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Abstract

        Context. NGC 6357 is an active star-forming region located in the Sagittarius arm that displays several star clusters, which makes it a very interesting target to investigate star formation and early cluster evolution.

        Aims. We explore NGC 6357 with the VISTA Variables in the Vía Láctea (VVV) photometry of seven embedded clusters (ECs), and one open cluster projected in the outskirts of the complex.

        Methods. Photometric and structural properties (age, reddening, distance, core, and total radii) of the star clusters were derived. VVV saturated stars were replaced by their 2MASS counterparts. Field-decontaminated VVV photometry was used to analyse colour–magnitude diagrams (CMDs) and stellar radial density profiles and determine astrophysical parameters.

        Results. We report the discovery of four ECs and one intermediate-age cluster in the complex area. We derive a revised distance estimate for NGC 6357 of 1.78 ± 0.1 kpc based on the cluster CMD morphologies. Of the ECs, one contains the binary star WR 93, while the remaining ones are dominated by pre-main sequence stars, young stellar objects, and/or and have a developed main sequence. These features reflect a significant age spread among the clusters. Evidence is found that the relatively populous cluster Pismis 24 hosts two subclusters. 

      Key words: open clusters and associations: general / open clusters and associations: individual: NGC 6357 / instrumentation: adaptive optics


⋆ Based on observations taken with the ESO VISTA Public Survey VVV, Programme ID 179.B-2002 and data from the 2MASS VizieR Catalog II/246.



1. Introduction
Star-forming complexes are, in general, major building blocks of the large-scale structure of galaxies and important sites to study how massive stars form (Russeil et al. 2010). In particular, Galactic embedded and open clusters are excellent probes of the structure and evolution of the disk and spiral arms (Carvalho et al. 2008; Lada & Lada 2003; Friel 1995). Embedded clusters (ECs) can be partially or fully immersed in embryonic molecular clouds and HII regions. According to Leisawitz et al. (1989), all clusters younger than ~ 5 Myr are connected at least to one large molecular cloud or HII region. 
Recently, our group studied the stellar content of the Sh2–132 HII region, a star-forming complex hosting at least four ECs and presenting evidence of triggered star formation and hierarchical structuring (Saurin et al. 2010). Sequential star formation in giant molecular clouds was also studied by Camargo et al. (2011). Observationally, low-mass star clusters younger than about 10 Myr present an underpopulated, developing main sequence (MS) and a more populous feature of pre-main sequence (PMS) stars (Bonatto & Bica 2009a). Studies of very young star clusters hosting PMS and MS stars have produced well-defined colour–magnitude diagrams (CMDs), radial density profiles (RDPs), and mass functions (Bonatto & Bica 2009c). Recently, additional tools were developed by our group, allowing us to obtain reliable fundamental parameters of early cluster phases (Bonatto et al. 2012a,b). The present paper focuses on the ECs in the NGC 6357 complex. 

        Table 1

            Star clusters towards NGC 6357.

          

      NGC 6357 (≡W 22 ≡ RCW 131 ≡ Sh2–11) is a large HII region complex that consists of a shell of about 60 × 40 arcmin2, bright optical nebulosities in different evolutionary stages, OB stars belonging to the populous open cluster Pismis 24, and young stellar object (YSO) candidates (Felli et al. 1990; Bohigas et al. 2004; Wang et al. 2007; Russeil et al. 2010; Fang et al. 2012). Persi et al. (1986) showed that the whole HII complex is an active area of recent and on-going star formation. The shell has been interpreted as an ionized gas bubble created by the strong winds of the current massive stars in Pismis 24 or by a previous generation (Lortet et al. 1984; Bohigas et al. 2004; Wang et al. 2007). The total amount of molecular gas related to the large shell was estimated by Cappa et al. (2011) to be 1.4 × 105  M⊙. 
Early optical studies of NGC 6357 and Pismis 24 revealed ~20 O-type and early B-type stars (Moffat & Vogt 1973; Neckel 1978, 1984; Lortet et al. 1984), including a binary system (HD 157504) composed of a WC7 Wolf-Rayet star (WR 93) and an O7-9 star (van der Hucht 2001). Two of the cluster members, namely Pismis 24-1 (HDE 319718) and Pismis 24-17, were recently classified as spectral type O3.5, some of the brightest and bluest stars known (Massey et al. 2001; Walborn et al. 2002). The total-to-selective extinction ratio (RV) towards NGC 6357 appears to be about 3.5 (Russeil et al. 2012; Bohigas et al. 2004). 
A wide range of distances (1.1–2.6 kpc) has been derived for NGC 6357. This is usually estimated from the distance of Pismis 24. The most recent determination is that of  Fang et al. (2012), who give 1.7 ± 0.2 kpc. The kinematic distance is d⊙ = 1.0 ± 2.3 kpc (Wilson et al. 1970). Neckel (1978) obtained d⊙ = 1.74 ± 0.31 kpc, and Massey et al. (2001) found a distance of 2.56 ± 0.10 kpc for Pismis 24. Conti & Vacca (1990) derived for WR 93 d⊙ = 1.1 kpc and van der Hucht (2001)d⊙ = 1.74 kpc. 
Optical, radio continuum, and near- and mid-IR images of NGC 6357 (Cappa et al. 2011) indicate the giant nature of this complex and its evolved character, which suggest that it is a suitable laboratory for early dynamical and hydrodynamical evolution. The number of ECs in a given star-forming region is fundamental for studying the gas expulsion and dynamical evolution effects (Carvalho et al. 2008). By using the recent VISTA Variables in the Vía Láctea (VVV) JHKS data (Minniti et al. 2010), we have analyse in detail the stellar clusters detected in NGC 6357. We employ a field-decontamination algorithm (Bonatto & Bica 2007b) adapted to VVV photometry to analyse CMDs, and RDPs and determine the astrophysical parameters. The present analysis of the ECs shows structural variations as well as morphology diversity of MS and PMS evolutionary sequences in CMDs. Based on this, we infer the star formation history in the complex. 
This paper is organised as follows: in Sect. 2 the stellar cluster sample is described. In Sect. 3 we provide details on the VVV data. In Sects. 4 and 5, the cluster photometric and structural analyses are carried out. In Sect. 6 we discuss the results and give conclusions. 
2. Stellar clusters in NGC 6357

        	[image: thumbnail]	Fig. 1
            55′× 30′ DSS R image of the emission nebula NGC 6357. We indicate the present sample of star clusters. 

          



      
        
        	[image: thumbnail]	Fig. 2
            Combined JHKS VVV images of clusters in the nebula NGC 6357. Top panels: Pismis 24 (left), BDS 101 (right). Bottom panels: newly found clusters VVV CL164 (left) and VVV CL167 (right). The circles indicate the angular sizes of the clusters (Table 1).

