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ABSTRACT

Recent studies have uncovered a rare population of supermassive (M, 2 10" M), yet actively star-forming spiral galaxies — super
spiral galaxies (SSGs) — whose existence challenges classical mass- and environment-quenching scenarios. We investigate the resolved
star-forming and molecular-gas properties of the nearby SSG UGC 8179 (z = 0.052, log(M,/M;) = 11.62) in order to assess whether
its local star formation (SF) follows the same physical processes as those observed in typical star-forming main-sequence (SFMS)
spirals. We combined the first spatially resolved CO(1-0) interferometric observations of an SSG with pixel-by-pixel SED fitting,
based on archival UV-to-mid-IR imaging. Our 3" x3" (~25 kpc?) pixel maps provide spatially resolved measurements of stellar mass,
star formation rate (SFR), and molecular gas surface densities across its extended disk. UGC 8179 hosts a massive rotating molecular
gas reservoir of My, = 1.02 x 10'° My, yielding a standard molecular gas fraction and a typical depletion time of ~1 Gyr in the region
observed by NOEMA, despite its extreme mass. We derive lower limits of log; fme = —1.61£0.06 and log,, Tgep > 8.82+0.13 at the
scale of the galaxy. The large spatial extent of UGC 8179 enables us to probe low surface-density regimes hardly accessible in nearby
disks (T, < 10" Mpkpc™2; Zgrr < 10735 Mg, yr~' kpc™2). All three resolved scaling relations (resolved SFMS — rSFMS, resolved
Kennicutt Schmidt — rKS, and resolved molecular gas main sequence — tMGMS) are well defined. The rKS slope (0.87 + 0.09)
is broadly consistent with unity, indicating standard local SF processes. The rSFMS shows a shallower global slope (0.80 + 0.02)
due to a central suppression in specific SFR (~—0.5 dex), but a two-component fit restores agreement with literature relations at
T, < 1072 M, kpc~2. This break suggests the influence of a bulge — and possibly a bar — driving a transition to a more dynamically
regulated SF regime in the inner disk. A similar flattening in the rMGMS supports this interpretation. UGC 8179 provides evidence
that SSGs can sustain standard local SF processes while exhibiting central dynamical regulation at high stellar surface densities.
Extending this analysis to our full sample of 19 SSGs and nearby massive unquenched spirals will enable us to test whether such
regulation is a common feature among massive unquenched spirals.
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1. Introduction

The overwhelming majority of massive galaxies (M, > 10'' M)
in the local universe are red ellipticals with little to no star
formation (SF), i.e., gas-poor, dispersion-dominated spheroids
(Conroy & Wechsler 2009; Peng et al. 2010b; Cappellari 2016).
The apparent bias of high-mass galaxies toward passive early-
type galaxies is strongly connected to the evolutionary stages
that lower-mass galaxies experience when building their stel-
lar mass. Galaxies are seldom isolated systems: in fact, they
are likely to experience various types of interactions through-
out their lifetime, which can lead to environmental quenching.
Dynamical disruptions can arise either from high-speed flyby
encounters — causing tidal stripping — or from ram-pressure strip-

* Corresponding author: romane . cologni@obspm. fr

ping if the galaxy cruises in the intracluster medium, which rips
off its gaseous material (e.g., Gunn & Gott 1972; Moore et al.
1996; George et al. 2025). Simulations have shown that merg-
ers — either minor ones from satellites infalling onto the main
galaxy or major ones from similar systems within a group
or a cluster — can cause disruptions that echo in the global
morphological evolution of the galaxy (e.g., bar emergence,
bulge growth, disk destruction; Hopkins et al. 2009). These mor-
phological features are related to a more efficient gas-fueling
of the central supermassive black hole (SMBH), subsequently
more likely to trigger an active galactic nucleus (AGN) phase
(Ellison et al. 2011; Choi et al. 2024) yielding mostly negative
feedback, shutting down the SF (i.e., quenching). In addition to
AGN-feedback, another widely acknowledged mass-quenching
process is virial shock heating, namely the virial shock under-
gone by the intergalactic gas infalling onto galaxies embedded
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in massive halos (Iogjo Mpao = 12, Birnboim & Dekel 2003;
Gabor & Davé 2015). It creates a large hot gas reservoir in the
halo that fails to cool and fuel the SF (e.g., Cattaneo et al. 2006),
especially if the AGN maintains gas heating. These processes
(i) shut down SF in the galaxy — either by destabilizing the
gas through heating or shocks, making it unsuitable for SF, or
by depriving the host of its gas content, tearing it off or eject-
ing it at kiloparsec-scale distances through powerful outflows
(Cicone et al. 2014; Esposito et al. 2024) — and (ii) greatly dis-
turb, or even destroy the rotationally supported disk of spiral
galaxies (Bournaud et al. 2011).

However, a recent study by Ogle et al. (2016) shows that
at z < 0.3, 6% of the most luminous galaxies in the SDSS
r band are extremely massive spirals, the so-called super spi-
ral galaxies (SSGs). They produced the Ogle Galaxy Catalog
(OGC), which includes 84 SSGs (Ogle et al. 2019a). Exhibit-
ing stellar masses (M,,) exceeding 10" M, large optical diam-
eters of 55-140kpc, and remarkable star formation rates (SFRs)
ranging 2-32 Mg/yr, they appear as gigantic unquenched spi-
ral galaxies. Their evolutionary pathway differs from the bulk
of galaxies in this mass range, they thus challenge by essence
classical mass-quenching scenarios (Peng et al. 2010b). Super-
massive spiral galaxies might be the most efficient at accumu-
lating baryons and converting them into stars (Posti et al. 2019;
Ogle et al. 2019b). Indeed, they exhibit high baryonic fractions
fm = My/Mhaio, approaching the cosmological baryon fraction
of f, = Q,/Q. = 0.188 (Planck Collaboration VI 2020). This
result is much higher than what is expected from the reference
stellar-to-halo mass ratio (SHMR) peaking at fj; ~ 0.2 f, (for L*,
Moster et al. 2013). When limiting their scope to spirals only,
studies show a monotonous increase in the baryonic fraction
ratio fx = fu/ fp with M, rather than the expected steep decline,
reaching nearly 100% efficiency, (i.e., no missing baryons)
despite log My, = 12 (Postietal. 2019; Di Teodoro et al.
2023). This self-similarity in disks has also been found when
exploring the HI-to-halo mass ratio (Korsaga et al. 2023).

When looking for SSGs (M, > 10''*M,) in Horizon-AGN
simulations, Jackson et al. (2020) find that the progenitors of
these outliers are either preserved disks with an unusual quiet
merger history (30%) or, for a majority of them (70%), reju-
venated disks following a merger (mass ratio > 1:10) between
an elliptical galaxy and a gas-rich satellite. This was a result
confirmed by the observational follow-up study of Jackson et al.
(2022) using UV-optical (SDSS, GALEX, and DECaLS) and HI
(ALFALFA) surveys. Additionally, Pallero et al. (2025) reveal
that supermassive disks are found in all environments in
MlustrisTNG-100 simulations; however, they are prevalently in
low-mass groups or isolation (~60%) and generally have a quiet
merger history. Thus, SSGs managed to build their stellar mass
without destroying their disk and maintaining an active stellar
formation, implying a replenished gas reservoir.

To better understand and characterize SF mechanisms in
such galaxies, it is necessary to probe the interstellar medium
(ISM) phase where SF takes place, namely their molecular
gas. Unresolved detections of CO(1-0) in 46 SSGs with IRAM
30 m telescope point toward high molecular gas mass fractions
(10g fnol = log(Mmp/My) = —1.36 + 0.02) and slightly higher
molecular depletion times (log 74, = log(Mp/SFR) = 9.3 +
0.03) than the lower-mass spirals located on the star-forming
main sequence (SFMS, log 74, = 9.00 + 0.02 Lisenfeld et al.
2023, L23 henceforth). To study the molecular gas morphol-
ogy, dynamics, and properties more in depth, we built a sam-
ple of 19 targets distributed in two subsamples — six SSGs from
OGC and 13 baryon-rich, slightly less massive nearby spirals
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chosen from Posti et al. (2019) and Di Teodoro et al. (2023) —
and observed them in CO(1-0) with the Institut de Radioas-
tronomie Millimétrique (IRAM) Northern Extended Millimetre
Array (NOEMA) interferometer to map the cold gas reservoir
for the first time (Cologni et al. in prep.). NOEMA is the leading
radio interferometer in the northern hemisphere, with recently
upgraded receivers, and the most suited to survey CO emission
in our sample of northern targets. These new interferometric data
give us access to the cold gas dynamics, allowing us to explore
rotational velocities and disk stability.

One key question is to investigate whether SSGs behave like
SFMS standard spirals or if they obey different scaling laws.
With this study, we aim at mapping the molecular gas, inves-
tigating the resolved star-forming properties (fmor and Tgep) of
these extreme objects in a resolved manner, and obtaining more
detailed insight into the physics of the SF taking place. For this
purpose, we developed a method to model the spectral energy
distributions (SEDs) of the subregions in the disk using the
panchromatic SED fitting code CIGALE (Boquien et al. 2019).
Our goal is then to compare these results to the properties of
standard spiral galaxies, located on the SFMS.

In this paper, we focus on the methodology and on applying
it to one outstanding galaxy in the sample: UGC8179. The rest
of the sample will be presented in an upcoming paper (Cologni
et al., in prep.). To constrain the fits, we used available archival
photometric data of GALEX in far- and near-UV bands, SDSS
in optical u, g, r, i, and z bands, together with WISE fluxes at
3.4, 4.6, and 12 um wavelengths. Additionally, UGC 8179 has
available integral field unit (IFU) observations from the MaNGA
survey (Bundy et al. 2015) and was observed in HI with the Very
Large Array (VLA) (Di Teodoro et al. 2023).

This paper is organized as follows. Section 2 describes the
observations as well as the reduction of the interferometric data
from NOEMA (Sect. 2.2) and photometric data from SDSS,
GALEX, and WISE (Sect. 2.3). Section 3 explains the method-
ology used to estimate the global and local physical proper-
ties of UGC 8179 via SED modeling. Section 4 presents the
main results of the paper, namely the molecular gas detection
(Sect. 4.1) and the global and resolved properties of UGC 8179
(Sect. 4.2 and Sect. 4.3). These results are discussed in Section 5,
and the conclusions for this study are given in Section 6. All
rest-frame and derived quantities in this work assume a Chabrier
(2003) initial mass function (IMF) and a cosmology with Hy =
70.4kms™! Mpc’l, Qn = 0.272, and Q, = 0.728 (Table 1 in
Komatsu et al. 2011, WMAP + BAO + Hy Maximum Likeli-
hood parameters). This results in a scale of 1.007 kpc/” and a
luminosity distance of D; = 230 Mpc.

