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Abstract. As part of an &ort to enlarge the number of well-studied Magellanic-tyadagies, we obtained broadband op-
tical imaging and neutral hydrogen radio synthesis obsens of the dwarf irregular galaxy ESO 364-G029. The optica
morphology characteristically shows a bar-like main bodthva one-sided spiral arm, an approximately exponentigitli
distribution, and fiset photometric and kinematic centers. Thedistribution is mildly asymmetric and, although slightly
offset from the photometric center, roughly follows the optlmaghtness distribution, extending to ove2IHolmberg radii
(whereug = 26,5 mag arcse?®). In particular, the highest Hcolumn densities closely follow the bar, one-arm spirat] an
third optical extension. The rotation is solid-body in theér parts but flattens outside of the optical extent. Thed tét flux
Fu, = 231+ 1.2 Jykms?, yielding a total H massMy, = (6.4 + 1.7) x 1¢% M, (for a distanceD = 10.8 + 1.4 Mpc) and a
total Hr mass-to-blue-luminosity ratiMy,/Lg = (0.96 + 0.14) M, /Lg, (distance independent). Therldata suggest a very
complex small-scale Hstructure, with evidence of large shells garcholes, but deeper observations are required for a détaile
study. Follow-up observations are also desirable for agmrepmparison with the Large Magellanic Cloud, where desgit
optical morphology very similar to ESO 364-G029 the lv¢ars little resemblance to the optical.

Key words. Galaxies: individual: ESO 364-G029 — Galaxies: irregulabalaxies: photometry — Galaxies: kinematics and
dynamics — Galaxies: structure — Galaxies: ISM

1. Introduction ical properties such as rotation velocity, nuclear conegioi,
colour, and neutral hydrogen content. Although the prgety
I.n the curre.ntly popglar bottom-.up galaxy a”(?' gtructurafa)r of the class, the Large Magellanic Cloud (LMC; classified as
tion scenarios, studies of gas-rich low-metallicity dwgafax- SB(s)m in NED), is amongst the best studied galaxies (e.g.
ies are invaluable, as these objects must have dominated\}vfla terlund 1997'_ van der Marel et al. 2002: Kim et al. 2003
Universe in the past (e.9. White & Frenk 1991; Kianann et Briins et al. 2005; van der Marel 2006 and references therein

al. 1993; Cole et al. 1994; but see also Chiu et al. 2001). T : . 7
are also expected to be more uniformly distributed tharrthhti general properties of Magellanic systems are surglisin

. . oorly known. The classical reference on the subject resnain
larger counterparts (e.g. Dekel & Silk 1986) and may in fa at of de Vaucouleurs & Freeman (1972). Odewahn (1991
still be the most common type of object in the Universe (e.g ;

: 4 i tudi that it i
Mateo 1998: Im et al. 1999: Driver 1999). 994) provides more modern studies and argues that it is a

The Magellani iral - with ional misconception to consider the LMC and other galaxies like it
e Magellanic-type spirals (Sm; with rotationa SYMag irregular. Magellanic-type galaxies are characterizedn

mefry and some spiral structure) and Magellanic Irregula:5§ymmetric spiral arm connected at one end to a high surface

(Im; asymmetric with no spiral structure) are at the tr"’msb'rightness bar. The bar center is ofteffiset from the center

tion between fully fledged spirals and true dwarf irregular(;f the galaxy as defined by the outer optical isophotes, and

(de Vaucfoul:aurls 19856’ 135|9)' V\Ilith, reapectl to the clf\tter ™Re arm normally has a clumpy appearance, presumably due to
groups of galaxies, Sm and Im galaxies have interme 'ats'phﬁﬁggered star formation. The arm can sometimes be followed

Send  offprint  requests to: Thijs Kouwenhoven, e-mail:
t.kouwenhoven@sheffield.ac.uk 1 NASA/IPAC Extragalactic Database.
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Table 1. Basic properties of the dwarf irregular galaxy ESO 364en the morphology and kinematics, Bush & Wilcots (2004)
G029. The left and middle columns list thefférent quantities and draw a similar conclusion for the neighbours NGC 4618 and

their values; the right column lists corresponding refeesn— (1) NGC 4625. However, not all Magellanic-type galaxies have
NED; (2) HyperLEDA; (3) This paper; (4) Karachentsev et 20@4).

