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A B S T R A C T 

We analyse the integral field spectroscopy data for the ≈10 000 galaxies in final data release of the MaNGA survey. We identify 

188 galaxies for which the emission lines cannot be described by single Gaussian components. These galaxies can be classified 

into (1) 38 galaxies with broad H α and [O III ] λ5007 lines, (2) 101 galaxies with broad H α lines but no broad [O III ] λ5007 lines, 
and (3) 49 galaxies with double-peaked narrow emission lines. Most of the broad-line galaxies are classified as active galactic 
nuclei (AGNs) from their line ratios. The catalogue helps us further understand the AGN-galaxy coevolution through the stellar 
population of broad-line region host galaxies and the relation between broad lines’ properties and the host galaxies’ dynamical 
properties. The stellar population properties (including mass, age, and metallicity) of broad-line host galaxies suggest there is 
no significant difference between narrow-line Seyfert-2 galaxies and Type-1 AGNs with broad H α lines. We use the broad-H α

line width and luminosity to estimate masses of black hole in these galaxies, and test the M BH 

–σ e relation in Type-1 AGN host 
galaxies. Furthermore, we find three dual AGN candidates supported by radio images from the VLA FIRST surv e y. This sample 
may be useful for further studies on AGN activities and feedback processes. 

Key words: techniques: spectroscopic – galaxies: active – galaxies: kinematics and dynamics – galaxies: nuclei – galaxies: 
quasars: supermassive black holes – galaxies: Seyfert. 
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 I N T RO D U C T I O N  

he emission-line properties and kinematics of gas components in 
alaxies is a valuable probe to understand the dynamic properties and 
he formation and evolution of galaxies. Certain dynamic processes 
uch as the biconical outflow of gas or feedback processes of active
alactic nuclei (AGNs) exhibit characteristic spectral features across 
he optical spectrum. A large number of biconical outflows of gas 
re found driven by AGNs (M ̈uller-S ́anchez et al. 2015 ; Nevin et al.
016 ; Comerford et al. 2018 ; Nevin et al. 2018 ; L ́opez-Cob ́a et al.
020 ) or star formation (Bizyaev et al. 2019 ; L ́opez-Cob ́a et al.
019 , 2020 ; Bizyaev et al. 2022 ) and are correlated with the star-
ormation rate (SFR) density (L ́opez-Cob ́a et al. 2019 ). They are
sually characterized by its double-peaked narrow emission lines in 
pectrum while type-1 AGNs show broad and narrow emission lines 
n their central nuclear region (Antonucci 1993 ; Urry & Padovani 
995 ). 
Much efforts have been made in this field to acquire catalogues of

alaxies with multi-Gaussian emission line features. For example, Oh 
t al. ( 2015 ) searched for the presence of broad Balmer emission lines
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n SDSS DR7 galaxy data base. The Swift BAT AGN Spectroscopic
urv e y (Barthelmy et al. 2005 ) presents an AGN catalogue in DR1
Baumgartner et al. 2013 ; Koss et al. 2017 ) and DR2 (Koss et al.
022 ), using broad Balmer lines fits to classify type-1 AGNs. Lacerda
t al. ( 2020 ) present an optically selected AGN catalogue of 34 AGNs
ithin a sample of 867 galaxies extracted from the extended Calar-
lto Le gac y Inte gral Field spectroscopy Area (eCALIFA) surv e y

S ́anchez et al. 2016 ; Galbany et al. 2018 ). M ̈uller-S ́anchez et al.
 2015 ) and Nevin et al. ( 2018 ) used catalogues of double-peaked
arrow lines to search for evidence of dual AGNs and feedback from
iconical AGN outflows. More recently Bizyaev et al. ( 2022 ) used
oth features to study biconical outflo ws dri ven by star-formation
rocess. 
The Sloan Digital Sk y Surv e y-IV (SDSS-IV) Mapping Nearby

alaxies at Apache Point Observatory (MaNGA; Bundy et al. 
015 ) integral field unit (IFU) surv e y pro vides spatially resolv ed
pectra for ∼10 000 nearby galaxies. Gas kinematics and emission- 
ine properties in every spaxel of the galaxies are produced by
he Data Analysis Pipeline (DAP; Belfiore et al. 2019 ; Westfall
t al. 2019 ). DAP derives the kinematic information from the IFU
pectra of galaxies by fitting emission and absorption lines using 
he penalized pixel-fitting (PPXF) software (Cappellari & Emsellem 

004 ; Cappellari 2017 ; Cappellari 2022 ) with the combination of
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Figure 1. Normalized residual distribution versus mean G -band signal-to-noise-ratio. The red dots represent 1 σ cuts of normalized residual in 20 S/N bins, 
with the red dashed line indicating the trend of the division. The coloured dots shows how the broad H α and double-peaked narrow line galaxies are distributed 
according to our results in Section 3.4 . The eight adjacent panels are from four different galaxies and demonstrate three dominant multi-Gaussian features: (1) 
double-peaked narrow H α line, (2) broad H α line, (3) double-peaked narrow H α line and broad line, and (4) a well-fitted spectrum. The flux (a) and residuals 
(b) are shown two in a group. The shaded part of spectra indicates the area affected by the H α line and area used to calculate Res 6500 . 
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he MILES stellar library (S ́anchez-Bl ́azquez et al. 2006 ; Falc ́on-
arroso et al. 2011 ). The current DAP assumes a single Gaussian
omponent per emission line (Belfiore et al. 2019 ), which represents
 notable limitation. It is not currently possible to reco v er either
he broad and narrow Balmer line features of type-1 AGN or the
ouble-peaked narrow emission lines of gas outflows since these
annot be well approximated by single Gaussian emission lines.
reviously, S ́anchez et al. ( 2018 , 2022 ) presented a catalogue of

ype-1 and type-2 AGNs based on emission line ratios and H α

qui v alent width in MaNGA galaxies. Ho we ver, their selection of
ype-1 AGNs is limited to multi-Gaussian fitting only within the
av elength range co v ered by H α and the [N II ] doublet. Cortes-
u ́arez et al. ( 2022 ) analysed the multiwavelength properties of

ype-1 AGN in DR15 sample. Building on these previous works,
e further provide accurate measurements of broad-line properties

nd a more complete catalogue of broad and double-peaked emission
ine galaxies in MANGA for further multiwavelength analysis. 

