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ABSTRACT

We report 15 new VRI light curves of five low-mass eclipsing binaries (NSVS 02502726,
NSVS 07453183, NSVS 11868841, NSVS 06550671 and NSVS 10653195) that were ob-
served between 2010 and 2012. We analysed our new data together with three published
spectroscopic observations and seven published light curves using a modified version of the
Wilson—-Devinney program. Orbital solutions of the five low-mass eclipsing binaries were
revised and new star-spot parameters were obtained. We found that spot locations on the five
low-mass eclipsing binaries changed over several years. However, the star-spots for NSVS
07453183 and NSVS 06550671 were stable for several months. More interestingly, for NSVS
02502726, the spots within a star-spot longitude region of 180°-360° indicated a magnetic ac-
tivity cycle of 5.9(£0.2) yr. Moreover, we detected the first flare-like event on NSVS 07453183
at phase 0.39. The observations of the chromospheric activity indicators (HB and Hy lines)
revealed that NSVS 10653195 and NSVS 06550671 were active. For NSVS 02502726, we
found a weak continuous secular decrease at a smaller rate of dp/df = —2.1(0.8) x 10~/ d yr~!
than the previous result. For NSVS 07453183, the O—C times appeared to increase at cycle
6000, and this was followed by a decrease at cycle 6500.

Key words: binaries: eclipsing —stars: individual: NSVS 02502726 —stars: individual: NSVS
06550671 —stars: individual: NSVS 11868841 —stars: individual: NSVS 07453183 —stars:
individual: NSVS 10653195.

Cakirli, Ibanoglu & Sipahi 2013). The reason there are so few

1 INTRODUCTION low-mass eclipsing binaries is that they have to be aligned to

Rapidly rotating low-mass stars (M star < 0.8 m(,) exhibit phenom-
ena associated with magnetic activity, such as evidence of star-spots,
plage and flares (e.g. Guidel 2002; Pribulla, Chochol & Vittone 2003;
Berdyugina 2005; Hall 2008; Strassmeier 2009; Lanza 2010). How-
ever, in many such kinds of stars, details of the active phenomena
are not well understood. In order to have a better understanding
of the stellar magnetic activity, we need to monitor the late-type
stars by multicolour photometry, and medium and high-resolution
spectroscopy.

Although low-mass stars, which we define as having
M < 0.8mg, are the most populous stellar objects in the Galaxy
(e.g. Henry, Kirkpatrick & Simons 1994; Chabrier 2003; Reid
et al. 2004; Ribas 2006a, 2007; Nefs et al. 2012), until now, only
about 30 low-mass eclipsing binaries (including M dwarfs that
orbit higher mass stars) with determined masses, radii, luminosi-
ties and temperatures have been detected (e.g. Morales, Ribas &
Jordi 2008; Ribas et al. 2008; Cakirli, Ibanoglu & Glingor 2009;
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eclipse and they have low intrinsic brightness (Torres & Ribas
2002; Blake et al. 2008; Irwin et al. 2009; Morales et al. 2009).
However, even in such small numbers, a detailed comparison of
observed masses and radii with theoretical predictions has re-
vealed large disagreements (e.g. Lopez-Morales & Ribas 2005).
Current evolutionary models predict radii of stars in the 0.4—
0.8 m(, range to be 5-15 per cent smaller than observed radii and a
3-5 percent larger effective temperature than the observed tem-
perature (e.g. Baraffe et al. 1998; Ribas 2006a,b; Ribas et al.
2008; Coughlin et al. 2011). Several authors have discussed pos-
sible scenarios of these discrepancies between models and ob-
servations of low-mass stars (e.g. Baraffe et al. 1998; Torres &
Ribas 2002; Lépez-Morales & Ribas 2005; Ribas et al. 2008;
Morales et al. 2010). These include magnetic activity (Lopez-
Morales 2007; Morales et al. 2008, 2010), fast rotation (Chabrier,
Gzllardo & Baraffe 2007), metallicity (Lopez-Morales 2007) or
their combined action. The magnetic activity of low-mass eclips-
ing binaries is an important aspect of the discrepancies. More-
over, studying the magnetic activity of low-mass stars provides an
opportunity and key constraint for stellar and solar dynamo
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Five low-mass eclipsing binaries

Table 1. All published photometric and spectroscopic solutions of the five eclipsing binaries.

Star (NSVS) Rotation period (d) ~ Method  gpn(M2/M1) q,(M2/M1) MI(MO) M2(MQ) RIRO) R2RO) i°) TIk) T2(k) € 2, Reference
02502726 0.559 755 Light-radial - 0.486 0714 0347 0674 0763 87 4300 3620 4.8 3.862 1
02502726 0.559 778 Light-+radial - 0.496 0.689 0341 0707  0.657 88 4298 3843 457 3.42 2
02502726 0.559 772 Light 0.83 - 0.690 0570 0830 0.750 882 4370 3950 - - 3
07453183 0.366 971 Light 0.93 - 0730 0.680 0790  0.720 89.1 3570 3340 - - 3
11868841 0.601 790 Light 0.93 - 0.940 0.87 1.03 093 87.5 3970 3750 - - 3
11868841 0.601 790 Light+radial - 0.698 0.870  0.607 0983 0901 88 5250 5020 4.262 3.79 4
06550671 0.192 637 Light-+radial - 0.51 0.51 0.26 0.55 029 725 3735 3106 2.944 3.545 5
10653195 0.560 721 Light 0.91 - 0.67 0.61 0.79 0.67 854 4120 3920 - - 3
10653195 0.560 723 Light - - 0.67 0.61 0.71 0.67 857 3920 3825 - - 6

qpn represents the result from photometric study. g, represents the result from spectroscopic study.
References — 1. Cakirli et al. (2009), 2. Lee et al. (2013), 3. Coughlin & Shaw (2007), 4. Cakirli, Ibanoglu & Dervisoglu (2010), 5. Dimitrov & Kjurkchieva

(2010), 6. Wolf et al. (2010).

Table 2. The observational log.

Star name Spectral type Comparison Check star Exposure time Number(VRI)
NSVS 02502726 M dwarf GSC 3798—1250 GSC 3798—1234 120,605,408 1099, 1089, 1089
NSVS 07453183  M2* TYC 2499-356-1 Star (09:15:47.04; 36:13:54.7)  605s,405s,30s 574,574, 574
NSVS 11868841 G942+ Star (23:17:32.4; 19:21:28.7)  Star (23:18:03; 19:12:47.3) 120s,605,60s 348, 346, 345
NSVS 06550671 M dwarf TYC 2314—780-1 Star (02:20:34.15; 33:21:07.7) 905,405, 10's 453, 452, 453
NSVS 10653195 k7% Star (16:07:14.6; 12:15:53.6)  Star (16:07:47.4; 12:16:32.8) 120,905,608 262,258,258

Notes. For some comparison and check stars, we only give their RA and Dec. Spectral type (which was marked by *) was assumed using the

colour index (Cox 2000).

theory (Berdyugina 2005; Strassmeier 2009). Therefore, it is nec-
essary to monitor the magnetic activity of low-mass eclipsing
binaries.

