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ABSTRACT

We are conducting a large program to classify newly discadédilky Way star cluster
candidates from the list of Froebrich, Scholz & Raftery (200 Here we present deep NIR
follow-up observations from ESO/NTT of 14 star cluster ddates. We show that the com-
bined analysis of star density maps and colour-colour/rtad@diagrams derived from deep
near-infrared imaging is a viable tool to reliably classiw stellar clusters. This allowed us
to identify two young clusters with massive stars, threernimiediate age open clusters, and
two globular cluster candidates among our targets. Theirengaseven objects are unlikely
to be stellar clusters. Among them is the object FSR 1767 wlés previously been identified
as a globular cluster using 2MASS data by Bonatto et al. (R@ar new analysis shows that
FSR 1767 is not a star cluster. We also summarise the cyrr@rilable follow-up analysis
of the FSR candidates and conclude that this catalogue nretginca large number of new
stellar clusters, probably dominated by old open clusters.

Key words: Galaxy: globular clusters: individual; Galaxy: open chrst individual

1 INTRODUCTION

Star clusters are the building blocks of the stellar compbré
galaxies. Identifying and characterising clusters is taugucial
step for our understanding of structure formation and msssra-
bly in the Milky Way. The benefits of wide-field studies of el
clusters are twofold:

i) Open clusters are currently the most important sitesanf st
formation and early stellar evolution. In particular, tieerhation of
massive stars is intrinsically linked to the formation @fratlusters.
For example, the cluster mass is thought to correlate wéhrthss
of the most massive star in the cluster (Weidner & Kroupa 6200
Investigating age spread, morphology, and mass segragatia
large sample of young open clusters has the potential toiut |
its on models for massive star formation (see review by Baruth
al. (2007)). Furthermore, by probing the distribution ofs®es in
a diverse sample of clusters allows us to constrain the impfac
environment on the outcome of star formation and to probealithe
versity and the origin of the Initial Mass Function — fundantae
problems in current star formation theory (see review byrigdiret
al. (2007)).

As open clusters dissolve, the stars migrate into the field.
Therefore, the study of old open clusters can shed light en th

* Based on observations collected at ESO, Chile; ESO 077/2{@0
1 E-mail: df@star.kent.ac.uk
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timescales for cluster disruption and the underlying ptajispro-
cesses such as tidal interactions with giant moleculardspevap-
oration of low-mass objects, mass loss due to stellar deoluas
well as mass segregation. The currently known sample of péth 0
clusters is very incomplete (e.g. Bonatto & Bica (2007b))isl
hence an important task to enlarge the sample of known anld wel
classified galactic open clusters.

ii) Cluster surveys have the potential to discover new Glabu
Clusters (GC), a particular interesting avenue given thstaoding
importance of this type of cluster. As emphasised by Hat996),
Milky Way GCs have proven throughout the last century to be*i
placeable objects in an amazingly wide range of astropalsiad-
ies”. The most important issue is the continuing debate tathau
key processes in galaxy formation and evolution. GCs haea be
considered for many years to be the most valuable tracerseof t
oldest stellar population in our galaxy.

Recent advances point to a complex picture of the genesis of
our Galaxy, driven by a mixture of processes including ragpato-
galactic collapse, accretion, cannibalism, galaxy dolfis, and star
bursts. The rich source of historical details provided b @inho-
mogeneous) Milky Way GC system is among the most promising
approaches to disentangle the many processes (West €d@4.)}2
A complete census of the Milky Way GC system is therefore very
important. More recently, a few examples of new GC classes we
detected in nearby galaxies: the so-called FF (‘faint fegziclus-
ters in two lenticular galaxies (Brodie & Larsen (2002))eewmore
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extended GCs in the halo of M31 (Huxor et al. (2005)), very-mas
sive GCsin NGC 5128 (Martini & Ho (2004)) and ultracompact ob

jects (perhaps bridging the gap in parameter space to dwakakg
ies) in the Fornax cluster (Mieske et al. (2002; 2004)). €l&e no

been published by Pasquali et al. (2006) just before the Vgl
sion of the FSR list was compiled, and is hence not in the FSR li
The cluster is very young (slightly older than 4 Myr) and @ins
the luminous blue variable star WRA751. The remaining elust

known analogues for such unusual GCs in our galaxy where they candidates (FSR 0088, 0094, 1527, 1530, 1659, 1712, 174 &)-ar

should have been discovered unless they are hidden by dilst in
classical ‘Zone of Avoidance’, the least complete areatfertilky
Way GC sample.

Recent studies suggest that the currently known sample of
Milky Way GCs is incomplete (see Bonatto et al. (2007) or Bica
et al. (2007)), particularly at the low-luminosity end (thalomar-
type GCs). The number of missing GCs close to the GalactiwePla
(Iz| < 0.5kpc) and within 3 kpc from the Galactic Centre has been
estimated tov 10 £ 3 (Ilvanov et al. (2005)).

Driven by the aforementioned science goals, we have rgcentl
carried out a systematic large-scale cluster survey basestay
density maps derived from the 2MASS database (Froebridigl3c
& Raftery (2007b), hereafter FSR). The FSR survey covergthe
tire Galactic Plane|§| < 20°) and detected a total number of 1788
potential star clusters, from which 767 have been knownreefo
hand and 1021 are unknown cluster candidates. The conttomna
of those candidates has been estimated to be about 50 %gtindic
that the catalogue may contain up to 500 new star clusters.

In particular, the FSR survey revealed several promising GC
candidates in the Zone of Avoidance. Four of them have been di
cussed already in detail elsewhere (Froebrich et al (2002@08);
Bica et al. (2007), Bonatto et al. (2007)). Given the smathbar
(~ 150) of known galactic GCs on the one hand and the diversity

vestigated here for the first time in detail. Our data for FSB5L

has already been published in Froebrich et al. (2007a). bjexb

is most likely a globular cluster in the inner Milky Way. Faoro-
pleteness reasons we have added a short analysis of FSR1735 i
this paper as well.

2.2 Data

Observations have been performed in service mode usinga$ofl
the NTT for the project ESO077.B-0074(A). We observed each
cluster candidate in J, H, and K with a pixel scale of 0.2881. A
eight point mosaic in the cluster candidate area was obdeove
cover a large enough control field in the vicinity. The caadidarea
was observed at the beginning and end of each mosaic, egsurin
twice the per pixel integration time in the cluster candidatea.
The per pixel integration time in each filter was 225 s. In gahthe
observing conditions were clear or thin cirrus was predara.few
cases the cirrus was more thick and hence the per pixel attegr
time was doubled. Only for object FSR 0002 variable condgio
occurred during the observations in the K band (see Se{t.Th
mosaics cover in total an area of about 11.7'x11.7’, withdbners
and the centre missing.

Standard NIR data reduction procedures were followed when

of the GC species on the other hand (see above), every new GC is,rgating the mosaics. Sky flats were used for flat-fielding thed

of value.

In this paper, we present detailed follow-up analysis for 14
cluster candidates from the FSR survey, selected to be atheng
best candidates for new GCs. The paper is structured asvilla
Sect. 2 we present our new observations and the reductidmeof t
data. The detailed analysis and results for each individueter,
including the appearance of the cluster, the contaminatitinfield
stars and the isochrone fitting to determine the clustereptigs are
presented in Sect. 3. Finally in Sect. 4 we discuss and cde@ur
findings.

2 DATA ANALYSIS
2.1 Cluster Selection

We have selected a number of cluster candidates from the iIBSR |
for further follow up investigation. Originally 15 clusteandidates
were selected, 14 of which have been observed and the reselts
presented in this paper. About half of the selected canedaere
possible globular clusters according to the analysis ireBfich et

al. (2007b). The remainder of the objects where selectedusec
of their interesting appearance in the 2MASS images. Sihee t
analysis of the cluster properties was refined after thestesg-
lection for the observations, only four of the targets ai &in-
sidered to be potential globular cluster candidates in tBR Fst.
These are FSR 0002, 0089, 1716, and 1767. Analysis of 2MASS
data for three of our targets has been published (FSR 008%- Bo
atto & Bica (2007b); FSR 1754 - Bica et al. (2008); FSR 1767 -
Bonatto et al. (2007)). FSR 0089 was classified as a 1 Gyr ad op
cluster, FSR 1754 as an uncertain case with two apparentseain
quences, and FSR 1767 as a nearby Palomar type globulagrclust
Another selected cluster candidate (FSR 1570 or Teutsch) 13

xdimsum task in IRAE was used for sky-subtraction and mosaic-
ing. The average seeing FWHM in the final co-added JHK frases i
between 2.5 and 3.0 pixels, corresponding to 0.7” to 0.8Bis Te-
sults in many regions in a severe crowding due to the higrdstar
sity. Therefore, the completeness limit of the photomegriighly
variable from cluster candidate to cluster candidate. Timeptete-
ness limits and photometric uncertainties for each clicstedidate
will be shown and discussed individually in Sect.3.

