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2Departamento de Fı́sica, Ingenierı́a de Sistemas y Teorı́a de la Señal, Universidad de Alicante, Carretera de San Vicente s/n, E-03690 San Vicente del
Raspeig, Spain
3Instituto de Fı́sica y Astronomı́a, Universidad de Valparaı́so, Av. Gran Bretaña 1111, Playa Ancha, Casilla 5030, Chile
4Gemini Observatory, Northern Operations Center, 670 A’ohoku Place, Hilo, HI 96720, USA
5Instituto de Astrofı́sica e Ciências do Espaço, Universidade do Porto, CAUP, Rua das Estrelas, P-4150-762 Porto, Portugal
6Instituto de Astrofı́sica de Canarias, Vı́a Láctea s/n, E-38200 La Laguna, Tenerife, Spain
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ABSTRACT
Obscuration and confusion conspire to limit our knowledge of the inner Milky Way. Even at moderate distances, the identification
of stellar systems becomes compounded by the extremely high density of background sources. Here, we provide a very revealing
example of these complications by unveiling a large, massive, young cluster in the Sagittarius arm that has escaped detection
until now despite containing more than 30 stars brighter than G = 13. By combining Gaia DR2 astrometry, Gaia and 2MASS
photometry, and optical spectroscopy, we find that the new cluster, which we name Valparaiso 1, located at ∼ 2.3 kpc, is about
75 Ma old and includes a large complement of evolved stars, among which we highlight the 4 d classical Cepheid CM Sct
and an M-type giant that probably represents the first detection of an asymptotic giant branch star in a Galactic young open
cluster. Although strong differential reddening renders accurate parameter determination unfeasible with the current data set,
direct comparison to clusters of similar age suggests that Valparaiso 1 was born as one of the most massive clusters in the solar
neighbourhood, with an initial mass close to 104 M�.

Key words: stars: evolution – Hertzsprung–Russell and colour–magnitude diagrams – supergiants – stars: variables: Cepheids –
open clusters and associations: individual: Valparaiso 1.

1 IN T RO D U C T I O N

Star formation is a complex hierarchical process. Its outcome
depends on many factors that we do not know yet. Giant molecular
clouds can give rise to dispersed OB associations that contain no
populous clusters, as in Cyg OB2 (Wright et al. 2016), but also
produce massive, compact clusters, with masses Mcl � 104 M�,
such as NGC 3603 (e.g. Rochau et al. 2010). Despite this diversity,
the mass distribution of open clusters in non-interacting galaxies
seems to be quite similar and independent of their star formation
rates (Fall & Chandar 2012), especially among spirals (e.g. Larsen
2009). Based on the expectations of such a standard distribution, the
Milky Way should produce one bound cluster more massive than
104 M� about every ∼500 000 yr (Larsen 2009). Indeed, about a
dozen star clusters with ages � 20 Ma and masses above this limit
have now been found in our Galaxy (Portegies Zwart, McMillan &
Gieles 2010; Negueruela 2014). There is, however, a general lack of
clusters with comparable masses at slightly older ages. In fact, only
M11 (Santos, Bonatto & Bica 2005; Cantat-Gaudin et al. 2014)
has been confirmed to be above the 104 M� landmark among
moderately young clusters. Bavarsad et al. (2016), based on the
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properties of a eclipsing binary in the cluster, give a turn-off mass
of 3.6 M� and thus an age around 250 Ma, which implies an initial
mass well above this value (cf. Cantat-Gaudin et al. 2014). The
heavily obscured cluster Mercer 13 (Messineo et al. 2009) may have
a similar age and an equivalent population, but its parameters are still
uncertain.

Similar clusters must have been forming throughout the history
of the Milky Way. In fact, any old open cluster that has managed to
survive to this day in the Galactic gravitational potential must have
started as a rather massive object. For instance, Hurley et al. (2005)
estimate that M 67, which is ∼4 Ga old, started its life with almost
20 000 M� in order to retain ∼ 1500 M� at present. Several authors
have proposed the heavily reddened compact cluster GLIMPSE-
C01 to be the intermediate-age descendent of a very massive young
open cluster. Data are compatible with a 2 Ga cluster still having
∼ 105 M�, but also with an old globular cluster that happens to be
crossing the Galactic Plane (Hare, Kargaltsev & Rangelov 2018).
At intermediate ages, the outer Galaxy contains several clusters that
seem to have had very high initial masses. Among them, we can count
NGC 2477, for which Eigenbrod et al. (2004) estimate a current mass
of ∼ 5400 M� in stars more massive than the Sun at an age of 1.0 Ga,
which seems confirmed by more recent works. NGC 1817 is similar
(Mermilliod et al. 2003), while NGC 2099 is about half this age and
at least as massive (Kalirai et al. 2001).
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Towards the inner Galaxy, there are very few equivalent clusters.
NGC 4337, which is some distance above the Plane (b = +4.d6), has
an estimated mass � 2 × 103 M� at 1.6 Ga and may be the remnant
of a rather massive cluster (Seleznev et al. 2017), but very few similar
objects have been found and studied. Considering that most of the
Galactic mass lies towards the inside and that most young massive
clusters known are within the solar circle, there are two immediate
explanations1 for this apparent difference between the inner and outer
regions of the Milky Way:

(i) The stronger gravitational potential in the inner Galaxy must
be much more efficient at dissolving initially massive clusters over
the course of 1 Ga.

(ii) High obscuration and crowding, prevalent towards the inner
Galaxy, render many other existing massive cluster remnants essen-
tially invisible to observers situated in our location. In support of
this interpretation, the few populous moderately young open clusters
known, such as M11 or NGC 6067 (Alonso-Santiago et al. 2017),
are relatively nearby (d � 2 kpc) and in the middle of low-extinction
windows. Despite this, they do not stand out strongly from their
background. While younger populous clusters, such as Stephenson 2
(Negueruela et al. 2012) or vdBH 222 (Marco et al. 2014), are easily
identified as a collection of extremely bright infrared stars (their red
supergiants), older clusters contain giants whose intrinsic brightness
is comparable to the field red giant branch (RGB) or asymptotic giant
branch (AGB) stars.

