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ABSTRACT

We present new evidence for AGN feedback in a subset of 69 quenched low-mass
galaxies (M⋆ . 5 × 109 M⊙ , Mr > −19) selected from the first two years of the SDSS-
IV MaNGA survey. The majority (85 per cent) of these quenched galaxies appear to
reside in a group environment. We find 6 galaxies in our sample that appear to have
an active AGN that is preventing on-going star-formation; this is the first time such a
feedback mechanism has been observed in this mass range. Interestingly, five of these
six galaxies have an ionised gas component that is kinematically offset from their
stellar component, suggesting the gas is either recently accreted or outflowing. We
hypothesise these six galaxies are low-mass equivalents to the “red geysers” observed
in more massive galaxies. Of the other 62 galaxies in the sample, we find 8 do appear for
have some low-level, residual star formation, or emission from hot, evolved stars. The
remaining galaxies in our sample have no detectable ionised gas emission throughout
their structures, consistent with them being quenched. This work shows the potential
for understanding the detailed physical properties of dwarf galaxies through spatially
resolved spectroscopy.

Key words: galaxies: evolution – galaxies: active – galaxies: kinematics and dynamics
– galaxies: dwarf

⋆ E-mail: samantha.penny@port.ac.uk (SJP)

1 INTRODUCTION

The role of nature versus nurture, and their respective
contributions to galaxy evolution, are unclear. We know
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that a large fraction of high-mass galaxies in all envi-
ronments have ceased star formation (e.g. Di Matteo et al.
2005; Ilbert et al. 2010; Peng et al. 2010), and those massive
galaxies in isolation must therefore be able to shut-off and
prevent further star formation via processes internal to the
galaxies themselves. It is also well known that low-mass and
satellite galaxies in medium to high density environments
have ceased star formation (e.g. Peng et al. 2010; Geha et al.
2012; Smith et al. 2012; Wetzel et al. 2013). One of the re-
maining uncertainties is the role that AGN and other intrin-
sic processes play in the evolution of low mass galaxies with
stellar masses M⋆ < 5 × 109 M⊙ .

Geha et al. (2012) showed that the majority of
quenched dwarf galaxies with stellar masses M⋆ < 109 M⊙
are found in regions of high local galaxy density, such that
> 99 per cent of quenched dwarfs in the Sloan Digital Sky
Survey (SDSS, York et al. 2000) are found within a pro-
jected distance of 1.5Mpc and ±1000 kms−1 from a galaxy
with MK < −23. Very few quenched dwarfs are found in iso-
lation (though see Janz et al. 2017), so environmental pro-
cesses are likely required for their initial gas removal. How-
ever, dwarf galaxies with clear AGN signatures at optical
and mid-IR wavelengths are also found (Reines et al. 2013;
Moran et al. 2014; Sartori et al. 2015). It is therefore un-
clear whether low-mass galaxies can be efficiently quenched
or even influenced by AGN activity, or if other processes
are required to shut-off their star formation. Do these AGN
act to maintain quiescence in low mass galaxies, in a process
similar to the red-geysers identified in Cheung et al. (2016)?

The shape of the galaxy luminosity/mass function is of-
ten explained using feedback mechanisms, such that above
a characteristic mass/luminosity turnover at M⋆ ≈ 1010 M⊙ ,
AGN feedback is dominant in driving galaxy evolution
and regulating star formation, while below this mass, su-
pernova feedback or winds from high-mass stars domi-
nate (e.g. Bower et al. 2006; Schaye et al. 2015). As a re-
sult, in many galaxy evolution models, AGN feedback is
only invoked for galaxies with M⋆ > 1010 M⊙ . However,
Smethurst et al. (2016) showed that the effects of AGN feed-
back have the biggest impact on the stellar populations of
low-to-intermediate mass galaxies with M⋆ < 1010.25 M⊙ in
a sample of 1,244 Baldwin, Phillips and Terlevich (BPT
Baldwin et al. 1981) diagram selected AGN from SDSS. Re-
cently, Dashyan et al. (2017) have proposed AGN feedback
as a feedback and quenching mechanism for dwarf galaxies,
which is able to drive gas out of dwarf-sized haloes more
efficiently than supernova feedback. Further complicating
our picture of low-mass galaxy evolution is that a fraction
of bright dwarf galaxies with M⋆ ∼ 109 M⊙ are the rem-
nants of morphologically transformed disk galaxies, and as
such, many retain evidence of this (e.g. Lisker et al. 2006;
Penny et al. 2014; Toloba et al. 2015; Penny et al. 2016).
This structure includes faded spiral features and embedded
disks, disc-like kinematics, and may include central super-
massive black holes.

AGN are often going to be missed in wide-field searches
for quenched galaxies. If a galaxy exhibits red optical colours
consistent with quiescence, yet hosts strong central emission,
it might be removed from a quenched galaxy sample if just
the strength or equivalent width of the Hα line is used as
a diagnostic of active star formation. In contrast, but also
problematic in understanding if AGN influence the evolu-

tion of bright dwarf ellipticals, is that low mass galaxies in
clusters (the most commonly studied dEs) are often gas poor
objects. The central black holes in such galaxies will there-
fore be undetectable through emission line diagnostics, and
we cannot learn anything about the role of their AGN phase
in their evolution.

Indeed, evidence for AGN has been found in the centre
of ultra compact dwarfs (Seth et al. 2014; Ahn et al. 2017),
thought to be the nuclear remnants of tidally stripped disk
galaxies (e.g. Drinkwater et al. 2003; Pfeffer & Baumgardt
2013). The existence of AGN has also been identified in
several dwarf-mass galaxies, through optical emission line
diagnostics, X-ray observations, mid-IR diagnostics, and ra-
dio continuum surveys. For example, Lemons et al. (2015)
cross-matched 44,000 dwarf galaxies in the NASA Sloan At-
las, and found ∼ 10 galaxies with nuclear X-ray sources.
Sartori et al. (2015) find that just 0.7 per cent of galaxies
with M⋆ < 5 × 109 M⊙ have clear signs of hosting an AGN
using the BPT diagram, He iiλ4686 line, and mid-IR colours
as AGN diagnostics. More recently, Nucita et al. (2017) have
found 51 low-mass galaxies with M⋆ < 1010 M⊙ that host X-
ray sources, of which 37 per cent are centrally located within
their host galaxy, a number of which also have radio coun-
terparts.

Low mass quenched galaxies are ubiquitous in groups
and clusters, and understanding the role that AGN feed-
back plays in their evolution is therefore crucial for their
modelling. To detect AGN in low mass galaxies, the group
environment may prove more fruitful than searches in nearby
clusters such as Virgo and Coma. The weaker tidal potential
of galaxy groups versus clusters, along with the lower-density
intra-group medium means bright dEs in galaxy groups will
likely retain more of their gas component than their cluster
counterparts. Thus a wide-field Integral Field Unit (IFU)
study that includes galaxies with M⋆ < 5×109 M⊙ is needed
to fully understand the role that AGN play in the evolution
of low-mass galaxies.

In this work, we aim to identify candidate dwarf AGN
hosted by low-mass galaxies in the SDSS-IVMaNGA survey,
which includes low-mass galaxies in all environments with
M⋆ < 5×109 M⊙ . In particular, we aim to identify red geyser
candidates (Cheung et al. 2016) in the low-mass galaxy sam-
ple, which typically have kinematically offset ionised gas,
either the result of accretion or outflows of material gener-
ated by AGN-driven winds. Spatial data is required to map
these stellar and ionised gas velocity components, as well
as identify the bi-symmetric emission line features seen in
red geysers which would not be identified in single-fibre or
long-slit spectroscopic surveys.

