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ABSTRACT

Owing to their shallow stellar potential, dwarf galaxies possess thick gas disks, which makes them good candidates for studies of the
galactic vertical kinematical structure. We present 21 cm line observations of the isolated nearby dwarf irregular galaxy UGCA 105,
taken with the Westerbork Synthesis Radio Telescope (WSRT), and analyse the geometry of its neutral hydrogen (H ) disk and
its kinematics. The galaxy shows a fragmented H  distribution. It is more extended than the optical disk, and hence allows one
to determine its kinematics out to very large galacto-centric distances. The H  kinematics and morphology are well-ordered and
symmetric for an irregular galaxy. The H  is sufficiently extended to observe a substantial amount of differential rotation. Moreover,
UGCA 105 shows strong signatures for the presence of a kinematically anomalous gas component. Performing tilted-ring modelling
by use of the least-squares fitting routine TiRiFiC, we found that the H  disk of UGCA 105 has a moderately warped and diffuse
outermost part. Probing a wide range of parameter combinations, we succeeded in modelling the data cube as a disk with a strong
vertical gradient in rotation velocity (≈−60 km s−1 kpc−1), as well as vertically increasing inwards motion (≈−70 km s−1 kpc−1) within
the radius of the stellar disk. The inferred radial gas inflow amounts to 0.06 M� yr−1, which is similar to the star formation rate of the
galaxy. The observed kinematics are hence compatible with direct or indirect accretion from the intergalactic medium, an extreme
backflow of material that has formerly been expelled from the disk, or a combination of both.

Key words. galaxies: dwarf – galaxies: irregular – galaxies: kinematics and dynamics – galaxies: structure – dark matter –
galaxies: individual: UGCA 105

1. Introduction

Dwarf galaxies are by far the most frequent type of galaxy in the
Universe. Studying their properties is essential for understanding
galaxy formation and evolution, as well as star formation.

In the more massive dwarfs, dwarf irregulars (dIrrs) in partic-
ular, the H  disk is typically much more extended than its stellar
counterpart. Previous observations of dwarf galaxies with an ex-
tremely large H  extent include DDO 154 (Carignan & Purton
1998; Hoffman et al. 2001) and NGC 3741 (Begum et al. 2005;
Gentile et al. 2007), which have H  disks extending out to radii

? The datacubes (at both spatial resolutions) are only available at the
CDS via anonymous ftp to cdsarc.u-strasbg.fr (130.79.128.5)
or via
http://cdsarc.u-strasbg.fr/viz-bin/qcat?J/A+A/561/A28
?? Member of the International Max Planck Research School (IMPRS)
for Astronomy and Astrophysics at the Universities of Bonn and
Cologne.
??? Postdoctoral researcher of the FWO-Vlaanderen (Belgium).

???? Member of the ARC Centre of Excellence for All-sky Astrophysics
(CAASTRO).

larger than five times the Holmberg radius. The kinematics of
these galaxies has been used to trace the gravitational potential
out to the largest possible galacto-centric distances (Carignan &
Purton 1998; Gentile et al. 2007).

Another important aspect in the study of H  in dwarf galax-
ies is the gas kinematics and distribution in the vertical direction
with respect to their disks. They possess relatively thick disks
compared to their radial extent because their gravitational po-
tential is shallower than that of massive spiral galaxies (Walter
& Brinks 1999). Because any local structure in dwarf galaxies
is conserved over long time-scales owing to their solid-body ro-
tation, dwarf galaxies have been targeted to study star forma-
tion (Walter & Brinks 1999). However, an important question
regarding the evolution of dwarf galaxies that has not yet been
addressed in depth is whether and how dwarf galaxies may ac-
crete material from intergalactic space. Because of the shallow-
ness of the potential, and as a consequnce of the increased thick-
ness of the H  disk, any interaction of the intergalactic medium
(IGM) with the interstellar medium (ISM) should start at a con-
siderable height above the plane, and hence impose its observ-
able kinematical signature on the gas structure. For this reason,
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dwarf galaxies should be very good candidates for studying the
IGM-ISM interface.

Accretion of low-metallicity gas from the IGM is required
to maintain the observed star formation rates in massive galax-
ies and to explain their stellar metallicity budget (e.g. Larson
et al. 1980; van den Bergh 1962; Searle & Sargent 1972; Pagel
& Patchett 1975). For most systems, this still holds down to
z = 0 when taking into account the star formation and accre-
tion history instead of the current star formation rate (Fraternali
& Tomassetti 2012). Models of galactic evolution in the mass
range of spiral galaxies suggest that such accretion happens at all
cosmic times in a “cold mode” (Kereš et al. 2005), that is, by rel-
atively low-temperature gas (<105 K) streaming onto the galaxy
disk. While at lower mass ranges accretion is expected to be
suppressed for lower-mass DM halos (Hoeft & Gottlöber 2010),
dIrr galaxies fall in the transition range (MDM = 109−1010 M�)
where cold gas accretion is suppressed but is still expected
to occur at z = 0. To observationally constrain this transi-
tion mass range, a search for signatures of accretion in low-
mass galaxies is hence important from an evolutionary point of
view. High-velocity-clouds (van Woerden & Wakker 2004) and
Quasar absorption-line systems (Richter 2012) have been sug-
gested as evidence for cold gas accretion. Studies of the ver-
tical structure of gas disks and searches for evidence of cold
accretion employing the H  emission line in external galaxies
(e.g. Swaters et al. 1997; Schaap et al. 2000; Lee et al. 2001;
Fraternali et al. 2002; Barbieri et al. 2005; Westmeier et al. 2005;
Boomsma et al. 2008; Oosterloo et al. 2007; Zschaechner et al.
2011; Kamphuis et al. 2011; Zschaechner et al. 2012; see Heald
et al. 2011 and Sancisi et al. 2008 for a review) have disclosed in
some cases the existence of a vertically extended gas layer with a
strong vertical velocity gradient (Fraternali et al. 2002; Swaters
et al. 1997; Oosterloo et al. 2007). The best-studied cases to date
are NGC 2403 (Fraternali et al. 2002; Fraternali & Binney 2006,
2008) and NGC 891 (Swaters et al. 1997; Fraternali & Binney
2006, 2008; Oosterloo et al. 2007).