In this paper, we present evidence in the sense that many moder-
ately young and intermediate-age clusters must remain unidentified
because of background confusion by presenting a new, large cluster
containing bright stars (about 30 members are brighter than G =
13) that appears to be rather massive and has escaped detection
until now. The new cluster, which we call Valparaiso 1, lies on the
Galactic plane at l = 27.d0 and is thus projected on top of a line of
sight that goes across the Sagittarius and Scutum–Crux arms and
reaches the base of Scutum–Crux arm, close to the near end of
the Bar (Negueruela et al. 2012). During a search for background
red luminous stars (reported in Negueruela et al. 2012), we found
a large number of candidate early-type stars in the vicinity of the
catalogued emission-line star THA 14-29 (= TYC 5121−662-1) and
the catalogued luminous star LS IV −05◦12. Some of these stars were
observed spectroscopically, revealing a population of mid-B giants,
highly indicative of a single-age population. Gaia DR2 astrometric
data confirm the existence of this population, while revealing a much
larger extent and a high number of associated red giants. The cluster
that we study is included in the list of cluster candidates presented
by Castro-Ginard et al. (2020), under the name UBC 106. In this
work, we use intermediate-resolution spectra of these red giants to
determine their stellar parameters and Gaia and 2MASS photometry
to estimate cluster parameters.

2 O BSERVATIONS AND DATA

Classification spectroscopy of blue stars in the area was obtained
with the Boller & Chivens Spectrograph on the 2.5-m Irénée du
Pont telescope at Las Campanas Observatory (Chile) during a run
on 2012 June 25 – 27 June. The instrument was equipped with a

1Many works indicate a very rapid decline in the number of clusters with
age. However, these references use the term ‘cluster’ in a wide sense, mostly
referring to OB associations (e.g. Pfalzner, Vincke & Xiang 2015); see the
discussion on terminology in Krumholz (2014).

Marconi CCD mated to a Bowen Schmidt camera as detector. We
used the blue 1200 l/mm grating, which gives a nominal dispersion
of 0.8 Å per pixel over a wavelength range of 163 nm. Together with
a 2 arcsec slit, this grating results in a resolving power of R = 2450.

Intermediate-resolution spectra of red giant candidates were taken
on 2018 July 5 – 7 with the Intermediate Dispersion Spectrograph
(IDS) mounted on the 2.5-m Isaac Newton Telescope (INT) at El
Roque de los Muchachos Observatory, in La Palma (Spain). We used
the 235-mm camera with the Red + 2 CCD and grating H1800V. This
grating provides intermediate high resolution over the whole optical
range. In combination with a 1 arcsec slit, it gives an oversampled
2-pixel resolution element of 0.66 Å over an unvignetted range of
∼ 640 Å. We used it on July 5 and 6 centred on 6700 Å, achieving a
resolving power, measured on arc lines, of R ≈ 10 000. On July 7th,
we centred the observed region on 8 600 Å, obtaining R ≈ 13 000
spectroscopy over the Ca II triplet range.

Finally, on 2018 July 8th, we used the H1800V grating centred
on 4 400 Å to take classification spectra of two further blue cluster
members. By using a 1.4 arcsec slit, we obtained a resolving power
of R ≈ 6500.

All the spectra have been reduced according to standard procedure
with IRAF.2 Bias removal, flat-fielding, and wavelength calibration
were done with frames taken on the same nights as the observations.

3 R ESULTS

3.1 Cluster definition

Gaia DR2 data (Gaia Collaboration 2018) provide precise positions,
proper motions, and parallaxes for most of the stars brighter than
G = 20. Although there are systematic errors affecting all astrometric
parameters (Luri et al. 2018), this is a high-precision data set that
allows a very good definition of cluster membership. Since the cluster
seems to be extended, we downloaded all the DR2 data within a circle
of radius 50 arcmin around a nominal centre placed at RA: 18 41
52 Dec: −05 27 00, in the midst of the blue stars detected. After
removing objects with no astrometric solution or very large errors
in the proper motions (error greater than 1 mas a−1 in any of the
two ppms), we examined the proper motion plane, where the cluster
is an obvious overdensity around (pmRA ≡ μαcos δ, pmDec ≡ μδ)
∼ (−1.1, −1.3) mas a−1 for any radius taken (cf. Fig. 1).

As this is a very crowded field with differential extinction,
defining the extent of the cluster in the proper motion plane is
not straightforward. Contamination by field stars is high, as can
be seen in Fig. 1.3 To obtain an initial estimate, we used the
Virtual Observatory tool Clusterix 2.0 (Balaguer-Núñez et al. 2020).
Clusterix is an interactive web-based application to calculate the
grouping probability of a list of objects by using proper motions
and the non-parametric method proposed by Cabrera-Cano & Alfaro
(1990) and described in Galadi-Enriquez, Jordi & Trullols (1998).
In its current version, Clusterix works only in the proper motion
plane, ignoring all other information. We run the tool interactively
by defining concentric circles of changing radius around the nominal

2IRAF is distributed by the National Optical Astronomy Observatories, which
are operated by the Association of Universities for Research in Astronomy,
Inc., under cooperative agreement with the National Science Foundation.
3The density of sources in the area is so high that the open cluster Teutsch 145,
which is included in our circle, does not stand out at all in Fig. 1. This is
a faint and distant cluster for which Cantat-Gaudin et al. (2018) identify
around 100 likely members based on DR2 data and give (pmRA, pmDec)
∼ (−1.64,−3.43) mas a−1.
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Figure 1. Density map (linear scale) of the input catalogue for Clusterix in
the proper motion plane. The yellow circle surrounding the densest clump,
around (−1.1, −1.3) mas a−1, indicates the region selected for the initial
sample by the Clusterix analysis.

centre. For ease of computation, we restricted ourselves to DR2
objects with G ≤ 16 and errors in proper motion below 1 mas a−1. The
best results were obtained for a cluster of radius 9 arcmin and a field
located between 36 arcmin from the centre and the edge of the data
set. Based on an empirical determination of the frequency functions
in the vector point diagram (Sanders 1971), Clusterix assigns each
object a probability of belonging to a distinct population, identified
as the cluster.

In fact, Clusterix identifies two distinct populations within the
area. The first one, representing a weak overdensity around (pmRA,
pmDec) ∼ (+0.5, −1.0) mas a−1 is not strongly concentrated to-
wards the cluster position, but rather extends over the whole field,
with a higher frequency around RA: 18:41:15, Dec: −05:26:20, a
region that seems to show a gap in obscuration. Our data do not allow
the identification of this population as a cluster. Nevertheless, Castro-
Ginard et al. (2020), by using automated non-parametric techniques,
have recently identified a high-confidence cluster candidate in this
area (UBC 105) with astrometric parameters pmRA = 0.46 ± 0.11
mas a−1, pmDec = −0.99 ± 0.09 mas a−1, which seems to corre-
spond exactly to this population. Therefore, we assume that this
is a real cluster for which we will use the designation UBC 105
throughout.

