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ABSTRACT

Context. Stellar feedback is one of the fundamental factors regulating the evolution of galaxies. However, we still do not have access to strong
observational constraints on the relative importance of the different feedback mechanisms (e.g. radiation, ionised gas pressure, stellar winds) in
driving H1I region evolution and molecular cloud disruption. To quantify and compare the different feedback mechanisms, the size of an H1I
region is crucial, whereas samples of well-resolved H1I regions are scarce.

Aims. We constrain the relative importance of the various feedback mechanisms from young massive star populations by resolving H1II regions
across the disk of the nearby star-forming galaxy NGC 1672.

Methods. We combined measurements of ionised gas nebular lines obtained by PHANGS-MUSE, with high-resolution (PSF FWHM ~ 0.17;
~10pc) imaging from Hubble Space Telescope (HST) in both the narrow-band Ha and broad-band (NUV, U, B, V, I) filters. We identified a
sample of 40 isolated, compact H1I regions in the HST Ha image. We measured the sizes of these H II regions, which were previously unresolved
in seeing-limited ground-based observations. In addition, we identified the ionisation source(s) for each H1I region from catalogues produced as
part of the PHANGS-HST survey. In doing so, we were able to link young stellar populations with the properties of their surrounding H II regions.
Results. The HST observations allowed us to resolve all 40 regions, with radii between 5 and 40 pc. The H1II regions investigated here are mildly
dominated by thermal or wind pressure, yet their elevation above the radiation pressure is within the expected uncertainty range. We see that
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 II 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).
Conclusions. For nearby galaxies, the combination of MUSE/VLT observations with stellar population and resolved He 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 a H1I region.

Key words. H1I regions — galaxies: evolution — galaxies: star clusters: general

1. Introduction The dynamics and expansion of HII regions may be driven
by several possible sources of internal energy and momentum
injection. A useful quantity to observationally constrain and
compare these different feedback mechanisms is the pressure.
For example, HII regions are filled with warm (7, ~ 10* K)
ionised hydrogen, which imparts an outward gas pressure (e.g.
Spitzer 1978). This thermal pressure of this photoionised gas,

Prherm, 18 set by the ideal gas law:

High-mass stars (>8 M) are fundamental in driving the evolu-
tion of galaxies, due to the large amounts of energy and momen-
tum (i.e. stellar feedback) that they inject into the interstellar
medium (ISM) during their short lifetimes (e.g. Krumholz et al.
2014). Recent simulations (e.g. Daleetal. 2012, 2013;
Raskutti et al. 2016; Gatto et al. 2017; Rahner et al. 2017, 2019;
Kimetal. 2018, 2021a; Kannan et al. 2020; Jeffreson et al.
2021) and observational evidence (e.g. Grashaetal. 2018,
2019; Kruijssen et al. 2019; Chevance et al. 2020a,b; Kim et al.
2021b; McLeod et al. 2021; Barrera-Ballesteros et al. 2021a,b;
Hannon et al. 2019, 2022) suggest that, in particular, feedback

Pierm/kp = (ne + ng + nge)Te = 2n.Te, (1

where n., ny, and ny. are the electron, H and He number
densities, respectively; T, is the electron temperature and kg

in the early, pre-supernovae (pre-SNe) stages of high-mass stars
(i.e. within H1I regions) plays a critical role in driving the evolu-
tion of both its local and larger scale environment. Hence, there
has been considerable interest in observationally quantifying
the impact of the various early (pre-SN) feedback mechanisms
in HII regions (e.g. Pellegrini et al. 2011; Lopez et al. 2014;
McLeod et al. 2019, 2021; Kruijssen et al. 2019; Chevance et al.
2022a,b; Olivier et al. 2021; Barnes et al. 2020, 2021).

is the Boltzmann constant. Here, all He is assumed to be
singly ionised. Constraints on the electron density, n., can be
obtained from e.g. a Stromgren sphere approximation with accu-
rate measurements of the source radius, r, and ionisation rate, Q
(1 oc r3/2; Stromgren 1939).

