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Open cluster remnants in the Gaia epoch
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ABSTRACT

Context. Most Galactic stars are born in large groups or stellar clusters, whose final stage before complete dissolution into the stellar
field is a collection of a handful of stars, most of which are binaries, called open cluster remnants (OCR).
Aims. This study aims to determine whether the potential OCR candidates Ruprecht 3, Ruprecht 31, and ESO 426 SC26 are true star
clusters by characterising their member stars based on kinematic and parallax data and studying their behaviour relative to the stellar
background.
Methods. We used independent radial velocity measurements of thirty-eight stars from the FEROS and FIDEOS spectrographs, as
well as precise astrometry from Gaia DR3.
Results. The radial velocity analysis shows a relatively low number of binary stars among our selected targets. Furthermore, the
analysis of parallaxes, proper motions, and radial velocities shows no evidence of a kinematically and spatially consistent stellar
group in the analysed fields. Additionally, we find that the original overdensity measurements are driven only by bright stars, as there
is no excess of faint stars within the observed regions. We tested our methods using the well-known OCR NGC 1901.
Conclusions. We conclude that none of our three candidates are true OCRs but most likely asterisms. NGC 1901 is a 500±100 Myr-old
cluster remnant located 418±6 pc from the Sun composed of no more than 20-25 stars within a 10′ radius from the centre.

Key words. (Galaxy:) open clusters and associations: general – (Galaxy:) open clusters and associations: individual: NGC1901 –
Galaxy: stellar content

1. Introduction

It is generally accepted that the vast majority of field stars
in the Milky Way are born within star clusters (see e.g.
Lada & Lada 2003; Hopkins 2013). Upon formation, these struc-
tures gradually dissolve, allowing their constituent stars to es-
cape into the field at a rate that depends both on the num-
ber of member stars and on the distance from the Galactic
centre. The early theoretical works of Ambartsumian (1938)
and Spitzer Jr (1940) showed that star clusters cannot evap-
orate completely, and remnants of a few stars may remain.
Shorter-lived open clusters should theoretically leave behind
small residual structures called open cluster remnants (OCRs).
These consist of just a few dozen stars that survive the disso-
lution processes (Van Den Berk et al. 2007; Kouwenhoven et al.
2010; Moeckel & Clarke 2011; Reipurth & Mikkola 2012).

Early N-body simulations showed that the evaporation
rate of open clusters starts slowly, then gradually accelerates,
and slows again in the later stages of dynamical evolution
(Von Hoerner 1960, 1963; Aarseth 1967; van Albada 1968).
Later studies revealed more characteristics typical of OCRs,
such as: i) a large fraction of binaries or multiple star systems; ii)
a paucity of low-mass stars, which are the first to evaporate from
the cluster; iii) a lifespan of several gigayears, which indicates a

? Based on observations made with ESO Telescopes at the La Silla
Paranal Observatory under programme ID 086.D-0963, and on obser-
vations collected by UCN at the ESO 1m telescope at the ESO La Silla
Observatory.

stable remnant (de La Fuente Marcos 1997; de la Fuente Marcos
1998). All of these characteristics distinguish OCRs from very
low-mass open clusters.

Open cluster remnants (OCRs) are nearly indistinguishable
from the field, making them very difficult to identify and study.
This has led to an unsatisfactory situation in which the final
phases of the cluster evolution are very well understood only
in theory, while observational evidence is lacking. Attempts to
identify OCRs date back to van Albada (1968) and Lodén (1987,
1988, 1993), and later extensive lists of potential OCRs have
since been proposed in the literature (see e.g. Bica et al. 2001;
Pavani & Bica 2007; Pavani et al. 2011). However, most of them
have not survived deeper kinematical and spectroscopic anal-
yses and have turned out to be mere asterisms (Stefanik et al.
1997; Baumgardt 1998; Odenkirchen & Soubiran 2002;
Villanova et al. 2004; Carraro et al. 2005; Moni Bidin et al.
2010; Cantat-Gaudin & Anders 2020). Some authors have
claimed confirmation of certain candidates (e.g. Pavani et al.
2001; de la Fuente Marcos et al. 2013; Angelo et al. 2019),
but so far only one object has been uniformly recog-
nised as genuine OCR in the literature (NGC 1901
Pavani et al. 2001; Pavani & Bica 2007; Carraro et al. 2007;
Cantat-Gaudin & Anders 2020; Kos et al. 2018; Angelo et al.
2019).

Candidate OCRs are initially identified by slight over-
densities in the number of stars compared to the Galactic field
(see Lodén 1987, 1988, 1993, for early studies), which follow
a distinctive sequence in colour-magnitude diagrams (CMDs,
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Bica et al. 2001; Pavani & Bica 2007). However, proper motions
and parallaxes must also be consistent. These criteria are es-
pecially difficult to evaluate in crowded fields due to the low
number of member stars. Despite these challenges, interest has
increased in recent years due to the role that cluster evapora-
tion plays in the formation of field stars in the Galactic disc
(Carraro 2002, 2006; Villanova et al. 2004; Moni Bidin et al.
2010; Pavani et al. 2011). With the third data release (DR3) from
the Gaia mission (Gaia Collaboration 2016), which includes pre-
cise measurements of proper motions, parallaxes, and multi-
epoch radial velocities (RVs), a new era has begun in the study
of OCRs has begun.

In this study, we revisit three high-likelihood OCRs:
Ruprecht 3, Ruprecht 31, and ESO 426 SC26. These relatively
compact concentrations of stars were proposed by Pavani & Bica
(2007) as OCR candidates. The authors selected the members
primarily based on photometric data from the Two Micron
All Sky Survey (2MASS; Skrutskie et al. 2006), obtaining dis-
tance, age, and reddening through isochrone fitting. Angelo et al.
(2019) confirm the OCR nature of all three objects, although
different conclusions have been drawn in the literature for
Ruprecht 3. Our study aims to determine whether our three OCR
candidates behave as true stellar clusters based on kinematic and
parallax data from Gaia DR3. We also aim to determine the num-
ber of binary or multiple systems within each candidate using RV
measurements from different epochs. We included NGC 1901 in
our analysis to test our methods on a previously-confirmed, well-
known, genuine OCR.

