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A B S T R A C T 

Using Large Binocular Telescope deep imaging data from the Smallest Scale of Hierarchy Surv e y (SSH) and archi v al Hubble 
Space Telescope data, we reveal the presence of two elongated stellar features contiguous to a bar-like stellar structure in the 
inner regions of the dwarf irregular galaxy NGC 3741. These structures are dominated by stars younger than a few hundred 

Myr and collectively are about twice as extended as the old stellar component. These properties are very unusual for dwarf 
galaxies in the nearby Universe and difficult to explain by hydro-dynamical simulations. From the analysis of archi v al 21-cm 

observations, we find that the young stellar ‘bar’ coincides with an H I high-density region proposed by previous studies to be 
a purely gaseous bar; we furthermore confirm radial motions of a few km s −1 , compatible with an inflo w/outflo w, and deri ve 
a steeply rising rotation curve and high H I surface density at the centre, indicating a very concentrated mass distribution. We 
propose that the peculiar properties of the stellar and gaseous components of NGC 3741 may be explained by a recent merger 
or ongoing gas accretion from the intergalactic medium, which caused gas inflows towards the galaxy centre and triggered star 
formation a few hundred Myr ago. This event may explain the young and extended stellar features, the bar-like structure, the 
v ery e xtended H I disc and the central H I spiral arms. The high central H I density and the steeply rising rotation curve suggest 
that NGC 3741 may be the progenitor or the descendant of a starburst dwarf. 

Key w ords: galaxies: dw arf – galaxies: formation – galaxies: individuals: NGC 3741 – galaxies: interactions – galaxies: irregu- 
lar – galaxies: stellar content. 
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 I N T RO D U C T I O N  

n the � cold dark matter ( � CDM) cosmological scenario (Peebles
t al. 1982 ), galaxies are assembled o v er time through the accretion
f smaller systems (White 1978 ). Observational evidence of this 
ierarchical formation process is the presence of numerous satellites 
nd stellar streams around massive galaxies in the Local Volume 
e.g. Belokurov et al. 2006 ; McConnachie et al. 2009 ; Martinez-
elgado et al. 2010 ; Crnojevi ́c et al. 2016 ; Ibata et al. 2021 ; Malhan

t al. 2021 ). Numerical simulations predict that the merger activity 
ontinues down to the lower mass scales of dwarf galaxies (Diemand 
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t al. 2008 ; Deason, Wetzel & Garrison-Kimmel 2014 ; Wheeler et
l. 2015 ); nevertheless, dw arf–dw arf galaxy mergers have received
ittle attention from the observational point of view so far, mostly
ecause of the difficulty in detecting very low surface brightness 
erger signatures around these systems. Merger or interaction events 

an strongly impact the evolution of dwarf galaxies, affecting their 
orphology and kinematics, and providing a viable mechanism to 

rigger gas flows towards the inner galaxy regions and, possibly, 
he onset of a starburst (Bekki 2008 ; Stierwalt et al. 2015 ; Carlin
t al. 2016 ; Privon et al. 2017 ; Kado-Fong et al. 2020 ). A number
f individual dw arf–dw arf merger cases has been examined in the
iterature (Rich et al. 2012 ; Mart ́ınez-Delgado et al. 2012 ; Amorisco,
vans & van de Ven 2014 ; Sand et al. 2015 ; Belokurov & Koposov
016 ; Annibali et al. 2016 ; Privon et al. 2017 ; Kalli v ayalil et al.
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Table 1. Properties of NGC 3741. 

Property Value References 

Distance 3.2 Mpc 1 
Stellar mass 3.8 × 10 7 M � 2 
Exponential disc scale 
length 

0.20 kpc 3 

H I mass 1.3 × 10 8 M � 4 
Rotation velocity 50 km s −1 3, 4 
Inclination 68 ± 4 ◦ 4, 5 
SFR (4.3 ± 0.7) × 10 −3 M � yr −1 6, 7 
SFR surface density 3.2 × 10 −4 M � yr −1 kpc −2 8 
12 + log ( O / H ) 7.68 ± 0.03 9 

The last column reports the reference papers: 1 = Tully et al. ( 2006 ); 
2 = Weisz et al. ( 2011 ); 3 = Lelli et al. ( 2016 ); 4 = Gentile et al. ( 2007 ); 
5 = Begum et al. ( 2005 ); 6 = Karachentsev & Kaisina ( 2013 ); 7 = Begum 

et al. ( 2008 ); 8 = Roychowdhury, Chengalur & Shi ( 2017 ); 9 = Berg et al. 
( 2012 ). 
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018 ; Makarova et al. 2018 ; Johnston et al. 2019 ; Zhang et al. 2020 ),
ut only a few systematic searches for dwarfs companions have been
onducted so far (Stierwalt et al. 2015 ; Carlin et al. 2016 ; Higgs
t al. 2016 ; Paudel et al. 2018 ; Annibali et al. 2020 ; Kado-Fong et al.
020 ) 
The Smallest Scale of Hierarchy Surv e y (SSH; Annibali et al.

020 ) is an observational campaign designed to characterize the
requency and properties of interaction and merging events around a
arge sample of dwarf galaxies. SSH exploits the high sensitivity
nd very large field of view ( ≈23 × 23 arcmin 2 ) of the Large
inocular Channel (LBC) on the Large Binocular Telescope (LBT).

t provides deep g and r photometry for 45 late-type dwarfs at
istances between ∼1 and ∼10 Mpc down to a surface brightness
imit of μr ∼ 31 mag arcsec −2 . The SSH targets span a wide range in
uminosity, from about twice the luminosity of the Large Magellanic
loud (LMC) down to about 5 mag fainter, and co v er a wide range of
ensity environments, from very isolated galaxies to group members.
hotometry in two bands allows us to define the colour–magnitude
iagrams (CMDs) and to separate, for targets closer than ∼ 4 −5 Mpc,
ed giant branch (RGB) stars associated with the dwarf galaxy or with
 potential satellite from background contaminants. This technique
ermits to reveal faint stellar substructures (e.g. streams and shells) or
ompanions around the dwarfs. The LBC field of view translates into
n explored physical region of ∼7 × 7 to ∼70 × 70 kpc 2 , depending
n the galaxy distance. 
In this paper, we present new results for the galaxy NGC 3741 (see

able 1 for a summary of the main properties), which was observed
s part of the SSH surv e y. NGC 3741 is a dwarf irregular (dIrr) galaxy
ocated at a distance of ∼3.2 Mpc (Tully et al. 2006 ; Dalcanton et al.
009 , i.e. 1 arcsec = 15.7 pc) and has an absolute blue magnitude of
 B = −13.2 (Cook et al. 2014 ). NGC 3741 belongs to the Canes
enatici I galaxy cloud, which is located at the periphery of the
 81 group. NGC 3741 is supposed to be quite undisturbed by other

alaxies (Karachentsev et al. 2003 , 2004 ), being at a de-projected
istance of � 1.65 Mpc from M 81 (Karachentsev et al. 2002 ). 
One of the most remarkable properties of NGC 3741 is the extent of

he H I disc. Indeed, 21-cm observations with the Giant Meterwave
adio Telescope (GMRT) by Begum, Chengalur & Karachentsev
 2005 ) and with the Westerbork Synthesis Radio Telescope (WSRT)
y Gentile et al. ( 2007 ) revealed that the diameter of the H I disc
s � 14 arcmin ( ∼13 kpc) at H I column density N H I ∼ 10 19 cm 

−2 

 ∼0.1 M � pc −2 ). The H I disc diameter is ∼21 times larger than
he B -band half-light diameter, which is ∼40 arcsec or ∼0.6 kpc (de
NRAS 512, 1781–1794 (2022) 
aucouleurs et al. 1991 ). The total H I mass is M H I ∼ 1 . 3 × 10 8 M �
Gentile et al. 2007 ; Begum et al. 2008 ), which is about 3.4 times
arger than the stellar mass (M � ∼ 3.8 × 10 7 ; Weisz et al. 2011 ). 

