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ABSTRACT

Using VIsible MultiObject Spectrograph (VIMOS)-integral field unit (IFU) observations,
we study the interstellar medium (ISM) of two star-forming dwarf galaxies, UM 461 and
Mrk 600. Our aim was to search for the existence of metallicity inhomogeneities that might
arise from infall of nearly pristine gas feeding ongoing localized star formation. The IFU
data allowed us to study the impact of external gas accretion on the chemical evolution as
well as the ionized gas kinematics and morphologies of these galaxies. Both systems show
signs of morphological distortions, including cometary-like morphologies. We analysed the
spatial variation of 12 4 log(O/H) abundances within both galaxies using the direct method
(T,), the widely applied HII-CHI-mistry code, as well as by employing different standard
calibrations. For UM 461, our results show that the ISM is fairly well mixed, at large scales;
however, we find an off-centre and low-metallicity region with 12 + log(O/H) < 7.6 in
the SW part of the brightest Hu region, using the direct method. This result is consistent
with the recent infall of a metal-poor H1 cloud into the region now exhibiting the low-
est metallicity, which also displays localized perturbed neutral and ionized gas kinematics.
Mrk 600 in contrast, appears to be chemically homogeneous on both large and small scales.
The intrinsic differences in the spatially resolved properties of the ISM in our analysed galaxies
are consistent with these systems being at different evolutionary stages.

Key words: galaxies: abundances — galaxies: dwarf — galaxies: individual: UM 461, Mrk 600 —
galaxies: ISM — galaxies: star formation.

tions; (2) gravitational instabilities in gas-rich and turbulent galactic

1 INTRODUCTION discs in the process of forming (Bournaud & Elmegreen 2009), and

The structure of the starbursting regions and underlying stellar com-
ponent of star-forming dwarf galaxies can provide significant infor-
mation on the mechanical energy input from and photoionization
by the newly born stars. The distribution of these regions across a
galaxy can also provide information on the effect of external inter-
actions or mergers. The morphology currently displayed by a dwarf
galaxy could have arisen via several alternative evolutionary path-
ways (e.g. Tolstoy, Hill & Tosi 2009). In particular, star-forming
dwarf galaxies with cometary morphology are commonly observed
in high-redshift surveys, such as the Hubble Deep Field (HDF; e.g.
van den Bergh et al. 1996; Straughn et al. 2006; Windhorst et al.
2006). This cometary morphology has been interpreted for high-
redshift galaxies in the HDF as (1) the result of weak tidal interac-
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(3) stream-like accretion of metal-poor gas from the cosmic web
(e.g. Dekel & Birnboim 2006; Dekel et al. 2009). Interestingly, at
low redshift, a significant fraction of low-mass (~10°-10° M),
low-luminosity (107 < L/L¢y < 10%), and low-metallicity (Z/40 <
Z < Zp/3) Hu or blue compact dwarf (BCD) galaxies also have
cometary or elongated stellar morphologies (Papaderos et al. 2008).

The study of star-formation feedback and the role played by
galaxy interactions in low-redshift dwarfs may offer important in-
sights into galaxy evolution processes in the young Universe. Re-
cently, some studies (e.g. Sdnchez Almeida et al. 2014, 2015) high-
lighted the existence of spatially resolved chemical inhomogeneities
in the ISM of some local Hi/BCDs and extremely metal-poor’
(XMP) BCD galaxies, which possibly originated from the accretion

! Defined as systems with an 12 + log(O/H) <7.6.
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of nearly pristine cold gas. The same mechanism has been invoked
by Cresci et al. (2010) to interpret the radial metallicity gradient of
massive z ~ 3 galaxies as evidence of accretion of primordial gas,
which in turn is sustaining the high star-formation activity predicted
by cold flow models. Sdnchez Almeida et al. (2015) interpret their
result, in the case of nearby XMP BCDs, as arising from gas-cloud
infall from the cosmic web. However, if we use the oxygen abun-
dance (12 + log(O/H)) as a spatially resolved metallicity tracer,
most of the Hi/BCD (e.g. Lagos et al. 2009, 2012) and XMP (e.g.
Lagos et al. 2014, 2016; Kehrig et al. 2016) galaxies studied so
far turn out to be chemically homogeneous at large scales (~0.5—
1 kpc). This suggest the presence of global hydrodynamical effects
being responsible for efficient gas transport and mixing across the
galaxies (e.g. Lagos & Papaderos 2013, and references therein).
Also, the N/O ratio in most of these galaxies has been found to
be homogeneous within the uncertainties. Even so, the slight anti-
correlation between star-formation and metallicity in the cometary
galaxy Tol 65 (Lagos et al. 2016) indicates that the infall/accretion
of metal-poor gas or minor merger/interactions, in the recent past,
may have produced its moderate abundance gradient and cometary
stellar morphology. In this sense, Olmo-Garcia et al. (2017) argue
that if the accretion of metal-poor gas is fueling the star formation
the metallicity (O/H) of the pre-enriched gas is reduced but it cannot
modify the pre-existing ratio between the metals, then keeping the
N/O ratio constant across the ISM.

Here, we present new Very Large Telescope (VLT) VIMOS (Le
Févre et al. 2003) observations of two star-forming dwarf galaxies
using the integral field unit (IFU) spectroscopy mode (hereafter
VIMOS-IFU). UM 461 (the upper panel in Fig. 1) is a well-studied
Hi/BCD galaxy (e.g. Taylor et al. 1995; van Zee, Skillman &
Salzer 1998; Lagos et al. 2011). This galaxy has been described as
formed by two compact and off-centre giant H 1 regions (GH 11R),
some smaller star-forming regions spread across the galaxy disc
and an external stellar envelope that is strongly skewed towards the
south-west (Lagos et al. 2011). It has been classified as having a
cometary-like morphology with an integrated subsolar metallicity of
12 + log(O/H) = 7.73-7.78 (Masegosa, Moles & Campos-Aguilar
1994; 1zotov & Thuan 1998; Pérez-Montero & Diaz 2003). As in
most Hi/BCD galaxies, UM 461 has an underlying component of
old stars (Telles & Terlevich 1997; Lagos et al. 2011) that exhibits
an elliptical outer morphology. Deep Near-Infrared observations
with the Gemini/NIRI camera (Lagos et al. 2011) revealed that the
star-formation activity in this galaxy is taking place in several star
clusters with masses typically between ~10* Mg and ~10° Mg.
Fig. 1 shows the K, band image of UM 461 obtained by Lagos
et al. (2011). Using the same notation as Lagos et al. (2011), the
main GH 1R (the brightest one in Fig. 1) in our study is composed
of the star clusters nos. 2 and 3, while the faintest one is formed
by star clusters nos. 5-7. Taylor et al. (1995) proposed that the SE
tail in their H1 image of UM 461 was formed as a result of a tidal
interaction with UM 462. However, higher resolution H1 maps of
UM461 by van Zee, Skillman & Salzer (1998) did not show the
extended SE H 1 tail seen in the Taylor H1 map. This discrepancy is
attributed to solar interference in the Taylor map (van Zee, Skillman
& Salzer 1998). Moreover, the age distribution of the star cluster
population in UM 461 indicates that the current starburst has begun
within the last few million years (Lagos et al. 2011). This current
starburst time-scale is too short to realistically be attributed to a
UM 461/UM 462 interaction.

Mrk 600 (the lower panel in Fig. 1) was classified as an iE
BCD according to the Loose & Thuan (1986) classification scheme.
However, the elongated shape and the presence of several fainter

regions beyond the main body of the galaxy indicate a tadpole or
cometary-like stellar morphology. The ongoing star-forming activ-
ity in this object (see Cairds et al. 2001a) is mainly concentrated
in the two principal GHuRs. Spatially resolved colours of those
regions (Cair6s et al. 2001b) are consistent with a young starburst.
The distribution of these H 11 regions may be the result of a recent
interaction, given the presence of a nearby H1 companion (Taylor,
Brinks & Skillman 1993) as suggested by Noeske et al. (2005).
Izotov & Thuan (1998) and Guseva et al. (2011) derived an in-
tegrated oxygen abundance of 12 + log(O/H) = 7.83 — 7.88 for
Mrk 600. Basic properties for both galaxies are compiled in Table 1.

In this paper, we investigate the relation between the proper-
ties and structure of the ISM and the star-formation activity in the
Hu/BCD galaxies UM 461 and Mrk 600 using VIMOS-IFU spec-
troscopy. Single aperture spectroscopic observations often suffer
from limited spatial sampling and incomplete coverage. In contrast,
IFU observations cover a large fraction of the ISM, allowing us to
spatially resolve the presence of metallicity inhomogeneities (e.g.
Cresci et al. 2010; Monreal-Ibero, Walsh & Vilchez 2012; Kumari,
James & Irwin 2017). The paper is organized as follows: Section 2
contains the technical details regarding the data reduction and mea-
surement of line fluxes; Section 3 describes the structure as well
as the physical and kinematic properties of the ionized gas; Sec-
tion 4 discusses the results. Finally, in Section 5 we summarize our
conclusions.

