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Abstract. The VISCACHA Survey is an ongoing project based on deep, high quality photometric observations of low mass (M <
104 M ) Magellanic Cloud star clusters located preferentially in the outermost regions of these galaxies, collected using the SOAR
Adaptive Module Imager (SAMI). By homogeneously determining their astrophysical parameters (e.g. ages, metallicities, distances,
masses, structural properties), the survey aims at investigating the interplay between the galactic environment and the clusters’
evolution and at deriving the star formation history and chemical enrichment at the periphery of these galaxies. The survey’s data
processing and early results are presented.
Resumo. O levantamento VISCACHA é um projeto em andamento voltado para a obtenção de imagens profundas e de alta qualidade
de aglomerados de baixa massa (M < 104 M ) localizados preferencialmente nas regiões externas das Nuvens de Magalhães,
coletadas utilizando o Módulo de Óptica Adaptativa do SOAR (SAMI). Através da determinação homogênea de seus parâmetros
astrofísicos (e.g. idades, metalicidades, massas, propriedades estruturais), este levantamento busca investigar o papel do ambiente
galáctico na evolução dos aglomerados estelares e derivar histórico de formação estelar e enriquecimento químico na periferia destas
galáxias. Apresentamos o processamento dos dados e resultados preliminares.
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1. Introduction
The gravitational disturbances resulting from interactions between the Large Magellanic Cloud (LMC) and the Small
Magellanic Cloud (SMC) and between these galaxies and the
Milky Way are probably imprinted on the star formation history
of these galaxies, as the strong tidal effects are known to trigger star formation across dwarf galaxies (Kennicutt et al. 1996).
Gas dynamics simulations of galaxy collision and merging have
shown that the properties of the tidally induced features such as
the Magellanic Stream and Bridge can be used to gather information about the collision process and to infer on the past history
of the colliding galaxies (Olson & Kwan 1990). When applied
to model the Magellanic Clouds system, present-day simulations
have been able to reproduce several of the observed features of
the interacting galaxies such as shape, mass and the induced
star formation rates. However, it is still not clear whether the
Magellanic Clouds are on their first passage, or if they have been
orbiting the Milky Way for longer times (e.g. Mastropietro et al.
2005; Diaz & Bekki 2012).
It is well known that the tidal forces have a direct impact
over the dynamical evolution and dissolution of stellar clusters
and that the intensity of these effects typically scale with galactocentric distances (Bastian et al. 2008). If the effects of the gravitational interactions in the Magellanic System are somewhat underlined on the structural, kinematical or on the spatial properties of their stellar clusters, the ones on the periphery of the LMC
and SMC constitute an ideal sample to probe for the tidal effects
arising from such interactions. Comparing these clusters properties at different galactocentric distances would allow unveiling the role of tidal forces over their evolution (e.g. Werchan &
Zaritsky 2011; Glatt et al. 2011), while also mapping some LMC
and SMC properties at projected distances usually not covered
by previous surveys such as the Magellanic Clouds Photometric
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Survey (MCPS - Zaritsky et al. 1997) and the Vista Magellanic
Survey (VMC - Cioni et al. 2011).
The VISCACHA (VIsible Soar photometry of star Clusters
in tApii and Coxi HuguA1 ) survey will perform a comprehensive study of the outer regions of the Magellanic Clouds by collecting deep, high quality images of its stellar clusters using the
SOAR telescope (4.1 m) Adaptive Module Imager (SAMI). A
complete characterisation of these clusters, providing details of
their structure, chemical composition, mass distribution and dynamical times, will serve as a basis for understanding both the
local galactic properties at these largely unexplored regions and
also how they influence clusters’ evolution.
Photometric studies of Magellanic Clouds clusters are usually limited to those with the isochrone turn-off above the detection limits (Chiosi et al. 2006), which is directly related to
the depth of the observations. Furthermore, crowding can also
hamper the studies of many compact clusters, namely those
immersed in rich backgrounds such as the bar (Maia et al.
2014). This bias the sample to massive, young to intermediateaged clusters, while leaving the much more numerous low mass
ones largely unexplored. When compared to other surveys on
the Magellanic Clouds, the VISCACHA survey will reach significantly deeper than previous studies (largely based on the
2MASS, MCPS or the VMC surveys) reaching about V ≈ 24
at S/N ≈ 0.1, with better spatial resolution (FWHM ≈ 0.500 ) due
to the employment of the adaptive optics system. Even thought
HST studies (e.g. Glatt et al. 2008) are still unmatched by ground
based photometry, the spatial coverage of the VISCACHA survey greatly surpass those, allowing for a larger cluster sample
and a more complete understanding of these galaxies properties.
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1.1. Objectives
On a short term, the VISCACHA survey will deliver a high quality, homogeneous database of star clusters in the Magellanic
Clouds, providing reliable physical parameters such as structure, distances, ages, metallicities, mass distributions as derived
from a standardised data reduction and analysis processes. The
effects of the local tidal field over their evolution will be quantified through analysis of their structural parameters, dynamical
times, and position within the galactic system. Comparison of
these results with stellar population models (e.g. van der Marel
et al. 2009; Baumgardt et al. 2013) will provide important constraints to understand the evolution of the Magellanic Clouds.
Once a significative sample had been collected, an pioneering study of the star formation history and chemical enrichment
on the periphery of these galaxies will be carried out, using
the derived cluster parameters as probes of the local galactic
properties (e.g. Piatti 2015; Piatti et al. 2018). Based on this
expanded dataset, several aspects concerning the evolution of
these galaxies will be revisited, such as spatial dependency of
age-metallicity relationship (Dobbie et al. 2014), the "V" shape
metallicity gradient found in the SMC (Dias et al. 2016), the 3D
cluster distribution and the inclination of the LMC galactic disk.
Finally, our catalogues will be matched against other tables
in the literature (e.g. MCPS, VMC, OGLE) comprising a more
complete dataset that will serve as reference to future studies
of star clusters in the Magellanic Clouds. All scientific results
from the VISCACHA project, including catalogs, images and
tables, will be compiled on an easily accessed on-line database
for legacy value.

