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Abstract

The PHANGS collaboration has been building a reference data set for the multiscale, multiphase study of star
formation and the interstellar medig8M) in nearby galaxies. With the successful launch and commissioning of
JWST, we can now obtain high-resolution infrared imaging to probe the youngest stellar populations and dust
emission on the scales of star clusters and molecular cfold®0 pg. In Cycle 1, PHANGS is conducting an
eight-band imaging survey from 2 to 2fn of 19 nearby spiral galaxies. Optical integrald spectroscopy,
CO(2-1) mapping, and UV-optical imaging for all 19 galaxies have been obtained through large programs with
ALMA, VLT-MUSE, and Hubble. PHANGSIWST enables a full inventory of star formation, accurate
measurement of the mass and age of star clusters, icktitin of the youngest embedded stellar populations, and
characterization of the physical state of small dust grains. When combined with Hubble catald@®60 star
clusters, MUSE spectroscopic mapping @0,000 Hil regions, and 12,000 ALMA-identi ed molecular clouds,

it becomes possible to measure the timescales aoigeties of the earliest phases of star formation and feedback,
build an empirical model of the dependence of small dust grain properties on local ISM conditions, and test our
understanding of how dust-reprocessed starlight traces star formation activity, all across a diversity of galactic
environments. Here we describe the PHANBSST Treasury survey, present the remarkable imaging obtained in
the rst few months of science operations, and provide context for the initial results presentedshsbges of
PHANGS-JWST publications.

Uni ed Astronomy Thesaurus concej@tar formation(1569; Spiral galaxie$1560); Surveyq1671); Young star
clusters(1833; Interstellar mediun(847); Polycyclic aromatic hydrocarboi(280; Interstellar dus{836)

Supporting materialanimation

1. Introduction across the electromagnetic spectrum that capture all major
stages of the star formation cycle, from gas to stars.

The discovery of infrared emission in the Orion Nebula For nearby galaxies, JWST isnally extending the high

revealed that the earliest phases of star formation occur in th% atial resolution infrared studies of star formation and dust

densest, dus.t-enshroudgd cores Qf molecular clouds that are nB eviously only possible in the Milky Way and Local Group to
observable in the optica(Becklin & Neugebauer1967, galaxies within a few tens of megaparsecs. Here we introduce
Kleinmann & Low1967). Beginning with IRAS in the 1980s  the Physics at High Angular resolution in Nearby GalaxieS
(Neugebauer et al984), a series of cryogenic infrared space (PHANGS-JWST Cycle 1 Treasury survey, which was
missions, including the Infrared Space Observatory, Spitzerdesigned to use JWST order-of-magnitude improvement in
and Hersche{Kessler et al2003 Werner et al2004 Pilbratt sensitivity and angular resolution to map infrared emission
et al. 2010, mapped emission from star formation and dust from the youngest stellar populations and dusty ISM across the
with increasing resolution and coverage across the mid- andlisks of galaxies on scales of tens of parsecs. These are the
far-infrared (e.g., Soifer et al.1987 2008 Kennicutt & physical scales where gas fragmentation is expdetgd due
Evans2012 and references thergiThese missions demon- to the Jeans instabilityand the key physical processes that
strated that infrared observations are a requisite component foélrive, regulate, and extinguish star formation can be investi-
understanding the process of star formation in galaxies and th@ated for individual star clustefs 5 pg), H1i regions( 10 pg,
physics of the interstellar mediu@iM). With the transforma-  and molecular cloud§ 50 pg. o _

tive infrared capabilities of JWST, studies of star formation and __'™aging in eight bands from 2 to 2'm is being obtained for
dust in galaxies are again entering a new era. New break1® néarby(d < 20 Mpg spiral galaxies. All have UV-optical

throughs in this eld will rely on JWST as well as the collective ggg%'%g cfpr)?ircr:]altri]rieHglrJ:Ibelﬁ di%ii?réilg;;?fnTMbe;Eeénatlhe
effort of the astronomy community to conduct observations Very Large TelescopdVLT; Emsellem et al.2022, and
CO(2-1) mapping from the Atacama Large Millimeter
Original content from this work may be used under the terms submillimeter Array (ALMA; Leroy et al. 2021) through

5 of the Creative Commons Attribution 4.0 licendgny further
distribution of this work must maintain attribution to the auf)and the title
of the work, journal citation and DOI. 55 HsT UV-optical imaging available on MAST: db.17909t9-r08f-dq31
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survey programs led by the PHANGS collaborafi®chinnerer  papers in this Issue, which showcases some of the science
et al.20193. All data are publicly available from the respective possible based on PHANG3NST data for the rst four
observatorys archives, and HST catalogs ofl0,000 star  galaxies observed. The remaining sections are organized as
clusters and associatiGigwhitmore et al2021; Deger et al. follows. In Section2, we describe the galaxy sample and
2022 Larson et al2022 Thilker et al.2022, MUSE catalogs  provide a brief summary of the supporting multiwavelength
of 20,000 Hi regions(Groves et al.2023 Santoro et al. PHANGS data sets. Our observing strategy with NIRCam and
2022, and ALMA catalogs of 12,000 molecular cloud$un MIRI is presented in Sectid® Next, in Sectiord, we describe
et al. 2018 2022 Rosolowsky et al.2021) have been  our early data reduction efforts to enabist science, focusing
produced’ on modi cations made to the standard STScl JWST Science
The PHANGSJWST sample covers the range of star Calibration Pipeline, and note some limitations for the use of
formation, gas, dust, structural, and dynamical propertiesthese early data. In Sectid) we present the imaging for
found in present-day massive galaxies on the star-formingNGC 7496, IC 5332, NGC 628, and NGC 1365. In Section
main sequence, enabling studies that connect small-scale gage describe the scient goals that motivate the PHANGS
and star formation physics to the broader context of galacticJWST survey and highlight results presented in this Issue. In
structure and galaxy evolution. The combined PHANGS Section7, we describe the image products that will be released
multiwavelength observational programs yield thst data by the PHANGS team and provide examples of additional
set that accesses all key stages of the star formation cycle at thBVST high-level science products that would be valuable to
resolution of individual star-forming regions across a sampledevelop from the ensemble of panchromatic PHANGS data
that re ects the galactic environments where the majority of Sets. We conclude with a short summary in Secfion
star formation occurs &= 0 (e.g., Brinchmann et ak004
Salim et al.2007 Saintonge et ak017). 2. Galaxy Sample

PHANGS targets were among thest to be observed after
the successful completion of JWST commissioning in 2022 1he PHANGSJWST Treasury survey targets the 19 PHANGS

June. Within the rst 2 months of science operations, data for Jalaxies that have the full complement of UV-optical imaging
four galaxieNGC 7496, IC 5332, NGC 628, and NGC 1365 0M PHANGSHST®® (Lee et al. 2023, optical spectral
were obtained. As a Treasury program, the PHANIY®ST ~ Mapping from PHANGSMUSE (Emsellem et al2029, and
imaging data have no exclusive access period. The release Jﬁllhmeter—wave spectral mapping from PHANG&MA

. ; t al.202)). In addition to these major survey data
the data shortly after observation revealed the architecture of eroy €
the dusty ISM in exquisite detail, capturing the attention of not sets from JWST, HST, VLT-MUSE, and ALMA, a wealth of

: . : additional supporting data from the PHANGS collaboration has
only the science community but also of the general public and ; : i
press. been and continues to be obtained, e.g., Astrosatntsar