2. Observations and data reduction

We selected the target stars from the 2MASS photometry
as the brightest objects fitting the isochrones presented in
Pavani & Bica (2007). We collected echelle spectra of thirty-
eight stars in the field of our three OCR candidates between De-
cember 18-22, 2010 with the Fiber-fed Extended Range Opti-
cal Spectrograph (FEROS; Kaufer et al. 1999) on the MPG/ESO
2.2-m telescope at the La Silla Observatory. Exposure times
ranged between 100 and 2700 s, according to the target mag-
nitude, resulting in a signal-to-noise ratio of S/N≈20-60. We as-
signed the second fibre to the sky background, which we sub-
tracted from the target spectra during data reduction. We ac-
quired a set of second-epoch spectra of lower quality (S/N≈10-
30) for the six brightest stars with 3600s exposures using the FI-
bre Dual Echelle Spectrograph instrument (FIDEOS; Vanzi et al.
2018) on the ESO 1-m telescope also at the La Silla Observatory,
on 31 March 2023 and 1 April 2023. A sky fibre was not avail-
able with FIDEOS. During the observations, a one-quarter Moon
was above the horizon but always more than 60◦ from the tar-
gets, and we expected no significant background contamination.
In addition, we used the Collection of Elemental Routines for
Echelle Spectra pipeline (CERES Brahm et al. 2017), which cor-
rectly estimates and manages systematics in RV measurements
caused by a bright background. We used these results to confirm
that our RV measurements were not affected by the lack of sky
subtraction during data reduction.

We reduced the FEROS data with both the dedicated FEROS
data reduction system (DRS) and with standard IRAF1 routines.
As discussed in de la Fuente Marcos et al. (2013), we found

1 IRAF (Image Reduction and Analysis Facility) is distributed by the
National Optical Astronomy Observatories, which are operated by the
Association of Universities for Research in Astronomy, Inc., under co-
operative agreement with the National Science Foundation.

Table 1. Comparison of the RVs of our FIDEOS targets from the Gaia
catalogue, the values returned by the CERES pipeline, and our IRAF
results.

ID Gaia IRAF CERES
km s−1 km s−1 km s−1

Ruprecht 3
1 54.0±0.2 54.1±0.4 53.99±0.01
2 45.7±0.2 45.5±0.8 45.90±0.03

Ruprecht 31
1 28.1±1.8 −5.8±3.2 54.39±0.28
2 - 3.6±4.6 14.8±0.30
4 −5.9±0.2 −5.7±0.2 −6.09±0.01

ESO 426 SC26
6 21.1±0.2 21.5±0.1 21.19±0.01

no substantial differences between the results and eventually
adopted the DRS-reduced and order-merged spectra for our anal-
ysis. These were reduced to the 3500–7500 range Å and nor-
malised with IRAF tasks. We removed cosmic rays by means
of a sigma-clipping algorithm implemented in a Python-based
script developed in this work. We reduced the FIDEOS spectra
with CERES, which included the removal of cosmic rays and
continuum normalisation.

We complemented our spectroscopic data with proper mo-
tion, parallax, and multi-epoch average RVs from the Gaia
DR3 catalogue. We downloaded information for all Gaia DR3
sources within 18′ from the centre of ESO 426 SC26 indicated
in Pavani & Bica (2007), and 12′ from the centre of Ruprecht 3
and Ruprecht 31. We also retrieved similar Gaia DR3 data for
NGC 1901, up to 10′ from its centre, although this cluster was
not the target of new spectroscopic observations.

3. Spectroscopic measurements

3.1. Radial velocities

We measured the RVs of the target stars by cross-correlating
(Simkin 1974; Tonry & Davis 1979) our spectra with synthetic
templates extracted from the synthetic library of Coelho (2014).
We selected templates with solar metallicity and no alpha-
enhancement, and effective temperatures between 4500 K and
20000 K. We repeated each RV measurement while varying
the template temperature to identify the best match to the ob-
ject spectrum, as indicated by a higher peak of the cross-
correlation (CC) function and a lower measurement error. We
cross-correlated most targets with synthetic spectra with log g =
4.0, a value typical for main sequence (MS) objects, but we used
log g = 2.0 for cool stars, and this improved the results. How-
ever, previous investigations have shown that a slight mismatch
between the object and the template does not cause systematic
errors, although it may slightly enhance the resulting random
uncertainties (Morse et al. 1991; Moni Bidin et al. 2011).

We employed the IRAF fxcor task to calculate the CC func-
tion and to estimate the position of its peak by means of a Gaus-
sian fit of its highest portion. We used a parabolic function when
the peak profile was too far from Gaussian. We found that the
formal error returned by fxcor is a factor of two lower when a
parabolic fit is used. Hence, to keep the uncertainties consistent
for all targets, we multiplied the error by two when a parabolic
fit was used. Table A.1 presents the results of our RV measure-
ments, together with Gaia data.
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The CERES pipeline automatically measured the RVs of the
FIDEOS targets during data reduction. Table 1 lists the results
and compares them with the values extracted from the Gaia
catalogue and with our IRAF measurements. The CERES RVs
closely match both alternative estimates, except for the two hot
stars Ruprecht 31-#1 and Ruprecht 31-#2. In fact, CERES does
not include appropriate templates to handle hot-star spectra and,
as a consequence, the RVs derived for hot objects are not reli-
able. The errors returned by CERES are one order of magnitude
smaller than those obtained with the fxcor IRAF task. How-
ever, the data do not indicate that CERES errors are underesti-
mated, because the differences between CERES and Gaia values
are small and are fully accounted for by Gaia uncertainties.

The measurements obtained with FEROS and FIDEOS spec-
tra agree in all cases except for the aforementioned two hot stars.
The FEROS errors are noticeably smaller, although we used the
same method and templates and both instruments provide a sim-
ilar resolution. The difference is attributed to the much lower
spectral S/N achieved with FIDEOS.

3.2. Metallicities

The chemical composition is another powerful tool that, com-
bined with kinematic information, can indicate the presence of
a coherent structure (e.g. Moni Bidin et al. 2010). We therefore
inspected a list of ∼150 iron lines relatively free of blending
between 5400 and 6800 Å in each FEROS spectrum and mea-
sured their equivalent widths whenever a line was clearly de-
tected and not saturated. However, the number of available lines
was often too small to derive stellar atmospheric parameters (ef-
fective temperature Teff , surface gravity log(g), and microturbu-
lence vt). We therefore adopted the photometric Teff and log(g)
from the Gaia catalogue for all stars and fixed vt to a typical
value depending on log(g) (1.5 and 2.0 km s−1 for the MS and
giant stars, respectively). After removing spectra of too low qual-
ity (S/N≤30), hot stars (whose optical spectra contained no iron
lines), and a few stars with no atmospheric parameters in Gaia
catalogue, we were left with only two stars in Ruprecht 3 and
three in Ruprecht 31. This sample is too small to add any use-
ful information to the kinematic analysis. In ESO 426 SC26 we
measured

[
Fe
H

]
for seven objects, but we obtained values between

−0.50 and −0.15 dex, within 2.4σ of each other. This is compati-
ble both with a general field population and with a stellar cluster.
These results are inconclusive and do not add information to the
kinematical results. We therefore excluded the chemical study
from further analysis in this work.

