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A B S T R A C T 

In modern models and simulations of galactic evolution, the star formation in massive galaxies is regulated by an ad hoc active 
galactic nuclei (AGN) feedback process. Ho we ver, the physics and the extension of such effects on the star formation history of 
galaxies is matter of vivid debate. In order to shed some light in the AGN effects o v er the star formation, we analysed the inner 
500 × 500 pc of a sample of 14 Seyfert galaxies using GMOS and MUSE integral field spectroscopy. We fitted the continuum 

spectra in order to derive stellar age, metallicity, v elocity, and v elocity dispersion maps in each source. After stacking our 
sample and averaging their properties, we found that the contribution of young SP, as well as that of AGN featureless continuum 

both peak at the nucleus. The fraction of intermediate-age SPs is smaller in the nucleus if compared to outer regions, and the 
contribution of old SPs vary very little within our field of view (FoV). We also found no variation of velocity dispersion or 
metallicity within our FoV. Lastly, we detected an increase in the dust reddening towards the center of the galaxies. These results 
lead us to conclude that AGN phenomenon is usually related to a recent star formation episode in the circumnuclear region. 

Key words: techniques: imaging spectroscopy – galaxies: Seyfert – galaxies: star formation; galaxies: nuclei. 
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 I N T RO D U C T I O N  

ctive Galactic Nuclei (AGN) are among the most energetic phe- 
omena in the Universe, with integrated bolometric luminosities up 
o 10 48 ergs s −1 (e.g. Koratkar & Blaes 1999 ; Bischetti et al. 2017 ).
he current paradigm of an AGN is that of a supermassive black hole

SMBH) being fed by an accretion disc. Around this structure, there 
s a dust and gas torus, and depending on the orientation between
he clumpy torus and the observer, the SMBH may be visible or
bscured (Ferland & Netzer 1983 ; Zier & Biermann 2002 ; Audibert
t al. 2017 ; Ramos Almeida & Ricci 2017 ; Izumi et al. 2018 ). 

It is well established that the mass of the SMBH scales with
he velocity dispersion ( σ ) of the host galaxy bulge (in galaxies
ith classical bulges Ferrarese & Merritt 2000 ; Gebhardt et al. 
000 ; Kormendy & Ho 2013 ). Another important relation that 
elps shedding some light on this matter is the fact that both star
ormation rate (SFR) and AGN luminosity reach their peak around 
 ∼2 (Silverman et al. 2008 ; Madau & Dickinson 2014 ). Ho we ver, if
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hese correlations are incidental or if there are physical mechanisms 
ehind them is still under debate. 
In this context, there is a strong discussion whether AGN activity

s correlated with the star formation of the host galaxy, since it could
elp explaining the above results. Some authors (Storchi-Bergmann 
t al. 2000 ; Kauffmann et al. 2003 ; Lutz et al. 2010 ) argue that in
rder to trigger the AGN, gas would need to lose angular momentum,
hich would in turn cause a density enhancement, thus triggering a

tarburst phase. On the other hand, other authors (Ellison et al. 2016 ;
eslie et al. 2016 ) suggest that the gas outflows caused by the AGN
ould remo v e gas from the inner re gions of the galaxy, quenching star

ormation. Moreo v er, there are some authors (e.g. Stanley et al. 2017 )
hat argue that the AGN has no effect on the star formation within the
ost galaxy, either because they are not powerful enough, or because
oth mechanisms mentioned earlier would cancel each other out. 
Important factors regarding this relation are the spatial and 

emporal scale analysed. Hopkins & Quataert ( 2010 ) performed 
ulti-scale and multi-resolution hydrodynamic simulations to study 

he inflow of gas leading to AGN activity. They found that in this
re-activity scenario, there is a rise in the star formation, due to the
as funneled to the center both triggering the AGN as well as forming
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Table 1. The sample and main properties: (1) galaxy name (2) redshift 
(3) morphology (4) log of X-ray luminosity in ergs s −1 (5) source of 
optical data (6) continuum signal to noise ratio (S/N) for the 10 per cent 
lowest flux spaxels (7) continuum S/N for the 10 per cent highest flux 
spaxels. 

Galaxy z Morp log Source S/N 10 S/N 90 

( L X ) of data 

NGC1052 0.005 E4 41 .90 GMOS 21 34 
NGC1068 0.004 SAb 41 .80 MUSE 43 58 
Mrk1066 0.012 SB0 41 .1 GMOS 4 36 
NGC1194 0.013 SA0 42 .70 MUSE 7 17 
Mrk607 0.009 Sa 40 .83 GMOS 8 18 
NGC2110 0.008 SAB0 43 .30 GMOS 5 18 
NGC2992 0.008 Sa 42 .20 MUSE 12 39 
NGC3081 0.008 SAB0 42 .70 MUSE 29 38 
NGC3393 0.013 SBa 42 .70 MUSE 32 45 
NGC3516 0.009 SB0 43 .00 GMOS 12 18 
NGC3786 0.009 SABa 42 .20 GMOS 3 14 
NGC4939 0.010 SAbc 42 .40 GMOS 15 25 
NGC5728 0.009 SABa 43 .00 MUSE 35 53 
NGC5899 0.009 SABc 42 .10 GMOS 8 12 
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tars. Also, they found that the nuclear star formation is more tightly
oupled to AGN activity than the global star formation. On the other
and, Zubovas & Bourne ( 2017 ) analysed through simulations how
he acti v ated AGN af fects turbulent gas spheres. They found that,
fter a certain critical AGN luminosity (which they determined to be
 × 10 46 ergs s −1 ), AGN activity mainly acts in removing gas from
he inner ∼1 kpc, thus quenching star formation in this region. 

For the above reason, it is then fundamental to probe the impact of
GNs o v er small and large scales, as well as determine the time-scale

n which this co-evolution occurs. Constraining the time-scale of this
mpact can be achieved by mapping the age of the stellar populations
SPs). If young SPs are present in large quantities, AGN fueling is
ontemporary with star formation; if instead intermediate age SPs
ominate, fueling is driven by a post-starburst phase; lastly, finding
nly old stars would imply that gas inflow to the AGN is efficient
nd star formation is not related to nuclear activity. 