. Lo ultraviolet imaging(PI: E. Rosolowsky HST H narrowband
fo(ﬁjnsaelgs&sn ?ﬁ/et]‘kzjlosvl?r%Ns%iSeni:oenzzgrlz.uon is underway and imagin'g(PI:'R. Chandgr ground-based wideeld H narrow-
band imaging (Pls: G.Blanc, I.-T.Hp and HI 21 cm
1. Characterization of the youngest embedded stellarobservations from team programs with the VLA and Meer-
populations that are inaccessible at optical-UV wave- KAT. A complete listing of PHANGS observations and data
lengths, completion of the inventory of newborn stars, products is provided atww.phangs.orgdata
and de nitive measurement of star cluster mass functions The basic properties of the galsirelevant to their selection
and formation efciencies to probe the early evolution of are given in Tables and2, and Figurel shows MUSE ALMA
stars and star cluster populations. composite images for the full sample.
2. Characterization of ISM bubble and shell features and_ Over the distance range of these galax{®@s20 Mpc;
measurement of the duration of dust-embedded starTable 1), JWSTs point-spread function(PSH FWHM

formation and star formation efiencies to identify the ~ Subtends 26 pc at 2 m and 1765 pc at 21 m. For the rst
sources and timescales of star formation feedback. time, JWST allows for mid-infrared imaging of individual star

3. Determination of how local interstellar conditions Cclusters, Hi regions, and molecular clouds across the nearby

in uence the properties, evolution, and processing ofdalaxy population that are well matched to observations of
the smallest dust grains, in particular the polycyclic h€se populations from HST, MUSE, and ALMA. The
aromatic hydrocarbongPAHS), to enable a physically combination of data sets from these four facilities is essential
robust interpretation of dust emission in nearby galaxies.for achieving our spect science goal¢Section6), and the

4. Development of new dust-based high-resolution tracersP”#ANGS program currently provides the largest uniform
of the neutral gas that are complementary tp@D, Ci collection of such data for galaxies in the local volume.

: : The PHANGS surveys focus on nearby, star-forming, relatively
gtﬁgcgrem;%ﬁgﬁstl\el resolve the multiscaldamentary face-on spiral galaxies. The parent sanfidle 90), described in

: P ; ; Leroy et al.(2021), aimed to select galaxies visible from the
. E lishment an libration of r mid-IR diagnos- . .
> tichJfal())fsstai3 ;o?mdat(i:gnb sét?vit; tr?zki)tusa:ccocljmt ?o?gthoes southern _hemlsp_hel(ee., obser\c{abl_e by ALMA and the VT
youngest stars to compute star formation r4&BR3 that have inclinations less that'5°, dlsgances less tharil7 Mpc,
from cloud to galaxy scales stellar masses 5 x 10_9 Me, an(_j specic SFRs, SFRV, above_
galaxy . 10°* yr°1. The inclination criterion minimizes source blending
This paper is intended to provide a general reference for thewithin the galaxies and line-ofgdit dust attenuation. The distance
parameters of the survey, as well as an introduction for therequirement ensures that the galaxies are close enough that HST
and JWST can resolve individual clusters and associations, MUSE

56 HST catalogs available on MAST: db.17909jray-9798
87 \www.phangs.org 58 Uv-optical data available on MAST: dtD.17909t9-r08f-dq31
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Table 1
PHANGS-JWST Target Galaxy Distance, Orientation, and Morphology
Galaxy D& o2 Method® i PAP T® Morphology
(J2000Q (J2000Q (Mpc) (Mpc) (deg (deg
NGC 0628 01"36™41575 +15%7m0152 9.84 0.63 TRGB 9 21 5.2 SAs)c
NGC 1087 0946M25: 16 $00929M558 1 15.85 2.24 Group 43 359 5.2 SErscdpec
NGC 1300 0819m41308 §19%24m4059 18.99 2.85 NAN-4 32 278 4 (R')SB(s,bl,nr)b
NGC 1365 03'33"36: 37 §36%08M25: 4 19.57 0.78 TRGB 55 201 3.2 (R')SB(rs ,njhc
NGC 1385 0837m28:85 §24%30M015 1 17.22 2.58 NAN-4 44 181 5.9 Sis)dm pec
NGC 1433 0842m01555 §4713M9:5 18.63 1.86 PNLF 29 200 15 (R_1")SB(r,p,nrl,nha
NGC 1512 0403545 28 §4320M55:9 18.8% 1.88 PNLP 43 262 1.2 (RL )SB(r,bl,nna
NGC 1566 042000 42 §54%56M168 1 17.69 2.00 Group 30 215 4 (R_17)SAB(rs,s )b
NGC 1672 0h45™M425 50 §59714M49:9 19.40 2.91 NAN-4 43 134 3.3 (R)SAB (rs,nib
NGC 2835 0817M52: 91 $§2221M16:8 12.22 0.94 TRGB 41 1 5 SRrs)c
NGC 3351 1043575 70 +11%42™1357 9.96 0.33 TRGB 45 193 3.1 (R)SB(r,bl,nna
NGC 3627 1120M14:96 +1259M295 5 11.32 0.48 TRGB 57 173 3.1 SB_x(9)b pec
NGC 4254 1518™49: 60 +14%24M595 4 13.1 2.8 SCM 34 68 5.2 SAS)c pec
NGC 4303 1521M545 90 +04%28M258 1 16.99 3.04 Group 24 312 4 SABrs,nhbc
NGC 4321 1522™545 83 +15%9m18s5 15.21 0.49 Cephefd 39 156 4 SAHrs,nr,nhbc
NGC 4535 1934™20531 +0811M5159 15.77 0.37 Cephefd 45 180 5 SAHEs)c
NGC 5068 1318M54:81 §219%2M20: 8 5.20 0.21 TRGB 36 342 6 SEs)d
NGC 7496 23'09™47: 29 §4325M40% 6 18.72 2.81 NANM-4 36 194 3.2 (R)SB_x (r9)b
IC 53327 23'34M275 49 $36906M03:9 9.01 0.41 TRGB 27 74 6.8 2 B(9)cd
Notes.

@ Compilation of galaxy distancé€B) and uncertaintie6 p). Distance methods include TRG#p of the red giant branghGroup, NAM (numerical action modgl
PNLF (planetary nebula luminosity functiprSCM (standardizable candle methpend CepheidCepheid perioduminosity relatioh Superscripts indicate the
primary reference given in the compilation by Anand e281213 and are as followg1) Anand et al(2021h, (2) Kourkchi & Tully (2017, (3) Shaya et al(2017),

(4) Kourkchi et al.(2020, (5) Scheuermann et a022), (6) Nugent et al(2006, and(7) Freedman et a(2001).

b Galaxy inclination and position angle adopted from Lang €28R0 where available and Leroy et §2021) otherwise.

¢ Morphological T-type from HyperLEDAMakarov et al2014). Morphological classication from Buta et a(2015 except for NGC 2835, which comes from de
Vaucouleurs et al1997).

9 The PNLF distances to NGC 1433 and 1512 varied from Anand @0a113, which was used in Emsellem et @022 and Leroy et al(2021), and Scheuermann
et al.(2022.