The second, much better defined, overdensity – easily detected by
eye in Fig. 1 – is strongly concentrated towards the area where
we had previously identified a group of early-type stars. After
analysing the correlation between probability assigned by Clusterix
and distribution in the proper motion plane, we made a cut in
probability (which is given in arbitrary units) that separates the region
shown in Fig. 1. The population selected consists of 1047 objects (out
of a total population of over 35 500 objects). The spatial distribution
of this selection can be seen in Fig. 2 (left-hand panel), where the
objects are marked as black dots, and very clearly demonstrates its
clustered nature. However, given the high density of field stars over
the whole extent of Fig. 1, the sample must still contain substantial

contamination. We performed an initial cleaning by making use of
Gaia parallaxes. The sample has a mean and median parallax of
π = 0.39 mas and a mode π = 0.40 mas, with standard deviations
of 0.05 mas. This excellent agreement confirms the existence of
a well-defined population. We analysed the distribution of objects
in the pmRA/plx and pmDE/plx plane to identify the locus of
the population, and then proceeded to clean iteratively the sample
of outliers. Next, we plotted the Gaia colour–magnitude diagram
(CMD) for the remaining sample (678 stars), which is shown in
Fig. 3. The CMD confirms that most of the stars selected are part of
a single population, with a typical stellar sequence around BP − RP
≈ 1.2, although considerably broadened by differential reddening,
and an apparent clump of bright, red objects. The reality of this
clump of evolved stars is substantiated by Gaia radial velocities
(RVs; Katz et al. 2019). There are five stars brighter than G ≈ 11
that have Gaia RVs, and they are all consistent with a given value
(see Table 2). Nevertheless, substantial contamination can be seen at
fainter magnitudes for BP − RP > 1.6. In addition, there is a hint of
a second population around G ≈ 13.5 with BP − RP < 1.0. Closer
examination, however, shows that all these objects with bluer colours
are located in the south-east quadrant, where extinction seems to be
noticeably lower. They are then in all likelihood less reddened cluster
members.

In view of this, we clean our sample by removing all stars with
G > 11.5 and BP − RP > 1.5. The median astrometric parameters
of the remaining sample are (pmRA, pmDec) = (−1.08 ± 0.11,
−1.32 ± 0.11) mas a−1, π = 0.40 ± 0.05 mas, where the errors
represent the standard deviations of the sample. After removal of a
handful of outliers, we are left with a sample of 479 objects down
to G = 16, compatible within their errors at 2σ with these average
values. Their spatial distribution, also showed in Fig. 2, is much more
concentrated than that of the initial sample. The almost complete
absence of objects in the Western third of the circle correlates strongly
with the presence of dark clouds in the DSS images of the area (cf.
Fig. 2, right-hand panel).

We used the AUTOMATED STELLAR CLUSTER ANALYSIS (ASTECA)
code (Perren, Vázquez & Piatti 2015) to explore the cluster’s
geometry. Running ASTECA on both the initial and cleaned samples
displayed in Fig. 2 (left-hand panel), we fit a King profile. The centre
of the cluster is found at RA = 280.47◦ (18 41 53), Dec = −5.42◦

(−05 25 12), about 2 arcmin to the North of our initial guess.
The radius is given as r = 0.15 ± 0.02 deg, but this is clearly an
underestimation, as the ‘background’ in these samples is made of the
same population.

For an independent confirmation, we took 2MASS data within 20
arcmin of this centre. We retained only stars with ‘good’ quality flags
(A or E) in all three filters and removed all stars with high errors by
taking 0.1 mag in the (J − Ks) colour as a limit. We selected early-type
stars by making use of the infrared Q parameter (see Negueruela &
Schurch 2007). We considered a range −0.14 < QIR < 0.08 to include
the region inhabited by early-type (OBA) stars and take into account
the typical photometric errors. We rejected stars brighter than K = 9,
as these will almost certainly be foreground objects. This procedure
leaves 1864 candidate early-type stars. Again ASTECA detects a strong
overdensity, this time centred on RA = 280.49◦, Dec = −5.41◦,
about 1 arcmin to the north-east of the centre determined from
Gaia candidates. Given that the sample and method are completely
independent from the Gaia data, this confirms the definition of the
cluster. The King profile, however, does not result in a good fit, as
the spatial distribution is very asymmetric. Again, the reason for this
is evident in Fig. 2 (right-hand panel). There is a number of dark
regions immediately to the west of the cluster core that significantly
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Figure 2. Left-hand panel: Spatial distribution of candidate cluster members selected from Gaia data. The black dots represent the initial selection from the
probabilities assigned by Clusterix based on proper motions only. The small red circles are the result of the cleaning procedure described in the text, by using
parallaxes and Gaia photometry (i.e. position in the CMD). Right-hand panel: The same clean sample is shown on top of the WISE 22 μm map of the region.
The anticorrelation between likely member density and dust emission is strong.

Figure 3. Gaia CMD for the sample selected using astrometric data. The
diamonds indicate the five bright stars with compatible RVs. Large circles
show other stars with Gaia RVs within the sample. Only one of them has an
RV compatible with the brighter group.

reduce stars counts to that side. In particular, the density maps of
both Gaia sources and 2MASS sources show a strip starting close
to the cluster centre and extending to the south-west for about half
a degree with a much lower source count than neighbouring areas.
Optical images show that this strip corresponds to a dark lane, which
must be foreground to the cluster. In view of these complications, we

do not attempt to define a real cluster centre, although we note that
members are very strongly concentrated towards the position used
as nominal centre.

Finally, we note that Castro-Ginard et al. (2020) identify a high-
confidence cluster candidate in this area, UBC 106, with astromet-
ric parameters pmRA = −1.10 ± 0.10 mas a−1, pmDec = 1.32 ±
0.11 mas a−1, π = 0.40 ± 0.04 mas. Given the total correspondence
in all parameters, this cluster candidate UBC 106 is identical to our
Valparaiso 1, offering independent confirmation of its existence and
characteristics.

