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ABSTRACT
It is currently widely accepted that open star clusters and stellar associations result from the
evolution of embedded star clusters. Parameters such star formation efficiency, time-scale of
gas removal and velocity dispersion can be determinants of their future as bound or unbound
systems. Finding objects at an intermediate evolution state can provide constraints to model
the embedded cluster evolution. In the H II region IC 1396, Trumpler 37 is an extended young
cluster that presents characteristics of an association. We employed the Two Micron All Sky
Survey (2MASS) photometry for analysing its structure and stellar content, and determining
its astrophysical parameters. We also analysed 11 bright-rimmed clouds in IC 1396 in order
to search for young infrared star clusters, and the background open star cluster Teutsch 74, to
verify whether it has any contribution to the observed stellar density profile of Trumpler 37.
The derived parameters and comparison with template objects from other studies lead us to
conclude that Trumpler 37, rather than as a star cluster, will probably emerge from its molecular
cloud as an OB association.

Key words: open clusters and associations: individual: Trumpler 37 – open clusters and
associations: individual: Teutsch 74.

1 IN T RO D U C T I O N

Studies comparing embedded and open star cluster frequencies have
found that the former type is more common (e.g. Lada & Lada 2003;
Bonatto & Bica 2011). The drop observed in the latter frequency has
been interpreted as a result of infant mortality. The paradigm is that
most young clusters dissolve in the field because they cannot return
to dynamical equilibrium after the residual gas expulsion (Tutukov
1978; Fellhauer & Kroupa 2005; Bastian & Goodwin 2006).

A star formation efficiency (SFE, the fraction of molecular cloud
gas converted into stars) higher than 50 per cent is pointed out as
the main factor to determine whether a star cluster will survive an
abrupt gas removal (Hills 1980). However, the observed SFE has
always been less than 50 per cent (Lada & Lada 2003 and refer-
ences therein). Furthermore, Kroupa (2005) showed that a single
O-type star may inject, by means of winds and electromagnetic
radiation, an energy higher than the cluster binding energy. This
occurs on a time-scale shorter than the cluster crossing time (τ cr,
the time-scale over which the system as a whole will respond to
changes in the overall potential). Therefore, other parameters such
as the time-scale of gas removal, tidal radius and initial cluster
distribution function must play some role in this picture (Boily &

�E-mail: tiago.saurin@ufrgs.br (TAS); bica@if.ufrgs.br (EB); charles@
if.ufrgs.br (CB)

Kroupa 2003). A low stellar velocity dispersion immediately be-
fore the onset of gas removal can be more important than the SFE
for the cluster survival (Goodwin 2009). In addition, even a cluster
with low SFE (∼20 per cent) might survive gas removal if it has
a complex structure of subclusters. Simulations by Kruijssen et al.
(2011) have pointed out that subclusters in an embedded cluster are
close to virial equilibrium, and that they are weakly affected by gas
removal. In this case, young clusters survive to infant mortality as
bound systems. The merging of subclusters may form a more mas-
sive object with a much higher escape velocity (Fellhauer & Kroupa
2005). Therefore, the low efficiency formation of clusters would be
the result of another disruptive process, the tidal shocks from the
dense star-forming regions. Only clusters that migrate out of their
natal environment in a short enough time-scale should survive.

The disruptive processes (residual gas expulsion and tidal shocks
by the surrounding clouds) cause an abrupt change in the grav-
itational potential that may lead an embedded star cluster to en-
dure heavy stellar loss and expand to become a stellar associa-
tion. However, the stars in these unbound systems are expected
to keep a common proper motion by tens of millions of years
(Bastian & Goodwin 2006). Hence, a distinction between star clus-
ters (bound systems) and stellar associations may be difficult to
establish for distant objects because of limitations in observing
the proper motions of individual stars. Therefore, Gieles & Porte-
gies Zwart (2011) proposed to use the ratio between stellar age
and crossing time as a criterion to distinction. Thus, unbound
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The embedded cluster Trumpler 37 in IC 1396 3207

Figure 1. Combined B and R bands from DSS images with dimensions 4.3◦ × 3.6◦ of Trumpler 37 embedded in IC 1396. Circles of radii Rc (Table 2), Rfit,
Rtid and RRDP (Table 3) used to analyse Trumpler 37 are indicated. The background open cluster Teutsch 74 (Section 3.3) is encircled in the upper right.

systems would have age/τ cr < 1 and bound systems would have
age/τ cr > 1.

