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Article History Abstract – Using all available minimum times of Algol-type eclipsing binary UU And, Observed(O) - Calculated 

(C) based orbital period analysis of UU And is presented in this study. O-C diagram of UU And is represented by 

cyclic variation superimposed on an upward parabolic variation. The upward parabolic variation was modelled by 

assuming non-conservative mass transfer from the less massive to the more massive component to explain the secular 

period increase of the system. The rate of fractional mass transfer (𝛽) was calculated to be 0.947. Cyclic O-C variation 

at period of 14 years was detected in the diagram. Light travel time effect (LTTE) caused by additional body in the 

system was assumed in order to explain the cyclic O-C variation. Using the mass function obtained from O-C analysis, 

the possible mass of the third component was found to be in the order of solar mass. Such a massive additional body 

show itself distinctly in the light curve of UU And. On the contrary, no light contribution from an additional body 

has been detected in the literature so far. Therefore, we conclude that precise high resolution spectroscopic observa-

tions are required in order to clarify the existence of a third body and/or magnetic cycle, which may also give rise to 

cyclic O-C variation in the binary star system.  
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1. Introduction 

According to the catalogue presented by Brancewicz & Dworak (1980), UU And (TYC 2275-911-1, 

2MASS J00434508+3056197) is a semidetached Algol-type eclipsing binary star system consisting of a F5 

type primary and K5IV type secondary components. 

Up to the present, O-C based orbital period analysis studies have only been presented by Qian (2001) and 

Manzoori et al. (2015). Qian (2001) made a period analysis of UU And using 150 visual and photographic 

primary minimum times. Qian (2001) suggested secular period decrease. Rate of the period decrease was cal-

culated to be −4.76 × 10−7 days/yr. Secular mass and angular momentum loss were suggested as possible 

mechanisms of the orbital period decrease. Manzoori et al. (2015) re-examined the O-C changes of UU And 

with 183 minimum times observed from 1911 to 2008. Out of 183, 36 were photoelectric (Pe) minimum times 

observed under the WASP survey (Pollacco et al., 2006). Manzoori et al. (2015) proposed secular orbital period 

increase at rate of  4.63 × 10−7 days /yr. Secular mass transfer between components was attributed by Man-

zoori et al. (2015). Manzoori et al. (2015) also detected a cyclic O-C change over a period of 18 yr, suggesting 

that magnetic activity in the system was the most plausible mechanism responsible for the cyclic O-C change. 

As seen above, there are two incompatible results in the literature obtained from O-C based orbital period 

analysis of UU And. However, 27 CCD and Pe minimum times have been published since 2008. Therefore, it 

is necessary to re-investigate the O-C variation of UU And using precise new CCD and Pe times along with 
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previously published minimum times. We present a more recent O-C analysis of UU And using all minimum 

times published in the literature so far. The minimum times used in our analysis were observed from 1911 to 

2018. 

 

2. Materials and Methods 

Firstly, all available minimum times were collected from the literature. Our observational data covers 174 

visual, 5 photographic and 78 CCD & Pe minimum times of UU And, which were observed from 1911 to 

2018.  

O-C variation of UU And was re-examined using the weighted O-C method. During the analysis, since the 

precision of observed minimum times is dependent on the type of observation, 1 weights are given to visual 

observations, 5 weights are given to photographic observations and 10 weights were given to CCD & Pe ob-

servations. 

O-C values were calculated using the linear light element equation below, where the orbital period (𝑃 =

1d. 486324) was taken from Kreiner (2004) and the conjunction time (𝑇0(HJD) = 2441650.338) is a primary 

minimum time in our minimum time data set. 

𝐶1 = HJD 2441650.338 + 1d. 486324 × 𝐸             (2.1)            

Upward parabolic change is detected in the diagram of UU And (see Figure 1).To find the quadratic ephemeris 

of the system, the MATLAB code presented by Zasche et al. (2009) was used. Then the ephemeris was derived 

as follows: 

𝐶2 = HJD 2441650.3132(22) + 1d. 4863031(3) × 𝐸 + 3d. 74(21) × 10−10 × 𝐸2      (2.2) 

 

The positive quadratic term 𝑄=3𝑑 . 74(21) × 10−10 days gives the rate of period increase to be �̇� = 0.016(6) 

s/yr. Discussion of the secular period increase is presented in the final section of this paper. 