€ One of the rst four galaxies observed that form the basis of the PHANGST rst results presented in this volume.

can identify and characterize individwall regions, and ALMA 3. JWST Observations
resolves the molecular ISM intadividual massive molecular
clouds and complexes. Meanwhile, the mass and sp&HR
criteria select galaxies on tlienain sequencéeof star-forming
galaxies, ensuring that the surveys capture environments th

re ect where most stars form at 0 (e.g., Brinchmann et al. . o .
. X ! NGC 1365 were obtained within therst 2 months of science
2004 Salim et al2007, Saintonge et al01)). operations (Table 3) and provide the basis for therst

As s typica_ll for Surveys of nearby galaxies, our bes_t EStimatesPHANGS—JWST results presented in this 1s$li&Six more
of the properties of galaxies inesample have evolved since they targets are currently scheduled for observations during 2022,

were rst selected, in particular due to the continuing improve- ;.4 N L i

S . program completion is anticipated in mid-2023.
ment in distance estlma_t(aﬂmand et al2021a Lee et al2022. Imaging is conducted with NIRCam and MIRI in eiglters
As a result, the properties of the parent sample have broadenegym 2 1o 21 m (Figure 2). This set of lters is chosen to

slightly beyond the original selimn criteria, with the result that support our broad science qo&ee Sectiol). as well as to
the PHANGSJWST sample includes galaxies with distances Omopﬁfnize observing etiencyg(]m?:a belov. )

to 20 Mpc and stellar masses as low &s5x 10° Me. PHANGS-JWST coverage is designed to maximize overlap

In practice, the requirement that PHANG®/ST galaxies | . PHANGS data alread ;
y obtained by HST, VLT-MUSE, and
ga;/e the fuuﬁ?{;?gﬁ&ﬁ&gﬁeﬁmﬁ’ MU”SE %ndtHS;rt ALMA, all of which targeted themain star-forming area of the
ata means that the selection will be igentical to - galaxy disk. This requires one to two pointings with NIRCam

that of the precursor survey with the smallest sample, which 'S(Module B only and two to four pointings with MIRI for each
PHANGS-MUSE (Ems?‘"em et al202). PHANGSMUSE galaxy. For both NIRCam and MIRI, we use 10% overlap
targeted therst 19 galaxies from the PHANGS parent sample for
which ALMA CO(2-1) mapping was obtained. The resultin
sample saties é]e ) ene?; goa| to provide a reasonal?l 9Accounting for changes in overhead calculations as of 2022 November 19.
P . . 9 g P . . y Approximately 70% of this allocation is spent on observational overlieads
representative selection of massive star-forming galaxies spanmngg_w times.
a factor of 50 in stellar mass and SHRigure 3 in Emsellem

PHANGS-JWST observations for our sample of 19 galaxies
are obtained under JWST program 2{BI J. Le@ with a total
allocation of 112.6 h?® As mentioned in the Introduction, data
For four galaxies (NGC 7496, IC5332, NGC628, and

]

%puetoa guide star acquisition failure, the NIRCam observations of IC 5332

et al.2022), morphological types fra Sa to Sd with a diversity of ~ Wwere not completed and have been rescheduled for later in JWST Cycle 1.
b d : truct d factor of00 in CO f Since our observation strategy uses the time when the NIRCam observations
ar and ring structures, and a factor n SurtfaCe  gre targeting the galaxy to observe the MIRI off-source positioparallel’

densitiegFigure 1 in Lee et ak022. our IC 5332 data set also currently lacks an off-source observation for MIRI.
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Table 2
PHANGS-JWST Target Galaxy Physical Properties
Galaxy logMs? SFR RS logyoL co® My ° 12 log,O/H fows?®
(Me) Me yr°h) (kpc) (K km s°* pc) (Me)
NGC 0628 10.3 1.7 3.9 8.4 9.7 8.53 0.53
NGC 1087 9.9 1.3 3.2 8.3 9.1 8.48 0.88
NGC 1300 10.6 1.2 6.5 85 9.4 8.62 0.87
NGC 1365 11.0 17 2.8 9.5 9.9 8.67 0.76
NGC 1385 10.0 2.1 3.4 8.4 9.2 8.46 0.94
NGC 1433 10.9 1.1 4.3 8.5 9.4 8.57 0.50
NGC 1512 10.7 1.3 4.8 8.3 9.9 8.58 0.46
NGC 1566 10.8 4.6 3.2 8.9 9.8 8.61 0.70
NGC 1672 10.7 7.6 3.4 9.1 10.2 8.57 0.87
NGC 2835 10.0 1.3 3.3 7.7 9.5 8.56 0.46
NGC 3351 10.4 1.3 3.0 8.1 8.9 8.58 0.66
NGC 3627 10.8 3.9 3.6 9.0 9.8 8.54 0.86
NGC 4254 10.4 3.1 2.4 8.9 9.5 8.59 0.90
NGC 4303 10.5 5.4 3.4 9.0 9.7 8.58 0.80
NGC 4321 10.8 35 5.5 9.0 9.4 8.56 0.68
NGC 4535 10.5 2.2 6.3 8.6 9.6 8.54 0.57
NGC 5068 9.4 0.3 2.0 7.3 8.8 8.32 0.71
NGC 7496 10.0 2.2 3.8 8.3 9.1 8.51 0.88
IC 5332 9.7 0.4 3.6 7.1 9.3 8.30 0.27
Notes.

& Galaxy stellar mass. Following Leroy et@021), based on Spitzer IRAC 3.6m when available, or WISE 3.4m, and the mass-to-light ratio prescription of Leroy
et al. (2019 calculated as a function of radius in the galaxy.
® Here SFRy is the total galaxy SFR. Based on GALEX far-UV and WISE W4 imaging with the SFR prescription calibrated to match results from population
synthesis modeling of Salim et #2016 2018 as in Leroy et al(2021).
¢ Stellar mass effective radius from Leroy et(aD21) and closely resembling the near-IR effective radilisnoz-Mateos et ak019.
9 Integrated C@2-1) luminosity. Scale by co  6.7Me pc>2 (K km 5331 to estimateéMyo including helium and metals using &ed CO-to-H conversion factor.
€ Atomic gas mass, not including helium, from HyperLE[Makarov et al2014.
f Gas phase metallicity on tt&cal system(Pilyugin & Grebel2016 estimated aR. by Groves et al(2023.
9 Fraction of the SFR estimated from the ©NR that lies within the PHANGSHST eld of view from Lee et al(2022. This can be applied with reasonable
Erecision to aperture correct the SERo, or M to estimate the quantity inside the JWSAld of view.
One of the rst four galaxies observed that form the basis of the PHANBST rst results presented in this volume.

between rows and columns of mosaic tiles. With this setup, 13integration per exposure. Of these independent sequences, two

galaxies required two pointings with NIRCgModule B only), have ve groupsintegration, contributing 386.5s each to the

while nine were observed with a single pointing. With MIRI, up total F200W exposure time, and the other two have three

to four pointings were required, with one, six, three, and nine groupg integration, yielding 214.7 s each. The total F200W

galaxies requiring one, two, three, and four pointings, respec-exposure time is thus 1202.5 s pointihg

tively. The resultant PHANGSWST NIRCam and MIRI Simultaneously with F200W primary imaging in the short-

footprints are shown in Figure wavelength channéhnd coordinated parallel MIRI imaging of
Total exposure times per pointing in eadter are listed in  sky backgroun)) we observe the target with F300M, F335M,

Table4 and range from 6.4 to 20 minutes with NIRCam and and F360M in the long-wavelength channel. The F300M and

1.5 to 5.4 minutes with MIRI. Tables and6 summarize the  F335M observations are paired with the two longer F200W

observing parameters and exposure sequences adopted for eaglosure sequences. The exposure time for F300M and F335M
lter in each visit. is consequently 386.5(gach. During both of the two shorter

. . F200W exposure sequences, F360M imaging is obtained, for a

3.1. NIRCam Primary Observations total exposure time of 429.5s.
Our NIRCam primary observations are divided into four

separate sequences to maximize observingegfcy(Table5).