an obvious neighbour for a recent interaction. Bekki & Chiba
(2006) suggest that the morphologies of these apparewtly is

Quantity Value R. Jated galaxies may be explained by a recent interaction with
Morphological type IB(s)m 1 an (optically) invisible companion. The Hsurvey performed
Right ascension (J2000) a = 06'05M452 .

L en by Doyle et al. (2005), however, shows that evidence for the
Declination (J2000) 6 =-330451 . . T .
Galactic longitude | = 23947 existence of these “dark galaxies” is marginal.
Galactic latitude b= _2336 In order to address the asymmetry issue, Wilcots & Prescott

(2004) performed an Hsurvey of a sample of 13 Magellanic
spiral galaxies with apparent optical companions. In their
study, they find that only four of these have confirmed H
detected neighbours. Their study also indicates that tas-pr
ence of companions near NGC 2537 and UGC 5391 has no ef-
fect on the morphology of these galaxies, and that Magellani
spirals are no more asymmetric than a random sample in the
field. The latter conclusion is supported by bbservations of

the interacting Magellanic spirals NGC 4618 and NGC 4625
(Bush & Wilcots 2004). On the other hand, in their study of
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3
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g (possibly) interacting Magellanic galaxies in the M81 grpu
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Vo = 784+ 2 kms!

hg = 50" +5”

Ros = 1729+ 009

Ros = 1:27+ 0,03

Ry = 230+ 0:08

i =705

025 = 0.51+ 0.06

Ozs = 0.54+ 0.04
Asymmetry Qasym= 1.7%

Position angle (2B mag arcse®)PA = 55.4°

PA=62 + 4

1p(0) = 23.3 mag arcse?
Br = 1381+ 0.22 mag
Br =138+ 0.1 mag
B, =138+ 0.22 mag
B. =136+ 0.1 mag
Mg = —16.44 mag

Mg = -16.6 + 0.3 mag

Heliocentric radial velocity
(from Hr measurements)

Scale lengthB)

Radius (2B mag arcse®)

Radius (266 Bmag arcse®)
Inclination
Axial ratio (25B mag arcse?®)

Bureau et al. (2004) find no large-scale tidal feature andhno i
tergalactic H cloud near the Magellanic dwarf M81dwA, and
remark that this galaxy could be a tidal dwarf galaxy (rather
than a perturbed “regular” dwarf), resulting from the delwi
a past encounter with Holmberg .

Magellanic dwarf galaxies are also known to contain a large
number of shells and holes in their interstellar medium.sehe

Central surface brightness
Apparent totaB mag

Corrected apparer® mag

Corrected absolutB mag

Distance D = 8.02 Mpc structures are created by winds and supernova explosions of
D =108+ 1.4 Mpc the most massive stars in star forming regions. Unlike ire$pi
Scale [;z ;; 'Ii/'pic systems, these structures are Iong—liyed in dwarf galagies
1 -31+04 kpe to sohd—bod.y'r.otauon and a lack densny of waves. Wellakno
1 =22 kpc dwarfs exhibiting shells and holes include the LMC (SB(s)m;

Kim et al. 1998), IC 2574 (SAB(s)m; Walter & Brinks 1999)
and Holmberg Il (Im; Puche et al. 1992; but see also Rhode et
al. 1999; Bureau & Carignan 2002).