2. Observations
2.1. UGC 8179

The properties of UGC 8179 are utterly unusual for a spiral
galaxy at z = 0.0519. With a stellar mass of log;, M, = 11.4
and SFR of 17.8 My yr!, it is more similar to our OGC sub-
sample (ziseg’ ~ 0.17), while being at a much closer distance
that ensures better spatial resolution. Indeed, its vast disk spans
a diameter >120 kpc and ~2’. UGC 8179 is part of a group of six
galaxies (group ID : #02587, Tempel et al. 2017), itself located
in a populated environment. The number of galaxies within a
5 (10) Mpc and 2500 (5000) km s~! radial distance to UGC 8179
equals 67 (429). The group has not been shown to be merg-
ing with other groups, and the distances between the members
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Table 1. Information on source UGC 8179.

Source z RA Dec I Diam. R, Dy, SFR? logio Mu/Me¢  E(B-V)
deg  kpc kpc  Mpc Mg/yr logioMo) mag
UGC 8179 0.051884 13:05:14.15 +31:59:59.0 65 1224 19.0 230 17.8 11.4 +£0.01 0.0112

Notes. @ Half-light radius rsy from NASA Sloan Atlas, NSA ID: 090504. ® From UV and IR photometry, Lisenfeld et al. (2023). © From WISEI

aperture photometry, Di Teodoro et al. (2023).

within the group range 100-570 kpc. General information about
UGC 8179 is summarized in Table 1.

2.2. Molecular gas data
2.2.1. CO observations with NOEMA interferometer

The observation was carried out with the NOEMA interferom-
eter. We retrieved data for UGC 8179 on three tracks between
July 7 and 10, 2023, for a total on-source integration time of 3 h.
The first two tracks used ten out of the 12 antennas in the com-
pact D configuration (1.5 h on source), and during the last track
nine antennas were active in D configuration (1.5h on source).
The single pointing aimed at the center of the galaxy, where
we observed the '>CO(1-0) redshifted line at 109.584 GHz, con-
sidering z = 0.051884. The half-power beam width (HPBW =
1.134/D) for CO(1-0) at this frequency equals 42.5”. The phase
calibrator was J1310+323. The bandpass calibration was done
on 3C345 and the source flux calibrated with MWC349, 3C345
and J1310+323.

NOEMA is equipped with a PolyFix correlator, process-
ing a total instantaneous bandwidth of 15.5 GHz per polariza-
tion, distributed in two sidebands separated by ~15.5 GHz. The
spectral resolution is 2 MHz throughout the effective bandwidth.
Data calibration was performed using the standard pipeline in
CLIC, a software from the GILDAS' package. Given the satis-
factory signal-to-noise ratio (S/N) after data inspection, we ran
the pipeline again to improve the data quality, choosing the chan-
nel interpolation method instead of fitting polynomials for RF
calibration, chosen by default for two of the three tracks. The
following steps of imaging and cleaning were performed using
the software MAPPING of GILDAS package.

The rms is 0.566 mJy/beam at a spectral resolution of Aw,, =
21kms~!, and for a synthesized beam of 4.9” x 2.9”, PA of
49 degrees from positive declination direction. We smoothed
the spectrum of native resolution of 5kms~' (compression by
a factor of 4). The resulting spectrum integrated over the entire
detected CO disk is shown in the top panel of Figure 1.

All data, including spectra, moment maps and channel maps,
were made available online to allow one to reproduce the figures.
The following link? give access to cleaned cube, corrected® or
not* for the primary beam, as the data are intrinsically noisier at
the edge of the field of view (FoV). The interfaces were created
using Yafits (Salome et al. 2024).

2.2.2. Mapped molecular gas mass

In order to compute the molecular mass from the integrated CO
flux density, we adopted Equation (3) of Solomon et al. (1997):

http://www.iram.fr/IRAMFR/GILDAS
https://yafits-ssg.obspm. fr/summary.html
$23bp_id1_comp4_cleancube_prim.json.
$23bp_id1_comp4_cleancube.json.
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with the line luminosity L, expressed in K km s7'pc2, 8co AV
the velocity-integrated line flux in Jykms™', D; the luminosity
distance in Mpc, vops the redshifted frequency in GHz, and z the
redshift. Hence, we were able to deduce the molecular gas map
in solar masses following:

(@)

where a@co is the molecular gas mass-to-light ratio
inMg, (Kkms™' pc?)~!, the conversion factor allowing one
to infer H, mass from CO-line luminosity. This CO-to-H, con-
version factor is known to depend on various properties, such
as gas-phase metallicity or stellar surface density (Accurso et al.
2017; Genzel et al. 2012; Schrubaetal. 2012; Bolatto et al.
2013; Bisbas et al. 2025), resulting in a varying aco among
and within galaxies. Thus, the assumption of a constant factor
might seem too simplistic, especially for extreme sources such
as SSGs. We investigated the possibility of a varying aco using
the local metallicity measurement from MaNGA data, and fitted
a radial profile to it (methods are described in more detail in
Appendix A, see Fig. A.1). We followed the formula based
on calibrations provided by Schinnerer & Leroy (2024) using
Hu et al. (2022) and Chiang et al. (2024):

Mol = aco X Lo,

apaNGA(r) = 4.35 Mo (Kkms™ pc®) ™! x Z/(n)™"7, 3)
where Z' = Z/Z, = 10'2+10e0/H-869 ig the metallicity traced
by [O/H] (adopting Z, = 10'>#0e©O/H = 10869 Agplund et al.
2009). We neglected the “starburst” term that depends on
the stellar mass surface density. The H, masses presented in
Section 4 are obtained with this recipe, using the radial linear
fit from the metallicity values computed with the more con-
servative methodology of Schaefer et al. (2022). Other values
of aco and the subsequent influence on our results is explored
in Section 5.1.

The error bar on the H, mass is deduced from the error esti-
mation of the CO(1-0) line. One can estimate the uncertainty the
rms noise o co, aw in Jy in the detection region for the integrated
linewidth AW (full width at zero intensity, FWZI), from the rms
noise ococh in channels of width Aw., = 21 kms™!, around the
CO(1-0) line: ocoaw = 0coch- VAweh /AW as commonly done
(e.g., Saintonge et al. 2017). We computed the uncertainty on the
H, mass by integrating the rms noise oco aw = 0.62mly, on
the linewidth of AW = 875kms™! and using Eq. (1), we find
om = 3.0 x 108 Mg,

2.3. Photometric data

SDSS. The optical images were obtained thanks to the
Sloan Digital Sky Survey Data Release 18 archive (SDSS-V,
Kollmeier et al. 2026). The analysis was carried out on the avail-
able corrected frames, which are the final step of processing, in
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the five u, g, r, i, and z bands. The background subtraction was
performed by subtracting the median value of the signal in an
area greater than the regions considered.

GALEX. Ultraviolet photometric measurements were made on
tiles from the Galaxy Evolution Explorer (GALEX, Martin et al.
2005), retrieved on the Mikulski Archive for Space Telescopes
GALEX GR6/7 archive. We downloaded both the near- and far-
ultraviolet (NUV and FUV bands, respectively) intensity maps
(-int.fits), in counts pix~!s7!. The background subtraction
was performed similarly to the SDSS images.

WISE. Mid- to far-IR photometric measurements come from
the WISE band 1, 2, 3, and 4 retrieved from the Wide-field
Infrared Survey Explorer (WISE, Wright et al. 2010) AIWISE
Source Catalog, together with the uncertainty maps used in the
error estimation (Equation (B.2)).
Conversion to Jansky is detailed for all bands in Appendix B.1.
Spectral energy distribution modeling requires the extracted
flux of the subregions, together with the estimated photomet-
ric errors, both in milliJansky. The computation of our esti-
mate of the uncertainty for the considered fluxes is detailed in
Appendix B.2. Keeping in mind that these estimations are a
lower limit of the photometric flux uncertainty as they do not
encompass all instrumental effects and systematic errors. We
also added an error of 10% of the flux in quadratic sum for all
the bands considered in this work, in order to take into account
the neglected flux uncertainties as well as the modeling uncer-
tainties, for example, due to model aliasing.

2.4. Galactic extinction

The reddening in the NIR being negligible, we only cor-
rected the GALEX and SDSS data for Galactic extinction. We
retrieved the Galactic dust reddening on the line of sight toward
UGC 8179 from NASA/IPAC Infrared Science Archive’. We
used the E(B — V) = 0.0112mag mean value, determined by
Schlafly & Finkbeiner (2011), who applied recalibration correc-
tions to the prescriptions of Schlegel et al. (1998). This value
was used to compute the extinction A, = Ry X E(B — V), where
R, is defined for every band ranging from FUV to z band. The
extinction curve in the UV (optical) range is computed follow-
ing Fitzpatrick & Massa (1990, 2007). The fluxes were thus cor-
rected with Fj o = Fy X 10%441, The corresponding values are
listed in Table B.2.

3. SED fitting method

A variety of photometric prescriptions for SFR exist in litera-
ture using UV light and mid-IR emission to account both for hot,
newly born stars, and the warm dust continuum emission, excited
by these young stars (e.g., Hao et al. 2011; Boquien et al. 2016;
Janowiecki et al. 2017; Cluver et al. 2017). The total stellar mass
M, is generally derived from near-infrared light (e.g., at 3.6 um
from Spitzer/IRAC or 3.4um from WISE1), which is domi-
nated by the emission of old stars, and calculate M, assuming a
constant stellar mass-to-light ratio Y, (e.g., Eskew et al. 2012).
However, this method has limitations: the assumption of a con-
stant mass-to-light ratio overestimates M, by ~0.3-0.5 dex rel-
ative to SED-fitting results, especially since the deviation seems
to depend on M, (Hunt et al. 2019), and our focus is on high-
mass galaxies. Ogle et al. (2016) and L23 rely on these recipes

5 https://irsa.ipac.caltech.edu/applications/DUST/
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to estimate the global SFR and M, of SSGs, and their sanity
checks with global SED fitting point toward an overall good
agreement.

