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Abstract

The 2175A bump is a prominent absorption feature at ultraviolet (UV) wavelengths in dust extinction and attenuation curves.
Understanding the relative strength of this feature is important for making accurate dust corrections at both low- and high-redshift. This fea-
ture is postulated to arise from polycyclic aromatic hydrocarbon (PAH) dust grains; however, the carrier has not been definitively established.
We present results on the correlation between the 2175A feature and PAH abundances in a spatially-resolved manner for 15 local galaxies in
the PHANGS-JWST survey that have NUV and mid-IR imaging data from Swift/UVOT and JWST/MIR], respectively. We find a moderate
positive correlation between the 2175A feature strength and PAH abundance (Spearman’s coefficient, 0.3 < p < 0.5), albeit with large intrin-
sic scatter. However, most of this trend can be attributed to a stronger negative correlation of both quantities with SFR surface density and
specific-SFR (proxies of ionising radiation; p ~ —0.6). The latter trends are consistent with previous findings that both the 2175A carrier
and PAHs are small grains that are easily destroyed by UV photons, although the proxy for PAH abundance (based on photometry) could
also be influenced by dust heating. When controlling for SFR surface density, we find weaker correlations between the 21754 feature and
PAH abundances (p < 0.3), disfavouring a direct link. However, analyses based on spectroscopic (instead of photometric) measurements of
the 2175A feature and PAH features are required to verify our findings. No significant trends with gas-phase metallicity or galactocentric
radii are found for the 2175A feature and PAHs; however, the metallicity range of our sample is limited (8.40 < 12 4 log [O/H] < 8.65). We
provide prescriptions for the strength of the 2175A feature and PAHs in local massive (metal-rich) galaxies with SFR surface density and
specific-SFR; however, the former should be used with caution due to the fact that bump strengths measured from Swift/UVOT are expected
to be underestimated.
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1. Introduction particularly important for upcoming precision dark energy stud-
ies with the Euclid (Euclid Collaboration et al. 2024) and Roman
(Wang et al. 2022b) space telescopes, where galaxies are used to
trace the large-scale structure of the Universe.

A common characteristic of dust extinction and attenuation®
curves is that the strongest extinction/attenuation typically occurs
at bluer wavelengths and it decreases towards redder wavelengths
in a gradual, continuous manner, except for the possible presence
of a broad absorption feature centred at 2175A (referred to as
the 2175A feature or bump) and weaker features at longer wave-
lengths (Draine 2003): optical (e.g. Fitzpatrick et al. 2019), near-IR
(e.g. Decleir et al. 2022), and mid-IR (e.g. Gordon et al. 2021;

Interstellar dust grains within galaxies can significantly alter their
observed spectral energy distributions (SEDs) by acting to obscure
light from ultraviolet (UV) to near-infrared (near-IR) wavelengths
and reemitting this energy at infrared (IR) wavelengths (Galliano,
Galametz, & Jones 2018). Accurately characterising the wave-
length dependence of dust attenuation curves and their variation
(Salim & Narayanan 2020) is important because the assumed
shape of dust curves has a strong impact on derived physical prop-
erties of galaxies from SED modelling (Conroy 2013) and can also
affect the accuracy of photometric distance (photo-z) estimates

(Salvato, Ilbert, & Hoyle 2019; Battisti et al. 2019). The latter is
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Hensley & Draine 2021). The overall shape of a dust extinction

*We define ‘extinction’ as the absorption and scattering of light out of the line of sight by
dust, which has no dependence on geometry. ‘Attenuation’ is the combination of extinc-
tion, scattering of light into the line of sight by dust, and geometrical effects due to the

and JWST/MIRL. Publications of the Astronomical Society of Australia 42, €022, 1-24. star-dust geometry (for review see Salim & Narayanan 2020).
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curve is primarily a consequence of the grain size distribution in
the interstellar medium (ISM; e.g. Weingartner & Draine 2001;
Hensley & Draine 2023). The origin of the 2175A feature remains
unclear but is postulated to arise from small carbonaceous dust
grains (e.g. Draine 2003; Bradley et al. 2005; Papoular & Papoular
2009), with polycyclic aromatic hydrocarbons (PAHs) being the
favoured carrier (e.g. Li & Draine 2001; Lin, Yang, & Li 2023),
although silicate carriers have also been proposed (e.g. Bradley
et al. 2005). Understanding when the 2175A feature is present in
dust attenuation curves of galaxies is important, particularly when
limited rest-frame UV filters are available, because it can introduce
variation of ~25% in the value of dust corrections at UV wave-
lengths (affecting UV-based SFRs; Kennicutt & Evans 2012) and
also introduce a bias of ~10% on photo-z estimates (e.g. Battisti
et al. 2019).

The 2175A feature is observed in extinction curves measured
using individual stars for many sightlines of the Milky Way (MW;
e.g. Cardelli et al. 1989; Fitzpatrick 1999; Valencic, Clayton, &
Gordon 2004; Gordon, Cartledge, & Clayton 2009; Fitzpatrick
et al. 2019), the Large Magellanic Cloud (LMG; e.g. Gordon et al.
2003), and the Andromeda galaxy (M31; e.g. Bianchi et al. 1996;
Clayton et al. 2015). The feature is usually weak or absent in the
Small Magellanic Cloud (SMC; e.g. Gordon et al. 2003), although
exceptions to this have recently been reported (Gordon et al.
2024). Beyond the local group, it has been observed in a small sub-
set of extinction curves for quasars absorption systems (e.g. Ma
et al. 2017) and gamma-ray bursts (GRBs; e.g. Zafar et al. 2011;
Zafar et al. 2012). However, it is often absent in a majority of
quasar hosts (e.g. Hopkins et al. 2004; Gallerani et al. 2010), quasar
absorption systems (e.g. York et al. 2006), and GRBs (e.g. Schady
et al. 2012; Zafar et al. 2018). However, it is worth noting that
these distant sources are likely probing more extreme environ-
ments than the typical ISM in star forming galaxies. For extinction
curves, the absence of the feature can be directly attributed to an
absence of the carrier along the line of sight.

Measuring the 2175A feature in attenuation curves is more
complicated. Theoretical studies have shown that the apparent
strength of the 2175A feature in attenuation curves, relative to the
intrinsic extinction curve, can be considerably reduced (but not
removed) due to the additional geometric and scattering effects at
play (e.g. Gordon, Calzetti, & Witt 1997; Witt & Gordon 2000;
Seon & Draine 2016). Observational studies have found large
variation in the strength of the 2175A feature. Calzetti et al.
(1994) found that starburst galaxies (strongly star-forming galax-
ies; SFGs) lack the feature in their attenuation curves, whereas
studies of local ‘normal’ SFGs can have a weak feature (relative to
the MW; e.g. Conroy, Schiminovich, & Blanton 2010; Wild et al.
2011; Battisti et al. 2017), although large individual variation is evi-
dent (e.g. Salim, Boquien, & Lee 2018; Belles et al. 2023). Large
variation is also evident at higher redshifts, with some studies
favouring the inclusion of a weak feature (e.g. Noll et al. 2009; Buat
et al. 2011; Buat et al. 2012; Kriek & Conroy 2013; Scoville et al.
2015; Shivaei et al. 2020; Battisti et al. 2020; Kashino et al. 2021;
Shivaei et al. 2022; Witstok et al. 2023; Markov et al. 2024) and oth-
ers suggesting a feature does not need to be included (e.g. Reddy
et al. 2015; Zeimann et al. 2015; Salmon et al. 2016). These results
indicate that there is no consensus regarding the importance of the
2175A feature in galaxy attenuation curves.

Previous studies have attempted to link the 2175A feature
to PAHs by comparing the strength of the 2175A absorption
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relative to the abundance of PAHs. Ideally, the most straight-
forward manner to test this would be to compare features in
extinction. However, the extreme difference in the degree of
extinction between UV wavelengths (requiring stars with Ay < 6;
e.g. Clayton et al. 2003) and mid-IR wavelengths (requiring stars
with Ay 2 10; e.g. Hensley & Draine 2020) makes direct compari-
son difficult with current facilities, although it is possible that this
situation may change with new observations from JWST. Instead,
PAH abundance can also be inferred from PAH emission in the
mid-IR (e.g. Draine & Li 2007; Draine et al. 2021). The strongest
PAH emission features occur at rest-frame 3.3, 6.2, 7.7, 8.6, 11.3,
12.7, and 16.4um (Tielens 2008; Li 2020). If PAHs are the carrier,
we might expect a correlation to exist between the 2175A absorp-
tion and PAH abundance based on emission. However, care needs
to be taken to account for the fact that extinction/attenuation
measures path-length(s) between stars and the observer whereas
emission will arise from the entire path-length along the line-of-
sight. Massa et al. (2022) used a carefully selected sample of MW
stars with UV and IR spectroscopy and found a strong correla-
tion between the 2175A feature and the 8.6 and 11.3 um PAH
emission features, a moderate correlation with the 7.7 um fea-
ture, and no correlation with the 6.2 pm feature. Recently, Gordon
et al. (2024) performed a comparable analysis for the SMC and
LMC and also found a moderate correlation between the 2175A
bump area and the abundance of PAHs (via emission). Studies
attempting to look at the link between the 2175A feature and PAH
emission in external galaxies have had mixed findings; Decleir
et al. (2019) combined Swift/UVOT and Spitzer/IRAC data for
NGC 0628 and found no significant trend between the bump
strength and a proxy for PAH abundance for regions within the
galaxy. Shivaei et al. (2022) combined MUSE and Spitzer/MIPS
data for integrated z~ 2 galaxies and found a moderate trend
between these quantities. However, in both studies the accuracy
of the PAH measurements are limited by the Spitzer data (in terms
of mid-IR filter coverage and sensitivity). With the availability of
JWST/MIRI data for nearby galaxies, which has more mid-IR fil-
ters and better sensitivity than Spitzer, it is now possible to revisit
this comparison from a new perspective.

In this work, we use a sample of 15 nearby galaxies with excel-
lent UV, optical, and IR data for characterising the presence of
the 2175A feature and the PAH abundance in a spatially-resolved
manner, and to examine their relationship to each other and to the
properties of the ISM. This paper is organised as follows: Section 2
describes the observational data and sample, Section 3 describes
our methodology for deriving the various quantities used in our
analysis, Section 4 shows our results, Section 5 is our discussion,
and Section 6 summarises our main conclusions.