We present an overview of the MaNGA observations
used for this work in Section 2, with the sample selection de-
scribed in Section 2.2. We examine the ionised gas emission
line mechanism in Section 3, with spaxel-by-spaxel emission
line diagnostics presented in Section 3.1, and mid-IR colours
for the quenched, low-mass galaxies examined in Section 3.3.
We discuss our results in Section 4, and conclude in Section 5.
Throughout this paper, we assume a ΛCDM cosmology, with
H0 = 70 km s−1, ΩM = 0.3, and ΩΛ = 0.7. All magnitudes
are presented in the AB magnitude system, unless otherwise
stated.
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2 OBSERVATIONS AND SAMPLE SELECTION

2.1 The MaNGA Survey

The data for this work is drawn from the Sloan Digital
Sky Survey IV (SDSS-IV, Blanton et al. 2017) Mapping
Nearby Galaxies at APO (MaNGA, Bundy et al. 2015) sur-
vey. Searching for the processes responsible for quenching
requires high quality, spatially resolved spectroscopic data,
in order to trace key spectral features that will reveal the
quenching mechanisms active in a given galaxy. MaNGA is a
multi-object IFU survey using the Baryon Oscillation Spec-
troscopic Survey (BOSS) spectrograph (Smee et al. 2013) on
the 2.5m Sloan Foundation Telescope (Gunn et al. 2006).
MaNGA will target 10,000 galaxies with M⋆ & 109 M⊙ by
the completion of the survey in 2020, which began taking
data on 2014 July 1. The MaNGA targets are selected inde-
pendent of colour, morphology and environment, ensuring
we draw targets from a range of local galaxy density, crucial
in a study of the processes responsible for galaxy quenching.

MaNGA has a spectral resolution R ∼ 2000, which cor-
responds to an instrumental resolution ∼ 70 kms−1 in the
vicinity of the Hα feature. The data span a large wavelength
range of 3600 Å to 10300 Å which covers key spectral features
from the optical to the near-IR crucial for measuring stellar
populations and extracting both stellar and gas kinematics.
Each galaxy in the survey is targeted with one of 17 IFU fi-
bre bundles per plate, with the bundles containing 19 (×2),
37 (×4), 61 (×4), 91 (×2), or 127 (×5) fibres (see Drory et al.
2015, for further details). The size of the fibre bundle typ-
ically matched to the angular size of the galaxy, such that
the majority of the targets have spectral coverage to at least
1.5 Re. The fibres within the bundles have radius 2 arcsec,
which matches the typical ground-based seeing at APO.
During the observations, a three-point dither pattern is ap-
plied, such that the inter-fibre gaps in each IFU bundle are
sampled (Law et al. 2015). The final reduced datacubes are
resampled to square spaxels of size 0.5 arcsec with a median
spatial resolution of ∼ 2.5 arcsec FWHM (Law et al. 2016).
The flux calibration of the data is better than 5 per cent
(Yan et al. 2016a) for 89 per cent of the wavelength range,
and 1.7 per cent between Hβ and Hα.

MaNGA has three main samples, the primary sam-
ple, the secondary sample, and the colour-enhanced sample,
which are selected to meet several different science goals.
The primary sample is designed such that ∼ 80per cent of
the galaxies in this sample have IFU coverage to at least
1.5 Re, and the sample has a mean redshift 〈z〉 = 0.03. The
primary sample also includes a “colour-enhanced” sample,
which contains galaxies selected to lie in underrepresented
regions of the colour magnitude diagram, including high-
mass blue galaxies, “green valley” galaxies, and, importantly
for this study, low-mass red galaxies. These colour-enhanced
galaxies are also targeted to 1.5 Re. The secondary sample
is designed such that ∼ 80 per cent of the galaxies have IFU
coverage to at least 2.5 Re, and as such, has a higher mean
redshift than the primary sample. For further details of the
survey design, see Yan et al. (2016b).

2.1.1 Mid-Infrared Photometry

We also use mid-infrared (IR) photometry in this work,
which is not provided as part of the NASA Sloan Atlas.

The mid-IR photometry used in this work is taken from the
Wide Field Infrared Survey Explorer (WISE Wright et al.
2010) All Sky Survey. WISE is a mid-IR space based tele-
scope, which imaged the whole sky in four photometric
bands: 3.4 µm (W1), 4.6 µm (W2), 12 µm (W3), and 22 µm.
The 3.4 µm and 4.6 µm bands are sensitive to stellar light
and hot dust respectively, making [3.4] − [4.6] colours ideal
for the identification of certain types of AGN. The 12 µm
band traces crucial lines associated with recent star forma-
tion (e.g. and the line), and can thus be used to separate
truly quenched galaxies from those with star formation in
the past 2Gyr. We matched the positions of the MaNGA
low-mass galaxy sample to the WISE All Sky Survey pho-
tometry catalogue, and photometry was found for 303/310 of
the low-mass galaxies we selected in Section 2.2. The WISE

photometry is left in its native Vega magnitude system.

2.2 Separating star forming and quenched

galaxies

The MaNGA survey targets galaxies with 109 M⊙ . M⋆ .

5 × 1011 M⊙ , and we select the lowest mass galaxies in the
survey for this work. This builds on the sample of low-
mass, quenched galaxies presented in Penny et al. (2016),
which was selected from galaxies in SDSS Data Release
13 (DR13, Albereti et al., submitted). We first identify all
low-mass, dwarf-like galaxies in SDSS-MaNGA with spectra
reduced prior to June 2016 (known internally as MaNGA
MPL-5), which were processed using Version 2.0.1 of the
MaNGA Data Reduction Pipeline. This sample was released
in SDSS data release 14 (DR14 Abolfathi et al. 2017). We
identify dwarf galaxies as all galaxies with absolute magni-
tudes fainter than Mr ≈ −19, central stellar velocity disper-
sions σ⋆ < 100 km s−1, and stellar mass M⋆ < 5 × 109 M⊙
(M⋆ . 2.5 × 109 M⊙ as listed in the NASA Sloan Atlas,
which assume h = 1). 310 MaNGA galaxies meet these crite-
ria. The galaxies in this sample have −19.04 < Mr < −15.85,
and colours 0.64 < (u − r) < 3.59. The median stellar mass
of the sample is 2.3 × 109 M⊙ assuming h = 0.7, compara-
ble with that of the Large Magellanic Cloud (2.3 × 109 M⊙
James & Ivory 2011). This is similar to the selection criteria
used in Penny et al. (2016).

All spectra within 1 Re are stacked to provide a high
signal-to-noise spectrum for each galaxy in our sample, and
are provided as part of Version 2.0.2 of the MaNGA data
analysis pipeline (DAP, Westfall et al., in prep). These
binned spectra provide an ideal “first look” at the galaxy,
allowing for the quick identification of the integrated prop-
erties of an individual galaxy, without having to examine
the galaxy spaxel-by-spaxel. This combined spectrum will
include any star forming regions within 1 Re, which will be
identified through the presence of emission in the stacked
spectrum. A single object with extremely low S/N = 2 is
removed, as the resulting spectrum is unusable for our sci-
ence analysis, with the remaining stacked spectra having
11 < S/N < 180.

Emission-line strengths are provided as part of the
MaNGA data analysis pipeline. First, as part of the DAP
fit, the emission lines are masked, and the stellar continuum
is modelled using the kinematic and stellar population fit-
ting package ppxf (Cappellari & Emsellem 2004). The stel-
lar continuum model is constructed using a thinned version

MNRAS 000, 1–15 (2017)
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of the MILES spectral library, and due to the wavelength
coverage of the library, the model spans the wavelength
range 3525 < λ < 7500 . The model is also broadened to
match the stellar velocity dispersion of the galaxy, and thus
the absorption lines can be cleanly subtracted from the spec-
trum. The residual emission lines are then modelled using
Gaussian profiles, with 21 different lines fit in total. The
summed line fluxes, equivalent widths, and velocity disper-
sions are provided as part of the DAP output.

To build a sample of low-mass quenched galaxies, we
must first remove any star-forming dwarfs using line strength
diagnostics. We identify such galaxies using emission line-
strength diagnostic methods, as colour alone cannot be used
to accurately characterise a galaxy as quenched or star form-
ing, as dusty star-forming galaxies will remain in the sam-
ple. However, no single line-strength diagnostic system can
reliably class all galaxies as star forming, quenched, or host-
ing AGN. For example, if the spectrum of a galaxy does
not exhibit the Hβ feature in emission due to dust obscu-
ration or weak emission, it cannot be placed on the (BPT
Stasińska et al. 2008) diagram.

