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ABSTRACT
The role of active galactic nuclei (AGNs) during galaxy interactions and how they influence the star formation

in the system are still under debate. We use a sample of 1156 galaxies in galaxy pairs or mergers (hereafter
‘pairs’) from the MaNGA survey. This pair sample is selected by the velocity offset, projected separation,
and morphology, and is further classified into four cases along the merger sequence based on morphological
signatures. We then identify a total of 61 (5.5%) AGNs in pairs based on the emission-line diagnostics. No
evolution of the AGN fraction is found, either along the merger sequence or compared to isolated galaxies
(5.0%). We observe a higher fraction of passive galaxies in galaxy pairs, especially in the pre-merging cases,
and associate the higher fraction to their environmental dependence. The isolated AGN and AGN in pairs show
similar distributions in their global stellar mass, star formation rate (SFR), and central [O III] surface brightness.
AGNs in pairs show radial profiles of increasing specific SFR and declining Dn4000 from center to outskirts,
and no significant difference from the isolated AGNs. This is clearly different from star-forming galaxies (SFGs)
in our pair sample, which show enhanced central star formation, as reported before. AGNs in pairs have lower
Balmer decrements at outer regions, possibly indicating less dust attenuation. Our findings suggest that AGNs
likely follow an inside-out quenching and the merger impact on the star formation in AGNs is less prominent
than in SFGs.

Keywords: galaxies: evolution – galaxies: interactions – galaxies: active – galaxies: star formation – galaxies:
Seyfert

1. INTRODUCTION

Galaxy-galaxy interaction plays an important role in the
evolution of galaxies. Theoretically, the merging of galaxies
will result in the in-fall of gas towards the center and trigger
central star formation (Barnes & Hernquist 1991; Blumen-
thal & Barnes 2018). Several numerical simulations (e.g.

Corresponding author: Y. Sophia Dai
ydai@nao.cas.cn

Kauffmann & Haehnelt 2000; Di Matteo et al. 2005; Hop-
kins et al. 2006a,b; Gabor et al. 2016; Capelo et al. 2017)
also predicted the emergence of active galactic nuclei (AGN)
in galaxy mergers. According to simulations, the merging of
two gas-rich (Mgas = 20%M∗, e.g. Hopkins et al. 2006a)
equal-mass galaxies will drive the gas into the center owing
to the loss of angular momentum. The supply of infalling gas
to the center will fuel both nuclear starbursts and the growth
of supermassive black holes (SMBHs), which would experi-
ence several peaks from the first encounter to the final coa-
lescence (e.g. Hopkins et al. 2006b).
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To study the merger effects from an observational view,
ideally we should build an ongoing merger sample along the
merger sequence. There are several approaches to build a
merger sample, but all have pros and cons. For example, by
selecting galaxy pairs through projected separation and ve-
locity offset (e.g. Patton et al. 2002; Lin et al. 2004), one
can build statistically significant galaxy pair samples from
large spectroscopic surveys (e.g. Ellison et al. 2008; Alpaslan
et al. 2015; Shen et al. 2016; Feng et al. 2019). But this
method requires spectroscopic redshifts and these samples
often suffer from incompleteness issues (e.g. Patton & At-
field 2008). Visual classification (e.g. Willett et al. 2013;
Kartaltepe et al. 2015) is a powerful tool to select the late-
stage and post merging systems which could be missed in
spectroscopic pairs. Machine learning is a recent, effective
method (e.g. Domı́nguez Sánchez et al. 2018; Ackermann
et al. 2018; Pearson et al. 2019; Walmsley et al. 2019). How-
ever, due to the limitation of training sets (e.g. Bottrell et al.
2019), machine learning method is yet to achieve a high
accuracy compared to visual classifications. Most current
works, including this one, still adopt the physical selection
of pairs followed by visual classification. Combining these
two methods includes both galaxy pairs and late-stage merg-
ers. Hereafter for convenience we refer to both galaxy pairs
and merger systems as galaxy ‘pairs’.

In galaxy pairs, the enhancement of star formation has
been widely observed, often based on the comparison of
the star formation rate (SFR) with isolated control galaxies.
These enhancements have been found in various SFR indica-
tors, including stronger emission-lines (e.g. Kennicutt et al.
1987; Barton et al. 2000; Lambas et al. 2003; Woods et al.
2006; Li et al. 2008a; Woods et al. 2010), bluer colors (e.g.
Larson & Tinsley 1978; Patton et al. 2005; Lin et al. 2007;
Smith & Struck 2010; Patton et al. 2011), and stronger in-
frared emission (e.g. Xu & Sulentic 1991; Sanders & Mirabel
1996; Geller et al. 2006; Hwang et al. 2011). The level of
enhancements varies with pairs’ mass ratios (Ellison et al.
2008) or with different morphologies (e.g. Xu et al. 2010;
Yuan et al. 2012).

According to simulations and theoretical predictions,
mergers are expected to facilitate the accretion onto the
central SMBHs, and trigger AGNs (e.g. Hopkins et al.
2006a). Observationally, enhanced AGN luminosity is found
in galaxy pairs. Compared to isolated galaxies, [O III] lu-
minosity, proxy for AGN luminosity, is found to increase by
0.7 to 0.9 dex in pairs (e.g. Liu et al. 2012; Ellison et al.
2013; Alonso et al. 2018). Similarly, AGNs in galaxy pairs
are found to have a higher X-ray detection rate (58%) than
AGN in isolated galaxies (17%) (Hou et al. 2020). In ad-
dition, mergers appear to play a dominant role in the trig-
gering and fueling of high-luminosity AGNs. The most lu-
minous AGNs are often found to be associated with signa-
tures of merging, such as tidal tails, asymmetric morphol-
ogy, bridges, and shells. Using deep and high-resolution
Hubble Space Telescope imaging, interaction features have
been found in various quasar samples: in more than 80% of
AGNs selected from the FIRST-2MASS red quasar survey

(Urrutia et al. 2008; Glikman et al. 2015), in 4 out of the 5
nearby early-type quasars from Bennert et al. (2008), in 57%
of the Palomar-Green quasars (Veilleux et al. 2009), and in
62% of the hosts of highly-obscured AGNs (Fan et al. 2016).
Donley et al. (2018) found that in CANDLES/COSMOS
field, compared with X-ray AGNs, infrared selected AGNs
are more likely to have disturbed morphologies.

Another evidence for merger triggered AGN activities is
the increased AGN fractions in galaxy pairs. However, this
conclusion is still elusive as different results have been found.
For instance, in optically-selected AGNs in galaxy pairs, the
AGN fraction enhancement has been reported in several stud-
ies to be 1.4× to 2.4× in some studies (e.g. Keel et al. 1985;
Woods & Geller 2007; Ellison et al. 2011, 2013), but not in
other samples (e.g. Schmitt 2001; Coldwell & Lambas 2006;
Alonso et al. 2007; Ellison et al. 2008; Darg et al. 2010).
For X-ray selected AGNs, AGN fraction enhancement has
been reported found in Silverman et al. (2011); Lackner et al.
(2014); Secrest et al. (2020), but not in a much larger sample
of Shah et al. (2020). As for AGNs that are infrared color se-
lected, most works have found a higher AGN fraction in pairs
than in isolated control sample (e.g. Satyapal et al. 2014; We-
ston et al. 2017; Goulding et al. 2018; Ellison et al. 2019;
Gao et al. 2020). In addition, Argudo-Fernández et al. (2016)
found more radio AGNs in pair or cluster environments. Re-
cently, Silva et al. (2021) built a multi-wavelength sample
including optical, X-ray, infrared, and radio selected AGNs,
but found no AGN fraction excess in galaxy pairs. Various
factors, such as different pair selections, control sample se-
lections, the sizes of the sample, the redshift bins, and the
different merger stages could all contribute to the diverse ob-
servation results.

Most previous works focused on galaxies’ global prop-
erties, due to the lack of spatially resolved spectra. Inte-
gral field unit (IFU) observations offer a new opportunity
to study thousands of nearby galaxies in sub-galactic scales
(e.g. Sánchez 2020). For instance, the MaNGA (Mapping
Nearby Galaxies at Apache Point Observatory, Bundy et al.
2015) survey is one of the largest IFU survey, which has ob-
served ∼10 000 galaxies at redshift of ∼0.02-0.1. IFU sur-
veys have two advantages to study galaxy pairs: 1. their high
spatial sampling spectra allow the confirmation of the accu-
rate velocity offset between galaxies, and we can identify the
pairs with very small projected separations; 2. IFU observa-
tions also offer two-dimensional dynamical information, so
that we can analyze the resolved properties of the pair sys-
tems. Several works have taken advantage of IFU to study
the spatial extent of star formation in star-forming galaxy
(SFG) pairs or mergers (e.g. Knapen & James 2009; Schmidt
et al. 2013; Wild et al. 2014; Barrera-Ballesteros et al. 2015a;
Yuan et al. 2018; Thorp et al. 2019; Pan et al. 2019; Steffen
et al. 2021), and have found enhanced SFR at different radii
of interacting SFGs. Specifically, Thorp et al. (2019) found
a centrally-peaked SFR enhancement and general metallic-
ity suppression in MaNGA star-forming post-mergers; while
Pan et al. (2019) found that the SFR enhancement in SFGs
pairs emerges after the first encounter. In addition, morpho-
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logically, Li et al. (2021) found a higher pair fraction in both
SFGs and quiescent galaxies that show misaligned gas-stellar
rotation. Feng et al. (2020) showed that galaxies in pairs have
higher kinematic asymmetry.