2 OBSERVATIONS, DATA REDUCTION,
AND EMISSION LINE MEASUREMENT

2.1 Observations and data reduction

The observations were obtained using VIMOS-IFU on the 8.2 m
VLT UT3/Melipal telescope in Chile, using the new high-resolution
blue (HRB; 0.71 A pixel™!) and high-resolution orange (HRO;
0.62 A pixel ') gratings. The VIMOS-IFU consists of four CCD
quadrants (Q1...Q4) covered by a pattern of 1600 elements. In
Fig. 1 (upper right-hand panel), we show the numbering scheme of
those quadrants. We used a projected size per element of 0.33 arcsec,
covering a total field of view (FoV) of 13 arcsec x 13 arcsec. The
data were obtained at low airmass (<1.5) during the nights listed in
Table 2. The observations were obtained under clear atmospheric
conditions. Two science exposures were taken per Observing Block
(OB). A third dithered exposure of 120 s within each set of OBs
was taken, after the observation of each target in order to obtain
a night sky background exposure. One arc-line and three flat-field
calibration frames were taken for every OB. All observations were
obtained with a rotator angle of PA = 0.

The data reduction was carried out using the ESOREX software,
version 3.10.2. This included bias subtraction, flat-field correction,
spectra extraction, wavelength and flux calibration. The master bias
was created using the recipe vmbias. The spectral extraction mask,
wavelength calibration, and the relative fibre transmission correc-
tion were obtained, for each quadrant, using the recipe vmifucalib.
The instrumental full width at half-maximum (FWHM) resolution
was obtained by fitting a single Gaussian to isolated arc lines in
the HRB and HRO wavelength calibrated arc exposures. We found
the resolution to be FWHM = ~2.19 £0.05 A (~133.39kms™')
and FWHM = ~1.92 £+ 0.04 A (~88.47 kms~') for HRB and HRO,
respectively. From the HRB observations, we found a mean wave-
length variation of Q2, Q3, and Q4 relative to quadrant Q1 to be
0.01, 0.02, and 0.02 A. While for the HRO we found mean wave-
length variations for Q2, Q3, and Q4 of 0.02, 0.01, and 0.01 A,
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Figure 1. UM 461 and Mrk 600 optical/NIR images (left) and VIMOS H o maps (right). Top left: UM 461, K,-band image (Lagos et al. 2011). The numbers
on image show the positions of star clusters identified in Lagos et al. (2011) using the notation from that paper. Bottom left: Mrk 600, R-band image (Gil de
Paz, Madore & Pevunova 2003). Right: H o emission-line flux (logarithmic scale) maps for the VIMOS-IFU 13 arcsec x 13 arcsec FoV for each galaxy. The
dotted black lines on the images indicate the apertures used in our analysis; regions 1-2 for UM 461, 1-4 in Mrk 600 and the integrated (Int) ones. For the UM

21

461 map, the VIMOS CCD quadrants (Q1. .. Q4) are overlaid on image. Further details are given in Section 2. The H « fluxes are in units of erg cm™~ s

respectively. In addition, we found, for every quadrant and grating,
a standard deviation of the centroid of the lines of <0.03 A, which
implies velocity uncertainties of ~2 and ~1kms~! for the HRB
and HRO gratings, respectively. Sky subtraction was performed by
averaging the spectra from night sky observations of the same quad-
rant and subtracting that scaled spectrum from each spaxel. Those
spectra were properly scaled in order to minimize the residuals.
Since the sky vary with time this method could not be optimal.
However, we are not interested in the continuum level and the
residuals do not affect the measurement of the spatially resolved
emission lines. In Fig. 2, we show the 2D reduced central block
of fibres (spectra) in quadrant Q2 for the observation of UM 461
HRB 3.
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The flux calibration was performed using the sensitivity function
derived from observations of spectrophotometric standard stars in-
cluded in the VIMOS-IFU calibration plan. The 2D data images
were transformed into 3D data cubes, re-sampled to a 0.33 arcsec
spatial resolution. We correct for the quadrant-to-quadrant intensity
differences following the procedure applied by Lagerholm et al.
(2012), assuming that the intensity correction is uniform within
each quadrant. Therefore, we renormalized the quadrants by com-
paring the intensity levels of the neighbouring pixels at the quadrant
borders. When comparing the mean intensity value in quadrants Q1,
Q3, and Q4 with respect to quadrant Q2 we found values of ~0.2,
~0.8, and ~0.1, respectively. We checked the effects of the differen-
tial atmospheric refraction (DAR) in each data cube by calculating
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Table 1. Basic properties of UM 461 and Mrk 600.

395

Parameter Value Reference
UM 461
RA (J2000) 11h51m3333 Obtained from NED
Dec. (J2000) —02022m228 Obtained from NED
Distance (3K CMB) Mpc 19.2 Obtained from NED
Pixel scale (pc arcsec™!) 93 Obtained from NED
z 0.003465 Obtained from NED
E(B — V)Ga mag 0.014 Schlafly & Finkbeiner (2011)
c(HpB) 0.12 Izotov & Thuan (1998)
12 + log(O/H) 7.73£0.03,7.78 +£0.03 Masegosa, Moles & Campos-Aguilar (1994); Izotov & Thuan (1998)
M, (x 10°M) ~0.76 Lagos et al. (2011)
My, (x 108 Mp) 0.98, 1.71 Smoker et al. (2000), van Zee, Skillman & Salzer (1998)
Mrk 600
RA (J2000) 02"51m04306 Obtained from NED
Dec. (J2000) +04°27M 148 Obtained from NED
Distance (3K CMB) Mpc 10.9 Obtained from NED
Pixel scale (pcarcsec™!) 53 Obtained from NED
z 0.003362 Obtained from NED
E(B — V)Gga mag 0.058 Schlafly & Finkbeiner (2011)
c(HpB) 0.24, 0.225 Izotov & Thuan (1998); Guseva et al. (2011)
12 + log(O/H) 7.83£0.01, 7.88+0.01 Izotov & Thuan (1998); Guseva et al. (2011)
M, (x10° M) ~0.64 Zhao, Gao & Gu (2013)
Mg, (x 108 M@) 2.68 Smoker et al. (2000)
Table 2. Observing log. remove the dead fibres when averaging exposures. We scaled the
HRB and HRO data cubes by comparing the integrated spectra of
Grating OB Date Exp. time Airmass” Seeing” the galaxies with those obtained by Moustakas & Kennicutt (2006).
(®) (arcsec) This is a reasonable method given that there are no telluric lines in
UM 461 common in our HRB and HRO data cubes. In this section and in
Section 3, we find that the selected emission-line ratios and other
HRO ! 2013-01-24 2x932 1271-1.233 0.83 properties derived from the data cubes are in agreement, within the
2 2013-02-21 1.335-1.289 0.94 .o . . . . . .
uncertainties, with those found in the literature. Finally, in Fig. 3,
3 2013-01-24 1.091-1.084 0.52 R . .
HRB | 2013-01-24 1.085-1.090 0.56 we show the integrated spectr? ff)r each galaxy, ol.Jtalrlled summing
5 2013-02-10 1.163-1.185 0.70 the spectra from all spaxels within the ‘Int’ areas in Fig. 1.
3 2013-03-16 1.087-1.092 0.68
Mrk 600
2.2 Emission-line measurement
HRO 1 2012-10-08 2x932 1.157-1.145 1.00
2 2012-10-08 1.151-1.156 1.05 Line fluxes were measured, using IRAF tasks fitprofs and splot
3 2012-10-08 1.207-1.227 0.86 ([0 ]Ar3726,3729), from a single Gaussian profile fit to each
HRB 1 2012-10-09 1.265-1.295 0.74 line. The spectral resolution of the VIMOS-IFU observations al-
2 2012-10-18 1.471-1.530 0.90 lowed us to resolve the [Ou]AA3726,3729 (see Fig. 2) with a A\
3 2012-11-07 1.303-1.338 0.65

“Mean of the starting and ending value of the exposures.
bMean value during the observation.

the centroid of the main emission regions in several monochromatic
maps. We found in our worst case with an airmass of ~1.5 (see
Table 2) that had an offset of ~2.2 spaxels near [O 1]AA3726,3729.
While near [O m1]A4363 (the critical emission line to determine O/H
abundances), we found an offset of ~1.41 spaxels. Therefore, we
applied an RAF*-based script (Walsh & Roy 1990) to correct for
DAR. Finally, we note an offset in the pointing for some of those
observations. The data cubes obtained using the HRB and HRO
gratings were shifted and combined (using a sigma clipping algo-
rithm to remove the cosmic rays) into a final data cube covering a
useful spectral range from ~3700 to ~7400 A. This procedure also

2 Image Reduction and Analysis Facility.
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= 2.95 A separation between the peaks of the lines in the inte-
grated spectrum. The logarithmic reddening parameter c(H 8) was
calculated from the de-reddened raw flux data assuming case B (Os-
terbrock & Ferland 2006) for the Balmer decrement ratio, H«/H g
=2.86 at 10 000 K. Then, the de-reddened emission line fluxes were
calculated as

I() — FQ) x 10cHASD) (1)
IHpB) FHP) '
where I(1) and F()) are the de-reddened flux and observed flux at
a given wavelength, respectively, and f{(A) is the reddening func-
tion given by Cardelli, Clayton & Mathis (1989). In Table 3, we
present for each galaxy the integrated observed F(A) and corrected
emission-line fluxes /(A) relative to H 8 (including uncertainties)
multiplied by a factor of 100, the observed flux of the H 8 emission
line and the extinction coefficient c(HB). In Tables 4 and 5, we
present the values for the resolved H 1 regions (see Fig. 1) within
UM 461 and Mrk 600, respectively.

MNRAS 477, 392-411 (2018)
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Figure 2. Reduced central block of fibres of quadrant Q2 for the observation of UM 461, OB HRB 3 (see Table 2). We labelled the most important emission

lines.
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Figure 3. Integrated spectra for UM 461 and Mrk 600, with the inset panels showing wavelength ranges containing important named emission lines.

