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ABSTRACT
Dwarf ellipticals are the most common galaxy type in cluster environments, however
the challenges associated with their observation mean their formation mechanisms are
still poorly understood. To address this, we present deep integral field observations of
a sample of 31 low-mass (107.5 < M? < 109.5 M�) early-type galaxies in the Fornax
cluster with the SAMI instrument. For 21 galaxies our observations are sufficiently
deep to construct spatially resolved maps of the stellar velocity and velocity disper-
sion — for the remaining galaxies we extract global velocities and dispersions from
aperture spectra only. From the kinematic maps we measure the specific stellar angu-
lar momentum λR of the lowest mass dE galaxies to date. Combining our observations
with early-type galaxy data from the literature spanning a large range in stellar mass,
we find that λR decreases towards lower stellar mass, with a corresponding increase
in the proportion of slowly rotating galaxies in this regime. The decrease of λR with
mass in our sample dE galaxies is consistent with a similar trend seen in somewhat
more massive spiral galaxies from the CALIFA survey. This suggests that the degree
of dynamical heating required to produce dEs from low-mass starforming progenitors
may be relatively modest, and consistent with a broad range of formation mechanisms.
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1 INTRODUCTION

The population of low-redshift galaxies shows a clear bi-
modality between blue, star-forming, late-type galaxies and
red, passive, early-type galaxies (e.g. Strateva et al. 2001).

© 2020 The Authors
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2 N. Scott et al.

Understanding the physical processes that transform galax-
ies from star-forming to passive — so-called quenching mech-
anisms — is at the heart of studies of galaxy evolution.

Peng et al. (2010) argue that quenching can be sepa-
rated into two distinct regimes; mass quenching and envi-
ronment quenching. Mass quenching occurs when a galaxy’s
own halo prevents the formation of the dense gas necessary
for star formation. Mass quenching operates on galaxies with
stellar masses M∗ & 109.5 M�, though only becomes efficient
at shutting down star formation at M∗ > 1011 M�. Environ-
ment quenching occurs when a galaxy is influenced by fac-
tors outside its own halo — either nearby galaxies or its host
group or cluster halo — in such a way as to cause star for-
mation to cease. Environment quenching has an impact on
galaxies of all masses, but is only efficient in relatively dense
environments and at low to intermediate galaxy masses.

A variety of environmental mechanisms have been pro-
posed for quenching galaxies; ram-pressure stripping (Gunn
& Gott 1972), strangulation (Larson et al. 1980), harass-
ment and tidal interactions (e.g. Moore et al. 1998; Hern-
quist 1989), and merging. From studies of galaxies that are
actively being quenched (e.g. Koch et al. 2012; Poggianti
et al. 2017; Jaffé et al. 2018; Owers et al. 2019; Zabel et al.
2019) we can identify signatures of the different quenching
mechanisms in terms of differing timescales and spatial dis-
tributions for the shut-down of star formation (e.g. Schaefer
et al. 2019). Most importantly for this work, we expect that
ram pressure stripping and strangulation will leave the stel-
lar kinematics of a galaxy relatively undisturbed and cold
(though Hammer et al. 2019, argue sudden stripping may
heat the kinematics in very low mass galaxies), whereas ha-
rassment, mergers and large tidal interactions will all serve
to heat the kinematic distribution of the stars.

One limitation of this approach is that it focuses on only
the small subset of galaxies that are undergoing quenching
right now. From such targeted studies it has been histor-
ically difficult to determine which physical processes play
the most significant role in quenching galaxies. An alterna-
tive approach, and one better suited to address the demo-
graphics of quenching, is to study the large population of
passive galaxies that have already quenched. We can poten-
tially identify how the passive population was quenched by
examining the kinematics, stellar populations and gas con-
tent of quenched galaxies, a task ideally suited to integral
field spectroscopy. Starting with the SAURON survey (Em-
sellem et al. 2007; Cappellari et al. 2007), large IFS surveys
of giant (M? & 109.5 M�) passive galaxies have found two
distinct kinematic classes of objects, slow rotators and fast
rotators, based on their kinematic morphologies and specific
stellar angular momentum. The Atlas3D survey (Emsellem
et al. 2011) found slow rotators to make up a significant
proportion of the giant, passive galaxy population only for
galaxies with M? & 1011 M�. Below this mass the vast
majority of passive galaxies are fast rotators (see Cappel-
lari 2016, for an overview). This trend has been confirmed
by a series of IFS surveys with increasingly large sample
sizes (van de Sande et al. 2017; Graham et al. 2018; Veale
et al. 2017; Falcón-Barroso et al. 2019). In the Fornax clus-
ter, Scott et al. (2014) examined the stellar kinematics of
a subset of the most massive passive galaxies, finding only
two slow rotators in the cluster, a result confirmed by the
Fornax3D survey (Sarzi et al. 2018; Iodice et al. 2019). Note

that the fast rotator/slow rotator classification scheme was
developed for galaxies with M? & 109.5 M� and it is not
clear that it is applicable to lower mass galaxies with signif-
icantly different formation histories.

Unfortunately, for massive galaxies in dense environ-
ments, both mass quenching and environment quenching are
expected to contribute to the shutdown of star formation,
making the two independent processes difficult to separate.
In contrast, for low-mass dwarf galaxies environmental pro-
cesses are expected to dominate, with mass quenching play-
ing a negligible role in influencing their observed properties.
This makes low-mass galaxies in dense environments ideal
objects to study the mechanisms of environmental quench-
ing. The low-mass population of galaxies in galaxy clusters
is dominated by galaxies with a dwarf elliptical (dE) mor-
phology — that is red, passive, spheroidal systems (Lisker
et al. 2007; Janz et al. 2012; Roediger et al. 2017; Venhola
et al. 2019), though they may exhibit a range of stellar
population ages (Hamraz et al. 2019) and internal struc-
tures (Lisker et al. 2006). As predominantly passive objects
(Roediger et al. 2017), dE galaxies represent one end result
of the physical processes of environmental quenching.

The impact of environment on the quenching of dwarf
galaxies has been widely studied using imaging and fibre
spectroscopy. dEs are extremely rare in low-density envi-
ronments (Geha et al. 2012; Davies et al. 2016), implying
that the environment plays a key role in shutting down star
formation in dwarf galaxies. Both observations (Michielsen
et al. 2008; Wetzel et al. 2013) and simulations (Boselli et al.
2008; Fillingham et al. 2015, 2016) suggest that the shut-
down of star formation occurs rapidly on timescale of order
1 Gyr, with ram pressure stripping the leading mechanism
(Boselli & Gavazzi 2014). Kinematic heating due to harass-
ment may occur on longer timescales (Michielsen et al. 2008;
Benson et al. 2015). This scenario suggests that the progen-
itors of present day dEs are low mass, star forming spiral
and irregular galaxies (however these progenitors may not
be similar to present day low-mass star forming galaxies,
see Lisker et al. 2013). An alternative formation scenario,
where dEs represent the low-mass tail of the giant elliptical
population is suggested by consistent scaling relations be-
tween the two classes (e.g. Geha et al. 2003; Chilingarian
2009), however the strong environmental dependence of dE
number density is difficult to reconcile with this scenario.

