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Abstract

We present the results of a James Webb Space Telescope NIRCam and NIRSpec investigation into the young
massive star cluster (YMC) population of NGC 3256, the most cluster-rich luminous infrared galaxy in the Great
Observatories All Sky LIRG Survey. We detect 3061 compact YMC candidates with a signal-to-noise ratio�3 at
F150W, F200W, and F335M. Based on yggdrasil stellar population models, we identify 116/3061 sources with
F150W – F200W> 0.47 and F200W – F355M>−1.37 colors, suggesting that they are young (t� 5Myr), dusty
(AV= 5−15), and massive (Me> 105). This increases the sample of dust-enshrouded YMCs detected in this
system by an order of magnitude relative to previous Hubble Space Telescope studies. With NIRSpec integral field
unit pointings centered on the northern and southern nucleus, we extract the Paα and 3.3 μm polycyclic aromatic
hydrocarbon (PAH) equivalent widths for eight bright and isolated YMCs. Variations in both the F200W – F335M
color and 3.3 μm PAH emission with the Paα line strength suggest a rapid dust clearing (<3−4Myr) for the
emerging YMCs in the nuclei of NGC 3256. Finally, with both the age and dust emission accurately measured, we
use yggdrasil to derive the color excess (E(B− V )) for all eight YMCs. We demonstrate that YMCs with strong
3.3 μm PAH emission (F200W – F335M> 0) correspond to sources with E(B− V )> 3, which are typically
missed in UV-optical studies. This underscores the importance of deep near-infrared imaging for finding and
characterizing these very young and dust-embedded sources.

Unified Astronomy Thesaurus concepts: Young star clusters (1833); Stellar feedback (1602); Luminous infrared
galaxies (946); Star forming regions (1565); Starburst galaxies (1570)

1. Introduction

Young massive star clusters (YMCs) form in the dense
molecular gas cores within giant molecular clouds (GMCs)
under high pressures and densities and host the majority

(>80%) of the massive stars responsible for stellar feedback in
galaxies. These objects are often found in merging galaxy
systems, galactic nuclei, and blue compact dwarf galaxies (e.g.,
B. C. Whitmore & Q. Zhang 2002; B. C. Whitmore et al. 2010;
A. Adamo et al. 2020; S. T. Linden et al. 2023).
Despite advances made this last decade in understanding the

formation and evolution of YMCs, properties such as the mass
and physical size of the clouds from which they are formed are
not well constrained. Numerical simulations have been utilized
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to propose that the feedback from YMCs depends on initial
cloud conditions such as the GMC mass (e.g., J. E. Dale et al.
2014; C. S. Howard et al. 2017), the surface density of the
interstellar medium (ISM; J.-G. Kim et al. 2018), the
metallicity (H. Fukushima et al. 2020), and the overall
turbulence (S. Geen et al. 2018; D. Guszejnov et al. 2022).
While there are still many uncertainties, studies suggest that
photoionization may dominate over other presupernova (pre-
SN) mechanisms such as stellar winds (A. T. Barnes et al.
2021; S. Geen et al. 2021; A. A. Ali et al. 2022) and radiation
pressure (N. Murray et al. 2010). These mechanisms set
the structure into which SNe explode, potentially clearing
low-density channels through which energy can escape
(W. E. Lucas et al. 2020; T. J. R. Bending et al. 2022).
However, we still do not understand how this process of star
cluster emergence from their birth clouds depends on the
properties of the surrounding ISM or, indeed, the larger galactic
environment.

By combining UV/optical photometry of star clusters with
Hα morphology of H II regions from the Hubble Space
Telescope (HST), several authors have derived emergence
timescales of <4−5Myr, and as short as 2 Myr, in nearby
spiral galaxies (B. C. Whitmore et al. 2011; K. Hollyhead et al.
2015; S. Hannon et al. 2019, 2022). However, these studies use
UV and optical data and are thus limited to the relatively dust-
free components of star formation in normal star-forming
galaxies. The addition of millimeter CO data to trace molecular
clouds and, in some cases, 24 μm imaging from the Spitzer
Space Telescope to trace the dust-enshrouded star formation
has enabled the use of both frequency and positional analysis to
derive emergence timescales; K. Grasha et al. (2018, 2019),
A. M. Matthews et al. (2018), J. M. D. Kruijssen et al. (2019),
M. Chevance et al. (2019, 2022), and L. Bonne et al. (2023) all
conclude that the timescales are short, only 3−5Myr, and
likely shorter than the timescale for SN explosions.

More recently, J. Kim et al. (2023) used James Webb Space
Telescope (JWST) mid-IR imaging, combined with CO
imaging, of the nearby star-forming galaxy NGC 628 to infer
that the embedded phase of star formation lasts about 5 Myr,
during the first half of which dust obscuration is so high that the
Hα emission is not detectable. In a complementary fashion,
B. C. Whitmore et al. (2023) combine HST optical with JWST
near- and mid-IR medium- and broadband imaging of the
galaxy NGC 1365 to conclude that massive (M∼ 106 Me) star
clusters in this galaxy remain completely or partially obscured
for about 4–5Myr. However, these studies do not have
information on the near-infrared (NIR) hydrogen recombina-
tion lines, which are key for constraining the ages of young star
clusters when these are marginally detected or undetected at
optical wavelengths. With the unprecedented sensitivity and
resolving power of JWST, we are now able to identify and
characterize individual YMCs forming in the densest and
dustiest regions of the ISM in starburst galaxies out to
∼100Mpc in the NIR.

