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ABSTRACT

Sparse open clusters can be found at high galactic latitudes where loosely populated clusters

are more easily detected against the lower stellar background. Because most star formation

takes place in the thin disc, the observed population of clusters far from the Galactic plane is

hard to explain. We combined spectral parameters from the GALAH survey with the Gaia DR2

catalogue to study the dynamics and chemistry of five old sparse high-latitude clusters in more

detail. We find that four of them (NGC 1252, NGC 6994, NGC 7772, NGC 7826) – originally

classified in 1888 – are not clusters but are instead chance projections on the sky. Member stars

quoted in the literature for these four clusters are unrelated in our multidimensional physical

parameter space; the quoted cluster properties in the literature are therefore meaningless. We

confirm the existence of visually similar NGC 1901 for which we provide a probabilistic

membership analysis. An overdensity in three spatial dimensions proves to be enough to

reliably detect sparse clusters, but the whole six-dimensional space must be used to identify

members with high confidence, as demonstrated in the case of NGC 1901.
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1 IN T RO D U C T I O N

The GALAH survey (De Silva et al. 2015; Buder et al. 2018)

is a high-resolution (R = 28 000), high signal-to-noise ratio

(SNR ≈ 100) spectroscopic survey of one million stars. Its aim

is to measure the abundances of up to 31 elements with a goal
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to disentangle the chemical history of the Milky Way (Freeman

& Bland-Hawthorn 2002). Observations specifically targeting open

clusters are carried out as part of a dedicated programme (De Silva

et al., in preparation) associated with the full GALAH survey. Such

clusters play a fundamental role in our understanding of the chem-

ical evolution of stars, since they are almost the only stellar pop-

ulation with homogeneous elemental abundances (De Silva et al.

2006, 2007; Sestito, Randich & Bragaglia 2007; Bovy 2016) aris-

ing from a common birth-time and place. Hence, processes in the

evolution of stellar systems are best studied in clusters, including,

but not limited to, the initial mass function of stars (Chabrier 2003;

Krumholz 2014), the interaction with the disc (Gieles, Athanassoula

& Portegies Zwart 2007; Gieles & Bastian 2008) or Galactic tidal

fields (Baumgardt & Makino 2003), the creation of blue stragglers

(Stryker 1993), initial binary fraction (Hurley, Aarseth & Shara

2007; Fregeau, Ivanova & Rasio 2009), radial migration (Fujii &

Baba 2012), mass-loss (Miglio et al. 2012), and atomic diffusion

(Bertelli Motta et al. 2018). Open clusters have long been consid-

ered as representatives of star formation in the Galaxy, because they

are mostly found in the thin disc. Open clusters in other components

of the Galaxy are rare, and so confirming their reality and measuring

their properties is vital for using them to study the aforementioned

processes in parts of the Galaxy outside the Galactic plane.

The clusters addressed in this work are generally believed to be

old and far from the Galactic plane. At first glance, this is surprising

because the survival time of such clusters is lower than their thin

disc counterparts (Martinez-Medina et al. 2017). A simple model

where most star formation happens in the thin disc has to be updated

to explain open clusters at high galactic latitudes, assuming these

are real.1 The prevailing theories are heating of the disc (Gustafsson

et al. 2016), soft lifting through resonances (Martinez-Medina et al.

2016), mergers (Kereš et al. 2005; Sancisi et al. 2008), and in

situ formation from high-latitude molecular clouds (Camargo, Bica

& Bonatto 2016). Sparse clusters are very suitable for testing the

above theories because they are numerous and low in mass, and are

therefore more likely to be involved in some of the above processes.

Sparse clusters are the last stage at which we can currently con-

nect the related stars together before they dissipate into the Galaxy.

Chemical tagging – the main objective of the GALAH survey – of-

ten uses such structures as a final test before attempting to tag field

stars. Because sparse clusters are likely to be dissolving rapidly at

the current epoch, we can expect to find many former members far

from the cluster centre (de Silva et al. 2011; Kos et al. 2018). If these

former members can be found, the dynamics of cluster dissipation

and interaction with the Galactic potential could be studied in great

detail.

Historically, sparse open clusters and open cluster remnants have

been identified based on the aggregation of stars on the sky and their

positions in the HR diagram. Spectroscopy has rarely been used,

possibly because it was too expensive use of telescope time. Massive

spectroscopic surveys either did not exist or only included one or a

few potential members. Often, there was only one spectroscopically

observed star in the cluster, so even for misidentified clusters the

values for radial velocity (vr) and metallicity2 ([M/H], [Fe/H]) can

1Clusters can have high galactic latitude and still be well inside the thin disc

if they are close to us. By high-latitude clusters, we mean those that are far

from the Galactic plane.
2In the literature the metallicity [M/H] and iron abundance [Fe/H] are used

interchangeably. We discuss the importance of differentiating between them

in Section 3.

Figure 1. For early observers these were without much doubt clusters of

stars. The mistake could be attributed to ‘[...] accidental errors occasionally

met with in the observations of the two HERSCHELS, and which naturally

arose from the construction of their instruments and the haste with which

the observations often necessarily were made.’ (Dreyer 1888).

be found in the literature, even though the most basic spectroscopic

inspection of a handful of stars would disprove the existence of

the cluster. When identifying the clusters based on the position of

stars in the HR diagram, most stars that fell close to the desired

isochrone were used. Sparse clusters are often reported at high

galactic latitudes, where the density of field stars is low and only

a few are needed for an aggregation to stand out. Lacking other

information, the phenomenon of pareidolia led early observers to

conclude that many ‘associations’ were real (Fig. 1). The cluster

labels have stuck, however, and several studies have been made of

properties of these clusters (see Section 2.2 and references therein).

