Contrib. Astron. Obs. Skalnaté Pleso 49, 556 – 560, (2019)

Application of broadening functions to eclipsing binaries and planetary transits

B. Cseh^1, M. Fedurco^2, R. Komžík^5, P. Mikołajczyk^3, F. Murphy-Glaysher^4, T. Pribulla^{5,6} and O. Shubina^7 1 Konkoly Thege Miklós Astronomical Institute, Research Centre for Astronomy and Earth Sciences, Konkoly Thege Miklós út 15-17, H-1121 Budapest, Hungary 2 Institute of Physics, Faculty of Science, P.J. Šafárik University, Park Angelinum 9, 040 01 Košice, Slovakia 3 Astronomical Institute, University of Wrocław, ul. M. Kopernika 11, 51-622 Wrocław, Poland 4 Astrophysics Research Institute, Liverpool John Moores University, 146 Brownlow Hill, Liverpool L3 5RF, U.K.

5 Astronomical Institute of the Slovak Academy of Sciences 059 60 Tatranská Lomnica, The Slovak Republic 6 Gothard Astrophysical Observatory, ELTE, Szent Imre Herceg utca 112, H-9700 Szombathely, Hungary 7 MAO NASU, 27, Akademika Zabolotnoho street, Kyiv, 03680, Ukraine

Received: August 7, 2019; Accepted: October 7, 2019

Abstract. The broadening-function technique was applied to three binaries and a transiting exoplanet. The faint secondary component in IN Vir was detected. BD And was found to be a triple star. The rotational axis of the primary component of α CrB was found to be practically perpendicular to the orbital plane. A transiting planet signature was clearly found in Kelt-7b data. Key words: techniques: radial velocities – binaries: eclipsing – planetary systems

1. Introduction

The broadening-function (BF) technique was developed by Rucinski (1992) to analyse close binaries with rotationally broadened spectral lines. The technique uses deconvolution of a target spectrum by a sharp-line template of the same spectral type. The information is extracted from the whole spectrum, as for the cross-correlation function (CCF). Unlike the CCF, BF extraction does not decrease the spectral resolution, allowing the identification of faint companions, planetary transits, non-radial pulsations, starspots etc.

2. Observations and data analysis

New observations were obtained using MUSICOS-clone échelle spectrograph fiber fed from 1.3m Nasmyth-Cassegrain telescope at the Skalnaté Pleso observatory of the Astronomical Institute of the Slovak Academy of Sciences. The CCD frames were first photometrically reduced and cleaned of cosmic rays. Then aperture spectra were extracted, wavelength calibrated, normalized and combined to 1D spectra (for details see Pribulla et al. (2009)).

The 1D spectra were analyzed using a package of routines in IDL. The BFs were extracted from 4900–5400 Å spectral range and 3.5 km s^{−1} radial-velocity (RV) step. The extracted BFs were then smoothed to match the spectral resolution convolving them with the Gaussian function. The RVs were obtained by fitting the Gaussian functions or limb-darkened rotational profiles to BFs as appropriate. The IDL routines were also used to determine heliocentric correction of RV and to compute heliocentric mid-exposure times.

3. Results

3.1. IN Vir

IN Vir (V = 9.131, K2III) is a non-eclipsing binary system with orbital period ∼8.22 days. Strassmeier (1997) performed Doppler mapping of the primary component but could not detect the secondary.

BFs of IN Vir were extracted using HD 185144 (K0V) as a template. 27 spectra obtained from March 30, 2017 to June 13, 2019 enabled detection of the secondary component for the first time (see also Volkov et al., 2019). RVs determined from BFs give the following preliminary spectroscopic elements: V_0 = +40.2 ± 0.3 km s^{−1}, K_1 = 48.9 ± 0.4 km s^{−1}, and K_2 = 69.6 ± 0.1 km s^{−1}. It is interesting to note, that on June 13, 2019 a strong flare on the secondary component was observed (see Fig. 1(a)).

3.2. BD And

BD And (V = 10.84, F8V) is an eclipsing binary of β Lyr type with period ∼0.926 days. Timing variability indicated an additional component in the system with an orbital period of ∼9 years (Kim et al., 2014).

Forty-four spectra of BD And were obtained from June 3, 2017 to October 8, 2018. BFs were extracted using HD 65583 (G8V) as a template. BFs conclusively confirm the presence of another component in the system revolving on a long-period orbit. The phase-dependence of BFs of BD And showing all three components is in Fig. 1(b). This first spectroscopy of the system promises reliable determination of component parameters and orbital elements.