3 RESULTS

3.1 Emission lines, morphology, and emission-line ratios

3.1.1 Emission lines and morphology

We used the flux measurements described in Section 2 to pro-
duce the following emission-line maps: [SuJA6731, [Su]r6717,
[Nu]r6584, Ha, [Om]A5007, [Om]r4959, H B, [Om]r4363 and
[Ou]Ar3726,3729. In Figs 4 (UM 461) and 5 (Mrk 600), we show
a selection of those maps. We note that when deriving the maps we
only use spaxels with emission fluxes >3o in the background ob-
servations. Our H o maps (Fig. 1) reveal that the nebular emission is
concentrated in the main bodies of both UM 461 and Mrk 600 and
the centres are coincident with the continuum emission maxima (see

Lagos, Telles & Melnick 2007). However, extended diffuse ionized
gas emission surrounding the GH 1 Rs is also observed within the
VIMOS-IFU FoVs for both galaxies. In UM 461, we resolve two
regions or GH 11 Rs labelled as region nos. 1 and 2 in Fig. 1 (upper
right panel) as well as several adjacent faint structures. We com-
pared the UM 461 [Ou], [O ], [S1u], [N ] forbidden emission line
morphologies to that of the Ho emission. The morphologies for
emission lines closely match each other, although due to our sensi-
tivity limit the extent of the Ho and [O m]A5007 emission is larger
than those of [O1JAA3726,3729, [Su]Ar6717,6731, [Om]r4363,
and [N 1JA6584 (see Fig. 4).

Overall, the H o emission of Mrk 600 displays an elongated mor-
phology and four GH nRs are labelled region nos. 1-4 on the Ho
map (Fig. 1, lower right-hand panel). As for UM 461, the spatial
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Table 3. UM 461 and Mrk 600: observed and de-reddened integrated emission line fluxes. The fluxes are relative to F(H ) = 100.

UM 461 Mrk 600
FO)/FHB) IOYIH B) FO)/FHB) IOYIH B)
[01] A3726 13.13 & 4.37 13.53 + 6.41 42.69 + 4.53 46.32 + 8.64
[0 1] 3729 26.53 & 4.49 27.33 & 6.47 86.15 £ 9.15 93.46 £ 17.44
[Ne m] 3868 33.48 + 1.97 34.39 + 2.86 31.61 + 3.04 34.03 £ 4.6
HS +He1 23889 13.79 & 0.81 14.16 &+ 1.18 14.72 & 1.42 15.83 & 2.15
[Ne m] 13968 11.71 4 0.70 11.00 + 1.74 14.08 + 0.23 15.06 + 0.35
H7 23970 10.93 & 0.64 11.20 & 0.93 14.85 & 1.43 15.88 & 2.16
H 24101 2324 4 1.37 23.74 + 1.98 24.57 + 2.36 26.04 + 3.54
Hy 24340 42.15 £ 2.48 42.76 & 3.56 45.94 & 4.88 47.80 & 7.18
[0 m] 24363 12.17 + 0.68 12.34 4 0.97 8.79 + 0.62 9.13 + 0.91
He124471 3.49 £ 0.20 3.53 4028 - -
H B 14861 100.00 + 1.78 100.00 + 2.52 100.00 + 1.24 100.00 + 1.75
[O 1] 24959 204.16 & 4.05 203.68 & 5.71 168.80 % 6.41 167.71 £ 9.00
[0 1] A5007 643.80 & 7.76 641.56 & 10.94 496.16 + 6.68 491.44 + 9.36
Ho 16563 294.97 £ 3.62 286.99 =& 4.98 311.56 & 7.12 288.94 & 9.34
[N 1] 16584 1.58 & 0.76 1.54 & 1.04 2.98 + 0.34 2.76 + 0.44
He1 16678 2.50 £ 0.15 243 +0.15 3.82 +0.37 3.53 + 048
[Su]A6717 8.18 + 0.28 7.94 + 038 11.24 4 0.49 1037 & 0.64
[Su] 26731 7.16 £ 0.29 7.00 + 0.40 10.46 + 0.45 9.65 + 0.59
F(H B)* 11.53 £ 0.10 7.69 + 0.05
c(HP) 0.04 & 0.04 0.11 =+ 0.07
log([O m] A5007/H B) 0.81 + 0.02 0.69 + 0.02
log([N 11] A6584/H or) —2.27 £ 0.69 —2.02 £ 0.19
log([S 1] 2A6717,6731/H cx) —1.28 4+ 0.08 —1.16 + 0.09

“In units of x 10~*erg cm™

2571

Table 4. UM 461: observed and de-reddened emission-line fluxes for regions nos. 1 and 2. The fluxes are relative

to F(H g) = 100.

Region no. 1

Region no. 2

F(L)/F(H B) I()/I(H B) F(L)/F(H B) I()/I(H B)

[01] 23726 8.42 £ 0.93 - 20.74 £ 0.55 -
[O1] 23729 21.37 + 1.09 - 38.31 4 5.10 -
[Ne m] 23868 32.72 £ 175 - 30.48 £ 1.75 -
H8+He T 13889 12.34 + 0.66 - 13.27 + 0.76 -
[Ne m] 23968 12.11 & 0.65 - 9.71 £ 0.56 -
H7 23970 12.34 + 0.66 - 13.77 £ 0.79 -
H5 24101 23.87 & 1.28 - 21.53 £ 1.24 -
Hy 24340 43.66 + 2.34 - 41.10 + 2.36 -
[O 1] 4363 13.94 &£ 0.39 - 8.87 £ 0.62 -
He 124471 335 4+ 0.18 - 2.63 +0.15 -
H B 14861 100.00 & 0.73 - 100.00 & 1.48 -
[O 1] 14959 219.03 + 3.04 - 186.82 + 4.37 -
[0 1] A5007 696.32 = 4.24 - 564.41 & 6.40 -
Ha 16563 280.86 =+ 1.52 - 253.88 & 2.91 -
[N 1] 16584 1.16 & 0.60 - - -
He1 16678 2.77 £ 0.15 - - -
[Su]A6717 4.48 £ 0.10 - 6.24 £ 0.24 -
[Su] 26731 3.63 £ 0.18 - 6.20 £ 0.26 -
F(HRB)" 8.59 +0.03 1.02 & 0.01

c(HB) 0.00 £ 0.02 0.00 £ 0.03

log([O 1] A5007/H B) 0.84 =+ 0.01 0.75 £ 0.01

log([N 11] A6584/H ) —238 4 0.38 -

log([S u] AA6717,6731/H ) —1.54 £ 0.04 —1.31 £ 0.06

In units of x 10~ * erg cm™2 s

21
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Table 5. Mrk 600: observed and de-reddened emission line fluxes for region nos. 1-4. The fluxes are relative to F(H 8) = 100.

Region no. 1 Region no. 2 Region no. 3 Region no. 4

F(L)/F(H B) IOV)/I(H B) F)/FHB) I()/II(HB) F()/FHP) IO)/IMHB)  FO)/FHP) IQ)/I(HB)
[Ou] 13726 18.05 £ 1.90 2048 £3.05 4141 +£435 4733 £7.03 51.60 £ 5.41 - 3498 £3.66  37.95 £ 5.62
[Ou] 13729 3393 £3.57 3848573 7090 £ 7.44  81.01 £12.02 104.44 & 10.96 - 72.46 £ 7.58  78.61 £ 11.63
[Nem] 13868 4043 £385 4531 £6.10 2243 £2.13 2531 £ 3.40 29.04 £2.76 - 26.14 £2.48  28.14 £ 3.77
H8+He1 A3889 1478 £ 1.41 1653 £2.23 1227 £ 1.16  13.82 £ 1.85 17.42 £ 1.65 - 1351 £ 1.28 1453 £1.95
[Ne m] 13968 12.55 £0.19  13.93 £0.30 8.58 £0.13 9.58 £ 0.20 11.63 £ 0.17 - 11.35 £ 0.17  12.14 £0.26
H7 13970 11.15 £ 1.06  12.37 £ 1.66 11.67 £ 1.11  13.03 £ 1.75 16.51 £+ 1.57 - 1283 £ 1.21 1372 £1.83
Hé 4101 2398 £2.28  26.24 £3.53 19.84 £ 1.88  21.82 £2.92 25.83 £ 2.45 - 2290 £2.17 2427 £3.25
Hy 14340 46.47 & 489 4941 £ 7.35 4.06 £+ 0.43 4.33 + 0.65 47.68 £+ 5.00 - 44.82 £ 4.69 46.63 £ 6.90
[Om] 24363 12.00 £ 0.53  12.72 £ 0.79 6.58 £ 0.45 7.00 £ 0.68 7.21 £ 0.46 - 7.78 £ 0.40 8.08 £ 0.59
He1 4471 3.46 & 0.33 3.62 £0.49 328 £ 0.31 3.44 £ 0.46 3.19 £ 0.30 - 297 £ 0.28 3.06 + 041
Hp 14861 100.00 £ 1.03  100.00 £ 1.46  100.00 & 0.98  100.00 £ 1.38 100.00 £ 0.98 - 100.00 £ 0.94 100.00 £ 1.33
[O m] 14959 213.15 £6.00 211.02 £840 14481 486 143.28 £6.80  146.61 = 4.78 - 163.64 = 4.01 162.58 £ 5.63
[Om] 25007 631.97 £ 3.89 622.70 £ 542 43227 £ 3.18 42556 £4.43  427.79 £ 551 - 489.78 £ 4.89 485.12 £ 6.85
Ha 16563 32587 £7.88 290.04 £9.92 32854 &£ 7.12 29242 £934  241.73 £ 5.85 - 311.14 £ 6.75 288.55 £ 8.85
[Nu] 16584 1.59 £ 0.24 1.41 £ 0.30 3.17 £0.27 2.80 £ 0.34 2.61 £0.26 - 2.50 £ 0.24 232 £0.31
He1 16678 3.12 £ 0.30 2.76 £ 0.37 3.02+£0.29 2.65 £+ 0.36 2.59 £ 0.25 - 3.63 £ 0.34 335+ 044
[SulA6717 7.07 £ 0.33 6.24 £ 0.41 1435 £ 043 1258 £ 0.53 12.29 £ 0.43 - 11.80 £ 0.36 10.89 £ 0.47
[Su] 16731 5.15£0.29 4.54 £ 0.36 9.48 £ 0.35 8.30 + 0.43 9.75 £ 0.35 - 9.65 £ 0.32 8.90 & 0.42
FMHp)“ 2.12 £ 0.01 0.57 £ 0.01 0.64 £ 0.01 2.00 £ 0.01
c(HB) 0.17 £ 0.07 0.18 & 0.06 0.00 £ 0.07 0.11 &+ 0.06
log([O mi])” 0.79 £ 0.01 0.63 = 0.01 0.63 £ 0.01 0.68 £ 0.01
log([N u])“ —231£0.25 —2.02 £0.15 —1.97 £0.12 —2.09 £0.16
log([S u)? —1.43 £0.10 —1.15 £ 0.08 —1.04 £ 0.06 —1.16 £ 0.08
“In units of x 10~ ergcm™2 57!
Plog([OIINA5007/HB)
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Figure 4. UM 461 — emission-line maps: [Su]A6717, [Nu]A6584, [Om]A5007, H B, [O11]A4363 and [On]Ar3726,3729. Ha emission-line contours are
overlaid on each map. North is up and east is to the left.
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Figure 5. Mrk 600 — emission-line maps: [Su]A6717, [NuJr6584, [O m]A5007, H B, [Om]a4363 and [On]Ar3726,3729. Ha emission-line contours are