In the past decades, many studies were published analyzing the SPs
f galaxies hosting AGNs (e.g. Storchi-Bergmann et al. 2001 ; Cid
ernandes et al. 2004 ; Riffel et al. 2009 ; Morelli et al. 2013 ; Cai et al.
020 ). Ho we ver, these analyses were usually based on integrated
pectra, resulting in very limited spatial information. Nowadays,
ith integral field spectroscopy, it is possible to resolve these regions

n large samples of galaxies, allowing studies focused on mapping
tellar properties across the body of the galaxies. S ́anchez et al.
 2018 ) analysed 98 AGNs with MaNGA (Mapping Nearby Galaxies
t Apache Point Observatory) optical datacubes, and found that their
GNs are mainly located in the so-called green valley, a transition

egion between the blue, star-forming galaxies and the red, quenched
nes (see Martin et al. 2007 ; Salim et al. 2007 ; Wyder et al. 2007 ,
or a broader discussion). This green valley region appears to be
omposed of galaxies experiencing a transition between star-forming
nd quenched galaxies. Also, S ́anchez et al. ( 2018 ) reported that the
uenching of the star formation happens inside–out, but they found no
ifference between AGN hosts and non-active galaxies in the green
alley, suggesting that the AGN itself has no immediate impact over
he stellar population of its host galaxy. In another project, Mallmann
t al. ( 2018 ) analysed 62 AGNs, also from the MaNGA surv e y, and
eported that the fraction of young SPs in high-luminosity AGNs
s higher in the inner regions (r ≤0.5 R e , where R e is the ef fecti ve
adius) when compared with the control sample of non-AGNs, but
hey found no difference between the SPs of the low-luminosity
GNs and the control sample. In another study focused in the SPs
f AGN hosts, Lacerda et al. ( 2020 ) analysed 867 galaxies from the
ALIFA surv e y (Calar Alto Le gac y Inte gral Field Area), with 34
f them classified as AGNs. They were able to confirm that AGNs
osts are found in the green valley in almost all analysed properties
ith bimodal distributions, with AGNs mainly acting in removing or
eating the molecular gas, which would quench the star formation of
he galaxy. 

Previous studies of individual AGN hosts in the NIR, on the other
and, found rings of SPs with ages between 0.1 and 2.0 Gyr (e.g.
iffel et al. 2010 , 2011 ; Storchi-Bergmann et al. 2012 ; Sch ̈onell et al.
017 ; Dahmer-Hahn et al. 2019 ; Diniz et al. 2019 ). The authors also
ound that these regions are usually associated with rings of lower
tellar σ , suggesting that the intermediate-age SPs were formed from
ow-velocity dispersion gas. 

It can be seen that the relationship between star formation and AGN
ctivity is far from being fully understood. One point to mention
s that most works so far lack enough spatial resolution to allow
ampling the SPs at scales down to a a few hundred of parsecs,
ith also big enough samples to allow conclusions on the general
roperties of AGNs, rather than on individual sources. 
NRAS 509, 4653–4668 (2022) 
In this paper, we analyse 14 Seyfert galaxies with optical datacubes
rom GMOS and MUSE. We aim at mapping the stellar properties
f these objects, in order to determine the impact of the AGN
 v er the host galaxy evolution. Whereas previous results obtained
ith MaNGA and CALIFA have focused on a bigger field of view

FoV) but with lower spatial resolution, we focused on the inner 5.0
rcsec × 5.0 arcsec of these galaxies, but with a much better spatial
esolution (1 arcsec corresponding to 78 to 259 pc). 

This paper is structured as follows: in Section 2, we detail our
ample, data reduction and treatment, and in Section 3, we present
he methods used to analyse the stellar properties. In Section 4, we
how our results and discuss the sources individually, whereas in
ection 5, we discuss the properties of the sample as a whole. Lastly,

he conclusions are presented in Section 6. 

 SAMPLE  

ur sample was selected as an optical follow up of the NIR sample
escribed by Riffel et al. ( 2018 ), based on the Swift-BAT 60-
onth catalogue (Ajello et al. 2012 ), limited to galaxies with 14 –

95 keV luminosities L X ≥ 10 41.5 erg s −1 and redshift z ≤0.015. The
ltrahard (14–195 keV) band of the Swift-BAT surv e y measures
irect emission from the AGN rather than scattered or re-processed
mission, and is much less sensitive to obscuration in the line of
ight than soft X-ray or optical wavelengths. This allows a selection
ased only on the AGN properties. As additional criteria, the authors
imited their sample to galaxies accessible from Gemini North ( −30 ◦

δ ≤ 73 ◦), with nuclei that are bright and point-like enough to serve
s tip–tilt guide references, or those with natural guide stars in the
O patrol field. The galaxies were also selected for having been
reviously observed in the optical and with extended [O III ] λ5007
mission confirmed in the literature. 

We cross-correlated the NIFS sample with Gemini Multi-Object
pectrographs (GMOS) archi v al data, as well as Multi Unit Spec-

roscopic Explorer (MUSE) processed archi v al data. After removing
uplicates and galaxies with poor data quality, our final sample is
omposed of 10 GMOS and six MUSE datacubes. Table 1 presents
he resulting sample, as well as their main properties. 
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1 Ages t = 0.001, 0.00562, 0.01, 0.0141, 0.02, 0.0316, 0.0562, 0.1, 0.2, 0.316, 
0.398, 0.501, 0.631, 0.708, 0,794, 0.891, 1.0, 2.0, 5.01, 8.91 and 12.6 Gyr 
and metallicities Z = 0.2, 0.4, 1, and 1.5 Z �
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For GMOS data, we followed the standard reduction process, 
hich included trimming, bias subtraction, bad pixel, and cosmic 

ay remo val, e xtraction of the spectra, Gemini facility calibration 
nit (GCAL) flat correction, twilight flat correction, wavelength 
alibration, sky subtraction, and flux calibration. For MUSE data, 
he archive contains already reduced data. Our datacubes were not 
ollected under photometric conditions, implying our flux calibration 
s not absolute. Ho we ver, in order to deri ve the properties presented
n this paper, only a reliable relative flux calibration is required. 

Aimed at improving the overall quality of the final datacubes, 
e performed the data treatment steps described in Menezes et al. 

 2019 ): high spatial-frequency components removal with the But- 
erworth spatial filtering and ‘instrumental fingerprint’ removal via 
rincipal component analysis (PCA). After applying the Butterworth 
lter, we analysed the residual subtraction between the treated and 

he untreated datacube. This residual datacube has al w ays an average
alue very close to zero, implying that photometry is preserved when 
pplying the Butterworth filter. 

Also, in order to test the consistency of our results, we performed
he same analysis presented in this paper before applying these 
ata treatment procedures. As expected, our main results still hold 
ithout them. The figures are just noisier and show stronger vertical 
ands. These bands are caused by scattered light of the bright 
GN, which contaminates the light of the fainter host galaxy. These 
ngerprints are not fully remo v ed by the reduction script, and thus
eed additional treatment. 

For four objects (NGC 1068, NGC 2992, NGC 3393, and 
GC 5728), we have datacubes from both GMOS and MUSE. We 

ompared the results from these instruments, and found that they 
losely reproduce each other. In the end, we opted to use the MUSE
atacubes solely because of the bigger FoV compared to GMOS. The 
act that both data sets agree strengthen our trust on both data sets,
ince it shows that our results are stable against large perturbations, 
.e. changing telescope and instrument. 

