A&A, 692, A51 (2024)
https://doi.org/10.1051/0004-6361/202452200
© The Authors 2024

tronomy
Astrophysics

High-resolution HI mapping of nearby extremely metal-poor blue

compact dwarf galaxies

Tom C. Scott"*®, Elias Brinks>®, Chandreyee Sengupta®®, and Patricio Lagos'

! Institute of Astrophysics and Space Sciences (IA), Rua das Estrelas, 4150-762 Porto, Portugal
2 Centre for Astrophysics Research, University of Hertfordshire, College Lane, Hatfield AL10 9AB, UK
3 Purple Mountain Observatory (CAS), No. 10 Yuanhua Road, Qixia District, Nanjing 210034, China

Received 10 September 2024 / Accepted 18 October 2024

ABSTRACT

Aims. Optical observations of blue compact dwarf galaxies (BCDs) show they typically have high specific star formation rates (sSFRs)
and low metallicites. A subset of these galaxies (those with the lowest gas phase metallicities) display cometary optical morphologies
similar to those found at high redshift. Whether this combination of properties predominantly arises from interactions with neighbours
or via accretion from the cosmic web, or is indeed due to something else, remains unclear. Our aim is to use high-resolution HI
mapping to gain insights into the processes driving the observed properties of a sample of extremely metal-poor (XMP) BCDs.
Methods. We present Very Large Array B—and C—configuration H I mapping of the four BCDs of our sample. For three of the targeted
BCDs, we also detected and mapped the H1 in their nearby companions.

Results. In these three cases, there is HI morphological and kinematic evidence of a recent flyby interaction between the BCD and
a nearby companion galaxy. The H1 evidence for recent interactions for these three BCDs is corroborated by our analysis of the
tidal forces exerted on the BCDs by companions with available spectroscopic redshifts. In one of these cases, J0204-1009, we obtain
sufficient spatial resolution to determine that the BCD is dominated by dark matter (DM) and estimate its DM halo mass to be in the
range of 1.2 x 10" to 5.2 x 10'' M. However, it is the most isolated BCD in our small sample, J0301-0052, that shows one of the
most asymmetric H I morphologies. J0301-0052 has a similar cometary H1 morphology to its optical morphology, although the HI
column density maximum is projected at the end of the optical tail.

Conclusion. Our HI observations suggest that J0301-0052 may be undergoing a merger, while the other members of our BCD sample
show evidence of a recent tidal interaction with a near neighbour. While our selection criteria favour BCDs with companions, our
results are consistent with previous literature showing that most BCDs are associated with either mild tidal interactions or mergers.
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1. Introduction

Star-forming blue compact dwarfs (BCDs) with Mg > —18 nor-
mally display high gas-to-stellar-mass fractions, high specific
star formation rates (sSFRs), and low metallicities (Zo/40 < Z <
Zs/3) in comparison with other dwarf galaxies (Thuan & Martin
1981; Thuan 1983; Gil de Paz et al. 2003; Geha et al. 2006).
Based on the analysis of automatic plate measuring machine
catalogues, Telles & Maddox (2000) concluded that star forma-
tion (SF) in HII/BCD galaxies is not triggered by strong tidal
interactions. However, a number of other authors have deter-
mined that the enhanced star formation rates (SFRs) in BCDs are
associated with weaker interaction signatures or gas-rich dwarf—
dwarf mergers (e.g. Taylor 1997; Ostlin et al. 2001; Bekki 2008;
Martinez-Delgado et al. 2012). Pustilnik et al. (2001) concluded
that ~80% of the starbursts in their sample of 86 BCDs are
attributable to tidal interactions, including weak interactions,
or low-mass mergers. Resolved HT studies of the connection
between SFR and HI in nearby BCDs, using the National
Radio Astronomy Observatory’s Karl G. Jansky Very Large
Array' (VLA), found evidence for the infall of gas clouds and/or
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mergers consistent with the interaction hypothesis, according to
which their recent SF enhancement is triggered by recent inter-
actions (Bravo-Alfaro et al. 2004; Ekta et al. 2008; Ashley et al.
2017).

As galaxies evolve, their stellar mass and gas-phase metal
abundance are expected to increase. As a result, metal-
poor, low-stellar-mass galaxies are predicted to be com-
mon at high redshift. Conversely, few galaxies with this
combination of properties are observed at low redshift.
Only a few hundred local, extremely metal-poor galax-
ies with oxygen abundances of less than 10% of solar,
12 +1og(O/H) <7.60 (XMP galaxies), have been identified
to date (e.g. Morales-Luis et al. 2011; Gusevaetal. 2017).
Typically, XMPs are BCDs displaying strong optical emis-
sion lines, blue colours, high surface brightness, low lumi-
nosity, compact morphologies, and faint blue optical con-
tinuum (e.g. Kunth & Ostlin  2000; Bergvall&@stlin 2002;
Noeske et al. 2003; Gil de Paz & Madore 2005; Lagos et al.
2011; Mamon et al. 2012; Micheva et al. 2013).

Three-quarters of XMPs also display cometary optical
morphologies (Papaderos et al. 2008; Morales-Luis et al. 2011),
which is an unusual morphology amongst low-redshift UV-
bright star-forming galaxies (Elmegreen etal. 2012). Several
mechanisms have been proposed to explain this cometary or
tadpole morphology, including gravitational triggering from
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accretion of a low-mass companion (Straughn et al. 2006), ram
pressure (Elmegreen & Elmegreen 2010; Gavazzi et al. 2001),
or the accretion of nearly pristine cold gas from the cosmic web
(Sanchez Almeida et al. 2015; Kurapati et al. 2024b).

