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ABSTRACT

Context. One of the fundamental factors regulating the evolution of galaxies is stellar feedback. However, we still do not have strong observational
constraints on the relative importance of the different feedback mechanisms (e.g. radiation, ionised gas pressure, stellar winds) in driving Hu
region evolution and molecular cloud disruption. To quantify and compare the different feedback mechanisms, the size of an H 1 region is crucial,
but samples of well-resolved H 1 regions are scarce.
Aims. We constrain the relative importance of the various feedback mechanisms from young massive star populations by resolving Hn regions
——across the disk of the nearby star-forming galaxy NGC 1672.
< Methods. We combine measurements of ionised gas nebular lines obtained by PHANGS-MUSE, with high-resolution (PSF FWHM~ 0.1”; ~ 10
pc) imaging from the Hubble Space Telescope (HST) in both the narrow-band Ha and broad-band (NUV, U, B, V, I) filters. We identify a sample
(D of 40 isolated, compact H i1 regions in the HST He image. We measure the sizes of these H i1 regions, which were previously unresolved in seeing-
s' limited ground-based observations. In addition, we identify the ionisation source(s) for each Hu region from catalogues produced as part of the
PHANGS-HST survey. In doing so, we are able to connect young stellar populations with the properties of their surrounding H 11 regions.
| Results. The HST observations allow us to resolve all 40 regions, which have radii between 5 to 40 pc. The Hn regions investigated are mildly
(© dominated by thermal or wind pressure, yet their elevation above the radiation pressure is within the expected uncertainty range. We see that
S radiation pressure provides a substantially higher contribution to the total pressure than previously found in the literature over similar size scales.
In general, we find higher pressures within more compact H 1 regions, which is driven by the inherent size scaling relations of each pressure term,
albeit with significant scatter introduced by the variation in the stellar population properties (e.g. luminosity, mass, age, metallicity).
—IConclusions. For nearby galaxies, the combination of MUSE/VLT observations with stellar population and resolved Ha observations from HST
provides a promising approach that could yield the statistics required to map out how the importance of different stellar feedback mechanisms
evolve over the lifetime of an Hu region.
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8 1. Introduction 2021; Kruijssen et al. 2019b; Chevance et al. 2022a,b; Olivier
. et al. 2021; Barnes et al. 2020, 2021).

L) High-mass stars (>8 M) are fundamental for driving the evo- The dynamics and expansion of Hn regions may be driven

O lution of galaxies, due to the large amounts of energy and mo- by several possible sources of internal energy and momentum in-
N mentum (i.e. Stellar feedback) that they inJeCt intO the lnterstellar jection_ A usefu] quantity to Observationally Constrain and com-
N medium (ISM) during their short lifetimes (e.g. Krumholz et al.  pare these different feedback mechanisms is the pressure. For
2014). Recent simulations (e.g. Dale et al. 2012, 2013; Raskutti example, Hu regions are filled with warm (7, ~ 10* K) ionised

s et al. 2016, Gatto et al. 2017, Rahner et al. 2017, 2019, Kim hydrogen’ which imparts an outward gas pressure (eg Spitzer

et al. 2018, 2021b; Kannan et al. 2020; Jeffreson et al. 2021) 1978). This thermal pressure of this photoionised gas, Pierm, 1S
a and observational evidence (e.g. Grasha et al. 2018, 2019; Krui-  get by the ideal gas law,

jssen et al. 2019a; Chevance et al. 2020b,a; Kim et al. 2021a;
McLeod et al. 2021; Barrera-Ballesteros et al. 2021b,a; Han-  Ptherm/k = (e + ny + npe)Te = 2n.T., (D
non et al. 2019, 2022) suggest that, in particular, feedback in
the early (pre-SNe) stages of high-mass stars (i.e. within H re-
gions) plays the critical role in driving the evolution of both its
local and larger scale environment. Hence, there has been con-
siderable interest in observationally quantifying the impact of the
various early (pre-SN) feedback mechanisms in H 1 regions (e.g.
Pellegrini et al. 2011; Lopez et al. 2014; McLeod et al. 2019,

where n., ny, and ny. are the electron, H and He number den-
sities, respectively, T, is the electron temperature, and kg is
the Boltzmann constant. Here, all He is assumed to be singly
ionised. Constraints on the electron density, n., can be ob-
tained from e.g. a Stromgren sphere approximation with accu-
rate measurements of the source radius, r, and ionisation rate, Q
(ne o< /% Stromgren 1939).