It has happened before, that after more careful investigation that

included proper motions and radial velocities, a cluster has been

disproved (e.g. Han, Curtis & Wright 2016).

The amount of available data has increased enormously with

Gaia DR2 (Gaia Collaboration 2018a). The search for new clusters

will now be more reliable, given that precise proper motions and

parallax add three more dimensions in which the membership can be

established (Koposov, Belokurov & Torrealba 2017; Cantat-Gaudin

et al. 2018; Castro-Ginard et al. 2018; Dias, Monteiro & Assafin

2018; Torrealba, Belokurov & Koposov 2018)

In Section 2 we review the studied data and explain the methods

used to disprove the existence of four clusters and confirm a fifth.

Section 3 provides more details about the analysis of the real clus-

ter NGC 1901. In Section 4 we discuss some implications of our

findings.

2 EXI STENCE OF CLUSTERS

2.1 Data

Stars observed as a part of the GALAH survey are selected from

the 2MASS catalogue (Skrutskie et al. 2006). Depending on the

observing mode, all the stars in a 1◦ radius field are in a magnitude

range 12 < V < 14 for regular fields and 9 < V < 12 for bright

fields; for full details on the survey selection process, and the man-

ner in which observations are taken, we direct the interested reader

to Martell et al. (2017) and Buder et al. (2018). See De Silva et al.

(2015) for a formula to convert 2MASS photometry into V magni-

tudes. For some clusters targeted in the dedicated cluster program,

we used a custom magnitude range to maximize the number of ob-

served members. The V magnitude is calculated from the 2MASS

photometry. In general, the GALAH V magnitude is ∼0.3 fainter

than Gaia G magnitude.

MNRAS 480, 5242–5259 (2018)
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Table 1. Coordinates of the clusters used in this work. For the non-existing clusters the heliocentric distances d and

distances from the Galactic plane z are taken from the literature (see Section 2.2).

Cluster α δ l b d z

name ◦ ◦ ◦ ◦ pc pc

NGC 1252 47.704 −57.767 274.084 −50.831 1000 −775

NGC 1901 79.490 −68.342 278.914 −33.644 426.0 −236.0

NGC 6994 314.750 −12.633 35.725 −33.954 620 −345

NGC 7772 357.942 16.247 102.739 −44.273 1500 −1050

NGC 7826 1.321 −20.692 61.875 −77.653 600 −590

Most of the data used in this work comes from the Gaia DR2

(Gaia Collaboration 2018a), which includes positions, G magni-

tudes, proper motions and parallaxes for more than 1.3 billion stars.

This part of the catalogue is essentially complete for 12 < G < 17,

which is the range where we expect to find most of the cluster

stars discussed in this paper. There are, however, a few members

of the four alleged clusters that are brighter than G = 12 and are

not included in Gaia DR2, but do not impact the results of this

paper. We also disregarded all stars with the proper motion error

>0.5 mas yr−1 or parallax error >10 per cent. Radial velocities in

Gaia DR2 are only given for 7.2 million stars down to G = 13 (the

limit depends on the temperature as well). Because the precision of

radial velocities is significantly higher in the GALAH survey (Zwit-

ter et al. 2018) than the Gaia data release, we use GALAH values

wherever available. Because GALAH has a more limited magnitude

range than Gaia, there are many stars for which Gaia DR2 radial

velocities must be used. From the cluster stars used in this work that

have radial velocity measured in both Gaia DR2 and GALAH we

find no systematic differences larger than 0.2 km s−1 between the

two surveys, so we can use whichever velocity is available.

2.2 Clusters

In the fields observed by the GALAH survey, we identified 39 clus-

ters with literature references. Four of them (NGC 1252, NGC 6994,

NGC 7772, and NGC 7826) appeared to have no observed members

– stars clumped in the parameter space – even though we targeted

them based on the data in the literature. All four clusters are sparse

(with possibly only ∼10 members), are extended, and at high galac-

tic latitudes. Among the other 35 observed clusters we only found

one (NGC 1901) that is morphologically similar to those four and

appears to be a real open cluster. We observed more clusters at high

latitudes (Blanco 1, NGC 2632, M 67, and NGC 817), but they are

all more populated than the five clusters studied here. See Table 1

for a list of basic parameters of these five clusters, and the summary

below:

(i) NGC 1252 was thought to be metal poor, old (3 Gyr), and far

from the Galactic plane (z = −900 pc). This would be a unique

object, as no such old clusters are found that far from the plane (de

la Fuente Marcos et al. 2013). It has been argued in the past that

this cluster is not real (Baumgardt & Makino 2003).

(ii) NGC 1901 is most probably a real open cluster, as confirmed

by the literature (Eggen 1996; Pavani et al. 2001; Dias et al. 2002;

Carraro et al. 2007; Kharchenko et al. 2013; Conrad et al. 2014)

and our own observations. In the literature NGC 1901 is younger

(400 Myr) and closer (360 pc) than the other four objects discussed

here (Carraro et al. 2007). See Section 3 for our own analysis of

this cluster.

