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Abstract. Understanding the surface rotation of stars is essential to better constrain the physical processes
in action during stellar evolution. For solar-like stars in a wide range of their lifetimes, surface rotation is
indeed an age indicator. It traces the existence of coupling mechanisms in their interiors, which shape stellar
evolution. Investigating stars in clusters is of major interest because stars are assumed to have a common
age and initial chemical composition. In this work, we are interested in the methods to extract rotation
periods longer than 10 days using the Transiting Exoplanet Survey Satellite, TESS, mission with only two
27-d sectors observed in different campaigns. If we succeed, we will be able to study for example the K-dwarf
spin-down stalling using stars with rotation periods up to 20 days in stellar clusters in a range of 1-2.5 Ga.
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1 Introduction

Long and continuous ultra-high-precision photometry from space missions such as CoRoT (Convection, Rota-
tion, and planetary Transits), Kepler, K2, and TESS (Baglin et al. 2006; Borucki et al. 2010; Howell et al. 2014;
Ricker et al. 2014) has revolutionise the study of stellar physics (e.g. Garćıa & Ballot 2019). Using seismology
it has been possible to study different populations of stars (e.g. Epstein et al. 2014) and apply this knowledge
to other disciplines such as galacto-archeology (e.g. Miglio et al. 2013; Stello et al. 2015; Tayar et al. 2017) or
exoplanet characterisation, for example to determine spin-orbit alignments (e.g. Ballot et al. 2006; Campante
et al. 2016). Moreover, the exquisite photometry allowed us to determine rotation periods, Prot, of tens to
hundred of thousands of stars at various evolutionary stages (e.g. Ceillier et al. 2017; Santos et al. 2019, 2021;
Colman et al. 2024). Using Kepler observations, McQuillan et al. (2013, 2014) uncovered the existence of a
bimodal distribution of Prot. By studying clusters of around 1 Ga, this bimodality was associated to a stalling
of the braking in the K dwarfs (e.g. Agüeros et al. 2018; Curtis et al. 2020; Santos et al. 2024). To improve our
knowledge of the K-dwarf stalling it is necessary to study clusters of about 1 to 2.5 Ga. Unfortunately, only five
–quite faint– clusters were targeted by Kepler. Therefore, to have brighter clusters and to extend the sample,
we need to use TESS observations. In spite of some very promising methods using neural networks (Claytor
et al. 2024), the current limit to extract reliable Prot with TESS is around 10 days (e.g. Holcomb et al. 2022).
In this work, we study if using multi-campaign observations of the same clusters by TESS could allow us to
extract reliable Prot up to 20 days.

2 Observations and methodology to extract reliable rotation periods

The multi-sector observations from TESS cover 85% of the sky, offering a valuable opportunity to study open
clusters in the Milky Way. We selected open clusters from the Milky Way Star Clusters Catalog (MWSC
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Kharchenko et al. 2012, 2013; Schmeja et al. 2014; Scholz et al. 2015) that have ages between 1 and 2.5 Ga
and radii greater than 16′. This radius limit helps reduce nearby source contamination due to the TESS large
pixel size (21′′) and densely populated stars towards the cluster centre. For cluster member stars, we choose
those with a Tmag < 15 and a membership probability greater than 0.5 from the Cantat-Gaudin et al. (2018)
catalogue. There are total of 18 clusters, each with at least three sectors of TESS observations.

To study the best methodology to extract reliable Prot with at least two 27-d TESS sectors separated with at
least 1 year using Auto Correlation Functions (ACF, e.g. McQuillan et al. 2014) and Lomb-Scargle Periodograms
(LS, Lomb 1976; Scargle 1982), we simulate pure sine waves in a range of periods up to 30 days.

For the ACF, if we keep the gap, there is no advantage to analyse multi-sector campaigns. As the gaps
are longer than the continuous data, the ACF for periods longer than 27 days will be zero, and Prot > 10
days would be not reliable. To avoid this limitation we suggest to re-attach the sectors by removing the long
gap. Depending on the phase difference between the two segments |Φ1 − Φ2|, it would be possible to measure
Prot > 10 days. Indeed, when the phase shift is closer to 180◦, both sectors would be closely anti correlated
and no Prot would be extracted. Therefore, by re-attaching the observed sectors, it would be possible to obtain
reliable Prot up to ∼ 15 days, while in the range 15-22 days the extracted periodicity could be a higher harmonic
of the real value. Zero padding, ZP, has no effect in the measurement of the ACF.

For a sine wave with an amplitude A, its Fourier transform, X, as a function of |Φ1 −Φ2| can be written as:

|X| = A
√
2(1 + cos(Φ1 − Φ2)) (2.1)

The power of the sine wave becomes minimum when the phase difference is multiples of π. This leads to power
leakage into nearby bins and could make them higher than the true period. Thus, the rotation pipeline could
select a wrong Prot when using the LS periodogram. ZP at the end of the signal reduces this problem by
increasing the resolution (see Fig. 1). On the contrary, removing the gaps has no effect in the results with LS.

Fig. 1. Period of the simulated sine waves extracted with LS in the case of a simulation with two sets of 27-d observations

separated by a 1-a gap without (left) and with (right) ZP. Shaded green regions represent the tolerance (10-30%).

Horizontal lines represent the resolution in period. Colours depict the phase shift between the two sets of observations.

3 Conclusions

We have identified stellar clusters in TESS with ages in the range 1-2.5 Ga. Preliminary results with pure sine
waves show that, on one hand, the ACF should be computed from a reattached signal without zero padding.
On the other hand, LS periodograms provide better results with zero padding and keeping the gaps. We have
shown that it is possible to obtain reliable Prot up to 20 days with a 10% tolerance in simulations of pure sine
waves in the conditions of multi-campaign TESS observations.
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