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Abstract

A dearth of close-in planets orbiting rapid rotators was reported almost a decade ago. According to this view, only
slowly spinning stars with rotation periods longer than 5-10 days would host planets with orbital periods shorter
than 2 or 3 days. This Letter brings an enlarged and more detailed analysis that led us to the question: Is there really
a dearth in that distribution or is it a dearth of data? For this new analysis, we combined different samples of Kepler
and TESS stars with confirmed planets or planet candidates with measured stellar rotation periods, using Gaia data
to perform an in-depth selection of 1013 planet-hosting main-sequence stars. With the newer, enlarged, and more
refined data, the reported dearth of close-in planets orbiting rapid rotators tends to disappear, thus suggesting that it
may reflect a scarcity of data in the prior analysis. A two-sample statistical test strongly supports our results,
showing that the distribution of close-in planets orbiting rapid rotators is almost indistinguishable from that for

close-in planets orbiting slow rotators.

Unified Astronomy Thesaurus concepts: Main sequence stars (1000); Stellar rotation (1629); Exoplanets (498);

Planetary science (1255)

Supporting material: machine-readable table

1. Introduction

Theoretical considerations and observational evidence show
that stars may interact with their planets through gravitation,
radiation, and magnetic fields. For main-sequence late-type
stars with close-in planets, effects on the host star owing to
tidal and magnetic interaction with the exoplanet are now
supported by different studies. In this context, Pont (2009) has
pointed out that stars with transiting hot Jupiters present an
excess of rapid rotators in comparison to stars without close-in
planets, whereas Lanza (2009, 2010) has suggested that, among
these stars, synchronization tends to increase with increasing
effective temperature. Knowledge of stellar rotation periods can
also offer an important constraint for our understanding of the
behavior of the stellar angular momentum (Gurumath et al.
2019), a stellar parameter that appears to be in deficit in stars
without detected planets in relation to stars with detected
planets (Alves et al. 2010).

McQuillan et al. (2013) have reported a possible dearth of
close-in planets around rapidly rotating stars based on a sample
of 737 Kepler Objects of Interest (KOIs) assumed by the
authors to be planet-hosting main-sequence stars and for which
the authors were able to measure the rotation period. According
to those authors, only slowly rotating stars, with rotation
periods longer than 5-10 days, host planets on orbits shorter
than 2-3 days. The root cause that led to this trend is not yet
well established, although tidal interaction is suggested to be
the most prominent hypothesis (e.g., Walkowicz & Basri 2013;
Teitler & Konigl 2014). Another scenario is proposed by Lanza
& Shkolnik (2014), who interpret the phenomenon observed by
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McQuillan et al. (2013) on the basis of secular perturbations in
multiplanet systems located in nonresonant orbits.

Using the photometric observations carried out by the
Transiting Exoplanet Survey Satellite (TESS; Ricker et al.
2015), Canto Martins et al. (2020) measured the rotation period
for dozens of TESS Objects of Interest (TOIs), namely stars
with planets or planet candidates with orbital periods revealed
by TESS. The present study presents a detailed analysis of the
origin of the dearth of close-in planets around fast-rotating
main-sequence stars suggested by McQuillan et al. (2013),
taking into account an enlarged stellar sample and a careful
analysis of the luminosity class and potential binary status of
the considered working sample. This latter aspect, in particular,
is mandatory for our understanding of the underscored dearth
of close-in planets around fast rotators because significant
contamination by evolved and binary stars can affect the
variability properties of dwarf stars (Ciardi et al. 2011; Mann
et al. 2012). This study is organized as follows. Section 2
presents the stellar sample and observational data set used in
the analysis. Section 3 provides the main results, with a
summary presented in Section 4.