3.3. RV variable stars

The Gaia RVs reported in Table A.1 are averages of several mea-
surements, between 15 and 20 for most of our stars, over a pe-
riod of three years. The associated uncertainties are the statisti-
cal errors on the mean, which depend on the dispersion of the
individual measurements. Intrinsic RV variability can enhance
this value well beyond typical observational errors because it in-
troduces an intrinsic spread. However, this also increases with
magnitude and with decreasing colour, as shown in Fig. 1, be-
cause the measurement uncertainties are larger for fainter stars
and bluer objects. As a consequence, an anomalously high Gaia
error on the mean could suggest that a target star is a binary, but
it is not necessarily direct evidence.

Among the six FIDEOS targets, Ruprecht 31-#1 is clearly a
binary star because the Gaia, FEROS, and FIDEOS results dif-

Fig. 1. Gaia error on the mean RV as a function of stellar colour (BP-
RP; top) and G magnitude (bottom).

fer well beyond the measurement errors. Ruprecht 31-#2 is also
most likely a binary because, although it was not targeted by
Gaia, the RVs measured with FEROS and FIDEOS are notice-
ably different. In this context, we performed all measurements
with the same algorithm and templates, thus minimising sys-
tematics between the two data sets. The lower boundary of the
FIDEOS spectra is at 4100 Å, which means that for hot stars
such as Ruprecht 31-#2, only two Balmer lines are available for
RV measurements. However, we verified that the difference be-
tween the two estimates remains unchanged even when limit-
ing the FEROS CC to the same wavelength range available for
FIDEOS. The other four stars targeted by FIDEOS are likely
single stars, because Gaia, FEROS, and FIDEOS measurements
differ by ∼1 km s−1 at most, and the Gaia uncertainties are very
small (0.2 km s−1), suggesting a very low dispersion of Gaia
measurements between epochs.

Of the 32 stars observed with FEROS but not with FIDEOS,
two have no RV reported in the Gaia catalogue (Ruprecht 31-
#8 and Ruprecht 31-#9), and our single-epoch measurements are
not sufficient to study possible RV variations. The FEROS RV of
11 targets differs from the Gaia average by less than 1σ and/or
0.5 km s−1, and those of seven more by less than 2σ and/or
1.5 km s−1. In addition, their Gaia uncertainties are small, in-
dicating that the Gaia measurements are also stable. The only
exception is Ruprecht 3-#6, whose Gaia error is very large. We
conclude that these seventeen stars are most likely single ob-
jects, while Ruprecht 3-#6 is a binary star whose single-epoch
FEROS measurement happened to be close to the systemic RV
by chance.

The stars Ruprecht 3-#5, Ruprecht 31-#7, Ruprecht 31-#11,
ESO 426 SC26-#4, and ESO 426 SC26-#11 are clear binary sys-
tems because their FEROS measurement differs from the Gaia
average by more than 5σ and 8 km s−1, and their Gaia uncer-
tainties are unusually large for their magnitude and colour. The
nature of the remaining seven stars is more uncertain. The dif-
ference between the FEROS RVs and the Gaia average is lim-
ited for these stars (3.5-5.5 km s−1), but large compared to the
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Fig. 2. Radial density profile of the candidate OCRs. The blue and red
symbols show the stellar density for stars with G≤15 and G≥15, respec-
tively.

FEROS errors (≥ 4σ). They generally have large Gaia uncer-
tainties, which could be explained by their faint magnitudes.

4. Gaia database

All four OCR candidates stand out from the Galactic background
as local over-densities of bright stars. Hence, we first studied
these clumps of bright stars, looking for a group of objects
with similar kinematic properties and distance. If found, these
would serve as seeds for identifying additional cluster members
at fainter magnitudes. We also ran an automatic code on the Gaia
data to search for stars with coherent properties that may have
escaped the initial analysis. We begin our analysis with the test
case of NGC 1901.

4.1. NGC 1901

NGC 1901 is a well-known OCR, confirmed by spectroscopic
and astrometric data in previous independent studies. We there-
fore used it to test the efficiency of our analysis, the detectability
of true OCRs, and their behaviour in Gaia DR3 data.

The Gaia data show an overdensity of bright (G≤15) stars at
the position of NGC 1901, extending up to 2′.5 from the centre,
as shown in the top panel of Fig. 2. This overdensity is composed
of 17 stars, 12 in excess of the general background density es-
timated at r≥ 4′, with a statistical significance of 5.5σ. The top
panel of Fig. 3 shows the Gaia proper motions and parallax of

these seventeen bright stars. Within this area, we identify a group
of three objects with extremely similar proper motions and paral-
laxes, clearly visible at π ≈ 2.4 mas. We report on their Gaia data
in the first three lines of Table 2. We took the metallicities from
the Gaia-based catalogue of Anders et al. (2022). Their RVs are
also coincident. A fourth star (#4 in Table 2) is also part of this
group because its larger parallax is still compatible within the
large uncertainty. At the distance of these stars, a proper motion
of 1 mas yr−1 corresponds to a linear velocity of only 2 km s−1,
while the internal velocity dispersion in an OC is typically of the
order of 1 km s−1 (e.g. Ikhsan et al. 2019; Kulesh et al. 2024). As
a consequence, a dispersion in µ∗α and µδ must be allowed well
beyond the small Gaia errors. Two more objects should be con-
sidered possible members: star #14, whose velocity components
closely match those of cluster stars despite its lower parallax,
and star #15, whose properties are compatible with membership
except for a slightly lower µ∗α.

Having identified a handful of probable cluster stars within
the overdensity area, we searched for more objects with similar
properties in the complete Gaia catalogue. We find nine addi-
tional stars with µ∗α and µδ within 2σ or 0.5 mas yr−1, πwithin 2σ
or 0.1 mas, and RV within 2σ of the mean values of the four stars
(stars #5 to #13 in Table 2). One more object complies with these
constraints but is classified only as a possible member due to its
distinct metallicity (star #16). In general, we find 124 stars with
|∆RV| < 20 km s−1, |∆µ∗α|,|∆µδ| < 10 mas yr−1, and |∆π| < 1 mas.
However, despite these extremely weak constraints, only eight of
them are found in the CMD close to the sequence formed by the
13 already identified members, with all the others being much
fainter. We report these eight stars as possible members in Ta-
ble 2 (objects #17 to #24). We find that the metallicities of the
cluster members are all consistent within errors and very similar
overall, while we find a larger spread between the stars identi-
fied as less likely members. The weighted mean metallicity of
the cluster members is

[
M
H

]
= −0.43 ± 0.06.