While star formation is expected to expel gas into the halo of
spiral galaxies that will condense and reaccrete onto the galaxy
(galactic fountain model, Shapiro & Field 1976; Bregman 1980;
Norman & Ikeuchi 1989), and this reaccreting gas is also ex-
pected to show a lagging tangential velocity (Benjamin 2002;
Barnabè et al. 2006), model calculations indicate that the ob-
served decrease of rotation velocity with height is incompatible
with a closed system, but requires the accretion of low angular
momentum material from the environment (Collins et al. 2002;
Fraternali & Binney 2006, 2008; Heald et al. 2007; Marinacci
et al. 2011). Direct evidence for a radial velocity component of
high-latitude gas has been found for NGC 2403 (Fraternali et al.
2002) and was interpreted as an additional indication for accre-
tion of ambient low angular momentum material (Fraternali &
Binney 2006, 2008): major kinematic features (strength of ra-
dial motion, absence of strong vertical velocity components) in
the extraplanar layers of NGC 2403 can only be reproduced in
a ballistic model by feeding (accreted) low angular momentum
gas into the fountain flow. While Fraternali & Binney (2008)
assumed that such gas is directly accreted from inflowing cold
streams of intergalactic matter and not from a hot ambient
medium such as a hot galactic corona (e.g. Kereš et al. 2005),
Marinacci et al. (2010) argued that for Milky-Way type galaxies,
coronal gas can cool through the interaction with the fountain
material on a short enough time scale to add a trailing stream of
freshly condensed low angular momentum gas to the neutral gas
fountain. In that picure, the intergalatic medium would accrete
onto the hot corona instead of directly onto the neutral gas disk

and the fountain flow, to be then swept up from the corona by
the fountain, hereby adding mass to and removing angular mo-
mentum from the fountain gas (see Marinacci et al. 2011). This
mechanism, however, should become more and more ineffective
with decreasing galaxy mass, since the accretion is expected to
be more and more dominated by the cold, direct inflow of inter-
galactic matter rather than accretion onto the hot corona because
of the missing shock-heating of infalling gas (e.g. Birnboim &
Dekel 2003; Kereš et al. 2005).

Although this clearly addresses an important mass regime,
little is known about the global extraplanar velocity structure of
dwarf galaxies. Some evidence for lagging, extraplanar gas in
low-mass galaxies (NGC 2541, NGC 5204, UGC 3580) has been
found by Józsa (2007). Kamphuis et al. (2011) stated in a more
detailed study of the H  structure of the dIrr UGC 1281 that a
definite conclusion is not possible for UGC 1281 and that a face-
on warp of the disk could reproduce the data as well as slowly
rotating extraplanar gas, a lagging disk.

Here we present H  observations of UGCA 105, a dIrr taken
from a sample of four galaxies (see Sect. 2) selected because
of their exceptionally massive H  disks. Exploring a number
of kinematical H  models that we compared with the data, we
searched for kinematical signatures that have been interpreted as
signatures of recent gas accretion in more massive galaxies.

This paper is structured as follows: Sect. 2 contains some
basic information on UGCA 105, in addition to a list of criteria
according to which the galaxy sample was selected. Section 3
describes details of our H  observations and data reduction, the
outcome of which is presented in Sect. 4. Section 5 focuses on
the geometric and kinematic analysis by means of tilted-ring
modelling. We present a model accounting for the kinematic
structure of an extraplanar H  component, which is discussed
in depth in Sect. 6. A summary of our results is given in Sect. 7.

2. Galaxy selection

We searched for nearby dwarf galaxies that have massive
H  disks (with respect to the optical ones) and are sufficiently
isolated to avoid direct interaction with other galaxies. The sam-
ple considered was selected from the HyperLeda catalogue1

based on the following criteria:

– An H  mass-to-light ratio (MH  /LB) > 2.0 ensures that the
galaxies have an unusually large amount of H , with respect
to their optical luminosity.

– 25 km s−1 < 3max < 100 km s−1 selects rotationally supported
dwarf galaxies.

– Total H  flux >10 Jy km s−1.
– Declination >30◦.
– An inclination of 30◦ < i < 80◦ allows one to derive reliable

kinematics.
– D25 > 32′′: the optical radius of the galaxy will be larger than

16′′, to have at least one synthesized beam HPBW (≈15′′) to
probe the optical part of the galaxy.

– Distance <∼15 Mpc, to have a spatial resolution similar to that
of typical ΛCDM numerical simulations (<∼1 kpc).

– A projected distance from the nearest galaxy >20 times the
optical radius excludes interaction with other galaxies, and
hence ensures a relatively regular velocity structure.

With these selection criteria, four galaxies were found in the
HyperLeda database: UGCA 105, UGC 11891, UGC 5846, and

1 http://leda.univ-lyon1.fr
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Table 1. Basic properties of UGCA 105.

Description Parameter UGCA 105 Ref.
Classification of galaxy Type SAB(s)m (2)
Right ascension (J2000) RA 05h14m15.3s (4)
Declination (J2000) Dec +62d34m48s (4)
Heliocentric systemic velocity (km s−1) Vsys 111 ± 5 (1)
Distance of object (Mpc) D 3.48+0.58

−0.49 (3)
Scale between distance on sky and true distance (pc arcsec−1) sc 16.9 ± 2.4 (1)
Apparent B-band magnitude (mag) mB 14.04 ± 1.27 (4)
Apparent I-band magnitude (mag) mI 10.41 ± 0.06 (2)
Reddening (mag) E(B − V) 0.218 (5)
Galactic extinction in B-band (mag) AB 0.941 (*)
Galactic extinction in I-band (mag) AI 0.423 (*)
Absolute B-band magnitude (mag) MB −14.68 (†)
Absolute I-band magnitude (mag) MI −17.80 (†)

Total H  flux (Jy km s−1) FH  225 ± 11 (1)
H  mass (109 M�) MH  0.64 ± 0.03 (1)
B-band optical radius ( ′′) r25 169 ± 12 (4)
H  radius ( ′′) rH  476 ± 14 (1)
B-band optical radius (kpc) R25 2.9 ± 0.7 (1)
H  radius (kpc) RH  8.0 ± 1.1 (1)
Ratio of H  to optical radius RH /R25 2.8 ± 0.6 (1)
Inclination of inner H  disk (◦) iH ,i 50 ± 2 (1)
Inclination of H  disk at outermost radius (◦) iH ,o 60 ± 4 (1)
Dynamical mass (109 M�) Mdyn >12 ± 3 (1)

Notes. (*) The conversions from E(B − V) to extinction are based on the values given in Table 6 of Schlegel et al. (1998). (†) For the absolute
magnitudes quoted here, only Galactic foreground extinction has been considered. No corrections for internal extinction have been applied.
References. (1) This work; (2) Buta & McCall (1999); (3) Jacobs et al. (2009); (4) HyperLeda; (5) Georgiev et al. (2005).

Fig. 1. I-band image of UGCA 105 (Buta & McCall 1999). North is up,
east is to the left. The scale bar in the lower left corner is 2′ in length.