Both GMOS and MUSE datacubes are seeing limited, with 
patial point spread function varying between 0.6 and 1.1 arcsec, 
easured from point sources in the acquisition image. All GMOS 

atacubes were obtained using the B600 grating, resulting in a 
pectral resolution R = λ/ �λ of 1688, and with a 0.1 arcsec × 0.1
rcsec spaxel sampling. MUSE data was obtained with the wide field 
ode, at an average spectral resolution of 1770 at 480 nm and 3590

t 930 nm, and with a 0.2 arcsec × 0.2 arcsec spaxel sampling. Since
he FoV of MUSE (60.0 arcsec × 60.0 arcsec) is considerably larger 
han that of GMOS (3.5 arcsec × 5.0 arcsec), we extracted the inner
.0 arcsec × 5.0 arcsec of MUSE datacubes, centered on the brightest
paxel, in order to properly compare their data for the whole sample.

 M E T H O D  

.1 Stellar Population 

n order to derive the SPs of galaxies, it is generally employed a
omputing code which fits the underlying continuum with a library of
imple stellar population (SSP) models. Many papers have discussed 
he implications of choosing different codes and libraries (e.g. Chen 
t al. 2010 ; Ferr ́e-Mateu et al. 2012 ; Maksym et al. 2014 ; Wilkinson
t al. 2015 ; Mentz et al. 2016 ). The different approaches have
een shown to yield rather consistent results, as long as the fitting
rocedure is kept the same. Also, since each code/library may have 
ts own systematic biases, the best way to deal with them is to keep
he fitting procedures the same (Goddard et al. 2017 ). 

We employed the STARLIGHT code (Cid Fernandes et al. 2004 , 
005 , 2013 ), which fits the observed spectrum by combining stellar
opulation models in different proportions. The code also searches 
or dust reddening and line of sight velocity distributions that best
escribe the observed spectrum. 
We masked regions dominated by emission lines or with low 

/N. Also, in order to deal with weak emission lines not detected
n the masking process, we enabled sigma clipping. This option 
utomatically masks regions in which the observed flux differs from 

he modeled one by a factor of three sigma. 
We fed STARLIGHT with the GRANADA + MILES (GM) library, well 

escribed by Cid Fernandes et al. ( 2014 ). This base was constructed
y combining Vazdekis et al. ( 2010 ) models, which start at an age of
3 Myr, with the Gonz ́alez Delgado et al. ( 2005 ) models for younger
ges. The final set of models consist of stellar templates of 21 ages
nd 4 metallicities. 1 In order to reproduce the featureless continuum 

FC) emitted by the AGN, we first tested a scenario with three power
aws, with F ν ∝ ν−1.0 , F ν ∝ ν−1.5 , and F ν ∝ ν−2.0 . On all cases, the
ominant power law was the intermediate one, and thus we remo v ed
he other two and performed the synthesis again. Also, in order to
eal with dust reddening, we employed the Calzetti et al. ( 2000 )
 xtinction la w. We show in Fig. 1 the observ ed and fitted spectra of
he central spaxel for each galaxy in our sample. Lastly, due to this
ifferent wav elength co v erage, we normalized our spectra around
100 Å, with a 100 Å window. 
Since noise present in the data may cause small variations in

he detection of SSPs by STARLIGHT (Cid Fernandes et al. 2004 ,
005 ), we present our results in the form of condensed population
 ectors. F ollo wing Rif fel et al. ( 2009 ), we defined the light fraction
opulation vectors as: xy (t ≤0.05 Gyr), xi (0.05 < t ≤2 Gyr), and
o (t > 2 Gyr) to represent the young, intermediate-age, and old
Ps, respectively. We also defined < Z > L as the luminosity-
eighted average metallicity, in units of solar metalicity ( Z �),

nd < t > L as the log of the luminosity-weighted average age,
n years. 

.2 Stellar Kinematics 

ith STARLIGHT , we also mapped stellar centroid velocity (V) and
elocity dispersion ( σ ) of our sample. In order to check if the V
ap can be reproduced by a rotating disc, we followed Bertola et al.

 1991 ) and assumed the rotational velocity at a radial distance r from
he center of the galaxy to be given by: 

 c = 

Ar 

( r 2 + c 2 0 ) p/ 2 
, (1) 

here A , c 0 , and p are parameters to be found. Since we can only
easure the velocity component perpendicular to the plane of the 

k y, the observ ed radial velocity at a position ( R , �) is then given
y: 

 ( R , �) = v sys 

+ 

ARcos ( � − � 0 ) s i nθcos p θ

{ R 

2 [ s i n 2 ( � − � 0 ) + c os 2 
c os 2 ( � − � 0 )] + c 2 0 cos 2 
 } p/ 2 
, 

(2) 

here v sys is the systemic velocity of the galaxy, 
 is the disc
nclination (where 
 = 0 represents a face-on disc) and � 0 is
he position angle of the line of nodes. The fitting of the data was
erformed using a PYTHON script employing Levenberg-Marquardt 
2 minimization. 
MNRAS 509, 4653–4668 (2022) 
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Figure 1. Observed and modeled spectra for the central spaxel of each galaxy in our sample. Black regions represent points used to fit the data, whereas grayed 
regions represent masked spectra. The spectra modeled by STARLIGHT are shown in red. 
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 RESU LTS  A N D  I N D I V I D UA L  DISCUSSION  

he individual results of our sample are presented in Figs 2 to 15 with
he following structure: in the top row, we present in consecutive pan-
ls, from left-hand to right-hand, the integrated continuum emission
ithin the full spectral window used by STARLIGHT , the percentage
NRAS 509, 4653–4668 (2022) 
ontribution of the FC in the second panel; in the third panel, we show
GB maps where red, green, and blue represent xo, xi, and xy re-

pectively; in the fourth and fifth panels, we show < t > L and the dust
xtinction in band V, respectively; in the bottom row we show in the
rst and second panels the measured and modeled stellar velocities,

art/stab3382_f1.eps
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Figure 2. Stellar population results for the SB0 Seyfert 2 galaxy Mrk 1066. In the first row, we show the continuum emission in the first left-hand panel. Over 
this panel the white arrow represents north, whereas east is represented by the small line. In the second panel, we show the percentage contribution from a 
FC, with contours drawn at 10, 20, 40, and 80 per cent. In the third panel, we show an RGB map composed by the the detected stellar population, where blue 
represents the young SPs, green the intermediate-age SPs, and red the old SPs. The logarithm of the mean age in years is presented in the fourth panel, and the V 

band dust reddening in magnitudes is presented in the fifth panel. In the second ro w, we sho w the observed and modeled stellar velocity (in units of km s −1 ) in 
the first and second panels, respectively, with the residual between the observed and modeled velocities presented in the third panel. Over the modeled V panel, 
the grey dashed line represents the zero velocity line. In the fourth panel, we show the stellar σ in km s −1 , and the metallicity is presented in the last panel in 
units of solar metallicity. 

Figure 3. Same as Fig. 2 , but for Sa Seyfert 2 galaxy Mrk 607. 
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hereas in the third panel we show the residual of their subtraction;
n the fourth panel we show the stellar σ , and in the fifth panel
he <z > L . 

