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1 INTRODUCTION
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ABSTRACT

We study quenching in seven green valley galaxies on kpc scales by resolving their
molecular gas content using 2CO(1-0) observations obtained with NOEMA and
ALMA, and their star-formation rate using spatially resolved optical spectroscopy
from the MaNGA survey. We perform radial stacking of both datasets to increase
the sensitivity to molecular gas and star formation, thereby avoiding biases against
strongly quenched regions. We find that both spatially resolved gas fraction (fg) and
star formation efficiency (SFE) are responsible for quenching green valley galaxies at
all radii: both quantities are suppressed with respect to typical star-forming regions.
foas and SFE have roughly equal influence in quenching the outer disc. We are, however,
unable to identify the dominant mechanism in the strongly quenched central regions.
We find that f,,s is reduced by ~ 1 dex in the central regions, but the star formation
rate is too low to be measured, leading to upper limits for the SFE. Moving from the
outer disc to central regions, the reduction in fg, is driven by an increasing X, profile
rather than a decreasing Xy, profile. The reduced fy,s may therefore be caused by a
decrease in the gas supply rather than molecular gas ejection mechanisms, such as
winds driven by active galactic nuclei. We warn more generally that studies investi-
gating fy,s may be deceiving in inferring the cause of quenching, particularly in the
central (bulge-dominated) regions of galaxies.

Key words: Galaxies: evolution, galaxies: star formation, galaxies: general

models (e.g. ram-pressure stripping, e.g. Kenney et al. 2004)
can be tested against inside-out models (e.g. feedback from

Star forming and passive galaxies differ in key properties,
such as colour, morphology, and star formation rate (SFR,
Strateva et al. 2001; Springel et al. 2004; Baldry et al. 2004;
Renzini & Peng 2015). Galaxies in the green valley (GV)
region of the colour-magnitude diagram have intermediate
properties and the majority of these are thought to be tran-
sitioning from being blue and star-forming to red and passive
(Wyder et al. 2007; Martin et al. 2007), a process commonly
referred to as quenching.

The advent of large optical integral field unit (IFU) sur-
veys is enabling spatially resolved studies of the physics gov-
erning galaxy quenching. For example, outside-in quenching
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active galactic nuclei [AGN], e.g. Fabian 2012) by resolving
the spatial distribution of star formation. One such study of
spatially resolved star formation demonstrated that massive
GV galaxies host central low-ionisation emission-line regions
(cLIERs, Belfiore et al. 2017). These cLIER galaxies form
stars in their outer discs, but their central emission is dom-
inated by old stellar populations, indicating a lack of recent
star formation. Belfiore et al. (2018) found that, although
the quenching is most extreme in the central regions, star
formation is suppressed at all radii: quenching does not sim-
ply occur inside-out.

Data from IFUs and sub-mm interferometers, with
matched kpc-scale spatial resolution, can be combined to
investigate the conversion of gas into stars, a process that is
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governed on local, spatially resolved scales (Schinnerer et al.
2019). The ALMA-MaNGA QUEnching and STar formation
(ALMaQUEST) project is one of the first resolved studies
to systematically investigate galaxies across the Y, — Xgpr
plane at z ~ 0 (Lin et al., in prep). Lin et al. (2019) use a
sample of star-forming ALMaQUEST galaxies to calibrate
three resolved relationships: the spatially-resolved star for-
mation main sequence (rSFMS; X, — Xgpr) (e.g. Cano-Diaz
et al. 2016), the molecular gas main sequence (rMGMS,
Yi —Xh,), and the Schmidt-Kennicutt star formation law
(rSK, X, — Xspr) (Kennicutt, Jr. 1998). Offsets from these
relationships can therefore be used to quantify quenching in
the GV on kpc-scales.