2. Data Handling
The SOAR Telescope Adaptive Module (SAM) is a ground-layer
adaptive optics instrument using a Rayleigh laser guide star at
∼7 km from the telescope. SAM was employed with its internal CCD detector, SAMI (4K× 4K CCD), set to a gain of 2.1
e− /ADU and a readout noise of 4.7 e− and binned to 2×2 factor,
resulting in a plate scale of 0.091 arcsec/pixel with the detector
covering a field-of-view of 3×3 arcmin on the sky. Peak performance of the system produce FWHM ∼0.3 arcsec in the I band
and ∼0.4 arcsec in the V band, which still allows for adequate
sampling of the point spread function (PSF), reaching a minimum size of ∼3.3 pixels (at half maximum) in those occasions.
Photometric images with BV I filters were obtained for approximately 170 clusters2 in the LMC, SMC and Bridge during
the semesters of 2015A, 2015B, 2016B and 2017B as shown in
Fig. 1. The catalogued clusters from Bica et al. (2008) are also
shown as reference. The typical observing scheme included short
and long exposures of each target with total integration times of
3×450s (B–band), 3×375s (V-band) and 3×560s (I–band).
The data were pre-reduced in a standard way in IRAF, being
processed for bias subtraction and division by skyflats by use of
the ccdred package. Astrometric calibration was also performed
with IRAF tasks (imcoords package) using the 2MASS stars in
the fields as astrometric references. See Fraga et al. (2013) for
reduction and astrometric calibration details. The data reduction
was also done using automated IRAF scripts designed to work
on SAMI images that perform cosmic rays removal (crutil package), images registration to a common frame and the subsequent
mean stacking of the long exposures in each filter into a deeper
mosaic (immatch package).
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Figure 1. Present sample of VISCACHA clusters, including ∼ 170 clusters observed through 2015-2016 (red circles) and planned for 2017
(green circles). The catalogued clusters in the Magellanic Clouds are
shown in grey dots as a reference.

Photometry was done using a modified version of the
Starfinder code (Diolaiti et al. 2000), which performs isoplanatic high resolution analysis of crowded fields by extracting
an empirical PSF from the image and cross-correlating it with
every signal detected above a defined threshold. The modifications were aimed mainly at automating the code, minimising the
user intervention. Modelling of each image PSF was done by
selecting 20 to 50 bright, unsaturated stars presenting no bright
neighbour closer than 6 FWHM. This initial PSF was used to
model and remove faint neighbours around the initially selected
stars, which were then reprocessed to generate a definitive PSF,
used to extract the photometry.
Calibration of the instrumental magnitudes was usually done
using two populous Stetson (2000) photometric standard fields
(e.g. SN1987A, NGC2298), observed at 3-4 different airmasses
through each night. Individual solutions for each star in these
fields were calculated in a two step process:
i) extinction correction based on the usual prescription for
computing the extra-atmospheric magnitudes:
mi − Mi = cte + ei Xi