2. Working Sample

For the purposes of the present study, we initially aimed to
enlarge the working stellar sample as much as possible by
searching for additional KOI stars, as well as TOI stars, with
rotation periods available in the literature. In this sense, we
have added 447 KOIs from Walkowicz & Basri (2013) and 339
KOIs from Mazeh et al. (2015) to the list of 737 KOIs used by
McQuillan et al. (2013), amounting to a sample of 1523 KOI
stars. Those two additional samples, with available measure-
ments of rotation period along with likely transit orbital period,
comprise a subset of stars that are not in common with those
studied by McQuillan et al. (2013). Walkowicz & Basri (2013)
determined rotation periods using the Lomb—Scargle method
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(Lomb 1976; Scargle 1982), whereas Mazeh et al. (2015) used
the autocorrelation function (ACF) method—described in
detail by McQuillan et al. (2014)—in a similar manner to
McQuillan et al. (2013), however with newer data and a more
refined procedure.

Then, we have added to the referred list of KOIs a sample of
222 TOI stars with rotation periods given by Canto Martins
et al. (2020), thus composing a combined list of 1745 KOI and
TOI stars with available stellar rotation and potential planetary
orbital periods. The rotation periods for the TOI stars were
computed based on a manifold analysis that used visual
inspection of the light curves together with fast-Fourier
transform, Lomb-Scargle periodograms, and wavelet maps.
Next, we checked for false-positive planet candidates based on
flags available for KOIs and TOIs in the NASA Exoplanet
Archive (NEA, Akeson et al. 2013). After removing those false
positives, as of 2021 December 10, as well as stars with no
Gaia information and anomalous parallaxes, the combined
stellar sample amounts to 1194 KOIs and TOls.

With this list of 1194 KOI and TOI stars in hand, we have
applied a well-established procedure based on the analysis of
the location of stars in the Gaia color—magnitude diagram
(CMD) to separate the main-sequence from evolved stars, as
well as to identify potential binary systems (e.g., Daven-
port 2017; de Oliveira 2019; Gordon et al. 2021). Such a step is
mandatory, in particular, because McQuillan et al. (2013)
defined their stellar sample as being composed of planet-host
main-sequence stars, but different studies have shown that the
enlarged stellar sample of McQuillan et al. (2014), which
includes the sample of McQuillan et al. (2013), is contaminated
by subgiants, giants, and binary stars (e.g., Davenport 2017; de
Oliveira 2019; Gordon et al. 2021). Indeed, several studies
have demonstrated that contamination by evolved or binary
stars can affect the variability properties of dwarf stars and, as a
consequence, the statistics of stellar and planetary parameters
(Ciardi et al. 2011; Mann et al. 2012; Ciardi et al. 2015;
Wolniewicz et al. 2021; Ziegler et al. 2021). Accordingly, to
properly understand the nature of the rotation period versus
orbital period distributions of dwarf stars, an in-depth selection
of main-sequence stars must be considered in the analysis.

2.1. Selecting Main-sequence Stars

Following the same approach by Gordon et al. (2021) for the
construction of the Gaia CMD, we begin by making the
selection of Gaia magnitudes and color indexes based on the
quality of the photometric solutions (Gaia Collaboration et al.
2018). As in Gordon et al. (2021), we only selected stars with o
(G)/G < 0.01 and o(Grp)/Ggrp < 0.01, where G and Gyp refer
to the passbands used in the Gaia first and second data releases
(DR1 and DR2, respectively; Gaia Collaboration et al.
2016, 2018). Following these conditions, we have placed our
combined list of 1194 KOI and TOIstars in the Gaia CMD
displayed in Figure 1, which also shows an isochrone obtained
from the Modules for Experiments in Stellar Astrophysics
Isochrones & Stellar Tracks (MIST) (Paxton et al.
2011, 2013, 2015; Choi et al. 2016; Dotter 2016) with an
age of 200 Myr and a metallicity of [Fe/H]=+40.25, which
adequately matches the trend of the main sequence. Single
main-sequence stars were selected within 0.3 mag below
and 0.9 mag above the isochrone of 200 Myr, as shown in
Figure 1. As underlined by Gordon et al. (2021), such a range
of magnitude should enclose stars of different ages and
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Figure 1. Gaia color—magnitude diagram for the combined sample
of 1013 KOIs and TOIs selected as main-sequence stars that met the Gaia
photometric and parallax criteria described in the text. For reference, we show
an MIST isochrone (Paxton et al. 2011, 2013, 2015; Choi et al. 2016;
Dotter 2016) with an age of 200 Myr and a metallicity of [Fe/H] = +0.25 to
identify the likely main sequence of 200 Myr (green curve). An MIST
isochrone with an age of 4.5 Gyr is also plotted to illustrate the subgiant and
giant branches (solid black curve). Main-sequence stars are selected as those
between the 200 Myr isochrone shifted down and up (dashed blue curves)
by 0.3 and 0.9 mag, respectively.

