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ABSTRACT

Context. Gyrochronology is one of the methods currently used to estimate the age of stellar open clusters. Hundreds of new clusters,
associations, and moving groups unveiled by Gaia and complemented by accurate rotation period measurements provided by recent
space missions such as Kepler and TESS are allowing us to significantly improve the reliability of this method.
Aims. We use gyrochronology, that is, the calibrated age-mass-rotation relation valid for low-mass stars, to measure the age of the
recently discovered moving group Group X.
Methods. We extracted the light curves of all candidate members from the TESS full frame images and measured their rotation periods
using different period search methods.
Results. We measured the rotation period of 168 of a total of 218 stars and compared their period-colour distribution with those of
two age-benchmark clusters, the Pleiades (125 Myr) and Praesepe (625 Myr), as well as with the recently characterised open cluster
NGC 3532 (300 Myr).
Conclusions. As result of our analysis, we derived a gyro age of 300± 60 Myr. We also applied as independent methods the fitting
of the entire isochrone and of the three brightest candidate members individually with the most precise stellar parameters, deriving
comparable values of 250 Myr and 290 Myr, respectively. Our dating of Group X allows us to definitively rule out the previously
proposed connection with the nearby but much older Coma Berenices cluster.

Key words. stars: low-mass – stars: rotation – stars: activity – stars: pre-main sequence – stars: evolution –
open clusters and associations: general

1. Introduction

Stellar age is a key parameter in several astrophysical con-
texts, from exo-planetary science, where the derived values of
the planet’s physical parameters depend on the age of the host
star (see e.g. Carleo et al. 2021), to Milky Way studies, where
Galactic formation and evolution models can be constrained if
the age of numerous field and cluster stars is known (see e.g.
Hayden et al. 2020). An accurate estimate of the ages of coeval
stars in stellar clusters and associations is more reliable if com-
pared to the results obtained for Galactic field stars. Some tech-
niques for the estimation of the ages of cluster members are
based on the comparison between measurable stellar parameters
and stellar evolutionary models (e.g. main-sequence and turn-
off isochrone fitting; Pont & Eyer 2004), and lithium-depletion
boundary fitting (Stauffer et al. 1998; Messina et al. 2016). Other
methods make use of calibrated empirical relationships (e.g. the
gyrochronology; Angus et al. 2019; Barnes 2007), specific ele-
ment abundance ratios (e.g. Maldonado et al. 2015), and activity
proxies (e.g. Zhang et al. 2019; Messina 2021). Asteroseismic
analysis allows us to obtain the age of single stars in our Galaxy
(Lebreton & Montalbán 2009). Firm calibrations are required in
the case of methods based on empirical calibrations, and, usu-

ally, different approaches are suitable for limited regions of the
parameter space, making age determination a particularly chal-
lenging task (see Soderblom 2010 for a review). However, a
combination of different techniques for the estimate of the ages
allows us to obtain a final robust result (see e.g. Desidera et al.
2015).

The recent Gaia Early Third Data Release (Bailer-Jones
et al. 2021) is unveiling a plethora of stellar open clusters and
associations (e.g. Cantat-Gaudin et al. 2018). Complementary
measurements of rotation periods of the candidate members of
newly discovered clusters and associations from all-sky ground-
based projects (e.g. SuperWASP; Pollacco et al. 2006) and
space-borne missions (e.g. Kepler/K2, Borucki 2018), not only
allow the membership to be solidified through gyrochronology
but also provide the opportunity to get a robust calibration of the
gyrochronology over a large range of ages.

Usually, as first step, the rotation period-colour distribu-
tion of newly discovered clusters is compared with known age-
benchmark clusters, such as the Pleiades and Praesepe. Then, the
isochrone fitting and any other available age diagnostics are also
used to secure consistent results. In a following step, the inferred
ages of the new clusters are used to improve the age sampling of
the gyrochronology. This approach allowed Curtis et al. (2019)
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to discover the Pisces-Eridanus stellar stream and to estimate
a gyrochronological age of about 120 Myr and allowed Bouma
et al. (2021) to discover a halo for the open cluster NGC 2516
and estimate a gyrochronological age of about 150 Myr, to men-
tion just a couple recent studies. In this framework, we present
the results of our analysis of the newly discovered moving group
Group X.

Group X is a nearby moving group (d ∼ 101 pc; Tang et al.
2018). Based on the Gaia Data Release 1 TGAS (Tycho-Gaia
Astrometric Solution) data, Oh et al. (2017) first discovered
an initial sample of 27 candidate members, which were subse-
quently confirmed as a group by Faherty et al. (2018). The most
recent analysis was carried out by Tang et al. (2019), who dis-
covered up to 218 candidate members, including the 27 candi-
dates listed by Oh et al. (2017). Moreover, they ruled out the
previously proposed connection with the nearby Coma
Berenices group, providing clear evidence that they are two
dynamically distinct systems. Group X is an interesting example
of a moving group at the final stage of disruption by the Galactic
tides, as evidenced by the irregular and elongated space distri-
bution of its members. The isochrone fitting method applied by
Tang et al. (2019) yielded an age estimate of 400 Myr.

In this work we used astrometric and kinematic data made
available by Gaia, rotation periods from TESS (Transiting Exo-
planet Survey Satellite), colour-magnitude diagrams (CMDs)
suitable for isochrone fitting, and other age diagnostics (such as
the lithium line and activity indicators), which we are collect-
ing for a selection of members to estimate the age and to add a
new age tick mark in the rotation-mass-age relation of low-mass
stars.

In Sect. 2 we describe the photometric data on which our
analysis is based. In Sect. 3 we present the CMD and the results
of our period search analysis. Discussion and conclusions are
presented in Sects. 4 and 5.