While common in galaxy clusters, the resolved kinemat-
ics of dEs are challenging to measure. They are intrinsically
faint, have small effective radii and are expected to have ro-
tation velocities or velocity dispersions of, at most, a few
10s of km s−1. Despite these challenges several recent stud-
ies have targeted dEs, predominantly in clusters, either with
IFS (Ryś et al. 2013; Adams et al. 2014; Mentz et al. 2016;
Penny et al. 2016) or long-slit spectroscopy (Pedraz et al.
2002; Toloba et al. 2014; Penny et al. 2015; Janz et al. 2017).
These studies find a variety of kinematic morphologies for
dE galaxies, with an increase in the relative proportion of
slow rotators compared to intermediate mass (M? ∼ 1010

M�) galaxies. However the sample size of these studies is
modest compared to those of more massive galaxies — for
the IFS studies at most a dozen objects, and a few tens for
the long slit studies. They are also restricted to the brighter
end of the dE distribution, primarily targeting galaxies with
M? > 109 M�.
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Table 1. Summary of SAMI Fornax Survey observing runs

Date Fields Median Exposure

observed seeing Time per

Field (hrs)

4th – 8th Nov 2015 2 2.3′′ 7.0

26th – 30th Oct 2016 3 1.9′′ 6.7

9th – 15th Oct 2018 5 2.2′′ 6.1

In this work and a short series of following papers, we
aim to address these two deficiencies in our current under-
standing of dEs by observing and analysing a new, large
sample of low-mass galaxies in the nearby Fornax cluster. We
cover a sample of dwarf galaxies representative of the general
cluster dwarf population, and exploring down to magnitudes
and surface brightness that have not been studied before.
Our sample offers the opportunity to study the dark mat-
ter content of dwarf galaxies with a potentially significant
amount of dark matter in a mass regime that bridges ob-
servations of the Local Group dSph population and existing
studies of more massive dwarf galaxies (e.g. Ryś et al. 2014).
Observations, described in Section 2, were undertaken using
the Sydney Anglo Australian Observatory Multi-Object In-
tegral Field Spectrograph (SAMI). We take advantage of
deep, wide-field photometry from the Fornax Deep Survey
(FDS Iodice et al. 2016; Venhola et al. 2018) to select and
characterise our targets, described in Section 3. We describe
the reduction of the SAMI data in Section 4, and briefly
describe the stellar kinematics analysis in Section 5, with
details provided by Eftekhari et al.(in prep). In Section 6 we
present an analysis of the stellar kinematics of dE galaxies
in the Fornax cluster, and conclude in Section 8. Analysis of
the integrated stellar kinematics of this sample is presented
by Eftekhari et al. (in prep), with an analysis of the stellar
populations to appear in a future article.

Throughout this work we adopt a distance to the Fornax
cluster of 20.0 Mpc (Blakeslee et al. 2009) and a virial radius
for the cluster of 2.2◦ (0.77 Mpc at our adopted distance,
Drinkwater et al. 2001b).

2 OBSERVATIONS

All observations were conducted with the Sydney – Aus-
tralian Astronomical Observatory (AAO) Multi-Object
Integral-Field spectrograph (SAMI Croom et al. 2012) on
the 3.9m Anglo-Australian Telescope at Siding Spring Ob-
servatory, New South Wales. SAMI is a fibre-fed, mulit-
object integral-field spectrograph that feeds the AAOmega
spectrograph (Sharp et al. 2006).

SAMI uses the innovative “hexabundle” technology
(Bland-Hawthorn et al. 2011; Bryant et al. 2011, 2014),
where individual optical fibres are fused together to make
integral field units (IFUs). SAMI consists of 13 such IFUs,
where each IFU consists of 61 individual 1.′′6 diameter fibres
arranged in a close-packed pattern. The resulting hexabun-
dles have an on-sky diameter of 15′′which can be placed any-
where within the instrument’s 1◦ field-of-view. In addition
to the 13 hexabundles there are 26 dedicated sky fibres that
are placed at predetermined blank sky positions throughout
the field-of-view to enable simultaneous observation of the
night sky background.

The AAOmega spectrograph is a double-armed spec-
trograph covering the blue and red optical regions of the
electromagnetic spectrum. AAOmega allows variable wave-
length coverage and spectral resolution in each arm. For the
SAMI–Fornax Dwarfs Survey we used the 1500V grating
in the blue arm and the 1000R grating in the red arm to
provide high enough spectral resolution to measure velocity
dispersions in low-mass galaxies. Note that this is different
from the standard setup used by the SAMI Galaxy Survey
(Allen et al. 2015; Green et al. 2018; Scott et al. 2018), which
utilised the 580V grating in the blue arm. This non-standard
setup resulted in one fibre falling off the edge of the detector,
leaving only 25 usable sky fibres.

For each observed field, 12 hexabundles were allocated
to galaxy targets, with 1 hexabundle allocated to a sec-
ondary standard calibration star. This secondary standard
star facilitates several critical steps in the data reduction
(e.g. telluric correction, absolute flux calibration), as well as
allowing us to assess the point spread function and trans-
mission of each individual observation.

For each field we aimed to obtain 7 hours (∼ 25, 000 sec-
onds) of on-source integration time. Our observing strategy
followed that of the SAMI Galaxy Survey (Sharp et al. 2015).
Individual integrations were ∼ 1800 s, with dithers of 0.′′8
(half a fibre diameter) applied between exposures, following
a 7-point hexagonal dither pattern, optimised for the SAMI
hexabundles. The dither pattern ensures an even distribu-
tion of S/N over a hexabundle, accounting for the gaps be-
tween fibres. This 7-point dither pattern was repeated twice
for each field, yielding 2 × 7 × 1800 ' 25, 000 second total
exposure time per galaxy. Arc lamp calibrations and obser-
vations of primary spectophotometric standard stars from
the European Southern Observatory Optical and UV Spec-
trophometric Standard Stars catalogue1 were interspersed
with the object exposures at regular intervals.

Observations took place over three separate observing
runs between 2015 and 2018. Table 1 provides an overview
of the three observing runs, with the mean seeing and mean
exposure time per field for each run.

In 2015 observing was significantly affected by poor
weather, resulting in only two fields being successfully ob-
served. Four targets suffered from inaccurate catalogue co-
ordinates, falling partially or entirely outside their allocated
hexabundle field-of-view. Observations in 2016 and 2018
were not affected by inaccurate coordinates due to the im-
proved FDS input catalogue and all targets filled their allo-
cated bundles. The weather was somewhat improved in 2016
and 2018, allowing a higher fraction of target fields to be ob-
served during those runs. Over the three observing runs we
observed 10 complete fields, totalling 118 unique galaxies.

Our primary science targets consist of morphologically-
classified dE galaxies in the Fornax cluster. Due to the on-
sky density of primary targets, not all IFUs could be allo-
cated to a dE for each observation. Spare IFUs were allo-
cated to other dwarf galaxies, giant cluster members of any
morphological type or background galaxies in that order of
preference. In practice, a target catalogue was prepared for
each semester, and targets were assigned priorities ranging

1 Available at:

https://www.eso.org/sci/observing/tools/standards/spectra.html
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Table 2. SAMI – Fornax Dwarf Survey dwarf galaxies with successful stellar kinematic measurements, ordered by decreasing M?

