spectra of the standard star. Bias and flats were
obtained both at the beginning and end of all the nights, which were used for further
reduction of the spectra. All the spectral observations were alternated with Fe–Ne
comparison spectra for wavelength calibration.
The standard packages available in IRAF1 were used to reduce both photometric and spectroscopic data. Bias and flat-field corrections were applied to all the
observations and further APPhot and ONEDSPEC packages were used to quantify
the magnitudes and obtain the spectra respectively. The resultant spectra were then
calibrated and normalized for further studies.
1 IRAF is distributed by the National Optical Astronomy Observatory, which is operated by the

Association of Universities for Research in Astronomy(AURA) under cooperative agreement with
the National Science Foundation.
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Table 1. Details of the variable and the standard star.
Name/ID
KP101231 (variable)
BD+08 2015 (standard star)

RA

Dec.

V (mag.)

Spectral type

08h 57m 9.71s
08h 15m 41.62s

+18◦ 56 44.12
+07◦ 37 06.03

12.11 ± 0.27
10.44 ± 0.02

G6-K0
G2

Table 2. The photometric parameters obtained for V1 by using the
Wilson–Devinney method.
Element

V band solutions

R band solutions

Period (d)
Te,h (K)
Te,c (K)
q
i◦

Fill-out factor
rh pole
rh side
rh back
rc pole
rc side
rc back
Lh
Lc
xh
xc

W(O – C)2
Spectral type
Ah
Ac

0.2910
5477
5293 ± 8
1.21 ± 0.005
75.76 ± 0.11
4.0177 ± 0.0093
0.0906
0.3465 ± 0.0011
0.3639 ± 0.0014
0.3976 ± 0.0021
0.3741 ± 0.0011
0.3945 ± 0.0013
0.4268 ± 0.0020
0.4979 ± 0.0238
0.5021
0.60 ± 0.05
0.60 ± 0.05
0.08248
G6–K0
0.5
0.5

0.2910
5477
5254 ± 9
1.20 ± 0.008
75.88 ± 0.10
4.0109 ± 0.0089
0.1028
0.3446 ± 0.0012
0.3658 ± 0.0010
0.3983 ± 0.0018
0.3764 ± 0.0015
0.3975 ± 0.0010
0.4289 ± 0.0017
0.4992 ± 0.1015
0.5008
0.60 ± 0.05
0.60 ± 0.05
0.08501
G6–K0
0.5
0.5

3. Photometric solutions
The photometric solutions were obtained using the W–D program (van Hamme &
Wilson 2003). The Period04 package (Lenz & Breger 2005) and the Kwee and van
Woerden method (1956) were used to determine the period as 0.2910 d, which was
consistent with the value obtained by Pepper et al. (2008). The procedure of fixing
the temperature, limb darkening coefficients xh and xc , gravity-darkening coefficients gh and gc and albedos Ah and Ac , for the components were adopted as
described in our earlier papers (Shanti Priya et al. 2011, 2013a, b; Kandulapati et al.
2015; Joshi et al. 2016). The solutions with minimum residuals derived for the V and
R band data independently, using DC program are listed in Table 2. These parameters were used to fit the observed light curves using LC program. Figure 1 shows the
best fit obtained in both the passbands.
4. Analysis of the spectra
Behavioral study of Hα line was found to be a potentially valuable tool for studying
activity in stars, which was as well substantiated for binaries, from the spectroscopic
work carried out so far.
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Figure 1. Best fit theoretical light curves along with observed data for the variable in both V
and R bands.

Figure 2. Shape of the variable V1 at phase 0.58.

The Hα line profile of variable V1 was studied for phases 0.27, 0.58, 0.68 and 0.
Figure 2 shows the geometrical configuration of the variable at the phase 0.58. In
Fig. 3, the spectrum of V1 is compared with that of the standard BD + 08 2015.
Figure 4 shows a comparison between the Hα line profile at the above phases compared to the Hα profile of BD + 08 2015. The equivalent widths of the Hα line
observed for the variable at four phases is listed in Table 3.
The mean equivalent width (EW) of 1.05 ± 0.12 A is found to be in good agreement with the value derived by Cram & Mullan (1985) for stellar models with
effective temperature of about 5000 K. It is observed that at phase 0.86, the absorption profile is weakly filled-in and at phase 0.58, the Hα line revealed a stronger
filled-in absorption profile. For the observed phases, it is not possible to separate the
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Figure 3. Comparison of standard BD + 08 2015 spectrum with spectrum of the variable KP
101231 (V1).