An additional source of feedback is the intense radiation field
produced by young, massive stellar populations. Assuming the
stellar population’s bolometric luminosity (Lyo) emerges in the
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Fig. 1. H1I 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, we display the HST continuum-subtracted 658 nm (Ha) narrow-band emission (Jenkins et al.
2011). Map of the galaxy disc overlaid with the boxes showing the positions of the H1II region sample (upper left). Image cutouts for a subset of
the H1I regions (right and below). The region ID is shown in the upper left of each panel (Table A.1). Overlaid as a red contour is the boundary of
each HII region (Sect. 3.1). At the lower left of each panel, we show a scale bar, and a circle denoting the approximate HST PSF size (0.1”, 9 pc).

UV or optical and that the photons are absorbed once at the H11
region inner shell (for alternative see e.g. Krumholz & Matzner
2009; Draine 2011; Reissl etal. 2018), the volume-averaged
direct radiation pressure is given as (e.g. Lopez et al. 2014):

3Lpol

Prad/kB = 47Tr2CkB s

©))

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 H I regions. The wind ram pressure is calculated as:

3M Uwind

Pyina/kp = Tl
B

3

where M is the mass loss rate and vying is the wind velocity
(Sect. 4).

Based on the assumptions above, Barnesetal. (2021)
recently assessed the magnitudes of feedback mechanisms act-
ing within a sample of ~6000 H1I regions identified from the
PHANGS-MUSE survey of 19 nearby (<20 Mpc) star-forming
main sequence spiral galaxies (Emsellem et al. 2022). However,
in this work, the majority of the HII regions remained unre-
solved by the ~50—100 pc resolution of the ground-based obser-
vations, only allowing for limits to be placed on the size of these
H1I regions. These broad uncertainties on size measurements
and the lack of knowledge regarding 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 that are key
for constraining the above pressure terms and apply them to a
subsample of isolated, compact H1I regions (see Fig. 1).

L6, page 2 of 8

2. Observations of NGC 1672

We make use of HST and VLT/MUSE observations towards
a single galaxy: NGC 1672 (see Emsellemetal. 2022;
Leeetal. 2022 for survey overviews). NGC1672 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 My yr™';
Leroy et al. 2021), which yields a large sample of HII regions
to study, and moderate inclination (i ~40°; Lang et al. 2020),
which limits 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 taken with
the F435W and F814W (1) filters on the Advanced Camera for
Surveys (ACS) taken from project 10354 (Jenkins et al. 2011),
and with the F275W (NUV), F336W (U), and F555W (V) fil-
ters using 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
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maps, appropriately scaled using their AB zero-points (see
Hannon et al. 2022 for methods).

2.2. PHANGS-MUSE

We make use of VLT/MUSE observations from the PHANGS-
MUSE survey (see Emsellem et al. 2022 for a complete dis-
cussion of the processing and reduction of the MUSE observa-
tions). The PSF of these observations has a FWHM of 0.96”
(90pc), and the FOV is comparable to the HST observations.
The MUSE Integral Field Unit provides a typical spectral reso-
lution (FWHM) of ~2.5 A (or ~100kms™1) covering lines (e.g.
Ha, HB, [S11]) within the spectral range 4800—9300 A. In this
Letter, we include properties (e.g. extinction corrected intensi-
ties) of individual H I regions measured from their integral spec-
tra from MUSE, as presented in the ionised nebula catalogue
from Santoro et al. (2022).