PGC 168300. The first is the subject of this paper. An optical im-
age of UGCA 105, taken from Buta & McCall (1999), is shown
in Fig. 1. The basic properties of the galaxy, compiled from the
literature or derived in this work, are listed in Table 1.

UGCA 105 is a dwarf irregular galaxy located in the
IC 342/Maffei Group, which is one of the closest groups of
galaxies. Buta & McCall (1999), who performed V- and I-band
photometry of UGCA 105, classified it as an SAB(s)m galaxy
(while in HyperLeda it is listed as irregular), that is, a late-type
spiral, because they found that it shows a small bar and very
weak spiral structure in its optical component. The galaxy was
also observed in Hα by Kingsburgh & McCall (1998) and by
Kennicutt et al. (2008). We adopted the most recently deter-
mined distance of 3.48 Mpc (Jacobs et al. 2009) because of the
galaxy’s low Galactic latitude.

3. Observations and data reduction

UGCA 105 was observed in the H  21 cm line with the
Westerbork Synthesis Radio Telescope (WSRT). We used the
interferometer in its maxi-short configuration, which provides
optimal uv-coverage for extended sources. The standard corre-
lator setup was used, that is, we measured two linear polarisa-
tions in 1024 channels over a bandwidth of 10 MHz (allowing
for a spectral resolution of 4 km s−1), centred on the systemic
velocity of the target. Our target was observed for two full 12-h
tracks, with an additional half-hour before and after each track
spent measuring standard flux calibrator sources.

The data reduction was performed using standard tech-
niques of the Miriad software package (Sault et al. 1995). First,
the raw dataset was visually inspected, and autocorrelations as
well as bad data resulting from shadowing or solar interfer-
ence were flagged where necessary. Subsequently, the calibra-
tor sources were used for the absolute flux calibration as well
as for gain and bandpass corrections. Next, we performed a
second-order continuum subtraction in the visibility domain,
and stored the continuum emission as channel-0 data. Several
iterations of CLEAN deconvolution and self-calibration were
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Table 2. Summary of observations and data reduction.

Name of galaxy UGCA 105
Total on-source integration time (h) 2 × 12
Observation dates 4−5 & 8−9/10/07
Applied weighting scheme Robust 0 Robust 0.4
Pixel size (′′) dx 4 7
Channel width (km s−1) dv 2.06 4.12
HPBW along the beam major axis (′′) HPBWmaj 14.84 39.86
HPBW along the beam minor axis (′′) HPBWmin 13.14 38.36
Beam position angle (deg) PAbeam 1.2 5.4
rms noise (mJy/beam) in the cubes σrms 0.59 0.46

performed on the inverted continuum data to correct for time-
variable phase- and amplitude errors of the antenna gain. The
gain calibration was applied to the complete uv-dataset, and the
continuum model was subtracted to obtain the amplitude- and
phase-calibrated spectral line data. By Fourier-inverting the line
data of UGCA 105, we produced two data cubes, using differ-
ent weighting schemes: one with a Robust parameter of 0 at
full resolution, and, to increase the sensitivity to extended emis-
sion, a Robust-0.4 cube. For the latter, we additionally applied
a Gaussian taper to the visibilities, with a Gaussian equivalent
in the image domain of FWHM = 28′′, as well as a decrease in
spectral resolution by a factor of two. After Hanning smoothing
we obtained velocity resolutions of 4.12 km s−1 and 8.24 km s−1,
respectively. Both data cubes were iteratively deconvolved by
means of the Clark CLEAN algorithm, using masks to define
the appropriate CLEAN regions for each iteration. The cutoff
value for the algorithm was decreased step by step, in both cases
down to a value equal to the rms noise in the channel maps. From
the CLEANed data cubes, moment-0 maps (corresponding to the
distribution of total intensity) were computed after blanking out
all pixels outside the CLEAN regions specified in the final iter-
ation. Total intensity maps were converted into column density
maps, assuming optically thin gas. In Table 2 we list basic pa-
rameters of the final data cubes.

4. Results of H I observations

Individual velocity channel maps of the high-resolution H  data
cube of UGCA 105 are presented in Fig. 2. Every fourth channel
within the frequency range containing H  emission is shown. A
quite regular and well-ordered rotation pattern of the H  disk is
evident in the channel maps, but a multitude of hole-like struc-
tures is also revealed.

The H  total-intensity maps computed from both the high-
(Robust-0) and low-resolution (Robust-0.4) cubes are shown in
Fig. 3. The H  distribution shows an intricate pattern of low-
density holes and high-density clumps and filaments, while the
overall shape of the disk looks fairly regular and symmetric.
A close look at the outermost diffuse northern and southern
edges of the disk suggests a faint spiral structure, correspond-
ing to counter-clockwise rotation. As expected, the column den-
sities tend to be higher in the inner parts of the galaxy; the ra-
dial gas distribution is, however, far from symmetric. There is
a large, yet highly fragmented region of maximum column den-
sity located just southeast of the centre, with a peak value of
NH  = 2.98 × 1021 atoms cm−2, and an extension in the north-
east. Another, much less extended maximum is located in the
far northern part. Directly south of the maximum-intensity re-
gion there is an equally large area of exceptionally low column
density, comprising one or several (overlapping) kiloparsec-
sized holes. The largest holes are particularly prominent in the

low-resolution H map; one of them is located right in the galac-
tic centre, surrounded by some of the most notable high column
density regions. The northern part of the disk shows much lower
density contrasts between holes and the gas in their proximity,
thus displaying more of a filamentary structure of higher- and
lower-density material rather than clearly defined holes or shells.

In the left-hand panel of Fig. 4, an I-band image of
UGCA 105 from the Digitized Sky Survey (DSS) is overlaid
with contours of the low-resolution H  column density map.
With a diameter of 16 kpc (determined from the 1.5 × 1020 cm−2

contour in the low-resolution total intensity map), the H  disk
is almost three times more extended than its stellar counter-
part (R25). The overlay also shows that the region of maximum
H  emission is offset from the optical centre, and that the ma-
jor axis orientation (i.e. the position angle) of the H  disk differs
slightly from that of the optical one.

To derive a velocity field, we used the so-called bulk velocity
method, filtering secondary velocity components in a multiple-
component structure, which resulted in a cleaner velocity field
(Oh et al. 2008). The velocity field extracted from the low-
resolution data cube of UGCA 105 is shown in Fig. 5. We found
the large-scale velocity distribution of the gas to be much more
regular and symmetric than typically observed in dwarf irreg-
ulars. On smaller scales, however, the velocity field is charac-
terised by irregularities and disturbances, such as small wiggles
in the isovelocity contours. Closer inspection reveals that the
major axis of the velocity field is slightly twisted (suggesting
a warped H  disk).