contributions made by each component of the binary system. The reason for the variation or asymmetry in Hα profile could be due to the chromospheric winds, flares
etc. (Vogt 1981; Vilhu et al. 1991; Jetsu et al. 1993), as light curve of the variable
does not display any O’Connell effect.
Montes et al. (1997) worked on multi wavelength optical observations of Hα, Na
D1, D2, and He I D3 profiles for 18 active binaries and found that Hα and Na lines
with filled-in cores act as chromospheric activity indicators. The Na lines are good
indicators of changes in lower chromospheres and are collision dominated. In this
present work, the Na (5896A) line profile is observed at all the four phases. Figure 5
shows the variation of Na profile at various phases along with that of the standard
star. The EW’s obtained for the Na line of the variable at different phases are listed
in Table 3. It is observed that at phase 0.86, the Na line absorption profile is weakly
filled-in, and at phase 0.68, the line shows a stronger filled-in absorption profile.

5. Discussion and results
The revised photometric solutions obtained from the analysis of data in both V and
R passbands using Wilson–Devinney code V2003, are compared with the solutions
obtained by Shanti Priya et al. (2013a). From the current analysis, period of the variable is determined as 0.2910 d and the best value of mass ratio is found to be q ∼ 1.2.
No significant differences were found after checking for consistency of solutions
by varying the temperatures and inclination between 5–10 per cent. The solutions
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Figure 4. Spectra of the Hα profile at various phases along with the standard Hα profile.

obtained are in good agreement with the previously published work (Shanti Priya
et al. 2013a). The observed data spanned over a large period, i.e. from 1998 to 2001
(Gettel et al. 2006), 2005 (Pepper et al. 2008) and 2012 (Shanti Priya et al. 2013a)
showed that the variable is consistently stable and no spot activity was observed.
Inspite of being in good thermal contact, the fill-out factor obtained (∼10%) indicates that the variable has a low degree of geometrical contact i.e., both components
of the close binary evolving into contact binary are well inside their roche lobes. In
general, as the orbital Angular Momentum (AM) decreases for contact binaries, one
or both the components overflow their roche lobes leading to a contact configuration with a common envelope around the components. They lose AM and mass due
to magnetized winds similar to that of single active stars. The orbital AM for this
variable is calculated using the relation given by Stepien & Gazeas (2008):
Horb = 1.24 × 1052 M 5/3 P 1/3 q (1 + q)−2 ,
Table 3. Equivalent widths at observed phases for Variable V1.
Phase

EW (Hα)

EW (Na)

0.27
0.58
0.68
0.86

1.09
0.64
0.68
1.82

2.08
0.16
0.13
1.45
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Figure 5. Combined spectra of Na profile at various phases along with the standard Na profile.

where P is the period (in days), Horb is the orbital AM (in cgs units), M(= M1 +M2 )
is the total mass of the system (in solar units) and q is the mass ratio. The obtained
value is in correlation with those values defined for the contact systems by Popper &
Ulrich (1977).
The Hα line studies for contact binaries are rarely documented. Ca II H and K
along with Hα line are considered as primary indicators of chromospheric activity
in solar type stars. The filled-in profile explains the consequence of chromospheric
activity that decreases the equivalent width of Hα absorption lines. However, the
conclusion drawn here on the Hα filled-in profile is limited to visual inspection. In
addition, the Hα excess absorption could be due to prominence like features (Hall &
Ramsay 1992). Figure 6 is an over plot of the mean equivalent width of the variable
V1 on the theoretical models and the observations done by Vilhu & Maceroni (2007).
It is observed that the mean equivalent width of the Hα absorption is smaller than
the Sun and as well as those predicted by the theoretical models, within saturation
limit. This may be explained by the chromospheric emission that fills-in the photospheric absorption. In the present study, the Na line profiles are found to be varying
with orbital phases with probable correlation between the variation in the profiles
of Hα and Na lines. However, additional observations are required to validate our
conclusions.
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Figure 6. Mean equivalent width of the variable V1 (filled rectangle) is over plotted on theoretical NextGen-models (Hauschildt et al. 1999) (solid line) and the saturation limit (dotted
line) found by Herbst & Miller (1989) and the mean equivalentsl widths of both the components
of AE Phe and YY Eri as derived by Vilhu & Maceroni (2007).

A continuous photometric and spectroscopic monitoring of the variable will help
in understanding the nature of the sources responsible for Hα and Na lines in contact binaries. Good phase coverage observations will substantiate the spatial location,
extent and migration of active regions. Such studies which are usually done for RS
CVn binaries (Fernandez-Figueroa et al. 1994; Vogt 1981) can be extended to other
class of binaries (Parihar et al. 2009) such as W UMa type for which it is yet to be
explored. Investigations along these lines can give a greater insight into the behavior of these binaries, especially for determining the evolutionary paths of a class of
progenitor binaries for mergers.
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