overlaid on each map. North is up and east is to the left.

distribution of recombination lines (H«, H 8, etc.) in Mrk 600 is
very similar to the emission from forbidden lines (see Fig. 5). Inter-
estingly, we observe two extended structures or shells, adjacent to
region no. 1 (see Fig. 1, lower right). H & narrow-band images pre-
sented by Gil de Paz, Madore & Pevunova (2003) and Janowiecki
& Salzer (2014) show that both structures are very well resolved.
This confirms the presence of an extended shell, or bubble, that is
~180 pc away from the H o peak of region no. 1.

3.1.2 Emission-line ratios

For both UM 461 and Mrk 600, we employed the commonly used
BPT (Baldwin, Phillips & Terlevich 1981) diagrams to infer the
dominant ionization mechanism at spaxel scales using the follow-
ing emission-line ratios: [Om]AS007/H B, [Su]Ar6717,6731/Ha
and [N1u]r6584/H« (see Fig. 6). The spatial profiles of the emis-
sion line ratios differ significantly from one another, as shown in
Fig. 6, between the peak of the Ho emission and the edge of the
VIMOS-IFU FoV. The ionization structure within the inner most
part of the GHuRs, for both galaxies, is rather constant as mea-
sured by [Su]Ar6717,6731/H« and [N 1JA6584/H o, but these ra-
tios increase at greater distances from the GH uRs. However, the
[Om]AS007/H B ratios do not show a uniform distribution. In the
case of UM 461, its values are highest in a curved structure, which
surrounds the peak of Ha emission. Our [Om]AS007/H 8 ratio
map, in this galaxy, is in excellent agreement with the map ob-
tained by Sampaio Carvalho (2013) using Gemini Multi-Object
Spectrograph (GMOS) IFU. We do not show, in this paper, the
BPT diagrams but all points fall in the locus predicted by models
of photoionization by young stars in Hu regions (Osterbrock &

Ferland 2006), indicating that photoionization from stellar sources
is the dominant excitation mechanism in UM 461 and Mrk 600. We
compared the aforementioned integrated emission-line ratios, for
both galaxies, showed in Table 3 with the values found in the liter-
ature. Our values obtained in UM 461 are in agreement, within the
uncertainties, with those reported by Pérez-Montero & Diaz (2003),
i.e. log([Om]A5007/HB) = 0.78, log([SuJAr6717,6731/Ha) =
—1.47 and log(IN uJA6584/H«) = —2.12. Finally, the emission-
line ratios in Mrk 600 (see Tables 3 and 5) are in agreement with
those from Guseva et al. (2011), i.e. log([O m]A5007/H B) = 0.81,
log([Su]AA6717,6731/Ha) = —1.46 and log([INu]r6584/Ha) =
—2.07.

3.2 Abundance determinations

For our abundance estimates, we first determined the electron tem-
perature 7, and electron density n,, making use of the line ratios
[0 1m1]A4959,5007/[0 m]A4363 and [Sn]A6716/[Su]rA6731, and the
IRAF STS package nebular.

Oxygen and nitrogen ion abundances O, O*", and N* were
calculated using the five-level atomic model FIVEL implemented
in the RAF STS task abund. The total oxygen abundance for each
aperture is obtained assuming the contributions from O and O**;
therefore, we have

[e) ()+ ()++*

H-m @
and

N N*
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Figure 6. Emission-line ratio maps: log [O m]A5007/H B, log [S 1]AA6717,6731/H o and log [N 1JA6584/H o for UM 461 (upper panels) and Mrk 600 (lower
panels). Ha emission-line contours are overlaid on each map. North is up and east is to the left.

with

O+ + 02+

ICE(N) = =

C))

In Fig. 7, we show the oxygen abundance and the log(N/O) ra-
tio maps in the left-hand and right-hand panels, for both UM 461
and Mrk 600. Tables 6 and 7, respectively, show the abundances
measured for the individual apertures within the FoVs of UM 461
and Mrk 600 (see Fig. 1). Our integrated oxygen abundances of
12 + 1log(O/H) = 7.84 £ 0.08 and 7.85 £ 0.09 are in agreement with
those in Izotov & Thuan (1998) of 7.78 4 0.03 and 7.83 £+ 0.01 for
UM 461 and Mrk 600, respectively. For UM 461, a larger discrep-
ancy however occurs with the value of 7.32 £0.15 from Sédnchez
Almeida et al. (2015). In the case of Mrk 600, the difference be-
tween the oxygen abundances of the GH1Rs 2, 3, and 4 and re-
gion no. 1 is A(O/H) < 0.04 dex, while in UM 461, we find a
difference of A(O/H) = 0.06 dex between the two main regions.
Therefore, within the uncertainties, we can consider that the oxy-
gen abundances amongst and between the GH1Rs of each galaxy
are similar. The 12 + log(O/H) values in Fig. 7 range from 7.38 to
8.30 for UM 461 and from 7.40 to 8.35 in Mrk 600. In Mrk 600, the
lowest values of 12 + log(O/H) (<7.6) are found surrounding the
brightest regions (nos 1 and 4). For UM 461, the lowest values of
12 + log(O/H) are in the southern part of region no. 1 with an extent
of ~0.7 kpc oriented towards the faint SW stellar tail (see Fig. 1, up-
per right). This region has a mean 12 + log(O/H) value of ~7.52 and
a difference of A(O/H) = 0.46 dex between the lowest abundance
and the integrated value. Interestingly, this region is not coincident
with the peak of Ho emission or other star clusters resolved by
Lagos et al. (2011) within our region no. 1.

In order to test the accuracy in the detection of variations of oxy-
gen abundance, we introduced several offsets of 0.33 arcsec (one

spaxel) in the [O m]A4363 maps. In most cases (75 per cent), we
found that the spatial variations are preserved within 0.1 dex. In ad-
dition, given that the seeing during our observations was ~1.0 arcsec
(3 spaxels), the pixel-to-pixel variation in our maps are potentially
due to measurement uncertainties rather than real variations. This
point is commonly ignored in most of the IFU studies. To further
test whether the variations were real or not, we binned the data
cube from 0.33 to ~1.0arcsec (3 spaxels). In Fig. 8, we show the
spatial distribution of the binned (~1 arcsec spaxel) 12 + log(O/H)
abundances. Again, in both cases, the abundance patterns are pre-
served. Nevertheless, it is more practical for the analysis to use the
0.33 arcsec pixel scale.

We find an integrated value of 12 + log(N/H) =
6.31+0.18 for UM 461 and 6.03+0.22 for Mrk 600.
The nitrogen-to-oxygen ratio in these galaxies is log(N/O)
= —1544+027 and —-1.83%+030 for UM 461 and
Mrk 600, respectively. In the case of UM461, the integrated
log(N/O) is consistent with those found in XMP galaxies
(log(N/O) ~ —1.60; e.g. Edmunds & Pagel 1978; Alloin et al.
1979; Izotov & Thuan 1999). Interestingly, the region no. 1 in
UM 461 and the area of low metallicity, in the same region, show
a similar log(N/O) value ~ —1.50. Therefore, the log(N/O) ratio
is uniform at large scales in the brightest region of this galaxy.
Finally, we found that the integrated log(N/O) values agree, within
the uncertainties, with those obtained by Izotov & Thuan (1998),
i.e. log(N/O) = —1.50 for UM 461 and of —1.67 for Mrk 600.

