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ABSTRACT
We present results on the stellar density radial profile of the outer regions of NGC 6779,
a Milky Way globular cluster recently proposed as a candidate member of the Gaia
Sausage structure, a merger remnant of a massive dwarf galaxy with the Milky Way.
Taking advantage of the Pan-STARRS PS1 public astrometric and photometric cat-
alogue, we built the radial profile for the outermost cluster regions using horizontal
branch and main sequence stars, separately, in order to probe for different profile
trends because of difference stellar masses. Owing to its relatively close location to the
Galactic plane, we have carefully treated the chosen colour-magnitude regions properly
correcting them by the amount of interstellar extinction measured along the line-of-
side of each star, as well as cleaned them from the variable field star contamination
observed across the cluster field. In the region spanning from the tidal to the Jacobi
radii the resulting radial profiles show a diffuse extended halo, with an average power
law slope of -1. While analysing the relationships between the Galactocentric distance,
the half-mass density, the half-light radius, the slope of the radial profile of the out-
ermost regions, the internal dynamical evolutionary stage, among others, we found
that NGC 6779 shows structural properties similar to those of the remaining Gaia
Sausage candidate globular clusters, namely, they are massive clusters (> 105M�) in
a moderately early dynamical evolutionary stage, with observed extra-tidal structures.

Key words: techniques: photometric – globular clusters: individual: NGC 6779.

1 INTRODUCTION

Recently, Myeong et al. (2018) performed a search of Milky
Way globular clusters (MW GCs) that possibly belong to
the Gaia Sausage, an elongated structure in velocity space
created by a massive dwarf galaxy (∼ 5×1010 M�) on a
strongly radial orbit that merged with the MW at a redshift
z <∼ 3 (Belokurov et al. 2018). They listed NGC 1851, 1904,
2298, 2808, 5286, 6779, 6864 and 7089 as probable candidate
GCs, and NGC 362 and 1261 as possible ones.

Because of the merger event that gave rise to the Gaia
Sausage, these GCs are expected to have evidence of strong
tidal interactions, such as long tidal tails, azimuthally irreg-
ular stellar halos, clumpy extended structures, etc. Indeed,
8 out of the 10 candidate GCs have previous studies of their
outer regions and all of them show some of the above men-
tioned signatures. For instance, Carballo-Bello et al. (2018)

? E-mail: andres@oac.unc.edu.ar

found tidal tails around NGC 1851, 1904, 2298 and 2808;
Carballo-Bello et al. (2012) maped the extended envelopes
of NGC 1261 and 6864; Vanderbeke et al. (2015) and Kuzma
et al. (2016) detected extra-tidal structures in NGC 362 and
NGC 7089, respectively.

As far as we are aware, NGC 6779 (M56) has not been
targeted for any analysis of its stellar structure beyond its
tidal radius. However, given that almost all the Gaia Sausage
candidate GCs exhibit extra-tidal features, one would also
expect to find some sort of structures around NGC 6779.
Precisely, the main aim of this work consists in tracing for
the first time the stellar density radial profile of the outer-
most cluster regions, and assess on that resulting profile the
membership of NGC 6779 to Gaia Sausage. For the sake of
the reader, we list in Table 1 the adopted values for some
pertinent cluster astrophysical properties.

The paper is organised as follows: In Section 2 we de-
scribe the observational data set used and the reddening
corrections performed in order to get intrinsic magnitudes

c© 2018 The Authors
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2 A.E. Piatti & J.A. Carballo-Bello

Table 1. Astrophysical properties of NGC 6779.

Parameter Value Ref.

True distance modulus m−Mo = 15.2±0.1 mag 3,4

Heliocentric distancea d = 10.96±0.50 kpc

Core radius rc = 0.44′ (1.40 pc) 1,2
Half-light radius rh = 1.12′ (3.57 pc) 2

Tidal radius rt = 10.55′ (33.63 pc) 1

Jacoby radius rJ = (23.40±1.79)′ (74.60±5.71 pc) 6
Ellipticity ε = 0.03 1

Mass M = (2.81±0.52)×105M� 2

Density inside rh ρrh = 138.0 M�/pc3 2
Age t = 12.75±0.50 Gyr 7

Relaxation time th = 3.1 Gyr 2

Metallicity [Fe/H] = -2.0±0.1 dex 1,5

Ref.: (1) Harris (1996); (2) Baumgardt & Hilker (2018); (3) Sara-

jedini et al. (2007); (4) Khamidullina et al. (2014); (5) Carretta
et al. (2009); (6) Balbinot & Gieles (2018); (7) VandenBerg et al.

