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ABSTRACT

The dwarf irregular galaxy HIPASS J1131-31 was discovered as a source of HI emission
at low redshift in such close proximity of a bright star that we call it Peekaboo. The galaxy
resolves into stars in images with Hubble Space Telescope, leading to a distance estimate
of 6.8 £ 0.7 Mpc. Spectral optical observations with the Southern African Large Telescope
reveal HIPASS J1131-31 to be one of the most extremely metal-poor galaxies known with
the gas-phase oxygen abundance 12+log(O/H) = 6.99+0.16 dex via the direct [OIII] 4363 line
method and 6.87+0.07 dex from the two strong line empirical methods. The red giant branch
of the system is tenuous compared with the prominence of the features of young populations in
the color-magnitude diagram, inviting speculation that star formation in the galaxy only began
in the last few Gyr.
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1 INTRODUCTION

HIPASS J1131-31 (PGC5060432) is a nearby dwarf irregular
galaxy with an H1 systemic velocity of 716 kms™1, originally dis-
covered in the H1 Parkes All Sky Survey (HIPASS; Barnes et al.
(2001)) by B.S. Koribalski. No stellar counterpart could be identi-
fied at the time due to the bright foreground star TYC 7215-199-1
(10.4 mag) and its extensive diffraction pattern close to the fit-
ted HIPASS position. Follow-up Australia Telescope Compact Ar-
ray (ATCA) 21-cm observations, carried out as part of the LVHIS
project (Koribalski et al. 2018) revealed an unresolved H 1 source,
centered at @, 6(J2000) = 112 31™ 34.6%, —-31° 40’ 28.3"’. Koribal-
ski et al. (2018) found this position to coincide with a compact blue
dwarf galaxy in GALEX far-ultraviolet (FUV) images.

HIPASS J1131-31 was subsequently imaged as part of a Hub-
ble Space Telescope (HST) SNAP program given the possibility
of proximity based on the observed 21cm redshift. Sure enough, a
dwarf galaxy that resolves well into stars emerged from the glare of
the bright foreground star. Analysis of the color-magnitude diagram
of resolved stars and spectroscopic follow up reveals the galaxy to
have the extreme properties of a young system. We call this dwarf
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the Peekaboo galaxy because of the way it has been hiding and
because of its potential importance.

The closest neighbours of HIPASS J1131-31 are the dwarf ir-
regular galaxy HIPASS J1132-32 (vgys = 699 km s~y and the large
spiral galaxy NGC 3621 (HIPASS J1118-32; 730 km s7h at pro-
jected distances of 80 and 182 arcmin, respectively (Koribalski et
al. 2004; Meyer et al. 2004). ATCA H1images of both galaxies were
also obtained as part of the LVHIS project (Koribalski et al. 2018).
The distances of NGC 3621 (6.70 +0.37 Mpc) and HIPASS J1132—
32 (5.47 + 0.15 Mpc) were obtained by Ferrarese et al. (2000) via
a supernova luminosity and Anand et al. (2021) via a tip of the red
giant branch magnitude, respectively. Based on the likely associa-
tion of HIPASS J1131-31 with NGC 3621 we initially assigned the
same distance, i.e. Dymem = 6.7 Mpc (Koribalski et al. 2018). Using
ATCA we measured Fygy = 1.13 Jy km s, corresponding to Myy =
1.2 x 107 M. By applying the H1 mass-size relation (Wang et al.
2016) we infer an approximate H1 diameter of ~1.7 kpc (52"").

In this paper we analyse new optical and H1 images of the
dwarf galaxy HIPASS J1131-31 = Peekaboo. Brief summaries of
our HST optical, ATCA H1 observations and SALT spectroscopy
are given in Section 2, followed by our analysis of the properties
of Peekaboo in Section 3. The galaxy environment is discussed
in Section 4. Properties of other similar compact gas-rich dwarf
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Figure 1. Two-colour HST image of the dwarf galaxy HIPASS J1131-31, consisting of ACS F606W (blue) and F814W (red). The image dimensions are ~
70” x 45”, and North is up. The foreground star, TYC 7215-199-1 (10.4 mag), is located ~15 arcsec to the North. Part of its diffraction pattern is included in

the displayed image.

galaxies in the Local Volume are described in Section 5, and our
conclusions are given in Section 6.

2 OBSERVATIONS AND DATA ANALYSIS
2.1 HST

The dwarf galaxy HIPASS J1131-31 was observed with the Hubble
Space Telescope (HST) Advanced Camera for Surveys (ACS) on
14 July 2020 for 760 seconds in each of the /- and V-bands as a
part of the "Every Known Nearby Galaxy" survey (SNAP-15922,
PI R.B. Tully). The respective central wavelengths were 5921.89A
(F606W) and 8045.54A (F814W). The pixel size is 0.05 arcsec.
Figure 1 shows the HST two-colour composite image. The galaxy
lies 15 arcsec south of a bright star and is obscured by the star’s halo
in Palomar Observatory Sky Survey images. The area of the galaxy
is compromised in the HST images because the bright star is not
excluded from the ACS field in the SNAP positioning. Nonetheless,
the brightest stars are usefully resolved.