The decomposition of the rotation curve of NGC 3741 into the
ontribution of the individual mass components (i.e. stellar disc, gas
isc, and dark matter halo) indicates that the galaxy gravitational
otential is dominated by dark matter (Begum et al. 2005 ; Gentile
t al. 2007 ; Allaert, Gentile & Baes 2017 ). The baryonic and dark
atter mass estimates for NGC 3741 are consistent with scaling rela-

ions derived for dwarf galaxies (e.g. Lelli, McGaugh & Schombert
016 ; McGaugh, Lelli & Schombert 2016 ; Thuan et al. 2016 ; Iorio
t al. 2017 ; Posti et al. 2018 ; Mancera Pi ̃ na et al. 2019 ; Romeo 2020 ;
omeo, Agertz & Renaud 2020 ). Gentile et al. ( 2007 ) analysed the
inematics of the H I disc and argued that the innermost part of the
otation curve is better reproduced by a cored dark matter profile (in
hich case baryons dominate the inner gravitational potential) rather

han by a cuspy one. Nevertheless, the high uncertainty in the inner
otation curve, due to the presence of non-circular motion, implies
hat a cuspy dark matter halo cannot be definitively ruled out (e.g.
ayashi & Navarro 2006 ; Gentile et al. 2007 ; Randriamampandry

t al. 2015 ; Oman et al. 2019 ). 
Moreo v er, Gentile et al. ( 2007 ) found that, despite the o v erall

ymmetry of the velocity field, this is distorted by non-circular
otions of the order of 5–13 km s −1 . These motions were ascribed

o the presence of a H I bar in the inner regions (see also Begum
t al. 2005 ; Banerjee et al. 2013 ) and ongoing accretion of gas in
he outer parts of the galaxy. Another interesting feature of the H I

isc of NGC 3741 is the presence of spiral arms originating from
he bar region (Gentile et al. 2007 ; Begum et al. 2008 ; Ott et al.
012 ). Interestingly, while the spiral arms and the bar are visible
rom the atomic gas distribution, no stellar counterpart is observed
e.g. Vaduvescu et al. 2005 ), suggesting that NGC 3741 is one of
he few galaxies with purely gaseous bar and spiral arms. Bars may
ither form spontaneously as a consequence of disc instability (e.g.
ee Athanassoula 2013 , for a re vie w) or in response to an interaction
ith a galaxy companion (Gajda, Łokas & Athanassoula 2018 ;
ettitt & Wadsley 2018 ). They can also be boosted and renewed
y cold gas accretion (Combes 2014 ). Ho we ver, the formation of
urely gaseous bars remains a mystery. For instance, Gajda et al.
 2018 ) used numerical simulations to investigate the formation of
idally induced bars in gas-rich dwarf galaxies and found that, while
ars are formed in the stellar component, no trace of the bar is found
n the gaseous component. 

Narrow-band H α and UV imaging of NGC 3741 was obtained as
art of the 11 Mpc H α and Ultraviolet Galaxy Surv e y (11HUGS;
ee et al. 2007 ; Kennicutt et al. 2008 ). The star formation rate

SFR) estimates derived from the H α and FUV luminosities are,
espectively, 3 . 6 × 10 −3 M � yr −1 and 4 . 9 × 10 −3 M � yr −1 (Begum
t al. 2008 ; Karachentsev & Kaisina 2013 ), in agreement with the
FR derived from CMDs of resolved stellar populations (Weisz
t al. 2011 ; Johnson et al. 2013 ). The SFR and gas surface
ensities averaged within the stellar disc are compatible with the
ennicutt–Schmidt and extended Schmidt laws for spirals and dIrr
alaxies (Talbot & Arnett 1975 ; Dopita & Ryder 1994 ; Begum
t al. 2008 ; Roychowdhury et al. 2015 , 2017 ). Most of the H α

mission is confined within a central region of ∼12-arcsec radius
 ∼0.19 kpc), where the azimuthally averaged H I column density
s N H I � 1 . 7 × 10 21 cm 

−2 ( ∼13.6 M � pc −2 ; Begum et al. 2008 ).
o we v er, the FUV emission e xtends to a larger galactocentric
istance of ≈ 120 arcsec or ≈ 1.9 kpc (see e.g. Roychowdhury
t al. 2017 ), suggesting that star formation occurred within the last
100 Myr also in regions of the H I disc which are farther from the



NGC 3741: recent merger or ongoing gas accretion? 1783 

Figure 1. Left-hand panel: portion of the LBC g image of NGC 3741 with a field of view of ∼11 × 11 arcmin 2 , or ∼10 × 10 kpc 2 at the galaxy distance of 
∼3.2 Mpc. The polygons to the NE and SW of the galaxy enclose the newly identified features, dubbed the ‘hook’ and the ‘tail’ in this paper. The ACS footprint 
of archi v al observ ations includes the whole tail and a portion of the hook. For comparison, we also show in red the contours at 0.5, 3, 8, and 15 M � pc −2 of the 
H I total intensity map from the same WSRT data used in Gentile et al. ( 2007 ). Right-hand panel: g and r colour-combined image of NGC 3741 with a smaller 
field of view of ∼4 × 4 arcmin 2 corresponding to the dashed square in left-hand panel. 
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alaxy centre. NGC 3741 was also observed with Spitzer in the mid-
MIR) and far-infrared (FIR) as part of the Spitzer Local Volume 
e gac y Surv e y (Dale et al. 2009 ). From FUV-to-FIR spectral energy
istribution fitting, Cook et al. ( 2014 ) derived a low internal dust
xtintion of A FUV = 0.047 mag, in agreement with the observed trend
f lower mass galaxies being less opaque than more massive ones. 
rom spectroscopic observations of H II regions, Berg et al. ( 2012 )
easured an oxygen abundance of 12 + log(O/H) = 7.68 ± 0.03 

i.e. ∼1/12 solar metallicity), implying that NGC 3741 fits within 
he stellar mass-metallicity relation defined by dwarf galaxies (e.g. 
erg et al. 2012 ; Pustilnik, Perepelitsyna & Kniazev 2016 ). 
In this paper, we aim to understand the origin of the peculiar

roperties of NGC 3741 by comparing the stellar and the gas 
omponents of the galaxy. In Section 2 , we present the new LBT
mages for NGC 3741 and analyse the stellar populations using 
oth LBT and archi v al Hubble Space Telescope ( HST ) photometry.
n Section 3 , we use archi v al 21-cm observations to study the
istribution and kinematics of the neutral gas. Section 4 provides a 
omparison between the properties of the stellar populations and the 
as component and a discussion of the possible formation scenarios 
or NGC 3741. We give our summary in section 5 . 

