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and Jefta M. Sunzu1

1The University of Dodoma (UDOM), College of Natural and Mathematical Sciences
P.O. Box 338, Dodoma, Tanzania

email: Mazengod@yahoo.co.uk
2Ethiopian Space Science and Technology Institute (ESSTI), Entoto Observatory and

Research Center (EORC), Astronomy and Astrophysics Research and Development Division,
P.O. Box 33679, Addis Ababa, Ethiopia

3Instituto de Astrof́ısica de Andalućıa (IAA-CSIC), 18008 Granada, Spain
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Abstract. We present a detailed characterisation of physical properties of low-ionization nuclear
emission-line regions (LINERs) and retired galaxies (RGs) in the local universe for redshift range
0 < z < 0.4 and two subranges z < 0.1 and 0.1 < z < 0.4. Furthermore, we test the effectiveness
of WHAN diagnostic diagram in separating the two populations. We used photometric data,
public spectroscopic data and morphological classification from SDSS-DR8, MPA-JHU SDSS-
DR8 catalogue and Galaxy Zoo survey, respectively. We studied the distribution of LINERs, RGs
and AGN-LINERs in relation to luminosity, stellar mass, star formation rate (SFR), colour, and
their location on the SFR-stellar mass and colour-stellar mass diagrams. We then studied the
morphologies of both populations. Results have shown that for higher redshift range, AGN-
LINERs have higher apparent g magnitude, SFRs and dominate on/above the main sequence
(MS) of star formation compared to RGs. However, both populations have similar stellar mass
and luminosity distributions at all redshift ranges hence suggesting a significant difference in
terms of star formation of RGs and AGN-LINERs with redshift. However, larger and more
complete samples of LINERs are needed from the future surveys (e.g., LSST) and missions (e.g.,
JWST) to study in more details the properties of RGs and AGN-LINERs and find alternative
methods of separating the two populations, since using simply WHAN diagram from our study
we do not find it to be effective for separating the two populations.
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1. Introduction

Low-ionization nuclear emission-line regions (LINERs) dominate two third of all active
galactic nuclei (AGN) and about one third of all galaxies in the local universe (Kewley
et al. 2006). LINERs represent the most numerous local AGN population and could be the
link between normal and active galaxies as suggested by their low luminosities (Márquez
et al. 2017). Studying physical properties of LINERs helps to understand the standard
model of AGN, AGN triggering mechanisms, and the role of AGN in galaxy formation
and evolution. Optical classifications using BPT diagrams fail to separate LINERs and
retired galaxies (RGs) since they include RGs that cover most of the region assigned as
LINERs (Stasińska et al. 2008). Using WHAN diagnostic diagram, (Cid Fernandes et al.
2011) classified galaxies into SF, strong AGN, weak AGN, RGs, and passive galaxies.
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Figure 1. Distribution of SFR (left), stellar mass (middle), and g band luminosity (right), of
RG (red solid lines) and AGN-LINER (dashed blue lines) galaxies.

However, their study did not deal with detailed characterisation of AGN-LINERs and
RGs. Therefore, it is important to test the WHAN effectiveness in separating the two
populations. LINERs have not been studied much at higher redshifts, and only few
studies are known (Tommasin et al. 2012; Pović et al. 2016). Our study characterises
in detail AGN-LINERs and RGs in the nearby universe by testing different properties,
including morphology, and by testing the effectiveness of WHAN diagram in two redshift
subranges.

2. Data

Photometric data were taken from SDSS-DR8†, public spectroscopic data from the
MPA-JHU SDSS-DR8 catalogue (Brinchmann et al. 2004), while morphological classi-
fication was taken from Galaxy Zoo survey containing 667, 944 galaxies (Lintott et al.
2008).

3. Sample selection

A total of 17, 036 LINERs were separated from star forming, composite and Seyfert 2
galaxies using BPT diagrams based on [OIII]/Hβ, [NII]/Hα, [SII]/Hα, and [OI]/Hα line
ratios (Kewley et al. 2006). We separated LINERs into 64% RGs and 36% AGN-LINERs
using conditions EW(Hα) ≤ 3 Å and EW(Hα) > 3 Å, respectively (Cid Fernandes et al.
2011). We cross-matched 17, 036 LINERs with the Galaxy Zoo survey and obtained
16, 032 LINERs where 44.7% were elliptical and spiral galaxies and 55.3% unclassified
galaxies. We analysed the location of both RGs and AGN-LINERs at different redshifts
in relation to the main-sequence (MS) of star formation (SF) by considering the results
from Elbaz et al. (2007). We plotted rest-frame u− r colour versus stellar mass diagram
values based on Schawinski et al. (2014).

4. Analysis and results

We have found that for low redshift subrange, RGs are slightly brighter in g band than
AGN-LINERs. AGN-LINERs have higher SFRs especially at higher redshift subrange
compared to RGs (see Fig. 1 left plot) and hence dominate on/above the MS and in the
blue cloud. Generally, RGs and AGN-LINERs have similar stellar masses and luminosities
and hence difficult to separate them in terms of these properties as can be seen in (Fig. 1
middle plot) and (Fig. 1 right plot), respectively. Majority of all morphological types are
early-types dominating below the MS and in the red sequence and green valley, while
few sources especially AGN-LINERs suggest the presence of late-types.

† http://www.sdss3.org/dr10/spectro/galaxy mpajhu.php

https://doi.org/10.1017/S1743921320003233 Published online by Cambridge University Press

http://www.sdss3.org/dr10/spectro/galaxy_mpajhu.php
https://doi.org/10.1017/S1743921320003233


Detailed characterisation of LINERs and retired galaxies in the local universe 325

5. Conclusions

The connection between RGs and LINERs has been one of the long standing prob-
lems in astrophysics for understanding better the entire picture of galaxy formation
and evolution. Our results could be important in understanding better RGs and AGN-
LINERs based on physical properties and morphological classifications. Results also
suggest finding an alternative method in separating the two populations.

Acknowledgments

The management of UDOM for the MSc financial support and the management of
ESSTI for the supports during data analysis at the ESSTI are highly appreciated.
MP acknowledges financial supports from the ESSTI under the Ethiopian Ministry of
Innovation and Technology (MInT), from the Spanish Ministry of Science, Innovation
and Universities (MICIU) through project AYA2016-76682C3-1-P and the State Agency
for Research of the Spanish MCIU through the Center of Excellence Severo Ochoa award
to the IAA-CSIC (SEV-2017-0709).

References

Brinchmann, J., et al., 2004, MNRAS, 351, 1151
Cid Fernandes, R., et al., 2011, MNRAS, 413, 1687
Elbaz, D., et al., 2007, A&A, 468, 33
Kewley, L. J., et al., 2006, MNRAS, 372, 961
Lintott, C. J., et al., 2008, MNRAS, 389, 1179
Márquez, I., et al., 2017, Frontiers in A&S, 4, 1570
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