          



      Several studies on NGC 6357 are available in the literature, in particular on the cluster Pismis 24. The WEBDA1 database locates the centre of Pismis 24 at α(2000) = 17h25m32s and δ(2000) = −34°25′00′′, and provides a distance from the Sun d⊙ ~ 1.99 kpc, reddening E(B − V) = 1.72, and age of 10 Myr. WR 93 has been considered a member of Pismis 24 (Massey et al. 2001). However, this star is located 4′ away from the cluster center. We investigate this question in more detail. 
To the south-east (α(2000) = 17h25m32s and δ(2000) = −34°24′20′′) of the complex an object is located that was first reported as ESO392-SC11 (Lauberts 1982). It has also been reported as AH03 J1725-34.4 (Archinal & Hynes 2003), and BDS 100 (Bica et al. 2003), G351.1+0.7 cluster (Damke et al. 2006), and is also indicated in Moisés et al. (2011). This extended (~3.5′) overdensity appears to be related to the general young population of the complex. It is classified as a star cluster, see for example the DAML02 database2 (Dias et al. 2002). The data employed the designation AH03 J1725-34.4 and shows an apparent diameter of 2.6′, a distance of 290 pc (too short for the NGC 6357 complex), and an age of 7 Myr. We here use VVV data to constrain not only parameters, but the nature itself of this object as a young stellar cluster or an OB association (Sect. 4.4). We also focus on the compact cluster BDS 101 (Table 1) found by Bica et al. (2003), which is located at ~1′ NW of the centre of ESO392-SC11. 
We show in Table 1 the star clusters analysed in this work. Four star clusters were discovered by two of us (E. L. and E. B.). They are given VVV cluster identifications, in continuation of the recent cluster numbering by Borissova et al. (2014). They span the interval VVV CL164 to VVV CL167, according to the VVV designations. 
In Fig. 1 we show the angular distribution of the studied objects on a digitized sky survey (DSS3) image of the nebular complex NGC 6357. We can identify the stellar clusters in shell-like features from Cappa et al. (2011). Pismis 24 (together with VVV CL165 and VVV CL166) is located near the border of G353.12+0.86. VVV CL167 might be related to a ring nebula. Finally, BDS 101 and ESO 392-SC 11 are located in G353.1+0.6. 
In Fig. 2 we show a VVV JHKs zoomed image of three embedded clusters and one open cluster in the sample. We emphasize the difference between embedded and open stellar clusters, the former are embedded in parental molecular clouds and the stellar content is in general dominated by PMS stars (e.g. Lada & Lada 2003; Bonatto et al. 2006b). On the other hand, OCs are dynamical survivours of the embedded phase (Bastian & Goodwin 2006). Pismis 24 has very massive stars in the central region, and attached to the north is the bright dust/HII region G353.2+0.9 (Cappa et al. 2011). BDS101 is a compact EC, while the loose EC VVV CL167 is older. VVV CL164 is an OC projected in the NGC 6357 area (Sect. 4.2.4). 
3. VVV photometry and data
The VVV is an ESO Public Survey scanning the Galactic bulge and plane with the 4m class VISTA telescope at Paranal (Minniti et al. 2010). The total observed area is about 562 deg2, scanning − 10.0° ≲ b ≲  + 10.5°  and − 10.3° ≲ l ≲  + 5.1°  in the bulge, and within 294.7° ≲ l ≲ 350.0° and − 2.25° ≲ b ≲  + 2.25° in the plane. The VVV survey observes in five passbands, namely Z (0.87 μm), Y  (1.02 μm), J (1.25 μm), H (1.64 μm), and KS (2.14 μm). It also conducts a variability campaign in the KS-band alone, with ~100 pointings spanning six years (2010–2016). The JHKS observations were completed during the first semester of 2011. The present work is based on J, H  and KS photometry from VVV data release 1 (DR1; Saito et al. 2012). 
Each unit of VISTA observations is called a tile, consisting of six individual pointings (or pawprints) and covers a 1.64 deg2 field of view. To fill up the VVV area, a total of 348 tiles are used, with 196 covering the bulge (a 14 × 14 grid) and 152 the Galactic plane (a 4 × 38 grid). The NGC 6357 complex appears in the VVV bulge/disk tiles b329 and b343. 
Photometric catalogues for the VVV images are provided by the Cambridge Astronomical Survey Unit (CASU)4. The catalogues contain the positions, magnitudes, and some shape measurements obtained from different apertures, with a flag indicating the most probable morphological classification. The limiting magnitude for the aperture photometry of the catalogues occurs at KS = 18 mag in most disk fields. The VVV data are in the natural VISTA Vegamag system, with the photometric calibrations in JHKS performed using the VISTA magnitudes of unsaturated 2MASS5 stars present in the images. The present work is based on the derived colours and magnitudes established by the CASU v1.3 pipeline reduction. The detailed account of the CASU pipeline can be found in Irwin et al. (2004). 
Only sources with VVV KS photometry defined as stellar were selected (sources with a Gaussian sigma parameter between 0.9 and 2.2). Saturated stars in the VVV data, usually brighter than J, H and KS ~ 11 mag, were replaced by the respective 2MASS magnitudes. 
4. Star cluster analyses
In addition to analysing open clusters (e.g. Bonatto & Bica 2009a), our group has also studied embedded clusters in detail by developing tools for extracting information from the CMDs and RDPs (e.g. Bonatto & Bica 2009c, 2010). 
NGC 6357 in itself is an astrophysical laboratory, not only because of its numerous interstellar structures, such as filaments, bubbles, and knots, but also because of its ECs (Table 1). The VVV photometry provides an adequate means to explore them in this crowded field towards the central disk and bulge. 
4.1. Field-star decontamination
Field-star decontamination is usually required to identify and characterise star clusters. To distingguish field and cluster stars we used a statistical decontamination algorithm (Bonatto & Bica 2007a, 2010) adapted to the photometric depth of the VVV. The comparison fields used for the decontamination depend on the projected distribution of individual stars and the presence of other clusters and/or clumpy extinction due to dark clouds in the area. Examples are a ring around the cluster or some other comparison field selected in its vicinity. The algorithm measures the relative number densities of probable field and cluster stars in cubic CMD cells with axes along the J magnitude and (J − H) and (J − KS) colours. It (i) divides the range of CMD magnitude and colours into a 3D grid; (ii) estimates the number density of field stars in each cell based on the number of comparison field stars with similar magnitude and colours as those in the cell; and (iii) subtracts the expected number of field stars from each cell. Input algorithm parameters are the cell dimensions ΔJ = 1.0 and Δ(J − H) = Δ(J − KS) = 0.2 mag. Summing over all cells, each grid setup produces a total number of member stars ⟨ Nmem ⟩, and by repeating this procedure for the 729 different setups (different cell sizes and their positionings), we obtained the average number of members ⟨ Nmem ⟩. Each star was ranked according to the number of times it survived all runs (survival frequency), and only the ⟨ Nmem ⟩ highest ranked stars were accepted as cluster members and transposed to the respective decontaminated CMD. 
We decontaminated CMDs to investigate the nature of star-cluster candidates and derived their astrophysical parameters. In summary, we applied (i) field-star decontamination to uncover the intrinsic CMD morphology, which is essential to derive reddening, age, and distance to the Sun; and (ii) colour–magnitude (CM) filters (Fig. 3) to exclude stars different from those of the CMD sequence. The latter filters are wide enough to include cluster MS and PMS stars together with the photometric uncertainties and binary star effects (Sect. 4.2). In the following sections we use this tool several times in the analyses. The latter procedure is required for intrinsic stellar RDPs. In particular, the use of field-star decontamination in constructing CMDs has proved to constrain age and distance much more effectivelly than the raw (observed) photometry (e.g. Bonatto & Bica 2010). 