2.3 Photometry

For source detection and photometry we used the SExtraafior s
ware (Bertin & Arnouts (1996)). Due to the high star density i
most fields, the limiting factor for the photometry is the fimion
limit. Calibration of the images was performed using the ltheaf
2MASS sources available in each field. Times scatter occurring
when comparing the 2MASS photometry with our measurements
is rather large, in the order of 0.1 mag. This is mostly caumeaur
much better spatial resolution and the high star densithénim-
ages. Hence, our photometric uncertainties are also aldasag.
Furthermore, bright stars in the images are saturated amethe
their photometry is unreliable. The saturation starts farsswith a
brightness between 10 and 11 mag, depending on the weather co
ditions and/or the seeing. At brighter magnitudes we tloeesép-
ply a separate fit of the 2MASS colours to our measured bright-
nesses for calibration. Still, the magnitudes become asingly
unreliable for brighter stars.

1 IRAF is distributed by the National Optical Astronomy Obs#ories,
which are operated by the Association of Universities fosédech in
Astronomy, Inc., under cooperative agreement with the dati Science
Foundation.

© 2007 RAS, MNRASDOQ, 1-22
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2.4 Star Density Maps and J-K colour is the optimum choice to decontaminate clus-
ter main sequences in crowded fields (Bonatto & Bica (2007a))
The size of the cells was varied depending on the number &f sta
in the field. Typical values for the cell sizes afeJ=0.5mag,
A(J—-H)=0.2mag, and\(J—K)=0.2 mag.

The correct choice of control field is obviously important fo
an as accurate as possible decontamination. For eachrdastd-
date we carefully examined the SDMs, REMs, and colour images
created for each field. Control field regions were chosen ab th
they: i) are as close as possible to the cluster; ii) are a=las
possible; iii) have no apparently higher or lower extinati@lues
than regions close to the cluster candidate. This ensuetgtib
control field has a foreground and background populatiortaoss
which is as similar to the cluster field as possible and castai
large enough number of stars for a sufficiently accuratéssitzs.

In regions where the choice of control field was difficult due
to variable extinction, we compared the decontaminatiocguure
using different control fields to ensure our choice doesmfbiénce
the decontamination. In the detailed analysis of our ciusaadi-
dates in Sect. 3, we indicate the choice and reasons for titeoto
field selection in each case. We also repeated the randonm-deco
tamination process several times for each particular obfigld,
to ensure that remaining features are real and not just dtieeto
random nature of the process.

To assess the amount of stellar overdensity in the areag cfuk-
ter candidates we created for each of the observed mosates a s
density map (SDM). For this we have used only the stars in the
field with reliable photometry (quality flag of less than 4rfrahe
SExtractor software) in all three bands. The SDM maps hawesh p
size of 30" and the pixel values indicate the star densitis tte-
termined by measuring the distance to the 50th nearestinziigly
star and converting this to the star density. The combinaifqix-
elsize and 50th nearest neighbour was chosen because yitted t
star densities (10..20 stars/arcfimith reliable photometry) in our
images and the sizes of the cluster candidates. A typicsierican-
didate should show up as a stellar overdensity in the SDMs avit
extend of up to 3x3 pixels, corresponding to a radius of adéut

The SDMs presented here show the star density in gray-scale.
White corresponds to the lowest density and dark to the kighe
Areas that are not covered by the mosaic or where the distance
to the 50th nearest neighbour is above a set threshold avensho
in black. The scaling of the pixel values from black to whige i
linear but different in each of the maps for the individualster
candidates. This has been done to enhance as much as ptssible
contrast between the cluster candidate and control araee Sie
are only interested in the relative change of the star demsihin
an image, we will not note the maximum and minimum values for
each image.

2.7 Colour Magnitude Diagrams

2.5 Relative Extinction Maps To analyse our cluster candidates in detail, we used thentme

Based on the SDMs, we have also created relative extinctapsm ~ inated 3-K vs. K colour magnitude diagrams (CMD). The plotted
(REM) for each of the mosaics. We used the same pixel size for datapoints remained in the area of the cluster after onécphat
these maps as in the SDMs. The relative extinction valuetiarde ~ realisation of the decontamination process. The solidinecih the
mined using the 50 nearest stars to the centre of each pixel. T diagrams indicates the completeness limit of the photgmiitrs
maps of the median-H and H-K colour excess of these stars Calculated as the peak in the luminosity function of thesstathe

with respect to the field without cluster stars are deterthifidnis cluster area in each band. The completeness limit changeg-si
colour excess is converted into optical extinction and ogips are  icantly depending on the crowding in the field and the obsgyvi
averaged to obtain the final REM (see e.g. Froebrich et a0 €0 conditions (as indicated above in Sect.2.2). In some diagnae
for the conversion factors). plot two completeness limits. In these cases the upper ome-co
The presentation of the extinction values is done in grayesc sponds to the 2MASS limit in that area, the lower one repitssen
with high extinction values in white and low extinction inalok. our new data. This shows the improvement of our data compared
Again, areas that are not covered by the mosaic, or were the di {0 2MASS and helps comparing our analysis to already pudish
tance to the 50th nearest neighbour is above a certain tcesite work on some of the cluster candidates. The solid black Erteeé
shown in black. The scaling of extinction values is linead,ams best fitting isochrone to the cluster candidate. Isochranesaken

for the SDMs, different in each of the maps to enhance as msich a from Girardi et al. (2002).
possible the contrast in each case. Since we are only iteergs
the relative extinction values within an image, we will notathe
maximum and minimum values in each case. 2.8 Colour Colour Diagrams

Together, the SDMs and REMs are used during the analysis of o5 4 second tool to analyse the cluster candidates we use-deco
the cluster candidates to decide which area of the mosaichs t taminated H-K vs J—H colour colour diagrams (CCD). They show
chosen as control field. the same stars (in the same colouring and symbols) as the CMDs
Overplotted are the best fitting isochrone (solid black) ad as
the same isochrone without extinction (dashed black) tacatd
where un-reddened main sequence and giant stars are loCaged
The cluster candidates observed in this project are altgtiiclose reddening path for stars is also shown, enclosed by the taigkt
to the Galactic Plane and/or the Galactic Centre. Hencenab a  solid black lines. The slope of the reddening path is deteechius-

2.6 Decontamination of Foreground and Background Stars

yse the potential clusters we need to decontaminate thiecfiedd ing Ay < A\’ and the effective wavelength of the 2MASS filters
from foreground and background stars. We used the techuigue  the system our brightnesses are calibrated in. If not meetdoth-
scribed in Bonatto & Bica (2007a). It counts the stars pet arga erwise, we use a standard valuesof 1.6.

in cells of J-band magnitude and-Bl and J-K colour in the clus-

ter and the control field. Stars are then randomly removenh fro

the cluster field according to the difference in the stellangi- 2 Ny = 1.235um, Ay = 1.662um, A = 2.159um from

ties in these cells. The combination of J-band magnitudeJastd http://www.ipac.caltech.edu/2mass/releases/allsio/ikplsup.html

© 2007 RAS, MNRASDOQ, 1-22
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2.9 Isochrone Fitting

To confirm the nature of the cluster candidates as real siatesk,
and if so, to determine their main parameters, such as distage,
reddening, and metallicity we use model isochrones fronai@ir
et al. (2002). They are overplotted into the CMDs and CCDsef t
individual decontaminated cluster fields. We varied thehsone
parameters (age, metallicity) as well as the 'environmepsam-
eters (distance, reddening) until a simultaneous fit of both dia-
grams was found. Parameters of the best 'by-eye’ fit are tileant
as the cluster properties. In some cases a range of parancater
lead to a satisfying fit, and hence the cluster parametersotde
determined accurately. These uncertainties are discsepedately
for the individual objects.

2.10 Radial Star Density Profiles

For all objects that we classified as stellar cluster, werdeted
radial star density profiles (RDP) in order to determinertsiie.
We used the decontaminated photometry to determine the RDPs
because this will limit statistical noise from foregrourmtieback-
ground stars, which is significant in most cases due to the po-
sition of the clusters near the Galactic Plane. To deterrtiiee
radius of the cluster, we need to obtain the RDP out to a large

enough radius. Hence the decontamination has to be done for a

large field around the cluster centre. In contrast, the decona-

tion used for the classification of the cluster candidateGhidDs

and CCDs only used the central part of the candidate, to min-
imise the number of remaining foreground and backgrouncs.sta
The determined RDPs are fit using a King like profile of the form
o(r) = op + 00/(1 + (r/r:)?), whereo, is the density of fore-
ground and background stars remaining after the decongiom

of the large fieldgo the central star density of the cluster, and

the core radius. See Sect. 4 for a discussion of the unceesin

the determined parameters.

3 RESULTS

In the following section we will discuss in detail our resufor
each of the cluster candidates using the above describedsSDM
REMs, CMDs, and CCDs. Together with the isochrone fitting and
additional information, the plots will be used to classtig objects

as a star cluster or not, and to determine its parametersninsuy

of the main classification results and the parameters caouwelf

in Table 1.