In conclusion, we clearly detect the OCR in Gaia data
through the presence of 13 stars with very similar distance, kine-
matics, and metallicity. We note that Table 2 includes all 14 clus-
ter members indicated by Carraro et al. (2007), although we re-
classify five here as less probable members. We add seven fainter
stars, in particular three highly probable members (stars #10 to
#12).

4.2. Ruprecht 3

We find no group of stars with similar kinematic properties
among our nine spectroscopic targets (see Table A.1) except, to
some extent, stars #4, #6, and #9, which have relatively similar
parallaxes and proper motions. We selected these targets from
the potential members reported by Pavani & Bica (2007). Using
these three objects as a seed to detect a kinematically coherent
structure, we selected all stars in Gaia photometry with proper
motion components within 0.5 mas yr−1 of those of the three
stars and π = 0.5 − 0.8 mas. However, the 33 stars that we se-
lected do not clump at the cluster position, nor do they form a
clear sequence in the CMD, as shown in Fig. 4. Their spatial dis-
tribution and photometric properties are indistinguishable from
those of field stars in the same parallax range.

Pavani & Bica (2007) detected a highly significant overden-
sity of stars at the position of Ruprecht 3, limited to within 1-2′
of the centre. Using Gaia’s deeper photometry, we confirm the
existence of this overdensity, which is due to a clump of bright
stars, as shown in the radial density profile in Fig. 2: a higher
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Table 2. Gaia data for member stars in NGC 1901.

ID RA DEC G (B − R) µ∗α µδ π RV [ M
H ]

(mas yr−1) (mas yr−1) (mas) (km s−1) (dex)
Members

1 5:18:22.5 −68:28:01.6 10.19 0.30 2.47±0.02 12.73±0.02 2.40±0.02 0.9±1.8 −0.51 ± 0.23
2 5:18:12.0 −68:25:36.3 10.34 0.34 1.76±0.02 12.76±0.02 2.40±0.01 2.7±2.9 −0.61 ± 0.30
3 5:18:19.2 −68:26:25.1 12.48 0.74 1.58±0.02 12.86±0.02 2.39±0.01 1.4±1.1 −0.92 ± 0.36
4 5:18:29.5 −68:27:13.8 11.48 0.68 2.59±0.17 12.56±0.19 2.57±0.15 0.5±1.6 −0.54 ± 0.26
5 5:18:02.1 −68:21:19.5 9.22 0.26 1.87±0.02 12.82±0.02 2.46±0.01 - −0.62 ± 0.17
6 5:18:52.9 −68:34:13.3 10.37 0.32 1.70±0.01 12.80±0.02 2.40±0.01 3.6±2.3 −0.41 ± 0.25
7 5:17:35.8 −68:21:47.1 10.82 0.45 1.84±0.01 12.79±0.02 2.41±0.01 5.9±3.6 −0.51 ± 0.30
8 5:18:42.7 −68:27:32.7 11.48 0.58 1.87±0.01 12.65±0.02 2.41±0.01 - −0.53 ± 0.22
9 5:17:59.2 −68:31:27.7 10.41 0.35 1.78±0.02 12.28±0.02 2.43±0.02 5.5±3.1 −0.42 ± 0.16
10 5:16:37.5 −68:24:48.9 13.52 1.09 1.48±0.04 13.03±0.04 2.33±0.04 −1.6±3.5 −0.14 ± 0.15
11 5:19:54.1 −68:28:03.6 15.88 1.71 1.42±0.04 12.79±0.04 2.43±0.03 - -
12 5:16:52.5 −68:30:13.9 16.12 1.82 1.51±0.05 12.77±0.05 2.36±0.04 - −0.43 ± 0.06
13 5:19:10.7 −68:34:51.7 9.84 0.34 1.57±0.02 12.53±0.02 2.42±0.01 - −0.20 ± 0.30

Possible members
14 5:18:03.3 −68:27:56.7 8.22 0.94 1.72±0.03 12.57±0.03 1.63±0.03 2.0±0.7 −1.67 ± 0.16
15 5:17:51.4 −68:26:08.3 13.40 1.02 −0.34±0.16 13.51±0.16 2.23±0.13 2.8±3.1 −0.92 ± 0.21
16 5:16:34.3 −68:26:59.2 17.31 2.40 1.68±0.09 12.68±0.08 2.50±0.06 - −0.10 ± 0.01
17 5:17:23.0 −68:28:19.1 9.14 0.21 1.45±0.02 12.17±0.02 2.39±0.01 −3.6±1.1 −0.39 ± 0.23
18 5:19:05.2 −68:30:45.8 12.16 0.69 3.07±0.02 14.18±0.03 2.34±0.02 2.7±3.1 −0.36 ± 0.07
19 5:16:50.0 −68:30:31.3 15.85 1.71 8.96±0.04 13.83±0.04 2.11±0.03 - +0.02 ± 0.04
20 5:19:22.6 −68:27:23.1 12.59 0.80 −1.69±0.05 13.73±0.06 2.04±0.05 2.9±1.1 −0.79 ± 0.39
21 5:19:21.4 −68:19:30.3 17.54 2.23 3.55±0.08 13.07±0.10 1.45±0.07 - -
22 5:17:45.9 −68:20:46.5 15.77 1.73 −1.50±0.03 20.86±0.04 2.65±0.03 - −0.65 ± 0.17
23 5:19:51.1 −68:24:55.6 14.12 1.18 1.51±0.02 17.82±0.02 2.86±0.02 16.0±3.2 −0.70 ± 0.16
24 5:18:16.7 −68:25:10.4 11.22 0.65 1.72±0.02 9.47±0.02 2.73±0.01 18.1±0.6 −0.20 ± 0.10

central density within the inner 1′ is clearly visible for stars with
G≤15, while it is completely absent for fainter objects. However,
owing to the general scarcity of bright sources, this overdensity
comprises only eleven stars, approximately six more than the
mean field stellar count, corresponding to only a 2σ excess under
the assumption of a Poissonian statistic for the field fluctuations.
Fig. 3 shows the kinematical properties of these eleven stars, ex-
cept for #3, which falls outside the plot due to its large parallax.
A group of four objects with π ≈ 0.65 mas, µ∗α ≈ −2.5 mas yr−1,
and µδ ≈ 2.0 mas yr−1 is visible. However, this group includes
the same stars( #4, #6, and #9) analysed above, and we find that
they do not indicate the presence of an OCR.

4.3. Ruprecht 31

There are no similarities in the kinematical properties of our
eleven spectroscopic targets that indicate the presence of an
OCR. Gaia photometry detects a clump of sixteen bright (G≤15)
stars within r≤ 2′.5 from the position of Ruprecht 31 indicated
by Pavani & Bica (2007), as shown in Fig 2, while fainter stars
do not clump at all at that position. This overdensity of bright
stars stands out from the background with a significance of only
≈ 2.8σ. It includes all our spectroscopic targets reported in Ta-
ble A.1, except #8 and #9, which are excluded because they are
fainter than our magnitude cut (G≤15).