 STELLAR  POPULATIONS  

n this section, we analyse LBT and HST photometric data of
GC 3741 in order to derive the age and spatial distribution of

he stellar populations using resolved-star CMDs. 

.1 LBT data 

GC 3741 was observed with the LBC on the LBT in the g and
 bands as part of the SSH surv e y (Annibali et al. 2020 , hereafter
aper I ). The left-hand panel in Fig. 1 shows a 11 × 11 arcmin 2 

ortion of the larger 25 × 25 arcmin 2 imaged field of view, with
uperimposed the H I contours from the same WSRT data used in
entile et al. ( 2007 ). Our deep LBC data reveal the presence of

wo prominent blue stellar features extending in the direction of 
he galaxy major axis. These features are well visible in the 4 ×
 arcmin 2 g , r colour-combined image insertion displayed in the
ight-hand panel of Fig. 1 : a southern triangle-shaped tail and a
orthern hook. The southern tail, which extends for ∼1 arcmin (or
0.9 kpc at NGC 3741’s distance), is aligned with the direction of

he central H I high-density contour but is slightly offset to the west,
s we show in more detail in Section 4.1 . 

Photometry of individual sources was performed independently 
n the stacked mosaic g and r images using PSFEX (Bertin & Arnouts
996 ) and then the two catalogues were matched in coordinates
nd combined together. Selection cuts based on the SEXTRACTOR 

uality flag were applied for a first removal of spurious and badly
easured objects in the photometric catalogue. Then, we used 

iagnostics based on the comparison between aperture and point 
pread function fitting magnitudes to remo v e v ery e xtended sources,
ikely background galaxies, as described in details in Paper I . 

The r , g − r CMD for sources measured within a 11 × 11 arcmin 2 

egion centered on NGC 3741 is shown in Fig. 2 . For comparison,
he PARSEC stellar isochrones (Bressan et al. 2012 ), shifted to a
istance of 3.2 Mpc and corrected for a foreground extinction of E ( B
V ) = 0.02 (Schlafly & Finkbeiner 2011 ), have been overplotted

n the CMD. The displayed models co v er a wide range in stellar
ges, from 10 Myr up to 10 Gyr old. The isochrone metallicity
s Z = 0.001, which is consistent with the value expected from
he oxygen abundance of the ionized gas measured by Berg et al.
 2012 ). The CMD is heavily contaminated by background galaxies
nd fore ground Milk y Way disc and halo stars: the former mainly
MNRAS 512, 1781–1794 (2022) 

art/stac541_f1.eps
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Figure 2. r , g − r LBT CMD for sources within a 11 × 11 arcmin 2 region 
centered on NGC 3741. Superimposed on the left CMD are the PARSEC 

stellar isochrones (Bressan et al. 2012 ) in the SDSS photometric system, 
shifted to a distance of 3.2 Mpc and corrected for a foreground extinction of 
E ( B – V ) = 0.02 from Schlafly & Finkbeiner ( 2011 ). The displayed ages are 
in the range 10 Myr–10 Gyr and the metallicity is Z = 0.001, consistent with 
the H II spectroscopic metallicity of 12 + log ( O / H ) = 7.68 ± 0.03 from Berg 
et al. ( 2012 ). The polygons indicate our selection of young (age � 300 Myr) 
‘blue plume’ stars and old (age > 1–2 Gyr) RGB stars in NGC 3741, although 
some contamination from background galaxies remains. Highlighted on the 
right CMD are also the regions where background galaxies, and MW halo 
and disc stars tend to cluster. 
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opulate the area indicated by the cyan contours in the right-hand
anel at −0.2 � g − r � 0.8, r � 24, while the latter dominate
he CMD region at g − r � 0.2, r < 24 shown by the green and
range contours. As described in Paper I, it is possible to partially
eparate stars belonging to NGC 3741 from foreground stars and
ackground galaxies by selecting on the CMD the ‘blue plume’
t g − r < 0 populated by young stars (age � 300 Myr) in the
ain sequence (MS) and blue core He-burning phases, and the RGB

eature at g − r � 0.8, r > 24 due to old (age > 1–2 Gyr) low-mass
tars. 

Fig. 3 shows the spatial distribution of stars with different ages
elected from the CMD. In the left-hand panel, we plot the density
f old, RGB stars (age > 1–2 Gyr) for a ∼11 × 11 arcmin 2 

BC region. The map was obtained by subtracting the average
ackground computed in an external field and setting to zero all
ixels below a level of three times the background standard deviation.
his procedure allows us to mask density fluctuations due to the
nresolved background galaxies (visible in the non-masked total
ap in the right-hand panel) not remo v ed in our CMD selection. The

esult is a roundish, old stellar component; notice that the apparent
ack of objects in the crowded galaxy centre is an artefact of the
evere incompleteness at the faintest magnitudes and must not be
nterpreted as a real absence of old stars in the innermost regions
f NGC 3741. Bright young stars are instead detected in the galaxy
entre and e xtend be yond the old stellar component, following an
longated feature aligned in the direction of the H I disc major
xis. This is an unusual property for dIrr and blue compact dwarf
BCD) galaxies, where irregular, extended, or filamentary structures
NRAS 512, 1781–1794 (2022) 
f young or intermediate-age stars are commonly present but do not
ncompass the old spheroid distribution (see e.g. Tosi et al. 2001 ;
omany et al. 2002 ; Annibali et al. 2008 ; Tolstoy, Hill & Tosi 2009 ;
nnibali et al. 2013 ; Higgs et al. 2016 ; Sacchi et al. 2016 ; Cignoni

t al. 2019 ; Annibali et al. 2020 ) 

.2 HST data 

e searched the HST public MAST archive 1 for imaging data of
GC 3741. The deepest data are those acquired with the Advanced
amera for Surv e y (ACS) in the F475W ( ∼B ) and F814W ( ∼I )
lters as part of the ACS Nearby Galaxy Surv e y Treasury (ANGST;
alcanton et al. 2009 ). The calibrated photometric catalogue was
ownloaded from the ANGRRR Photometry Repository. 2 The left-
and panel in Fig. 1 shows the A CS W ide Field Camera footprint
uperimposed to our LBC image. The ACS pointing includes almost
he entire southern tail, but it samples just a portion of the northern
ook. 
The deep ACS I, B – I CMD for well photometred point-like

ources (i.e. selected to have a Dolphot (Dolphin 2000 ) flag = 0 and
 sharpness | ≤ 0.07) is shown in Fig. 4 . Thanks to the high-spatial
esolution and depth of the ACS data, the MS and blue core-He
urning phases of stars with masses � 3 M � are well-separated in
hese CMDs. This allows for a finer age separation of the different
tellar populations than with the LBT data. More specifically, we
dentify five regions in the CMD that correspond to different age
ntervals: 

(i) the MS phase at B – I � –0.2 populated by stars younger than
200 Myr; 
(ii) a bright portion of the MS (upper MS) at I � 25 populated by

tars younger than ∼50 Myr; 
(iii) the blue and red core He-burning (HeB) phases of massive

nd intermediate-mass stars with ages in the range 20–600 Myr; 
(iv) the brightest portion of the red clump (RC) at B – I ∼ 1.2 and

6 � I � 26.5 populated by HeB stars with ages of ∼ 0.8 – 1 Gyr; 
(v) a bright portion of the RGB, down to ∼2 mag below the tip,

hich allows us to isolate stars older than 1–2 Gyr. 