;

(1)

ii) colour correction to account for subtle diferences in the passbands of the filters used:
m0i − Mi = zi + ci (m0i − m0i+1 )

;

(2)

where m and M represent the instrumental and catalogue magnitudes, respectively, X the airmass and e, c and z the extinction, colour and the night zero-point coefficients, respectively.
The subscript i denotes the band (B, V, I) and m0i = mi − ei Xi are
the extra-atmospheric magnitudes.
Figure 2 shows the fit of eqs. 1 and 2 to determine the
V–band extinction, zero-point and colour coefficients for stars
in the NGC2818 and NGC2298 standard fields in the night of
22/02/2015. Extinction coefficients and uncertainties were determined from the average of the slopes found for each star while
the colour and zero-point coefficients were found from a single fit using the extra-atmospheric magnitudes for all stars in
the standard fields. The mean values and deviations of the determined coefficients through semesters 2015A−2016B is shown in
Table 1. These values are in excellent agreement with those by
Fraga et al. (2013).
The derived coefficients from the calibration process were
used to invert the system of equations used in the fits leading to
the calibration equations for deriving the calibrated magnitudes.
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Figure 2. Fits in the V band to determine the extra-atmospheric magnitudes and the extinction coefficients (top) and the colour and zero-point
coefficients (bottom) for the night of 22-02-2015, using the NGC2818
and NGC2298 standard fields.
Table 1. Mean calibration coefficients through 2015A−2016B
Coef.
e
c
z

B
0.177 ± 0.011
−0.193 ± 0.008
24.862 ± 0.006

V
0.106 ± 0.006
0.064 ± 0.005
24.461 ± 0.005

I
0.022 ± 0.006
−0.063 ± 0.005
24.418 ± 0.005

mean error

0.025
total
extinction
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Figure 4. Completeness map for cluster SL897, constructed by artificially adding V = 22 stars over the original image in an uniform grid
with 6 FWHM spacing, covering the entire image. Even though the average completeness over the image is 84%, near the center of the cluster
it drops to approximately zero.

over the artificial images and the recovery fraction of the artificially added stars used to construct completeness maps, such as
the one shown in Fig. 4 for cluster SL897 at V = 22. It can be
seen that incompleteness can severely hamper the analysis of the
low mass content of the cluster, as the local completeness value
near the centre of cluster (. 5%) fall much more rapidly than the
overall field value (∼ 84%).

3. Structural analysis
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Figure 3. Photometric uncertainties as function of magnitude for the
I band of cluster SL897, as arising from the photometry (thin line),
extinction (dashed line) and colour calibration (dotted line). The total
photometric uncertainty adopted for the calibrated magnitudes is also
shown (solid line).

When applied to the standard stars themselves, the calibration
returned average RMS uncertainties of about 0.03 mag in the B
band and 0.02 mag in the V and I bands. Through these calibration equations, the errors of the derived coefficients z, e and c
where properly propagated and added to the photometric uncertainties, as shown in Fig. 3 for the cluster SL897. It is clear that
the magnitude uncertainties from the PSF photometry are dominated by those arising from the extinction and colour calibrations
for most of the sampled magnitude range.
Artificial star tests were performed in each image of our sample in order to derive completeness levels as function of magnitude and position. The empirical PSF model image was used to
artificially add stars with a fixed magnitude to the image in a homogeneous grid, with a fixed spacing of 6 FWHM between stars
to prevent overlapping of the artificial stars wings. Several grids
with slightly different positioning and with stellar magnitudes
ranging from 14 to 24 were simulated, generating nearly 100 artificial images for each original one. Photometry was carried out