3.2 Stellar content

Classification spectra of stars observed with the DuPont telescope are
shown in Fig. 4. Classification was performed using classical criteria
by comparison to a set of spectra of standard stars (as discussed
in Negueruela et al. 2019) degraded to the same resolution. Since
the target selection was made at the time by using only 2MASS
CMDs, there were a few F-type interlopers (not shown). The spectral
classification of the B-type stars is shown in Table 1, together with
their Gaia DR2 astrometric parameters. The majority of the stars
selected turn out to be B5 – 7 giants and subgiants, as is typical of a
moderately young cluster. LS IV −05◦12 is brighter, and at B9.5 II
falls a bit short of supergiant luminosity. TYC 5121−570-1 has a
spectral type B2 IV and different proper motions, so we consider
it a clear non-member. Star 9 has proper motions compatible with
membership, but its parallax (π = 0.68) and spectral type B9.5 III
suggest it is a foreground object. All the other stars have very
similar spectra and hence spectral classifications. TYC 5121−533-1,
however, is far from the central concentration and has very different
proper motions. In fact, according to Castro-Ginard et al. (2020),
TYC 5121−533-1 is the second brightest likely member of UBC 105.

All the other stars have astrometric parameters compatible with
cluster average to within 3σ , and so we do not discard their
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Figure 4. Intermediate-resolution spectra of blue stars in the field of Valparaiso 1.

Table 1. Observed parameters for blue stars with classification spectra.

Gaia RA Dec Other Spectral pm (RA) pm (Dec.) π G BP-RP Membera

name type (mas) (mas) (mas) (mag) (mag)

1 18:41:52.26 −05:23:22.1 LS IV −05◦12 B9.5 II −0.75 ± 0.14 −1.12 ± 0.13 0.43 ± 0.07 10.32 1.32 L
2 18:41:52.13 −05:26:58.1 TYC 5121-381-1 B7 IIIe −1.06 ± 0.09 −1.53 ± 0.09 0.64 ± 0.05 11.92 1.11 P
3 18:41:47.13 −05:27:55.2 TYC 5121-662-1 B7 IIIe −0.86 ± 0.08 −1.66 ± 0.08 0.35 ± 0.05 11.85 0.98 L
4 18:41:55.90 −05:26:58.5 B6 IVe −1.10 ± 0.08 −1.30 ± 0.08 0.41 ± 0.05 12.53 1.23 C
5 18:41:52.27 −05:26:08.6 B7 III −1.16 ± 0.07 −1.35 ± 0.07 0.37 ± 0.04 12.60 1.19 C
6 18:41:52.50 −05:25:15.1 B5 IV −0.97 ± 0.07 −1.39 ± 0.07 0.44 ± 0.04 12.51 1.23 C
8 18:41:48.20 −05:26:46.2 B5 IV −0.42 ± 0.08 −0.53 ± 0.07 0.48 ± 0.05 12.42 0.90 P
9 18:41:47.66 −05:25:53.1 B9.5 III −0.82 ± 0.08 −1.28 ± 0.08 0.68 ± 0.05 12.23 1.18 U
11 18:41:32.80 −05:25:15.5 TYC 5121-570-1 B2 IV −0.91 ± 0.09 −3.69 ± 0.08 0.45 ± 0.05 11.70 0.86 N
13 18:41:26.06 −05:24:54.9 TYC 5121-533-1 B5 III +0.42 ± 0.10 −0.97 ± 0.09 0.49 ± 0.05 11.97 1.00 N
15 18:41:20.28 −05:24:43.1 TYC 5121-63-1 B6 III −1.04 ± 0.07 −1.28 ± 0.07 0.42 ± 0.04 11.92 1.03 C
101 18:41:27.37 −05:31:23.1 B7 III −1.22 ± 0.07 −1.31 ± 0.07 0.43 ± 0.04 11.80 1.04 C
109 18:41:51.14 −05:19:55.6 B6 IIIe? −1.13 ± 0.09 −1.27 ± 0.08 0.40 ± 0.05 12.31 1.15 C

aMembership is considered C(ertain) for stars with astrometric parameters compatible with the cluster average and appropriate spectral types; (L)ikely for stars
with appropriate spectral types whose astrometric parameters are compatible at 2σ within their respective errors; (P)ossible for a star with appropriate spectral
type and the right parallax, but divergent proper motion; (U)nlikely for a star with divergent parallax and a spectral type B9.5 III, which does not agree with the
rest of members. The B2 IV star and the member of UBC 105, Star 13, are considered certain (N)on-members.

membership. TYC 5121−381-1 has a high parallax (π = 0.65), but
this is a Be star, and so this value could be affected by the presence
of an envelope. In fact, its EDR3 parallax (Lindegren et al. 2021) is
a much shorter 0.56 ± 0.03. We keep it as a possible member until
further Gaia releases. Two other stars in the sample are also clearly
Be stars. We note that Be stars with late-B types tend to have weak
emission features (cf. Steele, Negueruela & Clark 1999) and so we
could be missing some other Be stars that are only detectable in H α

(as we have not observed this spectral range). The brightest star in
our sample, LS IV −05◦12, is not picked as a member by Castro-
Ginard et al. (2020) because of its poor DR2 astrometric parameters,
but its EDR3 values bring it close to the cluster average.

To check the validity of the astrometric selection adopted to define
the cluster, we observed two of the brightest blue stars chosen as
astrometric members outside the central concentration with the INT
+ IDS. These two stars (101 and 109 in Table 1) have the same
spectral types as the members of similar brightness in the central
concentration, confirming that the cluster extends well beyond the
central 5 arcmin. Star 109 may be a mild Be star, but an H α spectrum
will be needed to confirm this.

The nine objects occupying positions compatible with being
luminous cool stars in Fig. 3 were observed in the Ca II triplet (CaT)
range for classification purposes. Criteria to classify late-type stars

in this range are discussed in Negueruela et al. (2011) and Dorda,
González-Fernández & Negueruela (2016). Their spectra, displayed
in Fig. 5, confirm that they are all luminous cool stars, straddling the
limit between bright giants and supergiants, as seen in moderately
young (i.e. ∼50 – 100 Ma) clusters (e.g. Negueruela & Marco 2012;
Alonso-Santiago et al. 2017; Negueruela et al. 2018).

3.3 Spectroscopic analysis

The spectra of cool luminous stars can be used to determine stellar
properties. For the 10 objects listed in Table 2, we carried out such
an analysis. Because of the poor weather during the night and low
response of the CCD in the Ca II region, these triplet spectra have a
low signal-to-noise ratio and we used them for spectral classification
only. We used the spectra in the H α region to compute effective
temperature (Teff), surface gravity (log g), and metallicity ([M/H])
by comparing them to a grid of synthetic spectra (as in Lohr et al.
2018). We employed the new version of the code STEPARSYN (see
Tabernero et al. 2018, 2021; Tabernero et al., in preparation), which
uses a Markov chain Monte Carlo algorithm (EMCEE; see Foreman-
Mackey et al. 2013) for optimization. We explored the parameter
space by using 12 Markov chains of 1000 points.
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Figure 5. Spectra of nine cool luminous members of Valparaiso 1, used for
spectral classification.