Fig. 5 shows density maps for the spatial distribution of stars
n these different ages bins, although some contamination from
ackground galaxies can not be excluded also in this case. The ACS
ata confirm the presence of a smooth and round-shaped distribution
or the old ( � 2 Gyr) stellar component, in agreement with the LBT
ata (sect. 2.1 ) and with the distribution of the 3.6- μm emission
Fig. 6 ), which is a good tracer of the old stellar population. In
ppendix A , we show that the old star counts are fitted with a Sersic-
rofile component with index m ∼ 1.2, ef fecti ve radius R e ∼ 20 arcsec
r ∼0.31 kpc (see also value by Lelli et al. 2016 , from the 3.6-
m band) and M g ∼ −12.5 ± 0.5, consistent with scaling relations
erived for dwarf spheroidal galaxies (e.g. C ̂ ot ́e et al. 2008 ; Chen
t al. 2010 ; Eigenthaler et al. 2018 ). On the other hand, very young
tars ( < 50 Myr) are concentrated within a central, ∼0.4 kpc diameter
egion, as also outlined by the H α image from Kennicutt et al. ( 2008 )
hown in Fig. 6 . Stars with ages between ∼20 and ∼600 Myr, and
p to perhaps ∼1 Gyr old, present an elongated distribution and
opulate both the southern tail and the portion of the northern hook
o v ered by the ACS field of view, confirming the results from the

art/stac541_f2.eps
https://archive.stsci.edu/
https://archive.stsci.edu/prepds/angrrr/datalist.html


NGC 3741: recent merger or ongoing gas accretion? 1785 

Figure 3. Spatial distribution of stars in NGC 3741 from LBT photometry. The left-hand panel shows the density of old, RGB stars (age > 1–2 Gyr) for a 
11 × 11 arcmin 2 LBC region. The map is background-subtracted, and only pix els abo v e a lev el of three times the background standard de viation (gi ven by the 
horizontal blue segment in the colourbar) have been set to non-zero to mask density peaks due to red background galaxies. Blue dots are stars younger than 
� 300 Myr, while the solid H I contours are the same as in Fig. 1 . The RGB density map for the total LBC field of view, with no pixel masking, is shown in the 
right-hand panel to provide a direct visualization of the contamination from red background galaxies. 

Figure 4. F814W ( ∼ I -band) versus F475W-F814W ( ∼ B –I ) CMD from the 
ACS data. In the left-hand panel, the PARSEC stellar isochrones (Bressan 
et al. 2012 ) in the ACS Vegamag photometric system, shifted to a distance of 
3.2 Mpc and corrected for a foreground reddening of E ( B – V ) = 0.02, have 
been superimposed to the CMD. The models co v er an age range from 5 Myr 
to 10 Gyr, as indicated in the legend, and the metallicity is Z = 0.001. In the 
right-hand panel, we highlight the five selected regions with stars in different 
age intervals: the MS phase with stars younger than ∼200 Myr; the upper MS 
at I � 25 with stars younger than ∼50 Myr; the blue and red core He-burning 
(HeB) phases of massive and intermediate-mass stars with ages in the range 
20–600 Myr; the brightest portion of the red clump with ages of ∼0.8–1 Gyr; 
a bright portion of the RGB tip with stars older than 1–2 Gyr. 
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BT data. In particular, stars younger than ∼200 Myr, which are
ery well-sampled by the MS phase in the ACS CMD, exhibit a
ar-like structure from which the tail and the hook appear to depart.
lso the distributions of the FUV emission and NUV emission, 
hich respectively trace stars younger than 100 and 200 Myr (see
 ennicutt & Ev ans 2012 and reference therein) resemble this ‘bar
lus arms’ configuration. Spiral galaxies often host a bar and spiral
rms, making NGC 3741 a sort of ‘young spiral galaxy’, but with
wo important differences. The first is, of course, the stellar mass
f NGC 3741, which is much lower than the typical stellar mass of
piral galaxies. The second difference is that bars in spiral galaxies
re typically made of old stars. 

 H  I DI STRI BU TI ON  A N D  KI NEMATI CS  

e analysed the H I distribution and kinematics of NGC 3741 using
he same 21-cm observations as Gentile et al. ( 2007 ), which were
btained with the WSRT (Tom Oosterloo, pri v ate communication). 
ecause of minor differences in the data reduction, this data cube has
elocity resolution of 4.1 km s −1 , the same as Gentile et al. ( 2007 ),
ut the beam size is 18.9 × 13.8 arcsec 2 , which is slightly lower
patial resolution than their highest-resolution cube. 3 

In our study, we used the software 3D BAROLO 

4 (Di Teodoro & Fra-
ernali 2015 ), which performs a tilted-ring model fitting directly on
he data cube. This software models the galaxy emission by dividing
he galactic disc into a series of concentric and co-planar rings with
 given width. Each ring is described by four geometric parameters
i.e. the two centre coordinates, the inclination with respect to the line
f sight i , and the position angle PA) and four kinematic parameters
i.e. the systemic velocity of the galaxy V sys , the rotation velocity of
MNRAS 512, 1781–1794 (2022) 

 We did also try to use the publicly available 21-cm data cubes from the 
urv e y VLA-ANGST (Ott et al. 2012 ), but we abandoned them, because we 
ound several and relatively bright artifacts in the channels. 
 ht tps://edit eodoro.git hub.io/Bbarolo/
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Figure 5. Stellar density maps for sources in the ACS catalogue. The left-hand upper panel shows the map for the totality of measured stars, while the other 
panels refer to stars in different age intervals according to the CMD-based selection of Fig. 4 : stars younger than ∼50 Myr, younger than ∼200 Myr, with ages 
in the 20–600 Myr range, with ages of ∼1 Gyr, and older than ∼2 Gyr. The contours for the old, RGB population are superimposed for reference to all spatial 
maps. The dashed line denotes the ACS footprint. The identified stellar bar-like structure is indicated in the panel for ages � 200 Myr. 
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he gas in circular orbits V rot , the gas velocity dispersion σH I , and the
adial velocity of the gas with non-circular motions V rad ). This model
s iteratively fitted to the data cube in order to find the set of free
arameters that minimizes the residuals between the model and the
bservations. Prior to the residuals minimization, 3D BAROLO smooths
he galaxy model to the same resolution of the observ ations, allo wing
o take into account the beam smearing effect. It is worth to notice
hat, for each ring, 3D BAROLO simultaneously fits the rotation velocity
nd the azimuthally av eraged v elocity dispersion. This markedly
mpro v es the reliability of velocity dispersion estimates with respect
NRAS 512, 1781–1794 (2022) 
o 2D methods (e.g. second-moment map of the data cube, stacking
r pix el-by-pix el fitting of the line profiles) also for data with low
ignal-to-noise ratio (S/N). 

