
© The Author(s) 2025. Published by Oxford University Press on behalf of Royal Astronomical Society. This is an Open Access article
distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/), which permits
unrestricted reuse, distribution, and reproduction in any medium, provided the original work is properly cited.

O
R
IG

IN
A

L
 U

N
E
D

IT
E
D

 M
A

N
U

S
C

R
IP

T

Investigating the effects of fresh gas on the Active Galactic Nuclei
luminosity of early- and late-type galaxies

Martyna W. Winiarska1,5★, Sandra I. Raimundo1,2, Timothy A. Davis3, Rogério Riffel4, Francesco Shankar1,
Phil Wiseman1
1Physics and Astronomy, University of Southampton, Highfield, Southampton, SO17 1BJ, UK
2DARK, Niels Bohr Institute, University of Copenhagen, Jagtvej 155, Copenhagen N, 2200, Denmark
3Cardiff Hub for Astrophysics Research & Technology, School of Physics & Astronomy, Cardiff University, Queens Buildings, The Parade, Cardiff, CF24 3AA, UK
4Departamento de Astronomia, Instituto de Física, Universidade Federal do Rio Grande do Sul, CP 15051, 91501-970, Porto Alegre, RS, Brazil
5Institute for Computational Cosmology, Department of Physics, Durham University, South Road, Durham DH1 3LE, UK

Accepted XXX. Received YYY; in original form ZZZ

ABSTRACT
The main fuelling processes for Active Galactic Nuclei (AGN) are currently unknown. Previous work showed that galaxies
with a large kinematic misalignment between their stellar and gas reservoirs have a higher AGN fraction than galaxies without
misalignment. Such misalignment is a strong indication of a past galaxy interaction or an external accretion event. In this work
we use integral field spectroscopy data from the SAMI and MaNGA surveys to investigate the AGN luminosity as a function of
kinematic misalignment angle. Our sample of AGN exhibit bolometric luminosities in the range 1040 to 1043 erg s−1, indicative
of low to moderate luminosity AGN. We find no correlation between AGN luminosity as a function of misalignment for AGN
host galaxies from both surveys. We find some differences between the AGN luminosity of early- and late-type AGN host
galaxies (ETGs, LTGs). AGN in LTG hosts have a wider luminosity range, with most LTG hosts showing aligned stellar to gas
kinematics. AGN in ETG hosts have a luminosity range that does not depend on misalignment angle, suggesting AGN in ETG
hosts are consistent with being fuelled by external accretion events, irrespective of their stellar to gas kinematic misalignment.
While all the AGN in ETGs in our sample are consistent with being activated and fuelled by external gas, the range of observed
AGN luminosities is likely caused by secondary factors such as the amount of fresh gas brought into the galaxy by the external
interaction.
Key words: galaxies: ISM – galaxies: active – galaxies: nuclei – (galaxies:) quasars: supermassive black holes

1 INTRODUCTION

It is now widely accepted that most galaxies host a supermassive
black hole (SMBH) at their centres (e.g., Kormendy & Richstone
1995, Macchetto et al. 1997, Kormendy & Ho 2013). When these
SMBHs are actively accreting gas and and emitting energy over
periods of about 105 to 108 years (e.g., Woltjer 1959, Hoyle &
Fowler 1963, Lynden-Bell & Rees 1971), they are referred to as
Active Galactic Nuclei (AGN). To sustain their active phases, AGN
require a continuous supply of fuel throughout their lifetimes (e.g.,
Combes 2001, Storchi-Bergmann & Schnorr-Müller 2019, Harrison
& Ramos Almeida 2024), although it is still unclear how this fuel
supply gets to the SMBH. The two main ways for this fuel supply are
thought to come from mergers and accretion; the fuel could therefore
have several origins, from recycled gas produced by stellar evolution
within the host galaxy, to leftover gas from old stellar populations
or supernova explosions, to external gas acquired through mergers
(e.g., Storchi-Bergmann & Schnorr-Müller 2019, Harrison & Ramos
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Almeida 2024, Choi et al. 2024, Riffel et al. 2024, Rembold et al.
2024).

The fuelling mechanisms responsible for AGN fuelling are still
poorly understood, with several possible origins for the gas, which
we will briefly describe below. AGN fuel determines how strong the
AGN can be, and therefore impacts AGN feedback which, in turn,
affects the host galaxy. Theoretical models seem to favour secular
processes as a way of fuelling the SMBH (Storchi-Bergmann &
Schnorr-Müller 2019). This recycled gas could trigger both AGN and
star formation, and could be brought into the galactic centre by winds
moving it away from young stars or supernovae. In simulations from
Choi et al. 2024, recycled gas accounts for the largest gas source
for SMBHs (see Riffel et al. 2024, for an observational example).
However, this result is highly dependent on the galaxy’s history -
major and minor mergers also provide a substantial gas contribution
to a galaxy (e.g., Hopkins et al. 2008, Choi et al. 2024). They can
provide both the SMBH growth fuel (external gas) and a way for
the gas to channel towards the galaxy’s centre due to, for example,
cloud-cloud collisions (Shlosman et al. 1990). External gas accounts
for either the first or second most important gas contribution to SMBH
growth in simulations (Choi et al. 2024).
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The AGN fuelling process is difficult to study due to the scales
involved (Storchi-Bergmann & Schnorr-Müller 2019); the AGN host
galaxy can be many tens of kiloparsecs across, while the accretion
disc is the size of a few light days (Peterson 1997). Therefore, it is
difficult to resolve how the gas could flow into the SMBH to sustain
its activity (Shlosman et al. 1990). Very high angular momentum loss
is needed for the gas to flow to the galaxy centre; a possible way to do
this could be an external process like a merger (e.g., Shlosman et al.
1990, Lagos et al. 2017). Collisions between existing gas in a galaxy
(native gas) and newly acquired gas (fresh gas) through mergers can
potentially lead to angular momentum cancellation (e.g. Shlosman
et al. 1990, Capelo & Dotti 2016, Jin et al. 2016), which could
promote the gas inflow to the galaxy centre to fuel the AGN. There
is in fact observational evidence supporting this, at least for the most
luminous AGN which seem to favour galaxy merger systems (e.g.,
Urrutia et al. 2008, Fan et al. 2016). In practice, SMBHs most likely
receive their gas from multiple sources - external accretion events,
recycled gas, stochastic gas infall and leftover gas (e.g., Martín-
Navarro et al. 2022, Harrison & Ramos Almeida 2024, Choi et al.
2024). This is supported by the fact that in simulations not all merger
events result in an AGN (Kocevski et al. 2015, Choi et al. 2024).

