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ABSTRACT

In this work, we make use of available integral field unit (IFU) spectroscopy and slit spectra of several nearby galaxies. The pre-
existing empirical R and S calibrations for abundance determinations are constructed using a sample of HII regions with high-
quality slit spectra. In this paper, we test the applicability of those calibrations to the IFU spectra. We estimate the calibration-based
abundances obtained using both the IFU and the slit spectroscopy for eight nearby galaxies. The median values of the slit and IFU
spectra-based abundances in bins of 0.1 in fractional radius R, (normalised to the optical radius R»s) of a galaxy are determined and
compared. We find that the IFU and the slit spectra-based abundances obtained through the R calibration are close to each other;
the mean value of the differences of abundances is 0.005 dex, and the scatter in the differences is 0.037 dex for 38 datapoints. The S
calibration can produce systematically underestimated values of the IFU spectra-based abundances at high metallicities (12 + log(O/H)
>8.55); the mean value of the differences is —0.059 dex for 21 datapoints, while at lower metallicities the mean value of the differences
is —0.018 dex and the scatter is 0.045 dex for 36 data points. This provides evidence that the R calibration produces more consistent
abundance estimations between the slit and the IFU spectra than the S calibration. We find that the same calibration can produce close
estimations of the abundances using IFU spectra obtained with different spatial resolution and different spatial samplings. This is in
line with the recent finding that the contribution of the diffuse ionised gas to the large-aperture spectra of HII regions has a secondary

effect.
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1. Introduction

Investigating the relations between gas-phase abundances and
other characteristics of galaxies is very important for our under-
standing of the (chemical) evolution of galaxies. In addition to
the obtained relations being affected by the absolute abundance
values (i.e. metallicity scale), which depends on the adopted
method for the abundance determinations, a mandatory condi-
tion in constructing such relations is for the abundances of all
the galaxies to be on a unique metallicity scale. This implies that
the abundances should be determined through a single method or
through methods that produce abundances on the same metallic-
ity scale. If abundances obtained using a given approach depend
on the method of spectral measurement (e.g., on a part of the HII
region measured) then the emission line spectra of HII regions
in galaxies should be measured in a similar way.

The emission line spectra of the HII regions of galaxies
available at present are measured in different ways. The long-
slit spectra of the HII regions of many galaxies have been

obtained in numerous investigations (e.g., see compilations in
Pilyugin et al. 2004, 2014; Zurita et al. 2021). Strictly speaking,
the slit spectra are not uniform in the sense that the physical frac-
tion of the HII region within the slit can significantly vary for
different reasons: (i) because of variations in slit widths in dif-
ferent works, (ii) because of variations in the angular sizes of the
H1I regions (due to variations in the physical sizes of H I1 regions
and/or distances to galaxies), and (iii) because the slit can cross
different parts (centre or periphery) of the HII regions. One can
proceed by assuming (at least as a first-order approximation) that
the variations in the different parts of the HII regions measured
in the slit spectroscopy are random.

The integral field unit (IFU) spectroscopy measurements
of the galaxy NGC 628 were carried out within the
PPAK Integral Field Spectroscopy Nearby Galaxies Survey,
PINGS (Séanchez et al. 2011; Rosales-Ortega et al. 2011). The
382 fibre bundle has a hexagonal field of view (FoV) of
74 arcsec x 64 arcsec. Each fibre projects to 2”77 in diameter on
the sky, and the fibre-to-fibre distance is 3’/2, which yields a
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total filling factor of 0.6. A dithering scheme with three point-
ings is used to cover the complete FoV of the bundle. The spatial
resolution of full width at half maximum (FWHM) is ~2.5 arc-
sec. Rosales-Ortega et al. (2011) generated a catalogue of HII
regions in NGC 628, and extracted the spectra of the detected
H1rregions. The angular size of a nearby galaxy usually exceeds
the diameter of the FoV of the spectrograph. Therefore, a num-
ber of pointings are observed to form a mosaic; for example,
Sanchez et al. (2011) obtained 34 pointings for NGC 628.

IFU spectroscopy measurements of a sample of galaxies on
the nearby Universe were carried out in the same way (and
using the same instrument as in PINGS) within the Calar Alto
Legacy Integral Field Area (CALIFA) survey (Sdnchez et al.
2012, 2016; Garcia-Benito et al. 2015). Those observations have
been used to construct a grid of spectra with a spatial sampling
of 1”” and/or to detect H1I regions and extract their spectra. The
most recent version of the catalogue of HII regions includes 924
galaxies' (Espinosa-Ponce et al. 2020).

The fibre spectra were measured in many galaxies within
the Sloan Digital Sky Survey (SDSS, York et al. 2000). The
SDSS spectra are obtained through 3-arcsec diameter fibres. In
the framework of the SDSS IV programme, IFU spectroscopy
for around 10000 galaxies was carried out within the Mapping
Nearby Galaxies at Apache Point Observatory (MaNGA) sur-
vey (Bundy et al. 2015). The diameters of the FoVs vary from
12”7 (19 fibres) to 32” (127 fibres). The final spatial sampling is
0”/5/pixel, and the point spread function (PSF) of the MaNGA
measurements is estimated to have a FWHM of 2.5 arcsec or
Spixels (Bundy et al. 2015; Belfiore et al. 2017). The wave-
length interval covers from 3600 to 10300 A with a spectral res-
olution of R ~ 2000.

A sample of nearby spiral galaxies (within ~20 Mpc) were
measured within the PHANGS (Physics at High Angular Res-
olution in Nearby Galaxies) programme, using the Very Large
Telescope/Multi Unit Spectroscopic Explorer (VLT/MUSE) to
mosaic the central disc of galaxies with optical IFU observa-
tions within a 1/0-1’0 field of view with 0”2 pixels and a typical
spectral resolution of ~2.5 A over the wavelength range cover-
ing 4800-9300 A (Kreckel et al. 2019). The angular resolution
between galaxies varies from 0”5 to 1”70.

An integral field spectroscopic survey of a sample of 30
nearby spiral galaxies was carried out with the Mitchell Spectro-
graph (formerly called VIRUS-P) IFU on the 2.7 metre telescope
at McDonald Observatory within the framework of the VIRUS-P
Exploration of Nearby Galaxies (VENGA) survey (Blanc et al.
2013; Kaplan et al. 2016). The Mitchell Spectrograph has a large
FOV (177 x 1:7). Each fibre is 472 in diameter, and the spa-
tial resolution is 5.6 arcsec (FWHM). Each galaxy was observed
with both a blue (3600-5800 A) and a red (4600-6800 A) setup
to obtain a wide wavelength coverage. The spectral resolution is
R ~ 1000 at 5000 A.

Using the same instrument, the IFU spectroscopy of a sam-
ple of galaxies is carried out within the ongoing Metal-THINGS
survey (Lara-Lopez et al. 2021; Lara-Lépez 2022). This sample
of galaxies is based on The HI Nearby Galaxy Survey (THINGS,
Walter et al. 2008), which observed 34 nearby galaxies with the
Very Large Array (VLA), providing high spatial and spectral reso-
lution H1data. Some galaxies were observed with both a blue and
a red setup, and the red spectra were observed for all galaxies.