Structural analysis of the studied clusters are determined by fittings of King (1962) analytical function to the clusters’ radial
density profile. Profiles derived from both completeness corrected stellar counts and surface brightness are being used to
derive several structural parameters such as the core radius (rc ),
tidal radius (rt ), central surface brightness (µ0 ) and integrated
magnitudes. Surface brightness profiles are obtained directly
from the calibrated images, by measuring the fluxes in anular
rings around the cluster centre, which is defined by averaging the
stellar positions around a preliminary visual radius. Stellar density profiles are constructed by counting stars in concentric rings
around the determined centre and then correcting the counts by
the average incompleteness in the ring. Figure 5 shows a fit of
the King profile to the surface brightness of cluster SL897, and
its derived parameters.
The clusters deprojected distances from the LMC dynamical
centre are computed according to Elmegreen (1998) prescription, using the position angle and inclination of the LMC disc
as given by van der Marel & Kallivayalil (2014) kinematic data.
The sample can be separated in four groups at distinct locations,
through the LMC outer regions, as it can be seen in Fig. 6. The
relationship between their derived rc , µ0 and deprojected galactocentric distance is shown in Fig. 7, as function of their azimuthal position (color coded). It is clear that the clusters in the
westernmost groups (towards the SMC) are larger and fainter
than those in the eastern regions. We have also found that there
is a larger spread in rc for clusters located farther away from the
centre, specially for those in the westernmost region, as their me121
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Figure 7. Relationship between the core radius and the central surface
brightness. Clusters at different azimuthal regions are color coded as in
Fig. 6.

Figure 5. King fit to the surface brightness profile of cluster SL897 in
the V band. The central surface brightness (µV0 ), core radius (rc ) and
tidal radius (rt ) derived are shown.

Figure 8. Posterior distribution for parameters derived K37 using a
MCMC bayesian framework. The derived parameters and their uncertainties are also shown.

Figure 6. Deprojected distribution of LMC stellar clusters, overlaid
against Bica et al. (2008) catalogue. Clusters are colour coded according to their azimuthal position in the outer LMC. The line of nodes,
separating the closer and farther sides of the galaxy are also indicated.

dian core radius is larger than those of eastern clusters. Finally,
comparison of our clusters tidal radius with those of clusters in
the inner region of the LMC (Werchan & Zaritsky 2011) confirms that the latter are indeed smaller, pointing that tidal effects
might be at action.
Further details on this structural analysis is presented by
Santos Jr. et al. in this proceedings.

4. Colour-magnitude diagram analysis
Analysis of the photometric data was done by using the structural parameters to define a cluster and a field sample within
each observed field. Then, a decontamination procedure (Maia
et al. 2010) was applied to statistically probe and remove the
most probable field contaminants from the cluster region, based
122

on both the positional and the photometric characteristics of
the stars. The field decontaminated colour-magnitude diagrams
(CMD) of the clusters were then used to derive their astrophysical parameters via the Markov-Chain Monte-Carlo technique
in a bayesian framework. The likelihood function was derived
using the PARSEC isochrones (Bressan et al. 2012) to build
synthetic CMDs of simple stellar populations, spanning a wide
range of parameters (e.g. Dias et al. 2014). Figure 8 shows the
posterior distribution of the determined parameters for cluster
K37. Typical uncertainties of the method are about 15 dex in
metallicity, 10-20% in age, ∼2 kpc in distance and ∼0.02 mag in
colour excess. Figure 9 shows the best model isochrone and the
synthetic population superimposed over K37 decontaminated
CMD.
Parameters resulting from the analysis of our previous SOI
data (Dias et al. 2016) reveal that the age-metallicity gradients
found for the outer clusters are not compatible with those of
clusters in the main body of the galaxy (Fig. 10). Additionally,
these gradients seems to change with the azimuthal position of
the clusters around the periphery (i.e. bridge, west-halo, counterbridge), indicating that they might have formed and evolved under different environmental conditions.
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Figure 9. Best model isochrone (solid line) and synthetic population
(gray dots) corresponding to the K37 cluster, superimposed over its
field decontaminated CMD. The assigned stellar memberships are also
shown.
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Figure 10. Age-metallicity relationship of SMC clusters, colour coded
according to their azimuthal position within the galaxy. Theoretical
models from Pagel & Tautvaisiene (1998, PT98) and Tsujimoto &
Bekki (2009, TB09) are also shown. Adapted from Dias et al. (2016).

Further details on this CMD analysis is presented by Kerber
et al. in this proceedings.

5. Conclusions and perspectives
The VISCACHA survey aims at producing a reference library of
high-quality, homogeneously determined cluster parameters and
information dedicated to the study of the Magellanic Clouds.
With ∼170 targets, the growing database is already one of the
largest compilations of observed stellar clusters in these galaxies outskirts. Careful determination of the structural and astrophysical parameters of these clusters have shown that the tidal
effects of Magellanic Clouds interactions are indeed imprinted
both on the structure and on the chemistry of their outer clusters.
A statistical interpretation of a larger dataset is bound to reveal
interesting aspects of these galaxies dynamical evolution as well
as their impact on their stellar clusters ecology.
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