For our modelling with 3D BAROLO , we assumed a distance
f 3.2 Mpc, V sys = 229 km s −1 and the kinematic centre at (RA:
1 h 36 m 6 . s 20; Dec.: 45d 17m 4.00s), which are fully compatible with
he values reported in the literature (Gentile et al. 2007 ; Ott et al.
012 ). Prior to the model fitting, 3D BAROLO creates a mask and applies
t to the data cube in order to isolate the galaxy emission. We created
he mask by smoothing the data cube to a factor 2 lower resolution

art/stac541_f5.eps
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Figure 6. Archi v al observ ations of NGC 3741: from left- to right-hand panel, the panels show the FUV emission and the NUV emission observed with GALEX 

(Lee et al. 2007 ), the H α emission (Kennicutt et al. 2008 ), and the 3.6 μm emission observed with Spitzer (Dale et al. 2009 ). The solid black contours indicate 
the distribution of different stellar populations selected from the HST CMD: MS stars with ages � 200 Myr (first and second panels from the left), bright MS 
stars with ages � 50 Myr (third panel), and RGB stars with ages > 2 Gyr (fourth panel from left). The black contours are at 2 k number of enclosed stars with k = 

1, 3, 5,..19. The light grey contours are the H I iso-density contours (see Section 3 ), starting from 1 M � pc −2 and increasing with steps of 2 M � pc −2 . 
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nd selecting only the pixels with S/N > 3 in this low-resolution cube. 
his procedure allows us to include also the faint galactic emission

n the masked cube used for modelling the H I kinematics. 
Fig. 7 shows the total intensity map and the velocity field obtained

rom the masked data cube. From the total intensity map in the left-
and panel, we can see that the H I disc has two evident properties: (i)
he H I surface density is very high in the innermost regions, where
 H I � 26 M � pc −2 , and (ii) inside the H I disc, two spiral arm-like

tructures seem to propagate from the galaxy centre (see also Gentile 
t al. 2007 ). From the velocity field in the right-hand panel, we see
hat the kinematic major axis (PA � 45 ◦), which connects the regions
ith extreme line-of-sight velocities ( V LOS ), does not coincide with 

he geometric major axis (PA � 34 ◦). Together with the distorted
so-velocity contours, this suggests the presence of a warp. We note 
hat the offset between the systemic velocity and the line-of-sight 
elocity along the minor axis is also a signature of radial motions
e.g. Fraternali et al. 2002 ; Lelli et al. 2012b ; Di Teodoro & Peek
021 ), which might be ascribed to the presence of a bar, ongoing
as accretion, or an oval distortion of the gravitational potential (e.g. 
osma 1978 , 1981 ; Kormendy & Kennicutt 2004 ). 
To run 3D BAROLO , we fixed the width and the scale height of the

ings at 15 arcsec and 10 arcsec, respectively. 5 Following Gentile 
t al. ( 2007 ), the galaxy inclination was fixed at i = 70 ◦ for all
he rings. We allowed 3D Barolo to correct for the asymmetric drift
Oh et al. 2015 ; Iorio et al. 2017 ), even though the pressure support
gainst gravity is negligible with respect to the rotational support for
GC 3741 (Gentile et al. 2007 ). 
Since radial motions are degenerate with the viewing angles 

Schoenmakers, Franx & de Zeeuw 1997 ; Schoenmakers 1999 ), 
t is not advisable to fit both the PA and V rad at the same time.
ence, we first run 3D BAROLO assuming V rad = 0 km s −1 , and fitting
 3D Barolo is insensitive to the scale height as the tilted-ring fitting procedure 
s done ring-by-ring. For a thick disc, one line of sight can intersect emission 
rom different annuli because of the projection effects due to the disc 
nclination. By studying the H I kinematics of dwarf galaxies, Iorio et al. 
 2017 ) found that assuming a constant scale height does not significantly 
ffect the best-fitting kinematical parameters, since any difference is smaller 
han the associated uncertainties. A value smaller than the beam is therefore 
 conserv ati ve choice for the scale height. 
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22
 rot , σH I , and PA. 6 The comparison between the best-fitting model
nd the observations is provided in the left-hand panels of Fig. 8 .
rom the pv-diagram along the major axis (upper left-hand panel in
ig. 8 ), we see that our model reproduces fairly well the H I emission.
o we ver, we notice some discrepancy in the pv-diagram along the
inor axis (lower left-hand panel in Fig. 8 ): although the contours

f the model emission grossly reproduce the observations, there are 
egions (indicated by the green arrows) where the H I emission is
ore extended than the model contours, suggesting the presence of 

as with anomalous kinematics. In Appendix B , we show the rotation
urv e, the v elocity dispersion radial profile and the azimuthally
veraged radial profile of the H I surface density obtained for this
rst best-fitting model. 
We then built a second model by fixing the PA at 34 ◦ based on

he morphological major axis, and fitting V rot , σH I , and V rad (central
anels, Fig. 8 ). Compared to the previous case, the inclusion of radial
otions impro v es the modelling of the H I emission in the pv-diagram

long the minor axis, as indicated by the green arrows. The extent of
he observed emission is well reproduced by the model. The radial
rofiles of V rot , σH I , and � H I of this second model are compatible
ithin the uncertainties with those obtained for the first model (see
ppendix B ). 
We also obtained a third best-fitting model by fixing V rad and

tting V rot , σH I , and PA in order to include both the warp and radial
otions. After various trials with different values of V rad , we obtained
 satisfactory fit assuming V rad = −5 km s −1 (see the right-hand panels
f Fig. 8 ), which is consistent with the results of Gentile et al. ( 2007 ).
his model reproduces fairly well the H I emission and, in particular,

t is able to account for the H I with anomalous kinematics indicated
y the green arrows in the pv-diagram along the minor axis. From a
hannel-by-channel inspection, we conclude that the second model 
ith radial motions but no warp and the third model with both

he warp and radial motions are equally good at reproducing the
bservations. The rotation curve and the radial profiles of σH I and 
MNRAS 512, 1781–1794 (2022) 

 In order to a v oid unrealistic discontinuities, we regularized the PA 

adial profile by choosing the two-step fitting procedure of 3D BAROLO 

 twostage = True ): after the first run, the PA profile is interpolated 
sing a second-order polynomial function, which is then used in the second 
un to remo v e a free parameter from the fit. 
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Figure 7. Left-hand panel: H I total intensity map from WSRT observations. The white contours are the iso-density curves, which start at 1 M � pc −2 (roughly 
corresponding to the 3 σ pseudo noise level in the total map; see Verheijen & Sancisi 2001 ; Lelli, Verheijen & Fraternali 2014c ) and increase with steps of 
2 M � pc −2 up to 21 M � pc −2 . The magenta bar shows the physical scale of the observations. Right-hand panel: velocity field (only pixels with � H I > 1 M � pc −2 

are shown). The black curves are the iso-velocity contours spaced by ±5 km s −1 from V sys = 228 km s −1 (thick contour). Solid and dashed curves are, respectively, 
for the receding side and the approaching side of the disc. The magenta dot shows the beam size. In both panels, the black cross indicates the kinematic centre. 
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 H I of this third model are compatible with those of the previous
odels (see Appendix B ). 
We note that these estimates of V rad can be very uncertain, since the

uperimposition of emission at different line-of-sight velocities can
nfluence the determination of V rad . This issue might be important
n the case of galaxies with a warp along the line of sight and for
ignificantly thick gas discs, which is likely the case of dwarf galaxies
e.g. Roychowdhury et al. 2010 ; Iorio et al. 2017 ; Bacchini et al.
020 ; Patra 2020 ). Since it is not known which side of the disc
s the closest to the observer, it is not possible to unambiguously
iscern between gas inflow or outflow, hence the sign of derived V rad 

s also uncertain. If we assume that the H I spiral arms are trailing
ith respect to the rotation direction, we can infer that the galaxy is

otating clockwise and that the gas is inflowing with a median mass
nflow rate of the order of 0.1 M � yr −1 , in agreement with the most
ecent estimates for star-forming galaxies in the local Universe (see
i Teodoro & Peek 2021 ). 