The five eclipsing binaries in this study (NSVS 02502726,
NSVS 07453183, NSVS 11868841, NSVS 06550671 and NSVS
10653195) were discovered to be variable stars from the Northern
Sky Variability Survey (NSVS; WoZniak et al. 2004). They show
considerable distortions out of eclipse (e.g. Coughlin & Shaw 2007;
Cakirli et al. 2009; Cakirli et al. 2010; Dimitrov & Kjurkchieva
2010; Wolf et al. 2010; Pribulla et al. 2012; Lee et al. 2013)
and two of them (NSVS 02502726 and NSVS 06550671) show
Ho emission (Cakirli et al. 2009, 2010). NSVS 06550671 (GSC
2314—0530, 1RXS J022050.7+332049) was an interesting eclips-
ing binary (Norton et al. 2007; Dimitrov & Kjurkchieva 2010)
that was also assigned as SWASP J022050.85+332047.6 accord-
ing to the SuperWasp photometric survey (Pollacco et al. 2006).
Furthermore, Dimitrov & Kjurkchieva (2010) obtained multicolour
CCD VRI photometric and spectroscopic observations of NSVS
06550671, and determined their global eclipse parameters. As for
NSVS 02502726, NSVS 07453183, NSVS 11868841 and NSVS
10653195, Coughlin & Shaw (2007) obtained the orbital and star-
spot parameters using an Eclipsing Light Curve programme (Orosz
& Hauschildt 2000). Recently, Cakirli et al. (2010) presented an op-
tical spectroscopy and an extensive R- and /-band photometry, and
derived the principal parameters of NSVS 02502726, especially
stellar mass and radius, by simultaneously analysing the light and
radial velocities curves. Cakirli et al. (2009) derived the orbital pa-
rameters of NSVS 11868841 by analysing the radial velocity curves
and the existing VRI bandpass light curves (LCs). All the published
photometric and spectroscopic solutions of the five low-mass eclips-
ing binaries are summarized in Table 1. Until now, there has been
no period variation analysis of NSVS 07453183, NSVS 11868841,
NSVS 06550671 and NSVS 10653195, and only one study of NSVS
02502726, where an orbital period analysis revealed that the period

has experienced a continuous decrease of —5.9 x 1077 dyr~! with
a weak sinusoidal variation (Lee et al. 2013).

2 OBSERVATIONS

In this paper, we carried out new photometric observations of the five
low-mass eclipsing binaries from 2010 to 2012 (NSVS 02502726:
2010 November 26, 27, 28 and 29; 2011 January 29 and 31, and
December 10, 11, and 13; 2012 February 18 and 20, and April 3, 6,
7 and 8; NSVS 07453183: 2011 March 22, 24, April 15, 17, and 18,
and December 8, 9; NSVS 11868841: 2010 November 26, 27, 28,
29, and December 11, 12, 13, 15; GSC02314—00530: 2010 Novem-
ber 24; 2011 January 28, and February 1, and December 9; NSVS
10653195: 2012 April 3, 4, 6, 7, and 8) with an 85 cm telescope at
Xinglong station of National Astronomical Observatories of China
(NAOC). The photometer was equipped with a 1024 x 1024 pixel
CCD along with Johnson—Cousins B, V, R, I filters (Zhou et al.
2009). Our observations were carried out in V, R and I passbands.
We reduced all the observed CCD images by means of the AppPHOT
sub-package of the Image Reduction and Analysis Facility (IRAF) in
the standard fashion (including image trimming, bias subtraction,
flat-field division and cosmic ray removal). Our observation log is
shown in Table 2, which includes our object names, comparison
stars (which were chosen near the target), check stars, typical expo-
sure times and the total number of observations in VRI bands. The
different magnitudes of our objects and comparison stars (in the
sense of our objects minus the comparison stars) were used to con-
struct the LCs and the results are shown in Fig. 1. Since the fields of
our objects were not crowded, the technique of aperture photometry
was applied to extract the magnitudes. The criterion for choosing
the comparison and check stars was that there was no variability in
the previous observations (Cakirli et al. 2009; Lee et al. 2013). We
also observed no intrinsic variability of the comparison and check
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Figure 1. V, R and I LCs of the five low-mass eclipsing binaries. Different kinds of symbols represent the data observed for the different times.

stars. The check star was used to make sure that the comparison star
was not itself variable. For NSVS 02502726, our comparison and
check stars are the same to those of Cakirli et al. (2009) and Lee
etal. (2013). All individual observations are shown in Table 3 in the

MNRAS 442, 2620-2636 (2014)

form of the heliocentric Julian dates (HJD) and the VRI differen-
tial magnitudes between the eclipsing star and the comparison star
(A Mag). We note that the scatters of individual points are better
than 0.01 mag in all bands.
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Table 3. VRIobservations data of the five low-mass eclipsing binaries collected 2010-2012. (This table is available

as online material.)

Five low-mass eclipsing binaries

Star name HID_V A Mag_V HID_R A Mag _R HID_I A Mag_1
NSVS 02502726 ~ 2455527.1017 0.497 2455527.1028  0.285 2455527.1034  0.071
NSVS 02502726  2455527.1043 0.487 2455527.1053  0.301 2455527.1060  0.054
NSVS 02502726  2455530.4159 0.514 2455530.4221  0.322 2455530.4202  0.086
NSVS 02502726  2455530.4185 0.506 2455530.4246  0.316 2455530.4227  0.079
NSVS 02502726  2455591.0990 0.577 2455591.0998  0.404 2455591.1002  0.191
NSVS 02502726  2455591.1013 0.551 2455591.1025  0.373 2455591.1033  0.161
NSVS 02502726  2455593.4192 0.457 2455593.4198  0.287 2455593.4217  0.043
NSVS 02502726  2455593.4208 0.461 2455593.4214  0.270

NSVS 02502726  2456020.9824 0.800 2456020.9833  0.694 2456020.9839  0.507
NSVS 02502726  2456020.9861 0.825 2456020.9871  0.673 2456020.9876  0.523
NSVS 02502726  2456026.1862 0.487

NSVS 02502726  2456026.1913 0.450

NSVS 07453183  2455642.9940 0.195 2455642.9948  0.045 2455642.9953  —0.112
NSVS 07453183  2455642.9959 0.204 2455642.9966  0.052 2455642.9971 —0.085
NSVS 07453183  2455645.2193 0.236 2455645.2203  0.082 2455645.2210  —0.083
NSVS 07453183  2455645.2220 0.230 2455645.2230  0.089 2455645.2238  —0.080
NSVS 07453183  2455666.9902 0.260 2455666.9911  0.090 2455666.9918  —0.061
NSVS 07453183  2455666.9926 0.280 2455666.9936  0.120 2455666.9942  —0.085
NSVS 07453183  2455670.1645 0.181 2455670.1653  0.034 2455670.1658  —0.111
NSVS 07453183  2455670.1665 0.294 2455670.1673  0.066 2455670.1678  —0.107
NSVS 07453183  2455904.1525 0.735 2455904.1532  0.574 2455904.1538  0.381
NSVS 07453183  2455904.1544 0.834 2455904.1550  0.593 2455904.1556  0.439
NSVS 07453183  2455905.3112 0.239 2455905.3120  0.070 2455905.3125  —0.070
NSVS 07453183  2455905.3132 0.253 2455905.3140 0.114 2455905.3145  —0.123
NSVS 11868841  2455527.0359 1.032 2455527.0369  0.994 2455527.0378  0.932
NSVS 11868841  2455527.0388 1.046 2455527.0399  0.995 2455527.0407  0.942
NSVS 11868841  2455530.1380 1.003 2455530.1393  0.934 2455530.1404  0.872
NSVS 11868841  2455530.1416 0.976 2455530.1430  0.907 2455530.1440  0.855
NSVS 11868841  2455906.9152 0.936 2455906.9166  0.884 2455906.9175  0.806
NSVS 11868841  2455906.9186 0.945 2455906.9199  0.892 2455906.9209  0.808
NSVS 11868841  2455911.1052 0.933