IFU studies on the AGN properties in galaxy pairs, on the
other hand, are still lacking. Using earlier MaNGA data, Fu
et al. (2018) found 14 AGN binaries and discovered an in-
crease of binary AGN systems in pairs with smaller sepa-
rations, but no analysis on the resolved properties was per-
formed. Bing et al. (2019) showed that MaNGA AGNs have
centrally suppressed star formation. Whether star formation
(SF) is enhanced or suppressed in pairs with AGN remains
an open question.

With the MaNGA survey, we now construct the largest IFU
sample of galaxy pairs with AGNs. In this paper, we aim
to study the sub-galactic properties including star formation,
age, and extinction in galaxy pairs with one or both AGNs,
to understand the merger effects on the star formation con-
dition of these AGN host galaxies. In addition, we will also
classify our sample into different merger cases in order to
study the change of AGN fraction and galaxies’ resolved SF
properties along the merger sequence. This paper is struc-
tured as follows. Sec. 2 is the data overview, pair sample
selection, merger sequence definition, and control sample se-
lection. In Sec. 3, we select the AGNs in our sample and
study their fractions along the merger sequence. In Sec. 4,
we present the global and resolved properties of our sample,
and compare them with isolated control samples. We com-
pare our work with previous works and discuss the selection
biases and caveats in Sec. 5. We summarize our results in
Section 6. Throughout this paper, we use the AB magnitude
system (Oke & Gunn 1983), the Salpeter initial mass func-
tion (IMF, Salpeter 1955), and adopt a ΛCDM cosmology
with Ω = 0.3, Λ = 0.7 and H0 = 70 km s−1Mpc−1.

2. SAMPLE OVERVIEW

2.1. The MaNGA Data

MaNGA is one of the major surveys of SDSS–IV (The
fourth-generation Sloan Digital Sky Survey; Blanton et al.
2017), which aims to obtain resolved spectroscopy for
∼10,000 nearby galaxies (Law et al. 2015), using 17 science
IFUs (Drory et al. 2015) over the 2.5 m Sloan Telescope’s
3◦ diameter field of view (FOV). These IFUs vary in diam-
eter from 12′′ to 32′′ (19 to 127 fibers). Each 2′′ fiber has a
spatial resolution of ∼1kpc at the peak redshift of z ∼ 0.03.
MaNGA’s observed wavelength range (3600 – 10300 Å) can
cover most strong nebular lines out to z ∼ 0.4. This includes
the important lines used in the BPT excitation diagnostic dia-
gram (Baldwin et al. 1981), which is widely used to identify
galaxy types between AGNs and SFGs. MaNGA has spectral
resolution that varies fromR ∼ 1400 at 4000 Å toR ∼ 2600
at 9000 Å (Yan et al. 2016a). Target galaxies are covered out
to at least 1.5 Re (Yan et al. 2016b). MaNGA’s parent sam-
ple is made of 641,409 galaxies with spectroscopic data from

NASA-Sloan-Atlas1, based on the SDSS DR7 main galaxy
sample (Abazajian et al. 2009). Detailed target selection for
MaNGA can be found in Wake et al. (2017).

Our sample is drawn from the public data release MaNGA
Product Launch-6 (MPL-6 and SDSS DR15), which con-
tains 4691 IFU observations within the survey’s first 4 years
of operation. The emission-lines and spectral indices are
from Data Analysis Pipeline (DAP, Belfiore et al. 2019;
Westfall et al. 2019), the official high level data product of
MaNGA. DAP uses the stellar templates from MILES li-
brary (Medium-resolution Isaac Newton Telescope library
of empirical spectra, Sánchez-Blázquez et al. 2006; Falcón-
Barroso et al. 2011) and adopts the pPXF (penalized pixel-
fitting, Cappellari & Emsellem 2004; Cappellari 2017) as the
spectral-fitting routine. The integrated and resolved dust-
corrected stellar masses are taken from Pipe3D2 (Sánchez
et al. 2016a,b, 2018), another model-derived MaNGA data
product.

2.2. Identification of Galaxy Pair Systems

MaNGA galaxies and most of their neighbors have spec-
troscopic redshifts from SDSS single fiber spectra. We adopt
a two-step pair selection, first based on projected distances
and velocity offsets, and then the late-stage mergers are visu-
ally selected. These two steps allow us to select galaxy pairs
from the incoming merging phase till the final coalescence.
Similar to other pair selections (e.g. Patton et al. 2002; Lin
et al. 2004; Pan et al. 2019), galaxies in our pair sample are
required to have a close spectroscopic companion at a pro-
jected separation ∆d < 50 kpc h−1 (i.e. 71.4 kpc) and a
line-of-sight velocity difference ∆v < 500 km s−1. This
method misses mergers at their late merging stage due to the
lack of the redshifts of the companions, or mergers in the co-
alescence stage, where only one source is identified. There-
fore, we also visually check all MPL-6 galaxies and identify
the missing late-stage pairs or mergers based on their mor-
phology from the SDSS gri images. Out of the 4622 (of
4691) unique MaNGA MPL-6 targets, we eventually identify
994 unique galaxy pair systems, with a total of 1156 galax-
ies covered in MaNGA. This is the same parent sample as in
Pan et al. (2019). Among these 994 galaxy pairs/mergers, 46
pairs have individual IFU coverage for both member galax-
ies; 116 pairs have both members covered in the same IFU
cube; 125 are mergers in late-stage coalescence covered with
one single IFU cube; and the remaining 707 pair systems
have only one member galaxy with a MaNGA IFU coverage.

2.3. Merger Sequence Definition

Simulations have predicted that the merging of two galax-
ies would experience several passages before the final coa-
lescence (e.g. Toomre & Toomre 1972; Barnes 1988; Barnes
& Hernquist 1992). Thus, the projected separation alone is

1 NSA; M. Blanton; http://www.nsatlas.org/
2 https://data.sdss.org/datamodel/files/MANGA PIPE3D/MANGADRP

VER/PIPE3D VER

http://www.nsatlas.org/
https://data.sdss.org/datamodel/files/MANGA_PIPE3D/MANGADRP_VER/PIPE3D_VER
https://data.sdss.org/datamodel/files/MANGA_PIPE3D/MANGADRP_VER/PIPE3D_VER
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not sufficient to define the merger sequence. Therefore, we
combine the kinematic information with the morphological
features to classify the merger stages and divide our sample
into four cases, to represent the possible merger sequences,
same as Pan et al. (2019). The classification follows the fol-
lowing criteria:

• Case 1 – Well-separated pairs which do not show any
morphology distortion (i.e. incoming pairs, before the
first pericenter passage).

• Case 2 – Close pairs showing strong signs of interac-
tion, such as tital tails and bridges (i.e. likely at the
first pericenter passage).

• Case 3 – Well-separated pairs, showing weak morphol-
ogy distortion (i.e. approaching the apocenter or just
passing the apocenter).

• Case 4 – Two components strongly overlapping with
each other and showing strong morphological distor-
tion (i.e. final coalescence phase), or single galax-
ies with obvious tidal features such as tails and shells
(post-mergers).

Each pair candidate is visually classified by four expert
classifiers and divided into the above four cases. The clas-
sification result is decided by the majority if possible, other-
wise it is discussed on an individual basis by all inspectors
(this only applies to ∼5% of objects in our sample). We note
that although Case 1 and Case 4 represent the incipient and
final stages of the merging galaxies, the relative chronolog-
ical order of Case 2 and Case 3 is not clear. Therefore, in
order to avoid confusions, we refer to them as ‘Case’ in-
stead of ‘Stages’. We reach a final parent sample of 441
unique pair systems in Case 1, 119 in Case 2, 265 in Case
3, and 169 in Case 4. Figure 1 shows illustrations of exam-
ples of SDSS gri-composite images, for each case and for
isolated galaxies. The galaxy morphology in each case is
consistent with the morphological signatures of the Toomre
Sequence (Toomre 1977, also see Veilleux et al. 2002 and
Barrera-Ballesteros et al. 2015b), and in simulated mergers
(e.g., Figure 8 in Torrey et al. 2012 and Figure 2 in Moreno
et al. 2015). Factors other than morphology may affect the
SF properties in pairs, such as the encounter geometry (e.g.
Di Matteo et al. 2007), mass ratio (e.g. Cox et al. 2008),
gas-richness (e.g. Scudder et al. 2015; Violino et al. 2018),
and the relative morphological types of the member galax-
ies (e.g. Cao et al. 2016). We do not control these factors in
our merger sequence classification due to our limited sample
size.

2.4. Control Samples

To better estimate the effect of merging for various phys-
ical parameters, control samples of isolated galaxies are
needed. In order to define the various control samples, we
firstly select galaxies without a physical companion (∆d >
150 kpc h−1 or ∆v > 500 km s−1) in MaNGA. This way

Case 4

Case 2

Case 1

Isolated Isolated

(a)

(b)

(c)

(d)

(e)

(f)

5”

5”

5”

5”

5” 5”

Case 3

Figure 1. Illustration of the possible merger sequence. Examples
of the SDSS gri-composite color images for the four merging cases
(b, c, d, e) and isolated galaxies (a, f). The MaNGA Plate-IFU num-
bers are (a):9500-12702; (b):8485-3704; (c):8241-12705; (d):8082-
9102; (e):9507-12704; (f):8984-9101, respectively. The magenta
hexagons mark the corresponding IFU’s FOV. The arrows indicate
the possible merger sequence among our four merger cases and be-
tween isolated galaxies.

we construct a parent sample of 2317 isolated galaxies. The
SFR is known to increase with the stellar mass, as shown in
the star formation main sequence (e.g. Noeske et al. 2007).
To make a fair comparison of the SF conditions in the vari-
ous samples with limited mass effect, we further define the
control samples on a mass-controlled basis. Based on the
galaxy types and similar stellar mass requirement, we build
a series of control samples from the parent isolated sample,
namely, the isolated AGN sample, the isolated SFG sample,
and the isolated passive galaxy sample (for various galax-
ies’ definition, see Sec 3.1). Table 1 summarizes the var-
ious subsamples used in the following analysis, as well as
the Kolmogorov-Smirnov (K-S) test probability p values of
the relative stellar mass distributions to the pair subsam-
ples. Given the intrinsic different mass distributions between
the AGN and SFGs, to make a fair comparison of their ra-
dial profiles in Sec. 4.3, we further require that both the
AGN and SFG subsamples to have a stellar mass between
1010.0 − 1011.0 M�. Similarly, for the comparison between
AGN and the passive galaxies (retired galaxies and lineless
galaxies), we also require the similar mass distribution and
limit their stellar mass to be between 109.9 − 1011.6 M�.