          
          	[image: thumbnail]	Fig. 3
              Top-left panel: J × (J − KS) CMDs of Pismis 24 showing the observed photometry for representative cluster and field regions. Middle-left panel: equal-area extraction from the comparison field. Bottom-left panel: the decontaminated CMDs fitted with Padova isochrones 0.2, 1, 3, 5, and 7 Myr, together with the colour–magnitude filter (brown polygon) used to isolate the MS and PMS stars. Right panels: the same for BDS 101. The reddening vector for Av = 0−5 mag is shown.

            



        
          
          	[image: thumbnail]	Fig. 4
              Top panel: observed J × (J − KS) CMD of the region R < 0.6′ of VVV CL167. Middle panel: equal-area extraction from the comparison field. Bottom panel: the decontaminated CMD best-fit Padova isochrone is 9 Myr (solid line) together with the CM filter (brown polygon). WR 93 is indicated.

            



        4.2. Colour–magnitude diagrams
The CMDs built with the raw photometry of the present objects are shown in the top panels of Figs. 3, 4, 6 and  11. For qualitative comparison, CMDs extracted from equal-area comparison fields are shown in the middle panels. The decontamination itself was based on as large as possible field areas. Finally, the decontaminated CMDs are shown in the bottom panels, together with the respective CM filters. 
Fundamental parameters (Table 2) were derived by means of the constraints provided by the field-decontaminated CMD morphologies that combine the MS and PMS distributions. Historically, different approaches have been used to extract astrophysical parameters from isochrone fits. A review of these methods is given by Naylor & Jeffries (2006). In the present cases fits were matched by eye, taking the combined MS and PMS stellar distribution as constraint. Throughout the paper we use the Padova isochrones with solar metallicity (Z = 0.0019)6 (Bressan et al. 2012) computed for the VISTA Z, Y, J, H, and KS filters. The derived fundamental parameters are given in Table 2, where we also provide the Galactocentric distance (RGC), which is based on the derived value of the Sun’s distance to the Galactic centre R⊙ = 7.2 kpc, computed by means of Globular clusters (Bica et al. 2006). We obtained d⊙ = 1.78 ± 0.1 kpc for the NGC 6357 complex based on the individual determinations for Pismis 24, BDS 101, ESO 392-SC 11, and VVV CL167 (Table 2). 

          
          	[image: thumbnail]	Fig. 5
              Colour–colour diagram ((J − H) × (H − KS)) of the decontaminated stars in VVV CL167. The continuous line represents the intrinsic distribution of spectral types and the continuous straight line indicates the undereddened locus of T Tauri stars. The redenning vector corresponds to AV = 5. Reddening directions for M 5 giants, O3, and T Tauri stars are shown as dashed lines.

            



        
          Table 2

              Derived fundamental parameters for the star clusters towards NGC 6357.

            

        
          
          	[image: thumbnail]	Fig. 6
              Top-left panel: observed J × (J − H) CMD of the region R < 0.5 arcmin of VVV CL164. Middle-left panel: equal-area extraction from the comparison field. Bottom-left panel: the decontaminated CMD best-fit Padova isochrone (5 Gyr) together with the CM filter (brown polygon) used to isolate the MS and giants. Right panels: the same for J × (J − KS).

            



        
          
          	[image: thumbnail]	Fig. 7
              Open cluster VVV CL164: comparison between the decontaminated J × (J − H) CMD for the region R < 0.5 arcmin of VVV CL164 (empty circles) and the region R < 10 acrmin of M 67 (filled circles). The best-fit to VVV CL164 is a Padova isochrone of 5 Gyr.

            