FDS FCC RA Dec Mr Mg Re log M? Morph. ε λRe Max Rad

ID ID Class

(deg) (deg) (mag) (mag) (arcsec) (M�) (Re)

(1) (2) (3) (4)

Dwarf ellipticals

6 D002 277 55.59492 -35.1541 -18.8 -18.1 11.4 9.47 e(s) 0.42 0.27 0.95

16 D002 143 53.7466710 -35.171061 -18.6 -18.0 9.8 9.45 e(s) 0.15 0.15 1.1
7 D000 301 56.2649 -35.97267 -18.3 -17.7 7.6 9.36 e(s) 0.46 0.39 1.6

11 D279 182 54.2262696 -35.374677 -17.9 -17.1 9.7 9.16 e(s)* 0.04 0.18 1.05

16 D159 136 53.6227783 -35.546452 -17.8 -17.0 17.5 9.08 e 0.15 0.15 0.65
11 D235 202 54.5266666 -35.43833 -17.3 -16.6 13.3 8.90 e* 0.41 0.13 0.85

15 D417 106 53.19867 -34.23873 -17.4 -16.8 10.7 8.89 e(s) 0.51 0.14 1.15
11 D283 222 54.8054166 -35.36972 -17.0 -16.3 16.1 8.77 e* 0.11 0.32 0.6

10 D189 203 54.5381730 -34.518726 -16.9 -16.3 16.0 8.75 e(s) 0.45 0.33 0.75

15 D384 135 53.6285240 -34.297455 -16.8 -16.2 14.7 8.70 e(s) 0.53 0.31 0.75
16 D417 100 52.94848 -35.05139 -17.0 -16.2 19.8 8.70 e* 0.24 0.28 0.55

11 D069 252 55.20999 -35.74846 -16.4 -15.7 11.1 8.58 e* 0.06 0.15 0.8

11 D458 245 55.14099 -35.02289 -16.5 -15.8 14.5 8.57 e* 0.08 0.19 0.65
7 D326 300 56.24959 -36.31975 -16.4 -15.7 20.8 8.55 e* 0.28 0.28 0.55

11 D396 207 54.5795833 -35.1275 -16.6 -16.0 9.6 8.51 e 0.17 0.31 0.85

6 D455 266 55.42216 -35.17027 -16.3 -15.7 6.9 8.49 e* 0.11 0.17 1.35
11 D155 188 54.26875 -35.58861 -16.2 -15.5 12.2 8.42 e* 0.04 0.20 0.8

11 D339 211 54.58875 -35.25833 -16.1 -15.5 6.6 8.33 e* 0.25 0.11 1.5
12 D367 164 54.0537009 -36.166437 -16.0 -15.4 9.9 8.33 e(s) 0.45 0.08 1.15

11 D079 223 54.83125 -35.72333 -16.1 -15.5 17.0 8.32 e* 0.11 – –

13 D042 253 55.2303 -37.83763 -15.8 -15.1 10.9 8.30 e 0.38 0.26 1.0
6 D208 274 55.5716666 -35.53916 -15.7 -15.2 12.0 8.17 e* 0.04 – –

6 D098 298 56.18507 -35.68372 -15.6 -15.0 7.0 8.16 e* 0.29 0.18 1.5

10 D014 195 54.3471331 -34.900098 -15.4 -14.8 12.8 8.13 e 0.46 – –
6 D170 264 55.3820833 -35.58777 -15.5 -14.9 10.3 8.09 e 0.60 – –

13 D258 250 55.18497 -37.40827 -15.1 -14.4 9.2 7.97 e 0.24 – –

10 D302 178 54.2027295 -34.280105 -15.0 -14.5 11.3 7.95 e 0.29 – –
15 D232 B904 53.4840889 -34.561798 -15.2 -14.6 5.1 7.90 e 0.20 – –

10 D003 181 54.2219391 -34.938393 -15.0 -14.3 9.7 7.87 e* 0.40 – –

15 D223 134 53.5904080 -34.592517 -14.6 -14.1 6.5 7.63 e 0.43 – –
21 D129 B442 51.77604 -36.63679 -14.1 -13.6 4.5 7.59 e 0.30 – –

Star forming dwarfs (spirals and irregulars) with Mr > -19

26 D003 33 51.24324 -37.00961 -18.1 -17.4 16.9 9.24 l 0.63 0.46 0.75

11 D519 235 55.041069 -35.629093 -18.6 -18.2 42.3 9.03 l 0.32 – –
25 D241 37 51.2893372 -36.365185 -18.2 -17.8 33.9 9.02 l 0.32 – –

5 D000 263 55.38557 -34.88875 -18.3 -17.7 16.5 9.00 l 0.52 0.15 0.75
7 D360 285 55.7601471 -36.273358 -18.0 17.5 32.7 8.78 l 0.26 – –

15 D17 113 53.279419 -34.805576 -17.0 -16.5 18.9 8.48 l 0.31 – –

22 D244 46 51.6043 -37.12778 -16.3 -15.8 8.5 8.31 l 0.36 0.38 1.3
7 D310 306 56.43909 -36.3461 -15.9 -15.5 7.2 7.91 l* 0.41 0.52 1.6

Unless otherwise stated, all values are taken from the FDS dwarf catalogue (Venhola et al. 2019). (1) Stellar masses are determined

following Taylor et al. (2011), using the observed (g − i) colour and r−band absolute magnitude. (2) Visual morphological classes from
Venhola et al. (2019): e = smooth early-type, l = smooth late-type, * = nucleated, (s) = structured. (3) λR measured within a 1 Re

aperture, or, where the kinematics do not extend to 1 Re , derived from aperture-correcting λR within the largest available aperture.

The typical uncertainty on λRe is ∼ 5 per cent. (4) Maximum extent of the stellar kinematics, as a fraction of Re .

from 5 (highest) to 1 (lowest) as described below. A tiling al-
gorithm (Bryant et al. 2015) then assigned targets to fields
in a way that maximises the number of high priority tar-
gets observed while also ensuring all IFUs have an available
target.

Targets were selected from the Fornax Cluster Cata-
logue (Ferguson & Sandage 1990, hereafter FCC) for obser-
vations in 2015, and from the Fornax Deep Survey catalogue
(Venhola et al. 2018, hereafter FDS) in 2016 and 2018, once

this deeper, wider-field photometry became available. In the
following subsections we provide details of how targets were
selected for each observing run and the properties of the
final sample of observed objects.

2.1 Fornax Cluster Catalogue selection

In 2015 we selected primary science targets from the FCC
because higher fidelity catalogues with all required informa-

MNRAS 000, 1–18 (2020)
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Figure 1. Map of galaxy positions within the Fornax cluster. Filled green squares indicate primary targets with successful stellar

kinematic measurements, and open green squares primary targets without stellar kinematic measurements. Blue circles indicate giant
galaxies with kinematic measurements. Blue and green crosses indicate respectively giant and primary galaxies that were not observed by

SAMI. Small black crosses indicate low-mass dwarf galaxies. All positions for galaxies in the FDS are taken from Venhola et al. (2018).

The dashed line indicates the cluster Virial radius of 2.2◦ (Drinkwater et al. 2001b).

tion were not yet available. We selected galaxies within a 3×1
degree region centred on the cluster centre, which we assume
is coincident with the centre of NGC 1399, the Brightest
Cluster Galaxy in Fornax. We included only galaxies with a
membership class of 1 (definite member) or 2 (likely mem-
ber) in the FCC. This resulted in an input catalogue of 82
galaxies.

Priorities were assigned based on the absolute B-band
magnitude of the targets and the observed morphology, but
were adjusted to prioritise potentially interesting objects.
Galaxies with a dE or dS0 morphology and −18 < MB ≤ −13
were assigned the highest priority 5 (31 objects), with fainter
(−11 < MB < −13) dE and dS0 assigned priority 4 (31 ob-
jects). Relatively compact galaxies (effective radii less than
the bundle diameter of 15”) not satisfying either of the above
criteria were assigned priority 3 (8 objects), with the remain-
ing massive early-types and late-type galaxies of all magni-
tudes assigned priorities 1 and 2 (12 objects). Note that
these numbers refer to galaxies in our input target cata-
logue, the galaxies that were actually selected are described
in Sections 3.2 and 3.3.