In this letter we investigate quenching of star formation
by comparing the distribution of molecular gas and star for-
mation in a sample of seven massive GV galaxies. Five galax-
ies were selected to lie in the GV in NUV — r colours (4 <
NUV-r < 5), to have large central 4000 A breaks (indicative
of the old central stellar populations found in bulges), not
to host a Seyfert AGN, and to have axis ratios larger than
0.5 to avoid inclination effects. The large selected central
4000 A breaks are representative of massive (My > 101M¢)
GV galaxies, lying within 1 o of the population mean. We
also reanalyse two GV galaxies without AGN from the Lin
et al. (2017) ALMaQUEST pilot study. This work uses a
larger sample size than the pilot study, and performs a ra-
dial stacking analysis to avoid biases due to non-detection of
either SFR or molecular gas tracers. We assume a Kroupa
(2001) IMF and ACDM cosmology throughout, with Hy =
70 km s~! Mpc~!, Qup = 0.3 and Q5 = 0.7.

2 DATA
2.1 MaNGA integral field spectroscopy

Mapping Nearby Galaxies at Apache Point Observatory
(MaNGA) is an IFU survey targeting 10,000 nearby galax-
ies (z~0.03, Bundy et al. 2014; Yan et al. 2016). Mounted on
the SDSS 2.5 m telescope (Gunn et al. 2006), the IFU sys-
tem simultaneously targets 17 galaxies, covering them out
to at least 1.5 effective radii (Re). The fibres are fed into the
BOSS spectrographs (Smee et al. 2013), which fully cover
the wavelength range 3600-10000 A with spectral resolution
R~2000. Reduced data cubes have 0.5 arcsec spaxels and a
spatial resolution (full width at half maximum) of 2.5 arcsec
(Yan et al. 2015; Law et al. 2016). The MaNGA data used
in this work is taken from data release 15 (Aguado et al.
2019).

We analyse the data both spaxel-by-spaxel and in bins
of deprojected radius, generated using the position angles
and inclinations from the NASA-Sloan catalogue (Blanton
et al. 2011), derived from SDSS photometry. The spaxel-by-
spaxel analysis is used to obtain an initial view of the data
(as shown in Fig. 1) and to obtain the velocity field used to
stack spectra in radial bins. We describe the stacking analy-
sis in detail below since it forms the basis of our result. The
spaxel-by-spaxel analysis follows roughly the same steps.

We first recenter and coadd the spectra of spaxels in
bins of width 0.25 R using the Ha velocity field from the
data analysis pipeline (DAP) v2.2.1 (Westfall et al. 2019;
Belfiore et al. 2019). We construct a grid of 72 simple stellar

population (SSP) templates spanning 12 ages (0.001 to 15
Gyr) and six metallicities ([Z/H] = -2.0 to 0.0) using the
PEGASE-HR code (Le Borgne et al. 2004) together with the
Elodie v3.1 stellar library (Prugniel & Soubiran 2001; Prug-
niel et al. 2007), and then use penalised pixel fitting (PPXF,
Cappellari & Emsellem 2004; Cappellari 2017) to simulta-
neously fit the gas and stellar emission whilst assuming a
Calzetti (2001) attenuation curve. We refit the spectra af-
ter adding noise, producing a distribution of 1000 estimates
for the emission line fluxes and the mass in each SSP tem-
plate. We have checked that the Ha fluxes obtained in this
way are consistent with those obtained by summing the in-
dividual spaxel flux estimates from the DAP. The Ha flux
is corrected for dust extinction using the theoretical case B
Balmer ratio (He/HB = 2.87) and the Calzetti (2001) at-
tenuation curve with Ry = 4.05. XgpRr is derived from the
extinction-corrected Ha flux using the Kennicutt & Evans
(2012) calibrations for a Kroupa (2001) IMF for spectra clas-
sified as star-forming in the [S11]16717,31/He ([S11]/Ha) ver-
sus [Om1]A5007/HB ([On1]/HB) Baldwin-Phillips-Terlevich
(BPT) diagram (Baldwin et al. 1981; Veilleux & Osterbrock
1987). We have checked that the radial and spaxel-by-spaxel
BPT classifications are consistent; less than 10 per cent of
the spaxels in LIER radial bins are star forming.