Most of these single- or dual-band SFR and M, prescrip-
tions were established using SED fitting (e.g., Chang et al. 2015)
and rely on various assumptions and specific models that may
not apply to SSGs. Hence, we chose to straightforwardly apply
the SED fitting method to UGC 8179. In this way, we ensure
a refined computation of SFR and M, tailored on spatially
resolved properties. There exist many different SED fitting codes
based on various assumptions and code architectures, which sub-
sequently result in a dispersion of estimates for a given property,
as shown by Pacifici et al. (2023). We chose to use CIGALE
(Code Investigating GALaxy Emission Boquien et al. 2019). It
relies on energy balance between the absorption of UV to visible
light by dust, and its reemission in the mid- and far-IR. One sig-
nificant asset of CIGALE is its versatility: the diversity of mod-
ules used to build the library of models for the SED fitting allows
easy tailoring of the parameter-space one wishes to explore.

In this section, we discuss the motivation behind the mod-
ules used and the ranges of values adopted for the free parame-
ters therein. Moreover, we describe the data preprocessing used
to perform resolved SED fitting. For a more comprehensive
description of the chosen modules, see Boquien et al. (2019).

3.1. SED fitting models

CIGALE follows the standard steps when building models: com-
putation of the SFH and of the unattenuated stellar spectrum
from single stellar populations (SSPs), followed by computation
of the lines and continuum nebular emission from the Lyman
continuum photons emitted. Next, dust attenuation is applied to
the nebular and stellar emissions, and the absorbed luminosity
is used to compute the mid- and far-IR dust emission following
the energy-balance principle. Lastly, redshifting the model and
absorption by the intergalactic medium are taken into account.
The code has a variety of modules for each physical component.

We chose a classical delayed SFH with an optional con-
stant burst or quench recent event (sfthdelayed_bq module).
We explored a wide range of parameters for both the age of
the burst or quench episode (from 10 to 500 Myrs in look-
back time) and the after/before ratio (spanning more than two
orders of magnitude). We assumed the age of the first-born stars
to be 12.7 Gyrs, corresponding to a birth around the epoch of
reionization (z ~ 6). Regarding the stellar continuum, we used
SSPs of Bruzual & Charlot (2003) and restricted the values of
stellar metallicity to 0.008 and 0.02, judging lower metallici-
ties would be irrelevant for a nearby and evolved galaxy such
as UGC 8179. For nebular emission, we used nebular mod-
ule, where emission lines are computed using the photoioniza-
tion model CLOUDY (Ferland et al. 2017; Villa-Vélez et al. 2021).
Concerning dust attenuation, we adopted the attenuation law
described by Charlot & Fall (2000): the light of young stars
(<10Myrs) suffers from the attenuation by both the dust in
their birth cloud, and the ISM dust. We needed to finely sam-
ple a range in Ay to (i) fit the UV-optical part of the spectrum,
(i1) explore the degeneracy between the dust reddening and the
light from the old stellar population, and (iii) create a wider
lever arm on IR emission. Finally, the dust emission was com-
puted from templates of Dale et al. (2014) based on nearby star-
forming galaxies. We adopted the fiducial value of @ = 2 for the
power-law slope and allowed some freedom on radiation field
and PAH to fit the mid-IR measurements of the WISE bands.
The intergalactic medium absorption follows the prescription of
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Meiksin (2006). The entry parameters and module names can be
found in Table 2.

With the grid of models (priors) computed, the mod-
ule pdf_analysis estimates the physical properties and the
uncertainties from the likelihood-weighted means and standard-
deviations. The output properties of interest for this study are
the stellar mass (stellar.m_star) and SFR averaged over the
past 10 and 100 Myrs (sfh.sfr10Myrs and sfh.sfr100Myrs,
respectively SFRjy and SFRjoy). We preferentially rely on
SFR g0 in the upcoming Section 4, as the photometric measure-
ments we provided as constraints for the fit are informing us
on SF on long timescales rather than ongoing SF. We further
explored the influence of Balmer lines He and HS measurements
from IFU-data MaNGA survey as additional constraints on the
SED fitting in Sect. 5.3. As these recombination lines are emit-
ted by ionized gas around newly born stars, they subsequently
give us insight into ongoing SF, typically measured by SFR.
We discuss these results in Section 5.3.

3.2. Resolved SED fitting

The resolved fits of the SEDs were constrained with flux mea-
surements in ten bands: GALEX-FUV, -NUV, SDSS in u, g, ,
i, and z bands, and WISE bands 1 (3.4um), 2 (4.6 um), and
3 (11.4 um). The multiwavelength photometric data described
in Sect. 2.3 come from various instruments and have therefore
different angular resolution. Hence, images need to be homoge-
nized to a common Point Spread Function (PSF) beforehand, to
avoid any color aberration in the spectra. In order to address this
issue, we convolved all data to the coarsest resolution with the
corresponding kernel from Aniano et al. (2011)°. The WISE4
band has the lowest spatial resolution with PSF FWHM of 12"
(Wright et al. 2010). Convolving all the images to the resolution
of WISE4 would significantly degrade the rest of the data. We
thus set the WISE4 band aside as far as the resolved SED fitting
is concerned and used the convolution kernels to the 6.5” PSF of
WISE3 instead.

The ten background-subtracted and convolved maps
(GALEX-FUV, -NUV, SDSS-u, -g, -1, -i, -z, WISEI, 2 and 3)
were then reprojected following Nyquist sampling criterion,
on a common grid of 3" x 3" pixels using a flux-conservative
method. At z = 0.052, 3”7 ~ 3 kpc along the major axis, however,
UGC 8179 is quite inclined (i = 65°); hence, the deprojected
surface of a pixel ~25 kpc?. The inclination angle was computed
through the axis ratio. We used NED isophotal values in the
r band for a and b yielding a ratio of b/a = 0.46. We also
assumed a typical disk thickness of ¢ = c¢/a = 0.2, where c is the
intrinsic thickness of the disk. The inclination is then computed
following sini = /(1 — (b/a)?)/(1 — ¢?). Given that the source
presents a position angle of 16°, both sides of the pixel suffer
from projection along the line of sight. Once corrected, the
physical area of the pixel is A = 24.4 kpc?.

4. Results
4.1. CO maps

In Fig. 1 are shown the moment 0, 1 and 2 maps of CO detec-
tion, with a clipping at So-. As previously mentioned, the primary
beam correction increases the noise at the edge of the FoV, we

6 Astronomical Convolution-kernel ~repository: https://www.
astro.princeton.edu/~draine/Kernels/Kernels_2018/
Kernel FITS_Files/Hi_Resolution/

therefore applied an elliptical mask around the main detection
for visualization clarity. In the bottom right corner of each panel
is the resolution element that mainly depends on the uv-coverage
and the exposure time. In the top right corner of the moment 0
map (top panel) we show the integrated CO line along with the
integrated flux density of ScoAV = 44.8 + 0.54Jykms~'. As
a comparison, 1.23 measured 49.5 + 1.45Jykms~! from their
single-dish detection. We computed the estimation of molecular
gas mass My = (1.02+0.03) X 10'° My, from our S coAV using
Eq. (1) and with Eq. (2) together with a metallicity-dependent

conversion factor aPMaNG4 as described in Sect. 2.2. This result is

lower than what L23 found (My, = 4.47 + 1.36 x 10'° M), but
still consistent since L23 values are extrapolated molecular gas
mass, assuming an exponentially decreasing profile from their
single-dish detection.

The CO line is exhibiting a clear double-horn profile, typ-
ical signature of what is expected from a rotating disk (e.g.,
Young & Scoville 1991; Salomé et al. 2015). The integrated
intensity is strongly enhanced at the center of the galaxy, and
is decaying toward the outskirts of the disk. The disk appears
slightly asymmetrical with less smooth high-S/N detection in
the southern part of the CO-disk, yielding more clump-like fea-
tures. In the moment 1 map (middle panel), the velocity profile
corresponds to the line profile and confirms the rotating state
of the compact detected disk. The velocity field suggests the
existence of a bar, since the kinematic minor axis is not per-
pendicular to the major axis, which was unclear from the opti-
cal images. The velocity curve, corrected for inclination such
that Vo = Vios/ sin(i), flattens at 380 kms~! for distances from
the center of 10-20kpc — a remarkably high value. For com-
parison, Di Teodoro et al. (2023) recover the rotational velocity
of the atomic gas Vg, = 318 + 25km s~ through HI observa-
tions at a 15-85 kpc distance from the center. This ~60kms™!
gap between the molecular and atomic gas phases is likely trac-
ing the transition between the baryon-dominated, high velocity
mid-plane inner disk (CO) and the mildly slower, dark-matter-
dominated outer disk (HI). Besides, the Ha rotation curve mea-
sured in MaNGA, peaks at a comparably high V,o, ~ 370kms~!,
before decreasing toward the HI lower plateau, up to a radius of
25 kpc, bridging the two regimes.

We recover the line width in the bottom panel showing
the moment 2 map, and the corresponding enhanced feature at
the center of the disk corresponding to high velocity gradients.
These line widths are a combination of rotational broadening
and dispersion. We recover o-(10—20 kpc) ~ 44 km s~ estimated
from the moment-2 map away from the central region, in order to
limit velocity broadening contamination. We find Vo /o = 8.48,
which is notably lower than the typical values of 20-30 reported
in the outer molecular disks of nearby spirals (e.g., Mogotsi et al.
2016). One should however note that our dispersion estimate —
based on moment-2 maps — can overestimate the true turbulent
dispersion in regions with significant velocity gradients or low
S/N.

We look at how the molecular gas is distributed in the disk
of the galaxy in Fig. 2 by overlaying contours of CO(1-0) max-
ima on top of the optical (g, r, and z in blue, green, and red,
respectively) image from the DESI Legacy Survey. We recover
the cold gas reservoir double-peaked profile at the center of the
galaxy. Our detection spans the bulge and reaches the base of
the spiral arms. One can note that the FoV of NOEMA (dashed
gray circle; see also Fig. 1) is limiting the detection mainly to
the inner part of the disk. Due to the disk inclination, it also
encompasses some of the outer disk in the minor axis direction;
however, most of the spiral arms are out of the FoV. Judging
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Table 2. Summary of parameter values used in modules for SED fitting.