A significant amount of neutral hydrogen is known to be
present beyond the optical extent of Magellanic-type gakax
completely around the galaxy and, in some cases, small “egften up to 2—3 Holmberg radii (e.g. NGC 925; Pisano et al.
bryonic” arms are present at the ends of the bar (de Vaucmuletgog: pisano & Wilcots 2000: DDO 43: Simpson et al. 2005),
1955). occasionally reaching up to 6 Holmberg radii (NGC 4449;

Various simulations have shown a that one-armed morphplunter et al. 1998). The Hdistribution of several Magellanic
ogy can develop from a strong tidal encounter with a compagiwarfs is known to exhibit further irregularities, such as H
ion (e.g. Byrd et al. 1986; Howard & Byrd 1990). The model®ops surrounding the galaxy (NGC 4618; Bush & Wilcots
generally predict only a short-lived one-armed spiralatice, 2004) and external spurs or blobs (e.g. NGC 5169; Miihle et
implying that a companion galaxy should generally be presei). 2005; UGCA 98; Stil et al. 2005). An S-shaped distortion i
close to any Magellanic galaxy. Using a sample from the Thitde Hi velocity field, possibly indicating counterrotation, has
Reference Catalog of Bright Galaxies (de Vaucouleurs et Bken observed in NGC 4449 (Hunter et al. 1998) and DDO 43
1991, hereafter RC3), Odewahn (1994) demonstrated the cl(Simpson et al. 2005).
companions are indeed observed in almost every case. As forThe asymmetries and irregularities in tha Histribution
the LMC itself, its interaction with both the Milky Way andof Magellanic-type galaxies are often associated with dn hig
the Small Magellanic Cloud (SMC) is most likely at the origirstar formation rate, such as for IC 10 (e.g. Wilcots & Miller
of its one-arm structure and large-scale disturbed moggyol 1998; see also Thurow & Wilcots 2005). Usingrkbbserva-
(e.g. Putman et al. 1998, 2003 and references therein). tions, Wilcots & Thurow (2001) find that, in several regioris o

The kinematics of the warp in the iHistribution of the the Magellanic spiral NGC 4214, the velocity of the ionized g
Magellanic-type galaxy NGC 3109 and the nearby Antlis 50-100 km st higher than that of the Hindicating massive
dwarf galaxy also suggests that the galaxies had a mild star formation. The study of NGC 4449 by Hunter et al. (2000)
teraction about 1 Gyr ago (Barnes & de Blok 2001). Basedmpares kt, H,, Hr and near-infrared emission, and suggests

Total Hr mass My = (6.4 +1.7) x 10° M,,
H rmass-to-blue-luminosity raticVly,/Lg = 0.96 + 0.14M,/Lge 3
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E while Hr spectral line-imaging is discussed§m. In § 4 we
agem] . . constrain the distance to ESO 364-G029. The discussi§bin
| s g | focuses on a comparison with the LMC, the importance of in-
I h, A ™ . teractions, and the possible presence ofshells and holes in
- | * 1 ESO 364-G029. Finally, our main conclusions are briefly sum-

marized in§ 6.

2. Optical Data

va | 2.1. Observations and Data Reduction

Declination (J2000)
T

. - Optical imaging observations were obtained on the nights of
9-11 April 1997 using the 1-m telescope of Siding Spring
. Observatory (SSO) in Australia. A total of 30 broadband im-
L . : . ages combining short and long exposures were obtained in the
| . ! * ] B, V andl Cousins filter bands. A 2048 2048 thinned TEK
P AN M R e Ty CCD with 15um pixels was used in direct imaging, yielding
6°5™55° 507 45° 40° 35° 30° a spatial sampling of’®1 pix’. A 1644 x 1000 CCD sub-
Right Ascension (12000) section with 100 pixels virtual overscan was read, for altota
Fig. 1. Optical image of ESO 364-G029 from the Digitized Sky Survefi€ld-of-view of 135 x 10:0. The seeing was moderate T+
(DSS); cf. ourBVI images in Figure 2. 2’4) but suficient for basic photometry and comparison with
our Hr observations.