A precise determination of the properties of multi-Gaussian
omponent is critical to understand the peculiar dynamic processes
NRAS 524, 5827–5843 (2023) 
ehind it. The velocity dispersion of a broad H α line is important
or studying galaxy evolution, black hole activity, and feedback
rocesses of type-1 AGNs (Greene & Ho 2005 ; Schawinski et al.
007 ; Czerny & Hryniewicz 2011 ; Baskin & Laor 2018 ; Wylezalek
t al. 2018 ; Czerny 2019 ; Deconto-Machado et al. 2022 ). The
 elocities and v elocity dif ference of double-peaked narro w emis-
ion lines play an important role in kinematic classifications of
iconical AGN outflows and AGN feedback processes (M ̈uller-
 ́anchez et al. 2015 ; Nevin et al. 2016 , 2018 ). Here, we report
n effort to determine the multi-Gaussian emission line parameters
or MaNGA spectra in which a single Gaussian approximation
ails. 

This paper is organized as follows: In Section 2 , we describe
he selection criteria whereby we find our sample of galaxies with
ossible multi-Gaussian features in MaNGA data set. In Section 3 ,
e demonstrate how we use multi-Gaussian templates based on PPXF

o fit these galaxies and present the catalogue of galaxies with broad
 α or dual narrow emission line features. Finally, we discuss our
ndings in Section 4 . 



A catalogue of broad-line MaNGA galaxies 5829 

Figure 2. Normalized residual distribution versus mean G -band signal-to-noise-ratio. The red dots represent 1 σ cuts of normalized residual in 20 ( S / N ) bins, 
with the red dashed line indicating the trend of the division. The coloured dots shows how the broad [O III ] λ5007 and double-peaked narrow line galaxies are 
distributed according to our results in Section 3.4 . It should be noted that the double-peaked narrow line galaxies are the same galaxies shown in Fig. 1 because 
double-peaked narrow line feature appears in every emission line. The eight adjacent panels are from four different galaxies and demonstrate three dominant 
multi-Gaussian features: (1) double-peaked narrow [O III ] λ5007 line, (2) broad [O III ] λ5007 line, (3) double-peaked narrow [O III ] λ5007 line and broad line, 
and (4) a well-fitted spectrum. The flux (a) and residuals (b) are shown two in a group. The shaded part of spectra indicates the area affected by the [O III ] λ5007 
line and area used to calculate Res 5060 . 

Figure 3. Number of objects survived after each selection step. 
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Table 1. Kinematic constraints in galaxies with broad Balmer emission lines. 

Template name Lines included Kinematic parameters 

Narrow Balmer H δ, H γ , H β, H α V = V 1 , σ = σ1 

Broad Balmer H δ, H γ , H β, H α V = V 2 , σ = σ2 

Narrow forbidden [O III ], [N II ], [S II ] V = V 3 , σ = σ3 

Note . Constraints: | V 1 − V 2 | < σ 2 , σ 2 > σ 1 + 600 km s −1 . 

Table 2. Kinematic constraints in galaxies with broad [O III ] and broad 
Balmer emission lines. 

Template name Lines included Kinematic parameters 

Narrow Balmer H δ, H γ , H β, H α V = V 1 , σ = σ1 

Broad Balmer H δ, H γ , H β, H α V = V 2 , σ = σ2 

Narrow forbidden [O III ], [N II ], [S II ] V = V 3 , σ = σ3 

Broad [O III ] [O III ]4960, [O III ]5007 V = V 4 , σ = σ4 

Note . Constraints: | V 1 − V 2 | < σ 2 , σ 2 > σ 1 + 600 km s −1 , | V 3 − V 4 | < σ 2 . 
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 SAMPLE  SELECTION  

his section shows how we use the DAP residual to select the spectra
here DAP fails to fit precisely with a single Gaussian. 
MNRAS 524, 5827–5843 (2023) 
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Table 3. Kinematic constraints in galaxies with double-peaked narrow lines. 

Template name Lines include Kinematic parameters 

Narrow Balmer 1 H δ, H γ , H β, H α V = V 1 , σ = σ1 

Narrow Balmer 2 H δ, H γ , H β, H α V = V 1 , σ = σ2 

Narrow forbidden 1 [O III ], [N II ], [S II ] V = V 3 , σ = σ3 

Narrow forbidden 2 [O III ], [N II ], [S II ] V = V 4 , σ = σ4 

Note . Constraints: V 1 − V 2 > 72 km s −1 , V 3 − V 4 > 72 km s −1 . 
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.1 The MaNGA sur v ey 

he MaNGA surv e y (Bundy et al. 2015 ) is an IFU surv e y pro viding a
hree-dimensional view of galaxies. MaNGA data includes a sample
f 10 010 high-quality unique galaxy observations with spatially
esolved spectra within the redshift range of 0.01 < z < 0.15 (Wake
t al. 2017 ). The spax el size of MaNGA is 0.5 arcsec and the av erage
 -band point spread function full width at half maximum (FWHM)

hroughout the surv e y is about 2.54 arcsec (Law et al. 2016 ). 
The spectra provided by MaNGA co v er a wav elength range of

600–10 300 Å at a spectral resolution of σ = 72 km s −1 (Law et al.
016 ). Raw spectra are processed by the data reduction pipeline and
roducts such as stellar continuum and emission line properties are
roduced by the DAP (Law et al. 2016 ; Belfiore et al. 2019 ; Westfall
t al. 2019 ). 