Examples of possible intermediate objects between embedded
star clusters and stellar associations have been searched in order to
determine constraints to the evolution of the embedded star clusters
(e.g. Bonatto & Bica 2010, 2011; Saurin, Bica & Bonatto 2010).
Evidence of dissolving clusters with escaping stars can be provided
by an analysis of extensions in radial profiles for large radii, re-
flecting changes in the gravitational potential (Bastian & Goodwin
2006).

In this paper we analyse Trumpler 37 (Collinder 439) using the
Two Micron All Sky Survey (2MASS1; Skrutskie et al. 2006) J, H
and KS photometry and determine some astrophysical parameters
that characterize this object that might be evolving into an OB
association.

Trumpler 37 is embedded in the H II region IC 1396 – catalogued
by Sharpless (1959) as Sh2-131 – a cloud located close to the

1 http://www.ipac.caltech.edu/2mass

Cep OB2 association. Fig. 1 shows a Digitized Sky Survey (DSS2)
image of the complex. The brightest star in the complex is HR 8281
(HD 206267), a spectroscopic binary of O6.5V((f))+O9:V types
that belongs to the multiple system ADS 15184 (Tokovinin 1997).
This complex also includes many dark nebulae and substructures, re-
markably the Elephant Trunk Nebula (IC 1396A) with many young
stellar objects (e.g. Reach et al. 2004; Mercer et al. 2009). Weikard
et al. (1996) studying the bright-rimmed clouds (BRCs) in IC 1396
estimated gas and dust mass of Mcld = 12 × 103 M� for the whole
complex. There is some spread in the distance estimates for Trum-
pler 37/IC 1396, e.g. 705 pc (Becker & Fenkart 1971), 860 pc (Blitz,
Fich & Stark 1982), 798 pc (Battinelli & Capuzzo-Dolcetta 1991)
and 835 pc (Kharchenko et al. 2005). These values imply a mean of
d� = 800 ± 60 pc, which we adopt hereafter.

This paper is organized as follows. In Section 2, we build colour–
magnitude diagrams (CMDs) and a colour–colour diagram to esti-
mate some astrophysical parameters of Trumpler 37. In Section 3,

2 http://cadcwww.dao.nrc.ca/dss/
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Table 1. Trumpler 37: fundamental parameters. Column 1: Galactic longitudea; column 2: Galactic latitudea; column 3: right ascension (J2000)a; column 4:
declination (J2000)a; column 5: distance modulus; column 6: colour excess E(J − H); column 7: colour excess E(J − KS); column 8: colour excess E(B −
V); column 9: V-band absorption; column 10: adopted age; column 11: distance from the Sun; column 12: Galactocentric distance considering R� = 8.4 kpc
(Reid et al. 2009). aCoordinates from the SIMBAD data base.

l b α δ (m − M)J E(J − H) E(J − KS) E(B − V) AV Age d� dGC

(Myr) (kpc) (kpc)
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12)

99.◦29 3.◦74 21h38m57.s6 57◦29′20.′′5 10.02 ± 0.09 0.18 ± 0.05 0.28 ± 0.08 0.58 ± 0.15 1.80 ± 0.48 5 0.80 ± 0.06 8.57 ± 0.01

we analyse the radial density profiles (RDPs) and derive structural
parameters. In Section 4, we discuss the results and use diagnos-
tic diagrams to compare the Trumpler 37 parameters with those of
a template. In Section 5, we provide concluding remarks of this
work.

2 2 MASS PHOTOMETRY O F TRU MPLER 37

Photometry of Trumpler 37 in the 2MASS J, H and KS bands was
extracted from the catalogue II/246 (Cutri et al., 2003) available
in the VizieR3 data base (Ochsenbein, Bauer & Marcout 2000) in
a circular area of radius 350-arcmin centred on HR 8281 (Table 1,
coordinates from the SIMBAD4 astronomical data base; Oberto
et al. 2006) for a total of 1361 458 stars. As quality constraint, we
only considered stars with photometric errors ≤ 0.1 mag in each
band.

The membership of stars of the cluster was determined by com-
parison of the photometric properties of the stars in the offset field
and in the cluster (e.g. Bonatto & Bica 2009). Fig. 2 displays J ×
(J − H) and J × (J −KS) CMDs for the Trumpler 37 stellar content
and field stars for an offset equal area. This is simply for compar-
ison purposes, since the decontamination for field stars was based
on a large field within the range of r = 150–350 arcmin, together
with an outlying circular area at a distance of 13.◦82 and a radius
of 100 arcmin centred on α = 21h51m00s and δ = +44◦00′ ′00′ to
improve statistics.

The decontamination algorithm works as follows.

