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Abstract

We investigated the star formation history and stellar populations of a sample of 205 Type I quasar host galaxies
(0.1 < z<0.35) and compared them with normal (nonactive) galaxies of the same mass and redshift within the
volume of the Galaxy and Mass Assembly redshift survey. We find that quasar host galaxies tend to be star-
forming galaxies (~80%) lying on the star-forming main sequence; the fraction of quasar host galaxies that are
quiescent (~20%) is lower than the fraction of quiescent galaxies in the comparison sample of normal galaxies
(54%). We find that the mean star formation rate (SFR) of quasar host galaxies has increased over the past
100 Myr by a factor of 2-3, but these galaxies were star-forming at all times previously. Our data are more
consistent with quasar activity originating together with an increase in the SFR of otherwise normal galaxies,
similar to episodic star formation in normal spirals. We argue that this indicates that secular processes and minor
mergers may be the favored triggers of nuclear activity in the local Universe.

Unified Astronomy Thesaurus concepts: Galactic and extragalactic astronomy (563); AGN host galaxies (2017);
Galaxies (573); Quasars (1319); Extragalactic astronomy (506); Star formation (1569); Spectral energy

distribution (2129); Supermassive black holes (1663)

1. Introduction

All massive galaxies contain supermassive black holes
(SMBHs) in their nuclei (e.g., J. Magorrian et al. 1998;
J. Silk & M. J. Rees 1998; K. Gebhardt et al. 2000). The mass of
these black holes correlates tightly with the mass (or velocity
dispersion) of their parent spheroids (e.g., K. Giiltekin et al.
2009), despite very large (several orders of magnitude)
differences in the size and mass of these two components. This
points to a mechanism of coevolution between SMBHs and
their parent galaxies (see J. Kormendy & L. C. Ho 2013 for a
review, however see K. Jahnke & A. V. Maccio 2011 for a
critique) such as “quasar-mode” feedback (e.g., B. A. Terrazas
et al. 2020), where accretion of matter into an SMBH, leads to
the triggering of an active galactic nucleus (AGN), and can
inject enough energy into the galaxy to affect its star formation
through heating, ionization by the ultraviolet flux, or mechanical
input from jets (e.g., G. L. Granato et al. 2004;
A. C. Fabian 2012; K. Zubovas et al. 2013; A. King &
K. Pounds 2015; K. Zubovas & M. A. Bourne 2017,
R. Blandford et al. 2019; J. Trussler et al. 2020). However,
these outflows and jets can also boost star formation (e.g.,
P. F. Hopkins 2012; S. Nayakshin & K. Zubovas 2012;
K. Zubovas et al. 2013; R. Bieri et al. 2016; K. Zubovas &
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M. A. Bourne 2017), and even form stars inside the outflow
(e.g., W. Ishibashi & A. C. Fabian 2012; K. Zubovas et al. 2013;
K. El-Badry et al. 2016; X. Wang & A. Loeb 2018). These
mechanisms may also coexist within the same object (e.g.,
G. Cresci et al. 2015; J. Shin et al. 2019; A. Mandal et al. 2021).

Previous studies (e.g., N. V. Asari et al. 2007; M. Sarzi
et al. 2007) have concluded that in 30%—-50% of the cases, the
AGN is associated with young stellar populations (i.e., older
than a few 100 Myr). However, this could be due to the fact
that both AGN and starbursts require gas to fuel them, and
does not necessarily imply a causal relation. For example, the
color and morphology of low-redshift (z < 0.3) quasar host
galaxies are not significantly different from those of normal
(nonactive) galaxies (D. Bettoni et al. 2015), suggesting that
nuclear activity does not affect the global properties of
galaxies. Literature results regarding the AGN-starburst
connection are controversial. It is yet unclear whether AGN
activity occurs together with star formation (N. Kawakatu &
K. Wada 2008), follows it during a post-starburst phase
(R. I. Davies et al. 2007; R. A. Riffel et al. 2009; R. Riffel
et al. 2022), or there is no association with recent star
formation (M. Sarzi et al. 2007). The observational situation is
ambiguous, with several studies showing evidence for
quenching (M. J. Page et al. 2012; A. J. Barger et al. 2015;
T. T. Shimizu et al. 2015; J.-J. Jin et al. 2018; A. Stemo et al.
2020), enhanced star formation (D. Lutz et al. 2010;
J. R. Mullaney et al. 2012; P. Santini et al. 2012; M. E. Jarvis
et al. 2020; J. Shangguan et al. 2020a; Y. Xie et al. 2021;
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L. Koutoulidis et al. 2022), or no significant effect
(C. M. Harrison et al. 2012; D. J. Rosario et al. 2012;
B. Husemann et al. 2014; F. Stanley et al. 2015, 2017; H. Suh
et al. 2017; J.-H. Woo et al. 2017; I. Smirnova-Pinchukova
et al. 2022). One possibility is that these discrepancies reflect
the different samples of AGN, the choice of comparison
galaxies, and even evolutionary effects within the host galaxy
population as a function of redshift. Similarly, earlier claims
have been made that AGN hosts are dominated by old stellar
populations (R. J. McLure et al. 1999; L. A. Nolan et al. 2001)
and that they contain younger stars (G. Kauffmann et al. 2003;
J.-J. Jin et al. 2018). On the one hand, we expect that AGN
should accelerate quenching (J. Gofford et al. 2015;
P. F. Hopkins et al. 2016), but this may also take place over
longer timescales (S. B. Rembold et al. 2017; S. F. Sanchez
et al. 2018). It is possible that these conflicting results reflect
the influence of selection effects, different environments, and
disparate methods to derive star formation histories (SFHs) for
AGN host galaxies and the comparison systems. In
A. W. Graham et al. (2024), mergers drive morphological
transformation, not AGN feedback per se.

With this in mind, in this study, we set out to compare the
star formation properties of a sample of Type I AGN hosts and
of a comparison sample of normal (nonactive or without
quasar activity) galaxies (CSNG) selected within the same
volume. The samples are matched in the stellar mass
distribution and redshift. Our purpose is to compare the SFHs
of AGN host galaxies and those of normal galaxies to
understand the role of AGN activity in shaping the stellar
populations and SFHs of galaxies. We used the catalog of low-
redshift Type I quasars by C. F. Wethers et al. (2022), which
assembled all known Type I quasars from the recent
compilation of quasar catalogs in C. Gattano et al. (2018)
within the three equatorial fields of the Galaxy and Mass
Assembly (GAMA) spectroscopic survey (J. Liske et al. 2015;
S. P. Driver et al. 2018, 2022). We also select 200 sets of
normal galaxies with the same redshift and mass distribution
as the quasars to act as a comparison sample. This should
lessen many of the selection effects that affect previous studies
(such as any possible evolutionary issues, for example, since
all objects are observed at the same epoch within a few
hundred Myr). The star formation properties for CSNG are
pulled from the GAMA archive. For quasar hosts, we use the
CIGALE spectral energy distribution (SED) analysis tool to
derive estimates of star formation properties, employing the
most up-to-date AGN model available.