3 SAMPLE

3.1 Fornax Deep Survey selection

The selection and prioritisation of targets from the FDS was
similar to that from the FCC, with modifications based on
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Figure 2. The (g − r) vs Mg colour-magnitude diagram for our
sample (green circles), compared to that from the full FDS sample

(blue crosses). We primarily target galaxies on the red sequence,

but do include some blue galaxies that satisfy our selection cri-
teria. Filled (open) symbols indicate galaxies for which we could

(could not) obtain aperture stellar kinematic measurements.

experience from the 2015 observations and to take advantage
of the improved quality and quantity of the FDS catalogue
compared to the FCC.

We began by selecting all galaxies in the FDS cata-
logue with −14 > Mr > −19 and µr < 23.5 and a dE visual

MNRAS 000, 1–18 (2020)
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Figure 3. The logarithm of the number of galaxies as a function
of effective surface brightness. The open green histogram shows

the distribution for all observed SAMI-FDS galaxies, while the

solid green histogram indicates only those for which we were suc-
cessful in measuring stellar kinematics. The pale blue histogram

indicates the effective surface brightness distribution for the full

FDS sample.

morphology (from the FCC). The surface brightness crite-
rion selected against galaxies for which we were unable to
obtain useful data in the 2015 observations (S/N < 10 inte-
grated over the entire galaxy). Galaxies with Mr > −14 were
not included, even as lower priority targets, again based on
our experience from the 2015 observations on which tar-
gets yielded useful spectra. Secondary targets consisted of
giant galaxies with Mr < −19, dwarf galaxies with a non-
dE morphology and an additional sample of ultra-compact
dwarf galaxies (UCDs) from (Wittmann et al. 2016). We
also included galaxies identified as unlikely cluster members
or background galaxies as low-priority secondary targets.

In 2016, FDS coverage of the cluster was incomplete,
so we selected targets from the central ∼ 1 degree for which
the catalogue was already complete. Prior to the 2018 ob-
servations, the FDS catalogue had been extended to cover
the outer regions of the cluster, allowing us to target regions
further from the cluster center. In 2018, we observed regions
between 1 and 3 degrees from the cluster center with suffi-
cient galaxy density to assign the majority of hexabundles
to a primary dE target.

Priorities were assigned to targets in a similar fashion as
for the 2015 FCC sample. Galaxies with a dE morphology,
−14 > Mr > −19 and µr < 23.5 were assigned priority 5 (the
highest priority). UCDs were assigned priority 4 and dwarf
galaxies with a non-dE morphology were assigned priority
3. Giant galaxies were assigned priority 2, with background
galaxies assigned priority 1. As before, targets were assigned
to fields by the tiling algorithm to maximise the number of
high-priority targets observed.

3.2 Primary Sample

As noted above, our primary science targets were galaxies
with a dE or dS0 morphology and Mr > −19. Of the 118
galaxies targeted, 59 (50 per cent) fall into this category. A
complete list of low-mass, early-type galaxies with success-

ful stellar kinematic measurements can be found in Table
2. Here we describe the properties of this primary sample
and compare to the full FDS catalogue to identify possible
bias in our observed sample with respect to the complete
cluster population. We also examine the distribution of ob-
served galaxies within the Fornax cluster to highlight the
environmental coverage of this sample, again with respect
to FDS.

Figure 2 shows the (g − r) vs Mg colour-magnitude di-
agram for our sample (green circles) and for the full FDS
sample (blue crosses). Filled and open green symbols indi-
cate galaxies where our stellar kinematic measurements were
successful or unsuccessful respectively (see Section 5 for de-
tails). As we are primarily interested in galaxies with an
early-type morphology it is unsurprising that the majority
of our targets fall on the red sequence for the cluster, how-
ever we also target a number of blue objects, where they
satisfy our selection criteria.

In Figure 3 we show the distribution in surface bright-
ness for our full observed sample (open green histogram) and
the subset for which we are able to measure stellar kine-
matic measurements (filled green histogram, see Section 5
and Eftekhari et al. in prep. for details). The pale blue his-
togram shows the complete FDS galaxy sample from Ven-
hola et al. (2018). Below an effective surface brightness of
µr = 23.5 we are unable to measure stellar kinematics, there-
fore in the following section we consider only galaxies with
µr < 23.5. We restrict this comparison to our primary tar-
gets only, with −19 < Mr < −14.

In Figure 4 we show the distribution in a range of galaxy
properties of SAMI-FDS primary targets. With respect to
the subset of the FDS sample consistent with our revised
selection criteria (µr < 23.5, −19 < Mr < −14), our primary
sample is more massive than the full FDS sample, driven by
a decrease in our completeness below M∗ = 108 M�. This is
particularly true for the subset of galaxies for which we have
successful stellar kinematic measurements, unsurprising due
to the relatively high S/N required to obtain spatially re-
solved spectroscopy. The Re distribution of the SAMI-FDS
primary sample is consistent with that of the full FDS sam-
ple. Our sample is redder and rounder and has slightly higher
Sérsic index n than the full FDS sample, reflecting our pri-
mary sample selection criteria of targeting galaxies with an
early-type morphology.

In summary, while the galaxies for which we successfully
obtain stellar kinematic measurements are, on average, more
massive, rounder and redder than FDS dwarf galaxies, our
sample is representative of bright, early-type dwarf galaxies
in the FDS, in the sense that the fractional completeness of
the SAMI-FDS galaxies with stellar kinematics is indepen-
dent of the examined galaxy properties in the mass regime
M∗ > 108 M�.

3.3 Secondary targets

In addition to our primary science targets we observed 59
secondary targets. These objects consist of: faint early-type
cluster members (11 objects), giant early-type cluster mem-
bers (14 objects), late-type cluster members (14), Ultra
Compact Dwarfs (UCDs, 5 objects) and background galax-
ies (15 objects). Late-type dwarf galaxies for which we could
measure stellar kinematics are included in Table 2, while
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Figure 4. Distribution of observed (open green), stellar kinematics (filled green) and FDS (pale blue) galaxies that satisfy our primary
sample selection criteria (see text for details) with respect to a range of galaxy properties. Top row: r-band effective surface brightness,

stellar mass and (g − r) colour. Bottom row: effective radius, Sérsic n and axial ratio (b/a).

the remaining secondary targets can be found in Table B1.
These objects were not selected in any systematic fashion,
but instead were drawn randomly from targets that could
be allocated to an IFU while maximising the number of pri-
mary targets observed. Because of this we do not attempt to
quantify their sample properties with respect to any parent
distribution, but instead simply provide an overview. Sec-
ondary targets are not included in the subsequent analysis.

4 DATA REDUCTION

Our SAMI observations were reduced using the sami
Python package (Allen et al. 2015), following the approach
described in Scott et al. (2018), with further details provided
in Sharp et al. (2015) and Green et al. (2018). Here we sum-
marise this process and provide a detailed description only
where our reduction process differed from that described in
the above articles.

SAMI data is reduced in two stages; the first takes
the data from raw observed frames to Row-Stacked Spec-
tra (RSS) frames, which is handled primarily by the two-
degree field data reduction software package 2dfDR2. The
second stage takes the data from RSS frames to flux-
calibrated, three-dimensional data cubes, utilising purpose-
built Python software as part of the sami package. The
entire process is overseen by the sami Python manager.