We used the ACS module of the DOLPHOT package by Dol-
phin (2000, 2016) to perform photometry of resolved stars based on
recommended parameters. Only stars with a signal-to-noise ratio at
least four in both filters were included in the analysis. For further
analysis, we limited ourselves to the consideration of stars located
within the immediate vicinity of the galaxy, in a square with dimen-
sions 300 by 300 pixels or 15 by 15 arcsec (see Fig. 2, top panel).
The measured stars are indicated with open circles, and the result-
ing colour-magnitude diagram for them in F6O6W-F814W versus

F814W is shown in the bottom panel. Despite the strong crowding
of the stellar population, 58 stars are well-recovered. As can be
seen, the galaxy is dominated by blue main sequence and blue loop
stars. There are remarkably few old red stars given that the HST
imaging resolves stars ~ 1.5 mag fainter than the putative tip of the
red giant branch. We overlay PARSEC stellar isochrones for stellar
ages of 12, 30, 100, 500 Myr, and 10 Gyr assuming a metallicity
of Z = 0.0002 (see Section 2.3) and a distance of 7.0 Mpc. The
brightest blue star on the diagram corresponds to the age of 12 Myr
and the mass of 17 Mg.

The red giant branch is remarkably sparse. The isochrone fit
seen in Fig. 2 assumes that the brightest red stars lie near the tip
of the red giant branch (TRGB). However with a normal old pop-
ulation there would be an abundance of fainter red giant stars. We
adopt the magnitude of the TRGB to be 25.2 + 0.2 mag. Following
the zero-point calibration of the absolute magnitude of the TRGB
developed by Rizzi et al. (2007) and the rescaling that brings TRGB
distance moduli 0.05 mag closer by Tully et al. (2022), we ob-
tained M(TRGB) = —4.06. Assuming the colour-excess E(B — V)
= 0.062 from Schlafly and Finkbeiner (2011) as foreground red-
dening, we derive the true distance modulus of 29.2 + 0.2 or the
distance D = 6.8 +£0.7 Mpc. Given the low population of the RGB,
the brightest red giant stars may fall short of the tip of the RGB
whence our distance estimate should be viewed as an upper limit. It
is seen that the other six galaxies in a loose association with Peek-
aboo galaxy identified in Table 3 all with well determined TRGB
distances, have the averaged distance of 6.2 + 0.7 Mpc.

The images of Peekaboo obtained with the HST/ACS were
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Figure 2. Top: HST/ACS F606W image of the Peekaboo galaxy with the
indicated pixel coordinates. North is in the direction toward the bottom-right
corner. Stars detected within the galaxy are marked with open red circles.
— Bottom: HST/ACS derived colour magnitude diagram of the Peekaboo
galaxy. We overlay PARSEC stellar isochrones (Bressan et al. 2012; Marigo
et al. 2013) assuming a metallicity of Z = 0.0002 and a distance of 7.0 Mpc.

used to perform the surface photometry of the galaxy following
the method by Kryzhanovsky and Sharina (2023). Figure 3 shows
the results. The upper left panel presents behavior of the integral
magnitude of the galaxy in the / and V filters depending on the
circular radius R in arcseconds. The bottom left panel reflects the
variations with the radius of the integral colour index. From these
data, the integral magnitudes of the galaxy within R = 10" are V =
18.07 and I = 17.73 mag. Taking into account the relation B — V =
0.85 (V—1)—-0.20 (Makarova and Karachentsev 1998), we obtain B
= 18.16 mag. The right panels of Fig. 3 demonstrate the measured
profile of the brightness of Peekaboo in / and V bands as well as
the variations of the colour index (V — I).

Peckaboo galaxy is clearly detected in GALEX FUV images,
but not detected in the NUV images. It is twice catalogued as
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GALEX J113134.7-314026 with a FWFM of 10.8 arcsec, and
GALEX J113134.5-314025 with a FWHM of 9.7 arcsec.

2.2 ATCA

We use the same Australia Telescope Compact Array (ATCA) data
of HIPASS J1131-31 = Peekaboo analysed by Koribalski et al.
(2018) as part of the Local Volume H1 Survey (LVHIS). These
consists of three configurations (EW353, 750C and 1.5B), each
observed for ~12h. Here we analyse new high-resolution H 1 maps,
marginally resolving Peekaboo. Using robust weighting we obtain
an angular resolution of 18.6”” x9.3”’ (for r = 0) and 52.7"" x27.4"
(for r = 0.5). The measured rms noise is ~2 mly beam™!. The
derived H 1 channel maps of the galaxy with different resolution are
presented in Figs. 4 & 5.

Fitting a Gaussian to the resolved H1 intensity distribution of
Peekaboo gives a deconvolved size of ~24’/ x 12’ with a position
angle of PA ~ 120°. While highly uncertain, this suggests the H1
size is approximately twice the optical size.

2.3 SALT spectroscopy

We carried out long-slit optical spectroscopic observations of Peek-
aboo galaxy using the Robert Stobie Spectrograph (RSS; Burgh
et al. 2003; Kobulnicky et al. 2003) installed at the Southern
African Large Telescope (SALT; Buckley, Swart & Meiring 2006;
O’Donoghue et al. 2006) on 22 February, 2022. The VPH gratings
PG0900 and PG1800 were used with the long slit of 1.5”” by 8’ to
cover the full range from 3600A to 6800A with the resulting spectral
resolution of FWHM~6.0A for most of the lines observed with grat-
ing PG0900 and FWHM-~ 3.0A for the lines [SII] A1 6717, 6731A
observed with grating PG1800. All spectral data were obtained with
a binning factor of 2 for both spatial and spectral directions to give
a final spatial sampling of 0?’25 pixel~! and spectral sampling of
0.97A pixel™! for PG0900 and 0.40A pixel~! for grating PG1800.
The position angle (PA) for observations was selected to be 87.88°
as shown in the top panel of Figure 6. Two 1300 s exposures for each
configuration were obtained under seeing conditions of 1.5 arcsec.