3. AGN CLASSIFICATION

3.1. Emission-line Classification

Nebular emission-lines from the narrow line region (NLR)
of an AGN show different flux ratios from those from
H II regions, and are widely used to classify AGNs from
SFGs. With MaNGA’s high quality spectra, we adopt various
emission-line diagnostics to classify the AGNs. In this work,
we use both the original [N II]-BPT (Baldwin et al. 1981) and
the modified [S II]-BPT diagrams (Veilleux & Osterbrock
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Table 1. Information of the various subsamples and their relevant control samples

Related figure(s) Subsample Number of galaxies Mass range Median Mass K-S test p

(total) log(M∗/M�) log(M∗/M�)

Paired AGN vs. Isolated AGN AGNs in pairs 61 9.94–11.55 10.93 /

(Figure 4, 5, 6, 7) Isolated AGNs 116 9.93–11.70 10.80 0.05

AGNs in pairs 34 10.11–10.97 10.73 /

AGN vs. SFG Isolated AGNs 36 10.11–10.97 10.73 0.99

(Figure 8) SFGs in pairs 50 10.11–10.97 10.68 0.38

Isolated SFGs 101 10.12–10.97 10.66 0.40

AGNs in pairs 61 9.94–11.55 10.93 /

AGN vs. passive galaxy Isolated AGNs 71 10.11–11.40 10.84 0.33

(Figure 9) Passive in pairs 311 9.95–11.55 11.00 0.50

Isolated Passive 352 9.94–11.55 10.94 1.00

NOTE—Information of the control samples used in different analysis. From left to right: the names of the subsamples,
total numbers of galaxies, mass ranges, median stellar masses, and K-S test p values as compared to the paired AGN
subsample (bold font).

1987), which utilize combinations of the [O III]λ5007/Hβ
vs [N II]λ6584/Hα, [O III]λ5007/Hβ vs [S II]λλ6716,6731/Hα
line ratios. We also adopt the Hα equivalent width (EW) vs
[N II]λ6584/Hα diagram (WHAN, Cid Fernandes et al. 2010)
to single out ‘retired galaxies’ (RGs).

Given the fact that SMBHs locate in the center of galax-
ies, we use the mean value of the central 3×3 spaxels
(1.5′′ × 1.5′′) of the galaxy, for emission-line based classi-
fications. Therefore, the galaxy types reported here represent
the galaxies’ nuclear properties. ‘AGN-like’ spaxels in the
outskirts of a galaxy will not be considered. For instance, if
a galaxy does not have emission line features in the central
region, but have strong star-forming regions in the disk or
outskirt, it will still be classified as a lineless galaxy.

In the [N II]-BPT diagram (Figure 2, a), the dashed curve
(Equation(1), Ke01a) marks the starburst line from Kewley
et al. (2001) and the solid curve marks the empirical separa-
tion between AGNs and SFGs from Equation(2) from Kauff-
mann et al. (2003). Star-forming galaxies locate below the
Ke01a curve and AGN-like galaxies locate above the Ka03
curve. Galaxies between these two curves are considered to
have radiation contribution from both the star formation and
the SMBH accretion (Kauffmann & Heckman 2009), and are
considered as ‘composite’ galaxies. We find that most of the
composite galaxies are indeed in the star-forming region of
the [S II]-BPT diagram. To avoid the contamination from
SFGs, we restrict our AGN selections to only the AGN re-
gions (see Figure 2), and do not include the composite galax-
ies in the [N II]-BPT diagram. The separation curves for the
[N II]- and [S II]-BPT diagrams are summarized below:

log([O III]/Hβ) =
0.61

log([N II]/Hα)− 0.47
+ 1.19 ; Ke01a

(1)

log([O III]/Hβ) =
0.61

log([N II]/Hα)− 0.05
+ 1.30 ; Ka03

(2)

log([O III]/Hβ) =
0.72

log([S II]/Hα)− 0.32
+ 1.30 ; Ke01b

(3)
Since the hot evolved stellar populations such as post-AGB

stars can also produce similar line ratios in the AGN region of
the BPT diagrams (Binette et al. 1994; Yan & Blanton 2012),
we further remove the ‘inactive’ galaxies from our AGN sam-
ple based on the WHAN diagram. WHAN diagram is based
on the fact that the equivalent width of Hα (Hα EW) is a
robust proxy for measuring the photo-ionization by stellar
populations older than 100 Myr (Cid Fernandes et al. 2011).
We adopt the suggested empirical division between RGs and
AGNs at 3 Å, and only keep galaxies with Hα EW > 3 Å in
our final AGN sample.

To summarize, our AGN selections in the nuclear region
follow these criteria:

1. We require all emission-lines used in the BPT diagram
(Hα, Hβ, [O III], [N II] or [S II]) to have a signal-noise-
ratio (S/N) greater than 5. If a galaxy’s central region has a
well fitted continuum but the S/N of Hα is lower than 5, or
includes weak or no Hα emission, it will be classified as a
lineless galaxy.

2. We use the WHAN diagram to select retired galaxies
(RGs), defined as galaxies with nuclear Hα EW < 3Å, re-
gardless of their positions in the BPT diagrams.

3. For galaxies with Hα EW > 3Å, we classify the galaxy
as an AGN if it falls in either the [N II]-AGN or the [S II]-
AGN regions. In our final sample of 61 AGNs in pairs, a total
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Figure 2. The (a): original and (b): modified BPT diagrams. (c): the WHAN diagram and (d): NUV-r vs Mr color-magnitude diagram
using k-corrected magnitudes from the NSA catalog. The gray dots are all the BPT-classified isolated MaNGA MPL-6 galaxies. Galaxies in
pairs are plotted as colored stars, with red for AGNs, green for composite galaxies, blue for SFGs, and black for retired galaxies. For (a) and
(b), the dividing curves are from Kewley et al. (2001) and Kauffmann et al. (2003) and relevant galaxy types are marked in the corresponding
panels. In (c), the dividing lines are from Cid Fernandes et al. (2011), which classifies the galxies into SFGs, strong AGNs, weak AGNs, and
retired galaxies. In (d), SFGs (blue), RGs (black), and AGNs (red) tend to lie in the ‘blue cloud’, ‘red sequence’, and ‘green valley’ regions,
respectively. The dividing lines are from Wyder et al. (2007), corrected for the underestimated NUV flux by 0.3 mag found in nearby galaxies1.

of 43 galaxies are classified as AGNs by both BPT criteria,
while 6 are AGNs only selected in the [N II]-BPT diagram,
and 12 are selected in the [S II]-BPT diagram only.

4. We then use the [N II]-BPT diagram to classify com-
posite galaxies and SFGs.
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Table 2. Parameters of the 61 AGNs in galaxy pairs

Plate-IFU RA DEC z Merger Case log(M∗) log(SFR) Morphology Σ[OIII]

◦ ◦ log(M�) log(M� yr−1) log(erg s−1 kpc−2)

(1) (2) (3) (4) (5) (6) (7) (8) (9)

