Contrib. Astron. Obs. Skalnaté Pleso 49, 330 – 333, (2019)

YETI - The Young Exoplanet Transit Initiative

M. Mugrauer Astrophysical Institute and University Observatory Jena, Schillergäßchen 2, 07745 Jena, Germany (E-mail: markus@astro.uni-jena.de)

Received: October 31, 2018; Accepted: January 23, 2019

Abstract. The Young Exoplanet Transit Initiative (YETI, Neuhäuser et al., 2011) is a world-wide collaboration of up to 2 m-class telescopes to continuously monitor the photometry of stars, which are members of young (age ≲ 100 Myr) nearby (d ≲ 2 kpc) open star clusters.

Although the telescopes of the YETI network exhibit only small diameters, a photometric precision on the few milli-mag level is reached, which allows the detection of young transiting exoplanets and the precise measurement of their transit light curves, which is the primary goal of YETI. In addition, as secondary science of this initiative, for all stars, located in the observed fields of view, their photometric variability of any kind is investigated within a range of time between minutes up to years.

So far, several open star clusters could already be monitored in many photometric campaigns, successfully carried out over at least three subsequent years. Each of these YETI campaigns typically lasts for about two weeks, sufficiently long to detected all transit events of young exoplanets, which revolve on close-in orbits around the observed target stars. For detected transiting planet-candidates their radii are derived from the obtained transit light curves and follow-up observations are carried out to rule out false positive scenarios and eventually to determine the masses of these companions. The radius and mass determination of detected young exoplanets allows to probe their internal structure, and eventually will constrain planet formation and evolutionary models and their time-scales.

In a talk, presented at the conference Observing techniques, instrumentation and science for metre-class telescopes II on 26 September 2018, I gave an overview of YETI and presented first results obtained during the last years in the course of this initiative. Furthermore, in my talk I reported on upcoming follow-up observations, proposed and scheduled for detected planet-candidates at 10 m class telescopes.

Key words: exoplanets – photometry – transit observations

1. First results of YETI

Although the photometric monitoring of the young open star clusters, conducted in the course of YETI, was just recently finished, and data-reduction and analysis are still ongoing for several clusters, first results of this project were already published during the last years, based on observations carried out at the observatories that cooperate within the YETI network.

So far, a large amount of imaging data could be taken for YETI using this telescope network. For example, at the University Observatory Jena the YETI clusters were observed in hundreds of nights using the instruments (STK, CTK, and RTK, Mugrauer & Berthold, 2010; Mugrauer, 2009, 2016) operated at the observatory, which results in about 1.6 TB of science data that could be recorded for YETI at this observing site since 2009.

In those YETI clusters, which were the first to be investigated and whose data have already been fully analyzed, transiting planet-candidates were reported. Among them, 2 planet-candidates in the young open star cluster Trumpler 37 (Errmann et al., 2013, 2014), one candidate in NGC 7243 (Garai et al., 2016), as well as a young transiting exoplanet-candidate of the weak-lined T Tauri star CVSO 30 in 25 Ori (Raetz et al., 2016). In addition, close to this young star a direct imaging planet-candidate was reported, which was detected with the adaptive optics imager NACO/VLT, and whose spectroscopic properties were determined with the integral field spectrograph SINFONI/VLT (Schmidt et al., 2016). Hence, if confirmed, CVSO 30 could be the first system known with both a close-in transiting exoplanet and a directly imaged planet on a wider orbit. Furthermore, an interesting transit-signal was found in the light curve of a member of IC 348, which is probably a grazing eclipsing binary, composed of a K0 pre-main-sequence star with a low-mass companion with a mass close to the stellar/substellar mass-border (Fritzewski et al., 2016). Further observations are needed to characterize the true nature of the detected transit-signal, and in particular for mass determination.

Meanwhile, also additional planet-candidates could be revealed among members in other YETI clusters but data analysis is still ongoing. In order to rule out false-positive detections for all identified presumable planet host stars, followup high contrast adaptive optics imaging observations, multi-band photometric monitoring, low-resolution spectroscopy, and eventually also radial-velocity measurements are carried out, which are currently ongoing.

Beside the detection of young exoplanets, which is the primary science goal of YETI, the photometric variability of the stars, located within the observed field of views, is investigated as secondary science. In the course of YETI so far several rotating and flaring T-Tauri stars could be identified and their photometric variability, as well as the distribution of their rotational periods and flaring rates, were investigated (e.g. GM Cep in Trumpler 37, Chen et al., 2012). Furthermore, many new eclipsing binary stars and pulsating variables were detected, and their orbital and/or physical properties could be determined.

2. Online material

The slides of my talk are available online for download in the pdf-format at:

https://www.astro.uni-jena.de/Users/markus/26092018/talk.pdf

332 M. Mugrauer

A list of all publications, referenced on the slides in my talk, is summarized in the following section.