(i) A spatial extraction of 24.5-arcmin radius, large enough to be
statistically representative of colours and magnitude of Trumpler 37,
was chosen by eye. Three-dimensional CMDs J × (J −H ) × (J −
KS) were built for this region and the field. The step along each
dimension was �J = 1.0 and �(J − H) = �(J − KS) = 0.2. For
each cluster CMD cell, we modelled the contamination based on
the comparison field. Photometric uncertainties were taken into
account, in the sense that what we computed was the probability
of a given star to be found in a cell (this minimizes the difference
of the error function between the borders of the cells). Given the
probabilities of all stars, we obtained the density of stars in each
cell. We carried out this procedure for the object and comparison
field cells.

(ii) Subsequently, the comparison field density was converted
back into an integer number of stars, which was subtracted from the
cluster extraction, on a cell-by-cell basis, resulting in the number of
member stars in a given cell, N cell

clean. Variations in the cell positioning
corresponding to one-third of the adopted cell size in each dimension
were allowed, such that we ran 243 different set-ups. Each set-up
produced a total number of member stars, Nmem = ∑

cell N
cell
clean,

3 http://vizier.u-strasbg.fr/viz-bin/VizieR
4 http://simbad.u-strasbg.fr/simbad/

from which we computed the expected total number of member
stars 〈Nmem〉 by averaging out Nmem over all combinations.

(iii) The stars were ranked according to the number of times they
survived the 243 runs, and only the 〈Nmem〉 highest-ranked stars
were considered cluster members and transposed to the respective
decontaminated CMD (bottom panels of Fig. 2). Only 2267 from
the 7972 stars that were within the circle of radius 24.5 arcmin have
survived the decontamination procedure. The difference between
the expected number of field stars (sometimes fractional) and the
number of stars effectively subtracted (integer) from each cell is the
subtraction efficiency, which summed over all cells resulted 94.6 ±
0.5 per cent.

The resulting decontaminated J × (J − H) and J × (J − KS)
CMDs of Trumpler 37 are shown in Fig. 2. They reveal a prominent
gap between main sequence (MS) and pre-main sequence (PMS)
stars (bottom panels in Fig. 2) even wider than that of the probable
young dissolving cluster vdB 92 (Bonatto & Bica 2010).

We found that the 1-Myr Padova MS isochrone (Marigo et al.
2008) and PMS isochrones (Siess et al. 2000) for the ages of 0.2,
1 and 5 Myr best describe the sequences in the decontaminated
CMDs. Since the 2MASS photometric uncertainties do not allow
the detection of metallicity differences, all the adopted isochrones
have solar metallicity, suitable for the Galactic disc in general.
For the purposes of this work, we adopted 5 Myr as the age of
Trumpler 37 (Table 1).

Morbidelli et al. (1997) estimated the absorption of 14 bright
OB stars of Trumpler 37 and suggested that the reddening towards
them appears to be constant and of foreground origin. We used their
mean absorption AV = 1.80 ± 0.48 mag and a distance from the
Sun at d� = 800 pc (Section 1) as constraints to set the isochrones
(Fig. 2). Note that in such a young cluster, the star formation process
is expected to extend over a time comparable to the cluster age
(e.g. Stauffer et al. 1997). Therefore, it may be very difficult to
disentangle the age spread and the differential reddening, especially
when photometry is the only available information (Bonatto, Bica
& Lima 2012). Table 1 shows the coordinates and fundamental
parameters of Trumpler 37.

We applied the relations given by Dutra, Santiago & Bica (2002)
to the magnitudes of the PMS stars of our sample stars using the
reddening values of Table 1 in order to build an intrinsic colour–
colour diagram (H − KS)0 × (J − H )0 of Trumpler 37 (Fig. 3).
The classical T Tauri locus (Meyer, Calvet & Hillenbrand 1997)
and the standard sequence of dwarf stars (Bessel & Brett 1988)
are shown for comparison. Young stellar objects of different types
tend to occupy different regions in the colour–colour diagram (Lada
& Adams 1992). Two long-dashed lines parallel to the reddening
vector are shown in Fig. 3, such that stars with colours outside and
to the right of the delimiting bands are sources with infrared excess
(a disc emission indicator). Herbig Ae/Be stars, in general, have
infrared excesses larger than other young stellar objects and are
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Figure 2. 2MASS CMDs extracted from the r ≤ 24.5 arcmin region of Trumpler 37. Mean uncertainties are represented by error bars in the upper right of each
panel. Top panels: observed photometry with J × (J − H) (left) and J × (J − KS) (right). Middle: equal-area extraction from the comparison field. Bottom
panels: decontaminated CMDs with 1-Myr solar metallicity Padova isochrone (Marigo et al. 2008) and 0.2-, 1- and 5-Myr PMS isochrones (Siess, Dufour &
Forestini 2000). Heavy-shaded polygon: colour–magnitude filter to isolate the MS stars. Light-shaded polygon: colour–magnitude filter for the PMS stars. The
arrows indicate the reddening vectors for AV = 1.8 mag.
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Figure 3. Extinction-corrected colour–colour diagrams (H − KS)0 × (J −
H )0 of the PMS stars of Trumpler 37. Mean uncertainties are represented
by error bars in upper right. The solid line is the standard sequence of dwarf
stars (Bessel & Brett 1988) and the short-dashed line is the classical T Tauri
stars locus (Meyer et al. 1997). The arrow indicates the reddening vector
for AV = 1.8 mag. The two long-dashed lines define a parallel band to the
reddening vector. The stars with colours that fall outside and to the right of
the band have infrared excess emission, while stars that fall outside and to
the left may be residual field contamination.