This allows for MIRI sky background observations to be taken 3.2. MIRI Primary Observations

in parallel with each NIRCam sequence, with one sequence for

each of the four MIRI Iters in our program. With NIRCam, we . T .
use Module B(FULL subarray and an INTRAMODULE- dither pattern optimized for extended sources. We observe with

BOX-4 primary dither pattern with no additional subpixel the F770W, F1000W, F1130W, and F2100Wers and the
dither’> We obtain four F200W exposures, one at each FPASTR1 readout pattern, yielding total exposure times per
INTRAMODULEBOX-4 dither position(for a total of 16  Pointing of 88.8, 122.1, 310.8, and 321.9s, respectively

exposures using the BRIGHT1 readout pattern with one (Table6). All of the galaxies are larger than the MIRéld
of view, so we obtain a background measurement using this

"L The primary dither pattern itself has very minimally sampled subpixel same N_”RI imaging.sequence fora t_)lank 'fegion of sky near the
dithering. galaxy in parallel with NIRCam, as just discussed.

For our MIRI primary observations, we use a four-point
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Figure 1. Compositegri+ H + CO images for the 19 galaxies in the PHANQ®/ST Treasury program. Tigei+ H images are constructed from VLT-MUSE full-

eld spectral mappin@Emsellem et a022, with H line emission in red, and combined with ALMA @1) (Leroy et al2021) maps, with C@2-1) ux in blue.
The JWST NIRCam and MIRI footprints have beenrdsl to overlap existing MUSE, ALMA, and HST data. Footprints shown with dashed lines represent
observations that had not been executed at time of w(RB2P Octobgrand may rotate slightly due to the range of allowed orient angles spdoi the target. The
JWST sample spans a factor d0 in stellar mass and SFR and a factor @00 in CO surface densi{fable2). It includes galaxies with prominent dust lanes; a full
range of stellar bar, bulge, spiral arm morphologies; and nuclear starburst and AGN activity.

3.3. Special Requirements background observation on blank sky. In some of the galaxies

We include the following special requirements in our with the largest angular extents in our sample, the parallel sky

observation plan(1) a timing requiremenfsequence observa- background measurement may not be completely beyond the
tions, noninterruptible that ensures the MIRI background outskirts of the galaxy disk. Finally, whenever possible, we
imaging is obtained directly following the MIRI observation of attempted to widen the orient constraints to provide a minimum
the target and@?) position angle requirements to maximize the observation window of 2 weeks to provide greater opportu-
overlap of the primary MIRI observations with existing HST, nities for scheduling. It should be noted that the range in
MUSE, and ALMA coverage, while placing the parallel MIRI allowable orient angles can result in imaging that is not

6
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AL 1Myr — Ay=1,10Myr  Ay=1; 100 Myr completed processing of the images for the papers presented in
— A=3;1Myr  — Ay=3;10Myr — Ay=3;100 Myr this Issue by early 2022 September. The latest versions of the
102} [ (A Fiantvig — Av=10:110 MygRiE- Ay=10:100 Myr pipeline and calibrationles available at the time of processing

— Ay=30; 1 Myr — Ay=30; 10 Myr -- Ay=30; 100 Myr

were used: version 1.7(fbr MIRI) and 1.7.1(for NIRCan) of
the JWST pipeline and Calibration Reference Data System
(CRDS context number 0968 for both NIRCam and MIRI,
though for MIRI, we used slightly updatedts provided by
K. Gordon.

Fu [mJy]

4.1. Level One Processing

We start with the uncalibrated rafiuncal’) les obtained
from the Mikulski Archive for Space Telescop®AST) and

10-°
use DetectorlPipeline, which converts frohmamps to

F2100W

107 “slopes and applies basic detector-level corrections to the
102 data, including the agging of saturated pixels and corrections
3.3um 12 for chip persistencé&’ We ran the DetectorlPipeline with the
. 3 default parameters, with one exception. To attempt to recover
10 Lo5, some of the saturated pixels, we removed the restriction that
W 3 during ramp tting, at least two groups must not reach
= 10° 085 saturation. These saturated pixels are primarily an issue in the
€ o) centers of NGC 1365 and NGC 7496, which both host bright
= 0.6= active galactic nucld)AGN). Removing the restriction did not
107t § recover the very central pixels coincident with the AGN
0.4— themselves, but it did allow us to recover a number of the
10,2J S brighter pixels surrounding the central point source. However,
= x EZ 3 022 some of these sources, especially the brightest compact,
- E ISR J 2 L \ massive star-forming regions in the starburst ring of
1073 BN S > 0.0 NGC 1365, still show artifacts that have structure suggesting
Wavelength [itm] that the source brightness remains underestimated by the
Figure 2. Top: model SEDs of dust-enshrouded young star clusters Vith Imaging.
coverage of the PHANGS®IST and JWST Treasury programs. Models are of a
solar metallicity 16M, young star cluster at= 10 Mpc with varying ages 4.2. Level Two Processing
and levels of extinction generated with CIGA(Boquien et al2019 Turner
et al.2023). Colored bands show the eight JWST NIRCAM and MIRérs, Stage two of the pipeline produces calibrated individual

spanning from 2 to 21 m, selected to probe stellar photospheric emission, exposure§.5 During this stage the pixel coordinates are
PAH features, and the dust continuum. The UV-visible Iters used by ; ; X s P
PHANGSHST (Lee et al. 2029 appear in gray. Bottom: normalized tr.anshted into \N.CS coor.dmates, WhIC.h includes appllcatmn of
throughput for each of the eightters used in the PHANGSWST survey. distortion corrections. This stage also involvas e!dmg and
For comparison, the four Spitzer IRAQters and MIPS 24m lter are also background subtractiofthe background subtraction is used

shown. A model dust SED is overplotted to illustrate the features probed byon|y for the MIRI data Because of our parallel observing visit

each lter. The three PAH features targeted by our survey are marked. sequence(Section 3), the pipeline does not automatically
associate the appropriate MIRI ¢fky backgroungdobserva-

Table 3 _ tions with the on-galaxy images. Instead, we manually
PHANGS-JWST First Results Observations implement this association during this processing step. For

Galaxy MIRI Obs. Date NIRCam Obs. Date  |C 5332, only the on-galaxy MIRI observations were obtained

(UT: 2022 (UT: 2022 during our initial visit. Therefore, we used the off-galaxy

NGC 7296 76 18.0210.45 0706 19502051 observation from NGC 7496 for this purpose in IC 5332. This
IC 5332 76 21:05.22-48 L appears to work reasonably well but does result in a few visible
NGC 0628 717 12:1414:47 0717 15:0117:03 imperfections in the background subtraction for IC 5332. Also

NGC 1365 813 15:00.16:43 0813 18:3320:35 for MIRI, we masked the part of the image associated with the
Lyot coronagraph. In this early reduction, the coronagraph
portions of the image consistently showed imperfect back-
optimally aligned with previous data or astrophysically ground subtraction that caused issues with our mosaicking.
interesting features in the galaxy. For example, in NGC 1365,

the observed orientation led to the omission of portions of the 4.3. Principal Component Analysis Destriping

eastern spiral arm.

