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A B S T R A C T 

The process of active galactic nuclei (AGN) fuelling relies on the transport of gas across several orders of magnitude in physical 
scale until the gas reaches the supermassive black hole at the centre of a galaxy. This work explores the role of kinematically 

misaligned gas in the fuelling of AGN in a sample of 4769 local galaxies from the Mapping Nearby Galaxies at Apache Point 
Observatory (MaNGA) surv e y. We inv estigate for the first time the relativ e role of e xternal interactions and the presence of 
kinematic misalignment as mechanisms to explain the observed increase in AGN fraction in galaxies with large stellar to gas 
kinematic misalignment ( > 45 

◦). Using a sample of galaxies with evidence of recent external interactions we find that there 
is a significantly higher fraction of AGN in those where a large stellar to gas kinematic misalignment is observed (20 

+ 6 
−4 per 

cent) compared with 6.2 

+ 0 . 6 
−0 . 5 per cent in galaxies where no kinematic misalignment is observed. We determine that gas to stellar 

misalignment has an important role in the fraction of AGN observed, increasing the AGN fraction beyond the potential effect 
of external interactions. This result demonstrates the importance of misaligned structures to the fuelling of supermassive black 

holes. 

K ey words: galaxies: acti ve – galaxies: evolution – galaxies: interactions – galaxies: kinematics and dynamics – galaxies: nu- 
clei – galaxies: Seyfert. 
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 I N T RO D U C T I O N  

he process of supermassive black hole growth via gas accretion 
equires gas to be transported from galaxy scales to the accretion disc
 ∼10 16 cm; e.g. Morgan et al. 2010 ). The fuelling gas may originate
rom the host galaxy or from its immediate external environment. In
oth cases, the gas needs to lose angular momentum to be transported
o the vicinity of the supermassive black hole, requiring dynamical 
echanisms that are able to cause this angular momentum loss, such 

s galaxy interactions or large-scale bars, amongst other processes 
e.g. see Shlosman, Begelman & Frank 1990 ; Martini 2004 ; Storchi-
ergmann & Schnorr-M ̈uller 2019 ; Combes 2023 for re vie ws). This
rocess of black hole gas fuelling is inherently connected to the 
o wering of acti ve galactic nuclei (AGN) and plays a decisive role
n our understanding of AGN triggering mechanisms and the o v erall
uminosity of AGN. 
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Although direct correlations between fuelling mechanisms and 
GN are difficult to find (Martini et al. 2003 ), several candidate
echanisms and observ ational e vidence to support them, have been

ut forward to explain the fuelling of AGN at different luminosity
nd redshift ranges, e.g. galaxy mergers (e.g. Ramos Almeida et al.
011 , 2012 ; Fischer et al. 2015 ; Koss et al. 2018 ; Araujo et al.
023 ; Pierce et al. 2023 ; Comerford et al. 2024 ), bars, nuclear
pirals, and gravitational torques (e.g. Shlosman, Frank & Begelman 
989 ; Garc ́ıa-Burillo et al. 2005 ; Schnorr M ̈uller et al. 2011 , 2014 ;
im & Elmegreen 2017 ; del Moral-Castro et al. 2020 ; Audibert et al.
021 ; Rembold et al. 2024 ), stellar mass loss or interstellar medium
urb ulence (e.g. Da vies et al. 2007 ; Choi et al. 2024 ; Riffel et al.
024 ). In this work, we focus on an AGN fuelling mechanism that has
ecently been disco v ered observationally, namely that of stellar to gas
inematic misalignment (Raimundo, Malkan & Vestergaard 2023 ). 
n galaxies dominated by secular evolution, it is expected that gas and
tars share a similar axis of rotation. That is in general not the case
or galaxies that undergo dynamical interactions causing external gas 
ccretion. If the amount of accreted material is significant compared 
is is an Open Access article distributed under the terms of the Creative 
h permits unrestricted reuse, distribution, and reproduction in any medium, 
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o the aligned gas and stars already present, the accreted material may
nd up with an angular momentum vector orientation that is distinct
rom that of the main stellar body of the galaxy (Haynes, Giovanelli &
hincarini 1984 ; Bertola, Buson & Zeilinger 1992 ; Sancisi et al.
008 ). This can also be the consequence of kinematic misalignment
f the halo itself, as has been shown by numerical simulations
Lagos et al. 2015 ). Notable examples of extreme angular mo-
entum differences are polar ring/polar disc galaxies (S ́ersic 1967 ;
chweizer, Whitmore & Rubin 1983 ; Bournaud & Combes 2003 ) or
alaxies with counter-rotating cores/discs (e.g. Franx & Illingworth
988 ; Rubin, Graham & Kenney 1992 ; Kannappan & Fabricant
001 ; Pizzella et al. 2004 ; Sil’chenko, Moiseev & Afanasiev 2009 ;
aimundo et al. 2013 ; Be v acqua, Cappellari & Pellegrini 2022 ;
atkov et al. 2024 ). Large misalignment angles between stellar and
as motions can therefore be used to identify candidate galaxies that
ent through a past external accretion event, such as a major or
inor merger, a galaxy flyby or gas infall from a neighbour galaxy