Y, is estimated from the average reconstructed star for-
mation history in each spaxel, defined as the mean mass over
all MC runs in each age slice. We correct Z, for the mass
fraction returned to the ISM. In regions which are BPT-
classified as LIER we also use the SSP analysis to test for
the presence of young stars. We define Xgpr in LIER regions
as the average rate of star formation in the last 10 Myr,
consistent with the star formation timescale probed by Ha
(Kennicutt & Evans 2012). We define a conservative sensitiv-
ity limit to young stars using the 10® percentile of spatially
resolved sSFR for all annular fits with non-zero weights for
young stars: log(sSFR/yr™!) ~ —12. We choose an sSFR
limit, rather than Xgggr, since the sensitivity to young stars
is strongly affected by the total mass budget. The sensitivity
limit is combined with X4 to place constraining upper limits
on XgpRr in annuli lacking evidence of recent star formation.

2.2 CO(1-0) data

12C0(1-0) observations have been performed for a sample
of five galaxies using the NOrthern Extended Millimeter Ar-
ray (NOEMA). Each galaxy was observed for ~5.5 hr to-
tal on-source time in two array configurations: C (observed
June-July 2017, typically with 10 < precipitable water va-
por (PWV) < 15mm) and D (observed April 2018, typi-
cally with 5 < PWV < 10mm). Data reduction and imaging
are performed using the GILDAS software packages CLIC and
MAPPING. The absolute flux calibration at ~100 GHz is typ-
ically precise to better than ~10 per cent. Dirty cubes with
channel widths of 10.7 km s~ are produced using natural
weighting and cleaned down to the 1o noise level using the
Hoégbom deconvolving algorithm (Hégbom 1974). The beam
sizes are generally well-matched to the the MaNGA point
spread function (PSF), except for 8604-12701 whose beam
size is slightly larger due to a pointing error during the April
2018 observations (see Table A1 in the online supplementary
material). 8604-12701’s wide (3.1 arcsec) 0.25 R radial bins
ensure that the stacked NOEMA and MaNGA data probe
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similar spatial scales, so we do not attempt to match the
resolution in this galaxy.

The 12C0O(1-0) flux in each pixel is estimated by inte-
grating across the set of adjacent channels that maximises
the signal-to-noise ratio (SNR), where the noise level is
given by the root-mean-square flux of channels more than
~350 km s~! offset from the emission line centroid. The flux
in spaxels with SNR below five is set to the 50 detection
limit. We show an example of the maps obtained in this way
in Fig. 1.

We base the analysis in this paper on radially-stacked
profiles. In particular, we use the Ha velocity field from the
DAP to coadd the NOEMA spectra of spaxels within annular
bins of width 0.25 Re, and we measure the line flux by inte-
grating across the channels above the 1o noise level. Recen-
tering the 12CO(1-0) emission line ensures that the coadded
spectrum has a single peak rather than a double-horned pro-
file and increases the SNR of the emission (See Fig. C1 in the
online supplementary material). A standard Milky Way CO-
to-Hy conversion factor (acg) of 4.3 Mg (K km s~ pe?)~!is
used to calculate the Hy mass surface density (Xp,) (Bolatto
et al. 2013).

For the two galaxies observed by ALMA and presented
in Lin et al. (2017) (see bottom two rows of Table A1 in the
online supplementary material), we follow the same analysis
procedure as for our new NOEMA targets.

3 RESULTS

Quenching is the suppression of star formation (often quan-
tified by sSFR = Ygpr/X«, with ‘quenched’ regions having
sSFR ~ 10712 yr_l7 consistent with the population of pas-
sive galaxies) and can occur because of a reduced molecular
gas content, often quantified in terms of gas fraction fgas =
YH,/Xx, and/or star formation efficiency SFE = Ygpr/XH,,
where

log(sSFR) = 1og(SFE) + log(fgas)- (1)

In this framework, a reduction in SFE probes quenching
through inefficient conversion of gas into stars while low fgas
signifies quenching through a depleted gas reservoir. We note
that sSFR, SFE, and fgas denote spatially resolved quantities
unless otherwise stated.