Figure 4. Distributions of the foreground extinction-corrected (AV =
1.8 mag) colours of the PMS stars of Trumpler 37.

located in a region delimited by (H − KS)0 > 0.5 mag and (J −
H)0 > 0.5 mag.

Fig. 4 shows histograms for extinction-corrected colours (H −
KS)0 and (J − H)0 of the PMS stars of Trumpler 37. About 33 per
cent of these stars have an (H − KS)0 excess that can be attributed
to residual field star contamination (Froebrich et al. 2005), but it
does not affect the colour–magnitude filter limits (shaded areas in
Fig. 2). The limits of these filters do not require high precision and
were selected by eye. They are applied to the raw CMD within
the range r = 0–350 arcmin to minimize the contamination of non-
cluster stars before building the stellar RDPs (Section 3).

3 STELLAR D ENSITY PROFILES

Since Trumpler 37 has very distinct MS and PMS populations, we
define two colour–magnitude filters (shaded polygons in Fig. 2)
and build separate stellar RDPs for each sequence (Fig. 5). By
comparing these profiles it is possible to see a predominance of PMS
stars throughout the object. A total RDP (MS + PMS) was also built

Figure 5. Stellar RDPs of Trumpler 37 built separately for MS (top panel)
and PMS (bottom panel) with individual colour–magnitude filters (Fig. 2).
Background stellar level (Table 2) with 3σ is represented by the horizontal
shaded stripes. Since there are few and sparse MS stars, the corresponding
RDP is below the background stellar level. The BRC locus (Section 3.1) is
indicated and it matches the bump of PMS stars in 20 � r �100 arcmin.

(Fig. 6). All these radial profiles were built with concentric annuli
and the x-axis positions correspond to the most populated radial
position inside each annulus.

The positions of other objects projected in the direction of Trum-
pler 37 are also indicated in Fig. 6. There are many dark nebulae in
that region according to the catalogues VII/220A/barnard (Barnard
1927) and the VII/7A/ldn (Lynds 1962) in the VizieR data base, but
for clarity we marked only some of the larger nebulae in Fig. 6.

In order to derive the structural parameters of Trumpler 37, a
King-like profile (King 1962) given by

�(r) = �bg + �0

1 + (r/rc)2
(1)

was fitted to the inner region (filled points in Fig. 6) of the MS and
PMS composite RDP using a non-linear least-squares routine that
uses the y-axis errors as weights. The structural parameters, central
surface density (�0) and core radius (rc), were obtained from this
fit, while the background density (�bg) was measured in a surround-
ing annulus in the range of r = 120–150 arcmin. The cluster fitting
radius (rfit), defined as the projected distance from the cluster cen-
tre where the fitted curve and the background are indistinguishable,
was also obtained. The values of all these parameters are shown in
Tables 2 and 3. Fig. 1 shows a comparison between scales of the
core and the fitting radii.

An estimate of the embedded mass (Memb) of Trumpler 37 was
made considering only the stars on the field-decontaminated CMD
(Fig. 2). The mass of each MS star was determined from the
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Figure 6. Total stellar RDP of Trumpler 37 built with both colour–magnitude filters (Fig. 2) centred on HR 8281. The King-like model (equation 1) fitted is
shown as a solid line. Open circles were excluded from the fit. Background stellar level (Table 2) with 3σ is represented by the horizontal shaded stripe and
1σ fit uncertainty is represented by the shaded region along the fit. The core radius (rc), fitting radius (rfit), tidal radius (rtid) and RDP radius (rRDP) are shown.
These radii are indicated in Fig. 1. The nearby projected open cluster Teutsch 74, the HD 239729 multiple star, the Elephant Trunk Nebula (IC 1396A), BRC
locus (Section 3.1) and some surrounding dark nebulae are indicated.