metallicities, avoiding, at the same time, contamination from
the subgiant and giant branches, as well as from binary stars.
Indeed, different studies have pointed out that, beyond the
subgiant and giant contamination, Gaia CMDs also reveal a
secondary population of stars above the main sequence, which
arises due to unresolved equal—or nearly equal—mass (e.g.,
Anderson et al. 2018; Davenport & Covey 2018; Gordon et al.
2021). Once applied the above conditions, our final sample
consists of 1013 likely main-sequence stars, meeting our Gaia
photometry criteria. This sample of combined TOI and KOI
stars is given in Table 1.

3. Results

Based on the refined stellar sample obtained in the present
study, we display in Figure 2 the distribution of stellar rotation
period, P, versus planetary orbital period, Py, following
closely the same format as in McQuillan et al. (2013). The new
scenario emerging from this enlarged sample points to the trend
of the disappearance of the dearth of planets at short orbital
periods around fast rotators previously suggested by McQuillan
et al. (2013). Let us recall that, according to these authors, only
slow stellar rotators, with periods larger than 5-10 days, would
have planets with periods shorter than 2 or 3 days.

A careful inspection of Figure 2 shows that the region where
the dearth would be located now tends to be populated as a
result of the new stellar sample, considering only likely main-
sequence stars. To evaluate the significance of this strong
contrast between the present results and those by McQuillan
et al. (2013), we also performed a two-sample test using the
Anderson—Darling (A-D) test (Scholz & Stephens 1987) and
then the Kolmogorov—Smirnov (K-S) test (Press et al. 1992),
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Table 1
The List of 1013 Selected TOI and KOI Main-sequence Stars

KIC / TIC P rot P orb

(days) (days)

Stars from McQuillan et al. (2013)

KIC 757450 19.38 8.89
KIC 2142522 10.38 13.32
KIC 2161536 27.27 16.86
KIC 2165002 22.75 16.57
KIC 2302548 12.37 10.38

KIC 2438513 13.54 12.18

Notes. The following information is listed: the TIC and KIC ID, rotation period
(P.op), and planetary orbital period (Poy,)

References. P, for TOI stars from NASA Exoplanet Archive—TESS Project
Candidates (ExoFOP 2019), and for KOI stars from NASA Exoplanet Archive
—KOIs (NASA Exoplanet Archive 2021).

(This table is available in its entirety in machine-readable form.)
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Figure 2. Stellar rotation period, Py, as a function of planetary orbital period,
P, of the innermost planet for the combined sample of 1013 KOIs and TOIs,
selected as main-sequence stars, with rotation periods available in the literature.
Light blue, yellow, red, and dark blue circles represent the stars from
McQuillan et al. (2013), Walkowicz & Basri (2013), Mazeh et al. (2015), and
Canto Martins et al. (2020), respectively. Circle sizes are proportional to planet
radius squared. The red dashed line is the fit with the lower envelope of points
described by McQuillan et al. (2013). The black dotted line marks the 1:1
synchronization rate between Py, and Py