We generated a grid of synthetic spectra by means of the MARCS
spherical atmospheric models (Gustafsson et al. 2008) and the
radiative transfer code spectrum (Gray & Corbally 1994). As line list,
we employed a selection from the VALD3 data base (Piskunov et al.
1995; Kupka et al. 2000; Ryabchikova et al. 2015), which takes into
account all the relevant atomic and molecular features (dominated by
TiO and CN) that can appear in cool luminous stars earlier than mid-
M types. We employed the Anstee, Barklem, and O’Mara theory
(ABO) as Van der Waals damping prescription, when available in
VALD3 (see Barklem, Piskunov & O’Mara 2000). The grid spans
Teff from 3500 to 8000 K with a step of 250 K above 4000 and 100 K
otherwise. The metallicity ranges from [M/H] = −1.0 dex to [M/H]
= 1.0 dex in 0.25 dex steps, while surface gravity goes from −0.5

to 2.0 dex in 0.5 dex steps, when available in the MARCS grid. The
microturbulence (ξ ) was adjusted according to the 3D model based
calibration described in Dutra-Ferreira et al. (2016). We convolved
our grid of synthetic spectra with a Gaussian kernel to account for
the line-spread function of the instrument. The results of the analysis
are listed in Table 2.

The metallicities derived for all the cool stars are roughly com-
patible with a solar metallicity. The only exception is the Cepheid
variable CM Sct, which gives a decidedly subsolar metallicity. This
is in open contrast to the slightly supersolar values reported by
Luck (2018). A similarly large discrepancy is seen between this
authors’ value for log g (2.1) and ours (1.0). Since metallicity and
effective gravity are highly degenerate, we excluded CM Sct from
the calculation of the average metallicity, which, after weighing each
value with its error, is exactly solar. In view of this, we use solar
metallicity isochrones in the subsequent analysis.

RVs were measured by cross-correlating each individual obser-
vation against the Arcturus atlas (Hinkle et al. 2000) by means of
the ISPEC code (Blanco-Cuaresma et al. 2014). Comparison of our
RVs to Gaia DR2 values for five stars in common shows excellent
agreement. Our formal errors are clearly an underestimation, as
systematic effects preclude errors better than ∼ 3 km s−1 for an
instrument with such large flexures as IDS. All 10 stars display
consistent values of RV. Only CM Sct appears slightly deviant, but
this well-studied Cepheid is known to display RVs ranging from
∼+23 to ∼ +55 km s−1 (Metzger et al. 1991), with a systemic
velocity of +40.8 km s−1 (Pont, Mayor & Burki 1994), fully
consistent with the others. Removing the variable, our average RV
value is +41.7 km s−1 (σ = 1.2 km s−1 for nine stars), while the
Gaia DR2 unweighted average is +41.3 km s−1 (σ = 0.8 km s−1

for five stars).

4 C LUSTER PARAMETERS

The derivation of cluster parameters is complicated. The cluster is
large on the sky and extinction varies strongly across its surface.
The photometric diagrams are complicated by the presence of other
populations. In particular, UBC 105 is another young cluster at about
the same distance (π = 0.47 ± 0.03 mas; Castro-Ginard et al. 2020).
Although the two clusters are very well separated in the proper
motion plane, they are spatially coincident, as seen in Fig. 6.

Moreover, the two clusters have similar reddening, and their
populations blend in all photometric diagrams. As seen in Fig. 7,
they must have about the same age, as also suggested by the fact that
TYC 5121−533-1, one of the brightest members of UBC 105, has
the same spectral type as the brightest members of Vaparaiso 1.

Table 2. Stellar parameters for cool stars in the field of Valparaiso 1.

Star Other Gaia Spectral Teff log g [M/H] vhel RV (Gaia)
name DR2 type (K) (dex) (km s−1) (km s−1)

A TYC 5121−543-1 4256511915482900608 G8 Ib–II 4693 ± 46 1.1 ± 0.11 −0.05 ± 0.06 40.6 ± 0.2 −
B GSC 05121−00622 4256512843232515840 G8 II 4620 ± 51 1.42 ± 0.12 +0.01 ± 0.07 42.4 ± 0.2 40.1 ± 0.4
C TYC 5121−819-1 4253508943153458048 K0 Ib 4639 ± 40 0.88 ± 0.11 +0.02 ± 0.06 39.8 ± 0.2 −
D TYC 5121−218-1 4253508702635208832 G8 Ib 4640 ± 48 1.02 ± 0.11 −0.07 ± 0.06 41.1 ± 0.2 40.8 ± 0.5
E CM Sct 4253603501158148736 −a 5431 ± 36 1.03 ± 0.09 −0.15 ± 0.04 47.4 ± 0.3 −
F TYC 5121−758-1 4253603501158148736 M1 Ib 3840 ± 20 0.33 ± 0.09 −0.10 ± 0.05 41.6 ± 0.2 −
G 4256511468842481408 K0 II 4725 ± 44 1.33 ± 0.09 +0.12 ± 0.05 41.5 ± 0.2 41.6 ± 0.4
H TYC 5121−684-1 4253603501158148736 G3 Ib 5105 ± 27 0.72 ± 0.08 −0.07 ± 0.04 41.1 ± 0.2 41.8 ± 0.2
I TYC 5125−1531-1 4253499219346450432 K0 Ib-II 4755 ± 22 0.91 ± 0.06 +0.08 ± 0.03 43.5 ± 0.6 42.1 ± 0.3
J 4253597556923196672 K3 II 4137 ± 40 0.65 ± 0.1 −0.06 ± 0.06 43.4 ± 0.2 −
aCM Sct is a classical Cepheid and thus spectral variable. Therefore, we did not observe it in the CaT range.
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Figure 6. Spatial distribution of likely members (according to Castro-Ginard
et al. 2020) of UBC 106 = Valparaiso 1 (blue circles) and UBC 105 (dashed
red circles). Although the two clusters overlap, Valparaiso 1 is much more
populous and extends over a vast area that encompases UBC 105.

Figure 7. CMD, using Gaia DR2 photometry of likely members (Castro-
Ginard et al. 2020) of Valparaiso 1 (blue circles) and UBC 105 (dashed
red circles). The two populations occupy indistinguishable positions in this
diagram.