It is widely accepted that the direct 7. method produces reli-
able estimations of the abundances in the HII region. The auro-

! http://ifs.astroscu.unam.mx/CALIFA/HII_regions/new_
catalogs/
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ral lines necessary for the application of the direct T, method for
the abundance determinations are measured in the long-slit spec-
tra of HII regions. The number of spectra of HII regions with
detected auroral lines is steadily growing. Nevertheless, using
the different variants of the strong-line method (calibrations)
is the most commonly used approach to determining chemical
abundances in the interstellar gas of galaxies. The HII regions
with abundances determined through the direct method and the
strong emission line fluxes measured in their spectra are used
as the calibrating data points in the construction of the empir-
ical calibrations (e.g., Pilyugin 2000, 2001b; Pettini & Pagel
2004; Pilyugin & Thuan 2005; Pilyugin & Mattsson 2011;
Marino et al. 2013; Pilyugin & Grebel 2016; Curti et al. 2017).
As those empirical calibrations are based on the slit spectra then
the applicability of those calibrations for the abundance determi-
nations using the IFU spectra is questionable.

Indeed, the spatial resolution and angular size of the native
spatial sample (fibre or spaxel) can significantly exceed the angu-
lar size of the HII regions. If this is the case then the diffuse
ionised gas (DIG) outside H 11 regions can contribute to the fibre
(spaxel) spectrum as well to the extracted spectrum of the HII
region. However, Mannucci et al. (2021) found that the difference
between the spectra of local H I regions and those of the more dis-
tant galaxies is not due to contamination from the DIG but due to
the smaller angular size of the slit with respect to the projected
size of the H1I regions; the DIG therefore has a secondary effect.
Indeed, H1I regions are stratified in the sense that higher ionisa-
tion species dominate the inner regions of nebulae while lower
ionisation species are more abundant in the outer parts (see Fig. 1
in Mannucci et al. 2021 or Fig. 3 in Pérez-Montero et al. 2014).
Therefore, differences can be seen between the spectra from small
apertures and the spectra from larger apertures, even when both
are obtained inside the H II regions.

The goal of the present work is to examine the compatibil-
ity or disagreement between the calibration-based abundances
obtained using the slit spectra of HII regions and the IFU spec-
tra of spatial samplings (fibres) or extracted IFU spectra of
H1iregions. The three-dimensional R calibration (O/H)gr = f(R»,
N3, R3/Ry) and S calibration (O/H)s = f(N2, S», R3/S,) from
Pilyugin & Grebel (2016) are considered. There is no one-to-one
correspondence between positions and apertures of the slit and
IFU sampling. We determine the median value for abundances in
bins of 0.1 in R/R»5 and the scatter of each bin for both the slit
and the IFU spectra-based abundances. The use of the median
value in bins (the abundances at a given galactocentric distance)
provides a possibility to compare the slit and IFU spectra-based
abundances.

Throughout the paper, we use the following standard
notations for the line intensities: R, = I[O 11]13727-*-13729/[1{[3’
Ny = Inmaesagracsss/Ing, S22 = Iismaer17+a6731/Ing. Rz =
Tiotma4959+25007/Ing. We also use the standard notation for
electron temperature f, = 107#7,. The galactocentric distance of
the HII region or spatial sampling is given as a fractional radius
R, normalised to the optical radius Rys of a galaxy, R, = R/Ros.

2. Oxygen abundances in galaxies based on
spectral measurements of different types

2.1. NGC 5457: Comparison between (O/H)1,, (O/H)r, and
(O/H)s abundances based on the slit spectra

The giant nearby galaxy NGC 5457 (M 101, the Pinwheel) is
a prototype of the Sc spiral galaxies (morphological type code
T = 59+0.3). NGC 5457 is a face-on galaxy, its inclination
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Fig. 1. Radial oxygen abundance distribution in NGC 5457. Panel a:
calibration-based oxygen abundances for the compilation of the slit
spectra of H1I regions. The grey circles denote the (O/H)g abundances
for individual measurements and the black solid line is the best linear
fit to those data. The green plus symbols are the (O/H)s abundances
for individual measurements and the dashed line is the best linear fit to
those data. Panel b: T.-based oxygen abundances with measured elec-
tron temperatures f, y (circles) and 73 o (plus signs) in H1I regions from
Croxall et al. (2016). The solid line is the (O/H)gr—R relation from panel
(a). Panel c: same as panel (b) but for the sample of HII regions from
Esteban & Bresolin (2020).

angle is i=18° and the position angle of the major axis
PA =37° (Kamphuis 1993). The optical radius of NGC 5457 is
Ry5 = 14.42 arcmin (de Vaucouleurs et al. 1991).

There are 79 independent distance measurements for
NGC 5457 after the year 2000 including those using Cepheids
and the tip of the red giant branch (TRGB; Lomeli-Nuifiez et al.
2022). The obtained distances are within the range ~6 to
~9Mpc. Here, we adopt the distance to NGC 5457 d = 6.85.
Each characteristic of NGC 5457 is rescaled if necessary to
the distance adopted here. The optical radius of NGC 5457 is
Rys =28.73 kpc with the adopted distance.

The oxygen abundance distribution across the disc of
NGC 5457 is considered in a number of investigations
(Kennicutt & Garnett 1996; Kennicutt et al. 2003; Pilyugin
2001a; Croxall et al. 2016; Esteban & Bresolin 2020, and refer-
ences therein). As the auroral lines were measured in the spectra
of a number of its H1I regions and consequently the abundances
in those H 11 regions can be derived through the direct 7. method,
NGC 5457 has been used to test the validity of the calibra-
tions, that is, in some sense NGC 5457 can been considered as a
‘Rosetta stone’ (Pilyugin & Grebel 2016). Recent measurements
of H1I region spectra (including the auroral lines) in NGC 5457
were published by Croxall et al. (2016) and Esteban & Bresolin
(2020). This provides an additional possibility to compare the
abundances produced by the empirical calibrations with the
direct abundances. It should be noted that the measurements
from Croxall et al. (2016) and Esteban & Bresolin (2020) were
not used in constructing the R and S calibrations, but the spectra
of H1I regions of NGC 5457 with detectable auroral lines from
other publications were used.