After stage two, we applied additional processing to suppress
. . 1/ f noise in the NIRCam data. This correlated read noise
4. Initial Image Processing primarily manifests as striping across the NIRCam images

In this section, we describe how the STScl JWST Science
Calibration Pipelin€ is used with additional processing to 2 httpst/ jwst-crds.stsci.edu

enable a rst set of analyses by the PHANGS team. We * httpst/ jwst-pipeline.readthedocslien latestjwst pipeling calwebb_

detectorl.html

= s httpst/ jwst-pipeline.readthedocsl.ien latest jwst/ pipelind calwebb_
httpst/ github.cont spacetelescoppvst image2.html



https://github.com/spacetelescope/jwst
https://jwst-crds.stsci.edu/
https://jwst-pipeline.readthedocs.io/en/latest/jwst/pipeline/calwebb_detector1.html
https://jwst-pipeline.readthedocs.io/en/latest/jwst/pipeline/calwebb_detector1.html
https://jwst-pipeline.readthedocs.io/en/latest/jwst/pipeline/calwebb_image2.html
https://jwst-pipeline.readthedocs.io/en/latest/jwst/pipeline/calwebb_image2.html
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Table 4
Total Exposure Times, Resolution, and Sensitivities for PHAN®ST NIRCAM and MIRI Imaging

NIRCam

Filter FWHM FWHM Nexp Exp. Time PSE L 5
(arcsep (pixels) © (10°*2 sp) (MJy srh) (Jy
F200W 0.066 2.141 16 1202.5 0.167 0.068 0.079
F300M 0.100 1.585 4 386.5 0.365 0.045 0.077
F335M 0.111 1.760 4 386.5 0.458 0.042 0.10
F360M 0.120 1.901 8 429.5 0.530 0.058 0.17
MIRI

F770W 0.25 2.27 4 88.8 2.18 0.11 0.87
F1000W 0.32 291 4 122.1 3.77 0.12 1.9
F1130W 0.36 3.27 4 310.8 4.95 0.15 24
F2100W 0.67 6.09 8 321.9 16.1 0.25 8.0
Notes.

& The solid angle subtended by the PSF, calculated usinggBsPSFpackage(Perrin et al2014).

® The empirical 1 surface brightness sensitivity estimated directly from the image d@&ection5.2). This estimate agrees well with the pipeline-provided noise
products.

®The 5 point-source sensitivit{s ) based on empty apertures in low-brightness regions of the image. See S&ttion

along detector rowgin the fast-read direction This can artifacts than the original image. Wad that the PCA reduces
severely degrade the quality of the images, particularly atthe rms noise in the images between around 10% and 30%,
shorter wavelengths. Schlawin et @020 studied this effect  with the amount of reduction depending mainly on the amount
using simulated data and provided a number of suggestions foof area lled by emission in the image. For images with more
how to deal with this Af noise. We experimented with simple source-free sky background, the PCA produces a more
row-by-row median subtraction but found that it was often signi cant decrease in the noise level.
unfeasible to calculate a robust background median in the small
range covered by each ammr due to the presence of
widespread diffuse emission in most of our images. Moreover, 4.4. Level Three Processing
we found that though this median subtraction produced visually
better individual images, it yielded poor results when multiple
images were combined to estimate 33 PAH maps
(Sandstrom et ak0233. In those cases, the flnoise-driven
stripes reappeared and were severe in the star-subtracted PArIq
images.

Instead, as shown in FiguBs we had success modeling the
U f noise using robust principal component analyBi€A)
based on the technique developed in Wild & He\{#205 and
Budavari et al(2009 for SDSS spectra. We treat each column \ye adjusted the stage three pipeline as follows. First, in the
of the data as an individual noise spectrum artle resultsfor  yyeakreq  step, which provides relative alignment between
each amplier separately because the noise properties differgias e found it necessary to limit theoundnessof sources
between ampliers. We mask out bright sources and then apply useé for alignment to$0.5< roundness 0.5 to reject
a Butterworth(1930 lIter to remove large-scale structure but qittraction spikes from stars and the numerous extended
retain the small-scale noise properties. We also sfiofthex- sources in our eld. We also turned off thedhist option,
direction and apply a different offset to each column, 55 oy relative corrections were generally, and leaving this
effectively rolling the column along theaxis by a random o gegraded the quality of the alignment. Wethe per-tile
amount. These shifts prevent the PCA from simply learning sftsets using only(x, y) shifts, as we found that allowing for
where the mask is and responding to the location of bright station produced negligible rotation angles and degraded the
emission. After this processing, we use PCA t 50  quaity of the ts. For data acquired in 2022 July and August,
components. Then we reconstruct a model describing/the 1 \ye found relative corrections as large ak . This primarily

noise-induced stripes for that column using the compo- (e ects the quality of the guide star catalog during that period.
nents with the largest eigenvalues. Using ovg components  The size of the correction will likely decrease as JWST

limits the processing time, and we found that increasing thegpservations continue and the guide star catalog is updated and

The level three stage of the pipelifies intended to combine
individual tiles to produce anal rectied mosaic. This is
achieved through relative alignment between tiles, background
atching, and thenal drizzling to the output pixel grid.

In our early science reduction, this step involved the most
changes from the default pipeline parameters. For MIRI, we ran
the level three pipeline on individual tiles, i.e., the individual
pointings, which we later mosaicked together by hand. For
NIRCam, we used the JWST pipeline to stitch the tiles.

number of components beyondve did not signicantly improved.
improve the noise model. Finally, we subtract the model of For the NIRCam data, we calculate and subtract the
the ¥f noise-induced stripes from the data. background level for each detector individually. By default,

Figure3 illustrates this process. The left image shows visible the pipeline will subtract a single background for the four short-
artifacts, mostly horizontal striping. The PCA model success-wavelength NIRCam detectors; however, we found that this
fully captures these features without including the extendedproduced cleatsteps in our mosaics.

bright emission from the source. Occasionally, corrupted
columns and O_Iher.features arlse,.V\(hlch the PCA also robustly’s yiss/ jwst-pipeline.readthedocsien latest jwst pipeling calwebb_
handles. The right image shows visibly less striping and fewerimage3.html
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Table 5
NIRCam Primary Observation and MIRI Background Parallel Visit Plan