2.2.1 WHAN classification

To identify quenched, low-mass galaxy candidates from
our sample of dwarf galaxies, we therefore use the
width of Hα vs. [N ii] line strength diagnostic (WHAN,
Cid Fernandes et al. 2011). This diagram uses the line
strength ratio of the two most prominent emission lines in
most galaxy spectra: the Hα and [N ii]λ6583 lines. This clas-
sification scheme uses the equivalent width of the Hα line
as a proxy for the ratio of the intrinsic Hα luminosity to
the Hα luminosity expected due to stellar populations older
than 108 yr. This allows for the separation of emission due
to star formation and AGN, from that originating from hot,
evolved stars. The flux ratio between [N ii] and Hα is used to
separate AGN activity from star formation for galaxies with
EWHα > 3 Å. The WHAN diagram also allows for the iden-
tification of galaxies in which the heating of their ionised
gas is the result of old stars, rather than star formation
or AGN activity, as well as those galaxies that cannot be
classified via the BPT diagram due to absent absorption
lines. For full details of the WHAN classification scheme,
see Cid Fernandes et al. (2011).

First, star forming galaxies are removed from the sam-
ple. These galaxies have log([N ii]/Hα) < −0.4 and EWHα >

3 Å under the WHAN classification system, and 217 galaxies
meet these criteria. 93 galaxies remain after the removal of
star forming galaxies from our sample.

We also identify all emission-line free galaxies using
the WHAN line-strength diagnostic method. These galax-
ies are identified by the absence of significant Hα and [N ii]
emission lines in their spectra, with both lines required
to have equivalent widths < 0.5 Å, else no detectable Hα
emission. 57 galaxies meet these criteria. We then identify
all galaxies with weak Hα and [N ii] lines, which are in-
consistent with AGN activity- the “retired” galaxy popu-
lations in the Cid Fernandes et al. (2011) WHAN classifica-
tion system. Their emission lines are the result of heating
by hot, old, evolved, low-mass stars, and such objects have
0.5 < EWHα < 3. Fourteen low mass galaxies in our sam-
ple are “retired” objects, with emission line strengths incon-
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Figure 1. Equivalent width of Hα versus [N ii]/Hα (WHAN

Cid Fernandes et al. 2011) diagram for faint (Mr > −19) galaxies
in the MaNGA survey. The dashed lines are the diagnostic lines
from, which split the diagram into regions where the emission is
dominated by star formation, AGN, or heating by hot, old stars.
The majority of the galaxies (217/310) below the luminosity cut
of Mr > −19 are star forming systems.

sistent with ongoing star formation. The WHAN classifica-
tion system therefore identifies 71 low-luminosity galaxies
in MaNGA MPL5 that can be considered to be passively
evolving.

Those galaxies classified as quenched with clear star for-
mation or blue spiral morphologies are manually removed
from the quenched galaxy sample. A visual inspection of its
central spectrum revealed clear emission lines that were not
properly measured by the DAP. This process removed 1 ob-
ject from the quenched galaxy sample. We also remove one
object at z = 0.278 which had made our low-mass quenched
galaxy sample. The NASA Sloan Atlas listed the redshift of
this galaxy as z = 0.0286, and the galaxy’s absolute photom-
etry was therefore incorrect. This process left 69 candidate
galaxies that host little or no star formation. 33 objects in
our quenched low-mass galaxy sample are drawn from the
primary sample, 4 from the secondary sample, and 32 from
the colour-enhanced sample.

The remaining 22 galaxies are classified as AGN on the
WHAN diagram. The ten objects with EWHα < 6 Å are
weak AGN, in which the emission lines are likely the combi-
nation of both AGN and star formation activity. The remain-
ing twelve galaxies have EWHα > 6 Å classified as Seyfert-
like emission. However, we note the majority of these are
edge-on disk galaxies, and are likely heavily dust obscured.
Nevertheless, we go on to examine the their spaxel-by-spaxel
BPT diagrams.

MNRAS 000, 1–15 (2017)
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Figure 2. Histogram showing the separation of the low-mass
galaxies from their nearest bright neighbour galaxy with MK <

−23. The distribution for both the quenched and star forming
low-mass galaxy samples as selected in Section 2.2 are shown. The
distribution of the quenched galaxies are shown as red bars, and
the star forming galaxies by blue bars. The purple regions are the
overlap between the star forming and quenched objects.

2.3 Local environment of quenched versus star

forming low-mass galaxies

We quantify the local environment of the low-mass quenched
galaxies using both a neighbour method and a local galaxy
density measure. First, we trace large-scale structure using a
combination of the 2MASS redshift survey and SDSS. This
redshift catalogue is complete to MK = −23 at z = 0.04,
comparable to the highest redshift of our MaNGA low-mass
galaxy sample. Identical to (Penny et al. 2016), we find the
bright neighbour galaxy with MK < −23 within ±1000 kms−1

for each low-mass galaxy in our sample. We also count the
number of bright galaxies with MK < −23 within a radius of
1.5Mpc (comparable to the virial radius of a galaxy cluster)
and ±1000 kms−1 of each low-mass galaxy.

The neighbour distances of our quenched and star form-
ing samples as defined in Section 2.2 are shown in Fig. 2.
For clarity, the WHAN-classified AGN are not included
on this plot. A clear difference in environment is seen for
the two samples, such that quenched galaxies are typically
found at separations < 1000 kpc from their bright neigh-
bour galaxy. The low-mass, quenched galaxies have separa-
tions 17 kpc < Dbright < 4582 kpc from their bright neigh-
bour, with a median separation 228 ± 72.8 kpc. In contrast,
the purely star-forming objects have separations 32 kpc <
Dbright < 6056 kpc, with a median separation 706±78.5 kpc.
A difference in local galaxy density is also seen, such that
within a comoving radius of 1.5Mpc and a velocity separa-
tion ±1000 km s−1, a quenched low-mass galaxy has a mean
of 16 ± 2.8 bright neighbours with MK < −23, whereas a
star forming low-mass galaxy has a mean 2.2 ± 2.55 bright
neighbours using an identical magnitude limit.

3 IONISED GAS IN QUENCHED GALAXIES

We search for any objects in our low-mass, quenched galaxy
sample that retain an ionised gas component. If a galaxy
retains a gas reservoir, or if it is actively accreting gas from
its surroundings, yet is no longer forming stars, then a feed-
back mechanism must be operational within that galaxy. By
identifying those quenched galaxies that exhibit ionised gas,
and quantifying their emission line flux ratios and the loca-
tion within the galaxy of the emission, we can determine the
heating mechanism acting upon the gaseous component.

Gas that is either co-rotating with the galaxy’s stellar
component, else offset by exactly 180◦, has both compo-
nents in dynamical equilibrium. However, when rotation of
the ionised gas component is randomly offset, this is likely
evidence of an accretion event. First, we identify all low
mass galaxies with clear rotation in their [O iii]λ5008, Hα, or
[N ii]λ6583 emission line features. These three lines are used
as they are very sensitive tracers of ionisation, and typically
the most prominent emission lines in a galaxy spectrum. The
ratio between these features can be used to separate AGN
heating from both star formation, and heating by old stellar
populations (e.g. Cid-Fernandes et al., 2011). From our ini-
tial sample of 63 quenched dwarf galaxies, 12 are identified
with clear rotation in both their stellar and ionised gas com-
ponents. One object, MaNGA1-38166, has a rotating ionised
gas component, but no coherent stellar rotation. Excluding a
single member of the Coma Cluster (MaNGA 1-456355), the
quenched low-mass galaxies that retain an ionised gas com-
ponent are found in galaxy groups with fewer than seven L⋆

or brighter galaxies (see Section 2.3). Velocity maps showing
the stellar and ionised gas velocity fields for each low-mass
galaxy with clear rotation are shown in Fig. 3.