2. Data and sample

Our sample consists of 15 (out of 19) PHANGS-JWST galaxies
that have UV data from Swift/UVOT (Section 2.1). These galaxies
represent a subset of the PHANGS-JWST (Lee et al. 2023) sam-
ple, which coincide exactly with the PHANGS-MUSE (Emsellem
et al. 2022) sample (Section 2.2). Therefore all galaxies in this
sample have both mid-IR data from JWST/MIRI and optical inte-
gral field spectroscopic (IFS) data from VLT/MUSE. We also
use Spitzer/IRAC data for each galaxy from the Spitzer Survey
of Stellar Structure in Galaxies (S4G; Sheth et al. 2010) (except
NGC2835, see Section 2.3). The UVOT and MIRI data provide
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constraints on the 2175A absorption feature and PAH features,
respectively. The MUSE data provide constraints on various ISM
properties and the IRAC data are used for correcting the MIRI
data for stellar continuum and to derive stellar mass maps. A
gallery of the data for each galaxy is shown in Fig. 1. A list of the
galaxies and their properties is shown in Table 1. All photome-
try and emission line measurements are corrected for foreground
MW dust extinction by using the Galactic dust reddening maps®
and assuming the average MW extinction curve from Fitzpatrick
etal. (2019).

2.1 Swift/UVOT

The Neil Gehrels Swift Observatory (Gehrels et al. 2004) can
observe gamma-ray, X-ray, UV, and optical wavebands, but our
focus will be to use UV data from its UVOT instrument (Roming
et al. 2005). UVOT has a field of view of 17’ x 17, a spatial res-
olution of 2.5”, and provides UV observations in three filters,
UVW2 (Aer = 0.1991 um; FWHM = 0.0657 um), UVM2 (A=
0.2221 pm; FWHM = 0.0498 um), and UVW1 (A = 0.2486 pum;
FWHM = 0.0693 um) (Poole et al. 2008; Decleir et al. 2019).
These three filters are ideally suited to study the 2175A feature
in the local universe because the two ‘wide’ filters (UVW?2 and
UVW1) lie off the feature and the medium filter (UVM?2) lies
on top of the feature. The UVOT filters have been used for the
purpose of measuring the 2175A feature by numerous studies
(e.g. Hoversten et al. 2011; Hagen et al. 2017; Decleir et al. 2019;
Decleir 2019; Ferreras et al. 2021; Wang et al. 2022a; Zhou et al.
2023; Belles et al. 2023). We retrieve all Swift/UVOT data from
the NASA High Energy Astrophysics Science Archive Research
Center (HEASARC) service.© Swift has a large focus on transient
science (e.g. gamma ray bursts, supernovae), and many of these
galaxies were observed during supernovae events. We exclude all
observations of galaxies that coincide within three months after a
supernovae event.

Data were reduced and mosaiced using the publicly available
DRESSCode? (Data Reduction of Extended Swift Sources Code —
Decleir et al. in preparation). DRESSCode is an automated pipeline
that executes the different steps of the data reduction to all UVOT
images. The code uses several tasks from the HEASoft software®
and has been optimised for extended sources. The first version of
this pipeline is described in detail in Decleir et al. (2019), where
it was used to reduce UVOT images of NGC 628. An updated
version of the pipeline is explained and demonstrated in detail in
chapter 2 of Decleir (2019). Since then, additional updates have
been made, mostly to enhance the efficiency and flexibility of the
pipeline. The latest version of the code will be described in a
dedicated paper by Decleir et al. (in preparation). Here, we sum-
marise the different steps of the current version of the pipeline as
it was used to reduce the images of our sample.

Raw data and calibration files were retrieved from the
HEASARC Archive. First, the DRESSCode converts the raw data
into ‘sky’ images, adding World Coordinate System (WCS) coor-
dinates to the images. Then, aspect corrections are calculated and
applied to the images to enhance the accuracy of the astrometry.

Phttps://irsa.ipac.caltech.edu/applications/DUST/.
“https://heasarc.gsfc.nasa.gov/docs/archive.html.
dhttps://spacetelescope.github.io/DRESSCode/.
¢https://heasarc.gsfc.nasa.gov/docs/software/heasoft/.
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Subsequently, the pipeline performs flux corrections to account
for: (1) coincidence loss, (2) large-scale sensitivity variations, and
(3) time-dependent sensitivity loss. Once these corrections have
been applied to all individual frames, they are co-added (summed)
per UVOT filter. Finally, the combined images are converted to
flux density units (Jy) using the appropriate calibration factors,
and an (inverse) aperture correction is applied to account for the
fact that these calibration factors were determined for apertures
with a 5” radius. We refer the reader to Decleir et al. (2019) and
Decleir (2019) for more details.

We manually crop the final reduced images to remove the
outer edges with low exposure time where the noise is significantly
higher. This provides us with more reliable sky regions to estimate
the background level for subtraction and error estimation. A list
of the total exposure times for the UVOT data for each galaxy are
shown in Table 2.

2.2 PHANGS-JWST and PHANGS-MUSE

The Physics at High Angular resolution in Nearby GalaxieS
(PHANGS)-JWST survey (Lee et al. 2023) is a Cycle 1 JWST
Large Treasury Program (GO 2107) to obtain NIRCam and MIRI
imaging of 19 nearby galaxies from the PHANGS-MUSE sur-
vey (detailed below). For this project we use only the MIRI data
from F770W (e = 7.528 um), F1130W (hegr = 11.298 um), and
F2100W (A = 20.563 wm). These three filters are ideally suited
to study the strong PAH features at 7.7 and 11.3 um because the
F770W and F1130W filters lie on these features and the F2100W
filter provides the baseline for the warm dust continuum emission
(e.g. Chastenet et al. 2023; Sutter et al. 2024). We use the pub-
licly available reduced MIRI data from the PHANGS team,’ which
is stored by the Canadian Advanced Network for Astronomical
Research (CANFAR).8

PHANGS-MUSE is a Large Program using the VLT/MUSE
that obtained optical IFS data, spanning 470-935 nm (R ~1 800-
3 600), for 19 nearby galaxies. We also use the publicly available
MUSE line maps produced by the PHANGS team," which are
described in Emsellem et al. (2022). These provide the following
emission line maps: HB, [OIII]A4959, [OIII]A5007, [NII]A6548,
Ho, [NII]16584, [SII]16717, and [SII]A6731.

Our analysis will focus on the region of overlap between the
PHANGS-JWST and PHANGS-MUSE data, where the former was
designed to maximise overlap with the latter while also allowing
flexibility for scheduling (see Figure 1 from Lee et al. 2023). The
area of overlap is shown in Fig. 1, and typically covers a ~ 3 — 4’
wide region in the centre of each galaxy.

2.3 Spitzer/IRAC

The reduced Spitzer/IRAC chl (Aes = 3.550 um) and ch2 (Aegs =
4.493 xm) mosaics were produced by the S4G survey (Sheth et al.
2010) and retrieved from the NASA/IPAC Extragalactic Database,!
with the exception of NGC2835 which was taken as part of pid
14033 (PI: J.C. Munoz-Mateos). Reduced mosaics for NGC2835
were provided by M. Querejeta (priv comm.) and were observed
and reduced using a similar strategy to S4G (Querejeta et al. 2021).

fhttps://sites.google.com/view/phangs/home/data.
8https://www.canfar.net/storage/vault/list/phangs/RELEASES/PHANGS-JWST.
Phttps://www.canfar.net/storage/vault/list/phangs/RELEASES/PHANGS-MUSE.
‘https://ned.ipac.caltech.edu/.
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Swift/UVOT JWST/MIRI VLT/MUSE Spitzer/IRAC
F770W/ /

Area of Overlap

NGC0628,

Figure 1. Gallery of data used in our study. For each galaxy we show a 10’ x 10" postage stamp of the Swift/UVOT RGB composite, JWST/MIRI RGB composite, VLT/MUSE Ha, and
Spitzer/IRAC 3.6 um (dust-corrected), and the area of mutual overlap (limited by MIRI and MUSE data). All images are log-scale. Our main analysis is restricted to the region of
overlap between the datasets. (figure continues on the next page)

https://doi.org/10.1017/pasa.2024.129 Published online by Cambridge University Press


https://doi.org/10.1017/pasa.2024.129

Publications of the Astronomical Society of Australia

Swift/UVOT JWST/MIRI VLT/MUSE Spitzer/IRAC
w2/m2/ F770W/ /

'NGC1672

Area of Overlap

Figure 1. (Continued)
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NGC4321

JWST/MIRI
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Figure 1. (Continued)

2.4 Foreground milky way star masks

We construct masks of foreground Milky Way (MW) stars based
on the Swift UVW1 images. These are constructed using the
PTS-7/8 software (Verstocken et al. 2020), the Python Toolkit
for SKIRT, the radiative transfer code (Camps & Baes 2015 and
2020). Initially, the software retrieves the source catalogue from
the 2MASS all-sky catalogue of point sources (Cutri et al. 2003). It
then subtracts the background level of a small patch surrounding
each point. PTS identifies a local peak as a foreground star and cre-
ates masks around it if it satisfies two conditions: (1) the local peak
within the small patch is three times brighter than the background
and (2) its coordinate matches that of a 2MASS point source (see
Clark et al. 2018, Decleir et al. 2019, and Decleir 2019).

2.5 Image resampling

In order to make self-consistent comparisons between the dif-
ferent datasets, the data are convolved and resampled to the
Swift/UVOT point-spread function (PSF) because it has the low-
est resolution among the datasets. This is done in two steps
for each image and line map (i.e. MUSE data). First the data
are convolved to match the Swift/UVOT resolution, which is
approximated as a 2.5” Gaussian kernel, using the techniques and
kernels available from Aniano et al. (2011). Second, the data are

Thttps://swift.gsfc.nasa.gov/analysis/uvot_digest/psf.html.
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Spitzer/IRAC
Area of Overlap

resampled to 2.5” pixels, using the SWarp software (Bertin 2010)
and adopting RESAMPLING_TYPE=LANCZ0S3. Using a resam-
pled pixel size equal to the convolved PSF ensures that the
regions can be considered independent. A visual representation
of this workflow is shown in Fig. 2. For reference, the physi-
cal size of 2.5” ranges from 60-240 pc for the distance of our
sample.

3. Methodology

In this Section we describe the methods for quantifying the vari-
ous physical properties of interest in this study. Examples of the
property maps are shown in Fig. 3.

3.1 21754 absorption feature strength - Apymp

The 2175A feature is quantified using a simple analytic combina-
tion of the three Swift/UVOT filters in three steps. First, the UV
continuum slope, B, is measured from the two (off-feature) wide
filters under the assumption that the UV flux density follows a
power-law shape over the range 1250 <A <2600 A (e.g. Calzetti
etal. 1994),

logfi(A)=C+ B xlogh, (1)

where f; (1) is the flux density, in units of erg s™' cm™2 A", A is
the wavelength in A, and C1is a constant normalisation term. Using
the Swift filters for the UV slope, Bsitt
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Table 1. Galaxy sample with Swift/UVOT, VLT/MUSE, and JWST/MIRI data.