(iii) NGC 6994 was thought to be old (2–3Gyr), relatively far

away from the plane (z = −350 pc) and a dynamically well evolved

cluster remnant (Bassino, Waldhausen & Martı́nez 2000). Carraro

(2000) and Odenkirchen & Soubiran (2002) successfully argue that

NGC 6994 is neither a cluster or a remnant, but only an incidental

overdensity of a handful of stars.

(iv) NGC 7772 was thought to be 1.5 Gyr old, more than 1 kpc

below the plane and depleted of low mass stars (Carraro 2002).

(v) NGC 7826 has never been studied in detail. It is included in

some open cluster catalogues (Dias et al. 2014), in which an age of

2 Gyr and a distance from the Galactic plane of z = −600 pc are

assumed.

2.3 Literature members

In Tables A1–A4 we review the available memberships from the

literature for clusters NGC 1252, NGC 6994, NGC 7772, and

NGC 7826. It is clear they are not clusters and the possible mem-

bers are in no way related, based on the Gaia DR2 parameters and

occasionally GALAH radial velocities. We cross matched the lists

of members given in the literature to Gaia DR2 targets based on po-

sitions and magnitude, so all the parameters given in Tables A1–A4

are from Gaia DR2 or GALAH. After the tables we also show HR

diagrams using literature members and their Gaia DR2 magnitudes

(Figs A1–A4). A small fraction of members in the literature cannot

be cross-matched with Gaia DR2, either because the star is absent

from Gaia DR2, the coordinates in the literature are invalid, or the

members are not clearly marked in a figure or table.

In contrast to our findings for the four other clusters, our results

confirm that NGC 1901 is a real cluster, and provide our own

membership analysis in Section 3.

2.4 6D parameter space

Figs 2 and 3 show the six-dimensional space (α, δ, μα , μδ , ̟ ,

vr) for all five clusters. We choose to display observed parameters

for various reasons; their uncertainties are mostly Gaussian and in-

dependent, which cannot be said for derived parameters [actions,

orbital parameters, (U, V, W) velocities, etc.], and when the radial

velocity is not available we can still use the remaining five param-

eters. Also, a cluster is a hyperellipsoid in both observed and any

derived space, so nothing can be gained from coordinate transfor-

mations. There is no common definition of a cluster (or a cluster

remnant), but it makes sense that a necessary condition is that the

cluster members form an overdensity in space, regardless of the

dynamics of the cluster. This is another reason why measurables

should be used, because they are already separated into three spa-

tial dimensions and three velocities. In each figure we plot positions

of stars on the sky (α, δ) in the left-hand panel, while proper motions

are plotted in the middle panel and the final two measurables (̟

and vr) are plotted in the right-hand panel.

MNRAS 480, 5242–5259 (2018)
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(Non-)existence of high-latitude open clusters 5245

Figure 2. Six-dimensional space for stars in and around NGC 1901. Left: Position of Gaia DR2 stars with magnitude G < 16 (grey) with marked members

observed in the GALAH survey (circled in green) and other stars observed in GALAH (circled in red). The dashed circle marks the cluster radius r2. Middle:

Gaia DR2 proper motions for all stars inside a 1◦ radius from the cluster centre (grey), stars inside r2 (orange), stars inside 0.5 r2 (red), and identified members

(green). Right: Radial velocity and parallaxes for stars that have radial velocity measured either in Gaia DR2 or in the GALAH survey. Same colours are used

as in the middle panel.

Figure 3. Six-dimensional space for stars in and around NGC 1252 (top row) and NGC 6994 (bottom row). Left: Position of Gaia DR2 stars with magnitude

G < 16 (grey) with marked stars observed in the GALAH survey (circled in red) and faux members from the literature (circled in green). The dashed circle

marks the cluster radius. Middle: Gaia DR2 proper motions for all stars inside a 1◦ radius from the cluster centre (grey), stars inside r2 (orange), stars inside

0.5 r2 (red), and faux members from the literature (green). Right: Radial velocity and parallaxes for stars that have radial velocity measured either in Gaia DR2

or in the GALAH survey. Same colours are used as in the middle panel.

For NGC 1901 in Fig. 2, we clearly see clumping in both the

proper-motion plane and the parallax-radial-velocity plane. An

overdensity in all three spatial dimensions for this cluster is il-

lustrated in Fig. 4. The overdensity, however, is not obvious in the

MNRAS 480, 5242–5259 (2018)
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5246 J. Kos et al.

Figure 3. –continued

Figure 4. Left: Density of stars as a function of distance from the Sun in the

direction of NGC 1901. NGC 1901 produces a very significant (5σ ) signal

at 426 pc. Stars in a 1◦ cone around the cluster centre are used for this plot.

Right: Star density as a function of apparent distance from NGC 1901 centre.

An overdensity above the background level (0.15 stars per arcmin2) is clearly

detected. Black points show measurements for all stars with magnitude G <

17 and green points only show the density of the most probable members.

Eyeballed radii r0, r1, and r2 as defined in Kharchenko et al. (2012) are

marked. Red curve is a fitted King model.

(α, δ) plane. One would expect a similar clumping for the other four

clusters, if they were real. Instead, as seen in Fig. 3, we cannot find a

single pair of stars (either among the literature members or all Gaia

stars), that are close together in all six dimensions, even though the

overdensity in (α, δ) appears similar to that of NGC 1901.