Since SALT is equipped with an Atmospheric Dispersion Com-
pensator (ADC), there is no effect due to atmospheric dispersion
at an arbitrary long-slit PA. Ar and Ne lamp spectra were taken
immediately after science frames for the wavelength calibration.
Spectrophotometric standards were observed during twilight as a
part of the SALT standard calibrations plan. As a consequence of
the SALT design, the pupil of the telescope moves during the track
and exposures, thereby constantly changing the effective area of
the telescope. Because of this, accurate absolute photometry and
spectrophotometry are not feasible, but the relative flux calibration
could be used. Hence, the relative distribution of energy in spectra
could be obtained with SALT data.

The primary data reduction was done with the SALT science
pipeline (Crawford et al. 2010) which includes bias and overscan
subtraction and gain correction for each CCD amplifier, cross-talk
correction and finally mosaicing. The long-slit reduction was done
with the RSS pipeline described by Kniazev (2022). The 1D spectra
extraction, emission lines measurement and calculation of chemical
abundances was done in the way described by Kniazev et al. (2008).
The fully reduced 1D spectrum of Peekaboo is shown in the bottom
panel of Figure 6 with labeling of the most prominent lines. The in-
sert in the figure shows a portion of the spectrum taken with PG1800
for the spectral region around the lines [SII] A4 6717, 6731A. Since
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Figure 3. Surface brightness photometry of the galaxy HIPASS J1131-31 as obtained from the HST ACS V- and I-band images. — Left: The integral
magnitude of the galaxy in the I and V filters and the integral colour index as a function of the circular radius R in arcseconds. Right: The measured profile
of the galaxy brightness in the / and V bands and variations of the colour index (V — I') with dependence on R in arcseconds.
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Figure 4. ATCA H1 channel maps of the dwarf galaxy HIPASS J1131-31 using r = 0.5 weighting (beam = 52.7” x 27.4”). The H1 contour levels are -6, 6,
12 and 18 mJy beam™! (coloured blue); the heliocentric H1 velocity is shown in the top left corner of each panel. For reference we overlaid the GALEX FUV

emission in red contours.

the RSS detector is a mosaic and consists of three CCDs, the posi-
tions of two gaps between these CCDs are also shown.

Errors in lines intensities have been propagated in the cal-
culations of the reddening correction, electron temperatures and
densities and have been propagated to the elemental abundance er-
rors. The observed emission line intensities F(1) relatively to the
F(Hp) line and the intensities (1) corrected for interstellar extinc-
tion and underlying stellar absorption are presented in Table 1. The
equivalent width EW(Hp) of the HB line, the calculated absorp-
tion equivalent widths EW (abs) of the Balmer lines, the extinction
coefficient C(HpB) (a sum of the internal extinction in Peekaboo
and foreground extinction in the Milky Way) and the subsequently
recalculated E (B — V) value are also listed there.

The object oxygen abundance, 12 + log(O/H) dex, was deter-
mined in three ways. The first way is the classic T method, which is
based on the direct calculation of 7. (OIII) making use of the inten-

sity of the faint auroral line [O 111] 214363 (see the full description
of the method used in Kniazevet al. 2004; Kniazev et al. 2008). The
measured ratio [S11] (16716/16731) ~ 2 implies a very low num-
ber density of ionised gas of <10 cm™3. The calculation of density
Ne(SII) is not possible for a value of [S11] (16716/16731) > 1.4, so
we used in our calculations the value Ne(SII) = 10+10 cm ™3 as an
upper limit of the density of ionised gas in Peekaboo galaxy. Since
density and its error fold into iterations of the 7. (OIII) calculation
(see equation (3) in Kniazev et al. 2008), and also the accuracy of
the [O 1] 44363 measurement is poor (only 2.5 sigma), the final
oxygen abundance accuracy measured in the classic method is low.
We label T (OIII) estimated by this way as 7. (OIlI)4363. This direct
method gives the abundance 12 +1og(O/H)4363 dex = 6.99+0.16 dex.

Secondly, we used a so-called semi-empirical method (Izotov
and Thuan 2007). This method at the beginning calculates 7¢(OIII)
with use of an empirical calibration (for example, a correlation

MNRAS 000, 1-10 (2022)
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Figure 5. ATCA H1 channel maps of the dwarf galaxy HIPASS J1131-31 using r = 0 weighting (beam = 18.6” x 9.3”, PA = -36.1 degr). The H1 contour
levels are -6, 6, 12 and 18 mJy beam™! (coloured blue); the heliocentric H 1 velocity is shown in the top left corner of each panel. For reference we overlaid the

GALEX FUV emission in red contours.

between T and a parameter R»3) and then uses this calculated T,
and its errors in a procedure similar to the classical direct method
as described above. In our case for the estimation of 7 (OIII) we
used a ratio from Izotov and Thuan (2007) which was modified
by Pustilnik et al. (2021) to take into account the variance of the
excitation parameter Q,3. We identify 7. (OIII) estimated by this
way as Te(OIIl) pp1. In the case of this semi-empirical method the
calculated error of T, (OIII) po; is much smaller since the estimation
of Tt is based on ratios of strong emission lines. Here, the number
density N¢(SII) is not included in the calculation of T, (OIll)ps;.
Hence, in case of the Peekaboo spectrum, the calculated error of the
oxygen abundance with this semi-empirical method is considerably
smaller compare to the classic 7. method. In this way, we obtained
the oxygen abundance of 12 +log(O/H) po; = 6.80+0.05 dex.