As can be easily seen in Fig 3 and AppendixA, the stars
and ionised gas are not necessarily co-rotating, and thus
not all of the galaxies are in dynamical equilibrium. We
therefore go on to compare the kinematic position angles
of the stellar and ionised gas components of these galaxies.
The global kinematic position angles of the two components
are measured using the method described in Appendix C
of Krajnović et al. (2006). We note here that a number of
the offset ionised gas velocity fields may be outflows (e.g.
MaNGA1-113520), so we use this measure only to check for
gas that is neither co- or counter-rotating with the stellar
component.

The average velocities of the Hα and [N ii]λ6583 lines
are used in the calculation of the ionised gas kinematic PA,
as they are typically among the strongest emission lines in
the galaxy spectra. The velocities of the individual emission
lines are output by the MaNGA-DAP, and are calculated us-
ing single-profile gaussian fits to the emission lines after the
stellar continuum has been subtracted. The global kinematic
PAs of the Hα and [N ii]λ6583 velocity fields typically agree
to < 20◦ for all objects. We set a range of 0◦ to 360◦ for the
limits on the kinematic position angles to identify galaxies
with counter-rotation between their stars and ionised gas.

Prior to the determination of the kinematic position an-
gles, the stellar and ionised gas velocity maps are convolved
with a gaussian filter to remove any noise which could affect
the position angle measurements, especially for the galaxies
targeted with the 19 fibre bundles. The filter size is cho-
sen to be 2 spaxels, to remove artefacts on the scale of the

MNRAS 000, 1–15 (2017)



6 S. J. Penny et al.

−8 −6 −4 −2 0 2 4 6 8

X Offset (′′)

−8

−6

−4

−2

0

2

4

6

8
Y

O
ff

se
t

(′
′
)

Stars

PAstars = 65◦

−8 −6 −4 −2 0 2 4 6 8

X Offset (′′)

−8

−6

−4

−2

0

2

4

6

8

Y
O

ff
se

t
(′
′
)

MaNGA 1-113520 Ionised gas

PAgas = 182◦−40

−30

−20

−10

0

10

20

30

40

V
elo

city
(k

m
s
−

1)

−80

−60

−40

−20

0

20

40

60

80
V

elo
city

(k
m

s
−

1)

−5 0 5

X Offset (′′)

−5

0

5

Y
O

ff
se

t
(′
′
)

Stars

PAstars = 45◦

−5 0 5

X Offset (′′)

−5

0

5
Y

O
ff

se
t

(′
′
)

MaNGA 1-38618 Ionised gas

PAgas = 116◦−40

−30

−20

−10

0

10

20

30

40

V
elo

city
(k

m
s
−

1)

−32

−24

−16

−8

0

8

16

24

32

V
elo

city
(k

m
s
−

1)

−5 0 5

X Offset (′′)

−5

0

5

Y
O

ff
se

t
(′
′
)

Stars

PAstars = 92◦

−5 0 5

X Offset (′′)

−5

0

5

Y
O

ff
se

t
(′
′
)

MaNGA 1-38510 Ionised gas

PAgas = 293◦−60

−45

−30

−15

0

15

30

45

60

V
elo

city
(k

m
s
−

1)

−32

−24

−16

−8

0

8

16

24

32

V
elo

city
(k

m
s
−

1)

−15 −10 −5 0 5 10 15

X Offset (′′)

−15

−10

−5

0

5

10

15

Y
O

ff
se

t
(′
′
)

Stars

PAstars = 210◦

−15 −10 −5 0 5 10 15

X Offset (′′)

−15

−10

−5

0

5

10

15

Y
O

ff
se

t
(′
′
)

MaNGA 1-96154 Ionised gas

PAgas = 228◦−60

−45

−30

−15

0

15

30

45

60

V
elo

city
(k

m
s
−

1)

−80

−60

−40

−20

0

20

40

60

80

V
elo

city
(k

m
s
−

1)

Figure 3. Example stellar velocity maps (left panel) and ionised gas velocity maps (right panel) for 4/14 MaNGA galaxies in our
sample which contain an ionised gas component. We trace the ionised gas velocity feature using the Hα line. Two galaxies with co- or
counter-rotating stellar and ionised gas components are shown , along with two galaxies that host kinematically offset stars and ionised
gas. All have Mr > −19, M⋆ . 5 × 109 M⊙, and σ⋆ < 100 km s−1, placing them in the dwarf galaxy regime. The remaining velocity maps
are shown in AppendixA.
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Figure 4. Difference between the stellar and the ionised gas kine-
matic position angles as a function of galaxy mass. Object with
kinematic offsets > 180◦ between their stellar and ionised gas
components have been subtracted by 180◦ for simplicity. No obvi-
ous trend for galaxies to host kinematically offset gas with stellar
mass is seen. One object, MaNGA1-38166 could not be included
on this plot as we could not reliably measure a stellar kinematic
position angle.

noise from the velocity maps. For MaNGA1-113520, which
contains a counter-rotating core in its stellar component, we
do not attempt to fit a single global kinematic position an-
gle. Instead, we only fit the kinematic position angle for the
centrally rotating component, with the outer component as-
signed a kinematic position angle offset by 180◦ from the
central region. We were unable to determine a stellar kine-
matic PA for MaNGA1-38166, though a visual inspection of
its stellar kinematic map suggests it hosts weak stellar rota-
tion. The measured angles for both the stellar and gaseous
components are given in Table 1, along with their central
stellar velocity dispersions and Sérsic indices.

For eight galaxies in our sample, the recovered kine-
matic position angles of both their stars and ionised gas
have difference ∆PA < 30◦ or ∆PA > 150◦. These small kine-
matic offsets show the stars and gas within these objects
are likely in dynamical equilibrium. However, clear differ-
ences between the two kinematic position angles are seen
for the remaining five galaxies, and these objects likely host
recently accreted gas or satellites. A stellar kinematic po-
sition angle could not be determined for MaNGA1-38166,
though a visual inspection of the map suggests its stars and
gas are co-rotating. In Fig. 4, we plot ∆PA as a function of
galaxy stellar mass, and there is no preference for galax-
ies hosting kinematically offset gas to either higher or lower
stellar masses. To characterise the heating mechanism of this
ionised gas, we go on to examine the nature of their emission
on the BPT diagram.

3.1 Spaxel-by-spaxel BPT diagrams

We construct BPT diagrams for all objects in our quenched
sample which exhibit an ionised gas component, to sep-
arate those with nuclear starbursts from those exhibit-
ing AGN activity. The line ratios are calculated for each
spaxel in the datacube with a signal-to-noise > 10 in
the stellar continuum, and a signal-to-noise > 5 in their
Hα emission line. These emission line ratio diagrams are
presented in Fig. 5 (for those objects with kinematically
offset rotation), and Fig. 6 for those objects with co-
rotating gas. Also plotted for diagnostic purposes are the
Kewley et al. (2001) and Kauffmann et al. (2003) classifica-
tion lines classification lines, which are used to separate ex-
treme starbursts and H ii regions from AGN-like emission.
The Schawinski et al. (2007) division between Seyfert-like
and LINER-like (Low Ionisation Nuclear Emission Region)
emission line ratios is also plotted, to ensure we identify gen-
uine AGN emission in these galaxies, rather than heating by
hot, old stars, which can masquerade as LINER emission
(e.g. Cid Fernandes et al. 2011; Belfiore et al. 2016). Each
spaxel is coloured by its distance from the galaxy centre,
such that central spaxels are represented by darker points.

Fig. 5 and AppendixB1 shows that the galaxies with
kinematically offset gas exhibit AGN-like emission in their
central regions, with no spaxels in any of the five galaxies
consistent with current star formation. In contrast, eight of
the nine galaxies plotted in Fig. 6 and AppendixC1 with
co-rotating or counter-rotating ionised gas have spaxel-by-
spaxel BPT diagrams dominated by star formation or com-
posite (AGN+star-formation) emission line ratios. Only one
object with co-rotating stars and gas, MaNGA-1-230177, has
clear AGN-like emission at its centre. We note that several
galaxies with AGN-like emission ratios at their centres have
spaxels consistent with LINER-like emission in their outer
regions. This wide-spread LINER activity is consistent with
either heating from the central AGN, or from old stellar pop-
ulations in these outer regions. This wide-spread LINER-like
emission is not seen in those galaxies with central star forma-
tion or composite AGN/star formation emission line ratios.