The presence of kinematic misalignment in a galaxy has been
suggested as evidence for accretion of external gas into said galaxy
(e.g. Bertola et al. 1992, Davis & Bureau 2016). Misalignment in
a galaxy is defined as the offset between the main kinematic axes
of rotation of stars and gas. Simulations that investigate misaligned
galaxies find that counter-rotating (misalignment angle = 180◦) or
misaligned galaxy structures (for example a misaligned gas disc)
can promote gas inflow into the SMBH (e.g. Thakar & Ryden 1996,
Taylor et al. 2018, Negri et al. 2014, Capelo & Dotti 2016). The
externally accreted gas can lose angular momentum due to dynam-
ical interactions with the native gas or stars, which could cause the
accreted gas to flow towards the centre of the galaxy. In the simu-
lations of Taylor et al. (2018), the time it takes for this to happen
ranges from 250 Myr to 3 Gyr, which could vary due to different
gas abundances in different galaxy types. In the simulations of Choi
et al. 2024, there is a significant time delay between the external gas
accretion and the start of AGN activity, averaging to about 1.85 Gyr.
These results could indicate that the timescale in which the acquired
gas is available is long enough to sustain an AGN for its lifetime and
to produce misaligned structures for a sufficiently long enough time
for us to observe them.

Therefore, studying kinematic misalignment could allow us to in-
vestigate whether the newly acquired gas of a galaxy is related to
how its AGN is fuelled. Raimundo et al. (2023) find there is a higher
fraction of AGN in galaxies with misalignment, suggesting that mis-
alignment could lead or be related to the AGN fuelling process. There
appears to be a clear divide between early-type galaxies (ETGs) and
late-type galaxies (LTGs) when it comes to misalignment; the gas
and stars in LTGs are mainly kinematically aligned, while gas and
stars in ETGs with gas are often kinematically misaligned (e.g. Davis
et al. 2011a, Bryant et al. 2018, Raimundo et al. 2023). This differ-
ence could arise from the differing native gas abundances between
ETGs and LTGs - early-types contain significantly less gas than late-
types (at present time; e.g., Gallagher et al. 1975, Lianou et al. 2016,
Gobat et al. 2018)., making it easier to form misalignment due to
lower amount of angular momentum needed to change the spin axis.
We shall therefore take morphology into consideration in this study
of AGN fuelling (see also Shlosman et al. 1990; Li et al. 2023).

In this paper, we aim to address if galaxies with kinematic mis-
alignment have substantially different AGN luminosities. The results
could allow us to narrow down the possible origin of AGN fuel. We

investigate ∼ 230 galaxies with spatially resolved maps of ionised
gas and evidence of AGN activity and determine their distribution of
AGN luminosity as a function of kinematic misalignment angle. In
section 2 we discuss the integral field spectroscopy data used. In Sec-
tion 3, we describe the methods for obtaining the AGN luminosities
used for analysis, and present our relations between AGN luminosity
and kinematic misalignment in Section 4. In Section 5 we discuss
our results in light of a possible AGN fuelling process. Throughout
this paper we used concordance cosmology with the Hubble constant
value of 73 km s−1 Mpc−1 (Riess et al. 2022).

2 DATA ANALYSIS

The sample of AGN we use in this work comes from two integral
field spectroscopy surveys: the Sydney-Australian-Astronomical-
Observatory Multi-object Integral-Field Spectrograph (SAMI)
Galaxy Survey Data Release 3 and the Mapping Nearby Galaxies
at APO (MaNGA) Survey. Below we describe both surveys in more
detail.