In this Letter, we present JWST Near-Infrared Camera
(NIRCam) and NIRSpec observations of the embedded YMC
population in NGC 3256, the most cluster-rich luminous infrared
galaxy (LIRG; defined as LIR(8–1000 μm)� 1011.0 Le) in the
Great Observatories All Sky LIRG Survey (GOALS) JWST
Early Release Science (ERS) campaign. LIRGs host the most
extreme stellar nurseries in the local Universe. The activity in
LIRGs is primarily triggered by gas-rich galaxy interactions, and

at their peak, local LIRGs have star formation rates (SFRs)∼100
times higher than the Milky Way, placing them well above the
star formation main sequence (MS; J. S. Speagle et al. 2014).
Many local LIRGs also have individual star-forming clumps
with sizes of 50−100 pc and SFR surface densities (ΣSFR) of
0.1−10Me yr−1 kpc−2 that rival those of high-z galaxies
(K. L. Larson et al. 2020).
Given that LIRGs have molecular gas surface densities an

order of magnitude higher than nearby normal galaxies
(N. Brunetti et al. 2021, 2024; M. Sánchez-García et al.
2022), the cluster emergence timescale may significantly
deviate from what has been observed in previous studies.
Such a difference would represent a fundamental shift in the
relative roles of SNe, radiation pressure on dust grains from
massive stars, and stellar wind feedback in starburst galaxies.
Therefore, local LIRGs are one of the best laboratories for
studying YMC formation and feedback in extreme environ-
ments at high resolution. The observations described in this
Letter represent the most comprehensive census to date of
embedded YMC formation and evolution in NGC 3256 in the
NIR and the first constraints on the emergence timescale in a
nearby LIRG.
Throughout this Letter, we adopt a Wilkinson Microwave

Anisotropy Probe cosmology of H0= 69.3 km s−1 Mpc−1,
Ωmatter= 0.286, and ΩΛ= 0.714 (e.g., G. Hinshaw et al. 2013).

2. Observations

JWST imaging and spectroscopy of NGC 3256 were
obtained as part of the ERS program “A JWST Study of the
Starburst-AGN Connection in Merging LIRGs” (PID 1328; co-
PIs: Armus, Evans).
NIRCam (M. J. Rieke et al. 2023) observations of NGC

3256 were taken on 2022 December 27 and retrieved from the
Mikulski Archive for Space Telescopes. The galaxy was
imaged using the F150W (λ= 1.5 μm) and F200W
(λ= 2.0 μm) short-wavelength and F335M (λ= 3.35 μm)
and F444W (λ= 4.4 μm) long-wavelength filters for 644 s
each with module B. These observations utilized the “FULL”
array with the “RAPID” readout mode and the “INTRAMO-
DULE” three-point dither pattern. The raw data have been
reduced using the JWST calwebb pipeline (CRDS 11.17.14,
1185.pmap). In our analysis, we focus on F150W, F200W, and
F335M to constrain the spectral energy distribution (SEDs) of
individual star clusters and the amount of 3.3 μm polycyclic
aromatic hydrocarbon (PAH) emission present within these
sources. The level 3 products (.i2d) were then aligned to the
Gaia DR2 reference frame using the Drizzlepac module
TweakReg (Gaia Collaboration et al. 2018). Finally, our
F150W, F200W, and F335M science frames were drizzled to a
common scale of 0 05 pixel−1, which was chosen to match the
angular resolution of existing HST WFC3 and Advanced
Camera for Surveys UV-optical observations of NGC 3256 and
results in a physical resolution of 10 pc pixel−1 at the distance
of NGC 3256 (dL= 44Mpc).
The JWST NIR spectroscopic observations of the NGC 3256

nuclei were obtained with NIRSpec (P. Jakobsen et al. 2022) in its
integral field unit (IFU) spectroscopy mode (T. Böker et al. 2022)
on 2022 December 23. The NIRSpec IFU observations were
carried out using a set of high-resolution gratings (R∼ 2700),
including G140H/100LP, G235H/170LP, and G395H/290LP,
covering the wavelength range of 0.97–5.27 μm. For each grating,
the exposure time was 467 s and 1109 s for the northern and
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southern nuclei, respectively. A four-point dither pattern was used
to improve spatial resolution and to correct for bad pixels and
cosmic rays in the extended star-forming regions around the
nuclei. In this study, we focus on the G325H and G395H spectra
that contain the Paα and 3.3 μm PAH emission lines, respectively.
The data reduction process was done using the JWST Science
Calibration Pipeline version 1.12.5. Finally, “leakcal” images
were obtained to mitigate the contamination due to failed-open
shutters and overall leakage through the microshutter assembly.

In Figure 1, we compare HST optical and JWST NIR false-
color images of NGC 3256. At optical wavelengths, we see that
NGC 3256 contains many bright clusters seen predominantly in
the dust-free regions of the northern galaxy. These clusters are
identified and subsequently characterized in S. Linden et al.
(2021). At longer wavelengths, the JWST data reveal many
bright and red sources previously hidden behind the dust lanes
obscuring the southern nucleus and parts of the northern galaxy
where UV observations are not able to detect these embedded
YMC candidates. Further, we see that strong 3.3 um PAH
emission, traced by the F335M filter, is present in and around
the brightest young clusters and between the spiral arms in a
filamentary morphology. This network of dust filaments is
resolved for the first time in the NIR and highlights the regions
of dense gas and active star formation in NGC 3256. Finally, in
the outer disk, we see diffuse blue light in the NIR, indicative
of an older stellar population of clusters and associations where
very little gas and dust emission is seen.

3. Results

3.1. Cluster Identification and Photometry

Star cluster candidates in all three NIRCam filters were
selected using the SExtractor software (E. Bertin & S. Arnouts
1996). We considered all sources with local signal-to-noise
ratio (S/N) thresholds of �3 in 2 or more contiguous pixels at
F150W, F200W, and F335M utilizing 64 deblending subthres-
holds, a background mesh size of 20 pixels, and a minimum
contrast threshold of 0.0001. These detection parameters result
in a candidate list of 4984 sources that are detected across all
three filters.

We fit 2D elliptical Gaussian profiles to all 4984 candidates
to measure the major- and minor-axis FWHM at F150W. We
then remove from our catalog all sources for which suitable fits
could not be obtained (likely the result of multiple blended
sources), as well as any source with a fitted major-axis FWHM
that is �2x larger than the FWHM of the F150W instrumental
point-spread function (0 05= 10 pc at the distance of NGC
3256) determined from WebbPSF (M. D. Perrin et al.
2014). This requirement removes 1923 candidates, including
161 objects identified by eye as either background galaxies or
foreground stars. Here we focus on identifying compact star
clusters, which can be best modeled as single stellar
populations (SSPs), and the derived properties can be
compared directly to catalogs where strict size cuts have been
applied. A full accounting of clumps and larger star-forming
regions, which are likely a combination of multiple stellar
populations, is outside the scope of this Letter.