Bertola et al. 1992 ; Davis & Bureau 2016 ; Li et al. 2021 ) and to
nvestigate the time-scale and consequence of these processes (e.g.
avis et al. 2011 ; Ilha et al. 2019 ; Khoperskov et al. 2021 ; Raimundo
021 ; Hauschild Roier et al. 2022 ; Ristea et al. 2022 ; Xu et al. 2022 ;
enci et al. 2024 ; Baker et al. 2025 ). 
Observ ations point to wards a connection between stellar to gas
isalignment and a higher fraction of AGN activity. Raimundo et al.

 2023 ) have shown that galaxies with large kinematic misalignment
ngles ( > 45 ◦) have a higher fraction of AGN than galaxies without
isalignment, suggesting that stellar to gas kinematic misalignment

nd/or the external accretion event that originated it, is connected
ith the fuelling of AGN. Black hole fuelling requires gas and
ynamical mechanisms to promote the loss of angular momen-
um, and both these conditions can be met in galaxies with large

isalignment. First, e xternal accretion ev ents pro vide a supply of
as to the host galaxy, which is potentially significant for early-
ype galaxies without a large reservoir of native gas (Sim ̃ oes Lopes
t al. 2007 ; Davies et al. 2014 ; Raimundo et al. 2017 ; Khim et al.
020 ). Secondly, it has been shown from simulations that misaligned
tructures (stellar/stellar or stellar/gas misalignment) promote the
oss of angular momentum and the flow of gas towards the centre
f the galaxy, via for example stellar torques, shocks in the gas or
ynamical friction (Thakar & Ryden 1996 ; Negri, Ciotti & Pellegrini
014 ; van de Voort et al. 2015 ; Capelo & Dotti 2017 ; Taylor,
ederrath & Kobayashi 2018 ; Starkenburg et al. 2019 ; Duckworth
t al. 2020 ; Khoperskov et al. 2021 ), with recent observational
vidence supporting that hypothesis (Raimundo 2021 ; Zhou et al.
022 ; Raimundo et al. 2023 ). 
Since kinematic misalignment is very often a consequence of

n external accretion event, the tw o f actors (external gas supply
nd kinematic misalignment) can be linked when investigating their
ffect on AGN. While they may both contribute to the observed
ncrease in AGN (Raimundo et al. 2023 ), it is unclear if the isolated
ffect of kinematic misalignment makes a significant contribution
o increase the fraction of AGN. This is particularly important
ince mergers of galaxies, which cause ∼ 10 − 20 per cent of
isalignments in massive galaxies (M ∗ > 10 10 M �) (Baker et al.

025 ), have been observed to be connected with higher fractions
f AGN (e.g. Comerford et al. 2024 ; Rembold et al. 2024 , for the
aNGA sample). To answer this question, we investigate whether

he presence of misalignment has a pre v alent ef fect in the increase of
GN fraction in galaxies with both signatures of external interactions
nd stellar to gas misalignment. In Section 2 , we describe the data and
he methods used to determine kinematic position angles, to identify
GN and to identify galaxies with recent interactions. In Section 3 ,
NRASL 542, L103–L109 (2025) 
e sho w ho w the AGN fraction varies as a function of misalignment
ngle, and discuss the driving mechanism for the observed increased
raction of AGN in galaxies with strong kinematic misalignment. 