Name Dist. log(M,) log(SFR) i oj E(B—V)ww (E(B —V)gas) Hubble Type/Morphology
Mpd)  (Mo) (Mo yr™) (deg) (deg) (mag) (mag)
NGC 0628 9.8 10.34 0.24 8.9 12.2 0.0607 0.18 SA(s)c
NGC 1300 19.0 10.62 0.07 31.8 6.0 0.0260 0.23 SB(rs)bc
NGC 1365 19.6 10.99 1.23 55.4 6.0 0.0176 0.21 SB(s)b
NGC1433 186 10.87 0.05 28.6 6.0 0.0078 0.15 (R")SB(r)ab
NGC 1512 18.8 10.71 0.11 42.5 6.0 0.0091 0.15 SB(r)a
NGC 1566 17.7 10.78 0.66 29.5 10.7 0.0078 0.21 SAB(s)bc
NGC 1672 19.4 10.73 0.88 42.6 6.0 0.0200 0.21 SB(s)b
NGC 2835 12.2 10.00 0.09 41.3 5.3 0.0030 0.11 SB(rs)c
NGC 3351 10.0 10.36 0.12 45.1 6.0 0.0238 0.21 SB(r)b
NGC 3627 11.3 10.83 0.58 57.3 1.0 0.0287 0.37 SAB(s)b
NGC 4254 13.1 10.42 0.49 34.4 0.9 0.0334 0.30 SA(s)c
NGC 4303 17.0 10.52 0.73 23.5 9.2 0.0052 0.27 SAB(rs)bc
NGC 4321 15.2 10.75 0.55 38.5 2.4 0.0052 0.31 SAB(s)bc
NGC 5068 5.2 9.40 -0.56 35.7 10.9 0.0022 0.09 SAB(rs)cd
1C 5332 9.0 9.67 -0.39 26.9 6.0 0.0144 0.05 SA(s)d

Values in the first six columns are from Emsellem et al. (2022) (based on Leroy et al. 2021 and Lang et al. 2020). E(B — V)mw are from NASA/IPAC IRSA Galactic dust
reddening maps. (E(B — V)g,s) are the median gas reddening (derived from the Balmer decrement; see Section 3.2) in star forming regions (see Section 3.9 criteria
(1)-(3)). Hubble Type/Morphology are from the NASA/IPAC Extragalactic Database.

Table 2. Swift/UVOT exposure times. Third, the 2175A feature strength, Apymp, is estimated from the
oo (UVA2) oo (UVM2) o UvW) ratio of the observed flux density in the UVM2 filter relative to the
e ep P value derived from the UV slope,
Name (s) (s) (s)
NGC 0628 17035 23162 14 464 Abump =-2.5 l()g (ﬁ(UVMZ)/fX (UVMZ, O)) ) (4)
NGC 1300 8752 13307 8495 . .
where Apymp has units of magnitudes. An example of these steps
NGC 1365 20331 59554 23046 for an example pixel in our sample is shown in Fig. 4. This for-
NGC 1433 4542 4044 3466 malism is effectively the same as that used in Zhou et al. (2023)
NGC 1512 18719 18375 16901 for estimating the bump strength from the three Swift filters (see
NGC 1566 14216 10 645 10547 their Section 3.2). The uncertainty on Apump is a combination of
NGC 1672 9335 8317 7570 the uncertainty from the UV-slope and normalisation and the
uncertainty of the observation at UVM2 (see Fig. 4).
NGC 2835 4906 4457 4083 The apparent strength of the 2175A feature (i.e. Apymp) will
NGC 3351 5219 4569 2875 scale with the total amount of dust attenuation, with dustier
NGC 3627 13112 28393 9694 regions exhibiting larger absorption features. Therefore, to char-
NGC 4254 6016 2132 6006 acterise ’Fhe intrinsic bump strength, it i.s necessary to normalise
Apump With respect to the total attenuation in a given band (e.g.
NGC 4303 7654 69934 4825 . . .
Ay is commonly used) or with respect to the reddening E(B — V).
NGC 4321 8654 8983 5281 For the purpose of this paper we normalise with respect to the
NGC 5068 7346 5663 6162 reddening to get the intrinsic bump strength, kpymp.
1C 5332 4175 4019 3621

N N N kbump = Abump/E(B - V) . (5)
Each exposure time corresponds to the maximum co-added depth, which
typically covers the entire galaxy (FoV=17" x 17'). The method for characterising the reddening is described in the
next section. For reference, the MW extinction curve has an
average kypump ~ 3.3 (Fitzpatrick 1999; Salim & Narayanan 2020).
log [f,(UVW2) /£, (UVW1)] Finally, we note that the values of Apymp (and kpymp) based on
(2)  the UVOT filters will typically be an underestimate of the true
values that would be inferred based on a spectroscopic method.
Second, we estimate the expected flux density for the UVM2 fil- This occurs for two reasons: (1) the width of the UVM2 filter will

ter assuming this UV continuum slope, and corresponding to the ~ suppress the peak amplitude of the feature and (2) the UVW2

Powin = log [Auvw2/Auvwil

expected value in the absence of a 2175A feature, and UVW1 ﬁlters have tails that eXtend into the 2175A feature
such that they do not provide a completely clean baseline for the
log f,(UVM2,0) =C+ B x log Aegruvmz - (3) UV continuum. However, the UVW2 and UVW1 filters also have
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| Data Processing Steps:
(a) Native Image (b) Convolved Image (c) Resampled Image
NGC 4321 2.5” kernel (Swift/UVOT ) 2.5” pixels
Apply Resample
Convolution to kernel
Kernel FWHM
(Aniano+11) (Swarp;

MIRI/F770W

Figure 2. The data processing workflow to enable consistent photometric and spectrosco

map at its native resolution and convolve it with a 2.5” Gaussian kernel (Swift/UVOT PSF),

Bertin 2010)

pic comparison. ((a) = (b)) We start with a fully-reduced and calibrated image or line
which is the largest PSF among the data, using the techniques and kernels available

from Aniano et al. (2011). ((b) = (c)) Next, the convolved images are resampled to a pixel size of 2.5” using the SWarp software (Bertin 2010). The panels show this process for

MIRI/F770W data of NGC 4321. All data from Swift, JWST, VLT, and Spitzer were convolved a

log(SFR)

nd resampled to the same 2.5” grid.

more —*

I

SF [l Com. AGN

Figure 3. Example of derived property maps for NGC 4321. From left to right, the 2175A strength Apump, ionised gas reddening E(B — V)gas, PAH abundance Rpay, l0g(SFR), log(M.),

BPT classifications, and gas-phase metallicity (using Scal). The methods used to derive eac
regions masked due to foreground MW stars.

extended red tails (see Fig. A1) such that the measured UV con-
tinuum baseline can be higher than the true value for very red
SEDs (e.g. old stellar populations). This second effect is not seen
to significantly impact the measurements of the continuum base-
line in our sample, based on SED modelling (e.g. see moderately
reddened SED fit for an example region of NGC 4321 in Fig. B1),
and therefore we do not correct for this. This is likely because
our selection criteria (Section 3.9) tend to restrict our analysis to
star-forming regions with younger average stellar populations. We
detail the reliability of the Swift/UVOT filters to measure the UV
slopes and 2175A feature in Appendix A.

In summary, the true bump amplitude is expected to scale lin-
early with the value inferred from the UVOT filters such that the
correlations observed and presented in this work should be robust
but that the exact parameters of our fits should be treated with
caution.

3.2 lonised gas reddening - E(B — V),

The 2175A absorption feature is measured relative to the stel-
lar continuum, hence its strength is expected to be linked to
the reddening on the stellar continuum, E(B — V)g,,. However,
accurately measuring the reddening on the stellar continuum is
non-trivial due to the degeneracy in SED colour with stellar pop-
ulation age and typically requires full SED coverage from UV to
IR to break this degeneracy via an energy balance assumption
or through spectral modelling of the stellar continuum and
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h property are described in Section 3. The holes of missing data in A,ump correspond to

absorption features. Performing such modelling is computation-
ally expensive and also prone to uncertainty at the scales of our
resampled pixels (~60-240 pc). This is due to the energy balance
assumption beginning to break down on scales <1 kpc (e.g. Smith
& Hayward 2018).

Another reddening diagnostic is the amount of reddening on
the ionised gas, E(B — V)gs, based on the Balmer decrement,
F(Ha)/F(HP), and available from the VLT/MUSE data,

log ((F(Her)/F(Hp))/2.86)
0.4(k(HB) — k(He))

E(B - V)gas = > (6)
where 2.86 is the theoretical value expected for the unreddened
ratio of F(Ha)/F(HpB) undergoing Case B recombination with
T.=10* K and n. =100 cm~> (Osterbrock 1989; Osterbrock &
Ferland 2006), and we assume an average MW extinction curve,
k(*), at the wavelengths of HB and He, with k(HB) — k(Ha) =
1.160 (Fitzpatrick et al. 2019).

In nearby galaxies it is generally found that the stellar contin-
uum experiences roughly half the amount of reddening relative
to the ionised gas on average, ((E(B — V)gtar)/(E(B — V)gas)
0.5; e.g. Calzetti et al. 1994; Kreckel et al. 2013; Battisti, Calzetti,
& Chary 2016; Emsellem et al. 2022). We measure this rela-
tionship for galaxies in our sample and found a similar trend
(see Appendix B), indicating that using either E(B — V)4, or
E(B — V) is reasonable to trace reddening in a region.

For our analysis, we will normalise the bump strength using the
amount of reddening from the ionised gas, E(B — V)g,,, because
it is empirical and (mostly) independent of assumptions (Case B
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Figure 4. Example of how the 2175A feature strength, Abump, is derived for each
region based on the Swift data (black squares). We fit the UV continuum slope, Bsuitt
(black line), from the two off-feature Swift filters (UWW2 and UVW1) and determine
the expected flux density at UYM2 (orange square). This value is then compared to
the observed flux density at UVM2 (middle observation). The 1o uncertainty on the
UV slope and normalisation is shown by dashed grey lines and accounted for in the
uncertainty of Apump.

recombination), which helps to avoid circularity issues. While this
method relies on an assumed dust extinction curve for the ionised
gas reddening, our choice of the MW curve should be reasonable
given that the PHANGS sample consists primarily of massive spi-
ral galaxies. Furthermore, the shape of the average MW, LMC, and
SMC extinction curves are relatively similar at the optical wave-
lengths of He and Hp (i.e. average k(HB) — k(Ha) are within
15%) and show the largest variations at UV wavelengths.

For completeness, we also performed the main analysis of
this work using stellar continuum reddening (Ay ) derived
from MAGPHYS SED modelling. These results are presented in
Appendix B and show qualitatively the same results as we find
when normalising by the ionised gas reddening. We attribute this
to the fact that stellar and gas reddening show a relatively tight
correlation at the spatial scales of our regions (see Fig. B2).