The structure of this paper is as follows: In Section2 we
discuss the data samples and the property estimates pulled
from various archival databases. In Section 3, we detail how
we estimate stellar population parameters for the quasar host
galaxies. In Section 4 we present our main results, comparing
star formation rates (SFRs) and SFHs for AGN hosts and
normal galaxies. We discuss our results in Section5 in the
light of models for AGN formation and feedback. Conclusions
are presented in Section 6. Throughout this paper, we use
the cosmological parameters from Planck Collaboration et al.
(2020).

2. The Samples

Based on the data provided by the GAMA spectroscopic
survey, first, the sample of quasars is assembled (Section 2.1),
consisting of all known bright low-z Type I AGN that are
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located in the GAMA equatorial footprint. Observational
properties of the quasar sample are given in Section 2.2, based
on the existing surveys. Since there are many different types of
AGN, these additional properties are given to indicate that,
overall, the quasar sample in this work consists of typical low-
redshift Type I AGN; our quasar sample is representative of
that group of quasars.

Next, we extract the comparison sample of normal galaxies
or CSNG (Section 2.3) to match the quasar sample. The CSNG
serves as a control group. GAMA database ancillary products
include estimates of SFRs for the comparison galaxies in the
control group, as described in Section 2.4, and we use those in
this work.

2.1. Low-redshift Quasar Sample

The low-redshift quasar sample is comprised of all known
bright Type I AGN located within the equatorial volumes
covered by the GAMA survey, and is taken from C. F. Wethers
et al. (2022). The quasar catalog C. F. Wethers et al. (2022) is
made up of 205 low-z Type I quasars. We briefly summarize
how this sample of quasars was constructed: a full description is
given in C. F. Wethers et al. (2022).

C. F. Wethers et al. (2022) catalog of quasars was drawn from
version 4 of the Large Quasar Astrometric Catalog (LQAC-4;
C. Gattano et al. 2018). LQAC-4 is the most homogeneous and
complete quasar catalog to date, crossmatching 12 independent
quasar surveys, alongside the M. P. Véron-Cetty & P. Véron
(2010) quasar catalog. LQAC-4 provides ubvgrizJK-band photo-
metry, radio fluxes (at 1.4 GHz, 2.3 GHz, 5.0 GHz, 8.4 GHz,
24 GHz), and spectroscopic redshifts.

The following selection constraints were applied by
C. F. Wethers et al. (2022) to the objects in the LQAC-4
catalog:

1. The quasars had to be within the three equatorial areas of
the GAMA survey (MagPhys Data Management
Unit; DMU).

2. The redshift range was set to 0.1 < z < 0.35, a redshift
interval corresponding to a timescale of around 1 Gyr. At
this redshift range, the GAMA survey probes the largest
volume with the highest completeness. We note that
within this relatively short time frame, any possible
evolutionary effects are likely to be less relevant.

3. The objects had to be brighter than r = 19.8. This
selection criterion for apparent brightness was also
imposed, since GAMA is complete beyond 99% at
r < 19.8mag (Sloan Digital Sky Survey (SDSS)
photometry).

After the above selection procedure, C. F. Wethers et al.
(2022) proceeded to positionally match the LQAC-4 quasars to
a GAMA target within 5”: 90% of the LQAC-4 quasars were
identified as GAMA targets. The final quasar sample of 205
objects is also available as a VizieR catalog, which includes
the GAMA 1D, coordinates, and redshifts for each quasar
(C. F. Wethers et al. 2022).

All of these quasars also fulfill the criteria for inclusion in
the SDSS DR12 catalog of Type I quasars (I. Paris et al. 2018).
The environment around this sample of quasars has been
studied at different scales (C. F. Wethers et al. 2022;
M. B. Stone et al. 2023). Crucially, by selecting bright quasars
within the GAMA equatorial footprint, we were able to utilize
the full GAMA spectroscopic survey of several hundred
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Figure 1. (a) Distribution of bolometric luminosities for quasars derived from
CIGALE fits. This excludes eight quasars (3.9% of the quasar sample) where
CIGALE did not return a quasar luminosity. (b) Distribution of absolute SDSS
i-band magnitude (k-corrected and extinction corrected based on GAMA
survey data).

thousand galaxies within the same patch of the sky to construct
the control sample of normal galaxies for comparison, as
described in the section (Section 2.3).

2.2. Quasar Sample Properties

Here we consider the luminosity distribution (Section 2.2.1)
and spectral types of quasars (Section2.2.2) in our GAMA
sample. We compare our sample to the quasars from large
surveys in the literature. This comparison confirms that our
quasar sample (which is constrained to the GAMA equatorial
volume) consists of typical quasars. (The star formation
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Table 1
Categories of Quasars Based on Spectral Type in This Work versus the
Literature Quasar Catalog®

Category This Work M. P. Véron-Cetty & P. Véron (2010)
N = 205 N = 9586

@ (@) 3

S1 192 (94%) 9353 (97%)

S2 13 (6%) 0

S3 (LINER) 0 233 (3%)

Note. Column (1): quasar classification category. Column (2): category
fractions of the full quasar sample used in this work. Column (3): category
fractions of quasars from the literature.

4 M. P. Véron-Cetty & P. Véron (2010).

properties of the quasar sample are discussed in the next
section, Section 3).

2.2.1. Luminosity of the Quasar Sample

The AGN bolometric luminosity and the distribution of the
absolute luminosities in the i band are shown in Figure 1. The
bolometric luminosity is characteristic of low to intermediate-
luminosity objects. This is not surprising, as powerful quasars
will be rare within these relatively small volumes.

2.2.2. Classification of Quasars

We classified by eye the optical spectra of quasars using the
spectra in the GAMA archive. We used three broad categories:
quasars with at least one broad line (Seyfert 1 or S1), quasars
with narrow lines (Seyfert 2 or S2), and systems with low-
ionization nuclear emission-line regions (LINERs), following
the classification scheme of the M. P. Véron-Cetty & P. Véron
(2010) catalog. The results are presented in Table 1. We further
compared our visual classification with M. P. Véron-Cetty &
P. Véron (2010) catalog classifications, and found them to be
mostly consistent with each other.

If no classification was given in M. P. Véron-Cetty &
P. Véron (2010), then, when possible, for these rare cases, we
adopted classifications from more recent catalogs in the VizieR
service (e.g., S. Rakshit et al. 2017). A small number of
quasars, however, did not have any spectral classification in
the existing catalogs, and we used the visual classifications as
the final determination.