        4.2.1. Pismis 24
The decontaminated CMD of Pismis 24 (Fig. 3) presents a relatively vertically populous MS. It has a large population of red faint stars belonging to the PMS, making it a rather massive object in the sample. This cluster contains 12 known massive stars, three of them (Pis24-1NE, Pis24-1SW, and Pismis 24-17) with ~100  M⊙ each (Maíz Apellániz et al. 2007). These stars are absent from 2MASS and are saturated in VVV. Consequently, they do not appear in our CMDs. There is a debate in the literature on the distance of Pismis 24, and published estimates range from 1.0 to 3.0 kpc. We fitted a set of Padova isochrones (0.2, 1, 3, and 5 Myr) (Fig. 3), leading to E(J − KS) = 1.01 ± 0.01 (E(B − V) = 1.75 ± 0.10 or AV = 5.87 ± 0.06). The observed and absolute distance moduli are (m − M)J = 13.20 ± 0.10 and (m − M)O = 11.50 ± 0.10, respectively, and d⊙ = 2.0 ± 0.1 kpc. We estimated the mass of the PMS population of Pismis 24 by counting the number of PMS stars and multiplying it by a mean PMS stellar mass. We obtained 153  M⊙. For the mean PMS stellar mass, we assumed an initial mass function of Kroupa (2001) between 0.08 and 7  M⊙, which results in a mean mass of 0.6  M⊙ (Bonatto & Bica 2010). For the MS stars in Fig. 3 the sum of the stellar masses is 80  M⊙. Finally, we added the three saturated supermassive stars not included in the VVV photometry, which makes the total 533 ± 50  M⊙. We conclude that Pismis 24 is not an extremely massive cluster, but has an intermediate mass that is mostly stocked in its massive stars. 
4.2.2. BDS 101
BDS 101 is a compact cluster. Differently from Pismis 24, its CMD (Fig. 3) shows a poorly populated MS and a rich PMS. The single star that occupies the MS is an O57 star. We fitted a set of Padova isochrones (0.2, 1, 3, 5, and 7 Myr) (Fig. 3), leading to E(J − KS) = 1.13 ± 0.01 (E(B − V) = 1.95 ± 0.10 or AV = 6.57 ± 0.06). The observed and absolute distance moduli are (m − M)J = 13.0 ± 0.10 and (m − M)O = 11.09 ± 0.10, respectively, and d⊙ = 1.66 ± 0.09 kpc. The computed parameters are consistent with those of Pismis 24, indicating that BDS 101 is also embedded in the NGC 6357 complex. The total mass estimate for BDS 101 is 106 ± 10  M⊙. Although a prominent cluster, it is not massive. 
4.2.3. VVV CL167
This cluster contains the WR star WR 93 (van der Hucht 2001). Historically, this star has been considered a probable member of Pismis-24 (Massey et al. 2001). WR stars typically have masses in the range 10–25  M⊙ and present strong, broad emission lines of He and N (WN) or He, C, and O (WC) (Meynet & Maeder 2005). Recently, clusters containing WR stars were studied with the VVV (Chené et al. 2012). We point out that WR 93 is located too far (~5′ west) from Pismis 24. The image (Fig. 2) and the CMD (Fig. 4) indicate that a star cluster surrounds WR 93. We identify very few PMS stars in the CMD (Fig. 4). We adopted as best fit a Padova isochrone of 9 Myr (Fig. 4) that produces E(J − KS) = 0.85 ± 0.01 (E(B − V) = 1.47 ± 0.10 or AV = 4.94 ± 0.06). We derived the observed and absolute distance moduli as (m − M)J = 12.50 ± 0.10 and (m − M)O = 11.07 ± 0.10, respectively. The distance to the Sun is d⊙ = 1.6 ± 0.1 kpc. In the colour-colour diagram (Fig. 5) the star WR 93 shows KS excess. A similar KS excess was observed for massive stars in the ~ 14 Myr open cluster NGC 4755 (Bonatto et al. 2006a). The CMD of VVV CL-167 essentially contains only MS stars and WR 93. We obtain a cluster mass of 50 ± 5  M⊙. The cluster age and mass point to a dynamically evolved cluster. 

            
            	[image: thumbnail]	Fig. 8
                5′ × 3′ VVV KS image of Pismis 24 area (large circle). The probable subclusters VVV CL165 (top circle) and VVV CL166 (bottom circle) are indicated. The small red circles indicate YSOs (Fang et al. 2012). The shift between the stars in the VVV image and the YSOs from the catalog of Fang (2MASS data) is a consequence of the difference of angular resolution of each survey, 0.34′′ and 2.0′′ respectively. The radius of the black circle is given in Table 1.

              



          
            
            	[image: thumbnail]	Fig. 9
                KS VVV zoomed images of the probable subclusters located in Pismis 24. Left panel: VVV CL165. Right panel: VVV CL166.

              



          4.2.4. VVV CL164 – a projected OC next to the complex
The decontaminated CMDs J × (J − H) and J × (J − KS) are shown in the bottom panels of Fig. 6. We also include the CM filter on the J × (J − H) decontaminated CMD. The remaining stars populate sequences of typical intermediate-age open clusters, with evidence of a red clump and a turn-off (TO) in both colours. Blue stragglers appear to be present as well. VVV CL164 presents relatively large errors at the TO level (J ~ 18–19 mag). We matched a set of Padova isochrones (ages between 3 and 7 Gyr) and adopted 5 Gyr as the best solution (Fig. 6). We obtain E(J − H) = 1.70 ± 0.01. (E(B − V) = 4.73 ± 0.15 or AV = 15.9 ± 0.1). The AV value is considerably higher than for the other clusters. The observed and absolute distance moduli are (m − M)J = 15.30 ± 0.10 and (m − M)O = 10.69 ± 0.10, respectively, resulting d⊙ = 1.37 ± 0.07 kpc. We conclude that VVV CL164 is an intermediate-age cluster (5 ± 2 Gyr) that is projected next to the NGC 6357 complex. 
Contrasting with the young clusters in the complex, the CMD of VVV CL164 presents MS, TO, and blue straggler stars, similar to those of M 67 built with 2MASS data (Fig. 7). We estimated the mass of this relatively old open cluster by adding stars throughout the decontaminated CMD using the stellar masses for M 67 according to Bonatto & Bica (2003). We obtained ≈200  M⊙ for VVV CL164. 
4.3. Additional case: subclustering in Pismis 24?
The spatial distribution of YSOs in a cluster provides insights into the fragmentation processes that lead to the formation, of protostellar cores, evidence for triggered star formation and the subsequent dynamical evolution of the stars as they evolve from the protostellar phase to the MS (Megeath et al. 2004). 
In Fig. 8 we show the YSOs from Fang et al. (2012) in the area of Pismis 24. Pismis 24 appears to have two close neighbours that are possible subclusters of YSOs. Zoomed VVV images of these objects suggest clusters (Fig. 9). The stellar density excesses in the RDP (Sect. 4.5) of Pismis 24 produced by these two possible subclusters are indicated in Fig. 12. The formation of these young stars may have been influenced by winds from the nearby OB stars in the core of Pismis 24. A possible fate of the ensemble is merging with the more massive cluster (McMillan et al. 2007; Pang et al. 2013). 
4.4. EC ESO 392-SC 11 (AH 03 J1725-34.4)
Rahman et al. (2011a,b) have observed, in particular using GLIMPSE images and spectroscopy of luminous stars, far OB associations in the Galaxy which appear to be more massive than 104  M⊙. In Fig. 10 we show a VVV Ks image of ESO 392-SC 11, where the compact cluster near the NW edge is BDS 101. The RDP of ESO 392-SC 11 appears to be rather flat (Fig. 13) like that of an association. 
The decontaminated CMD J × (J − KS) is shown in the bottom panel of Fig. 11. We fitted a set of Padova isochrones (0.2, 1, 3 and 5 Myr), leading to E(J − KS) = 1.15 ± 0.01 (E(B − V) = 1.99 ± 0.10 or AV = 6.69 ± 0.06). The observed and absolute distance moduli are (m − M)J = 13.3 ± 0.10 and (m − M)O = 11.36 ± 0.10, respectively, resulting in d⊙ = 1.87 ± 0.10 kpc. This set of parameters shows that ESO 392-SC 11 is part of NGC 6357 complex, as are Pismis 24 and BDS 101. 
The off-Galaxy position of the Magellanic Clouds enaldes size measurements of their stellar associations. Bica & Schmitt (1995) and Bica et al. (1999) measured size and position angle for 3226 associations in the Magellanic system (LMC, SMC, and Bridge). In the LMC, Lucke & Hodge (1970) reported diameters in the range 15–350 pc, while in the SMC, Hodge (1985) derived 20 to 140 pc. The smallest detected associations in the SMC (Bica & Schmitt 1995) and LMC (Bica et al. 1999) have diameters of 5 and 7 pc, respectively, while the largest ones typically have 200 pc. The RDP radius of ESO 392-SC 11 is 3.3′ (Table 3). This value corresponds to a diameter of 2.6 pc, which is lower than the lower limit of the associations in the Magellanic Clouds. 
Some of the Magellanic Cloud associations were studied with HST, reaching the PMS population. LH 95 in the LMC has a diameter of about 40 pc and includes a series of PMS clusters (Gouliermis et al. 2007). The total mass of LH 95 with HST is 3000  M⊙ (Da Rio et al. 2012). In diagnostic diagrams (Sect. 5) that involve structural parameters and mass ESO 392-SC 11 behaves like a star cluster, and not like an association. As a cautionary remark, the Magellanic Clouds and the Galaxy have different tidal environments that are expected to affect the fragmentation of the molecular clouds. 

