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ABSTRACT

Context. Close investigations of unstudied open-cluster candidates may improve the statistics of objects undergoing the dissolution

phase.

Aims. We plan to settle the nature and derive astrophysical (fundamental, structural, and stellar mass content) parameters for 34 un-

studied open cluster candidates from the near-infrared Teutsch list.

Methods. The analysis employs 2MASS photometry, field-star decontamination (to enhance the intrinsic colour-magnitude diagram
morphology), and colour—-magnitude filters (for high contrast in stellar radial density profiles).

Results. We find 8 clusters younger than ~30 Myr, 21 with ages within 100-900 Myr, 3 older than 1 Gyr, and possibly 1 as old as
~7 Gyr. Part of the sample is affected by reddening as high as Ay ~ 9, and about half is located more than d, ~ 3 kpc away from the
Sun, with a few reaching d, = 6—9 kpc. The sample contains essentially low-luminosity clusters in the optical, with (My) ~ =3 + 3.
These properties are consistent with their near-infrared origin. Cluster size increases both with Galactocentric distance and height over
the plane, which is consistent with the low level of tidal stress (and field contamination) associated with these regions. The average
mass density falls off with cluster radius as p ~ R~3, which in clusters younger than ~20 Myr and more massive than ~10° M, has

been interpreted as diffusion-related cluster expansion.

Conclusions. Besides the derivation of astrophysical parameters for a sample of unstudied open clusters, in this paper we identify
a set of clusters older than several 10> Myr, with 4 of them having survived a few Gyr. Surveys of open cluster candidates should
be further explored to fill in the gap between the detected and predicted number of clusters. An improved statistic, especially on the
population of clusters in highly evolved phases, can be used to investigate cluster formation rates and constrain the dissolution-time

scale in the Galaxy.
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1. Introduction

Star formation is a mass and size scale-free process that yields
a power-law mass distribution dN/dM o M~? (e.g. Elmegreen
2008). Thus, open cluster (OC) formation is biased towards
low masses, and large numbers of low-mass OCs are expected
to form. Indeed, estimates based on different approaches (e.g.
Piskunov et al. 2006; Bonatto et al. 2006) consistently indi-
cate that the Galaxy may harbour a population of ~10° OCs.
However, widely-used databases, such as WEBDA! and the
Catalog of Optically Visible Open Clusters and Candidates®
(Dias et al. 2002), contain less than the 2000 OC candidates
detected so far. Only about half of these have unambiguously
determined OC nature, and most are located relatively close to
the Sun and projected towards the Galactic anti-centre. Given
the high levels of field-star contamination associated with large
distances (particularly towards the bulge), part of the detec-
tion problem is related to completeness, especially for the low-
mass OCs (Bonatto et al. 2006). The OC fading associated with
the stellar evolution is also important.

Most OCs dwell in or close to the Galactic disk and, be-
cause of such orbits, they continually suffer tidal stress from
Galactic substructures, which produces different degrees of mass

* Appendix A is only available in electronic form at
http://www.aanda.org
! http://www.univie.ac.at/webda
2 http://www.astro.iag.usp.br/~wilton/
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loss that might lead to dissolution into the field. Over time,
stellar evolution-related mass loss, mass segregation and evapo-
ration, tidal interactions with the disk and/or bulge, and encoun-
ters with giant molecular clouds, affect the critical balance be-
tween velocity dispersion and escape velocity. These processes
tend to accelerate the dynamical evolution and change the in-
ternal cluster structure to varying degrees, so that the vast ma-
jority of the OCs still dissolve in the embedded phase (e.g.
Lada & Lada 2003). Theoretical and observational evidence (e.g.
Spitzer 1958; Oort 1958; Baumgardt & Makino 2003; Goodwin
& Bastian 2006; Lamers & Gieles 2006; Khalisi et al. 2007;
Piskunov et al. 2007) point to a disruption time scale of a few
102 Myr near the solar circle. As a consequence, most OCs dis-
solve in the Galactic stellar field (e.g. Lamers et al. 2005) or
leave poorly-populated remnants (e.g. Pavani & Bica 2007), long
before ~1 Gyr (e.g. Goodwin & Bastian 2006).

Probably because of the age/dissolution effect, only ~13%
of the WEBDA OCs with known age are older than 1 Gyr, while
~42% are younger than 100 Myr. Besides the obvious impor-
tance of deriving astrophysical parameters of unstudied clusters
of any age, the identification of OCs older than several 10> Myr
will thus increase the statistics of objects undergoing the dis-
solution phase. This, in turn, can be used for constraining the
dissolution-time scale in the Galaxy.

In the present paper we investigate the nature of 34 unstud-
ied Teutsch (hereafter Teu) OC candidates and derive their astro-
physical parameters. In short, the analysis involves the following
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steps for each cluster: (i) extraction of 2MASS photometry?
(Skrutskie et al. 1997) in a wide circular region; (ii) field-star
decontamination to enhance the intrinsic colour—-magnitude di-
agram (CMD) morphology (essential for a proper derivation of
reddening, age, and distance from the Sun); and (iii) construc-
tion of colour-magnitude filters, for more contrasted stellar ra-
dial density profiles (RDPs). In previous works (e.g. Bica et al.
2008), we have shown that steps (ii) and (iii) are essential for a
robust determination of fundamental parameters, especially for
low-latitude and/or bulge-projected OCs.

This paper is organised as follows. In Sect. 2 we discuss for-
mation of the unstudied Teutsch sample. In Sect. 3 we present the
2MASS photometry and the field-star decontaminated CMDs.
In Sect. 4 we discuss the derivation of fundamental cluster pa-
rameters. In Sect. 5 we investigate cluster structure. In Sect. 6
we present stellar mass estimates. In Sect. 7 we investigate rela-
tions among parameters and with respect to their location in the
Galaxy. Concluding remarks are given in Sect. 8.

2. The sample of unstudied Teutsch clusters

After inspecting the Digitized Sky Survey (DSS) and 2MASS
images of selected Milky Way regions, Kronberger et al. (20006)
reported the discovery of several stellar groupings with morphol-
ogy, CMD, and stellar RDP, which suggest uncatalogued, possi-
ble OCs. SIMBAD* lists 146 objects under the designation of
Teutsch OC candidates.

Our first step was to search in the “Catalog of Optically
Visible Open Clusters and Candidates™ (Dias et al. 2002) and
WEBDA for Teutsch objects that are still considered as candi-
dates, i.e., with no determination of their fundamental parame-
ters. This survey came up with 34 targets, for which a further
object search in SAO/NASA ADS confirmed that, besides the
discovery work (Kronberger et al. 2006), have not been subject
to further investigation.

Images of the Teutsch clusters that came up from this search
are shown in Appendix A. The images are centred on slightly
different coordinates (Table 1) than those given in Dias et al.
(2002). By default, we always assume the original coordinates
to centre the 2MASS photometry extraction. However, in most
cases the RDPs built after field decontamination — to maximise
membership probability (Sect. 3), presented a dip in the inner-
most radial bin, so the central coordinates were computed again
according to the following strategy. After field decontamination,
we divided the central (usually 1’ in radius) region in cells of
0.0125’ width both in right ascension and declination. Then, for
each cell we built an RDP using its coordinates as the centre.
After repeating the last step for all cells, we searched through
the full RDP set for the most cluster-like one, i.e., the one that
maximises the stellar density in the innermost bin, followed by a
rather smooth decrease towards large radii (Sect. 5). Finally, we
adopted these cell coordinates as the cluster’s central position.
Incidentally, differences in the central coordinates are relatively
small for the present sample (Table 1).

3. Photometric analysis

2MASS provides the spatial and photometric uniformity that are
essential for wide angular extractions. This in turn provides the
high star-count statistics required for the determination of the

3 http://www.ipac.caltech.edu/2mass/releases/allsky/
4 simbad.u-strasbg.fr/simbad/
5 http://www.astro.iag.usp.br/~wilton/
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Fig. 1. CMDs of Teu 54, 40, 49, 64, and 144 for a representative cluster
region (top panels) and the equal-area comparison field (middle). The
decontaminated CMDs (bottom) are shown with the isochrone solution
(solid line) and the colour—-magnitude filter (shaded polygon).

background level (Sect. 5) and the colour/magnitude character-
isation of the field stars (see below). In all cases we extracted
the 2MASS photometry from VizieR®, in a circular field of ra-
dius Rexy = 60’. To preserve the photometric quality and, at
the same time, keep a statistically significant number of stars,
we use only photometric errors in J, H, and K that are lower
than 0.15 mag. Reddening corrections are based on the absorp-
tion relations A; /Ay = 0.276, Ay /Ay = 0.176, Ak, /Ay = 0.118,
and A; = 2.76 X E(J — H) given by Dutra et al. (2002), with
Ry = 3.1, considering the extinction curve of Cardelli et al.
(1989).

