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The BSS and binary 
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Abstract. We present deep, wide-field imaging of the Globular Cluster NGC 5024, ob-
tained at the Large Binocular Telescope. Images inU, B and V were obtained with the
Large Binocular Camera, allowing to resolve the stars down to U ∼25.5 in a field of view
of 25′ × 24′ . The combination of short and deep exposures allowed the construction of
color-magnitude diagrams spanning all the canonical sequences from the tip of the red giant
brunch down to 4 magnitudes below the main sequence Turn Off. Combining this data with
high resolution ACS@HST archive images of the central region of the cluster we selected a
well defined population of blue stragglers stars, confirmingthat they have a bimodal radial
distribution. Moreover we determined the binary frequencyin the outer regions (r > 200′′)
of the cluster, finding that about 14% of the stars in these regions are in binary systems.
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1. Introduction

Globular Clusters (GCs) are ideal astrophysi-
cal laboratories for studying the evolution of
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single stars, as well as of binary systems. In
particular, the evolution and the dynamical in-
teractions of binary systems in high-density
environments can generate objects (like Blue
Straggler Stars, X-ray binaries, millisecond
pulsars, etc.) that cannot be explained by
standard stellar evolution. In this respect the
most common exotic objects are the so-called
Blue Straggler Stars (BSSs). BSSs are core-
hydrogen burning stars with masses larger than
normal cluster stars, and their origin is still
a puzzle. Two mechanisms have been pro-
posed for their formation: mass-transfer (MT)
between binary companions, which mainly
evolve in isolation in low density environ-
ments, or merger of stars driven by stellar
collisions (COL), which are particularly effi-
cient in high density regions. In recent years
we have determined the BSS radial distribu-
tion in a number of GCs (see references in
Lanzoni et al. 2007a, hereafter L07a), finding
that it is bimodal (i.e., with a peak in the cen-
tre and an upturn in the external regions) in
at least 8 cases. By supporting these obser-
vations with accurate dynamical simulations,
we have demonstrated that∼ 20-40% of the
entire BSS population in the “bimodal GCs”
must be MT-BSSs, most of them still popu-
lating the cluster outskirts. A negligible frac-
tion of MT-BSSs is instead required in the case
of GCs with non-bimodal radial distribution.
Here we study the BSS and binary populations
in the GC NGC5024 (M53), taking advantage
of deep wide field imaging from the blue chan-
nel of the Large Binocular Camera (LBC-Blue)
mounted at Large Binocular Telescope (LBT),
properly combined with ACS@HST archive
data.

2. Observations and data reduction

The photometric data used here consist of
two sets. (i) The wide field setconsist of
deep multi-filter (U, B and V; see table 1)
wide-field images, secured during the Science
Demonstration Time (SDT) of LBC-Blue
(Ragazzoni et al. 2006; Giallongo et al. 2007)
mounted on the LBT, sited at Mount Graham,
Arizona (Hill et al. 2006). The LBC is a
wide-field imager which provides an effec-

Table 1. Photometric data

Filter # of images Exp Time [sec]
U 2 500
– 1 20
B 2 300
– 1 10
V 8 300
– 1 10

tive 23′ × 23′ field of view, sampled at 0.224
arcsec/pixel over four chips of 2048× 4608
pixels each. LBC-Blue is optimized for the
UV–blue wavelengths, from 320 to 500 nm,
and is equipped with theU, B, V, g and r
filters. In the images used here the core of
the cluster is positioned in the central chip
(namely #2) of the LBC-Blue CCD mosaic.
The raw LBC images were corrected for bias
and flat field, and the overscan region was
trimmed using a pipeline from LBC-team at
Rome Astronomical Observatory1 specifically
developed for LBC image pre-reduction. The
source detection and relative photometry was
performed independently on eachU,V and B
image, using the PSF-fitting code DoPHOT
(Schechter, Mateo & Saha 1993). Further de-
tails on the reduction procedures and calibra-
tion are given in a forthcoming paper (Beccari
et al. 2007a in preparation). Here notice that
we reduced the short and long exposure images
separately in order to obtain a brightanda deep
sample. We derived accurate (σ < 0′′.2) ab-
solute astrometry by a proper cross-correlation
with a 2MASS catalogue covering the same
region. A final catalog listing the instrumen-
tal U, B andV magnitudes for all the stars in
each CCD field was thus obtained.(ii) The
high spatial resolution setconsists of a set
of ACS@HST images of the core region ob-
tained through the F606W (V606) and F816W
(I814) filters (GO-10775;PI: Sarajedini). We
used only the images acquired with short ex-
posure time (45s) which allow us to sample
stars from horizontal branch (HB) level down
to 2 magnitudes below the main sequence turn
off (MS-TO). Since stellar crowding is low in