It is believed that the T, method, based on the measure-
ments of temperature-sensitive line ratios, should give accu-
rate oxygen abundances. However, in practice, T.-based oxy-
gen abundances in the same HII region derived in different
works can differ for two reasons. First, there may be errors
in the line-intensity measurements. Second, the T.-based oxy-
gen abundances depend on the realisation of the 7, method,
that is, the derived abundances depend on the relations used
to convert the values of the line fluxes to the electron temper-
atures and to the ion abundances. The determined abundances
also depend on the adopted relationship between the electron
temperature in the low-ionisation zones and that in the high-
ionisation zones of nebula. The differences between the oxy-
gen abundances at a given HII region produced by different
realisations of the 7. method can be appreciable (Yates et al.
2020; Cameron et al. 2021). For example, Esteban et al. (2017)
found an oxygen abundance of 12 +1log(O/H)r, =8.14 £0.05 in
the Galactic H1I region Sh 2-83, while Arellano-Coérdova et al.
(2020) found 12 +1log(O/H)7, =8.28 £0.08 in the same HII
region using the same spectroscopic measurements. Berg et al.
(2015) detected the auroral lines in 45 H1I regions in the nearby
galaxy NGC 628. These authors determined the T,-based abun-
dances in those H1I regions and estimate the radial abundance
gradient. They found the central (intersect) oxygen abundance
12 +1og(O/H)p = 8.83 £ 0.07 in the NGC 628. However, in their
recent paper, Berg et al. (2020) recalculate ionic and total T.-
based abundances in those H1I regions and determine the cen-
tral (intersect) oxygen abundance 12 +1log(O/H)y =8.71 £0.06
for the same galaxy.

The calibration-based abundances in HII regions are
determined here through the R and S calibrations from
Pilyugin & Grebel (2016). The T.-based oxygen abundances in
H 11 regions used as the calibrating data points in the construction
of those calibrations are derived using the 7.-method equations
reported in Pilyugin et al. (2012). In order that the calibration-
based and the T..-based abundances correspond to a unique abun-
dance scale, the T.-based oxygen abundances for the H 11 regions
in NGC 5457 are determined here using the T.-method equations
from Pilyugin et al. (2012). It should be emphasised that we do
not pretend that the 7.-based abundances in NGC 5457 recom-
puted here are more accurate than the original abundances in the
cited papers. We only take care that all the abundances used here
correspond to the same metallicity scale. If the measurements of
two auroral lines ([O11]14363 and [N II1]15755 are available for
the H1I region then two values of the electron temperature (#30
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Fig. 2. Radial distribution of the slit-spectra-based oxygen abundances
in NGC 628. Panel a: squares denote the abundances estimated through
the R calibration for individual measurements, and circles are the S
calibration-based abundances. The crosses mark the median value for
(O/H)r and (O/H)s together in bins of 0.1 in R/Rys and the scatter
of each bin. Panel b: median value for the (O/H)s (circles), (O/H)r
(squares), and (O/H)g and (O/H)s together (crosses). The median values
for different abundances are obtained for the same bin, but the positions
of symbols (circles and squares) are slightly shifted along the x-axis for
clarity.

and £, x) can be derived and, consequently, two independent val-
ues of the oxygen abundance ((O/H),, 0 and (O/H),,n) can be
estimated. If the electron temperature in the low-ionisation part
of the nebula #, =, 5 is measured then the electron temperature
in the high-ionisation part of the nebula #3 = #3 ¢ is obtained using
the relationship between electron temperatures in the nebula, and
vice versa.

The upper panel of Fig. 1 shows the oxygen abundances esti-
mated through the R and S calibration from Pilyugin & Grebel
(2016) as a function of radius for the compilation of the slit
spectra of HII regions in NGC 5457 (measurements from
Croxall etal. 2016 and Esteban & Bresolin 2020 are added
to the compilation in Pilyugin & Grebel 2016). Panel (b) of
Fig. 1 shows the T.-based oxygen abundances of NGC 5457
H1I regions from Croxall et al. (2016). Panel (c) of Fig. 1
shows the oxygen abundances of NGC 5457 H1I regions from
Esteban & Bresolin (2020).

Inspection of Fig. 1 suggests that the radial abundance gra-
dients traced by the T.-based abundances are in satisfactory
agreement with those traced by the R and S calibration-based
abundances determined from the slit spectra. Therefore, the slit
spectra-based abundances determined through the R and S cali-
brations can be used as the reference abundances.

2.2. NGC 628: Comparison between abundances based on
slit and IFU spectra

2.2.1. Slit-spectra-based abundances in NGC 628

The nearby galaxy NGC 628 (M 74, the Phantom Galaxy)
is an isolated Sc spiral galaxy (morphological type code
T = 5.2+0.5) that is seen face-on, with an inclination angle
of i=6° and a position angle of the major axis PA =25°

AS, page 4 of 13

9.0 T T T T 9.0 T T T T
IFU PINGS (O/H)R IFU PINGS (O/H)S
88| . 88| .
£ o4 g
S s 41 S ssh .
7 Foay [P EBay
Teer ‘;I?x 1 8 ®?x ]
& : & :
ez} 4 "~ s2} -
al % a2 %
8.0 L L L L 8.0 L L L L
00 02 04 06 08 10 00 02 04 06 08 10
R/Rys R/Rys
9.0 T T T T 9.0 T T T T
IFU CALIFA (O/H)y IFU CALIFA (O/H)g
88 -ci) . 88| .
= =
~ ~
S esl 4) 4 oSssf .
? § : P984y
& 84l ‘% 4 S osaf % (o} E
+ b3 {( + b3 %
N N
~ ez} 4 ez} :
bl % b2 %
8.0 L L L L 8.0 L L L L
00 02 04 06 08 10 00 02 04 06 08 10
R/Ryg R/Ry5
9.0 T T T T
IFU PHANGS (O/H)S
88| .
jasi
8 8.6
Z o X T
5,.0298%
Teer ¥ X ]
4 ¥
—
82| .
c2 %
8.0 L L L L
00 02 04 06 08 10
R/R,s
9.0 T T T T 9.0 T T T T
IFU VENGA (O/H)R IFU VENGA (O/H)S
88| . 88| .
jas] jas]
S ss|® 10) S 86 o -
5 %904 T 12885y
(e} (o}
~ 84l ¥ 4 S osaf ¥ E
+ b3 {( + X %
N N
ez} 4 ez} -
. |l |
8.0 L L L L 8.0 L L L L
00 02 04 06 08 10 00 02 04 06 08 10
R/Rys R/Rys

Fig. 3. Radial distributions of the oxygen abundances in NGC 628. Pan-
els of columns 1-2: radial distributions of abundances estimated through
the R calibration (Col. 1) and S calibration (Col. 2). Panels of rows a—d:
abundances based on the IFU measurements from PINGS (row a), from
CALIFA survey (row b), from PHANGS survey (row c), and from
VENGA survey (row d). The grey points denote the abundances for the
individual H1I regions (panels of rows a, b, ¢) or individual spatial sam-
plings (panels of row d), and the dark circles mark the median value in
bins of 0.1 in R/R,s and the scatter of each bin. The red crosses in each
panel designate the median values for the slit-spectra-based abundances
(O/H)r and (O/H)s together) and come from Fig. 2.