The clusters are distributed over all Galactic quadrants
(Table 1), so that field-stars are expected to contaminate the
CMDs at different degrees, usually high in the 1st and 2nd quad-
rants and low in the 3rd and 4th (e.g. Bonatto et al. 2006).
Also, since most of the clusters are relatively poorly populated
(Figs. 1-7), the field-star contamination should be taken into ac-
count so that the derived parameters are more constrained. In
particular, we expect to obtain CMDs in which clusters’ evolu-
tionary sequences and field stars are reasonably disentangled.

For this purpose we work with the statistical decontamina-
tion algorithm that has been developed by our group for the
proper identification and characterisation of star clusters, espe-
cially near the Galactic equator and/or with many faint stars. We

6 vizier.u-strasbg.fr/viz-bin/VizieR?-source=I1,/246
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Table 1. Fundamental parameters.

Literature This work
Cluster  @(2000)  6(2000) D @(2000) 6(2000) 3 b Age E(B-V) do ARsc
tms) ') () (hms) ©'" ¢ O (Myr) (mag) (kpe) (kpe)
(1) ) (3) ) (5) (6) (N (®) © (10) (1) (12)
Quality 1
Teu7 19:47:42 +24:15:45 3.2 19:47:41.45 +24:15:33.76  60.76 —00.56 300+ 100 1.57+0.13 7.07+1.35 +0.01 +1.10
Teull 06:25:24 +13:51:59 2.3 06:25:23.37 +13:52:13.25 197.65 +00.65 600+ 100 0.70+0.10 5.00+0.72 +4.86+0.74
Teul2 06:25:40 +13:36:25 4.2 06:25:40.10 +13:35:54.25 19791 +00.58 300+ 100 0.64+0.10 8.90+1.27 +871+1.23
Teul3 06:43:55 +01:24:09 2.5 06:43:54.50 +01:24:17.25 210.83 -01.03 30+ 10 0.67 £0.10 2.78+0.40 +2.49+0.45
Teuld4a 18:03:31 -22:07:32 2.2 18:03:29.19 -22:07:27.50  7.92  —00.03 100 =20 1.54+0.16 1.72+041 -1.70+0.50
Teu23 23:47:54 +62:59:50 1.8 23:47:55.43  +62:59:23.00 115.79 +01.01 105 0.77+0.16 2.68 +0.64 +1.50+0.43
Teu27 19:37:23 +18:41:50 1.1 19:37:23.05 +18:41:54.50 5474 -01.24 600+100 0.96+0.13 2.48+0.47 -1.09+0.42
Teud0 19:29:17 +23:18:18 1.0 19:29:16.03 +23:18:37.50 57.85 +02.64 800+100 0.96+0.10 298 +0.43 -1.04+0.39
Teud8 09:20:32 -52:51:06 2.2 09:20:30.79 —52:50:50.24 274.19 -02.17 500+100 1.06+0.10 7.90+1.13 +3.09+0.91
Teud9 07:18:28 -17:34:30 2.4 07:18:28.00 —17:34:46.50 231.60 -02.17 800+100 1.60+0.10 3.84+0.55 +2.84+0.46
Teu52 05:30:18 +38:13:51 1.7 05:30:17.30  +38:13:53.04 170.44 +02.28 500+ 100 1.22+0.10 324 +0.46 +3.20+0.55
Teu54 22:47:24 +59:46:54 1.8 22:47:23.22  4+59:46:29.99 107.90 +00.58 900+ 100 0.58+0.10 2.89+0.41 +1.34+0.35
Teu55 02:29:08 +62:06:19 2.3 02:29:00.05 +62:05:39.24 134.09 +01.37 5+5 0.82+0.16 6.02+1.44 +4.98 +1.05
Teu64 08:32:31 —41:59:32 1.8 08:32:30.70 —41:59:17.00 260.69 -01.30 800+200 0.96+0.10 2.98+0.43 +1.03+0.34
Teu66 09:33:29 -52:23:10 2.7 09:33:30.31 —52:22:50.50 27528 -00.48 200+100 1.15+0.16 551+132 +1.45+0.89
Teu76 22:28:44 +61:37:52 2.8 22:28:45.55 +61:37:58.00 106.82 +03.31 10+ 10 1.17+0.16 4.15+0.99 +2.09 +0.57
Teu79 13:23:29 -63:40:10 2.0 13:23:39.38 —-63:40:23.50 306.49 -01.02 600+100 2.56+0.16 1.25+0.30 -0.67+0.35
Teu 126 22:13:47 +55:43:52 3.5 22:13:46.16 +55:43:12.24 101.98 -00.59 400+ 100 0.22+0.10 1.74+0.25 +0.55+0.31
Teu132 05:10:01 +38:49:14 4.0 05:10:00.84 +38:49:31.25 167.69 -00.63 5+5 0.75+0.16 537+1.28 +5.30+1.28
Teul44 21:21:44 +50:36:36 2.0 21:21:45.36  +50:37:07.51 92.73 +0046 800+ 100 0.70+0.10 228 +£0.33 +0.46 +0.32
Quality 2
Teu2 05:41:22 +39:14:24 14 05:41:22.04 +39:14:10.51 170.75 +04.65 900+ 100 0.48+0.16 3.61 +0.86 +3.57+0.90
Teu28 20:28:17 +35:06:50 1.3 20:28:18.97 +35:06:54.50 74.64 -02.08 900+100 1.44+0.10 3.10+0.44 -0.16+0.37
Teu3l 10:52:50 -59:27:53 1.0 10:52:50.07 -59:27:38.74 288.37 +00.01 600+ 100 1.09+0.16 3.25+0.78 -0.30+0.50
Teud3 19:42:47 +29:51:20 1.3 19:42:46.05 +29:51:37.25 65.05 +03.18 2000+ 1000 1.38+0.16 2.10+0.50 -0.60 +0.38
Teudd 10:21:24 -54:27:03 1.4 10:21:23.54 -54:27:02.24 282.18 +02.26 700+200 0.64+0.16 7.41+1.77 +1.97+141
Teud5S 05:42:46 +30:57:33 2.7 05:42:44.33  +30:58:17.25 177.95 +00.53 10+5 0.75+0.16 6.77+1.61 +6.76 +1.64
Teu50 08:07:08 -36:03:48 3.2 08:07:09.21 —36:04:08.25 253.01 -02.01 3000+ 1000 0.86+0.16 3.24+0.77 +1.52+0.45
Teu77 11:53:15 -62:36:32 1.5 11:53:14.77 -62:36:33.75 296.30 -00.49 3000+ 1000 0.45+0.16 1.45+0.35 -0.52+0.34
Teu85 17:13:14 -39:42:18 0.7 17:13:13.97 -39:42:22.51 34734 -00.39 600+100 1.50+0.16 1.26+0.30 -1.22+0.42
Teul06 19:59:23 -59:32:40 2.4 19:59:24.52  -59:32:49.00 289.16 +00.30 600+ 100 1.02+0.16 6.66+1.59 +0.84 +1.25
Teul24 20:18:21 +31:12:44 24 20:18:21.30 +31:12:21.50 70.25 -02.61 7000f§888 1.82+0.16 0.84 +£0.20 -0.24 +0.31
Quality 3
Teu39 22:36:29 +37:47:06 17.0 22:36:28.36  +37:45:22.49 9548 -17.79 20+ 10 0.08+£0.16 0.81+0.19 +0.12+0.30
Teu53 22:24:32 +60:24:53 1.4 22:24:31.93  +60:24:48.50 105.74 +02.54 - - - -
Teul162 02:47:42 +61:58:29 1.7 02:47:40.23 +61:58:29.76 136.14 +02.12 10+ 10 0.51+0.16 2.05+0.49 +1.57+0.46

Notes. Column 4: diameter estimated from optical images (Dias et al.