The data reduction was carried out using standard pro-
that the diferent regions of this galaxies are irffdrent stages cedures inIRAF3 (Tody 1986, 1993). All the images were
of star formation. overscan-subtracted, bias-subtracted using bias scasiset

As part of an fort to increase the number of Magellani@very night, and flatfielded using twilight flatfields. Darkrcu
dwarfs with detailed observations, we focus in this papahen rent corrections were not necessary due to the low darkmurre
relatively nearby Magellanic dwarf irregular galaxy ES@36 levels and the relatively short exposure times. The cosnoéti
G029 (PGC 018396). ESO 364-G029 was first reported Hye CCD is good, with only one bad column and few bad pixels.
Holmberg et al. (1978), who classified it as a “dwarf irreguAll targetimages in a given filter were then registered armd-co
lar or emission nebulae” using the ESO (B) Atlas. By combitdined using a pixel rejection algorithm, convolving all iges
ing optical data from the UK Schmidt plates with Parkes Ho a common (largest) seeing in each filter. Because ESO 364-
observations, Longmore et al. (1982) concluded that ES® 363029 is faint but lies in a region with many bright foreground
G029 is a dwarf irregular galaxy, although Karachentseva #ars, all pixels with counts above 20% of the saturatioellev
Karachentsev (2000) designate the object as “dwarf iregguivere rejected in the long exposure images, to prevent eixeess
or reflection nebula” in their optical search for nearby dwableeding. Short exposuresfill in the rejected regionsnegtsie
galaxy candidates in the Southern hemisphere. ESO 364-Go#sking and interpolation of bright foreground stars (see b
was identified (and rejected) as a possible companion of bw).
nearby dwarf galaxy NGC 2188 by Domgorgen et al. (1996). Three sets of carefully selected and corrected Landolt
Zimmermann et al. (2001) reported a possible X-ray count&BVRI standards (Landolt 1992; Bessell 1995) were used for
part to ESO 364-G029 using ROSAT data. ESO 364-G029 gyirotometric calibration. Since we do not require precise-ph
pears in a handful of other surveys, such as the Nearby Optiametry, we adopted the averaged extinctionftcients for the
Galaxies Catalogue (Giuricin et al. 2000), the Catalog &SO 1-m telescope. The resulting combined and calibrated im
Nearby Galaxies (Karachentsev et al. 2004), the HIPA®®&- ages are shown in Figure 2.
logue (Huchtmeier et al. 2001; Meyer et al. 2004; Koribaétki
al. 2004), and the surveys for optiddk counterparts of Paturel
et al. (2005) and Doyle et al. (2005). Although the generglz' Surface Photometry

properties (such as luminosity and ldontent) of ESO 364- standard ellipse fitting using tf#& 1ipse andIsophote pack-
G029 are reasonably well constrained by the above-mermtioRges inIRAF (see Jedrzejewski 1987) was used to derive the
surveys, the detailed morphology and kinematics of theqalagzimuthally-averaged surface brightness profile of ESQ 364
were not studied in detail previously. General properties @029 in each filter. For each semi-major axjshe ellipses are
ESO 364-G029 are listed in Table 1 and an optical image frafRaracterized by the central coordinatesy), the ellipticity
the Digitized Sky Survey (DSS) is shown in Figure 1. e (defined as = 1 — b/a, wherea andb are the semi-major
This paper is organized as follows. Optical observations

and surface photometry of ESO 364-G029 are present¢@in 2 IRAF is distributed by the National Optical Astronomy
Observatories (NOAO), which are operated by the Associatib

2 HiParkes All-Sky Survey: Universities for Research in Astronomy (AURA), Inc., unaeop-
httpy/www.atnf.csiro.afresearctmultibeanireleasg. erative agreement with the National Science FoundatiorFjNS




4 M. B. N. Kouwenhoven et al.: Optical andibservations of ESO 364-G029

- gy T 1] g1
S P .l . . .
. = .

[ &

Declination (J2000)
.
[ ]
Declination (J2000)
Declination (J2000)

6h5m55° 50° 45° 40° 35° 6h5m55° 50° 45° 40° 35° 6h5m55° 50° 45° 40° 35°
Right Ascension (J2000) Right Ascension (J2000) Right Ascension (J2000)

Fig. 2. Logarithmic grayscale images of ESO 364-G029 in the CouBifisft), V (middle) and| (right) filters.The central bar and one spiral
arm characterize ESO 364-G029 as a Magellanic-type dwaakga

and semi-minor axis, respectively) and the position angle P
measured from North to East.