Data reduction with 2dfDR includes the standard steps
of bias subtraction, flat-fielding, wavelength calibration and
sky subtraction. In addition, spectra corresponding to indi-
vidual fibres are extracted using ‘tramlines’ fit to observa-
tions of the twilight sky. Subsequent to the fibre extraction,

2 https://www.aao.gov.au/science/software/2dfdr

telluric correction and relative and absolute flux calibration
steps are applied utilising the spectrophometric standard
star and secondary standard star observations. Finally, the
data for each individual object are extracted from the RSS
frames and combined into a three-dimensional data cube us-
ing a drizzle-based algorithm.

During the 2015 observing run it was discovered that
the tramlines for the 1500V grating were not well-aligned
to the CCD, resulting in one or two fibre spectra partially
falling off the edge of the CCD — this primarily affected
one sky fibre, but in three observations in 2016 an outer fibre
from the first hexabundle was also affected. The influence on
the output data quality is essentially negligible: the resultant
decrease in the S/N of the sky spectrum is only 2 per cent,
and the reduction in area of the first hexabundle (when it is
affected) is only 1.5 per cent. This does not affect the 1000R
red arm observations or observations with the more widely
used 580V blue arm grating.

SAMI’s circular fibre spectra are resampled onto a regu-
lar, square grid using a drizzle algorithm. There are two free
parameters in this algorithm, the size of the square output
spaxels and the drop factor, which effectively shrinks the size
of the SAMI fibre before determining which output spaxels
receive flux from a circular fibre. The SAMI Galaxy Survey
adopted an output spaxel size of 0.′′5 and a drop factor of 0.5,
yielding an effective fibre diameter of 0.′′8. Due to the lower
effective surface brightness of the dwarf galaxies observed
in this study we adopted an output spaxel size of 1′′(which
corresponds to 97 pc at the adopted Fornax distance), in-
creasing the flux per spaxel. While this comes at the cost of
reduced spatial resolution, the Fornax cluster is ten times
closer than typical for the SAMI Galaxy Survey, resulting in
much higher physical resolution, despite the larger spaxels.
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Figure 5. Stellar kinematic maps for two example dE galaxies. Upper row: FCC301, a galaxy exhibiting strong, ordered rotation. Lower

row: FCC106, a dispersion dominated system with minimal rotation. Left column: r-band cutout images from FDS, with diameter 4

Re . Green circle indicates the approximate position of the SAMI IFS field-of-view. Centre column: Voronoi-binned maps of the mean
line-of-sight stellar velocity, V . Right column: Voronoi-binned maps of the mean line-of-sight stellar velocity dispersion, σ.

5 STELLAR KINEMATICS

In the following section we present stellar kinematic maps
of galaxies in our primary sample with sufficiently high S/N
to produce reliable maps. The stellar kinematic measure-
ments are fully described in Eftekhari et al. (in prep.), but
we briefly summarise them here.

The data cubes were spatially binned to a median S/N
of at least 10 in the blue continuum, averaged over the wave-
length range 4900 – 5100 Å, using the Voronoi binning al-
gorithm of Cappellari & Copin (2003). The binned spec-
tra were analysed using the penalized Pixel Fitting (pPXF)
software of Cappellari & Emsellem (2004). For spectral tem-
plates we utilised a subset of the ELODIE (Prugniel et al.
2007) stellar spectral library, as this is the empirical library
best matched to the SAMI 1500V spectral resolution. Emis-
sion features were masked before extracting the moments of
the mean line-of-sight velocity distribution: velocity (V) and
velocity dispersion. The spatially resolved measurements of
V and σ were used to construct the maps presented and
analysed in the following section.

6 RESULTS

6.1 Stellar kinematic maps

In Figure 5 we present the velocity and velocity dispersion
maps (and r-band cut-out images from FDS) for two exam-
ple galaxies in our primary sample with good quality stellar
kinematics (with the full set of maps presented in Figures A1
and A2). ’Good-quality’ here refers to maps for which the

spectral fits to all spaxels appear good, as judged by visual
inspection, and represents a very conservative selection. For
kinematic measurements of fainter galaxies and a detailed
examination of the measurement uncertainties see Eftekhari
et al. (in prep.) Maps for secondary targets are presented in
Figure B1. Galaxies in our sample show a range of kinematic
morphologies from strong, ordered disk-like rotation to non-
rotating and dispersion dominated. In Section 6.2 below we
quantify the relative angular momentum of our sample using
the λR parameter.

There are a small number of objects that overlap be-
tween our primary sample and that of Iodice et al. (2019,
from the Fornax3D survey), with larger overlap with our sec-
ondary targets. Noting the significant differences in radial
coverage and instrumental resolution between the two stud-
ies, we find excellent agreement between the velocity and
velocity dispersion maps of that work and those presented
here. A more detailed quantitative comparison between the
two sets of measurements will be presented in Eftekhari et
al. (in preparation).

6.2 λR measurements

Emsellem et al. (2007) introduced the specific stellar angular
momentum proxy, λR, as a parameter to quantify whether
a galaxy is dominated by rotational or pressure support. λR
is similar to the common (V/σ)e parameter, but is more
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Figure 6. Profiles of λR (integrated within elliptical apertures of
increasing radius) versus the radius of the corresponding aperture

for all galaxies for which we could derive kinematic maps. Profiles

are colour coded by the stellar mass of the galaxy. Solid lines
indicate primary dE targets and dwarf late-types, dashed lines

indicate giant galaxies.

closely related to the kinematic morphology of a galaxy. λR
is defined as:

λR =
< R|V | >

< R
√

V2 + σ2 >
=

∑N
i=0 FiRi |Vi |∑N

i=0 FiRi

√
(V2

i
+ σ2

i
)
, (1)

where the summation is over all i spaxels under consider-
ation. Fi , Vi and σi respectively refer to the flux, velocity
and velocity dispersion of the ith spaxel. In this work, Ri

refers to the elliptical radius of the ith spaxel – that is the
major axis radius of the ellipse on which the ith spaxel lies,
where the ellipticty, ε , and the position angle of the ellipse
are taken from Venhola et al. (2018). Following van de Sande
et al. (2017), for each spaxel we set Vi and σi to the V and
σ of the bin to which it belongs, whereas Fi is simply the
unbinned flux of each spaxel.

λR is an integrated quantity measured within an aper-
ture, or a series of increasing apertures to create a profile. In
Figure 6 we show the λR profiles as a function of the normal-
ized radius, r/Re, coloured by the stellar mass of the galaxy.
Solid lines indicate primary sample galaxies, while dashed
lines indicate all secondary targets for which we were able
to measure kinematics (primarily giant galaxies and more
massive late-type dwarfs).

6.2.1 Aperture correction of λR

For all primary targets our λR measurements sample out
to at least Re/2, with a median coverage of 0.85 Re. Given
this coverage range, we adopt Re as our canonical aperture
in which we measure λR. For galaxies where our kinematic
measurements do not reach 1 Re we apply an aperture cor-
rection from van de Sande et al. (2017, their eqns. 7 and
10). We verify this aperture correction using the 9 galax-
ies with λR measurements that extend beyond 1 Re, finding
that the corrected λR measurements are consistent with the
measured λRe , with a mean offset ∆(λR) = 0.01 and rms scat-
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Figure 7. The λR versus ε plane for all galaxies for which we
could derive kinematic maps. Points are colour coded by the stel-

lar mass of the galaxy, with filled circles indicating primary dE

targets, open circles late-type dwarfs and small crosses giant clus-
ter members. The magenta line indicates the model prediction for

an edge-on axisymmetric galaxy from Cappellari et al. (2007) (see

van de Sande et al. 2017, for further details).

ter σ(λR) = 0.04. The median correction in λR for galaxies
whose measurements do not reach 1 Re is ∆(λR) = 0.04.