2002); Col. 11: distance from the Sun; Col. 12: distance from the Solar

circle. The quality classification criterion is discussed at the end of Sect. 3.

start by defining the cluster and comparison field regions’, taken
within the wide circular extractions. CMDs extracted within the
cluster region for our objects are shown in Figs. 1-7 (top panels),
which should be contrasted with the representative (i.e. equal-
area) comparison-field CMDs (middle panels). The equal-area
field extractions are only used for qualitative comparisons, since
the algorithm uses the whole surrounding area (as defined above)
for high statistical representativeness. For most stars the error
bars are smaller than the symbol. Our approach assumes that the
field colour—-magnitude distribution is (i) statistically representa-
tive of the cluster contamination; and (ii) presents some degree
of spatial uniformity. These assumptions are usually matched in
the 3rd and 4th Galactic quadrants. More details on the decon-
tamination algorithm are in Bonatto & Bica (2007b) and Bonatto
& Bica (2010a). For clarity, we sketch how it works.

A cluster CMD is divided into a 3D grid of cells with axes
along the J magnitude and the (J — H) and (J — K) colours, with
initial dimensions AJ = 1 and A(J - H) = A(J - K) = 0.2
Then, we compute the probability that a given star is found in a

7 This step is iterative, since we first build the RDP (Sect. 5) to esti-
mate the cluster size and the location of the comparison field. After de-
contamination, we build the colour-magnitude filter, rebuild the RDP,
recompute the cluster size, and repeat the decontamination.

particular cell. For a star with measured magnitude and colour
uncertainties J + o, (J — H) £ o(y—my, and (J — K;) + k),
the probability is proportional to the difference between the er-
ror function computed at the borders of the cell. This step is
taken for all stars and cells, resulting in a number density of
member + field stars for each cell (7). The same steps are ap-
plied to the comparison field CMD, from which we estimate the
field number density (n}?seu) for each cell. Next, we subtract the
corresponding field number density for each cluster cell to obtain

a decontaminated number density (58, = 75’ — n¢ch). Finally,
cell

M is converted back into number of stars and subtracted from
each cell, and the Ngleelzlm stars that remain in the cell are identified.
We also compute the subtraction efficiency (fsup), Which is the
sum over all cells of the difference between the expected number
of field stars (usually fractional) and the number of stars effec-
tively subtracted (integer). In all cases we obtained fy,p > 90%.

The above procedure is repeated for 729 different setups
(taking independent variations of cell size and grid positioning
into account). Each setup produces a total number of member
stars Npem = Yt NS . from which we compute the expected
total number of member stars (Npem) by averaging out Npem
over all setups. Stars (identified above) are ranked according to

the number of times they survive all runs, and only the (Npem)

Page 3 of 18



A&A 521, A74 (2010)

Teul1 (R=2.0)) Teu27 (R=2.0) Teu79 (R=2.0") Teu48 (R=2.0') Teu52 (R=2.5")

Teui26 (R=35) Teu7 (R=2.5) Teul2 (R=3.5) Teu66 (R=1.5) Teulda (R=2.5)
T

L L L L L L
0 040812160 040812160 040.8121.60 040.81.21.60
(J-H)

Fig. 2. Same as Fig. 1 for Teu 11, 27, 79, 48, and 52.

highest ranked stars are considered cluster members and trans-
posed to the respective decontaminated CMD. The decontam-
inated CMDs of the present sample are shown in Figs. 1-7
(bottom panels).

Finally, we classify each case as Quality 1, 2, or 3 accord-
ing to a subjective analysis based on how cluster-like the im-
age (Appendix A), decontaminated CMD (Figs. 1-7), and RDP
(Sect. 5) are.

4. Derivation of fundamental parameters

The decontaminated CMD morphology, coupled to Padova
isochrones (Girardi et al. 2002) computed with the 2MASS fil-
ters®, are used to derive the fundamental parameters (reddening,
age, and distance from the Sun). These isochrones are very simi-
lar to the Johnson-Kron-Cousins ones (e.g. Bessel & Brett 1988),
with differences of at most 0.01 mag in colour (Bonatto et al.
2004). With respect to metallicity, the difference between, e.g.
solar and subsolar metallicity isochrones for a given age is small,
to within the 2MASS photometric uncertainties (Appendix 8).
Thus, we adopt the solar metallicity for simplicity.

A first look at the decontaminated CMDs suggests OCs in a
wide variety of evolutionary stages (bottom panels of Figs. 1-7).
In particular, the presence of somewhat distant and evolved (in
different degrees) OCs is suggested by the giant clumps and red
giant branches that show up in a significant fraction of the sam-
ple clusters (Figs. 1-3, 5, 6). On the other hand, young clusters
are also seen that still contain PMS stars (Figs. 4 and 7).

8 stev.oapd.inaf.it/cgi-bin/cmd
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Fig. 3. Same as Fig. 1 for Teu 126, 7, 12, 66, and 14a.

With respect to the derivation of fundamental parameters,
several sophisticated approaches for analytical CMD fitting are
available (a summary is in Naylor & Jeffries 2006). However,
for simplicity we adopt a more direct approach that com-
pares isochrones and the decontaminated CMD morphology.
Specifically, the solutions are searched by eye, using the com-
bined main sequence (MS) and evolved stellar distributions (or
the PMS for the young clusters) as constraint. Variations due to
photometric uncertainties (which are usually small, because of
the restrictions imposed in Sect. 3) and the presence of binaries
(which tend to produce a redwards bias in the MS) are also taken
into account. Starting with the isochrones set for zero distance
modulus and reddening, we shift them in magnitude and colour
until a satisfactory match’ with the CMD is obtained. The best
fits, according to this approach, are shown in Figs. 1-7 (bottom
panels), and the respective parameters are given in Table 1.

Open clusters younger than ~30Myr are expected to be af-
fected by differential reddening. Indeed, as shown by, e.g. Yadav
& Sagar (2001), the differential reddening tends to increase
towards younger ages, in some cases reaching AE(B—-V) =
1 mag, or AAy ~ 3 mag. Since we cannot derive the extinction
for individual stars with 2MASS photometry, we examine the
effect of differential reddening simply by means of a reddening
vector (Figs. 4 and 7) for AAy ~ 5mag, which surpasses the
upper limit of Yadav & Sagar (2001). Thus, most of the scat-
ter, especially in the PMS, can be accounted for by differential

9 In the sense that any isochrone solution that occurs within the photo-
metric error bars is taken as acceptable.
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Fig.4. Same as Fig. 1 for Teu 13 (left panel). The remaining clusters
(Teu23, 7, 76, 55, and 132) are shown in J X (J — K;) CMDs. Also
shown is the reddening vector for Ay = 0to Ay = 5.

reddening. Consequently, it is impossible to assign a precise
mass value for each PMS star (Sect. 6).

We find that 7 clusters are younger than ~50 Myr, 6 of which
still harbour a varying fraction of PMS stars. Among the re-
maining, 21 have ages within 100-900 Myr, while 4 appear to
be older than 1 Gyr (see below). With respect to the distance
from the Sun, they are distributed as near as dy ~ 1kpc, with a
few more distant than d; = 5 kpc, and reaching distances as far
as do ~ 9kpc. We'll return to this point in Sect. 7.

From a comparison with CMDs of known OCs, Kronberger
et al. (2006) provide estimates for the distance from the Sun and
reddening for Teu43 (dy = 8.1kpc, E(B—-V) = 0.54), Teu48
(ds =7.0kpc, E(B—V) =0.96),and Teu 79 (d, = 6.7 +0.4kpc,
E(B-V) =0.95+0.12). While our values for Teu48 are com-
parable, they are very different for the other clusters. Given the
decontaminated CMDs of Teu43 (Fig. 5), Teu48, and Teu79
(Fig. 2), the age (and consequently, the reddening and distance)
is rather constrained to within the quoted errors in Table 1. A
probable source for such differences is the lack of field star de-
contamination in the analysis of Kronberger et al. (2006).

Finally, it should be noted that in some cases in which the
observed CMDs present similarities, the age estimates contrast,
as for Teu 126 (~400 Myr; Fig. 3) and Teu55 (~5 Myr; Fig. 4).
Although the similarity between the observed CMDs (top pan-
els), the decontaminated ones (bottom) are significantly differ-
ent, with Teu 126 displaying a rather well-populated and long
MS, together with the typical “redwards bending” of clusters a
few 108 yr old. In contrast, Teu 55 presents a nearly vertical and
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Fig. 5. Same as Fig. 1 for Teu 124, 50, 77, 43, and 2. Isochrones younger
than the adopted ones are also shown for an estimate of a lower limit to
the age.

short MS with a distribution of PMS-like stars. In addition, both
objects show different aspects in their optical images (Sect. A),
with evidence of dust in Teu 55, which is consistent with our age
estimates for both objects.