7975-12702 323.5212 10.4219 0.0774 1 10.73 0.147 E 38.32

8132-6101 111.7337 41.0267 0.1294 3 11.55 0.980 SBb 39.92

8247-6101 136.0896 41.4817 0.0245 2 10.77 -0.551 E 37.83

8256-12704 166.1294 42.6246 0.1261 1 11.42 0.532 E 40.06

8249-3704 137.8748 45.4683 0.0268 3 10.46 -0.384 SBa 39.05

8329-3701 213.4322 43.6625 0.0893 1 11.08 -0.028 E 38.76

8459-3702 146.7091 43.4238 0.0722 3 11.25 0.736 Sa 39.07

8452-12705 157.9377 46.6717 0.0249 1 10.36 0.323 SABc 37.35

8465-12704 198.1419 48.3666 0.0558 1 10.95 0.019 Sa 39.30

8447-9102 207.4544 40.5374 0.0961 2 11.11 0.338 Sb 39.04

8486-12705 238.1414 46.3399 0.0606 1 11.21 0.213 Sab 38.87

8464-6101 186.1810 44.4108 0.1256 4 11.54 1.446 S0a 40.64

8330-12702 203.8530 38.0952 0.0649 3 10.81 0.670 S0a 38.12

8603-6101 247.1593 39.5513 0.0304 4 11.23 -0.645 E 38.23

8612-12705 255.1016 38.3517 0.0358 2 10.94 0.236 SBa 38.26

8156-12701 54.3896 0.1442 0.0481 4 10.66 -0.947 Sc 36.93

8077-6103 39.4466 0.4051 0.0473 1 10.73 0.093 Sa 38.77

8146-12705 118.0532 28.7726 0.0637 3 11.05 -0.115 SBa 38.37

8714-6102 119.1980 45.8879 0.0561 3 11.29 0.795 SABb 38.93

8711-12701 116.9431 51.6460 0.1009 1 11.34 0.413 S0a 39.63

8720-1901 121.1479 50.7086 0.0227 3 10.11 -1.070 S0 38.35

8952-3703 205.4409 27.1063 0.0288 1 10.53 -0.423 SABbc 37.96

8978-12705 249.5586 41.9388 0.0286 2 10.92 0.509 Sc 38.26

8595-12704 221.2231 51.3411 0.0890 2 11.42 -0.179 E 38.88

8943-9101 156.4031 37.2223 0.0608 4 11.00 0.224 Sa 38.68

8939-12701 124.7068 22.9545 0.0919 1 11.35 -0.043 Sab 39.10

8946-3703 170.5882 46.4305 0.0323 1 10.82 -0.955 S0 38.19

9029-12704 247.2170 42.8120 0.0316 3 10.83 -0.020 SBb 38.47

9039-6102 230.1022 32.8596 0.0620 3 11.26 0.689 Sa 38.60

9036-6102 239.1021 42.3955 0.0408 4 10.93 0.627 Sb 38.67

9047-6104 248.1409 26.3807 0.0586 3 11.39 1.240 Sbc 39.45

8154-9102 45.9602 -0.2045 0.0276 1 10.69 0.655 SBc 38.74

9182-6102 119.4863 39.9934 0.0658 3 11.08 0.243 S0a 39.96

9193-12701 45.9546 -1.1038 0.0136 3 10.87 -0.380 S0a 39.06

8993-9102 165.9101 45.1800 0.0205 3 10.53 -0.452 SABbc 38.70

9491-6102 119.9304 18.4677 0.0378 1 10.22 -1.357 Sb 36.79

9486-9101 120.7992 39.8858 0.0410 1 11.19 -0.516 S0a 38.26

8311-6104 205.2827 23.2821 0.0264 3 10.88 0.876 SABb 39.45

8309-6101 210.1903 51.7287 0.0697 1 11.16 -0.166 Sa 38.53

9507-12704 129.6000 25.7545 0.0182 4 10.67 0.352 S+S 38.74

9507-12705 129.5207 25.3295 0.0282 3 10.63 -0.198 SABb 39.06

9024-12705 223.8675 32.8400 0.0602 2 11.25 0.984 SBbc 38.99

9000-1901 171.4007 54.3826 0.0207 2 10.44 0.524 S0 39.06

9502-9101 128.3419 25.1049 0.0866 1 11.53 0.212 S0 38.95

9502-12703 129.5456 24.8953 0.0287 2 11.15 0.381 SBb 40.00

8985-12703 204.5544 32.8228 0.0245 1 10.51 -0.008 SBc 37.85

9095-6102 243.4418 22.9190 0.0319 1 10.97 0.164 Sab 38.18

9088-9102 242.4723 26.6259 0.0779 4 11.49 0.576 S 38.58

9864-9101 213.9158 50.7138 0.0498 4 10.68 -0.163 Irr 38.22

9870-6103 233.2283 44.5387 0.0371 1 10.80 -0.046 SABa 38.55

9043-3704 230.9032 28.6431 0.0841 1 11.35 -0.290 S0 38.83

Table 2 continued
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Table 2 (continued)

Plate-IFU RA DEC z Merger Case log(M∗) log(SFR) Morphology Σ[OIII]

◦ ◦ log(M�) log(M� yr−1) log(erg s−1 kpc−2)

(1) (2) (3) (4) (5) (6) (7) (8) (9)

9888-3701 236.0080 27.6993 0.0322 3 10.76 0.171 SABa 38.03

9888-12701 235.4758 28.1340 0.0332 3 11.18 -0.257 SBb 38.59

8156-12701 54.3903 0.1448 0.0481 4 10.52 -1.003 Sc 38.31

8322-12702 200.0916 30.4451 0.0476 1 10.96 -0.181 E 38.88

8549-12705 241.9053 45.0655 0.0442 4 10.62 -0.033 Sbc 38.72

8711-12701 116.9417 51.6489 0.1009 1 10.78 0.227 S0a 39.92

8943-9101 156.4018 37.2214 0.0608 4 10.22 -1.382 Sa 39.13

9039-9101 229.0024 34.3553 0.1253 2 10.82 1.116 SABb 40.50

9049-12701 246.6169 24.0270 0.0648 2 11.21 0.302 Sab 38.00

8601-12701 247.7213 41.2863 0.0939 2 9.94 -1.740 S0 39.41

NOTE—The information of all 61 MaNGA MPL-6 AGNs in galaxy pairs. (1): MaNGA Plate-IFU number; (2)&(3): RA and DEC of target
galaxy; (4) redshift from MaNGA spectra; (5): merger case classified in Sec. 2.3; (6) stellar mass in unit of solar mass; (7) star-formation rate;
(8) Visual morphological classification from MaNGA Visual Morphology Catalogue3. (9) [OIII] surface brightness of the central 1.5′′×1.5′′

region.

The classification results for all MaNGA galaxies are listed
in Table 3. The results of the three diagnostic diagrams (BPT,
modified-BPT, and WHAN, Figure 2 a, b, and c) are gener-
ally consistent (88%) with each other. For comparison, we
also plot the positions of our galaxies in the color-magnitude
diagram (Figure 2 d). In Figure 2 (d), we also draw the di-
vision lines from Wyder et al. (2007) to guide the eyes of
the three regions defined as: ‘red sequence’, ‘green valley
(GV)’, and ‘blue cloud’. We find that in Figure 2 (d), SFGs
(blue) and RGs (black) lie mostly in the ‘blue cloud’ and
‘red sequence’, respectively; while AGNs (red) and com-
posite galaxies (green) tend to lie in the ‘green valley’, in-
dicating that the AGNs in our sample are in possible transi-
tion from the blue cloud to the red sequence. We note that
our AGN sample, like other BPT selected AGN samples, is
biased against AGNs with broad emission lines, or in very
dusty systems with significant extinction of the emissions
from the NLR, as well as radio AGNs without emission-lines
(see Padovani et al. 2017, for a review).

3.2. AGN Fractions Along the Merger Sequence

In this section we compare the AGN fractions along the
merger sequence (for definition, see Sec. 2.3) from Case 1
to Case 4, as well as in the isolated galaxies. MPL-6 in-
cludes 4620 unique IFU cubes, out of which there are 116
IFU cubes that cover two galaxies in a pair (see Sec 2.2).
Therefore, in the full MPL-6 parent sample, we classify 4736
galaxies. A total of 187 galaxies’ DAP products are marked
as not suitable for scientific use due to the contamination of
foreground stars, uncertainties in redshift, or other critical
failures. After removing these galaxies, we classify the re-
maining 4549 galaxies (including 1115 galaxies in pairs) fol-
lowing the same criteria listed in Sec. 3, and find 239(5.3%)
AGNs, 385(8.5%) AGN-starburst composites, 1654(36.4%)
SFGs, 1267(27.8%) RGs, and 1004(22.1%) lineless galax-
ies. In our pair sample (1115 galaxies), the corresponding
numbers and fractions are: 61(5.5%), 74(6.6%), 310(27.8%),

313(28.1%), 357(32.0%). We list the physical parameters of
the 61 AGNs in pairs in Table 2.

This ∼5.3% AGN fraction found in the full MPL-6 is con-
sistent with previous MaNGA works using the emission-line
diagnostics (Rembold et al. 2017; Wylezalek et al. 2018;
Sánchez et al. 2018), where an AGN fraction of∼3-11% was
found in ∼2700 galaxies from earlier MaNGA data release
of MPL-5. For MaNGA MPL-8, Comerford et al. (2020)
built a sample of 406 AGNs (283 are from MPL-6), com-
piled through a combination of Wide-field Infrared Survey
Explorer (WISE) mid-infrared color cuts, Swift/BAT hard
X-ray detection, NVSS/FIRST 1.4 GHz radio sources, and
SDSS broad emission-lines. Given the significantly different
selection criteria, there are only 21% AGNs from Rembold
et al. (2017), 13% AGNs from Wylezalek et al. (2018), 23%
AGNs from Sánchez et al. (2018), and 22% from our AGN
sample that overlap with the Comerford et al. (2020) sample.
Among the 283 MPL-6 AGNs in Comerford et al. (2020),
222 are not in our sample, which consists of 206 (93%) radio
(NVSS/FIRST) AGNs with weak or no emission-lines, and
16 WISE or X-ray AGNs. The lack of radio AGNs in our
sample indicates that radio AGNs are not necessarily line-
emitters, as demonstrated in local galaxies (e.g. Best et al.
2005).

The fractions of each category in different merger cases are
listed in Table 3 and shown in Figure 3. Overall, no signif-
icant excess or trend in the AGN fractions is found between
the four merger cases. Case 1 has the lowest AGN fraction,
4.6±1.0%, while Case 2 has the highest, 6.9±2.1%, though
in all four cases the AGN fractions are consistent within 3σ.
The AGN fraction in isolated galaxies also has a compara-
ble value of 5.0±0.6%. Even after including the compos-
ite galaxies, the AGN fractions remain more or less constant
for the various cases and with the isolated galaxies. Case 2
galaxies, which have the strongest distortion, show higher
(AGN+Composite) fraction (19.5±3.5%), as compared to
the isolated galaxies (15.2±0.8%). In Case 1 & 2, we find
fewer SFGs (∼17%) than in Case 3 & 4, as well as in iso-
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Figure 3. The fractions of the five galaxy types for pairs (in color)
in the 4 merger cases (left 4 panels, for definition, see Sec 2.3) and
in isolated galaxies (right panel). In each panel, the colored blocks
from the bottom to top represent AGNs (red), composite galaxies
(green), SFGs (blue), retired galaxies (RG, brown), and lineless
(gray) galaxies, respectively. In brackets are the numbers of galaxies
of that specific galaxy type, followed by the percentages in the cor-
responding cases. The error bars at the top of each color block mark
the corresponding binomial errors. Compared to isolated galaxies,
no significant difference (> 3σ) in the fraction of galaxy types is
found for any merger cases, except for SFG in Case 1 & 2, and
Lineless galaxies in Case 1. Overall, higher fractions of passive
galaxies (Lineless+RGs) by ∼15%–25% are found in Case 1 & 2.

lated galaxies, which have an SFG fraction of ∼40%. We
suspect that this is an environmental effect and will discuss
this in more detail in Sec. 5.2. In Table 3, we also list the
total fractions in MPL-6 galaxies for comparison.