3. Properties of Hi regions and their ionising
sources

3.1. Properties of H 1l regions

We used the high-resolution continuum subtracted HST Ha
map to resolve the structure of the HII regions identified in
the PHANGS-MUSE nebula catalogue (Santoro et al. 2022; see
Fig. 2). Based on the following criteria, we selected a sample of
isolated 40 H 11 regions out of the 1581 nebulae identified across
NGC 1672 in this catalogue (Fig. 1) which:

(1) Meet the BPT and Ha velocity dispersion criteria to be
classified as a HII region (e.g. see Barnes et al. 2021);

Are sufficiently isolated such that they dominate the emis-
sion in MUSE line maps, which are clearly uncontami-
nated by other sources, based on a manual inspection of
the maps;

Contain a single H1I region with a compact morphology in
the HST Ha map, which has an apparent circular or simple
shell-like profile in the image;

Are spatially resolved (i.e. more extended than the PSF
FWHM) in the HST Ha map, so that we can make a direct
measurement of the radius'.

Our regions appear in the HST Ha images as discrete, well-
defined sources. To measure their sizes, we measured the noise in
the He images from a 5" cutout around each H 11 MUSE region,
and assigned the contiguous region of pixels with S/N > 5 to
represent the HII region (see the red contours in Figs. 1 and 2).
Then we measured their radius () 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 HII region shell
for extended sources, or one standard deviation around the peak
of compact sources (see Fig.2). This definition is physically
motivated given that for HII regions with shell-like morpholo-
gies, the centre is likely devoid of gas. To estimate the feed-

(i)

(iii)

(vi)

' 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 soft-
ware, though we do not use the full hierarchical information (see
Rosolowsky et al. 2008), only the outer contour.

U] ™

'EB__ HST

W

Fig. 2. Comparison between the HST and MUSE observations towards
one of the HII regions in our sample. HST Ha narrowband emission
overlaid with a contour outlining the isophotal boundary as defined from
our dendrogram analysis, shown on the left. 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 HII region
(Sect.3.1). A star marks the position of the identified ionising stel-
lar population (Sect.3.2). The region ID is shown in the upper left
(Table A.1). Ha emission observed with MUSE (Emsellem et al. 2022),
overlaid with white contours showing the boundaries of sources iden-
tified as part of the nebula catalogue from Santoro et al. (2022), shown
on the right. In the lower right of each panel, we show a scale bar and a
circle denoting the approximate PSF size.

back process that is dominating their expansion, we compared
the pressures at the inner edge of the shell (see Sect. 4). Com-
parisons between the measured size and flux radial profile for
each H1I region suggest that, depending on geometry, the uncer-
tainties in our radius measurements are no greater than 50%.

3.2. Properties of ionising sources

We used broad-band HST imaging to determine the stellar
sources responsible for the ionisation of each H1I region. These
sources are typically close to the centre of each H1I region. We
assume that even the most compact HII 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%” erg s~!, which is higher than what can be produced by a
single massive (e.g. O7V) star (see Santoro et al. 2022).

We followed the general procedure described in Turner et al.
(2021) to estimate the age and mass of each ionising stellar pop-
ulation; in other words, we used 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
foreground value given in NED, we fit the measured magni-
tudes with those predicted by the Bruzual & Charlot (2003)
population synthesis models, assuming solar metallicity and a
Chabrier stellar initial mass function (IMF; Chabrier 2003).
Predictions from the solar metallicity model provide a bet-
ter overall fit than those from other metallicities to the mea-
sured broad-band colors of very young clusters (the ionising
sources of HII regions) in NGC 1672, consistent with the mean
HI1I region value of 12 +1log(O/H) ~ 8.56 measured from the
MUSE spectra. The age estimates are mostly unchanged if we

L6, page 3 of 8
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Fig. 3. Distribution of the pressures due to the various feedback mech-
anisms as a function of H1I 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.

assume the 1/2X solar metallicity model instead. We perform
spectral energy distribution fitting using the publicly available
CIGALE fitting package (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 popu-
lation (Turner et al. 2021). The predicted mass-to-light ratio and
extinction-corrected luminosity 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 10° to 10° M. Based on previous experiments,
uncertainties in the age and mass of each young stellar popu-
lation is approximately Alog;o(f) = Alogio(M) =~ 0.3 dex, that
is, a factor of ~2 (e.g. Chandar et al. 2010). In addition to these
uncertainties, 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
H1I region, and all the H1I regions within our sample sit above
this (bolometric luminosity) threshold; namely, where stochas-
tic effects are less significant (Lyo > 10% ergs™!; da Silva et al.
2012).