.2 Selection based on normalized residual 

n total, we have 10 010 high-quality unique galaxy observations
rom DR17, the final release of MaNGA, with MaNGA DAP outputs.
n empirical way of assessing line detection is using the amplitude
 v er noise ratio ( A / N ) line > 3 acquired from the DAP emission line
odelling procedure (Belfiore et al. 2019 ). It is safe to remo v e 293

alaxies with a maximum ( A / N ) line < 3 because there are no emission
ine detection in these galaxies. That leaves only 9717 galaxies to
easure the fit quality of the emission line model. 
A DAP residual is introduced to represent the fit quality of the

pectrum. The DAP residual is defined as the absolute value of the
ifference between the DAP model and the actual flux data: 

esidual = | DAPModel − Flux | . (1) 

The residual of a given wavelength is calculated from the median
esidual within a range of ±20 Å around the wavelength. The emis-
ion line residual is normalized by comparing it with the residual
t an adjacent wavelength in the same spectrum without emission
ines. We use the normalized residual of two typical emission lines,
 α and [O III ] λ5007, to represent the fit quality of emission lines.
 α is the strongest emission line in the Balmer series and the
road H α line is the most prominent feature of type-1 AGNs while
O III ] λ5007 is usually a relatively strong forbidden line in 4000–
000 Å with no contamination from other emission lines close to
t. The normalized residual of H α (6564 Å) is calculated through
quation ( 2 ) and the normalized residual of [O III ] λ5007 is calculated
hrough equation ( 3 ). 

Res 6564 

Res 6500 
= 

Median Residuals within (1 + z) × [6544 , 6584] Å

Median Residuals within (1 + z) × [6480 , 6520] Å
. (2) 

Res 5007 

Res 5060 
= 

Median Residuals within (1 + z) × [4987 , 5027] Å

Median Residuals within (1 + z) × [5040 , 5080] Å
. (3) 

Ideally, we will expect the normalized residual to be roughly 1, or
lightly larger due to the increased photon noise due to the emission,
hich means the spectra of the emission lines are as well-fitted as

nywhere else in a spectrum. The galaxies are divided uniformly into
NRAS 524, 5827–5843 (2023) 
0 signal-to-noise ratio ( S / N ) bins according to their mean G band
eighted signal-to-noise ratio. The middle panel in Fig. 1 shows the
istribution of normalized residual in galaxies with ( A / N ) H α > 3. The
ed dots represent the position of 1 σ cut in each ( S / N ) bin. A total of 17
er cent of galaxies have a residual ratio abo v e this cut. The ordinate
f each point represents the median ( S / N ) in its corresponding bin.
he dashed line only represents the division trend. The figure shows

hat the 1 σ residual cuts increase with the increase of ( S / N ) for S / N
 40. That is because brighter galaxies with stronger H α emission

ave larger ( S / N ). These galaxies have larger residuals within certain
 S / N ) range. The outliers to the right of the red dots are candidates
or searching broad H α and double-peaked narrow line features. 

Fig. 2 shows the distribution of normalized residual versus ( S / N )
or [O III ] λ5007 in galaxies with ( A / N ) H α > 3. The structure and
abels of image is consistent with Fig. 1 . It should be noted that the
umber of outliers in the [O III ] λ5007 region is much smaller than
hat of the former H α outliers. That is because only a fraction of
ype-1 AGNs shows broad [O III ] feature. 

We select the galaxies to the right of the 1 σ cuts in Figs 1 and 2 .
here are 1652 different galaxies. The flowchart in Fig. 3 shows the
umber of objects that survived each selection. 

 M E T H O D S  

n this section, we sho w ho w we fit the multi-Gaussian emission line
eatures with the help of PPXF software. In Section 3.1 , we will first
riefly introduce PPXF . In Section 3.2 , we describe the kinematic
onstraints on broad and narrow emission lines. In Section 3.3 , we
cquire new stellar kinematics in a few galaxies where the DAP
tellar continuum are not accurate due to the pollution of the broad
ines. 

.1 The PPXF software 

ur emission line model is based on the latest version 1 of PPXF

Cappellari & Emsellem 2004 ; Cappellari 2017 ; Cappellari 2022 ).
his PPXF software pioneered a robust pixel-fitting method, particu-

arly optimized for extracting the kinematics of the stars and gas in
alaxies from integral-field spectroscopic data. 

When modelling gas emission lines, PPXF fits the gas emission
ines together with the stellar kinematics. Multiple Gaussian emission
ines can be fitted by passing to the program an arbitrary number of
aussian emission line templates. The kinematics of lines can be tied

o each other, or they can be fitted independently. And the relative
uxes of emission line doublets can be fixed or fitted independently.
etailed constraints applied in this paper are described in the

ollowing section. 

.2 Kinematic constraints for the gas emission lines 

or the 1652 1 σ outliers identified in Section 2 , we opted not to
ake the multi-Gaussian fitting too complex and risk losing physical

ignificance. Therefore, we assumed three multi-Gaussian models,
ach of which corresponds to different dynamic processes and is
imited by different kinematic constraints. Specifically, the models
ontained either (1) broad Balmer lines, (2) broad Balmer and broad
O III ] lines, or (3) double-peaked narrow lines. We then selected the
est-fitting model for each outlier and obtained the corresponding
ine properties. 

https://pypi.org/project/ppxf/
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Figure 4. Examples of galaxies with broad H α lines. The black spectra are the observed galaxy flux in H α region. The orange spectra are our multi-Gaussian 
fit. In the lower half of the picture, the green dots represent the residual of multi-Gaussian fit. Individual Gaussian line fitting is shown in dashed blue lines. The 
total flux of gas and stellar are shown in magenta and red lines. 
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Depending on the presence of broad [O III ] doublets, Tables 1 ,
 , and 3 demonstrates the gas kinetic constraints on emission lines
uring our fitting. Lines included in gas kinematic component are 
iven in the Tables and are fitted with the same velocity and
ispersion. Table 1 shows the kinematic constraints in galaxies with 
road Balmer emission lines including broad H δ, H γ , H β, and H α.
e use three different sets of emission line templates: (i) Narrow 

almer , (ii) Broad Balmer , and (iii) Narrow forbidden. We use the
constr kinem’ k eyw ord in PPXF to set linear constraints on the
mission line kinematics. We limit the velocity difference of broad 
nd narrow Balmer lines to be less than broad-line velocity dispersion 
o ensure the emission lines are at the corresponding wavelength. And
he velocity dispersion of broad lines should be at least 600 km s −1 

arger than that of narrow lines to separate them apart. 
Table 2 shows the kinematic constraints in galaxies with broad 

almer and broad [O III ] emission. Here, we add an extra broad
O III ] template. While still using the dynamic restrictions on the
road Balmer lines, we limit the velocity difference of broad and
arrow [O III ] lines to be less than broad-line velocity dispersion.
nd the velocity dispersion of broad [O III ] should be at least
00 km s −1 larger than that of narrow forbidden lines. Table 3
hows the kinematic constraints in galaxies with double narrow 
MNRAS 524, 5827–5843 (2023) 
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Figure 5. Examples of galaxies with broad [O iii ] doublets. Correspondence between spectrum and colour is described in Fig. 4 . 
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ines emission. For Balmer lines and forbidden lines, two sets of
emplates are given to each set of lines. We limit the velocity
ifference of the same lines in different templates to be larger
han three times the velocity dispersion to ensure they are separated
part. 