(Kamphuis & Briggs 1992). The optical radius of this galaxy
is Ry5=5.24 arcmin (de Vaucouleurs etal. 1991). The HI
disc extends out to more than three times the optical radius
(Kamphuis & Briggs 1992). There are recent distance estima-
tions for NGC 628 made using the TRGB method based on
the Hubble Space Telescope measurements. Jang & Lee (2014)
find the distance to NGC 628 to be 10.19 +0.14 (random) +0.56
(systematic) Mpc. McQuinn et al. (2017) measured the distance
to M74 to be 9.77£0.17 (statistical uncertainty) +0.32 (sys-
tematic uncertainty) Mpc. Sabbi et al. (2018) determined the
distances for the central pointing (d = 8.6+0.9Mpc) and
for the outer field (d = 8.8+0.7Mpc). Here, we adopt the
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Fig. 4. Median values of oxygen abundances in bins of NGC 628. Panel
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Panel b: same as panel (a) but for the (O/H)r abundances.

distance to NGC 628 used in our previous paper (d = 9.91 Mpc;
Pilyugin et al. 2014) which is close to the values obtained
by Jang & Lee (2014) and McQuinn et al. (2017). The optical
radius of NGC 628 is Rys = 15.09 kpc with the adopted distance.

The slit spectra of the HII regions in the NGC 628 were
measured in a number of early works (McCall et al. 1985;
Ferguson et al. 1998; van Zee et al. 1998; Bresolin et al. 1999),
and the slit spectroscopy of HII regions in NGC 628 were car-
ried out within the framework of the CHemical Abundances Of
Spirals (CHAOS) project (Berg et al. 2015).

The squares in panel (a) of Fig. 2 show the oxygen abun-
dances estimated through the R calibration in individual HII
regions and circles show the S calibration-based abundances.
The median values of the (O/H)r and the (O/H)s together in bins
of 0.1 in R/R;s are denoted by crosses, the bar marks the scatter
in each bin. Panel (b) of Fig. 2 shows the comparison between
median values for the (O/H)s (circles), (O/H)r (squares), and
(O/H)r and (O/H)s together (crosses). The median values for
different abundances are obtained for the same bin, but the posi-
tions of symbols (circles and squares) are slightly shifted along
the x-axis for clarity. Inspection of panel (b) of Fig. 2 shows that
the differences between the median value for (O/H)s (or (O/H)R)
abundances and the median value for the (O/H)s and (O/H)r
abundances together is less than the uncertainties of median val-
ues. This justifies the use of the median value for the (O/H)s
and the (O/Hg) abundances together instead of the median val-
ues for the (O/H)s or the (O/H)g abundances separately to spec-

ify the abundances in bins in the case of the slit-spectra-based
abundances. The advantages of such an approach are as follows.
First, in this case, the IFU spectra-based (O/H)s and (O/H)gr
abundances are compared with the same reference (slit spectra-
based) abundances. Second, the slit-spectra measurements for
a galaxy are usually few in number (see below); therefore, the
use of (O/H)s and (O/H)g abundances together provides a pos-
sibility to estimate the median values in a larger number of bins
than for the (O/H)s or the (O/H)gr abundances separately. There-
fore, in the case of the slit-spectra-based abundances, we esti-
mate and use the median value in the bin for the (O/H)s and
the (O/Hg) abundances together and denote those median values
(O/H)sLir-

2.2.2. IFU spectra-based abundances in NGC 628

Rosales-Ortega et al. (2011) identified H I regions and extracted
their spectra from the IFU measurements. These authors gen-
erated the HII regions catalogue for NGC 628 (PINGS cat-
alogue). The oxygen abundances in those HII were obtained
via the R calibration and are denoted by grey circles in panel
(al) of Fig. 3. Panel (a2) of Fig. 3 shows the oxygen abun-
dances in those H1I regions estimated through the S calibration.
Espinosa-Ponce et al. (2020) also constructed a catalogue of H1II
regions in the NGC 628 using IFU observations (CALIFA cat-
alogue). The oxygen abundance in H1I regions of the CALIFA
catalogue obtained through the R calibration are shown in panel
(bl) of Fig. 3. Panel (b2) of Fig. 3 shows the oxygen abundances
in those HII regions estimated through the S calibration. The
IFU spectroscopy of the central part of NGC 628 was carried
out within the framework of the PHANGS programme using
the Very Large Telescope (Kreckel et al. 2019). The catalogue
of the H II regions in NGC 628 was created based on those mea-
surements. Unfortunately, only the red spectra over the wave-
length range covering 4800-9300 A were obtained. As the line
[011]A23727,3729 is not measured, the R calibration cannot be
applied to those H II regions. Panel (c2) of Fig. 3 shows the
oxygen abundances in individual H1I regions estimated through
the S calibration. The IFU (fibre) spectroscopy of NGC 628
was performed within the framework of the VENGA survey
(Blanc et al. 2013; Kaplan et al. 2016). The oxygen abundances
in the individual fibres obtained through the R calibration are
denoted by grey circles in panel (d1) of Fig. 3. The grey cir-
cles in panel (d2) of Fig. 3 are the oxygen abundances in the
fibres estimated through the S calibration. We compare the abun-
dances in NGC 628 obtained from IFU spectra from different
surveys to each other and to the slit-spectra-based abundances in
Fig. 4.

Easeman et al. (2022) find that central dips in the metallicity
profiles within galaxies can be observed using spatially resolved
IFU data. It is not clear whether the dips are real or are an artefact
introduced by the strong line diagnostics used to determine the
metallicity. The radial changes in the (O/H)s abundances based
on the PINGS and the CALIFA IFUs measurements are not per-
fectly monotonic; see panels (a2) and (b2) in Fig. 3. However, it
is not clear whether the deviation from the monotonoc trend is
caused by the decrease in the central metallicity (at R/Rps < 0.2)
or by the enhancement of the metallicity in the only bin, at
R/R;5 =0.2-0.3. If this bin is ignored then the metallicity pro-
file becomes monotonic. Moreover, the radial changes of the
(O/H)s abundances based on the PHANGS and VENGA IFU
measurements are monotonic; see panels (c2) and (d2) in Fig. 3.
We therefore consider the central dip in the metallicity profile
within the NGC 628 to be unlikely.
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a—d: IFU measurements from the surveys PINGS (row a), CALIFA (row b), PHANGS (row c), and VENGA (row d). The grey points
denote the individual H1I regions (panels of rows a, b, ¢) or individual spatial samplings (panels of row d), the red points with bars mark the
median value in bins of 0.05 in R/R;s and the scatter of each bin. The blue plus symbols are individual slit measurements. As only the red spectra
were measured within the PHANGS programme then the R, line measurements are not available.

