Boletim da Sociedade Astrondmica Brasileira, 35, no. 1, 183-187
© SAB 2024

Searching for metal-poor dwarf galaxies in the S-PLUS survey
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Abstract. Metallicity (Z) is a fundamental tracer of the evolutionary process of a galaxy. It depends upon several factors such as
the star formation rate and the gas-mass fraction, but it also reflects the interplay between stellar feedback and the accretion of
metal-poor gas from the intergalactic medium. Despite the expected large population of low-luminosity galaxies, the low-mass and
low- metallicity regime is still relatively little studied among galactic populations. Because the properties of their interstellar medium
resemble those of the fundamental building blocks of galaxies, finding such objects in the Local Universe and obtaining detailed
investigations is extremely important to understand the early stages of galaxy evolution. We used the DR3 catalog of the Southern
Photometric Local Universe Survey (S-PLUS) to select low-Z dwarf galaxy candidates based on color selection criteria typical of
low-Z star-forming dwarf galaxies. Our final sample contains ~50 candidates. Spectral energy distribution (SED) fitting of the 12
S-PLUS bands shows that the majority of the candidates are best-fitted by very low stellar metallicities (1/50 - 1/200 Solar). We
obtained Gemini/GMOS long-slit follow-up observations for a pilot sample of galaxies to confirm whether these galaxies have indeed
low metallicities. We present the general properties of our metal-poor dwarf galaxy candidates and the spectroscopic follow-up
results.

Resumo. A metalicidade (Z) é um tracador fundamental do processo evolutivo de uma galdxia. Depende de varios fatores, como a
taxa de formacg@o de estrelas e a fracdo de massa de gds, mas também reflete a interac@o entre o feedback estelar e a acrecio de gés
do meio intergaldctico pobre em metais. Apesar da grande populacdo esperada de galaxias de baixa luminosidade, o regime de baixa
massa e baixa metalicidade ainda ¢ relativamente pouco estudado entre as populagdes galdcticas. Uma vez que as propriedades do
seu meio interestelar assemelham-se aos dos blocos fundamentais de formagéo de galdxias, encontrar tais objetos no Universo Local
e obter investigacdes detalhadas é extremamente importante para compreender os estdgios iniciais da evolugdo de galdxias. Usamos
o catdlogo DR3 do levantamento Southern Photometric Local Universe Survey (S-PLUS) para selecionar candidatas a galdxias anas
de baixo Z com base em critérios de sele¢@o de cores tipicos de galdxias ands com formagao de estrelas e baixa metalicidade A nossa
amostra final contém ~50 candidatos. O ajuste da distribuicdo de energia espectral das 12 bandas do S-PLUS mostra que a maioria
dos candidatos tém metalicidades estelares muito baixas (1/50 - 1/200 do valor solar). Obtivemos observags de acompanhamento
espectroscopico de fenda longa com Gemini/GMOS-S de uma subamostra para confirmar se essas galdxias tém de fato baixas
metalicidades. Apresentamos as propriedades gerais de nossas candidatas a galdxias ands pobres em metais e os resultados do
acompanhamento espectroscépico.
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1. Introduction

Metallicity is a fundamental tracer of the evolutionary process
of a galaxy (Lequeux et al. 1979; Tremonti et al. 2004). It de-
pends upon several factors such as the star formation rate and
the gas-mass fraction, but it also reflects the interplay between
stellar feedback and the accretion of metal-poor gas from the in-
tergalactic medium (Lilly et al. 2013; Peng & Maiolino 2014).
Low-luminosity galaxies are less chemically evolved than more
massive systems, likely because of a less efficient star forma-
tion activity and a higher fraction of metals lost in supernovae
events (Guseva et al. 2009; McQuinn et al. 2015; Gongalves
2019). However, despite the expected large population of low-
luminosity galaxies, the low-mass and low-metallicity regime is
still relatively little studied among the galactic populations. In
the standard cosmological scenario dwarf galaxies play a crucial
role in the hierarchical formation of structures, since the first ob-
jects to form and contribute, through mergers, to the growth of
more massive systems were low-mass and metal-poor galaxies
(Bovill & Ricotti 2009; Bromm & Yoshida 2011). Atek et al.
(2023) have recently reported the discovery by JWST of eight
SFGs at z ~ 6 — 8 with 12 + log(O/H) ~ 7, approximately 2%
the solar value and stellar masses of a few 10’ M. Nearby gas-

rich, low-metallicity dwarfs are expected to be analogous to such
primitive galaxies both because of their low abundances of heavy
elements and the presence of intense bursts of star formation
(Bouwens et al. 2016). However, due to their low intrinsic lumi-
nosity, detailed investigations of these objects at great distances
is extremely complex. Therefore, it is important to combine the
most detailed observations of the closest analogous objects with
those of younger and more distant galaxies.