 DATA  ANALYSI S  

e used observations from the Data Release 17 of the Mapping
earby Galaxies at Apache Point Observatory (MaNGA) optical

ntegral field unit survey of ∼10 000 local galaxies (Bundy et al.
015 ; Abdurro’uf et al. 2022 ). The surv e y co v ers a redshift range of
.01 < z < 0.15 and stellar masses M � > 10 9 M �. In this work, we use
he MaNGA 2D maps of gas and stellar properties as analysed and
ompiled in the form of multiple extension fits files (MEGACUBES) 1 

nd presented in detail by Riffel et al. ( 2023 ). 

.1 Measurement of kinematic position angles 

he global kinematic position angles represent the mean motion of
he stars (PA stellar ) and of the gas (PA gas ), and are determined from
wo-dimensional maps of stellar and gas v elocity, respectiv ely. The
osition angle is defined as the angle between the north and the line
hat connects the absolute maxima of the velocity. To calculate the
osition angles we follow the same approach as in Raimundo et al.
 2023 ), applying the FIT KINEMATIC PA algorithm (Krajnovi ́c et al.
006 ) to the maps of ionized gas velocity (obtained from measuring
he velocity of the H α emission lines) and stellar velocity from the

EGACUBES distribution (Riffel et al. 2023 ). 
In this work, we are interested in the difference between the

irection of motion of stars and gas in a galaxy as projected in
he sky plane, i.e. how misaligned the stellar and gas rotation axes
re. The misalignment angle ( � PA) for each galaxy is calculated
rom the difference between the global stellar and gas kinematic
ngles: � P A = | P A stellar – P A gas | and can vary between 0 ◦ (perfect
lignment) and 180 ◦ (counter-rotation). We would like to highlight
hat these angles reflect global gas and stellar motions measured at
cales of hundreds of parsecs to kiloparsecs, and not local small-scale
ariations. To determine � PA we require that both PA stellar and PA gas 

an be measured accurately. Our quality cuts are similar to those
mplemented by Raimundo et al. ( 2023 ): we only use velocity map
ixels where the uncertainties in the velocities are lower than 30 km
 

–1 , and require the uncertainty on the measured � PA to be lower
hat 30 ◦. We also require a minimum of 20 good pixels to determine
he stellar or gas PA. In total, we have a sample of 4769 galaxies for
hich the misalignment angle was determined. This is our parent

ample. Within this sample, 87 per cent are late-type galaxies and 13
er cent are early-type galaxies, according to the visual morphology
lassification of V ́azquez-Mata et al. ( 2022 ). 

.2 AGN identification 

o identify AGN, we combine two different approaches. The first
s the AGN optical identification based on the spatially resolved
aldwin, Phillips & Terlevich (Baldwin, Phillips & Terlevich 1981 )
iagrams as described by Raimundo et al. ( 2023 ). The second is
he AGN identification by Comerford et al. ( 2024 ) using multi-
avelength observations and catalogues. The AGN classification
f Raimundo et al. ( 2023 ) uses spatially resolved narrow emission
ine ratios to identify AGN, and more details can be found in that
ork. The Comerford et al. ( 2024 ) AGN identification includes broad
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Figure 1. Fraction of AGN as a function of stellar to gas kinematic 
misalignment ( � PA in degrees) for the galaxies in the MaNGA surv e y. 
Galaxies with significant kinematic misalignment ( � PA ≥ 45 ◦) show a 
higher fraction of AGN: 15 + 2 −2 per cent compared with 5.2 + 0 . 4 −0 . 3 per cent for 
the galaxies with � PA < 45 ◦. The error bars indicate the 68 per cent 
confidence intervals calculated using the beta distribution quantile technique 
for a binomial population (Cameron 2011 ). 
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mission line AGN detected in the Sloan Digital Sk y Surv e y (SDSS),
GN classified in infrared (Wide-Field Infrared Surv e y Explorer –
ISE), radio (Faint Images of the Radio Sky at Twenty cm – FIRST)

nd X-ray ( Swift Burst Alert Telescope – Swift /BAT) catalogues. We 
ombine these two samples of AGN and match them to the sample
f 4769 galaxies for which the misalignment angle was determined. 
ur final sample of AGN with measured � PA contains a total of
74 AGN (out of N = 4769 galaxies with measured kinematic angles,
.e. an AGN fraction of 5.7 per cent). Among the AGN sample, 81
er cent of them are in late-type galaxies while 19 per cent are in
arly-type galaxies. The stellar mass range of the AGN host galaxies 
s distributed from M � ∼ 10 9 – 10 11 M � with a peak at ∼ 10 10 . 4 M �.
he AGN [O III ] luminosity range is typically L OIII ∼ 10 39 – 10 41 . 5 