Star #2 has no Gaia astrometry, so we exclude it from fur-
ther analysis. Interestingly, four of the remaining 15 objects have
similar RV (61-68 km s−1), including the spectroscopic targets
#3, #5, and #6 in Table A.1, plus an additional star not targeted
in this work (RV=66.9±1.5 km s−1). However, Fig. 3 shows
the kinematical properties of these fifteen stars, which do not
show any clear similarity: the stars are scattered over a wide
range of parallaxes, and their proper motion components differ

significantly. Hence, we find no kinematically coherent group
of stars among the bright objects that clump at the position of
Ruprecht 31.

4.4. ESO 426 SC26

Our observations of ESO 426 SC26 were more extensive than
for the other two clusters: we targeted 18 stars, 60% more than
in Ruprecht 31 and twice the number of targets observed in
Ruprecht 3. One star in the Gaia catalogue that was not observed
in our spectroscopic runs is located only 10′′.8 from target #15.
Its magnitude G=13.33, parallax π = 2.59 ± 0.01 mas, proper
motion (µ∗α, µδ) = (−0.40 ± 0.01, 17.36 ± 0.01) mas yr−1, and
RV=40.9±1.6 km s−1 are almost identical to those of object #15.
From their distance and photometry we deduce that the mass of
these two stars is approximately 0.9 M�, and their physical sep-
aration is 4150 ± 20 AU. However, no other star in the Gaia cat-
alogue shares the same astrometric properties as these two stars,
so these must be regarded as a possible wide binary rather than
part of a stellar system.

As with both Ruprecht 3 and Ruprecht 31, Gaia photom-
etry shows a relevant overdensity (3.7σ) at the position of
ESO 426 SC26. This overdensity is formed by 14 stars brighter
than G=15 in the inner 2′ from the centre, as shown in Fig. 2.
This corresponds to 11 stars in excess of the mean field den-
sity. However, the Gaia parallaxes and proper motions of these
14 stars are highly dispersed, and we find no group with similar
properties among them (Fig. 3).

From Table A.1, we find no group of stars with similar dis-
tances and kinematic properties, except possibly targets #6 and
#16, whose proper motions and parallaxes are only marginally
similar. To investigate this further, we selected stars with µ∗α and
µδ within 1 mas yr−1 of their values and parallaxes in the range
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Fig. 3. Proper motion components µ∗α (blue symbols) and µδ (red sym-
bols) as a function of parallax, for bright stars (G≤15) within the radial
distance indicated in each panel.

π = 0.66 − 0.86 mas, as shown in Fig. 4. These 24 stars are
scattered both spatially and in the CMD, and their distribution
closely follows that of field stars in the same parallax range. In
conclusion, we find no evidence for a stellar cluster in this field.

4.5. Overdensity search code

Angelo et al. (2019) used a decontamination algorithm to iden-
tify the most probable members of Ruprecht 3, Ruprecht 31, and
ESO 426 SC26 using Gaia DR2 astrometric parameters. The au-
thors reported 14 members for Ruprecht 3, 15 for Ruprecht 31,
and 19 for ESO 426 SC26. We ran the algorithm described in
Angelo et al. (2019), which follows similar procedures to those
adopted in Dias et al. (2012, 2018), and Angelo et al. (2017), to
identify cluster members using the updated Gaia DR3 astromet-
ric parameters. In short, the algorithm divides the 3D astromet-
ric space into grids whose cells contain stars in both the cluster
and field regions, defined as the region beyond three times the
cluster radius. The cell size is initially proportional to the mean
uncertainties in each axis and then increases and decreases by
one-third of the original value. In this way, the algorithm runs 27
different sets of grids. It computes a membership probability for
those astrometric cells in which the stars in the cluster area are
more concentrated than those in the field area (see Angelo et al.
2019, for more details). A visual inspection of the most likely
members in the CMD reveals the presence of a group of stars
consistent with a stellar cluster.

Fig. 4. Spatial distribution (left subpanels) and CMD (right subpanels)
of stars with similar astrometric parameters (red dots) in the field of
Ruprecht 3 (top panel) and ESO 426 SC26 (bottom panel), compared
with all field stars in the same parallax range (grey dots).

We tested the algorithm on known open clusters in both
sparse and crowded fields and improved its performance. We
found that the algorithm is sensitive to the sampling ranges used
and the size of the grids. In several cases, the edges of the grids
divide the group of cluster stars into different cells, thus signif-
icantly decreasing their statistical weight. To account for these
effects, we introduced additional sets of grids to the algorithm,
with the original cell size multiplied by a factor of 2.5; each cell
was then increased and decreased by one-third of its size. We ob-
tained the final probability value after running 729 different sets
of grids, which makes the algorithm statistically more robust.

We first applied the procedure to the known OCR NGC 1901,
and it correctly returned the 16 tightest member stars in astro-
metric space with high membership likelihoods. As expected,
they form a clear MS in the CMD. Fig. 6 (bottom row) shows the
results, where the yellow circles represent the stars with the high-
est probabilities. We also plot the target stars of Table 2 in the
same figure, to illustrate the good agreement with the methodol-
ogy.

We could not obtain similar results for the other three OCR
candidates. Fig. 6 shows that the tightest group of stars in 3D
astrometric space in the cluster area is very sparse, their distri-
bution is not distinct from the field, and they do not form a clear
sequence in the CMD. The comparison between the well-known
OCR NGC 1901 and the other three candidates is particularly
striking. As a second check, we carefully inspected the distri-
bution in the proper motions and CMDs for each group of stars
falling in bins of sizes of 0.1 mas and 0.2 mas in the parallax
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Fig. 5. Probability distribution (solid curves) and cumulative probabil-
ity distribution (dashed curves) of the intrinsic binary fraction resulting
from our spectroscopic study for Ruprecht 3 (red curves), Ruprecht 31
(black curves), and ESO 426 SC26 (green curves).

distribution within the cluster area. We find no evidence of any
potential OCR stellar association.

5. Discussion

We analysed the properties of the stars in the field of four can-
didate OCRs, searching for evidence of a spatially and kinemat-
ically coherent group. We clearly detect NGC 1901 in every at-
tempt. In contrast, we find no evidence of an OCR at the posi-
tions of Ruprecht 3, Ruprecht 31, and ESO 426 SC26.

