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ABSTRACT
STREGA (STRucture and Evolution of the GAlaxy) is a Guaranteed Time survey
being performed at the VST (the ESO VLT Survey Telescope) to map about 150
square degrees in the Galactic halo, in order to constrain the mechanisms of galactic
formation and evolution. The survey is built as a five-year project, organized in two
parts: a core program to explore the surrounding regions of selected stellar systems
and a second complementary part to map the southern portion of the Fornax orbit
and extend the observations of the core program. The adopted stellar tracers are
mainly variable stars (RR Lyraes and Long Period Variables) and Main Sequence
Turn-off stars for which observations in the g,r,i bands are obtained. We present an
overview of the survey and some preliminary results for three observing runs that
have been completed. For the region centered on ω Cen (37 deg2), covering about
three tidal radii, we also discuss the detected stellar density radial profile and angular
distribution, leading to the identification of extratidal cluster stars. We also conclude
that the cluster tidal radius is about 1.2 deg, in agreement with values in the literature
based on the Wilson model.

Key words: Galaxy: structure – Galaxy: halo – (stars:) HertzsprungRussell and
colourmagnitude diagrams – (Galaxy:) globular clusters: individual: NGC5139

? Based on data collected with the ESO INAF - VLT Survey Tele-

scope and OmegaCAM at the European Southern Observatory,
Chile (ESO Programme 088.D-4015, 089.D-0706, 091.D-0623)
† E-mail: marconi@na.astro.it

1 INTRODUCTION

The formation and evolution of galaxies and their relation
with the environment, from the scale of the Local Group
to superclusters, has been a major field of astronomical re-
search in the past decade. The first laboratory for study-
ing mechanisms of galactic formation and evolution and
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2 Marconi et al.

their dependence on the surrounding environment is rep-
resented by the Milky Way (MW) and its satellite galaxies.
For nearby systems, indeed, accurate photometry can be
obtained for individual members of the various stellar pop-
ulations. Several investigations have shown that the outer
regions of the Galactic halo do not have a smooth distri-
bution of stars but appear quite “clumpy” (see e.g. Vivas
& Zinn 2003; Newberg et al. 2003; Bell et al. 2010; Drake
et al. 2013; Zinn et al. 2014), in agreement with theoretical
models of the hierarchical formation of structures based on
a Cold Dark Matter cosmology (Navarro et al. 1997; Mateo
1998; Da Costa 1999; Benson et al. 2002; Tumlinson 2010;
Wang et al. 2013). Among the most spectacular examples of
Galactic halo substructures we cite:

• The Sagittarius dwarf spheroidal galaxy currently
merging with the MW halo and its associated stream (see
e.g. Ibata et al. 1994; Bellazzini et al. 2006; Deg & Widrow
2013, and references therein);

• the stellar over-density in the Canis Major region whose
origin is still a matter of debate (Martin et al. 2004; Momany
et al. 2006; Mateu et al. 2009; López-Corredoira et al. 2007;
Saviane et al. 2011, and references therein);

• the presence of peculiar Galactic Globular Clusters
(GGCs) with observed tidal tails or suspected halos (see
e.g. Fellhauer et al. 2007; Odenkirchen et al. 2001, 2009; Ol-
szewski et al. 2009; Chun et al. 2010; Walker et al. 2011;
Lane et al. 2012a,b; Majewski et al. 2012, and references
therein);

• the discovery of several ultra-faint companions of the
MW from analysis of the Sloan Digital Sky Survey (SDSS)
data (Belokurov et al. 2006, 2007; Musella et al. 2009, 2012;
Moretti et al. 2009; Clementini et al. 2012; Dall’Ora et al.
2006, 2012; Garofalo et al. 2013, and references therein).
Note that similar substructures have been also found in the
M31 halo (e.g. Gilbert et al. 2009; Richardson et al. 2008;
Clementini et al. 2011).

Dating back to Lynden-Bell (1976, 1982); Demers &
Kunkel (1979); Lynden-Bell & Lynden-Bell (1995), it was
suggested that the dwarf spheroidal satellites (dSphs) of the
Galaxy and a number of its globular clusters (GCs) are dis-
tributed along planar alignments reflecting distinct orbital
planes and usually interpreted as the result of the disrup-
tion of larger galaxies. The location of these systems has re-
cently been claimed to define a vast polar structure (VPOS;
Pawlowski et al. 2012; Pawlowski & Kroupa 2013) and a
similar plane has been detected with very high significance
in M31 (Conn et al. 2013; Ibata et al. 2013). A very in-
teresting example of these alignments is the so called For-
nax stream that should include both dSphs (Fornax, Leo I,
Leo II, Sculptor and possibly Sextans and Phoenix ) and
GCs (Pal 3, Pal 4 and Pal 12), as also discussed in Majewski
(1994). Even if the measurements of the absolute proper mo-
tion of Fornax (Dinescu et al. 2004), together with the shell
structures identified by Coleman et al. (2004), already pro-
vided some circumstantial evidence, accurate observations
of large fractions of the Fornax orbit are still lacking. Ac-
cording to recent N-body simulations (see e.g. Mayer et al.
2002; Hayashi et al. 2003; Read et al. 2006; Madau et al.
2008; Mayer 2011, and references therein), in the interac-
tion of small satellites (e.g. dSphs and GCs) with the MW,
tidally stripped material should form elongated tidal tails

and spherical shells extending many scale radii beyond the
tidal radius.

Evidence of tidal tails has been found in connection
with several GCs, for example Pal 14 and NGC1851 (see
e.g. Sollima et al. 2011, 2012, and references therein), M15,
M30, M53, NGC5053, NGC5466 (Chun et al. 2010) Pal 5
(Odenkirchen et al. 2001) and also NGC5139 (see e.g. Leon
et al. 2000; Majewski et al. 2012, ω Cen). This last cluster
is of particular interest. It has been claimed to be the rem-
nant of a tidally disrupted galaxy because of: i) its internal
chemical and age distribution with the presence of multiple
stellar populations; ii) its similarity for mass and chemistry
to M54, the GC associated with the core of the disrupting
Sagittarius galaxy (see discussion in Majewski et al. 2012)
and iii) its unusual low-inclination, retrograde orbit. Even if
simulations of the tidal disruption of ω Cen suggested the
presence of stripped cluster stars in the Solar Neighborhood,
the observation of these extratidal stars only produced pre-
liminary results (see e.g. Leon et al. 2000) that were later
found to be biased by substantial foreground differential red-
dening problems (Law et al. 2003). Subsequently Da Costa
& Coleman (2008) estimated that only a very small frac-
tion of cluster members in the Red Giant Branch (RGB)
phase were actually stripped stars. Majewski et al. (2012)
has recently reported the detection of “tidal debris” consis-
tent with that modeled for ω Cen.