3.1 FSR0002

The visual inspection of the cluster candidate image giesr-
pression of a homogeneous field of stars. This is confirmedhdy t
SDM (top left panel in Fig. 1), which shows only small varéats

in the star density. The REM, however, shows large systerdéti
ferences in the colours of the stars from one side of the radsai
the other. These differences show indications of the mstof the
individual frames in the mosaic. It turns out that in thisecasme
of the images in the K-band mosaic have been taken duringlglou
conditions. Since the entire mosaic is calibrated agaiMASRS
sources in the field, the colours of all stars observed uridedyg
conditions are systematically wrong. The calibration & fiho-
tometry with 2MASS was done using only stars in the westeli ha

TT T T [ T T T T FT T 1T
Cluster FSR0002
L decontaminated

N 4
C

L b N

T T T T O T
1.5 2
J-K

1 2.5 0.2 0.4

H-K

o
o

Figure 1. Top Left: SDM in the area of FSR 0002, obtained for all stars
with reliable photometry in all three bands. Bright coloamrespond to
low star density and dark colours to high star density. Thagensize is
12'x12’. The circle indicates the cluster ar8@p Right: Same scale im-
age of the REM of the area around the cluster candidate FSRd#i@ined
from colour excess calculationBottom Left: One realisation of the de-
contaminated CMD. The black solid line indicates the betdjtisochrone
(log(age) =9.7, for other parameters see text) and the nedslhows the
completeness limit of the dat8ottom Right: Decontaminated CCD for
FSR0002. The best fitting isochrone is shown as solid lineinanred-
dened position as dashed line. The reddening path is iedidat the two
straight solid lines. the colouring of the symbols is the ea®in the CMD.

of the mosaic to ensure an accurate calibration for the $anogert
of the field.

Given the problems with the K-band data, we have selected a
control field in the western part of the mosaic. The decomami
tion leaves a number of stars, which in principle could bedita
RGB/AGB of a cluster of stars. Depending on the exact pasitio
of the control field, however, a highly variable number ofsta-
mains. There are about 1000 stars in the cluster region grehde
ing on the choice of the control field, between 25 and 140 remai
- a very small and variable fraction. Moreover, the CMDs & th
cluster and any control field are extremely similar and rddera
RGB/AGB of a cluster as well.

In Fig.1 we show one realisation of the decontamination in
the CMD and CCD. Stars are represented by two different sym-
bols/colours to facilitate the identification of groups aérs in
both diagrams (i.e. distinguish between bright and faininnsa-
guence/giant stars in the CCD). The overplotted isochrasetine
parameters: Z=0.019, log(age)=9.7, d=15kpg; A0.65 mag.
The only possibility to fit both diagrams simultaneouslydsise a
high metallicity and old age. Lower metallicity isochromesguire
a higher extinction to fit the CMD and hence the CCD will not be
fit, except assuming very unreasonable dust propertiesanitiich
less than 1.6. Given our data analysis discussed above,ngkide

© 2007 RAS, MNRASDOQ, 1-22
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» Cluster FSR0023
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0 02040608 1
H-K

1 15 2
J-K

2.5

Figure 2. As Fig. 1 but for the cluster candidate FSR0023. The plot-
ted isochrone has log(age) = 10. See text for other parasne@ézarly no
isochrone can fit all the data.

that it is highly unlikely that the cluster candidate FSR2#0a star
cluster.

3.2 FSRO0023

The image of the region around the cluster candidate FSR 0023

shows no apparent cluster, as well as no significant charfgbs o
star density. This is confirmed by the SDM. Only a slight udéer
sity towards the northern and western edges of the mosageis s
Similarly, the REM shows higher extinction values in the samr
gions. The lower star density and higher extinction hint thase
areas are influenced by a cloud of gas and dust. Neverth#éiess,
regions cover only a small fraction of the entire mosaic, amed
have therefore chosen as control field the entire area euthil
cluster field. Choosing a smaller control field outside tloeidlarea
in the east or south of the mosaic does not change the results.

Only a small fraction of about 10 % of the stars remain after
the decontamination procedure. In the CCD and CMD it is net po
sible to reliably fit the remaining objects by a single isacte with
plausible parameters. In Fig. 2 we show one realisation e
contamination with an isochrone overplotted. The pararaetighe
isochrone are: Z=0.019, log(age) =10, d =450 pg A0.9 mag.
Again, as for FSR 0002 one needs a high metallicity old isooér
to fit the data. Given these implausible parameters, the geska
ment of any isochrone with the data, and the small numberao$ st
remaining after the decontamination, we conclude that FE3 @&
not a star cluster.

3.3 FSR0088

The image of FSR 0088 shows nothing that looks like a cludter o
stars. There seems to be a very slight overdensity of stattsein

© 2007 RAS, MNRASDOQ, 1-22
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Figure 3. As Fig. 1 but for the cluster candidate FSR0088. The plotted
isochrone has log(age) = 8.7. See text for other parameters.

region around the cluster candidate, which is tentativelgnsin
the SDM (see Fig. 3). The REM of the entire field also shows no
significant systematic differences. There are fluctuatioihé map
with a standard deviation of about 0.6 mag of optical extorct
These are, however, distributed in the entire mosaic andhwe t
use the entire area outside the cluster as the control field.

There is a large number of stars remaining after the decentam
ination procedure (about 25 % of the stars in the region atdo@
cluster candidate). They are aligned along a main sequenites i
CMD and the CCD. The brighter objects are located near the bot
tom edge of the reddening path in the CCD, indicating thaseho
objects are stars of spectral type A. There are no or onlyiidi
ual giant branch stars remaining after the decontaminatience,
there is no possibility to deduce the metallicity. The gosiof the
cluster inside the solar circle and its apparent youngtmeliate
age, however, justifies the assumption of at least solarllicésa
Assuming slightly higher or lower metallicities does notange
any of the following results.

We have fit an isochrone to the stars (see Fig. 3), using the up-
per end of the main sequence and its shape in the CMD to constra
the cluster parameters. Furthermore, the distributiomeftars in
the CCD was used to determine the dust properties. We find that
the best fit can be achieved with = 1.6, an age of 500 Myr, a
K-band extinction of 0.5mag, and a distance of 2.0kpc. The un
certainty for the age is about 60 %. The distance can be dstima
within 300 pc, and the reddening within 0.05 mag K-band &xtin
tion. Outside these ranges the isochrones will clearly riahé
CMD and CCD simultaneously. The age of 0.5Gyr means, that
stars with masses of about 2.7 solar masses have just leftatre
sequence. These are stars of spectral type A-F, in agreemitant
the low J-H colours seen of those objects in the CCD.

The fact that we see no clear cluster in the image, nor a signif
icant star density enhancement in the nearest neighbouraoalol
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Figure 4. As Fig. 1 but for the cluster candidate FSR0088. The plotted
isochrone has log(age) =9. See text for other parameteesupper com-
pleteness limit in the CMD indicates the 2MASS limit.

be due to the fact that we see a cluster in the process of disgol
into the field star population, which is certainly in agreameith

the determined age. The RDP is very noisy and strongly despend
on which realisation of the decontamination is used (seeBidor

one example). It is hence not possible to measure the clsigeer
accurately enough.

3.4 FSR0089

The image of the cluster candidate shows a slight overdensit
stars, especially the number of brighter stars seems toidietlgl
higher. This is confirmed in the SDM (see Fig. 4), which shows a
higher concentration of stars in the cluster area. The REkhef
mosaic shows a dip in the extinction at the position of thetelu

Cluster FSR0094
[ decontaminated
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Figure 5. As Fig.1 but for the cluster candidate FSR0094. The plot-
ted isochrone has log(age) =9. See text for other parameiégarly no
isochrone can fit all the data.

objects in a star cluster. We have overplotted our and the 28I1A
observational limits in Fig. 4 to show the differences in tfega.
We have overplotted in the CMD an isochrone corresponding to
the Bonatto & Bica (2007b) parameters. As can be seen theedeep
data still agrees with the parameters found using the 2MA8S p
tometry. We detect more of the main sequence stars, whictoare
faint for 2MASS. Our best fit to both, the CMD and CCD requires
Z=0.019,56=1.6, log(age) =9, d=2.2 kpc, andA= 1.0 mag. Due

to the presence of main sequence and giant stars we cantestima
age within 30 %. The distance is accurate within 300 pc andttthe
dening within 0.05mag K-band extinction. Similar to FSR808
the RDP is noisy and variable. Hence no radius can be detednin

The Ay values in the cluster candidate area are about 2 mag lower Note that Bonatto & Bica (2007b) find a core radius of aboup@.4

than in the surrounding field. This either means that thesstar
the cluster area are on average closer to Earth and henaethkie
increased number of stars is caused by lower extinctioneapth
sition of the cluster candidates, or the cluster stars drmgically
bluer than the surrounding field stars.