Photometry for 3061 compact clusters identified across the
three NIRCam filters was then calculated using the IDL
package APER. We used an aperture radius of 2 pixels (0 1)
and an annulus with an inner (outer) radius of 4 (6) pixels to
measure the 3σ-clipped mean local background surrounding

each cluster. Errors are estimated by varying the inner radius of
the sky annulus from 2 to 5 pixels. Aperture corrections for
F150W, F200W, and F335M were calculated based on the
encircled energy values presented in K. D. Gordon et al.
(2022). We additionally applied a correction for foreground
Galactic extinction using the E. F. Schlafly & D. P. Finkbeiner
(2011) dust model and the empirical reddening law of
E. L. Fitzpatrick (1999). We present our results using the
Vega magnitude system for HST UV/optical photometric
measurements and the AB magnitude system for all JWST
NIRCam photometric measurements. The reason for this
difference is to better compare our UV/optical color–color
diagram to those found in the literature (see Section 4.1).

3.2. Contributions to the NIR Colors of YMCs

For all confirmed clusters, the measured three-band magni-
tudes are compared against SSP evolutionary models generated
using the isochrone synthesis code yggdrasil (E. Zackrisson
et al. 2011). This code computes the evolution of an
instantaneous star formation burst based on a Kroupa IMF
and the Padova asymptotic giant branch stellar evolution tracks
over an age range of 1Myr–10 Gyr (e.g., G. Bertelli et al.
1994). Additionally, these models use CLOUDY (G. J. Ferland
et al. 2017) to add the contribution from nebular emission lines
by varying the fraction of ionizing photons that that interact
with the surrounding gas ( fcov). J. W. Teh et al. (2023)
explored the variation in the escape fraction for star clusters
identified in the nearby galaxy NGC 628, finding average
values of 0.1–0.2 ( fcov∼ 80%−90%) for the brightest regions
and no clear systematic trends with cluster age, mass, E
(B− V ), or galactocentric radius. We therefore adopt a gas
covering fraction that ranges between 50% and 100% to
encapsulate the observed range found in nearby galaxies.
Further, we choose to adopt solar metallicity models for the

entire galaxy, as suggested based on the relatively flat
metallicity gradient observed in NGC 3256 (J. A. Rich et al.
2012). Using optical spectroscopy of individual star clusters,
G. Trancho et al. (2007) found that metallicity range in NGC
3256 was between 1 and 1.5 Ze. Q. E. Goddard et al. (2010)
demonstrated that for supersolar SSP models up to 2.0 Ze, the
predominant effect on the derived physical parameters is that
the true stellar mass is underestimated for a supersolar cluster
population by up to a factor of ∼2. For clusters identified near
the center of NGC 3256 (see Section 3.4), our assumption of
solar metallicity may artificially increase the derived stellar
mass of our spectroscopic candidates; however, these YMCs
would have a mass �105 Me and are therefore still not
subjected to the effects of stochasticity. Our model choices
allow us to make consistent comparisons with results from
previous studies of YMCs in LIRGs (S. T. Linden et al. 2017;
A. Adamo et al. 2020) as well as the Legacy Extragalactic UV
Survey (LEGUS) of nearby normal star-forming galaxies,
which adopt the same yggdrasil models to determine cluster
ages, masses, and extinctions (e.g., J. E. Ryon et al. 2017;
M. Messa et al. 2018; D. O. Cook et al. 2019).
In the right panel of Figure 2, we see that the yggdrasil

model tracks decrease vertically from 1 to 5Myr, approxi-
mately perpendicular to the direction of the extinction vector
shown in the lower right. The vertical drop in the SSP model
occurs when massive stars evolve from blue supergiants
into the red supergiant (RSG) evolutionary phase. RSGs are
young, massive, luminous stars that rapidly exhaust their core
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hydrogen. The luminosities of RSGs peak at ∼1 μm with
absolute J-band magnitudes of MJ=−8 to −11, rivaling the
integrated light of Milky Way globular clusters (S. S. Larsen
et al. 2011). Thus RSGs, when present, can dominate the NIR
flux of a YMC. Therefore, the F150W – F200W NIR colors can

be used as an absolute age indicator for YMCs due to the
strong effects RSGs have on the overall continuum shape
(J. Z. Gazak et al. 2013).
Outside the ionization front, less energetic photons interact

with the neutral gas and molecules, producing photodissociation

Figure 1. Top: false-color HST imaging of NGC 3256 using F336W (λ = 0.336 μm), F435W (λ = 0.435 μm), and F814W (λ = 0.814 μm). The images are oriented
north up and east left, and the 4 kpc scale bar is equivalent to 18″. Bright UV-optically visible clusters are seen predominantly in the dust-free regions of the northern
galaxy. These clusters were identified and subsequently characterized in S. Linden et al. (2021). Bottom: false-color JWST NIRCam image of NGC 3256 using
F150W, F200W, and F335M observations. The JWST data reveal many bright and red sources previously hidden behind the dust lanes obscuring the southern nucleus
and parts of the northern galaxy where UV observations are not able to detect these embedded YMCs. The combination of the JWST filters used in this analysis
enables us to characterize the properties of these red sources in NGC 3256 for the first time.
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regions (PDRs; D. J. Hollenbach & A. G. G. M. Tielens 1999).
Within the PDRs, dust grains absorb and reprocess light from
UV and optical photons produced by stars, which heat the
surrounding gas via the photoelectric effect, and the gas then
cools by line emission. In the very small grains regime, we find
the PAH. In this family of hydrocarbons, carbon atoms are
organized in planar hexagonal rings, and hydrogen atoms lie at
the boundary of the rings (A. G. G. M. Tielens 2008). A PAH
molecule can absorb a UV photon, triggering vibrational
deexcitation through IR emission (A. Leger et al. 1989). PAH
spectral features arise at 3.3, 6.2, 7.7, 8.6, 11.3, 12.7, 16.4, and
17 μm and are linked to the different vibrational modes of their
molecules (L. J. Allamandola et al. 1989). Their emission
properties strongly depend on their sizes, the number of carbon
atoms, the internal temperature (A. Leger et al. 1989), and the
different ionization states of the PAH molecules (B. T. Draine &
A. Li 2007; B. T. Draine et al. 2021). With JWST NIRCam
observations at F335M, we are able to image the 3.3 μm PAH
emission at ∼20 pc resolution corresponding to the PDRs
surrounding our YMC candidates and determine the contribution
of this emission feature to the measured F335M flux (e.g
D. A. Dale et al. 2023).