4.1. Interesting cases

The majority of the present Teutsch clusters are quite normal
in terms of age; i.e., they are younger than 1 Gyr. However, we
find 4 cases for which the CMDs indicate ages of a few Gyr.
They are Teu43, 50, 77, and 124 (Fig. 5). Along with their im-
ages (Appendix A), the decontaminated CMDs are typical of old
clusters, especially Teu 124. Indeed, the isochrones that best rep-
resent the CMDs of Teu43, 50, and 77 indicate ages of 2 and
3 Gyr. Clearly, these clusters are older than 1 Gyr, as shown by
the rather inconsistent — when compared to the adopted fits —
and tentative solutions with younger isochrones. The CMD of
Teu 124 indicates a significantly older cluster, for which we es-
timate the age 7;; Gyr. Again, the CMD morphology indicates
that Teu 124 cannot be younger than ~3 Gyr.

The only object for which we could not find a satisfactory
CMD solution is Teu53 (Fig. 7). As suggested by its image
(Appendix A), it probably is a very distant, poorly-populated
cluster, with about 20 faint stars distributed in a region of =1’
in radius. Both the observed and decontaminated CMDs do not
allow any inference on age. The RDP (Fig. 9) shows a density
excess for R < 17, but it does not follow any analytical cluster
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Fig. 6. Same as Fig. 1 for Teu 28, 44, 31, 85, and 106.

profile (Sect. 5). Clearly, Teu 53 requires deeper photometry for
a proper analysis.

Finally, the decontaminated CMDs of Teu52, 54, and 85
appear to display a second, reddened MS or giant clump. To a
lesser degree, the same applies to Teu 126. Since Teu 85 is pro-
jected not far from the Galactic centre (£ ~ 347°, b =~ —0.5°),
this feature may be an artifact of the decontamination algorithm
associated with the high stellar background and spatial variation
of the extinction towards the bulge. The other OCs, on the other
hand, are located in the 2nd quadrant, which minimises the pos-
sibility of a decontamination artifact. Alternatively, that feature
might suggest a more distant cluster (not seen in the respective
images shown in Appendix A) caught in the line of sight. Deeper
photometry would be required to settle this point.

5. Cluster structure

Structural parameters are derived by means of the RDPs. We
start by using the decontaminated CMD morphologies and cor-
responding isochrone solutions (Figs. 1-7) to build a colour—
magnitude filter for each cluster. Noise in the RDPs is minimised
when stars with colours (and magnitude) that are clearly discor-
dant of those assumed to represent the cluster'” are excluded.
Also, the contrast with the background is enhanced (e.g. Bonatto
& Bica 2007b).

When the RDPs are built in rings of increasing width
with distance from the cluster centre, the spatial resolution is

10 They are wide enough to take photometric uncertainties and binaries
into account (or other multiple systems).
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Fig.7. Same as Fig. 1 but with J X (J — K;) CMDs of Teu45, 39, 162,
and 53.

preserved along the full radial range with moderate error bars.
Specifically, we use AR = 0.25, 0.5, 1.0, 2.5, and 5’, re-
spectively for 0’ < R < 0.5,0.5 < R < 2,2 <R <5,
5" < R <20, and R > 20’. Obviously, for any magnitude bin,
field stars with the same colour as the cluster’s are not excluded
by the filtering process. This residual background level is eval-
uated as the average number density of stars in the comparison
field. We take the R coordinate (and uncertainty) of each ring
as the average position (and standard deviation) of the stars in-
side the ring. The resulting RDPs (and residual background) are
shown in Figs. 8, 9. By measuring the distance from the clus-
ter centre where the RDP and residual background are statisti-
cally indistinguishable, we get an estimate of the cluster radius
(Rrpp). Thus, Rrpp can be considered as an observational trunca-
tion radius, whose value depends both on the radial distribution
of member stars and the field density.

The RDPs are fitted with the function o7(R) = opg + 0o/(1 +
(R/R.)?), where o and opg are the central and residual back-
ground stellar densities, and R, is the core radius. Applied to star
counts, this function is similar to the one used by King (1962) to
describe surface-brightness profiles in the central parts of globu-
lar clusters. Degrees of freedom are minimised by allowing only
0o and R. to vary in the fits, while o7, is previously measured
in the surrounding field and kept fixed. The best-fit solutions are
shown in Figs. 8-9, and the structural parameters are given in
Table 2.

Within uncertainties, the adopted King-like function pro-
vides a reasonable description along the full radial range of
the RDPs for most (*80%) of the sample. The exceptions are
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Table 2. Structural parameters derived from the RDPs.

Cluster (o)) Rc RRDP 1’ (o)) Rc RRDP
) Q) Q) (pe) (+pc?) (pe) (pe)
@ (©)) 3 “) (&) (O] ) ®
Quality 1
Teu7 46.5 +£14.9 0.45 +£0.10 4.0+0.5 2.051 11.1 £3.5 0.92 £0.20 82+1.0
Teull 50.5+23.5 0.20 + 0.06 20+04 1.449 241+£11.2 0.29 £ 0.09 29+06
Teu12 73.7 £39.0 0.16 £0.05 33+0.5 2.582 11.0+£5.8 0.41 +0.13 85+0.8
Teul3 453 +304 0.15 +0.06 3.0+£0.5 0.806 69.7 +46.8 0.12 £ 0.04 24+04
Teu 14a 29.1 £ 164 0.29 £0.10 35+0.5 0.498 117 + 66 0.14 £0.05 1.7+0.3
Teu?23 16.8 £7.3 0.53 +0.17 4.0=+0.5 0.848 279+ 18.1 0.41+0.13 31+04
Teu27 63.4 £479 0.20 £0.15 1.8 +0.5 0.719 123 £ 93 0.14 £ 0.09 1.3+04
Teu40 69.1 £29.7 0.19 £0.05 25+05 0.865 92.4 £39.7 0.16 +0.04 22+04
Teu 48 474 £31.1 0.27 £0.12 25+05 2.292 9.0+59 0.62 +£0.27 57+12
Teu 49 224 +£5.8 0.67 +0.12 42+0.5 1.113 18.1 £4.7 0.74 £0.14 4.7+0.6
Teu52 134 £ 45 0.13 £0.02 24+03 0.939 152 £ 51 0.12 £0.02 22+03
Teu 54 11.3+£75 0.61 +0.31 4.0=+0.5 0.838 16.1 £10.6 0.51 +£0.26 34+04
Teu55 26.6 £20.4 0.37 £0.21 4.0+0.5 1.744 8.7+6.7 0.64 +0.37 7.0+ 0.9
Teu 64 67.0 £30.0 0.21 +0.06 23+03 0.865 90.1 £40.2 0.18 £0.05 20+0.3
Teu 66 53.2+16.2 0.21 £0.04 1.8+04 1.598 20.8 £6.3 0.33 £0.06 29+0.6
Teu 76 41.2+£23.1 0.18 £ 0.07 1.5+0.2 1.205 28.4+£159 0.22 £ 0.08 1.8+0.2
Teu 79 89.2 +33.6 0.21 £0.05 22+03 0.364 674 + 253 0.08 +£0.02 0.8 £0.1
Teu 126 23.5+129 0.45+0.15 45+0.5 0.506 91.8 £50.7 0.23 £0.07 23+03
Teu 132 10.6 £4.5 0.67 £0.21 25+05 1.558 44+1.38 1.05 +0.31 39+0.8
Teu 144 160 +7.4 0.54 +0.18 42+03 0.662 36.5+16.9 0.36 +0.12 2.8+0.2
Quality 2
Teu2 343+ 159 0.32+£0.10 28+04 1.046 313+ 145 0.33 £0.10 29+04
Teu 28 204 +£11.8 0.38 £0.16 22+03 0.899 252+ 14.6 0.34 £0.14 20+03
Teu31 278 £37 0.09 £0.01 0.9+0.2 0.943 312 +£42 0.08 £0.01 0.8+0.2
Teu43 79.8 £ 18.4 0.14 £0.02 1.3+0.3 0.610 215 +50 0.09 +£0.02 0.8 +0.2
Teu 44 - - 20+0.5 2.148 - - 43+1.1
Teu45 - - 20+0.5 1.962 - - 39+1.0
Teu 50 59.7+£27.7 0.18 £0.05 22+03 0.940 67.5+31.3 0.17 £0.05 21+03
Teu77 - - 35+0.8 0.422 - - 1.5+04
Teu 85 - - 20+0.5 0.366 - - 0.7+0.2
Teu 106 36.4 +27.8 0.32 £0.18 1.6 +£0.3 1.931 9.7+74 0.59 +£0.31 3.1+0.6
Teu 124 62.6 +25.6 0.19 £0.05 20+0.2 0.244 1050 + 430 0.05 +0.01 0.5+0.1
Quality 3
Teu 39 - - 17.0£5.0 0.234 - - 40+1.2
Teu 53 - - 25+05 - - - -
Teu 162 - - 45+0.5 0.594 - - 26+03

Notes. Column 5: arcmin to parsec scale. For comparison with other clusters, the King-like central stellar density (o), core radius (R.), and cluster

radius (Rrpp) are given both in angular and absolute units.