2. Data

We used the data collected by TESS in the second year of its
main mission (Sectors 14–26) between July 18, 2019, and July
4, 2020. We obtained the light curves of the stars from the full
frame images (FFIs) by using the PATHOS pipeline described
in Nardiello et al. (2019). Briefly, we used the software img2lc
(written in FORTRAN 90/95 + OPENMP) developed by Nardiello
et al. (2015, 2016) for ground-based instruments to extract the
light curves from the FFIs. This software takes as input the FFIs,
empirical point spread function (PSF) arrays, and an input cat-
alogue, and, after modelling and subtracting the neighbour stars
to each target source in the input catalogue, it measures the flux
of the target star with four different apertures (1-px, 2-px, 3-px,
4-px aperture) and PSF-fitting photometry. Different apertures
work better for stars of different magnitudes, and we selected
the best aperture for each target, comparing their mean rms dis-
tributions as described in detail by Nardiello (2020). The light
curves are then corrected by using the cotrending basis vectors
as described in Nardiello et al. (2020, 2021). As input catalogue
we used the list of stars published by Tang et al. (2019), which
contains 218 likely members of Group X. We extracted 770 light
curves: only 3 stars are observed in a single sector, 18 stars are
observed in 2 sectors, 88 stars are observed in 3 sectors, 89 stars
are observed in 4 sectors, 14 stars in 5 sectors, 5 stars in 6 sec-
tors, and 1 star is observed in 11 sectors.

Light curves will be released on the Mikulski Archive for
Space Telescopes (MAST) as a High Level Science Product

Fig. 1. CMD for the Group X candidate members (Tang et al. 2019),
with the 250 Myr (solid black line) and 400 Myr (solid blue line)
isochrones overplotted. Dashed lines represent the sequence of equal-
mass main-sequence binaries. Errors on magnitudes and colours are
smaller than the symbol size.

(HLSP) under the project PATHOS1. A detailed description of
the light curves is given in Nardiello et al. (2019).

3. Analysis

3.1. Colour-magnitude diagram

The CMD presented in Fig. 1 was obtained using the Gaia
Data Release 2 (DR2) parallaxes and G magnitudes comple-
mented with 2MASS (Two Micron All-Sky Survey) Ks mag-
nitudes (Cutri et al. 2003). Black and red bullets are used to
distinguish between non-periodic and periodic candidate mem-
bers, respectively (see the following subsection). Seven peri-
odic candidate members with a nearby companion (separation
ρ < 3′′) are unresolved in the 2MASS photometry. For these can-
didates, we computed the correction to be applied to the G−Ks
colour, using the G magnitudes and parallaxes of the compo-
nents and the PARSEC models of Bressan et al. (2012) com-
puted for an age of 400 Myr and deriving the expected Ks mag-
nitudes for both components (see e.g. Sect. 3 in Messina 2019).
Finally, colours were corrected for interstellar reddening. We
first calculated the E(B−V) of each star by using the PYTHON
routine mwdust2 (Bovy et al. 2016) and the Combined19 dust
map (Drimmel et al. 2003; Marshall et al. 2006; Green et al.
2019), and then we transformed it into E(G−K) according to
the method presented in Bessell & Brett (1988). We found that
the correction for the interstellar reddening results in a slightly
smaller scatter from the isochrone (see ahead) if the average
value, 〈E(G−Ks)〉 = 0.015 ± 0.006 mag (E(B−V) = 0.005 mag),
is applied instead of correcting each target for its own redden-
ing. For instance, this reddening is very close to the null red-
dening computed for the nearby Coma Berenices cluster (Tang
et al. 2018). In the following analysis, the average reddening is
applied.

The CMD was compared with a series of isochrones based on
PARSEC models of Bressan et al. (2012), which span a range of
ages from 150 Myr to 700 Myr. The isochrone that best describes
the observed CMD has an age of 250 Myr. A slightly better

1 https://archive.stsci.edu/hlsp/pathos/
2 https://github.com/jobovy/mwdust
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Fig. 2. Example case of periodogram anal-
ysis of target #57. Top panel: TESS magni-
tude time series. Bottom: GLS periodogram
(left), CLEAN periodogram (middle), and
ACF (right), with the solid vertical red lines
indicating the rotation period.

description, but of only the upper bluer part of the CMD, is pro-
vided by the isochrone of 400 Myr.

We also plot, as dotted lines, the sequences of equal-mass
binaries for both ages. We note a number of candidates (27) that
lie either significantly above the equal-mass binary isochrone
(#89, #102, and #103) or in the magnitude interval between the
single and the equal-mass binary sequence. To further investi-
gate their nature and to unveil the presence of unresolved close
binaries among them, we used the re-normalised unit weight
error (RUWE; see Lindegren et al. 2018). All candidates with
RUWE> 1.5 (a total of 22) are overplotted in green. The fol-
lowing candidates, although significantly displaced from the sin-
gle star sequence, were not classified according to the RUWE as
close binaries: #27, #38, #40, #47, #58, #102, #143, #158, #170,
#173, #183, #184, #201, and #208.

These outliers may be still members but may be suffering
from an underestimated correction for reddening. Justifying the
position in the CMD of star #102 is more problematic. On the
other side, the inability of the isochrone to adequately fit the bot-
tom end of the sequence is a known problem (see e.g. Bell et al.
2012; Morrell & Naylor 2019), and its discussion is beyond the
scope of the present study.

As a complementary approach to estimating the age of
Group X, we also considered the three brightest candidate
members individually with the most precise determination of
their stellar parameters (#51: 84 UMa, #28: HD 118214, and
#45: HD 119765), exploiting the PARAM online tool for the
Bayesian estimation of stellar parameters (da Silva et al. 2006) to
obtain the most probable age. The individual ages are 240± 100,
320± 110, and 300± 110 Myr, respectively. This supports an age
with a mean value of 290 Myr as the most probable one.