3.3. The Color–Color Diagram

The distributions of star clusters in color–color diagrams
have long been studied to gain insight into the properties and
evolution of the cluster population (e.g., S. S. Larsen &
T. Richtler 2000; R. Chandar et al. 2010; A. Adamo et al.
2017). In the left panel of Figure 2, we plot the HST F336W
(λ= 0.336 μm), F435W (λ= 0.435 μm), and F814W (λ=
0.814 μm) color–color diagram for 2579/3061 compact YMC

candidates identified with NIRCam that also have S/N> 3 in
all three HST UV/optical filters. Photometry was performed
using the same apertures and background annuli adopted for
the JWST NIRCam sources. In dark blue, we overlay the
yggdrasil SSP model tracks with solar metallicity and a Kroupa
IMF. In red, we overlay the equivalent models using the
G. Bruzual & S. Charlot (2003) model tracks. Regardless of
the choice of SSP model, it is clear that requiring sources to be
detected across all six HST and JWST filters, and in particular
the F336W WFC3/UVIS filter, results in YMC candidates that
are predominantly dust-free (AV< 2).
In the right panel of Figure 2, we plot the F150W – F200W

versus F200W – F335M color–color diagram for all 3061
compact point sources identified in our JWST NIRCam images
(gray). The red box represents the embedded YMC selection
presented in S. T. Linden et al. (2023), where nearly all sources
are identified in the JWST imaging alone. Based on their
location relative to the SSP models, these 116 YMC candidates
all appear to be very young and heavily dust-enshrouded.
Further, using the yggdrasil SSP models, we take the average
M/LF200W ratio from 1 to 3Myr as well as the solar AB
absolute magnitude at F200W (C. N. A. Willmer 2018) to
derive stellar masses of 105.8−6.1 Me for these sources. We note
that the M/L ratio varies by less than a factor of 2 over this age
range.
K. M. Sandstrom et al. (2023) used F300M, F335M, and

F360M observations as part of the PHANGS-JWST survey to
accurately determine the continuum-subtracted 3.3 μm PAH
emission across the disks of NGC 628, NGC 1365, and NGC
7496. They found that between 5% and 65% of the F335M
intensity comes from the 3.3 μm PAH feature within the inner
regions of their targets. This percentage also systematically

Figure 2. Left: the F336W – F435W vs. F435W – F814W color–color diagram for compact YMC candidates with S/N > 3 in all three HST UV/optical filters. In
dark blue, we overlay the yggdrasil SSP model tracks with solar metallicity and a Kroupa IMF. In red, we overlay the equivalent models using the G. Bruzual &
S. Charlot (2003) model tracks. Ages are marked along the sequence. Based on the extinction vector shown in the bottom right, sources that are detected across all
three HST filters are primarily YMC candidates with AV < 2. Right: the F150W – F200W vs. F200W – F335M color–color diagram for all 3061 compact point
sources identified in our JWST NIRCam images (gray). Overlaid in dark blue is the yggdrasil SSP model track adopted here with solar metallicity and a Kroupa IMF.
Ages are marked along the sequence. The bottom right arrows represent an extinction of AV = 5 and the maximum contribution to the F335M flux from 3.3 μm PAH
emission determined for star-forming regions within galaxies observed as part of the PHANGS-JWST survey (K. M. Sandstrom et al. 2023). The red box represents
the embedded YMC candidate selection presented in S. T. Linden et al. (2023), where nearly all sources are identified in the JWST imaging alone. In NGC 3256, these
candidates all appear to be young(t � 5 Myr) and heavily dust-enshrouded (AV = 5−15).
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varies from galaxy to galaxy and shows radial trends related to
each galaxyʼs distribution of stellar mass, ISM, and SFR. These
results agree with T. S. Y. Lai et al. (2020), who show that
the 3.3 μm PAH, on average, contributes ∼15%–20% in the
F335M filter in a sample of local LIRGs and ULIRGs (see
Figure 17 in that paper). In the bottom right, we display a
vector that represents the increase in F200W – F335M color
assuming the maximum contribution (65%) to the F335M flux
from 3.3 μm PAH emission within star-forming regions relative
to a YMC without any PAH emission, as represented by the
yggdrasil SSP model tracks. This vector demonstrates that the
reddest sources detected with NIRCam are not simply shielded
in large columns of dust but themselves may have substantial
dust emission that needs to be accounted for in order to use SSP
models to derive accurate age, mass, and extinction values in
the NIR. The combination of the extinction and emission
vectors produces the elongated distribution of YMC candidates
we see in the right panel of Figure 2.

3.4. NIRSpec Spectroscopic Selection

The identification of YMCs in local LIRGs has opened an
unprecedented opportunity to determine the rapidly changing
physical properties of the gas and dust surrounding massive
star clusters as they form and evolve and eventually become
optically visible. In particular, the 1–5 μm range carries key
signatures that uniquely probe the physical conditions of the
ionized gas and the spectral type of the most massive stars
present and hence probe the strength of the radiation field in
YMCs and the type of feedback (photoionization versus
mechanical) dominating in the different classes of objects
(e.g., S. L. Lumsden et al. 2003; G. Cresci et al. 2010; A. Bik
et al. 2012). In particular, the rovibrational H2 molecular
emission lines in the 2–5 μm range can be used to compare the
physical properties of the hot molecular gas to the radiation
field and ongoing feedback processes within PDRs
(M. M. Hanson et al. 2002; N. L. Martín-Hernández et al.
2008; E. Habart et al. 2011). NIRSpec observations allow us to
correlate the relative strength of the 3.3 μm PAH emission with
the properties of the ionization field probed by rovibrational H2

emission to determine how the physical properties of the dust
and gas change as YMCs emerge from their parent GMCs.