Property Parameter Unit  Values Description
module
SFH tau_main Gyr (1,2,3,4,5,7.5,10) e-folding time of the main stellar population model
sfhdelayedbq age_main Gyr 12.7 Age of the main stellar population in the galaxy
age_bq Myr (10, 25, 50, 75, 100,  Age of the burst/quench episode
300, 500)
r_sfr — (0, 0.05, 0.1, 0.5, 0.8, Ratio of the SFR after/before age_bq
1,2,5,7,10, 25, 50,
75, 100)
Stellar population imf - 1 IMF from Chabrier (2003)
bc03 metallicity - (0.008, 0.02) stellar metallicity (0.4 solar or solar)
Nebular emission logUu - -2.0 Ionization parameter
nebular zgas - 0.02 gas metallicity (solar)
ne cm™ 100 Electron density
f_esc - 0 Fraction of Lyman continuum escaping the galaxy
f_dust - 0 Fraction of Lyman continuum absorbed by dust
lines_width km.s™' 300
Dust attenuation Av_ISM mag [0.05, 1.5] in 15 steps V-band attenuation in the ISM
dustatt_modified _CFOO® mu - (0.2,0.3,0.4) Av_ISM / (Av_BC+Av_ISM)
slope_ISM - -0.7 Slope of the attenuation in the ISM
slope_BC - -1.3 Slope of the attenuation in the birth clouds
Dust emission gpah - (2.5, 3.90, 5.26) Mass fraction of PAH
dl2014 umin Habing (0.1, 1.0, 5.0, 10.0, Minimum radiation field
50.0)
alpha - 2.0 Powerlaw slope dU/dM o U?
gamma - 0.1 Fraction illuminated from Umin to Umax

from the blue color of the arms in the optical image, the outer
disk likely hosts a younger stellar population, where we expect
to find an abundant H, reservoir. Alongside the observed data
are drawn three regions. The cyan hexagon shows the coverage
of MaNGA IFU. The remaining two correspond to the regions
where the photometric flux was extracted for the global (purple
ellipse) and local (dashed gray circle) estimations of the galaxy’s
properties using SED fitting (see Sect 3). The purple ellipse of
semi major axis 4 R, encompasses the convolved fluxes in all ten
bands (from FUV to WISE4). Results of these local and global
estimates are listed in Table 3, and shown in Fig. 3 in purple and
green diamonds.

The CO integrated intensity map allowed us to compute a
H, mass surface density map. In order to perform a pixel-to-
pixel ratio of the molecular gas mass and the output properties
of resolved SED fitting, we applied the same method of spatial
convolution and regridding to the H,-mass map. We converted it
to the molecular gas mass surface density X, by dividing the
result by the deprojected area of the pixels.

4.2. Global properties

All fluxes integrated in the two regions drawn in Fig. 2, namely
the ellipse of semimajor axis 4 R,, and the FoV of NOEMA, can
be found in Table B.1, respectively named Fag, and Fpgco. These
fluxes were the photometric measurement inputs for the best fits
shown in Appendix C, of which the output parameters of inter-
est are listed in Table 3. We find SFR oy = 15.58 + 4.57 My yr‘1
and log,y M./Mp = 11.62 + 0.06 for the entire galaxy. For com-
parison, .23 found a SFR = 17.8 Mg yr~! and log;, My/Mg =
11.48 following the photometric prescriptions of Janowiecki et al.
(2017) and Leroy et al. (2019), respectively. In the central part of
the disk (PBco), we find a SFR g9 = 9.34 + 2.26 Mg yr ~! and
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log,o M«/Mp = 11.54 £ 0.06. In this region, we recover only a
fraction of the total stellar mass, as one should expect. We also
recover a lower SFR ¢, implying that according to the photom-
etry, there is SF occurring in the disk, where CO emission is
not observed. This result yields similar specific SFR (sSFRgy =
SFR00/M, ) for the two regions, as is shown in the left-hand panel
of Fig. 3. The integrated sSFR ;o and M, values confirm that
the spiral UGC 8179, despite its very high mass, forms stars at
a rate allowing it to stand on the SFMS (from Janowiecki et al.
2020). Both our values and those from L23 place UGC 8179 on
the more star-forming side of the SFMS, confirming that (i) it
is star-forming, despite what we expect from the great major-
ity of galaxies at this mass range (i.e., early-type galaxies), and
(i1) its sSFR follows the relation of Janowiecki et al. (2020), even
though it is inferred from lower-mass star-forming spirals. This
suggests no particular change in scaling relations for spiral galax-
ies in this mass-range. Moreover, the self-consistency of the SED
fitting method is confirmed by the good agreement between the
global fits and the sum of the resolved fit outputs in the same area
regarding sSFR.

Together with our My, estimate, this central M, value
allowed us to compute the local f,, in the region where CO
is detected: log,, fP5C© = —1.53 +0.07. Unfortunately, the outer
part of the disk is not encompassed by NOEMA’s FoV. There-
fore, we inferred a lower limit of f, at the scale of the entire
galaxy by taking the ratio of the central My, with the global M,
estimate in 4 R,. We find log,( fmo1 = —1.61 £ 0.06. This bound-
ing value appears as a purple pentagon in the middle panel of
Fig. 3, along with the value found by L23 (log,, /-2 = —0.83)
inferred from the exponentially extrapolated H,-mass from their
unresolved CO-detection. The latter value is exceeding our lower
limit. It is important to remember that although they use a
very conservative constant conversion factor of aco = 3 Mg



Cologni, R., et al.: A&A, 709, A148 (2026)

05
E ~
32°00'15"} g
~10 %,
=
B>
Z
2
) 15 8
9 00"t ] E
A o
b5
]
20 &
o
31°59'45" | 1 £
E
. 25 &
QO =
137057160 15° e Tk
RA
, , , , 400
. 300
32°0015" - 1
1200
0
" 100 €
9 00"k . =
A " -
3
108
31°59'45" | " . 1 4200
S ; 300
13005716 15° 7D kS —400
RA
450
400
32000'15" | !
350
3002
. <)
250 =
% 00"k . %
200 &
. )
150 .5
-
31°5945" | 1 100
Q R
137057160 15° 14 5 0
RA

Fig. 1. CO(1-0) moment maps from the cleaned data cube. Top:
Moment-0 in logy (integrated line intensity). Insert: Integrated spec-
trum at 20 kmy/s resolution over the region where CO reaches significant
S/N. Middle: Moment-1 (V),, intensity-weighted velocity). Bottom:
Moment-2 (line width). The dashed gray circle represents the NOEMA
HPBW at the redshifted CO(1-0) frequency. The ellipse at the bottom
right corner is the synthesized beam (4.9” x 2.9”).

(Kkms pc?)~!, we adopted a metallicity-dependent aco that is
systematically lower to their value in our detection region (see
the right-hand panel of Fig. F.1), yielding by definition a lower
Jmol- Also, we measured a lower integrated line intensity than
their extrapolated value, i.e., we do not recover the molecular gas

]
30 kpc
30 arcsec

32°00'30"

% 00"
@)
31°59'30' Q NOEMA beam
4Re
PBco
MaNGA IFU
13h05™18° 16° 1 = v
RA

Fig. 2. Distribution of CO(1-0) maxima from NOEMA data on a back-
ground optical image from the DESI Legacy Survey (DR9). The contour
levels are [4.5, 9, 20, 40, 60] mJy beam~!. The dashed gray circle rep-
resents the NOEMA HPBW size at the CO(1-0) redshifted frequency,
while the purple ellipse indicates the semimajor axis of 4 R,. The white
ellipse at the bottom left corner is the synthesized beam of NOEMA
(4.9 x2.9").

mass expected from their extrapolation. Thus even with the same
aco, one would obtain a lower fi,o1. This result places UGC 8179
in a less extreme regime, as the fi,o values are located within the
scatter of the SFMS, where one would expect a galaxy of such
mass, based on the relation inferred from SFMS galaxies and
from model predictions (see also Saintonge et al. 2017).

A similar computation can be carried out with the SFR;qg
value to compute 74ep. This quantity is inversely proportional to
the star-forming efficiency (SFE) € = SFR X t7¢/Mmu = t¢/Tdep,
i.e., the amount of the SF per unit molecular gas (normalized
by the free-fall time, which rules the physics of gas collapse
in dense environments where SF takes place). We find a local

logq Tgfpco =9.04+0.11 (i.e. 1.09+£0.26 Gyr), and lower bound

of logq Tgep = 8.82+0.13, which is consistent with that shown in
Saintonge & Catinella (2022). Our values are notably lower than
the mean value L.23 found for their sample of 46 super spirals:
logo Tfj‘gs = 9.30 £ 0.03; and don’t agree with their conclusion,
namely that SSGs show an overall lower SFE than their compar-
ison sample of SFMS galaxies (xCOLDGASS, Saintonge et al.

2011a,b, 2017). On the contrary, we recover a central Tgf’pco typ-

ical of SFMS galaxies. These values appear as triangles in Fig. 3
and are summarized in Table 3.

Thus, when comparing the three panels of Fig. 3, we notice
that the regular fraction of molecular gas available to fuel the for-
mation of new stars is likely balanced by the rather low molecu-
lar gas depletion time. This results in UGC 8179 standing in the
more active side of the SFMS.

4.3. Resolved properties

The mapped surface densities of SFR;o and M, are shown in
Fig. 4, along with the ratio of both quantities, i.e., the sSSFR .
Both Zgprio0 and X, exhibit a peaked feature at the center of
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Fig. 3. Left: Log sSFRjo with respect to M,. The green (purple)
diamond and square denote the integrated fit and the sum of the
resolved fits in the PBco (4 R,) region, respectively. The SEMS from
Janowiecki et al. (2020) is included for comparison. The dash-dotted
black line shows a constant log sSFRj50 = —10.5 and serves as a
visual guide. Middle: Molecular gas mass fraction with respect to M.
The purple pentagon represents the large-scale lower limit of f,,. The
SEMS is also from Janowiecki et al. (2020). The green pentagon corre-
sponds to the f, in the PBco region only. Right: Molecular gas deple-
tion time with respect to M,.. The solid gray line is the linear fit for
SMEFS galaxies from Saintonge & Catinella (2022), with a 0.2 dex scat-
ter. The rest of the legend is identical to the middle panel, with triangles
instead of pentagons.

the galactic disk, although X, decays more steeply with radius,
resulting in enhanced regions of sSFRjgy in the spiral arms
and a shallow dip in the center. We recover what is described
in resolved studies of spiral galaxies: sSFR drops in the inner
regions of the disk and even more so for high-mass spirals (11 <
log;(M*/My < 12, Abdurro’uf & Akiyama 2017; Belfiore et al.
2018; Coenda et al. 2019), exhibiting a decrease of 0.5-1 dex.
This central dip likely reflects an ongoing suppression of SFR in
the nucleus, in line with morphological-quenching scenarios.

As previously done for the global f,,1 and 7gcp, the resolved
JSmot and Tgep are obtained through a pixel-to-pixel ratio of the
resolved map of My, with the maps of M, and SFR, respec-
tively. The resulting maps are shown in Fig. 5. The hatched
pixels correspond to pixels below the 40 detection threshold
in the CO-integrated intensity map. The molecular gas frac-
tion exhibits a declining profile toward the center and reaches
log,o fmot ~ —1.4. This value is in agreement with the lower
bound to the global f,, mentioned above. On the other hand,
T4ep reveals an saddle-like profile. Indeed, an increase appears
in the inner part of the detection region, whereas lower 74
regions are hinted in the spiral arm region. Assuming the inside-
out growth scenario, we would expect SF to be suppressed in the
bulge region and be more active in the spiral arms — although it
is not what Querejeta et al. (2021) show in their resolved study
of T4ep in SFMS galaxies.