Dwarf galaxies in the Local Universe can be studied in differ-
ent galaxy environments, from large under-dense regions — the
voids — to rich clusters (Grossi 2019). Dwarf galaxies in low-
density regions often show peculiar gas morphology and kine-
matics, likely associated to external gas accretion, and they can
experience strong bursts of star formation (Hoyle et al. 2012).
The most metal-poor dwarfs in the Local Universe are found in
such large underdense regions (Sdnchez Almeida et al. 2016a).

Progress in identifying new metal-poor systems have been
relatively slow. Identifying these faint galaxies requires that they
are relatively nearby, and/or that they are experiencing a recent
star formation episode. Recent studies targeting large areas of
the sky only managed to detect a small number of metal-poor
dwarf galaxies; to date < 100 star-forming dwarfs with metallic-
ity below 1/10 solar are known in the Local Universe (z < 0.02;
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Ficure 1. Legacy grz cutouts of the six metal-poor dwarf galaxy
candidates selected in this work. Legacy images are deeper than
S-PLUS allowing to infer more details about the galaxies mor-
phology and structure. The cutout size is 40” x 40”. See Table
1 for the definition of the ID numbers given at the top-left and
bottom-left corners of each postage stamps.

Izotov et al. 2012; Hsyu et al. 2018; McQuinn et al. 2020; Lin
et al. 2023).

The Southern Photometric Local Universe Survey (S-PLUS)
is a 12-band optical survey conducted using the T80-South
0.826-m robotic telescope (T80S) located at Cerro Tololo
Interamerican Observatory (Mendes de Oliveira et al. 2019). S-
PLUS uses the Javalambre 12-band magnitude system (Cenarro
et al. 2019), which includes the five ugriz broad-band and seven
narrow-band filters centred on prominent stellar spectral features
such as [On]A143727,3729, Can H+K, Hé, He, and the Can
triplet. We used the DR3 catalog of S-PLUS to select low-Z
dwarf galaxies candidates. Following Hsyu et al. (2018, here-
after H18), we applied colour selection criteria typical of low-
metallicity star-forming dwarf galaxies, such as IZw18 or Leo P.
Our aim is to start building a sample of low-metallicity dwarf
galaxy candidates in the southern hemisphere and to perform
a spectroscopic follow-up campaign to confirm that they are
poorly chemically evolved systems. Once we have constrained
their abundances we can derive scaling relations and study their
global properties in order to understand whether their low metal-
licity are due to either a slow secular evolution or to some exter-
nal events related to their local environment. In these proceed-
ings we present the preliminary results of our project within the
S-PLUS collaboration.

2. Sample Selection

We searched for low-metallicity objects in the DR3 catalogue
of S-PLUS applying colour selection criteria typical of low-
metallicity star-forming dwarf galaxies. These colour cuts were
defined in H18 from the analysis of galaxies in the SDSS survey:

02<u-g<06
-02<g-r<02
-07<r-i<-0.1
-04-2Az<i-z<0.1.

Follow-up spectroscopic studies showed that ~45% of the galax-
ies selected with these color cuts in the SDSS had metallicities
below 1/10 of the solar value and 6% have Z < 5% Z, (H18).
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Ficure 2. Gemini/GMOS-S spectra of SPLUSn14s01.030140
obtained with the B600 grating. The main [O m] and [O 1] lines
are highlighted.

We applied these criteria to the S-PLUS DR3 catalog
(~ 200000 objects), for those objects with r < 18 mag. After
visual inspection to reject spurious candidates we defined a final
sample of 48 metal-poor dwarf galaxy candidates.

As a first test to confirm the metal-poor nature of our can-
didates we performed spectral energy distribution (SED) fitting
of the 12 S-PLUS bands with the Code Investigating GALaxy
Emission CIGALE (Boquien et al. 2019). We used a double ex-
ponential star formation history and we left the stellar metallic-
ity as a free parameter, ranging between 1/200 Z and 1 Z,. The
majority of the candidates (43 out of 48) have SEDs that are
best-fitted by best stellar metallicity of Z = 0.0004 (1/50 Solar)
or Z = 0.0001 (1/200 Solar). The stellar masses obtained from
population synthesis models range between 107 and few times
10° M,, and they are comparable to those obtained using the re-
lation between g — i colour and mass-to-light ratio derived by
stellar population synthesis models (Bell et al. 2003, see Table
1). We started a pilot spectroscopic follow-up campaign between
2022 and 2023 with Gemini/GMOS South. Four objects were
targeted in two different Fast Turnaround runs and two more
galaxies have oxygen abundances derived with the direct method
in the literature (see Table 1). We display the images of these six
targets in Fig. 1. The images are taken from the DESI Legacy
Imaging Surveys (Dey et al. 2019). Being deeper than S-PLUS,
Legacy images allow us to better identify the morphology and
structure of our targets.