          
          	[image: thumbnail]	Fig. 10
              KS VVV image of ESO392-SC11. The circle indicates the object area. The compact cluster near the northern edge is BDS 101.

            



        
          
          	[image: thumbnail]	Fig. 11
              Top panel: observed J × (J − KS) CMD of the region R < 1.7 arcmin of ESO 392-SC 11. Middle panel: equal-area extraction from the comparison fields. Bottom panel: the decontaminated CMD together with the CM filter (brown polygon). MS and PMS isochrones are given.

            



        Since ESO392-SC11 consists of PMS stars and contains only a few MS stars, its association appearence will certainly change to that of a star cluster when more PMS stars evolve to the MS. Thus our results suggest that ESO392-SC11 is in a pre-association stage. If the region loses gas and dust, then the system may be destabilized and later evolve dynamically to an association, after a star-cluster phase. 
4.5. Stellar density profiles
We used projected stellar RDPs, defined as the stellar number density around the cluster center, to derive structural parameters. Noise in the RDPs was minimised with CM filters, which exclude stars with colours that are incompatible with those of the cluster. Our group has shown that this filtering procedure considerably enhances the RDP contrast relative to the comparison field, especially in crowded fields (Bonatto & Bica 2007a). The CM-filtered RDPs of the clusters are shown in Fig. 12. 
Whenever possible, we fitted a two-parameter King-like profile σ(R) = σbg + σ0/ (1 + (R/Rc)2) (King 1966) adapted to star counts, where σ0 and σbg are the central and residual stellar densities, and Rc  is the core radius. The structural σ0 and Rc parameters were derived from the fit, while σbg was previously measured in the comparison field and kept constant. The extent of the clusters (rRDP) is defined as the radius where the RDP meets the field-star count level. The best-fit solutions and other results are listed in Table 3. We point out that we are dealing with very young clusters (except VVV CL164). Thus we do not expect relaxed systems, but interestingly, the profiles nevertheless describe the cluster RDP, such as the decontaminated profile of Pismis 24. 

          
          	[image: thumbnail]	Fig. 12
              Colour–magnitude filtered RDPs (empty circles). The dots represent the raw cluster profile. The empty circles show the cleaned profiles. The best King-like fit is shown, when possible. The 1σ fit uncertainty is represented by the dark-shaded strip along the fit. The background level is the light-shaded region. The core radius (rc) is indicated.

            



        
          
          	[image: thumbnail]	Fig. 13
              Same as Fig. 12, for ESO 392-SC 11. The location of BDS 101 in the profile is indicated.

            



        
          Table 3

              Cluster structural parameters.

            

        The absence of a central peak in the RDP of Pismis 24 (Fig. 12) is probably a consequence of the overshadowing produced by the bright stars on the surrounding faint members. The RDP appears to present two excesses, supporting the existence of subclusters there (VVV CL165 and VVV CL166). 
The irregular RDP of VVV CL167 could not be fitted by a King-like profile (Fig. 12). This suggests that VVV CL167 is a dynamically evolved cluster as a consequence of general mass loss, in particular winds from WR 93 and other less massive stars that remove the interstellar material in the cluster (Tutukov 1978; Goodwin & Bastian 2006). 
ESO 392-SC 11 has a peculiar profile (Fig. 13). We could not fit any King-profile. The superimposed contribution of the compact cluster BDS 101 could not be subtracted. 
5. Object structure
We used the structural parameters from Sect. 4.5 to investigate possible cluster evolutionary effects (Gieles & Portegies Zwart 2011; Saurin et al. 2012). Diagnostic diagrams for the dynamical evolution of star clusters have been built by our group in a series of papers (e.g. Bonatto & Bica 2009b, 2010; Bica et al. 2008). 
In Fig. 14 we show the estimated stellar mass compared with the extent RDP radius. For comparison purposes, we include a sample of nearby young clusters studied by our group following similar methods. The clusters are NGC 2244 and NGC 2239 (Bonatto & Bica 2009b), NGC 6611 (Bonatto et al. 2006b), NGC 6823 (Bica et al. 2008), vdB 92 (Bonatto & Bica 2010), Pismis 5, vdB 80, NGC 1931, and BDSB 96 (Bonatto & Bica 2009c). We also include the large and populous associations Collinder 197 (Bonatto & Bica 2010), Bochum 1 (Bica et al. 2008), and Trumpler 37 (Saurin et al. 2012). In addition, we show LH 95, a massive LMC association studied with HST (Da Rio et al. 2012). The general behaviour of the clusters and associations appears to present a flattening effect, in the sense that associations tend to inflate while keeping large masses. The clusters in NGC 6357 present low-to-intermediate integrated stellar masses, but they are systematically smaller than the comparison clusters. Since they are located in the Sagittarius Arm, they are possibily affected by tidal effects, even at the phase of cloud fragmentation. 
Another way of investigating this issue is by comparing the cluster radius (RRDP) with the half-starcount radius (RhSC). The latter is equivalent to the half-light radius commonly used in star cluster studies in the outer parts of the Galaxy (e.g. Belokurov et al. 2009). The results are shown in Fig. 15, where again we use the same comparison clusters and associations (except LH 95) as in Fig. 14. The comparison clusters follow a power-law scaling relation for RRDP and RhSC. Again, the associations Collinder 197, Bochum 1 and Trumpler 37 appear to be inflated at the outskirts compared with the cluster-scaling relation. The clusters in NGC 6357 are quite small compared with the young reference clusters (Fig. 14). Note that ESO 392-SC11 (Fig. 13) lies in a similar locus as Pismis 24 (Fig. 14), thus implying a cluster behaviour. 