Remarkably enough, the H  disk of UGCA 105 is extended
enough to show differential rotation over a wide range of
galacto-centric distances – which is rarely seen in dwarf galax-
ies, as they typically exhibit solid-body rotation up to the outer
edges of their detectable H  disks. The transition from solid-
body- to differential rotation in UGCA 105 takes place at a rather
small distance (∼1.5 kpc) from the centre, comparable to the op-
tical radius.

The impression of a spiral pattern is mainly induced by
the projected shearing of the density contrasts in the same,
clockwise, direction towards the outskirts of the galaxy, in the
transition region from solid-body to differential rotation. We pre-
sume that the spiral pattern is mainly due to the coherent (clock-
wise) elongation of holes and shells through differential rotation.
In the following we hence assumed counterclockwise rotation,
and, with that, the west side of the galaxy to point towards the
observer.

A more detailed inspection of the velocity field shows a
slight twist of the minor with respect to the major kinematical
axis at small radii (near the stellar body). This indicates the pres-
ence of non-circular motions in the galaxy, the most simple one
being a radial component.
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Fig. 2. Channel maps from the 14.′′84 × 13.′′14 resolution data cube of UGCA 105, observed with the WSRT. Contour levels are at 1.8 (3σ), 3.5,
10, and 15 mJy beam−1. The heliocentric velocity is noted at the upper left corner of each map.

Figure 6 shows position-velocity (PV) diagrams along the
major axis of both data cubes, with intensity contours down
at the 2-σ level. The slice through the low-resolution cube
shows faint wings of emission visible on the approaching and

receding side, extending coherently towards the systemic veloc-
ity (and beyond, indicating non-circular motions), that is, there
is a “beard” of anomalous H  moving at lower velocities than
the overall galaxy rotation. The anomalous emission appears
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Fig. 3. H  column density distribution of UGCA 105 at 14.′′84 × 13.′′14 (left) and 39.′′86 × 38.′′36 (right) resolution. An angular distance of 1′
corresponds to 1.01 kpc.

Fig. 4. Left: DSS I-band image of UGCA 105, overlaid with contours of the 39.′′86 × 38.′′36 resolution column density map at 1.5, 5, 10, and
15× 1020 atoms cm−2. The red ellipse represents the extent of the optical disk (r25). Right: H  column density map at the same resolution. Contour
levels are 0.15, 0.5, 1, 1.5, 3, 5, 10, and 15 × 1020 atoms cm−2.

to be very faint and rather diffuse, so that it is hardly visible
in the Robust-0 cube. As confirmed by our tilted-ring analysis
(Sect. 5), the presence of the beard is a sign of a lagging extra-
planar gas component.

5. Tilted-ring modelling
We modelled UGCA 105 by means of a tilted-ring model
(Rogstad et al. 1974). In its simplest form, this method is based
on the assumption of circular orbits of the gas, such that the kine-
matics of a galactic disk at any radius can be described by the

following quantities: the circular velocity, the systemic velocity,
the central position of the orbit, the inclination, and the position
angle, the latter two defining the local orientation of the disk.
Tilted-ring models of galaxies therefore do not only provide ro-
tation curves, but they also describe the radial change in orien-
tation of the galactic disks (i.e. symmetric warping). We use the
least-squares fitting routine TiRiFiC2 (Tilted Ring Fitting Code,
Józsa et al. 2007), which allows for a number of extensions to the

2 TiRiFiC is publicly available from
http://www.astron.nl/~jozsa/tirific/
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Fig. 5. Left: bulk-motion velocity field of UGCA 105, derived from the low-resolution data cube, with contour levels ranging from 50 to 170 km s−1,
in steps of 10 km s−1. The thick line represents the systemic velocity of 111 km s−1. Right: full-resolution H  column density map, overlaid with
velocity contours as shown in the left-hand panel. The red ellipse shows the extent of the optical disk (r25).

Fig. 6. Left: position-velocity (PV) diagram along the kinematical major axis of the 14.′′84 × 13.′′14 resolution cube of UGCA 105, with contour
levels of 1.2 (2σ) and 4.8 mJy beam−1. Right: position-velocity (PV) diagram along the kinematical major axis of the 39.′′86 × 38.′′36 resolution
cube of UGCA 105, with contour levels of 0.9 (2σ), 3.6, and 14.4 mJy beam−1. The low-resolution data shows a “beard” of material at anomalous
velocities, indicating the presence of a lagging extraplanar gaseous component. The feature visible at velocities near zero in both panels is Galactic
H  emission.

simple tilted-ring model. We mention those we tested in the fol-
lowing description where necessary. TiRiFiC achieves a best-fit
solution by optimising the match of a model data cube and the
data, which makes it possible to investigate the 3D structure of
our target galaxy.

In our model we need to take into account all constituents
of the H  disk. Since significant parts of the H  at anomalous
velocities are apparently smoothly distributed, it is detected best
in the low-resolution data cube. We hence based our model on
an analysis of the low-resolution data cube. We used ring widths
of at least 30′′ for all fit parameters. To avoid ambiguities and
to keep the number of free parameters as low as possible, we
modelled an inner disk of 120′′ radius with a constant orientation
and scale height in all cases. Furthermore, we treated the centre
position (RA, DEC) and systemic velocity as free fit-parameters
in TiRiFiC, but since the H  distribution and velocity field are

sufficiently symmetric, these parameters were treated as being
independent of radius.

The model can reproduce the major features of the data cubes
sufficiently well, retaining the simplicity of the model as much
as possible. Because a kinematical model is not constrained by
physics, only by the data, a virtually infinite number of models
may reflect the real H  structure of the galaxy. We present a se-
lection of different models (carrying different physical interpre-
tations) to argue that among the represented model families we
can find and quantify a best solution. However, it cannot be ex-
cluded that even our best-fit solution is ambiguous with respect
to the used parametrisation scheme. We describe eight different
(best-fit) model solutions for the H  cube of UGCA 105, and
assess their quality based on a comparison of position-velocity
diagrams along the kinematical major and minor axes of the data
and model cubes, respectively (see Fig. 7). The critical features
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Fig. 7. PV slices along the kinematical major (left column) and minor axis (right column) of the 39.′′86 × 38.′′36 resolution data cube of UGCA 105
(greyscale and blue contours) in comparison with the corresponding PV slices through different model cubes (pink contours). Contour levels are
0.9 (2σ), 3.6, 14.4, and 40 mJy beam−1. The characteristic features of each model are given in the top right corner of the respective panels (DVRO:
vertical gradient of rotation velocity, DVRA: vertical gradient of radial velocity, Vrad: radial velocity, ZDRO: onset height for vertical gradient
of rotation velocity, ZDRA: onset height for vertical gradient of radial velocity; see Sects. 5.1–5.3 for details). The arrow, circles, and ellipses
in panel a) denote unusual features in the data, some of which are successfully reproduced by certain models, while others are not (see text for
details).

of the data that we aim to reproduce in the modelling process
are not only the central beard emission seen in the major-axis
PV slice, but also the skewness of the contours in the minor-axis
PV diagram.