558 B. Cseh et al.

(a) (b)

(c) (d)

(e) Figure 1. (a) Spectra of IN Vir during the flare (red line) and in quiescence (black line). (b) BFs of IN Vir showing both components and the increase of the BF strength during the flare on the secondary component on June 13, 2019. (c) BFs of BD And ordered in phase showing all three components. (d) Primary eclipse of Alpha CrB visible as a notch progressing from negative to positive radial velocities. The secondary component is the narrow peak on top of the primary component profile. (e) A planet crossing the disk of HD 33643 is seen as a dark streak. Vertical white bands correspond to projected rotational velocity of the parent star.

3.3. α CrB

α CrB (V=2.24, A0V+G5V), is an Algol-type eclipsing binary with period of ∼17.3599 days. The system was recently studied by Schmitt et al. (2016), who determined reliable parameters of components and orbital parameters. Moreover, historical RVs were used to estimate the apsidal-motion period as 6600– 10600 yrs. No spectroscopy was, however, obtained in eclipses.

New observations of α CrB were obtained from June 3, 2017 to June 13, 2019. The observations fully cover the primary minimum. The corresponding BF sequence is shown in Fig. 1(c). The progression of the secondary component’s shadow is consistent with the spin axis-orbital co-alignment.

3.4. HD 33643

HD 33643 or Kelt-7 (V = 8.54, F2) is a ∼1.5 M_⊙ star orbited by a planetarymass companion in ∼2.73 days (Bieryla et al., 2015).

The new observations obtained on October 11, 2018 cover the planetary transit across the disk of the parent star. BFs were extracted using HD 128167 as the template. Fig. 1(d) shows residuals after modelling of BFs by limb-darkened rotational profiles. Detected transit phenomenon is clearly seen and can be modelled in the future. The signal-to-noise ratio of the event could possibly be increased by using a better matching template spectrum.

4. Conclusions

The BF deconvolution technique was found to be a method of choice for the study of binary and multiple systems of stars and exoplanets as well. Unlike CCFs, the extracted BFs can be fitted by complex models (including proximity effects, spots, exoplanet transits, non-radial pulsations or differential rotation). Although the CCF technique is primarily used to measure RVs, the BF technique can outperform it if the components are fast rotators or if faint companions are accompanying the dominant object.

Acknowledgements. The authors would like to acknowledge support from ERAS- MUS+ grant number 2017-1-CZ01-KA203-035562, and the European Union’s Horizon 2020 research and innovation programme under grant agreement No 730890 (OP- TICON). BC acknowledges support from the Hungarian National Research, Development and Innovation Office NKFIH Grant KH-130405. FMG acknowledges a PhD Studentship from the UK Science and Technology Facilities Council. PM acknowledges support from Polish National Science Center grant no. 2016/21/B/ST9/01126.

560 B. Cseh et al.

References

Bieryla, A., Collins, K., Beatty, T. G., et al., KELT-7b: A Hot Jupiter Transiting a Bright V = 8.54 Rapidly Rotating F-star. 2015, Astron. J., 150, 12, DOI: 10.1088/0004-6256/150/1/12

Kim, C.-H., Song, M.-H., Yoon, J.-N., Han, W., & Jeong, M.-J., BD Andromedae:

A New Short-period RS CVn Eclipsing Binary Star with a Distant Tertiary Body in a Highly Eccentric Orbit. 2014, Astrophys. J., 788, 134, DOI: 10.1088/0004- 637X/788/2/134 Pribulla, T., Rucinski, S. M., Blake, R. M., et al., Radial Velocity Studies of Close Binary Stars. XV. 2009, Astron. J., 137, 3655, DOI: 10.1088/0004-6256/137/3/3655 Rucinski, S. M., Spectral-Line Broadening Functions of WUMa-Type Binaries. I. AW UMa. 1992, Astron. J., 104, 1968, DOI: 10.1086/116372 Schmitt, J. H. M. M., Schröder, K. P., Rauw, G., et al., The α CrB binary system: A new radial velocity curve, apsidal motion, and the alignment of rotation and orbit axes. 2016, Astron. Astrophys., 586, A104, DOI: 10.1051/0004-6361/201526662 Strassmeier, K. G., Doppler imaging of stellar surface structure. III. The X-ray source HD 116544 = IN Virginis. 1997, Astron. Astrophys., 319, 535 Volkov, I. M., Kravtsova, A. S., Pribulla, T., et al., Cool spotted binary system IN Vir (HD116544). 2019, Contributions of the Astronomical Observatory Skalnate Pleso, 49, 439