Teu 39, 44, 45, 53, 77, 85, and 162, which present irregular
RDPs that cannot be fitted by the adopted profile. Also, Teu 54
(age ~ 900 Myr) and Teu 144 (~800 Myr) present a pronounced
density enhancement in the innermost RDP bin. This feature has
been attributed to a post-core collapse structure in some globular
clusters (e.g. Trager et al. 1995). Such a dynamical evolution-
related feature'! has also been detected in the RDP of some
Gyr-o0ld OCs, e.g. NGC 3960 (Bonatto & Bica 2006) and LK 10
(Bonatto & Bica 2009a).

Compared to the distribution of core radii derived for a sam-
ple of relatively nearby OCs by Piskunov et al. (2007, their
Fig. 3), the present clusters occupy the small-R, tail. Finally,
given the 2MASS photometric limit and the range of dis-
tances spanned by the present cluster sample (Table 1), it is
clear that our analysis does not include considerable (and vary-
ing) fractions of the low-mass MS. The effect of depth-limited

1" Alternatively, clusters that form dynamically cool and with signifi-
cant substructure will probably develop an irregular central region, un-
less such a region collapses and smooths out the initial substructure
(Allison et al. 2009).

photometry on the derivation of structural parameters has been
fully discussed by, e.g., Bonatto & Bica (2008a). One conclusion
is that, when the 2MASS photometry reaches a few magnitudes
below the MS, the depth-limited 2MASS photometry may un-
derestimate Rrpp by less than ~10%. The core radius (derived
by means of the King-like fit), on the other hand, may be un-
derestimated by ~30% (OCs younger than ~10Myr) and ~20%
(OC:s older than ~1 Gyr). Thus, our conclusions with respect to
the structural radii are not significantly affected by the 2MASS
depth limit.

6. Cluster mass estimate

As a consequence of combining the somewhat limited 2MASS
photometric depth with the relatively large distance of several
of our OCs (Table 1), the CMDs in Figs. 1-7 do not contain
the whole mass range expected especially for OCs older than
a few 107 Myr. Thus, we estimate the stellar mass by means of
the mass function (MF), built for the observed MS mass range
according to Bonatto & Bica (2006). The MS MF is then fitted
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Table 3. Stellar mass estimate.

Observed in CMD Extrapolated
Cluster A nmys X NMS MMS chnl Mcvnl Mclus P
(Mo) (stars) (Mo) (stars) (Mo) (10> Mo) (Mo pe™)
&) @ 3 @ &) (©) Q) ® ®
Quality 1
Teu7 2.5-35 0.85 £ 0.63 85+9 262 +28 65 £ 15 209 + 48 21+£10 0.90 £ 0.44
Teu 11 1.7-2.7 T 19+4 40+ 8 5+3 13+9 33+13 322+1.26
Teu 12 1.9-3.5 T 28+5 83+ 16 7+3 21+9 49+19 0.19 £ 0.07
Teu 13 1.1-9.3 0.44 +£0.25 23 +4 88 + 17 - - 1.0+0.4 1.71 £ 0.62
Teu 14a 0.8-5.3 0.32 £0.20 70+6 234 + 21 3+2 14 +10 2104 103 +22
Teu 27 1.1-2.5 1.63 £0.72 33+6 57+9 3+1 7+2 24+10 25.5+10.9
Teu 40 1.1-2.3 1.40 £ 0.91 767 126 + 12 176 38+ 14 55+23 124 +5.2
Teu 48 1.7-2.9 T 23+5 58+13 12+8 32+21 38x14 0.50 £0.18
Teu49 0.9-2.3 1.32£0.20 132+9 246 + 18 19+7 42 + 16 64+23 1.46 £0.52
Teu 52 0.9-2.7 0.87+£0.14 36 +5 70 + 10 5+£2 15+6 14+04 3.11+0.83
Teu 54 1.1-2.3 1.04 £0.18 111+£9 180 + 14 7+5 1511 6.3+2.1 3.83+1.26
Teu 64 0.8-2.3 1.35 £0.33 41 +5 66 + 8 2+1 4+£2 1.5+0.6 4.60 £ 1.75
Teu 66 2941 1.25+£0.32 44 +6 146 + 20 3+£2 12+4 19+8 185+7.8
Teu79 1.7-2.9 0.92 £ 0.46 75 +£8 156 + 17 136 32+14 83+3.1 388 + 143
Teu 126 0.6-2.9 1.65+0.11 89+ 11 121+ 14 5+3 15+8 22+09 425+ 1.84
Teu 144 0.9-2.3 0.61 £0.22 184 + 11 278 £ 17 30+7 66 + 16 56+13 6.06 + 1.47
Quality 2
Teu?2 0.9-1.9 1.67 £0.20 62+6 87+9 3+1 7+2 26=+1.1 2.56 +1.05
Teu 28 1.1-2.3 1.66 + 0.50 47+ 6 83+ 11 6+3 13+7 34+14 10.5+4.2
Teu31 1.5-2.7 T 22+3 44 +7 3+2 7+6 27+1.0 126 +48
Teu43 1.3-1.7 T 12+3 18 +4 4+2 7+4 1.6 £0.6 173 £29
Teu 44 1.7-2.5 T 28+15 63 +10 19+7 43 £ 18 57+2.7 1.71 £0.79
Teu 50 0.9-1.5 T 25+5 32+6 5+2 7+3 1.3+£0.5 327 +1.28
Teu 77 0.9-1.5 1.48 £0.93 66 + 12 69 +13 3+1 5+1 39+1.38 28 +13
Teu 85 1.3-2.5 T 48 £5 93+9 23+5 56 +£13 49+ 1.7 342 £ 117
Teu 106 2.1-2.7 T 14+4 33+9 50+ 10 124 +24 62+22 5.05+1.78
Teu 124 0.9-1.1 T 19+3 20+3 14+5 15+5 1.9+0.8 356 + 156

Notes. Column 2: detected MS mass range. Column 3: MS mass function slope y, from ¢(m) oc m~1*9); (+): MF slope taken from Kroupa’s (2001)
IMF. Columns 4-7: MS and evolved stars stellar content. Columns 8-9: cluster mass and density, after MF extrapolation to 0.08 M.

with the function ¢(m) o« m~*Y Results of this approach are
given in Table 3, where we also show the number and mass of
the evolved stars. In most cases the detected MS mass range is
restricted to 1 My, with a few cases reaching ~0.6 M. Thus,
assuming that the low-mass content is still present, we combine
our MF with Kroupa’s (2001) MF'? to estimate the total stel-
lar mass, down to the H-burning mass limit (0.08 My). When
the MS is determined well over a relatively large mass interval,
we use our MF over that mass range and Kroupa’s (2001) MF
for lower masses. However, in some cases — usually the oldest
and/or distant OCs — the MS MF is excessively noisy. In these
cases we straightforwardly adopted Kroupa’s (2001) MF, under
the condition that the MF, integrated over the detected MS mass
range, gives the observed number of stars. The (extrapolated)
cluster mass is given in Col. 8 of Table 3. Finally, having esti-
mated the cluster radius and mass, we also computed the average
cluster mass density p(Mg pc‘3) = %Mclus RE%P (Col. 9).