Another interesting GC hosting multiple stellar popu-
lations is NGC6752 (see e.g. Carretta 2013; Milone et al.
2013, and references therein). Even if the proper motion of
this cluster has been extensively investigated (see e.g. Di-
nescu et al. 1999; Drukier et al. 2003; Zloczewski et al. 2012),
a systematic investigation of extra-tidal stellar populations
around this cluster is lacking in the literature.

The outer-halo sparse GC Pal 12 is probably younger
than the bulk of GGCs (see e.g. Rosenberg et al. 1998) and
has been suggested to have been tidally captured from the
Sgr dSph galaxy by the Milky Way (Irwin 1999). A tidal
stream of debris from the Sgr dSph galaxy towards the
Galactic halo has been observed both by the Two Micron
All Sky Survey (2MASS Majewski et al. 2003) and by the
SDSS (Ivezic et al. 2004) and various authors have shown
that Pal 12 is embedded in this stream (see e.g. Bellazzini
et al. 2003; Mart́ınez-Delgado et al. 2002; Cohen 2004).

Finally, it is worth noting that signatures of extratidal
stellar populations have been detected around a number of
nearby dSphs (e.g. Irwin & Hatzidimitriou 1995; Majewski
et al. 2000; Mateo et al. 2008; Pawlowski et al. 2012, and
references therein). A typical example is the Carina galaxy
for which several authors have investigated the presence of
tidal tails (Kuhn et al. 1996; Monelli et al. 2004; Muñoz et
al. 2006).

In this context, the STRucture and Evolution of the
GAlaxy (STREGA) survey plans to use the VLT Sur-
vey Telescope (VST) to investigate Galactic halo formation
mechanisms through the two following observing strategies:
i) tracing tidal tails and halos around stellar clusters and
galaxies; ii) mapping extended regions of the southern por-
tion of the Fornax orbit to trace the Fornax Stream. In ad-
dition, our strategy can in principle allow us to identify un-
known very faint stellar systems by using well established
techniques developed in the context of the SDSS (e.g. Be-
lokurov et al. 2006).
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The STREGA survey 3

In this paper, we describe the instrument, namely the
VST and OmegaGAM (Section 2) and the STREGA survey
(Section 3). In Section 4, we present the observations for the
three completed runs, covering the GGCs ω Cen, NGC6752
and Pal 12, whereas the procedures used for the data re-
ductions are discussed in Section 5. The adopted tools and
some preliminary results for the fields around NGC6752 and
ω Cen are shown in Section 6. The Conclusions and some
final remarks close the paper.

2 OBSERVING WITH VST

The VST is a 2.6-m wide-field optical telescope built by
INAF-Osservatorio Astronomico di Capodimonte, Naples
(Italy) and located at Cerro Paranal (Chile) on the VLT
platform. It is characterized by an alt-azimuth mount with
a f/5.5 modified Ritchey-Chré tien optics (see Capaccioli &
Schipani 2011, for further details). The telescope is equipped
with OmegaCAM (Kuijken 2011), a camera with a field of
view of 1◦ x 1◦, built by a consortium of European insti-
tutes, featuring a 32-CCD, 16k x 16k detector mosaic, with
a pixel size of 0.21 arcsec. The filter system includes the
USNO u′g′r′i′z′ bands, the Johnson B and V filters, and
a number of narrow-band filters mosaics such as segmented
Hα and vS. It is important to note that even if the VST
filter system is based on the USNO u′g′r′i′z′ system (Smith
et al. 2002), slightly different from SDSS ugriz (for details,
see the Photometry White Paper by Gunn et al. 2001), we
calibrate our data to the “natural” SDSS system. For this
reason, in the following, we use the ugriz notation. Finally,
we remind the reader that the OmegaCAM calibration plan
ensures for the VST data a photometric and astrometric
calibration at 0.05 mag and 0.1 arcsec rms precision levels,
respectively.

3 THE SURVEY STREGA@VST

STREGA@VST (P.I.: M. Marconi/I. Musella, see also Mar-
coni et al. 2014) was conceived as a five-year survey, orga-
nized in two parts: a core program and a second part. In
the core program we are exploring the outskirts of selected
dSphs and GCs up to at least 2–3 tidal radii in several di-
rections to distinguish between tidal tails and halos. These
systems are located either along the Fornax orbit or are of
particular interest for the interaction mechanism with the
Galactic halo: Fornax and Sculptor (38 fields), Phoenix (3
fields), Sextans (13 fields), Pal 3 (3 fields), Pal 12 (1 field),
ω Cen and NGC6752 (33 and 32 fields around each GC,
respectively). In Fig. 1 we show the location of the core pro-
gram targets (red symbols).

The second part will cover strips of adjacent fields dis-
tributed transverse to Fornax orbit and will extend the ob-
servations of the most interesting systems explored in the
core program to larger radial distances.

To investigate the mechanisms of the formation and evo-
lution of the Galactic halo, the STREGA survey mainly re-
lies on variable stars (RR Lyrae stars and Long Period Vari-
ables) and Main Sequence Turn-off (MSTO) stars (see e.g.
Cignoni et al. 2007). The former are easily detectable thanks
to their brightness and characteristic light curves (see e.g.

Table 1. Distribution of the service mode observations. The first

column indicates the ESO Period. The second and third columns
give the requested and observed time, respectively. The last col-

umn reports the ESO OB class percentage.

ESO Period Requested [h] Observed [h] % OB Class A,B,D

88 28 3.8 26,67,7
89 38.4 3.8 22,76,2

90 47.9 9.4 50,39,11

91 39.6 8.9 38,37,25
92 18.0 11.7 59,37,4

93 33.0 OPEN —

Vivas & Zinn 2006; Mateu et al. 2009; Prior et al. 2009). The
latter are about 3.5 mag fainter than RR Lyrae stars but at
least 100 times more abundant. Moreover, the accurate sam-
pling of the light curves of the identified RR Lyrae stars is
used to characterize their stellar properties providing clues
on the Galactic halo star formation history (Clementini et
al. 2011, and references therein). The multi-purpose nature
of the STREGA survey aims at a few additional objectives
including the sampling of the brightest field single white
dwarfs (WDs) and interacting binaries (IBs), most being ac-
creting compact objects with low-mass donor companions.
In this respect our survey complements the VST Photomet-
ric Hα Survey of the Southern Galactic Plane (VPHAS+
Drew et al. 2014) that will map the disk population of IBs.
As for the single WDs, our relatively deep fields at different
Galactic latitudes will allow us to study the poorly known
WD parameter space in the various Galactic populations,
including thin disk, thick disk and spheroid populations,
complementing the recent statistical studies based on much
larger, but shallower, WD samples from the SDSS and Su-
perCOSMOS surveys (De Gennaro et al. 2008; Rowell &
Hambly 2011). We will use different filter strategies, with
the narrow vS filter to sample hot WDs and the broad SDSS
filters for cool/ultracool WDs. Similar to the case with IBs
and especially for the halo candidates, multi-epoch observa-
tions and follow-up IR photometry and/or spectroscopy will
allow us to confirm the true nature of these objects.