Table 2. Trumpler 37: structural parameters. Column 1: background stellar
density; column 2: central stellar density; column 3: angular core radius;
column 4: linear core radius.

�bg �0 rc Rc

(stars arcmin−2) (stars arcmin−2) (arcmin) (pc)
(1) (2) (3) (4)

2.18 ± 0.01 5.78 ± 0.88 1.7 ± 0.2 0.4 ± 0.1

corresponding mass–luminosity relation of the 1-Myr solar metal-
licity Padova isochrone (Section 2) using dereddened colours and
magnitudes within the range 3.5–40 M�. Summing the individual
values, we found a total MS mass of 330+10

−60 M�. The uncertain-

ties take into account reddening, colour excess and individual stellar
mass uncertainties. Given the differential reddening, age spread and
uncertainties related to the isochrone setting, it is not possible to de-
rive the mass of each PMS star. Consequently, we simply count the
number of PMS stars and multiply it by a mean PMS stellar mass.
For the latter, we assumed an initial mass function of Kroupa (2001)
between 0.08 and 7 M�, which results in a mean mass of 0.6 M�
with a negligible uncertainty. Multiplying the number of PMS stars
with infrared excess (Fig. 3) by this mean mass yields ∼890 M�.
Therefore, the total embedded mass inside rfit is 1220+10

−60 M�. Note
that these values must be considered as lower limits, owing to (i)
the presence of dust, (ii) the fact that we have considered only the
stars of the decontaminated CMD, (iii) the profile deviates from an
isothermal sphere model (equation 1) for r � 6 arcmin and (iv) it has

Table 3. Trumpler 37: scale, mass and crossing time. Column 1: angular fitting radius; column 2: linear fitting radius; column 3: velocity dispersion within the
fitting radius; column 4: crossing time of the fitting radius; column 5: total embedded mass within the fitting radius; column 6: angular tidal radius; column 7:
linear tidal radius; column 8: angular RDP radius; column 9: linear RDP radius; column 10: velocity dispersion within the tidal radius; column 11: crossing
time of the tidal radius; column 12: total embedded mass within the tidal radius; column 13: star formation efficiency.

rfit Rfit Mfit
emb σ fit

V τfit
cr rtid Rtid rRDP RRDP M tid

emb σ tid
V τ tid

cr SFE
(arcmin) (pc) (M�) (km s−1) (Myr) (arcmin) (pc) (arcmin) (pc) (M�) (km s−1) (Myr)

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13)

24.4 ± 3.7 5.7 ± 1.0 1220+10
−60 3.2 ± 0.3 3.5 ± 2 119.4 ± 8.7 27.8 ± 2.0 131 31 1300+10

−60 1.4 ± 0.1 38 ± 22 0.1
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Figure 7. Stellar RDPs in BRCs in IC 1396 built with the PMS colour–magnitude filter defined for Trumpler 37 (light-shaded polygon in Fig. 2). The
background stellar level (Table 2) with 3σ is represented by the narrow horizontal shaded stripes. The objects BRC 33, BRC 36, BRC 37, BRC 38 and BRC 39
have profiles with relatively high central density, suggesting small star clusters.

C© 2012 The Authors, MNRAS 421, 3206–3216
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a bump beyond r � 20 arcmin. The measured profile becomes statis-
tically indistinguishable from the background at RRDP ≈ 131 arcmin
(Fig. 1), which can be the intrinsic extent of Trumpler 37. In Section
3.1, we analyse this bump in the profile and re-estimate the stellar
mass of Trumpler 37.

3.1 Bright-rimmed clouds in IC 1396

There are 11 BRCs in IC 1396 (Sugitani, Fukui & Ogura 1991). All
of them are associated with IRAS (Infrared Astronomical Satellite)
sources, presumably protostars, and may be sites of sequential star
formation triggered by winds and ultraviolet radiation from nearby
massive stars, mainly HR 8281.