The 2MASS photometry of this object has been investigated
in Bonatto & Bica (2007b). They classified it as a stellar tdus
with an age of 1 Gyr, a distance of 2.2 kpc, and a reddening€orr
sponding toAy =9.1 mag. The data presented here for the object
is of much better spatial resolution than the 2MASS photoynet
and about 1 mag deeper (see e.g. the difference in the camplet
ness limits shown in Fig. 4). If the interpretation of Bowait Bica
(2007b) is correct, an isochrone with their parameterslghduhe
new data as well.

In the decontaminated CMD of our data we have two groups
of stars (about 30 % of the stars in the cluster area remaimg. O
can be identified as giant stars and the other one as mainrsegue

for this object.

There is, however, a minor detail in the data that the isawhro
cannot fit: In the CCD the scatter in colours of the main segeien
stars seems to point towards smaller colours, while thdescat
colour of the red giants points towards larger colours. Ailsim
behavior, fainter stars in a cluster candidate seem to shaerl
extinction than brighter stars in the same candidate, cem lad
seen in some other examples (see below: FSR 1712, 1735). As a
possible reason we have identified the calibration of outqrhe
etry with 2MASS data. Additionally to the large scatter obab
0.1 mag of the residuals in the calibration, there are sorsesca
with even larger discrepancies for fainter magnitudeshéctase of
FSR 0089, about 1/3 of the stars fainter than 12 mag in theri¢tba
seem to be shifted by about 0.05 mag towards fainter magrstud
compared to 2MASS. This will not influence the decontamaorati
procedure, since the colour-magnitude cells are choseh targer
than this, but it will show up in the CCDs.

© 2007 RAS, MNRASDOQ, 1-22
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Figure 6. As Fig. 1 but for the cluster candidate FSR1527. The plot- Figure 7. As Fig.1 but for the cluster candidate FSR 1530. The plotted
ted isochrone has log(age) =9. See text for other parameiégarly no isochrone has log(age) = 6.6. See text for other parameters.
isochrone can fit all the data.

it cannot fit the data, and has the following parameters: 219,
3.5 FSR0094 6=1.6, log(age) =9, d=3.0kpc, andiA= 1.0 mag.
The image of FSR 0094 seems to show a clear indication of an en-

hanced star density in the area of the cluster candidate.iJhiso

apparent in the SDM (see Fig.5). The REM shows that the wester 3.7 FSR 1530

and southern part of the mosaic suffer from an increased anodu
extinction compared to the area of the cluster. We have thosen

the eastern part of the mosaic as the control area.

The stars remaining (up to 20 %) after the decontamination in
the CMD and CCD clearly follow a distribution that cannot e fi
by a single isochrone. Rather a range of extinction valuesiés:
tances is needed. Hence, we conclude that FSR 0094 is nattarclu
of stars. The isochrone in Fig. 5 is just plotted to clarify atgu-
ment that it cannot fit the data, and has the following paramset
Z=0.019,3=1.6, log(age) =9, d =2.0 kpc, andxA= 1.0 mag.

The image of the cluster candidate area shows a clear emhante
of the density of stars, centred on a very bright object. Thon-
firmed by the SDM which has a clear indication of an overdgnsit
of stars at the cluster candidate position. The REM showtstiiea
southern half of the field is slightly less influenced by estion.
Therefore, we positioned the control field just west of thestdr
candidate area. Furthermore, at the position of the clugteme-
dian colour of the stars is much redder than in the field, itihg
a population of young stars, i.e. the presence of a youngerlus

The stars remaining after the decontamination (about 50 %)
can be fit with an isochrone of a young cluster (see Fig.7). The
upper main sequence stars form a very compact group in the CCD

3.6 FSR1527 with colours lying on the bottom of the reddening path, iadiicg
There is an indication of a cluster in the image of this regiginich spectral types earlier than AO. The other stars can be ieteg
seems to come from a slightly larger number of brighter stEne as lower mass, (pre-main sequence) objects. The best awhr
SDM also shows an increase in the stellar density at theiposit fit can be achieved using solar metallicity, an age of 4 Myrisa d

the cluster candidate. In the REM we can identify that thatsou  tance of 2.5kpc, andlx =0.9 mag. It is not fully possible to fit
ern and western side of the mosaic are subject to a lower amoun the lower mass main sequence stars in the CCD perfectly tisgg

of extinction than the rest of the field (see Fig. 6). We thenef isochrone. The reason might be that a lower age is requirgd, b
choose the north-eastern part (outside the cluster caedidea) of Girardi et al. (2002) do not provide isochrones for youngepup
the mosaic as control field. lations. As the age is small and possibly an upper limit, tsted

The remaining stars after the decontamination (about 25 %) mined distance is also rather uncertain. A range from 2.08&3c
could to some extend be explained by an isochrone in the CMD. would fit the data. The K-band extinction is uncertain by OrG.
However, the scatter of the stars along the reddening pathein The RDP is slightly hampered by the presence of the bright sta

CCD is inconsistent with this proposal, i.e. with a constaaiden- in the cluster centre. However, the profile (Fig. B3) showsnalk
ing for all cluster stars. We conclude, that FSR 1527 is ndus-c concentrated cluster with a core radius of about 0.15 pc.
ter. The isochrone in Fig. 6 is plotted to clarify our argumnirat We have remeasured the central coordinates of the cluster in

© 2007 RAS, MNRASDOQ, 1-22
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Figure 8. As Fig. 1 but for the cluster candidate FSR 1570. The plotted
isochrone has log(age) =6.9. See text for other paraméfibes+ in the
CMD indicates the WRA 751 as measured by 2MASS.

our deeper images. The central coordinates are RA=10:(33:58
DEC=-57:17:11 (J2000), about half an arcminute away froen th
values given in Froebrich et al. (2007b). The brightest stahe
cluster area, [M81] 1-296, projected close to the centratdimates

is identified as an K emission line star. Its 2MASS colours and
brightness are K=7.31 mag andK =1.22 mag, possibly making
it a high mass cluster member.

3.8 FSR1570

The image shows a clear concentrated cluster of stars asoueny
bright star. This is also evident in the SDM. The REM showsg tha
the colours of the stars in the cluster are much redder thamein
surrounding field. This indicates a young cluster. The surding
field shows no significant fluctuations (less than 0.35mag i

the stellar colours, hence the entire area outside theetlisstised
as a control field.

Cluster FSR1659
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Figure 9. As Fig.1 but for the cluster candidate FSR1659. The plot-
ted isochrone has log(age) =9. See text for other parameiégarly no
isochrone can fit all the data.

rardi et al. (2002) isochrones is uncertain by a factor of. thioe
distance can be constrained within 1 kpc, and the K-bandetidin
within 0.05 mag. We have measured a core radius of about 8.35p
for the cluster using the RDP in Fig. B4. However, the pro§len
fluenced by the presence of WRA 751 near the centre, pregentin
the detection of stars nearby.

3.9 FSR1659

The impression from the image of FSR 1659 is that there is an ov
density of stars at the position of the cluster candidatés iBtrcon-
firmed in the SDM. However, as can be seen from the REM of the
mosaic, the western and southern part of the area are inféddnc
increased amounts of extinction. Hence, the overdensighist
be caused by this effect. Therefore we have chosen the egster
of the mosaic as the control field.

After the decontamination about 30 % of the stars remain in

The cluster is known as Teutsch 143a and has been investi-the cluster candidate area. However, their distributiothexCMD

gated with optical photometry by Pasquali et al. (2006), vdem-
tified it as the birth cluster of the galactic luminous blueiable
WRA 751. The authors determine a distance of 6 kpc, an ektimct
of Ay =6.1mag, and an age of above 4 Myr.

After the decontamination about 40 % of the stars remain in
the cluster field. Usings = 1.6 and an extinction afi x =0.8 mag,
we can fit the remaining stars with an 8 Myr isochrone at a dcsta
of 6 kpc (see Fig. 8; in the CMD we have marked with ghe posi-
tion of WRA 751 obtained from 2MASS photometry since the star
is saturated in our images). The bright main sequence staala
located at the bottom of the reddening path, and are thusctish
type earlier than AO, in agreement with Pasquali et al. (200
identified 24 stars with spectral types earlier than B3 indlister
region. As the cluster is very young, the age estimate frar3h

and CCD (see Fig.9) cannot be fit by a single isochrone. The
isochrone in Fig. 9 is plotted to clarify this argument and kize
following parameters: Z=0.019%=1.6, log(age) =9, d=2.0kpc,
and Ax =1.0 mag. We conclude that FSR 1659 is not a star cluster.

3.10 FSR1712

The image of FSR 1712 shows clearly a concentrated cluster of
stars. This is confirmed in the SDM. The REM (see Fig. 10) of the
region shows that the south-western part of the mosaicrsuffim
an increased value of extinction. The rest of the field shawsig-
nificant fluctuations. We have chosen the western part of theain
as the control area.