Since our data comes from different instruments and different 
rojects, with also di verse objecti ves, the S/N of our sample varies
reatly, both in the emission lines and the continuum level. We
hen decided to mask regions with S/N < 6. This value was de-
ermined by analyzing at which point the fits became unreliable. 
lso, due to the low S/N in extranuclear regions of part of our

ample, we were unable to derive the h 3 and h 4 moments of the
MNRAS 509, 4653–4668 (2022) 

art/stab3382_f2.eps
art/stab3382_f3.eps
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Figure 4. Same as Fig. 2 , but for E4 LINER/Seyfert galaxy NGC 1052. 

Figure 5. Same as Fig. 2 , but for SAb Seyefrt 2 galaxy NGC 1068. 
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auss–Hermite polynomials, which measure asymmetries in the
bsorption bands profiles. For this reason, we did not include
uch results in this study . Lastly , we remo v ed NGC 3227 and
GC 4235 from our analysis, the first for being dominated by broad

mission lines which precluded a proper fit of the continuum, and
he second due to low-order spurious features redward of 5100 Å.
o we ver, we were able to measure the main emission lines for
oth galaxies, which will be presented in a forthcoming paper
Paper II). 

The morphological classifications were taken from de Vau-
ouleurs et al. ( 1991 ), and the nuclear activity classification was
aken from Oh et al. ( 2018 ). The nuclear activity classifica-
ion will be re vie wed in Paper II based on our emission-line
pectra. 
NRAS 509, 4653–4668 (2022) 
.1 Mrk 1066 

his galaxy is classified as SB0 and hosts a Seyfert 2 AGN. It is one
f the galaxies with the lowest S/N of our sample. Nonetheless,
t is still possible to detect a very prominent contribution of a
C at the nucleus, with mostly old SPs throughout the datacube.
egarding the stellar kinematics, we found that the stars are well

eproduced by a disc in rotation, with a slight S-shaped assymetry,
nd a nearly constant stellar σ . Lastly, we detected a drop in both
 V and metallicity in the nucleus. The fact that we detected a dust

xtinction drop in the nucleus of this and other galaxies means that
he central regions are so heavily obscured that the light we are
bserving is mainly composed of unextinguished stellar emission
n the leading edge of the host galaxy. Also, the stellar kinematics

art/stab3382_f4.eps
art/stab3382_f5.eps


Stellar populations in AGNs 4659 

Figure 6. Same as Fig. 2 , but for SA Seyfert 1 galaxy NGC 1194. 

Figure 7. Same as Fig. 2 , but for S0 Seyfert 2 galaxy NGC 2110. 

Figure 8. Same as Fig. 2 , but for Sa Seyfert 2 galaxy NGC 2992. 
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Figure 9. Same as Fig. 2 , but for S0 Seyfert 2 galaxy NGC 3081. 

Figure 10. Same as Fig. 2 , but for Sa Seyfert 2 galaxy NGC 3393. 

Figure 11. Same as Fig. 2 , but for SB0 Seyfert 1.5 galaxy NGC 3516. 
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Figure 12. Same as Fig. 2 , but for SA Seyfert 1.8 galaxy NGC 3786. 

Figure 13. Same as Fig. 2 , but for Sbc Seyfert 1 galaxy NGC 4939. 
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f this galaxy have been analysed by Riffel & Storchi-Bergmann 
 2011 ), who had also detected an S-shaped distortion, which they
ttributed to an oval structure in the continuum. 

.2 Mrk 607 

rk 607 is an Sa galaxy harboring a Seyfert 2 nucleus. We detected
 very weak ( < 10 per cent) FC contribution in the nucleus, which
lightly rises to the upper and lower regions of the datacube. This
esult could be caused by the jet encountering higher densities (see 
ection 4.4 for a broader discussion), but given that this contribution 

s very small, could be as well caused by statistical uncertainties. 
he stellar population is dominated by older components in the 
ircumnuclear region, with a combination of old and young SPs 
n the inner ∼1.0 arcsec. The dust reddening peaks at ∼1 mag
n the nucleus, and decreases to the edges of the datacube. The
tellar kinematics are characterized by blueshifts to the southeast and 
edshifts to the north–west, as well as a lower velocity dispersion
n the center if compared to the borders of the datacube. These
inematical properties agree well with the ones derived by Freitas 
t al. ( 2018 ), who also analysed this GMOS datacube and reported
hat the stellar kinematics within our FoV is well reproduced by a
isc in rotation with the velocity dispersion rising away from the
ucleus. Lastly, the metallicity is also higher to the edges of our FoV.

.3 NGC 1052 

GG 1052 is a giant E4 galaxy (Forbes, Georgakakis & Brodie
001 ; Xilouris et al. 2004 ), with an ambiguous LINER/Seyfert
lassification, well known for having one of the nearest radio-loud 
MNRAS 509, 4653–4668 (2022) 

art/stab3382_f12.eps
art/stab3382_f13.eps


4662 L. G. Dahmer-Hahn et al. 

Figure 14. Same as Fig. 2 , but for SBb Seyfert 2 galaxy NGC 5728. 

Figure 15. Same as Fig. 2 , but for SAB Seyfert 2 galaxy NGC 5899. 
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GN (Heckman 1980 ; Ho et al. 1997 ; Riffel et al. 2017 ). The fact that
t is the only elliptical galaxy in our sample is consistent with the fact
hat it is the only galaxy with no traces of young and intermediate-age
SPs. Also, the stellar kinematics are also consistent with its elliptical
ature, with the highest stellar σ ( ∼250 km s −1 ) and smallest peak
elocities ( ∼60 km s −1 ). The metallicity is uneven, with a peak
ocated 1.0 arcsec to the north–west of the nucleus. Also, it is the
nly object in which no contribution of a FC was detected, which can
e taken as a consequence of its dual LINER/Seyfert classification,
mplying that it harbors a less active AGN if compared to the rest
f the sample. Both our SPs and kinematics match well the ones
erived in the optical by Dahmer-Hahn et al. ( 2018 ). Ho we v er, the y
lso mapped the equi v alent widths of the stellar absorptions, and
ere able to detect a very weak drop in these measurements close to

he nucleus. This drop was attributed by the authors to a FC emitted
y the AGN. 