Theoretical studies have shown that single stars are the first
objects to evaporate from a dissolving cluster, leaving behind
an OCR mainly composed of binary stars (de La Fuente Marcos
1997; de la Fuente Marcos 1998). Carraro et al. (2007) observa-
tionally confirmed this result, finding a binary fraction greater
than 62% in the genuine OCR NGC 1901.

In our spectroscopic study, we detect two binaries out of
five stars in Ruprecht 3, four out of nine in Ruprecht 31, and
two out of fifteen in ESO 426 SC26 (last column of Ta-
ble A.1). Fig. 5 shows the resulting probability and cumula-
tive probability distributions as a function of the intrinsic bi-
nary fraction. The most probable fraction for Ruprecht 3 and
Ruprecht 31 is ∼40-45%, a value typical of intermediate-mass
stars in the generic Galactic field (e.g. Duchêne & Kraus 2013;
GRAVITY Collaboration et al. 2018). The probability distribu-
tion functions are broad because of the limited sample size, but
there is only a 10% probability of a binary fraction higher than
65%. The results for ESO 426 SC26 are more constrained due
the larger sample size, and indicate an even lower binary frac-
tion. In conclusion, our spectroscopic analysis finds no evidence
of the enhanced binary fraction that would be expected in the
presence of an OCR, although due to the limited sample size,
we cannot draw firm conclusions. However, we note that we
did not target any of the candidates of Angelo et al. (2019) in
our spectroscopic study, as we selected our targets from the list
of Pavani & Bica (2007), which does not have stars in common
with this more recent work.

NGC 1901 is extensively studied in the literature and to date
is the only OCR that has been confirmed without controversy
by all previous work (Pavani et al. 2001; Pavani & Bica 2007;
Carraro et al. 2007; Cantat-Gaudin & Anders 2020; Kos et al.
2018; Angelo et al. 2019). We find that despite its ease of de-
tection, it contains no more than 20-25 stars within 10′ of the
centre. Carraro et al. (2007) and Kos et al. (2018) obtained simi-

lar results, finding 27 stars with membership probabilities higher
than 70%, which are reduced to 23 objects when radial velocities
are taken into account.

The mean distance of the 13 cluster members, taken from
the Bailer-Jones et al. (2021) catalogue, is d=418 ± 6 pc, where
the error corresponds to the standard deviation of the measure-
ments. This result agrees with previous studies, although our
uncertainty is smaller thanks to the high quality of the Gaia
data. In contrast, the Anders et al. (2022) photometric metal-
licities reported in Table 2 are noticeably lower than previous
estimates by Carraro et al. (2007, [ Fe

H ] = −0.08) and Kos et al.
(2018, [ Fe

H ] = −0.27). However, the spectroscopic measurement
of Carraro et al. (2007) was based only on the star HD35294
(star #14 in Table 2), whose cluster membership is doubtful due
to its low parallax. Similarly, the cluster age is uncertain if this
star is not considered a cluster member, as this is the only object
evolved off the MS. We fitted a Padova isochrone (Bressan et al.
2012) to the sequence of the most probable cluster members, as-
suming the previously derived cluster distance and solar metal-
licity, which is reasonable for an object so close to the Sun. We
find that a 500 Myr isochrone fits the cluster sequence reason-
ably well for a reddening E(BP − RP)= 0.07 ± 0.01, which im-
plies E(B−V)= 0.05±0.01, in line with the Carraro et al. (2007)
estimate (E(B−V)= 0.04± 0.01). The 500 Myr model fails to fit
the presumed subgiant star HD35294, but it follows the MS dis-
tribution well when accounting for the fact that the two bright-
est stars are binaries (Carraro et al. 2007). Including HD35294
leads to an older age of 600 Myr, as shown in Fig. 7. We there-
fore conclude that our best estimate of the age of the cluster is
500±100 Myr, where the error is derived from the isochrones
that still fit the upper MS reasonably well. Our results indicate an
age older than the 400±100 Myr found by Carraro et al. (2007),
but still younger than the 690±80 Myr obtained by Kos et al.
(2018), who also find a higher reddening of E(B − V)=0.09.

The internal velocity dispersion of NGC 1901 deserves par-
ticular attention because it could directly affect the fate and life-
time of the cluster. While Cantat-Gaudin & Anders (2020) find
a low value of about 1 km s−1, Kos et al. (2018) measure a much
higher value (2.80±0.27 km s−1), and they claim that, with this
high dispersion, the cluster will not survive its next crossing of
the Galactic plane within 18 Myr. The fact that the only OCR un-
equivocally confirmed so far could be so short-lived is notable,
as it contrasts with the expected stable structure with a lifetime
of several Gyr (de La Fuente Marcos 1997; de la Fuente Marcos
1998).

The observed RV dispersion in the Gaia data is
σobs=2.6 km s−1 and is essentially the same whether only con-
firmed members are considered or five additional possible mem-
bers are included (Table 2). This is of the same order of mag-
nitude as the average measurement error (2.2 and 2.5 km s−1

respectively, in the two cases), suggesting a very low internal
dispersion. We estimated the internal RV dispersion σint by cal-
culating the probability of the RV of each star individually, as
if extracted from a Gaussian distribution centred on the average
cluster RV, with σ equal to the quadratic sum of σint and the
measurement error. Combining these probabilities for all stars,
we then adjusted σint to find the value that best reproduces the
observations. We obtain σint = 1.1±1.0 km s−1 for the eight con-
firmed members, and σint = 1.0 ± 0.9 km s−1 when we include
the five additional candidates.

We further studied the relation between σobs and σint by sim-
ulating samples of 13 stars, that is, the eight cluster members
plus the five possible ones. We obtained their intrinsic RV by
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Fig. 6. Colour-magnitude diagram (G vs BP-RP; left column), proper motion diagram (middle column), and parallax vs G-magnitude (right
column), of stars within the cluster area of the four OCR candidates. The colour bar represents the membership probability for the tightest stars in
the astrometric space (see text). The dashed lines show the mean proper motion values and parallaxes for star with likelihoods > 86%. The dotted
lines in the parallax vs G-magnitude panel indicate the standard deviation of these data. Our targets, extracted from Pavani & Bica (2007), are
shown as open black stars, while the cluster candidates suggested by Angelo et al. (2019) are superimposed as blue stars. The black and red star
symbols in the bottom panel represent the members and possible members of NGC 1901 in Table 2, respectively.
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Fig. 7. Gaia CMD of the stars in the field of NGC 1901. The black dots
show the positions of the cluster members (stars #1 to #13 in Table 2),
while the empty symbols indicate the lower-probability candidate mem-
bers (#14 to #24 in Table 2). Theoretical isochrones of 500 Myr (dotted
curve) and 600 Myr (full curve) are also shown.