3.3 Velocity fields

We obtained the radial velocity v,(Hw) by fitting a single Gaus-
sian to the Ha emission-line profiles. The v,.(H ) velocity fields
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Figure 7. 12 + log(O/H) and log(N/O) abundance maps for UM 461 (upper panels) and Mrk 600 (lower panels). Oxygen abundances were determined using
the direct method. H « emission line contours are overlaid on each map. North is up and east is to the left.

Table 6. UM 461: ionic abundances and integrated properties.

Integrated Region no. 1 Region no. 2
Te(Om) K 15184 + 548 15487 + 288 13838 + 576
Ne(S1) cm™3 431 £ 223 208 + 172 662 + 286
Of/Ht x 10° 0.50 £ 0.03 0.34 £ 0.01 0.87 £ 0.06
O**+/HT x 10 6.49 £ 0.59 6.71 £ 0.31 7.32 £0.83
O/H x 103 6.99 £ 0.62 7.04 £+ 0.32 8.19 £+ 0.88
12 + log(O/H) 7.84 £ 0.08 7.85 £ 0.05 7.91 £ 0.10
N*t/HT x 10° 0.14 £ 0.01 0.11 £ 0.01 -
ICF(N) 14.08 £ 2.11 21.74 £ 1.52 9.46 £ 1.65
N/H x 10° 2.02 £ 0.36 224 £0.20 -
12+log(N/H) 6.31 £ 0.18 6.35 £ 0.09 -
log(N/O) —1.54 £0.27 —1.50 £ 0.14 -

showed in Fig. 9 are rather complex. For UM 461, the velocity
field shows an apparently systemic trend with the northern part
redshifted, while the southern part is blueshifted, with a systemic
velocity of ~1040kms~!. As mentioned in Section 1, this galaxy
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is part of a binary system with UM 462. Interestingly, the velocity
distribution in UM 462 shows no spatial correlation with the Ho
emission (see fig. 2 in James, Tsamis & Barlow 2010). A simi-
lar lack of correlation is observed in UM 461. The range of radial
velocities displayed in the UM 461 map is about 60 kms~!, while
the velocity difference between region nos. 1 and 2 is ~13kms™'.
The UM 461 V,(H @) velocity field shows the same overall pattern
and detailed variations as the velocity field reported by Sampaio
Carvalho (2013) from GMOS-IFU observations. Our IFU ob-
servations did not detect asymmetric line profiles or multi-
ple components in the base of Ha profile as observed by
Olmo-Garcia et al. (2017) from their 1arcsec-width long-slit
observation.

In the case of Mrk 600, despite of the small VIMOS FoV, we ob-
serve that the south-western part of the galaxy is slightly blueshifted
with respect to the systemic velocity of 1016 kms~'. The variation
in velocity within the Mrk 600 VIMOS-IFU FoV is ~30kms~!.
The v,(H o) maximum, in Mrk 600, is located very closed to region
no. 2, the position where an expanding shell has been reported,
while the minimum is near to region no. 1.
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Table 7. Mrk 600: ionic abundances and integrated properties.

Integrated Region no. 1 Region no. 2 Region no. 3 Region no. 4
Te(Om) K 14825 + 670 15491 + 462 14075 £+ 580 14200 £ 558 14156 + 438
Ne(Sm) cm™3 502 £ 134 30 £ 110 ~100 170 £+ 110 222 £ 93
O+/H* x 107 1.78 £ 0.12 0.63 + 0.03 1.63 £ 0.11 1.99 £ 0.13 1.51 £ 0.07
O+H/H* x 10° 5.37 £ 0.62 6.12 = 0.45 5.33 £ 0.59 5.25 £ 0.55 597 £ 0.49
O/H x 10 716 £075  676+£048 696 +070 724 £0.67  7.48 £0.56
12 + log(O/H) 7.85 + 0.09 7.83 £ 0.07 7.84 + 0.09 7.86 + 0.09 7.87 + 0.09
N*+/HT x 10° 0.26 £ 0.01 0.13 £ 0.01 0.28 £ 0.01 0.26 £ 0.01 0.23 £ 0.01
ICF(N) 4.01 £ 0.69 10.66 + 1.24 427 £ 0.71 3.64 £ 0.57 4.95 + 0.62
N/H x 108 1.06 £ 024  1394£020 121+£026  095+£0.19  1.1540.18
12+log(N/H) 6.03 + 0.22 6.14 £ 0.15 6.08 + 0.22 5.98 + 0.20 6.06 + 0.16
log(N/O) —1834£030 —169+£022 —176+030 —188=£029 —181+0.24
12 + log(o /H) with the same standard deviations of ~0.21 for UM 461 and Mrk
P w w w w w 8.09 600, respectively. We note that the mean value of these distributions
12f UM 461 b agree at the 1o level with the integrated 12 + log(O/H) values for the
r 7.98 galaxies in Tables 6 and 7. Interestingly, in the case of Mrk 600 the
10- ] distribution can be fitted by a single Gaussian, while in the case of
[ 7.88 UM 461 the distribution is well fitted by two Gaussian components.
9 8 7 B ] Following the statistical analysis in Pérez-Montero et al. (2011)
g 8L ] 7.78 and Kehrig et al. (2016), we consider the two conditions for oxygen
o [ abundance to be considered homogeneous: (i) the derived values of
4f b 7.68 12 + log(O/H) should be fitted by a normal distribution according
r to the Lilliefors test and (ii) the observed variations of the data dis-
2r 7] 7.57 tribution around the mean values o Gaussian Should be lower or of the
order of the typical uncertainty of the property considered. The dis-
0 e 7.47 persion of the normal distribution o Gayssian in Mrk 600 is of the order
0 2 4 6 8 10 12 of the uncertainty of the oxygen abundance, estimated as the square
arcsec root of the weighted variance of the data points o yeighea ~ 0.21.
While in UM 461 6 Gaussian (=0.20) > 0 weightea (=0.17). Individual
12 + log(O/ H) statistical analysis of the Gaussian components in UM 461 shows
A 8.19 that 0 Gaussian S O weighied- Those results indicate that at large scales
12 b Mrk 600 1 the ISM is chemically homogeneous. In addition, we checked the
1ol 8.05 null hypothesis that the data come from a normally distributed pop-
[ ulation by applying the Lilliefors test. From this, we do not have
8l l. 7.92 enough evidence to conclude that the data in Mrk 600 were not
§ .. drawn from a normal distribution (p-value ~0.5). However, we find
o 6r x 7.78 that the p-value of the Lilliefors test for UM 461 is ~0.0001, then it
o [ is significantly non-normal. Finally, given that for each galaxy the
4 b 7.64 mean of the 12 + log(O/H) spaxel value distribution agrees with the
2l integrated value, the spatial variations observed in UM 461 cannot
[ 7.50 be understood as only statistical fluctuations (Pérez-Montero et al.
of sl 2011),

0 2 4 6 8 10 12
arcsec

Figure 8. Spatial distribution of the binned (~1arcsec spaxels) 12 +
log(O/H) abundances for both galaxies UM 461 (upper panel) and
Mrk 600 (lower panel). The maximum H « emission of the main regions are
indicated in the maps by a X symbol. North is up and east is to the left.

4 DISCUSSION

4.1 Spatial variation of oxygen abundance

Here, we characterize the spatial distribution and variation of oxy-
gen abundance found in Section 3.2. In Fig. 10, we show histograms
of the distribution of the 12 + log(O/H) spaxel values for UM 461
(upper panel) and Mrk 600 (lower panel). The dotted lines in the
figure indicate the mean 12 + log(O/H) values of 7.81 and 7.84;

We conclude that the spatial variation and extended low-
metallicity region in UM 461 appear to be real, within our un-
certainties, and it could indicate the recent infall of non-pristine
metal-poor gas into the galaxy. Alternatively, it could be produced
by the outflow of a large amount of enriched gas, consequently
diminishing the metal content in this region. In this section, we
discuss those scenarios in the context of the main properties of the
ISM and the triggering of star formation.

4.2 Oxygen abundance derivation using different diagnostics

In this section, we compute oxygen abundances using sev-
eral different diagnostics and calibrations. First, the 12 +
log(O/H) abundance was derived by applying the relation
between the line ratio of [NuJA6584/Ho with the oxygen
abundance (N2; Denicold, Terlevich & Terlevich 2002), i.e
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Figure 9. Radial velocity of the Ha emission line in units of km s~! for UM 461 and Mrk 600. Contours display the Ha morphology of the galaxies. North

is up and east is to the left.

12 + log(O/H) = 9.12 + 0.73 x N2, with N2 = log ([Nu]
L6584/H o). One of the most common methods used for estimating
the oxygen abundance of metal-rich galaxies (12 + log(O/H) 2 8.4)
and also metal-poor galaxies (12 + log(O/H) < 8.4) utilizes the
R23 = ([OuJA3727 + [O m]rr4959,5007)/H ) parameter, which
is the ratio of the flux in the strong optical oxygen lines relative to
H 8. Applying this method, the oxygen abundance, in our case, is
given by the metal-poor branch 12 + log(O/H) = 7.056 + 0.767 x +
0.602x* — y(0.29 + 0.332 x — 0.331 x?), where x = log(R23) and
y =10g(032) = log([O m]Ar4959,5007)/[O 1]AA3726,3729) (R23;
Kobulnicky, Kennicutt & Pizagno 1999). Another widely used in-
dicator of oxygen abundance is given by 12 + log(O/H) = 8.73 —
0.32 x O3N2, where O3N2 = log([Om] AS007/HB x Ha/[N1]
16584) (O3N2; Pettini & Pagel 2004). Additionally, we use a
new calibrator that has a weak dependence on the ionization
parameter given by 12 + log(O/H) = 8.77 + Y, where ¥ =
log([N nJA6584/[S n]Ar6717,6731) + 0.264 x N2 (D2016; Dopita
et al. 2016). In order to cross-check our results with previous deter-
minations in the literature (e.g. Sdnchez Almeidaet al. 2015), we use
the code HII-CHI-mistry version 2.1 (Pérez-Montero 2014) which
is a PYTHON program that calculates the 12 + log(O/H) abundance for
gaseous nebulae ionized by massive stars using a set of emission-
line optical intensities, i.e. [OuJA3727/H B, [Om]A4363/HpB,
[Om]A5007/H B, [Nu]r6584/H B, and [S]Ar6717,6731/H B.