INTRAMODULEBOX Pattern with Four Primary Dithers, BRIGHT1 Readout Pattern

NIRCam NIRCam Grplint. Int/ Exp. Exp. Time MIRI Bkgd. Filter Grplint. Int/ Exp. Exp. Time
Short Filter Long Filter (9 (in paralle) (9
F200W F360M 3 1 214.7 F770W 8 1 88.8
F200W F360M 3 1 214.7 F1000W 11 1 122.1
F200W F300M 5 1 386.5 F1130W 28 1 310.8
F200W F335M 5 1 386.5 F2100W 14 1 321.9
Table 6 MIRI using a cross-correlation approach. To do this, we take
MIRI Primary Observation Visit Plan advantage of the fact that the F335M NIRCam band, which has
Four.point Extended Source Dither Pattern been anchored USIng AGB stars to the PHAN’BST and
FASTR1 Readout Pattern Gaia frame, contains both stellar and ISM-like emission
IRI Filter Groups per Integs. per Exp. Time because of th.e strong PAH banq at 313 (see Figure2).
Integration Expos'ure (S)' The stellar emission allows us to pin thle astrometry to the AGB
stars and the PHANGSIST frame, while the morphology of
F770W 8 1 88.8 the ISM at 3.3 m resembles the ISM emission in the longer-
F1000W 11 1 122.1 wavelength MIRI bands. This allows us to use a cross-
F1130W 28 1 310.8 correlation analysis to solve for the relative astrometry of the
F2100W 14 2 321.9 NIRCam and MIRI bands. Spedcially, we used thémage-
registration package to run a cross-correlation and solve

for the linear shiftby identifying the maximum of the cross-
In the nal redrizzling step during stage three, we produced correlation needed to match the shortest MIRI band, F770W,
mosaics with the conventional north-up orientation to allow for to the F335M astrometry. Then, with the F770W astrometry
more straightforward comparison with data at other established, we solved for the shift needed to align F1000W to

wavelengths. F770W, F1130W to F1000W, and F2100W to F1130W. We
adopted this stepwise approach to ewt the increasing
4.5. Absolute Astrometric Alignment dominance of the ISM emission over stellar emission as the

o ) wavelength increases. The cross-correlation technique gener-
The level three pipeline produced mosaics that have goodg|ly produces‘good’ results but can be sensitive to artifacts,
reIaUVe a“gnment betWeen NIRCam t|IeS, but the a“gnment Ofe_g_' diffraction Spikes around the AGN. By eye, this seems to
the JWST images relative to other data with well-establishedyje|d images that are aligned at the levetdfMIRI pixel, i.e.,
absolute astrometry tended to be poorer, as high Iasin about @' 1. While this is sufcient for the rst results presented
performed an additional correction to improve the absolutezjignment is not as good as would be expected based on
astrometry of the NIRCam and MIRI images. We adopt the gjignment based on a more limited set of carefully selected,

general strategy of bootstrapping the astrometric solution fromy gt isolated point sourcgs.g., Lee et a2022. We expect
images that are close in wavelength instead of directly using;q signi cantly improve this in future work.

astrometric catalogs, as was followed for PHANBST (Lee
et al.2022.

Our JWST images lack enough G4f@aia Collaboration
et al. 2016 sources to anchor our astrometry directly to Gaia
(Lindegren et al2018 2018. However, our NIRCam images After level three processing and alignment, we combined the
detect many asymptotic giant brar(®GB) stars that are also  individual MIRI tiles into a single image for each galaxy at
visible in the PHANGSHST images, which have astrometric each band. To do this, we deed one of the tiles for each
solutions accurate to better than 10 mas. Thus, we extracted galaxy as the reference tile. Then, we reprojected the other tiles
set of AGB stars from the PHANGHST DOLPHOT catalog ~ onto the astrometric grid for the reference tile and compared the
(Lee et al2022 Thilker et al.2022 and cross-matched them to  intensity of the two tiles in the region where they overlap. We
sources detected in the NIRCam bands in the level threesolved for and applied the additive offset needed to yield a one-
source _catalog step(the nal level three stgpusing the to-one match in intensities between the other tile and the
XYXYMatch function intweakwcs . Typically, we identied reference le. These offsets were typically0.05 MJy st for
a few hundred AGB stars per target from the PHANBST F770W and F1000W, 0.15 MJysr* for F1130W, and as
catalogs, and the pipeline found-800 good matches in the high as 0.3-0.8 MJy sP* for F2100W. This yielded a set of
NIRCam imaging. We then solve for a linear offset and rotation individual tiles with the same background level but did not
to match the image&hough the rotation was typically very anchor that background level to the correct absolute value.
smal). After applying these solutions, comparisons between Next, we dened a new astrometric grid with a larger size
the NIRCam and HST data show that the rms scatter in thebut the same pixel scale and orientation as that of the reference
astrometric accuracy across the NIRCam images is alibit eld. We then reprojected all tiles onto this new grid, averaging
NIRCam pixel. intensities from different tiles with equal weighting where tiles

The MIRI images have fewer point sources than those fromoverlapped. The result at this stage was a single combined
NIRCam and HST, so we derive the astrometric solution for MIRI image registered via cross-correlation to the NIRCam and

4.6. By-hand MIRI Mosaicking for Early Science
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Original Data Noise Model Destriped Data

0.5 1.0 —0.05 0.00 0.05 0.5 1.0

Mly/sr Mly/sr Mly/sr

Figure 3. Left: original calibrated image, presented with a strong intensity transfer function to highlight stripes/dumtsel Middle: PCA noise model, with the
displayed intensity range now centered on zero and the intensity scale boosted by a factor of 5 compared to the original imag®. degfniped data.

other MIRI images but with an absolute background level thatband ratios vary with Iter combination(see the Appendix in

was still uncertain. Leroy et al.2023. This procedure appears to yield good results
Note that we expect to deprecate most of these manual stepsith an uncertainty in the overall background level of better

as the pipeline processing improves in the future. However, forthan+ 0.1 MJy sP* across all MIRI bands.

this rst processing during these early months, we found that

this simple, by-hand approach yielded smoother backgrounds 4.8. Limitations, Caveats, and Expected Improvements

and a better match to previous infrared imaging of our targets

than the pipeline. The reduction procedures described above yield data that are

useful for the initial work presented in this Issue. Over the
longer term, improvements will be made to address known
4.7. Renements to the Pipeline Background Subtraction limitations that we summarize hei@s well as possible
. additional issues found during future analysia addition to
As a nal step, we adjust the overall background level of the ¢ ning our own procedures, we expect to take full advantage
MIR| ‘images to match previous wideld mid-infrared o the monthly renements to the pipeline being released by

imaging of our targets. The JWSTld of view for most of  gTg¢|77 The pipeline documentation already ideati some of
our targets contains relatively little empty sky, and the matchihese issues as areas of future development.
between the off-source and on-source image was natient Where these limitations affect ourst results scientt

to yield a precise background level. Fortunately, all of our napers, they are noted, but most of our analyses are conducted
sources have previous observations at least by the Véide- 4 mjtigate their impact. For example, aperture photometry with
Infrared Survey ExplorefWISE) at 12 and 22 m (Wright local background subtraction avoids uncertainties in measure-

et al. 2010 and for NGC 628, NGC 1365, and IC5332 by nent of the backgroun@.g., Rodriguez et a2023 Whitmore
Spitzer at 8 and 24 m (Kennicutt et al.2003 Armus et al. et al.2023H.

2009 Dale et al.2009. Though these data have much worse

resolution than the JWST images, they cover a much larger

area and extend to empty sky and so have well-established

background levels. The relative alignment of the NIRCam images is excellent,
We perform this background homogenization in two stagesWwith suf cient numbers of common sources available in

following a procedure detailed in the Appendices of Leroy adjacent bands to align frames and tie to the astrometry

et al.(2023. First, we establish a common background system established in the PHANGSIST imagind® doi9-r08f-dq31

across all JWST bands. Then, we anchor the overall system t&)sing AGB stars, we can achievel0 mas astrometric

an external band with a well-established background. To doaccuracy for the NIRCam dat8ectiond.5). The MIRI images

this, we make a version of the MIRI images that all share theare currently aligned by cross-correlation and have a larger

PSF of the F2100W image and a version of all JWST, Spitzer,uncertainty in their astrometric solutiofs0”1).

and WISE data that share a common FAVHM Gaussian

PSF. That is, we match the backgrounds among the JWST

bands at C_ommon reso'!"t'c_m- The§e procedures leverage the https!/ jwst-docs.stsci.edjwst-science-calibration-pipeline-overview

fact that mid-infrared emission at different wavelengths showsjwst-operational-pipeline-build-information

strong, often nearly linear correlations even though the exact”® httpst/ archive.stsci.edinlsp/ phangs-hst

4.8.1. Astrometric Uncertainties
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We expect that a combination of better constraints frommatch. In the future, PSRting packages likeDOLPHOT
cross-correlation and the use of AGB stars will increase the(Dolphin 2016 will be used, and methods to employ joint
astrometric accuracy of the MIRI images. Astrometric solutionsspectral energy distributiq® ED)/ image deconvolution based
are also expected to continue to improve as distortion modelon priors from the higher-resolution short-wavelength imaging
are updated by STScl. will be implemented. However, the results presented in this

Our science images are not currently drizzled onto a matched/olume rely on simpler methods and should be interpreted
pixel grid, but adopting and drizzling to the grid adopted for the accordingly.