2.1 SAMI sample

The SAMI Galaxy Survey observed ∼3000 nearby galaxies (target
redshifts 0.004 < 𝑧 < 0.095) using integral field spectroscopy. The
SAMI instrument covers the wavelength ranges of 3750 − 5750 Å
and 6300 − 7400 Å with a blue and a red arm. The resolutions of
the blue and red arm are 𝑅 ∼ 1700, and 𝑅 ∼ 4500, respectively
(Bryant et al. 2015). The kinematic misalignment angles are calcu-
lated by Raimundo et al. (2023) (see Section 3.1 for more details);
redshifts and stellar masses for the sample used in this paper come
from SAMI DR3 and are presented by Croom et al. (2021). SAMI
provides flux maps and noise maps (Bryant et al. 2015) for a few
emission lines, which have spaxels (spatial pixels) of size 0.5 x 0.5
arcsec. To trace the ionised gas distribution and properties we used
the emission line flux maps for the galaxies from SAMI. The SAMI
survey provides different flux maps created with different assump-
tions on the number of components used to fit each emission line.
We used the ‘default-recom’ data; ‘default’meaning the data
cubed is not binned which ensures all available pixels are used, which
maximises the spatial resolution, and ‘recom’ indicates the fit with
the recommended number of line components (which could be larger
than one). This is a more accurate representation of the flux, as it is
not relying on an assumed a peak shape.

We used maps of emission line fluxes from H𝛼 𝜆6563 Å, H𝛽

𝜆4861 Å and [O iii] 𝜆5007 Å transitions for 87 SAMI galaxies with
AGN (confirmed by Raimundo et al. 2023 through optical emission
line ratios or AGN identification in the X-ray, radio or infrared).
[O iii] emission lines are commonly used to detect AGN and can be
used as a proxy for AGN luminosity (Section 3.2). This transition
has a high ionisation potential which requires energetic photons to
be excited, that mostly come from the accretion disc of an AGN.
The H𝛼 and H𝛽 emission lines were used for computing the Balmer
decrement which allowed us to estimate dust corrections for the
[O iii] luminosities to obtain the bolometric luminosity range of our
AGN. These are an approximation, since there may be off-nucleus,
non-AGN minor contributions to the H𝛼, H𝛽 and [O iii] emission
lines fluxes.

We introduced our own quality cut on the SAMI flux maps. Each
pixel used to calculate the integrated flux must have 𝑆/𝑁 ≥ 2 on all
flux maps (meaning noise can be 50% of the signal value at most).
This is in addition to SAMI quality cuts (each H𝛼 flux component
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Investigating the effects of fresh gas on the AGN luminosity 3

must have 𝑆/𝑁 ≥ 5 (Bryant et al. 2015), and each pixel on a flux map
must have 𝑆/𝑁 ≥ 3 per Å (Croom et al. 2021)). Such a stringent
quality cut was to ensure both the reproducibility of our results
and the presence of sufficient AGN emission, such that at least 4
pixels displayed it. This reduced our SAMI galaxy sample size to 86
galaxies.

The SAMI survey provides visual morphology classifications
based on indications of star formation, the presence of spiral arms
and a bulge component (Bryant et al. 2015). There are four main
galaxy types considered: ellipticals, S0s, early- and late-spirals, with
intermediate stages where galaxies were difficult to classify and hold
qualities of both groups, for example elliptical/S0s.

2.2 MaNGA sample

The MaNGA Galaxy Survey investigated a much larger galaxy sam-
ple of ∼10 000 nearby galaxies (target redshift 0.01 < 𝑧 < 0.15),
using IFU spectroscopy with wavelength range 3600−10400 Å, with
resolution 𝑅 ∼ 2000 (Abdurro’uf et al. 2022; Aguado et al. 2019;
Blanton et al. 2017; Bundy et al. 2015; Belfiore et al. 2019; West-
fall et al. 2019; Cherinka et al. 2019; Wake et al. 2017; Law et al.
2015, 2016, 2021; Yan et al. 2016b,a; Drory et al. 2015; Gunn et al.
2006; Smee et al. 2013; Riffel et al. 2023). The AGN luminosi-
ties and stellar masses for 224 AGN host galaxies from this galaxy
sample are taken from the megacubes1 presented by Riffel et al.
(2023). These AGN luminosities are based on the MaNGA DR12
integrated [O iii]𝜆5007 Å luminosities using an aperture around the
galactic centre (Riffel et al. 2023; Riffel et al. 2021). Our AGN host
galaxies sample from MaNGA is significantly reduced due to the re-
quirements of AGN activity and kinematic position angles with the
required uncertainties (see Raimundo et al. 2023 for more details on
the kinematic position angles).

For the following analysis on the morphology trend, we used the
MaNGA PyMorph photometric and deep-learning morphological
catalogue from Domínguez Sánchez et al. (2021) to classify the
galaxies as early-type (ETG) or late-type (LTG). We used two vari-
ables from the catalogue for the classification: the T-type ≤ 0 for
ETGs and T-type > 0 for LTGs, as well as the probability of a galaxy
being an LTG (𝑃𝐿𝑇𝐺) being < 0.1 for ETGs and > 0.9 for LTGs.
We used this classification to minimise contamination between ETGs
and LTGs as that is a major part of our analysis. For the purpose of the
morphology analysis, we then used a MaNGA galaxy sub-sample of
143 galaxies with well determined early- or late-type classifications.

2.3 Stellar mass range of SAMI vs MaNGA

The galaxies in MaNGA extend to higher redshifts than SAMI, and
are more massive. Both distributions have varied morphological mix,
with a predominance of S0s and spirals. Figure 1 shows the stellar
mass distributions of galaxies from SAMI (Bryant et al. 2015) in
green, and from MaNGA (Rembold et al. 2017) in pink. The MaNGA
sample has a much higher fraction of higher mass galaxies than
SAMI, and as a result the two distributions only resemble each other
for lower mass galaxies. Their stellar mass medians are significantly
different: 1010.48𝑀⊙ (SAMI) and 1010.86𝑀⊙ (MaNGA). This will
be relevant for the discussion of our results.