For UM 461, we simulated long-slit observations along the main
body of the galaxy, assuming a slit width of ~1 arcsec. Fig. 11
shows the radial profile of the oxygen abundance with respect to
the UM 461 peak of Ho emission using the direct method (deter-
mination of oxygen abundance using the 7,) compared to oxygen
abundances determined using the other methods described above.

The integrated oxygen abundance in region no. 2 of UM 461,
based on T,(O ), was determined to be 0.06 dex higher than in
region no. 1. This difference is reflected in the slight gradient ob-
served in Fig. 11. In this figure, we see that the R23 method provides
similar values for 12 + log(O/H) as the direct method within the
uncertainties. On the other hand, the values based on the empirical
N2 calibration in region no. 1 are ~0.4 dex lower than those ob-
tained from the direct method. Using D2016 gives the same relative
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values compared to N2. The oxygen abundances obtained using the
O3N2 calibrator provide a similar lower but less extreme profile
compared to those obtained using the N2 and D2016 calibrations.
However, most of its values agree within the uncertainties with
the ones found by the direct method. We find a good agreement
between abundances computed using HII-CHI-mistry and by the
direct method. It is clear that using the N2 and D2016 methods alone
to study the spatial variation of oxygen abundance underestimates
the abundance profile in region no. 1.

InFig. 12, we show the 12 +log(O/H) maps, for both galaxies, ob-
tained using the N2, O3N2, R23, and D2016 oxygen abundance cal-
ibrators. From this figure, we observe significant spatial differences
between the absolute values in the direct method maps compared to
maps derived using some of the calibrators. The N2 and O3N2 abun-
dance maps show spatial trends that are opposite to those shown by
the other methods. Interestingly, both N2 and O3N2 show the lowest
values in the regions of higher star formation. Despite the fact that a
detailed analysis is beyond the scope of this paper, these results sug-
gest a dependence on the ionization parameter U? (e.g. Kewley &
Dopita 2002). This value can be measured from the ratio of high ion-
ization to low ionization species [O m]A5007/[O n]AA3726,3729 us-
ing the parametrization presented by Diaz et al. (2000), i.e. log(U) =
—0.8 x log([Ou]/[Om]) — 3.02 and also by the emission line ra-
tio [Su]Ar6717,6731/Her, log(U) = —1.66xlog([Sul/Ha) — 4.13
(Dors et al. 2011). In Fig. 13, we show the log(U) maps for both
galaxies. Clearly, the log(U) is highest at the position of the GH 1Rs
and decreases radially outwards. The spatially resolved shape of
abundances based on N2 and O3N2 correlates with the ioniza-
tion parameter. The shape and relative values of R23 maps agrees
reasonably well with the direct method, indicating only a weak de-
pendence on U in our sample of H1/BCDs (e.g. Kehrig et al. 2016,
and references therein). While, the D2016 maps does not closely
correlate with the direct method and the log(U) maps. The latter
assumes the ISM conditions in high-z galaxies, which differ from
those found in local galaxies. In Table 8, we show the mean values

3 The ratio of the ionizing photon density to the particle density.
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Figure 10. Histograms showing the distribution of 12 + log(O/H) spaxel
values for UM 461 (upper panel) and Mrk 600 (lower panel). For each galaxy,
the mean of the 12 + log(O/H) spaxel values (7.81 and 7.84, respectively)
is indicated with a dotted line. The figure also shows Gaussian fits to the
distributions.

of 12 + log (O/H) obtained from the different methods. We find a
difference between the mean value of R23 and the direct method
of 0.16 and 0.23 dex for UM 461 and Mrk 600, respectively. While
the N2 and D2016 methods underestimate the mean oxygen abun-
dance in UM 461. In summary, we conclude that most of the above
methods provide a reasonable estimation of the integrated oxygen
abundance, but some are less suited for a detailed study of spatial
variations within the ISM of our BCDs. The observed variation of
line ratios could be due to variations of U instead of real metallicity
variations. Below, we consider HII-CHI-mistry as a reliable tracer
of the spatially resolved oxygen abundance when compared to the
direct method.

We create the oxygen abundance maps (see Fig. 14, inset pan-
els) of the galaxies using the HII-CHI-mistry code as indicated
above. It is important to note that the results obtained by using
HII-CHI-mistry provide abundances that are consistent with the
direct method, only when the [O m]A4363/H B intensity is included.
In order to better illustrate this, in Fig. 14 we show the spaxel-by-

spaxel comparison between 12 + log(O/H) derived using the direct
method and HII-CHI-mistry (Pérez-Montero 2014) with (left-hand
panels) and without (right-hand panels) [O m]A4363 emission for
UM 461 (upper panels) and Mrk 600 (lower panels), respectively.
From this, we find a mean difference between the direct method
and HII-CHI-mistry of |[A(O/H)| = 0.02 dex for both galaxies (see
Table 8) when we include the [O m1]A4363 intensity. While the mean
difference without [Om]A4363 is 0.13 and 0.18 dex for UM 461
and Mrk 600, respectively. These checks show consistency with the
values obtained in Section 3.2 and also in Fig. 11, when [O m]14363
emission is included as an input for the code. We note that when we
use [O m]A4363/Hp the code overestimate the abundances (Sanchez
Almeida et al. 2016) as compared to the direct method at 12 +
log (O/H) < 7.6. These differences are small compared with their
uncertainties. However, the 12 + log(O/H) abundance maps created
with and without [O m]A4363 emission do not show any spatially
consistency each other.

In the case of UM 461 our results (see Fig. 11) differ from
those in Olmo-Garcia et al. (2017), whose values appear consis-
tent with using HII-CHI-mistry, excluding the [O m]A4363 inten-
sity. We therefore conclude that using HII-CHI-mistry recovers the
oxygen abundance values, within the errors, and spatial variation of
abundances obtained with the use of the direct method, only when
the [O m]A4363/H B intensity is included. We emphasize that our
results clearly show that metallicity can appear to drop in regions
of high star-formation activity (see Fig. 14) if [O m]A4363 emis-
sion is not considered, which can lead to a misinterpretation of the
real variation of oxygen abundances across the objects. Therefore,
special attention must be paid to which emission lines are used
when the HII-CHI-mistry method is applied to the study of spatial
variation of abundances.

4.3 Spatially resolved star formation, starburst properties,
and chemical abundances

In this section, we discuss whether or not the observed star-
formation traced by Ha correlates with the estimated oxygen
abundance at spaxel scales. The current star formation rate (SFR)
was inferred from the extinction-corrected Ho emission and the
Kennicutt (1998) formula, after correction for a Kroupa initial mass
function (Calzetti et al. 2007). Accordingly, we found a SFR =
0.077 and >0.017 Mg, yr~! for UM 461 and Mrk600, respectively.
In the case of Mrk 600, an important fraction of the ISM is outsize
the FoV (see Fig. 1), then we found a lower limit for the SFR in this
object. Note that, following common practice, SFRs are estimated
from the Ho luminosity and assuming solar metallicity. We caution
that this standard conversion relies on two certainly overly simplistic
assumptions commonly made, namely that a) star-forming activity
is occurring continuously at a constant SFR for at least 100 Myr
and b) Lyman photon escape is negligible. Using the 12 + log(O/H)
from Section 3.2, in Fig. 15 we show the spatially resolved relation
between the log(Xspr) and the oxygen abundance in UM 461 and
Mrk 600.

UM 461: No correlation is found between the SFR and
12 + log(O/H) at spaxel scales in this galaxy. However, the spa-
tial distribution of its oxygen abundance shows an extended area
with a low value (12 + log(O/H) < 7.6) in the southern part of
region no. 1, as noted in Section 3.2. The metallicity in this re-
gion appears to decrease with increasing distance from cluster no.
2 and it increases when approaching cluster no. 3 (Fig. 1, top right).
Therefore, the lowest abundance of this off-centre region does not
correlate with any of the aforementioned star clusters. The same
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behaviour is observed in the cometary galaxy Tol 65 (Lagos et al.
2016).
If we assume that UM 461 has recently experienced a single in-
tense starburst, or series of starbursts, then the relatively oxygen
deficient region could be the result of intensive starburst, then eject-
ing part of the pre-enriched gas (Veilleux, Cecil & Bland-Hawthorn
2005, and references therein). Since different elements are pro-
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duced on different time-scales,” it is expected that such a sequence
of bursts would decrease the N/O ratio when massive stars die.

4 Oxygen is predominately synthesized in high-mass stars (>8 M@) and
subsequently released to the ISM by stellar winds and supernovae explosion.
While nitrogen is produced by low and intermediate mass stars.
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Table 8. Statistical properties of 12 + log (O/H) using different methods.