.4 NGC 1068 

his galaxy is the brightest and thus most studied Seyfert galaxy,
ocated at a distance of only 14.4 Mpc (Crenshaw & Kraemer 2000 ).
t is classified as Seyfert 1.9, with an SAb Hubble classification. De-
NRAS 509, 4653–4668 (2022) 
pite being considered the archetypal Seyfert 2 galaxy, its properties
re far from standard. We detected a significant contribution of a
C peaking 1.0 arcsec north of the nucleus. A similar result has
lready been reported by Martins et al. ( 2010 ), who analysed a NIR
ong-slit spectrum along the north–south direction passing through
he nucleus. They reported finding two peaks in the FC distribution,
ne to the north and one to the south, cospatial with peaks of hot
ust emission. The authors attributed this offset to a region where
he nuclear jet encounters dense clouds, and thus the light emitted
y the AGN is scattered by these clouds. The fact that we did not
etect the southern peak suggests that it originates in the far side of
hese walls, and thus this emission is obscured by dust. In this same
egion, we also found differences in the dust reddening, stellar σ , and
etallicity. Ho we ver, these dif ferences must be taken with caution,

ince they might be caused by spectral degeneracies (see Worthey
994 ; Cid Fernandes et al. 2005 ). Regarding the stellar population,
artins et al. ( 2010 ) reported a dominance of intermediate-age

Ps with an average age between 1 and 2 Gyr in the region they
nalysed. Storchi-Bergmann et al. ( 2012 ) studied a NIR datacube
ith a similar FoV as ours, and found that the inner ∼0.5 arcsec

s dominated by SPs older than 5 Gyr, with a circumnuclear ring
ominated by stars younger than 0.7 Gyr. We did not detect any of
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he features reported by Storchi-Bergmann et al. ( 2012 ), with the bulk
f the emission being dominated by intermediate-aged SPs between 
 and 2 Gyr, similar to the results reported by Martins et al. ( 2010 ).
astly, the peak velocity of this galaxy is well explained by a disc in

otation. 

.5 NGC 1194 

GC 1194 is an SA0 galaxy, with a Seyfert 2 AGN. We detected
 very weak ( < 10 per cent) contribution of a FC in the inner ∼1.0
rcsec region, with the whole datacube dominated by an old stellar
opulation. The outer regions are younger, with a mean age of
4 Gyr, if compared to the inner ∼2.0 arcsec diameter region, that

as a mean age of ∼10 Gyr. The reddening is also higher in the
ucleus, peaking at 2 mag, and the stellar σ and metallicity are 
oughly constant within our data ( ∼180 km s −1 and solar metallicity).

.6 NGC 2110 

GC 2110 is classified as SAB0, harboring a Seyfert 2 nucleus. 
n this galaxy, we detected a significant FC contribution of up to
0 per cent in the inner ∼0.6 arcsec region. This region is also
ominated by a young stellar population, with a < t > L of 0.1 Gyr and
ubsolar metallicity. According to our analysis, both the reddening 
nd the stellar σ are constant within our FoV, except from border 
ffects. A similar analysis was performed by Diniz et al. ( 2019 ),
ased on J and K datacubes. According to their analysis, the inner
0.3 arcsec are dominated by a combination of young SPs, a FC,

nd a blackbody, which is consistent with our analysis. Also, they 
etected two circumnuclear rings with different SPs, one smaller 
 ∼1.0 arcsec), dominated by old SPs, and one extending from the
nd of this ring up to the edge of their FoV, dominated by SPs with
ges between 0.1 and 0.7 Gyr. We did not detect such rings, and
he circumnuclear SPs within our FoV are mainly dominated by a 

ixture of intermediate age and old SSPs. 

.7 NGC 2992 

his galaxy receives the Sa Hubble classification, and hosts a 
eyfert 1.9 nucleus. In this object, we detected two regions with 
 astly dif ferent properties. One, to the north–west of our FoV, with a
20 per cent contribution of a FC, dominated by a young, metal-rich

nd very reddened stellar population. The other, containing the rest 
f our FoV, is dominated by an old, metal-poor and less reddened
tellar population, with a very feeble contribution from a FC and a
tronger dust reddening in the unresolved nucleus. The first region, 
ounger and more reddened, is associated with a prominent dust 
ane observed in this object (Colina et al. 1987 ), whereas the older
egion is associated with the bulge of the galaxy. Also, the strong
C that we detected off-nucleus, co-spatial with an enhanced dust 
eddening, is consistent with the FC from the AGN being deflected by
enser clouds. Also, our results suggest that the stellar kinematics are 
ominated by circular rotation around the nucleus, with an S-shaped 
symmetry. 

.8 NGC 3081 

GC 3081 is classified as SAB0, with a Seyfert 2 nucleus. We found
hat the nucleus displays slightly different properties than the rest of
he galaxy, exhibiting a higher reddening ( ∼0.8 mag), a higher stellar
igma ( ∼180 km s −1 ), a higher metallicity ( ∼0.035 per cent), and a
ery faint ( ∼10 per cent) contribution of a FC. Regarding the stellar
opulation, we detected a dominance of old SPs, with a very small
ontribution of intermediate-age SPs in the south–eastern edge of our 
oV, co-spatial with a ∼10 per cent contribution of a FC. Very old
Ps dominate the observed FoV, but not as old as NGC 1052. These
P results are consistent with the typical central populations of S0
alaxies. The star formation has already been analysed by Erroz- 
errer et al. ( 2019 ), who mapped the SFR of this object through

ts emission lines, although co v ering a larger F oV than ours. The y
ound a very large ring with a radius of 3 kpc, with SFR surface
ensity up to 10 −2 M �yr −1 kpc −2 . Ho we ver, since the nuclear region
as dominated by AGN emission, they could not determine the SFR
ithin our FoV. 

.9 NGC 3393 

his galaxy is classified as SBa, harboring a Seyfert 2 nucleus.
ccording to our analysis, this object is dominated by old SPs, with

wo very distinct spiral arms composed of a combination of old and
oung SPs. In the same region of these arms, a slight contribution
rom a FC ( ∼10 per cent) was detected, which may be associated
ith light emitted by the AGN and scattered by the arms, or may
e actually due to the contribution from very young SPs, whose
pectrum is similar to that from an FC. Also, the inner ∼1.5 arcsec
as a higher dust reddening ( ∼1.2 mag), stellar σ ( ∼180 km s −1 )
etallicity ( < Z > ∼0.03), if compared to the rest of the galaxy. The

tar formation of this galaxy has already been analysed by Erroz-
errer et al. ( 2019 ), and similarly to NGC 3081 they could not map

he SFR of this galaxy close to the nucleus, due to the dominant
ontribution of emission lines from the AGN. In the external regions,
hey detected very few H II regions. 

.10 NGC 3516 

GC 3516 is morphologically classified as SB0, hosting a a 
eyfert 1.2 AGN. We detected a significant contribution from a 
C (up to 30 per cent) in the inner 2.0 arcsec. This region is also
ominated by a younger ( < t > L ∼8.5) and more reddened SP (A V 

1.5 mag), if compared to the rest of our FoV ( < t > L ∼9.5 and A V 

0.5 mag). We also found that the kinematics of the stars are well
escribed by a disc in rotation, with a constant ( ∼160 km s −1 ) stellar
igma. Also, the metallicity is supersolar, roughly constant within 
he limits of our FoV. 

.11 NGC 3786 

his galaxy receives the SABa classification, with a Seyfert 1.9 
ucleus. According to our analysis, the inner ∼0.8 arcsec are 
ominated by a young and slightly more metallic SP, co-spatial with
 ∼50 per cent contribution from a FC. This region is surrounded
y an older, less metallic region extending up to 1.0 arcsec in all
irections. Also, except for border effects, the A V and σ are nearly
onstant inside our FoV. Lastly, the V map is well reproduced by a
otating disc model. 