In Figure 3, we plot the F335M versus F200W – F335M
color–magnitude diagram for all 3061 compact YMCs
detected, shown in gray, and in dark red, we highlight
all 116 embedded YMC candidates based on their
F150W – F200W and F200W – F335M colors selected in the
right panel of Figure 2. Our selection method has identified
embedded YMC candidates over 5 mag in apparent F335M
brightness, demonstrating the depth of the NIRCam ERS
observations. In turquoise, we select the brightest sources at
3.3 μm (mF335M< 20) such that any potential YMC candidate
identified within the NIRSpec field of view (3″× 3″∼
640× 640 pc) will have sufficient S/N to extract the spectrum
of the Paα emission line and the 3.3 μm PAH feature. This
requirement identifies 98 YMC candidates, and further
requiring sources to be located within the NIRSpec footprint
reduces our spectroscopic candidates from 98 to 13. From these
13 sources we remove a further five, which blend multiple
NIRCam-detected sources at the resolution of our combined
channel 1–4 NIRSpec cubes. The spectra of the remaining eight
YMC candidates are then extracted using 0 2 apertures. For
each spectrum, we extract a local background in a nearby

aperture with the same aperture size that appears to be
emission-free and represents our best way to remove the
contribution from the surrounding ISM.
In the top panels of Figure 4, we show the three-color UV/

optical observations (F336W/F435W/F814W) with HST and
the NIR observations (F150W/F200W/F335M) with JWST
NIRCam of the northern and southern nuclear regions. In the
top right panel, we overlay our extraction apertures (0 2) for
our final eight YMC candidates within the selection box
presented in Figure 3. Red circles represent candidates that fall
within the embedded selection presented in the right panel of
Figure 2, demonstrating that within the NIRSpec footprint, we
have both red and blue YMC candidates for which we can
extract accurate spectra. In the bottom panels of Figure 4, we
see that three YMC candidates are visible in the HST
observations (R4, R5, and R13) and are predominantly blue
in the NIR. The two embedded candidates we extract in this
footprint (R9 and R10) are found southwest of the northern
nucleus and are seen as very red sources in the NIR imaging. In
the southern footprint, we see that previous HST observations
completely miss any of the compact sources we identify with
NIRCam imaging, including our blue YMC candidates (R2 and
R3). Further, we find that the embedded YMC candidate in the
southern footprint (R1) is found southwest of the southern
nucleus. Crucially, we see in the bottom panels of Figure 4 that
our eight YMC candidates are all sufficiently isolated such that
no other compact point source is contained within the aperture
used to extract NIRSpec spectra. These eight sources represent
the first NIRCam and NIRSpec joint analysis of YMCs in
nearby galaxies to date. The photometric, spectroscopic, and

Figure 3. The F335M vs. F200W – F335M color–magnitude diagram with all
3061 compact YMCs detected shown in gray. In dark blue, we plot the
yggdrasil SSP model adopted in this analysis along with the same age markers
as in the right panel of Figure 2. In dark red, we highlight all 116 embedded
YMC candidates based on their F150W – F200W and F200W – F335M colors.
In turquoise, we overlay the selection used to identify potential candidates
within the NIRSpec field of view (3″ × 3″ ∼ 640 × 640 pc), which have
sufficient brightness to extract a high-S/N spectrum from 1 to 3 μm. The
bottom right arrow represents the maximum contribution from 3.3 μm PAH
emission to the F335M flux observed in K. M. Sandstrom et al. (2023).
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SED-derived physical properties (including the age, mass, and
extinction) for these YMC candidates are given in Table 1.

In the left panel of Figure 5, we show a spectral window
(1.8–1.92 μm) covering the Paα recombination line extracted
for all eight YMCs ordered by their observed F200W – F335M
color with the bluest source at the top and the reddest source at the
bottom. We see that for the reddest YMC candidates, multiple H2

(1–0) transitions are found at 1.8358 (S(4)) and 1.892 μm (S(5)).
These lines are thought to trace hot molecular gas and the UV
radiation field in the surrounding PDR of these YMCs (e.g.,
J. H. Black & E. F. van Dishoeck 1987; J. F. Wu et al. 2019). We

also see evidence for the He I (1.869 μm) line, which is transition-
only, produced in star clusters hosting very massive stars
(Me> 100; N. M. Förster Schreiber et al. 2001; T. Böker et al.
2008). The ionization energy of atomic helium is 24.6 eV and thus
is markedly higher than that of hydrogen (13.6 eV). Line emission
from He I is therefore expected to arise predominantly in the
vicinity of the most massive (and hence youngest) stars.
Interpretation of the He I emission requires detailed photoioniza-
tion models, and quantitative analysis of the temperature of the
hottest stars in an H II region is subject to large uncertainties
(R. M. Doherty et al. 1995; S. L. Lumsden et al. 2001). At least

Figure 4. Top: false-color images of the northern and southern regions of NGC 3256 with both HST (F336W/F435W/F814W) and JWST NIRCam (F150W/
F200W/F335M). In turquoise, we overlay the NIRSpec field of view (3″ × 3″ ∼ 640 × 640 pc) of the ERS observations used in this analysis. In black and red, we
overlay the apertures for the eight YMC candidates within the selection box in Figure 3 that are sufficiently isolated such that an accurate local background can be
determined for each cluster and have sufficient S/N to reliably extract both the Paα and 3.3 μm EWs. Bottom: NIRCam false-color zoom-in images of the field of
view of the NIRSpec observations. Red circles represent candidates that fall within the embedded selection based on their F150W – F200W and F200W – F335M
colors (see Figures 2 and 3).

Table 1
NIRCam/NIRSpec Nuclear Cluster Catalog

ID R.A.a Decl. F150W – F200W F200W – F335M Age Massb EWc E(B − V )d χ2

(Myr) (Me) (3.3 μm)

R1 156.96338 −43.905387 1.327 1.007 2.5 4.18 0.28 5.75 7.1
R2 156.96353 −43.905470 0.403 −0.1028 6.3 8.772 0.14 2.0 1.5
R3 156.96349 −43.905067 0.3185 −0.1277 6.0 3.55 0.11 0.75 1.3
R4 156.96401 −43.904206 0.1176 −0.4568 L 9.831 0.052 0.25 1.3
R5 156.96394 −43.903470 0.1611 −0.7704 6.7 22.8 −0.024 0.75 1.4
R9 156.96326 −43.904067 0.8953 0.4948 1.0 6.134 0.31 3.5 7.9
R10 156.96311 −43.904123 0.7439 0.4491 3.1 3.306 0.36 3.0 3.6
R13 156.96405 −43.903896 0.4199 0.1587 3.8 4.155 0.37 1.5 3.3

Notes.
a The R.A. and decl. are given in the J2000 coordinate system.
b The stellar mass of each YMC is given as Me x 105.
c The 3.3 μm PAH EW is measured in microns after a local background subtraction has been applied.
d The color excess E(B − V ) is given in unites of mag.
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qualitatively, however, comparing the He I line strength to that of
Paα provides us a handle on the relative ages of the youngest
stellar clusters because the hottest stars will vanish fastest
(T. Böker et al. 2008). It is therefore notable that these diagnostics
of massive stars and stellar feedback are only present within the
reddest YMCs with the strongest Paα line strengths in our
NIRCam and NIRSpec cluster sample.