        
        	[image: thumbnail]	Fig. 14
            Cluster or association mass × extent RDP radius. Open circles: comparison cluster sample; open squares: associations or evolving associations; open triangle: the LMC association LH 95. The present sample is indicated.

          



      
        
        	[image: thumbnail]	Fig. 15
            Distribution of the half-starcount radius × extent radius. Symbols as in Fig. 14.

          



      6. Discussion and conclusions
We studied the NGC 6357 star-forming complex with VVV photometry. The main focus of our study were seven stellar clusters in the area. Pismis 24 is a relatively populous EC, with a developed MS and PMS. BDS 101 is compact, with a CMD dominated by PMS stars. The EC VVV CL167 includes a WR star and is significantly older than Pismis 24 and BDS 101. VVV CL165 and VVV CL166 appear to be subclusters related to Pismis 24. ESO392-SC11 is an interesting object, probably in a pre-association stage. 
VVV CL164 to VVV CL167 were discovered in the present paper. From the clusters belonging to the complex (Pismis 24, BDS 101, ESO 392-SC 11, and VVV CL167), we derived a mean distance of d⊙ = 1.78 ± 0.1 kpc to NGC 6357. We also detected an open cluster of intermediate age (VVV CL164) projected next to the complex. Evidence was found that these clusters in NGC 6357 are smaller than nearby embedded clusters. The NGC 6357 complex, now with several analysed ECs, resembles more its neighbouring complex NGC 6334 (Feigelson et al. 2009; Russeil et al. 2012, 2013). 
In the cluster mass calculations (Sect. 4.2) we considered stars in the decontaminated area (corresponding to the radii given in Col. 6 of Table 1). Pismis 24 and ESO 392-SC 11 have intermediate masses, while the other clusters in NGC 6357 have low masses. VVV CL167 probably is unstable and will lose additional gas mass in the coming Myr (Bastian & Goodwin 2006). 
In some aspects, the NGC 6357 complex emulates a star-forming dwarf galaxy, in the sense that in addition to a rich content of interstellar features, it hosts embedded clusters, which indicates at least two stellar generation events. 
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          http://www.univie.ac.at/webda/webda.html
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5  The Two Micron All Sky Survey, All Sky data release (Skrutskie et al. 2006).
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7  SIMBAD.
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	[image: thumbnail]	Fig. 1
            55′× 30′ DSS R image of the emission nebula NGC 6357. We indicate the present sample of star clusters. 

          In the text



	[image: thumbnail]	Fig. 2
            Combined JHKS VVV images of clusters in the nebula NGC 6357. Top panels: Pismis 24 (left), BDS 101 (right). Bottom panels: newly found clusters VVV CL164 (left) and VVV CL167 (right). The circles indicate the angular sizes of the clusters (Table 1).
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	[image: thumbnail]	Fig. 3
              Top-left panel: J × (J − KS) CMDs of Pismis 24 showing the observed photometry for representative cluster and field regions. Middle-left panel: equal-area extraction from the comparison field. Bottom-left panel: the decontaminated CMDs fitted with Padova isochrones 0.2, 1, 3, 5, and 7 Myr, together with the colour–magnitude filter (brown polygon) used to isolate the MS and PMS stars. Right panels: the same for BDS 101. The reddening vector for Av = 0−5 mag is shown.
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	[image: thumbnail]	Fig. 4
              Top panel: observed J × (J − KS) CMD of the region R < 0.6′ of VVV CL167. Middle panel: equal-area extraction from the comparison field. Bottom panel: the decontaminated CMD best-fit Padova isochrone is 9 Myr (solid line) together with the CM filter (brown polygon). WR 93 is indicated.
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	[image: thumbnail]	Fig. 5
              Colour–colour diagram ((J − H) × (H − KS)) of the decontaminated stars in VVV CL167. The continuous line represents the intrinsic distribution of spectral types and the continuous straight line indicates the undereddened locus of T Tauri stars. The redenning vector corresponds to AV = 5. Reddening directions for M 5 giants, O3, and T Tauri stars are shown as dashed lines.
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	[image: thumbnail]	Fig. 6
              Top-left panel: observed J × (J − H) CMD of the region R < 0.5 arcmin of VVV CL164. Middle-left panel: equal-area extraction from the comparison field. Bottom-left panel: the decontaminated CMD best-fit Padova isochrone (5 Gyr) together with the CM filter (brown polygon) used to isolate the MS and giants. Right panels: the same for J × (J − KS).
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	[image: thumbnail]	Fig. 7
              Open cluster VVV CL164: comparison between the decontaminated J × (J − H) CMD for the region R < 0.5 arcmin of VVV CL164 (empty circles) and the region R < 10 acrmin of M 67 (filled circles). The best-fit to VVV CL164 is a Padova isochrone of 5 Gyr.

            In the text



	[image: thumbnail]	Fig. 8
                5′ × 3′ VVV KS image of Pismis 24 area (large circle). The probable subclusters VVV CL165 (top circle) and VVV CL166 (bottom circle) are indicated. The small red circles indicate YSOs (Fang et al. 2012). The shift between the stars in the VVV image and the YSOs from the catalog of Fang (2MASS data) is a consequence of the difference of angular resolution of each survey, 0.34′′ and 2.0′′ respectively. The radius of the black circle is given in Table 1.

              In the text



	[image: thumbnail]	Fig. 9
                KS VVV zoomed images of the probable subclusters located in Pismis 24. Left panel: VVV CL165. Right panel: VVV CL166.

              In the text



	[image: thumbnail]	Fig. 10
              KS VVV image of ESO392-SC11. The circle indicates the object area. The compact cluster near the northern edge is BDS 101.

            In the text



	[image: thumbnail]	Fig. 11
              Top panel: observed J × (J − KS) CMD of the region R < 1.7 arcmin of ESO 392-SC 11. Middle panel: equal-area extraction from the comparison fields. Bottom panel: the decontaminated CMD together with the CM filter (brown polygon). MS and PMS isochrones are given.
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	[image: thumbnail]	Fig. 12
              Colour–magnitude filtered RDPs (empty circles). The dots represent the raw cluster profile. The empty circles show the cleaned profiles. The best King-like fit is shown, when possible. The 1σ fit uncertainty is represented by the dark-shaded strip along the fit. The background level is the light-shaded region. The core radius (rc) is indicated.

            In the text



	[image: thumbnail]	Fig. 13
              Same as Fig. 12, for ESO 392-SC 11. The location of BDS 101 in the profile is indicated.
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	[image: thumbnail]	Fig. 14
            Cluster or association mass × extent RDP radius. Open circles: comparison cluster sample; open squares: associations or evolving associations; open triangle: the LMC association LH 95. The present sample is indicated.
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	[image: thumbnail]	Fig. 15
            Distribution of the half-starcount radius × extent radius. Symbols as in Fig. 14.
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    Table 1 

            Star clusters towards NGC 6357.