From inspection of the panels of Cols. 1 and 2 in Figs. 3 and 4
we find that the (O/H)g abundances based on the IFU spectra
of H1I regions from PINGS and CALIFA and spectra of fibres
from VENGA are in agreement with each other and with the slit-
spectra-based abundances. These comparisons also show that the
(O/H)s abundances based on the IFU spectra of H IT regions from
PINGS, CALIFA, and PHANGS and on the IFU spectra of fibres
from VENGA are similar. The IFU spectra-based (O/H)s abun-
dances are close to the slit-spectra-based abundances at large
galactocentric distances but there is a difference at smaller galac-
tocentric distances (at high metallicities) in the sense that the
IFU spectra-based (O/H)s abundances are lower than the slit
spectra-based abundances. As a result, the radial abundance gra-
dient traced by the (O/H)s abundances based on the IFU spectra
is flatter than that traced by abundances based on the slit spec-
tra. Belfiore et al. (2017) find that the galaxy inclination gener-
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ates a flattening on the radial abundance gradient, because flux
from different galactocentric radii is summed when the galaxy is
projected in the plane of the sky. The metallicity depletion at the
galaxy centre depends on the PSF and galaxy inclination and can
be as large as ~0.02 dex. As NGC 628 is a face-on galaxy (with
inclination i = 6°), this effect should be minor. Unfortunately, the
slit spectra measurements are not available for the central region
(R/Rys5 < 0.2) of NGC 628 while the IFU spectra are not avail-
able for larger radii (R/Rys = 0.65). Therefore, the comparison
is only possible within the restricted interval of galactocentric
distances.

Comparison between the emission line fluxes in the slit and
IFU spectra in NGC 628 can clarify the origin of the difference in
abundances. Figure 5 shows the radial distributions of the emis-
sion line fluxes in the slit and the IFU spectra in NGC 628. The
differences between the emission line fluxes in the slit and IFU
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spectra result in the differences between the slit-spectra-based
and the IFU spectra-based abundances.

The difference in S, (and other lines) between different IFU
measurements cannot be attributed to the difference in the spa-
tial resolution only. If this were the case, then one would expect
the S, for a given galaxy (e.g., NGC 628) to be similar in the
CALIFA and PINGS IFUs because the spatial and spectral reso-
lutions are the same. However, there is an appreciable difference
between S, from those surveys (compare panels (a3) and (b3)
in Fig. 5). One can therefore assume that the reduction in the
observations (e.g., extraction of H1II region spectra) and flux cal-
ibration contribute to the uncertainty in the IFU spectra and, as a
consequence, produce some differences in the S, measurements
between different [FUs. However, the general behaviour of the
IFU spectra-based abundances is more or less the same for dif-
ferent IFUs.

It may appear that (O/H)sruy — (O/H)spyr is larger than
(O/H)riru — (O/H)sLir (Figs. 3 and 4) because of the larger
differences in the S, flux measured between the IFU and the
slit spectra. However, close examination of the available data
reveals that differences in other line fluxes must also play a sig-
nificant role. For example, we find that the differences in the S,
flux between PINGS and VENGA are larger than those between
PINGS and CALIFA (Fig. 5), but the differences in (O/H)s
between PINGS and VENGA are smaller than those between
PINGS and CALIFA (Figs. 3 and 4). Moreover, at R/Rys =0.45
to 0.50, the median values of the R, and S, fluxes in CALIFA
and PINGS agree within ~10% and ~25%, respectively, and
the differences between the median values of (O/H)gr and
(O/H)g are ~0.01 dex and ~0.05 dex, respectively. Whereas, at
R/R>5 =0.15-0.20, the median values of the R, and S, fluxes
in CALIFA and PINGS agree within ~25% and ~10%, respec-
tively, but the differences between the median values of (O/H)g
and (O/H)s are ~0.02 dex and ~0.03 dex, respectively. This sug-
gests that the abundances obtained through the S calibration are
affected by variations in the line fluxes more strongly than abun-
dances obtained through the R calibration.

On the one hand, as the spatial resolutions (and sizes of
the native spatial samplings) of PHANGS, CALIFA, PINGS,
and VENGA observations are appreciably different, one might
expect the spectra of the extracted H 11 regions in PHANGS to be
less contaminated by the DIG than the spectra of the extracted
H1I regions in PINGS and CALIFA, and than the spectra of
spatial samplings in VENGA. On the other hand, the shifts in
the (O/H)s abundances based on the IFU spectra of PHANGS,
CALIFA, PINGS, and VENGA are similar to those in the slit
spectra-based abundances. Those two facts taken together are in
line with the conclusion of Mannucci et al. (2021), namely that
the DIG has a secondary effect.

Our investigation of the galaxy NGC 628 can be summarised
as follows. (i) The oxygen abundance estimated from the IFU
spectra of the extracted HII regions, or from the IFU spectra
of fibres, depends weakly on the spatial resolution (and on the
size of the native spatial samplings) of the IFU measurements.
(i1) The R calibration applied to the IFU spectra produces more
consistent abundance estimations between slit and IFU spectra
than the S calibration, and the (O/H)sry abundances are sys-
tematically underestimated in comparison with the slit spectra-
based abundances at high metallicities. (iii) The satisfactory
agreement between abundances estimated from the IFU spec-
tra obtained with different spatial resolutions (and different sizes
of the native spatial samplings) confirms the recent finding of
Mannucci et al. (2021) that the DIG has a secondary effect. To
confirm or reject these conclusions, we examined seven other
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Fig. 6. Comparison between the abundances based on the slit spectra of
H1 regions and the abundances estimated from the IFU spectra of H1
regions (or spatial samplings, fibres) using the R and the S calibrations.
Panel al: TIFU spectra-based oxygen abundances obtained through the
S calibration vs. oxygen abundances estimated from the slit spectra for
our sample of galaxies (each point shows the median value in bins of
0.1 in R/R»s in individual galaxy, see Fig. 3, Figs. A.1-A.7). The abun-
dances based on the IFU spectra from different surveys are shown by
different symbols. The solid line indicates the one-to-one relation, while
the dashed line shows the +0.1 dex deviation. Panel b1: same as panel
(al) but for the IFU spectra-based abundances estimated through the
R calibration. Panel a2: grey points are data from panel (al), and the
dark circles mark the mean value in bins of 0.05 in log(O/H) for those
data points. Panel b2: same as panel (a2) but for the IFU spectra-based
abundances estimated through the R calibration.

nearby galaxies with available slit and IFU spectroscopy. The
comparison between the slit and IFU spectra-based abundances
for our sample of galaxies is discussed in the following section.
The abundances in individual galaxies are given in Appendix A.

3. Discussion

Here, we compare and discuss the abundances based on the slit
spectra and the abundances determined from the IFU spectra
using the R and the S calibrations for our sample of galaxies.
There are 38 bins of 0.1 in R/Rys in eight galaxies consid-
ered where the median values of both (O/H)g 1ry and (O/H)spit
abundances are determined and 57 bins where the median val-
ues of both (O/H)s 1ry and (O/H)sy 1T abundances are determined
(Figs. 3, A.1-A.7).

