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STELLAR CLUSTERS IN NGC 1313: EVIDENCE OF INFANT MORTALITY

Anne Pellerin and Martin Meyer
Space Telescope Science Institute, 3700 San Martin Drive, Baltimore, MD 21218; pellerin@stsci.edu, martinm@stsci.edu

Jason Harris
Stewart Observatory, 933 North Cherry Avenue, Tucson, AZ 85721; jharris@as.arizona.edu

and
Daniela Calzetti

University of Massachusetts, Department of Astronomy, 710 North Pleasant Street, Amherst, MA 01003; and Space Telescope Science Institute,
3700 San Martin Drive, Baltimore, MD 21211; calzetti@astro.umass.edu

Received 2006 December 15; accepted 2007 February 19; published 2007 February 28

ABSTRACT

We present evidence that the infant mortality of stellar clusters is likely to be a major and very efficient process
for the dissolution of young clusters in the spiral galaxy NGC 1313. Performing stellar PSF photometry on
archivalHST/ACS images of the galaxy, we find that a large fraction of early B-type stars are seen outside of
star clusters and well spread within the galactic disk, consistent with the scenario of infant mortality. We also
calculate the UV flux produced by the stars in and out of the clusters and find that 75%–90% of the UV flux
in NGC 1313 is produced by stars outside the clusters. These results suggest that the infant mortality of star
clusters is probably the underlying cause of the diffuse UV emission in starburst galaxies. Infant mortality would
also explain the numerous B-type stars observed in the background field of our Galaxy as well. We exclude the
possibility that unresolved low-mass star clusters and scaled OB associations might be the main sources for the
diffuse UV emission.

Subject headings: galaxies: individual (NGC 1313) — galaxies: star clusters

1. INTRODUCTION

Stellar clusters are one of the fundamental components in
galaxy formation and evolution since they are the nurseries for
most stars (Lada & Lada 2003). Given this, one might expect
that most UV flux, essentially produced by massive OB stars,
would come from star clusters. However, Meurer et al. (1995)
found that around 80% of the UV flux at 2200 was producedÅ
outside star clusters and was from a diffuse source. Similar
results were found in galaxies with circumnuclear star-forming
rings (Maoz et al. 1996) and normal spiral galaxies (Hoopes
et al. 2001). This fraction does not seem consistent with the
idea that clusters are the nurseries for stars, and several sce-
narios have been built up to explain these observations.

One possible source for the diffuse UV emission in galaxies
are UV photons from clusters that have been scattered by dust
in the intercluster environment (e.g., Popescu et al. 2005). How-
ever, Tremonti et al. (2001) and Chandar et al. (2003, 2005)
found that the spectral UV lines from clusters are different
from the intercluster environment, ruling out this possibility.
They clearly showed, using evolutionary spectral synthesis
models, that the UV stellar line profiles of star clusters in
starburst galaxies is dominated by O-type stars, while the in-
tercluster environment is dominated by less massive B-type
stars. The presence of an underlying B-type star population was
also suspected by Hoopes et al. (2001) as the origin of the
diffuse UV emission component in normal spiral galaxies.
These works revealed that scattered photons cannot be the main
source of diffuse UV emission and that a stellar origin must
contribute a significant fraction of the UV flux.

A second possible explanation is that unresolved lower mass
clusters or scaled OB associations (SOBAs; Maı´z-Apellániz et
al. 2004) are present between the detected compact clusters
(Barth et al. 1995; Chandar et al. 2005). This is consistent with
the general idea first proposed by Meurer et al. (1995) that
there exist two modes of star formation: prominent cluster for-

mation and dominant diffusely distributed star formation. In
this scenario, the diffusely distributed star clusters are small
enough that the massive stars they produce are of spectral type
B. It also implies that there is ongoing star formation outside
clusters.

A third possibility is that the massive B stars observed in
the diffuse field were formed in clusters that have since dis-
solved. The only scenario capable of dissolving a large fraction
of star clusters over a short period of time is the infant mortality
of stellar clusters (Lada & Lada 2003; Fall et al. 2005; Bastian
& Goodwin 2006). The main idea is that most clusters do not
survive the loss of gas and dust expelled during the evolution
and death of the most massive stars; the remaining unbound
cluster then rapidly dissolves into the diffuse field. This sce-
nario differs from the second one by the fact that the stars are
not closely related to their birthplace, avoiding the need for
ongoing star formation activity in the intercluster region.