5.1. Warped model

Initially, we applied a basic tilted-ring model. The obtained best-
fit solution (as shown in Fig. 8) is characterised by a 26◦ incli-
nation warp of the H  disk, as well as a 10◦ warp in position
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Fig. 7. (continued). See Sects. 5.4–5.6 for details. Clearly, the kinematics of UGCA 105 are best described by the model featuring vertical gradients
in both rotation and radial velocity as well as the respective onset heights (cf. panel h)).

angle, and we therefore refer to it as the warped model through-
out this paper (a warp is present in our subsequent models as
well, albeit with a distinctly lower amplitude). The derived sur-
face density distribution shows the highest values for the region
between 1 and 2.5 kpc, with a rather sharp drop towards the in-
nermost region (corresponding to the central H  hole), and a
roughly exponential decline towards the outer edge, except for
a secondary maximum between 4 and 5 kpc. The fitted scale

height, the vertical density profile assumed throughout the pa-
per to be determined by a sech2 law,

ρHI(r, z) = σHI(r) ·h(z) = σHI(r) · (2 z0(r))−1 · sech2(z ·z−1
0 (r)), (1)

with ρHI being the H  density, z0 the scale height, and σHI(r)
the surface-density, shows a strong flare of the disk, with values
exceeding 2 kpc for the outermost rings. The rotation curve in-
dicates solid-body rotation in the inner part of the galaxy, with
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Fig. 8. Best-fit solution for UGCA 105 obtained with TiRiFiC when
no bar and no velocity gradients are considered, i.e. the warped model
described in Sect. 5.1 and shown in panel a) of Fig. 7. Fit parame-
ters are the surface brightness or -density (SBR/SD), rotation veloc-
ity (VROT), inclination (INCL), position angle (PA), and scale height
(SCHT). Black dots and lines represent the fit to the entire velocity field
or data cube, while the blue (red) squares and lines denote the solution
for the case in which only the approaching (receding) side was fitted.

a transition to differential rotation at a radius of ∼1.5 kpc, and
shows an over-Keplerian decline at the largest radii. As we show
below, this unphysical decline vanishes for the models where
an additional, lagging component above the disk is taken into
account.

5.2. Central bar streaming

From Fig. 7 (panel a)) it is evident that while our warped model
provides a reasonable approximation to the overall kinematics
including the H  with anomalous velocities at larger radii, it
clearly fails to reproduce the anomalous gas kinematics in the
centre and the shape of the fainter emission in the minor-axis
PV diagram. Before proceeding to introduce vertical velocity
gradients, we tried to improve the warped model by consider-
ing elliptical streaming due to a central bar (as observations of
the stellar disk suggest, see Sect. 2), since the skewness of the
minor-axis slice is indicative of non-circular motions. This is re-
alised by including second-order harmonic terms in tangential
and radial velocity (see e.g. Franx et al. 1994; Schoenmakers
et al. 1997; Spekkens & Sellwood 2007). Testing various com-
binations of bar amplitudes and phases, we found the best-fitting
model at a second-order rotational amplitude of 20 km s−1 within
2.0 kpc from the centre and a bar orientation of 60◦ clockwise
from the major axis. Panel b) of Fig. 7 indicates only slight im-
provement with respect to the major-axis diagram, with the in-
ner beard still largely uncaptured. In the minor-axis slice, the
model gives a better approximation of the upper-central bump in

the contours (see red arrow in panel a)), but the upper-right and
lower-left bumps (red circles in panel a)) in the outer contour
still cannot not be reproduced by this model.

5.3. Introducing a rotational lag

Since the models described above do not yet provide satisfac-
tory fits to the anomalous gas, we introduced a lagging ex-
traplanar component by fitting a vertical gradient of the rota-
tion velocity DVRO. Panel c) of Fig. 7 shows a model with
DVRO ≈ −60 km s−1 kpc−1 for the inner disk, increasing to
DVRO ≈ −30 km s−1 kpc−1, which is reached at r = 4.0 kpc, and
without a strong warp and bar streaming. While DVRO has a
similar effect on the low-column-density gas at large radii as the
warp of our initial model, the fit of the minor-axis slice is poorer
than in the previous cases because it now lacks in skewness,
which the bar (and to a lesser extent also the warp) provided.

Adding the previously used bar motion parameters (panel d))
leads to a minor improvement in terms of the beard, while for the
minor-axis diagrams a satisfactory match is still not achieved.

5.4. Radial motion

To obtain a better approximation for the outer contours in the
minor-axis PV slice, we constructed a model with an inward ra-
dial velocity component 3rad, whose amplitude decreases linearly
from 3rad = −30 km s−1 at the centre to 3rad = 0 at r = 5.6 kpc.
The radial velocity component is constant with height above the
plane. We also kept the DVRO from the previous two models
(note, however, that neither a bar nor a strong warp is included
in this or any of the following models). The corresponding PV-
slices are shown in panel e). We find that while the beard in the
major-axis slice can in principle be reproduced by choosing a
strong enough radial velocity component, the resulting skewness
of the minor-axis slice is too large at high column densities, even
though the upper-right and lower-left bumps of the outer contour
are reasonably well approximated. From this, we deduce that the
(inward) radial component to the velocity increases with height
above the plane. We only consider an extraplanar radial velocity
component in the following steps.

5.5. Adding a gradient in radial velocity

The model shown in panel f) of Fig. 7 features a vertical gra-
dient in (inward) radial velocity DVRA, decreasing linearly
from −85 km s−1 kpc−1 at the centre to −60 km s−1 kpc−1 at r =
2.0 kpc, and decreasing further to DVRA = 0 for r ≥ 4.0 kpc.
Neither DVRO nor 3rad is included. While DVRA on its own
does not provide any major-axis beard emission at all, we see
that it is crucial to reproducing the skewness of the minor-axis
PV slice also at low column densities.

Our next model includes both DVRO and DVRA, each hav-
ing the values specified above. As apparent from panel g), this
provides an excellent fit to the beard of anomalous H  emission,
and an additional, albeit marginal, improvement of the minor-
axis PV contours.