An additional source of feedback is the intense radiation field
ashleybarnes.astro@gmail.com produced by young, massive stellar populations. Assuming the

*
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Fig. 1. Hu regions identified towards NGC 1672. The three colour images are composed of 814 nm, 555 nm and 435 nm wideband filters from
the HST (Jenkins et al. 2011; Lee et al. 2022), and in red the HST continuum-subtracted 658 nm (Ha) narrow-band emission (Jenkins et al. 2011).
(upper left) Map of the galaxy disc overlaid with the boxes showing the positions of the H 1t region sample. (right and below) Image cutouts for a
subset of the H 1 regions. The region ID is shown in the upper left of each panel (Tab. A.1). Overlaid as a red contour is the boundary of each Hu
region (§ 3.1). In the lower left of each panel we show a scale bar, and a circle denoting the approximate HST PSF size (0.1, 9 pc).

stellar population’s bolometric luminosity (Lyo) emerges in the
UV or optical and photons are absorbed once at the Hu region
inner shell (for alternative see e.g. Krumholz & Matzner 2009;
Draine 2011; Reissl et al. 2018), the volume-averaged direct ra-
diation pressure is given as (e.g. Lopez et al. 2014),

3Lb01

Prad/kB = 47TI’2CkB >

@)

where c is the speed of light.

Lastly, in their early evolutionary stages, high-mass stars
produce strong stellar winds that can result in mechanical pres-
sure within Hm regions. The wind ram pressure is calculated as,

3MVWind
47rr2kB ’

Pyina/kp = (3)

where M is the mass loss rate and vy, is the wind velocity (§ 4).
Using the above, recently Barnes et al. (2021) assessed the
magnitudes of feedback mechanisms acting within a sample of
~ 6000 Hu regions identified from the PHANGS-MUSE sur-
vey of 19 nearby (< 20 Mpc) star-forming, main sequence spiral
galaxies (Emsellem et al. 2022). However, in this work, the ma-
jority of the H i1 regions remained unresolved by the ~50—100 pc
resolution of the ground-based observations, only allowing for
limits to be placed on the size of these H 1 regions. These large
uncertainties on size measurements, and missing knowledge of
the detailed morphology (such as broken shells, suggestive of a
large escape fraction of ionising gas and winds), result in a large
uncertainty (of about two orders of magnitude) in their pressure
calculations. In this work, we directly address this uncertainty by
introducing new size measurements from high-resolution HST
data — key for constraining the above pressure terms — for a
subsample of isolated, compact Hu regions (see Fig. 1).
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2. Observations of NGC 1672

We make use of HST and VLT/MUSE observations towards
a single galaxy: NGC 1672 (see Emsellem et al. 2022; Lee
et al. 2022 for survey overviews). NGC 1672 is a nearby
(19.4 £ 2.9 Mpc; Anand et al. 2021), strongly-barred and actively
star-forming spiral galaxy. It is a good candidate for this initial
study thanks to its high star formation rate (7.6 Mg, yr~!; Leroy
et al. 2021), which yields a large sample of Hm regions to study,
and moderate inclination (i ~ 40°; Lang et al. 2020), which lim-
its the effects of extinction and line-of-sight confusion.

2.1. HST

We make use of HST observations from Jenkins et al. (2011) and
the PHANGS-HST survey (Lee et al. 2022). The PSF of these
observations has a FWHM of ~0.07 —0.1"” (7 -9 pc) depending
on the filter, and the field of view (FOV) covers the majority of
the galaxy disc.

Broad-band Observations: We use observations made with the
F435W and F814W () filters on the Advanced Camera for Sur-
veys (ACS) taken from project 10354 (Jenkins et al. 2011), and
with the F275W (NUV), F336W (U) and F555W (V) filters us-
ing the Wide Field Camera 3 (WFC3; UVIS) taken as part of the
PHANGS-HST treasury program 15654 (Lee et al. 2022). The
PHANGS-HST UVIS and archival ACS data were both reduced
as part of the PHANGS survey (see Lee et al. 2022).