The possible combination of double-peaked narrow line and broad
ine is not included in Tables 1 , 2 , and 3 . We find only one galaxy
ith such rare emission line feature. The galaxy is fitted manually

nd we will discuss its dynamic features in detail in Section 4.5 . 
For the majority of galaxies we adopt, the stellar continuum is

rovided by DAP. So, we do not fit polynomials with PPXF . In a
ew cases, the width of the broad line affects the stellar continuum
tting of the DAP. These cases are discussed in Section 3.3 .
NRAS 524, 5827–5843 (2023) 
igs 4 , 5 , and 6 , show examples of broad H α or dual narrow
ine fitting. We did not fit for attenuation here. And considering
he time taken, we did not perform a global optimization with
PXF k eyw ord ‘globel search’ on e very galaxy. Ho we ver,
e compared the convergence in our fits for broad-line galaxies
ith the global optimized fits using ‘globel search’ and find

ittle difference between them. Detailed emission line properties and
alaxy information can be found in Appendix A . 

.3 Stellar kinematic of galaxies with very broad emission 

he presence of broad emission lines also affects the stellar kinemat-
cs produced by DAP, which masks the emission lines according to
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Figure 6. Examples of galaxies with double-peaked narrow lines. Correspondence between spectrum and colour is described in Fig. 4 . 
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 specific width of 800 km s −1 and determines the stellar kinematics
sing the rest of the spectrum (Westfall et al. 2019 ). The width is
nsufficient for broad emission lines, especially broad Balmer lines 
ith typical width of ∼1000 km s −1 . Insufficient masking of the

mission line area leads to inaccurate kinetic properties in some 
paxels. 

After examining the broad-line galaxies, those galaxies where 
 α lines width are around 1000 km s −1 are not much affected
ecause nearby [N II ] doublets help mask the entire H α region in
he spectrum. We acquire the new stellar continuum of the galaxies 
here broad σH α > 1200 km s −1 by masking broad-line regions in 

pectra. Three examples are shown in Fig. 7 . 
i
In the process of fitting the new galaxy continuum, we also
btain ne w v alues for stellar kinematic properties. Only in some
f these galaxies, they are very different from DAP stellar kinematic
roperties. Fig. 8 gives an example. 

.4 Fitting result 

e create a catalogue containing multi-Gaussian line properties of 
aNGA galaxies derived from PPXF method. Table 4 reports how 

e present our results. 
Tables 4 and 5 gives 10 example galaxies. The luminosity ratio

s measured using the apparent luminosities of two narrow H α
MNRAS 524, 5827–5843 (2023) 
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Figure 7. Example fit to the stellar continuum with PPXF to extract the stellar kinematics (MaNGA-ID: 1-495383, 1-53093, and 1-576315 from top to bottom). 
The shaded areas are those that are blocked due to the influence of the broad line. A typical width of broad Balmer lines in these severely affected galaxies is 
broad σH α ∼ 1500 km s −1 . We masked a 3 σ range of ±4500 km s −1 around H α and a 2 σ range of ±3000 km s −1 around H γ and H δ. Finally, the H β and 
[O III ] region is masked completely within ±6000 km s −1 around H β because this region is heavily contaminated. The black lines are the actual spectra. The 
blue lines to the top are the stellar continuum from DAP. The red lines are our new stellar continuum. The unnatural protrusions in H α area disappear. The green 
diamond point shows the residuals which exclude the masked emission lines. 
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omponents. Using L H α with larger velocity as numerator divide by
 H α with smaller velocity as denominator. And 	 V is the absolute
elocity difference measure from the centre of the velocity. An
ntire catalogue can be found in Appendix A ( Table 7 & Table
 ). Comparing our broad-line galaxies with the previous samples of
ype-1 AGNs in S ́anchez et al. ( 2022 ). We reco v ered broad lines for
NRAS 524, 5827–5843 (2023) 
04 of the 119 type-1 AGN candidates in S ́anchez et al. ( 2022 ), and
e disco v ered 35 new galaxies with broad emission lines. For the rest
5 examples in S ́anchez et al. ( 2022 ), we believe that these galaxies
nly have narrow lines with relatively larger velocity dispersion
 ∼250 km s −1 ). We did not find broad Balmer emission lines. They
re actually type-2 AGN candidates misclassified as type-1. 
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Figure 8. Comparison of stellar kinematics maps between our fits and DAP. The MaNGA-IDs of the three example galaxies are shown to the left of each row. 
Our fits have eliminated the apparently unphysical negative velocities in the broad-line region at the centre of the galaxy (as can be seen from the first two rows) 
and corrected the asymmetry in velocity maps due to wrong velocity in centre spaxels influenced by AGNs (as can be seen from the last row). 

Table 4. Example catalogue of five galaxies with broad-line features in MaNGA. A machine-readable version of the full 
table is available (see supporting information). 