In the right panel of Figure 5, we show a spectral window
(3–3.5 μm) covering the 3.3 μm PAH emission extracted for all
eight YMCs ordered by their observed F200W – F335M color
with the bluest source at the top and the reddest source at the
bottom. We again see that for the reddest YMC candidates, an
H2 (1–0) transition is found at 3.2350 μm (O(5)) along with
the Pfδ recombination line at 3.2961 μm. In conjunction with
the correlations observed with the Paα line strength, the 3.3 μm
PAH emission decreases as the NIR colors are observed to be
bluer.

This result is in broad agreement with Z. Lin et al. (2020),
who use star cluster catalogs from LEGUS and 8 μm images
from the IRAC camera on the Spitzer Space Telescope for five
galaxies within 5Mpc to investigate how the PAH luminosity
correlates with the stellar age on the 30–50 pc scale of star-
forming regions. They find that star-forming regions in nearby
galaxies show a tight anticorrelation between the 8 μm dust-
only luminosity and the age of primary stellar clusters younger
than 1 Gyr. Further, O. V. Egorov et al. (2023) found a strong
anticorrelation between the 3.3 μm/7.7 μm ratio, a proxy for
the PAH abundance (B. T. Draine et al. 2021), and the
ionization parameter in H II regions of nearby galaxies,
confirming previous results that the survival of PAH molecules
is connected to the properties of the radiation field and the
evolutionary stage of the star-forming regions (e.g., T. S. Y. Lai
et al. 2022, 2023). Several scenarios could be responsible for

the observed lack of PAH emission in star-forming regions.
Coagulation onto dust grains might lead to the loss of a
significant PAH fraction of 20%–40% in carbon atoms
(J. Y. Seok et al. 2014). Moreover, E. R. Micelotta et al.
(2010) showed that interstellar shocks can also completely
destroy the grains. These mechanisms play a crucial role in the
evolution of PAHs, and they are strictly connected to the
strength of the feedback as YMCs emerge from their birth
clouds.

3.5. Trends between Derived Physical Parameters

With a direct measurement of the background-subtracted
Paα and 3.3 μm PAH equivalent widths (EWs) from the
NIRSpec spectra, we can determine what the contribution is to
the observed F200W – F335M colors for each of our eight
YMC candidates. In particular, we can derive the change in the
NIRCam F335M magnitude (Fc/(Fc+ Fl)= 2.512ΔF335M)
without the presence of the 3.3 μm PAH emission using the
EW and the bandwidth of the F335M filter (0.347 μm). By
removing this contribution, we can then use the corrected
F200W – F335M color to constrain the age and extinction (E
(B− V )) with existing yggdrasil SSP models, which do not
include contributions from dust emission. The final source of
contamination to the measured 3.3 μm PAH emission is the Pfδ
recombination line at 3.296 μm. In the right panel of Figure 5,
we see that for the reddest YMCs in our sample (R1, R9, and
R10), a weak Pfδ line can be seen. T. S. Y. Lai et al. (2020)
estimated the average contribution of the Pfδ line to the
integrated 3.3 μm emission from their star-forming galaxy
spectral template to be just 0.9%. This is in contrast to the
starburst region SSC-N in II Zw 40, where correcting for the
unusually strong recombination line results in a reduction of

Figure 5. Left: a spectral window (1.8–1.92 μm) showing the Paα recombination line for all eight YMCs ordered by their F200W – F335M color with the bluest
source at the top and the reddest source at the bottom. The bottom three sources are classified as embedded YMCs based on our color criteria. We see that for these
embedded YMCs, multiple H2 (1–0) transitions are found at 1.8358 (S(4)) and 1.892 μm (S(5)), as well as He I at 1.869 μm. The dashed lines represent the
background spectra used to subtract the contributions of the surrounding ISM from each YMC spectrum. Right: a spectral window (3–3.5 μm) showing the 3.3 μm
PAH emission for the same eight YMCs. We again see that for the reddest YMC candidates with the strongest PAH emission, the H2 (1–0) transition at 3.2350 (O(5))
is easily detected along with the Pfδ recombination line at 3.2961 μm. The dashed lines represent the background spectra extracted for each source.
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3.3 μm flux by 20.6%. However, the gas-phase oxygen
abundance of SSC-N implies one-fourth to one-fifth solar
metallicity (Z∼ 0.004) for II Zw 40 (C. Leitherer et al. 2018),
which is much lower than any of the YMC candidates observed
in NGC 3256; therefore, such strong contributions to the
3.3 μm recombination are not seen.

In Figure 6, we show the eight YMCs selected within our
NIRSpec field of view as square symbols color-coded as in
Figure 5. The vector attached to each point represents the
adjusted F200W – F335M color taking into account the
measured 3.3 μm PAH strength such that only the stellar
emission associated with each source remains. We stress that
although our selection was limited to the nuclear NIRSpec
pointings available in the GOALS-ERS program, we are able to
select YMC candidates that span nearly an order of magnitude
in 3.3 μm PAH strength and the full range of observed
F200W – F335M colors in NGC 3256. With adjusted
F200W – F335M colors for these YMCs, we can use a standard
χ2-minimization technique to find the best-fit age and E(B− V )
values from a grid of yggdrasil SSPs using the model F150W,
F200W, and F335M NIRCam fluxes. The resulting photome-
trically derived ages all agree within 1σ of our spectroscopic
values derived using the Paα EW-versus-age models presented
in C. Leitherer et al. (1999). The χ2 values for each fit are given
in Table 1. This demonstrates the effectiveness of our approach
once the F200W – F335M color is properly corrected for the
presence of 3.3 μm PAH emission. In the remainder of this

section, we present the results of these fits as well as the
observed correlations between YMC age, NIR color, 3.3 μm
PAH strength, and color excess E(B− V ).
In the left panel of Figure 7, we plot the Paα EW-derived ages

versus the observed F200W – F335M NIRCam color. We see a
clear trend whereby the median age of the YMC candidate
within the embedded selection (F200W – F335M� 0) is 2Myr,
whereas blue YMCs (F200W – F335M< 0) have a median age
of >5Myr. In the middle panel, we see another clear trend
where the YMCs with the strongest 3.3 μm PAH emission are
also the youngest. Our observations also suggest that 3.3 μm
PAH strength may be used as a proxy for cluster age out to
8–9Myr in NGC 3256. Like in the left panel, we also see a clear
trend when examining the Paα EW-derived ages versus the
SED-derived color excess E(B− V ), where the most heavily
extincted sources (E(B− V )> 3) have the youngest ages
(<4Myr). We find that the reddest source within our NIRSpec
sample, which is also the reddest source identified across the
entire galaxy, has an E(B− V )= 5.75. This value is consistent
with detailed SED models of the NIR–far-IR spectrum of
embedded YMCs presented in D. G. Whelan et al. (2011), which
demonstrated that for a star formation efficiency of 50% and an
outer envelope size of 25 pc, visual extinctions as high as
18.3mag should be expected even for a PDR clumpy fraction of
90%. Although rare, the detection of such YMCs demonstrates
that the nuclear regions of local LIRGs are potentially the best
laboratory for finding these extreme dust-buried systems with
high star formation efficiencies that are likely to be progenitors
of massive globular clusters in the future.