Fig. 8. Simulated relation between the intrinsic velocity dispersion of
the cluster NGC 1901 (σint), and the observed dispersion (σobs). The
grey band shows the ±1σ standard deviation. The vertical red line indi-
cates the observed σobs from Gaia data.

extracting 13 random values from a normal distribution with
dispersion σint. We then applied a normally distributed obser-
vational error to each RV independently, adopting for each star
an error equal to the 13 values reported in Table 2. We repeated
the procedure ten thousand times for each value of σint in the
range 0.1-3.0 km s−1, finally retrieving the average σobs and its
standard deviation as a function of σint. Figure 8 shows the re-
sults, with the red line marking the real observed RV dispersion.
This test confirms that the most probable intrinsic RV dispersion
is low (1.1 km s−1), but the result is not very conclusive because
within 1σ a value as high as σint=2.6 km s−1 is allowed. In con-
clusion, the high RV dispersion proposed by Kos et al. (2018) is
unlikely, and our results favour the scenario of a stable, kinemat-
ically cold structure, but the uncertainties are too large for a firm
conclusion. Our test also indicates that this large uncertainty on
σint is only partially due to the limited sample size: even if we
artificially increase it to 30 stars, the 1σ standard deviation on
σint would still be 0.9 km s−1. The main source of uncertainty

here is the large Gaia errors, which are inflated by binarity: if
they are reduced to 1.0 km s−1 in the simulations, the 1σ un-
certainty on σint decreases to ∼ 0.7 km s−1. As a consequence,
our result could be improved by resolving the RV curves of the
cluster members to derive their systemic velocity.

Ruprecht 3 is an object extensively studied and highly de-
bated in the literature: while Pavani et al. (2003), Bonatto et al.
(2004), Pavani & Bica (2007) and Angelo et al. (2019) con-
cluded that it is a true OCR, many other studies ar-
gue against this claim (Piatti et al. 2017; Bica et al. 2019;
Cantat-Gaudin & Anders 2020). We also find that no kinemati-
cally coherent structure is present in the field and that this ob-
ject should be regarded as an asterism. In particular, we find
that the thirteen stars proposed by Pavani et al. (2003) as pos-
sible cluster members have no properties in common (parallax,
proper motion, or radial velocity), and they are therefore physi-
cally unrelated. Ruprecht 31 and ESO 426 SC26, on the contrary,
were studied only by Pavani & Bica (2007) and Angelo et al.
(2019), who both claimed the existence of a real OCR but, as for
Ruprecht 3, they propose very diverse distance and kinematical
properties for them, based on different lists of cluster members,
with no stars in common. Our results for these two objects are
the same as for Ruprecht 3.

The Gaia catalogue reveal an overdensity of bright stars at
the literature position of these three clusters, although they are
only mildly significant (between 2 and 3.7σ), and due to at most
ten bright stars. We find no coherence between the Gaia astro-
metric data of these bright stars, indicating that these overden-
sities are only random fluctuations of the field density. Fainter
stars, on the other hand, do not clump at all at the cluster posi-
tions.

In addition to investigating the properties of the brightest
stars, we also ran an automatic code to detect clumps and over-
densities in the 3D astrometric space (proper motion and paral-
lax). Fig. 6 shows that the results are very different for NGC 1901
and the other three objects. The stars in the field of NGC 1901
are sharply divided into two categories: those with an extremely
high probability of being cluster members (> 90%) and those
whose probability is negligible. In contrast, this is not the case
for the other three clusters, where the stars are continuously dis-
tributed at all values, and many stars with intermediate proba-
bility (50-80%) are found. Thus, the overdensities detected by
the code do not emerge clearly from the field, and the high-
probability stars appear to be drawn from the general field dis-
tribution. In addition, the stars identified by the code as the most
probable members are all at faint magnitudes (in general G> 16),
which contradicts the fact that these OCR candidates are charac-
terised by a clump of bright stars. The distance of these overden-
sities (between 2.5 and 5.0 kpc) is also too large compared to the
distance derived by Pavani & Bica (2007, ∼1 kpc for the three
objects) and Angelo et al. (2019, between 2 and 2.3 kpc).

The code we used in Sect. 4.5 is conceptually identical
to the algorithm employed by Angelo et al. (2019), and it is
surprising that our results differ so much from theirs. How-
ever, Angelo et al. (2019) allowed the proposed cluster mem-
bers to span a very large interval in proper motion and par-
allax: the dispersion of their proper motion, for example, is
±1.0 − 1.5 mas yr−1 in each component, which is 25-35 times
the average Gaia DR2 errors. At the distances proposed in their
work, these values translate into 9-14 km s−1, which is a large
velocity dispersion not compatible with a bound system. In con-
trast, we imposed more stringent constraints on the size of the
clumps in kinematical space, compatible with Gaia errors and
a cluster velocity dispersion of a few km s−1. With these con-
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straints, although Gaia DR3 errors are on average 30% smaller
than DR2, we would not have detected the Angelo et al. (2019)
clusters even using Gaia DR2 data. The differences in results are
therefore mainly due to a different tolerance in the dispersions of
the astrometric quantities of the member candidates.

6. Conclusions

Our results can be summarised as follows:

– We obtained RVs for thirty-eight stars previously associ-
ated with three OCR candidates: Ruprecht 3, Ruprecht 31
and ESO 426 SC 26. Only eight of them showed RV variabil-
ity beyond their uncertainties, meaning that they are binaries.

– We tested our methodology to study the real nature of the
OCR candidates using the well-known OCR NGC 1901. We
find thirteen likely member stars and eleven additional pos-
sible members, forming a complete set of members for this
cluster. We derive its distance as d=418 ± 6 pc and its age as
500±100 Myr. The RV dispersion is of the order of 1 km s−1,
suggesting that NGC 1901 is a stable, long-lived object, but
the uncertainties are too large for a firm conclusion.

– We find no evidence of a true OCR in the fields of
Ruprecht 3, Ruprecht 31, and ESO 426 SC 26. The kinemat-
ical properties of the targets are widely scattered and gener-
ally similar to those expected for field stars. Our density anal-
ysis shows that previous misidentifications of these fields as
OCRs are due to clumps of bright stars, with statistical sig-
nificance in the range 2-3.7σ. We conclude that these objects
are asterisms.
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Appendix A: Data of spectroscopic targets

Table A.1. Gaia data and RV measurements of our spectroscopic targets.