rg s –1 , which indicates that these are low to moderate luminosity
 GN (W iniarska et al. 2025 ). The low-luminosity range of the AGN

upports previous findings (Raimundo et al. 2023 ), that the gas 
inematic misalignment observed in AGN hosts is not driven by 
otential AGN outflows (Ilha et al. 2019 ; Khoperskov et al. 2021 ;
aimundo et al. 2023 ). This is because of the observed trend between
utflow size and AGN luminosity (e.g. Kim et al. 2023 ). In addition
o the AGN selection outlined abo v e, we also used, as a comparison,
he AGN identification presented by Rembold et al. ( 2017 ) and Riffel
t al. ( 2023 ) based on the diagnostic diagrams of Baldwin, Phillips &
erlevich (Baldwin et al. 1981 ) and that of the equivalent width of
 α versus [N II ]/H α (WHAN) of Cid Fernandes et al. ( 2010 ). The

esults will be discussed in Section 3 . 

.3 Signatures of galaxy interactions 

o identify galaxies that underwent recent interactions in the MaNGA 

ample, we combine two methods: the visual classification of Li 
t al. ( 2021 ) for MaNGA galaxies that show evidence of a past
nteraction, and the machine learning identification of major and 

inor mergers from Nevin et al. ( 2023 ) as used by Comerford
t al. ( 2024 ) in their analysis of MaNGA. Li et al. ( 2021 ) used
eep images from the Dark Energy Spectroscopic Instrument (DESI) 
e gac y Imaging Surv e ys (De y et al. 2019 ) to visually search for
vidence of past interactions in the MaNGA sample. We use their 
ample of 538 galaxies with merging features or evidence of strong
nteraction with companions identified in the MaNGA sample, 
uch as tidal features, distortions/asymmetries or shells. From the 
ample of Comerford et al. ( 2024 ) we use the galaxies that have
 probability abo v e 50 per cent of being either major mergers or
inor mergers. Out of our initial sample of 4769 MaNGA galaxies 
ith well measured kinematic angles, 1780 galaxies show evidence 
f interactions according to either one of the methods described 
bo v e (Li et al. 2021 or Comerford et al. 2024 ). Out of 1780 galaxies
ith interactions, 1662 are selected using the Comerford et al. 2024 
ethod. An extra 132 galaxies are identified in the Li et al. ( 2021 )

atalogue only. Within the sample of 1780 galaxies, 91 per cent are
ate-type galaxies and 9 per cent are early-type galaxies, according to 
he visual morphology classification of V ́azquez-Mata et al. ( 2022 ).
ince the identification of interactions relies on photometric features, 

t means that we are identifying relatively recent interactions, before 
he features evolved and became too faint to be identified. 

 RESULTS  A N D  DISCUSSION  

n the following sections, we investigate the trend between AGN 

raction and misalignment angle for the MaNGA sample and study if
he same trend is found in the sub-sample of 1780 MaNGA galaxies
hat have signatures of past interactions. 
.1 Fraction of AGN in galaxies with misalignment 

o investigate if the fraction of AGN changes for galaxies with
nd without a significant misalignment between stellar and gas 
inematics, we follow the method of Raimundo et al. ( 2023 ). We start
ith the full sample of MaNGA galaxies for which the measurement
f stellar and gas kinematic angles was possible ( N = 4769 galaxies).
e then divide the sample into two groups: those with � PA < 45 ◦,
hich are galaxies for which stellar and gas kinematic angles are

ikely aligned within the uncertainties ( N = 4522), and those with
 PA ≥ 45 ◦, which are galaxies for which a significant misalignment

s observed ( N = 247). In Fig. 1 , we show the fraction of AGN in these
wo misalignment bins. We find an AGN fraction of 5.2 + 0 . 4 