MaNGA-ID RA Dec. lg L 

broad 
H α lg σ broad 

Hα lg σe Extra templates 
(deg) (deg) (10 40 erg s −1 ) (km s −1 ) (km s −1 ) 

1-382273 118.634242 16.809729 12.91 3.403 2.137 Broad H α

1-547191 258.118529 35.884086 14.71 3.251 1.954 Broad Balmer 
1-300461 137.160233 32.592953 6.31 3.098 2.114 Broad H α

1-587259 160.228870 5.991890 12.61 2.951 1.964 Broad H α, [O III ] 
1-150947 183.263995 51.648597 47.03 2.958 2.332 Broad H α, [O III ] 

Note . Column (1) is the MaNGA identification ID. Column (2–3) is the position of the galaxy shown in celestial coordinates. 
We use the positions to acquire optical and radio images. Column (4) is the apparent luminosity of the broad H α component. 
Column (5) is the flux-weighted velocity dispersion of the broad H α component. Column (6) is the stellar velocity dispersion 
within 1Re corrected by masking the broad-line region in Section 3.2 . Column (7) shows the extra templates added when 
fitting each galaxy. The label ‘Broad H α’ means in the broad Balmer set of templates the broad H δ, H γ , and H β

components are all zero or below the noise level. Only broad H α is observable. 
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 RESULTS  A N D  DISCUSSIONS  

n this section, we will discuss how galaxies with broad emission
ines are characterized based on the emission line properties given 
n this paper. In Section 4.1 , we will discuss the classification
f broad-line galaxies on Baldwin, Phillips & Terlevich (BPT) 
iagrams. In Sections 4.2 and 4.3 , we want to study the AGN-galaxy
oevolution through the stellar population of broad-line region 
ost galaxies and the relation between broad lines’ properties and 
he host galaxies’ dynamical properties. In Section 4.4 , we show
xamples of how the spatial distribution of broad emission lines can
elp us find AGN mergers. 

.1 BPT diagrams 

or galaxies with broad emission lines, we not only fit the broad
ines but also correct the misfit of the narrow line properties in
MNRAS 524, 5827–5843 (2023) 
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Table 5. Example catalogue of five galaxies with double narrow line features in MaNGA. A machine-readable version of the full table 
is available (see supporting information). 

MaNGA-ID Ra Dec. Luminosity ratio lg 	V (km s −1 ) lg σe (km s −1 ) Extra templates 

1-114955 332.602 090 11.713 077 1.91 2.444 2.433 Dual narrow 

1-596678 332.892 838 11.795 929 0.53 2.358 2.130 Dual narrow 

1-115365 333.483 204 13.755 396 1.10 2.391 1.982 Dual narrow 

1-42007 33.626 933 13.257 206 1.61 2.367 2.057 Dual narrow 

1-41752 31.953 063 13.609 595 3.01 2.330 2.233 Dual narrow 

Note . Column (1) is the MaNGA identification ID. Column (2–3) is the position of the galaxy shown in celestial coordinates. We use the 
positions to acquire optical and radio images. Column (4) is the apparent luminosity ratio measured through the double H α components. 
Column (5) is the velocity difference between the two narrow components. Column (6) is the stellar velocity dispersion within 1Re. 
Column (7) shows the extra templates added when fitting each galaxy. The label ‘Dual narrow’ means adding an extra set of narrow 

lines with kinematic constrains from Table 3 . 

Table 6. Coefficients of the polynomial surface in equation ( 4 ). This is 
Table 2 of Law et al. ( 2021 ). 

C ij j = 0 1 2 

i = 0 −0.7362 −0.6464 −1.7567 
1 −1.2338 −2.0170 1.3520 
2 −0.3036 0.4533 0.3177 
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AP caused by the broad lines. The relative strengths of differ-
nt narrow lines provide sensitive diagnostics of the properties
f the ionized gas and the astrophysical processes in their host
alaxies. 

MaNGA’s observed wavelength range (3600–10 300 Å) cov-
rs all the strong nebular lines used in the standard BPT di-
gram (Baldwin, Phillips & Terlevich 1981 ) in MaNGA red-
hift range (0.02 < z < 0.15). Based on MaNGA data, Law
t al. ( 2021 ) finds that the gas phase velocity dispersion corre-
ates strongly with traditional optical emission line ratios such
s [S II ]/H α, [N II ]/H α, and [O III ]/H β. Henceforth, we adopt the
efinition in Law et al. ( 2021 ) of some most widely used ratios
uch as log ([N II ] λ6585 / H α) (hereafter ‘N2’), log ([S II ] λ6718 +
732 / H α) (hereafter ‘S2’), and log ([O III ] λ5008 / H α) (here-
fter ‘R3’). The corresponding relation that separates the
old-disc sequence from the warm-disc sequence takes the
orm: 

2 = 

2 ∑ 

i= 0 

2 ∑ 

j= 0 

C ij S2 i R3 j , (4) 

here C ij s are the coefficients shown in Table 6 . 
An edge-on projection of the interface is shown under coordinates

 1, P 2 where (Law et al. 2021 ; equation 12–13). 

 1 = 0 . 77 N2 + 0 . 54 S2 + 0 . 33 R3 . (5) 

 2 = −0 . 57 N2 + 0 . 82 S2 . (6) 

In Fig. 9 , we illustrate the types of ionization structures observed
n MaNGA galaxies and our classification scheme. The galaxy in
ig. 9 (a) (MaNGA-ID: 1-523004) is a typical star-forming galaxy
ith broad H α emission. Star-forming spaxels dominate the broad-

ine region around its galactic nucleus. 
The galaxies in Figs 9 (b) and (c) are classified as AGN with broad
 α emission. AGN spaxels dominate the broad-line region. Then we
ut spaxels that are classified as AGN in the S2 versus R3 diagram
nd separate LINERs from Seyfert AGNs. 
NRAS 524, 5827–5843 (2023) 
.2 Stellar population of AGNs 

ne popular method to study the AGN-galaxy coevolution is via
xamining the stellar population of AGN host galaxies. Figs 10
nd 11 show the distribution of mass, effective radius, age, and
etallicity of broad H α galaxies classified into different categories

y BPT diagram. The coloured dots in the background represent
he distribution of all other MANGA galaxies under the same set of
hysical parameters. The stellar population properties used in this
ork is from Lu et al. ( 2023 ), which applies the PPXF (Cappellari
022 ) on the full sample in MaNGA project and derives their both
lobal and spatially resolved stellar population properties (including
tellar mass, metallicity, and age). The stellar masses used here are
alculated within the elliptical half-light isophotes, taken from the
atalogue of Lu et al. ( 2023 ) under the k eyw ord ‘Mstar Re’ . The
ges and metallicities are the SDSS r- band (Stoughton et al. 2002 )
uminosity-weighted average value within the half-light isophote
nder k eyw ord ‘LW Age Re’ and ‘LW Metal Re’ . The stellar
elocity dispersions within 1Re come from DAPall file (Westfall et al.
019 ) and the ef fecti ve radius (Re) are half-light radius provided by
he NSA catalogue. The NSA catalogue is an extension of the NASA-
loan Atlas (NSA) 2 toward higher redshift (z ≤ 0.15) and includes
n elliptical Petrosian analysis of the surface-brightness distributions
Blanton et al. 2011 ). 