The λR – ε plane is used to account for projection when
comparing the specific stellar angular momentum of galax-
ies. It was first proposed by Emsellem et al. (2007), and
represents a revision of the classical V/σ – ε diagram which
has traditionally fulfilled this role. In Figure 7 we show λRe

versus ε for our sample, coloured by the stellar mass of each
galaxy, and with filled and open symbols indicating the pri-
mary sample and secondary targets respectively. We explic-
itly choose not to apply one of the common criteria to divide
galaxies into slow rotators and fast rotators in this plane
(Emsellem et al. 2007, 2011; Cappellari 2016) as this classi-
fication was motivated by the properties of the giant galaxy
population, and the utility of applying the same separation
to dwarf galaxies is unclear.

7 DISCUSSION

7.1 The specific stellar angular momentum of dE
galaxies

Naab et al. (2014) showed that for massive early-type galax-
ies the position of a galaxy within the λR – ε plane correlates
with its formation history, with galaxies at low λR typically
having merging play a larger role in their evolution than
galaxies at higher values of λR. For these massive galaxies,
a number of studies have examined the distribution of the
galaxy population in the λR – ε plane (e.g. Emsellem et al.
2011; van de Sande et al. 2017; Veale et al. 2017; Graham
et al. 2018; Falcón-Barroso et al. 2019), noting a significant
dependence on stellar mass. Ryś et al. (2013) extended this
analysis to a small sample of dwarf galaxies in the Virgo
cluster, finding a broader range in the degree of rotational
support than in intermediate-mass early-type galaxies. Us-
ing long-slit spectroscopy, Toloba et al. (2014) obtained a
significant sample of dwarf early-type galaxies, finding that
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Figure 8. λR as a function of log M? for galaxies with an early-type morphology. Purple points from this work, blue points from Toloba

et al. (2014), orange points from Janz et al. (2017), red points from van de Sande et al. (2017) and green points from Emsellem et al.

(2011). The black squares and error bars indicate the mean and error on the mean within bins of 0.5 dex in M? for cluster (dashed) and
field (dotted) subsamples respectively.

in general the rotational support in dEs is lower than in
intermediate mass early-type galaxies, a result further sup-
ported by Janz et al. (2017). Here we extend this analysis
of dE galaxies to lower masses using our sample of dEs with
spatially resolved stellar kinematic measurements.

In Figure 8 we show the dependence of λR on M?

for early-type galaxies spanning nearby four orders-of-
magnitude in stellar mass. We combine data from this study
with more massive Virgo dwarf galaxies from Toloba et al.
(2015, including a correction from long-slit to IFS-equivalent
values using their Eqn. 3) and isolated dwarfs from Janz
et al. (2017). We include only our primary dE targets here
because i) the aperture corrections for the giant early types
observed in this study are large and relatively uncertain, and
ii) those galaxies were selected in a way that is not neces-
sarily representative of the giant early type population. For
the Janz et al. (2017) sample (orange points), we show two
values for each galaxy, indicating the range of values given
by their model fits to long-slit data. We supplement these
dwarf samples with early-type giants from Emsellem et al.
(2011, both Virgo and field) and van de Sande et al. (2017,
field only). All samples are corrected to a 1 Re aperture

measurement following van de Sande et al. (2017). For the
giant population, λR increases with decreasing M?, reaching
a peak around M? ∼ 1010.25. Below this mass we find λR de-
creases with decreasing stellar mass. Low-λR, slowly rotating
galaxies dominate both the very high (M? > 1011.2 M�) and
low (M? < 108.5 M�) mass regimes. At high masses, the
transition to a slow rotator dominated population as M?

increases is quite sudden (see Cappellari 2016), but at low
masses the decline in λR with M? is relatively smooth.

We note that the samples used here have very differ-
ent selection criteria and so interpreting the mean trend is
challenging. Janz et al. (2017) selected early types based
on having a quiescent stellar population, whereas the other
studies select early types based on visual morphology, per-
haps accounting for the typically lower λR of the Janz et al.
(2017) galaxies. More significantly, the samples used here
are drawn from quite different environments. This work and
Toloba et al. (2014) consist entirely of galaxies in clusters;
the sample of Emsellem et al. (2011) includes both cluster
and field galaxies and that of van de Sande et al. (2017)
and Janz et al. (2017) include no cluster galaxies but a mix-
ture of group and field objects. We separate the sample into
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cluster and non-cluster galaxies and derive the mean λR as
a function of mass for the two environments (dashed and
dotted lines in Fig. 8). The behaviour is consistent in both
the high and low density environments, with the mean λR
falling at both high and low masses.

The trend of decreasing λR with decreasing M? de-
scribed above is consistent with Falcón-Barroso et al. (2019),
who find a similar dependence of λR with M? in a sample
with a mix of morphologies. That we find this trend in a
pure early-type sample shows the variation in λR must be
driven by stellar mass, and cannot be attributed purely to
the changing morphological mix of the galaxy population
with stellar mass. Although the sample of Falcón-Barroso
et al. (2019), shown in Figure 9, only reaches masses of ∼ 109

M� and is incomplete at the lowest masses, a clear decrease
is seen in λR with decreasing M? below M? ∼ 1010 M�.

All of their faint galaxies are spirals, classified by them
as Sc and Sd, with the average λR lower for Sds than for Scs.
Falcón-Barroso et al. (2019) find that their late-type spirals
have surprisingly low λR values for spiral galaxies. The sys-
tems with λR between 0.35 and 0.6 are typically edge-on
systems, as they say. To keep these objects thin, such galax-
ies would need a considerable amount of dark matter (with
the enclosed dynamical mass being a factor 10 higher than
the baryonic mass).

Here we can add some more pieces to the puzzle. The
objects in this paper have, in general, lower λR values than
the galaxies of Falcón-Barroso et al. (2019), as expected
by the trend in mass. The objects with λR < 0.3, i.e. the
slowly rotating dEs, are generally not irregular and not face-
on, indicating that they are genuinely dynamically hot sys-
tems, suggesting that the low mass spirals of Falcón-Barroso
et al. (2019) with low λR may also be dynamically hot, even
though they are spirals. The dark matter fractions in our
galaxies are also found to be higher than for intermediate
mass galaxies (Eftekhari et al., in prep.).

While low mass spiral and irregular galaxies show lower
values of λR than massive spirals (Falcón-Barroso et al.
2019), there remains a modest offset between the λR of dEs
and Sc/Sd galaxies at fixed stellar mass. Ryś et al. (2014)
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Figure 10. Specific stellar angular momentum λR vs distance
from the centre of the cluster. Symbols as in Fig. 7. The dashed

line indicates the position of the Virial radius of the cluster. The

blue squares and errorbars indicate the mean and standard devia-
tion for primary dE galaxies in three bins of projected separation.

show that the dynamics of dE galaxies in the Virgo clus-
ter are consistent with their progenitors being comparable
mass spiral galaxies that are tidally heated by the cluster en-
vironment. It is unclear whether the same argument can be
extended to the lower mass dEs in this study as no compari-
son sample of Sc/Sd/Irr galaxies with masses M? < 109 M�
exist. If the trend of decreasing λR with decreasing M? for
spirals seen in Falcón-Barroso et al. (2019) continues then
the dynamical gap between spirals and dEs may close at
M? ∼ 108 M� and no kinematic heating may be required.
For low mass galaxies this trend is consistent with the hy-
pothesis that dEs can originate from low mass spirals and
irregulars, as they enter a galaxy cluster and lose their gas
due to ram pressure stripping. On a kinematic basis alone
we cannot rule out different physical mechanisms causing the
increase in λR observed in dEs and spirals, however the sim-
ilarity in other observed properties, such as their exponen-
tial surface brightness distributions, is also consistent with
a common formation path (see e.g., Venhola et al. 2019). In
a future paper we will address this question in more detail.