References

Baraffe, I., Chabrier, G., Allard, F., & Hauschildt, P. H., Evolutionary models for solar metallicity low-mass stars: mass-magnitude relationships and colormagnitude diagrams. 1998, Astron. Astrophys., 337, 403

Baraffe, I., Chabrier, G., Barman, T. S., Allard, F., & Hauschildt, P. H., Evolutionary models for cool brown dwarfs and extrasolar giant planets. The case of HD 209458. 2003, Astron. Astrophys., 402, 701, DOI: 10.1051/0004- 6361:20030252

Bate, M. R., Bonnell, I. A., & Bromm, V., The formation of a star cluster: predicting the properties of stars and brown dwarfs. 2003, Mon. Not. R. Astron. Soc., 339, 577, DOI: 10.1046/j.1365-8711.2003.06210.x

Burrows, A., Marley, M., Hubbard, W. B., et al., A Nongray Theory of Extrasolar Giant Planets and Brown Dwarfs. 1997, Astrophys. J., 491, 856, DOI: 10.1086/305002

Chen, W. P., Hu, S. C.-L., Errmann, R., et al., A Possible Detection of Occultation by a Proto-planetary Clump in GM Cephei. 2012, Astrophys. J., 751, 118, DOI: 10.1088/0004-637X/751/2/118

de Boer, J., Salter, G., Benisty, M., et al., Multiple rings in the transition disk and companion candidates around RX J1615.3-3255. High contrast imaging with VLT/SPHERE. 2016, Astron. Astrophys., 595, A114, DOI: 10.1051/0004-6361/201629267

Errmann, R., Neuhäuser, R., Marschall, L., et al., The stellar content of the young open cluster Trumpler 37. 2013, Astronomische Nachrichten, 334, 673, DOI: 10.1002/asna.201311890

Errmann, R., Torres, G., Schmidt, T. O. B., et al., Investigation of a transiting planet candidate in Trumpler 37: An astrophysical false positive eclipsing spectroscopic binary star. 2014, Astronomische Nachrichten, 335, 345, DOI: 10.1002/asna.201412047

French, M., Becker, A., Lorenzen, W., et al., Ab Initio Simulations for Material Properties along the Jupiter Adiabat. 2012, Astrophys. J., Suppl., 202, 5, DOI: 10.1088/0067-0049/202/1/5

Fritzewski, D. J., Kitze, M., Mugrauer, M., et al., Long-term photometry of IC 348 with the Young Exoplanet Transit Initiative network. 2016, Mon. Not. R. Astron. Soc., 462, 2396, DOI: 10.1093/mnras/stw1797

Garai, Z., Pribulla, T., Hambálek, L’., et al., Search for transiting exoplanets and variable stars in the open cluster NGC 7243. 2016, Astronomische Nachrichten, 337, 261, DOI: 10.1002/asna.201512310 Mayer, L., Quinn, T., Wadsley, J., & Stadel, J., Formation of Giant Planets by Fragmentation of Protoplanetary Disks. 2002, Science, 298, 1756, DOI: 10.1126/science.1077635 Mugrauer, M., CTK: A new CCD Camera at the University Observatory Jena.

2009, Astronomische Nachrichten, 330, 419, DOI: 10.1002/asna.200811186 Mugrauer, M., CTK-II & RTK: The CCD-cameras operated at the auxiliary telescopes of the University Observatory Jena. 2016, Astronomische Nachrichten, 337, 226, DOI: 10.1002/asna.201512302 Mugrauer, M. & Berthold, T., STK: A new CCD camera at the University Observatory Jena. 2010, Astronomische Nachrichten, 331, 449, DOI: 10.1002/asna.201011349 Neuhäuser, R., Errmann, R., Berndt, A., et al., The Young Exoplanet Transit Initiative (YETI). 2011, Astronomische Nachrichten, 332, 547, DOI: 10.1002/asna.201111573 Raetz, S., Schmidt, T. O. B., Czesla, S., et al., YETI observations of the young transiting planet candidate CVSO 30 b. 2016, Mon. Not. R. Astron. Soc., 460, 2834, DOI: 10.1093/mnras/stw1159 Schmidt, T. O. B., Neuhäuser, R., Briceño, C., et al., Direct Imaging discovery of a second planet candidate around the possibly transiting planet host CVSO 30. 2016, Astron. Astrophys., 593, A75, DOI: 10.1051/0004-6361/201526326 Spiegel, D. S. & Burrows, A., Spectral and Photometric Diagnostics of Giant Planet Formation Scenarios. 2012, Astrophys. J., 745, 174, DOI: 10.1088/0004-637X/745/2/174