PHANGSHST images would signtantly facilitate joint

HST-JWST analysis. However, the different pixel scales

spanned from 2 to 21m make this exercise a trade-off 5. Overview of First PHANGS-JWST Images
between retaining information and limiting data volume. 5.1. Comparison to Spitzer
4.8.2. Flux Calibration and Backgrounds While past infrared missions have provided imaging of the
nearby galaxies in the PHANGS®NST sample, JWSF vast

, g ! ol improvement in sensitivity and resolution reveals an extra-
instruments are being need. These changes will primarily o dinary new view of the complex organization of the ISM. In
affect the N'IRCam dat@Boyer et al.2022), a}nd shortly after Figures4 and 5, we present our JWST imaging of NGC 628
the completlon of the analyses presented in this volume, thesg,q NGC 7496 in selectediters alongside previous Spitzer
zero-points were updated by STScl. _ observations to illustrate data quality and the new science

The background levels of the MIRI data have been inferred g, apled by the observations. The two galaxies are at 9.84 and
from band-to-band correlations and comparison with existing g 7 Mpc, respectively, and span most of the distance range
lower-resolution infrared imaging from previoui missions. (5-20 Mpq) covered by our sample. In Figueewe show the
These are currently uncertain at #h@1MJysP" level. Ilter curves of the Spitzer bands that overlap JWST wavelength
Comparison of the MIRI data with previous data indicates coverage together with the eight PHANG®/ST lters.
that, after the subtraction of a background, the intensity Perhaps the most remarkable feature in the PHANBST
measurements agree to better than 10%. o . imaging is the network oflaments, shells, and bubbles and the
_ We expect that the mosaicking and tiling in the pipeline will ¢4 torming populations nested in these structures, as traced by
improve and replace our by-hand approach to the MIRI data. Inihe qust in emission. While the highest surface brightness
addition to yi(_alding a bettgr a;trometric sol_ution, this will allow features are apparent in the Spitzer imaging, the JWST imaging
rigorous testing of the pipeline noise estimates and move Ughoys the pervasiveness of the network deep into the interarm
toward an accurate noise model for MIRI. As improvexs regions and morphological details that suggest that the
and better sky_—subtracuon techniques begome available, they, itiscale impact of star formation feedback on the ISM is
should also improve the local behavior of the MIRI ubiquitous. With the PHANGSIWST imaging, we will now
backgrounds. be able to develop catalogs of these structures and characterize

their ensemble properti¢s.g., Hassani et a2023 Rodriguez
4.8.3. Saturation and Poor Ramp Fitting et al.2023 Thilker et al.2023 Watkins et al2023 even with

Some of the brightest sources in the MIRI imaging, the lowest-resolution image at 2fn.
particularly in NGC 1365, are saturated and show artifacts__FOr both NGC 628 and NGC 7496, we show the NIRCam
resulting from poor ramptting, and the surrounding areas are F339M and SpitzéiRAC 3.6 m images. The NIRCam
affected by diffraction spikes. The photometry of sources with F335M Iter better isolates the 3.3n PAH feature, and
poor ramp ts is likely underestimategection4. 1). observations in the (_:mkmg F300M gnd F360M bandsot

Hassani et al(2023 produced bespoke masks tag _showr) e_nable continuum subtraction. It is clear that the
diffraction spikes due to the AGN in NGC1365 and Ncrease in resolutio(PSF FWHM 1'6 versus 011), which
NGC 7496, but as better PSF estimates become availabld]oW Samples 5 pc at NGC 628 and 10 pc at NGC 7496, enables
subtracting such features from the image should become alx;he study of individual star qlusters and associations _and allows
option. Liu et al(2023 presented therst efforts at recovering €mPedded stellar populations to be idesti A slightly

the uxes of sources with saturated pixels and poor rasipy extended point source_southeast of the galactic center in
using PSF matching in the outskirts of the source. NGC 628 is resolved into two background galaxies and

illustrates how JWST signcantly improves the characteriza-
tion of extended stellar structures and the ideation of
background‘interlopers.

Finally, while not strictly an image processing issue, we For NGC 628, the MIRI F770W and SpitzéRAC 8 m
caution that the large span of wavelengths of our JWST imagesmages are shown. The bandpasses, which are similar, capture
implies a similar variation in their angular resolution. Analysis the complex of PAH features in the8 m spectral region
that involves comparisons across multiple JWST bands, or(Figure 2). Overall, the same structures are apparent in both
between the JWST and other data, requires care to ensure thahages, with the MIRI F770W image being eight times sharper
relative ux measurements are robust. In general, the analyse¢$PSF FWHM 20 versus 024), sampling 12 pc at NGC 628.
in this volume rely on ux density measurements from aperture  Finally, the MIRlI F2100W and SpitZzavllPS 24 m
photometry or on surface brightness comparisons, generally aimages, which captureux from the warm dust continuum,
matched resolution. Where appropriate, we have generatedre shown for both galaxies. Here, although the relative
convolution kernels following the method of Aniano et al. increase in the angular resolution is similar to that for the
(2011 to degrade the resolution of short-wavelength images toprevious two sets of images, the improvement in thality of
the long-wavelength bands, achieving a common resolutionthe JWST data is the most dramatic, as the MIPSR24PSF

The zero-pointgi.e., absolute ux calibration for the JWST

4.8.4. Angular Resolution
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Figure 4. New PHANGSJWST imaging for NCG 62&right panely compared with data previously taken with Spitdeft panely, illustrating the order-of-
magnitude gains in resolution and sensitivity. Comparisons at three different wavelengths are shown. Top panels: Spitzer iiR@BaBstel ) vs. JWST
NIRCam F335M. Middle panels: Spitzer IRAC & (channel 3vs. JWST MIRI F770W. Bottom panels: Spitzer MIPS 24 vs. JWST MIRI F2100W. The Spitzer
IRAC and MIPS data are taken from the SINGS progfidennicutt et al2003 Dale et al2005. The JWST image is formed from a mosaic of two pointings with
NIRCam and three pointings with MIRI.
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Figure 5. Comparison of new PHANGSWST imaging with data previously taken by Spitzer, now for NGC 7496. Here comparisons at two wavelengths are shown.
Left two panels: Spitzer IRAC 3.6m (channel ) vs. JWST NIRCam F335M. Right two panels: Spitzer IRACn8(channel 34 vs. JWST MIRI F770W.