4. Discussion

4.1. YMC Photometric Comparisons

\D. Maschmann et al. (2024) use HST F336W, F435W,
F555W, and F814W observations of 38 galaxies as part of the
PHANGS-HST survey to classify the color–color diagram into
three distinct regions: the young cluster locus (YCL;
−1.5< F336W – F435W<−1), the middle-age plume (MAP;
−1< F336W – F435W< 0), and the old globular cluster clump
(0< F336W – F435W< 0.5). This classification reveals that
there is no correlation between the MS offset (ΔMS) and the
fraction of clusters in the YCL. The absence of a strong YCL
feature above the MS is generally due to dust reddening and
does not necessarily imply the absence of cluster formation.
Further, there is a strong linear correlation between a galaxyʼs
offset from the MS and the fraction of its cluster population in
the MAP. Above the MS, the presence of a strong MAP feature
indicates that the elevated star and cluster formation activity
must have been ongoing for about 100Myr. In the left panel of
Figure 2, we see that sources detected with JWST NIRCam
observations span both the YCL and MAP regions, allowing us
to recover the full cluster formation history of the merger over
the last ∼100Myr in NGC 3256.
With archival HST WFPC2 and NICMOS imaging,

M. García-Marín et al. (2006) found that the youngest sources
within Arp 299, with ages of �3Myr, are the only ones with
measured F160W – F222M colors>1, suggesting that the
youngest and most deeply embedded YMCs within nearby
LIRGs display the reddest NIR colors. If indeed all of our
reddest YMC candidates were young and embedded, it would
increase the number of such sources identified previously

Figure 6. The F150W – F200W vs. F200W – F335M color–color diagram for
all 3061 compact point sources identified in our JWST NIRCam images (gray).
Overlaid in dark blue to magenta are yggdrasil SSP model tracks with E
(B − V ) = 0, 2, 4, 6, and 8. The square points correspond to the eight YMCs
selected within our NIRSpec field of view color-coded as in Figure 4. The
arrow attached to each point represents the adjusted F200W – F335M color
taking into account the measured 3.3 μm PAH EW such that only the stellar
emission associated with each source remains. The bottom right arrows
represent an extinction of AV = 5 and the maximum contribution from 3.3 μm
PAH emission to the F335M flux determined for star-forming regions within
galaxies observed as part of the PHANGS-JWST survey (K. M. Sandstrom
et al. 2023). It is clear that our NIRCam and NIRSpec YMC candidates span
nearly an order of magnitude in 3.3 μm PAH strength and the full range of
observed F200W – F335M colors in NGC 3256.
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through HST imaging alone by over an order of magnitude
(S. Linden et al. 2021).

J. Rodriguez et al. (2022) present JWST NIRCam observa-
tions of YMC candidates in NGC 7496 as part of the
PHANGS-JWST Cycle 1 Treasury Survey. They find that
sources selected as having strong 3.3 μm PAH emission based
on the F300M – F335M color excess are predominantly young
and embedded star clusters. With the corresponding CO (2–1)
maps from the PHANGS-ALMA survey, they correlate the
locations of these embedded sources with peaks in the
molecular gas emission suggesting that these sources have
yet to significantly clear the gas and dust in their surrounding
GMC. These results are consistent with our picture of rapid
cluster emergence in a more extreme starburst system using
NIRCam imaging of the northern and southern nuclear regions
of NGC 3256.

4.2. YMC Spectroscopic Comparisons

To compare our results with others in the literature, we note
that R9 in our spectroscopic YMC sample is also the SF5
region in F. R. Donnan et al. (2024). These authors suggest that
SF5 is a very dusty star-forming region with hot gas and dust
around it, consistent with our findings that R9 is one of the
youngest and reddest sources in our NIRCam and NIRSpec
catalogs. We also note that although multiple SNe have been
detected in NGC 3256 (e.g., E. Kankare et al. 2018a, 2018b),
none have been found at the location of SF5/R9. Further,
E. Galliano et al. (2008) used NIR and mid-IR spectroscopy
with the Very Large Telescope (VLT) to identify three very
young (2–4Myr), dust-enshrouded (AV= 3–13), and massive
(∼106 Me) stellar clusters (M4, 5, and 6) within the central
region of the nearby LIRG NGC 1365. In particular, M5 is
identified in B. C. Whitmore et al. (2023) as the source with the
brightest F335M magnitude, and M6 has one of the reddest
F300M – F335M colors, suggesting that strong PAH emission
is indeed associated with the very youngest, and still
embedded, star clusters. These results are consistent with the
YMCs observed in NGC 3256.

C. N. Herrera & F. Boulanger (2017) used ALMA and VLT
observations of the overlap region of the Antennae galaxy to
study how feedback in YMCs affects the surrounding ISM in a

starburst event. They similarly find that both the Brγ
recombination line emission and the H2 (1–0) S(1) emission
decrease with increasing cluster age for YMCs with ages
between 1 and 4Myr. These observations suggest that most of
the parent cloud has already been blown away, accelerated at
the early stages of YMC evolution by radiation pressure, on a
timescale of ∼1−2Myr in the overlap region of the Antennae.
Further, with VLT K-band spectroscopy of young stellar
objects embedded within ultracompact H II regions identified in
the Milky Way, A. Bik et al. (2006) determined that the reddest
sources in their sample (with J− K colors>5) have the
strongest observed Brγ recombination line fluxes, suggesting
that they have ages of ∼1Myr.
These studies demonstrate that the youngest and most deeply

embedded stars and star clusters exhibit both strong 3.3 μm
PAH emission and hydrogen recombination line emission, and
that these trends appear ubiquitous in both normal and extreme
starburst galaxies in the local Universe.