3.1.1 WHAN-classified AGN

We also construct spaxel-by-spaxel BPT diagrams for the
22 galaxies classed as AGN using the WHAN classification
system, but we do not include these plots. 12 objects in this
sample exhibit central spaxels in the AGN/LINER/star for-
mation composite region of the BPT diagram, five of which
do not exhibit any purely star forming spaxels, while seven
host star formation in their outer regions. As such, these
seven objects are not truly quenched galaxies, and have ei-
ther blue colours (u − r) < 1.65, else are dust reddened edge-
on spirals with axial ratios b/a ≤ 0.4. Ten galaxies have line
ratios at their centres consistent with active star formation.
As we cannot classify any of these objects as clear AGN host
candidates, we do not analyse them further in this work.

3.2 Emission-line maps

Cheung et al. (2016) identified a number of galaxies in
the MaNGA survey with AGN-powered maintenance-mode
feedback, in which further star formation is prevented by
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Table 1. Basic properties for the 14 low-mass galaxies identified as quenched galaxies in Section 3 which host an ionised gas component.
Global kinematic position angles for their stellar (PA⋆) and ionised gas (PAgas) components, along with the difference between the two
values ∆PA are provided. A global stellar kinematic PA could not be reliably measured for MaNGA 1-113520 due to the presence of a
counter-rotating component.

MaNGA-ID Plate IFU RA Dec z Mr Sérsic n σ⋆ PAstars PAgas ∆PA

(J2000.0) (J2000.0) (mag) (km s−1) (◦) (◦) (◦)

1-38166 8081 3702 03:19:47.24 +00:37:25.8 0.025 -18.65 3.4 . . . . . . 86 ± 7.6 . . .

1-38618 8084 1902 03:30:29.42 -00:29:19.6 0.022 -18.84 2.7 43 45 ± 6.5 116 ± 9.4 71
1-38510 8155 1901 03:32:05.59 +00:28:45.8 0.022 -18.73 1.6 . . . 92 ± 1.5 113 ± 7.9 21
1-379255 8711 1901 07:53:03.98 +52:44:35.5 0.018 -18.36 4.7 78 134 ± 18.4 22 ± 9.2 112
1-230177 8942 6101 08:19:35.49 +26:21:45.6 0.020 -18.82 1.8 . . . 37 ± 2.2 52 ± 5.0 15
1-488575 8449 1902 11:13:49.70 +22:48:38.4 0.022 -18.46 2.2 . . . 67 ± 6.6 71 ± 6.0 4
1-456355 8931 6104 12:57:11.96 +27:06:12.0 0.025 -19.02 1.6 . . . 167 ± 2.7 176 ± 1.7 9
1-284335 8318 6103 13:07:17.01 +45:43:41.3 0.035 -19.04 4.0 . . . 207 ± 9.7 21 ± 9.9 186
1-93551 8483 1901 16:25:14.66 +48:43:16.8 0.021 -17.86 6.0 49 101 ± 14.9 113 ± 9.1 12
1-96154 8612 9102 16:57:35.35 +39:17:09.9 0.033 -18.87 1.0 . . . 210 ± 12.1 228 ± 14.0 18
1-136305 8606 3704 17:03:39.73 +36:23:05.8 0.025 -18.45 1.1 56 278 ± 2.6 278 ± 5.5 0
1-178823 8623 9102 20:47:03.31 +00:26:12.4 0.013 -18.92 2.0 . . . 97 ± 1.7 354 ± 6.7 257
1-113520* 7815 1901 21:10:00.53 +11:30:38.3 0.017 -18.98 2.3 52 65 ± 4.5∗ 182 ± 1.8 58
1-29809 8655 1902 23:53:52.52 -00:05:55.4 0.022 -18.72 1.8 . . . 21 ± 4.4 232 ± 8.9 211

∗MaNGA 1-113520 hosts a counter-rotating core, and thus the measured kinematic position angle is for the core region only.
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Figure 5. Spaxel-by-spaxel BPT emission line ratio diagrams for two of the five galaxies in our sample with a kinematically-offset gas
component. BPT diagrams for the remaining two galaxies are given in AppendixB1 The colour of each point corresponds to its distance
from the galaxy centre, with the darkest points representing the central spaxels. Spaxels in the central 2.5 arcsecs (the PSF of the reduced
datacubes) are circled in green. No object in this sample exhibits line ratios consistent with solely being from ongoing star formation. Also
plotted for diagnostic purposes are the Kewley et al. (2001) and Kauffmann et al. (2003) classification lines, which are used to separate
extreme starbursts and H ii regions from AGN-like emission. The Schawinski et al. (2007) division between Seyfert-like and LINER-like
(Low Ionisation Nuclear Emission Region) emission line ratios is also plotted.

the heating or removal of gas after the initial quenching
episode. Such galaxies exhibit bi-symmetric emission line
features, traced by the equivalent widths of their Hα line.
These emission features are co-aligned with their ionised-gas
velocity fields, and are found in ∼ 10% of MaNGA galaxies
with stellar masses ∼ 2 × 1010 M⊙ .

We construct maps showing the distribution of the Hα
emission within the galaxy to search for such features in
the low-mass galaxies with AGN-like emission. The equiv-
alent widths for the Hα line are provided as part of the
DAP output, and these maps are shown in Fig. 7. As can be

seem in Fig. 7, four of the galaxies exhibit clear bi-symmetric
emission features, though these features are not necessarily
aligned with the velocity fields of their ionised gas. We also
construct these maps for the galaxies with line ratios con-
sistent with star formation, and these bi-symmetric features
are not present in that sample.

3.3 Mid-IR colours

Mid-IR photometry is a useful diagnostic tool for the identi-
fication of AGN in the absence of radio or X-ray data, partic-
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Figure 6. Spaxel-by-spaxel BPT emission-line ratio diagrams for two galaxies in our sample with gas that is either co-rotating or offset
by ≈ 180◦ (counter rotating) from their stellar component. BPT diagrams for the remaining seven galaxies are given in AppendixC1.
The colour of each point corresponds to its separation from the centre of the galaxy in arcseconds. Spaxels in the central 2.5 arcsecs (the

PSF of the reduced datacubes) are circled in green. The majority (8/9) of the galaxies with co- or counter-rotating gas have emission line
ratios consistent with star formation or composite AGN/star formation. The remaining galaxy, MaNGA-1-230177, has central spaxels
that exhibit emission line ratios consistent with AGN activity.

ularly for objects hosting Seyfert-like emission, or obscured
AGN. For example, radio-loud AGN are expected to radiate
brightly in the mid-IR if the dust torus of the AGN strongly
obscures the central black hole. Low-excitation radio galax-
ies hosting AGN are harder to identify in the mid-IR how-
ever, and exhibit a range of mid-IR colour (e.g. Gürkan et al.
2014).

Mid-IR colours can also be used to separate out
quenched stellar populations from those with recent star
formation. For example, red-sequence, optically quenched
galaxies that have undergone star formation in the past
2Gyr exhibit excess mid-IR emission (e.g. Ko et al. 2013).
This is due to emission from the dusty circumstellar en-
velopes of asymptotic giant branch (AGB) stars, and poly-
cyclic aromatic hydrocarbon (PAH) release from carbon
stars. The contribution of these processes to the mid-IR
emission of a galaxy decreases as the mean stellar age of
the galaxy increases.