Panel (al) of Fig. 6 shows the abundance determined from
the TFU spectra through the S calibration (median values in indi-
vidual bins) as a function of the abundance obtained from the slit
spectra for all eight galaxies. Panel (bl) shows the (O/H)r 1ru
abundance versus the (O/H)spir abundances. The grey points
in panel (a2) are the same data as the symbols in panel (al)
and the dark circles mark the mean value in bins of 0.05 in
log(O/H)spir for those data points. Panel (b2) is similar to panel
(a2) but compares the (O/H)g 1ry abundances. Figure 7 shows the
normalised histograms of the differences between oxygen abun-
dances (O/H)g 1ru — (O/H)spit for 38 data points (solid line) and
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between (O/H)s 1ry — (O/H)spit for 57 data points (dashed line).
The step in the histograms is 0.02 dex.

Inspection of panel (al) of Figs. 6 and 7 shows that the dif-
ferences between (O/H)spr and (O/H)s jry abundances are usu-
ally less than around 0.1 dex, and the mean value of the scatter
in abundance differences (O/H)sru — (O/H)sLir is 0.052 dex
for the 57 data points. However, the differences are not per-
fectly random; the maximum of the distribution is appreciably
shifted from zero; see Fig. 7. Examination of panels (al) and
(a2) of Fig. 6 shows that the (O/H)s jry abundances are system-
atically lower than the (O/H)sp it abundances at high metallici-
ties (12 + log(O/H) = 8.55), and the mean shift of the (O/H)s 1ru
abundances relative to the (O/H)spr abundances is —0.059 dex
for 21 data points; that is, the shift of (O/H)s jry abundances rel-
ative to the (O/H)spir abundances at high metallicities exceeds
the mean value of the scatter in the abundance differences.

Inspection of panel (bl) of Figs. 6 and 7 shows that the dif-
ferences between (O/H)spir and (O/H)g iru abundances are also
within 0.1 dex, and the mean value of the scatter in abundance
differences (O/H)r 1ry — (O/H)spir is 0.037 dex for the 38 data
points. One can observe that the correlation between (O/H)r 1ru
and (O/H)spir abundances is more tight than the correlation
between (O/H)sry and (O/H)spir abundances. The maximum
of the abundance difference distribution is close to zero; see
Fig. 7. Nevertheless, close examination of panels (b1) and (b2)
of Fig. 6 shows that some correlation between the abundance dif-
ference (O/H)r 1ru — (O/H)sLit and metallicity may exists. How-
ever, the mean shift of the (O/H)g jry abundances relative to the
(O/H)sp 1T abundances exceeds the scatter in abundance differ-
ences for one metallicity interval (12 +log(O/H) from 8.65 to
8.70) only. Therefore, it is not clear whether this weak correla-
tion is meaningful.

Inspection of panel (al) of Fig. 6 shows that there is agree-
ment between the (O/H)s jry estimated from the IFU measure-
ments obtained with different spatial resolutions, and panel
(bl) shows that there is similar agreement for the (O/H)g ru

AS, page 8 of 13

abundances. This suggests that the IFU spectra-based abun-
dances depend weakly (if any) on the spatial resolution of
the IFU measurements. Indeed, there is agreement between
the (O/H)spu abundances estimated in NGC 4254 from the
VENGA measurements (panel (b) in Fig. A.5) and from the
PHANGS measurements (panel (d) in Fig. A.5) although the
spatial resolution of the VENGA measurements is signifi-
cantly lower than that of the PHANGS measurements. More-
over, the agreement between (O/H)spy abundances estimated
in NGC 628 from the PINGS and the VENGA measurements
obtained with different spatial resolutions is better than the
agreement between (O/H)spy abundances estimated from the
PINGS and the CALIFA measurements obtained with the same
spatial resolution; see Fig. 4.

The comparison between the slit and the IFU spectra-based
abundances for our sample of galaxies in this section confirms
our above conclusions for the galaxy NGC 628. It should be
emphasised that the abundances analysed here are distributed
over a limited interval of metallicity, from 12 + log(O/H) ~8.4 to
~8.7 only (with one exception). In order to strengthen (or reject)
our conclusions and derive the relationships between the IFU
and slit-spectra-based abundances, abundances distributed over
a larger range of metallicity are required.

4. Conclusions

Calibration-based abundances are considered in eight nearby
galaxies, where both the slit spectra of HII regions and the
spectra of HII regions extracted from the IFU measurements
(PINGS, CALIFA, and PHANGS surveys) or the IFU spectra
of spatial samplings (VENGA and Metal-THINGS surveys) are
available. The pre-existing empirical R and S calibrations for
abundance determinations were constructed using a sample of
HI1I regions with high-quality slit spectra (Pilyugin & Grebel
2016). In this study, we test the applicability of those calibra-
tions to the IFU spectra. We estimate the R and S calibration-
based abundances using both the IFU and the slit spectroscopy
for eight nearby galaxies. The median values of the IFU spectra-
based abundances (O/H)r ry and (O/H)sry in bins of 0.1 in
fractional radius R, (normalised to the optical radius Rjs) are
determined for each galaxy and are compared to the median val-
ues of the slit spectra-based abundances (O/H)sp it determined
using both the (O/H)r and (O/H)s abundances together.

We find that the differences between (O/H)sir and
(O/H)s 1ru abundances are usually less than around 0.1 dex, and
that the mean value of the scatter in abundance differences
(O/H)s1ru — (O/H)spir is 0.052dex for 57 data points. How-
ever, the (O/H)sru abundances are systematically lower than
the (O/H)spir abundances at high metallicities (12 +log(O/H) >
8.55), and the mean shift of the (O/H)s jry abundances relative to
the (O/H)srit abundances is around —0.06 dex for 21 data points.
The differences between the intensities of each line (used in the
abundance determinations) in the slit and the IFU spectra con-
tribute to the differences between the abundances based on the
slit and the IFU spectra. Our data indicate that the abundances
estimated through the S calibration are more sensitive to varia-
tions in the line fluxes than the abundances obtained using the R
calibration.

The correlation between (O/H)riru and (O/H)spir abun-
dances is tighter than the correlation between (O/H)sry and
(O/H)sp it abundances. The mean value of the scatter in abun-
dance differences (O/H)rru — (O/H)spir is 0.037 dex for 38
data points. We see evidence for a weak correlation between
the abundance difference (O/H)r 1ru — (O/H)sLit and metallicity.
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However, the mean shift of the (O/H)gr ;ry abundances relative
(O/H)sp 1T abundances is less than the scatter in abundance dif-
ferences for all but one of the metallicity intervals of 0.05 dex.
Therefore, it is not clear whether or not this weak correlation is
meaningful.