4.3. The Emergence Timescale

Based on the trends observed in Figure 7, we conclude that
YMCs in the nuclear regions of NGC 3256 appear to clear their
surrounding dust quickly (E(B− V )� 1 by 4Myr). An
emergence timescale of ∼3Myr for massive YMCs strongly
suggests that pre-SN feedback remains an important mech-
anism to clear the surrounding gas and dust in these YMCs.
M. R. Krumholz et al. (2019) suggest that for cluster masses
M> 105 Me, the dominant mechanism responsible for this
clearing is direct radiation pressure.
Observations of 30 Doradus suggest that the cluster has

broken apart its parent cloud within a timescale shorter than the
MS lifetime of the most massive stars. Further, they find that
within the shells close to the core of the central R136 cluster,
radiation pressure dominates (M. Andersen et al. 2009;
L. A. Lopez et al. 2011). Until now, it has not been possible
to obtain complete samples of embedded YMCs beyond the
Local Group to constrain feedback more directly for star-
forming regions at higher metallicity, gas surface density, and
ISM pressures, as the angular resolution of previous infrared
facilities could not resolve the parsec scales required to identify
YMCs at larger distances.

Figure 7. Left: the Paα EW-derived age vs. the measured F200W – F335M color. We see a clear trend where the reddest YMCs in our sample have the youngest ages
as determined from their recombination line EWs. Based on the embedded selection presented in Section 3.3, YMCs in NGC 3256 with F200W – F335M > 0 have
ages �4 Myr. Middle: the Paα EW-derived age vs. the 3.3 μm PAH EW. We see a clear trend where the YMCs with the strongest PAH emission are also the
youngest. Right: the Paα EW-derived age vs. the SED-derived color excess E(B − V ). Like in the left panel, we see a clear trend where the most heavily extincted
sources (E(B − V ) > 3) have the youngest ages (<4 Myr).
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Pre-SN feedback processes that are likely to be important for
young star clusters in our mass and size range (∼105 Me and
r∼ 10 pc) include photoionization, direct radiation pressure,
and stellar winds (e.g., E. W. Pellegrini et al. 2011; J. E. Dale
et al. 2012; M. Krause et al. 2013), all of which have timescales
of a few Myr, and should help clear the surrounding medium
before the first SN explosion occurs at around ∼4Myr
(C. Leitherer et al. 2014). However, as cluster mass increases,
early feedback mechanisms like stellar winds become increas-
ingly ineffective, requiring SNe to fully impact and disperse the
surrounding GMC, which may result in a longer emergence
timescale (∼4−5Myr).

To further determine what early feedback mechanisms are
important for our NIRCam-selected sources in NGC 3256, we
follow the calculations presented in L. A. Lopez et al. (2014) to
determine the radiation pressure in the H II regions surrounding
our embedded YMC candidates. We adopt an average E
(B− V ) of 4 (see Figure 7) and a median Paα flux of
5× 10−16 erg s−1 cm−2 Hz−1. We further adopt a median
cluster radius of 15 pc to derive a value for the direct radiation
pressure Pdir of 5× 10−9 g cm−1 s−2. This value is comparable
to, and even slightly larger than, the typical ionization (Pion)
pressures found for H II regions in the LMC of
∼1−5 × 10−10 g cm−1 s−2 (L. A. Lopez et al. 2014). Further,
our value is consistent with the results presented in L. Della
Bruna et al. (2022), who used MUSE to investigate the direct
and ionization pressures for optically selected H II regions in
the disk and central regions of M83. They found that for the
dustiest H II regions, Pdir is approximately constant with
galactocentric radius and becomes comparable in strength to
Pion in the central region. Therefore, we conclude that direct
radiation pressure must play an important role in the early
feedback process for YMCs in the central region of NGC 3256.

We note that M. S. Westmoquette et al. (2014) analyzed three
YMCs in the nearby starburst galaxy M82 that appear to have
stalled feedback due to the high external pressure of the ISM in the
central region. Indeed, the spectroscopic ages of those three
clusters (4.5–6.4Myr with E(B –V )∼ 1.4−1.9mag) are similar to
those of the bluer YMCs found in this work. On the other hand,
R. C. Levy et al. (2021) find P Cygni profiles associated with three
compact YMCs in the central starburst of NGC 253, suggesting
that they are actively expelling their surrounding gas and dust.
Overall, it is still unclear if YMCs are effective in rapidly clearing
their surrounding dust and gas in all starburst environments, a
question that requires a more complete survey of YMC formation
and evolution in the centers of starburst galaxies to fully address.

5. Summary

We have presented the results of a JWST NIRCam and
NIRSpec investigation into the YMC population in the LIRG
NGC 3256. We identify 3061 compact YMC candidates with
S/N� 3 at F150W, F200W, and F335M, for which we
perform aperture photometry. Based on the derived NIR
magnitudes and colors of our new YMC catalog, we reach the
following conclusions.

1. A direct comparison with archival HST imaging from 0.3
to 0.8 μm reveals that 16% of these sources are
undetected at optical wavelengths. Based on yggdrasil
stellar population models, we identify 116 YMC
candidates in our JWST imaging with F150W –

F200W> 0.47 and F200W – F355M>−1.37 colors,

suggesting that they are young (t� 5Myr), dusty
(AV= 5−15), and massive (Me> 105). This increases
the sample of dust-enshrouded YMCs detected in NGC
3256 by an order of magnitude.

2. With NIRSpec IFU pointings centered on the northern and
southern nucleus, we extract the Paα and 3.3μm PAH EWs
for eight bright and isolated YMCs that span nearly the full
range of observed F200W – F335M colors in NGC 3356.
Variations in both the F200W – F335M color and 3.3 μm
PAH line strength with Paα EW suggest a rapid evolutionary
sequence (<3−4Myr) for PDRs as the emerging YMCs
clear their surrounding dust in the nuclei of NGC 3256
before SN feedback can take effect.

3. With both the age and dust emission accurately measured,
we use yggdrasil to self-consistently derive the color
excess (E (B− V )), demonstrating that YMCs with
F200W – F335M> 0 correspond to sources with E
(B− V )> 3, which are completely missed in existing
UV-optical studies, and underscores the importance of
JWST for finding and characterizing these very young
and dust-embedded sources within nearby galaxies.
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