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Abstract

We use PHANGSJames Webb Space Telescqd@/ST) data to identify and classify 1271 compact 24
sources in four nearby galaxies using MIRI F2100W data. We identify sources using a dendrogram-based

algorithm, and we measure the background-subtracte

dlensities for JWST bands from 2 to 24. Using the

spectral energy distributio(6ED) in JWST and HST bands plus ALMA and MUB®&.T observations, we
classify the sources by eye. Then we use this cleaton to dene regions in coleicolor space and so establish a
quantitative framework for classifying sources. We identify 1085 sources as belonging to the ISM of the target
galaxies with the remainder being dusty stars or background galaxies. Theses@lirces are strongly spatially
associated with H regions(> 92% of sourcés while 74% of the sources are coincident with a stellar association

de ned in the HST data. Using SEDting, we nd that the stellar masses of the 2t sources span a range of

10°-10* M, with mass-weighted ages down to 2 Myr. T

H and 21 m luminosity forl ;000> 10*°WHz . Yo
found below this threshold and havi < 10° M, .

here is a tight correlation between attenuation-corrected
ung embedded source candidates selected anZire

Uni ed Astronomy Thesaurus concepigrared astronomy786); Spiral galaxieg1560; Star formation(1569

1. Introduction

Dust grains and polycyclic aromatic hydrocarb@@&Hs) in
the interstellar mediurfiSM) play a central role in shaping the
radiation eld in galaxies, converting short-wavelength light
from stars and other emitters into long-wavelength emission in
the infrared(IR; Galliano et al.2018. The mid-IR emission
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observed by the James Webb Space Teles¢dp&sT) is
generated by small dust grains, which are heated stochastically
to temperatures of 100-150K to emit photons at mid-IR
(5 | m< 60) wavelengthgDraine & Li 2001). The PAHs
reemit absorbed radiation in discrete spectral band features in
therange ¥ / m 21, which corresponds to the stretching
and bending modes of bonds in the large molecules
(Allamandola et al1989 Li 2020. Because the IR radiation
is signi cantly less affected by absorption, dust and PAH
emission provide a vital low-extinction view into the densest
regions of galaxies.

Thanks to previous generations of mid-IR observatories, the
properties of warm dust and PAHs have been broadly
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Table 1

Summary of Galaxy Properties and Observational Parameters
Galaxy D? log,o(M (/M. )P R F2100W ALMA MUSE
(Mpc) (kpo) (P9 (P9 (P9
IC 5332 9.01 9.7 3.6 29 32 38
NGC 0628 9.84 10.3 3.9 32 53 44
NGC 136% 19.57 10.0 2.8 64 130 110
NGC 7496 18.72 11.0 3.8 61 150 77
Notes.

& Distances to targets based on observations aggregated in Shay@@t&land Anand et al(2021).

b Galaxy properties including stellar mdb4:) and effective radiugRe) based on the PHANGS compilation presented in Leroy €2@21).

¢ Projected linear resolutions at distances of the different galaxies based on observations wit”B¥Sahd the varying resolutions of data from PHANGS
ALMA (0”7-1"7; Leroy et al.2021) and PHANGSMUSE (0”8-1”2; Emsellem et aR022.

d Objects NGC 1365 and NGC 7496 host IR-bright AGN that saturate several of the JWST images.

surveyed. Such studies have illustrated the crucial role of IRwavelengths. In particular, the JW3IRI observations at
observations in understanding the process of star formation ir—28 m have an order-of-magnitude improvement in resolu-
galaxies, since star formation occurs in high-extinction regionstion over SpitzérMIPS and superior sensitivity. This capability
(e.g., Perez-Gonzalez et &005 Jarrett et al.2013. In offers a new opportunity to push studies of resolved mid-IR
particular, embedded high-mass stars create strong radiatioamission to galaxies well beyond the Local Group.
elds that enhance the mid-IR emission so that the mid-IR can This paper explores the relationship between compact
be used as a tracer for star formati@alzetti et al.2007, sources seen in MIRI 21m observations and other tracers
Kennicutt & Evan2012. Mid-IR data are usually paired with ~ of star formation. We use JWST observations of tre four
a short-wavelength tracer of unobscured star formation togalaxies to be observed for the Physics at High Angular
approximate the full star formation rdt€ennicutt et al2009 resolution in Nearby Galaxie®HANGS Treasury program
Hao et al2011 Leroy et al.2019. However, mid-IR emission ~ (02107; PI: J. Legin the near- and mid-IRLee et al.2023.
is not a linear tracer of the star formation rate at high resolution.We combine these new observations with the rich set of
In addition to the decorrelation of different stages of the starsupporting data about the star formation process gathered as
formation process at smé## 1 kpc) scaleqe.g., Onodera et al.  part of the PHANGS surveys. We aim to understand the nature
201Q Schruba et al201Q Kruijssen & Longmore2014), the of the compact 21m sources seen in the JWST imaging data,
mid-IR emission also arises from the diffuse, average extending the studies from the Local Group to a more diverse
interstellar radiation eld (ISRP heating the neutral ISM  set of star-forming environments and determining if these
(Boquien et al.2015 Leroy et al.2023 Sandstrom et al.  sources include a set of truly embedded star-forming regions.
20233. But even with the 067 FWHM of the 21 m  Iter with JWST,
Understanding the nature of the correlation between stathese maps are not resolving individual stars or even stellar
formation and the mid-IR has been challenging because thelusters (e.g., Rodriguez et al2023. We thus face the
resolution of the previous generation of observatories hadchallenge of how to identify and extract a uniform set of
comparatively poor resolution:”6 for the SpitzdrMIPS regions.
24 m band(Werner et al.2004 and 119 for the WISE To achieve these goals, west develop a method tond
22 m band(Wright et al.2010. The study of individual star- compact sources in images with large amounts of diffuse
forming regions ak 100 pc scales was thus limited to the emission(Section3). Then, we use the colo(sux ratiog of
Milky Way, the Local Group, and the neardst 3 Mpc) the sources in JWST bands to reject objects that are unlikely to
galaxies(e.g., Peeters et #2002 Meixner et al200§ Verley be associated with the ISM in the galaxi@sctiond). Finally,
et al.2007 Carey et al2009 Chastenet et a019. Whereas  we characterize the populations of the sources in these different
PAH emission is distributed throughout the neutral ISM, systems in SectioB.
several authors have noted the spatial correspondence between
H emission and the mid-IR continuu@Rice et al.199Q 2. Data