As a final step, onset heights of the gradients ZDRO and
ZDRA were introduced (panel h)), since gradients near the mid-
plane result in slightly too low velocities at low column densi-
ties, as a comparison of the major-axis PV diagrams in panel g)
illustrates. This is also evident in individual channels of the re-
spective data cubes (Fig. 9). We found the best fit to the data
using ZDRO = ZDRA = 0.2 kpc. Notice that while this onset
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Fig. 9. Selected channel maps from the 39.′′86 × 38.′′36 resolution data cube of UGCA 105 (greyscale and blue contours) in comparison with the
corresponding channel maps of the TiRiFiC model including both vertical velocity gradients DVRO, DVRA but no onset heights ZDRO, ZDRA
(as shown in panel g) of Fig. 7; black contours) and of our best-fit TiRiFiC model (as shown in Fig. 11 and panel h) of Fig. 7; pink contours).
Contour levels are 0.9 (2σ), 3.6, and 14.4 mJy beam−1. The heliocentric velocity is noted at the upper left corner of each map.

height above the plane is below the resolution of the analysed
data cube, a non-zero choice nevertheless leaves its signature on
the modelled data, since the complete vertical profile is affected.

5.6. Final model
We found the model shown in panel h) of Fig. 7 to be our best
approximation to the UGCA 105 H  data cube. Figures 9 and 10
demonstrate the overall consistency of this model with the data,
based on eight representative spectral channel maps and on the
column density distribution, respectively. The model parameters
are plotted against radius in Fig. 11.

To obtain stable fit results while keeping our model as simple
as possible, all parameters were sampled with ring separations
significantly larger than the beam size. Since χ2 minimisation
did not lead to satisfactory results for all data points, a num-
ber of model values had to be set manually to achieve a good
approximation to the data cube. Note that in case of the onset
heights, even though the program found the minimum χ2 for
ZDRO = ZDRA ≈ 0.1 kpc, we found a slightly better agree-
ment with the data from visual inspection after doubling these
parameter values, and estimate the error in this parameter as the
difference between the manually fixed- and the best-fit value.

Since the distribution of holes and filaments in the H  disk
is largely asymmetric, we fitted separate H  surface density
profiles to the approaching and the receding side of the disk,
while such a treatment was not necessary for the other model
parameters. As a notable difference to the warped model, we

found that the best-fitting rotation curve now shows a some-
what higher overall amplitude (up to 83 km s−1) and a far less
pronounced decrease at the outermost radii. In addition, the new
model does not require a flare as strong as in the warped model –
we obtain a maximum scale height of ∼0.7 kpc for the outer disk.
Note that the rotation curve, surface density profiles, orientation,
and scale height are roughly the same for all of the above mod-
els that include vertical velocity gradients (i.e. panels c) to h) in
Fig. 7).

In TiRiFiC, negative gradients correspond to decreasing ve-
locities with increasing height above the disk plane. Assuming
that the spiral structure in the outer disk is trailing, we were able
to assign the direction of the radial motion. This means that we
observe gas above the inner part of the disk with a lag in circular
velocity relative to the bulk motion as well as an inward veloc-
ity component increasing with z. The data are consistent with a
negligible vertical velocity component or its gradient (DVVE),
which, for completeness, we fitted to the inner disk, and (us-
ing the same onset height above the plane) derived a gradient of
DVVE ≈ −7 km s−1 kpc−1 for r < 2.0 kpc.

A feature that is not well reproduced by our models is the
wiggle in the high-column-density contours on both sides of the
minor-axis PV slice (marked by the black ellipses in panel a) of
Fig. 7). Since we managed to at least marginally fit this structure
in the two barred models, we do not rule out the possibility that it
is caused by bar streaming motions; however, the feature might
as well be due to local inhomogeneities of the H  distribution
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Fig. 10. H  column density map of UGCA 105 at 39.′′86 × 38.′′36 res-
olution (greyscale and blue contours) in comparison with the column
density map of our best-fit TiRiFiC model (as shown in Fig. 11 and
panel h) of Fig. 7; pink contours). Contour levels are 1, 1.5, 3, 5, 10,
and 15 × 1020 atoms cm−2.

(e.g. the central hole and its surroundings). Moreover, if there is
indeed a bar flow that could affect the determination of the inner
rotation curve, we do not expect the necessary correction to be
larger than the statistical uncertainties of these data points.

Similarly, models and data do not perfectly agree in terms
of the inner contours of the major-axis PV diagram, again pri-
marily because of local inhomogeneities, such as the remarkable
H  depression in the approaching half (green circle in panel a)).
We also would like to point out again that our TiRiFiC mod-
els are symmetric (except for the radial surface density profile),
and hence it is expected that they do not match the approach-
ing and receding side of the data cube equally well (as is also
evident from Fig. 9). The differences between the two sides are
taken into account by accordingly assigning errors to the model
parameters (see Sect. 5.7).We point out again that we can take
into account most of an apparent global lopsidedness by assum-
ing different surface brightness for the receding and approaching
half of the galaxy, such that on a global scale, we believe to be
able to explain an apparent lopsidedness by variations in surface
densities, not the kinematics, and that hence our major conclu-
sions are not much affected by these effects.

As emphasised above, we cannot claim to have found a
unique kinematic model solution. In particular, having found a
satisfactory parametrisation using a single, coherent disk model,
we did not investigate the possibility of a two-disk structure to
the H , which is a frequently used approach in the literature to
quantify the structure of anomalous gas (e.g. Swaters et al. 1997;
Gentile et al. 2013). This might offer a possibility to reproduce
our data equally well, but we do not expect that such a solu-
tion would change the basic picture. In summary, our kinematic
H  modelling indicates that (see also Fig. 11)

– While UGCA 105 possesses a warp, it is not sufficient to
explain the appearance of H  at anomalous velocities in pro-
jection against the inner disk of the galaxy.

– Bar streaming provides a better fit to the data, but is
not sufficient to reproduce the kinematic structure of the
extraplanar H .

Fig. 11. Parametrisation of our best-fit TiRiFiC model for UGCA 105
(cf. panel h) of Fig. 7): surface brightness or -density (SBR/SD), ro-
tation velocity (VROT), vertical gradient of rotation velocity (DVRO),
vertical gradient of radial velocity (DVRA), inclination (INCL), posi-
tion angle (PA), scale height (SCHT), onset height for vertical gradient
of rotation velocity (ZDRO), onset height for vertical gradient of radial
velocity (ZDRA). The vertical line in each panel is drawn at the optical
radius R25 = 2.9 kpc. Colours have the same meaning as in Fig. 8.

– An extended disk with gas that is rotating slower above the
mid-plane than the rotation speed in the central plane is re-
quired to reproduce the data. The effect is strongest in the
range of the optical disk.

– Approximately inside the optical radius r25, inwards motion
is required to reproduce the data.

– The mid-plane does not exhibit inwards motion, while it be-
comes significant at some height above the mid-plane.