(2013).

a computed from m−Mo.

and colours. Section 3 deals with the construction of stellar
radial profiles for cluster horizontal branch (HB) and main
sequence (MS) stars, respectively, while in Section 4 we anal-
yse and discuss the resulting radial profiles. Finally, Section
5 summarises the main conclusions of this work.

2 OBSERVATIONAL DATA

With the aim of looking for extended stellar structures
around NGC 6779, we made use of the public astrometric
and photometric catalogue produced by the Panoramic Sur-
vey Telescope and Rapid response System (Pan-STARRS
PS1 Chambers et al. 2016), which enabled us to homoge-
neously cover with deep photometry a large sky area. We
downloaded positions (R.A. and Dec.) and gr PSF photom-
etry for 2365154 stars distributed in a box of 3◦×3◦ centred
on the cluster. We used as quality indicators the er-
rors of the PSF magnitudes gMeanPSFMagErr and
rMeanPSFMagErr to be within the ranges used by
Piatti (2018) (see also error bars in Fig. 2).

We first examined the spatial variation of the interstel-
lar reddening across the field containing the cluster. For each
entry in our Pan-STARRS PS1 catalogue, we obtained the
E(B−V ) value from Schlafly & Finkbeiner (2011) provided
by NASA/IPAC Infrared Science Archive1, which is the re-
calibrated MW extinction map of Schlegel et al. (1998). We
derived a mean colour excess of < E(B−V ) > = 0.21±0.04
mag for the 2365154 stars distributed in the 3◦×3◦ field,
with lower and upper limits of 0.111 and 0.328 mag, respec-
tively. For a circular region centred on NGC 6779, we ob-
tained < E(B−V ) > = 0.20±0.03 from 31833 stars located
within rt, with lower and upper values of 0.139 and 0.249
mag, respectively. This means that this field is affected by
a relative low interstellar absorption, with a slight differen-
tial reddening. Fig. 1 illustrates the spatial distribution of
E(B − V ) values.

Then, we derived intrinsic magnitudes go and colours

1 https://irsa.ipac.caltech.edu/

Figure 1. Reddening map across the field of NGC 6779. The

circle represents the cluster tidal radius (10.55′ (33.63 pc)).

Figure 2. CMDs of stars in the field of NGC 6779 (r < 5; left
panel) and in a MW field with similar area located 1◦ towards

the north-west (right panel). Error bars are included at the left
margin of each panel (blue lines). The two regions used to perform

star counts are overplotted with red contour lines.

(g − r)o from the Pan-STARRS PS1 gr magnitudes by cor-
recting them for interstellar absorption, using the individual
E(B−V ) values and the Aλ/AV coefficients given by Tonry
et al. (2012). Aiming at illustrating the wealth of information
we gathered, Fig. 2 depicts the intrinsic colour-magnitude di-
agram (CMD) of the inner cluster region (r < 5′) and that
of a sky region with equivalent area located at 1◦ towards
the north-west.
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The outer region of NGC6779 3

3 STELLAR RADIAL PROFILES

To trace the stellar density radial profile of the outermost
regions of NGC 6779 we considered cluster HB and MS stars
as illustrated in Fig. 2, where both groups of stars have been
delineated with red contour lines. HB stars were initially
chosen because they are practically not contaminated by
the foreground field, as judged by the absence of them in
the CMD of the comparison star field located at 1◦ to the
north-west from the cluster centre. Similar HB strips result
from any selected comparison star field.

We then built the cluster HB density radial profile by
applying a kernel density estimator (KDE) technique. Par-
ticularly, we employed the KDE routine within AstroML
(Vanderplas et al. 2012), which has the advantage of not
depending on the bin size and starting point. KDE also es-
timates the optimal FWHM of the Gaussians fitted in a
generated grid of 750×750 cells throughout the 3◦×3◦ field
to build the stellar density map. The radial profile was then
obtained by averaging the generated stellar density values
for annular regions of ∆log(r /arcmin)= 0.05 wide. The re-
sulting stellar density profile is shown in Fig. 3 with open
circles, with the respective error bars. From it, the mean
background level was estimated by averaging those values
for log(r /arcmin) > 1.1 and subtracted from the measured
stellar density profile. The background subtracted profile is
depicted with filled circles in Fig. 3. In this case, the error
bars come from considering in quadrature the uncertainties
of the measured density profile and the dispersion of the
background level. For comparison purposes, we have over-
plotted the curves corresponding to the King (1962) and
Plummer (1911) models using the rc, rh and rt values of
Table 1.