NSVS 11868841  2455911.1105 0.956

NSVS 06550671  2455524.9297 1.283 2455524.9306  0.713 2455524.9311  —0.423
NSVS 06550671  2455524.9318 1.305 2455524.9327  0.753 2455524.9332 —0.401
NSVS 06550671  2455525.2456 1.323 2455525.2486  0.632 2455525.2470  —0.463
NSVS 06550671 2455525.2491  —-0.471
NSVS 10653195  2456021.2032 —0.011 2456021.2048 —0.471 2456021.2061 —0.876
NSVS 10653195  2456021.2080 —0.029 2456021.2097 —0.476 2456021.2108 —0.876
NSVS 10653195  2456026.3738 —0.065

NSVS 10653195  2456026.3773 —0.026

Since no spectroscopic studies on HB and Hy lines of NSVS
10653195 and NSVS 06550671 have been reported, we carried
out a systematic analysis of spectroscopic observations in the lit-
erature to understand chromospheric activity. Our spectroscopic
observations of NSVS 06550671 and NSVS 10653195 (Fig. 2)
were carried out with an optical median resolution (OMR) spectro-

graph of a 2.16 m telescope at the Xinglong station of the NAOC
in 2012. The OMR spectrograph was centred at about 4280 A
with a reciprocal dispersion of 1.03 A pixel~! and a wavelength
range of 3700-4960 A (Fang et al. 2010). The observational expo-
sure time of NSVS 06550671 and NSVS 10653195 were 20 and
30 min, respectively. We also obtained high S/N spectra of inactive
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Figure 2. Samples of the observed, synthesized and subtracted spectra including the HB and Hy lines of NSVS 06550671 and NSVS 10653195. The dotted
lines represent the synthesized spectra and the upper spectra correspond to the subtracted spectra.

stars HR 2458 (M1 dwarf) and HR 2216 (M3 dwarf) that were
used as templates. We performed a reduction of the spectra using
IRAF packages, which involved bias subtraction, flat-fielding, cosmic
ray removal, one-dimensional spectrum extraction and wavelength
calibration.

3 PERIOD AND EPOCH DETERMINATION

Based on our new observations, we separately determined new times
of light minima for all three bands using the previously used pro-
gram (Kwee & van Woerden 1956; Nelson 2007). The correspond-
ing errors were determined by the covariance matrix of the least-
squares fit, which underestimates the uncertainties because it does
not account for systematic errors. For the minima, each colour is in-
dividually fitted, and the eclipsing minimum times with their errors
and observational filters are listed in Table 4. The results combined
for each epoch are also listed in Table 4. To calculate an updated
ephemeris and period variation, all available eclipse times were
collected from the literature and included in the analysis (Table 5).
Using these minimum times, an updated linear ephemeris was then
obtained for each system by using a least-squares fit, as listed in
Table 6. All minima were weighted equally because there were no
published errors of the 10 minima, and they were all observed with a
similar CCD method. Based on our new ephemeris, the O—C values
of minimum times are calculated and listed in Table 5. To clarify

MNRAS 442, 2620-2636 (2014)

the period change, we plotted these values in Fig. 3. It seems that
there may be a weak variation of NSVS 02502726 when using the
reduced chi-square test. The least-squares method was then used to
obtain the following quadratic ephemeris.

NSVS 02502726 :
Min./ = JD(Hel.)2454497.5500(+0.0001)
+0.559 7788(40.000 000 01) E — 1.6(+£0.6) x 107" x E*d. (1)

This suggests a weak continuous secular decrease of the period at
arate of dp/dt = —2.1(0.8) x 1077 dyr~! for NSVS 02502726. For
NSVS 07453183, the O—C times appear to increase at cycle 6000,
then decrease at cycle 6500. For NSVS 11868841, NSVS 6550671
and NSVS 10653195, but there are no obvious variations.

4 LC ANALYSIS

We plotted the LCs of our new observations in Fig. 1, where the
phases of data points were calculated using the newly derived
epochs. The new observations allowed us to analyse orbital and
star-spot parameters, and chromospheric activity.

4.1 The orbital parameters and star-spot parameters

We detected out-of-eclipse distortions in the LCs for our objects,
as shown in Fig. 1. Since our data have a high time resolution
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Table 4. New minimum times of the five low-mass eclipsing binaries.

Five low-mass eclipsing binaries

Star name Vv R I Mean (VRI) Min
NSVS HID 245,+ Error HID 245,+ Error HID 245,+ Error HID 245,+ Error 12
02502726  5529.2216  0.0001 5529.2215  0.0001 5529.2216  0.0001 5529.2216  0.0001 1
02502726  5530.3410  0.0001 5530.3410  0.0001 5530.3410  0.0001 5530.3410  0.0001 1
02502726  5591.3568  0.0001 5591.3567  0.0001 5591.3568  0.0001 5591.3568  0.0001 1
02502726  5593.3156  0.0001 5593.3158  0.0001 5593.3159  0.0001 5593.3158  0.0001 2
02502726  5906.2337  0.0007  5906.2324  0.0004  5906.2323  0.0005  5906.2328  0.0005 2
02502726  5907.3516  0.0005 5907.3512  0.0004  5907.3514  0.0005  5907.3514  0.0005 2
02502726  5909.3108  0.0003 5909.3112  0.0001 5909.3111 0.0001 5909.3110  0.0002 1
02502726  5976.2052  0.0004  5976.2048  0.0003  5976.2048  0.0004  5976.2049  0.0004 2
02502726  5978.1645  0.0009  5978.1645  0.0009  5978.1645  0.0003  5978.1645  0.0008 1
02502726  6024.0656  0.0004  6024.0656  0.0002  6024.0655  0.0002  6024.0656  0.0003 1
02502726  6026.0255  0.0003 6026.0254  0.0005 6026.0255  0.0004 1
07453183 5643.0709  0.0006  5643.0709  0.0005 5643.0710  0.0004  5643.0709  0.0005 2
07453183 5645.0885  0.0004  5645.0884  0.0006  5645.0884  0.0003  5645.0884  0.0004 1
07453183 5667.1066  0.0008  5667.1061 0.0004  5667.1068  0.0003  5667.1065  0.0005 1
07453183 5669.1256  0.0006  5669.1249  0.0008  5669.1255  0.0006  5669.1253  0.0007 2
07453183 5670.0419  0.0005  5670.0415  0.0005 5670.0417  0.0004  5670.0417  0.0005 1
07453183 5904.1643  0.0006  5904.1644  0.0004  5904.1645  0.0002  5904.1644  0.0004 1
07453183 5904.3495  0.0006  5904.3488  0.0002  5904.3485  0.0004  5904.3489  0.0004 2
07453183 5905.2654  0.0007  5905.2654  0.0006  5905.2658  0.0006  5905.2655  0.0006 1
11868841 5527.9842  0.0002  5527.9841 0.0001 5527.9679  0.0002  5527.9840  0.0002 1
11868841 5530.0896  0.0001 5530.0896  0.0002  5530.0897  0.0003  5530.0896  0.0002 2
11868841 5907.1136  0.0010  5907.1133  0.0009  5907.1135 0.001 1
11868841 5910.0220  0.0005 5910.0256  0.0005  5910.0253  0.0070  5910.0247  0.0020 2
06550671 5525.0384  0.0004  5525.0379  0.0008  5525.0383  0.0006 2
06500671 5525.1326  0.0001 5525.1332  0.0001 5525.1325  0.0007  5525.1327  0.0003 1
06500671 55252297  0.0002  5525.2319  0.0005  5525.2308  0.0003 2
06500671 5594.0027  0.0005 5594.0022  0.0004  5594.0017  0.0004  5594.0022  0.0004 2
06500671 5594.0964  0.0001 5594.0963  0.0001 5594.0964  0.0002  5594.0964  0.0001 1
06500671 5590.0516  0.0003 5590.0513  0.0001 5590.0506  0.0002  5590.0512  0.0002 1
06500671 5589.9567  0.0001 5589.9559  0.0005  5589.9563  0.0003 2
06500671 5905.0101 0.0004  5905.0107  0.0015  5905.0110  0.0023  5905.0106  0.0013 1
06500671 5905.1104  0.0006  5905.1084  0.0005  5905.1094  0.0006 2
10653195 6022.2679  0.0005 6022.2679  0.0005  6022.2680  0.0005  6022.2679  0.0005 1
10653195 6024.2315  0.0004  6024.2314  0.0004  6024.2314  0.0007  6024.2314  0.0005 2
10653195 6025.2315  0.0004  6025.2314  0.0004  6025.2314  0.0007  6025.3528  0.0004 2