An alternate scenario (also discussed in Ryś et al. 2014)
is that the progenitors of present day dEs were low mass
z = 1 − 2 spiral galaxies that are dynamically hotter than
present day spirals. Croom et al. (in prep) explore the abil-
ity of a pure disk-fading scenario to explain the properties
of present-day lenticular galaxies, finding that the kinemat-
ics and structure of z ∼ 0 S0s are consistent with passively
evolved z = 1−2 spirals, though their results are only directly
applicable at M? > 109.5 M�. No sample of M? ∼ 108 M�
spiral or irregular galaxies with stellar kinematic measure-
ments exists to directly compare possible progenitor kine-
matics.

7.2 The environmental dependence of dE
kinematics

As noted above, there is evidence for a kinematic morphol-
ogy – density relation at fixed M? amongst giant galaxies.
For dwarf galaxies a similar relation may exist. In their
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sample of dE galaxies in the Virgo cluster, Toloba et al.
(2015) found that the fraction of slow rotators decreases,
and the average λR increases, with increasing projected dis-
tance from the cluster centre. In Figure 10 we show a consis-
tent result for the Fornax cluster — the average λR of dwarf
galaxies (indicated by the open blue squares) is lower in the
central ∼ 1◦ of the cluster compared to the cluster outskirts.
This is consistent with the kinematic morphology – den-
sity relation found in e.g. Graham et al. (2019), however,
given the relatively small sample of dE galaxies with spa-
tially resolved kinematics, we cannot directly examine the
dependence with local galaxy number density. Importantly,
given our modest sample of galaxies, we cannot yet disentan-
gle the effect of environment from the observed trends with
stellar mass. We also note that Drinkwater et al. (2001a)
found significant Hα emission in some dE galaxies, partic-
ularly towards the edge of the cluster, again suggesting an
environmental dependence of dE properties. We will exam-
ine the emission line properties of our sample in an upcoming
work.

8 CONCLUSIONS

In this work we have presented integral field spectroscopy
observations of a sample dwarf early-type galaxies in the For-
nax cluster. These observations represent the largest sample
of low-mass early-type galaxies in a cluster to date. We have
demonstrated that our observed sample is fully representa-
tive of the dwarf galaxy population in the Fornax cluster
above a stellar mass of 108 M�.

For a subset of 21 dwarf early-type galaxies and 4 dwarf
late-types we construct maps of the spatially resolved stellar
velocity and velocity dispersion. Using these maps we assign
kinematic morphological classifications to these galaxies, as
well as deriving their specific stellar angular momentum, λR.

Combining our sample with observations of giant and
massive dwarf early-type galaxies, we find that λR increases
from the most massive galaxies to a peak around M? ∼ 1010

M�, before declining towards lower masses. This is similar
to the trend for slightly more massive spiral galaxies found
by Falcón-Barroso et al. (2019). No comparable kinematic
measurements exist for spirals of a similar mass range to
our sample. Without a direct comparison sample we cannot
definitively confirm or rule out particular formation mecha-
nisms, however our kinematic results are consistent with a
scenario where dEs form from low mass spiral galaxies that
have their gas stripped by cluster processes, with possibly
some modest external heating to fully account for dynami-
cal differences between dEs and low mass spirals, consistent
with the findings of Koleva et al. (2014). Further observa-
tions of the stellar kinematics of star-forming dwarf galax-
ies are required to ascertain whether alternative formation
mechanisms with increased dynamical heating are required
to explain the observed kinematic differences between the
two populations. We also confirm a trend first reported in
Toloba et al. (2015), that the λR of dE galaxies is consis-
tent with a modest increase with increasing cluster-centric
radius, however studies in a larger number of cluster and
or massive group environments are needed to solidify this
result.

This paper is the first in a short series examining the

dwarf early-type galaxy population of the Fornax cluster. In
Eftekhari et al. (in prep) we present the scaling relations of
these galaxies and examine how the dark matter content of
galaxies varies as a function of their mass. In a later paper
we will present the stellar population properties of these
galaxies.
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APPENDIX A: KINEMATICS OF PRIMARY
TARGETS

A number of the galaxies in our primary sample exhibit pe-
culiar kinematic features and we note and discuss those ob-
jects here:

FCC 106: This galaxy shows a central region of low ve-
locity dispersion, with evidence for a counter-rotating kine-
matic component in the central ∼ 5 arcsec.

FCC 143: This galaxy exhibits an elongated region of
enhanced velocity dispersion, which Iodice et al. (2019) show
is surrounded by a region of low dispersion and low net rota-
tion. They suggest this kinematically distinct structure may
be related to an ongoing interaction with the nearby galaxy
FCC 147.

FCC 182: This galaxy shows rotation that rises sharply
in the central ∼ 2 arcsec, before declining slightly towards 1
Re, suggesting the presence of a additional central compo-
nent.

FCC 303: This galaxy exhibits ordered rotation and
a strong central dip in velocity dispersion (consistent with
Iodice et al. 2019). The elongated low-dispersion structure
suggest the presence of a central cold component, likely a
small inner disk.

APPENDIX B: SECONDARY TARGETS

Here we provide details and stellar kinematics for the sec-
ondary targets observed as part of the survey. As with the
primary targets, several of the secondary targets exhibit un-
usual kinematics and we discuss these objects in detail be-
low:

FCC 29: This galaxy shows features of non-regular ro-
tation in its velocity map, with a distinct twist seen along
the kinematic axis. The dispersion map shows a central peak
surrounded by a low-dispersion ring, with a significant in-
crease outside this ring. The r-band image shows two promi-
nent ring features and a stellar bar, though our kinematic
measurements are restricted to the bulge region.

FCC 153: This galaxy shows ordered rotation and a nar-
row low-dispersion structure along the major axis, consistent
with a cold disk dominating the light.
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Figure A1. Images and stellar kinematic maps for all primary targets with good-quality kinematics, ordered by increasing Mr . Left
column: r-band cutout images from FDS, with diameter 4 Re . Green circle indicates the approximate position of the SAMI IFS field-of-
view. Centre column: Voronoi-binned maps of the mean line-of-sight stellar velocity, V . Right column: Voronoi-binned maps of the mean

line-of-sight stellar velocity dispersion, σ. For the majority of galaxies the displayed V and σ ranges are scaled to show the full range
for each galaxy. For galaxies with low rotation or dispersion we impose a minimum range in V and σ, reflective of the uncertainties on

the measurements and the limits of the instrumental resolution.
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Figure A1. continued
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Figure A1. continued
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Figure A1. continued
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Figure A1. continued

FCC 167: The IFU placement for this galaxy was offset
from the centre, however the observed kinematics are fully
consistent with regular rotation.

FCC 177: On large scales this galaxy exhibits regular
rotation, but in the central ∼ 4 arcsec we see evidence for
a distinct kinematic component with increased dispersion
and a non-aligned kinematic axis. Pinna et al. (2019) exam-
ined this galaxy in detail, but did not identify the central
kinematic anomaly we find, likely due to the lower spectral
resolution of their data. They do however identify a region of
young stellar age and enhanced stellar metallicity coincident
with our kinematic anomaly. Using high spatial resolution
SINFONI observations, Lyubenova & Tsatsi (2019) report
no clear rotation in the central region of this galaxy, how-
ever their kinematic map does show weak rotation consistent
with that reported here.