3.2. Rotation period search

We analysed the TESS light curves of the Group X candi-
date members to measure the rotation period using three dif-
ferent methods: generalised Lomb-Scargle (GLS; Zechmeister
& Kürster 2009), (CLEAN; Roberts et al. 1987), and the auto-
correlation function (ACF; McQuillan et al. 2013). Details and
examples of the use of these methods can be found in Messina

et al. (2017) for GLS and CLEAN, and McQuillan et al. (2013)
for ACF. We used more than one method in order to provide a
‘grade’ of confidence on the correctness of the measured rota-
tion periods. If the values of the rotation periods were found by
all three methods to be similar within the respective uncertain-
ties, we assigned a quality grade ‘A’; when only two methods
found the same value, we assigned a grade ‘B’. Period estimates
differing in all three methods were not considered. Since most
stars were observed in more TESS sectors, our period search
was performed in each available sector. Generally, the same
rotation period was found in subsequent sectors, increasing the
robustness of our measurement results. An example case of peri-
odogram analysis is given in Fig. 2.

We selected only rotation periods with false alarm probabil-
ity (FAP)< 0.1%. The FAP was computed using the analytical
formulae of Horne & Baliunas (1986), which are valid for evenly
spaced time series data. We followed the method used by Lamm
et al. (2004) to compute the errors associated with the period
determinations (see e.g. Messina et al. 2010, for details). From
a total sample of 218 stars, we measured 150 periods with grade
A and 18 periods with grade B. In Fig. 3 we plot the rotation
period distribution of Group X. We use different symbols to indi-
cate grade A (filled circles) and grade B (diamonds) periods and
squared symbols to indicate the mentioned outliers in the CMD
(red for RUWE> 1.5 and blue for RUWE< 1.5). In Table A.1
we list the rotation periods with respective uncertainty, grade,
and the TESS sector in which the same value of period was mea-
sured.

As mentioned, the PATHOS pipeline subtracts from the tar-
get the flux of any neighbour star in the adjacent pixels (i.e. at
distances ρ> 10′′). As a consequence of this and the dilution
effect, any effect of variability in the residual flux of the nearby
stars becomes negligible. On the contrary, the flux of neighbour
stars at distances ρ< 10′′ is not removed by the pipeline and it
may contribute significantly to the observed variability.

A total of 17 periodic stars in our sample (marked with an
asterisk in Table A.1) have one visual companion detected in the
Gaia DR2 but are unresolved in the TESS photometry at a sepa-
ration of ρ. 10′′ and with a magnitude difference of ∆G < 3 mag
(all have RUWE< 1.5). We inspected the periodograms of these

L3, page 3 of 11
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Fig. 3. Distribution of stellar rotation peri-
ods versus de-reddened colour for the peri-
odic candidate members of Group X.

17 candidate members and found nine cases (stars #12, #17, #27,
#137, and #141 and the systems #29&30 and #148&149) with a
significant secondary period. The secondary period can be inter-
preted as the rotation period of the nearby companion (see e.g.
Messina 2019; Bonavita et al. 2021; Tokovinin & Briceño 2018).
On the other hand, stars #39 and #63, which have no detected
nearby companion in the Gaia DR2, have clear evidence of a
secondary period, P = 0.3639 d and P = 0.4646 d, respectively.

4. Discussion

As mentioned in Sect. 1, the main scope of the present work is
to estimate the age of Group X via gyrochronology, providing
independent support to the membership by Tang et al. (2019).
This is accomplished by comparing the distribution of the rota-
tion period with those of primary age-benchmark open clusters,
specifically the Pleiades with an age of ∼125 Myr (Stauffer et al.
1998) and Praesepe with an age of ∼625 Myr (Brandt & Huang
2015). A comparison with the NGC 3532 (∼300 Myr; Fritzewski
et al. 2021) and M 48 (∼450 Myr; Barnes et al. 2015) clusters is
also done. Rotation periods of Pleiades members are taken from
Rebull et al. (2016), those of Praesepe from Rebull et al. (2017),
those of NGC 3532 from Fritzewski et al. (2021), and those of
M 48 from Barnes et al. (2015).

Colours were de-reddened by adopting a colour excess
E(B−V) = 0.045 mag for the Pleiades and E(B−V) = 0.027 mag
for Praesepe (Gaia Collaboration 2018) and E(B−V) =
0.035 mag for NGC 3532 (Fritzewski et al. 2021) and E(B−V) =
0.08 mag for M 48 (Barnes et al. 2015). Finally, (G−Ks)0 colours
were transformed into B−V colours using the calibration by
Pecaut & Mamajek (2013).

To compare the period distribution of Group X with those of
the Pleiades and Praesepe and to derive a quantitative estimate
of the age of Group X, we selected the sequence of slow rota-
tors, that is, the colour range 0.5 < (B−V)0 < 1.3 mag, where the
dependence on the age of the rotation period is better defined (an
almost one-to-one correspondence between colour and period).
As shown in Fig. 3, both single stars and candidate binaries that
lie between the single and binary sequences follow the same
period distribution. Therefore, we opted to include all of them

in the process of age estimate. We adopted a colour binning of
0.10 mag, then for each bin we computed the median rotation
period, and, finally, we fitted a polynomial to the sequence of
median values (the solid blue and red lines in the bottom panel of
Fig. 4). We assumed that in the age interval between the Pleiades
and Praesepe the period slowdown has a functional form of the
type

P = An × a(B − V − c)b. (1)

We inferred the age of each candidate member, finding, as
shown in Fig. 5, a bimodal-like distribution with the bulk of
members at an age of 350 Myr (∼360 Myr using Mamajek &
Hillenbrand 2008 coefficients) and a minority, ∼25%, at an age
of about 230 Myr. For the whole moving group, we obtain an
average value of 309± 60 Myr using the a, b, c, and n coeffi-
cients from Mamajek & Hillenbrand (2008) and 297± 50 Myr
using the Angus et al. (2015) coefficients. Their average value
of 303± 60 Myr is in agreement within the uncertainties with
the isochronal age derived by us (i.e. 250 Myr) and in agreement
with the age of the three brightest stars derived with PARAM
(i.e. 290 Myr). We note that in the selected colour range for the
gyrochronological estimate of age (0.5< (B−V)0 < 1.3 mag), all
visual binaries have their components at distances ρ> 150 au,
which is sufficiently distant to neglect any effects of tides on the
rotation period evolution (see e.g. Messina 2019).

