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2.1. CALIFA data

CALIFA is an integral field spectroscopy (IFS) optical survey
that imaged more than 1000 galaxies (667 included in the data
release 3, and 416 in the extended sample) using the PMAS/PPak
integral field unit instrument mounted on the 3.5m telescope of
the Calar Alto Observatory (Sdnchez et al. 2012, 2016a; Lacerda
et al. 2020). The CALIFA sample is drawn from the Sloan Digi-
tal Sky Survey (SDSS, York et al. 2000) to reflect the present-day
galaxy population (0.005< z <0.03) in a statistically meaning-
ful manner (log(M. /[Mg])=9.4-11.4; E to Sd morphologies, in-
cluding irregulars, interacting, and mergers; Walcheretal. 2014;
Barrera-Ballesteros et al. 2015). Here we consider the galax-
ies observed with the low-resolution (V500) setup which covers
between 3745-7500 A with a spectral resolution FWHM=6 A.
CALIFA datacubes possess a spatial resolution of FWHM~ 2.5
arcsec (Garcia-Benito et al. 2015). Given the limits on the red-
shift, CALIFA allows the study of galaxies on kpc-scale. Addi-

Using this method we derive a median pu.,,, =
3.93 M, (Kkms~! pe?)~! with an inter-quartile range o, |, =
2.04M; (Kkms~'pc?)™! for the new dataset observed with
APEX. In contrast, for the CARMA dataset we ob-
tain ruﬂ'(xm-m.h = 2?61\'10 (Kkm S_I pCE)—I and Tacon-op =
1.23M, (Kkms™'pc?)™!. Those values are few times lower
than the canonical acoi-0) = 4.35Mg(Kkms™' pe?)~! and
acoe-1 = 6.21 My (Kkms™ pc?)~! of the Milky Way, possibly
due to the fact that the stellar mass surface density in the centre
of our sample galaxies (which extend to massive red sequence
galaxies) is typically higher than in the Milky Way or generally
star-forming galaxies, while the gas-phase metallicity of most of
our galaxies is close to solar.

3.4. IFS-derived parameters

For the purpose of this work, we make use of both nebular lines
as well as stellar continuum derived maps provided by CALIFA
data. In particular we use Her, HB, [OIII] A5007, [NII] 46583 flux
maps, Fua, Fug, Fiomn, Finug. respectively: the He equivalent
width, Wy, and the stellar mass surface density maps.

We calculate the extinction-corrected star formation rate
(SFR) spaxel-by-spaxel using the nebular extinction based on
the Balmer decrement:

Kl—hr Ha
% | 8
03— ) Dg(z.ssFHﬁ)’ (8)

where the coeflicients Ky, = 2.53 and Ky = 3.61 follow
the Cardelli et al. (1989) extinction curve (see also Cataldn-

Torrecilla et al. 2015).
The SFR ig then eomnnted as:

Kennicutt(1998)

Apq [Mag] =
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Fig. 1. Star formation rate vs stellar mass integrated over each galaxy,
comparing the distributions of galaxies from the CARMA and APEX
subsets and the remaining CALIFA galaxies. The star formation main
sequence is indicated using the Cano-Diaz et al. (2016) fit (full black
line) with its confidence level (dotted black lines). The diagram is
zoomed-in to emphasise the CARMA and APEX coverage. The ex-
tended CALIFA sample has SFR=10"%% — 10°”*M,yr! and M, =
1077 — 1014 M, however only a few objects have star formation rates
and stellar mass outside the range shown in the figure.
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2.2. APEX observations and survey goal

We observed the 2CO(2-1) emission (rest frequency, vizcoa+) =
230.538 GHz) from 296 galaxy centres and 39 off-centre posi-
tions. In this paper, we present only the centre observations. The
project was carried out with the APEX 12 m sub-millimetre tele-
scope (Giisten et al. 2006) in ON-OFF mode using the wobbler
(which ensures stable baselines), and the PI230 receiver which
operates in the 1.3 mm atmospheric window. Galaxies have been
observed across two projects M9518A_130 and M9504A_104
(PI: D. Colombo) which allocated 180 and 205 hours in the
summer and winter semesters 2019, respectively, for a total of
approximately 385 hours which include calibrations, additional
overheads, and further test observations. All galaxies have been
drawn from the CALIFA extended sample, with the only require-
ment to be accessible by APEX, 1.e. all galaxies in the sample
have declination < 30°.