 DISCUSSION  

n this section, we first compare the results obtained from the analysis
f the stellar and the gaseous components. Then, we discuss possible
volution scenarios that can explain the peculiar properties observed
n NGC 3741. 

.1 Comparison between stars and gas 

n Fig. 9 , we compare the distribution of the stellar populations with
ifferent ages (see Section 2 ) with the H I distribution and kinematics
see Section 3 ), focusing on a 7 × 7 arcmin 2 central galaxy region.
he figure immediately emphasizes the significantly smaller spatial
xtension of the stellar components compared to the H I . 
NRAS 512, 1781–1794 (2022) 
The bulk of the youngest stars (age � 50 Myr) is concentrated
ithin a central region of � 1 kpc size and coincides with the highest
ensity peak in the H I emission at � H I � 26 M � pc −2 . On the other
and, the bar-like structure, the ‘northern hook’ and the ‘southern
ail’ ( � 300 Myr old) are aligned along the direction of the H I disc
ajor axis and are about three times more spatially extended than

he youngest stellar population. The bar coincides with the high H I

ensity region suggested in previous studies to be a purely gaseous
ar (e.g. Begum et al. 2005 ; Gentile et al. 2007 ; Banerjee et al.
013 ). The hook and the tail appear slightly (anti-clockwise) rotated
ith respect to the direction of the H I spiral arms emanating from

he galaxy centre. We notice that the tail is located at the same
osition of the strong distortion in the H I iso-velocity contours at
08–213 km s −1 . 
The oldest (age � 2 Gyr) stellar population is also located at the

entre of the H I disc, but its distribution is round and does not
ppear to follow the H I morphology. It encompasses regions with H I

ensities from � 26 M � pc −2 down to � 6 M � pc −2 with increasing
alacto-centric distance. As discussed in Section 2 , this old and
pheroidal stellar component appears less spatially extended than
he stars with age � 200–300 Myr. This property is unusual for dIrrs,
hich often host extended or filamentary structures of young or

ntermediate-age stars, but these are typically less spatially extended
han the old stellar component (see e.g. Tosi et al. 2001 ; Momany
t al. 2002 ; Annibali et al. 2008 , 2013 , 2020 ; Tolstoy et al. 2009 ;
iggs et al. 2016 ; Sacchi et al. 2016 ; Cignoni et al. 2019 ) 

.2 NGC 3741, a dwarf spiral galaxy? 

he properties of NGC 3741 – i.e. the presence of an extended,
otationally supported H I disc, H I spiral arms, an old spheroidal
tellar component, and extended younger stellar structures – could

art/stac541_f7.eps
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Figure 8. Comparison between the H I observations and three best-fitting models obtained with 3D BAROLO using, for each column, different sets of parameters 
(see text for details). First and second rows: pv-diagram along the kinematic major and minor ax es, respectiv ely (notice that, depending on the best-fitting model, 
the pv-diagrams are for different axis orientations, which are indicated by � in each panel); the observed H I emission is shown in blue (the black contours are 
at 2.5 × σ ch × 2 n , with σ ch = 1.39 mJy beam 

–1 being the noise in the data cube channels), while the model emission is shown by the red contours. The yellow 

points in the first row panels trace the rotation curve of the best-fitting models. The green arrows in the second row panels indicate the emission at velocities 
compatible with non-circular motions. Third and fourth rows: PA and the radial velocity as a function of the galactocentric radius R for the best-fitting models. 
The red points show either the best-fitting parameters or the assumed values, while the red curves, when present, are the regularized profiles. The black dashed 
line indicates the median of the free parameters. 
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uggest that we are observing a low-luminosity spiral galaxy with a 
rominent bulge and faint spiral arms. Indeed, NGC 3741’s stellar 
ass of 3.8 × 10 7 M � is about one order of magnitude lower than

he stellar mass of the smallest known spiral galaxies (see e.g. 
he compilation in Calzetti et al. 2015 ), which would make this
ystem a rare, extremely low-mass spiral galaxy. Dwarf galaxies are 
nown to typically lack strong spiral structures, even in the presence 
f an extended, gaseous disc dominating the baryonic component. 
hosh & Jog ( 2018 ) suggest that in these systems, the dark halo

ends to suppress the growth of non-axisymmetric perturbations in 
he gas components and that only occasional, weak spiral features 
such as those observed in the H I disc of NGC 3741) can be triggered
y tidal encounters or by gas accretion. 

.3 A gaseous and stellar bar in NGC 3741? 

revious authors (Begum et al. 2005 , 2008 ; Gentile et al. 2007 ;
anerjee et al. 2013 ) ascribed the presence of radial motions in
GC 3741 to a purely gaseous bar, which can be tentatively identified
s a central and elongated region with high H I density (see left-hand
anel in Fig. 7 ). Ho we ver, purely gaseous bars are rarely observed:
esides NGC 3741, the only other known cases are those of DDO 168
Patra & Jog 2019 ) and NGC 2915 (Bureau et al. 1999 ). Indeed, the
longated, bar-like structure made of intermediate-age stars ( � 200–
00 Myr) in the top right- and bottom right-hand panels of Fig. 9 may
e the stellar counterpart of the gaseous bar previously detected in
GC 3741. Ho we ver, a bar is not identified in the stellar population
lder than 2 Gyr, which constitutes more than 80 per cent of the
otal stellar mass of NGC 3741 (Weisz et al. 2011 ) and exhibits
 spheroidal distribution. 

Stellar bars are thought to typically form as a consequence of
isc instability (e.g. see Athanassoula 2013 , for a re vie w) but several
tudies have shown that a dominant dark matter halo tends to slow
own bars (Debattista & Sell w ood 1998 ) or even to prevent their
ormation (Mihos, McGaugh & de Blok 1997 ) in dwarf galaxies.
tellar and gaseous bars may also form as a consequence of tidal

nteractions (Gajda et al. 2018 ; Pettitt & Wadsley 2018 ) or gas accre-
ion (Combes 2014 ). For instance, through N -body hydrodynamical 
MNRAS 512, 1781–1794 (2022) 
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Figure 9. Comparison between the distribution of stars with different ages and the H I distribution and kinematics. The H I total intensity map is coloured 
according to the H I surface density in M � pc −2 . The iso-velocity contours (in km s −1 ) from the H I velocity field are shown by the solid and dashes lines for 
the approaching and the receding side, respectively; the thick contour indicates the systemic velocity. The grey box indicates the ACS FOV and the magenta 
contours show the distribution of stars (we note that the different box shape from Fig. 5 is due to the different scale). Top left-hand panel: distribution of all the 
stars from ACS data. Other panels: distribution of stars in different age bins, as indicated by boxes in the bottom left-hand corner of the panels. The bottom 

right-hand panel is obtained using the LBT observations. 