Finally, the age of ∼300 Myr for Group X is also sup-
ported by the comparison with the rotation period distribution
of the NGC 3532 open cluster, which has an estimated age of
300 Myr. As shown in Fig. 6, the two distributions are almost
undistinguishable for (G−Ks)0 < 2.3 mag. However, in the colour
range 2.3< (G−Ks)0 < 3.3 mag, the Group X candidate mem-
bers, which are all found to be periodic, all rotate faster than their
counterpart slow-rotator members of NGC 3532. In the men-
tioned colour range, all candidate members being periodic, it is
unlikely that the absence of longer rotation periods arises from
the insensitivity of TESS data to rotation periods longer than
10−12 days.

It is worth noting that the possibility of measuring the age of
stellar clusters by means of gyrochronology makes the search for
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Fig. 4. Comparison of colour-period dis-
tribution of Group X with age-benchmark
open clusters. Top panel: distribution of
stellar rotation periods of Group X with the
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plotted. Bottom panel: distribution of the
rotation periods of slow rotators of Group
X versus B−V colour, with the polyno-
mial fits to median rotation periods of
slow rotators in the Praesepe (red line)
and Pleiades (blue line) clusters and, as an
example, the gyro-sequence corresponding
to an age of 300 Myr (green line), accord-
ing to the Mamajek & Hillenbrand (2008)
coefficients, overplotted.

exo-planets around their members especially relevant. This is the
case of one TESS target of interest identified among the candi-
date members of Group X and whose characterisation (Nardiello
et al., in prep.) greatly benefits from the age determined in the
present study.

5. Conclusions

We have explored the rotational properties of the late-type candi-
date members of the recently discovered moving group Group X,
which has a total of 218 candidate members. All the candidate
members were observed by TESS in one or more sectors, and
we extracted the light curves from the FFIs using the PATHOS
pipeline. The rotation period search was done using three differ-
ent methods, GLS, CLEAN, and ACF, which provided rotation
period measurements for 168 stars (150 with grade A and 18
with grade B). The colour-period distribution was compared with

those of two age-benchmark clusters, the Pleiades with a quoted
age of 125 Myr and Praesepe with a quoted age of 625 Myr.
Assuming a temporal evolution of the rotation period in this age
range as expressed by Eq. (1), we inferred for Group X an age
of 300± 60 Myr. The comparison was limited to the slow rota-
tors whose rotation period minimum dispersion allows a more
accurate comparison among clusters of different ages. Our age
estimate is further supported by the similarity of the period dis-
tribution with that of NGC 3532, an open cluster of 300 Myr.
The gyro age we derived is in agreement with the isochronal
age of 250 Myr derived by us and definitively younger than the
400 Myr age previously estimated by Tang et al. (2019). Our
dating of Group X allows us to definitively rule out the pre-
viously proposed connection with the nearby Coma Berenices
cluster (∼700−800 Myr), further confirming the earlier conclu-
sions by Tang et al. (2019) that they are two dynamically distinct
systems.
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Fig. 5. Distribution of ages of individ-
ual candidate members as derived by the
relations of Angus et al. (2015, solid blue
line) and by Mamajek & Hillenbrand
(2008, dotted red line).
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Fig. 6. Comparison of the rotation period
distributions of Group X with the coeval
NGC 3532 and with the older M 48 open
clusters.

Acknowledgements. Research on stellar activity at INAF is supported by MUR
(Ministero dell’Università e della Ricerca). This research has made use of the
Simbad database operated at CDS (Strasbourg, France). Financial support from
the INAF-ASI agreement (n.2018-16-HH.0) and the PRIN-INAF “PLATEA”
(P.I. S. Desidera) are acknowledged. DN acknowledges the support from the
French Centre National d’Etudes Spatiales (CNES). SM thanks the Referee
whose comments helped to improve the quality of the paper.

References
Angus, R., Aigrain, S., Foreman-Mackey, D., & McQuillan, A. 2015, MNRAS,

450, 1787
Angus, R., Morton, T. D., Foreman-Mackey, D., et al. 2019, AJ, 158, 173
Bailer-Jones, C. A. L., Rybizki, J., Fouesneau, M., Demleitner, M., & Andrae,

R. 2021, AJ, 161, 147
Barnes, S. A. 2007, ApJ, 669, 1167
Barnes, S. A., Weingrill, J., Granzer, T., Spada, F., & Strassmeier, K. G. 2015,

A&A, 583, A73
Bell, C. P. M., Naylor, T., Mayne, N. J., Jeffries, R. D., & Littlefair, S. P. 2012,

MNRAS, 424, 3178
Bessell, M. S., & Brett, J. M. 1988, PASP, 100, 1134
Bonavita, M., Gratton, R., Desidera, S., et al. 2021, A&A, accepted

[arXiv:2103.13706]

Borucki, W. J. 2018, in Space Missions for Exoplanet Science: Kepler/K2, eds.
H. J. Deeg, & J. A. Belmonte, 80

Bouma, L. G., Curtis, J. L., Hartman, J. D., Winn, J. N., & Bakos, G. Á. 2021,
AJ, 162, 197

Bovy, J., Rix, H.-W., Green, G. M., Schlafly, E. F., & Finkbeiner, D. P. 2016,
ApJ, 818, 130

Brandt, T. D., & Huang, C. X. 2015, ApJ, 807, 24
Bressan, A., Marigo, P., Girardi, L., et al. 2012, MNRAS, 427, 127
Cantat-Gaudin, T., Jordi, C., Vallenari, A., et al. 2018, A&A, 618, A93
Carleo, I., Desidera, S., Nardiello, D., et al. 2021, A&A, 645, A71
Curtis, J. L., Agüeros, M. A., Mamajek, E. E., Wright, J. T., & Cummings, J. D.