We find that the same calibration can produce close estima-
tions of the abundances using the IFU spectra (of extracted HII
regions or spatial samplings) from the IFU measurements car-
ried out with different spatial resolution and different native spa-
tial samplings. This is in line with the finding of Mannucci et al.
(2021) that the contribution of the diffuse ionised gas to
the large-aperture spectra of HII regions has a secondary
effect.
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Appendix A: Abundances based on slit and IFU
spectra in nearby galaxies
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Fig. A.1. Radial oxygen abundance distribution in NGC 1058. Panel
a: Oxygen abundances based on the slit spectra of HII regions. The
squares denote the abundances estimated through the R calibration for
individual measurements, the circles designate the (O/H)g abundances.
The crosses mark the median values of the slit spectra-based abun-
dances in bins of 0.1 in the fractional radius determined using both the
(O/H)g and the (O/H)s abundances for individual H1I regions together.
The bar shows the scatter in each bin. Panel b: Grey points denote the
(O/H)s ;ry abundances based on the extracted IFU (CALIFA) spectra of
individual H 11 regions. The dark circles mark the median values in bins,
and bar shows the scatter in each bin. The crosses mark the median val-
ues of the slit spectra-based abundances and come from panel (a). Panel
c¢: Same as panel (b) but for the (O/H)g ;ry abundances.

Here we estimate the oxygen abundances based on the slit
and the IFU spectra in seven nearby galaxies with available
slit and IFU spectroscopy. The (O/H)g sy and/or (O/H)s jru
abundances for individual IFU spectra as well as the median
abundances in bins of 0.1 in fractional radius R/R,s are deter-
mined. The median values of the slit spectra-based abundances
(O/H)s 11 are determined using both the (O/H)g and the (O/H)g
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Fig. A.2. Radial oxygen abundance distribution in NGC 1672. Panel a:
Oxygen abundances based on the slit spectra of HII regions. Panel b:
Oxygen abundances based on the IFU (PHANGS) spectra of HII
regions. The notations are the same as in Fig. A.1.

abundances for individual HII regions together. The medial
value is determined if the number of points in the bin is larger
than three. The abundances in each galaxy are shown below; see
Fig. A.1 — A.7. The data for that sample of galaxies (together
with the data for NGC 628) are presented in Figs. 6 and 7 and
are used in our discussion in Section 3.

A.1. NGC 1058

NGC 1058 is a Sc galaxy (morphological type code T =
5.1£0.9). The inclination angle of NGC 1058 is i = 15°, the
position angle of the major axis PA = 145° (Garcia-Gémez et al.
2004). The optical radius is 1.51 arcmin (de Vaucouleurs et al.
1991). At the distance of d = 10.6 Mpc (Schmidt et al. 1994),
the physical optical radius is Rp;5 = 4.66 kpc. The stellar mass
(rescaled to the adopted distance) is M, = 2.51 X 10° Mg
(Leroy et al. 2019).

The slit spectra of HII regions in NGC 1058 were mea-
sured by Ferguson et al. (1998) and Bresolin (2019). Panel (a)
of Fig. A.1 shows the slit spectra-based oxygen abundances. The
IFU spectroscopy of NGC 1058 was carried out within the CAL-
IFA survey. Panel (b) of Fig. A.1 shows the IFU spectra-based
(O/H)g abundances in NGC 1058. The line flux measurements
in the spectra of H 11 regions are taken from the catalogue of H1I
regions (cited above). Panel (c) of Fig. A.1 shows the same as
panel (b) but for (O/H)z abundances.

A.2. NGC 1672

NGC 1672 is a Sb galaxy (morphological type code T =
3.3+0.6). The inclination angle of NGC 1672 is i = 43°, and
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Fig. A.3. Radial oxygen abundance distribution in NGC 2835. Panel
a: Oxygen abundances based on the slit spectra of HII regions. Panel
b: Oxygen abundances based on the IFU (PHANGS) spectra of HII
regions. The notations are the same as in Fig. A.1.

the position angle of the major axis PA = 134° (Lang et al.
2020). The optical radius is 3.30 arcmin (de Vaucouleurs et al.
1991). At the distance of d = 19.40 Mpc (Anand et al. 2021),
the physical optical radius is Rys = 18.64 kpc. The stellar mass
is My = 5.37 x 10'° My, (Leroy et al. 2021). NGC 1672 hosts
a central black hole of mass logMpy = 7.08+0.90 in solar mass
(Davis et al. 2014).

The slit spectra of HII regions in NGC 1672 were mea-
sured by Storchi-Bergmann et al. (1996). The slit spectra-based
(O/H)r and (O/H)s abundances are shown in panel (a) of
Fig. A2. The IFU spectroscopy of NGC 1672 was car-
ried out within the framework of the PHANGS programme
(Kreckel et al. 2019). The catalogue of the H II regions
in NGC 1672 was created on the base of those measure-
ments. Unfortunately, only the red spectra over the wave-
length range covering 4800-9300A were obtained. As the line
[011]A23727,3729 is not measured then the R calibration cannot
be applied to those H1I regions. Panel (b) of Fig. A.2 shows the
IFU spectra-based oxygen abundances estimated through the S
calibration.

A.3. NGC 2835

NGC 2835 is a Sc galaxy (morphological type code T =
5.0+£0.4). The inclination angle of NGC 2835 is i = 51° (Ryder
1995), the position angle of the major axis PA = 1° (Lang et al.
2020). The optical radius is 3.30 arcmin (de Vaucouleurs et al.
1991). At the distance of d = 12.22 Mpc (Anand et al. 2021), the
physical optical radius is Rys = 11.74 kpc. The stellar mass is

+ = 1.0 x 10" Mg, (Leroy et al. 2021). The mass of the central
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Fig. A.4. Radial oxygen abundance distribution in NGC 2903. Panel
a: oxygen abundances based on the slit spectra of HII regions. Panel
b: oxygen abundances estimated through the S calibration from the
IFU (VENGA) spectra of fibres. Panel ¢: oxygen abundances obtained
through the R calibration from the IFU (VENGA) spectra of fibres. The
notations are the same as in Fig. A.1.

black hole in NGC 2835 is logMpy = 6.72+0.30 in solar mass
(Davis et al. 2014).

The slit spectra of HII regions in NGC 2835 were mea-
sured by Ryder (1995). Panel (a) of Fig. A.3 shows the oxy-
gen abundances in those H1I regions. The IFU spectroscopy
of NGC 2835 was carried out within the framework of the
PHANGS programme and a catalogue of H1II regions was cre-
ated (Kreckel et al. 2019). Panel (b) of Fig. A.3 shows the IFU
spectra-based oxygen abundances in NGC 2835.

A.4. NGC 2903

The nearby galaxy NGC 2903 is a Sbc spiral galaxy (morpholog-
ical type code T = 4.0+0.1). Its inclination angle is i = 65° and
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the position angle of the major axis PA = 204° (de Blok et al.
2008). The optical radius of NGC 2903 is Rys = 5.87 arcmin
(Walter et al. 2008). The distance to NGC 2903 is d = 8.9 Mpc
(Drozdovsky & Karachentsev 2000), which results in the phys-
ical optical radius of Rps = 15.21 kpc. The mean value of the
estimations of the stellar mass of NGC 2903 (rescaled to the
adopted distance) is M, = 3.33 x 10'® Mg, (Jarrett et al. 2019;
Leroy et al. 2021). NGC 2903 hosts a supermassive black hole
of mass logMpy = 7.06f%2 in solar mass (van den Bosch 2016).