Most of our galaxies are Seyfert 1 with typical broad
emission lines. The mean redshift of the quasar sample is
z = 0224 £ 0.072, while the mean absolute magnitude is
M; = —22.38 £+ 0.77. Compared to the previous low-redshift
study of Type I quasars by R. Falomo et al. (2014), our sample of
quasars also probes lower brightness AGN, due to the different
cuts imposed by quasar catalogs (e.g., SDSS quasar catalog)
available at the time. Our sample is essentially consistent with that
of M. P. Véron-Cetty & P. Véron (2010), as shown in Table 1,
and appears to be representative of the average population of
AGN within this redshift range (0.1 < z < 0.35).

2.3. Comparison Sample of Normal Galaxies

It is important to compare any results from our quasar sample
with a control sample of normal galaxies, in order to ascertain
that the observed characteristics are indeed unique to quasar
host galaxies (as discussed previously, e.g., K. Karhunen et al.
2014). The GAMA spectroscopic survey database is where the
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Type | Quasar Comparison galaxy
sample sample
1 set 200 sets

205 quasars in the set
(Total 205 objects)

205 galaxies per set

(Total 41000 objects)

We calculate anew
star formation
estimates using

GAMA Archive provides
star formation
estimates using

SED analysis SED analysis
with AGN module without AGN module
(CIGALE tool) (MAGPHYS tool)

Figure 2. Our quasar sample consists of 205 objects. Our CSNG is constructed
using the GAMA archival data and consists of 200 sets, where each set has
205 normal galaxies. The CSNG is from the same volume as the quasar
sample. The redshift and stellar mass properties are matched to the quasar
sample as well (Figure 3). The quasar sample is obtained from C. F. Wethers
et al. (2022), and the CSNG is obtained from M. B. Stone et al. (2023).

normal galaxies for CSNG are selected, because in addition to
the robust redshifts, the GAMA archive provides estimates of
physical properties (S. P. Driver et al. 2022). Thus, the match
between the active and normal galaxies is robust, since both the
redshift and the physical properties are matched between the
two samples.

The CSNG for our quasar sample is obtained from
M. B. Stone et al. (2023) and consists of 200 sets of normal
galaxies (Figure2). All galaxies were extracted from the
GAMA spectroscopic survey (MagPhys DMU). Each set of
normal galaxies has:

1. 205 normal galaxies, as in our quasar sample,

2. Is within the same volume as the quasar sample, and

3. Is matched in redshift and stellar mass to the quasar
sample (Figure 3).

Note that the CSNG does not have restrictions on the SFRs,
and control galaxies range from star-forming to objects with
low SFR activity (similar to D. Bettoni et al. 2015).

The matching method used by M. B. Stone et al. (2023) to
build these comparison sets of normal galaxies was based on a
Monte Carlo realization of samples technique, and this method
was first presented in C. F. Wethers et al. (2022). Briefly, for each
quasar, a randomly selected galaxy having the same redshift
within Az = 0.01 and the same stellar mass within 0.1 dex is
selected as a normal counterpart. This process is repeated for all
quasars until a comparison set of 205 GAMA non-AGN galaxies
is defined. In the same way, 200 such comparison sets were
created. As shown in Figure 3, this results in closely matched
samples of galaxies and quasars, as checked both by the
Kolmogorov—Smirnov and the Anderson—Darling statistical tests.

2.4. GAMA Archive Star Formation Properties for CSNG

The star formation properties for normal galaxies were
retrieved from the archives of the GAMA database. GAMA
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Figure 3. (a) Redshift and (b) stellar mass distributions of quasars and
comparison galaxies (reproduction of Figure 1 from M. B. Stone et al. 2023).
The two-sample Kolmogorov—Smirnov test (p-value > 0.99) shows that there
is no significant difference statistically between the matched normal galaxies
sample and the quasar sample (same result with the Anderson—Darling test).

derives estimates for the stellar population properties (such as
SFRs and SFHs) by fitting the SEDs of galaxies with the
MAGPHYS tool (E. da Cunha et al. 2008; E. da Cunha &
S. Charlot 2011). The SEDs used by GAMA are based on the
21—band fluxes for the equatorial survey regions (Table 2),
covering wavelengths from far-UV to far-infrared (Lambdar-
Photometry DMU; S. P. Driver et al. 2016; A. H. Wright
et al. 2016).

The SED-based estimates are drawn from within the
MagPhys DMU of the GAMA survey (S. P. Driver et al.
2022). We extracted the following properties from the
MagPhys DMU for CSNG: stellar masses, SFRs, and SFRs
averaged over the past 10, 100, 1000, and 2000 Myr, plus the
estimates for the averaged SFR for older stellar populations.
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Table 2
GAMA Spectroscopic Survey Photometry Bands
Bands Survey
Far-UV, near-UV GALEX (D. C. Martin et al. 2005)
u, g, 1 i, 2 SDSS Data Release 7 (DR7) K. N. Abazajian
et al. 2009
Z, Y, J, H, Ks VIKING (A. Edge et al. 2013)

WI1-W4, ~2-30 um
100 pm, 160 pm

WISE All-Sky DR (E. L. Wright et al. 2010)

Herschel Astrophysical Terahertz Large Area Survey
(S. Eales et al. 2010) PACS

250 pm, 350 pm, Herschel SPIRE

500 pm

Note. Column (1): GAMA LambdarPhotometry DMU photometry bands.
Column (2): Source surveys.

While there are estimates in the GAMA archive also for our
quasar sample, we perform a separate analysis to estimate the
star formation properties for quasar hosts, in order to include
the most up-to-date SED models which account for the
presence and contribution of the AGN, as described in the next
section (Section 3). Additionally, we perform similar CIGALE
fits for comparison on a representative subsample of CSNG,
described in (Section 3.3), to make sure that the comparison
between the quasar hosts and normal galaxies is homogeneous.

3. SFR and SFH Estimates for Quasar Hosts

In this section, we present the necessity and justification for
rederiving the estimates for star formation properties for the
quasar sample with the CIGALE SED tool (Section 3.1). Then
we present the details on how the CIGALE SED fits were setup
for the quasar hosts (Section3.2). We describe a few
comparison tests between CIGALE and MAGPHYS (Section 3.3).
In particular, an additional check was performed for a single set
of normal galaxies from the control group. We further introduce
a statistical correction between the two SFR estimators. For
completeness, a brief discussion is included to describe the
underlying assumptions, such as the initial mass function (IMF)
for both codes.