4.3.1. Radial profiles

Specific SFR. In the left panel of Fig. 6 we show the results
from the resolved SED fits mapped in the right panel of Fig. 4,
here plotted as circles, color-coded with stellar mass density.
The black squares show the uncertainty-weighted means in
10 kpc radial bins. Here, the centrally declined sSFR mentioned
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Table 3. Properties computed by SED fitting.

SFR 00 SFRg log, M. szed
My yr‘1 Mg yr‘1 log,,(Mo)
4R, 1558 +4.57 1029 +626 11.62+0.06 0.15
PBco 9.34+226 476+352 11.54+0.06 0.24
logy, 7523 log,g T(Iigp 10g 19 fimol

4R, 28.82+0.13 >9.00+£0.31 >-1.61+0.06
PBco 9.04+0.11 933+041 -1.53+0.07

Notes. These results were obtained after flux extraction on the con-
volved maps (see Section 3.2) in an ellipse of semimajor axis a = 4R,
and in the region of the primary beam at NOEMA’s HPBW (see Fig. 2).

in Sect. 4.3 appears more clearly. It is similar to the median
radial profile found by Pan et al. (2024) for ALMaQUEST star-
forming galaxies (classified as SFy, and SFy,). UGC 8179 corre-
sponds to the SF;, category with a global log;, sSFR > —10.5,
for which the corresponding sSFR median radial profile is very
similar to that of UGC 8179, both in magnitude and downturn
amplitude. Moreover, it is in line with the 0.5-1 dex drop dis-
cussed by Belfiore et al. (2018), more specifically for high-mass
SFMS galaxies (see Fig. 3 and 7 therein, 11 < log;, M, < 11.5).
The large-scale sSFR g plotted as the dash-dotted black line at
log19sSFR g9 = —10.5, is similar to the local sSFR;oy found in
the inner (<0.8 R,) disk, where the SF might be suppressed com-
pared to the rest of the disk.

Molecular gas mass fraction. In the middle panel of Fig. 6,
we show the radial profile of f,,. One can notice the decrease
in fino of 0.5dex toward the center of the disk, across 30kpc
(i.e., ~1.5R,) and a decade of M,. This profile indicates that the
molecular gas density and the stellar mass density profile have
different scale lengths, and could hint at a higher stellar density
in the center of the disk. On the other hand, when considering the
upper limits (gray arrows), the radial increase is more likely an
artifact of dividing a constant noise value for My, by a decreas-
ing profile for stellar mass in the outskirts of the PB¢o region.
In any case, these values should be considered for what they are:
mere upper limits.

Molecular gas depletion time. The right panel of Fig. 6 shows
the radial profile of 74.,. The resolved values reveal a different
profile than the monotonous slope of fio1. Indeed 74ep exhibits an
overall decreasing profile, with however a hint of increase toward
the center of the galaxy. This could also be due to greater scatter
rather than a change of slope, which a saddle-like feature could
induce (Fig. 5). The apparent bend occurs at r ~ 20kpc ~ 1 R,,
and it is not clear whether there is a corresponding X, at which
the 74, changes behavior. As previously mentioned, such an
increase in Tgep is not expected from the previous results in the
literature (e.g., Leroy et al. 2008; Querejeta et al. 2021). Deple-
tion time radial variations, including with different aco calibra-
tions are further discussed in Sect. 5.1.

4.3.2. Scaling relations

We combined the spatially resolved estimates of SFR;oy and
M, with the molecular gas mass measurements to study the
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relationships between the SF, molecular gas mass, and stellar
mass on kiloparsec scales. In Figure 7, we compile the three
resolved relations for UGC 8179: the resolved SFMS (rSEMS,
i.e., Zspr — Z4, left panel), the resolved molecular Kennicutt-
Schmidt (rKS, i.e., Zspr — o1, middle panel) and the resolved
Molecular Gas Main Sequence (tMGMS, i.e; o — Z,, right
panel). Studying these relations in a resolved manner, namely at

the scales where SF happens, gives enlightening insight into the
local physical processes that drive and regulate SF. The colored
circles and black squares have the same legend as in Fig. 6.

We fit our data using the orthogonal distance regression
(ODR) fitting method to take into account data uncertainties on
both axes, with the following power laws:

log g Zsrr100 = arsems X 10go s + brspums, “4)
logo Zsrri00 = arks X 1080 Zmol + biks.» )
log o Zimol = arvicms X 10g,o Zy + bovrwms- (6)

We report the computed values in Table 4 along with the val-
ues from the comparison studies. We assume a Chabrier IMF,
whereas some of the featured results estimates SFRs from Ha
measurements assuming a Salpeter IMF. Ionizing photons are
mostly produced by M, > 10M, stars; hence, Ha-related
SFRs estimates are particularly sensitive to the IMF. Thus,
an offset was applied both to SFR and M, values as fol-
lows: SFRcg;3 = SFRgss x 0.63 and M*,C03 = M*’s55 x 0.61
(Madau & Dickinson 2014).

Resolved SFMS. The linear fit of the rSFMS, shown as the
solid gray line in the left-hand panel of Fig. 7, reveals no
particular offset from the other studies it is compared to. Its
slope is however notably lower: we find a;spms = 0.80 +
0.02. Cano-Diaz et al. (2019), Ellison et al. (2021) and Lin et al.
(2019) (from now on referred as C19, E21 and L19) find
arspms ~ [0.94,1.19], and rely on H, luminosities for SFR esti-
mates. Abdurro’uf et al. (2022) (A22 hereafter) use a method
similar to ours, inferring properties from pixel-to-pixel SED fit-
ting; however, their spectral coverage extends from UV-light to
far-infrared wavelengths. All pixels radially follow the trend of
the SFMS, with higher-mass pixels located in the center of the
disk and forming stars at a higher rate per unit surface. Our data
exhibit a bend in the slope around log,;, M, ~ 7.2, and although
the outer part of the disk (30 < r(kpc) < 55) shows a steeper
slope resembling other studies’ results, our fit is more tightly
constrained by the inner radii part (» < 30 kpc), where the sSFRs
decrease. Part of the galaxies in E21 exhibit such a bend (see
Fig. 3 therein).

In parallel to this rSFMS single linear fit, we explored the
option of two separate scaling relations. The parameters of the

i h
two ODR fits are referred to as aSeMs and aStvs for the low- and
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high-mass regimes, respectively, and the results are plotted in
the left panel of Figure D.1. Both of the curves are encompassed
by the initial single fit scatter. We find that the low- mass fit is
in better agreement with the literature with a slope of arSFMS =
1.14 + 0.04, compared to the single linear fit. The decrease in
sSFR and the subsequent change of slopes from 1.14 to 0.59 is

discussed in Sect. 5.2.

Resolved KS. We examined the correlation between the SFR
the molecular gas mass surface density, known as the molecu-
lar Kennicutt-Schmidt relation (Kennicutt 1998; Schmidt 1959).
It has been extensively studied in various objects and at diverse
scales in galaxies to probe how molecular gas can drive SF. Its
slope is well constrained, nearly unity (e.g., Bigiel et al. 2008;
Leroy et al. 2013), yielding a universal molecular 74ep, of ~2 Gyr.
The rKS of UGC 8179 is shown in the middle panel of Fig. 7,
along with a linear fit as the solid gray line. The data points
are solely the pixels above the detection threshold in My,. For
comparison, we added the resolved fits from some of the studies
aforementioned along with that of Querejeta et al. (2021) (Q21
hereinafter) for MS galaxies of the PHANGS-ALMA sample.
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The slope of the rKS is sensitive to the resolution of the data
(Calzetti et al. 2012; Pessa et al. 2021). More precisely, above
a spatial resolution threshold of ~1-2kpc, the relation tends
to neighbor unity. Thus, we rigorously chose to compare our
result with kiloparsec-scale resolved studies. A22, E21, and L19
resolve kiloparsec scales, whereas we attain ~6 kpc. However,
we remain in the same regime as the comparison studies, where
star-forming regions are unresolved and properties are spatially
averaged. We thereby consider the small resolution gap to have
negligible impact on the scaling relations. The slope we find is
lower than unity: a,xs = 0.87 + 0.09, yet consistent with the
literature. This galaxy shows an overall comparable molecular
depletion time to that of the lower-mass MS spirals, except for
a few lower stellar mass-density pixels that lean toward greater
Taep (~3—4 Gyr).

Resolved MGMS. We observe in the right-hand panel of Fig. 7
the tight correlation between the local molecular gas and stellar
surface densities. It has the least scatter (opmgms = 0.07 dex),
followed by the rKS and lastly the rfSFMS with oxs = 0.15 dex
and ospms = 0.27 dex, respectively. Our data points are overall
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Table 4. Resolved scaling relation slope, intercept, and scatter values
for the rSEMS, rKS, and rMGMS, for this and other studies.

Reference Slope Intercept Scatter
ArSFMS bisems O 1SFMS
UGC 8179 0.80 +0.02 -8.88 £ (.13 0.27
A22 1.07+0.02 -10.95+0.17 0.31
E21¢ 1.37 +£0.01 -13.03 +0.1 0.28
L19¢ 1.19+0.01 -11.63+0.11 0.25
CD19¢ 0.94 +0.08 —-10.0 £ 0.69 0.27
UGC8179Im 1.14 £0.04 -11.21 0.3 0.28
UGC 8179 hm  0.59 = 0.05 -7.29 £0.23 0.16
aKs biks OKS
UGC 8179 0.87 = 0.09 -8.36 + 0.57 0.15
A22 1.28 +0.01 -11.40+0.09 0.19
E21¢ 1.23 +£0.01 -10.69 +0.06 0.22
L19¢ 1.05 +0.01 -9.53 £ 0.06 0.19
Q21 0.976 £ 0.053 -3.189 + 0.009 0.24-0.35
arMGMS brvicms OrMGMS
UGC 8179 0.70 £0.02 -1.07 £0.19 0.07
A22 0.82 +0.01 0.50 = 0.07 0.19
E21¢ 1.03 £ 0.01 -1.30 £ 0.06 0.21
L194 1.1 +£0.01 -1.72 £ 0.08 0.20

Notes. @ Intercepts values were corrected to the Chabrier IMF when
the parent study assumes a Salpeter IMF.

consistent with the literature; however, our value for the slope
is remarkably lower than unity: a;vgms = 0.70 £+ 0.02, which
implies a varying fi,o with M, — a radius as pointed out above.
Similarly, A22 find a slope lower than unity (aﬁvzléMs =0.82 +
0.01), whereas E21 and L19 slopes are linear to superlinear,
without taking into account near-IR light in their M, estimate.
Following the reasoning of a double scaling law in the
rSEMS, namely in Xgpg with respect X,, we assumed that the
local SF processes are universal in the galaxy, i.e., direct propor-
tionality, and applied our rKS relation parameters to both high
and low-mass regimes to extrapolate X, from the measured
Xsrr (a similar method is used by Bigiel et al. 2008). From that,
a double-slope rMGMS emerges, displayed in the right panel
of Fig. D.1 as thick dashed lines. The predicted fit for the low-
stellar mass regime, where we did not observe molecular gas, lies
in very good correspondence with the continuity of E21 and L19

fits (‘lmGMs = 1.09). The mass at which the apparent transition

in SFR occurs is log; (X« / [Mg kpc‘z]) ~ 7.2+0.1, which corre-
sponds to a 10g;y(Zmol / [Mo kpc™2]) = 6, i.e., Tt = 1 Mg pc2.