.12 NGC 4939 

GC 4939 is an SAbc galaxy, harboring a Seyfert 2 AGN. No
ignificant traces of SPs under 2 Gyr were detected in this galaxy.
o we ver, a bar with ∼4 Gyr and <z > L ∼1.5 Z � can be observed,

ontrasting with the rest of our FoV (t > 10 Gyr and solar metallicity).
lso, the stellar σ is roughly constant, at 150 km s −1 , and the A V is
igher in the nucleus compared to the rest of our FoV (0.6 mag versus
MNRAS 509, 4653–4668 (2022) 
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Table 2. Properties of our sample averaged by morphological type. 

Class FC xy xi xo < t > L A V σ < Z > L 

ETG 3.8 3.9 11.4 80.9 9.7 0.54 154 1.32 
LTG 6.0 5.9 13.1 75.0 9.6 0.69 139 1.33 
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.2 mag). Lastly, we did not detect any significant contributions of a
C except for border effects. 

.13 NGC 5728 

GC 5728 is an SABa galaxy, hosting a Seyfert 1.9 AGN. The stellar
roperties inside our FoV are split in half, with the eastern region
ominated by an intermediate-aged SP ( < t > L ∼9.3), a negligible
eddening, and no contribution of a FC, whereas the western region
s dominated by a much older ( < t > L ∼9.8) and more reddened
P (A V ∼1.0 mag), with also a ∼10 per cent contribution of a FC.
e also did not detect any velocity deviation from a disc in rotation.

his MUSE datacube has already been analysed by Shimizu et al.
 2019 ) and Bittner et al. ( 2020 ), who mapped the SPs of this object.
oth authors reported the detection of a younger ring with ∼1 Gyr

eaching up to 5.0 arcsec away from the AGN. According to Shimizu
t al. ( 2019 ), this star formation region is induced by the primary
ar of this galaxy, which can be seen in our continuum image. By
omparing our results with those derived by them, it is possible to
ee that the region with younger SPs and lower dust reddening is part
f the big ring these authors detected. 

.14 NGC 5899 

GC 5899 is an SABc galaxy, hosting a Seyfert 2 AGN. This galaxy
s dominated by an old SP, with ages between 5 and 7 Gyr. At the
dges of our FoV, we detected some contribution of young and
ntermediate-age SPs, but these results may be affected by border
ffects. Traces of a FC were detected in the inner 1.0 arcsec,
ontributing with up to 10 per cent at some spaxels. Except for
tatistical uncertainties, the dust reddening, stellar σ , and metallicity
ppear to be nearly constant within our FoV, without any discernible
attern. Lastly, we did not detect any deviation from a rotating disc
n the V map. 

 G E N E R A L  D ISCUSSION  

ur sample is composed of six early-type galaxies (ETGs) and eight
ate-type galaxies (LTGs). We averaged the properties of early and
ate type galaxies separately, which are presented in Table 2 . It
s possible to see that most properties of our sample are indeed
orrelated with their morphological type. ETGs are associated with
lder, less reddened SPs, with also higher velocity dispersion. LTGs,
n the other hand, display a higher contribution of a FC, as well as
ntermediate-age and young SPs, coupled with higher dust reddening,
s well as lower velocity dispersion. 

In order to probe the impact of the AGN o v er the properties of
ur sample, we stacked all galaxies and mapped their average stellar
roperties. In order to achieve this, we converted the angular scale to
he physical scale, and then fixed the luminosity peak of all galaxies
o be the same. Then, we obtained position angles of the major axis,
s well as axis ratios from the The Two Micron All Sky Survey
2MASS Skrutskie et al. 2006 ), and corrected for projection effects.

e fixed the major axis of the galaxies along the y direction, and the
inor axis along the x -axis. After that, we remo v ed all re gions with
NRAS 509, 4653–4668 (2022) 
/N < 6, and averaged each individual property within each region
o v ered by our data. Also, in order to impro v e the S/N at the borders
f the figure, we included all MUSE galaxies up to 500 pc. After
tacking the properties, we constructed radial profiles by integrating
ings with 10 pc radii, starting from the center. These results are
resented in Figs 16 and 17 in the shape of maps and radial profiles,
espectively. 

.1 Stellar Population 

ig. 17 shows that the contribution of the FC, as well as young SPs, is
aximum closer to the AGN, decreasing outwards. The contribution

f the intermediate age SP presents a different behaviour, with the
ucleus exhibiting a smaller fraction (8 per cent) if compared to the
uter regions (13 per cent). Old SPs vary less in comparison with
oung and intermediate-age ones, with a minimum of 70 per cent
n the nucleus compared with 80 per cent at 500 pc. Mallmann et al.
 2018 ) already reported a similar result, detecting an excess of young
Ps close to the more luminous AGNs if compared to non-AGN hosts.
ince our sample was obtained from data archives, we do not have
 control sample to compare with. Ho we ver, since we are observing
he bulge of the galaxy, the existence of a star formation peak in the
ucleus is very significant, as the bulge tends to be dominated by
lder SPs. 
These results are consistent with the idea of a rise in the SFR

elated to the AGN. Also, combined with the result found by the
imulations of Zubovas & Bourne ( 2017 ) and the CALIFA results
f Lacerda et al. ( 2020 ), that the AGN acts in the gas by removing
r heating it, our findings support a scenario in which the starburst
hase is followed by the AGN phase, but after the AGN is acti v ated it
weeps the remaining gas in the central regions, thus quenching star
ormation. For this reason, AGNs would be transitioning between
tar-forming and quenched galaxies for two reasons: (i) part of the
as would be depleted by the e xcessiv e star formation taking place
nd (ii) the remaining gas would be remo v ed/heated by the nuclear
ctivity, thus ceasing the star formation. 

Also, although for more massive BHs the M–σ relation is usually
xplained by coalescence (as a consequence of galaxy mergers, see
ormendy & Ho 2013 ; van den Bosch 2016 ), this scenario helps

xplaining the M–σ relation for less massive BHs. The SMBH
ould grow with the bulge by gas inflow, but after acti v ated would
uench the circumnuclear star formation, thus regulating the bulge
ass. An alternativ e e xplanation is that the outflows would both

nhance (positive feedback) as well as suppress (ne gativ e feedback)
he star formation in different regions of the host galaxy (e.g. Dugan,
aibler & Silk 2017 ; Cielo et al. 2018 ; Mukherjee et al. 2018 ;
l Yazeedi et al. 2021 ), depending on factors such as inclination,

nergy, and mode (quasar or radio) of the jet. We did not detect any
izeable stellar feature in the radial direction, which could be caused
y outflows. All properties derived are symmetric in radius, with the
xception of the dust lane in NGC 2992, the spiral arms in NGC 3393
nd the east–west division in NGC 5728. However, this does not rule
ut the hypothesis of positive nor ne gativ e feedback at larger radii,
s well as in individual cases. 