3 N G C 1 9 0 1 A NA LY S I S

Since NGC 1901 is a real cluster, we provide here our own mem-

bership analysis. First, we performed a vague cut in the 6D space (r

< 0.5◦, 0.7 mas yr−1 < μα < 2.5 mas yr−1, 11.7 mas yr−1 < μδ <

13.5 mas yr−1, 1.8 mas < ̟ < 2.8 mas, and −2.0 km s−1 < vr <

7.0 km s−1) to isolate the most probable members. This yielded 80

stars, of which 20 have radial velocities. Most of these stars are

members, therefore the mean position of these stars in the six-

dimensional space is very close to the mean position of the cluster.

We therefore used these stars to estimate the mean and spread in

every dimension independently (there seems to be no correlation

between different dimensions/parameters), which we used to per-

form a probability analysis. The probability for a star with given

parameters (α, δ, μα , μδ , ̟ , and vr) to be a member is described

by a multivariate Gaussian centred on the mean values obtained by

a vague cut. For stars with existing radial velocity measurement we

produce two probabilities, one with radial velocity taken into ac-

count (P6D) and one without it (P5D). From the difference between

these, we estimate that ∼15 per cent of highly probable members

based only on the 5D analysis would have their probability reduced

significantly if the radial velocity measurements were available.

Membership probabilities are given in Table B1 as well as an indi-

cation of possibly binaries based on GALAH spectra. Re-fitting the

multivariate Gaussian based on the improved membership probabil-

ities changes the probabilities insignificantly and does not impact

the rank of the most probable members.

From the most probable members we can calculate the mean

parameters of NGC 1901, along with their uncertainties. Weighted

MNRAS 480, 5242–5259 (2018)
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means and standard deviations are calculated only from the stars

in Table B1, using P5D as the weight or P6D, where available. The

exceptions are cluster radii, iron abundance, alpha elements abun-

dance, and age, which are all calculated from the members with

P5D > 0.4 and P6D > 0.4, where available. The following param-

eters are given in Table 2. Positions α, δ and l, b give the cluster

centre in celestial and galactic coordinates, respectively. Radii r0,

r1, and r2 are estimated visually as described in Kharchenko et al.

(2012). r0 corresponds to the core radius, where the radial den-

sity profile falls sharply. At r1 the density stops abruptly and at r2

it becomes indistinguishable from the density of the surrounding

field. King’s (King 1962) core radius (rc) and tidal radius (rt) are

fitted, although we were unable to measure the tidal radius with any

meaningful confidence. Proper motions, μα and μδ , are the mean

values for the cluster and the uncertainties relate to the mean, not to

the dispersion. The radial velocity (vr) and the velocity dispersion

(σvr
) are measured from a combination of Gaia DR2 and GALAH

radial velocities. The distance (dist.) is calculated from the paral-

laxes (̟ ). A normal distribution for the parallax of each star was

sampled and the distance calculated for every sample. The reported

distance and its uncertainty are the mean and standard deviation

of all the samples for all members. Distance uncertainty might be

underestimated, if the parallaxes of individual stars have correlated

errors.

Iron and α abundances ([Fe/H], [α/Fe]) are calculated by SME

(Valenti & Piskunov 1996; Piskunov & Valenti 2017) from the

GALAH spectra in the same manner as in Buder et al. (2018)

and are based on eight members only. Other members observed in

GALAH are too hot for a consistent analysis. Measured metallici-

ties, as well as abundances of other elements are in Table C1. Age

(log t) is calculated by isochrone fitting. Of the individual elements,

we highlight that the cluster displays high Ba abundance of over

0.4 dex, while the Y abundances are closer to Solar values. High

Ba abundances in young open clusters seem to be correlated with

cluster age (D’Orazi et al. 2009). However why other s-process

element abundances such as Y are not similarly enhanced remains

an outstanding issue in open cluster literature (D’Orazi, De Silva &

Melo 2017).

Putting the most probable members on to the colour–magnitude

diagram (Fig. 5) and fitting Padova isochrones (Marigo et al. 2017)

allows us to measure the age of the cluster. The precision of the

calculated age is somewhat limited, as there are only a few stars

close to the turn-off point. The reddening and colour excess as

measured by Gaia are higher than the literature values and the cor-

relations between the age and reddening/extinction can increase the

age uncertainty even further. From fitting the isochrones, we can

also tell that there is a significant difference between the metallic-

ity ([M/H] = −0.13) of the best-matching isochrone and the iron

abundance ([Fe/H] = −0.27) we measured in the GALAH survey.

This mismatch is due to the difference between the two quantities.