1 avaliable at: manga.if.ufrgs.br or manga.linea.org.br
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Figure 1. Histogram showing the stellar mass distributions of the SAMI
(green) and MaNGA (pink) galaxy samples, with their stellar mass medians
(green solid line, pink dashed line, respectively). The mass distributions
investigated by the two samples are different as MaNGA probes more higher
mass galaxies.

3 METHODS

In this section we present the methods by which we extracted kine-
matic misalignment and AGN luminosities for SAMI and MaNGA
galaxies.

3.1 Kinematic misalignment angles

The kinematic position angle of stars and gas in a galaxy is defined
along the kinematic major axis (i.e., measured from the North to-
wards the East, to the highest velocities in the approaching side of
the rotation, which corresponds to blueshifted velocities on a ve-
locity map); it is found through a model discussed in more detail
in Raimundo et al. (2023). The kinematic position angles are found
by applying this model to the 2D stellar and gas velocity maps and
represent the direction of rotation for gas and stars. Figure 2 shows
a velocity map of the stellar and gas components of one of the host
galaxies we analysed (SAMI Galaxy ID 323593). The red colour
on the velocity maps corresponds to redshifted velocities, and the
blue to blueshifted velocities. The gas and stellar components in that
galaxy are misaligned by around 90◦, which can be visually seen
by the offset between the position of the redshifted stellar and gas
components of the galaxy.

For SAMI we use the kinematic misalignment angles as published
by Raimundo et al. (2023), and for MaNGA we use the velocity maps
from megacubes2 (Riffel et al. 2023), as analysed by Raimundo et al.
2024, submitted. We consider misalignment to be the angle between
the kinematic position angle of stars vs that of gas in a galaxy.
Equation 1 shows how the kinematic misalignment angle, Δ𝑃𝐴, is
found using the kinematic position angles, 𝑃𝐴stars and 𝑃𝐴gas, of
stars and gas (respectively) in a galaxy:

Δ𝑃𝐴 = |𝑃𝐴stars − 𝑃𝐴gas |. (1)

In this work we consider galaxies to be aligned for 0° ≤ Δ𝑃𝐴 <

45° and misaligned for 45° ≤ Δ𝑃𝐴 ≤ 180° (although some research
considers 30° ≤ Δ𝑃𝐴 ≤ 180°; e.g. Davis et al. 2011b). The rea-
son for the cut of 45° is to ensure the misalignment present came

2 avaliable at: manga.if.ufrgs.br or manga.linea.org.br
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from an external process such as a merger, as opposed to small-scale
misalignment caused by for example bars in galaxies (which host
non-circular orbits because the potential is no longer axisymmetric,
which would be naively interpreted as small misalignment; Davis
et al. 2011b; Raimundo et al. 2023). We will discuss in Section
4, and show quantitatively in Figure 4, that our results are unaltered
when assuming a less stringent cut of 30°, as adopted by other groups
(e.g., Davis et al. 2011b, Lagos et al. 2017), which is expected as
not many sources in our sample are located in the 30° to 45° mis-
alignment range. Therefore, in this paper, we test the hypothesis that
all misalignment angles larger than 45° originate from externally
acquired gas, as in Raimundo et al. (2023). Our working hypothesis
does not rule out the possibility that even aligned gas in ETGs is of
external origin, as suggested by several authors (e.g., Bertola et al.
1992) and simulations (Lagos et al. 2017). Possibly a high (but still
unknown) fraction of the gas could be of external origin, because
the gas relaxes from misaligned configurations in short timescales
(Baker et al. 2024).

3.2 Determination of AGN luminosities

All of the galaxies used in our analysis have confirmed AGN activity
(see Sections 2.1 and 2.2). To obtain the AGN luminosities for the
galaxies in the SAMI sample, we integrated the [O iii](𝜆5007 Å)
fluxes in pixels inside a nuclear aperture using Python’s photutils
package.

For the SAMI sample we assumed a radius of aperture equal to
double the full width half maximum (FWHM) of the point spread
function of the observations for each galaxy. Light from a singular
object (such as unresolved emission from the AGN) can spread out
over many pixels due to dispersion caused by atmospheric effects,
and considering the double of the FWHM makes it more likely to
collect all of the emission. The [O iii] flux values of all pixels inside
the aperture can therefore be summed to find an approximate total
AGN flux, as [O iii](𝜆5007 Å) flux is commonly used as a proxy for
total AGN flux (Lamastra et al. 2009). Since there is extended ionised
gas in every galaxy, these fluxes could be contaminated with galaxy
emission. To test this, we used the same aperture radius (1.5 kpc) for
all SAMI galaxies to investigate the changes in [O iii] flux; we found
little difference of about 20%, and henceforth in our analysis assume
there is little contamination to the [O iii] fluxes.

Apertures centred at the galactic centre of a galaxy’s flux map are
traditionally used for obtaining an estimate of AGN flux. However, its
limitation is the assumption that most AGN emission comes from the
centre of a galaxy, which may not always be the case. We therefore
tested the pixels around the galactic centre for AGN emission using
Baldwin, Phillips & Terlevich (BPT) diagrams (Baldwin et al. 1981),
and concluded that for the SAMI galaxy sample, a nuclear aperture is
a very good approximation, since the flux integration within the aper-
ture provides a similar flux value to that determined when integrating
all the pixels with AGN excitation throughout the galaxy. Addition-
ally, this allowed for a more direct comparison with MaNGA AGN
luminosities, which were also found using the [O iii](𝜆5007 Å) flux
integrated in a nuclear aperture in the same way (Riffel et al. 2023).