.2 Testing the robustness of our results 

.2.1 Statistical Uncertainties 

id Fernandes et al. ( 2014 ) estimated STARLIGHT uncertainties
y inducing σ -level errors in a CALIFA datacube of NGC 2916.
hey found resulting uncertainties in age determination of 3, 9,
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Figure 16. Averaged stellar properties of our sample. In the first line, we show, from left-hand to right-hand: the per cent contribution from a FC, with contours 
drawn at 2, 5, and 10 per cent; an RGB image composed of young SSPs (blue), intermediate-age SSPs (green), and old SSPs (red); the logarithm of the mean 
stellar age, weighted by luminosity; and the dust reddening. In the second line, from left-hand to right-hand: the stellar σ ; the average metallicity weighted by 
luminosity; and the number of galaxies contributing to each region. 

Figure 17. Radial profiles of the main properties of our sample. In the first row, from left-hand to right-hand we show: the percentage contribution from a 
FC; young SPs; intermediate-age SPs; old SPs. In the second row, we show from left-hand to right-hand: the logarithm of the mean stellar age, weighted by 
luminosity; the dust reddening; the stellar σ ; the average metallicity weighted by luminosity. 
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nd 9 per cent for the young, intermediate-age, and old SP bins,
espectively. Burtscher et al. ( 2021 ) also estimated STARLIGHT errors
y performing a statistical analysis o v er the Marko v chains used
y the code, and reported much lower uncertainties, of 0.34, 0.28, 
.07, and 1.99 for their AGN sample, and 0.37, 0.62, 2.37, and
.13 per cent for their control sample (in four age bins: young, young–
ntermediate, intermediate–old and old). 

In order to estimate the uncertainties in our data, we compared the
Ps of regions smaller than the PSF. Since our data is seeing limited,
e can derive an upper limit for the uncertainties of our data, by

ssuming all eight adjacent spaxels correspond to the same region. 
y performing such analysis, we were able to estimate errors of 5, 3,
, and 6 per cent for the FC, xy, xi, and xo, and an error of 0.1 mag
or the dust reddening. 

Also, for the four objects in our sample, with both GMOS
nd MUSE data, we integrated and compared a circular region 
ith 100 pc in radius in both GMOS and MUSE datacubes. This

omparison is presented in Table 3 . Although the percentages vary
 little, the dominant stellar population remains the same. From 

his analysis, we estimated errors of 3, 2, 4, and 5 per cent for the
C, xy, xi and. xo, as well as an error of 0.2 mag for the dust
eddening. 
MNRAS 509, 4653–4668 (2022) 
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Table 3. Comparison of integrated results for objects having both 
GMOS and MUSE datacubes. 

Object Instrument FC xy xi xo A V 

NGC 1068 GMOS 24 .1 3 .0 42 .4 30.4 0.17 
MUSE 18 .6 1 .2 44 .8 36.4 0.26 

NGC 2992 GMOS 5 .9 1 .0 3 .2 89.8 2.32 
MUSE 5 .6 0 .0 0 .1 94.3 2.15 

NGC 3393 GMOS 0 .6 1 .4 1 .3 96.7 0.79 
MUSE 0 .0 0 .20 0 .0 99.8 0.58 

NGC 5728 GMOS 1 .6 1 .5 22 .2 74.6 0.18 
MUSE 0 .8 0 .0 27 .9 71.3 0.38 
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.2.2 Degeneracies 

here are three sources of de generac y that could be playing a role
n our results. The first is that, according to Cid Fernandes et al.
 2004 ), a reddened young starburst (t ≤5 Myr) is indistinguishable
rom a FC. Burtscher et al. ( 2021 ) tested the capability of STARLIGHT

o distinguish between a FC and young SSPs, and the code pro v ed
apable of separating blue light originating from the FC from blue
ight from young SPs. Also, by comparing the SFR derived from
TARLIGHT with the SFR derived from the emission lines in their
ample, Riffel et al. ( 2021 ) reported that they closely reproduce each
ther. 
In order to verify if part of the young SPs in our sample can

e attributed to a FC emitted by the AGN, rather than a younger
opulation, we performed the stellar synthesis without SSPs younger
han 30 Myr. If very young SSPs were being used by STARLIGHT

o reproduce the FC component from the AGN, after removing
hese SSPs from the library would force STARLIGHT to use the FC
omponent instead. This test is not perfect, since it would also cause
TARLIGHT to reproduce any real very young SPs with a FC. Except
or small variations due to the S/N, our results remained the same.
his not only supports the presence of a young SP in the nucleus,

t also puts a constraint on the age of this starburst, as it cannot be
eproduced by a power law, and thus this starburst is older than 5 Myr,
ince SPs below this threshold have no stellar absorptions besides
hose from Hydrogen, and thus they would be replaced by a FC. 

Past studies have suggested that AGNs operate in cycles, with
ach flickering event lasting typically ∼10 5 yr (King & Nixon 2015 ;
chawinski et al. 2015 ). This timespan is much shorter than the lower

hreshold imposed by our analysis, which implies that the nuclear
Ps we detected are older than the ongoing nuclear activity cycle.
his, in turn, means that these young SPs cannot be a consequence
f the ongoing AGN activity, but either the nuclear activity is a
onsequence of the starburst, or these two ev ents hav e a common
rigin, with the star formation taking place first. 
The second is the so called age–metallicity de generac y (Worthe y

994 ). According to this de generac y, an old metal-poor stellar
opulation is almost identical to a younger, and metal-rich one. This
e generac y is harder to break, since the indices sensitive to ages,
uch as H α and H β are dominated by emission lines from the AGN.
o we ver, as can be seen in Fig. 17 , the metallicity is almost constant
ithin our FoV, with a value close to 1.4 Z �. This suggests that the

ge–metallicity de generac y does not play a role in our case. 
The last spectral de generac y present in stellar population syntheses

s the de generac y between dust e xtinction and stellar age. Ho we ver,
ince extinction only affects the continuum, and not stellar absorp-
ions, the effect is much more dramatic when dealing with SEDs,
NRAS 509, 4653–4668 (2022) 
ompared to our fitting procedure, which takes into account these
bsorptions. Even though this effect is small, it is non-negligible,
nd can be seen as vertical bands showing an anticorrelation between
ust reddening and metallicity in at least three objects (NGC 2110,
GC 3516, NGC 5899). This happens because the instrumental
ngerprints do not have absorption features, and thus they alter the
ontinuum shape of the spectra, which STARLIGHT tries to compensate
y mixing SPs and dust reddening in different proportions. Based on
hese bands, we found errors compatible with the ones derived in
ection 5.2.1. The only exception is NGC 2110, which changes the
Ps by a factor of up to 80 per cent in some spax els. F or this reason is

mportant to construct radial profiles, since such features are diluted
long different radii, and thus do not alter these results. 