The slopes of the linear rSFMS and rMGMS relations we
derived for UGC 8179 show a clear negative offset compared
to the relations derived for nearby star-forming spirals at the
same kpc-resolution. Thus, the lower f,o1 shown in the tMGMS
could reflect the slightly less-replenished molecular gas reser-
voir, especially toward the center, yielding lower SFR values in
the rSEMS in this region, despite similar SFE. As the linear fit
is more tightly constrained by the smaller uncertainties in this
central region, this results in the flattening of the rSFMS. This is
compatible with the conclusion of Lin et al. (2019), namely that
the rSFMS might emerge from the combination of the rKS and
the rIMGMS. In any case, the rKS is in good agreement with the
values of the same studies, implying that the underlying physical
processes of SF and its efficiency are consistent.

Table 5. Resolved Kennicutt-Schmidt relation with varying aco.

Slope a;xks  Intercept bks

Z-dependent  aMNOA(r)  0.87 £0.09 —8.36 +0.57
Constant apy =43 070+£0.05 -7.49+037
agd =3 070+0.05 -7.38+0.37

5. Discussion
5.1. Influence of conversion factor aco

Molecular gas mass estimation has a major uncertainty: the
conversion factor from CO luminosity to H, mass, namely
aco (Schinnerer & Leroy 2024). This subsequently affects the
molecular gas depletion time 74, as well as the molecular gas
fraction fi,o1. In the Milky Way, Bolatto et al. (2013) recommend
as a constant value apy = 4.3 Mo (Kkm.s™" pc?)™'. We applied
this value to our analysis to compare with our results. s

We also included the conservative value of « =

co
3 M, (Kkms™' pc?)~! from L.23 in the comparison.

As shown in Figure A.1, the metallicity is supersolar over
the FoV of NOEMA, reaching a 12 + log(O/H) =~ 9 =
2Z5 in the innermost region. This metallicity is the upper
bound to the validity range of the —1.5 index in Eq. (3)
(Saintonge & Catinella 2022). This results in very low acq val-

ues across our molecular gas detection region (<2 R,), apaNoA

spans ~1.4-2.9Mgy (Kkms™' pc?)~! (see right-hand panel of
Fig. F.1). Thus, adopting a constant aco yields an overestima-
tion of the mass of molecular gas, even when choosing the low
value used by L23.

The rKS linear fits with the constant iy’ and g are shown
in the top left panel of Fig. F.1 to compare with our results from
alggNGA. The values of the slopes and intercepts of the ODR lin-
ear fits are listed in Table 5.

When comparing the L23 and MW a (¢ results, one can eas-
ily see that a lower aco implies a smaller My, thus a shorter 74ep,
to meet the considered SFR. Furthermore, these constant acg are
associated with slopes that are less steep for the corresponding
rKS fits, since the central pixels have greater molecular gas mass.
This results in longer 7ge, than with a metallicity-dependent
aco, and induces a varying tgep With Xy, 1.€., lower SFE for
high molecular gas surface density. However, Bigiel et al. (2011)
showed that 74 is overall constant with X, i.e., that the under-
lying SF processes are uniform in galactic discs.

We further explore the spatial distribution of Tégg by tracing

the radial profiles for all @co prescriptions in Figure 8. The radial
Taep trend with the metallicity-dependent aco shows a decreas-
ing profile toward the center, namely what most studies find in
SFMS spiral galaxies. For example, Q21 find a slight drop in 7gep
within the centers of PHANGS-ALMA galaxies, and a median
Tgep = 1.18 + 0.65 Gyr, compared to Tgep = 1.79’:(1):(7)3 Gyr in
the spiral arms, observed as a ~0.25dex vertical offset in the
two corresponding local rKS relations. Other studies on nearby
star-forming spirals agree on a decreasing molecular 74e, toward
the center/bulge region, where the gas is often molecular and
where the stellar potential is larger (Huang & Kauffmann 2015;
Utomo et al. 2017). On the other hand, Longmore et al. (2013)
argue that in the Galactic center (» < 500 pc), where the surface
density of cold gas reaches a maximum, SF is slowed down, sup-
posedly by an additional turbulent energy that prevents the gravi-
tational collapse of the gas. On the other hand, when considering
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Fig. 8. Radial profiles of molecular gas depletion time 4., With vary-
ing @co. The resolved measurements are shown as circles, and the
uncertainty-weighted means in 10 kpc radius-bins (from [0-5] to [30—
35] kpc) are shown as squares. The error bars of the squares correspond
to the data scatter in each direction within the radius bin considered. A
slight negative offset in the radius of the means was added to the pink
curve for clarity.

constant aco, regardless of its value, the combination of the
radial profiles of SFR and My, yields an increasing 7qep trend
toward the center of the disk, as suggested by the low slope val-
ues of the rKS (see Table 5). Although a constant 74, radial
profile seems in reasonable agreement with our data, given the
large error bars corresponding to the scatter in the radial bins
(5kpc), the linear ODR fits for both constant aco (not shown
here) result in a decreasing trend with increasing radius. We
note that these results exclude the possibility of an increasing
trend with radius, such as what was found with the metallicity-
dependent aco, and as revealed by most studies in SFMS spiral
galaxies.

Our metallicity measurements come with their own uncer-
tainties, nevertheless, we show how taking currently available
information and calibrations into account would impact our
calculations and conclusions. We find that it is essential to
adopt a conversion factor that takes metallicity into account for
UGC 8179 considering its unusually high metallicity. A constant
aco would lead to spurious conclusions on the SF conditions
and processes in the disk, and most importantly in the central
region.

5.2. Lower sSFR in the center

As suggested by Martig et al. (2009), SFE could be lowered
in a galaxy with a large bulge-to-disk ratio, thanks to the sta-
bilization of the gas against collapse by the bulge’s gravita-
tional potential (i.e., the morphological quenching scenario).
Several studies have shown the link between bulge-growth and
the onset of SF inefficiency at fixed stellar mass, implying
that although a bulge is not sufficient, it is a required con-
dition to explain quenching (Dimauro et al. 2022; Eales et al.
2020; Lang et al. 2014). Therefore, we decomposed the light
profile of UGC 8179 in two components (bulge and disk)
using the 2D morphology fitting code galfit (Peng et al. 2002,
2010a) in order to estimate a bulge-to-total luminosity ratio B/T
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as described in Freundlich et al. (2019) (Section 3.4 therein).
They carried out the fits on HST ACS images in the F814W
I band for galaxies at z = 0.5-0.8, which correspond to
rest-frame SDSS-r and -g bands. We applied their method on
the SDSS-r band background-subtracted, galactic extinction-
corrected images. We set the sersic indices of the disk and the
bulge to be 1 and 4, respectively. For UGC 8179, we found
a bulge-to-total ratio of B/T = 0.43 + 0.05, typical of inter-
mediate spirals (Sb, Sbc). Thus, this bulge could physically
cause the downturn of sSFR in the central 1 R,. It also is com-
patible with the inside-out growth paradigm, stating an ear-
lier formation in the central region, later on reaching higher
radii, as the center becomes more evolved and shows lower
sSFR (e.g., de Jong 1996; Lilly & Carollo 2016; Goddard et al.
2017). Abdurro’uf & Akiyama (2017) argue similarly that the
central decline of sSFR is consistent with an older population
of stars in the bugle. It is worth noting, however, that despite
the drop in sSFR our results do not indicate that the SFE is
affected by the bulge, as 74, keeps decreasing toward the center
(Fig. 8).

The residuals between the model and the observations reveal
the spiral arms along with an oblong shape at the center of the
disk, which supports our assumption of a stellar bar (mentioned
in Sect. 4.1). Gavazzi et al. (2015) argue that the presence of
a strong bar plays an important role in rapidly quenching the
SF in the central kpc of discs, for massive galaxies above a z-
dependent threshold M, > Mypee o< (1 + 2)? (=10%3 for local
galaxies). Such a stellar structure can be responsible for tur-
bulence and shear and thereby delay SF. Moreover, we do not
rule out that potential past starburst episodes might have induced
strong stellar feedback in the bulge region, subsequently heating
and dispersing the molecular gas.

On the other hand, the presence of a bulge implies higher
stellar density in the inner disk. This can drag the inner most
pixels toward higher X, in the rfSFMS and the rMGMS, thereby
flattening the relations. This increase in bulge-mass has already
been invoked in past studies to explain the sublinearity of the
SEMS at high M, and thus could partly explain the observed
bend in our rSEMS, as well as our lower slope in the IMGMS.

5.3. Uncertainties in SFR

Except for A22 and Q21, the comparison studies in this paper
use H, luminosity as a proxy for SFR. There are limitations to
the estimation of SFRs through H, luminosity, as SF is not the
only source of ionizing photons. Indeed, other excitation mecha-
nisms such as AGNs or diffuse ionized gas (DIG) can contribute
to the H, luminosity, thereby leading one to overestimate the
SFR. Using the Balmer decrement would also lead to overcor-
rection, making it appear that HB is more attenuated than it truly
is. In the BPT diagram of UGC 8179 (see Fig. E.1), we do not
see a clear indication for AGNs, only light mixing toward the
LINER regime, yet not in the central region. Additionally, no
radio continuum was detected in the NOEMA data, weakening
even more the potential Ho contamination by the AGNs in the
case of this galaxy.