2019, AJ, 158, 77
Cutri, R. M., Skrutskie, M. F., van Dyk, S., et al. 2003, VizieR Online Data

Catalog: II/246
da Silva, L., Girardi, L., Pasquini, L., et al. 2006, A&A, 458, 609
Desidera, S., Covino, E., Messina, S., et al. 2015, A&A, 573, A126
Drimmel, R., Cabrera-Lavers, A., & López-Corredoira, M. 2003, A&A, 409, 205
Faherty, J. K., Bochanski, J. J., Gagné, J., et al. 2018, ApJ, 863, 91
Fritzewski, D. J., Barnes, S. A., James, D. J., & Strassmeier, K. G. 2021, A&A,

652, A60
Gaia Collaboration (Babusiaux, C., et al.) 2018, A&A, 616, A10
Green, G. M., Schlafly, E., Zucker, C., Speagle, J. S., & Finkbeiner, D. 2019,

ApJ, 887, 93

L3, page 6 of 11

http://linker.aanda.org/10.1051/0004-6361/202142276/1
http://linker.aanda.org/10.1051/0004-6361/202142276/1
http://linker.aanda.org/10.1051/0004-6361/202142276/2
http://linker.aanda.org/10.1051/0004-6361/202142276/3
http://linker.aanda.org/10.1051/0004-6361/202142276/4
http://linker.aanda.org/10.1051/0004-6361/202142276/5
http://linker.aanda.org/10.1051/0004-6361/202142276/6
http://linker.aanda.org/10.1051/0004-6361/202142276/7
https://arxiv.org/abs/2103.13706
http://linker.aanda.org/10.1051/0004-6361/202142276/9
http://linker.aanda.org/10.1051/0004-6361/202142276/10
http://linker.aanda.org/10.1051/0004-6361/202142276/11
http://linker.aanda.org/10.1051/0004-6361/202142276/12
http://linker.aanda.org/10.1051/0004-6361/202142276/13
http://linker.aanda.org/10.1051/0004-6361/202142276/14
http://linker.aanda.org/10.1051/0004-6361/202142276/15
http://linker.aanda.org/10.1051/0004-6361/202142276/16
http://linker.aanda.org/10.1051/0004-6361/202142276/17
http://linker.aanda.org/10.1051/0004-6361/202142276/17
http://linker.aanda.org/10.1051/0004-6361/202142276/18
http://linker.aanda.org/10.1051/0004-6361/202142276/19
http://linker.aanda.org/10.1051/0004-6361/202142276/20
http://linker.aanda.org/10.1051/0004-6361/202142276/21
http://linker.aanda.org/10.1051/0004-6361/202142276/22
http://linker.aanda.org/10.1051/0004-6361/202142276/22
http://linker.aanda.org/10.1051/0004-6361/202142276/23
http://linker.aanda.org/10.1051/0004-6361/202142276/24


S. Messina et al.: Group X

Hayden, M. R., Bland-Hawthorn, J., Sharma, S., et al. 2020, MNRAS, 493, 2952
Horne, J. H., & Baliunas, S. L. 1986, ApJ, 302, 757
Lamm, M. H., Bailer-Jones, C. A. L., Mundt, R., Herbst, W., & Scholz, A. 2004,

A&A, 417, 557
Lebreton, Y., & Montalbán, J. 2009, in The Ages of Stars, eds. E. E. Mamajek,

D. R. Soderblom, & R. F. G. Wyse, 258, 419
Lindegren, L., Hernández, J., Bombrun, A., et al. 2018, A&A, 616, A2
Maldonado, J., Eiroa, C., Villaver, E., Montesinos, B., & Mora, A. 2015, A&A,

579, A20
Mamajek, E. E., & Hillenbrand, L. A. 2008, ApJ, 687, 1264
Marshall, D. J., Robin, A. C., Reylé, C., Schultheis, M., & Picaud, S. 2006, A&A,

453, 635
McQuillan, A., Aigrain, S., & Mazeh, T. 2013, MNRAS, 432, 1203
Messina, S. 2019, A&A, 627, A97
Messina, S. 2021, A&A, 645, A144
Messina, S., Desidera, S., Turatto, M., Lanzafame, A. C., & Guinan, E. F. 2010,

A&A, 520, A15
Messina, S., Lanzafame, A. C., Feiden, G. A., et al. 2016, A&A, 596, A29
Messina, S., Millward, M., Buccino, A., et al. 2017, A&A, 600, A83
Morrell, S., & Naylor, T. 2019, MNRAS, 489, 2615
Nardiello, D. 2020, MNRAS, 498, 5972

Nardiello, D., Bedin, L. R., Nascimbeni, V., et al. 2015, MNRAS, 447,
3536

Nardiello, D., Libralato, M., Bedin, L. R., et al. 2016, MNRAS, 455, 2337
Nardiello, D., Borsato, L., Piotto, G., et al. 2019, MNRAS, 490, 3806
Nardiello, D., Piotto, G., Deleuil, M., et al. 2020, MNRAS, 495, 4924
Nardiello, D., Deleuil, M., Mantovan, G., et al. 2021, MNRAS, 505, 3767
Oh, S., Price-Whelan, A. M., Hogg, D. W., Morton, T. D., & Spergel, D. N. 2017,

AJ, 153, 257
Pecaut, M. J., & Mamajek, E. E. 2013, ApJS, 208, 9
Pollacco, D., Skillen, I., Collier Cameron, A., et al. 2006, Ap&SS, 304, 253
Pont, F., & Eyer, L. 2004, MNRAS, 351, 487
Rebull, L. M., Stauffer, J. R., Bouvier, J., et al. 2016, AJ, 152, 114
Rebull, L. M., Stauffer, J. R., Hillenbrand, L. A., et al. 2017, ApJ, 839, 92
Roberts, D. H., Lehar, J., & Dreher, J. W. 1987, AJ, 93, 968
Soderblom, D. R. 2010, ARA&A, 48, 581
Stauffer, J. R., Schultz, G., & Kirkpatrick, J. D. 1998, ApJ, 499, L199
Tang, S.-Y., Chen, W. P., Chiang, P. S., et al. 2018, ApJ, 862, 106
Tang, S.-Y., Pang, X., Yuan, Z., et al. 2019, ApJ, 877, 12
Tokovinin, A., & Briceño, C. 2018, AJ, 156, 138
Zechmeister, M., & Kürster, M. 2009, A&A, 496, 577
Zhang, J., Zhao, J., Oswalt, T. D., et al. 2019, ApJ, 887, 84