3.3 PAH abundance - Rpyy

The abundance of PAHs is inferred using the proxy Rpan
(Chastenet et al. 2023; Sutter et al. 2024), but slightly modified to
remove the contribution of emission from the stellar continuum,

R _ fv,dust (F770W) +fv,dust(F1 130W)
P fodust(F2100W)

where f,, 4ust(1) is the dust-only flux density for a particular filter in
units of erg s™! cm~2 Hz~!. The dust-only emission is determined
by subtracting the stellar continuum using the Spitzer/IRAC chl
data by assuming the stellar emission follows a blackbody,

Bv(}": T*,c_ff) (IRAC]) 8
BV(IRACI,T*,eff)f ' ' ®
where B, (A, T, o) is the blackbody function and T, . is the effec-
tive temperature of the stellar population. We assume T, =
5000 K, which is representative of local star-forming galaxies
(Draine et al. 2007). For reference, the blackbody flux ratio in

, ™)

fv,dust ()") :fv ()")

https://doi.org/10.1017/pasa.2024.129 Published online by Cambridge University Press

Equation (8) assuming T, . = 5000 K is 0.276, 0.133, and 0.042
for F770W, F1130W, and F2100W, respectively. For the regions
analysed in this study (selection described in Section 3.9), the
median fraction of emission removed is 0.0567537, 0.01913.902,
and 0.01219002 for F770W, F1130, and F2100W, respectively. This
approach is roughly similar to the method used in Sutter et al.
(2024) for PHANGS-JWST, who remove the stellar continuum
using SED-fitting of the JWST/NIRCam+JWST/MIRI data. We
choose to use IRAC instead of NIRCam data because we adopt
stellar mass maps derived from IRAC data (see Section 3.5), and
therefore we consider this approach to be more self-consistent.

We note that the 7.7 um/11.3 pm ratio changes in galaxies
with different ionising spectra (e.g. Draine et al. 2021), which
may impact the values of Rpay in different local environments of
galaxies. We explored this by using only single PAH-feature mea-
surements (e.g. F770W/F2100W), but found that the results are
qualitatively consistent with those found using Rpan.

3.4 Star formation rate - SFR

Star formation rates (SFRs) for individual regions are derived from
extinction-corrected Ha,

F(Ho) corr = F(Har) 10O4FHOEB=V)g) ©)

where we assume an average MW extinction curve (Fitzpatrick
et al. 2019) for k(Ha) and E(B — V)g, is derived following
Equation (6). We convert this to a luminosity based on the lumi-
nosity distance (see Table 1) and use the conversion from Calzetti
(2013), which assumes a Kroupa (2001) initial mass function
(IMF),

SFR(Mg yr™') =5.5- 102 L(Hot)corr » (10)

where the Ho luminosity is measured in erg s™'.

3.5 Stellar Mass - M,

When available, we use the Independent Component Analysis
(ICA) data products produced by the S4G Pipeline 5 (P5;
Querejeta et al. 2015). The ICA method separates the emission
from old stars and dust that contribute to the observed IRAC
chl (3.6 um) flux. Querejeta et al. (2015) find that as much as
10%-30% of the total 3.6 um flux can be contributed by dust,
with larger fractions occuring for galaxies with higher specific-
SER (sSFR=SFR/M,). We use the P5 stellar emission maps (e.g.
NGCXXXX.stellar.fits) together with eq (6) in Querejeta et al.
(2015) to estimate the stellar mass contained in a resampled pixel.
We adopt a mass-to-light ratio M/L = 0.6 as recommended by the
authors. We note that this mass-to-light ratio assumes a Chabrier
(2003) IMF, which differs slightly from a Kroupa (2001) IMF (used
for SFRs), but that the impact on M, and SER values between these
IMFs are very minor (e.g. Speagle et al. 2014).

Three of the S4G galaxies do not have ICA products available
(NGC1433, 1512, and IC5332), indicating they have IRAC colours
consistent with minimal dust contamination. This is further sup-
ported by the weak overall PAH emission in the JWST/MIRI
data for these galaxies. For these galaxies, we first estimate the
M/L for each region using eq (7) in Querejeta et al. (2015) and

khttps://irsa.ipac.caltech.edu/data/SPITZER/S4G/overview.html.
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then use eq (6) in Querejeta et al. (2015) assuming the origi-
nal IRAC data are representative of the stellar-only emission. For
NGC2835, we use eq (8) in Querejeta et al. (2015) because it was
not run through the S4G P5. For the sample with ICA prod-
ucts, we find the ICA-based stellar masses show good agreement
(within ~0.1dex) with those derived from eq (8) in Querejeta et al.
(2015) (by design), such that this should not significantly affect our
analysis.

3.6 lonisation source classification

The assumed intrinsic value for the Balmer decrement assumes
conditions appropriate for star-forming HII regions of a galaxy.
Therefore, we restrict our analysis to regions that are classified
as star-forming using the standard Baldwin, Phillips & Terlevich
(BPT; Baldwin et al. 1981) diagram and using the demarcation
lines from Kewley et al. (2001) and Kauffmann et al. (2003).
We require that all emission lines ([OIII]/HB vs. [NII]/Ha) have
S/N > 3 per region for determining a classification. This require-
ment does not significantly restrict our sample that satisfies our
photometric requirements (conditions (1) and (2) Section 3.9),
with 73%-100% (median 87%) of regions in each galaxy also
satisfying this emission line S/N condition.

3.7 Gas-phase metallicity

We adopt the Scal prescription of Pilyugin & Grebel (2016), which
is the preferred method of the PHANGS team (Kreckel et al. 2019;
Groves et al. 2023), to estimate the gas-phase metallicity. This
prescription uses a combination of the following line ratios:

N, = ([NII]A6548 + A6584)/Hf ,
S, = ([SIT]A6717 + A6731)/HB,

R; = ([OIII]A4959 + A5007)/Hp . (11)

These lines are extinction corrected assuming a MW extinction
curve (Fitzpatrick et al. 2019) and E(B — V), derived following
Equation (6). We require that all emission lines have S/N > 3 per
region to estimate a metallicity for a region. This requirement is
very similar to above because it uses many of the same emission
lines, with the exception of [SII]. We find 73%-100% (median
86%) of regions in each galaxy that satisfy the photometric require-
ments also satisfy this condition.

3.8 Surface area

In order to compare resolved regions of galaxies at different dis-
tances in a fair manner, we normalise stellar masses and SFRs
by the surface area of the resampled regions. The surface area
depends on the distance of the galaxy and the inclination accord-
ing to:

(Gregionl)Lum/206265)2

cos (i)

Arealkpc®] = , (12)
where we are assuming the small angle approximation and an
infinitely thin disc, 6;egion is in arcsec (2.5” in our case), Dy is
in kpc, and i is the inclination angle. The adopted distance and
inclination values for each galaxy are listed in Table 1.
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3.9 Selection cuts

We select a robust sample of star-forming regions by requiring
that the following conditions are met for each resampled region:

(1) All Swift and JWST photometry are S/N > 5
(2) Uncontaminated by MW foreground stars

(3) Classified as ‘star-forming’ on the BPT diagram
(4) o(kyump) < 0.5

The value of o (kpump) is determined from propagating the
uncertainty of the two free parameters in kpymp (i.e. 0 (Apump) and
0 (E(B — V)g)). Condition (4) is imposed to restrict the analysis
to regions with reliable bump measurements. The primary fac-
tor affecting the bump measurement accuracy is the Swift depth;
however, we note that the sample with the lowest uncertainties on
kbump do not directly correspond to the deepest Swift data (see
Table 2). This is because kyump also depends on the uncertainty
in reddening (E(B — V)g,:), which depends on the Balmer lines
from the VLT/MUSE data. At a fixed S/N value for the emis-
sion lines, regions with lower total reddening will have larger
uncertainties on Kyymp (i.e. if Apymp > 0, you get kpymp — 00 as
E(B — V)gas — 0). As a result, condition (4) limits our analysis to
regions with E(B — V), 2 0.07. An example where the redden-
ing term is the dominant source of uncertainty is IC5332, which
has a median E(B — V)g,s of 0.05 and a majority of its star-forming
regions do not satisfy condition (4). Therefore, we do not report on
correlation strengths for IC5332 in the subsequent analysis. The
property maps for each galaxy after these selection cuts are applied
are shown in Fig. 5.

4, Results

4.1 Kyump - Rean correlation

We present a comparison between kpymp and Rpay for individual
galaxies in Fig. 6, left. We find a slight positive correlation between
these parameters, with the Spearman correlation coefficient rang-
ing from 0.3 < p < 0.5 for galaxies with a moderate number of
regions available after selection cuts. The correlation strength gen-
erally increases for galaxies with tighter constraints on kyyyp. We
note that comparing Apymp without normalisation by reddening
with Rpay shows systematically lower correlation strength in our
sample (lower by p ~0.2). The median values of kyymp and Rpay
for the entire sample are 0.73 and 3.2, respectively. This kyym, value
corresponds to 22% the MW strength; however, we note that the
true strength is likely higher due to the limitations of relying on
the Swift/UVOT filters to measure the feature (see Appendix A)
and the use of ionised gas reddening for the normalisation (see
Appendix B).

Fig. 6, right, shows a 2D histogram combining the five galax-
ies with the lowest uncertainties on kyump (NGC 1365, 1566, 1672,
3627, and 4321; median value of o (kpump) S 0.25), but excluding
NGC 4303 because it shows a noticeable vertical offset towards
larger kyump from other galaxies. No obvious causes for this off-
set are apparent from inspecting the Swift data, although we note
this galaxy has a larger difference between the exposure lengths of
UVW2 and UVW]1 relative to UVM2 than the rest of the sample
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Koump Rean log(Zs¢r) log(Zw,) log(sSFR) E(B-V)gas 12+log(0/H)
[-0.05,1.97] [1.35,4.35] [-2.64,-0.82] [7.72,8.96] [-10.81,-9.05] [0.13,0.63]  [8.42,8.63]
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Figure 5. Derived property maps for regions that satisfy the selection cuts described in Section 3.9. Each property (i.e. column) uses the same colour-scale range, covering
2.5%-97.5% of the full distribution (see brackets at top). From left to right: the intrinsic 2175A strength (kbump), PAH abundance (Rpay), SFR surface density (log(Zsr)), stellar
mass surface density (log(Xu.)), specific-SFR (sSFR = log SFR — log (M,)), ionised gas reddening (E(B — V)g.s), and gas-phase metallicity (12 4+ log (O/H); using Scal). A positive
correlation between kpump and Rpay is evident, which provides support for PAHs as a potential carrier of the bump. Negative correlations between kiymp and Rpay with log(Xser) and
sSFR are evident, which may indicate that small dust grains are being destroyed by ionising photons from massive stars. No significant correlations with log(Zw.), E(B — V)gas, Or
12 + log (O/H) are evident. There are relatively few regions in NGC 1433, 2835, and 1C5332 after our selection cuts, which is due to shallower UV coverage and/or low reddening
for these galaxies. (figure continues on the next page)
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Figure 5. (Continued)

(see Table 2. These five galaxies are among the most massive
in the PHANGS sample, ranging from 10.7 < log (M, /Mg) < 11
with a median of log (M, /Mg) = 10.82 (see Table 1). We note that
NGC 1433 (log (M,/Mg) =10.87) is not in this group because
it has shallower Swift data relative to the other massive galax-
ies. We fit a linear relationship to these combined data using the
MPFITEXY routine (Williams, Bureau, & Cappellari 2010), which
relies on the MPFIT package (Markwardt 2009). This routine per-
forms a linear least-squares fit using the error in both variables
while also including a term accounting for intrinsic scatter in
the data. We also perform a simple second-order polynomial
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least-square fit and note that the difference relative to the lin-
ear fit is very minor. The parameters of both fits are listed
in Table 3.