4 THE OBSERVATIONS

Observations for the VST INAF GTO started at the end
of 2011 and proposals have been approved for Periods from
88 to 93 (088.D-4015, 089.D-0706, 090.D-0168, 091.D-0623,
092.D-0732, 093.D-0170). However, also due to technical and
scheduling problems, only a minor part of the observations
for the STREGA core program have been gathered so far
(see Table 1). In particular the only completed patches are
the fields around ω Cen (observed in the ESO Period 88),
NGC6752 (Period 89) and Pal 12 (Period 91). Additional
data for the central region of ω Cen (4 fields) were observed
subsequently to P88 in visitor mode (March 2013).

Due to the relatively short distance modulus of the
globular clusters ω Cen (≈13.7 mag; Del Principe et al.
2006), NGC6752 (≈13.2 mag; Milone et al. 2013) and
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4 Marconi et al.

Figure 1. The selected STREGA core program targets (red symbols) in equatorial coordinates, compared with the location of the
Galactic Center (green symbol) and Fornax orbit according to Dinescu et al. (2004).

Pal 12 (≈16.5 mag; Rosenberg et al. 1998), the exposure
times to reach the RR Lyrae magnitude level in these
systems are of the order of a very few seconds, dramatically
shorter than telescope overheads. In these cases variability
should be investigated with suitable follow-up observations
on the most interesting fields. On the other hand, thanks
to its wide field of view and high resolution, VST is the
ideal instrument to perform a map of extra-tidal stellar
populations or of the extended halo around these systems,
through observations down to the MSTO and fainter MS
stars. Therefore, we planned to observe the selected fields to
deeper magnitude limits (exposure times of tens of seconds)
to build color-magnitude and color-color diagrams. The
fields observed for ω Cen and NGC6752 were selected to
uniformly map the outskirts of the cluster up to 3 tidal
radii, by adopting the Survey Area Definition Tool (SADT;
Arnaboldi et al 2008). In Figs. 2 and 3, we show the
obtained sky field distributions. For Pal 12, we observed a
single field centered on the cluster, covering about 2 tidal
radii.

5 DATA REDUCTION

The data reduction has made use of the newly developed
VST–Tube imaging pipeline (Grado et al. 2012), specifically
conceived for the data coming from the VST telescope but
adaptable to other existing or future single or multi-CCD
cameras. The data processing includes removal of instrumen-
tal signatures, namely overscan, bias and flatfleld correction,
CCDs gain harmonization and illumination correction. Rel-
ative and absolute astrometric and photometric calibration
were applied to the individual exposures. In detail, the bias
level is measured from the median value of a suitable por-
tion of the overscan region, then the bias map (masterbias)
is derived after a sigma-clipped averaging of the bias frames.
The flat-field correction (masterflat) is a combination of the

average twilight flats (from a number of twilight flats), that
correct for pixel-to-pixel sensitivity variation, and a super
skyflat, obtained with a combination of science images, that
accounts for the low spatial frequency gain variations. In
order to set all the mosaic chips to the same zeropoint, a
gain harmonization procedure was required. The procedure
measures the relative gain coefficients that give the same
background signal in adjacent CCDs. For the VST data it
was necessary to apply an additional correction for the scat-
tered light. This is a common problem for wide-field imagers
where telescope and instrument baffling can be an issue. The
off-axis uncontrolled redistribution of light paths gives an
additive component to the background, with a peak in the
central area, so that the flat field will not be an accurate esti-
mate of the spatial detector response. Indeed, if this effect is
not corrected, the image background will appear perfectly
flat, but the photometric response will be position depen-
dent (Andersen et al. 1995). This error in the determination
of the flat-field can be mitigated through the determina-
tion and application of the so called illumination correction
(IC) map. The IC map was determined by comparing the
magnitudes of equatorial photometric standard fields stars
with extracted catalogs from the SDSS DR8. The magni-
tude residuals as a function of the position were fitted using
a generalized adaptive method (GAM) in order to obtain
a 2D map used to correct the science images during the
pre-reduction stage. The GAM allows us to obtain a good
surface also in case the field of view is not uniformly sampled
by the standard stars. The absolute photometric calibration
(see Table 2) was computed comparing the aperture magni-
tude (Bertin & Arnouts 1996) of photometric standard-field
stars with reference catalogs from SDSS DR8. A simultane-
ous fit of the zero-point and color term was performed using
Photcal (Radovich et al. 2004), while the extinction coeffi-
cients were those (mean values) extracted from the extinc-
tion curve provided by the ESO calibration team. Relative
photometric corrections, accounting for transparency varia-
tions among exposures, as well as absolute and relative as-
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Figure 2. Observed fields by OMEGACAM@VST around the Globular Cluster ω Cen, in equatorial coordinates.

Figure 3. As in Fig. 2 but for NGC6752.

trometric calibration, were obtained using SCAMP (Bertin
2006). Resampling and stacking of the individual exposures
was obtained using SWARP (Bertin 2002).

The stellar photometry in the crowded stellar clus-
ters must be performed by using the Point Spread Func-
tion (PSF) fitting method (e.g. Stetson 1987), while for
uncrowded fields, to obtain accurate magnitudes, we could
also use aperture photometry. In practice, for crowded fields
we use DAOPHOT/ALLSTAR (Stetson 1987), one of the most
used packages to obtain very accurate PSF magnitudes, and
for measuring aperture photometry we adopt SExtractor

(Bertin & Arnouts 1996). The latter is currently adopted
for extragalactic studies, but it is particularly suited for
wide-field images, being fast, fully automatisable and able to
give accurate results for stellar photometry in not severely
crowded fields. For each source, SExtractor provides sev-
eral different parameters to characterize the brightness and
the shape. The proper aperture magnitude for stellar ob-
jects is the so called MAG APER parameter. Indeed it gives

a measure of the total magnitude within a circular aper-
ture with a fixed user-supplied radius. In our analysis, we
adopt an aperture radius of 20 pixels (correposnding to
∼ 5 × FWHM for typical seeing) that encloses more than
99.99% of the light of a selected, isolated and good number
of stars among the brightest ones. Moreover, to check the
consistency of the photometry we compared the SExtractor

with the DAOPHOT/ALLSTAR measurements, for selected im-
ages.

To clean the catalogs obtained by DAOPHOT/ALLSTAR of
objects with noisy photometry, we selected the objects with
χ < 1.6 and −0.2 <Sharp< 0.2 1.

1 In the single-frame photometry file, the DAOPHOT/ALLSTAR χ pa-
rameter of each star is a robust estimate of the observed pixel-

to-pixel scatter of the fitting residuals to the expected scatter,
whereas the Sharp parameter is related to the intrinsic angular
size of the astronomical objects, and for stellar objects should

have a value close to zero.
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6 Marconi et al.