3. Comparison samples

We compare our targets with metal-poor dwarf galaxies selected
in the same way in other photometric surveys such as the SDSS
(H18), and the Dark Energy Survey (DES; Lin et al. 2023, here-
after L23). The only difference between L23 and HI18 is that
u—band photometry is not available over the DES area, there-
fore, they modified the u — g colour-cut criterion into a NUV — g
condition based on the GALEX NUYV filter (Martin et al. 2005).
We select only galaxies in both samples that have oxygen abun-
dances derived with the direct method.
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Table 1. Properties of the S-PLUS galaxies observed with GMOS (1-4) and with spectroscopic observations from previous studies

(5-6).
S-PLUS ID RA DEC r Zspec logM.) 12+log(O/H)
[AB mag] [Mo] [dex]

1 s27s07.015037 00:37:13.1 -35:08:48 16.79+0.01 0.0138 8.82 7.12+0.10
2 nl4s01.030140 10:00:27.6  -17:28:25 17.54+0.02 0.0162 8.73 7.68+0.10
3 nl3s01.028936  10:01:16.3 -16:13:49 17.76£0.03  0.0075 7.72 7.29+0.10
4 n02n27.053558 12:23:23.3  01:48:52 17.07+0.02  0.0067 7.76 7.46+0.10
5 $29s37.048546  04:05:20.4 -36:48:59 16.29+0.01  0.0027¢ 7.56 7.35+0.04¢
6 1n03s22.026437 11:57:12.0 -02:41:12 17.10+0.02  0.0046° 8.16 7.48+0.14%

@ Guseva et al. (2009), » Sanchez Almeida et al. (2016b).
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Ficure 3. Example of GMOS spectra obtained with2 B600 grat-
ings, (for two dwarf galaxies within our sample: n14s01.030140
(left panel), SPLUSn02n27.053558 (right panel). “The figure
shows that the [O nr]44363 line is detected in the left panel, and
it is not detected in the right panel.

4. Gemini/GMOS-S observations

The observations were carried out during two Fast Turnaround
runs in 2022 and 2023 with the Gemini Multi-Object
Spectrograph (GMOS) instrument (Hook et al. 2004) on the
Gemini South Telescope (Program IDs GS-2022B-FT-210, GS-
2023A-FT-204). We used the B600 grism with a 2" slit width.
The wavelength range covers between 4300 and 7500 A with a
central wavelength A. of 5300 A. This choice allowed us to in-
clude all the major emission lines needed to determine the oxy-
gen abundance with the direct method (see Fig, 2). The spectral
resolution is R = 1688.The total integration time ranged between
1350 and 7200 seconds. The position of the longslit was defined
according to the evidence of Ha emission in the S-PLUS images.
Spectra of CuAr arc lamps were obtained for wavelength calibra-
tions. Bias frames and dome flats were also obtained to correct
for the detector bias level and pixel-to-pixel variations, respec-
tively. The spectrophotometric standard LTT2415 was observed
using the same experimental set-up.

For the first two runs we selected those targets that were best
observable in semesters 2022B, 2023 A and that were character-
ized by the lowest best-fit metallicities in our SED fitting analy-
sis. The data were reduced using common procedures for long-
slit data from the Gemini GMOS Dragons package (Labrie et al.
2023).

Our aim is to derive the oxygen abundances using the di-
rect method, which utilizes the flux ratio of auroral [O m]14363
to strong lines such as [Omi]144959,5007, to measure the
electron temperature of the gas and infer the gas metallicity.
Spectroscopic observations are fundamental to constrain our se-
lection methods and confirm that we are building a sample of
metal-poor dwarf galaxies. Strong-line calibrations have been
widely applied to determine oxygen abundances at both low and
high redshifts, but despite the convenience of this method, the

relationship between strong line ratios and metallicity is com-
plicated due to their sensitivity to the hardness of the incident
stellar radiation field. For this reason estimates of the oxygen
abundance through the direct method are considered to be more
robust.

