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Photometric Observations of Eccentric Accretion in Algol-type
Binary Stars

Phillip A. Reed†
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Some Algol-type interacting binary stars exhibit strange photometric variations that can be phase-dependent and/or 
secular. This paper discusses the possibility of explaining these observed variations as resulting from an accretion structure 
eclipsing one or both of the stars. Some previous studies are reviewed and suggestions for future work are made, including the 
prospective of incorporating data from the Kepler Observatory.
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1. INTRODUCTION

Intermediate-period Algols (those with orbital periods 

between approximately 3 and 5 days) are not close enough 

to experience direct impact of accretion from one star to the 

other, but are perhaps too close for a stable accretion disk to 

form. As a result, we might expect to find variable, transient, 

and non-circular accretion structures in these systems.

Here we review a study of the neglected southern 

interacting Algol-type binary R Ara, which modeled spectral 

blending and photometric variations as effects due to an 

accretion structure present in the system. In addition to 

R Ara, there are several other similar systems that could 

benefit from further observation in order to determine 

if variable and eccentric accretion can explain their 

photometric variations. 

2. THE CASE OF  R ARAE

A good example to discuss is R Ara, whose orbital period 

is 4.4 days. After its discovery in 1892, R Ara was observed 

spectroscopically by Sahade (1952) and photometrically by 

groups in New Zealand (Nield et al. 1986, Forbes et al. 1988, 

Banks 1990, Nield 1991). Sahade reported badly blended 
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absorption features probably resulting from mass transfer, 

and the photometric studies found strange variations that 

couldn’t be explained in the light curve models.

A more recent study by Reed et al. (2010) made use of the 

archival International Ultraviolet Explorer (IUE) satellite 

data and developed a model of a variable and eccentric 

accretion structure that explained the spectral line blending 

as well as the photometric variations. Reed (2011) also 

obtained new observations and combined them with those 

in the available literature to construct the first ephemeris 
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Earth acquisition is to solve when earth can be visible from satellite after Sun acquisition during launch and early opera-

tion period or on-station satellite anomaly. In this paper, the algorithm and test result of the Communication, Ocean 

and Meteorological Satellite (COMS) Earth acquisition are presented in case of on-station satellite anomaly status. The 

algorithms for the calculation of Earth-pointing attitude control parameters including those attitude direction vector, 

rotation matrix, and maneuver time and duration are based on COMS configuration (Eurostar 3000 bus). The coordinate 

system uses the reference initial frame. The constraint calculating available time-slot to perform the earth acquisition 

considers eclipse, angular separation, solar local time, and infra-red earth sensor blinding conditions. The results of Elec-

tronics and Telecommunications Research Institute (ETRI) are compared with that of the Astrium software to validate the 

implemented ETRI software.
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1. INTRODUCTION

Communication, Ocean and Meteorological Satellite 

(COMS, Chollian) was launched on July 26, 2010 and is 

now in operation successfully (Lee et al. 2011). COMS 

Satellite Ground Control System (SGCS) is developed by 

Electronics and Telecommunications Research Institute 

(ETRI), and the algorithm of parameters and events for 

COMS satellite configuration is developed according 

to the document provided from Astrium to ETRI (Laine 

2006).
In the launch and early operation period (LEOP) or in 

the situation where the attitude of a satellite is not nor-

mal, the satellite attitude is not known and thus it should 

be fixed to a specific direction in order to acquire the nor-

mal attitude. The position of the sun is used as the ref-

erences to fix the satellite attitude in a specific direction. 

The sun acquisition refers to the process to fix the satel-

lite attitude with reference to the solar position. Once the 

sun acquisition is completed, the position of the earth is 

kept in the vision of the satellite by adjusting the three-

axis attitude of the satellite with reference to the relative 

position of the sun and the satellite. When the initial at-

titude of the satellite is stabilized, the normal attitude is 

kept by obtaining the field of view (FOV) toward the earth 

by means of the earth observation sensor.

This paper describes mainly the earth acquisition pro-

cess after the sun acquisition in case that the status of 

COMS changes from on-station to abnormal. Based on 

the orbit information for the COMS earth acquisition, the 

article describes the method to search the proper time 

periods considering the constraints for calculating the 

appropriate time when the earth acquisition can be per-

formed following the sun acquisition. In case of perform-

ing the earth acquisition for COMS at the selected one of 

the calculated time period, the algorithm and simulation 

result for attitude maneuver process, maneuver time and 

duration is verified. The actually realized earth acquisi-
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Fig. 1. The ephemeris curve for R Ara, spanning 116 years since its 
discovery. Reprinted from Reed (2011).
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curve for R Ara and found significant evidence of a steady 

period change due to mass transfer. The ephemeris curve is 

shown in Fig. 1.