As the third way to estimate the oxygen abundance of
HIPASS J1131-31, we use the variant of an empirical ’strong-lines’
method suggested by Izotov at al. (2019) and Izotov, Thuan & Gu-
seva (2021). This empirical method was developed specifically for
the range of the lowest values of O/H (12 + log(O/H) < 7.5 dex).
With use of this method we obtained the oxygen abundance of 12
+log(O/H) ;1 G21 = 6.93+0.02 dex. Since this empirical method is
based on ratios of strong emission lines only, the final statistical
error is even less than for two previous calculations. However, we
are here in a regime of unexplored systematic uncertainties.

All temperatures and abundances calculated for Peekaboo with
different methods as well as their estimated errors are presented
in Table 1. The three estimates of the oxygen abundance are in
satisfactory statistical agreement. As a result, we get two values for
the oxygen abundance: (1) the value 12 +log(O/H) = 6.99+0.16 dex
with the direct method, and (2) 6.87+0.07 dex as an average of the
two strong line empirical methods, with smaller statistical errors
but acknowledged unknown possibilities of systematic errors.

The oxygen abundance obtained for Peekaboo is at the low
edge of values for the class of objects called Extremely Metal-
Poor (XMP) galaxies. Our calculated abundance can be compared
with those for other known XMP dwarfs: 7.17+0.04 for [ Zw 18
(Skillman et al. 2013), 7.06+0.03 for the Leoncino Dwarf (Aver et al.
2022), 6.95+0.06 for AGC 124629 and 7.05+0.05 for AGC 411446
(Pustilnik et al. 2020), and 6.98+0.02 for JO811+4730 (Izotov et al.
2018). Therefore, Peekaboo turns out to be one of the most metal-
poor star-forming dwarf galaxies known so far. With the absolute
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Table 1. Peekaboo galaxy line intensities

Ap(A) Ton F(A)/F(HB) I(D)/IHB)
3727 [0 1] 0.329+0.042  0.352+0.049
3868 [Ne 111] 0.050+0.019  0.053+0.022
4101 HS 0.175+0.018  0.269+0.034
4340 Hy 0.398+0.022  0.473+0.031
4363 [O 1] 0.025£0.010  0.024+0.011
4861 HB 1.000£0.017  1.000+0.021
4959 [O 1] 0.325£0.017  0.299+0.017
5007 [O 1] 0.990+0.034  0.906+0.033
6563 Ha 3.353£0.087  2.709+0.082
6584 [N 11] 0.029+0.005  0.023+0.005
6716 [S 11] 0.043£0.002  0.034+0.002
6731 [S 1] 0.021£0.001  0.017+0.001
C(HPB) dex 0.20+0.03
E(B -V) mag 0.14+0.02
EW(abs) A 2.25+0.33
EWHB) A 30+2
6716/6731 [S 11] 2.00+0.25
Ne(SID(cm™3 1010
T, (011N 4363(K) 17,555+4120
T, (O11I) py; (K) 23,000+1760
12+10g(O/H)4363 dex 6.99+0.16
12+log(O/H) p2; dex 6.80+0.05
12+1log(O/H) ;7 G21 dex 6.93+0.02

magnitude of Mp = —11.3 (see Table 5 below), Peekaboo deviates
by 0.5 dex from the luminosity - metallicity relation for nearby dwarf
star-forming galaxies shown in Fig. 8 of McQuinn et al. (2020) and
Fig. 3 in Pustilnik et al. (2020). Its offset is less than those for
I Zw 18 and DDO 68, but more than for Leoncino. Of the well
resolved XMP objects with weak RGB features, Peekaboo galaxy
is the nearest, being about twice as close as the Leoncino dwarf
or DDO 68. The interesting question here is whether there is any
underlying old population or whether Peekaboo is an entirely young
galaxy.
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3 GLOBAL PROPERTIES

Basic optical and H1 properties of Peekaboo galaxy are presented
in Table 2. They include the galaxy centre position, heliocentric
velocity, H1line width and flux, integrated V- magnitude and (V — 1)
colour, effective (half-light) radius (averaged via V and [ frames), the
central surface brightness in V-band, optical axis ratio and position
angle, as well as the distance-dependent parameters of the galaxy:
absolute V- magnitude, effective radius in pc, stellar and hydrogen
mass, integral and specific star formation rates.