In Fig. 1 we show maps of SFE and fgas for galaxy 8550-
12704. We show maps obtained by deriving physical prop-
erties on spaxel-by-spaxel basis purely for display purposes.
All the results presented later in this section are based on
binning in radial annuli. Fig. 1 demonstrates the centrally-
suppressed sSFR typical of GV galaxies, and a central de-
crease in both fgas and SFE. The other six galaxies show
qualitatively similar trends (see section B of the online sup-
plementary material).

3.1 Radial Profiles

Fig. 1 highlights the limitations and challenges of a fully
resolved analysis: we obtain a biased view of the galaxy by
restricting our analysis to pixels where one of the two key
tracers (SFR or My, ) is well-detected. For example, low-
foas regions may be hidden in Fig. 1 because of molecular
gas non-detections. We therefore derive radial profiles based

MNRAS 000, 1-?7 (2018)
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Figure 1. Resolved maps of galaxy 8550-12704. a) SDSS g,r,i
composite images. b) BPT classification, where blue, red and yel-
low correspond to star-forming, Seyfert and LIER, respectively,
and the ellipse represents the MaNGA PSF. ¢) Xgpr estimated us-
ing the Ha flux and full spectral fiting. d) X, from spectral fitting.
e) Ly, from NOEMA 12CO(1-0) observations, with the ellipse in
the lower left corner representing the synthesised beam. f) sSFR.
g) fgas. h) SFE. The magenta hexagon in all panels represents the
MaNGA FoV. Hatching in panels c, d and f indicates regions with
no evidence of recent star formation, either in emission lines or
young SSP templates, where we use our sSFR detection limit to
constrain YgpR.

on the annular-averaged spectra described in the previous
section to get a comprehensive view of GV galaxies.

Fig. 2 shows radial profiles of sSFR, fgs and SFE for
the galaxies in our sample. The radial bins have widths of
0.25 Re, which corresponds approximately to the sizes of
the MaNGA and NOEMA beams. 7977-3704 is an excep-
tion, where 0.25 Re only corresponds to half the size of the
NOEMA /MaNGA beam. The radial bins in this galaxy are
therefore not independent, and the profiles are better viewed
as moving averages.

sSFR profiles are consistent with previous GV studies
(e.g. Spindler et al. 2018; Belfiore et al. 2018): the sSFR
shows a clear decrease moving from the outer to the inner
regions, most of which is driven by the increase in X4 in the
central regions. We also find that the SFE shows a radial gra-
dient, being lower at smaller galactocentric distances. This
suggests that the decreasing sSFR is not only due to a stellar
bulge. Rather, star formation is being suppressed. In agree-
ment with Lin et al. (2017), we observe reduced gas fractions
in the central regions of GV galaxies with respect to their
outskirts. The reduction is very significant (1 dex on aver-
age), except in 7977-12705. In this galaxy the central star
formation is at least partially driven by a large gas reservoir.
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Figure 2. Radial profiles of sSFR (panel a), fgs (panel b) and
SFE (panel ¢) for each galaxy and the sample mean (solid blue
profiles). Many of the central annuli have no signs of recent star
formation, so we use the log(sSFR/yr™!) ~ —12 detection limit. The
Yy, radial profiles in panel d) show that central suppression of
fgas is not driven by a depleted gas reservoir.

It is difficult to infer the full extent of any central sup-
pression in SFE since our sSFR detection limit leads to Xgpr
upper limits which are not strongly constraining in the high
Y, central regions. In fact, the central SFE upper limits are
consistent with a relatively flat profile as well as a rapidly
decreasing efficiency at small radii. Nonetheless, star forma-
tion tends to be less efficient at small galactocentric radii,
and this effect compounds the reduction of fgys to leave cen-
tral regions quenched i.e. sSFR ~ 10712 yr~1.