On the other hand, we find a clear difference of the
fractions of passive (RGs+Lineless) galaxies. Significantly
higher fractions (∼15%–25%) of passive galaxies are found
in Case 1 (74±4%) and Case 2 (64±6%), as compared to
isolated galaxies (42±1%), and∼45%–50% in Case 3 and 4.
This reflects the selection bias towards more early type galax-
ies (ETGs) in Case 1 and Case 2, because ETG pairs hardly
show morphological distortions and will be classified as ei-
ther Case 1 (if separated) or Case 2 (if with overlap) based on
the criteria in Sec. 2.3. In addition, we find a higher fraction
of passive galaxies in pairs (60±2%) than in isolated galaxies
(42±1%), possibly related to their environments (see Sec 5.2
for more discussion).

4. GALAXY PROPERTIES

In this section we present the different galaxy properties
of our AGN pair sample, and compare with the control sam-
ple of isolated AGNs. We begin with their global properties,
including stellar mass, star formation rate (SFR), and cen-
tral [O III] surface brightness. Then we compare the radial
profiles of resolved specific SFR (sSFR), Dn4000, and the
Balmer decrement. The Hα and [O III] fluxes used in this
section are all dust corrected based on the Hα/Hβ flux ra-

tios with a reddening curve (RV =3.1, gas environment) from
Calzetti et al. (2000), assuming the case B recombination
(Hα/Hβ = 2.86, Osterbrock & Ferland 2006). The dust-
corrected luminosities of Hα and [O III] are calculated using
Equation (4):

Lline = 4πd2Sline100.79kλ log( Hα
2.86×Hβ ), (4)

where d is the luminosity distance from the NSA catalog;
Sline is the observed flux of Hα or [O III]; kλ is the correction
factor from Calzetti et al. (2000), and has a value of 2.4 for
Hα and 3.5 for [O III].

4.1. The Global Properties

4.1.1. Stellar Mass and Global SFR

The global stellar masses (M∗) and dust-corrected SFRs
are taken from the Pipe3D catalog (version 3.0.1). We com-
pare our pair sample with the MaNGA star formation main
sequence (SFMS), based on the Pipe3D results, as defined
in Cano-Dı́az et al. (2019). In Figure 4, we plot all MPL-6
galaxies (contour) and mark the isolated AGNs as blue cir-
cles and AGNs in pairs as red stars. The MPL-6 galaxies
show two distinguished populations: one that mainly lies on
the SFMS, and another of quenched galaxies that extend to
the high mass, low SFR region in Figure 4. All our emission-
line-selected MaNGA AGNs have M∗ larger than 109.6M�.
They lie on or below the SFMS, likely in transition between
the SFMS and the quenched galaxies, while the less massive
AGN hosts appear more quenched. This is consistent with
the color-magnitude diagram in Figure 2 (d), where most
AGN host galaxies are in the ‘green valley’ region. The typ-
ical errors are 0.08 dex for SFR and 0.07 dex for M∗.

AGNs in pairs and isolated galaxies are well blended
in Figure 4, with no significant difference in SFR (+0.04
dex) or stellar mass (+0.13 dex), though their median SFR
(100.15 M� yr−1) and M∗ (1010.93 M�) are higher than the
full MPL-6 sample (10−0.59 M� yr−1 and 1010.62 M�). The
lack of low mass AGN hosts on or above the SFMS may
be a combined effect due to the nature of the AGN popu-
lation as well as the selection effect from the BPT diagnos-
tics. First, the number density of AGN is lower in low-mass
host galaxies, as reported in Kauffmann & Heckman (2009),
so the limited sample size of the MaNGA survey may miss
AGNs in low-mass galaxies. Second, the so-called ‘star for-
mation dilution’ effect in the BPT diagram is stronger in low-
mass, high-SFR host galaxies, as discussed in Trump et al.
(2015). We will discuss the AGN selection bias in more de-
tail in Sec. 3.1.

4.1.2. Stellar Mass and [O III] Surface Brightness

A common proxy for the bolometric luminosity of AGN is
the [O III] luminosity (e.g. Heckman & Best 2014). With the
IFU data, here we only focus on the central [O III], which
is dominated by nuclear activity and likely less contaminated
from extended SF activities. Same as the BPT classification,
we use the central 1.5′′ × 1.5′′ spaxels to calculate the sur-
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Table 3. Galaxy types and fractions based on emission-line classifications for different merger cases

Case AGN Composite SFG RG Lineless Total

(1) (2) (3) (4) (5) (6) (7)

Case1 4.6±1.0% (22) 4.0±0.9% (19) 17.1±1.9% (81) 30.1±2.5% (143) 44.2±3.1% (210) 475
Case2 6.9±2.1% (11) 12.6±2.8% (20) 17.0±3.3% (27) 32.1±4.5% (51) 31.5±4.4% (50) 159
Case3 6.1±1.5% (17) 7.9±1.7% (22) 43.2±3.9% (121) 27.5±3.1% (77) 15.4±2.3% (43) 280
Case4 5.5±1.7% (11) 6.5±1.8% (13) 40.3±4.5% (81) 20.9±3.2% (42) 26.9±3.7% (54) 201

Isolated 5.0±0.5% (116) 10.2±0.7% (236) 42.3±1.4% (979) 26.7±1.1% (619) 15.8±0.8% (367) 2317
MPL-6 5.3±0.3% (239) 8.4±0.4% (382) 36.2±0.9% (1649) 27.8±0.8% (1267) 22.1±0.7% (1004) 4549

NOTE—Column 1: Case name, ‘Isolated’ represents these galaxies without a physical companion nor can be identified as merger
(see Sec. 2.3). Column 2-6: The fraction and its binomal error for each galaxy type in percentage, with the actual number of
galaxies (AGN, composite, SFG, retired and lineless galaxies) listed in bracket. Column 7: The total number of galaxies for each
case.
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Figure 4. Distribution of M∗ versus SFR for AGNs in our sample
(colored stars and circles) and the MaNGA MPL-6 galaxies (gray
contour). The contour is generated with a Gaussian-KDE fitting.
AGN in isolated galaxies and pairs are plotted as blue circles and red
stars, respectively. The solid and dashed green lines are the SFMS
and 1 σ offset for MaNGA MPL-5 galaxies from Cano-Dı́az et al.
(2019). Also plot in the upper and right panels are the normalized
distributions ofM∗ and SFR: gray for all MaNGA MPL-6 galaxies,
blue for isolated AGNs, and red for AGNs in pairs. The typical
errors are 0.08 dex for SFR and 0.07 dex for M∗. In our sample,
AGNs lie mainly on or below the SFMS, which is consistent with
Cano-Dı́az et al. (2019), and AGN in pairs tend to have slightly
higher SFR and M∗.

face brightness of [O III] (Σ[O III] = [O III]/area). We com-
pare the central Σ[O III] with the global stellar mass distri-
bution in Figure 5. AGN in pairs have a marginally higher
Σ[O III] than isolated AGNs (+0.13 dex, median error in
Σ[O III] is 0.06 dex). This is different from the result of Liu
et al. (2012) using the SDSS single fiber data. They found
an global [O III] luminosity enhancement of 0.5 to 0.7 dex
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Figure 5. Central [O III] luminosity surface density Σ[O III]
(1.5′′×1.5′′) versus global stellar mass for AGNs in MaNGA MPL-
6, with red stars for AGNs in pairs, and blue circles for isolated
AGNs. Histograms are their normalized distributions and we find
marginally higher (+0.13 dex) Σ[O III] for paired AGNs.

in AGN pairs. One possible cause of the difference is due
to the lack of dust extinction correction in the [O III] lumi-
nosity measurements in Liu et al. (2012). As discussed later
in Sec. 4.2.2, in our sample, we found lower Balmer decre-
ment thus lower extinction correction in AGNs in pairs than
that in isolated AGNs. After the extinction correction, the lu-
minosity difference would be smaller between pairs and iso-
lated galaxies. On the other hand, most of our AGNs have a
central Σ[O III] less than 1040 erg s−1 kpc−2, indicating that
they are mostly AGNs with moderate luminosities (Kauff-
mann et al. 2003).

4.2. Resolved properties

4.2.1. Measurements
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To examine the difference between AGN in pairs and iso-
lated galaxies, in this section we investigate the resolved
properties (measured as surface densities Σx, in unit of
x kpc−2) of the specific SFR (ΣSFR/ΣM∗ ), Balmer decre-
ment, and Dn4000, chosen to represent the resolved star for-
mation, dust extinction, and age of the stellar population, re-
spectively.