4.2 Kyump and Rpay correlation with Xpr and sSFR

We present a comparison between kpymp and Rpay with two
proxies of the ionisation parameter of a region, the SFR surface
density, Xgsr=SFR/Area, and the specific-SFR, sSFR=SFR/M,.
We note that MUSE does not cover [OII] to provide a direct
tracer of the ionisation parameter through the [OIII]/[OII] ratio
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Table 3. Fit parameters of kpymp and Rpan as a function of galaxy roperties.
y— Kbump Rean
X range Po P1 b2 Oint  Ps Po P1 P2 Oint  Ps
RpaH [1,5] 0.130£0.015  0.145+0.005 - 0.24 0.34 - - - - -
0.035+0.030 0.246+0.017 —0.0144+0.003 - - - - - - -
log(Zser) [—2.8,—-0.5] 0.004+0.012 —0.317+0.007 - 0.21 —0.55 1.130+£0.027 —1.054+0.014 - 0.54 —0.59
(Mpyr—tkpc—2) 0.124+0.032 —0.134+£0.037 0.071+0.011 - - 0.651+0.062 —1.653+0.072 —0.167+0.020 - -
log(sSFR) [—10.9,—-8.8] —2.101+0.074 —0.266 +0.007 - 0.23 —0.45 —6.946£0.159 —0.995+0.016 - 0.61 —0.52
(yr™1) 3.91+1.20 0.99 +0.24 0.065 +0.012 - - —30.77+2.34 —-583+0.47 —0.2441+0.024 - -

Notes. The functional form of these fits is y = po + p1x + p2x?, where y is Kkbump OF Rpan (middle

and right columns, respectively). We present both a linear and second-order polynomial fit

for each case. We also report the intrinsic dispersion, oi, returned from MPFITEXY, and the Spearman nonparametric correlation coefficient, ps. The data used in the fits are a combination

of five galaxies (NGC 1365, 1566, 1672, 3627, and 4321).
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Figure 6. (Left:) Intrinsic 2175A feature strength, Kbump=Abump /E(B — V)gas, vs. PAH abundance, Rpay=(F770W+-F1130W)/F2100W, for the 15 galaxies in our sample. The Spearman
correlation coefficient for each galaxy is indicated in the upper-right of each panel for cases with a p-value<0.01. Representative median error bars of the regions in quartiles of
Rean are shown at the bottom of each panel. Most galaxies show a slight correlation between these quantities, with the correlation strength being higher when kym, is better
constrained (y-axis error bar). NGC1300 and NGC4303 show a systemic offset towards higher Apump /E(B — V)gas at a given Rpay, the cause of which is unclear. (Right:) 2D histogram
of Koump VS. Reay combining five galaxies with median value of o (kpump) < 0.25 (except NGC 4303): NGC 1365, 1566, 1672, 3627, and 4321. The running median values are indicated
by the black hatch lines. Linear and second-order best-fits are shown as a dashed orange line and dash-dot magenta line, respectively, which highlight a positive correlation
between these parameters, albeit with large intrinsic scatter. A representative median errorbar is shown in the upper-right.

(Kewley, Nicholls, & Sutherland 2019). The Xgz and sSFR
parameters are found to have the strongest correlation with
kbump and Rppy among the parameters that we examined (see
Section 4.3). As described in Section 3.4, the SFRs (and SFR surface
densities) in this work are derived from Ho and will correspond
to average star formation on timescales of ~10 Myr. In practice,
sSFR can be easier to measure for high-redshift samples than Xgg
because the galaxies examined can be unresolved.

A comparison between kyump and Xggg is shown in Fig. 7, and
Rpay and Xgpp in Fig. 8. We find a moderate negative corre-
lation between these parameters, with the Spearman correlation
coefficient ranging from —0.6 < p < —0.3 for kpymp Vs. sr, and
—0.7 < p < —0.5 for Rpap vs. Lgeg. Linear and second-order poly-
nomial least-square fits parameters to the five galaxies with robust
measurements are listed in Table 3.

A comparison between kyump and sSFR is shown in Fig. 9,
and Rpay and sSFR in Fig. 10. We find similar trends to those
with Xge, with a moderate negative correlation between these
parameters and sSFR, with the Spearman correlation coefficient
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ranging from —0.6 < p < —0.2 for kyymp vs. sSFR, and —0.6
p < —0.3 for Rpap vs. sSFR. Linear and second-order polyno-
mial least-square fits parameters to the five galaxies with robust
measurements are listed in Table 3. The slightly weaker correla-
tions with sSFR than X¢p suggest that these parameters are more
closely tied to the presence of young stars (i.e. SFR) than older
stars (M,). This is also supported by the fact that there is no
(or weak) correlation with stellar mass surface density for most
galaxies (Section 4.3).

4.3 Kyump and Rpay correlation with other parameters

We explored a range of additional correlations between kiump
and Rpay with other physical properties. These include gas-phase
metallicity, total reddening (E(B — V),,s), stellar mass surface
density, and galactocentric radius. We do not attempt a com-
parison with the UV slope (8) because the value derived from
the Swift/UVOT filters is heavily contaminated by the 2175A
feature (see Appendix A). For nearly all cases the correlation
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Figure 8. Similar to Fig. 6, except now showing the PAH abundance, Rpay=(F770W-+F1130W)/F2100W, vs. SFR surface density, Ts. Representative median error bars are in
quartiles of Sge. For consistency with the previous figures, the 2D histogram combines the same five galaxies with median value of o (kpump) < 0.25 (except NGC 4303): NGC 1365,
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strengths were not found to be significant (|p| <0.3), and the
few exceptions do not share correlation strengths between both
koump and Rpay as is found for Xgez and sSFR. We note that
our sample spans a narrow range in metallicity, with 98% of
the regions after our selection cuts being in the range 8.40 <
log [O/H] < 8.65 (using Scal) and that previous studies suggest
that PAH abundances may only significantly vary at metallici-
ties of log [O/H] < 8.1 (Draine et al. 2007; Marble et al. 2010).
Ongoing and future measurements of PAH features for nearby
dwarf galaxies with JWST/MIRI will undoubtedly improve our
picture of this in the near future due to these objects tending
to have lower metallicities. Regarding the galactocentric radius,
we do find that the strength of kpump and values of Rpsu tend
to be lower in the very central regions relative to the outskirts,
but that this is likely a reflection of the central regions having
higher SFRs.
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5. Discussion

5.1 Implications of trends and correlation strengths

We find a moderate correlation between kpymp and Rpay for galax-
ies where the former can be well-constrained. This lends support
for PAHs to be a potential carrier of the feature, but this is far
from conclusive. For instance, it is almost certainly the case the
2175A feature is due to small dust grains (e.g. Mathis 1994; Draine
2003), and PAHs (which are also small grains) may simply be co-
spatial with other small dust grains. The link to small grains is
further supported by the anti-correlation of both ky,ymp and Rpag
with Xgpr and sSFR, which are proxies of the ionising radiation
strength. Ionising radiation is likely to destroy (via photodissocia-
tion) small dust grains responsible for both the 2175A feature (e.g.
Calzetti et al. 1994; Clayton et al. 2000; Fischera & Dopita 2011)
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Figure 9. Similar to Fig. 6, except now showing the intrinsic 2175A feature strength, Kpump=Abump/E(B — V)gas, VS. SSFR. Representative median error bars are in quartiles of
SSFR. The 2D histogram combines five galaxies with median value of o (kbymp) < 0.25 (except NGC 4303): NGC 1365, 1566, 1672, 3627, and 4321. The best-fits highlight a nega-
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Figure 10. Similar to Fig. 6, except now showing the PAH abundance, Rpan=(F770W-+F1130W)/F2100W, vs. sSFR. Representative median error bars are in quartiles of sSFR. For
consistency with the previous figures, the 2D histogram combines the same five galaxies with median value of o (Kpymp) < 0.25 (except NGC 4303): NGC 1365, 1566, 1672, 3627, and

4321. The best-fits highlight a negative correlation between these parameters, albeit with

and PAHs (e.g. Egorov et al. 2023; Sutter et al. 2024; Chastenet
et al. 2024; Chown et al. 2024), and it is interesting that the cor-
relation strengths are stronger with these ionisation proxies than
the correlation with each other. However, as we discuss below, the
trend of Rpay with ¥gpp and sSFR can be also explained with dust
heating, rather than PAH destruction. We can test the correlation
between kyump and Rpap while controlling for Xgpr, by examining
the partial correlation coefficient Kendall (1942),

OaBlc = PAB — PACPBC
AB|C = ,
V1= picv'1 = pic

where p,p is the Spearman correlation coefficient between vari-
ables A and B, and so on for other combinations. We note this

(13)

https://doi.org/10.1017/pasa.2024.129 Published online by Cambridge University Press

large intrinsic scatter.

metric assumes a monotonic relation is present between the quan-
tities of interest. In our case, we choose A, B, and C to be kyump,
Rpan, and Xgpg, respectively. We adopt the correlation coefficients
listed in Table 3, which are based on our five ‘robust’ galaxies. We
find a value of p4pc = 0.02, indicating that the correlation between
kpump and Rpap may be entirely driven by the correlation of these
quantities with Xgpg. If we use sSFR for C, we get papc = 0.19.
An independent, and more visually intuitive, test can be done
by examining the correlation strengths of these quantities when
subdividing the regions of each galaxy into quartiles of Xgpg, which
is shown in Fig. 11. We find that the correlation strengths between
Apump and Rpay for all galaxies are lower for the quartile sub-
samples (p < 0.3), with only the highest ¥¢pz quartile retaining a
moderate trend in a couple cases (p ~ 0.3; e.g. NGC 1566, 1672).
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Figure 11. Similar to Fig. 6, Left, but subdividing the regions of each galaxy into quar-
tiles of Tsrz. The values of X increase as dark red, light red, light blue, and dark blue,
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This outcome also suggests that most of the correlation between
these quantities may be a consequence of the correlation with
SSER- )

If PAHs are a carrier of the 2175A feature, one possible fac-
tor that could reduce the correlation strength between Ap,mp and
Rpap is that along the line of sight from a star-forming region
there can be 2175A absorption from intervening dust (PAHs) that
resides between the source and the observer (e.g. in the diffuse
ISM) that is spatially disconnected from the majority of observed
PAH emission from the photodissociation region (PDR) that sur-
rounds the star-forming region. This intervening dust would also
not be affected by effects of PAH destruction, since it is far away
from the strong ionising radiation (i.e. HII region). Depending on
the amount of dust around the HII region (birth-cloud dust), the
intervening diffuse dust may have a modest effect on the strength
of the 2175A feature. This effect is likely to be more pronounced
as the inclination of galaxies go from face-on to edge-on; how-
ever, it will always be present due to the non-zero thickness of the
disc. We show a cartoon visualisation of this scenario in Fig. 12
(top). Interestingly, we find a slight preference for higher cor-
relation strength with lower inclination in our ‘robust’ sample
(0 (kpump) S 0.25), as shown in Fig. 12 (bottom). We include NGC
4303 in our sample here because the correlation strength should be
independent of the vertical offset in the kyump Vs Rpan relation that
we see in this galaxy with respect to the other ‘robust’ cases. For
example, NGC 1566 and 4303, the least inclined (i ~ 30°) among
these sources, show slightly stronger correlation strengths rela-
tive to the more inclined galaxies. Performing this comparison in
a larger sample, and also across a wider range in inclination, is
needed to draw firm conclusions on whether this effect is real.