was only 6, and the majority of emission appeared diffuse. source ux to the background annulusix, which is expected
With the MIRI F2100W PSF of /067 (30 pc at NGC 628 and  to be negligible for an unresolved source. Averages of these
60 pc at NGC 7495 the dust emission is resolved into compact galaxy-specic limits per Iter are tabulated. It is important to
sources, mostly along the spiral arms, and shows the sam@ote that this method does not include loss of point-source
intricate ISM structure seen in the MIRI F770W image.  sensitivity due to source crowding in more complex, brighter
In terms of surface brightness, the Spitzer images achieveegions of each JWST target. Such loss of completeness due to
slightly better sensitivities than the JWST data, as might becyqwding and the associated photometric bias will be queuhti
expected. The NGC628 images from the Spitzer SINGS|4ter when PSFiting photometry is undertaken for our entire
program(Kennicutt, Jr. et a003 are mosaics with 1surface set of targets.
E/Ir\']gh;%‘issat"mz'f n?f '?r?ez g/lo‘lryesj or?ctiin3.6 srgngg\?itieglzare To estimate the surface brightness sensitigity for the
0 034’1 My 1 for NIRCam F335I\5|) and go o5 MJY%Jr for imaging data, we .consider the distr_ibution of pixel values in an
MIRI F2100W(see Tablel and discussion in .the next secfion unsharp masked image. For each image, we compute a median
Iter with a circular top-hatlter with a diameter six times the

Of course, the principal gain is in theenfold improvement in . .
resolution and the corresponding decrease in the solid anglgSF FWHM in the band. We subtract off the median smoothed

subtended by the PSF, so that the JWST point-sourceverSion from the original map to remove large-scale structure
sensitivity is 50 times be’tter than Spitzer. and produce an unsharp masked image. We then use a median

absolute deviation estimator to measure the local noise in the
unsharp masked image. We iteratively reject all values larger
than the local 3 noise measurement in eacher. After the
Table 4 provides sensitivity limits based on our initial data rejection converges, the local noise estimates are smoothed
reduction of PHANGSIWST data. We evaluated the depth of \yith a top-hat Iter that has a size of ¥5the PSF FWHM and

our data with respect to detection of point sources at thejnerpolating over missing values. We compare this local
resolution achlevgdl n eachteir and measurement of diffuse  ggtimate of the noise to the noise estimates provided by the
€mission on a xed larger scale. JWST imaging pipeline. The resulting noise maps are within

mgorégetﬁggn\,t\zgué;%“fT|||t' Vggrigi?]igtlvsghti?]etaagn}ggg &:irr?taof 10% of the pipeline-generated noise maps. We also estimated
PP y P e local noise by calculating the median autocorrelation of the

maximum exposure time. Inside each area, aperture photometrg

was performed for a set of 50 independent circular aperture hata:jas a fUF‘C“OI“f of scale ar;dhex_ammlng thhe dIStrIbk;JtIOSS of
sized to match the 50% encircled energy radius of eteh the data in signal-free parts of the imagésugh some bands

Background estimation for each aperture was alker- show emission across theld). All methods arrive at similar

dependent, using an annulus spanning a radial range fronf0ise estimates and rmct the spatial structure in the
two to three times the aperture radius. The sigma-clippedmosaicked elds.

5.2. Empirical Noise Estimates

standard deviation of the background-subtractedfor these Note that because of the extended JWST PSFs, there is less
“empty apertures was then scaled by a factor of 10 to estimateencircled light at a PSF FWHM than for a Gaussian source.
the 5 point-source detection limit in eachter (5 f), which Thus, the simple scaling of surface brightness noise to obtain a

accounts for a factor of 2 for the choice of 50% enclosed point-source sensitivity leads to an overestimate of the point-
energy radius and a factor of 5 for the choice of sigance source sensitivity: | psg 1, Where pgeis the solid angle
level. No correction was made for the contribution of the point- subtended by the PSF.
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Figure 6. Animation illustrating dust emission in NGC 74@BNVST MIRI composite in red haered: F2100W; green: F1130W; blue: F1000k&lative to stellar
continuum emission and dust absorption in the UV-op{id&T WFC3 composite: red: F814\W555W F438W; green: F336W; blue: F275WHata available on
MAST, do0i:10.17909t9-r08f-dq3). Both images produced by J. Schmidt.

(An animation of this gure is availablg.

5.3. Color Composites and Public Outreach Figures7 and8 show RGB color composites, now based on

only the MIRI imaging, for all four PHANGSIWST rst

X . results galaxies. The diversity of the dust emission structure

‘]WST Treasury Survey in 2022 July_, color composites thatmotivatgs the study of a reprgsentative sample of galaxies and

combine JWST imaging from multiplelters have been ., shacic science goal¢next sectiop The four galaxies

developed and released for all of our targets by astronomersy,cet the full range of star formation properties in the sample

professional public outreach teams, the press, and the publicyith NGC 1365 having the highest star formation activity and

The color images have broadly captured the attention of bothgas surface density and IC 5332 among the loveest feature

the science community and general public, not only because thgaried dynamical structurege.g., bars in NGC 1365 and

structures portrayed are aesthetically stunning but also becauseGC 7496, strong spiral arms in NGC 628, and weak spiral

the images vividly illustrate and make qualitatively accessiblestructure in IC 5332 The PHANGSJWST team is collabor-

the physics of star formation, feedback, and the ISM, ating with image processor Judy Schmidt to produce color

particularly when the UV-optical imaging from HST is composites as new data are received and with the public

included. outreach ofces at ESA and STScl to support the communica-
Figure 6 shows the rst composite PHANGSWST image  tion of new results.

published for NGC 7496, which was observed shortly after the

end of commissioning.an'd among t.hEst scignce data to be 6. PHANGS-JWST Science Goals

released from the mission. The image is a sum of two

composites: one based on the HST UV-optickérs (red: In this section, we summarize the science goals that motivate

F814W F555W F438W:; green: F336W; blue: F275\&nd a the PHANGSJWST survey and highlight how the results

second based on the JWST MIRI F1000W, F1130W, andPresented in this Issue begin to make progress toward those

F2100W lters in red hue. The animation compares the 90als. _ _ o

emission from the HST and JWST data. The regions and Our studies of star formation and dust emission on the scales

structures that are dark in the optical due to dust obscuration ar8 Skt)?r dCLUSS?NrSéE regirc]:.nsh, andlgignt molecuflarr] clouds arg
illuminated in the mid-infrared by the reradiated emission from (ranr;g-llg iny ) Ine\t/vdlg -tres]? Uti'or?ﬂ;/'?WSAO t inﬁﬁr}ﬁn
small dust grains. The complex network ¢dments, bubbles, our selected set ol eightters. As sho

shells, and compact sources described earlier can now be se figures 2 and 9, the F200W, F300M, and F360Mlters
. ' p o . . "Hr‘ovide low-obscuration views of stellar photospheric emis-
in the context of the visible young stellar populations that line

. . ) sion, with some contribution from nebular emission and hot
the peripheries of the network and have provided the feedbacky st The F335M. F770W. and F1130W capture PAH

energy that, together with galactic dynamics, shapes the ISMemjssion, tracing a combination of PAH size and charge, with
Infrared compact sources without optical counterparts can b&he E300M and F360M allowing for robust continuum
identi ed, revealing the sites of the earliest stages of starsyptraction for F335M to isolate the 3.3n PAH feature.
formation. The F1000W and F2100W capture the dust continuum, with a

Since the rst observations were taken for the PHANGS
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