We also measured the abundance of other elements and they are

close to or above solar values. Using a formula from Salaris, Chieffi

& Straniero (1993) to combine iron abundance and alpha elements

abundance into metallicity:
[

M

H

]

=
[

Fe

H

]

+ log
(

0.638 · 10[α/H] + 0.362
)

, (1)

we get a value [M/H] = −0.15, which is consistent with the pho-

tometrically obtained metallicity. Both the metallicity and iron

abundance are lower than the numbers quoted in the literature

([Fe/H] = −0.08 ± 0.02). The latter is based on a single measure-

ment of HD 35294, which might not be a member of NGC 1901, T
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Figure 5. NGC 1901 members on the colour–magnitude diagram. Padova

isochrones (Marigo et al. 2017) are plotted for log t = 8.84 (red solid curve,

692 Myr), and for log t = 8.80 and log t = 8.88 (red dashed curves), all

with [M/H] = −0.13. Instead of using unreliable extinctions and reddenings

for individual stars, an extinction of AV = 0.27 was used and we assumed

RV = 3.1. Isochrones for log t = 8.0, 8.5, 9.0, and 9.5 are also plotted in

grey. Varying the membership probability cut-off within reasonable values

does not add or remove any turn-off stars.

as it has a parallax of 1.49 ± 0.03 mas, much less than the mean of

the cluster.

NGC 1901 has been referred to as an open cluster remnant in

the literature (e.g. by Carraro et al. 2007). While there is no clear

consensus on the classification of an open cluster remnant, if an

open cluster is sparsely populated with more than two-thirds of

its initial stellar members lost, then a cluster like NGC 1901 is

classed as a cluster remnant (Bica et al. 2001). However, as NGC

1901 appears to be a rapidly dissolving cluster (as is evident from

a large velocity dispersion and being labelled as a remnant in the

literature), it is not expected to survive another pass through the

Galactic plane in around 18 Myr time (the last time it passed the

Galactic plane was 26 Myr ago). We used galpy3 (Bovy 2015) to

calculate the orbit of individual stars in the cluster. Currently, the

velocity dispersion of the cluster is 2.8 km s−1. By the time the clus-

ter passes through the Galactic plane, the members will be spread

out in a diameter ∼7 times larger than they are now. This is enough

that the cluster will be undetectable with the approach used in this

paper.

Eggen (1996) referred to the NGC 1901 ‘supercluster’, compris-

ing a co-moving group of unbound stars associated with the cluster.

The NGC 1901 supercluster has been proposed to be dynamically

related to the Hyades supercluster (the unbound group of stars co-

moving with the Hyades open cluster), due to the similar space

motions of the two groups (Dehnen 1998), and they are jointly re-

ferred to as Star Stream I by Eggen (1996). While the detection of

the extended members of the NGC 1901 supercluster is beyond the

scope of this paper, it is certainly plausible that the dispersed mem-

bers of NGC 1901 are detectable within the Galactic motion space

3http://github.com/jobovy/galpy

and could be used to gain insights into the dispersion mechanisms

of the cluster.

4 D ISCUSSION

Clusters cannot be simply split into high- and low-latitude, or sparse

and rich clusters. There are a range of factors that could be specific

to each cluster, depending on its initial mass, origin and evolutionary

history. Furthermore, with typical cluster dispersion processes the

transition is smooth and there are other clusters similar to the ones

described in this paper among the 39 clusters in our data set, such

as Blanco 1 and NGC 1817. We chose not to include such clusters

here because they are slightly more populated and lie closer to the

Galactic plane than the clusters discussed above. Also, the cluster

sample in our data set was not observed with a clear selection

function, apart from trying to cover as wide range of ages and

metallicities as possible. As a result, it would not be reasonable to

extrapolate from the results presented in this work to conclude that

four out of five sparse high-latitude clusters are not real. However,

a lesson learned is that the existence of sparse clusters should be

double-checked, regardless of how reputable the respective cluster

catalogues are. Surveys of high-latitude clusters (Bica et al. 2001;

Schmeja et al. 2014), after the Gaia parameters are included, will

probably give a better picture.

It is expected that some sparse clusters are not real. The rate

of faux clusters can be estimated from mean star densities and

the number of possible members in the aggregation. Fig. 6 shows

the probability as a function of the galactic latitude (a proxy for

background star density) and the number of stars in the aggregation.

We estimated the number of members of the four faux clusters

from literature sources. The background star density is calculated

from Gaia DR2. All four faux clusters lie in the region where low-

probability clusters are expected to be found.

An overall existence probability of a cluster could be calcu-

lated in the same way we calculate membership probabilities in

NGC 1901. Instead of probabilities for individual stars the distri-

bution of suspected members could be compared to a plausible

multivariate Gaussian and a single number for the existence proba-

bility of the cluster could be reported. It is evident from Fig. 3 that

such probability would be essentially zero for the four disproved

clusters.

For NGC 1901 we found more members than one would find

using the same literature as for the four faux clusters, so the position

of NGC 1901 on plots in Fig. 6 with respect to the faux clusters

might not be completely representative. NGC 1901 also lies in

front of the LMC, so the background count in the G < 16 panel is

underestimated.

We can conclude that existence of the four false clusters has

never been very plausible, since they were all discovered based on

the star counts only. Most probably, there are more long-known

sparse clusters that will be disproved in the near future.