For the OCs with conspicuous PMS, we simply count the
number of MS stars and, for each star, we take the correspond-
ing mass value from the adopted isochrone. Differential red-
dening makes it impossible to attribute a precise mass value to
each PMS star. Thus, we again count the number of PMS stars
and adopt an average mass value for the PMS stars to esti-
mate npys and mpys. Assuming that the mass distribution of the
PMS stars also follows Kroupa’s (2001) MF, the average PMS

12y =03 £0.5 for 0.08 < m(Ms) < 0.5, y = 1.3 £0.3 for 0.5 <
m(My) < 1.0, and y = 1.3 £ 0.7 for m(My) > 1.0.
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mass — for masses within the range 0.08 < m(My) S 7 —is
(mpyps) = 0.6M. Thus, we simply multiply the number of PMS
stars (Table 4) by this value to estimate the PMS mass. Finally,
we add the latter value to the MS mass to obtain an estimate of
the total stellar mass. Obviously, similar to the MS stars, 2MASS
cannot detect the very low-mass PMS stars. Consequently, these
values should be taken as lower limits.

7. Discussion

The fundamental and structural parameters derived in the previ-
ous sections can be used to compare the present Teutsch sample
among the wide variety of OCs found in the literature. In par-
ticular, we wish to examine the representativeness of the present
sample with respect to the Galactic OCs.

7.1. General properties

We start by considering the distance from the Sun, reddening,
age, and cluster mass distribution functions (Fig. 10). For the
first three parameters we take values from Dias et al. (2002) and
WEBDA, corresponding to about 1100 OCs. However, since nei-
ther database deals with cluster mass, we use the uniform, semi-
empirical mass determination for 650 OCs of Piskunov et al.
(2008). Qualitatively, the Teutsch sample presents similar distri-
butions to the Galactic OCs, especially with respect to the age.
The same applies to cluster mass (especially for masses higher
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Table 4. Stellar mass estimate for the clusters with PMS.

MS PMS MS + PMS
Cluster A myis N M N M M s )
(Mo) (stars) (Mo) (stars) (Mo) (Mo) (Mg pc™)
(H 2 3) 4 ©) (6) Q) ®
Quality 1
Teu23 1.9-19.0 19+5 121 £ 27 107 £ 12 64 +7 185 + 28 1.48 +0.22
Teu 55 2.1-17.0 17+4 92 £29 80 £ 12 48 +7 140 + 30 0.10 £ 0.02
Teu76 1.8-9.3 9+2 38 +10 27+5 16 +3 54+ 10 221 +041
Teu 132 2.1-6.8 8+2 35+ 10 39+7 23 +4 58+ 11 0.23 +0.04
Quality 2
Teu45 2.3-11.0 11+3 70 + 18 24+6 14+4 84 + 18 0.34 +0.07
Quality 3
Teu 39 2.7-9.8 102 57 £ 16 156 + 18 94 +11 151 £19 0.56 + 0.07
Teu 162 1.7-7.8 11+£3 47 + 13 45+7 27 +4 77+ 14 1.05 +0.19

Notes. Column 2: MS mass range. Column 6: stellar content of the MS and PMS stars. Columns 8, 9: (MS+PMS) mass and density.
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Fig. 8. Stellar RDPs (empty circles), the best-fit King-like profile (solid
line), the 1o uncertainty (light-shaded region), and the residual back-
ground level (shaded polygon).

than ~100 M), although Piskunov et al. (2008) includes OC
masses as high as ~10° M.

7.2. Location in the Galaxy

The present Teutsch clusters are shown projected onto the
Galactic plane in Fig. 11, which depicts Milky Way’s spiral
arms according to Momany et al. (2006) and Drimmel & Spergel
(2001). This structure was derived from HII regions and molecu-
lar clouds (e.g. Russeil 2003); the Galactic bar is shown with an
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Fig. 9. Same as Fig. 8 for the remaining clusters. It was not possible to
fit the King-like profile for some cases.

orientation of 14° and 6 kpc of total length (Freudenreich 1998;
Vallée 2005). We also show, for comparison, the WEBDA OCs
with known age and distance from the Sun separated in two age
groups of clusters younger or older than 1 Gyr.

Figure 11 shows that all directions present a decreasing num-
ber of detected OCs for distances farther than ~2 kpc from the
Sun. This can be explained by completeness (due to crowd-
ing and high background levels) and enhanced disruption rates,
which begin to critically affect OCs in regions more distant
than ~2kpc from the Sun, especially towards the bulge (e.g.
Bonatto et al. 2006). The inner Galaxy presents high dissolution
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rates, related to dynamical interactions with the disk, the tidal
pull of the bulge, and collisions with giant molecular clouds
(e.g. Friel 1995; Bergond et al. 2001; Bonatto & Bica 2007a).
Consequently, old OCs are mainly found outside the solar circle,
a region with relatively low tidal stress. In contrast, the presence
of bright stars allows young OCs to be detected farther than the
old ones, even towards the central Galaxy.

The spatial distribution of the present Teutsch sample
roughly matches that of the WEBDA OCs, with the distant ones
restricted essentially to the 2nd and 3rd quadrants. Most of them
are located between (or close to) the Perseus and Sagittarius-
Carina arms, with seven others that are beyond the Perseus arm.

7.3. Relations with cluster size

Despite some scatter, a first-order dependence of cluster size on
Galactocentric distance shows up in Fig. 12 (panel a), similar to
what has already been observed by, e.g. Lyngé (1982), Tadross
et al. (2002), and van den Bergh et al. (1991). Although with
more scatter, a similar relation occurs for cluster size and height
over the Galactic plane |Zgc| (panel b). Both relations are consis-
tent with a lower frequency of encounters with giant molecular
clouds and the disk for OCs at large Galactocentric distances
and high |Zgc|, with respect to those orbiting in the inner Galaxy
and/or closer to the plane. However, part of the Rrpp X |Zgc| re-
lation may arise from differential completeness. Given that the
average background+foreground contamination decreases with
increasing |Zgc|, the external parts of an OC (where the surface
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brightness is intrinsically low) can be detected at larger distances
(from the cluster centre) for high-|Zgc| objects than for those
near the plane (Bonatto et al. 2006). Thus, on average, high-|Zg(|
clusters tend to seem bigger than those near the plane.

Panel (c) suggests that the present Teutsch OCs follow the
relatively tight correlation between core and cluster radius that
has been derived for a sample of bright and nearby OCs (e.g.
Bonatto & Bica 2009c, and references therein). Such a relation
is described by Rrpp = (8.9 = 0.3) x RE20D which suggests
that both radii undergo a similar scaling, in the sense that, on
average, large clusters tend to have large cores.

The relation between cluster radius and age, which is inti-
mately related to cluster survival/dissociation rates, is examined
in panel (d). While some of the clusters appear to expand as
they age, others seem to shrink, with a bifurcation occurring at
~1 Gyr. The same applies to the core radius, given the correlation
between Rrpp and R, (c). A similar relation of core radius with
age has been observed by Mackey & Gilmore (2003) in LMC
and SMC star clusters. Mackey & Gilmore (2008) attributed the
slow Ry contraction to dynamical relaxation and/or core col-
lapse. The expansion may come from stellar evolution-related
mass loss in a mass-segregated or centrally concentrated cluster,
and from heating due to a significant population of black holes
that are scattered into the cluster halo or ejected from the cluster
(e.g. Mackey et al. 2007; Merritt et al. 2004).

As discussed in Bonatto & Bica (2009b), when the projected
mass density of a star cluster follows a King-like profile (e.g.
Bonatto & Bica 2008a), the cluster mass (M) can be ex-
pressed as a function of the core radius and the central surface
mass density (o-mo) according to M = 13.80mo Ré. The distri-
bution of the present Teutsch OCs in the plane R.XM_y,s is shown
in panel (e), where we also include the sample of bright and
nearby OCs (Bonatto & Bica 2009c, and references therein) for
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Table 5. Integrated magnitude and colours.