Table 2. Calibration Log. The table reports the observed target, the adopted filters, the night used for the absolute photometric

calibration and the corresponding zero point, color term and extinction coefficient

Target Filter night Zero-Point (mag) Color term Ext. coeff. (mag)

ω Cen g 2012-03-21 24.650 ± 0.010 0.024 ± 0.009 (g − i) 0.110
ω Cen r 2012-04-02 24.502 ± 0.008 0.043 ± 0.020 (r − i) 0.030

ω Cen i 2012-03-04 24.013 ± 0.011 -0.001 ± 0.008 (g − i) 0.010

ω Cen g 2013-03-15/19 24.699 ± 0.006 0.024 ± 0.006 (g − i) 0.180
ω Cen r 2013-03-15/19 24.601 ± 0.005 0.049 ± 0.013 (r − i) 0.100

ω Cen i 2013-03-15/19 24.119 ± 0.006 -0.002 ± 0.005 (g − i) 0.043

NGC6752 g 2012-05-05 24.799 ± 0.010 0.017 ± 0.010 (g − i) 0.180
NGC6752 r 2012-05-01 24.598 ± 0.006 0.054 ± 0.016 (r − i) 0.100

NGC6752 i 2012-05-08 24.136 ± 0.006 -0.002 ± 0.016 (g − i) 0.043

PAL 12 g 2013-07-01 24.809 ± 0.008 0.033 ± 0.007 (g − i) 0.180
PAL 12 r 2013-07-01 24.633 ± 0.006 0.053 ± 0.017 (r − i) 0.100

PAL 12 i 2013-07-01 24.113± 0.007 -0.002 ± 0.006 (g − i) 0.043

Figure 4. Residual between g (left panel) and i (right panel) magnitudes estimated by SExtractor and the PSF ones obtained with
DAOPHOT/ALLSTAR (accounting for the different instrumental magnitude zero-point) as a function of the aperture magnitude and of the

position on the frame, in the case of the selected reference field (l,b =306.2,12.78; Field 1 around ω Cen).

Fig. 4 shows the residuals of the SExtractor and
DAOPHOT photometry, as a function of the magnitude
and the field position in the case of a selected pointing
(l,b =306.2,12.78; Field #1 around ω Cen), both in g (left
panel) and i (right panel) bands. We note that SExtractor

aperture photometry, in the case of uncrowded fields, is com-
parable with the more time-consuming DAOPHOT PSF pho-
tometry, at least in the magnitude range 12.5–21 mag, with
a maximum discrepancy of 0.2 mag. At brighter magnitudes
the deviation, more evident in the i band, is due to nonlin-
earity of the CCDs.

Through this comparison between the aper-
ture SExtractor photometry and that obtained by
DAOPHOT/ALLSTAR we also verified that, in the case of
the SExtractor catalog, the contamination by non-stellar

objects affects a magnitude range fainter than the com-
pleteness limit (see Sect. 7) and therefore out of interest for
our purposes.

The photometry on the fields including the central part
of ω Cen (#34, #35, #36 and #37) and on the field centered
on Pal 12 was performed only using the DAOPHOT/ALLSTAR

packages. The calibration of the four central pointings on
ω Cen, observed on a non-photometric night, was checked
with the deep and accurate UBV RI photometry published
in Castellani et al. (2007), transformed to the ugriz photo-
metric system by adopting the equations computed for the
Population II stars, based on the transformations devised

c© 0000 RAS, MNRAS 000, 000–000



The STREGA survey 7

by Jordi et al. (2006)2. For each field and for each filter,
the mean offset between our measured magnitudes and the
transformed magnitudes was applied as a zero-point correc-
tion. The four corrected catalogs were merged into a single
catalog, which is used for the subsequent analysis. Similarly
for the field centered on Pal 12, we checked the photometric
calibration by comparison with independent very accurate
BV I photometry by one of us (P.B. Stetson, hereinafter
PBS, unpublished). In the case of NGC6752, waiting for the
VST observations of the central fields, we performed a qual-
itative comparison of the color-magnitude diagrams for the
external fields againts the central one, the latter obtained
from unpublished photometry by PBS, finding a satisfac-
tory agreement (see the following section).

6 COLOR-MAGNITUDE DIAGRAMS

Figures 5, 6 and the left panel of 7 show the color-magnitude
diagrams (CMDs) for ω Cen, NGC6752 and Pal 12, in all
the investigated fields, obtained by combining the two inde-
pendently selected g-band and i-band catalogs and adopting
a 0.25 arcsec matching radius.

To investigate the signature of over-densities associated
with various CMD features, it is important to take into ac-
count the differential reddening contribution as well as the
contamination from the various Galactic components.

6.1 The differential reddening issue

In Fig. 8 we report the extinction maps of Schlegel et al.
(1998) recalibrated by Schlafly & Finkbeiner (2011) for the
observed fields. Significant differential reddening appears
only around ω Cen (note the differences among the color
scales), due to the closeness of the lowest fields to the Galac-
tic disk. For NGC6752 and Pal 12, the reddening is rather
uniform apart from a small region around NGC6752 close
to the Galactic disk.

We have used the Schlegel’s maps to obtain a merged
total CMD for the surroundings of each cluster with de-
reddened magnitude and colors. In Figs. 9 and 10 we report
the cumulative CMDs before (left) and after (right) redden-
ing correction. The dashed line indicates the limit of the
CCD nonlinearity quoted above.

In the case of Pal 12 (see the bottom panel of Fig. 8) the
reddening differences are expected to be very small and we
can assume ∆E(B-V) ∼ 0 over the entire field. In any case,
in the right panel of Fig. 7 we report the de-reddened CMD
(black dots) compared with the independent photometry by
Stetson (red dots; for details see above). The cluster MSTO
is clearly observed from this plot, but a detailed analysis is
required in order to disentangle the claimed contribution of
the Sagittarius galaxy CMD. For this reason, the investiga-
tion of the stellar populations within the observed two tidal
radii for this cluster is presented in a separate paper (Di
Criscienzo et al. in prep).

For ω Cen and NGC6752, we checked the internal pho-
tometric alignment by using the overlap region of adjacent

2 http://www.sdss.org/dr7/algorithms/sdssUBVRITransform.html

frames and through over-imposition of the Galactic compo-
nent features (e.g. the Galactic halo MSTO) in the CMDs
within about ± 0.05 mag.