The IUE data taken in 1989 provide over 4.5 days of 

consecutive images which are ideal for creating a light 

curve and analyzing phase-dependent variations. The 

two prominent outside-of-eclipse dips must be due to 

something cool eclipsing the primary star because they both 

become shallower at longer wavelengths, as shown in Fig. 

2. Also shown in Fig. 2 are the models that best fit the light 

curves. These models approximate the effects of an eccentric 

accretion structure eclipsing the primary star by placing 

large cool clouds in the line of sight. The model is restricted 

to two circular clouds, but does a fair job of fitting the data at 

both wavelength regions. The two cool clouds represent the 

locations where the eccentric accretion structure is closest 

to the primary star. Due to the system’s orbital inclination 

(and any additional inclination of the accretion structure 

itself relative to the orbital plane), we are presumably able to 

peer over the accretion structure where it is farther from the 

primary and are therefore able to see the star more directly. 

This appears to happen around phase 0.4. Fig. 3 displays an 

overhead view of the modeled components of the system, 

and illustrates the eccentric accretion structure.

3. DISCUSSION AND OTHER SYSTEMS OF
INTEREST

R Ara was a good system to study because it had been 

observed in the past century but had been neglected 

over the past couple decades. Earlier studies indicated 

photometric variations and hinted at mass exchange as the 

cause, which is why it was considered in the study reviewed 

in this paper. There are other such systems, studied in the 

past but neglected lately, that could also be candidates for 

observing similar effects of eccentric accretion – Y Psc (Porb = 

3.7 days) and RV Oph (Porb  = 3.9 days) to name a couple. The 

latest light curve study of RV Oph, by Walter (1970), clearly 

shows outside-of-eclipse dips similar to those seen in R Ara.

As discussed by Richards & Ratliff (1998), short-period 

Algols tend to undergo direct mass transfer while longer-

period systems tend to build up stable accretion disks. The 

intermediate-period Algol systems will oscillate between 

states of direct impact and indirect accretion. It is in these 

intermediate-period systems that we would expect to find 

unstable, variable, and eccentric accretion structures.

A problem with building light cures for these systems 

from the ground is that it takes several weeks to months or 

even years to complete them. This complicates the analysis 

of phase-dependent variations with secular variations due 

to the variable nature of the accretion structure. The IUE 

data for R Ara were taken from space and eliminated this 

problem by providing continuous observations over one 

entire orbital cycle.

New space-based missions, such as the Kepler Observatory, 

are easily able to continuously observe binary systems over 

not just one orbit, but over multiple consecutive orbits. 

These advances in observational techniques could provide 

enough information to study the dynamics of variable 

accretion structures. We would expect an eccentric accretion 

structure to precess over time, which could actually be one 

factor contributing to secular variations. Kepler-quality 

data could enable us to model the shape of the accretion 

structure and also watch it change over time. Figs. 4 and 

5 show the Kepler light curves (courtesy of Villanova 

University) for two system that are possible candidates for 

studying variable, transient, or eccentric accretion. They 

Fig. 2. The International Ultraviolet Explorer light curve for Ara using 
data from 1989. The solid circles are relative fluxes measured at 1,320 Å 
and the open circles are at 2,915 Å. The solid and dashed lines correspond 
to the model (with eccentric accretion). Reprinted from Reed et al. (2010).

Fig. 3. An overhead view of the model of R Ara, illustrating the eccentric 
accretion structure. Reprinted from Reed et al. (2010).
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are KIC 3241344 (Porb  = 3.9 days) and KIC 8242681 (Porb = 

4.0 days). It can be seen that there are outside-of-eclipse 

variations that may be due to accretion material eclipsing 

the star(s). Whatever the case, there are secular variations in 

both systems that occur from one orbit to the next and could 

provide information about short-term variability whether it 

is due to the precession of an eccentric accretion disk or not.

Finally, it should be noted that better models might 

be possible if we could incorporate an entire accretion 

structure, in addition to the primary and secondary stars, 

into a synthetic light curve generator. Most, if not all, of 

the available light curve modeling programs allow only for 

either two stars, or one star and an accretion disk (such as is 

the case with cataclysmic variables). 
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Fig. 4. A Kepler light curve of a binary star with an orbital period of 4.0 
days. Reprinted from the Kepler eclipsing binary catalog (http://keplerebs.
villanova.edu).

Fig. 5. A Kepler light curve of a binary star with an orbital period of 3.9 
days. Reprinted from the Kepler eclipsing binary catalog (http://keplerebs.
villanova.edu).