We estimated the stellar mass of Peekaboo, M., via its integral
I-band luminosity and the colour index (V-I). We used the /-band
magnitude / = 17.61 which is inferred from the HST photometry
after the correction of A7 = 0.12 mag for Galactic extinction. With
Mj = —11.53 and I = 4.10 (Vega system) the integral luminosity
of the galaxy is Ly = 1.78 X 10°Lo. In Fig.3 of Kourkchi et al.
(2022), values of M. /L; for late-type galaxies are presented as
a function of their (g — i) color: log(M./Ly) = 0.44(g — i) —
0.23 + 0.07 with a typical rms scatter on this relation of 0.07 dex.
Taking for Peekaboo the integrated colour index (g —i)g = 0.2+0.1
corrected for extinction, we get log(M,/Ly) = —0.15 £ 0.08 or
M, /Ly =0.71 + 0.13. This gives the galaxy stellar mass estimate
of (My/Mg) = 1.26 x 10°. In principle, the mass-to-I-band-light
ratio may be improved based on the galaxy SED fitting. However,
the estimate of the stellar mass via SED must inevitably be uncertain
for such a dwarf with luminosity dominated by young stars and poor
information regarding an underlying population that is expected to
dominate the mass.

The hydrogen mass estimate is Myy = 2.356 X 105 D2 Fgi. The
integral star formation rate (SFR) is calculated from the galaxy FUV-
magnitude with a correction for Galactic extinction Ap (Schlafly
and Finkbeiner 2011) of log(SFR) =2.78 —0.4(FUV - 1.93Ap) +
2log(D), where D is the galaxy distance expressed in Mpc.

As can be seen from these data, Peekaboo is a gas-rich dlrr
galaxy, whose hydrogen envelope extends over 2 optical (and also
FUV) dimensions of its body. Taking helium into account with
multiplier 1.33, the ratio of galaxy mass of gas to its stellar mass
is Mgqas/M. = 13. If plotted in Fig.6 of the Kourkchi et al. (2022)
paper, Peekaboo galaxy would lie at the extreme lower left of the
log(M+/Mgqas) vs.log(Wsg) plot.

Within a cocoon of gas, the galaxy exhibits high star-forming
activity. With the observed SFR, the galaxy is able to reproduce its
current stellar mass over only 1.1 Gyr. It has enough gas reserves to
support the observed SFR during another 18 Gyr. Peekaboo may be
a case of a young galaxy at an early stage of its cosmic evolution.
Relative to the nearest massive spiral galaxy NGC 3621, Peekaboo
is located at a projected separation of 370 kpc, which is larger than
the virial radius of NGC 3621 of ~190 kpc. Consequently, the high
star-formation activity of the dwarf galaxy is an intrinsic property,
independent of the tidal influence of its massive neighbor.

4 ENVIRONMENT

We searched for neighboring galaxies in the Local volume (D < 10
Mpc) within a projected radius of 16.8 deg around Peekaboo
corresponding to the linear projected separation of 2.0 Mpc at
the distance 6.8 Mpc of the galaxy. We found the eight galax-
ies listed in Table 3 & Table 4. The columns of Table 3 con-
tain: (1) galaxy name, (2) equatorial coordinates, (3) supergalac-
tic coordinates, (4) angular projected separation from Peekaboo,
(5) distance in Mpc and its uncertainty from EDD, measured via
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Table 2. Some properties of the dwarf galaxy HIPASS J1131-31

source name HIPASS J1131-31/Peekaboo Ref.

GALEX J113134.7-314026
GALEX J113134.5-314025

alternate names

H 1 centre position 11h31m 34.6° [1]
—31° 40’ 28.3”

optical type dlrr [1]

Vhel [kms™1] 716 £ 1 [1]

vig [kms™'] 433

wso [kms™1] 29 [here]

Fur [y kms™1] 1.13 [1]

approx. H1 size ~24” x 12" (PA = 120°) [here]

E(B - V) [mag] 0.062 [2]

V [mag] 18.07 £ 0.10

V —1I [mag] 0.34 £0.10

re [arcsec] 3.62 +0.38

SBy,v [mag arcsec™2] 22.0+£0.2

GALEX FUV [mag]
GALEX NUV [mag]
optical galaxy size

19.18 +0.26

~11 arcsec (370 pc)

optical axis ratio 0.43 +0.05
P A [deg] 115+5
distance-dependent properties:

m — M [mag] 29.2+0.2
D [Mpc] 6.8+0.7
My [mag] -11.27
R [pc] 118
log(M./ Mg) 6.10
log(Mu1/ Mo) 7.08
log(SFR) [Mg yr~!] -3.04
log(sSFR) [yr~!] -9.14

[1] Koribalski et al. (2018), [2] Schlafly and Finkbeiner (2011). — The
GALEX FUV magnitude quoted here is the average of two estimates from
the GALEX catalog.

TRGB (only one galaxy, ESO 379-G024, has an indirect distance es-
timate from Numerical Action Method = NAM, Shaya et al. (2017),
(6,7) heliocentric radial velocity and radial velocity with respect
to the Local Group centroid, (8) peculiar velocity of the galaxy
vpec = VLG — Ho D relative to the cosmic expansion with the Hub-
ble parameter Hy = 73 kms™' Mpc~!, (9) apparent B- magnitude
of the galaxy, taken from the UNGC collection, and (10) morpho-
logical type. The galaxies are ranked by their angular separation
from Peekaboo, except two foreground galaxies: ESO 379-G024
and ESO 321-G014, belonging to the western outskirts of the nearby
Cen A group. The configuration of the remaining seven galaxies
looks like a diffuse cloud with projected extensions of 1.8 X 1.0
Mpc and 1.6 Mpc extension in depth.