Assuming a link between PAHs and the UV bump, dust heat-
ing could be another factor to help explain a weak correlation
between Apymp and Rpay (i.e. if the dust continuum used as the
baseline in Rpyy is varying). Calzetti et al. (2007) presented cali-
brations of Spitzer 8 and 24 um luminosity density (Sgjm,dust and
Saapm,dust) a8 Lgrr diagnostics (see their eq. 2 and 3; when assuming
¥ (Paccory) is a direct proxy of Xgg). The slope of their rela-
tionship 1og(Ss;m,dust) With log(Xgrr) is sub-linear (0.94 & 0.02),
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Figure 12. Top: Cartoon visualisation of how changes in the inclination angle of a disc
galaxy could affect the correlation strength between kiymp and Rpay. Kbump is measured
via the effect of dust attenuation towards UV-bright young stars that are affected by
both birth-cloud dust and the diffuse dust in the ISM. As the inclination increases
from face-on (0°) to edge-on (90°), there will be increasing path length of the dif-
fuse ISM between the young stars and the observer. PAHs can be present in both
dust mediums, but the majority of PAH emission will come from PDRs surrounding Hll
regions and will be independent of viewing angle (optically thin). Thus, the association
between the 2175A absorption feature and PAH emission may be weaker as the view-
ing angle increases since viewing angle only affects the former. Bottom: correlation
strength, ps between kyum, and Reay as a function of the galaxy inclination. Orange cir-
cles denote our ‘robust’ sample of galaxies with median value of o (kpymp) < 0.25: NGC
1365, 1566, 1672, 3627, 4303, and 4321. There is a slight preference for stronger cor-
relation strengths between kyump and Reay for galaxies at lower inclination (i.e. closer
to face-on). The trends are less apparent among the rest of the sample (open circles),
but this may be attributed to the large uncertainty in ky,m, measurements for these
galaxies.

whereas the slope for 10g(S4/im,dust) i super-linear (1.23 & 0.03).
More recently, Calzetti et al. (2024) found a shallower super-linear
relation (1.07 & 0.01) between log(S,4m,dust) (based on F2100W)
and log(Xggr). The sub-linear 8 um relation could be an indication
of PAH destruction at higher Yz values, whereas the super-linear
24 pum could indicate increased dust-heating at higher Xgpz values
(i.e. a larger fraction of the total IR luminosity will be measured
at 24 pm as dust temperature increases). Therefore, both of these
factors could affect the ratio of these quantities. We note that
the slopes of these relationships are sensitive to the methodol-
ogy used for local background subtraction and on the size scales
being considered (see discussion in Calzetti et al. 2024), and may
also be time-dependent with the emergent state of embedded stel-
lar clusters (e.g. Gregg et al. 2024). Assuming that the 7.7 um
feature-alone relative to a dust continuum proxy (e.g. F2100W or
24 pm) is a good proxy for Rpay, which seems to be reasonable
(see Appendix B in Sutter et al. 2024), then this would be reflected
in similar trends in Rpay (ratio of flux densities) vs Xggg.


https://doi.org/10.1017/pasa.2024.129

Publications of the Astronomical Society of Australia

1.0 == C+07/C+24 Encloses 68% ]
% i (offset) Encloses 95% 1
g 08[ ]
& [ S s, ]
] L Iy ]
g r S~ 1
2 04l ' 1
5 [
o [
2 L ]
£ 0.2f I Running Median 1
0.0 [ 1 Linear Fit 1 1 1 1
-30 25 -20 -15 -1.0 -05 0.0

109(Zgrr) [(Ma/yr)/kpc?]

Figure 13. 2D histogram of the F770W/F2100W surface luminosity ratio as a function
of Zsg for the six ‘robust’ galaxies (NGC 1365, 1566, 1672, 3627, 4303, and 4321). The
best-fit linear slope (orange dashed line) is consistent with the slope using the Calzetti
etal. (2007) 8 um and Calzetti et al. (2024) 24 .um relations (red dashed line), where the
former is sub-linear with g and the latter is super-linear. These results imply that
both dust destruction and dust heating could be factors in explaining the trend of Rpay
with Zgp.

Taking the difference (in log) of the Calzetti et al. (2007);
Calzetti et al. (2024) relations gives 1og (Ssjm,dust/S24/m,dust) X
—0.13log (Xgpr). As we show in Fig. 13, this is similar to the
best-fit linear slope that we find in this work if we examine the
ratio of F770W and F2100W luminosity densities as a function of
YskR

1 ( SF770W,dust
g\ -——

) = (—0.16 & 0.01) log (Espg) + (0.25 + 0.01),
SFZIOOW,dust

(14)
which has an intrinsic scatter of 0.09 dex. We note that there
is some indication that the trend deviates from a linear form at
higher Xggg, with the trend becoming slightly steeper (more neg-
ative) at log (Xgpr) 2 —1.5. This could correspond to a boundary
where a change in dust destruction and/or dust heating is occur-
ring. Resolving the degeneracy that these mechanisms have on
the Rpay value will require mid-IR spectroscopy around the PAH
features to properly measure the underlying dust continuum.

Below we highlight a few factors that complicate our ability
to provide a more definitive link between the 2175A feature and
PAHs. The first is that the spatial scales that we are measuring
both quantities at (~100 pc) are coarse relative to the scales of
HII regions (~few pc) where photo-dissociation effects can be
studied more precisely (e.g. Berné et al. 2022; Pedrini et al. 2024).
This situation could be improved through higher spatial resolution
UV surveys of nearby galaxies with HST to more closely match
the JWST/MIRI resolution. Second, linking dust attenuation to
emission is complicated because of the degeneracies that optical
depth and geometric effects can have on the observed strength
of the feature when dealing with unresolved star/dust distribu-
tions (e.g. Fig. 12). This problem is exacerbated by the fact that
there are limited UV data available for nearby galaxies, and in
most cases the filters available are very broad, to study the feature
in detail. An alternative could be to study UV extinction curves
using spectroscopy towards a larger number of MW, LMC, and
SMC sightlines where PAH emission measurements are also avail-
able (e.g. Massa et al. 2022; Gordon et al. 2024). Currently, HST
is the only facility capable of characterising UV extinction curves
near the 2175A region and only ~100 sightlines in the MW, LMC,
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and SMC have been characterised in this wavelength regime in the
past 30 yr. Finally, studies to date have relied on trying to link
measurements of the 2175A feature in extinction/attenuation to
PAHs observed in emission. A much more conclusive link between
PAHs as the carrier would come from measuring both features
in extinction along the same sightline. We highlight avenues that
future facilities may provide in addressing these shortcomings in
Section 5.3.

5.2 Literature comparison

To our knowledge, there have been relatively few attempts to link
the 2175A feature (measured in attenuation) to PAH emission.
Decleir et al. (2019) performed a similar comparison to NGC
0628 as this work, using Swift/UVOT and Spitzer+Herschel data.
In that work, they adopted an SED-fitting approach to constrain
the intrinsic bump strength and the PAH abundance was inferred
from a ratio of IRAC 8 um to total far-infrared luminosity. No sig-
nificant correlation was found; however, this could be attributed
to the large measurement uncertainties in both quantities. Indeed,
we find stronger correlations are present for galaxies with better
constraints on Kyump, and that NGC 0628 is not among the best-
constrained in our sample, with a median value of o (kyymp) ~ 0.5
(for regions satisfying conditions (1)-(3) in Section 3.9). Shivaei
et al. (2022) examined the relation between the 2175A feature and
PAH emission, constrained using MUSE spectra and Spitzer/MIPS
photometry, respectively, in a sample of 86 SFGs at z ~ 2. Their
comparison slightly differs in that it compared Apum, (i.e. apparent
bump strength in magnitude) relative to a PAH abundance (rest-
frame 8um relative to FIR). They find that galaxies with stronger
bumps are positively correlated with higher PAH abundances,
which is qualitatively consistent with our findings, although we
find a weaker correlation between Apymp and Rpay relative to kyymp
and RPAH-

Several studies have explored the relationship between the
2175A feature strength with the SFR and sSFR of galaxies, and
which qualitatively follow the trends observed in our study.
Kriek & Conroy (2013) used composite SEDs from a sample of
~3 500 galaxies at 0.5 < z < 2.0 to characterise the shape of dust
attenuation curves and the 2175A feature. They found that the
bump strength decreases with increasing equivalent width of Her,
which is a proxy for sSFR (e.g. Marmol-Queralté et al. 2016),
with larger EW(Hw) corresponding to higher sSFR. Kashino et al.
(2021) used individual and stacked spectra from a sample of 505
SEGs at 1.3 <z < 1.8 (median z =1.56; —9.3 <log sSFR < —8.3)
in the zCOSMOS-deep survey, finding that the 2175A feature
amplitude decreases with increasing sSFR, while it increases mod-
erately with stellar mass. We show their relationship in Fig. 9,
which is shifted towards higher sSFR, as well as an offset ver-
sion that accounts for the difference in the galaxy main-sequence
(MS; logSFR vs. logM,) values with redshift (e.g. Popesso et al.
2023). We take this offset as the difference in the MS sSFR between
z=0and z = 1.56 for a galaxy with log (M, /M) = 10.82 (median
of the five PHANGS galaxies we combine) using the galaxy MS
relationship from Leroy et al. (2019) for z=0 and Leslie et al.
(2020) for z=1.56 (latter using the ‘SF’ sample). These give an
offset of log (sSFR,—;56) — log (sSFR,—o) = 1.49. Interestingly, we
find that shifting the Kashino et al. (2021) relation (i.e. sub-
tracting the x-axis values by 1.49) is qualitatively consistent with
our local relation. We note that the y-axis agreement is almost
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certainly coincidental between these studies because the Swift-
derived bump strength is likely underestimated and Kashino et al.
(2021) normalise the UV bump using the reddening on the stel-
lar continuum (E(B — V)g,; which are typically lower than E(B —
V)gas» see Appendix B) Finally, Zhou et al. (2023) used 134 galaxies
in MaNGA (Bundy et al. 2015) that also have Swift data (Molina
et al. 2020) to study the 2175A feature, finding that the 2175A fea-
ture amplitude decreases with increasing sSFR. In that work, they
estimate Apyyp in a similar way as this work by taking the differ-
ence in attenuation at 2175A from UVM2 relative to a UV slope
fit (i.e. ,(UVM2,0)), see Fig. 4). However, they normalise their
bump strength based on the difference relative to an intrinsic SED
estimated with an UV to near-IR SED-fitting approach. Therefore,
a direct comparison with their findings is not straightforward.