The mass surface density (ΣM∗ ) is from the Pipe3D data
cube, calculated after fitting the spectra with a model of stel-
lar populations using the GSF156 single-stellar population
(SSP) library. We obtain the ΣSFR from the attenuation cor-
rected Hα luminosity using the star formation law (Kennicutt
& Evans 2012):

log(
SFR

M� yr−1
) = log(

LHα

erg s−1
)− 41.01. (5)

This relation is based on the assumption that the Hα emis-
sion is produced by young stellar populations (e.g. OB stars
in H II regions). Therefore, the Hα contamination from
AGN’s narrow line region will lead to overestimated SFR.
We disentangle the AGN’s contribution through different line
ratios as compared to pure star-forming H II regions.

The intrinsic [N II]/Hα emitted by SF and AGN can be
predicted using different photoionization models (e.g. Kew-
ley & Dopita 2002; Groves et al. 2004; Dopita et al. 2013). Ji
& Yan (2020) presented a new 3D diagnostic diagram which
can be applied to estimate the contributions from AGN and
SF based on a given model. They used the best-fitting SF and
AGN model for their MaNGA spaxel sample and derived a
relation between AGN’s contribution and the indicator P1,
which can be approximated as Equation (6):

fAGN =


0, P1 6 −0.53

0.14P 2
1 + 0.96P1 + 0.47, −0.53 < P1 < 0.51

1, P1 > 0.51

,

(6)
where fAGN is AGN’s contribution to the
Hα flux (HαAGN/Hαtotal) and P1 equals to
0.63 log([N II]/Hα)+0.51 log([S II]/Hα)+0.59 log([O III]/Hβ).
We apply this relation to calculate the fAGN of all spaxels
with enough S/N (>3), and then decompose the HαSF to ob-
tain the SFR through Equation (5). We test this relation for
all MaNGA spaxels with robust S/N regardless of their host
galaxies’ categories in Appendix A.1. Overall the fAGN per
spaxel equals to 0 in the star-forming region and increases
to 1 towards the edge of the AGN sequence. Thus our SFR
corrections will only affect the AGN or Composite spaxels,
but does not affect SF spaxels, as expected.

The spaxel-by-spaxel Dn4000 and line flux values are from
the MaNGA DAP data product. For each galaxy, the effective
radius (Re) is from the NSA catalog and was calculated from
the r-band photometry. We then calculate the radial profiles
by averaging the corresponding values in 6 equal radius bins
from the center (0Re) to MaNGA’s reliable coverage (1.5Re)
with a bin size of 0.25Re.

4.2.2. Radial Profiles

Previous work by Belfiore et al. (2018) showed that the
sSFR radial profiles are mass dependent, with low mass
MaNGA main sequence galaxies having higher and more flat
sSFR than high mass ones. We first divide all AGN hosts into
3 mass bins of log(M∗/M�) < 10.5, 10.5 < log(M∗/M�)
< 11.0, and log(M∗/M�) > 11.0. The numbers of AGNs
in each mass bin are 32, 64, and 53, respectively. Every
galaxies’ radial profiles of the sSFR, Balmer decrement, and
Dn4000 are shown in Figure 6, with the AGNs in pairs in red
and the isolated AGNs in blue. The solid dots and thick lines
are generated using the median values in the corresponding
radius bins, and the error bars indicate the 1σ scatter of indi-
vidual galaxies around the median values. The larger uncer-
tainties for AGNs in pairs are related to the relatively smaller
sample size. From the radial profiles, we observe that:

(a) The sSFR radial profiles show no significant difference
between AGNs in pairs or isolated AGNs in all mass bins.
In the lowest mass bin (log(M∗/M�)< 10.5), AGNs in pairs
have a flat sSFR radial profile. At log(M∗/M�)> 10.5, both
AGNs in pairs and isolated galaxies have an increasing sSFR
towards larger radius, indicating an inside-out quenching.

(b) The Balmer decrements decrease from the inside to the
outside, indicating more dust attenuation in the nuclear re-
gion. As in the case of sSFR, the Balmer decrement is also
flatter in the lowest mass bin for AGN in pairs, but not as
flat as the sSFR and Dn4000 in the same mass bin. AGNs
in pairs tend to have lower Balmer decrements than isolated
AGNs, though not significant (<1σ).

(c) Overall, the Dn4000 radial profiles decrease towards
larger radii, indicating younger stellar populations in the
outer regions of the galaxy. Again, this trend is less obvi-
ous in low mass AGNs, which is consistent with the flatter
trend of sSFR radial profiles (top panel).

(d) For all AGN host galaxies more massive than
1010.5 M�, the radial profiles of the sSFR, Balmer decre-
ment, and Dn4000 do not change as the stellar mass in-
creases. At the lowest mass bin (M∗< 1010.5 M�), however,
the radial profiles of the AGN, regardless in pairs or isolated
galaxies, show flatter sSFR with lower absolute values, and
flatter Dn4000 profiles, which is again consistent with the
inside-out picture. These results are different from similar
analysis for SFGs. Elevated sSFRs are found in the SFG
pairs regardless of their mass values, especially in the nu-
clear region (e.g. Pan et al. 2019; Steffen et al. 2021). Higher
sSFR are found in low-mass SFGs (e.g. Belfiore et al. 2018),
which is opposite to what we find in our AGN host galaxies.

Figure 7 shows the similar radial profiles as Figure 6, ex-
cept that galaxies are separated by their merger cases, with
red and blue lines represent the AGNs and SFGs, respec-
tively. For AGNs, the overall sSFR radial profile is increas-
ing, consistent with the declining Dn4000 radial profiles, and
their trends indicate a centrally depressed SFR along older
stellar populations, suggesting more quenched nucleus re-
gions. The Balmer decrement radial profiles also decrease
from the inside to the outside, indicating more dust attenu-
ation in the central region. From Case 1 to Case 4, the ra-
dial profiles of these parameters do not show any significant
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evolution. Central Balmer decrements are slightly higher in
Case 3 and 4, consistent with the scenario of dustier later
merger stages. On the other hand, SFGs show clearly higher
and flatter sSFR radial profiles, similar Balmer decrement ra-
dial profiles, and lower and flatter Dn4000 radial profiles than
AGNs, both pairs and isolated galaxies. These findings are
consistent with the star forming nature of the SFGs, which
have ongoing star formation both in the nucleus and the out-
skirts. We will discuss the difference between the AGN and
SFG radial profiles in more detail in Sec. 4.3.

4.3. Comparison to Star-forming and Passive Galaxies

In this section we compare the differences among AGNs,
SFGs, and passive galaxies. Similar to Sec. 4.2.2, we cal-
culate the radial profiles of each galaxy and use the median
value to generate the stacked profiles in Figure 8. Here the
shadowed errors are obtained by calculating the standard de-
viation divided by

√
N , where N is the number of values at

each radius bin.
Using the mass-controlled subsamples defined in Sec. 2.4,

we firstly compare the resolved properties between AGNs
and SFGs. The radial profiles of SFGs and AGNs in both
pairs and isolated galaxies are shown in the left panel of Fig-
ure 8. In both galaxy pairs and isolated galaxies, SFGs have
higher sSFR and lower Dn4000 values than AGN hosts at
all radii, and have flatter radial profiles. This indicates more
star formation and younger stellar populations in SFGs, as
expected. AGNs (red triangle and circles in Figure 8, left)
have lower sSFR and higher Dn4000 values in the central
regions, consistent with the ‘inside-out’ quenching scenario.
For the Balmer decrement radial profiles, we find that the ab-
solute value is almost the same in the center for AGNs and
SFGs, but decreases faster in AGNs towards the outskirts, es-
pecially for AGNs in pairs. This is consistent with the more
dusty outskirts in SFGs.

We further compare the differential radial profiles for pairs
and isolated galaxies in the right panel of Figure 8. Com-
pared to isolated SFGs, SFGs in pairs show clearly enhanced
sSFR and suppressed Dn4000, which is more obvious in the
central regions, consistent with previous findings (e.g. Pan
et al. 2019; Steffen et al. 2021). Compared to paired AGNs,
isolated AGNs have a marginally increasing sSFR towards
the larger radii.

The Balmer decrement is almost the same in paired and
isolated SFGs, but decreases in AGNs from the center to the
outskirts, with ∆ (Hα/Hβ) dropping from 0 to -0.6. We
note that other than different dust attenuation, the intrinsic
Hα/Hβ value can also vary in different regions of a galaxy
due to different interstellar medium (ISM) environment. For
example, higher temperature or higher electron density can
also result in lower Balmer decrements (Osterbrock & Fer-
land 2006). Thus we refrain ourselves from over-interpreting
the trend in the Balmer decrement.

We make similar comparison with the passive galaxies in
Figure 9, with a mass-controlled passive subsample as de-
fined in Sec. 2.4. Given the low S/N of Hα and other emis-
sion lines, it is difficult to derive the SFR of most spaxels in

the passive galaxies. Dn4000 (or D4000) has been used to
study the SFR in passive galaxies, by using single fiber spec-
tra (e.g. Brinchmann et al. 2004; Salim et al. 2007; Rosario
et al. 2016), or IFU spectra (e.g. Spindler et al. 2018; Wang
et al. 2019; Bluck et al. 2020). Inspired by this, we derive our
own resolved sSFR vs Dn4000 relation, using the MaNGA
spaxels with robust Hα-based sSFR in all MPL-6 galaxies
(Appendix A.2). Since Balmer decrements are not reliable
in spaxels with low S/N of Hα and Hβ or no emission lines,
in Figure 9 we only compare the sSFR and Dn4000 radial
profiles of the passive galaxies with AGNs.