The luminosity from [O iii](𝜆5007) transition is in general a
good approximation for AGN bolometric luminosity (Lamastra et al.
2009), because it arises from gas in the narrow line region that was
ionised due to AGN radiation. [O iii] is typically the most prominent
emission line in an AGN spectrum and does not suffer significant
extinction from the dusty torus, making it a more reliable AGN lumi-
nosity tracer than other emission lines. We converted [O iii] fluxes
to [O iii] luminosities using the cosmology stated in Section 1.

We tested the effect of dust on the [O iii] luminosity for the SAMI
galaxies for bolometric luminosities of the AGN in our sample. By
measuring the Balmer decrement, which traces the dust abundance in
a galaxy, we found a dust correction factor for the [O iii] luminosity,
𝐿 [O iii] , using Bassani et al. 1999. We found that the dust correction
for most of the SAMI galaxies of interest to our work was minor,
of the order of 1% to 2%. In our analysis, we thus disregard any
dust correction and use the observed [O iii] luminosities; this also
allowed us to make a closer comparison with the MaNGA [O iii]
luminosities which are uncorrected for dust extinction.

The dust corrected [O iii] luminosities (𝐿𝐶[O iii] ) were only used to
compute approximate bolometric luminosities of our sources, using

𝐿bol = 𝐿𝐶[O iii] × 𝐵𝐶. (2)

where 𝐵𝐶 is the bolometric correction, taken as 87 in extinction cor-
rected luminosity range of 1038 to 1040 erg s−1, and 142 in extinction
corrected luminosity range of 1041 to 1042 erg s−1 (Lamastra et al.
2009). Our AGN L[O iii] correspond to bolometric luminosities in
the range Lbol = 1040 to 1043 erg s−1, which are well below the
bolometric luminosities measured for quasars in the same redshift
range from the Sloan Digital Sky Survey (SDSS) Data Release 16
(Wu & Shen 2022) (1044 to 1047 erg s−1). They estimated the bolo-
metric luminosity using the continuum luminosity (excluding Fe II
emission) at 3 rest-frame wavelengths dependent on the AGN SEDs
(Wu & Shen 2022). This indicates that the AGN in our sample are
low to median luminosity AGN. Our measured low bolometric lumi-
nosities also support the findings of Ilha et al. (2019) and Raimundo
et al. (2023) that the AGN are not driving the observed kinematic
misalignment angles by means of gas outflows (as for example occurs
in a small number of ’Red Geyser’ sources (Ilha et al. 2024)).

4 RESULTS

Here we summarise the results of our investigation of AGN luminos-
ity as a function of misalignment angle for the combined sample of
SAMI and MaNGA AGN host galaxies.

4.1 AGN luminosity as a function of misalignment angle for
SAMI and MaNGA galaxies

Figure 4 shows the L[O iii] AGN luminosity as a function of kine-
matic misalignment for SAMI and MaNGA host galaxies, where each
data point corresponds to a single host galaxy. SAMI host galaxies
are represented by hollow points. An important part of our anal-
ysis was the galaxy grouping into ETG hosts (purple circles) and
LTG hosts (green stars) to investigate the effects of fresh gas on
different galaxy types. This is because misalignment is more com-
monly found in ETGs (e.g., Bryant et al. 2018, Ristea et al. 2022,
Raimundo et al. 2023), and it has been suggested that the AGN in S0
galaxies are fuelled by externally accreted gas (Davies et al. 2014).
In general there is a difference in the misalignment angle distribu-
tions between the AGN and star forming (non-AGN) populations of
SAMI galaxies. Figure 3 clearly shows that there is a higher number
frequency of AGN galaxies with misalignment compared to the star-
forming galaxies (particularly for ETGs), similar to what was seen in
Raimundo et al. 2023. Shown are also histograms with AGN lumi-
nosity and kinematic misalignment distributions for ETG hosts and
LTG hosts. There appears to be a clear separation between ETG hosts
and LTG hosts’ AGN luminosities and misalignment angle relations,
present in both SAMI and MaNGA host galaxy samples. Our most
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Investigating the effects of fresh gas on the AGN luminosity 5

(a) Velocity map of the stellar component. (b) Velocity map of the gas component.

Figure 2. Velocity maps for one of the galaxies from our sample (SAMI Galaxy ID 323593). On the left is the stellar velocity distribution, and on the right is the
gas velocity distribution. The green lines indicate the best-fit of the kinematic position angle (PA), determined as 𝑃𝐴𝑠𝑡𝑎𝑟𝑠 = 289± 3◦, and 𝑃𝐴𝑔𝑎𝑠 = 200± 1◦.
The PA orientation is measured from the North (where 𝑃𝐴 = 0) towards East (i.e., top to the left of the figure). This results in the galaxy misalignment,
Δ𝑃𝐴 = 89± 3◦. The dashed lines indicate the zero-velocity lines, used as reference for the kinematic position angles. The red colour indicates redshift (receding
motion), and blue colour indicates blueshift (approaching motion). By considering the receding and approaching parts of the velocity maps, one can visually
see the offset between stellar and gas motions in the galaxy.
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Figure 3. Number frequency of AGN (top) and star-forming galaxies (bottom) from SAMI as a function of misalignment angle, separated between ETGs (pink)
and LTGs (green). It becomes apparent AGN ETGs are the most likely to be misaligned out of the 4 groups, particularly as AGN galaxies are a much smaller
sample size compared to star forming galaxies.