The relationship between the PAH abundances with the SFR
and sSFR of galaxies has been explored by two papers in the
PHANGS-JWST team. Egorov et al. (2023) used 4 PHANGS-
JWST galaxies to examine the relationship between Rpyy and
various physical properties, finding lower Rpyy values with larger
[SIII]/[SII] and EW(He), which are proxies for the ionisation
parameter and sSFR, respectively (correlation: —0.7 < p < —0.4).
A larger analysis extending to the full 19 PHANGS-JWST galax-
ies was recently presented in Sutter et al. (2024). In that work,
they find that the difference between the average Rpyy measured
in nebular regions and the diffuse gas is correlated with the sSFR.
The selection criteria used in this study most closely align with
the ‘nebular regions’ in Sutter et al. (2024), and they also find a
decrease in Rpyy values with increasing sSFR (see their Figure 11)
that is qualitatively consistent with our findings.

5.3 Future prospects for mapping the UV extinction curves in
the local group

Dedicated satellite missions in the UV wavelength range could
greatly advance our understanding of UV extinction curves and
the 2175A feature. As highlighted previously, studying the feature
in extinction provides more direct insight into potential carriers
than measuring it in attenuation. Ideally, such missions would
provide moderate resolution spectroscopy, instead of photometry,
in order to study the detailed shape of the bump (amplitude, cen-
tral wavelength, and width), which can provide better constraints
on the size distribution and chemical composition of interstellar
dust grains responsible for the feature. Below, we briefly highlight
a few approved or planned future UV spectroscopic missions.
First, the Ultraviolet Explorer (UVEX) is a recently approved
NASA Medium-Class Explorer mission (launch ~2030 Kulkarni
et al. 2021), that will have FUV (1 390-1 900 A) and NUV (2 030-
2700 A) imaging (PSF~2") and long-slit spectroscopic capability
(1 150-2 650 A; R > 1000). UVEX will perform an all-sky imag-
ing survey, but this will have limited utility for studying the 2175A
feature because it is very difficult to characterise it using only
two broad filters (similar issues for GALEX). In contrast, its spec-
troscopic instrument is ideal for studying the feature and the
currently envisioned survey design would study ~1 000 O-stars in
the LMC and SMC (Kulkarni et al. 2021); increasing the number of
studied sightlines in these galaxies by over an order of magnitude.
Second, a small satellite (SmallSat) UV spectroscopic mission
concept known as UVESS (Ultra Violet Extinction Sky Survey;
Mathew et al. 2024) is being developed by the Australian National
University and a collaboration of international partners. UVESS
would map the variability in extinction curves and 2175A feature
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by acquiring near-UV (1 400-2 700 A) spectroscopy (R ~ 2 500)
for thousands of OB-stars in the MW, LMC, and SMC. UVESS will
explore the adoption of a compact spatial heterodyne spectrograph
(SHS; Sahoo et al. 2024), which employs a modified Michelson
interferometer configuration, and offers exceptional performance
and cost-effectiveness for UV spectroscopy relative to traditional
instruments.

Readers that are interested in helping develop the science case
for UVESS are encouraged to contact the first author.

Finally, the Habitable Worlds Observatory,' a proposed NASA
flagship mission (launch ~2040), is envisioned to have UV spec-
troscopic capabilities. It will likely have the potential for character-
ising UV extinction curves towards single stars in galaxies out to
~10-20 Mpc (dependent on the mirror size). This will be revolu-
tionary in characterising the variation of extinction curves and the
2175A feature over a wider range of ISM conditions. The incred-
ible sensitivity of such a large facility may also make it feasible
to measure both the 2175A feature and PAHs in extinction (lat-
ter measured from IR facility), thereby alleviating complications
that arise when indirectly linking absorption and emission.

6. Conclusion

Using a sample of 15 local galaxies in the PHANGS-JWST sur-
vey that have NUV and mid-IR data from Swift/UVOT and
JWST/MIRI, respectively, we examined the correlation between
the 2175A feature and PAH abundances in a spatially-resolved
manner. This comparison is made to explore the link of PAHs as a
potential carrier of the 2175A feature. We find a moderate positive
correlation between the 2175A feature strength and PAH abun-
dance (Spearman’s coefficient, 0.3 < p <0.5), albeit with large
intrinsic scatter (Fig. 6, Table 3). If the two are linked, this scatter
may arise from limitations in the use of broad- and medium-filters
to constrain the amplitude of the feature and also in the fact that
the feature is measured in attenuation, whereas the PAHs are mea-
sured via emission, such that they may not directly probe the same
physical regions (i.e. due to optical depth and geometric effects;
e.g. Fig. 12).

We also compare the strength of the 2175A feature and PAH
abundances with various galaxy properties and the strongest
trends are negative correlations with ¥gpz and sSFR (proxies of
ionising radiation intensity; o ~ —0.6; Figs. 7-10, Table 3), which
can account for trends between kpymp and Rpap based on partial
correlation analysis (Section 4.1). This indicates that the 2175A
feature is weaker and PAH abundances are lower in strongly
star-forming regions, and this is consistent with many previous
findings (Section 5.2). This implies that both the 2175A grain car-
rier and PAHs are linked to small dust grains that can be destroyed
by UV photons, but that they are not necessarily linked to each
other (i.e. PAHs may not be the 2175A grain carrier). Performing
similar analyses on a larger sample of galaxies that span a wider
range in star-formation activity could provide new insight on these
links. We provide prescriptions for kyump and Rpay in local mas-
sive (metal-rich) galaxies with Xgrz and sSFR; however, the kyymp
relations should be used with caution due to the fact that the bump
strengths measured from Swift/UVOT are expected to be under-
estimated. No significant trends in kyump and Rpap with gas-phase
metallicity or galactocentric radii are found; however, the metallic-
ity range of our sample is limited (8.40 < 12 + log [O/H] < 8.65),

'https://habitableworldsobservatory.org.


https://habitableworldsobservatory.org
https://doi.org/10.1017/pasa.2024.129

Publications of the Astronomical Society of Australia

and a larger sample that extends to dwarf galaxies is needed to
explore such trends robustly.

Finally, this work highlights the limitations in characterising
the 2175A feature and PAH abundances from photometric data.
Future UV spectroscopic missions are needed to establish defini-
tive links between the 2175A feature and its primary grain carrier.
An important caveat to measuring PAH abundances from pho-
tometry is that the effects of dust heating can also cause a decrease
in values of Rpyy in a manner that is similar to PAH destruc-
tion. Breaking this degeneracy will require mid-IR spectroscopy
(e.g. with MIRI) to determine dust continuum baselines more
accurately.
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Appendix A. Reliability of UV slope and 2175A Feature
Strength from the Swift/UVOT Filters

In this study, we rely on the three Swift/UVOT filters to con-
strain the 2175A feature. This is based on first measuring the UV
slope from the UVW2 and UVW1 wide filters and measuring the
difference of the observed UVM2 medium filter relative to this
continuum. Due to the width of the filters, it is difficult to translate
these measurements to the intrinsic bump strength.

We demonstrate the position of the UVOT filters relative to
a Drude profile, which is commonly used to model the shape of
the 2175A dust absorption feature (Fitzpatrick & Massa 1986), in
Fig. Al. As can be seen, all filters are affected by the feature to
some extent, regardless of the feature width (FWHM value), where
we illustrate the cases of the average MW value (FWHM~470
A; Fitzpatrick & Massa 1990) and the average value from spec-
troscopy of z ~ 2 galaxies (FWHM~274 A; Noll et al. 2009). This
range should be fairly representative of the possible FWHM ranges
we might expect to see in our resolved regions. As we will demon-
strate later in this section, this has a larger impact on the reliability
of UV slopes that are measured, but only results in fixed offsets
in 2175A bump amplitude estimates over a wide range of UV
slopes. Fig. Al implies that for the FWHM~470 A profile, the
amplitude of the UVW?2, UVM2, and UVW1 filters will reflect
50%, 70%, and 35% of the peak bump amplitude, respectively. For
the FWHM~274 A profile, the amplitude of the UVW2, UVM2,
and UVW1 filters will reflect 33%, 53%, and 21% of the peak
bump amplitude, respectively. Therefore, the rough expectation is
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Figure Al. The upper panel demonstrates two Drude profiles with fixed central wave-
lengths at 2175A but different widths (FWHM). The dashed black line shows the average
MW feature (Fitzpatrick & Massa 1990) and the orange solid line shows the average from
spectroscopic data of z ~ 2 galaxies (Noll et al. 2009). The values of these features after
convolving them with the Swift/UVOT filters (shown in lower panel) is indicated by the
symbols. All filters extend into the 2175A feature, which complicates their use to mea-
sure the feature. However, the bump values inferred from the UVOT filters (see Section
3.1) are well-behaved over a wide range of UV slopes and under different assumptions
for the FWHM of the feature (see Fig. A2).

that the observed bump strength from UVM2, using UVW2 and
UVWI as a continuum baseline, would be ~25-30% of the true
value (i.e. difference between UVM2 and the average of the two
wide filters). We test this more rigorously below.

To examine the behaviour of the Swift/UVOT filters on mea-
surements of the UV slope and the 2175A feature, we will adopt
a 10 Gyr stellar population experiencing constant star formation
and Solar metallicity from the Starburst99 models (Leitherer et al.
1999) as our reference galaxy SED. These parameters are a rea-
sonable approximation for the massive star-forming galaxies in
our sample and are sufficient for the purpose of the qualitative
discussion in this section. We adopt a Calzetti et al. (2000) dust
attenuation curve with a Drude profile superimposed with vary-
ing intrinsic amplitude, kpymp, values and FWHM widths. We
then impose this attenuation curve with varying the amount of
reddening, parameterised through E(B — V), onto the stellar
population model. We examine 6 values of bump amplitudes,
ranging from Kyump=0 to 3.3 (MW average), and 6 values of red-
dening, ranging from E(B — V)s,=0 to 0.70, where the latter
corresponds to the largest values we see in regions for our sample.
The results are shown in Fig. A2 and summarised below.