UM 461 Mrk 600

Mean STD4 Mean STD
T, 7.81 0.21 7.84 0.21
N2 7.59 0.16 7.85 0.17
03N2 7.81 0.10 7.96 0.10
R23 7.97 0.14 8.07 0.14
D2016 7.51 0.20 7.75 0.16
HCM? with [O m]A4363 7.83 0.21 7.86 0.21
HCM without [O m]14363 7.94 0.15 8.02 0.13

“Standard deviation.
bHII-CHI-mistry.

However, the N/O is quite homogeneous indicating that the out-
flowing material is uniform and well mixed. In that case the N/O
ratio is unchanging (van Zee & Haynes 2006) within the uncer-
tainties. This interpretation is consistent with the N/O ratio map in
Fig. 7. The age of the aforementioned clusters are ~1 and ~4 Myr
for cluster nos. 2 and 3, respectively (Lagos et al. 2011). If we as-
sume that the velocity, Vexy = D/%exp, Of the expanding material is
constant, we obtain an outflow velocity of ~340kms~! after 1 Myr
of expansion. This assumes that the radius D of the low-metallicity
region is an approximation of the distance from the star cluster
no. 2 to the shock front. This scenario is plausible and indicates that
supernovae (SNe) and stellar outflows, in UM 461, are capable of
depleting the surrounding gas during the current starburst. In this
circumstance metals ejected out of the ISM by supernovae-driven
outflows are not completely lost (Silich & Tenorio-Tagle 2001) into
the intergalactic medium. The presence of broad components in the
line profiles of the strongest emission lines would provide evidence
of such fast motions (e.g. Bordalo & Telles 2011), but these profiles
are not detected in UM 461.

On the other hand interpreting the UM 461 metal-poor region as
the consequence of a recent infall of metal-poor gas (e.g. Koppen &
Hensler 2005) implies the scatter in Fig. 15 (left-hand panel) arises
because the metal-poor gas is not fully dispersed and mixed into

the ISM. In this view, the star-formation activity in UM 461 started
recently, in agreement with the findings by Lagos et al. (2011).
Infalling gas from the outskirts of the galaxy could have triggered
this star formation activity (e.g. Ekta & Chengalur 2010) as well as
diluting the oxygen abundance. The latter effect is the most likely
to diminish the oxygen abundance, keeping the N/O ratio constant,
since the current star cluster formation efficiency in UM 461 is very
low (Lagos et al. 2011).

Mrk 600. In Fig. 15 (right-hand panel), we observe a marginal
gradient of increasing 12 + log(O/H) abundance and SFR, indi-
cating that parcels of gas with higher metallicity are the locus of
stronger star-forming activity than those found in low-metallicity
environments. However, the Pearson’s correlation coefficient be-
tween these two quantities is ~0.2. The critical value for the two-
tailed non-directional test (0.02 significance) exceeds the Pearson’s
correlation coefficient, supporting the hypothesis that the variables
are not linearly correlated. We discard infalling metal-poor gas as
the trigger for the ongoing starbursts in Mrk 600, since the ISM
is chemically homogeneous as seen in Section 4.1. Interestingly,
the 12 + log(O/H) map based on R23 shows higher values in the
area in between the resolved shells in region no. 1 (see Fig. 12).
Consequently, there may have been an outflow of oxygen-enriched
gas due to SNe. However, we cannot draw firm conclusions on this
because no direct estimations of abundances were obtained.

In summary, the dispersion in the log(Xspr) versus 12 + log(O/H)
relation, at spaxel scales, for both galaxies is relatively high reflect-
ing their star-formation histories. Given that dwarfs galaxies have
shallow potential wells, both the ejection of metal-rich material and
accretion/interactions have a huge impact on their evolution. How-
ever, the current burst in UM 461 is unlikely to diminish its metal
content, given that star formation is inefficient at driving outflows.
Therefore, an additional mechanism, such as cold accretion (Kere§
et al. 2005) of metal-poor gas, must be at work in order to explain
its observed properties and morphology.

4.4 Relationship between neutral and ionized gas

H1is highly sensitive to interactions even with minor satellite galax-
ies (Martinez-Delgado et al. 2009; Scott et al. 2014) while H1 kine-
matic and morphological perturbations from major interactions can
remain detectable for between 0.4 and 0.7 Gyr following a tidal
interaction (e.g. Holwerda et al. 2011). UM 461 (My, = 1.71 x

108 M@; van Zee, Skillman & Salzer 1998) has a near neighbour,
UM 462, which is projected ~17 arcmin (62 kpc) to the SE, with a
AVpiical of only 18 km s™!. A ~ 6arcmin (22 kpc) H1 tail seen ex-
tending SE of UM 461 towards UM 462 in a VLA’ D-array H1 map
was originally interpreted as evidence of a recent tidal interaction
between the pair (Taylor et al. 1995, their fig. 8a). However, subse-
quent higher resolution VLA B and C-array H 1 mapping of UM 461
by van Zee, Skillman & Salzer (1998) failed to detect this tail, with
those authors arguing the earlier apparent H1 tail was probably an
artefact produced by solar interference. Further evidence against
a recent interaction between the pair comes from the regular H1
morphology and velocity field for UM 462 (van Zee, Skillman &
Salzer 1998, their fig. 10). Additionally, James, Tsamis & Barlow
(2010) found no evidence for significant nitrogen or oxygen vari-
ations across UM 462 at the 0.2 dex level. This result shows that
from a chemical point of view, if there has been a recent interaction,

3 Very Large Array.
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Figure 14. Spaxel-by-spaxel comparison between 12 + log(O/H) derived using HII-CHI-mistry (Pérez-Montero 2014) and the 7, method for the galaxies
UM 461 (upper panels) and Mrk 600 (lower panels). A(O/H) is defined as log(O/H)7, — log(O/H)un-cHi — mistry- Contours display the Ha morphology of the

galaxies.

it is not currently producing significant metallicity deviations or
gradients in UM 462 at large scales.

While the van Zee, Skillman & Salzer (1998) H1 velocity field
for UM 461 (their fig. 9d) shows an overall rotation pattern with a
NW-SE rotation axis, it also reveals a strong asymmetric warp at
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velocities below 1040 kms~! projected S and SW of GH 1R no. 1.
This highly warped region is referred to hereafter as the ‘disturbed
Hr region’. The faint broad optical SW tail seen in Fig. 1 is pro-
jected at the western end of the disturbed H1region. At the eastern
end of the disturbed H1 region, directly S of the GHIR no. 1 is
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the location of the anomalously metal-poor gas clump (Fig 7). The
v,(Ho) minimum of ~995kms~! (Fig. 9) is offset slightly further
to the SW, but still within the disturbed H1 region. The highest
resolution (van Zee, Skillman & Salzer 1998) H1 map (~5 arcsec
resolution) also shows the SW side of the H1 disc is asymmetri-
cally extended into the disturbed H1 region. The combination of
the disturbed H1 region’s properties and the VIMOS-IFU data are
consistent with the recent infall from the SW of a low-mass metal-
poor dwarf or H1 cloud into the region now exhibiting the lowest
metallicity, and localized perturbed neutral and ionized gas kine-
matics. We may be observing the impact of an event similar to that
in CIG 85, where it is proposed that a small dwarf is in the process
of being subsumed into a larger galaxy (Sengupta et al. 2012). We
note that the faint broad optical tail in CIG 85 is attributed to the
interaction (possibly multiple times) with a minor satellite. DDO
68 is another low-metallicity dwarf galaxy with evidence of the
recent accretion of a smaller satellite galaxy (Annibali et al. 2016;
Sacchi et al. 2016).

In the case of Mrk 600, we did not find evidence of optical com-
panions using NED. However, Noeske et al. (2005) suggest that
the distribution of the star-forming knots in this galaxy may be the
result of an ongoing or recent interaction. Noeske et al. argue that
the U — B colours of —0.64, —0.72, and —0.86 of our region nos. 1
and 2 and their region c, respectively, suggest propagating star
formation activity, while the colours of the underlying stellar com-
ponent are indicative of a population of several Gyr old. However,
they failed to detect an optical or near-IR counterpart to H1 com-
panion detected ~1.25 arcmin SW of Mrk 600 by Taylor, Brinks &
Skillman (1993) in their VLA D-array H1 map. The companion’s
reported M(H 1) was 2.2 x 107 Mg, i.e. ~ 10 per cent of the Mrk 600
M(H 1), and it has a maximum column density of ~1.5 x 10?° atoms
cm~2 (Taylor, Brinks & Skillman 1993). Nevertheless, the higher
resolution VLA C-array H1map (Taylor et al. 1994) does not show
a separate structure at the position of the previously reported H1
companion. The velocity field from VLA C-array observations for
Mrk 600 revealed an overall, although rather irregular, H1 rotation
pattern. If future H1 observations confirm the H1 companion, this

will indicate Mrk 600 is at an earlier stage of accreting a H1 cloud
with a significant mass.