1 http://lbc.oa-roma.inaf.it/
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Fig. 1. CMDs obtained from LBC-Blue (left panel)
and ACS@HST (right panel) data.

these images, we decided to perform aperture
photometry using the SExtractor photometric
package (Bertin et al. 1996), with an aperture
radius of 0.125′′ (corresponding to a FWHM
i.e. 5 pixels). By using more than 2500 bright
stars in LBC-Blue catalogue assecondary as-
trometric standards, we found an astrometric
solution with a global uncertainty≤ 0.′′2 both
in RA and Dec for stars in ACS catalogue. A
master, homogeneous catalogue of magnitudes
and absolute coordinates including all the stars
in the HST and the LBC-Blue catalogues was
finally produced.

3. The bright sample: the BSS radial
distribution

In Figure 1 we show the CMD of the LBC-
Blue (left panel) and the ACS catalogue (right
panel). The selected BSSs and HB stars (as-
sumed as reference population) are marked
with open circles and triangles, respectively.
The BSS selection box was defined as the re-
gion in the CMDs containing all the BSSs
in common with Rey et al. (1998, hereafter
R98), who studied the BSS radial distribu-
tion inside a region of∼ 9′ from the clus-
ter center. Notice that also SX Phoenicis and

Table 2. Selected Populations

Catalogue # of BSSs # of HBs
ACS 96 363

LBC-Blue 71 183

RRlyrae stars, identified by comparing our cat-
alogues with previously published works (see
Jeon et al. 2003; Clement et al. 2001, for re-
cent SX Phoenicis and RRlyrae catalogues re-
spectively), were included in the BSS and HB
population respectively. Being variable stars
observed at random phase, the SX Phoenicis
stars listed in Jeon et al. (2003) catalogue have
been identified in our sample and counted as
BSS independently of their position in CMD.
Further details on selection criteria will be
described in Beccari et al. (2007b, in prepa-
ration). In table 2 we report the number of
BSSs and HBs selected in the ACS and LBC-
Blue catalogues. According to L07a, we di-
vided our catalogue in concentric annuli cen-
tered on the cluster center (from Harris et al.
1996). Then we counted the number of BSSs,
HBs and derived them ratio in each annulus.
In Figure 2 we show the radial distribution
of BSSs normalized to the HB population. It
clearly shows a bimodal radial distribution of
BSSs with a high frequency in the inner and
outer regions, but a distinct dip in the inter-
mediate region. Notice that, taking advantage
of the wide field capabilities of LBC-Blue,
we derived the BSS radial distribution, up to
r ≃ 14.2′ from the centre. Figure 2 resam-
ple the result showed by R98 with the excep-
tion that our data allow us to confirm the per-
sistence of a BSS upturn from the∼ 9′ ex-
plored by R98 to∼ 14′.2 from the cluster cen-
ter. Moreover this distribution is similar to that
found in several GCs studied with a similar
observational strategy proposed here (e.g. M3,
47 Tuc, NGC6752, M5, M55; see L07a, and
reference therein). Recently, extensive dynam-
ical simulations based on an updated version of
the code described by Sigurdsson & Phinney
(1995), have been successfully used to prop-
erly reproduce the BSS radial distribution (see
Mapelli et al. 2006; Lanzoni et al. 2007a,b).
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Fig. 2. Radial distribution of BSSs normalized to
HB stars.