3.1. CIGALE AGN Module

Accounting for the AGN contribution is necessary in
assessing the quasar host star formation properties; lack of
such consideration results in overestimation of the parameters.
Thus, we adopt the CIGALE SED fitting code to analyze all
objects in our quasar sample, because CIGALE allows the
inclusion of an AGN component in SED fits (D. Burgarella
et al. 2005; S. Noll et al. 2009; M. Boquien et al. 2019;
G. Yang et al. 2022).

To account for AGN contribution, we chose the most up-to-
date AGN model, the SKIRTOR module. The SKIRTOR
module has a realistic two-phase torus model. Additionally, the
SKIRTOR AGN module covers the UV-IR range, which
matches the GAMA photometry interval.

For quasar host galaxies in our sample, it was not possible to
use the star formation estimates from the available GAMA
archive because the GAMA SED fits did not include the AGN
contribution. In addition, it was not possible to use the
MAGPHYS SED fitting code, as in the GAMA archive, because
that code did not have models for the AGN contribution. The
MAGPHYS team started developing this capability recently
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(J. S. da Cunha et al. 2026, in preparation). We discuss the
differences between the codes later in this section.

The separation of AGN from galaxy light has been treated
and tested by the CIGALE team (M. Boquien et al. 2019;
C. Yang et al. 2019; G. Yang et al. 2022), including for the
case of the SDSS Type I quasars, i.e., the same category of
quasars as in this work. Numerous later studies used CIGALE to
tackle the AGN contribution in SED analysis and confirm that
this method is effective and reliable both at low and at high
redshifts (e.g., C. Circosta et al. 2018; G. Mountrichas et al.
2022a, 2022b; I. Georgantopoulos et al. 2023). This is
generally true even for the most luminous quasars, although
these are not generally present within the GAMA volume (see
Section 2.2).

We stress that for normal galaxies, the estimates of SFR and
similar quantities are published in GAMA archives, as
described in Section 2.4. As there is no need to include the
AGN component in SED fits for normal galaxies, the fits
provided by GAMA are satisfactory; it is not necessary to
rederive them again with CIGALE (which would be a
computationally intensive task as the comparison sample
consists of more than 40,000 objects). Nevertheless, we did
run comparison tests with CIGALE for a representative
subsample of control galaxies, described in Section 3.3.
Furthermore, as presented in that same section, extensive
comparative analysis of both codes by L. K. Hunt et al. (2019)
asserts that the resultant estimates from both codes are similar
and equally reliable.

3.2. CIGALE Parameters for the Quasar SED Fits

We use the same multiband data from the GAMA Lambdar
catalog for building CIGALE fits. We used version 2022.1 of
CIGALE, which is Python based.

CIGALE uses a series of modules for SFH, single stellar
population (SSP), and other contributions to build the final
SED of a galaxy (M. Boquien et al. 2019). The chosen
modules, parameters, and their values for the quasar hosts with
AGN components are given in Table 3. Neither X-ray nor
radio data are present in the GAMA survey archive, so these
modules are not included.

We assume the delayed SFH scenario with a star formation
burst (M. Boquien et al. 2019; G. Yang et al. 2022). The
library of SSP templates is from G. Bruzual & S. Charlot
(2003), allowing for the construction of the stellar emission
part of the SED from the galaxy host. We use the Chabrier
IMF (G. Chabrier 2003) and assume solar metallicity
(Z = 0.02) following L. Ciesla et al. (2015). The stellar
emission is attenuated by applying the D. Calzetti et al. (2000)
dust extinction law.

The contribution due to dust heating by the stellar
component is modeled by adopting the D. A. Dale et al.
(2014) dust templates with parameter values as in L. Ciesla
et al. (2015). To include the non-stellar emission contribution
from the AGN, we use the newer AGN templates—the
SKIRTOR templates (M. Stalevski et al. 2012, 2016), but only
for Type I quasars, since our sample only contains Type I
AGN. For the input parameters, we use the suggestions from
G. Yang et al. (2022) for the SDSS quasar case.

For eight objects, the SED fit had zero AGN luminosity;
however, this does not affect the conclusions of this work. We
do not force the SED fit to choose quasar models, so in these
eight cases, the best fit found in the library was not the SED of
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Table 3
Model Parameters for SED Fitting with CIGALE

Module and Parameter (Symbol)  References and Values

SFH Delayed SFH with an optional recent
burst
Age of the main popula- 3000, 5000, 7000, 8000, 9000, 10,000
tion (Myr)
e-folding time of the main
population (Myr), Tmain
Age of the recent burst (Myr)

1000, 3000, 5000, 8000, 10,000

50, 20,000 (continuous SFH)

e-folding time of the burst (Myr) 50, 500

Burst mass fraction 0.0, 0.1

SSP G. Bruzual & S. Charlot (2003)
IMF G. Chabrier (2003)

Metallicity (Z) 0.02 (Solar)

Galactic dust attenuation D. Calzetti (2000) attenuation law
Color excess of nebular lines 0.1, 0.2, 0.3, 0.4, 0.5, 0.6
Reduction factor 0.44

Slope of the power law -0.2, 0.0

Galactic dust emission D. A. Dale et al. (2014)
Alpha slope 2.0

AGN (UV to IR) SKIRTOR (M. Stalevski et al.
2012, 2016)

Viewing Angle 30° (Type D)

Delta -1, -0.9, -0.8, —0.7, —0.6, —0.5,
-0.4, -0.3, —0.2, —0.1, 0.1, 0.6

0.0, 0.01, 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7,
0.8, 0.9, 0.99

0., 0.05, 0.1, 0.2, 0.4, 0.6

Small Magellanic Cloud

AGN fraction

E(B — V) (magnitudes)
Extinction law of polar dust

Note. Column (1): list of parameters in each module of the CIGALE SED tool
used in this work. Column (2): parameter values adopted in our SED analysis
with the CIGALE tool. The AGN component (SKIRTOR) was included only
for quasar fits. For further details on the parameters, see the CIGALE manual
and M. Boquien et al. (2019), G. Yang et al. (2022).

a quasar. We chose not to add additional parameters because it
is not possible to get a perfect fit for every single quasar in the
sample; we employ a single set of parameters to fit SEDs for
the full quasar sample. Enlarging the parameter space may
result in overfitting and in different sets of misfits. The
parameter grid size is a balance between fitting well as many
quasars as possible in the sample and avoiding overfitting and
high computational pressure. The quality of fits is primarily
limited by the uncertainties in the input photometry and by the
content of the CIGALE library of SEDs.

3.3. Comparing Our CIGALE Estimates to GAMA Data

We perform two comparison tests to check how the
estimates based on the CIGALE fits compare to the archival
data from the GAMA spectroscopic survey (Table 4). We
perform both a test for the quasar sample (test A) and a test for
the CSNG (test B).