which calculate the probability that two distributions are
derived from the same parent distribution. First, we have
analyzed the orbital period distributions for P, < 10 days,
split at P, = 18.95 days, considering TOI and KOI stars,
following the same definitions used by McQuillan et al. (2013).
This strategy provided an equal number of 292 stars in each
sample. From the A-D test, the p-value (probability for the null
hypothesis that both samples come from the same distribution)
is >20.250, in contrast to the value of 0.018 found by
McQuillan et al. (2013), whereas the K-S test gives a
probability of 0.978, consistent with the two distributions
being drawn from the same parent distribution. Second, to
avoid any concern about the contribution of KOI and TOI
samples to the disappearance of the referred dearth, we have
also carried out the same two-sample test but considering only
the present sample of 934 KOI stars. Such a step is mandatory
due to the TESS observational strategy for measuring
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especially fast rotation (e.g., Canto Martins et al. 2020; Howard
et al. 2021) and for detecting planets with short orbital periods
(Ricker et al. 2015; Guerrero et al. 2021). Following the same
above strategy, we obtained two samples with an equal number
of 262 stars in each sample, for Py, < 10 days, split at
P.o: =20.21 days. This additional analysis gives an A-D p-
value >0.25 and a K-S probability of 0.431, showing that the
disappearance of the dearth seems to result, effectively, from
the increase of the stellar sample considered, independently of
whether the increase comes from TOI or KOI stars. Therefore,
the lower-left region of Figure 2, which was suggested to reveal
a dearth of close-in planets for Py, < 10 days, actually displays
a distribution of stars with close-in planets indistinguishable
from that for the upper-left region also for P, < 10 days.

4. Summary

We have found solid observational evidence that the possible
dearth of close-in planets around fast-rotating main-sequence
stars suggested by McQuillan et al. (2013) seems to reflect
primarily a dearth of observational data by considering the
stellar sample used by those authors. Thanks to an enlarged
sample of 1013 likely main-sequence stars, combining KOIs
and TOlIs, analyzed rigorously to eliminate contamination by
evolved and binary stars, the present study shows a clear trend
for the disappearance of the referred dearth scenario. Both the
A-D and K-S two-sample tests support our observational
finding, showing that the distribution of close-in planets
orbiting rapid rotators is almost indistinguishable from that
for close-in planets orbiting slowly spinning stars.

In the light of the new scenario pointing to the apparent
nonexistence of a dearth of planets at short orbital periods
around fast-rotating stars, a few key aspects need to be
underscored. It seems clear that the disappearance of the dearth
arises independently of the TOI sample. The two-sample test
performed shows unambiguously that the disappearance of the
dearth already manifests itself from a scenario in which only
new KOI data are added to the sample used by McQuillan et al.
(2013). Even so, the presence of the TOI stars in the present
sample reinforces the primary feature emerging from our
results: the existence of planets with short-orbital periods,
typically P, shorter than about 4-5 days, orbiting fast-rotating
main-sequence stars, that is, stars with P, shorter than about 5
days. Nevertheless, such a feature, in principle, should not be
interpreted as revealing a uniform existence of short-orbital
planets around stars with any value of rotation period because
the trend referred to may only indicate that due to its
observational strategy, TESS is revealing many short-period
planets than observed to date. Additional TESS observations,
in particular from the extended mission that runs through this
coming September, will provide measures of planetary and
stellar rotation periods for a plethora of TOIs. We expect that
these new data will reveal particular trends in the frequency of
short-orbital planets around fast-rotating stars and its depend-
ence on different stellar rotation and planetary orbital periods.

Finally, it is noteworthy that the primary finding of our study
may represent an additional challenge for the present-day
theoretical models dealing with the evolution of star—planet
systems (e.g.,; Lanza & Shkolnik 2014; Ahuir et al. 2021).
Different studies point to a theoretical distribution in stellar
rotation versus planetary periods, according to which there
would be a region at low stellar rotation periods and low
planetary orbital periods not populated by star—planet systems.
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Such a perspective is, in principle, in contrast to the
observational evidence emerging from the present study.
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