Gaia parameters are obviously proving to be well suited for

cluster membership analysis, as well as for finding new clusters

(Koposov et al. 2017; Cantat-Gaudin et al. 2018; Castro-Ginard

et al. 2018; Dias et al. 2018; Torrealba et al. 2018). The fraction of

reported clusters that are not real will probably be significantly

less than in the past, but even in the Gaia era we can expect

to find low-probability clusters that should be treated with cau-

tion. The same holds for membership probabilities. We show that

positions, proper motions, and distances are not enough and the

whole 6D information must be used to find members with great

certainty.
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Figure 6. Probability that an overdensity of N stars above the background level in a 0.5◦ diameter circle is a real cluster. Panels show the probability for

different magnitude cuts between G < 12 (left) and G < 16 (right). The probability changes significantly with the background level. Here we only show the

variation as a function of absolute galactic latitude (|b|). Only minor differences in local density can be expected for regions around different clusters. Position

of clusters studied in our work is indicated. For the non-existent clusters we estimated the supposed number of stars from the literature sources. For all five

clusters we assumed a radius of 0.25◦, so all of them can be shown on the same plot.
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Kharchenko N. V., Piskunov A. E., Schilbach E., Röser S., Scholz R.-D.,
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A P P E N D I X A : L I T E R ATU R E M E M B E R S FO R N G C 1 2 5 2 , N G C 6 9 9 4 , N G C 7 7 7 2 , A N D N G C 7 8 2 6

Tables A1–A4 list members given in the literature for four disproved clusters. Only stars we were able to cross-match with Gaia DR2 are

listed. These stars are clearly not real members, but we use them to rest our case in Fig. 3. We also show HR diagrams using literature

members and Gaia DR2 magnitudes. The HR diagrams do not resemble the diagrams for NGC 1901 or diagrams of other clusters explored

with Gaia data in the literature (Cantat-Gaudin et al. 2018; Gaia Collaboration 2018b)

Table A1. Coordinates, proper motions, parallax, and radial velocity (where known) of NGC 1252 members from the

literature. Not a single pair of stars can be found with matching parameters. Between all four sources the magnitudes

of the stars extend from V = 6.62 to V = 17.97.

α δ μα cos (δ) μδ ̟ vr
◦ ◦ mas yr−1 mas yr−1 mas km s−1

Membersa in Kharchenko et al. (2013)

47.4215 −57.6347 −0.03 ± 0.05 4.90 ± 0.04 0.95 ± 0.03 0.5 ± 0.6b

47.6764 −57.7014 −2.96 ± 0.03 15.57 ± 0.03 3.20 ± 0.02

47.2933 −57.7678 −1.07 ± 0.06 −13.19 ± 0.05 1.08 ± 0.03

48.0644 −57.6689 −4.70 ± 0.05 3.90 ± 0.05 1.39 ± 0.03

47.7155 −57.6683 1.57 ± 0.05 −1.88 ± 0.04 0.61 ± 0.03

47.9065 −57.5849 9.76 ± 0.15 3.23 ± 0.14 1.26 ± 0.07

48.0170 −57.7205 2.12 ± 0.05 9.79 ± 0.04 0.98 ± 0.02 31.4 ± 0.3c

47.3650 −57.6324 −3.59 ± 0.10 12.80 ± 0.09 1.72 ± 0.05

47.7089 −57.7856 0.04 ± 0.05 6.32 ± 0.04 1.63 ± 0.03 20.3 ± 0.8b

47.3982 −57.8135 6.42 ± 0.04 4.39 ± 0.03 0.76 ± 0.02

47.9903 −57.6525 4.39 ± 0.14 9.04 ± 0.14 1.49 ± 0.07

Members in de la Fuente Marcos et al. (2013)

47.6605 −57.7887 6.44 ± 0.05 7.61 ± 0.04 1.50 ± 0.02 −4.4 ± 1.1b

47.7356 −57.7966 5.55 ± 0.04 11.25 ± 0.03 1.09 ± 0.02 5.3 ± 0.2c

47.7498 −57.6912 9.95 ± 0.08 9.81 ± 0.07 0.85 ± 0.05

47.4953 −57.7548 3.06 ± 0.10 10.20 ± 0.09 0.66 ± 0.05

47.6336 −57.6454 3.49 ± 0.05 5.74 ± 0.05 0.81 ± 0.03

47.9003 −57.6730 13.01 ± 0.03 6.05 ± 0.03 2.26 ± 0.02

48.0170 −57.7205 2.12 ± 0.05 9.79 ± 0.04 0.98 ± 0.02 31.4 ± 0.3c

48.0104 −57.6817 5.09 ± 0.07 −0.90 ± 0.07 0.25 ± 0.04

Members in Pavani et al. (2001)

47.7089 −57.7856 0.04 ± 0.05 6.32 ± 0.04 1.63 ± 0.03 20.3 ± 0.8b

47.6868 −57.7234 −21.39 ± 0.04 −44.09 ± 0.04 1.88 ± 0.02 20.1 ± 1.5b

47.7680 −57.7731 −17.57 ± 0.05 −18.16 ± 0.05 2.05 ± 0.03

47.7356 −57.7966 5.55 ± 0.04 11.25 ± 0.03 1.09 ± 0.02 5.3 ± 0.2c

47.7498 −57.7446 31.21 ± 0.03 17.01 ± 0.03 1.77 ± 0.02 43.3 ± 4.4b

47.6764 −57.7014 −2.96 ± 0.03 15.57 ± 0.03 3.20 ± 0.02

47.7083 −57.7021 4.05 ± 0.07 −69.89 ± 0.06 11.87 ± 0.04 54.0 ± 0.3b

Members in Bouchet & The (1983)