In Fig. 3 we display an inset of the spectra obtained for two
objects. The figure shows that even with long exposures on a 8-
meter telescope, the detection of the auroral line is challenging
in these galaxies (right panel of Fig. 3).

5. Results
5.1. Oxygen abundances

We use the extinction-corrected emission line fluxes derived
from the GMOS spectrum and the prescriptions of Magrini &
Gongalves (2009) to derive heavy element abundances in our
galaxies. The electron temperature 7, [O m] is calculated from
the [O m]24363/(14959 + A5007) emission-line flux ratio and it
is used to derive the abundances of O**. The abundances of O*
, N* and S* are derived assuming the empirical relation of Pagel
et al. (1992) between the O* and O** electron temperatures (7,
[O 1], T, [O m]). The electron number density is estimated from
the [S 1]A6717/26731 flux ratio. Lastly we derived the total oxy-
gen abundance as O/H = O*/H + O**/H. The oxygen auroral
line was not detected in one object (SPLUSn02n27.053558). In
this case we derived the metal abundance using the HII-CHI-
mistry, a tool that calculates the oxygen abundance compar-
ing emission-line intensities to grids of photoionization models
(Pérez-Montero 2014). The abundances derived with this tool
have been proved to be consistent with those based on the direct
method (Pérez-Montero 2014).

5.2. Scaling relations

Once we estimate O/H we can derive scaling relations for these
galaxies such as the mass-metallicity (M — Z) relation (Tremonti
et al. 2004; Curti et al. 2020) and compare if they follow the
general trend observed in galaxies of the local volume legacy
(LVL) survey (Berg et al. 2012). Our sample of galaxies (stars
in Fig. 4), as well as other objects from the comparison samples,
appear to be offset from the main relation defined by the LVL
(black line in Fig. 4). The presence of metal-poor outliers at a
given stellar mass is in general attributed to external events. This
can happen if star formation occurs in pockets of pristine gas
accreted from the intergalactic medium (Sdnchez Almeida et al.
2016a), or if it is triggered by a merger/interaction of a close
galaxy pairs (Ellison et al. 2008; Lelli et al. 2012). In these sce-
narios, the metallicity of the ISM will be diluted and the galaxy
would appear as an outlier in the M — Z relation as well as in the
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Ficure 4. Mass-metallicity relation for a sample of dwarf galax-
ies selected in different photometric surveys (SDSS, DES, S-
PLUS) using the same colour cuts discussed in the scientific
justification. The galaxies are compared to the relation found
in the Local Volume Legacy (LVL) survey (Berg et al. 2012,
black line). The galaxies selected from the S-PLUS survey (pur-
ple stars) show a large offset from the main relation of the LVL
galaxies. Stellar masess and oxygen abundances are derived in
the same way in the three samples.

luminosity-metallicity (L — Z) relation. Such an effect would be
even stronger in the L — Z (Ekta & Chengalur 2010; McQuinn
et al. 2020) due to the high luminosity of young massive stars
and the contribution of strong emission lines, making the star-
forming dwarfs brighter in the B band when compared to galax-
ies of similar mass with a lower star formation activity.

To better show the discrepancy in the L — Z, M — Z rela-
tions we show in Fig. 5 the luminosity and stellar mass offsets
of the three samples, defining the offsets as the horizontal dis-
tance of each object from the M — Z and L — Z relations de-
fined by the LVL galaxies. Several galaxies from the L23 and
H18 samples have small or negative scatter from the M — Z re-
lation, and larger scatter from the L—Z relation, with AL(Z) well
above 1o. However, almost half of the galaxies of both samples
are located on the upper right side of the plot, with the S-PLUS
galaxies being the most extreme outliers in both relations. S-
PLUSs27s07.015037, the most metal-poor galaxy of our sample
(see Tab. 1), is the most extreme outlier, lying at the top-right
corner of Fig. 5. Among our six metal-poor targets, two galaxies,
S-PLUSs27s507.015037 (1 in Fig. 1) and SPLUs29s37.048546 (5
in Fig. 1), seem to have a fainter nearby companion at a projected
distance of 3 and 2 kpc, respectively (first two panels in the top
row of Fig. 1). While in the first case the two systems appear
to be in interaction, in the second case it is not clear from the
Legacy image whether the faint galaxy is actually a companion
or just a background object.