          
            
              	 Cluster
              	
                
                  α
                
              
              	
                
                  δ
                
              
              	
                
                  l
                
              
              	
                
                  b
                
              
              	
                
                  R
                
              
              	Comments
            

            
              	
              	(J200)
              	(J200)
              	(°)
              	(°)
              	(arcmin)
              	
            

            
              	 (1)
              	(2)
              	(3)
              	(4)
              	(5)
              	(6)
              	(7)
            

            
              	
                

              
            

            
              	 Pismis 24a
              	17:24:44
              	–34:11:56
              	353.17
              	0.89
              	1.5
              	Optical EC
            

            
              	 BDS 101b
              	17:25:34
              	–34:23:09
              	353.11
              	0.65
              	0.7
              	Infrared EC 
            

            
              	 ESO 392-SC 11c
              	17:25:32
              	–34:24:20
              	353.09
              	0.64
              	1.7
              	EC or OB association?
            

            
              	 VVV CL164d
              	17:24:31
              	–34:13:15
              	353.12
              	0.92
              	0.5
              	Infrared OC
            

            
              	 VVV CL165d
              	17:24:45
              	–34:11:28
              	353.18
              	0.89
              	0.2
              	 Subcluster of Pismis 24?
            

            
              	 VVV CL166d
              	17:24:47
              	–34:12:36
              	353.17
              	0.88
              	0.2
              	Subcluster of Pismis 24? 
            

            
              	 VVV CL167d
              	17:25:09
              	–34:11:13
              	353.23
              	0.83
              	0.6
              	Infrared EC surrounding WR 93
            

          


            Notes. Columns 2 to 5: optimised central coordinates. Col. 6: the radii were set by eye for decontamination purposes (Sect. 4.1).    

            (a) Moffat & Vogt (1973).


            (b) Bica et al. (2003).


            (c) Sect. 2.


            (d) Discovered in the present paper.
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            55′× 30′ DSS R image of the emission nebula NGC 6357. We indicate the present sample of star clusters. 
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            Combined JHKS VVV images of clusters in the nebula NGC 6357. Top panels: Pismis 24 (left), BDS 101 (right). Bottom panels: newly found clusters VVV CL164 (left) and VVV CL167 (right). The circles indicate the angular sizes of the clusters (Table 1).
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              Top-left panel: J × (J − KS) CMDs of Pismis 24 showing the observed photometry for representative cluster and field regions. Middle-left panel: equal-area extraction from the comparison field. Bottom-left panel: the decontaminated CMDs fitted with Padova isochrones 0.2, 1, 3, 5, and 7 Myr, together with the colour–magnitude filter (brown polygon) used to isolate the MS and PMS stars. Right panels: the same for BDS 101. The reddening vector for Av = 0−5 mag is shown.

            

    

  
    
      Fig. 4 
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              Top panel: observed J × (J − KS) CMD of the region R < 0.6′ of VVV CL167. Middle panel: equal-area extraction from the comparison field. Bottom panel: the decontaminated CMD best-fit Padova isochrone is 9 Myr (solid line) together with the CM filter (brown polygon). WR 93 is indicated.

            

    

  
    
      Fig. 5 
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              Colour–colour diagram ((J − H) × (H − KS)) of the decontaminated stars in VVV CL167. The continuous line represents the intrinsic distribution of spectral types and the continuous straight line indicates the undereddened locus of T Tauri stars. The redenning vector corresponds to AV = 5. Reddening directions for M 5 giants, O3, and T Tauri stars are shown as dashed lines.

            

    

  
    Table 2 

              Derived fundamental parameters for the star clusters towards NGC 6357.

            
              
                	 Cluster
                	
                  
                    AV
                    
                  
                
                	Age
                	
                  
                    d⊙
                  
                
                	
                  
                    RGC
                  
                
              

              
                	
                	(mag)
                	(Myr)
                	(kpc)
                	(kpc)
              

              
                	 (1)
                	(2)
                	(3)
                	(4)
                	(5)
              

              
                	
                  

                
              

              
                	 Pismis 24
                	5.87 ± 0.06
                	5 ± 2
                	2.0 ± 0.1
                	5.3 ± 0.1
              

              
                	 BDS 101
                	6.57 ± 0.06
                	5 ± 2
                	1.7 ± 0.1
                	5.6 ± 0.1
              

              
                	 ESO 392-SC 11
                	6.69 ± 0.06
                	5 ± 2
                	1.9 ± 0.1
                	5.4 ± 0.1
              

              
                	 VVV CL164
                	15.9 ± 0.09
                	
                  (5 ± 2) × 103
                
                	1.4 ± 0.1
                	5.9 ± 0.1
              

              
                	 VVV CL167
                	4.94 ± 0.06
                	9 ± 2
                	1.6 ± 0.1
                	5.6 ± 0.1
              

            


              Notes. Column 2: AV absorption in the cluster central region. Column 3: age, from VVV photometry. Column 4: distance to the Sun. Column 5: RGC distance of the object to the Galactic center.

            


  
    
      Fig. 6 
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              Top-left panel: observed J × (J − H) CMD of the region R < 0.5 arcmin of VVV CL164. Middle-left panel: equal-area extraction from the comparison field. Bottom-left panel: the decontaminated CMD best-fit Padova isochrone (5 Gyr) together with the CM filter (brown polygon) used to isolate the MS and giants. Right panels: the same for J × (J − KS).

            

    

  
    
      Fig. 7 
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              Open cluster VVV CL164: comparison between the decontaminated J × (J − H) CMD for the region R < 0.5 arcmin of VVV CL164 (empty circles) and the region R < 10 acrmin of M 67 (filled circles). The best-fit to VVV CL164 is a Padova isochrone of 5 Gyr.

            

    

  
    
      Fig. 8 
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                5′ × 3′ VVV KS image of Pismis 24 area (large circle). The probable subclusters VVV CL165 (top circle) and VVV CL166 (bottom circle) are indicated. The small red circles indicate YSOs (Fang et al. 2012). The shift between the stars in the VVV image and the YSOs from the catalog of Fang (2MASS data) is a consequence of the difference of angular resolution of each survey, 0.34′′ and 2.0′′ respectively. The radius of the black circle is given in Table 1.
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                KS VVV zoomed images of the probable subclusters located in Pismis 24. Left panel: VVV CL165. Right panel: VVV CL166.

              

    

  
    
      Fig. 10 
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              KS VVV image of ESO392-SC11. The circle indicates the object area. The compact cluster near the northern edge is BDS 101.