L3, page 7 of 11

http://linker.aanda.org/10.1051/0004-6361/202142276/25
http://linker.aanda.org/10.1051/0004-6361/202142276/26
http://linker.aanda.org/10.1051/0004-6361/202142276/27
http://linker.aanda.org/10.1051/0004-6361/202142276/28
http://linker.aanda.org/10.1051/0004-6361/202142276/29
http://linker.aanda.org/10.1051/0004-6361/202142276/30
http://linker.aanda.org/10.1051/0004-6361/202142276/30
http://linker.aanda.org/10.1051/0004-6361/202142276/31
http://linker.aanda.org/10.1051/0004-6361/202142276/32
http://linker.aanda.org/10.1051/0004-6361/202142276/32
http://linker.aanda.org/10.1051/0004-6361/202142276/33
http://linker.aanda.org/10.1051/0004-6361/202142276/34
http://linker.aanda.org/10.1051/0004-6361/202142276/35
http://linker.aanda.org/10.1051/0004-6361/202142276/36
http://linker.aanda.org/10.1051/0004-6361/202142276/37
http://linker.aanda.org/10.1051/0004-6361/202142276/38
http://linker.aanda.org/10.1051/0004-6361/202142276/39
http://linker.aanda.org/10.1051/0004-6361/202142276/40
http://linker.aanda.org/10.1051/0004-6361/202142276/41
http://linker.aanda.org/10.1051/0004-6361/202142276/41
http://linker.aanda.org/10.1051/0004-6361/202142276/42
http://linker.aanda.org/10.1051/0004-6361/202142276/43
http://linker.aanda.org/10.1051/0004-6361/202142276/44
http://linker.aanda.org/10.1051/0004-6361/202142276/45
http://linker.aanda.org/10.1051/0004-6361/202142276/46
http://linker.aanda.org/10.1051/0004-6361/202142276/47
http://linker.aanda.org/10.1051/0004-6361/202142276/48
http://linker.aanda.org/10.1051/0004-6361/202142276/49
http://linker.aanda.org/10.1051/0004-6361/202142276/50
http://linker.aanda.org/10.1051/0004-6361/202142276/51
http://linker.aanda.org/10.1051/0004-6361/202142276/52
http://linker.aanda.org/10.1051/0004-6361/202142276/53
http://linker.aanda.org/10.1051/0004-6361/202142276/54
http://linker.aanda.org/10.1051/0004-6361/202142276/55
http://linker.aanda.org/10.1051/0004-6361/202142276/56
http://linker.aanda.org/10.1051/0004-6361/202142276/57
http://linker.aanda.org/10.1051/0004-6361/202142276/58
http://linker.aanda.org/10.1051/0004-6361/202142276/59


A&A 657, L3 (2022)

Appendix A: Table

In the following Table A.1, the Group X members with ID
number, G magnitude, de-reddened colour, rotation period and

uncertainty, grade of confidence, and TESS sector of observa-
tions are listed.

Table A.1. Rotation periods of Group X candidate members.

Sequ. # TIC number G (G−K)0 P ± σ confidence TESS Sector
(mag) (mag) (d) grade

5 0334518873 16.025 3.962 6.9 ± 1.0 B 15
6 0136951754 14.773 3.675 0.98 ± 0.02 A 15/16/22
7 0155871409 16.881 4.006 0.217 ± 0.001 A 16/22
8 0155856633 8.973 1.212 5.08 ± 0.16 A 15/16/22
9 0142386740 15.576 3.869 0.788 ± 0.012 A 21/22
11 0417937937 16.224 3.879 1.042 ± 0.023 A 15
12? 0159159752 16.166 3.841 1.22 ± 0.03 A 15/16/22

6.5 ± 0.8 A 16/22
13 0142413357 16.019 3.905 1.01 ± 0.02 A 15/16/21/22
15? 0165454079 14.882 3.676 1.30 ± 0.03 A 15/16/22
16 0459220753 14.843 3.751 1.92 ± 0.07 A 15/16/22
17?a 0524500866 16.566 3.723 0.517 ± 0.005 A 15

0.405 ± 0.004 A
18 0459220751 15.652 3.957 1.10 ± 0.02 A 15/16/22
20 0459221489 13.006 3.012 6.9 ± 1.0 B 15/22
21 0459221499 7.513 0.653 0.373 ± 0.003 A 15/16/22
22 0165464384 14.846 3.609 4.09 ± 0.35 A 15/16/22
23 0446174335 15.170 3.725 3.60 ± 0.28 A 16/22/23
26 0158460920 16.041 3.845 0.81 ± 0.01 A 15
27? 0288454252 15.519 3.930 1.17 ± 0.03 A 16/22/23

0.587 ± 0.004 A
29?a 1001374231 15.710 3.602 1.97 ± 0.08 A 15/16/22
30?a 1001374230 15.444 3.512 0.487 ± 0.005 A 15/16/22
31 0332277847 15.307 3.714 6.13 ± 0.78 A 15/16
32 0141814573 15.578 3.650 1.40 ± 0.04 A 15/22
33 0311068695 16.206 3.699 0.633 ± 0.008 A 15/16/21/22
35 0311068638 11.854 2.382 8.9 ± 1.7 B 16
37 0288512352 15.273 3.977 0.496 ± 0.005 A 16/22/23
38 0332313010 14.343 3.610 4.23 ± 0.37 A 15/16/22/23
39 0332312964 9.580 1.341 4.98 ± 0.52 A 15/16/22/23