4. Pressure calculations

We determined Piherm (Eq. (1)) using values of the electron tem-
perature (7.) based on the MUSE nitrogen auroral lines finding
a range of 7000-11000K or, for the 20 H1I regions without a
significant T, measurement (i.e. where the auroral NI emis-
sion is too faint to be detected), we adopted a value of T, =
8000 K, corresponding approximately to the mean value of all
H1 regions in NGC 1672 with well-determined temperatures.
We estimated the electron density assuming a smooth, spheri-
cal geometry as n.> = (3Q)/(4nr’ag), where Q is the ionisation
rate (also determined using MUSE) and ajp is the temperature-
dependent case B recombination coefficient, which is taken from
Ferland et al. (1992). Here, Q = (Ly,aB)/ (af{f(fyhv;;(,), where the
effective recombination coefficient (i.e. the rate coefficient for
recombinations resulting in the emission of an Ha photon) is
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Fig. 4. Pressures from the various feedback mechanisms as a function of
radius normalised to the bolometric luminosity from the ionising stellar
population. We show a key for the size (i.e. mass) and a colour bar
denoting the age in the left panel.

T~ 1.17 x 107 cm? s (Osterbrock & Ferland 2006); vy,
is the frequency of the Ha emission line; and 4 is the Planck
constant. For comparison, for the five sources for which we can
derive a reliable estimate of n. from the [STI] emission line
ratio, we find that n.([S 11]) > n.(r) by factors of ~2-3, which is
expected given that the HII regions show clumpy sub-structure
(see discussion in Barnes et al. 2021). Given this bias, we use
only our spherical geometry estimates of the electron density in
our calculations of Perm.

To calculate Prq (Eq.(2)), we compute Ly, following
Barnes et al. (2021, see their Fig. 7), where we used STAR-
BURSTY99 models (Leitherer et al. 1999) to determine a relation
between the age of the stellar population () and Lye/Lya, Where
Ly, is the extinction corrected Ha luminosity from the MUSE
observations.

To calculate Pying (Eq.(3)), we estimate the wind veloc-
ity as, Uwind = (2Lmech/ M), where Lyecn is the mechanical
luminosity. Both Ly, and M taken from STARBURST99 models
(Leitherer et al. 1999), where they vary as a function of the stel-
lar population mass (M) and age (¢) (see e.g. Fig. 8 Barnes et al.
2021). To constrain Lmee, and M and, hence, determine Pyipg for
each H1I region, we make use of the stellar population M and ¢
determined from the HST broadband maps (Sect. 3.2).

It is worth noting that Egs. (1)—(3) intrinsically impose a
radial dependence on all the pressure terms, and, in addition,
both Piherm and Pryg also depend on the Ha luminosity. We dis-
cuss this in more detail when interpreting the correlated axes in
the plots of the following section.

5. Discussion and summary

We investigated how the different pressure terms vary as
a function of the determined HII region properties (Fig.3)
and we find that in most cases, either thermal pressure
(median 10>7*Kcm™) or wind ram pressure (10°7' Kcm™)
is mildly dominant. The radiation pressure is typically lower
(1047 K ecm™3), albeit within an uncertainty of around 2 on
these measurements. These results are in broad agreement with
those in the literature made for HII 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



A. T. Barnes et al.: Linking stellar populations to H1I regions across nearby galaxies. 1.

7.0

o
n
T

o
)
T

5.5
03
O o EBV (mag)
5.0l 0.1 )
[ ]
8.55 8.60

Pressure, log(P/ks/K cm~3)

12+log(O/H)

1 2 3 4 1 2 3 4 1 2 3 4
Galactocentric radius, (Rgai/Reff)

B~
]

Fig. 5. Distribution of the pressures due to the various feedback mecha-
nisms as a function of galactocentric radius (normalised to the effective
radius of 3.5kpc; Leroy et al. 2021), as well as extinction (size) and
metalicity (colour). We show a key for the size (i.e. extinction) refer-
ence 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.