 
Figure 1. O-C variation of UU And. Solid line in upper panel represents parabolic fit obtained. Residuals are 

shown in lower panel of diagram. 
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As is seen from the residuals, O-C data also show sinusoidal period oscillation. The light-time effect (LTTE) 

caused by additional body may give rise to this cyclic variation. Figure 1 shows a 48-year gap from 1924 to 

1972. In addition to this, most of the data before 2005 is visual and photographic. Therefore, in order to exam-

ine the sinusoidal variation accurately, we decided to use only CCD and Pe data, which can be seen in the box 

in the residuals. The LTTE equation (Irwin, 1959) given below was fitted using the MATLAB code presented 

by Zasche et al. (2009), where ∆𝑡, 𝑎12, 𝑐, 𝑖12, 𝑒12, 𝜔12, and 𝜈12 are, respectively, the time delay due to LTTE, 

semi-major axis of the additional body, speed of light, orbital inclination of additional body, eccentricity of 

the additional body, longitude of periastron, and the true anomaly.  

 

∆𝑡 =
𝑎12 sin 𝑖12

𝑐
{

1 − 𝑒12
2

1 + cos 𝜈12

sin(𝜈12 + 𝜔12) + 𝑒12 cos 𝜔12}      (2.3) 

 

Sinusoidal variation of the CCD and Pe O-C residuals together with the best theoretical LTTE model is given 

in Figure 2. 

Results of our O-C analysis are given in Table 1. In this table, 𝑓(𝑀), which is defined in equation (2.4), is 

well-known mass function of the triple system calculated from our analysis.  

 

𝑓(𝑀) =
𝑀3

3 sin3 𝑖12

(𝑀1 + 𝑀2 + 𝑀3)2
=

𝑎12
3 sin3 𝑖12

𝑃12
2       (2.4) 

Here, 𝑃12 is the period of the additional body and 𝑀3 is the mass of the additional body. Units of 𝑃12 and 𝑀3 

are years and stellar mass, respectively. Detailed discussion on the LTTE is presented in the last section of this 

paper. 

 

 

Figure 2. LTTE effect of CCD and Pe O-C data on UU And. Solid red line represents best LTTE model 

obtained from O-C analysis. Lower panel shows residuals from theoretical curve. 
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Table 1 

Parameters obtained from O-C analysis of UU And.  

Parameter Value 

𝑇0 (HJD) 2441650.3132(0.0022) 

𝑃 (days) 1.4863031(0.0000003) 

𝑄 × 10−10 (days)  3.74(0.21) 

𝐴 (days) 0.017(0.002) 

𝑎12 sin 𝑖12 (AU)  3.24(0.26) 

𝑒12  0.49(0.12) 

𝜔12 (o) 40(25) 

𝑃12 (years) 14.04(0.61) 

𝑓(𝑀) (Mʘ)  0.173(0.037) 

𝑀3(Mʘ) for  𝑖12 = 900 1.34(0.13) 

𝑀3(Mʘ) for  𝑖12 = 600 1.62(0.15) 

 

3. Results and Discussion  

The recent O-C analysis of UU And is presented in this study. We found that orbital period of UU And is 

increasing at a �̇� = 0.016(6) s/yr rate (see Section 2). Manzoori et al. (2015) suggested possible magnetic 

activity in the system since the system consists of a F5 type primary and K5IV type secondary. Therefore, a 

possible mechanism, which produces upward parabolic variation, may be non-conservative (or Alfvén driven) 

mass transfer between components since some fraction of the total mass can be lost from UU And via magnetic 

winds (Tout & Hall 1991). In this case, we followed the procedure presented by Erdem & Öztürk (2014) to 

explain the observed period increase of UU And and used the equations below. 