Notes. 1 represents the primary minima, and 2 represents the secondary minima.

Table 5. All compiled light minimum times of the low-mass eclipsing binaries. This Table is available as online material.

Star name JD(Hel.) Error Method Cycle (0-0) Residual Reference
NSVS 02502726 2453692.0274 0.000 12 CCD —1439.0 —0.0012 —0.0006 2
NSVS 02502726 2453692.8684 0.000 13 CCD —1437.5 0.0001 0.0007 2
NSVS 02502726 2453728.9730 0.000 13 CCD —1373.0 —0.0010 —0.0005 2
NSVS 02502726 2454497.2696 CCD -5 —0.0004 —0.0005 1
NSVS 02502726 2454497.5502 CCD .0 0.0004 0.0002 1
NSVS 02502726 2454498.3894 CCD 1.5 —0.0001 —0.0003 1
NSVS 02502726 2454498.6701 CCD 2.0 0.0007 0.0005 1
NSVS 02502726 2454499.2300 CCD 3.0 0.0008 0.0006 1
NSVS 02502726 2454499.5085 CCD 35 —0.0006 —0.0007 1
NSVS 02502726 2454500.6284 CCD 5.5 —0.0002 —0.0004 1
NSVS 02502726 2454501.4690 CCD 7.0 0.0007 0.0005 1
NSVS 02502726 2455529.2216 0.0001 CCD 1843.0 —0.0001 —0.0002 4
NSVS 02502726 2455530.3410 0.0001 CCD 1845.0 —0.0002 —0.0003 4
NSVS 02502726 2455591.3568 0.0001 CCD 1954.0 —0.0002 —0.0003 4
NSVS 02502726 2455593.3158 0.0001 CCD 1957.5 —0.0005 —0.0006 4
NSVS 6550671 2455525.2308 0.0003 CCD 21 663.5 0.0001 0.0007 4
NSVS 6550671 2455589.9563 0.0004 CCD 21999.5 —0.0001 0.0003 4
NSVS 6550671 2455590.0512 0.0001 CCD 22 000.0 —0.0015 —0.0011 4
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Table 5 — continued
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Star name JD(Hel.) Error Method Cycle (0-0) Residual Reference
NSVS 6550671 2455594.0022 0.0002 CCD 22 020.5 0.0005 0.0008 4
NSVS 6550671 2455594.0964 0.0003 CCD 22021.0 —0.0017 —0.0013 4
NSVS 6550671 2455905.0106 0.0013 CCD 23 635.0 —0.0019 —0.0025 4
NSVS 6550671 2455905.1094 0.0006 CCD 23 635.5 0.0006 0.0000 4
NSVS 6550671 2455838.4592 0.0031 CCD 23289.5 0.0025 0.0020 7
NSVS 6550671 2455839.4206 0.0009 CCD 232945 0.0007 0.0002 7
NSVS 6550671 2455839.5158 0.0018 CCD 23295.0 —0.0004 —0.0009 7
NSVS 6550671 2455839.6150 0.0015 CCD 232955 0.0024 0.0020 7
NSVS 10653195 2451338.8354 0.0004 CCD —3451.5 —0.0026 0.0000 8
NSVS 10653195 2453570.5104 0.0009 CCD 528.5 —0.0018 —0.0023 9
NSVS 10653195 2454581.4947 0.0002 CCD 2331.5 0.0004 0.0000 3
NSVS 10653195 2454592.4287 0.000 09 CCD 2351.0 0.0004 0.0000 3
NSVS 10653195 2454594.39162 0.000 09 CCD 2354.5 0.0008 0.0003 3
NSVS 10653195 2454600.5593 0.0001 CCD 2365.5 0.0005 0.0000 3
NSVS 10653195 2454601.4003 0.000 08 CCD 2367.0 0.0004 0.0000 3
NSVS 10653195 2454975.4021 0.000 12 CCD 3034.0 0.0005 0.0003 3
NSVS 10653195 2453531.8252 0.000 19 CCD 459.5 0.0028 0.0023 2
NSVS 10653195 2453854.7985 0.0006 CCD 1035.5 0.0002 —0.0004 2
NSVS 10653195 2453856.7613 0.0003 CCD 1039.0 0.0005 —0.0001 2
NSVS 10653195 2453863.7696 0.000 03 CCD 1051.5 —0.0003 —0.0009 2
NSVS 10653195 2453865.7324 0.000 03 CCD 1055.0 —0.0001 —0.0007 2
NSVS 10653195 2453878.9117 0.000 03 CCD 1078.5 0.0023 0.0017 2
NSVS 10653195 2456022.2679 0.0005 CCD 4901.0 —0.0020 —0.0007 4
NSVS 10653195 2456024.2314 0.0005 CCD 4904.5 —0.0010 0.0003 4
NSVS 10653195 2456025.3528 0.0004 CCD 4906.5 —0.0010 0.0002 4

Notes. (1) Cakirli et al. (2009), (2) Coughlin & Shaw (2007), (3) Wolf et al. 2010, (4) this paper, (5) Lee et al. (2013), (6)
Paschke & Brat (2006), http://var.astro.cz/ocgate/, (7) Banfi et al. 2012, (8) Kazarovets, Samus & Durlevich (1998), (9)
ASAS: Pojmaniski (1998).

Table 6. Calculated periods and epochs.