There has been much discussion in the literature about
the mechanism(s) responsible for triggering the observed high
SFRs in XMP BCDs and their intriguing stellar and nebu-
lar morphologies, which resemble galactic discs in formation
(Bournaud & Elmegreen 2009). For example, an HI interfer-
ometric study of six of the most metal-deficient star burst-
ing dwarfs, most of which are BCDs, showed evidence of
a recent interaction and/or merger in their HI morphologies
and kinematics (Ekta et al. 2008). One possible mechanism
is that the sSFR becomes enhanced following the infall of
a significant mass of metal-poor gas, as in the case of the
BCD UM461 (Lagos et al. 2018). Another possibility is that
a recent interaction has driven gas to the galaxy centre and
has triggered a burst of SF; see for example Montuori et al.
(2010). This is the same process inferred for optical emission
in Seyfert galaxies (Dahari 1984). However, the cause of the
low metallicity of BCDs in this second scenario remains diffi-
cult to explain. One explanation for the low metallicity could
be the expulsion of heavy elements by starburst-driven out-
flows (e.g. Ottetal. 2003). This mechanism is supported for
BCDs in low-density environments by the finding that dwarf
galaxy metallicity increases with proximity to the cores of clus-
ters with higher intracluster-medium (ICM) core densities. In
these clusters, expulsion of heavy elements from dwarfs dur-
ing starbursts could have been limited by the combined effect
of ambient ICM pressure and ram pressure, thereby increasing
their metallicity compared to dwarfs in less dense environments
(Petropoulou et al. 2012). Yet another possibility is that these are
primordial objects that failed, until recently, to convert signifi-
cant amounts of their cold gas into stars (Bergvall & Ronnback
1995; Noeske et al. 2007). However, BCDs generally contain
older stellar populations, which is inconsistent with this last
scenario (Papaderos et al. 1996; Ostlin 2000). Finally, most
dwarf galaxies tend to show flat abundance (O/H, N/O) gradi-
ents (e.g. Kobulnicky & Skillman 1997; Lee & Skillman 2004;
Lagos et al. 2009, 2012; Lagos & Papaderos 2013), suggest-
ing rapid and efficient dispersion and/or mixing of metals
in the interstellar medium (ISM) by expanding starburst-
driven superbubbles and/or external gas infall. However, in
Lagos et al. (2014, 2016, 2018) we found indications of vari-
ation of oxygen abundance in the ISM of some XMP BCDs.
Séanchez Almeida et al. (2015) interpret this metallicity variation
(with the lowest metallicity value localised in the highest SFR
region) as a sign of external metal-poor gas accretion from the
cosmic web.

To date, there have been relatively few HI interferomet-
ric observations of XMP BCDs; but where these exist, the
H1 spatial distributions and velocity profiles are found to
be distorted, suggesting either the infall of metal-poor gas
(Ekta & Chengalur 2010) or recent interactions with either exter-
nal galaxies (Ekta et al. 2008) or an intergroup or intracluster
medium. Kurapati et al. (2024b), using GMRT HI observa-
tions, found that their sample of five XMP dwarf galaxies in
voids display an overall disturbed H1 morphology and veloc-
ity fields, suggesting cold gas accretion or minor interactions
with nearby dark galaxies. These authors propose that cold
gas accretion in those systems may be connected to the pres-
ence of small filaments that form the substructure of voids
(Aragon-Calvo & Szalay 2013); see also Kurapati et al. (2024a).
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With the questions in the literature regarding the origin of
the current SF, optical morphology, and metal-poor gas in mind,
we selected four metal-poor XMP BCDs from the Filho et al.
(2013) sample to map their HI with the VLA using the B- and
C-configurations. We aim to use the resolved H I maps to investi-
gate whether one or a combination of the proposed mechanisms
are consistent with the properties of these galaxies. Specifi-
cally, we examine the H T morphologies and kinematics from our
observations for evidence that interactions could be responsible
for the triggering of their high sSFRs and/or optical cometary
morphologies.

Section 2 describes the sample, with Sect. 3 summarising
the observations and data reduction. The observational results
are presented in Sect. 4. A discussion follows in Sect. 5 with
concluding comments in Sect. 6. For consistency with previ-
ous observations, we adopt distances to the targets and spa-
tial scales taken from the NASA/IPAC Extragalactic Database
(NED), which are listed in Table 1. All positions referred to
throughout this paper are in J2000.0 and we adopt the follow-
ing cosmological parameters: Hy = 69.6 kms™! Mpc™!, Q) =
0.286, and Qy,c = 0.714

2. The sample

Filho et al. (2013) used the Effelsberg 100m single-dish tele-
scope to observe a subset of 29 out of 140 local XMP galax-
ies selected from the Sloan Digital Sky Survey (SDSS) DR7
by Morales-Luis et al. (2011). The Effelsberg full width at half
power (FWHP) beam at 21 cm is ~9 arcmin. We limited our sam-
ple selection to the 10 of these 29 galaxies with an Effelsberg H1
detection. The sample was further refined based on detectability
with the VLA as well as cometary and/or disturbed optical mor-
phology and strength of HTI in their Effelsberg spectrum. Our
final selection contains four XMP BCD galaxies: J0204—1009,
J0301-0052, J0315-0024, and J2053+0039. Detailed descrip-
tions of these systems are provided below. Basic optical prop-
erties and results from single-dish HT observations for the four
targets are set out in Table 1 and their DECaLS? false colour (g,
r, z) images are shown in Appendix A.

2.1. J0204-1009

J0204-1009 (also known as PGCO007896 or KUG0201-
103),Vope = 1902 km s~!, has the lowest measured stellar mass,
0.2 x 108 My, of the seven catalogued members of the PGC 7998
group (Vo = 1915 kms™!, o = 38 kms™'; Kourkchi & Tully
2017). The two nearest group members in projection to J0204—
1009 are NGC 811 (Vop = 1923 kms™") and PGC 7892 (Vo =
1923 kms™!); see Fig. 1. The projected separation of these two
group members from J0204—1009 is 3.2 arcmin (30 kpc) and 5.9
arcmin (46 kpc), respectively. The small Vp range of 21 kms™!
and the projected separation of <46 kpc, together with asymme-
tries in their optical Canada France Hawaii Telescope (CFHT) g-
band images, suggest a recent interaction between J0204—1009,
NGCS811, PGC 007892, and/or other group members is highly
likely.

2.2. J0301-0052

J0301-0052 (SDSS J030149.02-005257.3), as shown in Fig. 2,
has a Vo = 2194 km s~!. The SDSS g-band image for J0301—

2 The Dark Energy Camera Legacy Survey (DECaLS; Dey et al.
2019).
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Table 1. XMP-BCD targets: Selected single-dish HI and optical properties.

ID RA @ Dec M, @ 12+log(O/H) © Sur @ Vur © HiWsy )  MHI)®  Distance ”  Spatial scale @
[hms] [dms] [108 M) [Jykms™']  [kms™] [kms™'] [10° M) [Mpc] [pc/arcsec]
J0204-1009 0204256  —1009 34.99 0.2 7.36 9.9+0.7 1906 112 15 27.12 131.5
J0301-0052  030149.0  -005257.38 0.4 7.52 2.1+0.7 2108 110 0.4 31.22 151.3
J0315-0024  031559.9  —00 24 26.06 0.6 7.41 1.3+0.6 6650 92 25 96.96 470.0
1205340039  205312.6  +0039 14.04 0.2 7.22 1.6+0.7 3907 53 12 51.61 298.7

Notes. “RA, Dec position from SDSS. ®M, from (Filho et al. 2013). )

12+log(O/H) from (Filho et al. 2013). “Integrated H1 flux densities from

the Effelsberg 100 m single—dish radio telescope (Filho et al. 2013). @©Vy; from the Effelsberg 100 m single-dish radio telescope (Filho et al. 2013).
YW, from the Effelsberg 100 m single-dish radio telescope (Filho et al. 2013). ¥ M(HI) from the Effelsberg 100 m single-dish radio telescope

(Filho et al. 2013). ®Distance from NED. @Spatial scale from NED.
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Fig. 1. Left: J0204-1009 field. HI detected in the BCD target J0204-1009 and its three nearest neighbours, NGC 811, PGC 7892, and

WISEA J020448.18-095859.0, shown with blue contours.The VLA BC-

configuration HI contours are at column densities of 4.1, 8.2, 12.3, 16.5,

20.6, and 41.1 x 10?° atoms cm~2, with the first contour at 3 o~. The IDs of the galaxies are marked on a CFHT g-band image. The small ellipse
in the bottom left corner indicates the size and orientation of the VLA BC-configuration 9.5” x 7.6” FWHP synthesised beam. The large circle
shows the Effelsberg 9’ FWHP beam. Right: H1 velocity field with contours separated by 5 kms~!, with velocities shown by the colour scale.