Narrow/medium-band Observations: We also include archival
ACS observations using the F658N (i.e including Ha) and
F550M filters taken as part of project 10354. The narrow-band
F658N map is continuum subtracted using an image formed
from a combination of the F814W and F550M maps, appropri-
ately scaled using their AB zero-points (see Hannon et al. 2022
for method).
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2.2. PHANGS-MUSE

We make use of VLT/MUSE observations from the PHANGS-
MUSE survey (see Emsellem et al. 2022 for a complete discus-
sion of the processing and reduction of the MUSE observations).
The PSF of these observations has a FWHM of 0.96” (90 pc), and
the FOV is comparable to the HST observations. The MUSE In-
tegral Field Unit provides a typical spectral resolution (FWHM)
of ~2.5A (or ~100kms™") covering lines (e.g. He, HB, [Su])
within the spectral range 4800-9300 A. In this letter, we include
properties (e.g. extinction corrected intensities) of individual H it
regions measured from their integral spectra from MUSE, as pre-
sented in ionised nebula catalogue from Santoro et al. (2022).

3. Properties of Hi Regions and their lonising
Sources

3.1. Properties of Hu Regions

We use the high-resolution continuum subtracted HST Ha map
to resolve the structure of the Hu regions identified in the
PHANGS-MUSE nebula catalogue (Santoro et al. 2022; see
Fig.2). Based on the following criteria, we select a sample of
isolated 40 H regions out of the 1581 nebulae identified across
NGC 1672 in this catalogue (Fig. 1). They:

i) meet the BPT and Ha velocity dispersion criteria to be clas-
sified as a Hu region (e.g. see Barnes et al. 2021);

ii) are sufficiently isolated such that they dominate the emission
in MUSE line maps which are clearly, from manual inspec-
tion of the maps, uncontaminated by other sources;

iii) contain a single Hu region with a compact morphology in
the HST Ha map, which has an apparent circular or simple
shell-like profile in the image;

vi) are spatially resolved (i.e. more extended than the PSF
FWHM) in the HST He map so that we can make a direct
measurement of the radius.’

Our regions appear in the HST He images as discrete, well-
defined sources. To measure their sizes, we measure the noise
in the Ha images from a 5" cutout around each Hu MUSE re-
gion, and assign the contiguous region of pixels with /N > 5 to
represent the H region (see the red contours in Figs. | and 2).
Then we measure their radius (r) by taking the geometric mean
of the intensity-weighted spatial second moment using the Ha
intensity and assigned pixels (i.e. mean of the semi-major and
semi-minor axis of ellipse shown in Fig. 2).” This radius approx-
imately corresponds to the inner portion of the Hu region shell
for extended sources, or one standard deviation around the peak
of compact sources (see Fig. 2). This definition is physically mo-
tivated given that for H regions with shell-like morphologies,
the centre is likely devoid of gas. To estimate the feedback pro-
cess that is dominating their expansion, we compare the pres-
sures at the inner edge of the shell (see § 4). Comparison between
the measured size and flux radial profile for each H 11 region sug-
gests that, depending on geometry, the uncertainties in our radius
measurements are no larger than 50%.

! We can robustly measure sizes that are fractions of a pixel broader
than the PSF. For example, the Ishape software (Larsen 1999) can reli-
ably measure the radii of compact sources with good S /N that are only
~ 0.2 pix broader than the PSF, which is less than 1 pc at the distance
of NGC 1672.

2 We carry out these calculations using the ASTRODENDRO software,
though we do not use the full hierarchical information (see Rosolowsky
et al. 2008), only the outer contour.

Fig. 2. Comparison between the HST and MUSE observations to-
wards one of the Hu regions in our sample. (left) The HST Ha
narrowband emission overlaid with a contour outlining the isopho-
tal boundary as defined from our dendrogram analysis. We show the
intensity-weighted second order moment of the structure within this
boundary as a dashed ellipse, which we use to define the radius of the
Hu region (§3.1). A star marks the position of the identified ionising
stellar population (§ 3.2). In the upper left is the ID from the MUSE neb-
ula catalogue (Santoro et al. 2022). (right) The Ha emission observed
with MUSE (Emsellem et al. 2022), overlaid with white contours show-
ing the boundaries of sources identified as part of the nebula catalogue
from Santoro et al. (2022). In the lower right of each panel we show a
scale bar, and a circle denoting the approximate PSF size.