important finding is that ETG hosts seem to have an approximately
constant AGN luminosity range irrespective of the misalignment
angle. To test this, we conducted a Mann-Whitney U test on the dis-
tribution of aligned and misaligned ETGs in both SAMI and MaNGA
populations. It is a statistical test to determine whether two samples
come from the same parent distribution. The null hypothesis is that
the parent distribution is the same for both. The p-value measures
the probability of obtaining the observed difference between distri-
butions, assuming the null hypothesis is true. If the p-value is below
or equal to the significance level, the difference between two sam-

ples is statistically significant. We take the significance level to be
0.05 for all Mann-Whitney U tests conducted in this paper. We tested
the AGN luminosity distributions of aligned and misaligned ETGs
from our sample. Our p-value for this test is 0.322, meaning there is
no significant statistical difference between aligned and misaligned
ETGs from our galaxy sample.

The top and bottom histograms of Figure 4 show the distribution of
kinematic misalignment angles for ETG and LTG hosts, respectively.
ETG hosts show misalignment angles that span the full possible kine-
matic misalignment angle range [0 − 180◦], but most (56 out of 89)
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Figure 4. AGN 𝐿[O iii] as a function of misalignment angle (Δ𝑃𝐴 = |𝑃𝐴𝑠𝑡𝑒𝑙𝑙𝑎𝑟 − 𝑃𝐴𝑔𝑎𝑠 |) for SAMI and MaNGA AGN host galaxies. Each point on the
plot is an ETG host (purple circle) or an LTG host (green star). The grey line indicates the misalignment (Δ𝑃𝐴) of 45◦. SAMI host galaxies are represented
by hollow markers. Shown are also histograms with the AGN 𝐿[O iii] and normalised misalignment angle distributions between ETG hosts (top) and LTG hosts
(bottom). ETG hosts and LTG hosts display different behaviour; LTG hosts are mainly aligned. ETG hosts have the full misalignment range, and their mean
𝐿[O iii] seems unaffected by the misalignment angle. ETG hosts also have a higher fraction of lower luminosity AGN compared to LTG hosts. Both ETG hosts
and LTG hosts have a similar 𝐿[O iii] range.

are aligned. This, however, does not mean that the aligned ETGs
do not have external gas in them - they could have been misaligned
in the past, or happened to be aligned after an external event. Most
ETGs are consistent with having externally accreted gas (Davis et al.
2011b, Raimundo et al. 2017). MaNGA contains more galaxies than
SAMI, including more misaligned LTG hosts, which is advantageous
for statistical analysis. Still, almost all LTG hosts are aligned (only 3
out of 140 have Δ𝑃𝐴 ≥ 45◦). Misaligned LTG hosts from MaNGA
appear to be able to have any misalignment angle, similar to what is
seen for ETG hosts.
The histogram on the right of Figure 4 shows the AGN L[O iii] dis-
tribution, with the medians for ETG hosts and LTG hosts indicated
as solid and dotted lines, respectively. The AGN L[O iii] distributions
are similar; LTG hosts show an approximately Gaussian distribu-
tion, while ETG hosts have two peaks as they have a higher fraction
of lower AGN luminosity galaxies in their distribution. This is ex-
pected, as ETGs tend to have broad Eddington ratio distributions
(McConnell & Ma 2013). The AGN luminosity range of ETG hosts
is very comparable to that of LTG hosts.

5 DISCUSSION

5.1 AGN luminosity as a function of misalignment angle

We investigated the relation between AGN luminosity and misalign-
ment angle of AGN host galaxies. Clear differences between ETG and

LTG hosts emerged in terms of both AGN luminosities and misalign-
ment angles for AGN host galaxies from both SAMI and MaNGA
(Figure 4). Our kinematic misalignment results agree with previous
findings for galaxies without AGN (e.g., Pizzella et al. 2004, Davis
et al. 2011b), and therefore indicate that the distribution of kine-
matic misalignment does not show a substantial difference between
AGN host galaxies and galaxies without AGN (see also Raimundo
et al. 2023). The new result we present is that the AGN luminos-
ity does not correlate with kinematic misalignment in our combined
(SAMI+MaNGA) sample.

This is in line with previous findings by Ilha et al. (2019) that
did not find evidence for systematically larger misalignment angles
in luminous AGN, using a smaller sample of MaNGA AGN hosts.
To summarise the results for AGN host galaxies from SAMI and
MaNGA, LTG hosts are mainly presenting kinematically aligned
stellar and gas rotation. ETG hosts are more likely to show kinematic
misalignment, which appears to have little to no effect on their AGN
luminosities. Although this could suggest no clear trend between
AGN luminosity and misalignment angle, it is apparent that the lu-
minosity distribution versus misalignment angle differs between ETG
hosts and LTG hosts. Since all are AGN host galaxies, this implies
ETG hosts and LTG hosts could have different ways of fuelling their
AGN.