Table 4 lists the H 1 properties of the same galaxies as in Table 3.
Its columns contain: (1,2) galaxy name and its HIPASS name, (3)
Hi1 flux from LVHIS data, (4,5) heliocentric radial velocity and
Hr line width at 50% level of the maximum, (6) H1 mass, re-
calculated for the new distances, (7) B-band luminosity given in
UNGTC, (8) integral star-formation rate, derived from the GALEX
FUV magnitudes (Gil de Paz et al. 2007).

Due to the large projected separation of 370 kpc, Peekaboo
cannot confidently be considered a true satellite of NGC 3621,
although their radial distances are almost the same within uncer-
tainties in D7 rgp- The other five dwarf galaxies are also located
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Table 3. Neighbourhood of the galaxy HIPASS J1131-31 within a projected separation of 2.0 Mpc.

Galaxy RA, DEC (J2000) SGL, SGB . D Vhel VLG Vpec B Type
[hms, dms] [deg, deg] [deg] [Mpc] [kms™'] [kms™!] [kms™!] [mag]
HIPASS J1131-31  11:31:34.6, -31:40:28  144.48,-25.71 0 6.77 £ 0.70 716 433 -71 18.2 Irr
HIPASS J1132-32  11:33:11.0,-32:57:43  145.93,-2544 134 5.47+0.15 699 414 5 16.3 Irr
NGC 3621 11:18:16.1,-32:48:42  145.65,-28.57  3.04  6.82+0.29 730 440 -70 102 Scd
ESO 379-G007 11:54:43.0,-33:33:29  146.92,-21.00 520  5.33+0.17 641 364 34 16.6 Irr
ESO 320-G014 11:37:53.4,-39:13:14  152.86,-24.68  7.66  5.87+0.11 654 362 77 15.9 Irr
ES0376-G016 10:43:27.1,-37:02:33  151.06,-3548 1092  6.75+0.33 670 366 -138 15.5 Irr
ESO318-G013 10:47:41.9, -38:51:15  153.12,-34.42 1148 6.77+0.12 718 413 -93 15.0 Sd
ESO 379-G024 12:04:56.7, -35:44:35  149.46,-19.12  8.05  3.4: (NAM) 632 356 - 16.6 Irr
ESO321-G014 12:13:49.6,-38:13:53  152.26,-17.62  10.84 3.24+0.16 610 334 92 152  IBm

Table 4. H1 properties of the galaxies listed in Table 3. — The listed My values are from LVHIS (Koribalski et al. 2018), re-calculated for the new distances.

LVHIS HIPASS log log log
Galaxy HIPASS Frn Vhel W50 Mur Lp SFR
name name Uykms™]  [kms '] [kms™!'] [Mo] [Lol [Moyr ']
PGC 5060432 HIPASS J1131-31 1.1 717 29 7.08 6.68 -3.04
PGC 0683190 HIPASS J1132-32 1.4 699 59 7.01 7.27 <472
NGC 3621 HIPASS J1118-32 857 730 271 9.99 10.13 0.14
ESO379-G007  HIPASS J1154-33 4.8 641 25 7.52 7.14 -3.62
ESO320-G014  HIPASS J1137-39 2.0 654 40 723 7.64 -2.70
ESO376-G016 ~ HIPASS J1043-37 10.3 668 33 8.06 7.74 <—4.55
ESO318-G013  HIPASS J1047-38 8.6 711 42 7.98 8.00 -2.05
ESO379-G024  HIPASS J1204-35 2.6 631 39 6.87 6.76 <-5.08
ESO321-G014  HIPASS J1214-38 5.1 610 30 7.12 7.30 -2.74
far beyond the virial radius of NGC 3621, which is about 190 kpc. 2 o T CURE A B A A Wy
At the same time, the probability of an accidental grouping of these . '»?;’V‘ AL -~ .,:”: e e
seven galaxies is extremely small. The radial velocity dispersion for 0 fuyicsn 28 e T~ = ==
the entities around NGC 3621 is only 56 kms~!. Formally apply- s . e ¢
ing the virial theorem, we obtain for this association a virial mass & 2L ten . } :
log(My;r/Mg) = 12.46 and the ratio of the virial mass-to-B-band = eroup . 4 —d e Virgo 4
luminosity M,;-/Lp = 210. This loose non-virialized cloud has T . \\'\ ] \\N‘ 5
a crossing time of 14 Gyr, and resembles associations of dwarf & \ %\_\ £ =~
galaxies like the nearby NGC 3109 group in Antlia (Tully et al. o \\\\. \ Leo., . B
2006). Users \ ]
The NGC 3621 association resides in a zone of very low spatial -8 \ \ S——
density, in a gap between the Local Sheet and the Dorado — Leo e é PR — 1'0 PR 1'5 -

Spur — Antlia mini-wall (Tully 1988). According to Karachentsev
et al. (2015) and Anand et al. (2019), these two nearly parallel
planes, the Local Sheet and the Leo Spur, approach each other with
a velocity of ~260 km s~1, which is a reflection of the motion of the
Local Sheet away from the Local Void. A projection of this region
in supergalactic coordinates SGY, SGZ is shown in Figure 7. The
Local Sheet extends from the Local Group towards the Virgo cluster
at SGZ ~ 0. Negative peculiar velocity vectors in the Local Sheet
rest frame are blue and directed toward us, while positive peculiar
velocity vectors are red and directed away. A dotted circle indicates
the Virgo cluster infall region. The NGC 3621 group at SGY = 3.5
Mpc and SGZ = —3.4 Mpc is located between the Local Sheet and
the Leo Spur. The average peculiar velocity of galaxy NGC 3621
and its suite is =70 + 17 kms~!, demonstrating a moderate motion
of the group toward the Local Sheet.