– A flare is present. The scale height of the disk increases be-
yond the optical radius of the galaxy.

– The rotation curve of UGCA 105 is flat within the errors.
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Fig. 12. UGCA 105: radial H  inflow rate as derived from the tilted-ring
model. The errors are formal errors. The most significant data point at
a radius of 2.0 kpc is highlighted (see text).

5.7. Error determination

Since a reliable technique for error determination in TiRiFiC
is yet to be developed, we estimated the uncertainties by fitting
the approaching and receding part of the galaxy separately. As
the routine calculates azimuthal averages for each ring, it is rea-
sonable to assume error margins to be represented by deviations
from radial symmetry. The error bars we adopted are given for
each data point by the average of the deviations (i.e. from the
approaching and receding side, respectively). To prevent the er-
ror bars from becoming unrealistically small or large, Hanning
smoothing was applied to the errors for every fit parameter, that
is, we weighted each error by a factor of one half, and added one
quarter of the errors of the two adjacent data points. In Figs. 8
and 11, the modelling results for UGCA 105 are plotted along
with the respective solutions for the approaching and receding
side for comparison.

6. Extraplanar gas
We consider the implications of our specific kinematical model.
While depending on the implementation of a tilted-ring model
(e.g. as a one- or two-disk model), the derived numbers might
change by some substantial factor, we expect the global findings,
as highlighted at the end of Sect. 5.6, to qualitatively remain the
same. However, despite an extensive search in parameter space,
we cannot completely exclude that an alternative model with
different physical implications can fit the data equally well or
better, while a variety of alternative model families have been
shown to fail in satisfactorily fitting the data.

As shown in Sect. 5 (see also Fig. 7), a tilted-ring model
that can reproduce the major features of the data at least
requires a substantial vertical gradient in rotation velocity
(−60 km s−1 kpc−1) and an inwards velocity component within
the radius of the optical disk, increasing with height above the
plane (with a gradient of −70 km s−1 kpc−1). The onset of both
the decrease in rotation velocity and the increase in radial ve-
locity starts at some height above the plane (ZDRA = ZDRO =
12′′ =̂ 0.2 kpc). Below that height, the gas is co-rotating with the
mid-plane and shows no radial velocity component.

The most striking feature of the model is the inwards motion
above the plane, which basically appears to be inconsistent with

a steady-state assumption for UGCA 105. This gas must be the
result of an extreme fountain flow or is newly accreted gas. We
calculated the radial inflow rate at a certain radius as the flow
through a cylinder at radius r

Ṁrad = 2

∞∫
zi

2πr 3rad(z)σ(r) h(z) dz, (2)

where z denotes the height above the plane, 3rad the radial veloc-
ity, σ the surface density, h the vertical profile (sech2), and zi the
onset height above the plane. For 3rad we used

3rad =

{
∆3rad(z − zi) z ≥ zi
0 z < zi

(3)

according to our kinematical model, where ∆3rad is the verti-
cal gradient in radial velocity. In observable units as used by
TiRiFiC, we derived

Ṁrad(r) = 6.3 × 10−2∆3radΣrz0

[
ln(2) + ln

[
cosh

(
ziz−1

0

)]
− ziz−1

0

]
,

(4)

where Ṁrad(r) is measured in M� yr−1, ∆3rad in km s−1 arcsec−1,
the azimuthally averaged surface brightness Σ in
Jy km s−1 arcsec−2, and r, z0, and zi in arcsec. We show
the results as calculated over the radial range within which we
include a radial inflow in Fig. 12. Because we used a model
that is sampled on a coarse grid (which reduces the number
of fit parameters), we identified the point at r = 2.0 kpc as
the most reliable one (radial motion is only fitted at r = 0,
2.0, and 4.0 kpc, see Fig. 11), and derived an inflow rate of
Ṁrad = 0.05 ± 0.03 M� yr−1. Assuming an onset height zi = 0
would yield Ṁrad = 0.1 ± 0.06 M� yr−1, which is a substantial
increase. We therefore point out that while introducing this
onset for our model improves our fit, its choice has also a
significant impact on the derived physical properties. Correcting
our preferred inflow rate for helium abundance by multiplying
with a factor 1.3, we derived a total cold gas inflow rate of
Ṁrad,total = 0.06 ± 0.05 M� yr−1.

The star formation rate of UGCA 105 as derived from
UV- and Hα measurements amounts to 0.07 M� yr−1 (UV) and
0.05 M� yr−1 (Hα), respectively (Lee et al. 2009). This means
that if we interpret the radial inflow, which in fact is modelled
only near the star-forming disk, as gas accretion, the star for-
mation in UGCA 105 can roughly be maintained by that inflow,
even neglecting direct stellar feedback to the ISM. Even though
the derived gradients appear to be extreme, the radial inflow rate
is hence modest and in principle compatible with the star forma-
tion properties of UGCA 105. We modelled the inflow assuming
a symmetric surface density. Indeed, due to projection effects, a
connection of the inflow to specific areas of star formation can-
not be made on the basis of our data.

We point out that the gas fraction that starts to counterrotate
(because at a certain height above the plane the sign of the ro-
tation reverses in our simple model) is negligibly small accord-
ing to our purely kinematical model (0.4 percent of the total gas
mass). Comparing the inflow velocity at the same height above
the plane, it is also similar to the asymptotic rotation velocity of
UGCA 105. We therefore conclude that our description does not
contradict simple physical considerations.

The total mass of the anomalous gas component cannot be
determined in a straightforward manner, because we modelled
the H  in UGCA 105 as one continuous structure, in contrast to
kinematical models used to explain the structure of NGC 2403
(Fraternali et al. 2002) or NGC 891 (Oosterloo et al. 2007),
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where an additional thick disk accounts for the anomalous gas.
In external galaxies, including NGC 891, it appears generally not
straightforward to separate two H  components (Marinacci et al.
2010). Depending on the model used to explain the occurrence
of anomalous gas, this is an expected result (Fraternali & Binney
2006; Marinacci et al. 2010). We estimate the gas mass of the
H  component with a rotational velocity of less than 90% of the
rotation velocity of the midplane gas to amount to 3 × 108 M�,
which is 40% of the total gas mass. For NGC 891, Oosterloo
et al. (2007) estimated based on a kinematical model that 30%
of the total gas mass has anomalous kinematics (Fraternali &
Binney 2006 estimated 15%), which means that we derive sim-
ilar numbers, albeit UGCA 105 would exhibit a slightly more
extreme mass of its extraplanar component. Hence, if our simple
kinematical model does indeed reflect the physical status of the
H  in UGCA 105, this galaxy would contain the most massive,
regular extraplanar H  component described in a galaxy so far.