0.363 ± 0.004 A 15/16/22/23
40 0310995545 14.387 3.685 0.481 ± 0.005 A 16/22
41 0310996926 15.158 3.682 1.23 ± 0.03 A 15/16/22/23
42 0141819826 9.534 1.337 7.1 ± 1.2 B 16/15/22/23
43 0141819348 15.914 3.976 0.453 ± 0.004 A 15
45 0311001628 6.009 0.010 0.602 ± 0.008 A 16
46 0311001756 14.018 3.494 0.75 ± 0.02 A 15/16/22/23
47 0311002115 15.395 3.834 1.01 ± 0.02 A 15/16
48 0165407465 13.281 3.249 0.79 ± 0.01 A 16/22/23
49 0310338842 10.451 1.972 7.8 ± 1.2 A 15/16/22/23
50 0219032664 14.129 3.323 7.2 ± 1.1 B 16/23
51 0141861147 5.655 -0.121 1.38 ± 0.04 A 15/16/22/23
52 0141862036 13.944 3.510 0.560 ± 0.006 A 15/16/22
53 0219034610 16.524 4.075 0.1942 ± 0.0008 A 15/16
54 0141863294 10.808 1.937 8.1 ± 1.8 B 16/22
55 0219034788 15.352 3.788 1.85 ± 0.07 A 15/16/22/23
56 0141863170 16.361 3.943 1.51 ± 0.04 B 22
57 0219036430 14.063 3.388 2.87 ± 0.18 A 16/22/23
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Table A.1. continued.

Sequ. # TIC number G (G−K)0 P ± σ confidence TESS Sector
(mag) (mag) (d) grade

58 0141915639 14.343 3.536 0.369 ± 0.002 A 15/16/22
60 0219041670 14.105 3.455 5.61 ± 0.69 A 16/22
61 0467178971 16.465 3.956 1.87 ± 0.07 A 15/16/22/23
62 0219065608 15.942 3.898 0.86 ± 0.016 A 16/22/23
63 0441640476 16.5047 3.859 7.0 ± 1.0 A 22/16

0.464 ± 0.003 A 22/16
64 0332313458 16.022 3.903 0.566 ± 0.006 A 22/23
67 0154256770 15.771 3.776 1.04 ± 0.02 A 16/22
69 0198147567 13.259 3.121 6.49 ± 0.93 A 16/23
70 0198147621 16.828 4.043 0.79 ± 0.01 A 16/22
71 0233437236 10.223 1.638 6.9 ± 1.0 A 15/16/22/23
72 0233458510 14.707 3.660 6.44 ± 0.88 A 16
73 0441661202 16.729 4.028 0.389 ± 0.003 A 15
74 0198154161 11.066 2.145 9.3 ± 1.9 B 16
75 0023871511 13.510 3.215 4.45 ± 0.43 B 16
76 0233462658 12.032 2.552 9.5 ± 1.2 A 22/15
77 0010728867 11.047 1.923 7.6 ± 1.2 A 16/22/23
78 0441687813 13.891 3.365 5.83 ± 0.70 A 15
79 0332349583 15.789 3.889 5.80 ± 0.67 A 22
80 0166053959 8.185 0.867 0.88 ± 0.02 A 15/16
82 0168699315 15.759 3.832 0.530 ± 0.006 A 16/22/23
83 0309721363 15.515 3.806 1.89 ± 0.07 A 22/23
84 0309751966 14.992 3.630 1.57 ± 0.05 A 16/22/23
85 0441694341 17.133 4.030 0.442 ± 0.004 A 16/23
86 0166065826 15.925 3.910 0.665 ± 0.009 A 15
88 0310379752 6.544 0.166 0.561 ± 0.487 A 22
89 0168708111 14.614 3.845 1.23 ± 0.03 A 16
90 0441697195 15.440 3.752 3.01 ± 0.18 A 15/16
91?a 1001276338 9.975 1.576 6.21 ± 0.80 A 15/16/22/23
93 0445859773 8.425 0.947 1.28 ± 0.03 A 15/16
94 0310394393 15.011 3.643 1.36 ± 0.03 A 22/23
95 0313322899 6.886 0.307 0.546 ± 0.006 A 22
96 0154382743 13.754 3.247 7.6 ± 1.1 A 22
97 0154382045 14.498 3.508 4.67 ± 0.43 A 22/23/15/16
98 0441701176 15.685 3.824 0.74 ± 0.01 A 15/16/22/23
99 0445860782 14.968 3.656 9.9 ± 2.0 A 15/16
100 0441702640 13.784 3.276 0.82 ± 0.01 A 22/23
101 0441703294 12.340 2.661 9.00 ± 0.40 A 22
102 0166089535 7.131 1.057 3.14 ± 0.05 A 15/16/21/22
103 0441704140 14.348 3.729 5.47 ± 0.66 A 16
104 0441705536 16.279 4.090 0.67 ± 0.01 A 16/23
105 0459246945 9.524 1.283 4.27 ± 0.38 A 15/16/22/23
107 0441710042 13.671 3.247 3.77 ± 0.28 B 23
108? 0441709852 16.784 4.188 3.78 ± 0.31 A 16/23
109 0441711425 15.665 3.784 1.62 ± 0.05 A 16/23
112 0441711658 15.931 3.902 2.20 ± 0.10 A 16/22/23
115 0166177052 15.628 3.908 1.56 ± 0.05 A 15/16/22/23
116 0313338124 12.485 2.984 2.73 ± 0.15 A 15/16/23
117 0166179430 14.660 3.519 1.66 ± 0.05 A 15/16/22/23
119 0166180049 15.623 3.788 1.47 ± 0.04 A 15/16/21
122 0298162216 12.025 2.428 9.11 ± 0.58 A 16/15/22/23
123 0232980303 15.685 3.764 0.88 ± 0.01 A 15/16/22/23
124 0298163080 9.518 1.244 4.93 ± 0.50 A 15/22/23
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Table A.1. continued.