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 sample bias
toward luminous and compact H1I regions within this actively
star-forming galaxy (7.6 M yr~!; Leroy et al. 2021), or differ-
ences in H1II region properties (e.g. metallicity).

Figure 3 also shows a trend towards increasing pressure with
decreasing radius. In other words, smaller H1I regions are typi-
cally more highly pressurised. However, by definition (Sect. 4),
the pressure terms are not independent of the radius (see intrin-
sic relations shown as dashed lines in Fig.3). The significant
observed scatter away from these simple power-law dependen-
cies may then be introduced by the variation in the stellar pop-
ulation properties (e.g. luminosity). We see that trends with the
mass (i.e. circle size in Fig. 3) or age (circle colour) of the ionis-
ing stellar population responsible for the HII regions are, how-
ever, 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 HII
regions are correlated as roc Q'/3 oc Ly '3 for a constant 7, (e.g.
Stromgren 1939). This could complicate our interpretation of
how the H1I regions evolve through the r — P parameter space;
namely, for fixed age and n., a more luminous stellar popula-
tion will produce a larger HII region. Normalising r by Ly '/?
accounts for differences in ionising photon production between
regions without assuming a single representative value of n.,
which our observations show varies from region to region. We
see a tight correlation between r/LbOll/ 3 and P for all terms
(Fig. 4). Moreover, we find weak trends that for a given r/Lyo '/
and mass, younger HII regions appear to have systematically
higher P (again this is most evident for Pyinqg).

We also investigate how the local environment affects the
various feedback mechanisms. Figure 5 shows the pressures as a
function of the galactocentric radius (Rg). We see a weak trend
of increased pressure at higher Rgy,1. These higher pressures cor-
relate with a weak decrease in the metallicity or an increase in
extinction. The increase of Pierm and Prag With Rgy could be
due to higher photon fluxes from lower metallicity stellar popu-

Mo
o = N

Contours show
MUSE-only
measurements

Pressure, log;o(P/kg/K cm~3)

-3 -2 -1 0 1 2

-3 -2 -1 0 1 2
Radius, logio(r/pc)

W A U1 O N 0O O

Radius, logio(r/pc)

Fig. 6. Thermal (left panel) and direct radiation (right panel) pressure
terms. Coloured points are H 11 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 con-
tours 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).

lations (cf. McLeod et al. 2021). The increase in Py,nq 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-
sistent with those in the literature. In Fig. 6, we also indicate the
size-pressure relations from Olivier et al. (2021), for which the
Pag o« R and Pyem o« R™'3¢ appear to be in good agree-
ment with both our literature compilation and measured values?.
These relations are traversed at sizes similar to our smallest H1I
region (~5pc). Therefore, we are probing an interesting part
of parameter space, where the single scattering radiation pres-
sure and thermal pressure of ionised gas make comparable (to
within a factor of a few) contributions to the expansion of HII
regions.

In the lower-left panels of Fig. 6 we also show a representa-
tive 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 inclu-
sion of the resolved size measurements from the HST Ha maps,
which all the pressure terms depend on to a large extent. 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 HII
region is used (with the extinction corrected Ha luminosity from
MUSE) to determine its bolometric luminosity that is used in the
calculation of Pyey, and P4, and both the stellar population age
and mass are to infer the mechanical luminosity and mass loss
rate that are used in the calculation of Pyipg.