As for the radial profile from MS stars, we defined a strip
from the cluster MS turnoff down to 2 mags, that expands
go magnitudes and (g− r)o colours in the ranges (18.7,20.7)
and (0.15,0.52), respectively. We decided to go as deep as to
be within 100 per cent of the photometry completeness; the
50 per cent photometry completeness being at g=r= 23.2
mag, determined with PSF photometry of stellar sources in
the stacked images (Farrow et al., in preparation).

Unlike the HB strip, the MS one is noticeably contam-
inated by field stars, as can be seen in the CMD for the
comparison star field of Fig. 2. Furthermore, the stellar den-
sity and the magnitude and colour distributions of stars in
that strip vary with the position around NGC 6779. Indeed,
we built a stellar density map with all these stars using the
KDE that visibly reveals these variations. Fig. 4 depicts the
resulting density map, where we have excluded the inner
cluster region (r < rt) in order to highlight the field density
inhomogeneities. The clear density gradient along the south-
east north-west direction is due to the position of NGC 6779
in the MW (l= 62◦.66, b=+8◦.34) rather than from redden-
ing fluctuations. This makes the analysis of the cluster outer
regions more challenging, because we first need to statisti-
cally clean the cluster MS strip from the field star contam-
ination before building the cluster radial profile. Should we
first build the stellar density profile from the observed clus-
ter MS strip stars, would not allow us afterwards to obtain
a background subtracted one – as we could satisfactorily do
for HB stars –, because the background level around the
cluster is not reasonably uniform for MS strip stars.

In performing the cleaning of the cluster CMD MS strip
we considered a circle around the cluster centre with radius
rJ . We also defined 6 different circular star field regions dis-
tributed around the cluster area of equal size as the clus-
ter circle; we have labelled them with numbers 1 to 6 (see
Fig. 4). The mean stellar densities of these 6 star field re-
gions turned out to be: 16448±421, 11687±439, 9790±536,
12085±349, 13368±363 and 15762±261 star/deg2, respec-
tively. Since none of the field areas are representative of that
along the line-of-sight of the cluster, our strategic approach
consisted in decontaminating the cluster MS strip using the
6 different reference star fields at a time, and then evaluat-
ing the statistical significance of any residual structure that
might arise from the 6 cleaned CMD MS strips. Thus, we
compensate cleaning executions using reference star fields
less and more dense than that along the line-of-sight of the
cluster. Notice that we cleaned the cluster area out to its rJ .
In order to extent the cleaning towards farther regions, we
would even need to use comparison fields located at larger
distances from the clustes, which would make in turn the
outcomes more unreliable. Our selected reference star fields
are located far enough from the cluster region, but not too
far as to lose the local distribution in stellar density, magni-
tude and colour of MW stars.

For each reference star field CMD, we generated a sam-
ple of boxes (go,(g − r)o) centred on each star, with sizes
(∆(g),∆(g− r)) defined in such a way that one of their cor-
ners coincides with the closest star in that CMD region. This
procedure of representing the reference star field CMD like
an assembly of boxes was developed by Piatti & Bica (2012)
and successfully used elsewhere (see, e.g, Piatti 2017a,b; Pi-
atti et al. 2018). It has the advantage of accurately repro-
ducing the reference star field in terms of stellar density,
luminosity function and colour distribution. This is because
the number of assembled boxes is equal to the number of
stars in the reference star field CMD, as well as the distri-
bution of the magnitudes and colours of the box centres.

The generated box sample of each reference star field
CMD was superimposed at a time to the cluster CMD and
subtracted from it one star per box; that closest to the box
centre. The resulting cleaned CMD - one per field star CMD
used - contains mainly cluster members, although some neg-
ligible amount of interlopers can be expected. If the refer-
ence star field does not represent that along the line-of-sight
of the cluster, the resulting cleaned cluster CMD is there-
fore less representative of cluster intrinsic features. Because
of the variation in the stellar density around of the cluster
area, we expect some difference between the reference star
field and that along the line-of-sight of the cluster, that can
blur the actual cluster features. For this reason, we com-
pared the 6 different stellar radial profiles prior to draw any
conclusion about the existence of extra-tidal cluster tracers
(see Section 4).