The decontamination procedure leaves about 40 % of the stars

© 2007 RAS, MNRASDOQ, 1-22
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Figure 10. As Fig. 1 but for the cluster candidate FSR1712. The plotted Figure 11. As Fig. 1 but for the cluster candidate FSR 1716. The plotted
isochrone has log(age) = 8.9. See text for other parameters. isochrone has log(age) = 9.3. See text for other parameters.

is caused by a very bright star). The redder colour of statkign
area should be intrinsic to the stars, since it comes alotiy avi
increased star density, contradicting a locally enhanséidation
due to a small cloud, which would decrease the star densigy. W
hence use the entire field except the cluster candidaterregioon-
trol area.

After the decontamination about 30 % of the stars remain.
Their CMD can be interpreted as a well populated giant bréseé
Fig.11). There are two peaks in the K-band luminosity fuorcti
(see Fig. Al). One at about K=13.1 mag, the other at K=13.7 mag
We interpret the former as the core helium burning objectgeN
that if we choose the second peak as the core helium burning ob
jects, the determined distance to the cluster would inerégsa
factor of 1.3. The slope of the giant branch can be best fitguain
metallicity of Z=0.004. A lower metallicity results in a tageep
slope of the RGB and a higher value in a too shallow slope. How-
the concentrated appearance in the picture. ever, arange of Z=0.001 to 0.008 can in principle explairdtta.

We have remeasured the central coordinates of the cluster in | "€ RGB stars also form a compact group in the CCD, where the

our deeper images. The central coordinates are RA = 15:84:46 brighter stars show a smaller scatter in the colours thafeiheer
DEC =-52:31:47 (J2000), about one and a half arcminute sfuth stars, in agreement with the photometric uncertainties.

They can be fit by a main sequence in the CMD (see Fig. 10). The
brighter stars lie close to the bottom of the reddening paghce
should be stars of spectral type A of F. Since this impliesaively
recent formation and there are no or very few red giants terdet
mine the metallicity otherwise, we use solar metallicityalsrones.

We can fit the main sequence in the CMD and CCD using
(#=1.6, an age of 0.8 Gyr, a distance of 1.8 kpc, and an extimctio
of Ax =1.4mag towards the cluster. There seem to be no or only
a very small number of possible red giants in the clustere lfde
FSR 0088, they seem to be shifted towards slightly reddemucsl
in the CCD. The reason in this case might be that these fevesbje
are actually not related to the cluster and are backgrouhdiaats.
This small number of giants also influences the accuracyeate
estimate, which is not better than a factor of two. The distais
accurate within 300 pc and the K-band extinction within Odgm
A core radius of 0.2 pc is found for the cluster (Fig. B5), confing

the values given in Froebrich et al. (2007b). There are tw&RD ~ We can fit an isochrone to the RGB in the CMD and CCD
sources about 4’ north and south-east of the cluster. Itti&mmvn using the above mentioned metallicity=1.6, a distance of 7 kpc,
if they are related to the cluster, but there are in total GTROSAT and an extinction ofdx =0.57mag. Since we do not detect any

main sequence stars we cannot determine the age of thercléiste
we use our completeness limit as an indicator for how faiettiain
sequence stars need to be in order that we cannot detecttteem,
age of the cluster has to be at least 2 Gyr. Virtually no chamgjee
quality of the fit is seen when using ages of 10 Gyr or above. The
The image of this object shows a clear overdensity of stanghw core helium burning objects allow to estimate the cluststagice

is also confirmed in the SDM. The REM shows no significapt A within 500 pc. However, the upper limit for the age means that

sources within half a degree around the cluster coordinates

3.11 FSR1716

fluctuation across the field, except in the cluster candidegeon, cluster could be as close as 5kpc (if the age is 12 Gyr). Ashier t
where the average colour of the stars seems to be redderrthan i other clusters the K-band extinction is uncertain by 0.0§.ma
the surrounding field (the high extinction peak in the scedist The well populated giant branch, its low metallicity and the

© 2007 RAS, MNRASDOQ, 1-22
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Figure 12. As Fig. 1 but for the cluster candidate FSR 1735. The plotted
isochrone has log(age) =9.9. See text for other parameters.

clusters position close to the Galactic Center, suggestliigob-
ject might indeed be much older. It could well be another ¢Pal
mar type?) globular cluster, similar to FSR0190 (Froebstial.
(2008)). The core radius of the object is determined to 0.9gcg
the RDP (Fig. B6).
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Figure 13. As Fig. 1 but for the cluster candidate FSR 1754. The plotted
isochrone has log(age) = 9. See text for other parameters.

The slope of the RGB is best fit using a metallicity of Z=0.004,
but as for FSR 1716 a range from Z=0.001 to 0.008 can in prin-
ciple explain the data. There are no main sequence starsteltte
hence the age cannot be constrained. Using the detectida b
our photometry, we find that the age has to be larger than 2&yr.

We have remeasured the central coordinates of the cluster indeed, we can increase this limit to an age above 8 Gyr, sirgteasu

our deeper images. The central coordinates are RA=16:10):29
DEC =-53:44:48 (J2000), about one arcminute north-eashef t
values given in Froebrich et al. (2007b). There is an IRAS&®U
(detected at 100m only) about 2.7’ south of the cluster centre
which seems, however, unrelated to the cluster.

3.12 FSR1735

Here we re-analyse the data of FSR 1735, already presentad as
globular cluster candidate in Froebrich et al. (2007a)sTéto en-
sure a homogeneous analysis and interpretation of all tistecl
candidates observed in this project. We re-analyse FSRU318§
the entire field of observations, compared to just the sneglion
around the cluster used in Froebrich et al. (2007a). Theaslirs-
age clearly shows a compact and populated cluster of sthes. T
SDM verifies this. In the REM we see that the colour of the dtars
the cluster area is redder than in the field, most probablgezaby
the fact the we only see red giant cluster stars. This is viemies
to the above discussed maps of FSR 1716. The south-eastast co
of the mosaic seems to possess a slightly smaller numbearsf. st
We hence chose the western side of the image as the contdbl fiel
About 40 % to 45 % of the stars in the cluster area remain after
the decontamination procedure. The decontaminated CMbeof t
cluster shows a well populated RGB/AGB (see Fig. 12). There i
a peak in the K-band luminosity function at about K=14 mag (se
Fig. A2), which is interpreted as the core helium burningeots.

age can better explain the CMD and CCD simultaneously. igh
depending on the age, the distance to the cluster is 8.5 kpthan
reddeningA x =0.7 mag. The used dust properties drel.6. The
uncertainty for the distance estimate is 500 pc, includhmey fact
that we only have a lower limit for the age. The K-band extinc-
tion can be estimated within 0.05 mag. These results arergeag
ment with the parameters published for FSR 1735 in Froelwich
al. (2007a). The differences in the determined parametergm
tirely due to the assumed age of 12 Gyr in the earlier puliinat
We have also remeasured the core radius of the cluster. lthsing
RDP (Fig.B7) it is determined as 0.95 pc, virtually identiathe
value determined in Froebrich et al. (2007a).

3.13 FSR1754

The image of this field shows no apparent overdensity of tdhe
area of the cluster candidate. This is confirmed by the SDMghvh
is virtually flat in and around the object’s position (see.Rig)). The
southern and western parts of the mosaic show a smaller mumbe
of stars. The REM indicates significant differences in therage
colour of the stars in this area, caused by foreground clowds
hence chose the eastern part of the image as the control area.
Only about 10 % of the stars remain after the decontamina-
tion. In the CMD they seem to show a populated giant branch
(see Fig. 13). However, the slope would require metalésitn ex-
cess Z=0.03 to fit. Furthermore, the positions of the stathén
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Figure 14. As Fig. 1 but for the cluster candidate FSR 1767. The plotted
isochrone has log(age) =9. See text for other parameteesupper com-
pleteness limit in the CMD indicates the 2MASS limit. Clgamb isochrone
can fit all the data.

CCD is not in agreement with the proposal of a giant branch. Es
pecially the fainter stars are too close to the bottom of @t r
dening path. Furthermore, dust propertiegiof 1.4 would be re-
quired to fit the stars with a single isochrone in CMD and CCD.
The isochrone in Fig. 13 is plotted to clarify this argumemd fas
the following parameters: Z=0.08,= 1.6, log(age) =9, d =10 kpc,
and Ax = 0.8 mag. We conclude that FSR 1754 is not a cluster. This
partly agrees with Bica et al. (2008), who classified thissobps

an uncertain candidate. The two main sequences in theiysisal
of 2MASS data are not evident in our analysis. In particulae,
blue sequence disappears in our decontaminated CMD, naist pr
ably caused by a better choice of the control field (which igom
tant given the large fluctuations visible in the SDM and REMe s
Fig. 13).

