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ABSTRACT

The Eclipsing Binaries Minima (BIMA) Monitoring Project is a CCD-based photometric observational
program initiated by Bosscha Observatory - Lembang, Indonesia in June 2012. Since December 2012
the National Astronomical Research Institute of Thailand (NARIT) has joined the BIMA Project as the
main partner. This project aims to build an open-database of eclipsing binary minima and to establish
the orbital period of each system and its variations. The project is conducted on the basis of multisite
monitoring observations of eclipsing binaries with magnitudes less than 19 mag. Differential photometry
methods have been applied throughout the observations. Data reduction was performed using IRAF. The
observations were carried out in BVRI bands using three different small telescopes situated in Indonesia,
Thailand, and Chile. Computer programs have been developed for calculating the time of minima. To
date, more than 140 eclipsing binaries have been observed. From them 71 minima have been determined.
We present and discuss the O-C' diagrams for some eclipsing binary systems.
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1. INTRODUCTION

An eclipsing binary star (EB) is a type of variable star
caused by an eclipse. EB studies often involve the com-
bination of photometric (light curve) and spectroscopic
(radial velocity curve) data. These data provide a di-
rect way to determine the fundamental stellar and or-
bital elements of the systems. Determination of the time
of minimum (ToM) from photometric observation will
reveal if there is a change in the orbital period of the
system. In many systems, period changes are frequently
detected, indicated by eclipses that occur earlier or later
than the predicted time. These variations may be due
to the influence of a third body in the system or mass
exchange between the components. The O-C diagram
will enable us to see the modulation of the orbital pe-
riod and whether it comes from the intrinsic or extrinsic
cause.

In this paper we introduce the Eclipsing Binaries Min-
ima Monitoring (BIMA) project, aiming to build an
open database containing information for mid-eclipse
timings, periods, ephemerides, and the light curve
data for those binaries. The BIMA Project was ini-
tiated in June 2012 at Bosscha Observatory - Lem-
bang, Indonesia, and has been open for collaboration
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since. Observations at Bosscha Observatory are mainly
served by a small-aperture (20 cm) telescope. The
National Astronomical Research Institute of Thailand
(NARIT) contributes to the project as the main part-
ner through a joint observation collaboration starting
on December 2012. NARIT has a major role in ob-
taining the photometric data for eclipsing binaries using
the Panchromatic Robotic Optical Monitoring and Po-
larimetry Telescopes (PROMPT) at Cerro Tololo Inter-
American Observatory (CTIO) in Chile and another two
telescopes at Mt. Inthanon, Thailand.

2. TARGET LIST

The General Catalogue of Variable Stars (GCVS)
(Kukarkin et al., 1969) and the All-Sky Automated Sur-
vey (ASAS) database! have largely been used to compile
the target list. Some selection criteria had been applied
by taking into account the limitation of the instruments
employed in this project. These criteria are: (1) Appar-
ent brightness less than 19 magnitude at maximum light,
and (2) Orbital periods less than two days. As the re-
sult, more than 1000 eclipsing binary systems have been
selected.

The calculation of predicted ToM has an im-

lhttp://www.astrouw.edu.pl/asas/
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portant role in order to facilitate efficient obser-
vation. Using the ephemerides given in Kreiner
(2004) for all the systems, the observer can calcu-
late predicted ToM. The ephemerides are provided at
http://www.as.up.krakow.pl.

3. OBSERVATIONS AND DATA ANALYSIS

The differential photometry method has been applied
to all the BIMA project observations. Here, at least a
comparison star and a check star are required. A non-
variable star which has nearly same colors and bright-
ness as the target star was selected as comparison star.
In addition, it should be in the same frame as target
star. A check star that shares similar criteria with the
comparison star should be selected to check the con-
stant brightness of the comparison star. A typical pho-
tometric observation should cover an average of 0.2 to
0.3 times the period of each system, with a symmetric
amount of time before and after the predicted ToM.

The project is conducted on the basis of multisite
monitoring observations. There are three observing
sites for this project: Bosscha Observatory in Indonesia,
Thai National Observatory in Thailand, and the Cerro
Tololo Inter-American Observatory in Chile. A 0.2 m
(f/10) Schmidt-Cassegrain telescope installed installed
at Gunma Astronomical Observatory-Institut Teknologi
Bandung Remote Telescope System (GAO-ITB RTS)
house is used for this project. This telescope is equipped
with an SBIG ST Series CCDs and Bessell BVRI filters.
The 0.5 m Schmidt-Cassegrain telescope equipped with
an Apogee CCD and the 2.4 m Ritchey-Chretien tele-
scope equipped with ULTRASPEC CCD have been used
since late December 2013 in Thailand. NARIT has use
of the Panchromatic Robotic Optical Monitoring and
Polarimetry Telescope (PROMPT) which was built by
the University of North Carolina. We have been using
this telescope since late December 2012.

A standard reduction of CCD images (bias and dark
subtraction, flat-fielding) has been performed using the
Image Reduction and Analysis Facility (IRAF). The in-
strumental magnitudes from each observation are ob-
tained by applying aperture photometry. A computer
program has been developed to run this process auto-
matically to generate the light curves. The light curve
is buildt with HID (Heliocentric Julian Day) as the x-
axis and delta instrumental magnitude in various filters
as the y-axis (see Figure 1). The observed ToM is cal-
culated using the Kwee-van Woerden method (Kwee &
van Woerden, 1956).