FCC 190: As with FCC 303, this galaxy has ordered ro-
tation and a strong central dip in velocity dispersion (consis-
tent with Iodice et al. 2019). The elongated low-dispersion
structures suggest the presence of a central cold compo-
nent,likely a small inner disk, in both galaxies.

FCC 193: This galaxy shows regular rotation, but an
unusual hourglass-shaped structure in it’s dispersion map,
with low dispersion along the major axis. This feature is
also seen in Iodice et al. (2019), whose larger-scale measure-
ments show this is due to a small-scale cold, inner disk that
dominates the SAMI kinematic measurements.

FCC 219: This galaxy exhibits a so-called 2 − σ struc-
ture, with two distinct peaks in its velocity dispersion map
and evidence for a small counter-rotating component in its
central regions. This is consistent with the kinematic mea-
surements of Scott et al. (2014) and Iodice et al. (2019).

FCC 249: This galaxy shows a clear kinematically de-
coupled core embedded in an outer region with net zero ro-
tation, consistent with the findings of Iodice et al. (2019).

This paper has been typeset from a TEX/LATEX file prepared by
the author.

MNRAS 000, 1–18 (2020)



SAMI – Fornax Dwarfs Survey I 19

20 0 20
RA [arcsec]

20

0

20

De
c 

[a
rc

se
c]

FCC 33

8 6 4 2 0 2 4 6 8
X [arcsec]

6

4

2

0

2

4

6

8

Y 
[a

rc
se

c]
30

15

0

15

30

V 
[k

m
 s

1 ]

8 6 4 2 0 2 4 6 8
X [arcsec]

6

4

2

0

2

4

6

8

Y 
[a

rc
se

c]

30

35

40

45

50

55

 [k
m

 s
1 ]

20 0 20
RA [arcsec]

20

0

20

De
c 

[a
rc

se
c]

FCC 263

8 6 4 2 0 2 4 6 8
X [arcsec]

6

4

2

0

2

4

6

8

Y 
[a

rc
se

c]

15

10

5

0

5

10

15

V 
[k

m
 s

1 ]
8 6 4 2 0 2 4 6 8

X [arcsec]

6

4

2

0

2

4

6

8

Y 
[a

rc
se

c]

20

25

30

35

40

45

50

 [k
m

 s
1 ]

10 0 10
RA [arcsec]

10

0

10

De
c 

[a
rc

se
c]

FCC 46

8 6 4 2 0 2 4 6 8
X [arcsec]

6

4

2

0

2

4

6

8

Y 
[a

rc
se

c]

30

20

10

0

10

20

30

V 
[k

m
 s

1 ]

8 6 4 2 0 2 4 6 8
X [arcsec]

6

4

2

0

2

4

6

8

Y 
[a

rc
se

c]

16

24

32

40

48

 [k
m

 s
1 ]

10 5 0 5 10
RA [arcsec]

10

0

10

De
c 

[a
rc

se
c]

FCC 306

8 6 4 2 0 2 4 6 8
X [arcsec]

6

4

2

0

2

4

6

8

Y 
[a

rc
se

c]

75

50

25

0

25

50

75

V 
[k

m
 s

1 ]

8 6 4 2 0 2 4 6 8
X [arcsec]

6

4

2

0

2

4

6

8

Y 
[a

rc
se

c]

16

24

32

40

48

56

 [k
m

 s
1 ]

Figure A2. As Fig A1, but for dwarf late-type galaxies.
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Table B1. SAMI — Fornax Dwarf Survey secondary targets

FDS FCC RA DEC λR Max Rad Notes

(deg) (deg) (Re)

21 D055a 51 51.72132 -36.79869 – – Faint early-type dwarf
11 D330 197 54.4204166 -35.29472 – – Faint early-type dwarf

13 D044 201 54.48148 -37.85596 – – Faint early-type dwarf

11 D047 214 54.6520833 -35.8325 – – Faint early-type dwarf
11 D203 227 54.95875 -35.52111 – – Faint early-type dwarf

11 D311 228 54.96375 -35.32055 – – Faint early-type dwarf
11 D134 229 54.98 -35.66083 – – Faint early-type dwarf

13 D230 239 55.07741 -37.49941 – – Faint early-type dwarf

6 D374 269 55.48875 -35.29083 – – Faint early-type dwarf
6 D352 284 55.7283333 -35.34194 – – Faint early-type dwarf

16 D062 132 53.57628885 -35.79456749 – – Faint dwarf

– 218 54.68875 -35.26444 – – Faint dwarf
25 D008 35 51.26734 -36.92768 – – Late-type dwarf

11 D110 247 55.17634 -35.66098 – – Late-type dwarf

6 D176 302 56.30116 -35.57086 – – Late-type dwarf
13 D058 B1436 55.12618 -37.828 – – Late-type dwarf

25 D000 29 50.98484 -36.46444 0.47 0.3 Giant
19 D000 83 52.64565 -34.85394 0.44 0.3 Giant

16 D001 147 53.8191283 -35.22618122 0.20 0.4 Giant

15 D002 153 53.879288 -34.447097 0.52 0.6 Giant
11 D006 167 54.11509563 -34.97343539 0.04 0.1 Giant

10 D000 177 54.19778633 -34.73982557 0.26 0.45 Giant

12 D003 179 54.192658 -35.999275 0.46 0.25 Giant
11 D001 184 54.23755131 -35.50661218 0.22 0.2 Giant

11 D005 190 54.28722412 -35.1949903 0.25 0.65 Giant

11 D000 193 54.29891392 -35.74612523 0.33 0.8 Giant
11 D003 213 54.621179 -35.450742 0.04 0.15 Giant

11 D166 219 54.716321 -35.594392 0.09 0.45 Giant

13 D000 249 55.17543 -37.51077 0.11 1.35 Giant
6 D001 276 55.58096 -35.39253 0.10 0.15 Giant

6 D000 290 55.90451 -35.85309 0.34 0.3 Giant
6 D657 272 55.5454166 -35.44222 – – likely background

19 D300 B664 52.66547 -34.4118 – – likely background

13 D010 – 55.13828 -37.93255 – – likely background
13 D050 B1378 54.94089 -37.84422 – – background at z ∼ 0.083

13 D191 B1244 54.56846 -37.55945 – – background at z ∼ 0.046

15 D217 B746 52.96215 -34.59884 – – background at z ∼ 0.064
15 D370 B878 53.43658 -34.34742 – – likely background

15 D404 B750 52.98334 -34.26382 – – background at z=0.094

19 D175 B676 52.7069 -34.6462 – – background at z ∼ 0.095
25 D011a B192 50.91508 -36.90845 – – background at z ∼ 0.065

25 D216 B329 51.43603 -36.41562 – – background at z ∼ 0.095
6 D062 B1814 56.34685 -35.7656 – – background at z ∼ 0.1

6 D166 B1714 56.00279 -35.59143 – – background at z ∼ 0.06

10 D186? B1106 54.19807014 -34.54157219 – – background at z∼ 0.06
11 D151 B1116 54.22483981 -35.59791335 – – background at z ∼ 0.07

11 D061 B1195 54.46386272 -35.79329419 – – background at z ∼ 0.11
– – 54.96887 -35.07328 – – UCD
– – 55.10383 -35.11031 – – UCD
– – 54.83542 -35.32058 – – UCD

– – 55.08917 -35.40756 – – UCD
– – 54.93129 -35.44969 – – UCD
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Figure B1. As Fig A1, but for giant galaxies, ordered by FCC number.
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Figure B1 continued
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Figure B1 continued
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