The simulations demonstrate that in GCs
showing a BSS bimodal radial distribution, the
observed central peak is mainly due to COL-
BSSs formed in the core and/or MT-BSSs sunk
to the centre because of dynamical friction ef-
fects, while theexternalrising branch should
be made of MT-BSSs evolving in isolation
in the cluster outskirts. Recently Ferraro et al.
(2006), from high resolution FLAMES spec-
troscopy, discovered that a sub-population of
BSSs in 47Tuc (whose BSS population has
bimodal radial distribution) shows a signifi-
cant depletion in the carbon and oxygen sur-
face abundances, with respect to the domi-
nant BSS population and the normal cluster
stars. They interpret this chemical anomaly as
a signature of the MT formation process for
BSSs. Hence detailed simulations and high res-
olution spectroscopy are crucial to finally un-
veil the formation mechanism of these peculiar
objects. The result shown here contributes to
the observational characterization of BSSs in
M53. Moreover, we show once again the im-
portance of an observational approach which
combines the high resolution HST capabilities
in the core-crowded regions and big telescope
like LBT equipped with wide field capabilities.

4. The deepsample: the binary
fraction in the external regions

The LBC-Blue camera is optimized for imag-
ing in the U and B bands. In order to check
the camera capability, we acquired a series of
deepU, B andV images of the cluster during
the SDT. Here we present the first very prelim-
inary photometry of an external chip (namely #

Fig. 3. (U, U − V; left panel) and (B, B − V;
right panel) CMD obtained with the external chip
(namely # 3) the LBC-Blue mosaic.

3) of the camera mosaic. This allows us to sam-
ple a region with a radial range spanning from
r ≃ 4′, to ≃ 11.6′ from the centre. Because
of the very low crowding conditions of the ex-
ternal regions, analyzing this external chip is
the optimal choice for an efficient test of the
performance and capability of the camera. The
photometry reduction is described in section 2.
Figure 3 shows the CMD in the (U,U − V)
and (B, B − V) planes. These are the deepest
CMDs ever published for this cluster. With a
300sB and 500sU exposure we reached mag-
nitudesB ≃ 25.5 andU ≃ 24.5 with a S/N ∼ 5
according with the expected performances of
the “telescope plus camera” system. The CMD
plotted in Figure 3 shows a very well defined
MS with a secondary MS (SMS) is clearly vis-
ible. This is likely generated by a binary popu-
lation. A non-resolved binary system in a glob-
ular cluster is seen as a single star with a flux
equal to the sum of the fluxes of the two com-
ponents. The shift in magnitude of the binary
system can be viewed as the effect of the sec-
ondary star that perturbs the magnitude of the
primary. The shift depends on the mass ratio of
the two components (q= M2/M1) ranges be-
tween 0 and 1; this range in mass ratio requires
that a binary system can appear at most 0.752
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mag brighter than the primary component (see
Sollima et al. 2007, hereafter S07). In order to
perform a preliminary estimate of the binary
fractionξ in the considered region of M53 we
used the same procedure described by S07; de-
tails will be given in Beccari et al. (2007b).
Very quickly, we performed completeness ex-
periments on the images and, using the simu-
lated catalogue, we generated a simulated bi-
nary population with a distributionf (q). The
value of ξ derives from the comparison be-
tween the colour distribution of simulated stars
and that in the observed CMD. We assumed a
distribution constructed by extracting random
pairs of stars using the initial mass function of
De Marchi et al. (2005). Using this method we
derive a best value in percentage of binary frac-
tion of 14% in the external region of M53.

5. Conclusions

We have obtained a multiband deep photome-
try of the GC NGC5024 through data acquired
during the Science Demonstration Time of the
LBC-Blue mounted on LBT. The data allow us
to obtain CMDs in theU, B andV bands, span-
ning all the canonical sequences from the tip
of the red giant branch, down to 4 magnitudes
below the turn Off. There are two separate sam-
ples: 1) Thebright sample: the wide field capa-
bilities of LBC-Blue properly combined with
high resolution properties of ACS@HST, al-
low us to resolve the main cluster stellar popu-
lations from the very central regions to a dis-
tance of≃ 14.2′. We studied the BSSs ra-
dial distribution compared to HB stars, and we
found it to be bimodal. By comparison with
other GCs with a similar BSS bimodal radial
distribution, we could assume that there are
two populations of BSSs in M53, generated
from two different evolutionary mechanisms.
Further investigations through theoretical sim-
ulations and high resolution spectroscopy are
necessary to clarify the mechanisms at the ori-
gin of this population. 2) Thedeepsample: the
obtained (U, U−V) and (B, B−V) CMDs of an
external region of the cluster demonstrate that
LBC-Blue, optimized in theUV–blue wave-
lengths, reaches the planned performances. We

used these data to a preliminary estimate the
binary fraction finding it to be∼ 14%.
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