The star field cleaned radial profiles were built simi-
larly to that for HB stars, i.e, by producing stellar density
maps with the KDE and then by averaging all the stellar
density values inside annuli of ∆log(r /arcmin)= 0.05. For
instance, for the annulus centred at log(r /arcmin)= 0.425,
we used 108 values, while at log(r /arcmin)= 1.225, we av-
eraged 3540 points. Fig. 5 shows the 6 different resulting
radial profiles. Each panel is labelled with the number of
the respective reference star field. We have overplotted King

MNRAS 000, 1–7 (2018)
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4 A.E. Piatti & J.A. Carballo-Bello

Figure 3. Normalised observed and background subtracted stel-
lar density radial profiles with their respective error bars drawn

with open and filled circles, respectively, for HB stars. The curved

blue and red lines are the models of King (1962) and Plummer
(1911), respectively.
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Figure 4. MS strip stellar density map of the analysed cluster

field with six circular field regions overplotted and labelled. We

have eliminated the cluster region out to rt in order to highlight
the variation of the stellar density around it.

(1962), Plummer (1911) and Elson et al. (1987) models with
blue, red and light-green curved lines, respectively. For the
Elson et al. (1987) model, we used the rc value of Table 1
and our best-fitted value γ= 2.7±0.2. Additionally, we over-
plotted for the outermost region a power law ∝ r−α with a
slope α = -1, using a magenta dashed line. Finally, we re-
peated the above steps to produce azimuthal density profiles
for stars located between rt and rJ , also depicted in Fig. 5.

4 ANALYSIS AND DISCUSSION

At first glance, Fig. 3 shows that HB stars seem to be tidally
filled, with not hint for extended structures beyond rt. Note
that not only the observed radial profile satisfactorily follows
a King (1962) model, but also that the adopted rc and rt
values (see Table 1) represent very well the cluster HB den-
sity radial profile. The lack of evidence of extra-tidal features
from HB stars does not imply that the cluster has not been
subjected to the effects of the MW gravitational potential.
As pointed out by Carballo-Bello et al. (2012), stars with
smaller masses can be found more easily far away from the
cluster main body. For this reason, most of the studies de-
voted to the search for extra-tidal structures have used rel-
atively faint MS stars (see, e.g. Olszewski et al. 2009; Saha
et al. 2010; Piatti 2017b). Additionally note that mass seg-
regation also makes more massive stars to be more centrally
concentrated (Khalisi et al. 2007, and references therein).

Indeed, the radial profiles constructed in Fig. 5 appear
to reveal a different picture of NGC 6779. As can be seen, in-
dependently of the reference star field adopted to decontam-
inate the cluster CMD MS strip, the radial profiles exhibit
noticeable excesses of stars out to rJ . These stellar excesses
appear to be important in the context of the overall clus-
ter stellar density radial profile, as judged by the fact that
a relatively small Elson et al. (1987)’s γ value (2.7) – very
much appropriate to represent extended halos (see, e.g. Pi-
atti 2018, and reference therein) – is not enough to trace the
outermost stellar density profiles. A power law with an av-
erage slope equal to -1 is needed to reproduce the observed
trend. At this point, we can conclude from the comparison
of HB and MS radial profiles, that there exists a differen-
tial mass segregation pattern, being the less massive stars
significanly more segregated.