The small population of the NGC 3621 association is repre-
sented exclusively by late-type galaxies, as is typical for low-density
volumes. Not a single dSph galaxy has been found in this region.

SGY [Mpc]

Figure 7. This is the Figure 5 from Karachentsev et al. (2015) with the
NGC 3621 group added at SGY = 3.5 Mpc and SGZ = -3.4 Mpc as the solid
blue circle.

The group galaxies have different specific star-formation rates, and
the Peekaboo dwarf is the most active and most gas-rich object
among them. We did not notice any correlation of the SFR or gas
abundance with the projected separations of dwarf galaxies from
NGC 3621.
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5 IS PEEKABOO A YOUNG GALAXY?

The compact dwarf galaxy Peekaboo with a predominantly young
stellar population and very low metallicity is not unique in the Lo-
cal Volume. Hirschauer et al. (2016), McQuinn et al. (2020), and
Aver et al. (2022) investigated the properties of another compact
dwarf galaxy AGC 198691 (= Leoncino), discovered in the AL-
FALFA blind H1 survey (Haynes et al. 2011) and taken to lie at
D = 12.0 Mpc. In general appearance and stellar population, both
galaxies look like twins. Sargent and Searle (1970) named such
objects "Isolated Extragalactic H 11 regions". Their prototype is the
famous dwarf system I Zw 18 (= Mrk 116) with extremely low
metallicity. Izotov and Thuan (2004) considered it as an example
of a newly formed galaxy. With an angular diameter of ~9 arcsec
and a distance of D = 18.2 Mpc (Aloisi et al. 2007), I Zw 18 has
a linear diameter about 0.80 kpc. Peekaboo, along with Leoncino
and I Zw 18, are XMP galaxies with HST imaging observations that
bring into question whether they contain any ancient population of
significance. In each case, the RGB is very insubstantial compared
with the evident young populations. Aloisi et al. (2007) point out
that an identifiable RGB in IZw 18 argues for ages for these stars
of at least 1 Gyr and probably > 2 Gyr. The same case can be made
for the RGB stars in Leoncino and Peekaboo. However this begs
the question of whether there are stars in these galaxies that are
ancient (ie, > 10 Gyr). In Figure 2, isochrones for 3 Gyr and 10 Gyr
are plotted that are indistinguishable as descriptions of the putative
red giant branch. In all other galaxies with sufficiently observed
CMD (other than the likely tidally induced clumps around M81)
prominent RGB are seen and provide probable evidence for ancient
populations. The situation with Peekaboo is decidedly ambiguous.
Arguably, star formation in this isolated XMP galaxy began long
after the epoch of reionization. Peekaboo lies at half the distance
of Leoncino and a third the distance of [Zw 18 so moderate follow
up observations with space telescopes should reach age sensitive
populations.

6 CONCLUDING REMARKS

We report on the optical and H1 properties of the nearby dwarf
galaxy HIPASS J1131-31 = Peckaboo. Images obtained with
ACS/HST reveal a compact blue galaxy resolved into stars that was
previously hidden in the halo of a bright foreground star. We estimate
the galaxy distance to be 6.8 + 0.7 Mpc. The galaxy has an absolute
magnitude of My = —11.27, a half-light radius of R, = 120 pc,
and the central surface brightness of SB( y = 22.0. Peekaboo is a
gas-rich dwarf galaxy with an H1 mass of log(Mpg;/Mg) = 7.08
and a stellar mass of log(M./Mg) = 6.10. The ratio of its H1-
to-optical dimensions is about 2. From its detection in the GALEX
FUYV band, the galaxy is determined to have a specific star-formation
rate of log(sSFR) = —9.14 yr~ 1.

Peekaboo is a likely member of the scattered association of
late-type dwarf galaxies around the Scd galaxy NGC 3621 having
dimensions of (1.0 — 1.8) Mpc. This diffuse group is located in a
very low density region between the Local Sheet and Dorado — Leo
Spur — Antlia mini-wall, and moves toward the Local Sheet with a
peculiar velocity of =70 + 17 kms™!.