According to Fig. 10 , AGN and star-forming triggered broad-line
alaxies are scattered around the middle of the image. The host
alaxies of LINER tend to have larger σe and more than half of them
ie in the region of the elliptical galaxies to the upper right of the
gure. This is consistent with the morphology observed from the

mages. 
Fig. 11 shows that the star-forming galaxies are relatively young

nd LINER galaxies are old. The old ages of LINERS is consistent
ith previous studies who concluded that LINER emission is due

o ionization by evolved stars (Sarzi et al. 2010 ; Yan & Blanton
012 ; Belfiore et al. 2016 ; S ́anchez et al. 2021 ). Compared with the
umber density of MANGA galaxies, the distribution of AGN host
alaxies are not concentrated in the upper-right re gion. Instead, the y
how a slightly scattered distribution in the middle. The AGN host
alaxies occupy a large range of ages from old to young galaxies
nd they preferentially lie around intermediate ages. The finding
orroborate previous results in Hern ́an-Caballero et al. ( 2014 ) and
eorgantopoulos et al. ( 2023 ). The relatively young age of AGN
ost galaxies hints at the presence of a significant younger stellar
opulation (Kauffmann et al. 2003 ; S ́anchez et al. 2004 ) that is

file:www.nsatlas.org
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Figure 9. Examples of the different ionization levels in broad-line galaxies. The first column is the galaxy images with MaNGA-ID labelled below. The second 
column is the classification based on equation ( 4 ). Each dot represents a single spaxel and the colour is based on its distance to 1 σ line. The two solid black 
lines are the 1 σ and 3 σ limits of the AGN versus star-forming separation by Law et al. ( 2021 ; fig. 15). The third column is a map of the galaxy colour-coded 
according to the position of individual regions with the same colour-coding as in the second column. Broad-line areas are marked on the map as contours. The 
outermost contour represents all spaxels with broad H α. The innermost contour represents the position of the spaxel with the brightest broad H α. The contour 
in the middle represents the half maximum flux of the broad H α. The fourth column separate LINERs (red open circles) from Seyfert AGNs (red filled squares). 
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onsistent with the result through colour analyses (e.g. Schawinski 
t al. 2014 ; Zhang et al. 2016 ). 

S ́anchez et al. ( 2021 ) described in detail the classification criterion
or different sources of ionization using traditional BPT diagrams as 
ell as the equi v alent width of H α and the spatial distribution of

ine ratios. An AGN ionized region is characterized by its emission
ine ratios well abo v e the K e wley et al. ( 2001 ) demarcation lines and
W(H α) larger than 3 Å. They present a decrease of the considered

ine ratios with respect to the central values in the galaxy and show
 steep decline in the flux intensity (S ́anchez 2020 ; S ́anchez et al.
021 ). In most of our broad-line galaxies, broad-line regions largely 
oincide with AGN ionized regions. To further understand the role of
he broad line in AGN ionized region, Fig. 12 shows the distribution
f broad-line type-1 AGNs and narrow-line seyfert-2 host galaxies on 
he age–metallicity diagram. Due to the fact that AGN ionized region 
s mostly concentrated in the central regions (eg. Husemann et al. 
010 , 2014 ; S ́anchez 2020 ) the seyfert-2 host galaxies are classified
y applying the standard BPT diagram on the centre spaxel and 
btaining the ‘seyfert’ classifications without broad lines as a 
rst order approximation. Our work indicates that the host galaxy 
f type-1 AGNs are slightly younger than seyfert-2 galaxies. Their 
etallicity distribution follows the same trend. Georgantopoulos 

t al. ( 2023 ) recently explored the properties of the host galaxies
f X-ray selected AGN in the COSMOS field using the Chandra
e gac y sample and the LEGA-C surv e y VLT optical spectra. The y
easured the ages of different types of AGNs through D n 4000. Our
nding is consistent with their result. 

.3 Testing the M BH 

–σ e relation in type-1 AGNs 

nother way to study the AGN-galaxy coevolution is to con- 
ect broad lines’ properties to the galaxies’ dynamical properties. 
reene & Ho ( 2005 ) suggested that the velocity dispersion and lumi-
osity of broad lines have a strong correlation with black hole mass in
ctive galactic nuclei. Meanwhile, the black hole mass is related to the 
tellar velocity dispersion within the ef fecti ve radius ( σ e ). Previously,
he M BH –σ e relation (Ferrarese & Merritt 2000 ; Gebhardt et al. 2000 )
as been parameterized as a power-law function ( M BH ∝ σα

e ) (e.g.
eifiori et al. 2012 ; Kormendy & Ho 2013 ; McConnell & Ma 2013 ;
MNRAS 524, 5827–5843 (2023) 
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Figure 10. The distribution of mass versus ef fecti ve radius of broad H α

galaxies. The dots coloured by σe from DAP in the background represent the 
distribution of all other MANGA galaxies. Galaxies classified into different 
categories are represented using different colours. The contour lines are a 
kernel density estimate of the galaxies number density, computed with the 
Scipy (Virtanen et al. 2020 ) function scipy.stats.gaussian kde . The 
velocity dispersion was smoothed using the LOESS procedure by Cappellari 
et al. ( 2013b ), which implements the algorithm by Cleveland & Devlin ( 1988 ). 

Figure 11. The distribution of age versus metallicity of broad H α galaxies. 
The colours and symbols are described in Fig. 10 . 
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Figure 12. The distribution of age versus metallicity of broad H α type-1 
AGNs and narrow line seyfert-2 galaxies. 