47.7083 −57.7021 4.05 ± 0.07 −69.89 ± 0.06 11.87 ± 0.04 54.0 ± 0.3b

48.1091 −57.7038 35.61 ± 0.04 1.30 ± 0.04 1.73 ± 0.02 50.8 ± 0.2b

48.2607 −57.8339 1.19 ± 0.07 −4.57 ± 0.08 1.08 ± 0.05

48.2768 −57.6225 5.54 ± 0.05 17.82 ± 0.06 4.28 ± 0.03 30.8 ± 0.5b

48.2507 −57.5659 16.81 ± 0.04 4.41 ± 0.04 1.09 ± 0.02 30.8 ± 0.5b

48.0351 −57.5712 43.18 ± 0.06 15.34 ± 0.06 3.25 ± 0.03 7.6 ± 0.3b

47.9307 −57.5136 −5.85 ± 0.04 8.20 ± 0.04 2.12 ± 0.02 19.5 ± 0.2b

48.1921 −57.3504 −5.42 ± 0.06 3.69 ± 0.06 4.00 ± 0.03 −12.6 ± 0.5b

47.7845 −57.1932 −3.39 ± 0.09 −26.14 ± 0.10 4.86 ± 0.05 7.0 ± 0.5b

47.8202 −57.1590 19.11 ± 0.24 19.46 ± 0.23 1.77 ± 0.13 4.3 ± 0.3b

47.9257 −56.9778 −8.18 ± 0.04 −7.17 ± 0.04 1.82 ± 0.02 13.3 ± 0.2b

47.0998 −57.0100 14.40 ± 0.04 −13.60 ± 0.05 2.62 ± 0.03 5.6 ± 0.2b

48.7182 −57.8377 −6.38 ± 0.08 −15.96 ± 0.08 2.82 ± 0.05 105.3 ± 0.3b

aOnly members with probability >0.8.
bvr from Gaia DR2.
cvr from GALAH.

MNRAS 480, 5242–5259 (2018)

D
o
w

n
lo

a
d
e
d
 fro

m
 h

ttp
s
://a

c
a
d
e
m

ic
.o

u
p
.c

o
m

/m
n
ra

s
/a

rtic
le

-a
b
s
tra

c
t/4

8
0
/4

/5
2
4
2
/5

0
7
1
9
5
9
 b

y
 A

u
s
tra

lia
n
 N

a
tio

n
a
l U

n
iv

e
rs

ity
 L

ib
ra

ry
 u

s
e
r o

n
 2

7
 J

u
n
e
 2

0
1
9



5252 J. Kos et al.

Table A2. Coordinates, proper motions, parallax, and radial velocity (where known) of NGC 6994 members from the

literature. Not a single pair of stars can be found with matching parameters. The magnitudes of the stars extend from V

= 10.35 to V = 19.53.

α δ μα cos (δ) μδ ̟ vr
◦ ◦ mas yr−1 mas yr−1 mas km s−1

Members in Bassino et al. (2000)

314.7366 −12.6418 7.33 ± 0.07 −15.55 ± 0.05 1.41 ± 0.04 −26.2 ± 0.2a

314.7401 −12.6294 18.41 ± 0.07 −7.72 ± 0.06 2.66 ± 0.05 −53.1 ± 0.7a

314.7283 −12.6345 2.05 ± 0.09 −10.80 ± 0.07 3.11 ± 0.06 −8.5 ± 0.6a

314.7222 −12.6318 4.61 ± 0.07 −7.03 ± 0.05 1.52 ± 0.04 −20.8 ± 0.6a

314.8046 −12.6706 −21.38 ± 0.05 −9.39 ± 0.03 1.18 ± 0.03

314.7781 −12.5914 3.50 ± 0.05 −6.02 ± 0.03 0.80 ± 0.03 −11.6 ± 0.1b

314.7776 −12.5777 −11.40 ± 0.07 1.19 ± 0.05 1.91 ± 0.05

314.7423 −12.5768 −4.60 ± 0.04 −5.57 ± 0.03 0.83 ± 0.03

314.7237 −12.5765 −4.16 ± 0.04 −6.62 ± 0.03 0.33 ± 0.03 51.5 ± 0.1b

314.7378 −12.5785 −5.53 ± 0.35 2.55 ± 0.23 1.78 ± 0.23

314.7487 −12.6955 16.82 ± 0.07 7.75 ± 0.04 1.43 ± 0.04 −28.2 ± 1.6a

avr from Gaia DR2.
bvr from GALAH.

Table A3. Coordinates, proper motions, parallax, and radial velocity (where known) of NGC 7772 members from the

literature. Not a single pair of stars can be found with matching parameters. Between both sources the magnitudes of

the stars extend from V = 11.08 to V = 18.00.

α δ μα cos (δ) μδ ̟ vr
◦ ◦ mas yr−1 mas yr−1 mas km s−1

Membersa in Kharchenko et al. (2013)

357.9917 16.2920 17.13 ± 0.05 −8.65 ± 0.02 1.39 ± 0.03

357.8054 16.1146 6.94 ± 0.34 −2.56 ± 0.14 1.30 ± 0.16

357.5001 16.1331 12.52 ± 0.09 −10.44 ± 0.04 2.77 ± 0.04 22.7 ± 1.7b

358.2582 16.4424 18.28 ± 0.13 −14.25 ± 0.06 1.03 ± 0.07

357.9434 16.2490 12.45 ± 0.05 −7.38 ± 0.02 1.88 ± 0.03

357.9288 16.2352 7.30 ± 0.08 −8.65 ± 0.04 0.52 ± 0.04 22.1 ± 0.3b

357.9052 15.9786 11.59 ± 0.10 −7.66 ± 0.04 1.05 ± 0.05

358.0828 16.2812 10.42 ± 0.30 −6.91 ± 0.18 1.53 ± 0.15

357.9428 16.2398 12.50 ± 0.07 −7.25 ± 0.04 1.95 ± 0.04 −63.4 ± 0.1c

358.3233 16.0572 16.19 ± 0.09 −9.59 ± 0.04 1.03 ± 0.05

Members in Carraro (2002)