Star

TO(HID)

Error Period

Error

NSVS 02502726
NSVS 07453183
NSVS 11868841
NSVS 06550671
NSVS 10653195

2454497.5498
2453456.8600
2453663.0280
2451352.0618
2453274.1705

0.0001
0.0003
0.0004
0.0014
0.0005

0.559 778 50
0.366 967 53
0.601 7937
0.192 63595
0.560 7222

0.000 000 07
0.000 000 08
0.000 0002
0.000 000 07
0.000 0002

and full phase coverage (except for NSVS 10653195), the or-
bital solutions of the low-mass eclipsing binaries could be well
derived using an updated version of the Wilson—Devinney (wp)
program (Wilson & Devinney 1971; Wilson 1990, 1994; Wilson &
Van Hamme 2004/2010, related references). For NSVS 02502726,
NSVS 11868841 and NSVS 06550671, the radial velocity observa-
tions were carried out by Cakirli et al. (2009, 2010) and Dimitrov &
Kjurkchieva (2010), respectively. Therefore, our VRI LCs and the
published radial velocities were analysed simultaneously to obtain
the photometric—spectroscopic elements. For NSVS 07453183 and
NSVS 10653195, since there have been no previous spectroscopic
observations, we have used the relationship of a reliable mass ratio
and the weighted sum of squares of residuals to find reasonable
results. Although we could not obtain LCs with sufficient phase
coverage, we derived the geometric parameters, since there was
only a small gap. We used an updated version of the wp program
to calculate the orbital solutions of the low-mass eclipsing bina-
ries (Wilson & Devinney 1971; Wilson 1990, 1994; Wilson & Van
Hamme 2004/2010), which were implemented using the FORTRAN
programming language. The procedure of photometric solution con-
sisted of three consecutive steps (Zhang & Gu 2007): (1) The first
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step of our procedure was to adjust the orbital parameters that were
selected, in order to obtain a theoretical LC without maculation ef-
fects using those parts of the observed LC that were least affected
by the spots. (2) The second step of our procedure involved adjust-
ing the spot parameters in order to fit the remaining parts of the
LCs, especially, to reproduce the shapes of the distortion outside
the eclipses. (3) The final step was to separately adjust the orbital
parameters and spot parameters again until they converged or the
theoretical curves fitted the observed ones well. The details of the
procedure for the orbital solution are similar to those in our previous
works of several eclipsing binaries of RT And (Zhang & Gu 2007),
DV Psc (Zhang, Zhang & Zhu 2010a), GSC 3576—0170 (Zhang
etal. 2010b), KQ Gem (Zhang 2010) and V1034 Her (Zhang 2012).

During the process, the gravity-darkening exponents were set at
0.32 according to the stellar temperatures given by Claret (2000).
The bolometric albedo A; = A, = 0.5 (Rucinski 1969) were set for
late-type stars with a convective envelope. The primary tempera-
tures were taken from the previously assumed results (e.g. Coughlin
& Shaw 2007; Cakirli et al. 2009; Dimitrov & Kjurkchieva 2010),
which were derived by the infrared colours of the 2MASS cat-
alogue (Skrutskie et al. 1997) with the infrared colour—effective
temperature relationship given by Tokunaga (2000). Linear limb-
darkening law was used to compute the limb-darkening effect from
van Hamme (1993). It should be mentioned here that there have
been no spectroscopic observations for NSVS 07453183 and NSVS
10653195. Hence, we explored a wide range (0.2-3.0) to search the
reasonable mass ratios. However, because of the LC distortions,
we failed to obtain a satisfactory fit to both the quadratures of the
LCs with an unspotted modelling. Therefore, we set the weights
of part of the data (NSVS 07453183 and NSVS 10653195 with
phases between 0.6 and 0.9) to zero, and fitted the other part of the
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Figure 3. (O—C) diagram for the five low-mass eclipsing binaries. The solid line represents the polynomial fit.

LCs. This may be a viable way to obtain a proper solution (Zhang
& Zhang 2007, related reference). For each assumed value of ¢,
the LCs in different bands were simultaneously solved based on
mode 2 (detached mode). We obtained the solutions for all the as-
sumed mass ratios from several runs. The relationship between the
sum of the weighted square deviation (X (O — C)iz) and the mass
ratios of NSVS 07453183 and NSVS 10653195 are illustrated in

Fig. 4, where the lowest values are found to be about 0.6 for NSVS
07453183 and 0.25 for NSVS 10653195, respectively.

Because there were no spectroscopic components, especially
spots on the quadratures, it was difficult to tell whether spots were
located on the primary or secondary components (Zhang & Gu
2007; Zhang et al. 2010a). Therefore, we assumed that the spots
were on the surface of the primary. Moreover, it is reasonable to
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Figure 4. The relation between the sum of the squares of the residuals and
the mass ratio g of NSVS 07453183 and NSVS 10653195.

fix the spot latitude, since the spot area and the latitude are highly
correlated with its temperature and radius, respectively. The star-
spot temperature is based on measurements from a simultaneous
modelling of high-precision, absolutely calibrated, multibandpass
photometric data, Doppler imaging result, modelling of molecular
bands and atomic line-depth ratio (Berdyugina 2005; Strassmeier
2009). The latter is the most accurate method. The current precision
of the photometric observation (about 0.01 mag) does not enable
reliable determination of the temperature of spots (Eker 1999).
Moreover, the determination of a star-spot temperature is always
mathematically correlated with the determination of the star-spot
size. Therefore, it is reasonable to explain the LC evolution by not
varying spot temperatures but rather, focusing on effective spot sizes
and longitudes. Here, the latitude of the spot is assumed to be at 90°,
which means that spot centres are on the equator of the component.
The longitude of the star-spot centre is measured counterclockwise
(as viewed from above the +Z-axis) from the line of the star centre,
from O to 27t rad. Thus, in this paper, it has been transformed to a
binary orbital motion notation.

The adjustable orbital parameters used in differential correction
calculations are the orbital inclination i, the temperature of the
secondary 75, the dimensionless potentials of the two components
Q) and €5, the orbital separation of the mass centre of the two
components (a), and the monochromatic luminosity of the primary
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L, deriving from the approximate Kurucz atmosphere model option
of the wp program (Kurucz 1993). The preliminary values of these
orbital parameters were taken from the prior photometric solutions
(see Table 1). After a great many runs (a single run allows us to enter
into the preliminary parameters, that eventually results in a more
reliable outcome.), the orbital solutions were derived (Table 7).
For NVSV 06550771, the detached (Mode 2 in wp program) was
first used to check whether the surface potential of the components
reached their Roche limits or not. After trials, it was found that
the primary component filled its Roche lobe. Thus, we changed
mode 2 (detached system) to mode 4 (semi-detached system) for
NVSV 06550771 consistent with the results derived by Dimitrov
& Kjurkchieva (2010). Our new star-spot parameters along with
published results obtained by other astronomers are listed in Table 8.
The errors of our obtained parameters came from the covariance
matrix of the least-squares fit. The theoretical and observed LCs
are shown in Fig. 5, and corresponding configurations are shown in
Fig. 6.

We collected seven LCs published by Coughlin & Shaw (2007),
Cakirli et al. (2009) and Lee et al. (2013). When comparing the LCs
with each other, we found that there are variations on the shapes
(in Figs 1 and 7). This indicates that the LCs are variable over several
years for NSVS 02502726, NSVS 07453183, NSVS 11868841,
NSVS 06550671 and NSVS 10653195. To study an evolution of
star-spots on these systems, we attempt to derive the spot parameters
for the collected LCs on the basis of our new photometric solution.
Because the spot area is highly correlated with its temperature and
the latitude is highly correlated with its radius, it is reasonable to
only adjust one of the three spot parameters. Hence, we assumed
that the spot latitude and temperature did not change and we only
adjusted the spot longitude and radius. At the same time, we also
adjusted the luminosity of the primary L; because we used different
telescopes and comparison stars. After several runs, we derived star-
spot parameters. The results are listed in Table 8, the theoretical and
observed LCs are shown in Fig. 7.