The effect of differential extinction is obvious in Fig. 7. Astromet-
ric cluster members of a given brightness have (BP − RP) colours
ranging over more than half a magnitude. In fact, it is possible
to identify two almost separate branches in the upper part of the
CMD. To investigate their meaning, we divided blue members of
Valparaiso 1 brighter than G ≈ 14.5 into two groups, according to
their position in the CMD. Stars with BP − RP > 1.05 were assigned
to the high-reddening group, while stars with lower values were
tagged as low reddening. Fig. 8 shows the spatial distribution of the
two groups. Although there is a fair amount of blending, the spatial
segregation is strong. All the stars in the core region belong to the
high-reddening group, together with the population to the north-west.

Figure 8. Spatial distribution of highly reddened (red circles) and less
reddened (blue circles) early-type members of Valparaiso 1. Fainter members
are shown as smaller purple circles. Cool luminous stars appear as green
squares, while the Cepheid CM Sct is the filled brown square.

This distribution clearly shows that the clouds visible in the optical
images contribute large amounts of obscuration to the cluster core.

4.1 Gaia photometry

In view of these difficulties, we have decided to carry out the analysis
by utilizing only the list of likely members determined by Castro-
Ginard et al. (2020), as their criteria are stricter than ours – we identify
479 objects down to G = 16 as high-probability members, while they
only list 431 members down to G = 17. Of the B-type stars listed in
Table 1, only those that we chose as certain members are included in
their list. None of our likely or possible members is. As seen in Fig. 7,
less than 10 of the 431 astrometric members occupy positions incom-
patible with membership in the Gaia CMD. However, the width of the
main sequence noticeably decreases for G > 15. Given that reddening
is expected to affect equally stars of all magnitudes, this effect is very
likely suggesting that many faint stars are being rejected as high-
probability members by the procedure employed by Castro-Ginard
et al. (2020) because of large astrometric errors (note that this effect
is not present in the diagram presented in Fig. 3, where we select
likely members simply by taking astrometric parameters within 2σ

of the cluster averages). In consequence, we cannot consider the list
of members that we are using complete, at least for faint magnitudes.
The reddening to the evolved members is more difficult to measure,
but their spatial distribution (shown in Fig. 8) suggests that we can
expect to find them at both high and low reddening.

With such strong differential reddening, isochrone fitting becomes
very difficult. We can use the Gaia DR2 parallax to provide an
estimate of the distance, although being aware of the possibility of
large systematic errors (Luri et al. 2018). A π = 0.40, together with
a global systematic error of −0.03, implies a distance of 2.3 kpc,
i.e. a distance modulus DM = 11.8. In Fig. 9, we show a number of
isochrones that can fit part of the cluster population. We downloaded
isochrones from the Padova PARSEC server (Bressan et al. 2012),
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Figure 9. Possible PARSEC isochrone fits for the Gaia DR2 CMD of
Valparaiso 1. The solid line is a 90 Ma isochrone reddened with AV = 2.6
and displaced to DM = 11.6. The dashed line is a 70 Ma isochrone with
AV = 2.7 displaced to DM = 12.0. Finally, the dotted line is the same 70 Ma
isochrone with AV = 3.2 displaced to DM = 11.8. No 90 Ma isochrone can fit
the high-reddening branch for a distance compatible with the Gaia parallax.

selecting a Kroupa IMF corrected for binaries and the Gaia passbands
from Maı́z Apellániz & Weiler (2018). A 70 Ma isochrone reddened
with AV = 2.7 can fit the upper main sequence and the cool luminous
giants for DM = 12.0. However, it fails to fit the fainter part of the
main sequence. Given that there seems to be a substantial lack of
members in this region, the importance of this failure is difficult to
assess. A 90 Ma isochrone reddened with AV = 2.6 gives a very good
fit to the less reddened main sequence, and provides a decent fit to
the evolved stars. Much higher extinction is needed to fit the more
heavily reddened population. The 90 Ma isochrone requires AV = 3.1
to fit the more reddened blue members. But then a DM no longer than
11.2 mag is required to reach the position of the evolved stars. This
would be equivalent to π = 0.59 mas, a value incompatible with the
Gaia DR2 determination, even if all sources of uncertainty are taken
into account. On the other hand, the 70 Ma isochrone requires AV =
3.2 to fit the stars from the core region, and reaches the position of
the evolved stars for DM in the 11.6–11.8 mag range, as illustrated
in Fig. 9. Therefore, if we assume a single age and give value to the
Gaia DR2 distance, the older age is strongly disfavoured and we are
left with an age in the range 70–80 Ma, and a distance modulus in
the 11.6 – 12.0 mag range (2.1 kpc � d � 2.5 kpc).

Along this line of sight, the Sagittarius arm is believed to run
almost perpendicularly at around 2 kpc (see Marco & Negueruela
2011, for a detailed discussion). Therefore, the shorter distance is
favoured in terms of Galactic structure. We note the presence of the
similarly aged open clusters NGC 6664 and NGC 6649 at about the
same distance (Alonso-Santiago et al. 2020) in the same region of
the sky. The older clusters M11 and NGC 6704, which are very close
in the sky to Valparaiso 1, are also located at about the same distance
(Cantat-Gaudin et al. 2018). Interestingly, within 2◦ of Valparaiso 1,
Castro-Ginard et al. (2020) find five cluster candidates with very
similar parallaxes. Apart from UBC 105, discussed above, UBC 109
and UBC 349 are also well-populated clusters, whose Gaia DR2
CMD suggest somewhat older ages than Valparaiso 1, while UBC 353
and UBC 355 are poorly populated candidates.

Finally, we note that Cantat-Gaudin et al. (2020), by using a
machine-learning automated procedure, derive a distance modulus
DM = 11.9 and age of 160 Ma for UBC 106, which we identify with

Figure 10. Near-infrared CMD for Valparaiso 1. The blue circles represent
2MASS cross-matches for members according to Castro-Ginard et al. (2020)
that have well-defined photometric errors. The diamonds indicate the 10
astrometric and RV cool luminous members. A representative isochrone is
shown, with the preferred parameters from the optical data fit (75 Ma and
DM = 11.8) and a global extinction AV = 2.7 mag.

Valparaiso 1. However, this fit is obtained for an extinction AV of only
1.9 mag, suggesting that the automated procedure has only taken into
account the small subset of less reddened members of the cluster.