−0 . 3 per cent
or galaxies with 0 ◦ ≤ � PA < 45 ◦ and a fraction of 15 + 2 

−2 per cent
or galaxies with � PA ≥ 45 ◦. It is clear that there is a significantly
igher ( > 3 σ level) fraction of AGN in galaxies with misaligned
as and stars for the MaNGA sample, similar to what is found for
he SAMI (Sydney-AAO Multi-object Integral field spectrograph) 
urv e y, which co v ers a similar redshift range but has a smaller
alaxy sample size (Raimundo et al. 2023 ). We also observe an
ncreased fraction of AGN if we consider polar galaxies ( � PA ∼ 90 ◦)
r counter-rotating galaxies ( � PA ∼ 180 ◦) separately. In Fig. 2 , we
how the same sample but divided into 20 ◦ bins. While there are
ewer galaxies per bin, this figure is useful to illustrate that the main
ifferences in AGN fraction occurs for � PA � 60 ◦. 
It is known that early-type galaxies have a higher fraction of

inematic misalignment than late types (e.g. Bertola et al. 1991 ;
izzella et al. 2004 ; Davis et al. 2011 ; Raimundo et al. 2023 ). To
heck that the trend that we observe is not driven by a preference of
GN for early-type hosts, we use the T-Type (de Vaucouleurs 1959 )
isual morphology classifications as presented in V ́azquez-Mata 
t al. ( 2022 ) to investigate the distribution of AGN host morphologies.
he T-Type values can be related to the Hubble classification in

hat T-Type values < 1 correspond to early-type galaxies and T-Type
alues ≥1 to late-type galaxies. We show our results in Fig. 3 , with
MNRASL 542, L103–L109 (2025) 
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M

Figure 2. Fraction of AGN as a function of stellar to gas kinematic 
misalignment ( � PA in degrees) for the galaxies in the MaNGA surv e y, 
divided into 20 ◦ bins. This figure is similar to Fig. 1 but with smaller number 
statistics due to the reduced number of galaxies per bin. The error bars indicate 
the 68 per cent confidence intervals calculated using the beta distribution 
quantile technique for a binomial population (Cameron 2011 ). 
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 histogram of AGN host numbers as a function of T-Type. The
range histogram shows early-type hosts, while the blue histogram
hows late-type hosts. Within the sample of MaNGA AGN galaxies
ith measured stellar and gas kinematic angles, most hosts are late

ypes. We also carry out the quantitativ e e x ercise of estimating the
ifference in AGN fraction between each bin: � PA < 45 ◦ and � PA

45 ◦, that would be expected from having the combined effect of a
igher fraction of AGN in early-type galaxies and a higher fraction
f early-type galaxies with misalignment. Within the 4522 aligned
alaxies of the parent sample, 90 per cent are late type and 10
er cent early type. Within the 247 misaligned galaxies there are 38
er cent late type and 62 per cent early types. In the o v erall MaNGA
ample with or without measured kinematic angles the fraction of
GN in late types is 5 per cent and in early types 7 per cent . Based on

hese values and without any additional trend, the expected fraction
f AGN in � PA < 45 ◦ would be ∼5 per cent and in � PA ≥ 45 ◦

ould be ∼6 per cent, resulting in a difference of ∼1 per cent, which
s a much smaller difference than what we see in our sample ( ∼9–10
er cent; Fig. 1 ). Fig. 3 and the quantitativ e e x ercise abo v e support the
rgument that the trend for a higher fraction of AGN in misaligned
alaxies is not due to a double correlation between AGN and early-
ype morphology and early-type morphology and misalignment but
eeds an additional effect which our work argues is the presence of
isaligned gas. 

.2 Driving mechanism – galaxy interactions or misaligned 

as? 

n this work, we want to separate the effect of external interactions
rom kinematic misalignment in driving the increase in AGN fraction.
inematic misalignment is the result of external accretion but not

ll external accretion and interactions will result in a large kinematic
isalignment. Depending on the configuration, the external inflow

f material may end up in kinematic alignment ( � PA = [0 ◦ − 45 ◦])
r relaxing into kinematic alignment with a particular time delay
fter the interaction. For example, polar disc galaxies are found
NRASL 542, L103–L109 (2025) 
o settle into co/counter-rotation within 1–3 Gyr (Khoperskov et al.
021 ). Kinematic misalignment can also be longer lived than the time
uring which morphological signatures of interactions are observed
Starkenburg et al. 2019 ; Ebrov ́a, Łokas & Eli ́a ̌sek 2021 ). Therefore,
alaxies may show kinematic misalignment but no signatures of the
nteraction that generated it. To determine which of the mechanisms
s dominant in increasing the fraction of active black holes, we select
he sample of MaNGA galaxies with signatures of recent interactions
s our parent sample, finding a total of 1780 galaxies (1710 with
 