Our main result is that the AGN luminosity range as a function of
the misalignment angle stays approximately constant, as illustrated
in Figure 5 which reports the median AGN 𝐿 [O iii] from ETG hosts
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Figure 5. Median AGN 𝐿[O iii] for kinematic misalignment angle bins for
ETG hosts from SAMI and MaNGA. The maximum and minimum AGN
𝐿[O iii] values for each misalignment bin are represented as the error bars.

from SAMI and MaNGA as a function of misalignment, in bins of
equal size. The high fraction of misaligned galaxies with an AGN
could indicate the two are linked. Hence, a question remains if the
AGN fuelling process is equally efficient for aligned and misaligned
ETG hosts. ETG hosts often have a lower amount of native gas than
LTG hosts (e.g., Gallagher et al. 1975, Lees et al. 1991, Young et al.
2011), and could acquire significant fresh gas through a large-scale
external process that often leads to misalignment. Such an external
event is also one of the best candidate mechanisms to allow ETGs to
obtain enough gas to fuel their AGN at later times. A recent study
also showed that AGN host galaxies and control galaxies from the
LLAMA survey have in principle the same amount of ’internal’ cold
gas (e.g., Rosario et al. 2018). In simulations, such as that of Lagos
et al. (2017), ETGs can end up misaligned or aligned after external
gas accretion event dependent on their cold gas content before the
event. Additionally, Rembold et al. 2024 studied the environment of
AGN hosts from MaNGA, and found that at least a part of them has
been triggered by tidal interactions with nearby-galaxies.

External gas accretion can still result in aligned stellar to gas
kinematics if, for example, the two galaxies undergoing a merger are
on the same kinematic axis of rotation. This means aligned ETG hosts
could also have their AGN fuelling be due to external interactions, but
happened to be aligned, or already relaxed to kinematic alignment
(e.g. van de Voort et al. 2015, Raimundo 2021) after their initial
misalignment (for example initial ΔPA< 90◦). Our result for ETG
hosts could therefore be indicative of an AGN fuelling model in which
the misalignment provides the fresh gas as fuel, but it is another factor,
for example the total gas mass, that determines AGN luminosity.
Finding a correlation between AGN activity and misalignment is
notoriously difficult due to their different timescales - the flickering
timescale of AGN activity of ∼ 105 yrs (Schawinski et al. 2015)
is significantly shorter than the lifetime for misalignment of ∼ 108

yrs (e.g., Taylor et al. 2018, Choi et al. 2024). This is why we first
selected the longer-lived physical feature (kinematic misalignment),
and then investigated the AGN activity within that sample in an
approach similar to Raimundo et al. 2023.

If ETGs and LTGs have different AGN fuelling mechanisms, their
AGN luminosity distributions could reflect that. The AGN luminos-
ity distributions for ETG hosts and LTG hosts are reminiscent of each
other, although their AGN luminosity medians are quite different. To

evaluate whether the two samples (ETG hosts and LTG hosts) come
from the same parent population, we conducted a Mann-Whitney U
test on their AGN luminosity distributions. Our p-value in this test
is 0.0001, indicating there is strong evidence to reject the null hy-
pothesis, meaning there is a significant difference between ETGs and
LTGs AGN luminosity distributions. In other words, we cannot say
that ETG hosts and LTG hosts come from the same parent population.
All galaxies considered are AGN host galaxies and had a similar sur-
vey selection approach, so this statistical difference between the ETG
and LTG hosts’ AGN luminosity distributions could support that the
AGN fuelling processes for ETGs and LTGs are different. However,
some recent work in the field has shown that some fuelling processes
may be common, since galaxies can become reactivated in their star
formation rate and AGN activity via minor mergers (Martín-Navarro
et al. 2022), which could suggest that even if most of the AGN hosts
are aligned, their SMBH may still have a fuelling contribution from
external interactions.

5.1.1 Eddington ratios distributions

The differences between SMBH masses of ETGs and LTGs results
in different expected Eddington ratios between them (McConnell
& Ma 2013), which could have an impact on our findings. Figure
6 shows the Modified Eddington ratios of ETG and LTG hosts as a
function of kinematic misalignment for SAMI and MaNGA samples.
We used the stellar mass and black hole mass relation from (Reines
& Volonteri 2015) (see their Equations 4 and 5) to calculate the
black hole masses for our sample. We also used 𝐿 [O iii] (instead of
the bolometric luminosities), and hence found Modified Eddington
ratios. The general trend seen in Figure 4 between ETGs and LTGs
is present once more, implying the different SMBH masses of ETG
and LTG hosts did not have a significant impact on our analysis.

5.2 The effect of stellar mass

It is worth mentioning that there are some differences between the
host galaxies investigated from SAMI and MaNGA, such as the dif-
ferent stellar masses probed (Section 2.2) or MaNGA’s larger sample
size. In SAMI, there is a much larger number of AGN with lower
luminosity misaligned in ETG hosts compared to MaNGA (which
may explain why there is the second distribution peak for ETG hosts
in the AGN luminosity histogram in Figure 4). This could be because
SAMI AGN where selected including radio, X-ray and infrared de-
tected AGN which may not be as strong in [O iii] luminosity as the
MaNGA AGN (selected using BPT and WHAM diagrams). Another
difference is how the misaligned ETG hosts from MaNGA reach
the highest AGN luminosities, which was not observed in the SAMI
sample. Figure 7 shows the AGN luminosity and misalignment angle
dependence plot. Each point represents a host galaxy, colour-coded
according to 4 stellar mass logarithmic bins of equal size. There
appears to be no dependence between stellar mass and kinematic
misalignment angle for ETG hosts or LTG hosts, other than there are
more higher stellar mass host galaxies in MaNGA. The (very few)
misaligned LTG hosts are in the second to lowest mass bin. This could
suggest those LTGs are misaligned because of their lower masses,
which mean their gas reservoirs are easier to perturb with external
interactions, or that since misaligned LTGs are a rarer occurrence,
they appear in the MaNGA sample which contains a larger number
of galaxies.