0052 shows this BCD has a distinct cometary morphology with
the tail oriented to the SW. The cometary morphology is even
more visible in the higher quality DECaLS g-band and colour
(Fig. A.1) images. DECaLS r- and z-band images show the same
cometary morphology, indicating the tail includes an older stellar
population. A NED search within a 60 arcmin (545 kpc) radius
and +200 km s~! of J0301-0052 revealed no galaxies. Searching
the SDSS online database with similar parameters also revealed
no optical candidates.

2.3. J0315-0024

A NED search within a 20 arcmin (564 kpc) radius and
+200kms™" of J0315-0024 (SDSS J031559.89-002425.7 Vo
= 6771kms™!) revealed seven galaxy candidates projected
within 9 arcmin (254 kpc) and a galaxy group (LDCE 0236) pro-
jected 13 arcmin (367 kpc) from the BCD. The nearest galaxy
candidates are the highly optically disturbed system of galax-
ies, KUG 0313-006. This merging system contains five NED
galaxy identifications projected ~2.5 arcmin (70 kpc) SE of
J0315-0024 with optical velocities in the range of 6815kms™!

to 6893 kms~!. The closest galaxy in terms of velocity
is the small galaxy, WISEA J031630.50-002345.1 (Vo =
6784kms™"), but this latter is projected 7.7 arcmin (217 kpc)
to the east of the BCD. Even further to the SE is the large barred
spiral UGC 2628 (Vo = 6814kms™"), which is projected 8.8
arcmin (248 kpc) from the BCD. The most distant companion
is WISEA J031559.90-002425.5, Vop = 6939 kms™!, which is
projected 15.5 arcmin (437 kpc) from the BCD. Both WISEA
J031559.90-002425.5 and LDCE 0236 appear unlikely to have
recently interacted with J0315-0024 based on their projected
separations from the BCD. The projected positions of the BCD
and its nearest companions are shown in Fig. 3. The DECaLS
g-band image shows a spur extending along the eastern side of
the galaxy, which appears to be an interaction signature, possi-
bly caused by a merging satellite galaxy; see the corresponding
panel of Fig. A.1.

2.4. J2053+0039

Searching NED within a 30 arcmin (538 kpc) radius and
+200kms™" of J2053+0039 (Vop = 3935 + 2kms™!) reveals

AS51, page 3 of 16
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Fig. 2. Left: J0301-0052 field. HI detected in the BCD target J0301-0052, marked on an SDSS g-band image with the blue contours showing
the VLA BC-configuration HT at column densities of 2.0, 4.0, and 5.3 X 10% atoms cm™2, with the first contour at 30-. The small ellipse in the
bottom left corner indicates the size and orientation of the VLA BC-configuration 8.4” x 7.9” FWHP synthesised beam. The large circle shows

the Effelsberg 9 FWHP beam. Right: H1 velocity field with contours separated by 5 kms™!, with velocities shown by the colour scale.
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Fig. 3. Left: 10315-0024 field. HI detected in the BCD target J0315-0024 and its companions KUG 0313-006, UGC 2628, and WISEA
J031630.50-002345.1 marked on a SDSS g-band image with the blue contours showing the VLA BC-configuration HI at column densities of
1.7,3.5, 7.0, 14.0, 21.0, 28.0, and 35.0 x 10?° atoms cm~2, with the first contour at 3 . The small ellipse in the bottom left corner indicates the
size and orientation of the VLA BC-configuration 9.5” x 8.3” FWHP synthesised beam. The large circle shows the Effelsberg 9 FWHP beam.
Right: H1 velocity field with contours separated by 5kms™', with velocities shown by the colour scale.

only one object, UGC 11645, which is a small (optical diam-
eter 18kpc) edge-on Sbc spiral galaxy projected 3.0 arcmin
(54kpc) east of J2053+0039 with Vo = 3815kms™'; see
Fig. 4. The DECaLS g-band image of J2053+0039 and its
DECaLS colour image (Fig. A.l1) suggest a cometary opti-
cal morphology with the tail oriented to the north. There is
also emission from an object ~22 arcsec (6.8kpc) to the NW,
which appears to be similar in size and surface brightness

AS51, page 4 of 16

to J2053+0039. In SDSS DRI16, this second object, SDSS
J205311.31+003926.0 (20 5311.31, +00 39 26.04), is clas-
sified as a galaxy with a photometric redshift of 0.119 =+
0.0727 (~33625kms™"). Although, based on its DECaLS g-
band image alone, J205311.31+003926.0 seems closer than that,
but lacks a spectroscopic redshift to confirm this. There is no
evidence that it tidally interacted with J2053+0039 in the recent
past.
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Fig. 4. Left: J2053+0039 field. H1 detected in the BCD target J2053+0039 and its companion UGC 11645, shown with blue contours. The VLA
BC-configuration H1 contours are at column densities of 2.3, 4.6, 9.0, 14.1, and 18.2 X 10* atoms cm2, with the first contour at 3 o-. The IDs
of the galaxies are marked on an SDSS g-band image. The small ellipse in the bottom left corner indicates the size and orientation of the VLA
BC-configuration 12.4” x 9.3” FWHP synthesised beam. The large circle shows the Effelsberg 9 FWHP beam. Right: HI velocity field with

contours separated by 5kms™!

3. Observations and reduction

Each of our four BCD targets was observed with the VLA
(project ID: 20A-005) for a total of 6.3 h on-source (4.7 h
in B-configuration and 1.6 h in C-configuration) in L-band
(1420 MHz). A summary of the observation from each day is set
out in Table B.1. The pointing centre of each observation was at
the position of its BCD target.

The C-configuration observations were intended to provide
surface brightness sensitivity for the diffuse HI and poten-
tially evidence for H1 infall and/or interactions with neighbours.
The B-configuration observations were made to detect finer but
brighter details and had integration times that were three times
longer than the C-configuration to partially compensate for the
lower B-configuration surface brightness sensitivity.