The radial profiles of AGNs and passive galaxies show
similar declining sSFR trends as radius decreases (Figure
9, left), consistent with the inside-out quenching scenario.
Regardless of the similar trends, passive galaxies still have
lower sSFR by ∼1.2 dex, and higher Dn4000 by ∼0.3. This
indicates that AGN host galaxies, despite having lower sSFR
than the SFGs (Figure 8), are still not as quenched as pas-
sive galaxies. AGNs are more likely in transition between
SFG and passive galaxies. Comparing isolated and paired
passive galaxies, we find no difference with AGNs in their
∆ log(sSFR) and ∆Dn4000 (Figure 9, right). The differential
radial profiles between AGN and passive galaxies are gener-
ally flat within 3σ, suggesting no interaction-triggered star
formation activities in both populations.

In summary, unlike SFGs, AGNs and passive galaxies in
pairs do not show SFR enhancement as compared to isolated
galaxies. One explanation of the less impact on star forma-
tion in AGN hosts may be the lack of sufficient gas, similar
to the passive galaxies.

5. DISCUSSIONS

5.1. Comparison to previous studies

Several previous works using single-fiber spectra from
large surveys have found no AGN fraction evolution based
on BPT-selected AGNs among different galaxy merger cases.
These studies found the same AGN fraction in galaxy pairs
and isolated control sample (e.g. Schmitt 2001; Coldwell &
Lambas 2006; Alonso et al. 2007; Ellison et al. 2008; Darg
et al. 2010), no enhanced [O III] luminosity in AGNs within
galaxy pairs (e.g. Li et al. 2008b), and no increase in neigh-
bor numbers for higher [O III] luminosity AGNs (e.g. Shao
et al. 2015). Our sample is the first to study AGN fractions
along the merger sequence based on IFU data, and we find
no change of the IFU-classified AGN fraction for different
merger cases and isolated galaxies.

On the other hand, using galaxy pair samples from the
IFU surveys, Barrera-Ballesteros et al. (2015a), Thorp et al.
(2019), Pan et al. (2019), and Steffen et al. (2021) have stud-
ied the spatially resolved sSFR of SFGs in pair or merger
systems. Despite the different sample selections, a unani-
mous conclusion is that in SFGs, galaxy interactions trigger
stronger SF enhancements in the center than in the disk. The
radial profile of the SFGs in our sample is also plot in Fig-
ure 8, and are consistent with previous studies with higher
SF enhancement in the center. The AGNs in pairs, how-
ever, do not show any SF enhancement as compared to iso-
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Figure 6. The radial profiles of sSFR (top), Balmer decrement (middle) and Dn4000 (bottom) for AGNs in pairs (red) and isolated AGNs
(blue). The AGN sample is divided into three mass bins as listed at the top of each column. The thin lines are the radial profiles for each galaxy
in the mass bin. The thick lines with solid dots represent the median value in each radius bin from 0.00 to 1.50 Re, with a binsize of 0.25 Re,
and manually offset in the x direction to guide the eye. The error bars indicate the 1σ scatter of individual galaxies around the median value.
No significant difference is found between AGNs in pairs and isolated AGNs. Both show an increasing sSFR, as well as decreasing Balmer
decrement and Dn4000 radial profiles. This is consistent with the inside-out quenching scenario. The only exception is in the low mass bins
(log(M∗/M�) < 10.5), where AGNs show flat sSFR and Dn4000 radial profiles.
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Figure 7. The radial profiles of sSFR, Balmer decrement, and Dn4000, for AGNs (red) and SFGs (blue) divided into different merger cases,
and in isolated galaxies. We find no significant evolution along the merger sequence or with the isolated galaxies. Both paired AGNs and SFGs
show similar trends with their isolated counterparts. AGNs have an overall increasing sSFR, decreasing Balmer decrement and decreasing
Dn4000 as the radius increases, while the SFGs have overall flat sSFR and Dn4000 radial profiles. This suggests that AGNs are more quenched
and have older central stellar populations than SFGs, regardless if they are in pairs or in isolated galaxies. The total galaxy numbers for each
subsample are listed in Table 3.
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Figure 8. Comparison of the radial profiles between mass-controlled AGNs (red) and SFGs (blue). From top to bottom: the sSFR, Balmer
decrement, and Dn4000 as a function of radius for AGNs and SFGs in pairs (triangles) and isolated ones (dots). Left panel shows the absolute
values and the right panel shows the difference between pairs and isolated galaxies. The shadows represent the standard deviation of the mean
at each radius bin. AGNs have lower sSFR and higher Dn4000 at all radii, regardless of whether they are in pairs or isolated galaxies. Unlike
SFGs in pairs, which show enhanced sSFR and suppressed Dn4000 towards the galaxy center, AGNs do not show any significant difference in
the radial profile between pairs and isolated ones.
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Figure 9. Comparison of the radial profiles of the sSFR (top) and Dn4000 (bottom) between the mass-controlled AGNs (red) and passive
galaxies (grey). Galaxy in pairs are marked with triangles, and isolated ones in dots. The sSFR of passive galaxies is calculated by the Dn4000-
sSFR relation described in Appendix A.2. AGNs have higher sSFR and lower Dn4000 at all radii than isolated galaxies, regardless of whether
they are in pairs or isolated. No difference is found between the isolated galaxies and galaxies in pairs. The total galaxy numbers for each
subsample is listed in Table 1.

lated AGNs. Pan et al. (2019) perform the analysis along
the merger sequence and found the enhancement evolves in
different merger cases. The enhancement of central sSFR
emerges after the ‘pre-merger’ phase (Case 1). We use the
same parent pair sample and focus on the AGN pairs. We find
that unlike SFGs, the evolution of AGNs’ properties along
the merger sequence is not statistically significant (Figure 7).

The global and resolved properties of our AGNs are in gen-
eral agreement with an inside-out quenching scenario, as pro-
posed in several earlier MaNGA works. Compared to that in
outer regions, the decrease of SFR in the central regions con-
tributes more to galaxy quenching (e.g. Ellison et al. 2018;
Pan et al. 2018; Guo et al. 2019). Based on our AGNs’
GV-like colors (Figure 2, d), location below the SFMS (Fig-
ure 4), and sSFR and Dn4000 radial profiles being in be-
tween the SFGs and the passive galaxies (Figure 8, 9), our
BPT-selected AGNs are likely to be experiencing the tran-
sition from SFGs to quiescent galaxies. The locations on
the main sequence and the color-magnitude diagram of our
AGN sample are similar to previous BPT-selected AGNs in
MaNGA(Fu et al. 2018; Sánchez et al. 2018). This possi-
ble transition can be explained by gas consumption, by either
previous star formation, or AGN triggered outflows. If the
gas has been consumed already in the AGN systems, then
the lack of sSFR enhancement in AGN samples, as observed
in our sample, can be naturally explained. This is also sup-
ported by the lower global gas fractions than SFGs found in
MaNGA AGNs (e.g. xCOLD GASS survey Saintonge et al.
2017), and lower H2 mass in AGNs than normal SFGs at
comparable star formation efficiencies (Lin et al. 2017).

5.2. Selection bias from the environment

In Sec 3.2, we find a higher fraction of passive galaxies
in pairs. It is known that massive, bright, and passive early-
type galaxies tend to locate in a dense, clustering environ-
ment (e.g. Zehavi et al. 2005; Li et al. 2006; Skibba et al.
2009; de la Torre et al. 2011). In this section, we discuss the
environmental influence ON our MaNGA pair sample in this
section.

Different environmental indicators such as neighbour-
ing galaxies and halo occupation distribution represent the
galaxy environment at different scales (see Muldrew et al.
2012, for a review). Previous work by Kauffmann et al.
(2004) has shown that star formation mainly depends on
galaxies’ local environment. So here we adopt the local
mass density (ρ) from the MaNGA-GEMA4 catalog to in-
vestigate the influence of the galaxy environment. The lo-
cal mass density uses the halo-domain method developed by
Wang et al. (2009) for the SDSS DR7 galaxy group cata-
log (Yang et al. 2007), which reconstructs the cosmic den-
sity field by calculating the Gaussian-kernel smoothed den-
sity at each galaxy’s position in a scale of 1 Mpc/h. We
compare the galaxy fraction for different galaxy types (Line-
less+RG, SFG+composite, and AGN) with their local mass
densities (Figure 10). The local mass densities are divided
into four bins: log(ρ/ρ0) = (-∞,0], (0,0.9], (0.9,1.3] and
(1.3,+∞), where ρ0 is the average cosmic mean density,
equals to 7.16 × 1010 M�h−1(Mpc/h)−3. The fraction of
passive galaxies increases with the local mass density bin

4 https://data.sdss.org/datamodel/files/MANGA GEMA/GEMA VER

https://data.sdss.org/datamodel/files/MANGA_GEMA/GEMA_VER


16

(-,0] (0,0.9] (0.9,1.3] (1.3,-)
log( / 0)

0

10

20

30

40

50

60

70

80
Fr

ac
tio

n 
(%

)
Lineless+RG
SF+Composite
AGN

Figure 10. Fractions of isolated galaxies dividing into four lo-
cal density bins. Error bars represent the binomial errors of each
fraction. ρ0 is the average cosmic mean density, equals to 7.16 ×
1010 M�h−1(Mpc/h)−3. The passive fraction becomes higher and
(SFG+Composite) fraction becomes lower in denser environment,
but the AGN fraction does not change significantly. The total num-
bers for each galaxy type can be found in Table 3.

from 25±2% (log(ρ/ρ0)< 0) to 69±3% (log(ρ/ρ0)> 1.3).
This is consistent with the observations that passive galaxies
tend to locate in a denser environment (e.g. Norberg et al.
2002). In contrast, the fraction of SFG+composite galax-
ies decreases as the local density increases (e.g. Kauffmann
et al. 2004; Coil et al. 2017). The AGN fraction remains more
or less the same from the lowest density (3.9±0.7%) to the
highest density (5.6±0.9%), with a peak (7.6±1.2%) at the
median density of log(ρ/ρ0) = 0.9-1.3.