3.3.1. Test A: Check the Effect of AGN Contribution to the SED Fits

In test A, we compare our CIGALE results with AGN
components to the archival GAMA data for quasar hosts,
which did not include the AGN contribution. GAMA archive
is based on MAGPHYS SED fits, as noted previously. We show
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one example of a quasar in our sample, analyzed both with
AGN and without AGN, in Figure4. Comparisons for the
SFR, specific SFR (sSFR), and stellar mass are given in
Figure 5. Not surprisingly, MAGPHYS tends to overestimate the
SFRs (ignoring the AGN component) while the derived stellar
masses are comparable. Thus, this test result shows that it is
important to consider the AGN component when performing
SED-based analysis to derive properties for quasar hosts.

3.3.2. Test B: Check the Agreement between Two Codes for CSNG

It is expected that for normal galaxies, the estimates of
properties should not depend on which SED tool is used, CIGALE
or MAGPHYS. Thus, next, in test B, we considered the normal
galaxies and compared the results of CIGALE fits (with no AGN
component) to GAMA archive data (based on MAGPHYS). This
test was done for one CSNG set. Rather than running CIGALE on
thousands of GAMA galaxies, we selected a representative
subsample, matching the quasar sample (same number of objects,
same distribution in redshift and mass, same survey volume). We
perform Test B to make sure that the comparison between
quasars and nonactive galaxies is homogeneous. The test result
for SFR, sSFR, and stellar masses is given in Figure 6.

The SED fits with CIGALE for normal galaxies were setup
identically to the quasar hosts, with the exception of the AGN
module; the AGN component was not included. Table 3 gives
the list of all parameters for the CIGALE fits for normal galaxies
as well. The expectation in test B is that it does not matter which
SED software is employed to estimate SFRs, so the expected
output should result in similar results. Indeed, this is what we
observe, as shown in Figure 6. For the vast majority of normal
galaxies, there is virtually no difference between the two
estimates with two different codes. Only for a few objects with
extremely low SFR values, the differences between the two
estimates deviate from zero. However, both algorithms suffer
from poor performance at this extreme regime in SFR, and it is
not possible to say that one evaluates the extremely low SFR
values more precisely. As the number of objects in that regime
is small, our results and conclusions are not affected.

MAGPHYS and CIGALE also provide estimates for the SFR
averaged over the past 10 and 100 Myr. MAGPHYS also
provides estimates over the past 1000 and 2000 Myr. Both
codes measure the contributions from old stellar populations.
In Figures 7 and 8 we compare the results from CIGALE and
MAGPHYS for the SFR averaged over the past 10 and 100 Myr.
Similar to SFR estimates, we find that MAGPHYS over-
estimates SFR averages over the past 10 Myr but less so when
averaged over the past 100 Myr.

In this work, for quasar host galaxies, we will use CIGALE-
derived values for SFR, sSFR, stellar masses, and the SFR
averaged over 10 and 100 Myr, as well as the contribution
from older stellar populations. We will use the MAGPHYS
values for the SFR averaged over the past 1000 and 2000 Myr
as CIGALE does not provide these values. However, given the
relative similarity of CIGALE and MAGPHYS results for the
SFR averaged over the past 100 Myr and the older stellar
populations, we regard this choice as permissible.

A thorough comparison of the results of both codes has been
carried out by L. K. Hunt et al. (2019), who also present a
tabular version of similarities and differences between codes
(e.g., assumptions in fits are given in their Table 1). Their
results show that both codes yield similar estimates of
parameters such as stellar masses, SFRs, and SFHs within
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Table 4
Comparison Tests of Star Formation Properties between the Derivations with CIGALE Fits in This Work and GAMA Archival Data

Test ID Population Comparison Description CIGALE AGN Module Figure References
(eY) (@) “ ()
A Quasar sample CIGALE fits to GAMA data Included 5,7
B A single set of galaxies from CSNG CIGALE fits to GAMA data Not included 6, 8

Note. Column (1): test ID. Column (2): population compared. Column (3): AGN module inclusion in CIGALE fits. (Note that in all cases, GAMA archival data does
not include AGN contribution to the SED fits.) Column (4): figures with test outcome.
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Figure 4. SED analysis result with CIGALE for one quasar in our sample. (a)
The top panel shows the result, which includes AGN taken into consideration.
AGN emission is represented by the solid orange line. (b) The bottom panel
shows the best model without the inclusion of the AGN module. Note that the
reduced XZ value is much lower when AGN is considered, indicating a
better fit.

0.1 dex, i.e., within the typical photometric errors. This is
confirmed in our comparison of MAGPHYS and CIGALE
estimates of these parameters for a single set of normal
galaxies, i.e., from test B. As in L. K. Hunt et al. (2019), we
find a tendency for CIGALE to overestimate SFRs for very low
star formation levels (also see the more recent comparison for
GAMAnear galaxies by E. D. Paspaliaris et al. 2023).

We observe that in our dataset, both methods also appear to
yield similar results. The average differences ASFRGare-macpHYSs
AsSFRciGaLE-Macprys, and AmasScigare—macenys are (0.03,
0.00, and 0.03). Almost all of the comparison normal galaxies
lie between 0.2 dex of the CIGALE value in SFR, sSFR, and
stellar mass (Figure 6). The similarity between SFR, sSFR, and
stellar mass estimates based on MAGPHYS/CIGALE fits is
further highlighted by the median differences of the property
per 1 dex bin in each case (red dots in Figure 6). There is a
trend for CIGALE to overestimate SFR at low values, which is
typical of quiescent galaxies (see L. K. Hunt et al. 2019). The
differences between values from CIGALE and MAGPHYS are
significantly smaller than the histogram bins we use in
subsequent figures. In the remainder of the analysis, we will
use MAGPHYS values for normal galaxies in the CSNG, as
these estimates are already provided by the GAMA survey for
all 200 sets of comparison galaxies (while running CIGALE is
found to be computationally expensive).

3.3.3. Statistical Correction for SFR Values between CIGALE and
MAGPHYS

In this work, two SFR estimators are used—one based on
CIGALE for the quasar sample because it includes AGN
contribution and the second one from the GAMA survey based
on MAGPHYS for the control sample. We introduce a statistical
correction to bring the CIGALE values to the MAGPHYS
baseline. Thus, any discrepancies between the two estimators
are removed and consequently do not affect the results. Any
systematic errors are also reduced.

To obtain the calibration function, we fit a Chebyshev
polynomial to the SFR parameter offsets versus its CIGALE
estimate, which is then used to obtain the corrected parameter
value,

log; o Xcorr = 10g)g XciGaLE — fone, 10810 XCIGALE) » (1

where X stands for any SFR parameter, f is the statistical
correction function for the offsets, and X, is the parameter
value corrected to the MAGPHYS baseline. This is applied to all
SFR parameters of the quasar sample: SFR, sSFR, and time-
averaged SFR. This correction is minor and does not
substantially change the results. The analysis uses the code
described in the software section (M. B. Stone 2025¢,2025d).