In this Letter, we discuss the possibility that massive stars
from dissolved clusters are the origin of the diffuse UV emis-
sion first observed by Meurer et al. (1995) and the source of
the stellar population observed by Chandar et al. (2003, 2005)
in intercluster regions. We also present indications that the
phenomenon of infant mortality occurs in the normal spiral
galaxy NGC 1313.

2. PSF PHOTOMETRY OFHST/ACS IMAGES

NGC 1313 is a face-on SB(s)d galaxy at a distance of
∼4.2 Mpc (Tully 1988; Méndez et al. 2002; Karachentsev et
al. 2004) and shows several star clusters and complexes (see
Fig. 1). We use archival images of NGC 1313 obtained with
the Advance Camera for Surveys (ACS) on board theHubble
Space Telescope (HST) for Cycle 12 project ID 9796. For this
galaxy, the spatial scale is 1.0 pc pixel�1 (0.05� pixel�1), and
the spatial resolution is about 2 pc, which allows us to resolve
individual bright stars. The ACS field covers the central bar,
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Fig. 1.—Left: False-color ACS/HST image of the central region of NGC 1313, with blue for F435W, green for F555W, and red for F814W. North is up, and
east is left.Right: Color-magnitude diagram of resolved stars in NGC 1313 for the F555W and F814W filters. Stellar evolutionary tracks for ACS filters from
the Padova group are identified in blue and green for various masses. Typical photometric uncertainties are displayed on the right. The reddening vector of 1 mag
is shown in the upper right-hand corner. The dashed red line represents the 50% detection limit. The main-sequence (MS), blue supergiant (BSG), red supergiant
(RSG), and asymptotic giant (AGB) branches are also identified.

most of the northern spiral arm, and about half of the southern
spiral arm. Images in the three wideband filters F435W, F555W,
and F814W are available for the field of view centered on the
nucleus. The data were reduced by the STScI calibration pipe-
line, which includes treatment for cosmic rays and drizzling.1

We performed point-spread function (PSF) photometry on
the F435W, F555W, and F814W images using the IRAF/DAO-
PHOT package. PSF photometry is required because of crowd-
ing. We used about 100 bright unsaturated stars to create a PSF
model with the form of a Moffat function with 2–3 pixels
FWHM having a 15 pixels radius. Note that the PSF varies
within an image, which contributes to the photometric uncer-
tainties. The absolute photometric calibration is calculated from
the zero points given by Sirianni et al. (2005). We calculate
an aperture correction of�0.229,�0.192, and�0.27 mag for
the F435W, F555W, and F814W filters, respectively. The 50%
detection limits are reached at 26.0, 26.6, and 26.7 mag for
the F435W, F555W, and F814W filters, respectively. Because
it is not possible to correct for the extinction of individual stars,
we simply apply a global correction of to eachE(B � V ) p 0.1
image (Helmboldt et al. 2004), which corresponds to the fore-
ground extinction. We will discuss the impact of a larger un-
certainty value later in the text. Finally, we compared the total
flux of the images to the integrated flux from the PSF stars
and find that about 1% of the total flux in the three filters is
coming from diffuse unresolved and/or nonstellar sources. Con-
sidering the spatial resolution of 2 pc, it is possible that some
sources are not individual stars but compact low-mass clusters,
similar to Galactic open clusters (e.g., Janes et al. 1988; Bica
et al. 2003; Schilbach et al. 2006), having a very few or no
B-type stars. This point will be discussed later on.