Helou et al. 2004 Verley et al. 2007 Relano & K_enni- . We analyze MIRI data from four galaxies in the PHANGS
cutt 2009. These moderately resolved extragalactic stud|esJWST survey described by Lee et d2023: IC 5332

suggested that the PAH emission tends to be found at the edgqﬁGC 0628, NGC 1365, and NGC 7496, with properties

of HI” tfegiogsi thist_scenafri_o (ijs_ .S(;Jpﬁol\r/ﬁs b\)/vthe T)igh physical gy mmarized in Tablé. The data presented in this paper were
g‘:roeu gna&osoegrv?;!ogﬁt% In IIVI L;.ak bl ty ay:) J?@Eg"t. obtained from the Mikulski Archive for Space Telescopes at
Y -2 € close ink between star formalion e gpace Telescope Science Instittiddle focus our analysis

and IR emi_ssion, extragala_lctic observations have used the F“i on the sources detected in the MIRI 21 data(F2100W lter;

IR to identify compact regions of star formation. Such studies WHM: 0767), though we consider all data from the
characterize the population of stellar clusters and compac HANG.S—jWSLF lter set, which includes NIRCa(F200W
associations that are in the process of forming and estimate thg300|\/I F335M. and FBéOMfor NGC 0628. NGC 1365 ar,wd

properties of young stellar structurgharma et al201) or = NG 7496 and MIRI (F770W, F1000W, F1130W, and
the characteristic spacing between regi¢Bimegreen & ' ' '

Elmegreer2019.
With the launch of JWST, we now have the opportunity t0 28 the specic observations analyzed can be accessed 14id 7909
make sensitive, higher-resolution observations at mid-IR 9bdf-jn24
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Figure 1. The RGB maps of NGC 749@op lef), NGC 0628(top righ), NGC 1365(bottom lef}, and IC 533bottom righ} at wavelengths of 2(red), 10 (green

and 7.7+ 11.3(blue m. The red zoom-in windows show peaks at 21 (black circle¥ background galaxigsed diamondg H Il regions(blue squargs MSAs

(gray stary and compact stellar clustéosange stajsin total, 1271 sources are found throughout the images, but we only show symbols in the inset images to reduce
crowding. We also highlight some representative background galaxies in the blue zoom-in windows, showing the F200W data at their native resolution.

F2100W for all four targets® Lee et al.(2023 described the  and broadband optical imaging data from the Hubble Space
data reduction process, including magitions of the default  TelescopdHST) as presented in Lee et &022. Figurel shows
JWST pipeline and postprocessing for theal images. Of  the MIRI images of our four targets.

note, the modications correct the processing for strodd 1

noise in the NIRCam data, correct for off-galaxy MIRI

background images where available, and match background 3. Compact Source Identication and Photometry

levels between individual MIRI elds while anchoring the

overall background levels to low-resolution archival data. This h Fow kaa€Robitaill |
survey is being carried out in the context of the broader YS€ (NEASTRODENDRO software packaggRobitaille et al.

PHANGS survey, and we include maps of molecular gas2019. We adopt this approach instead of a point-so(st8)
content from the Atacama Large Millimetsubmillimeter ~ identi cation approach because of the extended diffuse
Array (ALMA) 22CO(2 1) integrated intensity maps presented structure present throughout the mgpigure 1) and b_ecause

in Leroy et al.(202), the H and H maps extracted from the ISM-tracing nature of the 21Im band can lead to irregular
observations with ES® Very Large Telescop®LT) using the morphologies even for compact sources. The highly structured

Multi Unit Spectroscopic ExplordMUSE; Emsellem et aR022, shape of the F2100W point-spread funct{®'$F) adds some
additional complexity that confounds many point-source

identi cation algorithms. Dendrograms provide a nonpara-
2% The IC 5332 NIRCam observations have not been obtained yet. metric description of the contour structure in the emission

To extract compact sources from the MIRI 24 data, we
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