We confirm the current star formation state of the
galaxies using mid-IR photometry taken from the WISE

telescope (Wright et al. 2010) All Sky Survey. We plot the
[3.4] − [4.6] versus [4.6] − [12] colours of the entire low-mass
galaxy sample in Fig. 8. Those objects with S/N < 2 in the
WISE are shown as unfilled circles. We also plot the posi-
tions of the objects classed as AGN or star forming via the
line-strength diagnostic techniques presented in Section 3.1.
One object in our AGN sample, MaNGA 1-38618, is ex-
cluded from this plot, as its photometry is flagged as unre-
liable by the WISE photometry pipeline, likely due to its
close proximity to a foreground star (WISE has an angular
resolution of ∼ arcsec).

One galaxy, MaNGA 1-29809, lies in the region of the
WISE [3.4] − [4.6] versus [4.6] − [12] colour-colour diagram
typically occupied by Seyfert galaxies and obscured AGN
(see figure 12 of Wright et al. 2010), with [4.6]− [12] = 3.50,
and [3.4]−[4.6] = 1.83. The red [3.4]−[4.6] colour indicates a

heavily obscured Type-2 AGN (Jarrett et al. 2011). The re-
maining BPT-classified AGN have 1.19 < [4.6] − [12] < 1.73,
consistent with them hosting little or no star formation,
and they likely host primarily quenched stellar popula-
tions. Never-the-less, they are not as blue as many ellip-
tical galaxies, which typically have 0 < [4.6] − [12] < 1.5.
In contrast, those galaxies which exhibit composite or star-
formation like emission line ratios are typically redder, with
1.72 < [4.6] − [12] < 2.62, and lie in the region of the colour-
colour diagram occupied by star forming galaxies. [4.6]−[12]

colours indicate the amount of dust heating in a galaxy due
to star formation, with bluer colours due to little-to-no star
formation. Though we do not plot them in Fig. 8 for sim-
plicity, those galaxies identified as AGN using the WHAN
classification system have mid-IR [4.6] − [12] colours consis-
tent with active star formation.

We also checked the Faint Images of the Radio Sky at
Twenty Centimeters (FIRST Becker et al. 1995)) radio sur-
vey for detections of our AGN-host galaxies, but no sources
were found within 10 arcsec of the AGN-host candidates.
Stacked FIRST imaging for the AGN-host candidates also
did not reveal a detection. A deeper radio continuum survey
is therefore required to constrain the individual radio powers
of the galaxies. No X-ray data is available for these objects.

3.4 Star formation histories

We check the spatially resolved star formation histories for
the AGN hosts, to see if any have undergone recent star for-
mation that has been quenched by the AGN. The mean stel-
lar ages of the objects are provided by the MaNGA Pipe3D
pipeline, which provides stellar population fits to all MaNGA
galaxies using simple stellar population models. For more in-
formation on MaNGA Pipe3D, see Sánchez et al. (2016a,b).

In the lowest redshift object in our sample, MaNGA1-
178823, we were able to resolve recent star formation within
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Figure 7. Hα equivalent maps for the six dwarfs in which AGN-like emission dominates at their centres (central panels). Their ionised
gas velocity fields are shown for comparison (right-hand panels). The left-hand panels for each galaxy show an SDSS colour image, with
the MaNGA IFU field-of-view overlaid as a hexagon.

its central 0.25 kpc. The galaxy has a mean stellar age
< 1 ± 0.8Gyr with its central 0.25 kpc, suggesting a recently
quenched nuclear starburst. Within 1 Re, MaNGA1-178823
also exhibits a clear post-starburst spectrum with A-star
like spectra with strong Hδ and Hβ absorption. Young cen-
tral ages < 1.5Gyr are also found for MaNGA1-29809 and
MaNGA1-38618, again showing they have undergone re-
cently quenched star formation episodes. Beyond their cen-
tral regions, the stellar populations of these galaxies are typ-
ically old, with mean stellar ages > 3Gyr. The remaining
three AGN-host objects are dominated by old stellar popu-
lations with ages > 3Gyr throughout their structures.

3.5 AGN luminosities

We estimate the AGN luminosities for our sample using their
[Oiii]λ5007 emission lines. The [Oiii] fluxes F[Oiii] within
the central 0.5 kpc radius of each dwarf are converted to

luminosities using L[Oiii] = 4πD2
L

F[Oiii] , where DL is the
luminosity distance of the galaxy. We do not correct the
fluxes for dust reddening internal to the galaxies, and we
assume the flux is dominated by the contribution from the
AGN.

The dwarfs have 1.5 × 1037erg s−1 < L[Oiii] < 1.64 ×

1038 erg s−1, with median L[Oiii] = 1.05 × 1038 erg s−1. We
convert this value of L[Oiii] to a bolometric luminosity Lbol

using the bolometric correction Lbol ≈ 3500L[Oiii] from
Heckman et al. (2004). This gives a typical AGN bolometric
luminosity Lbol = 3.7 × 1041 erg s−1 for the low-mass AGN
host galaxies in our sample. However, the bolometric cor-
rection we have used may not be applicable to these low-
mass systems, as its calibration was done using galaxies
of much higher mass. Moran et al. (2014) suggest a bolo-
metric correction Lbol/L[Oiii] = 1000 for dwarf AGN sys-
tems, so the AGN bolometric luminosities may be as low as
Lbol = 1.06 × 1041 erg s−1.
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Figure 7 – continued Hα equivalent maps for the six dwarfs in which AGN-like emission dominates at their centres.

We also estimate a typical black hole mass for these
system following McConnell & Ma (2013), though without
reliable measures of σ⋆ for the majority of our objects, we
note this is an upper limit. We assume σ⋆ ≈ 50 km s−1 for the
low mass galaxies in our sample, typical for dEs in their lu-
minosity range (e.g. Penny et al. 2016), and consistent with
the recovered values of σ⋆ presented in Table 1. This gives
a typical black hole mass log10(MBH/M⊙) ≈ 5 for these low-
mass galaxies.

4 DISCUSSION

4.1 Low-mass AGN-host galaxies

We identify six low-mass, non-star forming galaxies that ex-
hibit AGN-like emission line ratios in their spatially-resolved
BPT diagrams (Figs. 5 and 6). Of these, six have kinemat-
ically offset gas, such that the velocity field of their ionised
gas component is offset by > 30◦ from the kinematic PA
of their stellar component (Fig. 3). The remaining galaxy

with central AGN-like emission has an ionised gas compo-
nent that is co-rotating with the stars. All six candidates
have M⋆ . 5 × 109 M⊙ , and Mr > −19, placing them in the
dwarf galaxy regime.

Using the luminosities of their O[iii] emission lines, we
find LOiii ≈ 1.05 × 1038 erg s−1 for a typical low-mass galaxy
in our sample (Lbol = 3.7 × 1041 erg s−1). These luminosi-
ties are comparable to those identified for similar luminosity
galaxies in the literature (e.g. Moran et al. 2014), suggesting
AGN may play a role in low-mass galaxy evolution. Further
observations are required to establish if evidence for main-
tenance mode feedback, such as bi-symmetric emission line
features, are common in these low-mass AGN-host galaxies.

Based on the kinematic offset of the gas in the major-
ity of the dwarfs with nuclear AGN-like emission, and the
large velocity offset from the stellar kinematics, we infer that
this gas is either being accreted onto, or expelled from, the
low-mass galaxies. As these low-mass galaxies also exhibit
AGN-like emission line ratios, we suggest that maintenance-
mode AGN feedback is preventing the gas in these galaxies
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Figure 8. WISE colour-colour diagram for low-mass galaxies
in MaNGA. The BPT-classified AGN hosts are shown as red
squares. In general, the AGN-hosts exhibit bluer [4.6]−[12] colours
than those that host composite or star forming regions at their
centres, consistent with little-to-no ongoing star formation. How-
ever, one low-mass galaxy, MaNGA-MaNGA 1-29809, has an ex-
tremely red[3.4]−[4.6] colour, consistent with those of Seyfert-like
hosts previously examined in the literature (e.g. Gürkan et al.
2014).

from cooling and triggering new bursts of star formation.
These faint galaxies are therefore likely low-mass analogues
of the“red geysers” presented in (Cheung et al. 2016), which
maintain quiescence through low-level AGN heating which
prevents accreted gas from cooling and forming new stars.
Two galaxies in particular, MaNGA 1-113520 and MaNGA
1-230177, do not contain any spaxels in their MaNGA dat-
acube with emission line ratios consistent with photoionisa-
tion from star formation. A number of these low-mass AGN
host galaxies also exhibit mean stellar ages < 1.5Gyr at their
centres, showing they have undergone a recent quenching
episode, likely the result of this AGN feedback.