1 See http://www.stsci.edu/hst/acs/analysis/.

3. COLOR-MAGNITUDE DIAGRAM AND SPATIAL MAPS

We produced a color-magnitude diagram (CMD) for the cen-
tral region of NGC 1313 using the F555W and F814W filters
(Fig. 1). The main sequence and the red supergiant plumes are
well defined, while the blue supergiant plume and asymptotic
giant branch are present but more difficult to distinguish. We
plotted stellar evolutionary tracks for ACS filters from the Pa-
dova group (L. Girardi 2006, private communication2) to better
understand the stellar content. To separate the massive stars in
clusters from those in the star field background, we focus on
the bright main-sequence stars bluer than F555W� F814Wp
�1.0 mag and create two groups. The first group contains the
brightest main-sequence stars (mF555W ! 22.7), while the second
group includes fainter stars (22.7≤ mF555W ! 24.2;red region).
We exclude stars fainter thanmF555W p 24.2 in the second
group to avoid large photometric uncertainties. Figure 2a maps
the stars from both groups, clearly showing the spiral arms and
bar of NGC 1313. Figure 2b shows the brightest main-sequence
stars from the first group only, which are essentially found to
live in the most recent and compact star-forming regions along
the bar and spiral arms. They are also often associated with
F555W nebular emission. Figure 2c maps the fainter main-
sequence stars of the second group. The morphological features
of NGC 1313 are still recognizable but are not as sharp, in-
dicating that these stars are largely part of the star field back-
ground. While fainter than the stars of the first group, these
diffusely distributed stars are still very bright massive main-
sequence stars. According to the stellar evolutionary tracks,
they have initial masses of about 8–20M,, which corresponds
to late O-type and early B-type stars. These mass values are
lower limits, considering the small extinction correction applied
to the images (§ 2). Such stars usually live for about 5–25 Myr.

2 See http://pleiadi.pd.astro.it/.
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Fig. 2.—Spatial maps of main-sequence stars selected from the CMD shown
in Fig. 1. (a) Main-sequence stars of the first two groups. (b) Brightest stars
located in the upper region of the CMD (first group). (c) Early B-type and
late O-type stars within the lower region of the CMD (second group). (d)
Faintest stars located below the regions of the CMD brighter thanmF555W p
25.0. See text for details.

We also create a third group (Fig. 2d) with stars fainter than
the second group (24.2! mF555W ! 25.0 and F555W�

) but still brighter than the detection limit in-F814W! �0.44
dicated on the CMD. According to the Padova stellar evolu-
tionary tracks, the stars of this group have initial masses be-
tween 5 and 15M,, which corresponds roughly to the spectral
types from B5 to B1. Despite larger uncertainties and limita-
tions due to the detection limit of this third group, the map
shows that fainter stars (and presumably less massive) are even
more spread than the second group (Fig. 2c). This observation
strongly supports the work of Lada & Lada (2003), where stars
form in clusters to disperse later on.

4. ON THE ORIGIN OF THE DIFFUSE UV EMISSION

The B-type stars observed in the diffuse field are similar to
the stellar population observed in intercluster regions by
Hoopes et al. (2001) and Chandar et al. (2003, 2005) in normal
spiral and starburst galaxies. There is no doubt that these B-
type stars must contribute, at least in part, to the diffuse UV
emission. Here we calculate the UV flux coming from these
stars to see how it compares to the fraction of UV flux observed
by Hoopes et al. (2001) and Meurer et al. (1995) in and outside
of clusters. Since the calculation is based on optical colors
(there is no information on individual massive stars in NGC
1313 at shorter wavelengths), we do not expect to find strongly
reliable quantitative values. However, we will have a good idea
about the fraction of UV emission that stars alone can produce.

First, we extrapolate the UV flux produced by each star
observed in the ACS images. To do this, we interpolate between
Padova evolutionary tracks to estimate plausible values of the
effective temperature and surface gravity for all stars on the
CMDs (based on the three filters). Using these parameters, we
assign a stellar atmosphere model from Kurucz (1992) to each
star and estimate the UV flux produced at 2200 . We thenÅ
identify star clusters by eye and calculate the UV flux produced

in and out of clusters. This was done by blurring the F435W
image and identifying big and bright structures. The smaller
clusters were lost in the image degradation. To quantify the
errors of by-eye cluster selection, we vary the numbers of
clusters (from 2 to 13) and cluster sizes. We find that 90%–
96% of UV emission at 2200 is produced outside the clustersÅ
for the central field of NGC 1313. We also found that a larger
homogenous extinction affects these fractions by less than 1%.

We also calculate the flux around 4300 using the sameÅ
method and compare it with the flux directly measured in the
F435W image. We find that we underestimate the fraction of
flux in clusters by no more than 15%. Taking into account this
uncertainty and those related to the number and size of clusters
used for the calculations, we obtain that the stellar UV flux
produced in and out of clusters is and , re-�15 �610 % 90 %�6 �15

spectively. For starburst galaxies, we can expect the fraction
of UV emission to be lower outside of the clusters due to the
larger number of recently born clusters in starburst galaxies
compared to more normal spiral galaxies. These numbers are
consistent with the works of Meurer et al. (1995), Hoopes et
al. (2001), and Chandar et al. (2003, 2005).