Howeyver, in this method, the calibration constant relies on
the assumption of a continuous SF period of at least 100 Myr
(Kramarenko et al. 2026), while Ha only traces young stars
(<10Myrs) and SFHs can vary and the calibration constant
with it (Boquien et al. 2014). Another key assumption concerns
the ionizing photons absorption by dust, namely that the lat-
ter absorbs no Lyman continuum photons. Yet, studies show
that ionizing photons are indeed absorbed by dust and helium,
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leaving ~57% to ionize the hydrogen (Tacchella et al. 2022).
This hypothesis thus leads one to overestimate the SFR in dusty
environments, and MaNGA measurements of UGC 8179 indi-
cate such a dust-rich bulge. However, we exploited the wealth of
IFS observations in our study.

We investigated the robustness of our SFR estimate from
SED-fitting by modeling new SEDs while adding He and HB
fluxes for the pixels concerned. The MaNGA survey (Map-
ping Nearby Galaxies at Apache Point Observatory) is an
integral-field spectroscopic survey of ~10000 nearby galax-
ies (Bundy etal. 2015). It uses the 2.5m Sloan telescope
(Gunn et al. 2006) and the BOSS spectrographs (Smee et al.
2013) with a spectral coverage of 3600 A to 10300 A. UGC 8179
is part of the “color enhanced” main sample of MaNGA,
designed to populate the less dense parts of the NUV-i ver-
sus M; color-magnitude diagram. The observations are further
described in Table A.1. Although the IFS has a more constrain-
ing FoV than NOEMA’s HPBW, its ~32” extent (once convolved
and reprojected to the 3”-wide pixel grid) covers all the pixels
where the CO signal exceeds the 40 detection threshold. The Ha
and Hp fluxes were added on a separate run of CIGALE, allow-
ing us to compare the results with and without the ionized gas
measurements. This comparison is illustrated in Figure 9, where
the colored linear fits and points are the new outputs of CIGALE,
which include MaNGA line measurements, and the dash-dotted
gray lines are the original fiducial outputs, without the additional
constraints. The impact of these new fluxes on both SFR;( and
SFR (g are shown in Fig. 9, in the left and right column, respec-
tively, for the two relevant scaling relations, namely rSFMS (top
row) and the rKS (bottom row).

Focusing on the rSFMS, we notice that the uncertainties dra-
matically diminish for the pixels with new flux inputs, and even
more so for SFRyg, ensuring us that the latter is not a reliable
quantity without a proxy of recent and ongoing SF such as Ha

10g1o(2mo//[Mo kPC_Z])

ODR fit for Zggrigo (left) and Zgprio (right)
without adding the Ho and Hg fluxes.

and Hp fluxes. This is further confirmed by the significant raise
in SFR( after the addition of Ha and HgB fluxes, easily notice-

able in the rKS (Aalls = a5 ™™ - alls = 0.53). This allows to

recover a linear fit closer to unity, namely arllg’SH“Hﬁ =1.12+0.06

(compared to alys = 0.59 + 0.08 without the added fluxes).
Therefore, it appears CIGALE misses some of the recent SF (i.e.,
in the past 10 Myrs) without the ionized gas fluxes entries.

On the other hand, we find no significant difference in
SFR ;o9 and M, when adding the Ha and Hp fluxes, as the offsets
of the linear fits are enclosed within the scatter of our fiducial
results. We note that the rKS with SFRgy (bottom-left panel)
exhibits a slightly steeper slope with MaNGA measurements

than without (aes""*" = 1.00 + 0.07). This reduces the slight

gap with comparison studies, which base their SFR on He mea-
surements: ale = 1.05, and a5 = 1.23.

Lastly when comparing SFR;gp to SFRjy, we remark the
larger error bars in SFRjy on the circles, namely the pixels
not concerned by the ionized gas inputs, which illustrates why
we relied on SFR gy throughout this study. Additionally, the
scaling relations exhibit differences when considering the two
timescales. The bend in the rSFMS is less obvious when look-
ing at SFRjy. Moreover, the rKS exhibits a slightly steeper
slope when considering recent SFR (with SFR() rather than
SFRlOQ.

In conclusion, the addition of ionized gas data to the flux
inputs of the SED fits is critical when it comes to recent SFR
(namely SFRjg), but SFR(9 and M, estimates are robust with-
out it. It is worth keeping in mind the timescale on which
the SFR is measured when comparing resolved scaling rela-
tions, as we recover different slopes with SFRy and SFR ¢y, i.e.,

Aarlgl;l\l,loso =0.11 and Aarllggloo = —0.28 without MaNGA entries,
and Aa'g M = 0.15 and Aalgs' M = 0.12 with addi-
tional Ha and HB fluxes.
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6. Summary and conclusions

Ogle et al. (2016) estimate that SSGs represent 6% of the galax-
ies in their mass range at z < 0.3, thereby constituting a rare pop-
ulation of objects whose evolutionary pathways differed from
classical galaxy evolution scenarios. Studying SSGs offers sub-
stantial insights into the mechanisms that normally shut down

SF in massive galaxies. In the course of this study, we investi-

gated the resolved molecular gas content of UGC 8179, a nearby

(z = 0.052) super massive, actively star-forming spiral galaxy,

along with its global and resolved star-forming properties. Our

main results are:

— We detected a replenished molecular gas reservoir through
CO observations with the IRAM/NOEMA interferometer.
It allowed us to measure a molecular gas mass of My, =
(1.02 + 0.03) x 10'° M,

— We find that in the case of UGC 8179, it is essential to adopt a
metallicity-dependent conversion factor, considering its very
high metallicity. We showed how a constant a g, even a very
conservative value such as that adopted by L23, could lead to
incorrect conclusions about the SF conditions and processes
in the disk — and most importantly, in the central region.

— We developed a SED-fitting-based method using CIGALE
to probe the global and resolved star-forming properties of
massive, extended, and unquenched spiral galaxies, utilizing
archival photometric data from the UV to the mid-IR wave-
lengths range. The spatial resolution adopted was limited by
the PSF of the WIS E3 band to 3” x 3" pixels, which results
in a deprojected surface of ~25kpc? per pixel. The consis-
tency of this method from local to global scales is confirmed
by the good agreement between the latter and the integrated
properties of the resolved outputs.

— Our global SFR oy and M, estimates confirm that despite its
large stellar mass (log(M, /M) = 11.62 + 0.06), UGC 8179
is on the high-mass end of the SFMS with SFR oy = 15.68 +
4.57 Mg yr~!. In addition, we confirm its gas-rich nature with
a molecular gas mass fraction of log,, fmo1 = —1.61 + 0.06,
even though we recover a less extreme value than L23. Sim-
ilarly, we do not reach their conclusion of a higher 74c,: we
measure log, 7400 > 8.82 and alocal estimate of log;, 70 =

9.04+0.11 in the inner disk, consistent with MS spiral galaxy
measurements.

— We investigated the three SF-related resolved scaling rela-
tions (namely the rSFMS, the rKS, and the rMGMS
relations) for UGC 8179 and compared them to the SFMS
galaxies’ resolved scaling-relations from the literature. We
find all quantities to be well correlated. The very specific
characteristics of this SSG (its large mass and spatial extent)
allowed us to explore low-surface density regimes that are
difficult to access and thus little studied (X, < 107 M kpc™
and Zgpri00 < 10739 Mg yr‘1 kpc‘z).

— More specifically, we find a rKS relation in reasonable con-
sistency with unity (a;xks = 0.87 = 0.09). Our data matches
the literature fits, which suggests that standard local SF pro-
cesses are at play in the molecular gas of this SSG.

— The rSFMS is reasonably compatible with other studies at
similar spatial kiloparsec resolutions, albeit at a lower slope
(arspms = 0.80 + 0.02) when using a single scaling relation.
This is because the rSFMS seems to experience a change in
behavior in the bulge region and a corresponding decrease
in the sSFR radial profile in the center. Fitting the relation
with two components makes the relation even more con-
sistent with the rfSFMS from the literature up to values of
log,o(Z+/[Mo kpc™]) < 7.2. Above this value, a second but
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shallower relation is possible and could be explained by the
buildup of a non-star-forming bulge at a higher stellar sur-
face density and smaller radial distances.

— This flattening is also present in the rMGMS in the inner
disk and could be partly induced by the enhanced £, due to
the bulge, as the fio also suggests. The plausible presence
of a stellar bar hints at a dynamically regulated SF, rather
than a purely gas-regulated inner disk. However, the IMGMS
is less constrained than the other scaling relations because
of the absence of molecular gas detections at low surface
densities (£, < 10" Mgkpc™ and Z,q < 10°Mgkpc™2, a
regime at which the transition from atomic gas to molecular
gas occurs.)

UGC 8179 is part of a greater sample of galaxies constituted
by SSGs and less massive, yet remarkably baryon-rich massive
unquenched spirals. We chose to develop on this remarkably
extended and star-forming target and thereby explore a low X,
range seldom investigated, even in local spirals. In a forthcoming
paper, we shall apply this method to the rest of the sample (19
sources) and explore whether discrepancies arise from its mor-
phology, environment, or nuclear activity. A comprehensive sur-
vey of the molecular gas content in a galaxy such as UGC 8179
at greater radii could significantly improve our resolved study of
its properties across its extended disk.
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Appendix A: Metallicity with MaNGA

We used the already reduced observations from the data release
DR17, using version 3.1.1 of the data reduction pipeline (DRP
Law et al. 2016). We later on used emission line products from
the data analysis pipeline (DAP, version 3.1.0 Westfall et al.
2019; Belfiore et al. 2019; Law et al. 2021). The quantities men-
tioned in this study are derived from Gaussian emission line
fits. We accessed these data products through marvin (ver-
sion 2.8.0) and sdss_access (version 3.0.4) Python pack-
ages (Cherinka et al. 2019, 2024). Information about UGC 8179
within SDSS-IV MaNGA is summarized in Table A.1.

Table A.l. Central properties of the archival IFS observation of
UGC 8179 within SDSS-IV MaNGA.

plateifu FoV! PSFFWHM  IFU design
(ID) (R/R.) (kpo)
12484-12705 0.99 -2.16 2.89 O 127-fiber

Notes. !FoV defined as maximal radial coverage along the major axis a
(min) and minor axis b (max), in units of effective radii R,.

To derive the metallicity 12+log(O/H) and its radial profile,
we employed the strong line method with the hybrid calibration
of the flux ratio R23 based on the direct T, method and photoion-
ization models from Maiolino et al. (2008). It is double valued,
but it can be safely assumed that UGC 8179 lies on the high
metallicity branch:

o F([OI1]1A43726,28) + F([OI11]1244959, 5007)

R23=1lo
F(HP)

(A.1)

We closely followed the approach defined in Belfiore et al.
(2017) to select star-forming regions and to correct fluxes for
attenuation (similar to the above). It should be noted that the cal-
ibration is valid for HII regions only. We then binned the metal-
licity by deprojected radius and computed the inverse-variance-
weighted means.