In summary, we demonstrate in this Letter that, altogether,
HST and MUSE significantly improved our constraints on the
feedback pressures dominating within H II regions across nearby
galaxies (cf. Fig. 3). This represents an important step in directly
connecting how young stars destroy their host environments,
which can, in the future, be expanded to larger samples of HII

3 We note that the range of bolometric luminosities of the HII regions
studied in this work (10%3-73 L) are at the upper end of the range from
the Olivier et al. (2021) sample (1035754 L),
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regions and in a greater number of galactic environments, and
provide a statistical benchmark for the inclusion of pre-SNe
stellar feedback in theory and simulations; for instance, from
resolved planet, disc, and star formation simulations to large-
scale galaxy dynamic and evolution simulations, as well as cos-
mological simulations.
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In table A.1, we summarise the properties of the HII region sam-

ple studied in this work.
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

Table A.1. Properties of the H1I region sample.

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
description of the first PHANGS-HST data release is presented
in Lee et al. (2022). The HST Ha images are publicly available
in the Hubble Legacy Archive.®

ID RA Dec r Rgal/Reff Fua corr EBV Ly metal. t M Lol Liech M Nne Ptherm Prag Pying
log100) log100) logio() logio() logio() logio() logio() logio() logio()
° ° pc ergs”!cm™?  mag Lo 12+log(O/H) Myr Mgy Lo ergs! gs! em? Kem™? Kem™ Kem™
0 71.452 -59.256 10.1 1.6 -14.95 0.144 4.12 8.58 1 3.71 5.9 377 209 304 5.69 5.26 5.65
1 71400 -59.260 12.9 2.58 -14.93 0.277 4.14 8.56 2 3.49 5.99 37.4 20.6 21.8 5.54 5.14 5.23
2 71389 -59.249 42.6 2.36 -13.48 0.301 5.58 8.55 1 5 737 389 221 183 543 5.47 5.69
3 71476 -59.232 20.6 3.94 -13.84 0.248 5.23 8.56 1 4.3 7.01 38.2 21.4 36 5.71 5.75 5.62
4 71459 -59.246 14.6 195 -14.86 0.17 4.21 8.57 2 354 6.06 375 207 194 549 5.09 5.16
5 71437 -59.245 22.7 0.752 -14.47 0.3 4.59 8.61 4 3.52 6.8 37.5 20.7  15.7 5.4 5.46 4.75
6 71.468 -59.240 7.17 2.82 -15.04 0.369 4.02 8.54 4 368 623 376 208 458 586 5.88 5.92
7 71.483 -59.234 15.3 4.13 -14.46 0.185 4.61 8.52 1 3.93 6.4 37.9 21.1  28.8 5.66 5.39 5.51
8 71471 -59.228 19.2 397 -14.09 0.288 4.97 8.62 1 4.06 6.76 38 212 30.7 5.67 5.56 5.44
9 71.428 -59.236 9.99 142 -14.69 022  4.38 8.58 1 3.8 6.16 377 209 419 583 5.53 5.76
10 71.483 -59.246 6.09 3.47 -14.50 0418 4.56 8.51 2 432 642 383 215 109 6.24 6.21 6.7
11 71.380 -59.250 4.74  2.93 -14.79 0.358 4.27 8.58 1 365 6.06 376 208 114 626 6.07 6.25
12 71.380 -59.245 556  2.77 -14.36 0.278 4.70 8.52 2 391 655 378 21.1 154 644 6.43 6.37
13 71.376 -59.240 11.3 296 -14.90 0.296 4.17 8.58 1 395 595 379 21.1 318 5386 5.21 5.8