We discuss the properties of individual galaxies in the
sample with evidence for AGN feedback below.

4.1.1 MaNGA 1-38618

MaNGA 1-38618 has a stellar mass 2.8 × 109 M⊙ , and Mr =

−18.65. It exhibits weak Hα emission throughout its struc-
ture, with no clear symmetric features and a kinematic po-
sition angle offset between its gas and stars of ∼ 90◦. It
has emission line ratios in its central regions consistent with
AGN/LINER activity, while at larger radii the emission is
composite between star formation and LINER-like. It also
exhibits a young central stellar population, with mean stel-
lar ages < 1.5Gyr, suggesting it has undergone a recently
quenched star formation episode.

4.1.2 MaNGA 1-379255

MaNGA 1-379255 has a stellar mass of 3.03 × 109 M⊙ . The
galaxy has a kinematic offset of 77◦ between its gas and stars,
and contains central spaxels which lie on the region of the
BPT diagram occupied by AGN-like galaxies. Its emission
features are not bi-symmetric. However, it has few spaxels
above our signal-to-noise threshold.

4.1.3 MaNGA 1-230177

MaNGA 1-230177 is unusual in our sample of six dwarf-like
AGN hosts, in that its gaseous and stellar components are
co-rotating, with a kinematic offset of 15◦ between the two.
It has a stellar mass 3.98 × 109 M⊙ , and it has bar-like in
shape with no spiral arms in gri colour imaging. The galaxy
also exhibits very clear bi-symmetric Hα emission aligned
with its minor axis.

4.1.4 MaNGA 1-178823

MaNGA 1-178823 is the lowest redshift object in our AGN
sample, with z = 0.013 (48Mpc). It has a stellar mass
4.39 × 109 M⊙ , and Mr = −18.92. MaNGA 1-178823 has a
bright, point-like nucleus clearly visible in its SDSS colour
imaging, consistent with emission from an AGN, or the nu-
clear star clusters seen in bright dwarf galaxies in galaxy
clusters like Fornax (e.g. Muñoz et al. 2015). It has very ob-
vious bi-symmetric emission, and like the majority of galax-
ies in our AGN sample, it exhibits a large kinematic off-
set between its gas and stars, such that the rotation of its
ionised gas emission as traced by the Hα emission line is off-
set by 61◦ from its stellar component. It also exhibits weak
D4000 absorption at its centre (i.e. younger mean stellar
ages) compared to outer regions, with mean stellar ages in
its central 0.25 kpc < 1Gyr. MaNGA 1-178823 is located in
the NGC 6962 group, at a projected distance of just 16 kpc
and 122 kms−1 from the S0 galaxy NGC 6959, and the two
galaxies are therefore likely tidally interacting. The BPT di-
agram of the galaxy is primarily dominated by LINER-like
emission to large radii, suggesting the presence of old, low-
mass stars, though the nuclear region exhibits Seyfert-like
emission. Based on line-strength ratios, it does not exhibit
any star formation throughout its structure.

4.1.5 MaNGA 1-113520

MaNGA 1-113520 does not exhibit any emission lines in the
star forming part of the BPT diagram, with the most central
spaxels exhibiting AGN emission line ratios. The galaxy ex-
hibits a counter-rotating core in its stellar component, and
its gas is kinematically offset from the stellar components
by ∼ 68◦. It furthermore exhibits bi-symmetric Hα emission,
with this emission spatially aligned with the kinematically-
offset gas component 7. The equivalent widths of the Hα
features increase with radius from the galaxy nucleus, and
resembles several cartoon models of AGN feedback. It is not
detected in MaNGA Green Bank H i single dish follow-up
observations (Masters et al., in prep.). The galaxy is not de-
tected at either radio or X-ray wavelengths, and has mid-IR
colours [3.4]−[4.6] = 1.6 and [4.6]−[12] = 0.0, consistent with
the galaxy hosting little star formation in the past 2Gyr.
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4.1.6 MaNGA 1-29809

Of the six galaxies with AGN-like emission, one galaxy,
MaNGA 1-29809 shows evidence across multiple wave-
lengths for hosting an active nucleus. The strongest Hα emis-
sion is centrally located, with a hint of a ring-like structure
at larger radii. It has WISE mid-IR colours [3.4]−[4.6] = 1.8

and [4.6] − [12] = 3.5, placing it in the region of the colour-
colour diagram occupied by Seyferts, ULIRGS, and LIN-
ERS. This object was also identified as a dwarf AGN by
Sartori et al. (2015) based on this [3.4]−[4.6] mid-IR colour.
It is offset from a point-like source in the radio-continuum
FIRST survey by ∼ 30′′, with a flux 3.19 ± 0.097 mJy, how-
ever this is likely to be a background source. No obvious
galaxy or star is detected at optical wavelengths is detected
at this location. No X-ray observations are available for this
galaxy.

With a stellar mass 3.6 × 109 M⊙ , it is one of the low-
est mass galaxies with clear signatures of hosting an AGN
identified to date. MaNGA 1-29809 is fairly well isolated,
located at a distance D = 928 kpc and ∆v = 799 km s−1 from
the S0 galaxy IC 1517 (MK = −24.6). The central veloc-
ity dispersion of MaNGA 1-29809 is well below the BOSS
spectrograph’s instrumental resolution, and thus we cannot
easily calculate the mass of its supermassive black hole using
the central velocity dispersion. However, we can place limits
on this mass, using σcen = 50 kms−1 as an upper limit on the
galaxy’s central velocity dispersion. With a central velocity
dispersion σcen = 50 kms−1, this would imply a central black
hole mass < 106 M⊙ , assuming MaNGA 1-29809 lies on the
M−σ relation (e.g. Ferrarese & Merritt 2000). However, the
resolution of the data are not sufficient to examine the broad
line regions of the AGN emission. The galaxy has a mean
stellar age < 1.5Gry with its central 0.25 kpc, suggesting it
has been recently quenched after a star formation episode.

4.2 Low-mass galaxies hosting star formation

The remaining eight galaxies in our sample do not exhibit
emission line features consistent with AGN activity. Instead,
their spatially resolved BPT diagrams are dominated by line
ratios suggesting they host ongoing star formation. This star
formation is typically located in the outer regions of the
galaxies, and most (7 out of 8) have central spaxels that re-
side in the star-formation/AGN/LINER composite region of
the BPT diagram, i.e the region between the Kewley et al.
(2001) and Kauffmann et al. (2003) diagnostic lines. We can-
not rule out these galaxies as AGN hosts, as both AGN ac-
tivity and star formation is contributing to the heating of
their ionised gas component.

4.3 AGN host galaxy fraction

10 per cent of the galaxies in our quenched dwarf galaxy sam-
ple appear to host genuine AGN, based on BPT diagnos-
tics. This is comparable to the X-ray identified AGN frac-
tion identified in previous work for low mass galaxies with
M⋆ > 5 × 109 M⊙ (Aird et al. 2012; Bongiorno et al. 2016).
We also compare the fraction of low-mass galaxies in our
sample hosting AGN, to that of the general galaxy popula-
tion over the same mass range. Restricting our sample to a
stellar mass range 109 M⊙ < M⋆ < 5×109 M⊙ , and including

the dwarfs with composite AGN/SF emission at their cen-
tres, we have a total of 13 possible dwarf AGN host galaxies.
248 low-mass MaNGA galaxies fall in the same mass range.
We can therefore place an upper limit of 5 per cent of all
MaNGA galaxies at this mass range hosting AGN, while
the ratio of AGN host galaxies to star forming galaxies is
∼ 7 per cent.