6.2 Galactic and synthetic cluster model
predictions

The observed fields in the direction of ω Cen and NGC 6752
have low galactic latitude, so that the lines of sight are
mainly contaminated by Galactic thin and thick disk stars,
with only a minor contribution of halo stars. Although a
quantitative interpretation of these populations is beyond
the goal of this paper, the simple comparison of the data
with the predictions of a Galactic model can be illuminat-
ing in the interpretation of the observed CMDs. To this aim
we have used an updated version of the code described in
Castellani et al. (2002), which assumes three galactic com-
ponents, namely a thin disk, a thick disk and a stellar halo,
with specific spatial structures and star formation laws. The
code relies on the latest stellar tracks by Bressan et al. (2012)
for normal stars and the theoretical cooling tracks by Salaris
et al. (2000) for the white dwarf phase. In this model the
Galaxy is described by the following ingredients:

Spatial structure: the thin and thick disk are both de-
scribed as double exponentials: in Galactocentric distance
in the Galactic plane and in height over the plane. The re-
spective scale heights are 250 pc and 750 pc, while the scale
lengths are 3 kpc and 3.5 kpc. The halo follows a power-
law decay with exponent 3.5 (Cabrera-Lavers et al. 2005;
Chen et al. 2001). Thick disk and halo normalizations rela-
tive to the thin disk component are 12% (Jurić et al. 2008)
and 1/500 (see e.g. Bahcall & Soneira 1984; Tyson 1988),
respectively;

Star formation laws: for each component the star-
formation rate is assumed constant. Stellar ages vary be-
tween 0 and 9 Gyr in the thin disk, between 9 and 11 Gyr in
the thick disk, and between 11 and 13 Gyr in the halo. The
corresponding average metallicities are Z = 0.02, Z = 0.006
and Z = 0.00023, respectively;

Initial Mass Function: all the galactic components as-
sume a Kroupa 2001 Initial Mass Function (IMF, Kroupa
2001);

We note that some Galactic parameters are still very
uncertain, in particular many important details remain to
be settled in the thick disk (scale height, normalization and
metallicity) and in the halo (normalization) (see e.g. Jurić
et al. 2008, and references therein). Hence, the comparison
plots we are presenting in the following are not meant to
provide a best fit to the data, but only a guide to under-
stand the contribution of the various Galactic populations
expected in each field.

3 The adopted metallicity for the Galactic halo is a lower limit

of current empirical estimates (see e.g. Carollo et al. 2007, and
references therein). However, the goal here (see next Section) is

not to generate a comprehensive halo model, but only to test the

color visibility, in the CMD, of ω Cen and NGC6752 MSTOs with
respect to the field. In fact, a more metal rich halo would have

redder colors, thus enabling a still easier detection of ω Cen and

NGC6752 MSTOs.
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8 Marconi et al.

Figure 5. CMDs of the stars in the 37 fields on and around ω Cen. For orientation of the fields, see Fig. 2

6.3 ω Cen

In the left panel of Fig. 11, we present the de-reddened CMD
g0, (g − i)0 for stars (black dots) in Field #1 (see Fig 2)
around ω Cen compared with the independent photometry
for the central region by Castellani et al. (2007, red dots). In
the right panel of the figure, we show the results of a Galactic
model simulation over 1 deg2 centered on the same field
(blue, magenta and dark grey symbols represent thin disk,
thick disk and halo stars, respectively) compared with the
synthetic cluster CMD (red symbols) computed for ω Cen
(see below for details).

In the Galactic simulation, the photometric errors are
not accounted for. At each given g magnitude, the “blue
edge” (the bulk of the bluest stars) can be interpreted as
the envelope of the halo MSTO shifted towards fainter mag-
nitudes and redder colors by the increasing distance and

corresponding extinction. At the bright end (g0 < 16 mag),
the CMD is dominated by thin and thick disk stars. In
particular, in this magnitude range, the blue plume (BP;
0 < (g − i)0 < 0.75 mag) is mainly composed of thin (and
a few thick) disk MS stars, whereas the red plume (RP;
1.2 < (g − i)0 < 2.0 mag) is composed of red giant branch
stars of both disks. At fainter magnitudes, the number of
thick disk and halo stars increases considerably, until it dom-
inates the star counts for magnitudes fainter than g0 ≈ 18
mag.

To assist in the interpretation of the observations, we
also computed the synthetic CMD of ω Cen from the main-
sequence phase up to the asymptotic giant branch phase us-
ing the stellar population synthesis code SPoT (Stellar Pop-
ulation Tools, see for details and ingredients Brocato et al.
2000; Raimondo et al. 2005; Raimondo 2009, and references
therein). The synthetic CMDs were randomly populated us-
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Figure 6. CMDs of the stars observed in the 32 fields around NGC6752. For orientation of the fields, see Fig. 3.

ing Monte Carlo methods with the IMF of Kroupa (2001) in
the mass interval 0.1–10 M�. For each star the luminosity
and effective temperature were derived according to evolu-
tionary tracks taken from the BaSTI database, then magni-
tudes in the ACS/HST (the Advanced Camera for Surveys
aboard the Hubble Space Telescope) and Sloan photometric
systems were computed, using color-temperature relations
derived from the stellar model atmospheres by Castelli &
Kurucz (2003, and references therein). In order to reproduce
the multipopulations in ω Cen, we used the subpopulation
parameters and ratios suggested by Joo & Lee (2013) as
a first guess. Then, we considered the ACS/HST photome-

try by Sarajedini et al. 20074, and tested on the HST-CMD
the bf Horizontal Branch (HB) star distribution as derived
from the adopted population ratios. We also explored dif-
ferent assumptions on the parameterizations of the HB star
distribution (the Reimers’ mass-loss parameter ηR, its dis-
persion σR, etc; Reimers 1977). From this procedure we de-

4 The Globular Cluster Treasury program (PI: Ata Sarajedini,

University of Florida) is an imaging survey of Galactic globular
clusters using the ACS/WFPC instrument on board the Hub-

ble Space Telescope. Photometric data are publicly available at

http://www.astro.ufl.edu/ata/public hstgc

c© 0000 RAS, MNRAS 000, 000–000
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Figure 7. CMD for the field centered on Pal 12, before (left panel) and after (right panel) reddening correction. The reddening correction
is negligible, but in the right panel, we also show the cluster photometry obtained by PBS (red symbols, see text for details).

rived our best-fit synthetic CMD for the HST data, which
is constructed by assuming the metallicities and ages for six
subpopulations, namely: [Z=0.0003, Y=0.245, t=13 Gyr],
[Z=0.0006, Y=0.245, t=13 Gyr], [Z=0.0008, Y=0.400, t=12
Gyr], [Z=0.0032 Y=0.400, t=12 Gyr], [Z=0.0065, Y=0.400,
t=11.5 Gyr], [Z=0.0165, Y=0.400, t=11 Gyr] (e.g. Joo &
Lee 2013, and references therein). The population ratios are
40%, 27%, 15%, 10%, 7% and 2%, respectively. Note that the
adopted metallicity values and abundance ratios agree with
the most recent spectroscopic observations of RGB stars in
the cluster (e.g. Johnson & Pilachowski 2010; Marino et al.
2011; Calamida et al. 2009). Each simulation also took into
account the photometric error of the adopted HST ACS pho-
tometry. We used the same set of parameters to compute the
GC CMD in the Sloan filters, also shown in the right panel
of Fig. 11. It is worth noting that, according to these sim-
ulations, the bluest MSTO might be distinguished from the
Galactic disk population (see also discussion in Sect. 7).