4.2 2MASS photometry

For a complementary analysis, we used near-infrared photometry. We
obtained JHKs photometry from the 2MASS catalogue (Skrutskie
et al. 2006). The completeness limit of this catalogue is set at Ks =
14.2. Nevertheless, in this crowded region of the Galactic Plane, a
very large fraction of objects are affected by crowding, resulting in
bad quality flags and measurements marked as upper limits (flag U)
even for bright objects. In consequence, we did not attempt to use the
whole 2MASS data set for the region, but rather only the photometry
available for the objects selected from Gaia DR2 data. We performed
a cross-match over the whole region of interest between the members
selected by Castro-Ginard et al. (2020) and 2MASS, using a match
distance of only 0.2 arcsec, which seems appropriate given the high
density of 2MASS sources and the accuracy of astrometry in both
catalogues. Even so, the resulting selection contains a very large
number of faint objects close to the detection limit of 2MASS. In
consequence, the list was cleaned by removing all objects with poor
photometry (upper limits or errors higher than 0.1 mag) in any of the
three filters. Although almost two-thirds of the sources are rejected,
we are still left with 150 objects with good photometry.

The corresponding (J − Ks) – Ks diagram is displayed in Fig. 10.
Although differential reddening should be less important in the near-
infrared, photometric accuracy is worse in the 2MASS catalogue
than in Gaia DR2. As a consequence, there is still a 0.3 mag spread
in (J − Ks) at a given magnitude. No object fainter than Ks = 13.5
survives our quality cuts, and a few of the matches are very clearly
incorrect. Even so, the cluster sequence is well defined. An isochrone
with the preferred values from the optical photometry analysis, i.e.
τ = 75 Ma, μ = 11.8 is shown. The fit is not bad, although we must
point out that a value AV = 2.7 was used to redden the isochrone. This
is somewhat lower than the values used in the fit to Gaia data, but
the difference is small. It could be pointing to a small deviation from
the standard reddening law, but it could also be simply reflecting
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the inability of the simple polynomial fit of the Cardelli, Clayton &
Mathis (1989) law to reproduce the effect of high extinction values.
A much better characterization of the extinction law will be possible
with the DR3 spectrophotometric data.

5 D ISCUSSION

We have identified a large and populous open cluster in the
constellation of Scutum. Analysis of Gaia DR2 data confirms its
reality and extent.4 Its basic parameters are corroborated by an
independent analysis by Castro-Ginard et al. (2020). Although very
strong differential reddening prevents an accurate isochrone fit, its
age is well constrained by the Gaia DR2 parallax. Ages younger
than 70 Ma or decidedly older than 80 Ma seem incompatible with
the parallax, even after accounting for the possible systematic errors.
At a nominal age of 75 Ma, a solar metallicity cluster must have
its main-sequence turn-off around B5 V, in good agreement with
the spectral types that we find for the brightest members (Table 1),
although we do not reach deep enough to find any dwarf stars. At
this age, the initial mass of the evolved stars is ≈ 6 M�, according
to the isochrones.

5.1 Cluster size

Valparaiso 1 is a very large cluster on the sky (more than 40 arcmin
across, if we consider the region over which both our analysis
and that of Castro-Ginard et al. 2020 find a non-negligible density
of probable members). Given its age, angular size, and evolved
population, a direct comparison can be made to NGC 6067, one
of the most massive clusters of a similar age, with a present-day
mass of ≈ 5 000 M� (Alonso-Santiago et al. 2017). NGC 6067 has
a similar size in the sky, with a tidal radius of ≈15 arcmin at a slightly
shorter DM = 11.3 (Alonso-Santiago et al. 2017). Even with the strict
selection criteria of Castro-Ginard et al. (2020), Valparaiso 1 has 190
members brighter than G = 15. With the parameters derived for
the cluster, this limit corresponds to an absolute magnitude ≈+0.2,
with the exact value depending on the reddening. This magnitude is
typical of a B9 V star (≈ 3 M�). Leaving aside the evolved stars,
we thus have about 180 mid- and late-B cluster members. This
number can be compared to the ≈100 B-type stars in NGC 6067
(Alonso-Santiago et al. 2017). NGC 6067 is slightly older and has
a higher metallicity than Valparaiso 1. Its main-sequence turn-off is
thus found at B6 V. Therefore, the main sequence in Valparaiso 1
should extend a bit more towards early types. Even so, the number of
B-type members indicates that Valparaiso 1 is almost certainly more
massive than NGC 6067. This is even more evident if we resort to
the 2σ membership criterion used in Section 3.1, which gives 257
likely members down to G = 15. For NGC 6067, Alonso-Santiago
et al. (2017) estimate an initial mass above 7000 M�.

Such a high number of members (and hence mass) is borne out
by the very large extent of Valparaiso 1. Even accepting the cluster
radius from the King profile fit of only 9 arcmin, this implies that
the cluster is 12 pc across. In fact, we detect members at distances
of 20 arcmin from the nominal centre, equivalent to about 13 pc, as
also do Castro-Ginard et al. (2020).

4After the analysis was completed, Gaia EDR3 was published. We have
checked that the average cluster values for all astrometric parameters in EDR3
are perfectly compatible within the dispersion given with the DR2 data and
preferred to retain the analysis based on the likely members of Castro-Ginard
et al. (2020) only.

5.2 CM Sct

CM Sct is a well-studied 3.9 d Cepheid, used as part of several
period/luminosity calibrations (e.g. Tammann, Sandage & Reindl
2003; Fouqué et al. 2007). It has been generally assumed to be
a fundamental mode pulsator, and this is confirmed by the recent
reassessment by Ripepi et al. (2019), using DR2 data. For a
fundamental mode pulsator, such a pulsation period is expected at
an age around 80 Ma, according to the classical calibration of Bono
et al. (2005). The accuracy of such aging is debatable, as the models
used by Bono et al. (2005) assume a solar metallicity Z� = 0.02,
while the PARSEC isochrones that we are using take Z� = 0.015, but
the agreement with the cluster age derived from isochrone fitting is
very encouraging.

CM Sct is a halo member of Valparaiso 1, lying about 9.3 arcmin
from the centre, close to the edge of the cluster determined by the
King profile (which we know to underestimate the true cluster size),
but substantially closer than many other members. About half of the
classical Cepheids confirmed as cluster members are halo members
of their respective clusters (Anderson, Eyer & Mowlavi 2013). At
2.3 kpc, this angular distance from the centre corresponds to 6.2 pc,
comparable to the distances of V Cen, EV Sct, or QZ Nor to their
respective cluster centres (Anderson et al. 2013). CM Sct lies to the
north-east of the cluster, a region which, as seen in Fig. 8, seems to
have relatively low extinction. In fact, published photometry for the
Cepheid indicates a rather lower reddening than the cluster average.
Fernie (1990) quotes E(B − V) = 0.75, while Laney & Caldwell
(2007) give only E(B − V) = 0.7. For a standard reddening law,
these values correspond to AV ≈ 2.2 – 2.3, similar to the less reddened
main-sequence members.