◦ ≤ � PA < 45 ◦ and 70 with � PA ≥ 45 ◦). These galaxies may have
ad different types of external interactions, therefore in this work we
o not establish the role of a particular external interaction but analyse
ll types of external interactions as a whole. We then determine the
raction of AGN on the sub-samples of galaxies with aligned and
isaligned stellar to gas kinematics. If external accretion (through

ome form of interaction or merger activity) was the most important
actor and gas kinematical misalignment is irrele v ant, then we should
xpect to see no statistical difference in the � PA distribution for the
alaxies with an AGN (for this galaxy sub-set with evidence of
nteractions). In Fig. 4 , we show the fraction of AGN as a function of
inematic misalignment angle. We find an AGN fraction of 6.2 + 0 . 6 

−0 . 5 
er cent for galaxies with 0 ◦ ≤ � PA < 45 ◦ and a fraction of 20 + 6 

−4 per
ent for galaxies with � PA ≥ 45 ◦, different by ∼3 σ . A difference is
lso found between the two populations (albeit with smaller number
tatistics) if we use only the Riffel et al. ( 2023 ) sample of AGN
which includes a WHAN diagnostic (Cid Fernandes et al. 2010 )] or
nly the Comerford et al. 2024 A GN sample. W ith our main sample
hown in Fig. 4 , it is clear that even within the sample of galaxies
ith interactions (which includes major/minor mergers and different

tages of interaction), there is a significantly higher fraction of AGN
n galaxies with misaligned gas and stars ( � PA > 45 ◦) than for
inematically aligned gas and stars. This shows that the presence of
isalignment is connected with an additional increase in the fraction

f AGN, being a potentially important ingredient for the acti v ation
f the black hole. 
Comerford et al. ( 2024 ) recently found that among galaxies with

ignatures of past major or minor mergers in MaNGA, there is
n increased number of AGN. Comparing Figs 1 and 4 , we find
 tentative increase in the o v erall fraction of AGN in all galaxies
aligned and misaligned combined) from 5.1 per cent in the initial
ample to 6.8 per cent in the sample of galaxies with signatures of
ast interactions. Both samples consist of galaxies for which stellar
nd gas kinematic angles can be determined, and therefore neither is
n unbiased sample. In any case, the increased fractions we observe
s in line with the results of Comerford et al. ( 2024 ). 

We test whether the trend we observe in Fig. 4 is also present if we
plit the sample by stellar mass or morphology. The main limitation
e have is the small number statistics, which affect the significance
f the results. In any case, we find a difference of > 2 . 5 σ between
he two populations even if we split the sample into low- and high-
tellar masses (using a threshold of log( M ∗/ M �) = 9.5, 10, or 10.5),
howing that the trend we observe is not driven by differences in
tellar mass. We also find evidence that the trend is still present when
he sample is split into spirals versus ellipticals and S0s, suggesting
hat the trend we see is not driven by morphology. 

Previous work has shown a connection between the presence of
inematically misalignment and the fraction of galaxies with AGN,
ut did not separate the effect of external interactions and external
as accretion from kinematic misalignment, due to the limited
ample size (Raimundo et al. 2023 ). With our MaNGA sample we
how that even within the sample of galaxies with evidence for
nteractions, there is an additional increase in the fraction of galaxies
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Figure 3. Distribution of AGN host morphology for the 274 AGN in our sample. The morphology is given by the T-Type morphology indicator which takes on 
discrete integer values (V ́azquez-Mata et al. 2022 ). Each bin is centred at the specific discrete value in T-Type with a width of 0.5 for visualization purposes. 
The orange hatched histogram shows the AGN host galaxies that are early-type galaxies (T-Type < 1), while the blue histogram shows the AGN host galaxies 
that are late types (T-Type ≥1). 