3.14 FSR1767

There is no apparent overdensity of stars in the image of éhe fi
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Figure 15. As bottom panel of Fig.14 but using an isochrone with the
cluster parameters for FSR 1767 as suggested by Bonatto €0817);
Age =10Gyr, Z=0.001, d =1.5kpc, A= 0.62 mag. Clearly this isochrone
does not fit the data.

tified. With our much deeper images, we should be able to tetec

the main sequence stars down to lower masses and thus Vezify t

claim of Bonatto et al. (2007) that this object is a globulaster.
After decontamination only about 10 % of the stars remain

in the cluster candidate area. The stars identified in Borettt

al. (2007) as upper main sequence stars are also identifiable

the CMD from our data (see Fig.14). However, overplotting an

isochrone with the given cluster parameters (and assunmirage

of about 10 Gyr) implies that the main sequence should coatio-

wards fainter magnitudes and slightly redder colours ($g€lb).

Nothing like this is identifiable in our data. There is a setgroup

of stars above our detection limit (the lower line in Fig. tdinain-

ing in the CMD. We could interpret these as the top of the main

sequence and the original group of stars as giants. A fit iCV1®

(see Fig.14) is then possible using an age of about 1 Gyr, a red

dening of A x =0.5mag and a distance of 6.5 kpc. However, in the

CCD we clearly see that the two groups of stars cannot be fit by a

single isochrone, since they possess different extinctidues. We

have to conclude that based on our deeper observations, F&&R 1

is not a globular cluster. It does not appear to be a stellestet at

all, but rather a locally decreased amount of extinction itking

a stellar overdensity.

4 DISCUSSION
4.1 Uncertainties

4.1.1 Photometry

around the cluster candidate. The SDM shows, however, a smal The nature of our observations, stellar clusters in crowfosds,

increase in stellar numbers. In the REM we find that the cluste
area suffers from less extinction than the south-eastetropthe
mosaic. We have therefore chosen the western part of thesiamg
control field.

The cluster was classified by Bonatto et al. (2007) as a globu-

lar cluster. With its parameters, [Fe/H]=-1.2 delx; = 6.2mag and
a distance of only 1.5 kpc it would be th&®closest globular clus-
ter after FSR0584 (d=1.4kpc, Bica et al. (2007)), which i st
under debate. The analysis of FSR 1767 in Bonatto et al.{2807
based on 2MASS data (the upper detection limit in Fig. 14 &)d 1
and proper motions. Only a small number of cluster red gihats

implies that the photometry suffers from relatively largees. To
ensure an as small as possible influence of these uncestinte
used only the most reliable stellar magnitudes and colaurthie
analysis of the CMDs and CCDs. Only stars with quality flagsfr

the Source Extractor software (Bertin & Arnouts (1996))téet
than 3 are used (except for FSR 1735, were a flag better thas 4 wa
chosen due to the very large crowding and hence small nunfiber o
stars with a quality flag better than 3). Furthermore, theete-
ness limit in the cluster fields will be at brighter magnitsdiean in

the control fields. Thus, we only include stars in the analygiich

are above the completeness limit in the cluster areas. $hatso

been found, and the upper end of the main sequence has been ide the limit indicated in all the CMDs.
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Table 1.Measured properties of the clusters investigated in tpepa&Ve list the FSR number, Right Ascension, Declinati@dQD), determined age, K-band
extinction A, distanced, metallicity Z, radiusr, classification, and notes. Positions taken frdniEroebrich et al. (2007b® Froebrich et al. (2007a},
Bonatto & Bica (2007b)# Kronberger et al. (2006); measured in this paper. The classifications stand for: NG arguster; OC - open cluster; YOC -
young open cluster (age 100 Myr); GC - globular cluster; ? - classification uncertainf the clusters is very old (12 Gyr) the distance can be aslsasal
5kpc; ** Metallicity is assumed to be soldr;* Uncertainty of the radii is 20 %;*** Radius could not be determined.

Name « (2000) §(2000) Age [Gyr] Ak [mag] d[kpc] Z r[pc]*** Class. Notes

FSR0002 17:32:32 —27:03:51 - - - - - NC

FSR0023 17:57:35 —22:52:32 - - - - - NC

FSR0088 18:50:38 —04:11:17 0.5+0.3 0.5£0.05 2.6:0.3 0.019* oc

FSR0089 18:48:39 —03:30:34 1.0£0.3 1.0:0.05 2.2:0.3 0.019* oc confirms Bonatto & Bica (2007b)
FSR0094 18:49:50 —01:02:55 - - - - - NC

FSR1527 10:06:32 —57:24:52 - - - - - NC

FSR1530 10:08:5873 —57:17:17 <0.004 0.9-0.05 2595 0.019* 0.15 Yoc

FSR1570 11:08:40% —60:42:50 0.008"050% 0.8+0.05 6.6:1.0 0.019* 0.35 YOC  confirms Pasquali et al. (2006)
FSR1659 13:38:01 —62:27:55 - - - - - NC

FSR1712 15:54:46%3 —52:31:47 0.870% 14401 1.8:0.3 0.019* 0.20 oc

FSR1716 16:10:2970 —53:44:48 >2 0.570.05 7.6:0.5* 0.00470-9%% 0.90 OCIGC?

FSR1735 16:52:10% —47:03:2¢ >8 0.740.05 85:0.5 0.00405% 0.95 GC?  confirms Froebrich et al. (2007a)
FSR1754 17:15:01 —39:06:07 - - - - - NC partly confirms Bica et al. (2008)
FSR1767 17:35:43 —36:21:28 - - - - - NC conflicts with Bonatto et al. (2007)

The observed scatter in the CMDs and also CCDs can thus be4.2 General FSR cluster properties

attributed to a number of causes. i) uncertainty in the phetoy
due to crowding; ii) scatter in the calibration due to the kpatial
resolution of the 2MASS data; iii) small scale variable e&tion
towards the stars (A varies up to 0.5 mag from pixel to pixel in the
fields close to some of the cluster candidates); iv) unresbbina-
ries; Given all those sources of error, the observed saattedour,
for stars in a cluster with the same magnitude, of about O tma
0.4 mag is understandable.

4.1.2 Cluster Parameters

In most cases the metallicity could not be determined. Halwad-
ters with afitted age below a few Gyr we assume a solar metgllic
We hence labeled the metallicities of these clusters Wit Ta-

ble 1. In the cases of the two old clusters, FSR 1716 and FSR 173
the metallicities that fit the data range from Z=0.001 to ZGO@.
and the best fitting value of Z=0.004 is listed in Table 1.

The determined values for extinction, distance and agelare a
dependent on each other in a systematic way. By changingane p
rameter slightly we will still be able to generate a good fitdul
justing the other two parameters. This is, however, onlysibs
within a certain range, outside which it becomes imposditlft
CMDs and CCDs simultaneously. Typically the age of the elsst
can be constrained by better than a factor of two, the K-band e
tinction to within 0.05 mag, and the distance within 20 %. [€db
contains the uncertainties for the main parameters of tfigidual
clusters.

The determined radii of the clusters vary dependent on which
of the random realisation of the decontamination processasse.
Generally, for the cluster candidates with a high contrasivben
cluster area and field, the fitted radii vary by about 20 %. Rer t
cases with a low contrast, inconclusive results are obdamed the
values in the Table 1 are marked by™*. The star density in the
cluster centre is also highly uncertain, since it depends)dive
only used stars with reliable photometry, hence we will migse
stars towards the cluster centre; ii) The completeness iimthe
cluster centre differs from the control field, hence moresstae
removed during the decontamination procedure. We hencaimef
from listing the central star densities in Table 1.

A considerable number of clusters from the original FSRHeste
now been analysed in more detail by a variety of authors. Here
we provide a brief summary of these investigations to datkaan
discussion of the properties of these new star clusters.

We have summarised the properly classified FSR clusters in
Table D1. The table lists the FSR catalogue number and alker i
tifications, Right Ascension and Declination (J2000), gétaco-
ordinates, determined distance, K-band extinction, age naetal-
licity. Furthermore we list the inferred position in the @&}, a
classification, and the references where the values ara fed@®.
Table E1 lists the FSR cluster candidates that have beestinve
gated in detail but their nature could not be establishedhey
are classified as not being a stellar cluster. In these cadgshe
FSR number, other identifications, the coordinates, dlaation,
and references are listed.

So far 74 FSR cluster candidates have been investigated in
more detail. For 38 of these clusters parameters could ter-det
mined. Another 3 are embedded clusters with no parametars, 2
are not clusters, and 10 are uncertain cases. We cannofpatiem
determine the contamination of the FSR sample from thisstitzs,
since the investigated cluster candidates are not selgcéedunbi-
ased manner. There are, however, studies that have sedddf&R
objects within certain areas (Koposov et al. (2008), Ban&tBica
(2008), Bica et al. (2008)). These studies determine canttion
rates between 40 and 60 %, in agreement with the originahatgi
of about 50 % in Froebrich et al. (2007Db).

