Exploring the photometric variability of ultra-cool dwarfs
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Abstract

Ultra-cool dwarfs (UCDs) are objects with effective temperatures below 3000 °K that include fully-convective very-low mass stars and brown
dwarfs (Kirkpatrick et al. 1995, Bolmont et al. 2017). These faint objects mainly emit in the near-infrared and, thus, it is very difficult to perform
photometric stellar activity studies using optical ground-based telescopes with limited observation times. However, the Transiting Exoplanet
Survey Satellite (TESS; Ricker et al. 2015) offers a unique opportunity to describe and quantify the optical flare rates and variability of
these targets through high-precision photometry in order to understand the mechanisms involved in the generation of such intrinsic
activity. Hence, in this contribution, we present preliminary results of a search for flares and rotation periods in a sample of UCDs observed in
2-minutes cadence with the space mission TESS.
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Figure 1: UCDs with sinusoidal modulations. Gray and black symbols are the binned and unbinned PDCSAP magnitudes, respectively, while
the solid red lines represent the best fit to the photometric data. Spectral type and rotation period are indicated.

2- Flares and variability
We searched for signs of intrinsic activity in the PDCSAP photometric data, processed with the TESS SPOC pipeline (Jenkins et al. 2016).
For each UCD, we used the Altaipony (Davenport 2016) code for flares detection, the Lomb-Scargle periodogram (Scargle 1982) provided by
the Lightkurve Python package (Lightkurve Collaboration et al. 2018) and the Auto-Correlation Function (ACF; McQuillan et al. 2013) to find
significant peaks that might indicate periodic sinusoidal modulations. In Figure 1, we show some examples of sinusoidal modulations
found in the sample of UCDs analyzed in this work.
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flares and rotation periods detected (orange) compared to those of the full sample analyzed here (blue). Bins separate the
sample into M4, M5, M6, M7, M8, M9, LO, L1, and L2 spectral types.

Future prospects:
1) To perform a similar search for activity in the remaining UCDs of our sample.
ii) To determine if the results of previous studies between stellar activity and spectral type based on FGKM stars (Davenport 2016; Gunther et
al. 2020) are valid in a larger sample of UCDs and, hence, to provide a better understanding of the mechanism that would generate the
observed intrinsic activity in these objects.
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