5.3. Optical morphologies

As a further test, we analysed the r—band images of our sample
looking for evidence of perturbations that may give hints about
galaxy galaxy interactions or mergers. We used statmorph
(Rodriguez-Gomez et al. 2019) to calculate non-parametric mor-
phological diagnostics such as the Gini coefficient (G), the sec-
ond moment of the brightest pixels of a galaxy containing 20
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Ficure 5. Offsets from the mass-metallicity (x axis) and from the
luminosity metallicity relations for the sample of dwarf galax-
ies selected in different photometric surveys (SDSS, DES, S-
PLUS). The offsets are calculate from the relation found in
the Local Volume Legacy (LVL; Berg et al. 2012). The yellow
shaded area shows the 10 scatter of the L—Z and M —Z relatin in
the LVL. The galaxies selected from S-PLUS (purple stars) show
the largest offsets in both relations compared with the galaxies
in the other surveys.

per cent of the total flux (M,g; Lotz et al. 2004), and the con-
centration—asymmetry—smoothness system (CAS; see Conselice
2003, for details). These diagnostics have been extensively ap-
plied to quantify galaxy morphologies and to identify systems
with signatures of recent or ongoing mergers. Particularly, the
position of a galaxy in the G — M, plane allows us to separate
major mergers from non-interacting galaxies (Lotz et al. 2004).
Mergers occupy the region defined by the following relation:
S(G, My) = 0.14 My + G - 0.33 > 0 (Lotz et al. 2008, yel-
low line in Fig. 6). Only a few galaxies have S > 0 and lie in the
merger region of the diagram but none of the objects that have
been followed up with GMOS (although SPLUSNn02n27.053558
lies at the very edge of the merger region, Fig. 6). However, this
does not rule out that these galaxies might be experiencing minor
merger events. Hoyos et al. (2012) report that in late minor merg-
ers in which the less massive galaxies have been almost entirely
dissolved the application of these diagnostics is less effective.
Another possibility is that the stellar components have not been
already remarkably disturbed by the interaction while the exter-
nal gas component has been already stripped from the less mas-
sive companion and accreted by the main star forming system, as
it occurs in [Zw18 (Lelli et al. 2012). Lastly, if the star formation
process is triggered by accretion from the intergalactic medium,
the stellar disk will not be perturbed but the galaxies will appear
as metal-poor outliers in the mass-metallicity relation (Sdnchez
Almeida et al. 2016a).

6. Summary and conclusions

We presented a selection of 48 star-forming dwarfs from the S-
PLUS survey that are expected to have very metal-poor ISM
based on their ugriz colours and SED fitting using the whole
set of 12 filters provided by S-PLUS, 5 broad bands and 7 nar-
row bands. We just started a spectroscopic follow-up campaign
with the Gemini/GMOS-S telescope to confirm their low metal
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Ficure 6. Gini-My diagram with our sample overlaid. High
Gini and M», values imply that a galaxy is in a merger phase.
The yellow lines show the separation between mergers and
non-interacting galaxies. Among the galaxies followed-up with
GMOS, only one (SPLUSNn02n27.053558) is slightly above the
threshold values that separate major-merger candidates from
non-interacting galaxies.

abundances and verifiy the photometric selection method that we
applied. We observed four galaxies and derived O/H using the di-
rect method in all but one galaxy (SPLUSn02n27.053558). We
found oxygen abundances in the literature for two additional sys-
tems. All the objects appear to be very metal-poor galaxies, with
12 + log(O/H) < 7.65, i.e. lower than 1/10th of the solar abun-
dance. Two dwarfs are extremely metal poor, with 12 + log(O/H)
< 7.35, or less than 1/20th the solar abundance. We derived the
M —Z and L — Z relations combining our targets with other sam-
ples of dwarf galaxies selected in the SDSS and DES surveys.
The S-PLUS galaxies are the most extreme outliers in both rela-
tions. We suggest that an external event occurred, triggering star
formation and lowering the oxygen abundance. Such an event
might be associated to either gas accretion from the inter-galactic
medium or an interaction with a companion. The six galaxies
do not appear to have disturbed optical morphologies that might
be related to a recent major merger event, according to their lo-
cation in the Gini-Myy plot, however two systems present faint
companions in the optical images within a few kpc project dis-
tance. High resolution images of the ionized and atomic gas will
be needed to discriminate between the external gas accretion or
galaxy-interaction scenarios. We plan to increase the sample of
spectroscopically confirmed systems in the near future to assem-
ble a statistically significant sample of metal-poor galaxies in the
southern hemisphere and to investigate the role of the star for-
mation rate in the deviation from the mass-metallicity relation
(Mannucci et al. 2010; Curti et al. 2020).
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