Additional studies, which are beyond the scope of this work,
are required to investigate under which circumstances we might
witness the observed morphology and kinematics of UGCA 105.
In particular, it remains to be seen whether the observed kine-
matics is compatible with a closed-box scenario, in which the
observed anomalous component constitutes gas that was for-
merly expelled from the galaxy via star formation and now re-
turns to the galaxy. Fraternali & Binney (2008, 2006) argued
for NGC 2403, the only other galaxy which to our knowledge
has been observed to exhibit an inwards-flowing extraplanar gas
component, that an inwards fountain flow is not expected, and
therefore the observations hint towards a mixing of low-angular
momentum gas, external to the main disk or the fountain flow,
with the fountain gas. Within the framework of their ballistic
model, Fraternali & Binney found a possibility to generate a net
inwards motion by taking into account a phase change and let-
ting the fountain material appear at later times in their excur-
sion from the plane. In that case, a net inwards motion can be
observed without adding external material to the fountain flow.
However, for their specific model, the signatures of inwards mo-
tion appear only at a weaker level than observed, and only in con-
junction with a strong vertical velocity component that is not ob-
served for NGC 2403. For UGCA 105 as well, a vertical velocity
component is at most at a rather low level compared to the radial
motion. Fraternali & Binney (2008) found for NGC 2403 that the
required inward motion can be achieved by adding a small frac-
tion of gas at low angular momentum. Marinacci et al. (2011)
showed that for a Milky-Way-type galaxy this low-angular mo-
mentum material might be provided by a slowly rotating hot
corona that slows down the fountain flow and condenses in the
wake of the fountain flow (Marinacci et al. 2010).

We note that considered naively, our findings would be com-
patible with such a hypothesis. Apparently, at a large height
above the plane, rotation becomes negligible, but a strong in-
wards gas motion is present at a radius where star formation
takes place. Assuming this to be external accreting gas, it is ex-
pected that it mixes with the cold ISM and, moving further to-
ward the disk, will be dragged along with the main cold, gaseous
body of the galaxy. A possible vertical drizzle (which cannot be
excluded at a low level) may then feed the star formation at the
centre of the galaxy. A caveat against indirect accretion (first
onto the corona and from there onto the cold disk) comes from
the mass of the galaxy. At low masses, accretion is expected
to occur in a cold mode and not by shock-heating and accre-
tion onto a hot corona (e.g. Birnboim & Dekel 2003; Kereš
et al. 2005), such that the mechanism originally proposed by

Fraternali & Binney (2008), the mixing of directly accreted, cold
gas from the IGM, might be preferable for this galaxy.

Hence, a direct comparison with the case study of NGC 2403
(Fraternali & Binney 2008, 2006) suggests that there is some
chance that we witness a (very regular) gas accretion event for
the dwarf galaxy UGCA 105. This hint can only be substanti-
ated by performing dedicated simulations tailored to the case of
UGCA 105, which is beyond the scope of this work.

It is remarkable that we found kinematically anomalous gas
in a galaxy that appears to be quiescent in the optical, the star
formation rate of the galaxy being low. One of the distinguish-
ing properties of UGCA 105 – if any – is its large H  mass with
respect to its optical luminosity (MH L−1

B = 5.5 M� L�), which
is rarely found in other galaxies. The other dwarf galaxy that
has recently been analysed without a clear sign of anomalous
gas, UGC 1281, (Kamphuis et al. 2011, see introduction) has
MH L−1

B = 0.15 M� L�. One might therefore be inclined to spec-
ulate whether a high H  mass might be one of the prerequisites
to find anomalous gas in galaxies.

7. Summary

We have presented the analysis of WSRT H  observations of the
nearby dwarf galaxy UGCA 105, which was chosen from a sam-
ple of galaxies selected to have extended and massive H  disks
with respect to their stellar counterparts. The data cubes and total
intensity maps showed that the structure of its H  disk is dom-
inated by low column density holes and high density clumps
and filaments. The velocity field of UGCA 105 was shown to
be more symmetric than expected for an irregular galaxy, or ar-
guably even for a very late-type spiral. Differential rotation sets
in at a relatively small galacto-centric distance. The galaxy also
shows clear indications of the presence of anomalous gas.

Applying the tilted-ring modelling routine TiRiFiC, we
derived the rotation curve of the galaxy from an H  data
cube, along with orientational parameters of the disk, its scale
height, and its surface density profile. Model cubes showed that
UGCA 105 has a flat rotation curve, a slightly warped, albeit
very diffuse, outer H  disk, as well as an H  flare outside of
the optical radius. Most notably, searching a wide range of pa-
rameter combinations to reproduce the morphological and kine-
matical structure of this galaxy, we found that a basic tilted-ring
model is not sufficient. We were able to reflect the major kine-
matical features of the galaxy by introducing gradients in rota-
tion (60 km s−1 kpc−1) and radial velocity (70 km s−1 kpc−1), the
latter within the range of the stellar disk, to reproduce the data
with the tilted-ring model. According to our model, UGCA 105
has a strongly lagging extraplanar H  component and strong in-
wards motion of the gas within the radius of the stellar disk, in-
creasing with height above the plane. While we cannot exclude
that other kinematical models may match the data equally well,
we interpret these findings as an indication for an extraplanar,
symmetric, inward flow of neutral gas. This, in turn, might be in-
dicative of smooth accretion of material, either directly from the
IGM or from an unseen, hot component in the galaxy. Vertical
motion is not required to reproduce the data, but would be com-
patible with the observations.

We derived the radial gas inflow rate of UGCA 105 to be
Ṁrad,total = 0.06 ± 0.05 M� yr−1, which is of the order of the star
formation rate of the galaxy. The hypothesis that UGCA 105 is
undergoing an accretion event is consequently in principle com-
patible with the observations. An inflow was detected only above
the bright stellar disk. Whether this indicates a direct connection
of the inflow and a fountain flow, which has been proposed as a
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mechanism for high-mass galaxies, cannot be answered within
the scope of this paper. At this stage, we consider the same
mechanism of sweeping up gas from the surrounding medium
of the disk via fountain flows a possible mechanism. Because
UGCA 105 has a relatively low mass, the surrounding mate-
rial may be directly inflowing cold gas and not a hot corona.
So far, the theoretical focus in the context of cold gas accre-
tion have been high-mass galaxies. If future studies of fountain
mechanisms in the context of gas accretion at lower masses are
able to physically motivate our kinematical model (i.e. to repro-
duce our observations), UGCA 105 may be the most extreme
case of smooth gas accretion known so far, and, to the best of our
knowledge, it is the third galaxy so far (apart from NGC 2403
and the Milky Way), where a net radial motion of extraplanar
gas is detected.
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