357.9428 16.2398 12.50 ± 0.07 −7.25 ± 0.04 1.95 ± 0.04 −63.4 ± 0.1c

357.9690 16.1878 6.75 ± 0.16 −38.26 ± 0.08 5.48 ± 0.09 −20.1 ± 1.2b

357.9129 16.3036 −16.76 ± 0.06 −31.33 ± 0.03 2.04 ± 0.03

357.9506 16.2513 8.65 ± 0.06 −10.52 ± 0.03 1.02 ± 0.03 −69.9 ± 1.3b

357.9434 16.2490 12.45 ± 0.05 −7.38 ± 0.02 1.88 ± 0.03

357.8977 16.2136 −6.48 ± 0.05 −18.50 ± 0.02 0.64 ± 0.03

357.9503 16.2333 0.52 ± 0.05 −2.54 ± 0.03 2.34 ± 0.03 18.8 ± 0.2c

357.9917 16.2920 17.13 ± 0.05 −8.65 ± 0.02 1.39 ± 0.03

357.9367 16.2454 12.56 ± 0.05 5.86 ± 0.03 1.50 ± 0.03

357.9538 16.1833 −4.48 ± 0.05 −6.55 ± 0.03 1.59 ± 0.03 −37.2 ± 0.1c

357.9056 16.3006 2.74 ± 0.08 0.49 ± 0.04 0.48 ± 0.04

aOnly members with probability >0.8.
bvr from Gaia DR2.
cvr from GALAH.
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(Non-)existence of high-latitude open clusters 5253

Table A4. Coordinates, proper motions, parallax, and radial velocity (where known) of NGC 7826 members from the

literature. Not a single pair of stars can be found with matching parameters. The magnitudes of the stars extend from V

= 9.72 to V = 16.67.

α δ μα cos (δ) μδ ̟ vr
◦ ◦ mas yr−1 mas yr−1 mas km s−1

Membersa in Dias et al. (2002, 2014)

1.3897 −20.8588 12.26 ± 0.12 2.83 ± 0.07 0.72 ± 0.07

1.1267 −20.6970 46.70 ± 0.09 −5.49 ± 0.06 3.22 ± 0.06 −1.1 ± 0.2b

1.2085 −20.6567 25.99 ± 0.06 −11.67 ± 0.04 1.30 ± 0.03

1.2711 −20.6347 15.25 ± 0.07 −8.40 ± 0.05 0.36 ± 0.04 77.3 ± 0.1c

1.2949 −20.7413 14.65 ± 0.10 1.17 ± 0.06 1.18 ± 0.05

1.2976 −20.6020 19.74 ± 0.05 6.47 ± 0.03 0.79 ± 0.03 −17.8 ± 0.1c

1.3595 −20.7226 38.34 ± 0.12 5.27 ± 0.06 3.39 ± 0.05 16.3 ± 0.7b

1.3745 −20.6056 27.03 ± 0.07 −5.63 ± 0.04 3.53 ± 0.04 −2.9 ± 0.1c

1.4658 −20.7048 16.05 ± 0.05 −5.44 ± 0.04 0.92 ± 0.04

1.2480 −20.5623 18.41 ± 0.07 −8.65 ± 0.05 1.99 ± 0.04 12.9 ± 1.1b

1.4210 −20.5883 12.84 ± 0.08 1.43 ± 0.04 2.54 ± 0.04

aOnly members with probability >0.9.
bvr from Gaia DR2.
cvr from GALAH.

Figure A1. HR diagram of stars in Table A1.

MNRAS 480, 5242–5259 (2018)
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5254 J. Kos et al.

Figure A2. HR diagram of stars in Table A2.

Figure A3. HR diagram of stars in Table A3.

MNRAS 480, 5242–5259 (2018)
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(Non-)existence of high-latitude open clusters 5255

Figure A4. HR diagram of stars in Table A4.

APP ENDIX B: LIST O F PRO BA BLE NGC 1901 MEMBERS

In Table B1 we list the most probable NGC 1901 members. Note that only stars in the Gaia DR2 are included. Fig. B1 shows the position of

the most probable members on the sky.

MNRAS 480, 5242–5259 (2018)
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(Non-)existence of high-latitude open clusters 5257
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5258 J. Kos et al.

Figure B1. Positions of the most probable NGC 1901 members. All Gaia DR2 stars with G < 16 are plotted in grey and the members are plotted in colour.

Radii r0, r1, and r2 are marked with red circles.

A P P E N D I X C : A BU N DA N C E S

Temperatures, gravities, and abundances in Table C1 are calculated by SME (Valenti & Piskunov 1996; Piskunov & Valenti 2017). Some stars

that might be binaries are used. For most members the precise stellar parameters and abundances cannot be computed, as the temperatures

are too high.
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(Non-)existence of high-latitude open clusters 5259
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