The slit spectra of HII regions in the disc of NGC 2903
were measured by McCall et al. (1985), van Zee et al. (1998),
Bresolin et al. (2005), and Diaz et al. (2007). Panel (a) of
Fig. A.4 shows the oxygen abundances in those HII regions.
The IFU (fibre) spectroscopy of NGC 2903 was performed
within the framework of the VENGA survey (Blanc et al. 2013;
Kaplan et al. 2016). Panel (b) of Fig. A.4 shows the IFU spectra-
based (O/H)s ;ry abundances. Panel (c) of Fig. A.4 shows the
same as panel (b) but for (O/H)g ;ry abundances.

A.5. NGC 4254

NGC 4254 (M 99) is a bright Sc galaxy (morphological type
code T = 5.2+0.7) in the Virgo Cluster. The inclination angle
of NGC 4254 is i = 34°, the position angle of the major axis
PA = 68° (Lang et al. 2020). The optical radius is 2.68 arcmin
(de Vaucouleurs et al. 1991). At the distance of d = 13.1 Mpc
(Anand et al. 2021), the physical optical radius is Rps = 10.23
kpc. The stellar mass is M, = 2.63 x 10! My (Leroy et al.
2021).

The slit spectra of HII regions in the disc of NGC 4254
were measured by McCall et al. (1985), Shields et al. (1991),
and Henry et al. (1994). Panel (a) of Fig. A.5 shows the slit
spectra-based oxygen abundances. The IFU spectroscopy of
NGC 4254 was carried out within the framework of the VENGA
survey (Blanc et al. 2013; Kaplan et al. 2016). Panel (b) of
Fig. A.5 shows the individual fibre (O/H)s ;ry abundances, and
the median values in bins for those data. Panel (c) of Fig. A.5
shows the same as panel (b) but for the (O/H)g ;ry abundances.
The IFU spectroscopy of NGC 4254 was also carried out within
the framework of the PHANGS programme and the catalogue
of HII regions was constructed (Kreckel et al. 2019). Panel (d)
of Fig. A.5 shows the (O/H)s ;ry abundances based on the IFU
spectra of HII regions, and the median values in bins for those
data.

A.6. NGC 5194

The nearby galaxy NGC 5194 (M 51a, the Whirlpool Galaxy)
is a SABD spiral galaxy (morphological type code T = 4.0+0.3).
The bright disc of NGC 5194 ends abruptly at about 5 arcmin
radius in both the optical images and the H1. The velocity struc-
ture of the gas in NGC 5194 is extremely complicated and dif-
ficult to interpret (Rots et al. 1990). There is the misalignment
of the major axes of the HI distribution and the velocity field.
Therefore the geometrical parameters of NGC 5194 are rather
uncertain. Tamburro et al. (2008) derive the following geometri-
cal projection parameters of the NGC 5194 galactic disc: posi-
tion angle PA = 172° and inclination i = 42°. Colombo et al.
(2014) undertake a detailed kinematic study of NGC 5194 and
found a position angle PA = (173 + 3)°, and an inclination i =
(22 + 5)°. The geometrical parameters of NGC 5194 obtained by
Colombo et al. (2014) are used here. We adopt the optical radius
of NGC 5194 to be R,s = 5.61 arcmin (de Vaucouleurs et al.
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Fig. A.5. Radial oxygen abundance distribution in NGC 4254. Panel
a: Oxygen abundances based on the slit spectra of HII regions. Panel
b: Oxygen abundances estimated through the S calibration from the
IFU (VENGA) spectra of fibres. Panel ¢: Oxygen abundances obtained
through the R calibration from the IFU (VENGA) spectra of fibres.
Panel d: Oxygen abundances estimated through the S calibration from
the IFU (PHANGS) spectra of H1II regions. The notations are the same
asin Fig. A.1.
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Fig. A.6. Radial oxygen abundance distribution in NGC 5194. Panel
a: Oxygen abundances based on the slit spectra of HII regions. Panel
b: Oxygen abundances estimated through the S calibration from the
IFU (VENGA) spectra of fibres. Panel ¢: Oxygen abundances obtained
through the R calibration from the IFU (VENGA) spectra of fibres. The
notations are the same as in Fig. A.1.

1991). It should be noted that the value of the optical radius of
Rys = 3.88 arcmin is used for NGC 5194 within The HI Nearby
Galaxy Survey (THINGS) (Walter et al. 2008). There are recent
distance estimations for NGC 5194 through the tip of the red
giant branch (TRGB) method based on the Hubble Space Tele-
scope measurements. Here we adopt the distance to NGC 5194
as d = 8.58 Mpc, obtained by McQuinn et al. (2017). The optical
radius of NGC 5194 is Rys = 14.00 kpc with adopted distance.
The stellar mass rescaled to the adopted distance is M, = 4.54 X
10'9 Mg, (Leroy et al. 2008; Jarrett et al. 2019).

The slit spectra of HII regions in NGC 5194 were mea-
sured in a number of works (McCall et al. 1985; Diaz et al. 1991;
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Fig. A.7. Radial oxygen abundance distribution in NGC 6946. Panel a:
Oxygen abundances based on the slit spectra of HII regions. Panel b:
Oxygen abundances estimated through the S calibration from the IFU
(Metal-THINGS) spectra of fibres. The notations are the same as in
Fig. A.1.

Bresolin et al. 1999, 2004; Garnett et al. 2004; Croxall et al.
2015). Panel (a) of Fig. A.6 shows the slit spectra-based oxygen
abundances. The IFU spectroscopy of NGC 5194 was performed
within the framework of the VENGA survey (Blanc et al. 2013;
Kaplan et al. 2016). Panel (b) of Fig. A.6 shows the fibre (O/H)s
abundances and the median values in bins.

A.7. NGC 6946

NGC 6946 is SABc galaxy (morphological type code T =
5.9+0.3). The inclination angle of NGC 6946 is i = 33°, and the
position angle of the major axis PA = 243° (de Blok et al. 2008).
The optical radius is 5.74 arcmin (de Vaucouleurs et al. 1991).
At the distance of d = 7.34 Mpc (Anand et al. 2021), the phys-
ical optical radius is Rps = 12.26 kpc. The stellar mass (mean
value) is M, = 2.85 x 10'® M, (Jarrett et al. 2019; Leroy et al.
2019).

The slit spectra of HII regions in NGC 6946 were mea-
sured by McCall et al. (1985), Fergusonetal. (1998), and
Garcia-Benito et al. (2010). Panel (a) of Fig. A.7 show the slit
spectra-based oxygen abundances. The IFU spectroscopy of
NGC 6946 was carried out within the framework of the Metal-
THINGS programme (Lara-Lépez 2022). Only the red spectra
over the wavelength range covering 4800-9300A were obtained.
Panel (b) of Fig. A.7 shows the oxygen abundances in individual
fibres and the median values in bins.
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