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ABSTRACT

Using integral field spectroscopic data of 24 nearby spiral galaxies obtained with
the Multi-Unit Spectroscopic Explorer (MUSE), we derive empirical calibrations to
determine the metallicity of the diffuse ionized gas (DIG) and /or of the low-ionisation
emission region (LI(N)ER) in passive regions of galaxies. To do so, we identify a large
number of H 11-DIG/LIER pairs that are close enough to be chemically homogeneous
and we measure the metallicity difference of each DIG/LIER region relative to its
H 11 region companion when applying the same strong line calibrations. The O3N2
diagnostic (=log [([O 1m]/HB)/(|N 11]/He)|) shows a minimal offset (0.01-0.04 dex)
between DIG/LIER and H 11 regions and little dispersion of the metallicity differences
(0.05 dex), suggesting that the O3N2 metallicity calibration for H 1 regions can
be applied to DIG/LIER regions and that, when used on poorly resolved galaxies,
this diagnostic provides reliable results by suffering little from DIG contamination.
We also derive second-order corrections which further reduce the scatter (0.03-0.04
d{*};) in th{* d].EOH‘lltldl metallicity of H 11- DIG JLIER pairs. Similarly, we ¢ ‘Xpl{)l‘{‘ other
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Figure 1. Emission line ratio diagnostic [S 11]-BPT diagrams (upper panel) and spatially-resolved [S 11-BPT maps (lower panel) of NGC
1042 (left panel), ESO 499-G37 (middle panel) and PGC 3853 (right panel). In all panels, blue, pink and yellow data points denote
the data points with emission line ratios corresponding to H 11, LIER/DIG and Seyfert, respectively. In the upper panel, each point
corresponds to line-ratios in a Voronoi bin, the black solid curve represents the theoretical maximum starburst line from Kewley et al.
(2001), providing a demarcation between the bins with H 11 regions and DIG/LIER-dominated regions. In the DIG/LIER-dominated
regime on the BPT diagnostic diagram, the dashed line shows the demarcation between the DIG/LIER and Seyfert regions. The median
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Figure 9. Distribution of corrected differential metallicity (A log Z) of H 11-DIG/LIER. pairs selected on the basis of the [S 11-BPT (left
panel) and [N 1]-BPT (right panel) diagrams. In each panel brown and cyan histograms represent the differential metallicity distribution
from 0352, and O3N2, respectively after applying the correction to the DIG/LIER/Seyfert spaxels presented in section 4.2 {equations
10, 11, 14, 15). o(Alog(Z)) denotes the standard deviation of the differential metallicity distribution. In each case the average offsets of

the distribution are zero by construction.
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ABSTRACT

The distributions of the pairwise line-of-sight velocity between galaxies and their
host clusters are segregated according to the galaxy’s colour and morphology. We in-
vestigate the velocity distribution of red-spiral galaxies, which represents a rare pop-
ulation within galaxy clusters. We find that the probability distribution function of
the pairwise line-of-sight velocity v, between red-spiral galaxies and galaxy clusters
has a dip at ves = 0, which is a very odd feature, at 93% confidence level. To un-
derstand its origin, we construct a model of the phase space distribution of galaxies
surrounding galaxy clusters in three-dimensional space by using cosmological N-body
simulations. We adopt a two component model that consists of the infall component,
which corresponds to galaxies that are now falling into galaxy clusters, and the splash-
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To determine the kinematics of cluster galaxies, we require
precise spectroscopic redshifts. For this purpose, we em-
ploy the spectroscopic galaxy sample from SDSS DR10 data
(Ahn et al. 2014). We use galaxies observed by Legacy spec-
troscopic observation (York et al. 2000) only, because we
have to use galaxies selected by uniform criteria. Following
Masters et al. (2010), we select red galaxies based on their
cModelMag, as (g — r) > 0.63 — 0.02(M, + 20), where M, is
the absolute magnitude in r band. We also limit the galaxy
sample for our analysis to M, < =20.17. For each galaxy, the
absolute magnitude is computed from its apparent cMod-
elMag with the k-correction using the technique defined in
Chilingarian & Zolotukhin (2012), and also with the correc-
tion of Galactic extinction (Schlegel et al. 1998).

(GGalaxy Zoo is an online citizen science project to ob-
tain morphological information for a large number of galax-
ies from visual inspections. We use the Galaxy Zoo 1 data
release (Lintott et al. 2008), which is the largest morpholog-
ically classified sample of galaxies. We select spiral galaxies
as Pes_debiased = 0.8, where po gebiased 18 the debiased fraction
of votes for combined spiral galaxies with the correction of
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Figure 1. Colour-magnitude diagram of our galaxy sample. Red
points indicate red-spiral galaxies at |z; — z.| < 0.01 within the
transverse distance of 0.5 h™'Mpc from the centre of galaxy clus-
ters at 0.05 < z < 0.1 that we use in this analysis. The contours
show the number distribution of the Galaxy Zoo 1 sample in the
redshift range 0.05 < z < 0.1, The solid lines indicate the colour
cut and the absolute magnitude cut adopted in this paper.
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Figure 2. The PDF of |vy| of red-spiral galaxies
(blue triangle down) and red galaxies (red triangle up). Galax-

ies within projected 0.5 'Mpe from the centre of the clusters
are used.

In Fig. 2, we show the PDF of the line-of-sight velocity,
P|vies])s for red-spiral galaxies. For comparison, we also show
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We use haloes with masses Magom > 1 x 101 Mg to
represent galaxy haloes in this work, where Moy, 18 the
mass within rygy,,, which is the radius within which the
average density is 200 times the background matter den-
sity at the redshift of interest. We use haloes with masses
9.5 x 100" "My < Magom < 2.3 x 101~ 1My to represent
cluster haloes, which corresponds to galaxy clusters with
20 = 4 < 40 given the mass-richness relation shown in
(Simet et al. 2018, see also Murata et al. 2018), where A
is the richness of galaxy clusters calculated in the redMalP-
Per. To mimic the observed cluster catalogue, we remove
cluster haloes from our analysis if there are any other clus-
ter haloes with larger masses within physical 1 A~ 'Mpc from
those cluster haloes. We use only snapshots at z = 0.1 in this
work.
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Figure 6. The PDF of || of red-spiral galaxies. Points with
error bars are the PDF obtained from the observation, the black
solid line is the PDF calculated from equation (2), and the red
dashed line is the PDF from the infall component only i.e., PDF
calculated from equation (2) with a(r) = 0. We adopt the shell
model as the radial distributions of red-spiral galaxies here. The
projected aperture adopted here is 0.5h~ Mpc.
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Figure 5. Top : The projected surface density (Z(r, ) of red-spi
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Figure 8. Same as Fig. 7, but with only the infall component,
ie, a=10.