The APEX resolution at 230 GHz is 26.3 arcsec. The median
ratio of the beam radius to the effective radius of the full sample
of galaxies is 1.12, with an inter-quartile range of 0.60. These do
not change much if we consider only the face-on targets (with
an inclination less than 65°). This means that, on average, the
APEX beam covers roughly half of the radial extent of the CAL-
IFA maps (see Section 2.1 and Fig. 2).
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Fig. 3. SFR-M. diagrams integrated over the CALIFA FoV, colour-coded by the median of the following quantities calculated in the APEX beam
as described in the text: (a) median Ho equivalent width ({ Wi, s). (b) molecular gas mass (Maan). (c) star formation efficiency (SFEy) and (d)
fraction of molecular gas with respect to the stellar mass ( f,.5). The solid black line indicates the star formation main sequence fit by Cano-Diaz
et al. (2016) with its confidence level (dotted lines). The green dashed line is 3o (06 dex) below the SFMS fit, which we assume indicates the
start of the “green valley™. In each panel, circles indicate CO detections (SNR=3), and triangles non-detections (SNR<3). In panel ¢, unfilled
symbols show data with SFE~ 0 (i.e. SFR~ 0) within the APEX beam aperture (see text for further details), The squares illustrate the position
of the average M, and SFR at four different percentile ranges of the colouring parameter (<235%, 25-50%, 50-75% and >75%), with their colours
indicating the average value at each percentile range. The error-bar in the bottom-right of each panel shows the average ermors of the reported
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Fig. 4. Offset from the main sequence for a galaxy (ASFMS,) versus star formation efficiency (SFE,, panel a) and versus the molecular gas
fraction inside the APEX beam ( fiyan. panel B) colour-coded by the median Her equivalent width ({ Wy, 1) within the APEX beam aperture, In
the two panels, circles represent CO detections (SNEz 3), while trangles indicate CO upper limits (SNR< 3). Error-bars at the bottom-right of
cach figure represent the typical uncertainties of the represented parameters. The two sub-samples include galaxies largely retired in the centre
(Wi pr < ﬁ.sn}, or dominated by star formation ({ Wy, p) > ﬁﬁu}i following the results of Fig 3. The squares represent the median values of the
represented parameters for the two sub-samples, while the ellipses comrespond o the shape of the distribution derived using the PCA analysis
described in the text, and contain approximately 1 and 2o of the data within the two sub-samples. Dotted-line ellipses are obtained incleding only
CO detections, while solid-line ellipses comespond o the full sample (which also includes CO upper limits). Due to the different dynamical range
of the x- and y-axes, some ellipses could result distorted, therefore the dashed coloured lines clarify the principal component direction for the full
sub-samples. In the legend, the formulas indicate the linear fits derived from the two sub-samples using the PCA analysis, and r, the respective

Pearson correlation coefficients. Panels ¢, . and e show the histogram distributions of ASFMS,, SFE;, and fuas. respectively colonr-encoded by
the averace WS % 1n each i The dashed lise indieates the median of the dictabntiaa (o3 while the doited hines the interanaciile fanee (1 The
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Figure 4. Left: the spectra extracted for the disc (blue), bulge (red) and lens (green) components in CCC 137, plotted relative to the total flux of the galaxy
within the FOV of the datacube. The purple line represents the combined bulge+disc+lens+sky spectrum, superimposed upon the integrated spectrum of the
galaxy in black, and the dark and light grey lines represent the residuals from faint asymmetric features and background objects and the sky background
respectively. Right: a zoom-in of the normalised bulge, disc and lens spectra over the spectral region marked by the grey band on the left plot, showing the
differences in the line strengths over the Mgb and Fe absorption lines.
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