Apparent Absolute/reddening-corrected
Cluster ny J-H) J - Ky) M, My (J=H)o (J - Ko (V-="Do
@ @ 3 “ (&) (©) O] ® ®
Quality 1
Teu7 8.83+0.04 090+0.08 1.50=+0.07 -6.76 £+ 042 -5.08+0.53 0.42+0.08 0.73+0.07 1.68 +0.68
Teu 11 10.58 £0.02 0.52+0.03 0.70 +0.03 -351+031 -196+041 0.30+0.03 036+0.03 1.55+0.51
Teu 12 887+0.03 093+0.04 125+0.04 -643+031 -476+045 0.73£0.04 094+0.04 1.67+0.55
Teu 13 9.18+£0.02 0.10+0.03 0.13+0.02 -3.61£031 -2.06+041 -0.11+0.03 -0.20+0.02 1.55+0.51
Teulda 6.83+0.01 0.89+0.04 1.33+0.02 -5.67+0.52 -4.03+0.59 0.41=+0.04 0.57+0.02 1.64+0.79
Teu 23 7.63£0.02 0.30+0.03 0.42+0.02 -5.17+031 -3.55+043 0.13+0.03 0.16£0.02 1.62+0.53
Teu27 10.50+0.03 0.18+0.06 0.02+0.08 -229+041 -0.79+048 -0.11+0.06 -045+0.08 1.50+0.64
Teu40 856 +0.01 044+0.02 0.63+0.02 -4.63+031 -3.03+£043 0.15+0.02 0.16 £0.02  1.60 +£0.53
Teu 48 7.87+0.05 1.05+0.09 1.46+0.09 -7.53+031 -5.82+046 0.72+0.09 094+0.09 1.71+£0.55
Teu49 9.00+£0.01 0.90+0.01 1.35+0.01 -529+031 -3.67+043 0.40+0.01 0.56+0.01 1.62+0.53
Teu52  10.00 £0.02 0.64 +0.03 0.84 +0.03 -3.60+031 -2.05+042 0.26+0.03 024 +0.03 1.55+0.52
Teu 54 838+0.03 0.57+0.05 0.73+0.04 —-442+031 -2.83+042 0.39+0.05 0.45+0.04 1.59+0.52
Teu 55 1051 +£0.04 092 +0.05 1.06+0.05 -4.08 £0.52 -2.51+0.58 0.66 +0.05 0.66 +£0.05 1.57+0.78
Teu64 1049 +0.03 0.25+0.06 0.12+0.07 271031 -1.19+041 -0.05+0.06 -0.35+0.07 1.52+0.52
Teu 66 9.08+0.03 1.08+0.06 1.56=+0.04 -5.61+052 -398+0.59 0.73 +£0.06 0.99+0.04 1.63+0.79
Teu76  12.11+£0.06 1.13+0.08 1.57 +£0.07 -1.99+£052 -0.50+0.57 0.77 +£0.08 1.00£0.07 1.49+0.77
Teu 79 9.45+0.02 0.83+0.03 1.08+0.03 -323+052 -1.69+058 0.04+0.03 -0.18+0.03 1.54+0.78
Teul26 6.73+0.04 0.60+0.04 0.79 +£0.04 —-4.66 031 -3.06+043 0.53+0.04 0.68+0.04 1.60+0.53
Teu132 10.80 £0.03 0.08+0.04 0.33 +£0.04 -349+£052 -194+058 -0.15+0.04 -0.03+0.04 1.55+0.78
Teul44 7.70+0.02 0.17+0.04 0.07 +0.04 -4.69+031 -3.09+043 -0.05+0.04 -0.27+0.04 1.60+0.53
Quality 2
Teu 2 9.54+0.02 0.66+0.04 0.79+0.03 -3.66+£0.52 -2.10+0.58 0.51+0.04 0.55+0.03 1.56+0.77
Teu 28 820+0.01 120+0.02 1.65+0.02 -549+031 -3.86+043 0.75+0.02 095+0.02 1.63+0.53
Teu 31 10.58 £0.02 0.49+0.04 0.68+0.04 -291+£052 -139+0.58 0.15+0.04 0.14+£0.04 1.53+0.78
Teu 43 1141 £0.04 0.65+0.07 0.72+0.07 -1.38+0.52  0.09 +£0.57 0.23 £0.07 0.04+0.07 1.47+0.77
Teud4  10.15+0.03 0.56+0.05 0.69 +0.04 -4.75+052 -3.15+0.58 0.36 +0.05 037+0.04 1.60+0.78
Teu 45 11.88 +£0.03 0.53+£0.04 0.69 +0.05 -292+052 -139+0.57 0.29+0.04 032+0.05 1.53+0.77
Teu50  11.78 £0.05 0.50+0.08 0.90 + 0.07 -1.51+£052 -0.04+0.57 0.24 +0.08 048 £0.07 147+0.77
Teu 77 7.25+0.03 0.84+0.05 1.16+0.04 -3.94+052 -237+058 0.70 £0.05 093+0.04 1.57+0.78
Teu 85 593+£0.01 1.15+0.02 1.64+0.01 -5.86+0.52 -421+0.59 0.69 +0.02 091+£0.01 1.64+0.79
Teul06 9.09+0.01 0.75+0.02 1.06+0.01 -590+0.52 -425+0.59 0.44 +£0.02 0.56+0.01 1.65+0.79
Teul24 841+0.01 1.16+0.02 1.65+0.02 -2.77+052 -125+0.57 0.60 +0.02 076 £0.02  1.52+0.77
Quality 3
Teu 39 574+0.02 0.44+0.03 0.59=+0.02 -3.87+0.51 -230+0.57 0.41+0.03 0.55+0.02 1.56+0.76
Teu 53 - - - - - - - -
Teu162 10.03+0.04 0.53+0.06 0.82+0.06 -1.96+0.52 -0.47+0.57 0.38 +0.06 0.57+0.06 1.49+0.77

Notes. Magnitude and colours have been computed with the decontaminated photometry for the region R < Rgpp (Table 2). Reddening and
distance from the Sun (for the absolute magnitude and reddening-corrected colours) are derived in Sect. 4. Columns 6 and 9: estimated My and

(V= J)o (Sect. 7.4).

comparison. Similar to the reference sample, most of the Teutsch
clusters are constrained within 30 S oy (Mg pc‘z) < 1000. The
exceptions are Teu31, 79, and 124, which present the smallest
core radii (Table 2) of the sample and indeed have RDPs (Figs. 8,
9) that suggest a high central concentration of stars (and mass).

Finally, we investigated the distribution of the Teutsch clus-
ters on the plane cluster radius and average mass density, Rrpp
vs. p (panel f). The density decreases smoothly with cluster ra-
dius — over the full radius (0.4 < Rgrpp(pc) < 9) and den-
sity (0.1 S p(Mope™) S 600) scales — as p o Rpon*"?, as
for the sample of starburst clusters studied by Pfalzner (2009).
Both radius and density scales overlap those of the starburst
and leaky clusters of Pfalzner (2009), which has clusters more
massive than 10° My and density within the very wide range
1072 < p(Mypc>) < 10%. The boundary between starburst and
leaky clusters occurs at Rgpp ~ 4pc and p ~ 100 Mg pc~3.

The p ~ RE%P dependence (in clusters younger than ~20 Myr

and more massive than ~103 M, — Pfalzner 2009) is taken as

consequence of simple diffusion, in the sense that the clusters
expand without further mass loss (which would lead to a steeper
dependence, such as p ~ Rﬁ‘l‘)p).

7.4. Integrated colours and magnitudes

The decontaminated photometry (Sect. 3) and structural param-
eters (Sect. 5) are used to compute the integrated (apparent and
absolute) magnitudes and reddening-corrected colours for the
2MASS bands. Since the decontamination efficiency is lower
than 100% (Sect. 3), we start by applying the colour-magnitude
filter to the decontaminated photometry. Then we sum the flux
(for a given band) of all stars within R < Rgpp (Table 2) to
compute the cluster+residual field stars flux (FS*& = 3 10704/).
The same is done for all the comparison field stars, to estimate

the residual contamination flux (Fg). Thus, the integrated mag-
nitude is given by m; = —2.5log (Fjprfs -Qx Fg’) where Q
is the ratio between the projected areas of the cluster and the
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Fig. 12. Top: relation of the cluster radius with Galactocentric distance
(left) and distance from the plane (right). Middle left: cluster and core
radii are related as Rrpp ~ Rcore- Right: dependence of Rrpp on cluster
age. Bottom left: relation between cluster mass and core radius. Grey
circles show the reference OCs. Right: the average mass density falls
with cluster radius as p ~ Rg3.. Filled symbols indicate the clusters
with conspicuous PMS. Arrows indicate the lower limit for the cluster
mass and density. Shaded region in (c): 1o fit uncertainty.

comparison field. This procedure is applied to the J, H, and K;
bands, and should minimise decontamination efficiency effects.