Our optical spectral observations found Peekaboo to be one of
the most metal-poor galaxies known with an oxygen abundance of
12+log(O/H) = 6.99 + 0.16 (via the direct method) and 6.87+0.07
(via the strong lines method), i.e. about 2% of solar. In its general
shape, stellar population, and star formation rate, the compact Peek-
aboo dwarf galaxy looks like a twin of another star-forming dwarf
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galaxy AGC 198691 = Leoncino, investigated by Hirschauer et al.
(2016) and McQuinn et al. (2020). Both the dwarfs are extremely
metal-poor objects with similarities to the better known IZw 18. In
all these cases, the RGB are scantily populated compared with the
numbers of bluer young stars at similar magnitudes. Plausibly, the
small number of RGB stars that are seen are only a few Gyr old and
these systems are devoid of ancient stellar populations.
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7 APPENDIX: OTHER COMPACT GAS-RICH DWARF
GALAXIES IN THE LOCAL VOLUME

We take note of five dwarf galaxies in the Local Volume with D <
12 Mpc with linear Holmberg diameters Ay, less than ~0.5 kpc that,
being rich in gas, were all found in the blind H 1 surveys HIPASS and
ALFALFA. The main parameters of these "intergalactic emission
granules" are given in Table 5. Here, we do not consider probable
tidal galaxies: Clump I, Clump II, KDG61em with linear dimensions
of Ago ~ (0.1 —0.2) kpc and absolute magnitudes Mp =~ (-8, -9)
mag, which occur in the Hi-shell of the interacting triplet M 81,
M 82, NGC 3077 (Karachentsev et al. 2011), as well as "ragged"
quenched ultra-compact dwarf objects, like the dE type satellite of
the Sombrero galaxy, SucD1, with Ay, ~ 0.3 kpc (Hau et al. 2009),
which are in close proximity to their massive host galaxies.

The galaxies in Table 5 are ranked by their distance from the

Sun, and sources of distance estimates are given in the notes to
the table. All distances, except AGC 749315, were measured by
the TRGB method based on the images obtained with the HST.
The distance of the dwarf galaxy AGC 749315 is estimated from
its radial velocity, taking into account the local field of peculiar
velocities in the manner described in the EDD. The table rows
contain the following columns: (1,2) name of the galaxy and its
number in HyperLEDA (Makarov et al. 2014); (3,4) equatorial
coordinates: (5) radial velocity relative to the Local Group centroid;
(6,7) H1 line width and the integral flux in this line; (8) angular
Holmberg diameter in arcsec; (9) apparent magnitude in the B-band;
(10) apparent magnitude in the FUV-band of the GALEX survey
(Martin et al. 2005); (11) distance of the galaxy; (12) logarithm of
hydrogen mass; (13) linear diameter; (14) absolute B-magnitude;
(15) logarithm of the B-band luminosity; (16) hydrogen mass-to-B-
band luminosity ratio; (17) integral star formation rate determined
from the FUV- flux. The parameters used and their sources are
contained in the SAO LV database®. The dwarf galaxies in the
presented sample have a number of common properties.

i. The linear optical diameters of these blue compact objects
are limited to the interval of [0.32 — 0.57] kpc, which corresponds
to the typical linear size of H 11 regions inside spiral galaxies.

ii. The integral absolute magnitudes of the galaxies lie in the
range of +0.6 mag relative to the median value Mg = —11.2 mag.
Such galaxies are quite distinguishable up to the far edge of the LV,
but their relative number in the LV population is only ~ 5/1200 =
0.4%.

iii. The considered dwarf galaxies are objects rich in gas. Their
median ratio Myy/Lp equals to 2.5. Taking into account the pres-
ence of helium, about 90% of the baryons in these galaxies are in
the gaseous component.

iv. Except for HIDEEP J1337-33, which is a distant satellite
of NGC 5236, the integral star formation rate of the remaining four
dwarf galaxies lies in a surprisingly narrow range of [-3.02, -3.17]
Mg yr~L. These galaxies are able to reproduce their stellar mass
during (1 - 3) Gyrs. Therefore, the objects under consideration can
be called "youngish" galaxies.

As already noted, blue gas-rich compact dwarf galaxies with
active star formation, like famous I Zw 18, occur exclusively in re-
gions of low spatial density. This circumstance requires explanation
within the framework of the standard cosmological model.

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

5 SAO LV: sao.ru/lv/lvgdb
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Table 5. Properties of isolated compact gas-rich dwarf galaxies in the Local Volume

Peekaboo galaxy

Name HIDEEP J1337-33  Peekaboo ~ AGC749315 AGC198507  Leoncino
PGC 677373 5060432 50596982 4194405 5807231
R.A. [hms] 13 37 00.6 1131346 1029 06.4 0915258 0943324
Dec. [dms] 332147 314028  +265438 4252510 +332658
vig [kms™!] +371 +433 +564 +411 +464
wso [kms™!] 20 29 31 37 33
Fur Jykms™'] 1.05 1.13 0.34 0.68 0.53
ayo [arcsec] 24 11 7 11 8
B-band [mag] 17.3 18.2 19.1 18.6 19.8
FUV [mag] 19.5 19.2 20.0 20.0 20.1

D [Mpc] 455 6.90 9.46 10.96 12.0
log(Myr) [Mo] 6.71 7.10 6.86 7.28 7.26
Ao [kpe] 0.53 0.38 0.32 0.57 0.47
Mg [mag] -112 -113 -10.9 -11.7 -10.6
log(Lg)[Lo] 6.66 6.70 6.54 6.86 6.42
Mpyr/Lp[Mo/Lo) 1.1 25 2.1 2.6 6.9
log(SFR) [M,yr~1] -3.52 -3.02 -3.17 -3.02 -3.06

Note. Sources of the distances: HIDEEP J1337-33 (Grossi et al. 2007), HIPASS J1131-31 (present paper)
AGC 749315 (Shaya et al. 2017), AGC 198507 (McQuinn et al. 2021), Leoncino (McQuinn et al. 2021).
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