3.3.4. Main Ingoing Assumptions for CIGALE and MAGPHYS

For completeness, we highlight the main assumptions and
sources of uncertainties. Uncertainties in the SED estimates
arise from the input photometry data. There is no difference in
input for the models between MAGPHYS and CIGALE in this
work. GAMA MAGPHYS SED fits are based on LAMBDAR
photometry. We used the same panchromatic data from
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Figure 5. Results for comparison test A. Comparison between the GAMA archival data (MAGPHYS SED fitting results with no AGN component) and our CIGALE
SED fitting results (including an AGN component) for (a) SFR, (b) sSFR, and (c) stellar mass for the sample of quasar host galaxies. The SFR and sSFR estimates
differ significantly when an AGN contribution is included in the SED analysis, prompting us to derive anew the star formation property estimates for the quasar

sample.

LAMBDAR photometry for CIGALE fits. The UV and IR survey
photometry data in GAMA often have larger associated
uncertainties compared to the measurements within the optical
wavelengths. GAMA SED fits are based on a parameter space
chosen to cover all the galaxies in the survey, not just the
bright and low-z galaxies. As we are looking only at a subset
of galaxies from the GAMA survey, our parameter space with
SED fits with CIGALE performed here is tailored.

Both MAGPHYS and CIGALE adopt a computationally
efficient energy balance approach to derive SEDs coupled
with a Bayesian estimator to recover the full posterior
probability distribution of galaxy physical parameters. The

application of MAGPHYS to GAMA data is described in
S. P. Driver et al. (2018). Note that GAMA archival fits were
performed on the full GAMA catalog, not focused on the low-z
sample of bright galaxies. There are uncertainties associated
with models in each module of the SED program (e.g.,
C. Conroy 2013), which need to be remembered when
interpreting results. Both codes (as well as others) rely on a
given SFH defined by an assumed IMF (G. Chabrier 2003 for
both codes) applied to a matrix of single-age stellar
populations (G. Bruzual & S. Charlot 2003 for both codes), see
Table 5. However, CIGALE adopts a single (solar) metallicity
and an SFH based on a delayed parameterization approach as
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Figure 6. Results for comparison test B. Differences (A) comparing the
MAGPHYS and CIGALE SED fitting results (without AGN component) for (a)
SFR, (b) sSFR, and (c) stellar mass for normal galaxies. The red-filled circles
represent the median log difference in each 1 dex bin of SFR between the two
estimators, excluding the bins with small number statistics. Error bars reflect
the standard deviation in that bin. We remark that in all half dex intervals the
only difference between CIGALE and MAGPHYS is a small (on the order of
0.01 dex) offset with no particular trend, except at very low SFR, where
essentially all models can yield different results based on small differences in
input parameters.

described by L. Ciesla et al. (2015), whereas MAGPHYS adopts
an exponentially declining SFH, with SSPs having varying
metallicities with random bursts to mimic realistic histories.
However, there is no AGN module in MAGPHYS. The
MAGPHYS research team is developing the inclusion of
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AGN, but it is not yet finished. We stress, however, that
despite the underlying assumptions, the SED-based analysis
generally produces good estimates of stellar population
parameters for galaxies in general, as described in the relevant
documentation papers for both codes.

Previous studies, such as those of M. B. Stone et al. (2021) and
D. Bettoni et al. (2023), were able to assess only a few parameters
through optical spectroscopy, such as SFR, sSFR, and stellar
mass estimates for quasar hosts based on emission line analysis.
The SED analysis provides a larger set of parameter estimates,
which include SFH parameters and AGN-related parameters.
While future surveys are planned to get spectroscopy data for a
large number of quasars, currently, the GAMA survey already
holds the photometry data for SED-based analysis.

4. Results

In this section, we present the distributions of star formation
properties of the low-z quasar sample, obtained through the
CIGALE SED tool (Section4.1). Moreover, various SFH
parameters are compared between the quasar sample and the
CSNG (Section 4.2).

4.1. Comparing the SFR Distribution of the Quasar Sample
with Normal Galaxies

To demonstrate how the SFR of quasar hosts compares to that
of normal galaxies, we map in Figure9 (right) the stellar
mass versus sSFR for the sample of quasar host galaxies and for
a Monte Carlo realization of 200 samples of 205 normal
galaxies. The majority of quasars, 80%, lie above the cutoff
between star-forming galaxies (SFGs) and passive galaxies,
log(sSFR) = —10.8 M, yr '. (Note that ~15% of the quasar
sample is radio-loud using a limit of 1 mJy for 20 cm emission.)

The comparison galaxies are chosen to lie in the same
volume, have the same stellar mass and redshift as the sample
of quasar host galaxies. We further contrast the two samples in
Figure 10, where we plot the histograms of SFR (a) and sSFR
(b) for quasar host galaxies and the CSNG.

4.2. SFH Parameters of Quasar Hosts

SFH indicators, such as SFR averaged over 10, 100, 1000 and
2000 Myr can be employed to check how star formation evolves
and compare the results with time intervals from quasar evolution
models. CIGALE provides estimates of the SFR averaged over the
past 10 and 100 Myr. MAGPHYS also provides estimates over the
past 1000 and 2000 Myr but, unfortunately (as we can see in
Figure 7), this neglects the influence of the quasar. In that figure,
we see that the effect of the AGN is less important when
averaged over longer epochs, so we also present MAGPHYS data
(for SFR averaged over 1000 and 2000 Myr) with the caveat that
these estimates may be affected by AGN light (i.e., over-
estimated). This is shown in Figure 11.

Further information about the SFH is gleaned from the
perspective of the old stellar population parameters. We
present in Figure 12 the distributions of age of the oldest stars,
as well as the stellar mass and luminosity of old stellar
populations. The plots show no significant difference between
CSNG and the quasar sample.

5. Discussion

We interpret the results disclosed in Section 4 here.
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Table 5

Comparison of the Main Ingoing Assumptions between CIGALE Fits and GAMA Survey Fits with the MAGPHYS SED Code

Module MAGPHYS Fits in GAMA (S. P. Driver et al. 2018) Contrast with CIGALE Fits in This Study
(€Y (@) 3

IMF G. Chabrier (2003) Same

SFH Single (exponentially decaying) SFH Different

SSP BCO03 models (G. Bruzual & S. Charlot 2003) Same

Dust attenuation law S. Charlot & S. M. Fall (2000) Different

Metallicity A wide range of values A single value

Note. Column (1): name of the component module. Column (2): assumed law and/or parameter values from the GAMA archival data, which is based on the
MAGPHYS SED tool. Column (3): comment on whether there are any differences when compared to the CIGALE SED fits performed in this work.

observed in the histograms shown in Figure 10. There are few
to no quasars in the fully quenched region. However, the more
quiescent objects can generally be seen to be more massive
systems as in I. Smirnova-Pinchukova et al. (2022).