Each scheduling block’s observation was configured to
record 16 plus 2 spectral windows (spws). The 16 spws covered
64 MHz each in 1 MHz wide channels to record the continuum
emission at full polarisation across the 1-2 GHz L-band front-
end. The two additional spws were each 4 MHz in width, split
into 1024 channels of 3.90625 kHz in width, and used for spec-
tral line observations in dual polarisation mode. One of the spec-
tral line spws was set up to observe the neutral atomic hydrogen
H1 line, while the other one was centred on the main OH line
transitions at 1665/1667 MHz. No OH emission was detected in
our calibrated data and no further use was made of this spw. The
continuum data will be analysed and published separately. In this
paper, we concentrate on the HT results.

The measurement set of each scheduling block was reduced
with the CASACALIBRATION PIPELINE (6.2.1.7) provided within
the Common Astronomy Software Applications package (CASA;
6.2.1.7) following standard procedures (McMullin et al. 2007).
We verified that the HT observations of each scheduling block
reached the required quality and expected noise value. Our aim
is only to obtain HI imaging and no self calibration is required

, with velocities shown by the colour scale.

for our data. Subsequently, we removed the continuum from
each measurement set in the uv—domain using the CASA task
UVCONTSUB. We then proceeded to combine the data for each
target field and create the data cubes (a, 6,velocity) used for our
analysis.

The observations are taken in the topocentric reference frame
using the radio definition for the Doppler shift. Because each
scheduling block was observed at a different time or on a differ-
ent date, this introduces slight Doppler frequency shifts between
the observations. Ordinarily these are corrected ‘on the fly’ using
the CASA task TCLEAN before gridding the visibilities and apply-
ing the Fourier transform. However, it was found that this led
to the first channel of the resulting cube being corrupted, and
as this channel sets the clean iteration cycle thresholds, this
prevented proper ‘cleaning’ of the channel maps. To remedy
this, we used the CASA task CVEL2 to convert each scheduling
block from topocentric (TOPO) to the kinetic LSR (LSRK) ref-
erence frame, extracting 950 channels over a common, Doppler-
corrected frequency range. The next step was to use TCLEAN to
combine and clean the five continuum-subtracted HI measure-
ment sets for each target into a single combined (BC config-
uration) image cube. Each target’s image cube has about 950
channels with a channel width of 3.90625 kHz. Because we were
particularly interested in the faint HI emission at the edges of
the H1 discs, we produced the BC-configuration HT cubes using
natural weighting, as this optimises for sensitivity; although this
comes at a small cost in terms of angular resolution and synthe-
sised beam shape definition. The image cubes were then con-
verted to a heliocentric reference frame (BARY). To improve the
signal-to-noise ratio in the image cubes for each target, we used
the CASA task SPECSMOOTH to reduce the velocity resolution
per channel to ~5kms™!, averaging six channels into one. The
data cubes were corrected for the primary beam attenuation of
the VLA and were imported into the Astronomical Image Pro-
cessing System (AIPS; Wells 1985). We then used the AIPS tasks

AS51, page 5 of 16
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Table 2. VLA H1 detections.

Field Galaxy ID RA @ Dec. Vir Wao Wy,  MED® MEHHM,© g-i®
[hms] [dms] [kms™'] [kms™'] [kms™'] [103M,]

J0204 J0204-1009 0204 25.6 —1009 36 1904+3 80+5 65+5 3.04 15.2 0.15

J0204 NGCS8l11 02 04 34.8 —10 06 30.52 1924+6 17512 150+12 35.93

J0204 PGC 7892 0204 124 —1004 42.60 1902+4 95+7 75«7 9.34

J0204 WISEA © 02 04 48 —-0959 03 187945 7510 50+10 4.55

J0301 J0301-0052 0301 49.0 -00 52 57 219343 30+6 30+6 0.06 0.2 -0.22

JO315 J0315-0024 03 1559.9 —00 24 26 67742 83+4 78+4 5.99 12.0 -0.07

JO315 KUGO0313-006 0316 06.10 —00 26 21 679710 202+20 176+20 5791

JO315 UGC 2628 0316 31.8 —00 28 05 6810+4 404+9 388+9 193.47

J2053 J2053+0039 2053 12.6 +00 39 14 3944+4 56+8 36+8 0.23 1.2 0.28

J2053 UGC 11645 2053 24.6 +00 39 07.05 38154 306+9 299+9 149.59

Notes. @All galaxy coordinates are from (Filho et al. 2013) except NGC 811,PGC 7892 and UGC 11645 which are from NED. ® M(HI) = 2.36

x 10°D?

f S, dv (Giovanelli & Haynes 1985). D is the distance in Mpc and f S, dv is the integrated flux from our VLA observations, except

for UGC 11645 where we use the HT flux (4.49 Jy) from Masters et al. (2014) because the VLA flux for that galaxy was contaminated by RFI.
©Where M, is from Filho et al. (2013). “”SDSS model magnitude colours. ’Full ID, WISEA J020448.18-095859.0.

BLANK and XMOM, respectively, to identify the HT signal, chan-
nel by channel, and finally collapse each blanked cube to create
moment 0, 1, and 2 maps, where moment 0 is the total or inte-
grated HI map, moment 1 is the velocity field, and moment 2 the
velocity dispersion.

4. Observational results

The HT results for the combined VLA BC configuration image
cubes for each target field are summarised below, with the Vg,
Wao, Wso, M(HI), and M(HI)/M.. reported in Table 2. Spectra
extracted from the VLA BC-configuration cubes for the four
BCD galaxies are presented in Fig. C.1.

4.1. J0204-1009

Our wide-field VLA BC-configuration integrated H1 (moment 0)
map and velocity field, overlaid as contours on a CFHT g-band
image, as shown in Fig. 1, show HI detections for our BCD tar-
get J0204—1009 (Vg = 1904 + 3kms™!) and two more massive
companion galaxies. These latter are NGC 811, at a velocity of
Vyr = 1924 + 6kms™!, projected 3.8 arcmin (30 kpc) to the NE
of J0204-1009, and PGC 7892, at V; = 1902 + 4kms~!, pro-
jected 5.9 arcmin (47 kpc) to the NW of J0204-1009. A dwarf
companion, WISEA J020448.18-095859.0 (PGC 983900), Vy;
= 1879 + Skms™', 12 arcmin (a projected distance of 95 kpc) to
the NE of J0204-1009 was also detected in HI within the VLA
32" FWHP primary beam. All four HI detections are part of the
PGC 7998 group (Kourkchi & Tully 2017). Figures 5, 6, 7, and
8 show zoomed-in views of the moment 0 and velocity fields for
each H1 detection.