This compares to 10 per cent of AGN hosts across the
mass range identified in Bongiorno et al. (2016) calculated
using estimates of the AGN duty cycle, and ∼ 5per cent for
galaxies with stellar masses 5 × 109 M⊙ < M⋆ < 1010 M⊙
(Aird et al. 2012). For more luminous galaxies, the fraction
of AGN hosts increases to 20-30 per-cent at low redshift
(z = 0.25 Georgakakis et al. 2017). Thus our AGN fraction
appears consistent with that in the literature for other low-
mass galaxies.

4.4 Alternative heating mechanisms

AGN-like emission line ratios do not necessarily mean the
gas in that galaxy has been ionised by a central super-
massive black hole. Several other heating mechanisms ex-
ist within galaxies that can result in such ratios, includ-
ing heating by hot, old, evolved stars (e.g. post-AGB stars).
Belfiore et al. (2016) demonstrated that extended LINER-
like emission found in many MaNGA galaxies is likely the
result of ionisation by post-AGB stars. Post-AGB stars are
the main source of ionising photons upon the cessation of
star formation (Stasińska et al. 2008; Cid Fernandes et al.
2011), though it is unclear if post-AGB stars are able to
power the observed equivalent widths of LINER-like host
galaxies due to the difficulty in modelling post-AGB stars.
Belfiore et al. (2016) refer to galaxies with LINER-like line-
strength ratios resulting from heating by old stars as LIERs,
as they masquerade as LINERS on the BPT diagram. How-
ever, the AGN-candidates in our sample have Seyfert-like
emission at their centres, unlike that seen in the the LIER
galaxies presented in Belfiore et al. (2016).

The mid-IR colours of all but one of the BPT-classified
AGN are blue ([4.6] − [12] < 1.7), showing a lack of recent
star formation throughout their structures. These line ratios
might therefore be the result of feedback from hot, evolved
stars. We have assumed in this work that gas is either being
driven in or out of the galaxies, due to the different kine-
matic properties of the stellar and ionised gas components.
This kinematic offset shows the gas is not in dynamical equi-
librium with the rest of the galaxy. Furthermore, several of
the galaxies exhibit elevated Hα velocity dispersions along
their bi-symmetric emission line features, indicating gas out-
flows. However, higher spatial and instrumental resolution
IFU data is needed to fully examine the nature of this emis-
sion.

5 CONCLUSIONS

We present evidence for AGN feedback in low-mass galax-
ies. Our sample, which is drawn from the first 2 years of the
SDSS-IVMaNGA survey, provides spatially resolved confor-
mation that low-mass galaxies which exhibit evidence for gas
inflow/outflow are prevented from forming stars via AGN
feedback. These are likely low-mass analogues of the “red

MNRAS 000, 1–15 (2017)



14 S. J. Penny et al.

geysers” presented in (Cheung et al. 2016). This result sug-
gests that AGN feedback may play an important feedback
role in low mass galaxies with M⋆ ∼ 109 M⊙ . This feedback
is likely most important in the galaxy group environment
in order to stop dEs with M⋆ ∼ 109 M⊙ undergoing further
star formation after an initial quenching episode through e.g.
tidal interactions. We summarise our conclusions below.

• A key result of these study is that maintenance-mode
AGN feedback may be required for some bright dE galaxies
to maintain quiescence in galaxy groups and the outskirts
of clusters. Environmental quenching is likely still the dom-
inant quenching mechanism for dE galaxies, though AGN
feedback may help some dEs maintain quiescence after the
initial quenching episode.

• Five low-mass galaxies in our sample exhibit ionised gas
components as traced through the Hα emission line that are
kinematically offset by & 30◦ from their stellar velocity field.
This means the gas in these galaxies is not in dynamical
equilibrium, and it is either a recently accreted component,
else an outflow.

• All five of galaxies with kinematically offset gas exhibit
AGN-like emission line ratios at their centres, along with one
galaxy that has an ionised gas component that is co-rotating
with its stars.

• One low-mass galaxy, MaNGA1-29809, exhibits evi-
dence at optical and mid-IR wavelengths for hosting an
AGN with Seyfert-like emission line ratios. With a stellar
mass 3.6 × 109 M⊙ , this is one of the lowest-mass AGN host
galaxies identified to date. This makes it an ideal candi-
date for multi-wavelength follow-up observations, including
both high-resolution imaging and more detailed IFU spec-
troscopy.

While it is usually assumed that AGN feedback is unim-
portant in low-mass galaxy evolution, we have demonstrated
here that ∼ 10per cent of galaxies in MaNGA with stellar
masses . 5×109 M⊙ are AGN host candidates. Detailed ob-
servational followup is therefore needed to fully understand
the role of feedback in these galaxies.
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APPENDIX A: STELLAR AND IONISED GAS

VELOCITY MAPS

Stellar and ionised-gas velocity maps are provided in Fig. A1
for the low-mass MaNGA galaxies examined in this work.
The ionised gas velocity field is traced using the Hα emission
line.

APPENDIX B: BPT DIAGRAMS FOR

GALAXIES WITH KINEMATICALLY-OFFSET

IONISED GAS

Spaxel-by-spaxel BPT diagrams are presented in Fig. B1 for
the low-mass galaxies in the sample defined in Sec. 2.2 and
Sec.3 that host a kinematically-offset ionised gas component.
These galaxies typically have AGN-like emission line ratios
at their centres.

APPENDIX C: BPT DIAGRAMS FOR

GALAXIES WITH CO-ROTATING IONISED

GAS

Spaxel-by-spaxel BPT diagrams are presented in Fig. C1 for
the low-mass galaxies in the sample defined in Sec. 2.2 and
Sec.3 that host an ionised gas component that is either co-
rotating or counter-rotating with their stellar component.
The majority of these galaxies host composite star forming
/ AGN-like emission line ratios at their centres, and cannot
therefore be classed as AGN-host galaxies. Only spaxels with
S/N > 5 in the Hα emission line are plotted.

This paper has been typeset from a TEX/LATEX file prepared by
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Figure A1. Stellar velocity maps (left panel) and ionised gas velocity maps (right panel) for the low-mass quenched MaNGA galaxies
which contain an ionised gas component. The ionised gas velocity fields are traced using the Hα line. The maps for the remaining galaxies
are shown in Fig.3.
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Figure A1 – continued Stellar velocity maps (left panel) and ionised gas velocity maps (right panel) for the low-mass MaNGA galaxies
in our sample which contain an ionised gas component.
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Figure A1 – continued Stellar velocity maps (left panel) and ionised gas velocity maps (right panel) for the low-mass MaNGA galaxies

in our sample which contain an ionised gas component.
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Figure B1. Spaxel-by-spaxel BPT diagrams for the low-mass galaxies with kinematically-offset ionised gas. Spaxels in the central
2.5 arcsecs (the PSF of the reduced datacubes) are circled in green. Also plotted for diagnostic purposes are the Kewley et al. (2001) and
Kauffmann et al. (2003) classification lines, which are used to separate extreme starbursts and H ii regions from AGN-like emission. The
Schawinski et al. (2007) division between Seyfert-like and LINER-like (Low Ionisation Nuclear Emission Region) emission line ratios is
also plotted. Only spaxels with S/N > 5 in the Hα emission line are plotted. No object in this sample exhibits central line ratios consistent
with star formation.
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Figure C1. Spaxel-by-spaxel BPT diagrams for the galaxies in our sample with gas that is either co- or counter-rotating from their
stellar component. The colour of each point corresponds to its separation from the centre of the galaxy in arcseconds. Spaxels in the
central 2.5 arcsecs (the PSF of the reduced datacubes) are circled in green. Only spaxels with S/N > 5 in the Hα emission line are plotted.
MaNGA-1-230177 has central spaxels that exhibit emission line ratios consistent with AGN activity.
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Figure C1 – continued Spaxel-by-spaxel BPT diagrams for low-mass, quenched MaNGA galaxies which host an ionised gas that is either
co- or counter-rotating with their stellar component. MaNGA-1-230177 has central spaxels that exhibit emission line ratios consistent
with AGN activity.
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