We have shown that the more passive MaNGA galax-
ies live in denser environment, we then compare the lo-
cal mass density distributions between isolated galaxies and
paired galaxies. In Figure 11 we plot the log(ρ/ρ0) distri-
bution for our four cases, along with the differences of the
mean density in pairs and isolated galaxies. The distribu-
tion of log(ρ/ρ0) is clearly higher for galaxies in Case 1 and
Case 2 pairs, as compared to isolated galaxies (+0.63 dex,
+0.45 dex, respectively). The density distributions in Case 4
are more similar with the isolated galaxies, with ∆log(ρ/ρ0)
of +0.07 dex only. We suspect that our observed higher frac-
tions of passive galaxies in Case 1 & Case 2 are a result of
their overall denser environment. The lack of a significantly
higher fractions of passive galaxies in Case 3 is a result of
the morphology-based case definition, which excludes ETGs
from Case 3 classification, as discussed in Sec. 3.2 .

5.3. Selection bias of the AGN sample

In this paper, we use optical emission-line ratio and line
width to select AGNs. This method is based on the different
emission line properties in AGNs’ NLRs and H II regions.
The emission from NLR could be contaminated by the broad
emission lines or strong nuclear starbursts. Therefore, our
BPT-selection is biased against AGNs with strong broad-line
component or with strong central star formation (e.g. Trump
et al. 2015). The AGNs missed due to dust extinction or dilu-
tion from star formation are known to lie along or above the
SFMS (e.g. Chang et al. 2017), which possibly contributes
to the lack of AGNs above the SFMS in our Figure 4. An-
other selection bias of the BPT method is against AGNs with
quenched host galaxy that has no or weak emission-lines due
to lack of recent star formation (e.g. Heckman & Best 2014).
For instance, radio selected AGNs are doomed to be left out
in our sample (e.g. the majority of radio AGNs have no
emission lines from Comerford et al. (2020), see Sec. 3.1).
In addition, the MaNGA survey aims to study the resolved
properties of nearby galaxies. The most luminous quasars
are therefore not a preferred target as they easily outshine the
host galaxies, making the data analysis difficult (Wake et al.
2017). As a result, our sample is biased towards AGNs with
median to low luminosity and low SFR, landing them in the
transition region in Figure 4.

5.4. Caveats in the analysis of mergers

When it comes to the late stage of merging, there are sev-
eral caveats in both sample selection and the analysis. First
caveat is the merger classification. As mentioned in Sec. 2.2,
we visually classify the late-stage merger systems missed by
the pair selection based on physical separation and velocity
offset. Mergers with high inclination would be missed, while
secularly evolved irregular galaxies could also contaminate
the merger sample. In addition, some galaxy pairs may not
follow the Toomre Sequence (Toomre & Toomre 1972) and
should not be included in merger-sequence related analysis.
For example, Sinha & Holley-Bockelmann (2012) have sim-
ulated and found that there are at least 20%-30% flybys in
galaxy pair samples from large surveys, which may smear
out the actual evolutionary trends of the true merging pairs.

Moreover, the distortions in galaxy pairs may affect our
analysis of their host galaxies. The radii generated from
typical ellipsoid model may not be appropriate for galax-
ies with bridges or tails, resulting in inaccurate Re estimate.
The overlapping region between galaxies may contaminate
the measurements of their properties. Lastly, even though
we require our isolated control sample to show no distortion
in SDSS images and have no spectroscopic companion, it is
possible that their SFR are affected by hidden minor mergers
or flybys.

6. SUMMARY

In this work, we select 1156 local galaxies in pair or merger
systems from the MaNGA MPL-6 and classify them into 4
categories (cases), presumably representing various stages
along the merger sequence. Then we identify 61 AGNs in
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Figure 11. Histograms of the local mass density for galaxies in four merger case and isolated ones. The distribution offsets are listed in the top
left of each panel. Case 1 and Case 2 show clearly higher local density distributions than isolated galaxies. The actual numbers for each pair
case can be found in Table 3.

these pair systems using the BPT and WHAN diagrams and
compare them with isolated AGNs and SFGs via both global
and resolved properties. We calculate the AGN fractions
along the merger sequence, analyze their global SFR-M∗ re-
lation, Σ[O III], and their resolved radial profiles of the sSFR,
Balmer decrement, and Dn4000. Our main conclusions are
as follows:

(1) The AGN fraction of galaxies in pair or merger systems
is consistent with that in isolated galaxies (∼5%). This in
agreement with several previous SDSS works that found no
significant AGN fraction change in galaxy pairs (e.g. Alonso
et al. 2007; Ellison et al. 2008; Darg et al. 2010). Besides,
we do not find any evolution in AGN fractions for the dif-
ferent merger cases. More passive galaxies and fewer SFGs
are found in galaxy pairs, especially in early merger stages,
possibly due to their denser environment.

(2) As for the global properties, AGNs tend to locate in the
transition region between main sequence galaxies and pas-
sive galaxies, partly due to selection bias. Compared to iso-
lated AGNs, AGNs in pairs have similar stellar mass, global
SFR, and Σ[O III].

(3) The resolved sSFR of AGN host galaxies, regardless
in pairs or isolated, show an increase from the center to out-
skirts. This supports the ‘inside-out’ quenching scenario in
AGN host galaxies. Unlike the higher mass AGNs, AGNs
with lower stellar mass (log(M∗/M�)< 10.5) show a differ-
ent sSFR radial profile that is flat across all radius. We find no
sSFR difference between AGNs in pairs and isolated AGNs.

(4) The Balmer decrements of AGN host galaxies show an
inside-out decrease, indicating more dust attenuation in the
central regions.

(5) The Dn4000 radial profile for AGNs decreases from the
center to the outskirts, and suggests older stellar populations
in the galaxies’ central regions with no recent star forma-
tion, which is consistent with the sSFR results, and similar to
quenched galaxies reported earlier. AGNs with lower stellar
mass (log(M∗/M�)< 10.5) show a different Dn4000 radial
profile that is flat across all radius.

(6) At all radii, AGNs have significantly lower sSFR and
higher Dn4000 than SFGs, regardless of whether they are in
pairs or isolated galaxies. They also show steeper Balmer
decrement radial profiles. The enhanced SF in SFG pairs
are not found in AGN pairs. Galaxy interactions enhance
the sSFR of SFGs at all radii, especially in the central re-
gion, resulting in higher sSFR and lower Dn4000. While in
AGNs and passive galaxies, no significant change in sSFR or
Dn4000 is found between pairs and isolated galaxies.
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APPENDIX

A. SFR IN AGNS AND PASSIVE GALAXIES

A.1. Decomposition of the Hα emission

In this Appendix we describe how we do the AGN-
SF decomposition of the dust-corrected Hα, as mentioned
in Sec. 4.2.1. We require the S/N of [O III]λ5007, Hβ,
[N II]λ6584, Hα, [S II]λλ6716,6731 should all be greater than
5. We use these emission-lines and Equation 6 to calculate
the contribution of AGN to Hα emission (HαAGN/Hαtotal,
fAGN ). Then we plot all the qualifying spaxels in the BPT
and modified BPT diagrams, as shown in Figure A1, coded
by their fAGN values. In the star-forming regions of the two
diagrams, the AGN’s contribution to Hα emission is negligi-
ble. Along the Ke01 maximum starburst line (black dashed)
in the [N II]-BPT diagram, the fAGN is about 40%, consis-
tent with the approximation (∼50%) in Kauffmann & Heck-
man (2009), derived from the SDSS single fiber spectra. The
100% AGN boundary is better defined in the [S II]-BPT dia-
gram than that in the [N II]-BPT diagram.

A.2. The sSFR-Dn4000 relation

For MaNGA spaxels with low S/N or without Hα emis-
sion, SFR cannot be derived directly from the Hα emission.

Inspired by Spindler et al. (2018); Wang et al. (2019); and
Bluck et al. (2020), here we adopt Dn4000 as a proxy of
sSFR. We derive the sSFR-Dn4000 correlation based on all
MPL-6 spaxels with robust stellar mass, dust-corrected Hα
luminosity, and Dn4000 values, regardless of their galaxy
type. Figure A2 shows the actual distribution of the reli-
able Dn4000 and sSFR distributions for all spaxels, and the
derived median and 1σ dispersion, with a Dn4000 bin size
of 0.05. The 5th order polynomial fit can be expressed as:
y = 19.0x5−145.0x4+473.5x3+651.9x2+478.1x−147.6,
where y = sSFR, and x = Dn4000. The average 1σ dispersion
for sSFR is ∼ 0.6 dex. We note that this function can only
be used in the Dn4000 range between 1.0 and 2.1. Our de-
rived correlation shows a similar negative trend as found in
previous works, though the gradient factor and uncertainties
varies from study to study. The difference may rise from the
different SFR estimators used. For instance, single fiber Hα
luminosity was used in Brinchmann et al. (2004), while UV
photometry in Salim et al. (2007), and IFS Hα luminosity in
Spindler et al. (2018); Wang et al. (2018); Bluck et al. (2020).
Here we use the dust-corrected, AGN-removed IFU Hα for
each spaxel.
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Figure A1. Spaxels’ location in the BPT diagrams and their AGN fraction to the Hα emission (fAGN ). All spaxels have robust S/N and are
coded by the value of fAGN derived from Equation 6. fAGN increase from 0 in the star-forming region to 1 towards the edge of AGN sequence.
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