s  

i  

w  

T  

a  

e  

m
 

f  

a  

t  

f

4
g

T  

a  

s  

g  

h  

s  

S  

T  

s  

o  

(  

L  

i  

v  

a  

c  

B  

B  

s
 

i  

g  

s  

w  

F  

v  

s  

∼  

t
(  

e  

n  

2
 

N  

t  

N  

p  

1  

(  

(  

I  

f  

g  

e  

s  

D
ow

nloaded from
 https://academ

ic.oup.com
/m

nras/article/512/2/1781/6541864 by U
niversità degli Studi di Bologna user on 20 M

ay 2022
imulations, Gajda et al. ( 2018 ) showed that stellar bars can be tidally
nduced by encounters with a massive host in dwarf galaxies that
ould otherwise be stable against bar formation for several Gyrs.
he hypothesis of a tidally induced bar in NGC 3741 is appealing
lso because of the relatively young ages of the stars organized in the
longated, bar-like structure, suggesting that a putative interaction
ay have occurred just a few hundred Myr ago. 
According to Marasco et al. ( 2018 ), weak stellar bars can also

orm in dwarf galaxies if the dark matter halo is triaxial; this would
lso induce non-circular motions in the gas component. Ho we ver, in
his scenario, it seems difficult to explain the absence of a bar-like
eature in the old stellar component of NGC 3741. 

.4 NGC 3741, the precursor/descendant of a starburst dwarf 
alaxy? 

he H I analysis presented in this paper shows that NGC 3741 has
 very high H I density at its centre and that the rotation curve rises
teeply in the inner regions, which are properties typical of BCD
alaxies. BCDs, sometimes also called star -b ursting dwarf galaxies,
ave higher central H I surface densities than ‘normal’ dIrrs and
teeply rising rotation curves (e.g. van Zee, Skillman & Salzer 1998 ;
impson & Gottesman 2000 ; Lelli, Verheijen & Fraternali 2014b ).
hese properties indicate a strong mass concentration at their centre,
uggesting that the starburst is closely related to the central shape
f the gravitational potential and to the inner concentration of gas
van Zee, Salzer & Skillman 2001 ; Lelli et al. 2012a , b , 2014b ;
elli, Fraternali & Verheijen 2014a ). Moreo v er, Lelli et al. ( 2014a )

dentified a population of ‘compact’ dIrrs with steeply rising circular
elocities (similar to those of BCDs) but moderate star formation
ctivity. These authors proposed that compact dIrrs are the best
NRAS 512, 1781–1794 (2022) 
andidates for being either the progenitors or the descendants of
CDs. NGC 3741, which shows all the typical characteristics of
CDs with the important exception of the SFR, may fit into this

cenario, as discussed in the following. 
The azimuthally averaged central H I surface density of NGC 3741

s ≈8 M � pc −2 (see Appendix B ) and its inner circular velocity
radient, defined as V c ( R d )/ R d (with R d being the exponential disc
cale length), is ∼50 km s −1 kpc −1 ; both these values are consistent
ith the typical values of BCDs and compact dIrrs (Lelli et al. 2014a ).
or comparison DDO 87, a dIrr with H I mass and maximum circular
elocity similar to those of NGC 3741, has a much lower inner H I

urface density of � 3 M � pc −2 and a lower inner velocity gradient of
22 km s −1 kpc −1 . Ho we v er, the av erage SFR surface density within

he optical radius of NGC 3741 is � SFR � 4 × 10 −3 M � yr −1 kpc −2 

Lee et al. 2007 ; Begum et al. 2008 ; Kennicutt et al. 2008 ; Johnson
t al. 2013 ; Roychowdhury et al. 2017 ), which is more typical of
ormal dIrrs rather than of strong starburst dwarfs (e.g. Tolstoy et al.
009 ; Cignoni et al. 2019 ). 
What is the origin of the peculiar properties observed in

GC 3741? We suggest that a merger event or gas accretion from
he intergalactic medium may be the cause. In fact, the H I disc of
GC 3741 is about seven times more extended than the stellar com-
onent, a property observed only in few other dwarfs such as DDO
54 (e.g. Krumm & Burstein 1984 ; Iorio et al. 2017 ), NGC 4449
Bajaja, Huchtmeier & Klein 1994 ; Lelli et al. 2014b ), NGC 2915
Meurer et al. 1996 ), and I Zw 18 (e.g. Lelli et al. 2012a , 2014b ).
t has been suggested that these extended H I discs may accumulate
rom the accretion of cold gas, either through minor mergers or from
aseous filaments coming from intergalactic medium (see Sancisi
t al. 2008 , and references therein). In NGC 3741, this scenario is
upported by the possible existence of a symmetric warp and by the
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resence of radial motions throughout the H I disc which seem to
ncrease towards the galaxy outskirts. Under the assumption that the 
 I spiral arms are trailing with respect to the rotation direction, i.e.

hat the galaxy is rotating clockwise, the observed radial motions 
ranslate into an inflow of gas towards the galaxy centre. 

The anomalous extended young stellar components, i.e. the ‘tail’, 
he ‘hook’, and the bar-like stellar structure (superimposed to a bar- 
ike gaseous o v erdensity) seem to strengthen the accretion/merger 
ypothesis: these anomalous features may, in fact, originate from 

as inflo w to wards the galaxy centre that has triggered star formation
 few hundred Myr ago. However, the uncertainties in the derived 
FH (Weisz et al. 2011 ) do not allow us to confirm or exclude the
ccurrence of a major starburst in NGC 3741 a few hundred Myr
go and to e v aluate if its strength was comparable to those typically
bserved in BCDs. It is also possible that this galaxy is now at the
eginning of a star -b ursting phase and ready to turn into a BCD. 

 SU M M A RY  A N D  C O N C L U S I O N S  

ur study shows that NGC 3741 exhibits peculiar properties for 
warf galaxies, both in its stellar and in its gas components. LBT
nd HST imaging revealed the presence of a bar-like stellar structure
rom which two elongated features, that we dub the ‘northern hook’ 
nd the ‘southern tail’, appear to depart. This bar–hook–tail feature 
xtends for ∼3.5 kpc in the direction of the H I disc major axis, is
ominated by stars a few hundred Myr old, and is about twice as
xtended as the old (age > 2 Gyr) stellar component. On the other
and, very young stars (age < 50 Myr) are confined to the central
 � 1 kpc) region of the galaxy where the H I density is the highest.
his configuration is quite uncommon among dwarf galaxies: (i) 
lthough irre gular, e xtended, or filamentary structures made of very 
oung-to-several hundred Myr old stars are often present there, such 
eatures do not typically encompass the spatial distribution of the old 
tellar component; (ii) since their potential is dominated by the dark 
atter halo, dwarf galaxies are thought to be quite stable against bar

ormation; (iii) a bar composed of young stars, but not identified in
he old stellar component, is quite unusual and difficult to explain. 