6.4 NGC6752

In the left panel of Fig. 12, we present the de-reddened CMD
g0, (g − i)0 for stars (black dots) in Field #1 (see Fig 3)
around NGC6752 compared with the independent photom-
etry for the central region by PBS (red dots; for details,
see the previous section). In the right panel of the figure,
the Galactic simulation for the selected field (same colors
as in Fig. 11) is compared with the synthetic CMD, again
generated using the SpOT code). This synthetic CMD fits
the CMD and the number of HB stars from ACS/HST ob-
servations by Sarajedini et al. (2007), considering a single-
burst stellar population with Z = 0.0006, including the α
element enhancement (in agreement with the spectroscopic
metallicity determination by Gratton et al. (2005) , namely
[Fe/H] = −1.48 dex and [α/Fe] =0.27 dex). We used the
same set of parameters to predict the CMD in the Sloan
filters, shown in the right panel of Fig. 12. We note that

in order to fit the very blue HB of NGC6752 (Buonanno et
al. 1986) we fixed the chemical composition and adopted a
high value of the Reimers’ parameter ηR = 0.68, increasing
the mean mass loss along the RGB to ∼ 0.28M�. Alter-
natively, in the emerging multipopulation scenario for GCs,
these stars could be explained assuming they belong to a sec-
ond generation of stars, with different chemistry (see Milone
et al. 2013, and references therein).

In the CMD of Fig. 10 we can also identify a vertical
structure corresponding to −0.5 < (g− i)0 < −0.2 mag and
g0 > 14 mag (see box). The stellar nature of all the objects
within this structure has been visually verified. Their posi-
tion in the CMD suggests that they belong to the HB phase
associated either with NGC6752 or with the Galactic halo.
The comparisons in Fig. 12 show that the observed and pre-
dicted colors of the cluster HB stars are much bluer than
the average color of the observed vertical structure that is
instead reproduced by the Galactic halo simulation. A zoom
of this portion of the CMD (box in Fig. 10) is shown in the
upper panels of Fig. 13 for the cumulative case (left and
middle panels) and Field #1 (right panel), compared with
the predicted halo HB stars in this single field. In the lower
panel of Fig. 13, we plot the (g − i)0 color histogram of
this region for the cumulative CMD, showing a clear peak
in the color range of the identified structure. In the left up-
per panel, as an observational check, we compare this feature
with the location of the halo HB stars identified by the SDSS
(magenta dots; Smith et al. 2010). The good agreement, de-
spite the different areas covered by the two surveys, con-
firms our hypothesis that these stars belong to the Galactic
halo. As a theoretical check, in the middle and right upper
panels, we overlaid two halo simulations obtained adopting
an RGB mass loss with ηR = 0.2 (blue dots) and 0.3 (red
dots). As expected, the former value produces redder HB
stars, as a consequence of the higher average stellar mass
populating the synthetic HB. We note that the simulation
with ηR = 0.3 is more in agreement with the observed verti-
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Figure 8. The extinction maps of Schlegel et al. (1998) recalibrated by Schlafly & Finkbeiner (2011) for the observed fields around

ω Cen, NGC6752 and Pal 12.

cal structure than the one with ηR = 0.2. This discrepancy
could be reduced adopting a metallicity value lower than
Z = 0.0002. Concerning the predicted number of HB stars,
our models outnumber the observed star counts by roughly
a factor two (see Fig. 13). We tentatively ascribe this dif-
ference to the assumed halo/thin disk normalization (1/500;
e.g. Bahcall & Soneira 1984; Tyson 1988), which is probably
too high. Indeed, this number is strongly debated and differ-
ent values have been proposed, i.e., 1/1250 (see e.g. Cohen
1995), 1/850 (see e.g., Minezaki et al. 1998; Morrison 1993)
or 1/200 (see e.g., Jurić et al. 2008). As a bottom line, we
stress how the location and the number of these observed
halo HB stars can help to constrain the physical and numer-
ical assumptions adopted in Galactic simulations. In partic-
ular, the observed number in our sample seems to suggest
a significantly smaller halo/thin disk normalization, close to
the lowest values in the literature (Cohen 1995; Minezaki et
al. 1998; Morrison 1993).

7 STAR COUNTS AROUND ω-CEN

In this section, we present our analysis of the star counts in
the 37 fields covering ω Cen from the cluster center to about
three tidal radii.

The first step to obtain reliable star counts is an evalu-
ation of the photometry completeness in the adopted bands.
To this purpose, we adopt the same method used by Cole-
man et al. (2004, 2005). A luminosity function was generated
for each field in both the g and i bands adopting a magnitude
bin of 0.2 mag. We then assumed the completeness limit of
each field to be 0.2 mag brighter than the turnover in the lu-
minosity function. The overall magnitude limit of the survey,
for each group of fields, is then defined by the field with the
shallowest depth. For ω Cen we obtain the limit magnitudes
of g0 = 19.4 mag and i0 = 18.4 mag from the luminosity
function of the shallowest field (shown in the left panel of
Fig. 14). In the right panel of the figure, we plot the luminos-
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Figure 9. Cumulative CMD for ω Cen before (left panel) and after (right panel) reddening correction. The red symbols represent the
errors at the various luminosity levels. The dashed line represents the CCD nonlinearity limit (see Fig. 4 and text for details)

Figure 10. As in Fig. 9 but for NGC6752. The box encloses the vertical structure discussed in the text.

ity functions obtained from one of the many fields observed
in good seeing conditions (as an example field #32), to con-
clude that these fields observed in good weather conditions
can be considered complete down to g0 = 20.8 mag and
i0 = 19.4 mag.

A method to search for stellar over-densities is deriving
star counts in specific CMD regions. The availability of the
central fields, allowed us to use the 1 square degree CMD
centered on ω Cen (hereinafter “central CMD”) to define
the expected location of the HB, MSTO and RGB phases.

In Fig. 15, we show the central CMD (black dots) compared
with the total CMD of Fig. 9 (grey dots). The red line rep-
resents the empirical ridge-line obtained from the observed
central CMD. After this procedure, we conservatively se-
lected as possible members of the cluster the sources lying
within a defined color range around the ridge line, that is:

• ±0.1 mag, with g0 < 14 mag and (g − i)0 > 0.7 mag,
for the RGB (region inside the green contour line),

• ±0.3 mag (between the blue lines, to account for the
dispersion of the MSTO region and for possible photometric
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Figure 11. Left panel: CMD of stars observed in Field #1 around ω Cen (black dots) compared with the transformed central field

photometry by Castellani et al. (2007) (red symbols, see text for details). Right panel: the Galactic simulation of the same sky area (blue,

cyan and grey symbols represent thin disk, thick disk and halo stars, respectively) discussed in the text compared with the synthetic
CMD of ω Cen (magenta symbols). See text for details.

misalignment due to residual differential reddening and/or
photometric errors), with 16.2 < g0 < 18.5 mag5, for the
MSTO and the Sub Giant Branch (labelled in the following
as MSTO+SGB).