Gieles et al. (2011) distinguished from a theoretical
point of view tidally affected (evaporation dominated) from
tidally unaffected (expansion dominated) GCs in the half-
mass density versus Galactocentric distance plane. Later,
Carballo-Bello et al. (2012) reproduced such a plot for 114
GCs (see their figure1). In general, tidally unaffected GCs
are massive objects (> 105M�), among which NGC 6779
should be included. Indeed, by using a solar Galactocentric
distance (RGC) of 8.3 kpc and the cluster heliocentric dis-
tance of Table 1, we obtained RGC = 10.3±2.3 kpc, which
places the cluster in the half-mass density versus RGC di-
agram into the region of tidally unaffected GCs. This also
happens for all the remaining Gaia Sausage candidates GCs.
Their masses are in the range (1.2 - 7.4)×105M� (Baum-
gardt & Hilker 2018) and their RGC values span from 9.4
up to 18.8 kpc Harris (1996, 2010 edition). However, most
of them have been found to possess tidal tails or diffuse
extended structures, thought to be evidence of past tidal in-
teractions with the MW (see Sect. 1). If we consider Pal 5
and NGC 5466 (mass ∼ (1-4)×104M�, (Baumgardt & Hilker
2018)) – two low-mass GCs with evidence of massive tidal
tails around them included in the sample of Carballo-Bello
et al. (2012), – we conclude that the distinction between
tidally affected and tidally unaffected GCs is not as straight-
forward as Gieles et al. (2011) suggested. Indeed, recently
Webb et al. (2018) performed controlled N -body simula-
tions to systematically analyse clusters disruption by tidal
shocks, and found that the amount of mass lost by the clus-
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The outer region of NGC6779 5

Figure 5. Left: Normalised stellar density radial profiles with their respective error bars for MS stars in different decontaminated CMDs,

as labelled in each panel (see also Fig. 4). The curved blue, red and light-green lines are the models of King (1962), Plummer (1911) and
Elson et al. (1987), respectively, with rc, rh and rt taken from Harris (1996) and Baumgardt & Hilker (2018). The dashed magenta lines

represent a power law ∝ r−1. Right: same profiles as a function of the P.A. for stars located farther than rt from the cluster centre.

ter depends on several factors, among them the strength of
the shock, the density of the cluster within rh, the number
of sub-shocks and the space of time between them.

Carballo-Bello et al. (2012) found that the Elson et al.
(1987)’s slope γ can be used to discriminate between tidally
affected and tidally unaffected GCs. Those tidally affected
GCs not only are low-mass objects, but also have γ values
bigger than 4. The typical γ value for their tidally unaf-
fected GC sample – they show flatter profiles extending to
large distances from their compact cores – is 3.0±0.3, in very
good agreement with the value derived here for NGC 6779
(2.7±0.2). They also investigated the existence of any rela-
tionship of γ with the internal structural evolution (dynam-
ical relaxation) and external forces (e.g., tidal shocks) using
a subsample of 10 GGs with known orbits. They found that
external factors are important in tidally affected GCs, while
internal processes are the main mechanisms of the dynam-
ical evolution of tidally unaffected ones. From these find-
ings, NGC 6779 should be currently in an expansion domi-
nated phase. However, as mentioned above, the Gieles et al.
(2011)’s classification between tidally affected and tidally
unaffected GCs confront with observational evidence. For
instance, NGC 1851, 1904, 2298 and 2808 are GCs with ob-
served tidal tails and γ values between 2.7 and 3.5 (Carballo-
Bello et al. 2018).

Stronger tidal fields in the inner parts of the MW can
limit the size of GCs. van den Bergh et al. (1991) inves-
tigated this phenomenon and found a correlation between
GC rh values and the respective RGC ones. Recently, Baum-
gardt & Hilker (2018) confirmed such a trend for the half-
mass radii of 112 MW GCs. The resulting relationship is
far from being tight (Spearman rank order coefficient of
0.49±0.07), revealing that tidal effects could be partially
responsible of that correlation. In order to probe this ef-

fect, we searched the Harris (1996, 2010 edition) catalogue
looking for MW GCs with RGC values similar to that of
NGC 6779, within the quoted uncertainty, i.e., 8.0 kpc <
RGC < 12.6 kpc. We found 14 GCs (NGC 288, 362, 2808,
3201, 4590, 5272, 5286, 6101, 6205, 6341, 7078, 7089, Pal 11
and E 3) with rh between 2.1 and 4.8 pc and an average
of 4.0±1.4 pc, in very good agreement with the rh value of
NGC 6779 (3.57 pc). All of them are massive objects (1.2
- 7.4 ×105M�, Baumgardt & Hilker (2018)), while seven
have structural analyses of their outer regions showing a va-
riety of extra-tidal structures, namely: NGC 288 presents an
extra-tidal clumply structure that extends up to 3.5 times
further than the cluster rt (Piatti 2018); NGC 362 (Vander-
beke et al. 2015), NGC 4590, 5272 and 7078 (Carballo-Bello
et al. 2012) show outer remarkable continuous power-law dis-
tributions extending to large distances from their compact
cores; NGC 7089 exhibits a diffuse nearly circular-shaped en-
velope extending to 5 times the nominal cluster rt value
(Kuzma et al. 2016) and NGC 2808 presents tails with dif-
ferent morphologies (Carballo-Bello et al. 2018). From this
result we infer that RGC could mislead our interpretation
as tidally affected or tidally unaffected objects. Their own
dynamical histories (e.g., the evolution of the eccentricity of
their orbital motions, the number of tidal shocks, the in-situ
or acreeted formation scenarios) could play a relevant role
in shaping their structures.