4. RESULTS

Up to June 2014 we have observed 142 eclipsing binaries
in total. From them 71 minima have been determined.
In this paper, we present the light curves and the O-C
diagrams for two eclipsing binaries (see Table 1). We
collect all reliable times of minimum light available in
the literature and current database for each system and
use the ephemerides to build the O-C diagrams.
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Figure 1. Sample of the light curves of TU CMa in BVRI
filters on January 29" 2013 using PROMPT-CTIO.

4.1. TU CMa

BVRI light curves at minimum times ahve been ac-
quired for this system. As a result, we observed two
times of minimum light for this system, on January 29"
2013 and January 8" 2014. A total of 42 times of min-
imum light were used in our analysis, with 3 secondary
eclipses among them. The times of minimum have
been collected from 1968 and obtained from Kukarkin
et al. (1969); BBSAG Bull.; Mallama (1980); Wolf et
al. (1982); Wolf & Kern (1983); Ogloza, Niewiadomski,
& Barnacka (2008); Samolyk (2008, 2009, 2010, 2011,
2013); and this paper. These data were used to build
an O-C diagram using the linear ephemerids of Mallama,
(1980):

Min.I = 2441316.34383 4+ 1.1278012 x E (1)

where E represents the cycle number of periods elapsed
since the designated epoch.

It can be seen from Figure 2 that the O-C diagram
shows a positive slope. This indicates that this system
has a constant period and the real period is longer than
the period used to construct the diagram (Equation 1).
The linear ephemerids were calculated and shown below:

[O - O] = CL1E + ag (2)

[0 — O] = 2.6542 x 107°F — 0.0048 (3)

where ag = T — Ty, T is the new zero epoch and T; is
old zero epoch used in the linear ephemeris (Equation
1) and a; = P — P;, P is the new period and P; is the
old period used in the linear ephemeris. From Equation
3, we propose a new linear ephemerids for TU CMa:

Min.] = 2441316.33898 + 1.127803854 x E (4)

4.2. GO Cyg

This system was observed on June 7" 2014 using the
0.2 m GAO-ITB RTS at Bosscha Observatory. Times
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Table 1
LIST OF ECLIPSING BINARY STARS
System RA(2000) Dec(2000) Mag Period (days) Type
TU CMa  06"31™36.72° -24°09'50.5" 9.7-10.7 1.1278012* EA
GO Cyg  20"37™20.13° +35°26'10.3"  8.47-9.09 0.71776382"* EB

Notes:
* Mallama, (1980)
** Purgathofer & Prochazka (1967)

0.04
0.03 f 4
X .
0.02f ‘ " 1
‘e
4
0.01f ‘. 0‘ e
a w ¢, 7
= (514
= o.00f LR e
L‘J 'y L7 A
[} A4 ' A
-0.01f -
rs £z ‘
2
-0.02 7
-
-
-0.03F #
. 7
P
-0 Zz L L i L L
G000 —10000 -5000 0 5000 10000 15000
E

Figure 2. O-C diagram of TU CMa from the data given in
Table 2. Filled marks refer to primary minima while open
marks refer to secondary minima. The diamond, triangle,
and circle symbols represent the observational techniques:
visual, photoelectric, and CCD, respectively.

of mid-eclipse for 95 primary and 40 secondary min-
ima have been determined from all available observa-
tions collected between 1936 and 2014 [Beyer (1936),
Iwanowska & Dziewulski (1932), Szczyrbak (1932),
Kukarkin (1932), Kordylewski (1933), Warmbier (1938),
Dziewulski (1936), Micaika (1939), Pierce (1939), Pi-
otrowski & Strzalkowski (1951), Szafraniec (1962), Pop-
per (1957), Kaho (1952), Ovenden (1954), Kwee (1958),
Fitch (1964), Koch et al. (1962), Mannino (1963), Pur-
gathofer & Widorn (1964), Hall & Louth (1990), Ces-
ter et al. (1979), Sezer et al. (1985), Rovithis &
Rovithis (1985), Isles (1988, 1991, 1992), Rovithis et
al.  (1993), Quester (1991), Hubscher et al. (1991,
1992, 1993, 1994), Goss et al. (1993), Wolf & Diethelm
(1992), Jones et al. (1994), BBSAG Bull., Jassur &
Puladi (1993), Agerer & Hubscher (1995, 1996, 1998,
2001, 2002), Edalati & Atichi (1997), Martignoni (1996),
Vukasovic (1997), Oh et al. (2000), Ogloza (1997), Dar-
iush et al. (2003), Senavci et al. (2007), and this paper].
In the O-C diagram, the time of minimum were calcu-
lated using Purgathofer & Prochazka (1967):

Min.I = 2433930.40561 4 0.71776382 x E (5)

Using the least-square method, we obtained quadratic
equation:

[O—C] =9.052 x 107" E? —1.912 x 107" E + 0.0038 (6)

with 42 = 2.5221 x 10710 days per cycle or 1.2834x10~7

day per year, the equivalent of 1.109 seconds per cen-
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Figure 3. Period behavior of GO Cyg. Filled marks refer to
primary minima while open marks refer to secondary min-
ima. The photoelectric and CCD data are shown by triangle
and circle symbols, respectively.

tury. The period of the system has constantly increased
since the first monitoring observation of this system.
Although we fit the O-C diagram of GO Cyg using a
parabolic term in this paper (see Figure 3), we suggest
that the rate of period change began to decrease from
cycle 26921. We can see from Figure 4 that there is a
periodic term in the residual O-C diagram of GO Cyg.

Further CCD photometric and spectroscopic observa-
tions are needed to gain more information about the
cause of the period change, whether from mass transfer
or a multiple system.
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