For the HB phase, due to its specific morphology, different
ranges in magnitude and color were considered in order to
properly cover the whole extent (region inside the purple
contour line). In this CMD, we also identified a region with-
out cluster contamination (region inside light blue contour
line labelled as FIELD), corresponding to 12.0 < g0 < 13.7

5 The fainter end is based on the limiting magnitude derived from

the completeness test discussed above

mag and 0.1 < (g− i)0 < 0.6 mag, to quantify the contribu-
tion due to the Galactic thin and thick disk (see right panel
of Fig. 11).

In the panels of Fig. 16 we plot the radial profiles of the
normalized star densities in the three evolutionary phases
mentioned (HB, RGB, MSTO+SGB) compared to those in
the FIELD region where we expect a negligible contribu-
tion of cluster stars. We adopted 75 equally spaced annuli,
from the center up to 2.8 deg, corresponding to about 3 tidal
radii. For each selected evolutionary phase, star density in
the i-th annulus is normalized to the corresponding total
value computed in the circle with the radius of 2.8 deg. The
vertical dashed line represents the nominal tidal radius of
0.95 deg (Harris 1996; Da Costa & Coleman 2008), that is

c© 0000 RAS, MNRAS 000, 000–000
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Figure 12. The same of Fig. 11 but for the Field #1 around NGC6752. The photometry of the central area of the cluster is based on

PBS unpublished data.

intermediate between the two values provided by McLaugh-
lin & van der Marel (2005) adopting a King model (0.80
deg; King 1966) and a Wilson model (1.2 deg; Wilson 1975).
We remind that the measurement of the tidal radius is sig-
nificantly model-dependent (McLaughlin & van der Marel
2005) and difficult to obtain on the basis of simple structural
models due to the possible presence of tidal tails or other
kinds of extra-tidal stellar population (see e.g. Di Cecco et
al. 2013, and references therein). In Fig. 16, the error bars
result from the propagation of the Poisson errors on the
individual counts. A zoom of these plots to emphasize the
behavior around the tidal radius is shown in Fig. 17. As
expected, the FIELD stars do not show any specific trend,
whereas in the other three cases, we obtain the typical ex-
pected profile for a globular cluster (e.g. King 1966; Wilson
1975, see discussion below). This is shown in the right up-

per panel of Fig. 16 where the King profile based on Harris
(1996) values (solid line) is overimposed on the MSTO+SGB
star counts. However, an inspection of Fig. 17 suggests that,
apart from the poorly populated HB phase, the nominal
tidal radius seems to be slightly underestimated with an ex-
cess of stars at this distance from the center, suggesting a
better agreement with the value based on the Wilson model
(1.2 deg McLaughlin & van der Marel 2005). Moreover, we
notice a non-negligible increase of the density around and
beyond 2 tidal radii, both for RGB and MSTO+SGB stars,
thus not excluding the presence of extra-tidal cluster stars.
However, the RGB counts are affected by large errors due to
the smaller statistics, and for this reason, in the following,
we concentrate on the much more numerous MSTO+SGB
stars. To further investigate the possible presence of tidal
tails, we also considered the MSTO+SGB star counts as a
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Figure 13. A zoom of the cumulative (left and middle upper panels) and single field (right-upper panel) CMD around NGC6752. The
lower panel shows the corresponding g − i color histogram for the cumulative CMD. The magenta dots, in the left panel, represent the

SDSS Halo HB stars (see text for details). Red and blue dots, in the middle and right panels, are simulated Halo HB stars adopting

different assumptions on the mass loss (see text).

function of the direction. To this purpose, we divided the
total explored area into twelve 30 deg circular sectors (see
Fig. 18) and counted the MSTO+SGB stars within each
sector with a radial distance ranging from 1 to 3 tidal radii.
The results are shown in the lower panel of Fig. 19, where
star counts are normalized to the total number of stars in
the same area. This normalization allows us to reduce spuri-
ous effects related to the differential contribution of the disk
population that is expected to be more important at lower
galactic latitudes (see discussion in section 6). In Fig. 20,
we present the same plot, but considering a different se-
lection of the MSTO+SGB stars, labelled as asymmetric,
that includes stars bluer than the ridgeline by 0.2 to 0.4
mag (region between the blue lines in Fig. 15) with magni-

tude fainter than 17 mag. This selection has the drawback
of containing a lower number of stars, but the advantage of
reducing the disk contamination, instead including the clus-
ter MSTO stars emerging from the disk population as shown
in Fig. 15. In the upper panel of Figs. 19 and 20, we show
for comparison the behavior of the same normalized counts
for the FIELD stars defined above, adopting the same ver-
tical scale used for the lower panel. We emphasize that in
both figures, the MSTO+SGB star counts show a clear peak
around 300 deg (the south-east direction), corresponding to
the predicted ellipticity orientation of the cluster (see e.g.
Table 5 in Anderson & van der Marel 2010). Even if the
asymmetric selection is less statistically significant, it is in-
teresting to note that the trend is the same and that this
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Figure 14. Luminosity function of stars in Field #33 (left panel) and #32 (right panel) around ω Cen with a magnitude bin of 0.2 mag.

effect cannot be related to a larger disk contribution in this
direction because FIELD stars show an opposite behavior.

The contribution of this direction to the detected extra-
tidal overdensity is also evident from Fig. 21 where we com-
pare the obtained radial profile for MSTO+SGB stars (black
filled circles) with the ones obtained considering the overden-
sity direction (blue open circles) and its complement to 2π
(red open circles), respectively. We note that: i) the radial
profile varies with the selected angle with the overdensity
detected beyond the tidal radius mainly due to stars con-
centrated in the south-east direction; ii) even excluding the
over-density direction, the radial profile (red open circles)
indicates a tidal radius of about 1.2 deg, with an excess of
stars at about 1 deg from the center.

To further constrain the nature of the candidate cluster
stars located beyond the truncation radius we decided to
adopt the contour levels. Fig. 22 shows the count levels for
the MSTO+SGB (±0.3 mag) candidate cluster stars (red
dots). In order to overcome the steady increase in the counts
of field stars when moving from the northern to the southern
direction we performed a simultaneous fit of a surface and
a plane. We divided the sky area covered by the data into
a grid (800×800) and subtracted point-by-point the plane
from the surface. The contour levels plotted in the above
figure display several interesting features.

i) – The countour levels display a well defined excess
of star counts beyond the truncation radius (green circle,
rt=0.95 deg). This evidence is clearer in the II, III and IV
quadrants where the excess extends up to two truncation
radii. This finding soundly confirms the evidence of extra-
tidal stars based on the radial density profile.

ii) – The contour levels become less and less symmetric
when moving from the innermost to the outermost cluster
regions, in good agreement with the eccentricity of ω Cen
provided by Bianchini et al. (2013).

iii) – The countour levels display a clear over-density
when moving from the bottom right to the top left, even if
the over-density is less clear in the II than in the IV quad-
rant. It is worth mentioning that these overdensities appear

to be orthogonal to the direction of the proper motion of
the cluster (PM, purple arrow; van Leeuwen et al. 2000; van
de Ven et al. 2006) and located between the direction of the
Galactic Center (GC, light blue arrow) and the projection
on the sky of the direction perpendicular to the Galactic
Plane (PGP, black arrow).

iv) – The countour levels indicate that the position an-
gle of the major axis measured east from north is ∼ 140 de-
grees. The current estimate agrees quite well with the deter-
mination based on ACS photometry of the innermost cluster
regions provided by Anderson & van der Marel (2010).