Figure 13. The M BH –σ e relation in MaNGA type-1 AGNs. The blue dots 
are M BH and σe of type-1 AGN with error bar. The dashed red lines represent 
the 1 σ (68 per cent) and 2.6 σ (99 per cent) error range of the linear fit. The 
green dot is not included as it falls outside the range of fitting error. The fitting 
result is represented by the solid black line, while the fitting parameters, the 
Spearman–Pearson correlation value, and the probability of no correlation 
are displayed in the upper left corner of the figure. 
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oo et al. 2015 ; Caglar et al. 2020 ), where α was found to be between
 and 6. 
For type-1 AGN with broad H α lines, we used the prescription of

reene & Ho ( 2005 ; equation 6): 

 BH = 2 × 10 6 
(

L broad H α

10 42 erg s −1 

)0 . 55 (FWHM ( H α) 

1000 km s −1 

)2 . 06 

, (7) 

here FWHM(H α) is calculated from the flux weighted average
f broad H α velocity dispersion in different spaxels. Notice that
WHM (H α) = σ

√ 

4 ln (4) . Section 3 provides the apparent lumi-
NRAS 524, 5827–5843 (2023) 
osity of the broad H α line. The attenuation-corrected H α flux is
btained through equation ( 8 ): 

 broad H α, corr = L broad H α10 0 . 4 A H α , (8) 

here A H α = 3.33 E ( B − V ) according to Dom ́ınguez et al. ( 2013 ;
quations 1 and 6). 

We measure E(B −V) from the Balmer decrement (Dom ́ınguez
t al. 2013 ; equation 4): 

( B − V ) = 1 . 97 log 

[
(H α/ H β) obs 

2 . 86 

]
. (9) 
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Figure 14. Image and emission line fitting result for dual AGN candidates 
(MaNGA-ID: 1-382273). The upper left-hand panel is the galaxy image from 

MaNGA. The upper right-hand panel shows the radio image from the FIRST 

radio surv e y (Becker et al. 1995 ). We can see a clear bimodal feature. Redshift 
and separation measured from flux centre is labelled on the radio image. The 
two images below show H α fitting at the centres. The green dots represent 
the residual of multi-Gaussian fit. 

Figure 15. Image and emission line fitting result for dual AGN candidates 
(MaNGA-ID: 1-585513). The symbols are the same as in Fig. 14 . 

Figure 16. Image and emission line fitting result for dual AGN candidates 
(MaNGA-ID: 1-244377). The upper left-hand panel is the galaxy image from 

MaNGA. The upper right-hand panel is the map of broad H α flux. The two 
galaxies are too close to be separated on the radio map. The two images below 

shows H α fitting at the centres. 
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In Fig. 13 , we test the M BH - σe relation in our type-1 AGN
atalogue. For the fit we used the lts linefit procedure 3 by
appellari et al. ( 2013a ) which combines the Least Trimmed Squares

obust technique by Rousseeuw & Van Driessen ( 2006 ) into a least-
quares fitting algorithm. The procedure allows for errors in both 
ariables and intrinsic scatter. We present our result in equation ( 10 ): 

log 

(
M BH 

M �

)
= (8 . 16 ± 0 . 12) + (3 . 43 ± 0 . 43) log 

( σe 

200 km s −1 

)
. 

(10)

Our result matches with the recent M BH –σ e relation in equa- 
ion ( 11 ) given by Caglar et al. ( 2020 ; equation 14): 

log 

(
M BH 

M �

)
= (8 . 14 ± 0 . 20) + (3 . 38 ± 0 . 65) log 

( σe 

200 km s −1 

)
. 

(11)

And the slope of our result is within the allowable range of Woo
t al. ( 2015 ) (3.97 ± 0.56). 

.4 Disco v ery of dual AGNs 

he multiple supermassive black holes are expected to exist inside 
any galaxies due to the previous merging ev ents. The y can be

evealed by the detection of the coexistence of two active galactic
uclei in the merging system of galaxies (Mannucci et al. 2022 ).
ecently, Hern ́andez-Toledo et al. ( 2023 ) studied the incidence of
ajor mergers and their impact on the triggering of AGN activities

sing MaNGA DR15 sample. Building a large sample of local dual
GNs amongst merging galaxies helps understand how the merging 
MNRAS 524, 5827–5843 (2023) 

 Available from ht tps://pypi.org/project /ltsfit /

https://pypi.org/project/ltsfit/
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Figure 17. The case where broad H α and double narrow line features occur simultaneously. The MaNGA-ID of the object is 1-150947. The panels on the four 
corners represent the H α spectra at different locations of the galaxy. The central box is its optical image. The panel on top of the optical image is the map of 
relative broad H α flux and the panel at the bottom is the map of broad H α velocity. The panels to the left and right are the narrow-line velocity maps of the 
central and satellite galaxy. 
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rocess of some galaxies excite galactic nuclei and convert them into
GN (Capelo et al. 2017 ; Chen et al. 2022 ). 
The currently largest catalogue of 36 dual AGNs (including 31 new

ndings and five previous cases) comes from Zhang et al. ( 2021a , b ).
uch events are hard to identify and require high spatial resolution
ata to determine the presence of two AGNs in a galaxy rather
han one large-scale AGN. We use a combination of broad H α flux

ap and radio map from the VLA FIRST surv e y (Becker, White &
elfand 1995 ) to confirm our detection of dual AGNs in MaNGA.
NRAS 524, 5827–5843 (2023) 
n Figs 14 and 15 , we present two dual AGN mergers with clear
imodal radio features. In Fig. 16 , we present a dual AGN candidate
here the two galaxies are too close to be separated on the radio
ap. But there is a clear bimodal feature on the broad H α flux map.
Detection of such dual AGN events will help us to further

nderstand the role of active galactic nuclei in galaxy evolution. In
uture work, it is possible to further investigate what kind of galactic
uclei will be excited as AGNs in mergers and how dual AGNs can
orm in the future. 
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.5 A combination of broad H α and double narrow lines 

n Section 3 , we use different templates to fit different multi-Gaussian 
eatures. We usually assume broad lines and double narrow lines are 
aused by different mechanisms. So we did not discuss the cases 
here they occur simultaneously. To the bottom right of Figs 1 and
 , we still notice such feature in the spectrum of a merger sample
hown in Fig. 17 . 