4.2 The chromospheric activity analysis

The HB and Hy lines are useful diagnostic indicators of chro-
mospheric activity for late-type stars in the middle chromosphere
(e.g. Gunn & Doyle 1997; Montes et al. 1997,2004; Zhang & Gu
2008; Zhang 2011). The emissions at cores of these lines are the
traditional behaviour of chromospheric activity. Our normalized
spectra of NSVS 07453183 and NSVS 10653195 were analysed
by the spectral subtraction technique using the program, STARMOD
(Barden 1985; Montes et al. 1995). In this method, we constructed
the synthesized spectra from artificially rotationally broadened,
radial-velocity shifted, and the weighted spectra of the two inac-
tive stars with the same spectral type and luminosity class as two
components of the active systems. The intensity weights for spectral
subtraction were obtained from photometric LC modelling, which
was also used to discuss the chromospheric activity of the eclipsing
binary ER Vul by Gunn & Doyle (1997). We used the inactive star
HR 2458 as a template for NSVS 07453183 and NSVS 10653195.
The synthesized and subtracted spectra (the observed spectra mi-
nus the synthesized one) are shown in Fig. 2. We calculated the
equivalent widths (EWs) and the full width at half-maximum of the
Hp and Hy lines, which were evaluated on the subtracted spectra
by integrating them over the emission profile using an IRAF SPLOT
task. These parameters confirmed the chromospheric activity of
NSVS 07453183 and NSVS 10653195. The results are listed in
Table 9. Usually the short-period eclipsing binaries rotate quite

#7102 ‘8z aunt uo 159nb Aq /B10°s [eulnopioxo-seluw//:dny wouy papeojumoq


http://mnras.oxfordjournals.org/

Table 7. The results of orbital parameters for the five low-mass eclipsing binaries.

Five low-mass eclipsing binaries

Element NSVS 10653195  NSVS 07453183  NSVS 11868841  NSVS 02500276  NSVS 06550671  NSVS 06550671
Date 2012 April 2011 March 2011 October 2011 Jan 2011 Feb 1 2011 Feb 1
Method Light Light Light 4+ radial Light 4+ radial Light 4+ radial Light + radial
Mode Detached Detached Detached Detached Detached Semi-detached
Orbital period (d) 0.5607 0.3670 0.6018 0.5598 0.1926 0.1926

Ty 4120K a 3570K a 5250 K a 4300K a 3735Ka 3735K a
aRp) - - 343 +0.05 2.85 +0.026 1.27 +0.02 1.33 +0.03
y(kms™1) - - —78.0+ 1.6 84420 0.8 +2.0 —14+£20
M1 Mgp) - - 0.886 £ 0.035 0.685 £ 0.042 0.494 £ 0.042 0.578 £+ 0.04
M2 Mg) - - 0.616 £+ 0.024 0.310 £ 0.020 0.249 £ 0.021 0.280 £ 0.02
Rl Rp) - - 1.01 +0.02 0.67 +0.01 0.54 +0.01 0.59 +0.01
R2 Rp) - - 0.96 + 0.02 0.74 +0.01 0.18 = 0.01 0.27 + 0.01

q 0.280 + 0.004 0.601 + 0.007 0.695 £ 0.002 0.453 £ 0.004 0.504 £ 0.008 0.484 +£0.014
i 872079 £ 02130 842305 £ 07113 88293 £ 02047 86272 £ 0205 74258 + 0238 66.89 + 0245
T 4064 +4 K 3438 £ 6 K 5055 +£4K 3830 £ 2K 3313 £ 19 3359 +28
Q) 4.612 +£0.033 4.032 £+ 0.044 4.141 £ 0.007 4.754 £ 0.032 2.972 +0.02 2.83a

Q) 2.722 £ 0.018 3.156 + 0.020 3.692 + 0.006 3.060 + 0.013 4.893 £ 0.086 3.689 + 0.092
Liyv/(L1 + L)y 0.5679 £ 0.0024  0.5494 +0.0037  0.5807 4 0.0008 0.6558 £ 0.001 0.9559 +£0.0001  0.9148 £ 0.0005
Lig/(Ly + Lo)g 0.5713 £0.0023  0.5437 +0.0036  0.5699 + 0.0008 0.6251 £ 0.002 0.9545 4+ 0.0001  0.9097 £ 0.0006
Li;/(Ly + Lo); 0.5670 £ 0.0023  0.5179 +£0.0039  0.6077 4 0.0007 0.5785 £+ 0.002 0.9430 £ 0.0001  0.8926 £ 0.0007
ri(pole) 0.2305 +£0.0018  0.2894 +0.0037  0.3152 +0.0004  0.2318 = 0.0017  0.3993 +0.0032  0.4169 + 0.0023
r1(point) 0.2338 £0.0019  0.3052 +0.0047  0.3446 4+ 0.0006  0.2365 +0.0019  0.4854 +0.0111  0.5739 + 0.0068
r(side) 0.2323 £0.0018  0.2953 +£0.0040  0.3244 +0.0005  0.2340 +0.0018  0.4212 +0.0041  0.4430 + 0.0027
ri(back) 0.2333 £0.0019  0.3015 £0.0044  0.3358 +0.0005  0.2358 +0.0019  0.3359 + 0.0053  0.4709 + 0.0026
ra(pole) 0.2025 £0.0032  0.3006 + 0.0034  0.2189 £0.0003  0.2493 4+ 0.0020  0.1380 £ 0.0033  0.1979 4 0.0076
r2(point) 0.2206 £ 0.0049  0.3675 £ 0.0108  0.2281 +0.0003  0.2792 +0.0036  0.1397 + 0.0035  0.2067 %+ 0.0093
ra(side) 0.2064 +0.0035  0.3123 £0.0040  0.2216 +0.0003  0.2558 +0.0023  0.1385 + 0.0033  0.2002 =+ 0.0080
ra(back) 0.2163 +£0.0044  0.3375 +£0.0057  0.2262 +0.0003  0.2701 +0.0029  0.1395 + 0.0034  0.2050 + 0.0089
>0 — C)[.2 0.4393 0.1112 0.037 0.1273 0.0754 0.0966

Notes. Parameters not adjusted in the solution are denoted by a mark ‘a’.

fast. For GSC 2314—0530, the rotational velocities of the primary
and secondary components were 145 and 69 kms™!, respectively
(Dimitrov & Kjurkchieva 2010). They had very wide spectra. Be-
cause the resolution of our spectra was about 4000, the spectral lines
of the primary and secondary were blended. We could not determine
the activity levels for each stellar component of the binaries. The
chromospheric emissions represent the components of the eclipsing
binary.

5 DISCUSSIONS AND CONCLUSION

We have presented the new 15 CCD V, R and I LCs of the five
low-mass eclipsing binaries (NSVS 02500276, NSVS 07453183,
NSVS 11868841, NSVS 06550671 and NSVS 10653195), and two
spectra of the NSVS 06550671 and NSVS 10653195. The cases are
discussed and summarized as follows.