The above empirical evidence indicates that candidate
cluster stars have a complex distribution at radial distances
larger than two tidal radii. Firmer conclusions concerning
the nature of the extra-tidal stars are hampered by the lack
of information concerning their proper motion and radial
velocity.

As a check of the results obtained in the g, i filters, we
perform a star-count analysis also in the g vs g − r CMD,
but only in the more populous MSTO+SGB region. Figure
23 shows the CMD obtained in these filters and the selected
regions for star counts around the cluster MSTO+SGB (±
0.3 mag, magenta lines) and in the FIELD (light blue box).
These star counts are used to build the radial profile (see
Fig. 24) and the angular distribution (see Fig. 25) in anal-
ogy with the procedure adopted in the g and i filters. The
left panels of Fig. 24 show the normalized star density as a
function of the radial distance from the cluster center in the
MSTO+SGB region (upper panel) and in the FIELD zone
(lower panel). The right panels show the corresponding zoom
plots. These results confirm the evidence, discussed above,
that the cluster tidal radius is closer to the estimate based on
the Wilson model than to the nominal value (dashed line).
The angular distribution shown in Fig. 25 supports the evi-
dence of an overdensity in the same directions identified in
Fig. 19.

These results seem to suggest the presence of a tidal tail
in addition to a general extension of the cluster beyond the
traditionally assumed tidal radius. We notice that the pres-
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Figure 15. Central CMD (black dots) for ω Cen compared with the cumulative one (grey dots). The over-imposed red line is the
empirical ridgeline. Stellar evolutionary phases and a FIELD region are labelled (see text for details).

ence of extra tidal stars support previous evidence by Meza
et al. (2005) concerning a peak of angular momentum, con-
sistent with that of ω Cen, identified in the stellar samples
by Beers et al. (2000) and Gratton et al. (2003).

A similar behavior was also claimed by Majewski et al.
(2012) with the direction of the ω Cen debris mentioned
in their paper consistent with the one identified in this pa-
per (see Fig. 1a in Majewski et al. 2012). Obviously, these
preliminary results need additional investigation and spec-
troscopic confirmation.

8 SUMMARY AND FUTURE PERSPECTIVES

We have presented an overview of the STREGA survey on
the VST Guaranteed Time, focused on a multifilter photo-

metric investigation of selected regions of the Galactic halo.
The core program of the survey is focused on the investiga-
tion of neighboring areas of a number of GGCs and dSphs
reaching at least 2 tidal radii in different directions with the
final aim of detecting extratidal stellar populations either in
tails or in extended haloes. The adopted stellar tracers of
streams and haloes are both MSTO and variable stars but
so far only runs involving the former have been completed,
and data reduction and analysis performed, for three GGCs,
namely ω Cen, NGC6752 and Pal 12. For the first two sys-
tems we have also performed a comparison with model pre-
dictions and discussed some preliminary results. The most
relevant ones are:

• A possible structure of Galactic halo HB stars is present
in the CMD around NGC6752, barely consistent with the
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Figure 16. Radial profiles of the normalized (see text for details) star densities, in logarithmic scale, for ω Cen (selected from the CMD

g vs g − i), in the three labelled evolutionary phases (HB, RGB, MSTO+SGB) compared with the results in the FIELD region. The
dashed line represents the nominal tidal radius, whereas the solid line, in the upper right panel, represents the King profile based on

Harris (1996) values.
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Figure 17. A zoom-in of Fig.16 in the region around the nominal tidal radius.

presence of cluster HB stars, and their number and location
can be used to constrain the assumptions of Galactic mod-
els. The observation of the four central square degrees of
NGC6752 in the next ESO Period of observation will allow
us to produce the radial profile of star counts in the CMD

and to investigate in detail the possible presence of tidal
tails and/or of an extended halo around this system;

• We confirm that the nominal tidal radius for ω Cen
seems to be underestimated, suggesting a value more in
agreement with 1.2 deg as based on the Wilson model.
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Figure 18. Schematic view of the circular sectors used for angular star counts.
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Figure 19. Normalized (see text for detail) star counts for ω Cen (selected from the CMD g vs g− i) in circular sectors for stars in the

MSTO+SGB phase within ±0.3 mag from the ridgeline (lower panel) and in the FIELD region (upper panel).

• We find evidence of stellar over-density around ω Cen
at about 1 deg from the center in the North-West direction
and at about 2 deg in the opposite direction. The result-
ing asymmetric, elongated extra-tidal structure seems to be
consistent with the extension to longer radial distances of
current measurements and predictions for the cluster ellip-
ticity profile and orientation.

In the case of Pal 12 the interpretation of the CMD and
the star count investigation is in progress (Di Criscienzo et

al. in prep). In the next two periods of observations (ESO
P93 and P94) the time-series data of the selected fields for
Pal 3, Fornax, and Sculptor should be completed and we will
be able to use RR Lyrae stars in combination with MSTO
stars to identify extratidal stellar populations around these
systems, up to at least three tidal radii. The narrow band
observations for the WDs and IBs in the Pal 3 fields will also
be performed. In the subsequent two semesters we plan to
extend the analysis to Phoenix and Sextans, thus completing
the core program of the Survey.
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Figure 20. Normalized (see text for detail) star counts for ω Cen (selected from the CMD g vs g− i) in circular sectors for stars in the

MSTO+SGB phase, bluer than the ridgeline by 0.3 to 0.4 mag and fainter than 17 mag (lower panel, labelled as “asymmetric”) and in
the FIELD region (upper panel).
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Figure 21. Radial profiles of the normalized star densities, in logarithmic scale, for the ω Cen MSTO+SGB stars in the labelled angular
regions.
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Figure 22. Contour levels of candidate ω Cen stars projected onto the sky. The coordinates and the orientation are the same as in

Fig.2. The red dots display the radial distribution of the entire photometric catalog. The black contours show different density level after
the subtraction of a plane. The green circle shows the truncation radius (rt=0.95 deg). The light blue arrow points to the Galactic Center

(GC), the purple arrow points to the direction of the proper motion of the cluster (PM), while the blue arrow the direction perpendicular
to the Galactic Plane (PGP). Note the clear excess of star across and beyond the truncation radius and the over-densities located in the
fourth and in the second quadrants. See text for more details.
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