Assuming a metallicity-dependent @cg conversion fac-
tor in the presence of a metallicity gradient would reduce
the measured central gas densities, thereby steepening ra-
dial profiles of fgys whilst flattening those of SFE. In the
outer, star-forming regions, where the gas phase metallicity
can be measured using standard diagnostics (here we use the
O3N2 calibration from Pettini & Pagel 2004), the metallicity
profiles are flat (8.6 < 12 + log(O/H) < 8.8) with 1o- scatter
smaller than 0.05 for all seven galaxies. Assuming the metal-
licity profiles remain flat in the LIER regions, where the
metallicity cannot be directly measured, we expect acg vari-
ations smaller than ~ 0.1 dex using the metallicity-dependent
conversion factor adopted in Sun et al. (2020). This is insuf-
ficient to alter the trends shown in Figs. 2 and 3.

3.2 What is driving the reduced sSFR in GV
galaxies?

We have shown that fgas and SFE vary within GV galaxies
and that both effects drive reductions in sSFR. The key goal
of this work is, however, to investigate the transition from
the star-forming main sequence to the GV, and understand

why GV galaxies form fewer stars than their star-forming
counterparts. We therefore examine offsets from three re-
lationships connecting X, Xgrr and Xy, in MS galaxies on
kpc scales, i.e. the rSFMS, rMGMS and rSK (Lin et al. 2019)
(Fig. 3). We correct for the different IMF used in Lin et al.
(2019) (Salpeter) when calculating the offsets.

GV galaxies lie below the rSFMS at all radii, but the
difference is largest inside 0.5 Re, where the LIER regions
form stars ~100 times more slowly than star-forming regions.
This is partially explained by offsets from the rMGMS: for
the same X4, the gas fraction is slightly reduced in the disc
but ~10 times lower in the inner bulge (relative to the gas
fraction found in typical annuli in star-forming galaxies).
These offsets are at least partially driven by the growth of
the central bulge and may not be associated with a change
in the gas content of the disc. We also observe offsets from
the rSK, and a mild radial trend. In particular, the efficiency
of forming stars relative to normal star-forming galaxies also
decreases with decreasing galactocentric radius. As with pro-
files of SFE, much of the suppression lies below the detec-
tion limit. Nonetheless, we demonstrate that the efficiency
of star formation at the centre of GV galaxies is generally
three times lower than expected from the rSK, and some
galaxies are up to 10 times less efficient. This confirms that
the offset from the rSFMS is not only caused by the growth
of the central bulge and that star-formation is suppressed at
the centres of GV galaxies.

The bottom row in Fig. 3 compares offsets from the
rMGMS and rSK relationships and enables a ranking of the
two drivers: which is more significant for quenching star for-
mation? Neither factor dominates beyond ~0.6 Re, and we
conclude that changes in the gas reservoir and efficiency are
equally responsible for reduced star formation in the disc.
Offsets from the rMGMS appear to dominate in the central
regions, but the full extents of the corresponding offsets from
the rSK are unconstrained. We are therefore unable to rank
the two drivers in these regions.

We review the offsets from the rMGMS and rSK for all
annuli in Fig. 4. The majority of data points lie in the bot-
tom left quadrant with suppressed gas reservoirs and star-
forming efficiencies. Small galactocentric radii have signifi-
cantly suppressed gas fractions and star formation efficien-
cies, but the upper limits on A;gg highlight our inability to
identify the dominant mechanism. Whilst these data points
generally lie below the 1:1 line where suppression of the gas
reservoir dominates, our data is also consistent with the re-
markable scenario in which GV galaxies are predominately
quenched through reduced SFE.