According to the velocity maps of the central and satellite galaxy, 
he velocity at the satellite galaxy centre is 420 km s −1 larger than
hat of the central galaxy. The broad H α velocity map shows that
he broad H α velocity in region where broad H α and double 
arrow line features occur simultaneously (red region on optical 
mage) follows the velocity of the satellite galaxy. This suggests 
hat the broad lines in the region and the central broad lines
green region) may come from different physical processes. One 
ossible explanation is that in the overlapping area, there are three 
eparated gas region along line of sight. One comes from the satellite
alaxy and produces the narrow-line set with larger velocity. One 
omes from the central galaxy and produces the narrow-line set 
ith lower velocity. And a region between them dominated by 

hock waves triggered by merging. But there is a possibility of a
andering black hole accreting in the o v erlapping re gion. This needs

o be tested with higher resolution X-ray or radio images in future
ork. 

 SU M M A RY  

e have carried a systematic search for broad H α and double-peaked 
arrow emission line features in the full MaNGA sample. Galaxies 
ith H α amplitude o v er noise ratio in larger than three are divided
niformly according to their mean G -band weighted signal-to-noise 
atios. We identified 188 galaxies where single Gaussian emission 
ine fits fail among 1 σ outliers in each bin. There are 38 galaxies
ith broad H α and [O III ] λ5007 lines, 101 galaxies with broad
 α lines but no broad [O III ] λ5007 lines, and 49 galaxies with
ouble-peaked narrow emission lines. New emission line properties 
including v elocities, v elocity dispersions, flux) are obtained by 
tting multi-Gaussian templates in PPXF (Cappellari 2022 ) with 
inematic constraints on broad and narrow components. The galaxies 
ith broad emission lines are classified into three categories: central 

tar-forming, central AGN, and diffuse central LINER according to 
heir BPT diagram. 

The catalogue helps us further understand the AGN-galaxy co- 
volution through the stellar population of broad-line region host 
alaxies and connecting broad lines’ properties to the host galaxies’ 
ynamical properties. Type-1 AGN occupy the full range of ages 
rom old systems to young galaxies. The star-forming galaxies are 
elatively young and LINER galaxies are usually old. Our work 
ndicates that the host galaxy of type-1 AGNs are slightly younger 
han seyfert-2 galaxies while their metallicity distribution follows 
he same trend. This is consistent with results recently reported in 
eorgantopoulos et al. ( 2023 ). 
We estimate the masses of black hole in type-1 AGN through 

road H α width and luminosity based on the formula given by 
reene & Ho ( 2005 ). Using the σ e from DAP, we obtain our M BH –
e relation for type-1 AGN in equation ( 10 ). Finally, we disco v er

hree dual AGN candidates in mergers in Section 4.4 and present one
ossible candidate for a wandering black hole in Section 4.5 . This
ample may be useful for further studies on AGN activities, feedback 
rocesses, and their connections to stellar populations and dynamical 
roperties. 
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Table A1. The complete catalogue of galaxies with broad-line features in MaNGA. 

MaNGA-ID RA Dec. lg L 

broad 
Hα lg σ broad 

Hα lg σe Extra templates 
(deg) (deg) (10 40 erg s −1 ) (km s −1 ) (km s −1 ) 

1-382273 118.634 242 16.809 729 12.91 3.403 2.137 Broad H α

1-547191 258.118 529 35.884 086 14.71 3.251 1.954 Broad Balmer 
1-300461 137.160 233 32.592 953 6.31 3.098 2.114 Broad H α

1-587259 160.228 870 5.991 890 12.61 2.951 1.964 Broad H α, [O III ] 
1-150947 183.263 995 51.648 597 47.03 2.958 2.332 Broad H α, [O III ] 
1-60653 150.529 327 3.057 686 6.48 3.270 1.996 Broad H α

1-78719 151.006 758 4.051 176 4.02 2.843 1.785 Broad H α

1-3050 160.143 696 0.817 429 11.29 3.364 2.137 Broad H α

1-181172 140.011 912 5.735 586 2.21 2.928 2.045 Broad H α

1-180998 141.915 721 5.053 476 38.26 2.981 2.143 Broad H α, [O III ] 

Note . Column (1) is the MaNGA identification ID. Column (2–3) is the position of the galaxy shown in celestial coordinates. We use the positions to acquire 
optical and radio images. Column (4) is the apparent luminosity ratio measured through the double H α components. Column (5) is the velocity difference 
between the two narrow components. Column (6) is the stellar velocity dispersion within 1Re corrected by masking the broad-line region in Section 3.2 . Column 
(7) shows the extra templates added when fitting each galaxy. The label ‘Broad H α’ means in the broad Balmer set of templates the broad H δ, H γ , and H β

components are all zero or below the noise level. Only broad H α is observable. 

Table A2. The complete catalogue of galaxies with double narrow line features in MaNGA. 

MaNGA-ID Ra Dec. Luminosity ratio lg 	V (km s −1 ) lg σe (km s −1 ) Extra templates 

1-114955 332.602090 11.713077 1.91 2.444 2.433 Dual narrow 

1-596678 332.892838 11.795929 0.53 2.358 2.130 Dual narrow 

1-115365 333.483204 13.755396 1.10 2.391 1.982 Dual narrow 

1-42007 33.626933 13.257206 1.61 2.367 2.057 Dual narrow 

1-41752 31.953063 13.609595 3.01 2.330 2.233 Dual narrow 

1-574402 115.368720 44.408794 0.62 2.408 2.130 Dual narrow 

1-339094 117.472421 45.248483 0.64 2.408 2.025 Dual narrow 

1-556501 117.045741 28.230275 0.71 2.439 2.170 Dual narrow 

1-460840 126.898019 17.918509 1.25 2.391 2.124 Dual narrow 

1-278057 166.767439 45.822139 0.48 2.371 2.127 Dual narrow 

Note. Column (1) is the MaNGA identification ID. Column (2–3) is the position of the galaxy shown in celestial coordinates. We use the positions to acquire 
optical and radio images. Column (4) is the apparent luminosity ratio measured through the double H α components. Column (5) is the velocity difference 
between the two narrow components. Column (6) is the stellar velocity dispersion within 1Re. Column (7) shows the extra templates added when fitting each 
galaxy. The label ‘Dual narrow’ means adding an extra set of narrow lines with kinematic constrains from Table 3 . 
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