5.1 The flare event

Flares are known as sudden and violent events that release mag-
netic energy and hot plasma from the stellar atmosphere, which
are detected on magnetically active stars. However, in our stud-
ies, no flare activity was observed on NSVS 07453183. As can
be seen from Fig. 1, a flare event appeared around phase 0.39 on
08/12/2011 (HID 2455904.3064). In order to demonstrate that, we
calculated the residuals between the observations and theoretical

values (displayed in Fig. 8). The flare duration was found to be
116 min (phase 0.33-0.55) and the time required for the flare to
peak was about 32 min. Thus, it can be assumed that the brightness
decayed slowly after the initial rapid flaring. The maximum ampli-
tudes of the flare were 0.1 mag in V, 0.076 mag in R and 0.05 mag
in / band (Fig. 8). The flare might have been located on the pri-
mary component since it occurred around phase 0.33-0.55, when
most the secondary was eclipsed. NSVS 07453183 was monitored
photometrically for a total of 26.6h. It seems that the flare rate
of NSVS 07453183 might have been 0.0375h~!, but more data is
needed to confirm this. Similar flare events have also been reported
for other low-mass eclipsing binaries such as CU Cnc (Qian et al.
2012), CM Dra (Lacy 1977; Kim et al. 1997; Kozhevnikova et al.
2004; Nelson 2007), DV Psc (Zhang et al. 2010a), NSVS 06550671
(Dimitrov & Kjurkchieva 2010), V405 And (Vida et al. 2009) and
YY Gem (Doyle et al. 1990). For NSVS 06550671, we found no
flare events during our observational runs, and this indicates that it
might have been stable in the studied time period. However, Dim-
itrov & Kjurkchieva found six flares on NSVS 06550671 in 2009
(Dimitrov & Kjurkchieva 2010), which revealed its high flare activ-
ity at the time of the study. So far, NSVS 06550671 has been moni-
tored photometrically for 22.74 h by us and 31.93 h by Dimitrov &
Kjurkchieva (2010). The updated flare rate of NSVS 06550671 is
about 0.11 flares h~!, which is larger than most of the other binaries
(Table 10), e.g. 0.0386 flares h~' of CM Dra (Lacy 1977; Metcalfe
et al. 1996; Kim et al. 1997; Kozhevnikova et al. 2004; Nelson &
Caton 2007) and 0.05 of CU Cnc (Qian et al. 2012).
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online material.

Table 9. The parameters of chromospheric active indicators.

Star name Hy HB
SN EW FWHW SN EW FWHW
(A) (A) (A) (A)

NSVS 06550671 22 23+04 85+£15 25 25+05 6.76+£0.2
NSVS 10653195 27 1.7£02 49+£02 34 25+£03 84%45

5.2 Orbital parameters and star-spot parameters

Our studies reveal remarkable distortions of the LCs of the five
low-mass eclipsing binaries, which suggests the presence of high-
level surface activity on these system components. We have pre-
sented reasonable explanations for these, which have been based
on star-spot due to magnetic activity. Our new orbital parameters
of the inclination, the effective temperatures of the secondary, and
the contribution of the primary component are similar to those de-
rived by previous authors (Coughlin & Shaw 2007; Cakirli et al.
2009, 2010; Dimitrov & Kjurkchieva 2010). The mass ratios of
NSVS 11868841, NSVS 02502726 and NSVS 06550671 are sim-
ilar to those derived by Cakirli et al. (2009, 2010) and Dimitrov
& Kjurkchieva (2010). However, the mass ratios of the NSVS
07453183 and NSVS 10653195 are different from the previous
results (Coughlin & Shaw 2007). These observations should be
confirmed by further spectroscopic results.
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Figure 8. The flare of NSVS 07453183 in V, R and I bands. The data
represent the difference of the observational data and their corresponding
theoretical value.

The absolute parameters of NSVS 02502726, NSVS 11868841
and NSVS 06550671 were analysed together with our new CCD
LCs and the published radial velocity curves (Cakirli et al. 2009,
2010; Dimitrov & Kjurkchieva 2010). Using our new physical pa-
rameters of these low-mass eclipsing binaries, we checked the evo-
lutionary state of these systems in a mass—radius diagram with
a mass range of 0.1-1.0m¢ (Fig. 9). We displayed the param-
eters of NSVS 02502726, NSVS 11868841 and NSVS06550671
as O, o, A, respectively. The components of each binary are con-
nected with a light line and the different colours represent the dif-
ferent results derived by different authors (Cakirli et al. 2009, 2010;
Dimitrov & Kjurkchieva 2010; Lee et al. 2013). In order to compare
the observed parameters with the theoretical physical parameters,
we also plotted the predicted values of the stellar evolutionary mod-
els with the solar metallicity derived by Baraffe et al. 1998, and
the dashed lines represent the isochrones from the Baraffe et al.
(1998) models with log ages = 7.0, 7.1, 7.2 and 7.8 yr, respectively.
Further, we also portray the experienced mass—radius relationship
of Bayless & Orosz (2006) by a solid line. The primary components
of NSVS 02502726, NSVS 11868841 and NSVS06550671 (semi-
detached model) are consistent with the previous observational and
theoretical values of low-mass eclipsing binaries. The radii of the
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Table 10. The flare ratio of the binaries.
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Name Spectral type ~ Rotation period ~ Flare  Flare ratio (h™!) Reference
DV Psc K4V+M 0.308 536 41 6 0.082 Zhang et al. (2010a), Pi et al. (2014)
CUCnc M35V 2.771 468 4 0.05 Qian et al. (2012)
GSC 2314—-0530 M dwarf 0.192 636 6 0.11 Dimitrov & Kjurkchieva (2010), our study
V471 Tau  K2V+WD 0.521 18345 7 0.029 Kaminski et al. (2007)
CM Dra M dwarf 1.268 3897 6 0.057 Nelson & Caton (2007)
CM Dra M dwarf 1.268 3897 1 0.05 Lacy (1977)
CMDra M dwarf 1.268 3897 1 0.02 Metcalfe et al. (1996)
CM Dra M dwarf 1.268 3897 1 0.04 Kim et al. (1997)
CM Dra M dwarf 1.268 3897 4 0.026 Kozhevnikova et al. (2004)
EC13471—-1258 M 3.5-M4 0.150 69 2 0.067 O’Dononghue et al. (2003)
YY Gem Dme 0.814 2822 5 0.735 Doyle et al. (1990)
YY Gem Dme 0.814 2822 22 0.22 Doyle & Mathioudakis (1990)
YY Gem Dme 0.814 2822 12 0.265 Moffett & Bopp (1971)
DIPeg Dme 0.711 817 2 0.13 Chaubey (1980)
NSVS 07453183 M2 0.366 971 1 0.0375 Our study
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Figure 9. The mass—radius diagram of the detached eclipsing binaries with HJD 24,0000+(days)
mass range 0.2-1.0 M. The orbital results of NSVS 02502726, NSVS
11868841 and NSVS06550671 are displayed as 00, o; and A, respectively. )
The components of each binary are connected with a light line and different The spot on the longitude of 270 degree
colours represent the results derived by different authors. The solid line 35 . ; . ; . ; . ;
corresponds to the empirical mass—radius relation of Bayless & Orosz (2006) | NSVS0250726
and the dashed lines represent the isochrones from the Baraffe et al. (1998)
models with log ages = 7.0, 7.1, 7.2, 7.8 yr, respectively. 30| ]
secondary component of NSVS 02502726 and NSVS 11868841 78‘ 25 |1 B
are larger than those predicted by the stellar theory (Baraffe et al. GSJ, °
1998). From this figure, we found a best-fitting age of the secondary S 0l i
component of NSVS 02502726 as 126 myr and the secondary com- E ° «® o b
ponent of NSVS 11868841 as 112 myr, thus indicating that they are g
younger than their corresponding primary components. Using their ‘g 15 } 7
mass and radius, we determined that both the secondary components n ®
of the NSVS 02502726 and NSVS 11868841 were in the stages of 10k i
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those derived by Cakirli et al. (2009, 2010) and Lee et al. (2013). | | | | |
5 n n n n
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5.3 The star-spot evolution

Decades of the continuous photometric monitoring of RS Cvn stars
revealed that, according to many astronomers, the spot tends to occur
around the quadrature longitudes (90°and 270°) forming two active

HJD 24,0000+ (days)