According to the semi-analytical model proposed by
Balbinot & Gieles (2018) for the evolution of the GC mass
function in terms of its orbits coupled to a fast stellar stream,
the preferencial escape of low-mass stars could explain the
absence of tails near massive GCs, despite the fact that mas-
sive GCs lose stars at a higher rate. From this model, GCs
with optimal detectability conditions of tidal tails are those
with a low remaining mass fraction µ – a measure of its
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6 A.E. Piatti & J.A. Carballo-Bello

stage of dissolution – and a high orbital phase φ. The au-
thors highlighted NGC 6779 as a candidate to have tidal
tails, based on their estimated µ=0.25. However, this is in
tension with the fact that the cluster is a massive GC. On the
other hand, in the case of existing tidal tails, symmetrically
collimated structures should be detected from rt outwards
(see, e.g., Odenkirchen et al. 2001; Belokurov et al. 2006;
Niederste-Ostholt et al. 2010; Sollima et al. 2011; Balbinot
et al. 2011; Erkal et al. 2017; Navarrete et al. 2017; Myeong
et al. 2017; Carballo-Bello et al. 2018). The right-hand pan-
els of Fig. 5 do not show a noticeable variation of the radial
profiles with the position angle beyond rt, but evidence of
a low-density nearly azimuthally regular envelope. For the
sake of the reader, Fig 6 illustrates the respective stellar
density maps. Note that the appearance of some clumpy
structures depends on the reference star field used.

Recently, Ferraro et al. (2018) showed that the parame-
ter A+ – defined as the area enclosed between the cumulative
radial distribution of blue straggler stars and that of a ref-
erence population – is a powerful internal dynamical clock
for MW GCs. They obtained A+=0.13±0.06 for NGC 6779,
which implies that the cluster has a modest level of inter-
nal evolution. Taking this result into account we infer that
the extended diffuse, nearly azimuthally regular structure
found in NGC 6779 could have been caused by the effects
of the MW potential, rather than dominated by internal re-
laxation, although evidence for tidal shocks has not been
detected. Furthermore, almost all Gaia Sausage candidates
GCs would not seem to be experiencing an advanced internal
dynamical stage either, as judged by their estimated A+ val-
ues, which span from 0.10 up to 0.25, with an average of 0.18
(6 GCs); NGC 1851 being the sole exception (A+=0.48).

5 CONCLUSIONS

NGC 6779 is among the 10 MW GCs suggested to belong
to the Gaia Sausage, a structure that emerged from the ac-
cretion of a massive dwarf galaxy to the MW. Almost all
candidate GC members exhibit some kind of extra-tidal fea-
ture (tails, extended halos, etc), witnesses of the strong tidal
interactions that could have taken place during the merger
event. The outermost regions of NGC 6779 have not been
studied so far, so that it is still worth to analyse them in
order to investigate whether they differ from the remaining
Gaia Sausage candidate GCs.

We made use of the Pan-STARRS PS1 public astro-
metric and photometric catalogue to trace for the first time
the outer stellar density radial profile of NGC 6779, reach-
ing its rJ radius. In doing that we first corrected the gr
magnitudes of each observed star located in a field of 3◦×3◦

centred on the cluster according to the amount of interstellar
extinction along the line-of-sight of that star. Fortunately,
although the cluster is placed at a relatively low Galactic lat-
itude, the reddening map revealed relatively small E(B−V )
colour excesses with a relative low signature of differential
reddening as well. Then, we delineated two CMD regions,
one embracing the cluster HB and another along the MS,
from the cluster MS turnoff down to 2 mag.