The optical and HI morphologies and in particular the
HT1 velocity fields for all four galaxies are consistent with
recent interactions within the group and within the HT relax-
ation timescale, that is, within ~0.7 Gyr (Holwerda et al. 2011).
Whereas the HI morphologies suggest all four detections have
been subject to interactions, the velocity fields suggest an inter-
action with WISEA J020448.18—-095859.0 has perturbed the NE
part of the HI disc of NGC 811. On the other hand, the veloc-
ity range of J0204-1009 is consistent with an interaction with
PGC 7892. Figure 5 shows that the HT morphology of J0204—
1009 is symmetric to first order. Overall, its velocity field (right
panel) presents an HI disc in regular rotation. However, the
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change in the PA of the iso-velocity contours at the western
edge of the disc and closed iso-velocity contours at velocities
at around 1870 kms™' to 1880 kms™' is an indication of a
significant warp, possibly caused by a recent interaction with
PGC 7892. The SE morphology of PGC 7892 and its truncated
velocity field at ~1870 kms™! to 1880kms™! are consistent
with a recent flyby interaction with J0204-1009. In both poten-
tial interaction pairs, the outer disc of the larger galaxy shows
a larger perturbation than that visible in the smaller galaxies,
which is perhaps related to a shorter HI relaxation timescale for
the less massive galaxies.

4.2. JO301-0052

JO301-0052 was the sole HI detection in the VLA BC-
configuration field of view (FOV; Fig. 2). The H1 detection at the
position of the BCD J0301-0052 (SDSS J030149.02-005257.3)
has a velocity of 2193 +3kms~!. This is in close agreement with
the Vop = 2194kms™! from NED but is 85kms™' higher than
that reported in Filho et al. (2013). Additionally, the VLA value
of Wsq of 30+6 km s~ is lower than W5y = 110 km s~! reported
for this object by Filho et al. (2013); see also the HT spectrum
shown in Fig. C.1. A zoom-onto the HI moment 0 map (Fig.
9) reveals a HT counterpart which like the optical galaxy has a
cometary morphology, although the HT tail is more extended and
the HI column density maximum is projected ~6 arcsec (~1 kpc)
SW of the optical centre, near the end of the optical tail. While
the HI — optical maxima offset is smaller than the VLA synthe-
sised beam, the signal-to-noise ratio of the HI maxima makes
the offset convincing. Although the velocity field lacks resolu-
tion, the velocity contours near the column density maximum
appear to be disturbed.

4.3. J0315-0024

Figure 3 (left panel) shows the HI moment O contours for the
VLA BC-configuration field. HI was detected in J0315-0024
(Vg = 6774 £ 2kms™") and in two neighbouring objects, KUG
0313-006 (Vg = 6797 + 10kms™!) projected ~ 2.6 arcmin (73
kpc) SE of J0315-0024 (Fig. 10) and UGC 2628 (Vy; = 6810+4
kms™!) projected ~ 8.8 arcmin (248 kpc) SE of J0315-0024
(Fig. 11). The five galaxy candidates from NED within KUG
0313-006 form a merging system. The HI moment O contours
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for the zoom-in of the BCD (Fig. 12) show the HI column den-
sity maximum offset to the northern edge of the optical galaxy,
with a one-sided HI tail extending ~24 arcsec (11 kpc) to the
NE of the optical centre. This HT tail appears to be an extended
counterpart to the optical spur to the east of the optical galaxy.
The optical spur and the H1 tail have the same orientation. The
HT spectrum for this BCD is shown in Fig. C.1. Figure 3 also
shows overlays of the moment 0 contours on an optical image
of KUG 0313-006 and UGC 2628. An interesting point to note
from these figures is the clear displacement of the HT to the
SE of the optical discs and the disturbed HI velocity field in
the KUG 0313-006 merging system. Also, the morphological
and kinematic warping seen at both edges of the UGC 2628 H1
disc are likely signatures of a recent (0.7 Gyr) interaction with
another group member or satellite galaxy (see Scott et al. 2014;
Séanchez-Alarcén et al. 2023).

4.4. J2053+0039

BCD J2053+0039 is detected in HI1 within the VLA BC-
configuration FOV with V; = 3944 + 4 kms™!, as is a more
massive edge-on companion, UGC 11645 with Vy; = 3815+ 4
kms~! (see Fig. 4). Figure 13 shows a zoom onto the HT moment
0 contours for J2053+0039. The contours indicate the highest
column density HI is slightly offset to the north of the opti-
cal BCD. H1 was not detected in SDSS J205311.31+003926.0
(referred to in Sect. 2.4) projected to the NW of J2053+0039 in
the velocity range of the VLA of 3526 kms™! to 4278 kms™'.
Given the slightly redder colour of SDSS J205311.31+003926.0
compared to J2053+0039 (see Fig. A.1), which is consistent
with its photometric redshift of 0.119 and its HI non-detection,
as well as the lack of an optical interaction signature, it is
reasonable to assume SDSS J205311.31+003926.0 lies in the
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background of J2053+0039. The spectrum for the BCD is shown
in Fig. C.1 (bottom right).

UGC 11645 has a Vg = 3815km s~! and is projected 3.0
arcmin (54 kpc) to the east of the BCD. Unfortunately, several
visibilities had to be flagged because of radio frequency inter-
ference (RFI) in some of the channels that contained HT asso-
ciated with UGC 11645. This flagging occurred in a few chan-
nels around a velocity of 3775kms~! and was visible as a small
group of channels with lower flux in the spectrum. We tried to
mitigate the impact of the flagging by applying a taper to the
impacted channels and decreasing the resolution of the remain-
ing channels in the cube. However, this still leaves a likely mod-
est HI flux loss in the lower velocity channels in UGC 11645. We
emphasise that the RFI problem that impacts the HI map in the
eastern side of UGC 11645 (at a velocity of around 3775 kms™!)
does not affect the HI velocity range in which J2053+0039 was
detected. The HT velocity of J2053+0039 coincides with veloci-
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ties at the western edge of the H1 disc of UGC 11645 (see Fig. 4).
This and the disturbed HT kinematics on the western side of
UGC 11645 in the same velocity range of the BCD support a
recent interaction scenario.

5. Discussion
5.1. Comparison with Effelsberg 100 m single-dish results

Figure 1 shows that J0204-1009 and NGC 811 are projected
within the 9 arcmin FWHP Effelsberg beam and that PGC 7892
is projected just beyond the FWHP Effelsberg beam. Vg; =
1904 £4 kms™! for the BCD is 2 kms™! higher than its Vo
from NED and 2 kms~! lower than that reported in Filho et al.
(2013). Therefore, all three velocities agree within the uncertain-
ties. However, the VLA W5y = 65 +5 kms™! for J0204-1009 is
lower than the Wso = 112 kms™! from Effelsberg (Filho et al.
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2013). Adding the VLA spectra of J0204-1009 and NGC 811
(removing emission below 1880 kms™!) produces a spectrum
with a Wso = 120kms~! and an H1 profile consistent with that
reported from Effelsberg. This strongly suggests that the most
likely explanation for differences between H1 properties derived
from the VLA and the Effelsberg 100m observations for J0204—
1009 is contamination by HI emission from NGC 811 in the
Effelsberg 9" FWHP beam (see Fig. 1).