14 71414 -59.235 147 145 -14.22 0.563 4.84 8.61 1 443  6.63 384 216 40.1 581 5.66 6.05
15 71.374 -59.251 826  3.36 -14.83 0.238 4.24 8.54 1 364 6.02 376 208 474 588 5.55 5.75
16 71.369 -59.257 8.63  4.08 -15.08 0.125 3.99 8.52 2 343 584 374 206 335 573 5.34 5.51
17 71.385 -59.241 12.5 245 -14.09 0.35 497 8.54 1 417 676  38.1 21.3 588 5.96 5.93 5.93
18 71.392 -59.237 11.8 2.1 -14.78 0.171 4.28 8.55 1 394  6.07 379 21.1 29.1 567 5.29 5.75
19 71.375 -59.250 19.2 33 -13.66 0.308 5.41 8.51 2 417 726  38.1 21.3 53 5.95 6.06 5.55
20 71451 -59.259 11.3  1.67 -14.95 0239 4.12 8.54 1 3.42 5.9 374 206 259 5.62 5.16 5.27
21 71.480 -59.243 7.41 34 -15.03 0.205 4.04 8.50 1 368 582 376 208 445 585 5.45 5.89
22 71402 -59.244 7.58  1.48 -14.74 0.327 4.33 8.56 1 399  6.11 379 21.1 599 598 5.72 6.18
23 71.379 -59.243 597 281 -15.21 0.233 3.86 8.54 1 337 564 373 205 498 5.9 5.45 5.77
24 71.391 -59.244 22.8 2.13 -14.25 0.106 4.81 8.54 2 346 6.66 374 206 199 549 5.32 4.7
25 71421 -59.241 9.12 0.727 -15.18 0.259 3.88 8.59 2 3.3 573 372 204 27.1 5.64 5.18 5.32
26 71.433 -59.237 134 142 -14.49 0.257 4.57 8.58 1 4.06  6.36 38 212 34 5.74 5.47 5.76
27 71.395 -59.240 112  1.89 -15.10 0.144 397 8.56 1 375 576 377 209 221 555 5.02 5.6
28 71403 -59.260 8.27 2.37 -15.18 0.305 3.88 8.56 3 345  6.01 374 206 315 5.7 5.54 5.57
29 71454 -59.256 8.07 1.68 -14.96 0.131 4.11 8.54 2 3.6 596 375 207 424 583 5.51 5.74
30 71478 -59.244 6.43 32 -15.05 0.103  4.02 8.51 2 339 587 373 205 536 593 5.62 5.73
31 71469 -59.227 622  3.98 -14.88 0.264 4.19 8.59 1 393 597 379 21.1 684 6.04 5.75 6.29
32 71453 -59.242 11.9 1.9 -15.18 0241 3.88 8.59 2 289 573 368 20 183 547 4.95 4.69
33 71418 -59.256 12.5 1.36 -15.01 0.194 4.05 8.59 4 3.03 6.26 37 202 205 552 5.43 4.78
34 71418 -59.257 15 1.42 -14.58 031 449 8.63 1 3.8 627 377 209 27 5.68 5.29 5.4
35 71408 -59.261 19.7 2.23 -14.52 0249 455 8.55 2 3.7 6.4 376 208 185 547 5.18 5.06
36 71.396 -59.248 6.69 1.93 -14.85 0337 422 8.60 1 3.68 6 376 208 635 6.01 5.72 5.98
37 71416 -59.255 159 1.29 -14.15 0.387 4.92 8.60 1 4.32 6.7 383 215 403 585 5.67 5.87
38 71.463 -59.244 7.62 2.28 -14.79 039 4.27 8.56 4 365 648 376 208 558 595 6.08 5.84
39 71451 -59.251 859  1.38 -15.03 0.166 4.03 8.59 2 332 588 373 205 354 575 5.38 54

Notes. We show in columns from left to right the ID, central RA and Dec, radius, galactocentric radius (normalised by the effective radius), extinc-
tion corrected Ha flux, extinction, extinction corrected Ha luminosity, metallicity, stellar population age and mass, bolometric and mechanical
luminosity, mass loss rate, electron density, and thermal, radiation and wind pressures.

4 https://archive.eso.org/scienceportal /home?data_collection=PHANGS
5 https://archive.stsci.edu/hlsp/phangs-hst
% https://hla.stsci.edu/
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