First, we compare the UV slope estimate from Swift (Bwist)-
For our reference UV slope, we perform a fit (in log-space) on the
reddened SED using the windows defined in Calzetti et al. (1994)
for spectroscopic observations from the International Ultraviolet
Explorer (IUE) telescope, (Biug). The 10 UV windows used are
between 1200 <A <2600 A and are designed to avoid strong
stellar absorption features, including the 2175A feature. However,
we note that the window red-ward of the 2175A feature used in
Bk (2 400-2 580 A) can become affected by the feature in the
case of large values of kpump (Kpump <, 1) When there is moderate
reddening, which were not seen in the starburst galaxy sample
being studied by Calzetti et al. (1994). In cases with large val-
ues of kyymp, Brue will have bluer values (lower ) than the true
UV slope. Adopting an even redder window (e.g. 2 600-3 000
A) could provide a more reliable measure of the true continuum,
but this is complicated by the fact that older stars can have non-
negligible contributions at A > 2 600 A and cause deviations from
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a power-law form. Therefore, we simply adopt the standard Biug
for the purpose of this comparison. Fig. A2, left compares Biug Vs
Bswitt for the case of a FWHM=274A Drude profile with different
E(B — V)star and kpymp values. In the case of no bump (Kpymp,int =
0), the value of By shows excellent agreement with Biyg. These
parameters deviate from 1:1 as the value of kyump,in increases, with
larger disagreement at larger E(B — V) for a fixed kpymp,int value.

Second, we compare the bump measured using UVOT filters
Kpump,obs (see Equations 4 and 5) relative to the intrinsic bump
strength kpump,int» Which corresponds to the true peak amplitude
value. We find that for the two FWHM tested, they follow roughly
linear relations with minimal impact from the UV slope varia-
tion (i.e. E(B — V), variation). This implies that the correlations
observed with kyymp,obs in this work should reflect true correlations
with the intrinsic bump, albeit with different scaling factors. The
slopes of the two relations are 0.30 and 0.26 for FWHM=470 A
and 274 A, respectively, which agrees with our simple assessment
in the beginning of this section.

Finally, we stress that this comparison assumed the galaxy red-
shift is z~ 0 and that these relationships are subject to change
as the UVOT filters change position in terms of their rest-frame
wavelength.

Appendix B. Comparison between Stellar Continuum and
lonised Gas Reddening and Impact of Normalisation Choice

We performed a comparison of reddening on the stellar contin-
uum and the ionised gas for all galaxies in our sample. To estimate
the stellar continuum reddening we perform SED modelling using
the MAGPHYS code (da Cunha, Charlot, & Elbaz 2008; Battisti et al.
2020). For details on the assumptions and priors used by MAGPHYS,
we refer readers to the papers above. The most relevant aspect for
this Section is that MAGPHYS uses the two-component dust atten-
uation prescription of Charlot & Fall (2000), where young stars
(t <10 Myr) experience a steeper, SMC-like attenuation curve
(birth cloud dust) and older stars (¢ > 10 Myr) experience a shal-
lower, starburst-like attenuation curve (diffuse ISM dust), with a
flexible 2175A feature on the diffuse ISM dust curve (see Figure 1
in Battisti et al. 2020).

The photometric data used in the SED fits include Swift/UVOT
(UVW2,UVM2, UVW1), SDSS (ugriz) when available (PHANGS-
MUSE (gri) otherwise), 2MASS (JHK), Spitzer/IRAC (3.6, 4.5;
when available, includes 5.8, 8.0 um), and JWST/MIRI (F770W,
F1130W, F2100W). The SDSS, 2MASS, and Spitzer data were
retrieved from the NASA/IPAC Extragalactic Database.” We
emphasise that the outcomes of the SED modelling are depen-
dent on the assumption of energy balance being reliable at the
size scales of our regions (out to 21 um). Given that the mid-IR
probes warmer dust primarily heated by young stars, this assump-
tion may not be completely unreasonable. Prior to SED fitting,
all data were convolved to match the Swift resolution (2.5”) and
resampled to a common grid, following the procedure outlined in
Section 2.5. Example SED fits to individual regions in NGC1300
and NGC4321 are shown in the Bottom Panels of Fig. B1. As
the primary output parameter relating to attenuation in MAGPHYS
is Ay stars» We compare this to the value Ay g, derived from the
Balmer decrement using VLT/MUSE IFS data and assuming an
average MW -extinction curve for the nebular reddening. The rela-
tionships between these quantities and E(B — V)sar/E(B — V)gus

°https://ned.ipac.caltech.edu/.
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Figure A2. Left: Comparison between UV slopes By, derived using the 10 spectral windows from Calzetti et al. (1994), and Bswir (see Equation 2). The symbols indicate 6 different
values of the intrinsic bump strength kyump,ine and are shown for 6 different values of reddening (E(B — V)star), Which start at 0 at the bottom-left and increase towards the top-right
with the values indicated in the plot. The slopes agree in the absence of a bump, but deviate with increasing bump strength in a roughly linear manner. This panel shows results
for the FWHM=274 A bump and the FWHM=470 A case is qualitatively similar but with slightly larger deviations for each point (not shown for clarity). Right: Comparison between
the bump measured using UVOT filters Kpump,obs (Se€ Equations 4 and 5) relative to the intrinsic bump strength Kpump,int. It can be seen that they follow roughly linear relations (black
dashed and orange solid lines) with minimal impact from the UV slope variation (i.e. E(B — V)4, variation; see left panel). The symbol size relates to E(B — V), as indicated in
the legend and the colours match the Drude profiles used (see Fig. Al). This implies that the correlations observed with kyump,obs in this work should reflect true correlations that

would be seen with Kpump,int, albeit with different scaling factors.

will depend on the shape of the attenuation/extinction curves (i.e.
ky = Ay /E(B—V)), which is flexible in MAGPHYS and therefore
complicated to recover. However, this would only introduce a
scaling factor assuming that the ky values (i.e. Ry) for the stellar
attenuation curve do not vary dramatically across each galaxy.

Comparisons between Ay sars and Ay g5 are shown visually in
the Top Panels of Fig. B1 and as 2D histograms for all galaxies
in Fig. B2. All cases show a moderately tight, linear correlation
with the stellar continuum experiencing less reddening than the
nebular emission. The average between the two cases is that the
stellar continuum experiences roughly half as much reddening as
the nebular emission (the average slope is ~0.5), which agrees with
previous studies of local galaxies ((E(B — V)gtar) / (E(B — V)gas) ~
0.5; e.g. Calzetti et al. 1994; Kreckel et al. 2013; Battisti et al. 2016;
Emsellem et al. 2022). These results imply that using ionised gas
reddening is a reasonable proxy for stellar continuum redden-
ing for normalising the 2175A bump, as adopted in the main
analysis.
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For completeness, we also test our main results when normalis-
ing by Ay sars instead of E(B — V)g,s. We adopt the same primary
selection criteria in Section 3.9 ((1)-(3)), because we also com-
pared to quantities derived from the emission lines (e.g. SFR),
with a variation to Condition (4) as o (Apump/Av,stars) < 0.3. The
Apump/Av stars-Rpan relationship is shown in Fig. B1. The uncer-
tainties on Ay gars are slightly larger relative to Ay g (i.e. E(B —
V)gas) for nearly all galaxies, which we attribute to the age-dust
degeneracy in the SED modelling. In MAGPHYS, both the amplitude
and shape of the attenuation curve are free parameters, with the
final ‘effective’ attenuation curve being a combination of the ISM
and birth-cloud dust curves in the Charlot & Fall (2000) model
(e.g. Battisti et al. 2020). As a reminder, for the nebular reddening
we assume a fixed average MW extinction curve. We also find sim-
ilar outcomes between Apump/Av stars and other parameters. We
show the comparison with ¥ggg in Fig. B4. The parameters of both
the linear and second-order fits (including as a function of sSFR,
not shown) are listed in Table B1.
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Figure B1. Top panels: Maps of Ay sars, derived from MAGPHYS SED modelling of the photometry of individual regions, and Ay 4, derived from the Balmer decrement using VLT/MUSE
IFS data and assuming a MW-extinction curve for the nebular reddening for NGC 1300 (left) and NGC 4321 (right). The regions shown are restricted to those satisfying the criteria
described in Section 3.9. Bottom panels: Example region fits with MAGPHYS for the regions indicated by the red arrows and boxes.
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Figure B2. 2D histograms of Ay ars VS Ay,g.s for all galaxies, which show moderately tight (0.4 < p < 0.9), linear correlations. The regions shown are restricted to those satisfying
criteria (1)-(3) in Section 3.9 and also A, > 0.1 and o (Ay) < 0.3 (for both cases). The stellar continuum experiences less reddening than the nebular emission in all cases (linear
fit slopes are typically between 0.4 and 0.6), similar to previous findings. This implies that using ionised gas reddening is a reasonable proxy for stellar continuum reddening for
normalising the 2175A bump. Dustier galaxies (those with larger A,) tend to have larger slopes (smaller difference in reddening) and tighter correlations than less dusty galaxies.
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Table B1. Fit parameters of Apymp /A stars as a function of galaxy properties.

y— Abump /A stars

X range Po P1 P2 Oint PS
RpaH [1,5] —0.0134+0.008 0.101 £ 0.003 - 0.10 0.35

—0.034 £+ 0.022 0.167 £0.013 —0.011 4+ 0.002 - -
log(Zsrr) [—2.8,—0.5] —0.088 £ 0.005 —0.220 £+ 0.003 - 0.06 —0.61
(Mepyr—tkpc=2) —0.052 £ 0.020 —0.196 £ 0.022 0.015 £ 0.006 - -
log(sSFR) [—10.9,-8.8] —1.778 £ 0.039 —0.208 - 0.004 - 0.08 —0.56
(yr 1) 2.697 £0.743 0.713 £0.149 0.048 £ 0.007 - -

Notes. The functional form of these fits is y = po + p1x + p2x%, where y is Abump/Av stars- We present both a linear and second-order polynomial fit for each case. We also
report the intrinsic dispersion, ojn, returned from MPFITEXY, and the Spearman nonparametric correlation coefficient, ps. The data used in the fits are a combination
of five galaxies (NGC 1365, 1566, 1672, 3627, and 4321).
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Figure B3. Similar to Fig. 6 but now normalising the 2175A bump by Aysars. (Left:) Intrinsic 2175A feature strength in terms of Apump/Avstars VS. PAH abundance,
Rean=(F77T0W-+F1130W)/F2100W, for the 15 galaxies in our sample. (Right:) 2D histogram of Apump/Av,stars VS. Rean cOmbining the five ‘robust’ galaxies: NGC 1365, 1566, 1672,
3627, and 4321. A representative median errorbar is shown in the upper-right, which is slightly larger than when normalising by the ionised gas reddening. Trends are qualitatively
similar to those found when normalising by the ionised gas reddening, E(B — V)gs.
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Figure B4. Similar to Fig. 7 but now showing the intrinsic 2175A feature strength in terms of Apump /Av stars VS. SFR surface density, Y. The 2D histogram combines NGC 1365, 1566,
1672, 3627, and 4321. Trends are qualitatively similar to those found when normalising by the ionised gas reddening, £(B — V)gas.
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