4 SUMMARY AND DISCUSSION

We investigated the spatial distribution of molecular gas
and star formation on kpc scales within GV galaxies. We
find that both fgas and SFE drive quenching. In particular,
they are roughly equally responsible for quenching star for-
mation in the outer disc. We are unable to determine the
dominant mechanism in the central, strongly quenched re-
gions, because of the difficulty to measure low levels of star
formation, below roughly log(SFR/yr~!) ~ —12; but the data
demonstrates that both fgas and SFE certainly contribute.
Our analysis is consistent with the results of global stud-
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Figure 3. Radial profiles of offsets from the main sequence rela-
tionships presented in (Lin et al. 2019): Offsets from the rSFMS
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fore dimensionless. Panel d, Ajvgms — Arsk, compares offsets from
the rMGMS and rSK to rank the two drivers.
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Figure 4. A comparison of offsets from the rMGMS and rSK for
all annuli in the sample, colour-coded by galactocentric radius.
The Aivgms = Arsk line is shown in orange.

ies in which SFE and fgys both regulate sSFR (Saintonge et al.
2011b,a, 2017; Huang & Kauffmann 2014; Piotrowska et al.
2019; Zhang et al. 2019). Although fg, is the main driver
of offsets from the global MS (Saintonge et al. 2012), the
distribution of galaxies in the SFR — M, plane also depends
on variations in SFE (Saintonge et al. 2016). Our resolved
analysis is consistent with fgas driving quenching in the cen-
tral regions of GV galaxies, but we have not ruled out a
scenario in which SFE is significantly suppressed and is the
main cause of quenching.

MNRAS 000, 1-?7 (2018)
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A number of mechanisms may reduce the central fgys.
The SIMBA hydrodynamical simulation requires an AGN
ejective mode to reproduce the central suppression in sSFR
observed in GV galaxies, a success other simulations like 1L-
LUSTRIS and EAGLE have not yet achieved (Appleby et al.
2020). However, quenching in SIMBA is driven by fgas in in-
ner regions and SFE in the outskirts. This is inconsistent
with our findings. From an observational perspective, whilst
it is natural to invoke large scale AGN-driven outflows to
expel gas and reduce fgys (Maiolino et al. 2012), molecular
outflow velocities are generally found to be below the es-
cape velocity, therefore raising doubts about their quench-
ing ability (Fluetsch et al. 2019). Furthermore, much of the
suppression in fgys is driven by the large central bulge rather
than reduced gas content (Fig. 2 panel d). Radial profiles
of Xy, tend to increase slightly with decreasing galactocen-
tric radius. This may point towards preventive, rather than
ejective feedback. Star-forming galaxies, with their centrally
elevated Yggr, will subsequently build up their central X,
decreasing fgas. Thus centrally suppressed fgas may simply
be a consequence of star formation in a galaxy starved of its
gas supply.

AGN may also suppress SFE by injecting thermal en-
ergy directly into the ISM and supporting molecular clouds
against gravitational collapse. Magnetic fields and turbu-
lence may provide alternative sources of pressure support
(Federrath & Klessen 2012). Finally, the galaxies in our
sample have prominent bulges, which may support the disc
against gravitational instabilities and suppress SFE (Martig
et al. 2009).

James et al. (2009) discuss the possibility of bars sweep-
ing out ‘star formation deserts’, often accompanied by ex-
cess star formation at the centre of the bar. 7977-12705 and
7990-12704 show the clearest evidence of bars in our sam-
ple, and both have the largest central sSFR (Fig. 2). Whilst
these central regions have SFE consistent with the other five
galaxies, they have increased fgas, supporting a scenario in
which bars encourage the inflow of gas towards a galaxy’s
centre (Regan & Teuben 2004).

It is tempting to assess the two drivers, fgas and SFE,
by comparing their correlations with sSFR (Lin et al. 2017;
Ellison et al. 2020). This approach runs into two potential
issues. Firstly, it relies on constraining all parameters (sSFR,
fgas and SFE) throughout the galaxy. Lin et al. (2017), on
the other hand, only consider star-forming regions that have
emission line and 12CO(1-0) fluxes exceeding the detection
limits. This biases the results towards less quenched regions.
Though we have improved the analysis by constraining all
radii, some measurements of SFE are upper limits that can-
not trivially be included in a correlation analysis. Secondly,
the three derived parameters actually rely on only two inde-
pendent measurements: sSSFR and SFE both include a Ygpg
term, and sSFR and fg,s both include a X4 term. Strong cor-
relations are therefore to be expected. In fact, the strength of
the correlation increases as the confounding measurements
become more noisy. Correlation analyses should therefore be
treated with caution.