Comparing the VLA HI masses and spectra with those
reported in Filho et al. (2013), we find that in the cases of J0204—
1009, J0315-0052, and J2053+0039, the Effelsberg HI mass
attributed to their respective BCDs is likely to be contaminated
to varying extents by HI emission from larger neighbouring H1-
rich galaxies within the Effelsberg beam (large circles in Figs. 1,
3, and 4). However, only for J0301-0052 can a clean compari-
son between the HI measurement from the VLA and Effelsberg
be made because of the absence of HI companions within the

Effelsberg beam. In that case, the Effelsberg HI flux reported in
Filho et al. (2013) was 2.1 Jy kms™!' compared to the 0.026 Jy
kms~! from the VLA, implying the VLA recovered only ~3% of
the Effelsberg H1 flux. However, as noted in Sect. 4.2, the Effels-
berg Vyy; of 2108 kms™! falls below the Vo (2194 kms™) and
VLA Vy; 2193 kms™! | and the range of velocities implied by
the Effelsberg W, (110 kms™!) reported in Filho et al. (2013) is
outside the VLA Wj( range. This led us to conclude that the
Effelsberg detection was likely not real and therefore a valid
comparison with our HI detection cannot be made for J0O301-
0052. We tried to confirm this conclusion by checking the H1
Parkes All Sky Survey (HIPASS; Barnes et al. 2001) spectrum
at the position of the BCD, but unfortunately because of the high
rms in the spectrum, no HI was detected within +500 km s~!of
the Vp of this BCD.

In summary, confusion of H1I sources within the large Effels-
berg beam and a likely spurious detection prevent us from
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making a direct HI comparison with the Filho et al. (2013) H1
results. Additionally, the selection criteria we used for our HI
single-dish detection inadvertently bias our sample to favour
BCDs that are members of groups.

5.2. BCD Hi properties

Based on the VLA observations, the HI masses of our BCDs are
in the range of 6 x 10° M, to 6 x 103 My, (Table 2) with Wy
between 30 kms~! and 83 kms~!. The BCDs, except J0204—
1009, present irregular HI morphologies, which can be inter-
preted as interaction signatures with varying degrees of certainty.
However, the spatial resolution for the BCDs other than J0204—
1009 is quite limited.

In the case of J0204-1009, the strongest evidence for a recent
interaction comes from the warp at the western edge of the HI
velocity field rather than its H1 morphology (Sect. 4.1). More-
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over, the two maxima in the J0204—1009 H1 spectrum (Fig. C.1)
are not at the extreme edges of the velocity range, as is expected
for an unperturbed high-inclination (~80°) rotating disc, indicat-
ing that the outer disc has recently been disturbed (see Scott et al.
2022). The M., = 0.2 x 10% Mg and M(HI) = 3.04 x 10® M,, of
J0204-1009 give an HI gas-mass-to-stellar-mass ratio of about
15, indicating an extremely gas-rich BCD.

We used *?BAROLO (Di Teodoro & Fraternali 2015) to fit
a five-ring model to the J0204-1009 HI cube with the best-fit
model giving an inclination of ~80° and inclination-corrected
maximum rotation velocity, V;o, of 30.1 km s~L. We note there is
a significant uncertainty associated with the inclination derived
from the *?’BAROLO fit, which is probably of the order of 5°.
We then used the same method as detailed in Sengupta et al.
(2019) to fit Navarro, Frenk, White (NFW; Navarro et al. 1996)
model dark matter (DM) halos to the J0204-1009 *?BAROLO
rotation curve. Figure 14 shows the fit to the 3>’ BAROLO model
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rotation curve. The dynamical mass, Mgy,, was also estimated
from the W5 based on the integrated spectrum and the extent
of the HI disc and its fit to the NFW model. Our Mgy, esti-
mate is marked in the figure with a black square. With only
five beams across the HI disc, the NFW concentration index is
poorly constrained. Dwarf galaxies are expected to have con-
centration indices of <3. The figure shows the NFW model fits
for both the rotation curve and our estimated Mgy, for con-
centration indices 3.0 (left panel) and 2.5 (right panel). These
models indicate a DM halo mass in the range of 1.2 x 10"
to 5.2 x 10'' Mg. The M, + M(HI) = 3.24 x 108 M, for
J0204-1009 implies that this BCD is strongly dominated by dark
matter.

Unexpectedly, it is the most isolated BCD, J0301-0052, that
shows one of the most asymmetric HI morphologies amongst
our BCD sample. Given the isolation of J0301-0052, we would
expect there to have been sufficient time for its HI to have viri-
alised and its HI to be symmetrically distributed around the
galaxy’s optical centre, as we see in other isolated dwarfs (e.g.
Sengupta et al. 2019; Guo et al. 2024b). Instead, we see that
the HI column density maximum of JO301-0052 is projected
~6 arcsec (~1 kpc) SW of the optical centre and near the end
of the optical tail. While the asymmetric HI distribution could
be due to a secular process, given the relative isolation of this
BCD, the HT and optical tails seem more likely to be signatures
of the ongoing accretion of an HI-rich dwarf companion. The
argument for a tidal origin for the tail is strengthened by the
DECAaLS z-band image, which indicates the tail includes an
older stellar population; we would expect this to be disturbed
during a tidal interaction.

The HT tail and optical counterpart of J0315-0024 provide
clear signatures of a recent interaction, but it is unclear whether
this is attributable to a merging satellite or an interaction with its
nearest neighbour, the merging KUG 0313-006 system. This is
because of the much stronger HI morphological and kinematic
signatures attributable to the merger of the KUG 0313-006 sys-
tem itself, which would be expected to completely obscure any
interaction signature in KUG 0313-006 attributable to the merg-
ing system’s interaction with J0315-0024. The projected ori-
entation of the HT tail and the optical spur tend to favour the

alternative interpretation whereby the interaction signatures arise
from an ongoing minor merger.