4.5 Gas metallicity

Minor mergers or interactions could potentially provide a supply of
infalling gas and the energy transfer to drive the internal motions of
the parent galaxy. In this section, we will analyse this scenario in
the context of the chemical evolution of UM 461 and Mrk 600. In
a closed-box model, the gas metal mass fraction Z (Schmidt 1963;
Searle & Sargent 1972) is determined entirely by the yield (y) and
gas fraction fyag = Mae/(Mgas+Miiars) as

Zgas = y X In(f)). )
If we express Zy,, in terms of the oxygen abundance, we obtain
12 +log(O/H) = 12 + log(yo/11.728) + log(In( f gy ), (6)

where y, is the oxygen yield by mass and 11.728 is the factor to con-
vert abundance by mass to abundance by number (Lee et al. 2006).
Here, we consider M,,, = 1.24x My, and the true yield log(yo) =
—2.4 (Dalcanton 2007). Therefore, we find that the measured oxy-
gen abundance in UM 461 is A(O/H) ~ 0.38 dex lower than the
expected value assuming a closed-box model, while in Mrk 600 the
oxygen abundance is A(O/H) ~ 0.07 dex higher. In terms of the
effective yield yeir = Zgas/In( fgfdJ) (Zgas = 12xO/H), we found that
log(yefr) = —2.77 and —2.32 for UM 461 and Mrk 600, respectively.
In Fig. 16, we show 12 + log(O/H) as a function of the gas fraction
assuming a closed-box model. The data points, in the same figure,
correspond to the measured values of UM 461 and Mrk 600. Note
that, in the case of Mrk 600, if we assume a true yield yo = 0.01
(Tremonti et al. 2004), the data point is well explained, within the
uncertainties, by the closed-box model. However, the effective yield
of UM 461 remains lower than the closed-box model when we use
either true yield prescription.

It is assumed that deviations from the closed-box model indicate
the presence of an outflow and/or inflow. In principle, we cannot rule
out any of those mechanisms to decrease the effective yield found
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Figure 16. Relation between 12 + log(O/H) as function of gas fraction
feas assuming a closed-box model assuming a true yield yo = 0.004 (solid
line; Dalcanton 2007) and yo = 0.01 (dashed line; Tremonti et al. 2004),
typical oxygen yields for star-forming galaxies. Data points correspond to
our measured values for UM 461 and Mrk 600.

in UM 461 and the slightly higher yield in Mrk 600. However,
and according to our previous analysis, Mrk 600 is currently less
affected by outflows or inflows, which makes it well explained by a
closed-box model. Mrk 600 also presents a flat metallicity gradient
within the uncertainties. In the case of UM 461, the low-metallicity
region, with 12 + log(O/H) < 7.6, could be the result of inflow of
metal-poor gas. According to Thuan et al. (2016), the deviations in
the effective yields can be understood as a gas outflow, in which a
high fraction of metal-enriched gas is lost, and/or inflow of metal-
poor gas in objects where yerr < yye and a relatively metal-free H1
envelope for objects with yer = yiue. Therefore, the deviation from
the closed-box model in UM 461 can be explained, as the result
of the competing effects of starburst driven outflows (e.g. Tremonti
et al. 2004) and the inflow of metal-poor gas. However, the latter is
the most likely factor to explain the low effective yields observed
in UM 461, because starburst driven-outflows are unlikely to be
effective in removing large amounts of gas from the disc in low-
mass galaxies (e.g. Dalcanton 2007), as discussed in Section 4.3. In
this scenario, during the infall the oxygen abundance is reduced due
to dilution of the pre-existing gas, without affecting the log(N/O)
ratio, followed by the evolution of the system towards the closed-
box relation (Koppen & Hensler 2005).

The idea of an infall of pristine gas is unlikely to explain the
effective yield of UM 461 because this infalling gas would increase
its value significantly (Thuan et al. 2016). Alternatively, based
on its high H1 mass, the infall of metal-poor clouds (~107 M
Verbeke et al. 2014) towards the centre could produce the observed
low-metallicity region in UM 461. H1 clouds have previously been
found in the surroundings of some BCD galaxies (e.g. Thuan, Hib-
bard & Lévrier 2004; Lelli, Verheijen & Fraternali 2014). It seems
that the H1 companion to Mrk 600, if it really exists, has not yet
been accreted into the galactic disc and we speculate that it would
available to fuel a future starburst episodes and produce tempo-
rary metallicity and ionized gas kinematic inhomogeneities in the
galaxy’s disc.

If UM 461 had been tidally disrupted due to an interaction(s)
with UM 462, this may have promoted an efficient flattening of the
metallicity gradient and dilution by low-metallicity gas infalling
into the galaxy centre. Interestingly, the difference in oxygen abun-
dance between UM 461 (7.84 dex; this work) and UM 462 (8.03dex;

James, Tsamis & Barlow 2010) is 0.19 dex. This argues in favour
of a coeval evolution of this pair. In fact, the current star formation
episodes in both galaxies are very young, not older than a few Myr
with most of their underlying stellar populations formed ~1 Gyr
ago (Lagos et al. 2011). See Lagos et al. (2011) and Vanzi (2003)
for a detailed study of the star cluster population in UM 461 and
UM 462, respectively. However, the formation process of cometary
galaxies near and far is unclear and different mechanisms may be
at work during the evolution of those systems, i.e. propagating star-
formation in local XMP BCDs (Papaderos et al. 2008), infall of
metal-poor gas (e.g. Ekta & Chengalur 2010; Verbeke et al. 2014)
and interactions (e.g. Noeske et al. 2001; Pustilnik et al. 2001). If
the accretion/inflow of gas is the main mechanism to trigger star
formation in cometary-like galaxies, this implies that both galaxies,
in this study, are at different evolutionary stages.

By using IFU spectroscopy, we have been able to investigate the
chemical homogeneity in star-forming dwarf galaxies (e.g. Lagos &
Papaderos 2013; Lagos et al. 2014, 2016), obtaining precise abun-
dance determinations in a sample of objects with clear detections
of [Om]A4363 line emission. The detection of chemical inhomo-
geneities in XMP BCDs using the direct method, likely produced by
the infall of metal-poor gas-clouds on to the ISM disc, is a key com-
ponent for the study of the chemical evolution of those systems.
Motivated by these results, we will explore with future IFU and
H1 observations the relations among various spatially resolved
quantities (e.g. star formation, kinematics, and abundances). This
should give us insight into whether the infall of metal-poor gas
clouds is responsible for the detected low-metallicity regions in
some of those systems.

5 SUMMARY AND CONCLUSIONS

In this paper, we have analysed the ISM of the Hu/BCD galaxies
UM 461 and Mrk 600 using VIMOS-IFU spectroscopy. The fol-
lowing points summarize the main results in this work:

(i) We obtained integrated oxygen abundances, using the direct
method, 12 + log(O/H) = 7.84 and 7.85 for UM 461 and Mrk 600,
respectively. We found a marginal difference between those in-
tegrated abundances and the ones found in the GHuRs for both
galaxies. Therefore, within the uncertainties we can consider that
the oxygen abundance is fairly well mixed at large scales. In Fig. 7
(left-hand panels), we showed the spaxel-by-spaxel 12 + log(O/H)
maps of the galaxies using the direct method. We note that in the case
of Mrk 600 the distribution of oxygen abundances from the spaxels
can be fitted by a single Gaussian. While for UM 461 the distribu-
tion is well fitted by two Gaussians (see Fig. 10). The mean values
of both distributions agree with the integrated ones indicating that,
at large scales, the ISM is chemically homogeneous. However, we
found evidences of an off-centre low-metallicity region, located in
the southern part of region no. 1 in UM 461 . This area has an exten-
sion of ~0.7 kpc and a mean value of 12 + log(O/H) ~ 7.52, whereas
Mrk 600, like other previously studied star-forming dwarf galaxies,
is chemically homogeneous (see Lagos & Papaderos 2013).

(i) We use BPT diagnostic diagrams to study the excitation con-
ditions in both galaxies. We found that all points fall in the locus
predicted by models of photoionization by young stars in H 1 regions
indicating that photoionization from stellar sources is the dominant
excitation mechanism in UM 461 and Mrk 600.

(iii) We checked the spatial variation of 12 + log(O/H) abun-
dances in both galaxies using several calibrators (N2, O3N2, R23,
and D2016), including the widely used HII-CHI-mistry code. The
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oxygen abundance maps N2 and O3N2 show spatial trends that
are opposite to those shown by the direct method and R23. The
shape of R23 agrees with the direct method, indicating only a small
dependence on U as compared with N2 and O3N2, where this
dependence could be significant as proved in the literature (e.g.
Kewley & Dopita 2002). The D2016 maps do not correlate with
any of the previous determinations. Applying the HII-CHI-mistry
code (Pérez-Montero 2014) to our spatially resolved data provides
values for oxygen abundance consistent with the direct method
only when the [Om]A4363 emission line is included as an in-
put. Therefore, special attention must be paid when this method
is used in studying the real spatial variation of abundances across
galaxies.

(iv) Inboth objects, we find that the H o velocity field (v,) shows
systemic motions. But in the case of UM 461 the combination of a
region of disturbed H1 (van Zee, Skillman & Salzer 1998) and our
VIMOS-IFU velocity fields at the same location are consistent with
the recent infall from the SW of a low-mass metal-poor dwarf or
H1 cloud into the region now exhibiting the lowest metallicity and
localized perturbed neutral and ionized gas kinematics.

(v) The dispersion in the Log(Xgspr) versus 12 + log(O/H) re-
lations in our galaxies is quite high and no correlation is found at
spaxel scales. The effective yield for UM 461 is lower than predicted
by the closed-box model. This deviation from the model indicates
the presence of inflows of non-pristine metal-poor gas that could
explain the region of anomalously low metallicity in this galaxy,
whereas the effective yield in Mrk 600 is well explained, within the
uncertainties, by the closed-box model.

In summary, the spatially resolved properties of the galaxies are
consistent with these systems being at different stages of accreting
low-metallicity H1 gas clouds to their stellar discs. Therefore, the
detection of a low-metallicity region with 12 + log(O/H) < 7.6 in
the brightest H 1 region of UM 461 indicate that the low-metallicity
cloud has been ‘recently’ accreted. Moreover, if the H1 companion
to Mrk 600 really exists, it has not yet been accreted into the galactic
disc.
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