            

    

  
    
      Fig. 11 
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              Top panel: observed J × (J − KS) CMD of the region R < 1.7 arcmin of ESO 392-SC 11. Middle panel: equal-area extraction from the comparison fields. Bottom panel: the decontaminated CMD together with the CM filter (brown polygon). MS and PMS isochrones are given.

            

    

  
    
      Fig. 12 
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              Colour–magnitude filtered RDPs (empty circles). The dots represent the raw cluster profile. The empty circles show the cleaned profiles. The best King-like fit is shown, when possible. The 1σ fit uncertainty is represented by the dark-shaded strip along the fit. The background level is the light-shaded region. The core radius (rc) is indicated.

            

    

  
    
      Fig. 13 
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              Same as Fig. 12, for ESO 392-SC 11. The location of BDS 101 in the profile is indicated.

            

    

  
    Table 3 

              Cluster structural parameters.

            
              
                	Cluster
                	
                  
                    σ
                    0
                  
                
                	
                  
                    r
                    c
                  
                
                	
                  
                    R
                    c
                  
                
                	
                  
                    σ
                    bg
                  
                
                	
                  
                    r
                    RDP
                  
                
                	
                  
                    R
                    RDP
                  
                
              

              
                	
                	(stars/′2)
                	(′)
                	(pc)
                	(stars/′2)
                	(′)
                	(pc)
              

              
                	
                  

                
              

              
                	Pismis 24
                	85 ± 26
                	0.76 ± 0.20
                	0.44 ± 0.11
                	31.9 ± 0.9
                	3.2 ± 0.3
                	1.9 ± 0.2 
              

              
                	BDS 101
                	157 ± 40
                	0.48 ± 0.21
                	0.23 ± 0.04
                	22.1 ± 1.0
                	2.3 ± 0.2
                	1.1 ± 0.1
              

              
                	ESO 392-SC 11
                	104 ± 29
                	–
                	–
                	36 ± 1.1
                	3.3 ± 0.3
                	1.8 ± 0.2
              

              
                	VVV CL167
                	24 ± 14
                	–
                	–
                	6.8 ± 0.4
                	2.3 ± 0.2
                	1.1 ± 0.1
              

              
                	VVV CL164
                	90 ± 68
                	0.48 ± 0.28
                	0.19 ± 0.10
                	50.8 ± 1.0
                	3.3 ± 0.3
                	1.3 ± 0.1
              

            


              Notes. Column 1: cluster designation. Column 2: central density. Column 3: core radius (arcmin). Column 4: core radius (pc), assuming distances to the Sun in Table 2. Column 5: background density. Column 6: cluster RDP radius (arcmin). Column 7: cluster RDP radius (pc).

            


  
    
      Fig. 14 
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            Cluster or association mass × extent RDP radius. Open circles: comparison cluster sample; open squares: associations or evolving associations; open triangle: the LMC association LH 95. The present sample is indicated.

          

    

  
    
      Fig. 15 
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            Distribution of the half-starcount radius × extent radius. Symbols as in Fig. 14.

          

    

  OEBPS/aa23050-13-fig9_small.jpg





OEBPS/aa23050-13-fig14_small.jpg









OEBPS/aa23050-13-fig5_small.jpg





OEBPS/aa23050-13-fig2_small.jpg





OEBPS/aa23050-13-fig13_small.jpg





OEBPS/aa23050-13-fig8_small.jpg





OEBPS/aa23050-13-fig1.jpg





OEBPS/aa23050-13-fig2.jpg
4 (a0l

Ra 000,

3410:000)

300)

11000

300

140 1725100 060

RA (12000)

20






OEBPS/aa23050-13-fig3.jpg
0 N B PO e N RN O w O

o N B N O o O

IEEERENEREEELITEEEEEELRLEEN

Pismis 24 (R=1.5") o BDS 101 (R=0.7")

Comparison Field Comparison Field






OEBPS/aa23050-13-fig4.jpg
o
WRS VVV.CL167 (R=0.6")

Decont.
9 Myr






OEBPS/aa23050-13-fig5.jpg
J-H)

HD 157504 - WR*






OEBPS/aa23050-13-fig6.jpg
VVV CL164

Raw (R=0.5")

o
Comparison Field

3

UK )

el

J-H)





OEBPS/aa23050-13-fig7.jpg
°  M67
O  VVVCLI164
— 5Gyr






OEBPS/aa23050-13-fig8.jpg
A g ok
/_;;,\ vesyige Bk e
R s






OEBPS/aa23050-13-fig10_small.jpg





OEBPS/aa23050-13-fig9.jpg
'DEC (2000)

35.0-1431:300250

200

65 1725480 455
RA (12000)

450

a5

DEC (12000)
-3412:400

300

0.0

E

476 1724410 464

RA (2000)





OEBPS/aa23050-13-fig1_small.jpg





OEBPS/dash.png





OEBPS/aa23050-13-fig12_small.jpg





OEBPS/aa23050-13-fig4_small.jpg





OEBPS/aa23050-13-fig7_small.jpg





OEBPS/aa23050-13-fig3_small.jpg
ol 4.4

e )





OEBPS/aa23050-13-fig10.jpg
0'00°€Z 0°00°PT¥E- 0'00°ST

(ooo0zM >3a

0°00°92

25.0 20.0

17:25:30.0

35.0

40.0

45.0

RA (2000)





OEBPS/aa23050-13-fig12.jpg
O (stars/arcmin?)

il T

BDS 101
100
50
30
I
100 - Vvv-CLI6T o
ek e
s0 E
100
= =
50
L I i | 1
0.1 1 s o1 [ 5





OEBPS/aa23050-13-fig11.jpg
ES0392-SC11 (R=1.7")

0.2 Myr
2Myr
3 Myr
5 Myr

7Myr

01 2 3 4 5 6 7
(J_Ks)





OEBPS/aa23050-13-fig14.jpg
Mass (M)

&

&

@ Pismis 24
= BDS 101

A ESO392-SC11
4 VVV CL-167

4 5
Reoe (PC)

10

20

30 40 50





OEBPS/aa23050-13-fig13.jpg
© (stars/arcmin?)

200

100
80

50

ESO 392-SC11

£

f{ﬁ%@ﬁ g

BDS 101

0,1

05 1 5
R (arcmin)





OEBPS/aa23050-13-fig15.jpg
Riec (P)

10

0.1

o ESO39ZSCH

'3 P\s}r\/\sm
A
oBOSI01
o 202
e
/
7/
/
W L7 Jsas
, —— Ry = (0.1420.07)R,,
/

10
Repe (PC)






OEBPS/aa23050-13-fig11_small.jpg
e





OEBPS/aa23050-13-fig15_small.jpg





OEBPS/aa23050-13-fig6_small.jpg