Since most of the evolved clusters contain giant and MSTO
stars (Figs. 1-6), which by far dominate the luminosity, the in-
tegrated magnitudes should not be significantly affected by not
detecting the low-MS stars associated with the depth-limited
2MASS photometry. Reddening and distance from the Sun (for
the absolute magnitude and reddening-corrected colours) are
those computed in Sect. 4, and the results are given in Table 5.
Figure 13 (panel a) shows that the (J — K)o and (J — H)o
colours are tightly correlated according to (J — K)o = (-=0.05 +
0.02) + (1.39 + 0.05) x (J — H)p, so we can restrict the re-
maining analysis to (J — H)o. The reddening-corrected (J — H)o
colours are roughly distributed (b) around the average value
(J = H)o = 0.3, with a £0.5 mag spread. The absolute J mag-
nitude distributes nearly as a Gaussian around the average value
(M;) ~ —4, with a +£1.7 mag standard deviation.

Finally, we use the relation between My and M;, My =
(1.41 £ 0.27) + (0.96 + 0.03) x M/, derived for Galactic glob-
ular clusters by Bonatto & Bica (2010b) to estimate the abso-
lute V magnitude of the Teutsch OCs. This relation was derived
for the relatively wide magnitude range —12 < M; < —-6.5.
Extrapolating it to the M, values derived for our Teutsch clus-
ters, we find My values in the range —6 < My < 0 (panel d of
Fig. 13 and Table 5). We now compare the Teutsch My values
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Fig. 13. The integrated and reddening-corrected colours correlate (panel
a)) as (J — K)o = (-0.05 £ 0.02) + (1.39 + 0.05) X (J — H)o. Panels b)
and c¢): histograms with the number of OCs within bins of (J — H)o and
M, . Panel d): the extrapolated M\ values of the Teutsch sample (shaded
histogram) is compared to the Galactic OCs (empty histogram) of Lata
et al. (2002) and Battinelli et al. (1994).

with those measured for 140 Galactic OCs (MWOCs) by Lata
et al. (2002) together with 106 OCs of Battinelli et al. (1994)13.
Most (=72%) of the MWOCs have My within —=5.5 < My <
—2.5, but the remaining ones can be as luminous as My =~ —10.
Clearly, our Teutsch clusters, in general, appear to be intrinsi-
cally faint in the optical, with an My distribution somewhat bi-
ased to the low-luminosity tail of the MWOCsS distribution.

8. Summary and conclusions

In the present paper we have investigated the nature of 34 un-
studied Teutsch clusters, and derived their astrophysical pa-
rameters. Distributed over all Galactic quadrants, we analysed
them with field-star decontaminated 2MASS photometry that,
by enhancing CMD evolutionary sequences and producing stel-
lar RDPs that strongly contrast with the background, yields con-
strained astrophysical parameters. We could derive fundamental
parameters for 33 objects, with the exception of (the apparently
too distant) Teu 53.

Since the Teutsch clusters have been discovered in the near-
infrared, we derived relatively high reddening values for some
clusters, 0.1 S E(B - V) < 3.0 (or equivalently, 0.3 < Ay < 9).
Also, about half of the sample is located more distant than
do = 3 kpc from the Sun. The absolute J magnitudes distribute

13 Both samples have similar My distributions. For the OCs in common
we used the more recent values of Lata et al. (2002).
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around (M;) ~ —4 + 1.7, while the My distribution is shifted
about 2 mag towards fainter values. This suggests that our sam-
ple is essentially composed of low-luminosity clusters in the op-
tical. In general, the stellar RDPs are highly contrasted with re-
spect to the background and follow the King-like profile for most
of the radial range. Cluster size correlates with Galactocentric
distance and, to a lesser degree, with distance to the plane.
Both relations are consistent with a low frequency of tidal stress
(as well as low degree of field contamination), associated with
large Galactocentric distances and high-|Zgc| regions. We also
found that the average mass density scales with cluster radius
as p ~ R73. In clusters younger than ~20 Myr and more massive
than ~103 Mo, this relation is typical of expansion by simple dif-
fusion (Pfalzner 2009).

With respect to the age, 8 clusters are younger than
~30Myr (7 still hosting PMS stars), and 21 have ages within
100 Myr—900 Myr. Of particular interest is the possibility of
Teu 43, 50, and 77 having ages around 2-3 Gyr, while Teu 124
may be a significantly older cluster, probably reaching ~7 Gyr.

Given the several dissolution mechanisms originating in its
substructures, our Galaxy is a harsh environment for star clus-
ters, especially the low-mass ones, to the point that most do not
survive beyond a few 10> Myr. In this context, besides deriving
astrophysical parameters for a significant sample of unstudied
clusters, the main relevance of the present work lies in identi-
fying open clusters older than several 10> Myr. In turn, an im-
proved statistics on the population of clusters undergoing such
evolved phases can be used to constrain the dissolution-time
scale in the Galaxy.
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Appendix B: Metallicity estimate with Padova
isochrones

Our CMD analysis — and subsequent derivation of fundamental
parameters — is based on the updated set of Padova isochrones,
whose distinctive features are centred mostly on the greatly-
improved treatment of the thermally-pulsating asymptotic gi-
ant branch (TP-AGB) phase. The updated isochrones preserve
several peculiarities associated with the TP-AGB tracks, i.e. the
cool tails of C-type stars (by using proper molecular opacities
as convective dredge-up occurs along the TP-AGB), the bell-
shaped sequences in CMDs for stars with hot-bottom burning,
the pulsation mode changes between fundamental and first over-
tone, the sudden changes in mean mass-loss rates as the surface
chemistry changes from M- to C-type, etc. (Marigo et al. 2008).
Isochrones are available for any age within 0-17 Gyr, metallic-
ities within 0.0001 < Z < 0.03 (-2.28 < [Fe/H] < +0.2), and
masses in the range 0.15 < m(My) < 100. We now discuss the
possibility of using Padova isochrones and 2MASS photometry
to estimate metallicity.

As discussed by, e.g. Friel (2002, 1995), the location of a
given OC in the Galaxy seems to be more important for deter-
mining its overall metallicity than the age. Indeed, both works
show a nice trend towards decreasing OC metallicity with in-
creasing Galactocentric distance. On the other hand, they also
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Fig.B.1. Comparison among Padova isochrones of different ages
(10 Myr, 100 Myr, 500 Myr, and 1Gyr) and metallicities ([Fe/H] =
—-0.5, 0.0, and + 0.2).

point to a lack of correlation with cluster age. These works show
that the observed OC metallicities, in general, range from so-
lar ([Fe/H] = 0, or Z = 0.019) to sub solar ([Fe/H] = -0.5,
Z = 0.006 ~ 0.3 Zy) values. A similar metallicity range is
obtained when we consider the observed metallicity gradient
(Fig. 2 in Friel 2002) coupled to the derived Galactocentric dis-
tances of the present cluster sample (Sect. 4).

Considering the above, we compare in Fig. B.1 isochrones
of ages that characterise the values found for the present OCs
(Sect. 4) and different metallicities. As the lower limit to the
metallicity, we use [Fe/H] = —0.5 (Friel 2002), while for the
upper limit we take the highest available Padova metallicity,
[Fe/H] = +0.2.

The metal-rich isochrones are essentially indistinguish-
able in the near infrared, while differences with respect to
lower metallicities are restricted to stars brighter than the
MSTO and ages younger than ~500 Myr. Basically, metal-poor
isochrones present somewhat brighter (AJ ~ 0.5 mag) and bluer
(A(J — H) =~ 0.15mag) giant clumps and red-giant branches.
Thus, it is difficult to assign a precise metallicity for poorly-
populated clusters (especially with respect to evolved stars),
such as those dealt with in this paper (Figs. 1-7).
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Appendix A: LEDAS images

The images have been taken from LEDAS", with a field of view
adequate to the angular dimension of each cluster. The same ap-
plies to the image band. Information on field of view and image
band can be read directly on each image.

14 Leicester Database and Archive Service (LEDAS) DSS/DSS-II ser-
vice on ALBION; ledas-www.star.le.ac.uk/DSSimage.
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Fig. A.1. LEDAS images of the target clusters. From top to bottom and left to right: Teu 54, 40, and 64; Teu 144, 11, 27, and 79; Teu48, 52,
126, and 7; Teu 12, 66, 14a, and 13.
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e (Blue

Fig. A.3. Same as Fig. A.1 for Teu 162 and 53.
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