.2.3 Comparison with previous works 

lso, in order to test the consistency of our results, we compared the
our objects in common with the sample of Burtscher et al. ( 2021 ).
hey analysed the integrated light from a 1.8 arcsec × 1.8 arcsec

egion of NGC 2110, NGC 2992, NGC 3081, NGC 5728, among
ve other AGNs, six star-forming and twelve passive galaxies. The
uthors also employed STARLIGHT code, but used Bruzual & Charlot
 2003 ) library of models instead. Also, they binned their SPs into
our categories, xy (t < 0.0316 Gyr), xyi (0.0316 < t < 0.316 Gyr), xio
0.316 < t < 3.16 Gyr), and xo (t > 3.16 Gyr), and did not include a
C, with the argument that their AGN sample is composed mainly
f Seyferts 2, and also the lack of correlation between the flux in
he blue continuum (at 4000–4200 Å) with the hard X-ray flux from
he BAT-105 month surv e y (Oh et al. 2018 ). In order to properly
ompare our results to theirs, we extracted the inner 1.8 arcsec × 1.8
rcsec and derived an average stellar population weighted by the
ight continuum. This comparison is presented in Table 4 . Our results
gree that this 1.8 arcsec × 1.8 arcsec region of the four galaxies
n common are dominated in light by old SPs. Also, the reddening
s consistent, pointing towards NGC 2992 having the highest dust
eddening, followed by NGC 2110, with NGC 3081, and NGC 5728
aving the lowest values in the sample. However, a few differences
eed to be noted: we found for NGC 2110 significantly contributions
rom both young and intermediate-age SPs, while also detecting a FC
elated to the AGN, whereas they found only a 7 per cent contribution
oming from young SPs. Also, they found a 5.7 per cent contribution
rom young SPs in NGC 3081 and 4.0 per cent in NGC 5728, which
e did not detect. In the case of NGC 5728, ho we ver, this could be

inked to a 1.9 per cent FC contribution that we detected. Also, these
ifferences could be caused by the fact that their wavelength range
as larger than ours, which can play a decisive role especially at
luer wavelengths. This comparison highlights that our results are
onsistent compared to different studies using similar methods. 

.3 Stellar Kinematics 

he stellar velocity fields of our galaxies are well reproduced by
ssuming that part of the stars are in circular motion around the
ucleus, whereas the remaining stars follow random motions, which
an be observed from the velocity dispersion. Besides, we did not
etect further deviations from circular motions. 

The stellar kinematics for part of our sample were previously
nalysed by Riffel et al. ( 2017 ), based on NIR K-band datacubes.
hey also found that the observed velocities are well reproduced
y rotating disc models. Also, for two galaxies in our sample
Mrk 1066 and NGC 5899), they found an S-shape zero velocity line.
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Table 4. Comparison between the results obtained by Burtscher et al. ( 2021 ) and this work for the inner 1.8 
arcsec × 1.8 arcsec. 

Burtscher et al. This work 
Object A V xy xyi xio xo A V FC xy xi xo 

NGC 2110 1 .18 7 .0 0 .0 0 .0 93 .0 0 .8 14 .8 16 .8 20 .8 47 .6 
NGC 2992 1 .87 0 .0 0 .0 26 .6 73 .4 1 .4 1 .5 0 .1 0 .1 98 .3 
NGC 3081 0 .51 5 .7 0 .0 2 .5 91 .8 0 .6 0 .0 0 .0 0 .1 99 .9 
NGC 5728 0 .83 4 .0 0 .0 20 .2 75 .8 0 .5 1 .9 0 .1 33 .6 64 .4 
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or Mrk 1066, we could confirm the existence of this structure. For
GC 5899, on the other hand, we did not detect such feature, even

hough our FoV if much bigger than theirs. This difference might be
aused by statistical uncertainties in any of the two data sets, since
his feature is more evident in the edges of their datacube. Also, their
ample did not include NGC 2992, for which we also detected an
-shaped zero velocity line. 
Another important result that we found, is that the velocity disper-

ion is mainly flat inside our FoV, varying by less than 6 km s −1 . From
ll the galaxies in our sample, NGC 1052, NGC 3081, NGC 3393
howed signs of σ peaks, and only Mrk 607 and NGC 1068 showed
rominent σ drops in the central regions. Since we detected a 
ifference in the SPs in the central region, a corresponding change 
n velocity dispersion would help shedding some light into the 
inematic properties of the gas that triggered the starburst. 
A similar result has already been found by Lin et al. ( 2018 ), who

nalysed eight AGNs and five control galaxies. Having detected a 
uclear stellar light excess in their AGNs compared to their control 
ample, which they attributed to a younger stellar population, they 
lso did not detect a significant change in their stellar σ in this region.
hey argued that the lack of any significant change in σ associated 
ith this luminosity excess either implies the existence of pseudo- 
ulges, in which the intrinsic dispersion increases towards the centre, 
r that the fraction of young SPs is too small to dominate o v er the
ulge. 

.4 Dust reddening 

e also found that, on average, the dust reddening is slightly higher in 
he inner 200 pc, with a 1.0 mag peak in the nucleus, compared to an
verage of 0.75 mag in the external regions. This is also consistent
ith a density increase in the inner regions, both in gas and dust,
hich could also be associated to the infall of gas, also triggering the
bserved star-formation peak. 
Ho we ver, this dif ference is very small, especially if compared to

he dust torus of the AGN, which is higher than 20 mag for all
eyfert 2 galaxies in Burtscher et al. ( 2016 ) sample. This highlights

hat the extinction to the stellar population is related to larger scale
roperties, and unconnected to the gas column and extinction closer 
o the AGN. 

 C O N C L U S I O N S  

e have used GMOS and MUSE integral field unit data for a sample
f 14 Seyfert galaxies in order to derive spatially resolved age, 
etallicity, and kinematic properties of the sources. Our main results 

an be summarized as follows: 

(i) The stellar properties of our sample are correlated with their 
orphological types. Whereas elliptical/lenticular galaxies are asso- 

iated with old, less reddened SPs, with also high velocity dispersion,
pirals exhibit higher fraction of FC contribution, as well as young 
nd intermediate-age SSPs, combined with lower velocity dispersion 
nd higher dust reddening; 

(ii) After averaging the stellar properties of our galaxies, we were 
ble to detect a peak in the contribution of young SPs in the central
00 pc closer to the AGN, if compared to the rest of our FoV; 
(iii) The behaviour of the intermediate-age SPs is opposite to the 

oung SPs, with a lo wer v alue in the nucleus. Also, the fraction of
ld SPs vary very little within our FoV; 
(iv) We were able to detect a rise in the dust reddening closer to

he nucleus, peaking at 1.0 mag. This dust, ho we ver, is associated
ith galaxy-wide properties rather than the dust torus; 
(v) There is no significant change in the stellar velocity dispersion 

ssociated with the changes in the SP. This suggests either the ex-
stence of pseudo-bulges, in which the intrinsic dispersion increases 
owards the centre, or that the fraction of young SPs is too small to
ominate o v er the bulge; 

Our results, combined with previous works (Mallmann et al. 2018 ;
urtscher et al. 2021 ), indicate that AGNs are associated with recent

tar formation. This suggests that the AGNs have been triggered by
 recent supply of gas that has previously triggered a star formation
pisode in the central region of their AGN host galaxies. 
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