Out of the now classified FSR clusters, 8 are young open clus-
ters with ages below 100 Myr (this includes the 3 embeddestclu
ters with no determined parameters). A fraction of 50 % ofclas-
sified clusters have ages of more than 1 Gyr, and 20 % have ages
above 2 Gyr. This has increased the sample of known old openr cl
ters. In particular the FSR list revealed 7 old open clusiesile
the solar circle, significantly enhancing the known numbehese
clusters.

In Figs. 16 and 17 we show the distribution of the classified
FSR clusters in the Galaxy, and how they compare to the sample

© 2007 RAS, MNRASDOQ, 1-22
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of known old (age= 1 Gyr) open clusters (taken from WEBBA
and known globular clusters (taken from Harris (1996)). W p
young and old open clusters and globular cluster candidatesg
the FSR objects using different symbols. Despite the unkneey
lection effects in the sample of properly classified FSRtelss a
number of trends are evident: i) There is a large fractionabpen
clusters in the sample. This includes old clusters insidkcartside
the solar circle and with distances of more than 1 kpc fronStine.
The complete FSR list will significantly increase the numbér
known old open clusters. ii) Two of the globular cluster ddates
(FSR 1716, 1735) nicely follow the distribution of the knoglob-
ular clusters in the Milky Way. iii) The 16 3 'missing’ globulars
near the Galactic Centre (Ilvanov et al. (2005)) are not ¢oata
in the FSR list. These clusters are either really not theidgem
behind very dense clouds, or intrinsically faint. Given thet that
we detected FSR 1735, the number of intrinsically brighbglar
clusters near the Galactic Centre that have been misse@ B8R
survey is very small.

3 http://ww. univie. ac. at/ webda/

© 2007 RAS, MNRASDOQ, 1-22

5 CONCLUSIONS

We have properly (re)-classified 14 star cluster candidaves the
list of Froebrich et al. (2007b). We utilised new deep NIR foimoe-
try obtained atthe NTT. Star density maps, extinction mepisur-
magnitude diagrams, and colour-colour diagrams, fatglitéy ra-
dial star density profiles and luminosity functions weredu$ar
the analysis of the individual objects. Seven FSR clustedictates
are found to be real stellar clusters, seven candidatesntyestar
density enhancements.

Out of the seven classified star clusters, we have identi-
fied two young clusters with massive stars (FSR 1530, FSR 1570
- investigated also by Pasquali et al. (2006)); three intelim
ate aged open clusters (FSR0088, FSR 0089 - confirms Bonatto
& Bica (2007b), FSR1712); and two globular cluster candidat
(FSR 1716, FSR 1735 confirms Froebrich et al. (2007a)) with we
populated giant branches.

We show that 2MASS data alone can sometimes be misleading
or insufficient when classifying (globular) cluster caraties. Our
analysis of deep high spatial resolution photometry is sapén
some cases, especially for cluster candidates in crowdeld fiear
the Galactic Plane. One particular example is the clustedidate
FSR 1767. It has been classified as a globular cluster by Boetat
al. (2007). Our new data shows that their interpretatiomefnsuf-
ficient 2MASS data is incorrect, and we conclude that FSR 1§67
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not a globular cluster. Most probably this object is just ppaaent
stellar overdensity caused by a locally decreased amowextiofc-
tion, mimicking a stellar cluster.

So far a total of 74 cluster candidates from the FSR list (con-
taining 1021 candidate clusters) has been analysed inl.dEte
statistics points to a contamination of the FSR sample wih s
lar overdensities of 40 % to 60 %, in agreement with the oalgin
estimate of Froebrich et al. (2007b). A large fraction of soefar
investigated FSR clusters have turned out to be old stdliaters
with ages above 1 Gyr. This significantly increases the nurobe
known old clusters, in particular inside the solar circlénig the
FSR catalogue for such type of clusters has the potentiatdo p
vide new insights into long-term cluster evolution and tesagi-
ated physical processes.
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APPENDIX A: K-BAND LUMINOSITY FUNCTIONS
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Figure C1. Grey scale representation of the K-band mosaic of cluster ca Figure C3. As Fig. C1 but for the cluster candidate FSR 0088.

didate FSR 0002. The image size is about 11.7'x 11.7’, nertipiand east
to the left. The cluster candidate is positioned in the upgiempart of the
mosaic.

Figure C4. As Fig. C1 but for the cluster candidate FSR 0089.

Figure C2. As Fig. C1 but for the cluster candidate FSR 0023.

APPENDIX C: K-BAND IMAGES OF THE CLUSTER
CANDIDATES

© 2007 RAS, MNRASDOQ, 1-22
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Figure C5. As Fig. C1 but for the cluster candidate FSR 0094. Figure C7. As Fig. C1 but for the cluster candidate FSR 1530.

Figure C6. As Fig. C1 but for the cluster candidate FSR 1527. Figure C8. As Fig. C1 but for the cluster candidate FSR 1570.

© 2007 RAS, MNRASDOQ, 1-22
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Figure C10. As Fig. C1 but for the cluster candidate FSR 1712. Figure C12. As Fig. C1 but for the cluster candidate FSR 1735.

© 2007 RAS, MNRASDOQ, 1-22
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Figure C13. As Fig. C1 but for the cluster candidate FSR 1754.

Figure C14. As Fig. C1 but for the cluster candidate FSR 1767.

© 2007 RAS, MNRASDOQ, 1-22
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APPENDIX D: PARAMETERS OF PROPERLY CLASSIFIED FSR CLUSTERS
APPENDIX E: LIST OF OTHER INVESTIGATED FSR CANDIDATES
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Table D1. Summary of the properties of all FSR clusters analysed iailded far and that are clearly star clusters. The table: IE&R number and other
identifications, Right Ascension, Declination (J2000))agtc Coordinatesi(b), Distanced, Extinction A, Age, Metallicity Z, Galactocentric Distance
Rcc, Distance above the Galactic Plangp, Classification, and References. The classifications $tan@C - open cluster; YOC - young open cluster (age
<100 Myr); GC - globular cluster; ? - classification, or paréeneincertain. We assumed a galactocentric distance ofuhef3 kpc.

Name(s) «(2000) 4 (2000) l b d Ax Age Z Rgco zgp Class. Reference
[deg] [deg] [kpc] [mag] [Gyr] [kpc]  [pc]

FSR 0031 18:06:29.0—21:22:33  8.9062 —0.2680 1.6 0.5 1.1 0.019? 6.4 -75 OC Bonatto & Bica (2007b)

FSR 0070 19:30:02.0—15:10:01 23.4404—-15.2646 2.3 0.1 5.0 0.019? 6.1 -610 OC Bica et al. (2008)

FSR 0088 18:50:38.0-04:11:17 29.1119 —1.7298 2.0 0.5 0.5 0.019? 6.3 -60 OC this paper

FSR 0089 18:48:39.0—03:30:34  29.4908 —0.9803 2.2 1.0 1.0 0.019? 6.2 -38 OC Bonatto & Bica (2007b)
this paper

FSR0124 19:06:52.0+13:15:21 46.4754 +2.6526 2.6 0.4 1.0 0.019? 6.5 120 OC Bica et al. (2008)

FSR 0133 19:29:48.5+15:33:36  51.1120 —1.1780 1.9 0.7 0.6 0.019? 7.0 -39 OC Bica et al. (2008)

FSR 0190 20:05:31.3+-33:34:09  70.7303 +0.9498 10.0 0.8 >7 0.002 10.5 170 OC/GC? Froebrich et al. (2008)

FSR 0584 02:27:15.04+-61:37:28 134.0579 +0.8399 1.4 1.0 10.0? 0.0002? 9.0 21 GC? Bica et al. (2007)

FSR 0705 05:11:43.0 +47:41:42 160.7071 +4.8607 6.0 0.1 15 0.019? 13.8 510 OC Bonatto & Bica (2008)

NGC 1798

FSR 0729 05:25:55.0 +46:29:46 163.0794 +6.1646 3.7 0.05 1.0 0.019? 11.6 400 OC Bonatto & Bica (2008)

NGC 1883

FSR 0730 06:02:34.6 +49:51:36 163.2463+13.1319 1.0 0.05 1.2 0.019? 8.9 230 OC Bonatto & Bica (2008)

NGC 2126

Melotte 39

Collinder 78

FSR 0756 04:24:13.4+29:42:14 168.6494—13.7190 1.8 0.3 0.3 0.019? 9.7 -430 OC Bonatto & Bica (2008)

FSR 0793 05:24:21.6 +32:36:03 174.4474 —1.8561 3.5 0.15 0.9 0.019? 115 -110 OC Bonatto & Bica (2008)

Berkeley 69

FSR 0795 05:47:28.6 +35:25:56 174.6448 +3.7033 2.0 0.35 <0.4 0.019? 10.0 130 OC Koposov et al. (2008)

Koposov 10

FSR 0802 06:00:56.2 +35:16:36 176.1598 +6.0004 2.05 0.13 0.8 0.019? 10.0 210 OC Koposov et al. (2008)