We want to emphasize that the large majority of stars in the
diffuse field of Figure 1 are not in SOBAs or small clusters
having a few OB stars, and that these objects can now be
excluded as the principal source of the B-type stars in NGC
1313. This can be seen by looking at the F555W image, where
there is no or little nebular emission associated with small
groups of OB stars. However, as discussed previously, we can-
not tell for the most compact low-mass clusters (§ 2). Nev-
ertheless, it is clear that massive stars are contributing to the
diffuse UV emission, and that they are single or in a very small
cluster. Also, B-type stars in the field are sufficient to account
for the diffuse UV emission in NGC 1313, so there is no need
to invoke scattering of photons by dust to explain the high
fraction of UV emission coming from a diffuse background,
although we cannot exclude this process entirely. It is important
to note that scattered photons alone cannot explain why there
are so many B-type stars in the field of NGC 1313. Therefore,
the scattered photon and small cluster (those with at least a
few OB stars) scenarios must be rejected as the main sources
of diffuse UV emission, at least in NGC 1313.HST/ACS data
show that massive B-type starsnot in clusters can account for
the dominant diffuse UV emission in NGC 1313.

5. EVIDENCE OF INFANT MORTALITY

Because most stars form in clusters (Lada & Lada 2003),
the fact that we find a large number of B-type stars in the field
of NGC 1313 means that the clusters in which they were born
must have dissolved very rapidly, i.e., in less than their typical
lifetime of 25 Myr. Correcting the images by a modest internal
extinction of would lead to a shorter dis-E(B � V ) p 0.15int

solution timescale≤10 Myr. The dissolution processes must
act very early in the life of the clusters and be very efficient.
A phenomenon that can explain such a rapid dissolution is the
infant mortality of the clusters (see § 1). Infant mortality has
been invoked to explain the low number of clusters older than
∼107 yr in the Antennae galaxies and the SMC as discussed
by Fall (2004), Chandar et al. (2005, 2006), and Fall et al.
(2005). A dissolution timescale of 25 Myr is a conservative
estimation since we corrected the images for a very modest
amount of extinction. If the stars mapped in Figure 2c are more
extinguished, they would then be more massive and younger
than estimated here, leading to a smaller timescale. Also, it is
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not clear yet if the point sources detected in the field of NGC
1313 are single stars of compact low-mass clusters because of
the spatial resolution (see § 2). If a significant fraction of point
sources turned out to be clusters, we would then need to explain
why there is a significant ongoing star formation in the field.

Several studies on cluster infant mortality are based on ac-
tively star-forming galaxies like the Antennae and the SMC.
The large number of young stellar clusters (!107 yr) in such
systems might bias the age distribution function derived for
the galaxies. The case of NGC 1313 brings a different point
of view in two ways. First, despite its relatively high star for-
mation rate, NGC 1313 is not a major starburst system, and
star formation presumably occurs less intensively during the
last few 108 Myr (Larsen et al. 2007), which therefore avoids
the biases potentially created by a sudden burst of star for-
mation. Second, we can examine the galaxy’s stellar population
directly, both in clusters and in the diffuse field.

In this work,HST/ACS archival images reveal the presence
of a large number of early B-type stars well spread in the star
field background of NGC 1313. The images show that there

are not a large number of small star clusters or SOBAs, at least
not enough to be the main source of diffuse UV emission in
NGC 1313. These stars are consistent with the B-type–domi-
nated stellar population observed by Chandar et al. (2003,
2005) in the intercluster environment of starburst galaxies. We
calculated the UV flux at 2200 produced by these stars,Å
showing that of the flux in NGC 1313 is produced�690 %�15

outside of the clusters. Photon scattering is not required to
explain the large fraction of UV emission outside of the clus-
ters. Because of the short lifetime of the early B-type stars, we
think that the infant mortality of star clusters is the only scenario
left that can explain both the large number and the relative
homogeneity of the early B-type stars observed in NGC 1313.
We also propose that the infant mortality of star clusters is the
physical explanation for the diffuse UV emission observed in
normal spiral galaxies and probably in starburst galaxies.

This work was supported by HST grant HST-AR-10968.02-
A and NASA Long-Term Space Astrophysics grant NAG5-
9173.
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