This confirms that quasar host galaxies are generally similar
to normal SFGs and are less represented among the quiescent

5.1. Quasar Host Galaxies are Mostly Star Forming

The distribution of quasar host galaxies in the stellar mass
versus SFR (sSFR) plot (Figure 9) is broadly consistent with
that of normal SFGs, with a smaller fraction lying in the green
valley or just below in the quenched region. This can also be

10
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Figure 10. Histograms of star formation properties with Poisson error bars: (a) SFR, (b) sSFR. Data for comparison galaxies are from the GAMA archive, for quasar
hosts from CIGALE SED fits. For quasar hosts, CIGALE SFR and sSFR estimates are corrected to the MAGPHYS baseline, and the error bar represents the Poisson
error. For comparison galaxies, the plotted fraction in each bin is the average fraction from all 200 realizations, and the error bar represents the standard deviation. In
each case, the distribution of values for the quasar sample lies at the peak of the normal galaxy distribution. However, there are few quenched AGN hosts.
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Figure 11. Histograms of sSFR averaged over 10, 100, 1000, and 2000 Myr
for quasars (red hashed bars) and for normal galaxies (black dotted bars). For
quasars, average sSFR estimates from CIGALE for 10 Myr and 100 Myr are
corrected to MAGPHYS baseline. For visual contrast, the 2 Gyr distribution for
normal galaxies is shown in shaded bars in each plot. Error bars as in
Figure 10. The plots are arranged along the increasing timescale over which
SFR is averaged. To highlight the comparison and the evolution of the
distributions, the blue dashed line marks the sSFR = —10.8 yr ' line in all
plots, while the red arrow on quasar plots shows the separation from the
approximate peak of the distribution. Thus, the quasar host sample exhibits
elevated SFR values at 100 and 10 Myr marks. Note that the SFR peak for
quasar hosts is moved toward higher values in more recent time frames. On the
other hand, there is no evidence that the SFR of normal galaxies is changing
with time. Indeed, it seems that the star-forming cloud is always in the same
place, even at high redshift.

population. Of course, this might not be the case for very
powerful quasars and radio galaxies that are rarer and will only
rarely be present in volumes the size of the GAMA survey.
When we compare with the distribution for SFGs, we note
that there is a smaller fraction of quasar host galaxies in the
green valley, with a few quasars lying at the top end of the
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quiescent galaxies distribution. This suggests that star forma-
tion may be quenched in otherwise normal SFGs. An alternate
hypothesis to explain the deficit of quasar host galaxies in the
green valley would be that quasar host galaxies initially lie in
the green valley and undergo increased SFR later. In order to
test this, we can look at the averaged SFR over the past 10 and
100 Myr and then compare the star formation timescales to the
expected quasar lifetimes, discussed next.

5.2. Quasar Hosts Show an Increase in Star Formation at
Recent Timescales

It is interesting to consider the timescale for star formation
and compare it with the expected quasar lifetimes. In the
model of A. M. Hopkins & J. F. Beacom (2006) quasars are
associated with increased star formation over a timescale of
~10Myr followed by quenching once the quasar becomes
optically bright (see also K. A. Morey et al. 2021).

The SFR and sSFR distributions for non-AGN galaxies
(CSNGQG) appear to be relatively similar at all times, suggesting
that these objects have undergone a comparatively quiet
evolution since z ~ 0.3, as demonstrated by the sequence of
bottom panels in Figure 11. Similarly, this is the case for the
SFR and sSFR distributions for quasar host galaxies for
timescales of 1000 and 2000 Myr (top rightmost panels in
Figure 11).

In contrast, there is evidence of an increase in SFRs in
quasar host galaxies within the last 100 Myr and 10 Myr (top
leftmost panels in Figure 11). We see that the SFR and sSFR
distributions for quasar host galaxies are shifted toward higher
values over more recent timescales, implying an association
between an increase in star formation activity and nuclear
activity. Note that if the SFR averaged over 1000 and
2000 Myr is overestimated for quasar hosts by MAGPHYS,
then the resultant increase in star formation is even more
profound, and thus does not reverse the conclusions of
this work.

We stress that all quasar host galaxies, however, were
forming stars on the star-forming main sequence (MS) within
the last 2 Gyr. In other words, quasar activity is associated with
an increase in SFRs in already normal SFGs. Increased SFR is
therefore associated with quasar activity, but the starburst
entity is modest, similar to the episodic SFR encountered in
normal spirals.

5.3. Deficit of Quasar Host Galaxies in the Green Valley
Region

Let us consider again the sSFR versus stellar mass diagram
(Figure 9), which shows that there is a relative deficit of quasar
host galaxies (compared to SFGs and all galaxies) in the
traditional green valley region and the quiescent region. The
distribution of SFRs for quasar host galaxies appears bimodal,
with a small fraction of objects in the quiescent portion of the
sSFR—stellar mass plot, but lying close to the sSFR limit for
galaxies to be identified as star-forming. This hints that quasar
host galaxies may have been more quiescent prior to the
activation of the AGN and closer to the green valley, as argued
by M. Povi¢ et al. (2012). However, the older stellar
populations of quasar host galaxies are not significantly
different from those of normal galaxies (Figure 12). Never-
theless, quasar host galaxies have always been star-forming
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Figure 12. Histograms for old stellar populations for both the quasar sample (red hatched bars) and for the CSNG (black dotted bars). (a) Age of the oldest stars in
the galaxy from MAGPHYS fits. (b) Stellar mass and (c) luminosity of old populations from CIGALE fits. The error bars are as in Figure 10.

over these timescales, lending support to models where nuclear
activity is triggered by secular evolution.

5.4. Implications for Models Linking SFR and AGN Activity

Our finding that most quasar host galaxies lie on or close to
the star-forming MS is consistent with the observations by
I. Smirnova-Pinchukova et al. (2022), where no significant
effect was found on the SFRs of quasar host galaxies. Coupled
with the lack of quiescent galaxies among quasar hosts
(although there may be radio galaxies that do not fulfill the
criteria for inclusion by C. Gattano et al. 2018), this is
consistent with recent studies suggesting that there is no
significant effect from feedback by active nuclei (D. Elbaz
et al. 2011; A. Bongiorno et al. 2012; C. M. Harrison et al.
2012; B. Balmaverde et al. 2016; T. K. D. Leung et al. 2017;
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J.-H. Woo et al. 2017; J. Shangguan et al. 2018; J. Scholtz
et al. 2020). M.-Y. Zhuang & L. C. Ho (2022) also find vast
majority of quasar host galaxies are star-forming, while
L. Koutoulidis et al. (2022) claim that three-quarters of their
X-ray-selected AGN lie on or above the star-forming MS, but
J. Shangguan et al. (2020a, 2020b) and Y. Xie et al. (2021)
argue that the SFRs of quasar host galaxies in their Palomar—
Green sample approximate those of starbursts. G. Mountrichas
et al. (2024a, 2024b) also find that only quasars with high
X-ray luminosity have higher SFRs than comparable nonactive
galaxies.