3.2. Properties of lonising Sources

We use the broad-band HST imaging to determine the stellar
sources responsible for the ionisation of each Hn region. These
sources are typically close to the centre of each Hu region. We
assume that even the most compact Hi regions in our sample
are being ionised by a young stellar population rather than by
an individual massive star. This is justified as the Ha luminosity
completeness limit in the MUSE nebula catalogue for NGC 1672
is ~10%7 ergs™!, which is higher than what can be produced by
a single massive (e.g. O7V) star (see Santoro et al. 2022).

We follow the general procedure described in Turner et al.
(2021) to estimate the age and mass of each ionising stellar
population, in other words, we use aperture photometry in each
band performed through the PHANGS-HST pipeline using a
4-pixel radius (which is large enough to capture most of the
light from a cluster, yet small enough to avoid much contam-
ination from nearby sources in crowded regions). The pipeline
applies an aperture correction to each filter determined from
several isolated stellar populations, as described in Deger et al.
(2022). After correcting for the foreground extinction based on
a Milky Way extinction law (Fitzpatrick 1999) and the fore-
ground value given in NED, we fit the measured magnitudes
with those predicted by the Bruzual & Charlot (2003) popula-
tion synthesis models, assuming solar metallicity and a Chabrier
stellar initial mass function (IMF; Chabrier 2003). Predictions
from the solar metallicity model provide a better overall fit than
those from other metallicities to the measured broad-band col-
ors of very young clusters (the ionizing sources of HII regions)
in NGC 1672, consistent with the mean HII region value of
12+log(O/H)~8.56 measured from the MUSE spectra. The age
estimates are mostly unchanged if we assume the 1/2X solar
metallicity model instead. We perform spectral energy distribu-
tion fitting using the publicly available CIGALE fitting pack-
age (e.g. Boquien et al. 2019) to determine the best combination
of age and local reddening (assuming a Galactic extinction law;
Fitzpatrick 1999) for each stellar population (Turner et al. 2021).
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Fig. 3. Distribution of the pressures due to the various feedback
mechanisms as a function of Hu region radius, as well as stellar
population mass (circle size) and age (circle colour). We show a key
for the size (i.e. mass) and a colour bar denoting the age at the bottom
of the left panel. The horizontal lines show the 25, 50 (median), and
75 percentiles for each pressure. The intrinsic relations of each pressure
term are shown as a short dashed line in the upper right of each panel.

The predicted mass-to-light ratio and extinction-corrected lumi-
nosity give an estimate of the stellar population mass.

We find the ionising sources all have estimated ages younger
than 5 Myr (i.e. pre-SN feedback), and stellar masses in the
range from 103 to 10° M. Based on previous experiments, un-
certainties in the age and mass of each young stellar population
is approximately Alogjo(f) = Alogo(M) = 0.3 dex, i.e. factor
of ~2 (e.g. Chandar et al. 2010). In addition to these uncer-
tainties, the lowest mass stellar populations within our sample
(< 10* M) may suffer from stochastic sampling effects of the
IMF (e.g. Krumholz et al. 2019). However, there is a limit to how
deficient low mass clusters could be in high mass stars while still
producing enough ionising radiation to produce a detectable H 1t
region, and all the Hu regions within our sample sit above this
(bolometric luminosity) threshold; i.e. where stochastic effects
are less significant (Lyo > 10°° ergs™!; da Silva et al. 2012).

4. Pressure calculations

We determine Pyerm (Eq. 1) using values of the electron tem-
perature (7,) determined from the MUSE nitrogen auroral lines
finding a range of 7000-11,000K or, for the 20 Hu regions
without a significant 7. measurement (i.e. where the auroral
N1 emission is too faint to be detected), we adopt a value of
T. = 8000 K, corresponding approximately to the mean value of
all Hu regions in NGC1672 with well-determined temperatures.
We estimate the electron density assuming a smooth, spherical
geometry as n> = (3Q)/(4nr’ag), where Q is the ionisation
rate (also determined using MUSE) and «jp is the temperature-
dependent case B recombination coefficient, which is taken from
Ferland et al. (1992). Here, Q ~ (Lyq,ag)/ (affflhvml), where the
effective recombination coefficient (i.e. the rate coefficient for
recombinations resulting in the emission of an Ha photon) is
aft ~ 1.17 x 1073 em’s™" (Osterbrock & Ferland 2006), vy,
is the frequency of the Ha emission line and # is the Planck
constant. For comparison, for the five sources for which we can
derive a reliable estimate of n. from the [S 11] emission line ratio,
we find that . ([S m])>n.(r) by factors of ~ two to three, which is
expected given that the Hn regions show clumpy sub-structure
(see discussion in Barnes et al. 2021). Given this bias, we use
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Fig. 4. Pressures from the various feedback mechanisms as a func-
tion of radius normalised to the bolometric luminosity from the ion-
ising stellar population. We show a key for the size (i.e. mass) and a
colour bar denoting the age in the left panel.

only our spherical geometry estimates of the electron density in
our calculations of Pyerm.