ID RA DEC G (B − R) µ∗α µδ π RVGaia RVFEROS RVFIDEOS
a

(mas yr−1) (mas yr−1) (mas) (km s−1) (km s−1) (km s−1)
Ruprecht 3

1 06:42:11.3 −29:27:32.4 9.80 1.18 −1.02±0.01 6.45±0.01 1.43±0.01 54.0±0.2 53.2±0.1 54.1±0.4 s
2 06:42:07.8 −29:27:07.2 10.57 1.11 −4.04±0.01 5.44±0.01 1.21±0.01 45.7±0.2 46.0±0.1 45.5±0.8 s
3 06:42:06.3 −29:27:15.8 11.62 0.84 −7.19±0.15 1.51±0.16 3.99±0.16 14.8±2.7 19.1±0.8 - ?
4 06:42:05.0 −29:27:36.4 10.95 1.50 −1.01±0.01 2.03±0.01 0.57±0.01 −0.2±0.2 −0.2±0.1 - s
5 06:42:01.0 −29:27:40.3 12.02 0.60 0.56±0.02 −7.63±0.02 1.22±0.02 −12.5±2.0 −4.6±1.5 - b
6 06:42:03.9 −29:26:30.8 12.15 0.53 −2.61±0.01 1.57±0.01 0.64±0.01 28.0±10.7 26.8±1.8 - b
7 06:42:07.9 −29:27:17.3 14.33 0.74 −3.08±0.02 12.01±0.02 0.70±0.02 95.1±7.2 90.4±1.2 - ?
8 06:42:05.8 −29:26:21.5 13.89 0.84 3.35±0.01 6.37±0.01 0.67±0.02 33.5±2.9 37.0±0.3 - ?
9 06:42:08.6 −29:26:49.2 14.38 1.25 −5.15±0.02 1.02±0.02 0.66±0.02 32.1±3.0 36.2±0.1 - ?

Ruprecht 31
1 07:43:00.2 −35:35:21.8 9.20 0.17 −4.37±0.02 3.60±0.02 1.35±0.02 28.1±1.8 7.6±2.4 −5.8±3.2 b
2 07:43:03.8 −35:35:42.0 11.10 0.49 - - - - 27.0±2.1 3.6±4.6 b
3 07:42:56.0 −35:36:09.7 10.84 1.33 −2.91±0.01 7.76±0.01 0.98±0.01 61.6±0.2 61.4±0.1 - s
4 07:42:52.6 −35:36:58.0 10.14 1.76 −0.76±0.01 5.01±0.01 0.87±0.01 −5.9±0.2 −5.6±0.1 −5.7±0.2 s
5 07:42:55.7 −35:35:21.8 11.18 0.76 −8.97±0.02 40.74±0.02 2.93±0.02 61.0±0.5 60.8±0.3 - s
6 07:43:00.8 −35:36:12.2 11.57 1.41 1.96±0.01 −4.42±0.01 1.03±0.01 68.2±0.3 68.2±0.1 - s
7 07:42:52.6 −35:35:43.8 14.60 1.12 −7.58±0.02 10.21±0.02 0.64±0.02 50.8±12.2 58.8±0.9 - b
8 07:42:59.2 −35:36:05.0 15.29 1.21 −5.96±0.02 6.93±0.02 0.56±0.02 - 74.9±1.0 - ?
9 07:43:03.3 −35:35:54.2 15.28 1.02 0.64±0.03 0.73±0.03 0.82±0.03 - 55.5±0.9 - ?

10 07:42:58.7 −35:33:41.8 11.69 0.63 −7.54±0.01 5.01±0.01 2.27±0.01 21.8±1.5 18.5±2.7 - s
11 07:42:49.8 −35:34:36.5 12.48 0.68 −6.43±0.01 6.80±0.01 0.95±0.01 51.5±3.8 28.5±2.7 - b

ESO 426 SC26
1 06:36:15.1 −30:49:59.5 11.15 1.42 0.03±0.02 4.08±0.02 0.49±0.02 57.5±0.2 57.9±0.1 - s
2 06:36:14.1 −30:50:46.7 12.09 1.29 −3.60±0.01 −7.34±0.01 0.85±0.01 6.5±0.4 6.5±0.1 - s
3 06:36:11.2 −30:50:08.9 12.72 0.85 19.72±0.01 5.74±0.01 2.77±0.01 96.1±1.3 94.9±0.6 - s
4 06:36:11.3 −30:50:24.0 13.89 0.71 1.01±0.02 12.18±0.02 0.78±0.02 13.0±5.3 24.7±0.8 - b
5 06:36:13.1 −30:47:47.0 12.51 0.84 1.05±0.01 2.38±0.01 2.90±0.01 65.3±0.8 64.0±0.2 - s
6 06:36:26.2 −30:47:31.2 9.45 1.52 −0.90±0.01 6.32±0.01 0.74±0.01 21.1±0.2 21.3±0.1 21.5±0.1 s
7 06:36:04.5 −30:51:32.0 13.83 0.73 1.43±0.01 3.52±0.01 1.03±0.01 26.2±3.1 21.8±0.8 - ?
8 06:36:19.3 −30:53:03.1 12.10 1.20 4.23±0.01 −9.94±0.01 1.30±0.01 50.4±0.3 50.1±0.1 - s
9 06:36:18.2 −30:53:20.0 13.31 0.76 −4.98±0.01 −5.52±0.01 1.43±0.01 3.7±1.8 5.0±0.2 - s

10 06:36:20.3 −30:52:37.2 13.66 0.89 −9.66±0.01 3.79±0.01 1.68±0.01 50.8±2.4 49.2±0.2 - s
11 06:36:25.3 −30:51:02.9 11.62 0.63 5.52±0.01 0.24±0.02 2.51±0.01 29.3±2.6 18.3±2.1 - b
12 06:36:19.9 −30:51:30.6 14.20 1.26 −0.77±0.02 2.60±0.02 0.36±0.02 90.0±3.1 91.2±0.1 - s
13 06:36:23.0 −30:52:04.1 14.62 0.82 3.70±0.02 5.90±0.02 0.72±0.02 23.0±7.2 19.5±0.1 - ?
14 06:36:27.1 −30:52:43.7 13.12 0.66 1.08±0.01 −6.82±0.01 1.24±0.01 32.7±2.3 33.2±0.3 - s
15 06:36:37.0 −30:50:00.6 13.15 0.89 −0.23±0.01 17.28±0.01 2.60±0.01 38.3±1.6 39.4±0.2 - s
16 06:36:17.7 −30:51:57.2 14.24 0.79 −1.78±0.02 5.85±0.02 0.79±0.02 63.3±4.2 57.9±0.1 - ?
17 06:36:32.2 −30:51:19.8 13.35 0.76 2.08±0.01 0.62±0.01 1.47±0.01 36.2±2.4 35.9±0.1 - s
18 06:36:14.0 −30:56:07.1 11.27 0.78 6.03±0.01 32.45±0.01 2.54±0.01 50.8±0.4 50.9±0.2 - s

Notes. (a) Flag for binarity: b = binary star; s = single star; ? = uncertain binarity.
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