In the case of J2053+0039, the HI column density maxi-
mum is slightly offset from its optical counterpart. However, the
HT iso-velocity contours in Fig. 13 show more perturbed kine-
matics near the centre of the optical galaxy than to the north;
as noted in Sect. 4.4, this is unlikely to be due to an interac-
tion with SDSS J205311.31+003926.0, projected ~23 arcsec (7
kpc) NW of J20534+0039; see Figs. 13 and A.1. We note that
the velocity field at the far western side HI disc of its com-
panion, UGC 11645, shows a significant disturbance at the same
velocities as J2053+0039. Taken together, this is evidence of a
recent tidal interaction between the BCD and UGC 11645. This
hypothesis is strengthened by the proximity of UGC 11645 in
both velocity and projected separation, as well as the fact that
J2053+0039 has the highest tidally induced SF parameter (P,
= 0.03) amongst our BCDs (see Sect. 5.3.)

Based on the limited resolution of even the BC-configuration
VLA observations, the morphologies of three of the four BCDs
present evidence —of varying strength— of interactions with a
nearby companion within the last ~1 Gyr. J0315-0024 and
J0301-0052 both present one-sided HT tails, which could plau-
sibly be attributed to minor mergers. Our results are there-
fore consistent with the finding of perturbed HI in BCDs from
other HI interferometric studies (e.g. Bravo-Alfaro et al. 2004;
Ashley et al. 2017).

5.3. Comparison with other samples

To investigate the effect of the local environment on the BCD
properties of our sample, we carried out an analysis of the impact
of tidal forces within a volume around each BCD using the
tidal force parameter Qg s-300 defined in Guo et al. (2024a) and
compared this with a parameter used to determine whether the
tidal forces attributable to the nearest neighbour are sufficient to
induce SF in the target BCD (P, as defined in Byrd & Valtonen
1990). These two environmental parameters were calculated
using the same methods used to analyse a sample of dwarf
galaxies in Sect. 4.2 of Guo et al. (2024a). The Qg s-300 tidal
force parameter considers only companions with SDSS spectral
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NFW DM haloes, one set for an NFW concentration index of 3.0 (left panel) and the other for an index of 2.5 (right panel).
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Fig. 15. Comparison of P, the tidally induced star formation param-
eter, versus Qo s-_300, the near-neighbour tidal force parameter, between
our sample (large circles with black rim) with dwarfs from Guo et al.
(2024b, small circles no rim colour), Pustilnik et al. (2001, small cir-
cles with black rim), and UM 461 (Lagos et al. 2018, square with white
rim). The horizontal lines show the threshold range for tidally induced
star formation (Byrd & Valtonen 1990). The colour bar shows the SDSS
g — i colours of the galaxies.

redshifts within a radius of 500 kpc and velocities within +300
kms~! of that of the target BCD. The threshold for the nearest
companion to trigger SF depends on the characteristics of the
interaction and we assume the threshold is in the Py, range of
0.006 to 0.1 (log —2.2 to log —1.0) per Fig. 15 (Byrd & Valtonen
1990).

Figure 15 shows a log scale plot of the tidal perturbation
parameter Py, against Qg s_3p for the three BCDs in our sam-
ple with companions compared to samples from (Pustilnik et al.
2001) and the dwarf galaxy sample from Guo et al. (2024a,
n=2568), where targets were selected with log(M./My) < 9.
The figure also shows UM 461 from (Lagos et al. 2018). The
colour scale shows the SDSS g — i colour of the galaxies. The
region between the two horizontal lines in the figure indicates the
P,, threshold for tidally induced SF from a companion galaxy.
The region above these lines is indicative of galaxies with tidally
induced SF. In our BCD sample, one galaxy (25%) did not
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have a Qps-300 companion, whereas 43% of the members of
the Guo SDSS blue metal rich dwarf sample have no com-
panion. Pustilnik’s sample is not based on SDSS data, and so
instead we tried to cross-match Pustilnik’s galaxies to those in
the SDSS. This was successful for 57 % of their sample. It is
clear from Fig. 15 that our BCDs with nearby companions (3
out of 4) come from galaxy regions with much higher average
density than the Guo’s dwarfs or even Puslilnik’s BCDs. None
of our BCDs are in or above the Py, threshold region for tidally
induced SF, although J2053+0039 is close to the P, thresh-
old. Guo et al. (2024a) find that dwarfs in their sample above
the P, threshold for tidally induced SF have bluer g — i colours
than the bulk of their sample, which they attribute to a recent
tidal interaction. All three VLA BCDs with companions are
bluer (mean g — i = 0.12; see Table 2) than the mean of the
Guo et al. (2024a) sample (0.52) and come from denser envi-
ronments and are also closer to the tidally induced SF threshold
than the bulk of the Guo et al. (2024b) dwarf sample. The mean
g — i of the Pustilnik subset is also bluer than the mean g — i of
the Guo et al. (2024b) sample, although they span most of the
same range of log(Qys-300) and Py, as the Guo et al. (2024b)
sample. Therefore, while none of our BCDs show a clear sign of
tidally induced SF, given that three of them are from higher-
density regions, and given their disturbed HI kinematics and
elevated sSFR, we conclude that they have undergone recent
SF-inducing interactions. We note that the extreme SDSS g — i
colour (—1.18) of the brightest optical region of UM 461 is also
consistent with a recent interaction, but the gas cloud or minor
merger reported in Lagos et al. (2018) could not be quantified
using either log(Qy 5-300) or Py, because of the lack of a discrete
companion.

In Fig. 16 we compare the log(sSFR) versus log(M,) of
the three BCDs of our sample that have SFRs available from
Filho et al. (2013) with that of the sample of blue dwarfs from
Guo et al. (2024a). As expected, we see from the figure that the
BCDs have elevated sSFRs compared to the Guo sample. More-
over, Figs. 15 and 16 and Table 2 show all four BCDs have par-
ticularly blue colours, which the Guo et al. (2024a) analysis indi-
cates is a signature of recent tidally induced SF in dwarf galaxies.
In the case of J0301-0052, the blue SDSS g — i colour (-0.22)
and sSFR in Fig. 16 are consistent with an ongoing merger. The
SFR and g — i colours from Figs. 15 and 16 support the conclu-
sion from the H I analysis that the elevated SFRs in our sample of
BCDs are most likely attributable to recent fly-by interactions or,
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Fig. 16. log(sSFR) v log(M.) for three of the BCDs (square symbols)
in comparison with the sample of blue metal-rich dwarf galaxies (filled
circles Guo et al. 2024a). The colour of the symbols corresponds to the
SDSS g—i colour of the galaxies in the colour bar on the right hand side
of the figure.

in the case of J0301-0052 and possibly J0315-0024, an ongoing
merger.

6. Concluding remarks and possible scenarios

Séanchez Almeida et al. (2015) argued that a low-metallicity gas-
cloud impact under the cosmic web scenario can explain the
metallicities and morphologies observed in a sample of ten
cometary-like XMPs. In Lagos et al. (2018), we analysed the
spatial variation of 12 + log(O/H) abundances using the direct
method (T,) in the cometary-like BCD galaxy UM 461 using
optical IFU spectroscopy. We found that the metallicity inho-
mogeneities in that galaxy are consistent with the recent infall of
a metal-poor gas cloud in the region now exhibiting the lowest
metallicity and highest SF. This infalling cloud is also visible as
a perturbation in the van Zee et al. (1998) H1 velocity field.