To calculate P, (Eq.2), we compute Ly, following Barnes
etal. (2021, see their Fig. 7), where we used STARBURST99 models
(Leitherer et al. 1999) to determine a relation between the age of
the stellar population (¢) and Lye/Ly,, Where Ly, is the extinc-
tion corrected Ha luminosity from the MUSE observations.

To calculate Py;nqg (Eq. 3), we estimate the wind velocity as,
Vind = (2Lmeen/ M), where Lyecn is the mechanical luminos-
ity. Both Lech and M taken from sTarRBURST99 models (Leitherer
et al. 1999), where they vary as a function of the stellar popula-
tion mass (M) and age (¢) (see e.g. Fig. 8 Barnes et al. 2021). To
constrain Lyeep, and M and, hence, determine Py;nq for each Hi
region, we make use of the stellar population M and ¢ determined
from the HST broadband maps (§ 3.2).

It is worth noting that Egs. 1, 2 & 3 intrinsically impose a ra-
dial dependence on all the pressure terms, and, in addition, both
Piherm and Pyr,q also depend on the Ha luminosity. We discuss
this in more detail when interpreting the correlated axes in the
plots of the following section.

5. Discussion and Summary

We investigate how the different pressure terms vary as a
function of the determined Hu region properties (Fig.3).
We find that, in most cases, either thermal pressure (me-
dian 10>"*Kcm™) or wind ram pressure (107! Kem™) is
mildly dominant. The radiation pressure is typically lower
(10°* K cm™3), albeit within the factor of around two uncer-
tainty on these measurements. These results are in broad agree-
ment with those in the literature made for Hu regions with sizes
up to 10 pc (e.g. Lopez et al. 2011; Rahner et al. 2017; McLeod
et al. 2019, 2020). Interestingly, however, the direct radiation
pressure determined here for NGC 1672 provides a substantially
higher contribution to the total pressure than previous sources
studied in the literature (e.g. LMC/SMC, NGC 300; Lopez et al.
2014; McLeod et al. 2021). This could be a result of our sam-
ple bias toward luminous and compact Hu regions within this
actively star-forming galaxy (7.6 Mg yr~!; Leroy et al. 2021), or
differences in Hu region properties (e.g. metallicity).

Fig. 3 also shows a trend of increasing pressure with decreas-
ing radius. In other words, smaller H 11 regions are typically more
highly pressurised. However, by definition (§ 4), the pressure
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Fig. 5. Distribution of the pressures due to the various feedback
mechanisms as a function of galactocentric radius (normalised to
the effective radius of 3.5 kpc; Leroy et al. 2021), as well as extinc-
tion (size) and metalicity (colour). We show a key for the size (i.e.
extinction) reference of each data point and a colour bar denoting the
metalicity at the bottom of the left panel. The overlaid lines and shaded
area show the mean and standard deviation of the data within equally
spaced bins.

terms are not independent of the radius (see intrinsic relations
shown as dashed lines in Fig. 3). The significant observed scatter
away from these simple power-law dependencies may then be in-
troduced by the variation in the stellar population properties (e.g.
luminosity). We see that trends with the mass (i.e. circle size in
Fig. 3) or age (circle colour) of the ionising stellar population re-
sponsible for the Hm regions are, however, less clear than with
size. There is tentative evidence for a correlation between the
stellar population age and Pying, With older stellar populations
having lower pressures for the same radius and mass.

We expect that the radius and luminosity of the H i regions
are correlated as 7oc Q'3 oc Ly '/3 for a constant n. (e. g. Strom-
gren 1939). This could complicate our interpretation of how the
Hu regions evolve through the r — P parameter space; i.e., for
fixed age and n., a more luminous stellar population will pro-
duce a larger Hi region. Normalising r by Lllx/) ]3 accounts for dif-
ferences in ionising photon production between regions without
assuming a single representative value of n., which our obser-
vations show varies from region to region. We see a tight cor-
relation between r/ Ltl)(/) 13 and P for all terms (Fig4). Moreover,

we find weak trends that for a given r/Lt])(/) ? and mass, younger
Hu regions appear to have systematically higher P (again this is
most evident for Pying).