Sequ. # TIC number G (G−K)0 P ± σ confidence TESS Sector
(mag) (mag) (d) grade

125 0255807075 16.191 3.953 0.489 ± 0.005 A 16/22/23
126 0159613447 10.267 1.518 6.29 ± 0.82 A 15/16/21/22/23
127 0158462948 9.685 1.427 4.98 ± 0.51 A 15/16/22/23
129 0158496328 16.504 3.963 0.79 ± 0.01 A 16/15/22
130 0159628504 15.767 3.876 2.40 ± 0.12 A 15/16/22/23
133 0159631183 8.027 0.83 0.89 ± 0.01 A 15/16/22/23
134 0155899586 12.353 2.675 10.0 ± 2.0 B 23
135 0159636302 12.123 2.598 1.09 ± 0.02 A 15/16/22/23
136 0316420351 16.180 3.863 0.661 ± 0.009 A 15/16/22/23
137? 0316450376 16.229 3.847 0.40 ± 0.02 A 15/16/21

0.331 ± 0.003 A
138 0154357603 15.785 3.923 0.438 ± 0.004 A 16/22/23
139 0158541117 9.807 1.688 6.65 ± 0.88 A 22/15
140 0158563246 17.750 4.359 7.7 ± 1.2 A 15/16/22
141? 0282920711 16.630 3.944 0.695 ± 0.009 A 14/15/16/21/23

7.0 ± 1.0 A
143? 0161024760 10.089 1.609 6.48 ± 0.83 A 22/16/23
144 0310003595 12.626 2.761 7.7 ± 1.2 A 15/16/22/23
145 0158579468 11.521 2.126 7.9 ± 1.3 B 15
146 0161029191 9.817 1.355 5.34 ± 0.63 A 16/22/23
147 0158617635 16.223 3.823 0.570 ± 0.006 A 15/16/22/23
148? 1102311836 9.826 1.082 0.663 ± 0.006 A 15/16/22/23
149? 1102311837 8.139 1.102 4.64 ± 0.45 A 15/16/22/23
151 0462573387 11.859 2.306 3.71 ± 0.28 A 15/16/22/23
152 0462572935 11.742 2.222 8.8 ± 1.4 A 16
153 0137832480 9.276 1.144 3.57 ± 0.26 A 15/16/22/23
155 0137834492 7.363 0.359 0.1050 ± 0.0002 A 16/22/23
156 0137834173 14.564 3.396 2.87 ± 0.16 B 23
157 0137834385 15.488 3.765 2.50 ± 0.13 A 15/22/23
158 0137834559 9.502 1.499 5.37 ± 0.60 A 15/16/22/23
159?a 0202425640 11.511 2.211 9.23 ± 0.70 A 15/16/22/23
160 0137842121 17.289 4.056 0.220 ± 0.001 A 15/16/22/23
161 0137842286 16.737 3.990 0.646 ± 0.008 A 15/16/22/23
164 0232541198 10.368 1.448 5.21 ± 0.54 A 14/15/16/21/23
165 0165628355 12.182 2.580 9.21 ± 0.80 A 15/23
167? 1102236385 10.939 3.941 7.2 ± 1.1 A 16/22/23/24
169 0165651031 15.232 3.594 2.72 ± 0.15 A 15
170 0165651137 14.541 3.546 5.03 ± 0.52 A 15
171 0165650305 12.390 2.435 9.4 ± 1.9 B 16/23
172 0202468203 16.885 4.052 0.93 ± 0.01 A 14/15/16/21/23
173 0165652683 14.687 3.542 1.73 ± 0.06 A 16/22/24
174 0165652279 16.217 3.811 1.13 ± 0.02 A 23/16/24
175 0282940237 13.584 3.043 7.4 ± 1.1 A 14/15/16
177 0193969477 16.092 3.856 7.3 ± 1.1 A 16/23
179 0202490066 17.006 4.088 0.563 ± 0.006 B 15
180 0202503605 15.634 3.700 0.72 ± 0.01 A 15/22/24
181 0165715493 16.817 3.921 1.50 ± 0.05 A 16
182 0165719269 10.936 1.894 7.3 ± 1.2 A 16
183? 0193991974 16.071 3.958 1.014 ± 0.0923 A 24
184 0193991973 16.088 3.956 1.125 ± 0.004 A 16
187 0165735666 16.304 3.845 0.70 ± 0.01 A 16/24
188 0202510436 10.866 1.874 7.5 ± 1.2 A 15/16/22/23
190 0165791639 16.031 3.798 1.32 ± 0.03 A 16
192 0405526687 17.727 4.120 0.235 ± 0.001 A 15
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Table A.1. continued.

Sequ. # TIC number G (G−K)0 P ± σ confidence TESS Sector
(mag) (mag) (d) grade

193 0159769293 10.879 1.812 7.4 ± 1.2 A 16/23
196 0405580571 15.121 3.587 2.47 ± 0.13 A 16/22/23/24
197 0159784194 17.006 3.940 1.02 ± 0.02 A 16/23/24
200 0159838724 17.298 4.155 0.4270 ± 0.004 A 16
201 0161723105 15.028 3.653 2.05 ± 0.08 A 22/23/24
202 0161723004 16.816 4.008 0.81 ± 0.01 A 22
203 0159840416 16.822 4.041 0.546 ± 0.006 A 23/16/24
204 0286925711 12.708 2.572 9.8 ± 1.9 B 23
205 0161728466 13.431 2.923 6.49 ± 0.93 B 16/24
206 0159871552 14.833 3.450 5.40 ± 0.64 A 16/23/24
207 0159871737 9.733 1.420 4.58 ± 0.46 A 16/23/24
208? 0159871715 8.931 1.230 0.80 ± 0.047 A 24
209 0159873822 11.325 1.871 7.5 ± 1.2 A 16/23
210 0161744704 17.810 4.252 0.226 ± 0.001 A 24/16
211 0159879031 9.774 1.222 4.28 ± 0.40 A 16/23/24
213 0159922985 10.201 1.414 5.20 ± 0.54 A 23/16/24/25
214 0219479795 10.432 1.682 7.0 ± 1.0 B 23
217?a 0219503289 14.821 3.320 0.777 ± 0.003 A 24/25

Notes. The periods of #29&#30 and to #148&#149 are arbitrarily assigned, these systems being unresolved; ? unresolved systems in TESS
photometry; a (G−Ks)0 colour corrected for binarity.
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