Koposov 12

FSR 0810 05:40:57.0 +32:16:16 176.6344 +0.8968 3.0 0.25 1.0 0.019? 11.0 47 OC Bonatto & Bica (2008)

Berkeley 71

FSR 0814 05:36:46.1 +31:11:46 177.0691 —0.4288 1.6 0.3 <0.22 0.019? 9.6 -12 YOC Bonatto & Bica (2008)

Koposov 36 Koposov et al. (2008)

FSR 0828 05:52:14.6 +29:55:09 179.9001 +1.7425 2.8 0.17 2.0 0.019? 109 85 OC Koposov et al. (2008)

Koposov 43

FSR 0834 05:50:07.0 +28:53:28 180.5474 +0.8191 2.5 0.0 45 0.019? 105 36 OC Bonatto & Bica (2008)

Czernik 23

FSR 0856 06:08:56.2 +26:15:49 184.9029 +3.1308 3.2 0.15 <0.32 0.019?7 112 170 OC Koposov et al. (2008)

Koposov 53

FSR 0869 06:10:01.9 +24:32:55 186.5267 +2.5208 4.2 0.15 1.4 0.019? 122 180 OC Bonatto & Bica (2008)

Koposov 63 Koposov et al. (2008)

FSR0911 06:25:01.0 +19:50:55 192.3100 +3.3600 4.5 0.16 7.0 0.019? 124 -580 OC Bonatto & Bica (2008)

Cl1in Bochum1 Bica et al. (2008)

FSR 0917 06:33:16.2 +20:31:08 192.6094 +5.3837 6.7 0.03 1.2 0.019? 146 630 OC Bonatto & Bica (2008)

Berkeley 23

FSR 0923 06:10:36.0+-16:58:16 193.2296 —1.0187 1.5 0.45 0.5 0.019? 9.5 -27 OC Bonatto & Bica (2008)

FSR 0932 06:04:26.4+-14:33:20 194.6240 —3.4866 1.5 0.3 0.15 0.019? 95 -91 OC Bonatto & Bica (2008)

FSR 0942 06:05:58.0+13:40:06 195.5810 —3.5950 3.1 0.2 1.0 0.019? 11.0 -190 OC Bonatto & Bica (2008)

FSR 0948 06:25:52.84-15:50:15 195.9645 +1.6710 2.9 0.15 0.03 0.019? 108 85 YOC Bonatto & Bica (2008)

FSR0974 06:32:41.3+12:31:55 199.6598 +1.6015 2.6 0.2 0.4 0.019? 105 73 OC Bonatto & Bica (2008)

FSR 1530 10:08:58.3—57:17:11 282.3294 —1.0628 2.5 0.9 <0.004 0.019? 7.9 -46 YOC this paper

FSR 1570 11:08:40.6—60:42:50 290.6888 —0.3083 6.0 0.8 0.008 0.019? 8.1 -32 YOC Pasquali et al. (2006)
this paper

FSR 1603 12:09:45.0—62:59:17 298.2191 —0.4984 2.7 0.2 1.0 0.019? 7.1 -23 OC Bica & Bonatto (2008)

FSR 1644 13:18:02.9 —67:04:34 305.5257 —4.3385 1.9 0.1 0.6 0.019? 7.1 -140 OC Bica et al. (2008)

Harvard 8

Cr268

FSR1712 15:54:46.3—52:31:47 328.8084 +0.8786 1.8 1.4 0.8 0.019? 6.5 28 OC this paper

FSR 1716 16:10:29.0—53:44:48 329.7779 —1.5893 7.0 0.57 >2 0.004 4.0 -190 OC/GC? this paper

FSR1723 15:55:05.0 —46:00:51 333.0269 +5.8517 1.3 0.01 0.8 0.019? 6.9 130 OC Bica et al. (2008)

ESO275SC1

FSR1735 16:52:10.6—47:03:29 339.1877 —1.8533 85 0.7 >8 0.004 3.0 -270 GC? Froebrich et al. (2007a)
this paper

FSR1737 16:18:21.0—40:14:35 340.0953 +7.2499 2.8 0.2 >5 0.019? 55 350 OC Bica et al. (2008)

FSR 1744 16:51:36.0—42:24:55 342.7060 +1.1783 3.5 0.85 1.0 0.019? 48 72 OC Bonatto & Bica (2007b)

FSR 1755 17:12:20.0—38:27:44 348.2458 40.4825 1.4 0.45 <0.005 0.019? 6.6 12 YOC Bica & Bonatto (2008)
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Table E1. Summary of the properties of all FSR clusters analysed iild=i far and were the classification is unclear, no paramete derived or which are
clearly not star clusters. The table lists: FSR number aneratientifications, Right Ascension, Declination (J20@x@lactic Coordinates (I,b), Classification,
and References. The classifications stand for: NC - not &ecluSC - open cluster; EC - embedded cluster; ? - classificatncertain.

Name « (2000) 4 (2000) I[deg] b[deg] Class. Reference
FSR 0002 17:32:32.0 —27:03:51 0.0462 +3.4416 NC this paper
FSR 0010 16:40:49.0 —16:01:09 2.1485 +19.6176 OC? Bica et al. (2008)
FSR 0023 17:57:35.0 —22:52:32 6.5839 +0.7827 NC this paper
FSR 0041 17:03:30.0 —08:51:13 11.7384 +19.1982 NC Bica et al. (2008)
FSR 0091 17:38:21.0 +05:43:14 29.6887 +18.8502 NC Bica et al. (2008)
FSR 0094 18:49:50.0 —01:02:55 31.8158 —0.1213 NC this paper
FSR 0098 18:47:36.0 +00:35:46 33.0251 +1.1256 OC? Bica et al. (2008)
FSR0114 20:09:09.0 —02:13:03 40.0167 —18.2675 NC Bica et al. (2008)
FSR 0119 18:23:05.0 +15:49:12 44.0994 +13.2956 NC Bica et al. (2008)
FSR 0128 20:31:10.1 404:45:07 49.2922 —19.6403 NC Bica et al. (2008)
FSR 0744 04:59:30.0 +38:00:42 167.0846 —2.7641 NC Bonatto & Bica (2008)
FSRO0773 04:29:37.0 +26:00:14 172.3124 —15.3117 *? Bonatto & Bica (2008)
FSR0776 06:07:24.0 +39:49:34 172.7400 +9.2946 NC Bonatto & Bica (2008)
FSR 0784 05:40:44.1 +35:55:25 173.5096 +2.7915 EC Koposov et al. (2008)
Koposov 7
FSR 0801 04:47:04.8 +24:54:00 175.7930 —12.9947 NC Bonatto & Bica (2008)
FSR 0839 06:03:58.0 +30:15:41 180.8678 +4.1118 EC Koposov et al. (2008)
Koposov 41l
FSR 0841 05:06:13.4 421:33:27 181.2319 —11.4928 NC Bonatto & Bica (2008)
FSR 0849 05:51:11.0 +25:46:41 183.3426 —0.5718 EC Koposov et al. (2008)
Koposov 58
FSR 0851 05:14:44.9 +19:47:31 183.8703 —10.8657 ? Bonatto & Bica (2008)
FSR 0855 05:42:21.6 +22:49:48 184.8249 —-3.8180 *? Bonatto & Bica (2008)
FSR 0882 05:27:51.1 +16:53:49 188.0656 —9.8578 ? Bonatto & Bica (2008)
FSR 0884 05:32:21.0 +17:11:02 188.4011 —8.7954 2 Bonatto & Bica (2008)
FSR 0894 06:04:05.0 +20:16:51 189.5866 —0.7570 NC Bonatto & Bica (2008)
FSR 0927 06:24:10.0 +18:01:30 193.8370 +2.3286 NC Bonatto & Bica (2008)
FSR 0956 06:12:25.0 +13:00:26 196.9185 —2.5390 NC Bonatto & Bica (2008)
FSR 1527 10:06:32.0 —57:24:52  282.1369 —1.3586 NC this paper
FSR 1635 12:54:57.0 —43:29:24 303.6073 +19.3771 NC Bica et al. (2008)
FSR 1647 13:45:48.0 —73:57:29 306.7313 —11.4887 NC Bica et al. (2008)
FSR 1659 13:38:01.0 —62:27:55 308.2860 —0.0787 NC this paper
FSR 1685 14:57:14.9 —64:57:22 315.7477 —-5.2629 NC Bica et al. (2008)
FSR 1695 14:33:38.0 —49:10:09 319.5904 +10.3687 NC Bica et al. (2008)
FSR 1740 17:49:17.8 —51:31:55 340.7279 —12.0481 OC? Bica et al. (2008)
FSR 1754 17:15:03.4 —39:05:46 348.0432 —-0.3191 NC Bica et al. (2008)
this paper
FSR 1767 17:35:43.0 —36:21:28 352.6010 —2.1662 NC Bonatto et al. (2007)
this paper
FSR 1769 17:04:41.3 —31:00:43 353.3068 +6.1797 OC? Bica et al. (2008)
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