We also investigate how the local environment affects the
various feedback mechanisms. Fig.5 shows the pressures as a
function of the galactocentric radius (Rg,). We see a weak trend
of increased pressure at higher Ry, . These higher pressures cor-
relate with a weak decrease in the metallicity, or an increase in
extinction. The increase of Pyerm and Prag With Rgy could be
due to higher photon fluxes from lower-metallicity stellar popu-
lations (c.f. McLeod et al. 2021). The increase in Pynq at lower
metallicity is, however, not expected (e.g. Kudritzki 2002), but
more data is needed to further explore this trend.

We compare the pressures determined in this work to those
estimated in the literature (Fig.6). Here we compare only the
thermal (shown in blue) and radiation (shown in orange) pres-
sure terms, which are typically calculated in a similar manner as
in this work. We see that the pressures determined here are con-
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Fig. 6. The thermal (left panel) and direct radiation (right panel)
pressure terms. Coloured points are Hu regions studied in this work,
grey points are measurements from the literature (Lopez et al. 2014;
McLeod et al. 2019, 2020, 2021; Barnes et al. 2020; Olivier et al. 2021),
and the contours show the upper and lower limits for all galaxies studied
by Barnes et al. (2021). The dashed lines show the power law relations
from Olivier et al. (2021).

sistent with those in the literature. In Fig. 6 we also indicate the
size-pressure relations from Olivier et al. (2021), for which the
Pog < R and Pypeyy o« R7130 appear to be in good agree-
ment with both our literature compilation and measured values.?
These relations cross at sizes similar to our smallest Hn region
(~ 5 pc). Therefore, we are probing an interesting part of pa-
rameter space, where the single scattering radiation pressure and
thermal pressure of ionized gas make comparable (to within a
factor of a few) contributions to the expansion of H 1 regions.

In the lower-left of the panels of Fig. 6 we also show a repre-
sentative uncertainty range spanned by the limits calculated just
using ground-based observations (Barnes et al. 2021), which can
be compared to the error range of the estimates from this work.
The order of magnitude reduction error is primarily due to the
inclusion of the resolved size measurements from the HST Ha
maps, which all the pressure terms depend on strongly. An addi-
tional gain is also achieved by the inclusion of the stellar popula-
tion information, which is included within all the pressure terms.
Specifically, the stellar population age associated with each Hur
region is used (with the extinction corrected Ha luminosity from
MUSE) to determine its bolometric luminosity that is used in the
calculation of Pyerm and P4, and both the stellar population age
and mass are to infer the mechanical luminosity and mass loss
rate that is used in the calculation of Py;g.

In all, we have demonstrated in this letter that, together,
HST and MUSE significantly improved our constraints on the
feedback pressures dominating within H 1 regions across nearby
galaxies (c.f. Fig.3). This represents an important step in di-
rectly connecting how young stars destroy their host environ-
ments, which can in future be expanded to larger samples of Hut
regions and more galactic environments, and provide a statistical
benchmark for the inclusion of pre-SNe stellar feedback in the-
ory and simulations; e.g. from resolved planet, disc and/or star
formation simulations, to large-scale galaxy dynamic and evolu-
tion simulations, and cosmological simulations.
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Appendix A: Sample properties and data

In table A.1, we summarise the properties of the H i region sam-
ple studied in this work. A machine-readable version of this table
is available online.

Science-level MUSE mosaicked datacubes and high-level
analysis products (e.g. emission line fluxes) are provided via the
ESO archive phase 3 interface.* A full description of the first
PHANGS-MUSE data release is presented in Emsellem et al.
(2022). Science-level HST broadband images and higher-level
data products are available in the MAST archive,’. A full de-
scription of the first PHANGS-HST data release is presented in
Lee et al. (2022). The HST Hea images are publicly available in
the Hubble Legacy Archive.°

4 https://archive.eso.org/scienceportal/home?data_
collection=PHANGS

> https://archive.stsci.edu/hlsp/phangs-hst

% https://hla.stsci.edu/
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