Because of the visible variation of the field star den-
sity across the cluster field, we cleaned both devised regions
from field contamination by using a method that gets rid

of the actual luminosity function and colour distribution of
field stars from the cluster CMD. We then used the unsub-
tracted to build stellar density maps from an optimised KDE
technique, which in turn, were used to construct the cluster
radial profiles. To clean the cluster CMD we used six dif-
ferent reference star fields uniformly distributed around the
cluster, that span all the star field scenarios, from those less
dense than that along the cluster line-of-sight up to those
more crowded. All the resulting radial profiles show a diffuse
nearly continuos structure that extends from the cluster rt
until its rJ . The general trend of this extra-tidal feature can
be represented by a power law with an average slope of -1.
This means that the diffuse extended halo is less steep than
our best-fitted Elson et al. (1987) model (γ= 2.7), which
suggest that it could extend even further.

We made use of diagnostic diagrams proposed as good
discriminators between tidally affected and tidally unaf-
fected GCs, such as the Galactocentric distance versus half-
light radius plane and the half-mass density versus Galac-
tocentric distance diagram. We also investigated the possi-
ble origin of the extended halo from the internal dynamical
clock A+ index and the dependance of γ with the GC orbital
parameters.

In general, we found that the link between Galactocen-
tric distances, half-light radius, half-mass density, present-
day cluster mass, orbital parameters, among others, and the
origin of extra-tidal structures is not straightforward as pre-
viously thought. There are a number of issues to be consid-
ered along the lifetime of the GCs, such as the occurrence
of tidal-shocks, the number and the time spacing of them,
that can result in different outcomes (more or less mass lose,
spatial pattern of the escaping stars, etc). In the case of
NGC 6779, we found structural properties that are within
the values spanned among the remaining Gaia Sausage can-
didates GCs. They are massive clusters (> 105M�), with
flatter profiles extending to large distances from their com-
pact cores (γ ∼ 3.0), and internal dynamical clock A+ index
revealing a moderate evolutionary stage. Precisely, based on
this latter parameter we speculate with the possibility that
all the variety of extended features seen in the Gaia Sausage
candidates GCs – from now NGC 6779 also included – rep-
resent the footprints of the tidal interaction with the MW.

ACKNOWLEDGEMENTS

We thank the referee for the thorough reading of
the manuscript and timely suggestions to improve it.
JAC-B acknowledges financial support to CAS-CONICYT
17003. The Pan-STARRS1 Surveys (PS1) and the PS1 pub-
lic science archive have been made possible through contri-
butions by the Institute for Astronomy, the University of
Hawaii, the Pan-STARRS Project Office, the Max-Planck
Society and its participating institutes, the Max Planck In-
stitute for Astronomy, Heidelberg and the Max Planck In-
stitute for Extraterrestrial Physics, Garching, The Johns
Hopkins University, Durham University, the University of
Edinburgh, the Queen’s University Belfast, the Harvard-
Smithsonian Center for Astrophysics, the Las Cumbres Ob-
servatory Global Telescope Network Incorporated, the Na-
tional Central University of Taiwan, the Space Telescope
Science Institute, the National Aeronautics and Space Ad-

MNRAS 000, 1–7 (2018)

Page 6 of 8

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



The outer region of NGC6779 7

ministration under Grant No. NNX08AR22G issued through
the Planetary Science Division of the NASA Science Mis-
sion Directorate, the National Science Foundation Grant No.
AST-1238877, the University of Maryland, Eotvos Lorand
University (ELTE), the Los Alamos National Laboratory,
and the Gordon and Betty Moore Foundation.

REFERENCES

Balbinot E., Gieles M., 2018, MNRAS, 474, 2479

Balbinot E., Santiago B. X., da Costa L. N., Makler M., Maia
M. A. G., 2011, MNRAS, 416, 393

Baumgardt H., Hilker M., 2018, MNRAS, 478, 1520

Belokurov V., Evans N. W., Irwin M. J., Hewett P. C., Wilkinson

M. I., 2006, ApJ, 637, L29

Belokurov V., Erkal D., Evans N. W., Koposov S. E., Deason
A. J., 2018, MNRAS, 478, 611

Carballo-Bello J. A., Gieles M., Sollima A., Koposov S., Mart́ınez-
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Figure 6. MS strip stellar density maps cleaned from field contamination using the respective six different reference star fields as labelled
at the bottom-left corner of each panel (see Fig. 4). We have eliminated the cluster region out to rt in order to highlight the variation

of the stellar density around it.
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