Figure 4. Fraction of AGN as a function of stellar to gas kinematic 
misalignment ( � PA in degrees) for the galaxies in the MaNGA surv e y that 
show signatures of a past interaction. Galaxies with significant kinematic 
misalignment ( � PA ≥ 45 ◦) show a higher fraction of AGN, indicating that 
misalignment is a driving mechanism for the increased fraction of AGN and 
not only due to a dynamical interaction, such as a merger. The relative fractions 
are 20 + 6 −4 per cent for galaxies with � PA ≥ 45 ◦ compared to 6.2 + 0 . 6 −0 . 5 per cent 
for the galaxies with � PA < 45 ◦. The error bars indicate the 68 per cent 
confidence intervals calculated using the beta distribution quantile technique 
for a binomial population (Cameron 2011 ). 
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ith misalignment that host an AGN. The relative difference in 
GN fraction in the interacting galaxy sample is similar to what 

s seen in the full sample (Fig. 1 ). This shows that while galaxy
nteractions, such as mergers, may be important for the increase in 
bserved AGN fraction (e.g. Comerford et al. 2024 ), the dominant 
echanism behind the difference in AGN fraction observed in this 
 ork [and lik ely for SAMI (Raimundo et al. 2023 )], is the presence
f kinematically misaligned structures. 
Kinematically misaligned structures can only be produced via 

he external accretion of gas, and therefore galaxy interactions are 
undamental to creating the misalignment in the first place. What we
how in our work is that for interactions that end up in kinematic
isalignment (as opposed to aligned rotation of gas and stars), black

oles are more likely in an active phase. This finding indicates that
inematic misalignment plays a major role in the observed fraction 
f active black holes after an external accretion event. 

 C O N C L U S I O N S  

n this work, we investigate the driving mechanism for the observed
igher fraction of AGN residing in galaxies with misaligned gas-to- 
tellar kinematic axes. We measure a higher fraction of AGN (15 + 2 

−2 

er cent) in MaNGA galaxies with strong misalignment between gas 
nd stellar rotation ( � PA ≥ 45 ◦) than in galaxies with aligned gas
nd stellar rotation (5.2 + 0 . 4 

−0 . 3 per cent). This result is in line with what
as previously found for the smaller sample of galaxies in the SAMI

urv e y (Raimundo et al. 2023 ), and shows a connection between the
resence of kinematically misaligned gas and a higher fraction of 
bserved black hole activity. 
Kinematically misaligned gas is the consequence of an external 

ccretion event but not all external accretion events result in strongly
isaligned stellar to gas kinematics. We therefore investigate for 

he first time whether the observed increase in the fraction of AGN
ctivity is also driven by the presence of misaligned gas or simply
y the external accretion e vent, irrespecti ve of whether the gas
nds up aligned or misaligned. We find that the o v erall fraction
f AGN in interacting galaxies (i.e. those with visual signatures of
 past external accretion event) is slightly higher than in the total
ample that contains galaxies with and without past interactions. 

ost importantly, within the sample with evidence for interactions, 
MNRASL 542, L103–L109 (2025) 
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e still find a higher fraction of AGN in galaxies with misaligned
as (20 + 6 

−4 per cent for � PA ≥ 45 ◦ versus 6.2 + 0 . 6 
−0 . 5 per cent for � PA <

5 ◦). This result indicates that even when comparing galaxies with
ecent interactions, the misalignment between stellar and gas rotation
s associated with an increase of the AGN fraction. The conclusion of
his work is that gas-to-stellar kinematic misalignment is driving the
ncrease in AGN fraction, even within the sample where all galaxies
ad recent external interactions. This result shows the importance
f kinematically misaligned structures to the loss of gas angular
omentum and to the fuelling of supermassive black holes. 

C K N OW L E D G E M E N T S  

e w ould lik e to thank the referee for their careful reading of the
anuscript and constructive comments. This w ork w as supported

y the Science and Technology Facilities Council (STFC) of the
K Research and Innovation via grant reference ST/Y002644/1

nd by the European Union’s Horizon 2020 research and innova-
ion programme under the Marie Sklodowska-Curie grant agree-
ent No 891744 (SIR). RR thanks Conselho Nacional de Desen-

olvimento Cient ́ıfico e Tecnol ́ogico (CNPq, Proj. 311223/2020-
, 304927/2017-1, and 400352/2016-8), Funda c ¸ ˜ ao de amparo à
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