The location of these BRCs matches the bump for 20 �
r � 100 arcmin in Figs 5 and 6. In order to search for infrared
subclusters, we built RDPs (Fig. 7) for each BRC centred in the
coordinates listed in Table 4. Since that region of IC 1396 seems to
be dominated by PMS stars (Fig. 5), we selected only that popula-
tion using the PMS colour–magnitude filter defined for Trumpler 37
(light-shaded polygon in Fig. 2). The restriction of photometric er-
rors ≤0.1 mag in each band was removed for the stars inside a circle
of radius r ∼ 0.5 arcmin in BRC 38 and BRC 39 due to their high
absorption. An inspection of the RDPs yields BRC 33, BRC 36,
BRC 37, BRC 38 and BRC 39 as having profiles with relatively
high central densities, suggesting small star clusters. None of them
follows a King-like profile (equation 1).

Getman et al. (2007) and Ikeda et al. (2008) found evidence
for the sequential star formation scenario in BRC 38 and BRC 37,
respectively. They reported spatial gradients of stellar age along
the direction of the exciting stars and detected young stellar ob-
jects in both BRC areas. The existence of these subclusterings
in Trumpler 37/IC 1396 resembles the hierarchical structure of
NGC 346/N66 reported by Gouliermis et al. (2008) in the Small
Magellanic Cloud.

According to Getman et al. (2007), BRC 38 has a stellar mass of
∼15 M�. Since BRCs in IC 1396 have comparable star counts, we
assume the mass of BRC 38 as representative of such subclusters.
Thus, we estimate that Trumpler 37’s total embedded mass (Memb)
increases to ∼1300 M� and its SFE is 10 per cent. This is the SFE
for the whole complex. The clumps of the molecular cloud may
have a higher efficiency.

Table 4. Positions determined in this study for the BRCs in
IC 1396. Column 1: identification; column 2: right ascension
(J2000); column 3: declination (J2000); column 4: angular
projected distance to HR 8281; column 5: linear projected
distance to HR 8281.

BRC α δ dHR 8281 DHR 8281

(arcmin) (pc)
(1) (2) (3) (4) (5)

32 21h32m34.s0 57◦24′ ′27′ 54.1 12.6
33 21h33m12.s2 57◦29′ ′34′ 48.5 11.3
34 21h33m32.s4 58◦03′ ′28′ 57.6 13.4
35 21h36m05.s0 58◦31′ ′09′ 68.7 16
36 21h36m12.s4 57◦27′ ′34′ 23.2 5.4
37 21h40m27.s0 56◦36′ ′16′ 56.7 13.2
38 21h40m43.s3 58◦15′ ′40′ 50.7 11.8
39 21h46m01.s5 57◦27′ ′44′ 59.3 13.8
40 21h46m12.s6 57◦09′ ′59′ 64.4 15
41 21h46m28.s6 57◦19′ ′07′ 64.4 15
42 21h46m35.s8 57◦12′ ′15′ 67 15.6

3.2 Tidal radius and crossing time of Trumpler 37

Since we have an estimate of the total stellar mass in the com-
plex, it is possible to estimate the dynamical tidal radius (rtid), the
distance from Trumpler 37 at which stellar motions begin to be af-
fected by the Galaxy, from the Jacobi limit (equation 7-84 in Binney
& Tremaine 1987) and ignoring any interaction with surrounding
clouds. It can obtained from

rtid =
( M

3Mgal

)1/3
dGC, (2)

where Mgal is the Galaxy mass within the Galactocentric distance
dGC (Table 1). We derived this mass from the relation

Mgal = V 2
GCdGC

G
, (3)

where G is the gravitational constant and VGC = 254 ± 16 km s−1

is the circular rotation velocity in R� = 8.4 ± 0.6 kpc (Reid et al.
2009). This yields Mgal ≈ 1011 M�. Considering M = Memb + Mcld,
the tidal radius of Trumpler 37 results in ∼28 pc (∼119 arcmin, see
Fig. 1), in good agreement with the bump end associated with BRCs.

We can also estimate the crossing time τ cr by

τcr = 2R

σV
, (4)

where R is the cluster radius and σ V is the stellar velocity dispersion
given by

σV =
√

GM

R
. (5)

For M = Memb + Mcld, with Memb = 1220 M� and R = Rfit (Section
3), we obtain τ cr ≈ 3.5 Myr, slightly lower than the age of Trum-
pler 37. On the other hand, with Memb = 1300 M� and R = Rtid, we
obtain τ cr ≈ 38 Myr. Table 3 summarizes the estimated parameters.

A comparison of estimates of the crossing time of Trumpler 37
with its age suggests that the inner region (r ≤ Rfit) may remain
bound (age > τ cr). On the other hand, for the whole complex (r =
Rtid) we find age <τ cr, which would characterize an unbound sys-
tem. This difference between the two cases possibly reflects the
hierarchical star formation in the molecular cloud and its frag-
mentation in the outer regions. This is caused by the radiation of
OB stars and the tidal field of the Galaxy.