In the near future the ALMaQUEST sample will be fur-
ther expanded, allowing the study of secondary correlations
(e.g. the role of stellar mass). HCN observations will also be
forthcoming, aimed at directly investigating the true site of
star formation: dense molecular gas (Gao & Solomon 2004).
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APPENDIX A: GLOBAL GALAXY
PROPERTIES

APPENDIX B: SPATIALLY RESOLVED MAPS

In Figs. B1, B2, B3, B4, B5 and B6 we show the following
maps: a) SDSS g,7,i composite images. b) BPT classifica-
tion, where blue, red and yellow correspond to star form-
ing, Seyfert and LIER, respectively, and the ellipse repre-
sents the MaNGA PSF. ¢) Xgpr estimated using the Ha
flux and full spectral fiting. d) X, from spectral fitting. e)
Xy, from NOEMA 12CO(l-O) observations, with the ellipse
in the lower left corner representing the synthesised beam.
f) sSFR. g) fgas. h) SFE. The magenta hexagon in all panels
represents the MaNGA FoV. Hatching in panels c, d and f
indicates regions with no evidence of recent star formation,
either in emission lines or young SSP templates. We use our
sSFR detection limit to constrain Ygpr in these regions.

APPENDIX C: RADIALLY BINNED 12CO(1-0)
SPECTRA

Fig. C1 shows stacked "2CO(1-0) spectra within six 0.25 Re
radial bins for each of the seven green valley galaxies. Re-
centering in each spaxel using the He velocity field from the
DAP increases the SNR of the 12CO(1-0) flux within each
channel. This effect of removing the double-horn profile is
well demonstrated in galaxy 7977-12705. In each panel we
show the SNR of total 12CO(1-0) line flux. The 8604-12701
[1.25,1.50] Re bin is the only one with SNR below five and
is removed from the analysis.
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Table Al. Properties of the galaxies observed with NOEMA (top five rows) and ALMA (bottom two rows). Stellar masses, SFR and
molecular gas masses are calculated within the MaNGA FoV.

Plate-IFU R.A. DEC Redshift Re log(M—g) log( Mil;il) log(l\li[,[—]'g) Beam Size 1o noise
(kpc) (arcsec x arcsec)  (mJy beam~! channel™!)
7990-12704  17:29:56.64  58:23:50.68  0.02682 5.36 10.29 -0.48 8.98 (2.46 x 2.04) 0.80
8252-12702  09:42:07.39  48:09:17.54  0.03367 5.71 10.90 -0.51 9.08 (2.68 x 2.17) 0.73
8604-12701  16:23:32.74  39:07:15.91 0.03504 8.70 10.85 -0.11 9.42 (3.61 x 2.80) 1.10
8550-12704  16:28:14.01  40:18:49.84  0.03311 6.06 10.66 -0.15 9.38 (2.54 x 2.36) 0.78
8313-12705  16:10:43.81  41:08:54.82 0.03154 6.05 10.93 -0.13 9.44 (2.51 x 2.35) 0.81
T977-12705  22:11:34.27  11:47:45.24  0.02695 4.77 10.68 0.31 9.70 (2.80 x 2.36) 0.64
7977-3704 22:11:11.70  11:48:02.64 0.02702 2.16 10.21 -0.56 8.88 (2.64 x 2.34) 0.76
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Figure C1. Stacked 12CO(l—O) in radial bins of width 0.25 Re, with the radial bins [0, 0.25] Re shown in the top row and [1.25, 1.5] Re in the bottom row. The blue spectra are achieved
by coadding the spectra of the spaxels within each radial bin, whilst the orange spectra are found by recentering the spectra within each spaxel (using the Ha velocity field from the
DAP) before coadding. The shaded yellow areas represent the regions of the orange spectra used for estimating the 12CO(1-0) line flux. The dotted green lines mark the lo- scatter in

the line-free channels. This is the noise level used to calculate the SNR.
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