Gradients to the metallicity profiles are fitted in the radial
range of 0.5 to 2R,, due to a flattening in the center, and
observational effects such as beam-smearing and inclination
(Belfiore et al. 2017). We obtained a best fit through an inverse-
variance-weighted least-squares fit assuming Gaussian sym-
metric errors, while the uncertainty is characterized in a
nonparametric way via residual-bootstrapping. The result is
shown is Figure A.1.

The derived metallicities and their gradients are consistent
with mass trends reported by Belfiore et al. (2017). We then
derived a radially varying CO-to-H, conversion factor from it
following:

-0.25

z )‘1'5 (max(Z*, 100 My, pe2)

MaNGA _ (1-0)
aco (2, 2) = Qeonw (Z_@ 100 M, pc2

(A.2)

This is based on the calibrations given in Schinnerer & Leroy
(2024), using Huetal. (2022) and Chiang et al. (2024). We
assume/take Z/Z, = 10'2+102(0/H)=8.69 (solar value taken from
Asplund et al. 2009). We didn’t include the second ("starburst")

term in our aM3N9* computation, taking into account the stel-

lar density, since our values are neighboring 100 My pc~2 in the
region considered (see middle panel of Fig. 4).
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Fig. A.1. Metallicity as a function of deprojected radius (bottom axis)
and effective radius R, (top axis, value from Table 1). The median value
per radial bin (width 0.1 R.) was computed following the methodology
of Schaefer et al. (2022) (Belfiore et al. 2017), shown as green crosses
(blue circles). The solid lines show the linear fits.

As more massive galaxies tend to have formed earlier (down-
sizing), we do expect significant older stellar populations and
DIG contamination. This would also explain the shift toward
the composite or LINER-mixing region in the BPT diagrams
(Belfiore et al. 2022). However, also high-metallicity HII regions
- as observed here - can appear as composite or AGN-like in
BPT diagnostics (Kewley et al. 2013). We furthermore followed
the method described in Schaefer et al. (2022) to derive metal-
licity with a more stringent selection of HII regions based on
EWMHa) > 10 A, minimizing DIG contamination effects, but
find consistent results.

Appendix B: Details on photometric data
B.1. Conversion to Jansky
B.1.1. SDSS

The native unit of SDSS files are in nanomaggies, and the con-
version to jansky is straightforward: 1 nmgy = 3.631 x 1076 Jy.

B.1.2. GALEX

The conversion from counts per seconds (CPS) to Jy was made
first by using the conversion factor to erg.s~!.cm™2.A~! provided
by the GALEX Observer’s Guide, namely:

FUV : F [erg.s '.em™.A7"] = 1.40 x 10715 x CPS

CNUV : F [erg.s ' .em™.A™!) = 2.06 x 107! x CPS

Then we Eollowed the standard relation to convert
erg.s"l.em™2. A ! into Jy :

AA
£, Oyl =10% . —= . i, [Wm2m™]

Av

AA

=107 . == . 10" f; [erg.cm™2.s7LA7,

Av

where AA and Av are the bandwidth measured in meter and in
Hertz, respectively.
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B.1.3. WISE

The WISE data comes in units of DN (Digital Number), and
conversion to Jy was performed following the factor provided
in the Table 1 of Section IV.3.a of the Explanatory Supplement
to the AIIWISE Data Release Products’: DN-to-Jy conversion
factor [Jy/DN] f(W1) = 1.935 x 1075, f(W2) = 2.7048 x 1079,
F(W3) = 1.8326 x 107, and f(W4) = 5.2269 x 107,

B.2. Error estimations

An estimate of the uncertainty for photometric fluxes can be
computed as follows:

| fBGsub |

O-reg—JZ( 2+ —),

where the region considered, A, defines a set of Ny pixels i,
corresponding to the aperture, o; is the standard deviation of
noise estimated from the background, in ADU (analog to digital
units), fiBGsub is the background-subtracted pixel value, and g;
the effective gain of the detector in electron/ADU. The left term
corresponds to detector noise, whereas the right term is associ-
ated with photon noise, considering the photon flux is following
Poissonian statistics. When available — for example in SDSS files
header — we added the dark variance o-ﬁ ark.i” in ADU.

Concerning GALEX, we use eq. B.1. In GALEX files, the
gain is taken to be g = 1 as they mention "counts" to be detected
photons. The intensity map (-int.fits) is in counts pix~' s7!,
so in order to handle solely counts, we computed uncertainties
using background-subtracted, corrected for Galactic extinction
count map (-cnt. fits). Only then we divided the uncertainties
by the relative response file (-rrhr. fits), which is the result
of sensitivity multiplied by the exposure time, to retrieve errors
in counts pix~! s~

Regarding uncertainty estimation for WISE files, we based
our estimations on their documentation® and our final estimate is

(B.1)

(B.2)

WISE _
Oreg = J Feorr [Z O-um + N_BGO- ]

with F.,,, is the correlated noise correction factor for flux vari-
ance, 0, flux uncertainty for pixel i from uncertainty map, and
Npg is the number of pixels in the area where background noise
o; is measured.

B.3. Integrated fluxes

See B.1. The corresponding SED fits to the listed fluxes inte-
grated in the two regions considered (global: 4 R,, and local:
PBCO) are shown in App C.

B.4. Galactic extinction
See Table B.2.

7 https://wise2.ipac.caltech.edu/docs/release/allwise/
expsup/

8 https://irsa.ipac.caltech.edu/data/WISE/docs/
release/Al1WISE/expsup/sec4_3a.html

Table B.1. Flux density values in all bands convolved for the two global
regions drawn in Fig. 2.

Band Fire  Fpco
mly mly
GALEX FUV 0.501 0.255
GALEX NUV 0.737 0.381
SDSS u 1.47 1.02
SDSS ¢ 550  3.84
SDSS r 10.6 7.40
SDSS i 15.6 10.9
SDSS z 19.3 14.0
WISE 1 21.3 15.3
WISE 2 13.0 9.98
WISE 3 58.8 43.7
WISE 4 84.6 56.7

Notes. The results for the fits where these flux were used as priors can
be found in Table 3. The typical uncertainty is 10%.

Table B.2. Galactic extinction values used for correcting the UV and
optical data.

Band A A,
A mag
GALEX FUV 1548 0.094
GALEX NUV 2303 0.101
SDSS u 3551 0.053
SDSS ¢ 4686 0.042
SDSS r 6166 0.029
SDSS i 7480 0.020
SDSS z 8932 0.015
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Appendix C: Integrated SED best fits
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Fig. C.1. Left: Best SED fit for the total flux of UGC 8179, output by CIGALE. Right: Best SED fit for the flux of UGC 8179, integrated in the
region of CO detection and output by CIGALE.

Appendix D: Resolved SFMS double fit and rMGMS counterparts
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Fig. D.1. Left: Resolved SFMS with two linear fits for high- and low-mass regimes respectively drawn as orange and purple solid lines. The
hatched region corresponds to the range of values contributing both to the high- and low-mass ODR fits. The shaded area represents the scatter of
the sole linear fit from the left panel of Fig. 7. Right: Resolved MGMS with the two linear predictions from the opposite SFMS fits represented
by the dotted orange and purple lines for the high- and low-mass regimes. The dotted purple line is a prediction of the rIMGMS at low surface
densities, below the molecular-to-atomic phase transition. The shaded area represents the scatter of the sole linear fit from the right panel of Fig. 7.
The rest of the legend in both panels is identical to the left and right-hand panels of Fig. 7.
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Appendix E: BPT diagrams

Under the assumption of photoionization as prevalent ionization mechanism, we employed the emission line diagnostics known
as BPT diagrams to classify star-forming, composite, LINER and Seyfert regions (see Baldwin et al. 1981; Kewley et al. 2001;
Kauffmann et al. 2003; Kewley et al. 2006) To maximize spatial coverage of the classification, we used relaxed S/N thresholds
(S/N(Ha)=3, S/N(HB)=2, S/N([NII])=3, S/N([SII])=2, S/N([OIII])=1) and omit the [OI]-based BPT diagram due to its limited
added value and weak [OI] signal. We show the NII- and SII-BPT diagrams in Fig. E.1, along with a mapping of the corresponding
classified pixels.

10
15 1 Ambiguous b
Seyfert
101 054 AGN
LINER star-forming
5 ‘composite
& 0.0
3 0 Seyfert =
g S
s 2 s star-forming LINER
Comp \
i \
-10 \
-1.04 !
-15 SF \
i
T T T 15 II
-10 0 10 S12 10 -08 -06 -04 -02 00 02 04 -2 -10 -08 -06 -04 -02 00 02 04
arcsec log(INII/Ha) log([SI)/Ha)

Fig. E.1. Left: Mapping of the BPT classification within the MaNGA FoV. Middle: Corresponding NII-BPT diagram. Right: Corresponding
SII-BPT diagram.

Appendix F: Resolved KS with varying aco
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Fig. F.1. Top left: Resolved Kennicutt-Schmidt relation with varying aco. The thick solid gray line corresponds to the ODR fit in the middle panel
of Fig. 7, using a metallicity-dependent aIé’ISNGA. The dashed pink (yellow) line represents the fit to the data computed using a constant aco = 3.0
(4.3). The corresponding data points to each linear fit are only the unhatched pixels above the 40 detection threshold. Bottom left: Residuals with
respect to the results shown in Sec. 4, with @MaNGA. Right: Radial profiles of aco for the three prescriptions.
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Appendix G: Comparison studies

Table G.1. Sample properties from comparison studies.

Ref. Z # of sources Mass Morpho. Other citeria aco
M, M, (K km s~! pc?)~!
A22 0.001 < z < 0.005 10 10%7 < M, < 102 Spirals e < 0.6 and b/a > 0.4 4.35
E21¢ 0.02 < z<0.05 28 10" <M, < 10'3 SF spirals 4.3
L19¢ z7~0.03 14 10'° < M, < 1015 SF spirals 10795 < sSFR < 1073 43
CD19” 0.01 <z<0.15 1754 (459 LTGs) 10° <M, < 10"? all i<60° -
Q21¢ 7 5 0.004 74 10°% <M, < 10'"*  SF spirals? 435x 7710

Notes. @ The parent sample is ALMaQUEST. ® The parent sample is MaNGA MPL-5. ) The parent sample is PHANGS. © Q21 specify the
presence of both late- and early-type spirals, along with a few lenticular (S0) and irregular galaxies.
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