3.3 The background open cluster Teutsch 74

Teutsch 74 is an open cluster projected close to IC 1396 (Fig. 1), so it
is necessary to analyse a possible contamination in the Trumpler 37
photometry. For this, we used the same tools as in Sections 2
and 3.

Photometry in the 2MASS J, H and KS bands with photomet-
ric errors of ≤0.1 mag was extracted in a circular area of radius
20 arcmin centred in the coordinates given in Table 5.

For the field star decontamination we used an annulus with
r = 10–20 arcmin, where the background density (�bg) was mea-
sured, and an outlying area of radius 100 arcmin centred on
α = 21h51m00s and δ = +44◦00′ ′00′ (Section 2). The resulting sub-
traction efficiency was 100 per cent. Padova isochrones of solar
metallicity for ages of 0.5, 1 and 2 Gyr (Marigo et al. 2008) have
been set by eye to the decontaminated CMD (Fig. 8) and the fun-
damental parameters were derived (Table 5). Teutsch 74 appears to
have a strong differential reddening, which causes a considerable
spread in the CMD. We assume the age 1 Gyr of the intermediary
isochrone as the approximate age of Teutsch 74.
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Table 5. Teutsch 74: fundamental parameters. Column 1: Galactic longitude; column 2: Galactic latitude; column 3: right ascension (J2000); column 4:
declination (J2000); column 5: distance modulus; column 6: colour excess E(J − H); column 7: colour excess E(J − KS); column 8: colour excess E(B −
V); column 9: V-band absorption; column 10: adopted age; column 11: distance from the Sun; column 12: Galactocentric distance considering R� = 8.4 kpc
(Reid et al. 2009).

l b α δ (m − M)J E(J − H) E(J − KS) E(B − V) AV Age d� dGC

(Gyr) (kpc) (kpc)
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12)

100.◦36 3.◦61 21h45m40s 58◦05′37′ ′ 12.55 ± 0.70 0.61 ± 0.13 0.95 ± 0.20 1.94 ± 0.40 6.00 ± 1.24 1 1.50 ± 0.54 8.79 ± 0.13

Figure 8. Decontaminated colour–magnitude diagram J × (J − KS) ex-
tracted from the r ≤ 3 arcmin region of Teutsch 74. Mean uncertainties are
represented by error bars in upper right. Solar metallicity Padova isochrones
(Marigo et al. 2008) for ages of 0.5 Gyr (long-dashed line), 1 Gyr (solid line)
and 2 Gyr (short-dashed line) are shown. The shaded polygon is a colour–
magnitude filter. The arrow indicates the reddening vector for AV = 6.0 mag.

A colour–magnitude filter was defined (shaded area in Fig. 8) and
applied to the raw CMD in order to build a stellar RDP with con-
centric annuli. The tidal radius and mass were estimated (Table 6).

We subtracted from the Trumpler 37 photometry all the stars
remaining after decontamination of Teutsch 74 (Fig. 8) and did not
find any significant change in the results of the Trumpler 37 analysis.

Finally, Teutsch 74 has a stellar radial density profile (Fig. 9) that
cannot be fitted by a King-like model.

4 D ISCUSSION

In order to locate Trumpler 37 in an evolutionary sequence of star
clusters we built diagnostic diagrams (Fig. 10) comparing its pa-
rameters to those of objects analysed in previous studies. The com-
parison sample consists of:

(i) the structurally normal open clusters within a wide age
range (70 Myr to 7 Gyr) M26, NGC 2287, M48, M93, NGC 5822,
NGC 3680, IC 4651, M67 and NGC 188, plus the populous open
clusters NGC 2477 and NGC 2516 (Bonatto & Bica 2005);

(ii) NGC 4755, with residual stellar infrared excess emission and
an age of 14 Myr (Bonatto et al. 2006b);

(iii) the very young and dynamically evolved cluster NGC 6611,
with an age of 1.3 Myr (Bonatto, Santos & Bica 2006a);

Figure 9. Stellar RDP of Teutsch 74 built with the colour–magnitude filter
(Fig. 8). The horizontal shaded stripe is the background stellar level with
1σ (Table 6). Two dark nebulae projected in the direction of the cluster and
the tidal radius (rtid estimated with equation 2) are indicated.

Table 6. Teutsch 74: scale, mass and crossing time. Column 1: background
stellar density; column 2: angular tidal radius; column 3: linear tidal radius;
column 4: total mass inside the radius r = 3 arcmin; column 5: velocity
dispersion within the tidal radius; column 6: crossing time of the tidal
radius.