Figure 10. The spot evolution of NSVS 02502726. Different points repre-
sent the result derived by different authors. The solid line represents the fit
with the sine function.
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longitude belts (Zeilik et al. 1988, 1989, 1994; Olah et al. 1989;
Henry et al. 1995; Lanza et al. 2001; Lanza, Catalano & Rodono
2002; Cakirli et al. 2003; etc.). The active longitudes are perma-
nent but can continuously migrate in the orbital reference frame
(Berdyugina & Tuominen 1998). There is periodic switching of the
dominant activity from one active longitude to the other (flip-flop
cycle; Berdyugina & Tuominen 1998). There was a mechanism
based on an oscillating quadrupole type mode and a steady, mixed-
polarity non-axisymmetric mode to explain them (Moss 2004). Con-
sidering that the most reliable star-spot parameter determined by
the traditional LCs method is active-region longitude (Berdyug-
ina 2005), we studied the star-spot evolution of the five low-mass
eclipsing binaries based on their star-spot longitudes. When com-
paring the star-spot longitudes in different seasons, our results are
different from those previously obtained results (see Table 8). For
the evaluation of the total distortion of the LCs, Pribulla et al. (2000)
introduced a dimensionless factor, which was defined as the ratio
between the luminosity blocked by spots and the total luminosity of
an unspotted binary. The calculated resulting spot factors are listed
in Table 8. The spot factors of the five low-mass eclipsing bina-
ries changed over the course of several years. The LC variations of
NSVS 10653195, NSVS 07453183 and NSVS 11868841 are pre-
sented here. The spot evolutions of several years have also been
found on several other low-mass eclipsing binaries, such as ASAS-
09 and ASAS-21 (Helminiak, Konacki & Zloczewski 2011), GU
Boo (Windmiller, Orosz & Etzerl 2010), NSVS 06507557 (Cough-
lin & Shaw 2007) and YY Gem (Torres & Ribas 2002). For NSVS
02502726, the radius of spots within the longitude region around
180°-360° suggests that its activity is also variable over several
months (see Fig. 1). Such a short-term variation of several months
was also found on other low-mass eclipsing binaries, e.g. NSVS
065007557 (Coughlin & Shaw 2007) and K10200948 (Harrison
et al. 2012). However, the position of spot within the longitude
around 90° suggests that the activity is stable in short time-scale of
two months. Moreover, the star-spot longitudes and factors of NSVS
07453183 and NSVS 06550671 are stable on a short time-scale of
several months. Therefore, the star-spot of NSVS 07453183 and
NSVS 06550671 can be considered to be quite stable over several
months.

The longitude of the spots has been checked for a possible mag-
netic cycle around the quadrature position (Pribulla et al. 2000;
Rodono et al. 2000; Dal, Sipahi & Ozdarcan 2012). The similar
functions (the quadratic trend combined with sine waves or quasi-
sinusoidal variation) were also used to search the magnetic cycles
of RT And (Pribulla et al. 2000), II Peg (Rodono et al. 2000) and
GSC 02038—0293 (Dal et al. 2012). For NSVS 02502726, the star-
spot position within a longitude region of 180°-360° was found
to be variable (see Fig. 10). To examine its activity cycle, a sinu-
soidal function (y = y0 + A x sin(w x x + a)) analysis was per-
formed using the least-squares method, which led to the following
equation:

Spot Longitude (degree) = 269.5(3.1)
+32.7(3.5) x sin(0.0029(0.0001) x ¢t + 7.2(0.2)). 2)

The result is displayed in Fig. 10. The sinusoidal term of the
above equation reveals a periodic oscillation with an amplitude
of 3227(325). Using T = 27/(365*w) (yr), where w is the coefficient
of ¢ in days, the magnetic cycle is 5.9(£0.2) yr resembling the ac-
tivity of the Sun (Berdyugina & Usoskin 2003). For close binaries
with cool active components, the magnetic activity cycles are sug-
gested to be associated with the variation of the orbital period (Hall

MNRAS 442, 2620-2636 (2014)

1989). The relationship between the orbital period modulation and
the star-spot cycle has been discussed by previous authors (Apple-
gate 1992; Keskin et al. 1994; Rodono, Lanza & Catalano 1995;
Lanza, Rodono & Rosnor 1998a; Lanza et al. 1998b). For NSVS
02502726, we found there is a weak period variation (Fig. 3). How-
ever, the time span covered by the available data is insufficient for
us to draw any definite conclusion (the connection between mag-
netic activity and orbital period variation). According to Rudiger,
Elstner & Ossendrijver (2003), the cyclic stellar activity is always
most possibly associated with strong internal differential rotation.
The star-spot preferred longitudes can be explained by tidal effects
on the dynamics of magnetic flux tubes, which are thought to give
rise to star-spots as they emerge on the stellar surface (Holzwarth &
Schiissler 2002). In addition, the total spotted area can also be used
as an index of the overall magnetic activity (Lanza et al. 1998b).
There are variations in the spot radius for NSVS 02502726 on the
secondary quadratures (see Fig. 10). The radius of the secondary of
NSVS 02502726 is smaller than that found by Cakirli et al. (2009).
It is to be noted that the LC distortions of ours and Lee et al. (2013)
are weaker than those of Cakirli et al. (2009). The variation in the
spot radius may be caused by star-spot evolution.

5.4 Period variation of low-mass eclipsing binaries

To clarify the period change, we considered the possibility of orbital
period variation by analysing the minima times of NSVS 02502726,
NSVS 07453183, NSVS 11868841, NSVS 06550671 and NSVS
10653195. The (O—C) diagrams suggest the possible decrease of
period for NSVS 02502726. Our analysis of NSVS 02502726 sug-
gests a weak continuous secular decrease of the period at the rate of
dp/dt = —2.1(0.8) x 1077 dyr~!, which is smaller than the result
of Lee et al. (2013). On the one hand, the period variation may be
caused by mass transfer from the primary component (more mas-
sive) to the secondary one (less massive). On the other hand, the
period decrease might be due to magnetic braking (e.g. Applegate
1992; Lanza et al. 1998a). For NSVS 07453183, we found sudden
jumps in the orbital period. Period jumps are a fairly common phe-
nomenon in close binaries, although the physical mechanism for
the period jump is not well known. There are several hypotheses
to explain the sudden period changes (Li & Zhang 2006). These
include the mass ejection from the star-spots and then mass transfer
and subsequent angular momentum release (Helt 1987), the varia-
tion of the structure of the convective envelope (Qian 2002), and the
mass-loss or mass accretion from the circumstellar matter (Scaltriti
et al. 1993). Moreover, the time spans of O—C residual of these
low eclipsing binaries are around less than 10 years, and also there
is also an observational gap. Therefore, it is too early to decide
the characteristics of the periodic variation, and future photometric
monitoring observations are needed for confirmation.

5.5 Chromospheric activity of NSVS 06550671 and NSVS
10653195

Prior to our new observations, there was no information about the
behaviour of the chromospheric activity indicators (the HB and
Hy lines) of NSVS 10653195 and NSVS 06550671. In the present
study, we can see from the observed spectra of NSVS 06550671
and NSVS 10653195 that the chromospheric activity indicators of
the HB and Hy lines show strong filled-in absorption with self-
reversal core emissions (Fig. 2). The subtraction spectra reveal that
the cores of these lines exhibit excess emissions. All this indicates
that the chromospheres of NSVS 06550671 and NSVS 10653195
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are active, which may originate the plage-like regions. For NSVS
06550671, our results are consistent with the He emission derived
by Dimitrov & Kjurkchieva (2010).
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