 

�̇�

𝑃
= {2 {

10𝑅2

𝑑
}

𝑀1 + 𝑀2

𝑀1𝑀2

−
2

𝑀1 + 𝑀2

} �̇� + 3
(𝑀1 − 𝑀2)

𝑀1𝑀2

�̇�2      (3.1) 

�̇� ≤ (1 − 𝛽)�̇�2 =
(𝛽 − 1)

𝛽
�̇�1 (3.2) 

where 𝑀1, 𝑀2, 𝑅2, 𝑑, �̇� < 0, �̇�1 > 0, �̇�2 = �̇� − �̇�1 < 0 and 𝛽 (0 < 𝛽 < 𝛽𝑐𝑟𝑖, (𝛽𝑐𝑟𝑖   is the maximum pos-

sible value of the fractional mass transfer rate for systems showing period increase)) are: masses of primary 

and secondary components, radius of secondary component, distance between components, mass loss rate from 

UU And, rate of mass transfer, mass loss rate from less massive component, and the fractional mass transfer 

parameter, respectively. Term 10𝑅2 in Eq. (3.1) represents the approximate value of Alfvén radius (Tout & 

Hall 1991) for Alfvén driven mass transfer in Algols (Erdem & Öztürk 2014). 𝛽𝑐𝑟𝑖 was calculated from Eq. 

(3.1) and Eq. (3.2) to be 0.947. In this calculation, while �̇� = 0.016(6) s/yr and 𝑃 = 1.4863031(3) days are 

taken from the results of O-C analysis in this study, 𝑀1 = 1.62(1) M⊙, 𝑀2 = 0.76(24) M⊙  and 𝑅2 =

2.28(54) R⊙  are taken from Manzoori et al. (2015), and 𝑑 = 7.23 AU is taken from Brancewicz & Dworak 

(1980). Figure 3 shows the change in the fractional mass transfer rate (𝛽) with respect to �̇�2. 
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Figure 3. Change in fractional mass transfer rate (𝛽) with respect to �̇�2. 

 

By assuming non-conservative mass transfer and using Eqs. (3.1) and (3.2), the rate of transferred mass and 

that of mass loss from UU And was calculated in the interval of 10−4 − 10−8 and 10−6 − 10−14 M⊙ /yr, 

respectively. 

After subtracting parabolic variation from the O-C dataset, we detected clear sinusoidal variation in the O-C 

residuals (see lower panel of Figure 1). This cyclic variation was also investigated by Manzoori et al. (2015). 

They used minimum times observed from 1911 to 2008 and their O-C dataset was mostly visual and photo-

graphic. Since 27 new CCD and Pe minimum times have been published since 2008, we re-examined this 

cyclic variation with only CCD and Pe minimum times, which can be seen in the box in the lower panel of 

Figure 1. Our analysis is more precise than that of Manzoori et al. (2015) as we used more precise minimum 

times in order to model the cyclic O-C variation of UU And. 

A sinusoidal O-C variation of UU And was also detected (see Section 2). The period, amplitude of cyclic 

variation and mass function were found to be 0.017(±0.002) days, 14.04(±0.61) yr and 0.173(±0.037) Mʘ, 

respectively. Mass of the additional body was calculated to be 1.34(±0.13) Mʘ for 𝑖12 = 900 and 1.62(±0.15) 

Mʘ for 𝑖12 = 600 using equation (2.4) (see Section 2). The light contribution of such a massive additional 

body show itself distinctly in the light curve of UU And. Unfortunately, no light contribution from a hypothet-

ical third body was detected by Manzoori et al. (2015) when they analyzed the light curve of UU And. Due to 

this situation existing of a third body in the binary star system is not clear. Another possible mechanism which 

gives rise to cyclic O-C variation may be magnetic activity in the system. In this case, the O-C diagram should 

show perfectly sinusoidal variation over time. On the contrary, our analysis show that the variation is not 

perfectly sinusoidal, i.e. 𝑒 = 0.49 (see Table 1).  Therefore, in order to be certain about the existence of an 

additional body and/or possible magnetic cycle in the system, precise new minimum times and spectroscopic 

observations of the system are required.   
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Figure 4. LS periodogram of O-C data after subtracting LTTE.  

 

Lomb-Scargle (LS) periodogram was used to search for additional cyclic variations in the O-C data after sub-

tracting LTTE (Lomb, 1976; Scargle, 1982). No signal above 50% false alarm probability (FAP) level was 

detected in the LS periodogram. 

 

4. Conclusion 

This paper presents the recent O-C based orbital period analysis of UU And. Orbital period of UU And was 

found to be increasing with a rate of �̇� = 0.016(6) s/yr. Non-conservative mass transfer was assumed in order 

to explain the observed period increase. Sinusoidal variation was also detected in the O-C diagram of UU And. 

We concluded that this variation may be a sign of an additional body and/or possible magnetic cycle in the 

system. 
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