To investigate the origin of the peculiar stellar properties and their 
ssociation with the gas, we performed a new analysis of H I archi v al
ata. The stellar bar coincides with a central, elongated region of
igh H I density suggested in previous studies to be a purely gaseous
ar. The hook and the tail appear slightly (anti-clockwise) rotated 
ith respect to the direction of the H I spiral arms emanating from

he galaxy centre. From the H I kinematics, we confirm the presence
f H I radial motions (indicating an inflo w/outflo w). 
The H I distribution and kinematics indicate that the surface density 

s very high at the galaxy centre, peaking at � 26 M � pc −2 , and that
he rotation curve rises steeply in the inner regions, indicating a 
trong concentration of mass at the galaxy centre. These properties 
re typical of star -b ursting BCD galaxies, b ut less common for dIrr
alaxies with modest SFRs, such as NGC 3741. 

These results lead us to speculate that the unusual properties 
bserved in NGC 3741 may be due to an advanced-stage merger 
ith a low-mass companion or to the accretion of gas from the

ntergalactic medium, which caused the gas to inflo w to wards the
entral regions and triggered star formation a few hundred Myr 
go, forming two elongated young stellar features (the ‘tail’ and the 
hook’) and a central bar-like structure superimposed to a similarly 
longated H I o v erdensity. This accretion/interaction event may also 
xplain the presence of a very extended H I disc and of the central
 I spiral arms. The high central H I density and the steeply rising
otation curve suggest that NGC 3741 may be the progenitor or the
escendant of a starbusrt dwarf. 
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PPENDI X  A :  PROJECTED  MASS  PROFILE  O F  
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e fitted the old stellar component (projected) mass profile using
ndividual star counts. To do this, we started from the HST ACS
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NGC 3741: recent merger or ongoing gas accretion? 1793 

Figure A1. Fit to the old component stellar profile. Red squares denote the observed RGB counts, while the solid line is our best fit. The grey shaded area 
delimits the 16th and 84th percentile region of uncertainty. The fit in the left-hand panel was obtained considering all star counts within a galacto-centric distance 
of 20 < R < 85 arcsec, while the fit to the right-hand panel was restricted to a smaller 20 < R < 50 arcsec range. 
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hotometric catalogue described in Section 2.2 and selected RGB 

tars down to 2 mag fainter than the RGB tip. We assume that star
ounts on the RGB trace the old stellar mass. We considered only
tars with galacto-centric distances between 20 and 85 arcsec: star 
ounts within 20 arcsec from the galaxy centre are highly affected by
ncompleteness due to severe crowding, while star counts beyond 
5 arcsec can be significantly affected by background galaxies’ 
ontamination. The counts were binned into N = 13 concentric 
ircular annuli centred on the galaxy nominal centre. Thus, the profile 
onsists of a set of D ≡ { R i , n i , δn i } points, with i = 1,..., N , where
 i is the average distance of the i -th bin, n i the stellar counts in

hat bin and δn i the associated Poisson error. To derive the system
f fecti ve radius (i.e. the distance on the plane of the sky that contains
alf of the stellar mass), we fit the profile with a S ́ersic model 

 ( R) = n 0 exp 

[
b m 

(
R 

R e 

) 1 
m 
]
, (A1) 

here n 0 is the normalization, R e the ef fecti ve radius, m the S ́ersic
ndex, and b m as in equation (18) of Ciotti & Bertin ( 1999 ). To explore
he parameter space, we used a Markov chain Monte Carlo (MCMC)

ethod. The log-likelihood of the model ln L ( ξ | D), defined by the
arameter vector ξ = { n 0 , R e , m } , given the data D is 

ln L ( ξ | D) = −1 

2 

N ∑ 

i= 1 

(
n ( R i ) − n i 

δn i 

)2 

. (A2) 

e ran 16 chains, each evolved for 4000 steps, we used a Metropolis–
astings sampler (Metropolis et al. 1953 ; Hastings 1970 ) to sample

rom the posterior, and we used flat priors o v er the models’ free
arameters. The MCMC was run by means of the emcee library 
F oreman-Macke y et al. 2013 ). We eliminated the first 2000 steps
f each chain as conserv ati ve burn-in and we used the remaining
teps to build the posterior distributions o v er the model’s free
arameters. According to our fit, the estimated ef fecti ve radius is
 e = 19 . 65 + 1 . 61 

−1 . 89 arcsec, while the S ́ersic index is m = 1 . 17 + 0 . 20 
−0 . 16 ,

here the quoted errors have been computed as the 16th and 

4th percentiles of the corresponding marginalized one dimensional 
istributions. The result of the fit is shown in the left-hand panel
f Fig. A1 . Since the more external bins may be contaminated
y stars of the Tail, we tested our estimate of R e also fitting
he projected number density profile with bins in a smaller radial
ange of 20 < R < 50 arcsec (right-hand panel). Although with
arger errors, the inference o v er the models free parameters is
onsistent with the previous case, especially for the estimate of 
he ef fecti ve radius ( R e = 20 . 42 + 2 . 20 

−4 . 83 , m = 1 . 06 + 1 . 01 
−0 . 35 ). In the end, we

stimate the total magnitude of the old stellar component from the
tted profile parameters. To this purpose, we first perform aperture 
hotometry on the LBT images deriving a surface brightness of μg =
6.3 ± 0.3 mag arcsec −2 and μr = 26.5 ± 0.3 mag arccsec −2 in an
 xternal galaxy re gion at 40 < R < 45 arcsec not contaminated by
oung stars; then, once the Sersic profile is normalized to these
 alues, we deri ve total magnitudes of M g = −12.5 ± 0.3 and M r =
12.3 ± 0.3 for the old stellar component. 

PPENDI X  B:  R A D I A L  PROFILES  O F  T H E  H  I 

I STRI BU TI ON  A N D  K I N E M AT I C S  

his section provides the H I rotation curve, the radial profile of the
 I velocity dispersion, and the azimuthally averaged radial profile 
f the H I surface density for the three best-fitting models presented
n Section 3 . These profiles are shown in Fig. B1 , where we also
rovide a comparison with the H I rotation curve from Allaert et al.
 2017 ), the H I velocity dispersion from Gentile et al. ( 2007 ), and the
 I surface density from Begum et al. ( 2008 ). The rotation curves

nd the velocity dispersion radial profiles of our models are perfectly
n agreement, within the uncertainties, with each other and with the
iterature (i.e. Gentile et al. 2007 ; Allaert et al. 2017 ). We note that,
eyond R � 4 kpc, the velocity dispersion profile derived by Gentile
t al. ( 2007 ) from the second moment map of the WSRT data cube is
lightly lower than our profiles, but the associated uncertainties are 
ot available. The H I surface density obtained by Begum et al. ( 2008 )
rom the GMRT data cube is only grossly similar to our profile, but
his could be due to the different data and masking method. 
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art/stac541_fa1.eps


1794 F. Annibali et al. 

MNRAS 512, 1781–1794 (2022) 

Figure B1. H I rotation curve (left-hand panel), radial profile of the H I velocity dispersion (centre), and azimuthally averaged radial profile of the H I surface 
density (right-hand panel) for the three best-fitting models obtained using 3D BAROLO . The blue, green, and magenta curves in the three panels are the H I rotation 
curve from Allaert et al. ( 2017 ), the H I velocity dispersion profile from Gentile et al. ( 2007 ), and the H I surface density from Begum et al. ( 2008 ), respectively. 
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