For three out of four of our BCDs (J0204—-1009, J0315-0024,
and J2053+0039), we detect HI in nearby companions. These
cases also show HT morphological and/or kinematic evidence of
a recent fly-by interaction with a companion, which could rea-
sonably explain their enhanced sSFR compared to other blue
star-forming dwarfs. However, it is the isolated BCD, J0301—
0052, that shows the strongest cometary optical morphology.
The most straightforward explanation for the HI and the opti-
cal cometary tails is that J0301-0052 is undergoing a merger
with a gas-rich dwarf. This merger appears to be responsible
for the HI and optical morphologies, while at the same time
triggering enhanced star formation. We hypothesise that, while
cold gas accretion could produce the HI disturbances observed
in void galaxies (Kurapati et al. 2024b,a), interactions with close
neighbours or minor mergers appear to be the main contributors
to these disturbances and the enhanced sSFR in our samples of
XMPs (Lagos et al. 2014, 2016, 2018) and those in the literature
(e.g. Filho et al. 2013; Sanchez Almeida et al. 2015).

These results, taken together with our results for UM 461, are
consistent with the findings of Pustilnik et al. (2001) based on a
larger sample that most BCDs are associated with either mild
interactions or mergers. The HI evidence for recent interactions
of the three BCDs with nearby companions is corroborated by

our analysis of the tidal forces exerted on the BCDs by compan-
ions with spectroscopic redshifts, as well as their bluer SDSS g—i
colours. In the case of the BCD J0204-1009, we have sufficient
resolution to determine that the galaxy is dominated by DM and
estimate its DM halo mass to be in the range of 1.2 x 10!! to 5.2
x 10'" M, but from this sample of one we cannot form a gen-
eral conclusion about the DM content of BCDs. However, this
result is consistent with the findings that other dwarf galaxies
are dominated by dark matter (e.g. Oh et al. 2011).

While the number of BCDs with resolved H1 observations
remains small, the picture emerging from our observations is as
follows:

— The presence of nearby companions, disturbed H I morphol-
ogy and kinematics in the BCDs and/or their companions,
and enhanced blue g — i colour in the BCDs are consistent
with fly-bys or mergers triggering the enhanced SFRs seen
in many BCDs.

— The evidence from UM 461 and our VLA observations of
J0301-0052 for mergers of either a large gas cloud or a
HI-rich dwarf explains their enhanced SFR, extremely blue
g — i colours, and optical cometary morphologies. J0301—
0052 shares these characteristics with UM 461. However,
UM 461 is the only one of our investigated BCDs with IFU
observations and is consequently the only case where we can
explain its low metallicity; we believe it to be the result of
the accretion of a gas cloud with lower metallicity than the
parent BCD.

— While our HT observations show that fly-bys and mergers
provide a plausible explanation for the observed sSFRs and
g—i colours in our sample, the case of UM 461 demonstrates
that understanding the origin of the second key characteristic
of BCDs (i.e. their low metallicity) requires both resolved H1
and optical IFU data.

In future work, we plan to apply for IFU spectroscopy obser-
vations to study the chemical homogeneity of the warm gas in
our sample of cometary XMP BCDs. The principal aim of these
observations will be to reveal the spatially resolved origin of the
low metallicity of the targets
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Appendix A: BCD DECaLS colour images

Figure A.1 shows 1 arcmin X 1 arcmin false colour images from DECaLS of our four BCDs. The IDs of the BCD appear at the top
of each panel in the figure.

J0315-0024

J0204-1009 J0301-0052 . J2053+0039

-

Fig. A.1. DECaLS 1 arcmin X 1 arcmin false colour (g, r, z) images of our four BCD galaxies which are at the centre of each panel.

Appendix B: VLA observational parameters

The VLA observational parameters for each of the observed scheduling blocks are listed in Table B.1. Also given in that table are the
characteristics of the data after combination of all the scheduling blocks pertaining to a single target. Synth. beam is the synthesised
beam or point spread function taken to be the full width at half-power level (FWHP).

Table B.1. VLA observational parameters.

Date Target Configuration Int* Cent. freq Synth.beam Synth bean
[hrs] [GHz] [arcscc] [PA°]

2020-02-02  J0204-1009 C 0.8 1.411

2020-02-04  J0204-1009 C 0.8 1.411

2020-06-28  J0204-1009 B 1.6 1.412

2020-07-08  J0204-1009 B 1.6 1.412

2020-08-08  J0204-1009 B 1.6 1.412

Combined  J0204-1009 BC 6.3 - 9.5x17.6 -31.6

2020-02-01  J0O301-0052 C 0.8 1.410

2020-02-01  J0O301-0052 C 0.8 1.410

2020-07-05  J0301-0052 B 1.6 1.410

2020-07-13  J0301-0052 B 1.6 1.410

2020-07-14  J0301-0052 B 1.6 1.410

Combined  J0301-0052 BC 6.3 - 84x179 -48.4

2020-01-31  J0315-0024 C 0.8 1.389

2020-02-02  J0315-0024 C 0.8 1.389

2020-07-11  J0315-0024 B 1.6 1.389

2020-07-15  J0315-0024 B 1.6 1.389

2020-07-20  J0315-0024 B 1.6 1.389

Combined  J0315-0024 BC 6.3 - 9.5x 8.3 -32.2

2020-02-02  J2053+0039 C 0.8 1.402

2020-02-02  J2053+0039 C 0.8 1.402

2020-06-29  J2053+0039 B 1.6 1.402

2020-06-30  J2053+0039 B 1.6 1.402

2020-07-03  J2053+0039 B 1.6 1.402

Combined  J2053+0039” BC 6.3 - 12.4x9.3 31.7

Combined  J2053+0039 BC 6.3 - 7.9 X 6.6 31.7

“On target integration time.”For the J2053+0039 field, cubes were made at two different spacial resolutions for the BCD (7.9" x 6.6") and UGC
11645 (12.4" x 9.3"), see Sect. 4.4.
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Appendix C: VLA BC configuration Hi spectra
The spectra of the BCDs are shown in Fig. C.1.
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Fig. C.1. Spectra of the VLA BC-configuration BCD detections at a velocity resolution of 5kms™'. The horizontal line over-plotted below
each spectrum indicates the Wy, velocity range. The black vertical lines on the Wy line are the Vy; calculated, using the V> method from
(Reynolds et al. 2021). Vg (V44,20 method) and W measurements for each galaxy in this figure are shown in Table 2.
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