About one-quarter of quasar hosts are transitioning from
star-forming to the quenched population of galaxies; they all
have [O 1] emission, but this is not securely associated with
current star formation, as the spectra may be contaminated
with emission from the nuclear region. This is an indication
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that nuclear activity may continue for a considerable time after
star formation is quenched (as in S. B. Rembold et al. 2017,
S. F. Sanchez et al. 2018).

T. Goto (2006) claims that about 5% of quasars show post-
starburst signatures. Post-starburst signatures are more
recently observed also in the off-center optical spectra of
low-z Type I quasar hosts (D. Bettoni et al. 2017; M. B. Stone
et al. 2021). In this case, nuclear activity continues for a
considerable time after quenching, since the presence of post-
starburst features implies that star formation ceased a few
hundred Myr ago. This is in contrast to the simple model,
where quasars drive rapid quenching by feedback and then
dwindle.

However, we can also show that most of the increase in
SFRs has taken place over the past ~100 Myr, while all
quasar host galaxies are seen to be normal SFGs over the past
1-2 Gyr. None of the quasar hosts was originally quiescent.
Therefore, this argues that the AGN activity is related to an
increase in SFRs in otherwise normal galaxies. Deep integral
field unit and long slit spectra of nearby AGNs show that peak
AGN activity occurs ~50-200 Myr after the onset of star
formation (R. I. Davies et al. 2007; R. Riffel et al. 2022; see
also K. Schawinski et al. 2009; V. Wild et al. 2010). Similar
timescales are seen in S. B. Rembold et al. (2017) and
S. F. Sanchez et al. (2018). This is consistent with our findings
that star formation in quasar host galaxies has increased over
the past 100 Myr.

The star-forming region may provide the fuel for the SMBH
and allow such fuel to reach the SMBH via increased
turbulence. Analytical models, numerical simulations, and
hydrodynamical simulations predict that stellar winds and
supernovae will enhance the SMBH mass accretion by
injecting turbulence into the gas disk (e.g., K. Wada et al.
2002; M. Schartmann et al. 2009; A. Hobbs et al. 2011) while
several authors have now reported a correlation between the
black hole accretion rate and increasing SFRs (J. R. Mullaney
et al. 2012; C.-T. J. Chen et al. 2013; K. Harris et al. 2016;
G. Lanzuisi et al. 2017; M.-Y. Zhuang & L. C. Ho 2020;
M.-Y. Zhuang et al. 2021). This association between quasars
and star formation need not be causal: it may simply reflect
the availability of a large gas supply, some of which is driven
to the nucleus to fuel the AGN (M. E. Jarvis et al. 2020;
J. Shangguan et al. 2020a; H. M. Yesuf & L. C. Ho 2020).

Based on what we see in Figures 10-12, we suggest that the
recent increase in star formation and AGN activity may have
occurred among galaxies in the green valley, where quasar
host galaxies seem to be less frequent. These galaxies may
experience an increase in star formation, and this may then
induce quasar activity, as argued by M. Povi¢ et al. (2012),
P. J. L. Charlton et al. (2019), and X. Lin et al. (2022), where
X-ray-selected AGN are observed preferentially in the green
valley region (i.e., at lower SFRs). The SFR increase may be
episodic, as is observed in many spiral galaxies, rather than
due to mergers and interactions, although these could certainly
play a role as in our Galaxy (T. Ruiz-Lara et al. 2020). Gas
from young stars may then feed AGN activity, explaining the
observations in Figures 10-12. This may also explain the
different claims about the correlation between star formation,
quenching, and quasar activity, if samples are chosen in
different portions of this life cycle.

It is unclear what mechanisms may produce an increase in
the SFR and fuel the AGN. Major mergers are clearly able to
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induce strong tidal torques and drive gas and dust to the center,
but they are likely to be important only for the most powerful
AGN. There is no strong evidence that quasar host galaxies are
more morphologically disturbed than normal galaxies of the
same luminosity (N. A. Grogin et al. 2005; B. McKernan et al.
2010; M. Cisternas et al. 2011; D. D. Kocevski et al. 2012;
A. Bohm et al. 2013; C. Villforth et al. 2014, 2019; V. Marian
et al. 2019; E. A. Shah et al. 2020). It has been shown that
quasar host galaxies favor relatively low-density environments
(C. F. Wethers et al. 2022) and do not have significantly more
or fewer companions (M. B. Stone et al. 2023), while the star
formation properties and stellar populations of galaxies
neighboring quasar hosts are consistent with those of normal
galaxies of the same mass (D. Bettoni et al. 2017, 2023;
M. B. Stone et al. 2021, 2023).

This leaves minor mergers and secular evolution, such as
bars and spiral arms (I. Shlosman et al. 1989; P. F. Hopkins &
E. Quataert 2010) as possible triggers (this conclusion stands
even though GAMA has few massive cluster environments).
These suffice to fuel most of AGN activity (e.g.,
L. C. Ho 2009; M. Cisternas et al. 2011; C. Villforth et al.
2017; Y. Zhao et al. 2022). The timescales we find here are
long enough to favor such gentler and slower processes.

6. Conclusions

In this work, we investigated the SFH of low-redshift
(0.1 <z<0.35) Type I AGN within the GAMA volume and
compared these objects to nonactive galaxies in the same
survey matched in redshift and stellar mass. Our main
conclusions are as follows.

1. Most (80%) quasars lie on the star-forming MS for
normal galaxies, and 20% are hosted in quenching or
quenched systems.

2. The SFHs of these quasar host galaxies show that they
have generally been SFGs over the past 2 Gyr but have
experienced a modest star formation increase (by a factor
of 2-3) over the past 100 Myr.

3. These observations support models where star formation
feeds quasar activity, and its cessation starves the SMBH
of gas and dust, leading to its undergoing a quiescent
state.

4. We conclude that the correlation between the SMBH
mass and the bulge mass may not have a causal relation
and that AGN activity, at least in the local universe, is
mainly triggered by secular processes within normal
galaxies.

Extending this analysis to a much larger quasar sample is
necessary to more definitively validate the conclusions of this
work. For example, future work is planned with the quasars
surveyed by the Dark Energy Spectroscopic Instrument (DESI
Collaboration et al. 2016).
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