�bg rtid Rtid M σ tid
V τ tid

cr
(stars arcmin−2) (arcmin) (pc) (M�) (km s−1) (Myr)

(1) (2) (3) (4) (5) (6)

1.46 ± 0.04 12.8 ± 0.5 5.6 ± 0.2 100 ± 20 ∼0.3 39 ± 7

(iv) Bochum 1, with an age of 9 Myr, a star cluster remnant that
might be evolving into an OB association, and the bound cluster
NGC 6823 with an age of 4 Myr (Bica, Bonatto & Dutra 2008);

(v) the dissolving young cluster NGC 2244, with an age of 3 Myr
and a candidate to ordinary young open cluster NGC 2239 with an
age of 5 Myr (Bonatto & Bica 2009);

(vi) the dissolving clusters Collinder 197 and vdB 92, both with
an age of 5 Myr (Bonatto & Bica 2010);

(vii) the open cluster Teutsch 74 (Section 3.3); and
(viii) Trumpler 37.

Figs 10(a) and (b) show the dependence of the core radius on age
and Galactocentric distance. Figs 10(c) and (d) show the same for
the RDP radius. Finally, Figs 10(e) and (f) show the dependence of
the RDP radius on mass and core radius. Young clusters (≤100 Myr)
and old clusters (>100 Myr) are represented by different symbols.
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Figure 10. Diagrams comparing cluster parameters. Trumpler 37 is represented as a filled black square. When we assume RRDP = Rfit, a filled black triangle
represents Trumpler 37. Young clusters (≤100 Myr) are represented as grey triangles and old clusters (>100 Myr) as open squares. Some error bars are smaller
than the symbols. The open star represents Bochum 1, and the filled grey hexagon represents Teutsch 74. The solid line in panel (f) is a fitted curve, and dashed
lines are the fitting errors. Points corresponding to Trumpler 37, Bochum 1, vdB 92 and NGC 2244 were not included in the fit.

C© 2012 The Authors, MNRAS 421, 3206–3216
Monthly Notices of the Royal Astronomical Society C© 2012 RAS



3216 T. A. Saurin, E. Bica and C. Bonatto

Although the inner region of Trumpler 37 has been fitted by an
isothermal model (Section 3), the object does not present typical
parameters of a young star cluster. It has an RDP radius much larger
than the fitting radius (both are represented in Figs 1 and 10), which
is larger than Bochum 1, an association that is somewhat older and
more distant from the solar circle. Thus, the extended nature of
Trumpler 37 can be attributed to tidal effects and molecular cloud
fragmentation. Evidence of the former process is that RRDP ≈ Rtid,
and of the latter is that there are many BRCs in the region of
Trumpler 37. Note that the RDP radius might match the tidal radius
as long as Trumpler 37 is closer to the Sun (∼730 pc) or has a larger
mass (∼5600 M�).

Fig. 10(b) suggests a weak relation of the core radii of the clusters
with Galactocentric distances, but with a significant spread. In ad-
dition, Fig. 10(f) shows a scale relation between the RDP and core
radii given by the equation RRDP = (9.16±1.06)Rc−(0.26±0.97),
fitted with a least-squares routine with errors in both coordinates.
Most objects follow this relation, except Trumpler 37, Bochum 1,
vdB 92 and NGC 2244, which were not included in the fit. All of
them present evidence of dissolving systems. On the other hand, the
inner region of Trumpler 37, delimited by the fitting radius, seems
to follow this relation, so it might survive as a bound core of an
expanding association.

5 C O N C L U D I N G R E M A R K S

In this paper, we analysed Trumpler 37, which is embedded in the
H II region complex IC 1396. We used field-star-decontaminated
2MASS photometry to build CMDs and stellar RDPs in order to find
fundamental and structural parameters. The CMD of Trumpler 37
shows a detached PMS that suggests sequential star formation and
its RDP shows a core that follows a King-like model surrounded
by several small subclusters with some deeply embedded stars.
Trumpler 37 has a low SFE (∼10 per cent) and age/τ cr < 1, typical
of objects that do not survive as bound systems. In fact, it has
parameters similar to those of the objects classified as dissolving
systems in previous studies. Note that these are values for the whole
complex. The SFE can be higher in the clumps of the molecular
cloud, and age/τ cr > 1 in the inner region of Trumpler 37, which is
fitted by an isothermal sphere model. In any case, Trumpler 37 might
characterize an intermediate case between an embedded cluster and
an OB association.
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