Thanks to Gaia DR2 astrometric parameters, CM Sct joins the
growing number of classical Cepheids that belong to open clusters
(cf. Medina, Lemasle & Grebel 2021). DR2 data have also allowed
the identification of the parental cluster of SV Vul (Negueruela,
Dorda & Marco 2020) and associated two previously unknown
Cepheids to the open clusters Berkeley 51 and Berkeley 55 (Lohr
et al. 2018).

5.3 The nature of star F

Among the large complement of evolved stars in Valparaiso 1,
star F (TYC 5121−758-1) is remarkable for being much redder
and brighter than any other member. In fact, its position on the
preferred isochrones suggests it is an early AGB star. As such, it
would be the first identification of an AGB star in a young open
cluster. Recently, Fragkou et al. (2019) found a planetary nebula
associated with NGC 6067, as discussed above another massive
cluster of about the same age. These connections provide for the
first time empirical evidence of the evolutionary paths for ∼ 6 M�
stars. Until now, it had been assumed that the brightest (O-rich)
Galactic AGB stars were descended from moderately massive stars
(4 – 8 M�) because of their population characteristics (e.g. Garcı́a-
Hernández et al. 2007), but direct comparison to models could only
be performed for objects in the Magellanic Clouds. The accurate
identification of members allowed by Gaia for spatially extended
clusters, such as NGC 6067 or Valparaiso 1, is starting to give us
valuable examples in the Milky Way itself.

Morphologically, star F looks like a normal low-luminosity M-
type supergiant. We find no obvious anomalies within the limited
spectral range observed. Formally, we classify it as a supergiant
(M1 Ib), because the strength of the luminosity indicators, such as the
equivalent width of the Ca II triplet or the blend at 8648 Å (see Dorda

MNRAS 505, 1618–1628 (2021)

D
ow

nloaded from
 https://academ

ic.oup.com
/m

nras/article/505/2/1618/6249447 by guest on 06 June 2021



A massive open cluster hiding in full sight 1627

et al. 2016, and references therein), put it within this luminosity class.
Nevertheless, this classification does not imply any assumption about
its mass or internal structure. In fact, its luminosity, log (L∗/L�) ≈
3.8 according to its position on the isochrone, is too low for a real
supergiant (i.e. an object with an initial mass above 8 M�).

The presence of strong lithium lines, namely at the location of the
Li I 6708 Å doublet, is believed a telltale sign of a massive AGB star
(Garcı́a-Hernández et al. 2007). According to modern models (e.g.
Mazzitelli, D’Antona & Ventura 1999; van Raai et al. 2012), lithium
production happens during the early AGB phase and Li surface
abundance reaches a maximum during the early thermal pulse phase.
We do not detect a strong line at the position of the Li I doublet. We
observe a weak feature, typical of stars of the spectral type, which
may include a contribution of the Li line, but may also be due to a
number of neighbouring metallic lines. Unfortunately, our spectrum
lacks the resolution needed for spectral synthesis and an estimate of
the Li abundance. In any event, the lack of a strong Li feature does not
rule out the early-AGB nature of star F, as its position on the isochrone
suggests it has only recently entered the assymptotic branch. An
alternative explanation as a red supergiant straggler formed by binary
interaction seems ruled out by its low luminosity.

6 C O N C L U S I O N S

Gaia astrometric data reveal that an inconspicuous grouping of mid-
B giants is in reality the core of a very large open cluster, which
we call Valparaiso 1, comparable in size and mass to the most
massive open clusters in the solar neighbourhood. 10 luminous
bright giants or supergiants are members of the cluster, including
the well-known 4-d Cepheid CM Sct. Analysis of their intermediate-
resolution spectra reveals a solar-like metallicity. Although strong
differential reddening renders accurate determination of cluster
parameters unfeasible with the current data set of Gaia and 2MASS
photometry, the Gaia parallax – implying a distance of 2.3+0.7

−0.4 kpc,
where the errors take into account possible systematic effects – is
only compatible with ages no younger than ∼ 70 Ma and not much
older than ∼ 80 Ma. Such an age is compatible with the complement
of B-type giants observed (in the range B5 – B7 III) and implies a
mass of ≈ 6 M� for the more evolved stars.

The similarly aged clusters NGC 6649 and NGC 6664 are pretty
close in the sky, lying at about the same distance and also hosting
Cepheids. Both clusters contain about 60 B-type stars, implying
initial masses somewhat below 3 000 M� (Alonso-Santiago et al.
2020). By comparison, the >180 B-type stars in Valparaiso 1 suggest
an initial mass approaching 10 000 M�. This number is also borne
out by direct comparison to the similarly large NGC 6067 (Alonso-
Santiago et al. 2017). Both NGC 6649 and NGC 6644 have been
studied for decades, while the much larger Valparaiso 1 remained
unknown, despite the attention drawn by its Cepheid member,
CM Sct. This suggests that confusion due to high foreground and
background contamination has been a major issue preventing the
identification of clusters without a strong central concentration. In
fact, many of the new open clusters found by Castro-Ginard et al.
(2020) are characterized by low stellar densities and a dispersed
structure. In view of this, it is highly likely that substantial numbers
of open clusters remain hidden in areas of high stellar density
towards the inner Galaxy. As discussed in the Introduction, the age
distribution of known massive clusters suggests that some of them
may be very massive.

Unlike in younger clusters (e.g. vdBH 222; Marco et al. 2014),
the bright evolved members of Valparaiso 1 do not stand out at
all over their neighbours. Although they are among the brightest

stars in the field, there are several dozen stars of comparable (or
higher) brightness in the Ks band with similar colours. In view of
this, it is highly likely that future searches for clusters based on
DR3 and successive releases will find more moderately young and
intermediate-age populous clusters.

Meanwhile, Valparaiso 1 offers us a precious laboratory to study
the evolution of intermediate-mass stars, with star F very likely
representing a 6 M� star entering the AGB. Broad-band photometry
and DR3 spectrophotometry will allow a much more accurate
determination of the extinction and hence cluster parameters.
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Negueruela I., González-Fernández C., Marco A., Clark J. S., 2011, A&A,

528, A59
Negueruela I., Marco A., 2012, AJ, 143, 46
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