As expected, most of the LTG hosts are not misaligned (ΔPA
< 45◦), likely because they have a considerable reservoir of native
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Figure 6. Eddington ratio as a function of misalignment angle (Δ𝑃𝐴 = |𝑃𝐴𝑠𝑡𝑒𝑙𝑙𝑎𝑟 − 𝑃𝐴𝑔𝑎𝑠 |) for SAMI and MaNGA AGN host galaxies. Each point on the
plot is an ETG host (purple circle) or an LTG host (green star). The grey line indicates the misalignment (Δ𝑃𝐴) of 45◦. SAMI host galaxies are represented by
hollow markers. Shown are also histograms with the Eddington ratio and normalised misalignment angle distributions between ETG hosts (top) and LTG hosts
(bottom). The same general trend is seen as in Figure 4; LTG hosts are mainly aligned. ETG hosts have the full misalignment range, and their mean 𝐿[O iii]
seems unaffected by the misalignment angle.
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Figure 7. AGN 𝐿[O iii] as a function of misalignment angle (Δ𝑃𝐴 = |𝑃𝐴𝑠𝑡𝑒𝑙𝑙𝑎𝑟 − 𝑃𝐴𝑔𝑎𝑠 |) for ETG hosts (left) and LTG hosts (right). The y-axis is in
logarithmic scale. Each point represents an AGN host galaxy from SAMI or MaNGA, colour-coded between 4 stellar mass bins, with the stellar mass ranges in
each bin indicated in the legend on the plot. SAMI AGN host galaxies are represented by hollow markers. No stellar mass dependence emerges.

gas already. The gas and stars align faster due to dissipation between
the incoming gas and the native gas (Kannappan & Fabricant 2001,
Bassett et al. 2017). We are therefore less likely to see misaligned
LTG hosts due to their smaller abundance and the short amount of
time they are misaligned for. Due to a high number of LTG hosts
that are aligned, it is likely that misalignment did not trigger their
AGN fuelling and that most of their AGN are fuelled via other (sec-

ular) mechanisms. The gas in LTG hosts may already be fuelling the
AGN or they may have larger fractions of recycled stellar gas from
intermediate age stars (Riffel et al. 2024, Choi et al. 2024). Addition-
ally, aligned LTG hosts have a higher AGN luminosity range than
misaligned LTG hosts. This behaviour is not seen with ETGs, which
could once again imply a different AGN fuelling process between
ETG hosts and LTG hosts.
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6 CONCLUSIONS

The main processes triggering the fuelling of Active Galactic Nuclei
(AGN) remain unknown. The main aim of this paper was to inves-
tigate the effects, if any, of stellar to gas kinematic misalignment
(Δ𝑃𝐴 ≥ 45◦) on Active Galactic Nuclei luminosity for early- and
late-type galaxies hosting known AGN. We used SAMI and MaNGA
samples of low redshift galaxies (86 in 0.004 < 𝑧 < 0.095 redshift
range and 143 galaxies in 0.01 < 𝑧 < 0.15 redshift range, respec-
tively) to investigate if galaxies with acquired gas have AGN that are
more luminous. The dust corrected AGN [O iii] luminosities of the
host galaxies investigated correspond to bolometric luminosities in
the range 1040 to 1043erg s−1, which indicate that the AGN in our
sample are low to moderate luminosity AGN. This luminosity range
supports the kinematic misalignment being caused by an external
process and not driven by AGN outflows.

We studied the AGN luminosity as a function of kinematic mis-
alignment between the stellar and gas components in the galaxies,
grouped for ETG hosts and LTG hosts as well as different stellar
masses of the host galaxies. Our results of ETG and LTG hosts agree
with previous findings that there is a clear difference between ETG
and LTGs when it comes to kinematic misalignment. In both sam-
ples, LTG hosts are mainly kinematically aligned. ETG hosts show
misalignment angles that span the full range of stellar to gas kine-
matic angles Δ𝑃𝐴[0− 180◦], and they have the same AGN luminos-
ity range irrespective of misalignment angle. The AGN luminosity
ranges of ETG hosts and LTG hosts are very comparable. Our results,
combined with previous work - higher observed fraction of AGN in
galaxies with misalignment (Raimundo et al. 2023) - suggest that the
AGN fuelling mechanisms differ between ETG hosts and LTG hosts
in our sample. We find that there is no trend between Δ𝑃𝐴 and AGN
luminosity in ETGs. This is consistent with the expectation that if
a significant fraction of ETGs acquire gas externally (Bertola et al.
1992), both aligned and misaligned ETG hosts may have their AGN
fuelling gas originating in the same process. This means they were
likely fuelled by an external gas accretion event, but happened to
end up kinematically aligned. More spatially-resolved observations
of interacting LTG hosts could help identifying other mechanisms
by which their AGN could be fuelled.

DATA AVAILABILITY

The MaNGA MEGACUBES used in this work are publicly avail-
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https://datacentral.org.au/.
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