The derived surface brightness profiles should be used with
caution, for the following reasons. First, ESO 364-G028's i
regular and lopsided morphology renders any azimuthally-
averaged profile at best a modest representation of its two-
dimensional light distribution. Second, many bright foxagnd
stars are present in the field of ESO 364-G029. Particularly
troublesome is the bright star TYC 7075-383-1 located near
the North-East edge of the central bar at £ 06"05"476,

§ = —330441'5; J2000), which ha8 = 121 + 0.1 and
V =114+ 0.1 mag (Kharchenko 2001). The most elegant way
to remove the foreground stars is to subtract the stellar pro

Surface brightness (mag arcsec™)

files from the image. However, the brightest stars in the field 0r ]
are saturated and show bleedirffgets even in our shortest ex-

posures, so we masked out the brightest foreground stats, an 7] I S
interpolated the surface brightness in the masked regims. 0 50 100 150 200
the images in each of the three filters have a comparable reso- Semi-major axis (arcsec)

lution, the same regions were used for all filters.

Mainly because of ESO 364-G029's irregular morphologyig 3. The azimuthally-averaged surface brightness profiles of
it was dificult to obtain reliable and stable fits for the whol&S0 364-G029 in the band &olid curve), theV band ¢lashed curve)
range of possible semi-major axe$ (8 155’). Our results are and thel band ¢lotted curve). The error bars indicate therlformal
shown in Figures 3-5. THeband images are less deep becausegors. Systematic errors due to the irregular morpholddyS0 364-
of the re|ative|y br|ght background_ In order to get meanjlhg G029 are probably much larger. The dotted lines indicatestmai-
colors, the ellipses were fitted on tBémage only and imposed Major axis of ESO 364-G029 at tt = 25 and 265 mag arcset
on theV andl band images. One can see that the ellipticity argPPhotes, respectivelfRys = 1:27 + 0/03 andRyo = 2:30+ 0:08.
position angle of the ellipses were successfully fitted aver
limited range of semi-major axes only,’15 a < 83". For
lack of a better prescription, they are assumed constasideut G029 would qualify as a low surface brightness galaxy. The
of those limits. B surface brightness profile also suggests a radius at the

The light profiles are approximately exponential over mo26 mag arcse@ isophote ofR,s = 1/27 + 0.03, identical to
of the optical extentg < 135"), falling off with roughly 1.38 the values listed in HyperLEDAand the RC3. The Holmberg
mag arcmin®. A break to a steeper falltbis seen aa ~ 135’. radius (defined at the 26 mag arcse@ isophote inB; see
A fit to the B profile within that region yields a radial scaleHolmberg 1958) iRy, = 2/30+ 008.
lengthhg = 50” + 5” and an (uncorrected) extrapolated central Over most of the dislB — V = 0.4 + 0.08 mag, slightly
surface brightnesgg(0) = 23.3 mag arcse®. The standard bluer in the very inner and outer parts. This is marginaliyebl
criterion for defining low surface brightness galaxies istfee than the LMC B -V = 0.51 mag; HyperLEDA) but similar to
extrapolated central surface brightness (based on the exite NGC 4618 (SBm; Odewahn 1991). TRe- | color increases
ponential disk) to be equal or fainter than@8&ag arcse? in
B (Impey & Bothun 1997). Following this definition, ESO 364- 4 HyperLEDA: httpj/leda.univ-lyon1.fr .
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I Fig. 5. Color profiles of ESO 364-G029, derived from the azimuthally
__ 100} 7 averaged surface brightness profiles shown in Figufg 3V (solid
3 I curve), V — | (dashed curve) andB — | (dotted curve). The error bars
qB; indicate the 4 formal errors. Systematic errors due to the irregular
S I morphology of ESO 364-G029 are probably much larger. Valrtiot-
Q 80 7 ted lines are plotted at radis andRy,.
g) -
IS
c
S [ 1 . . .
= 60 4 sorption, we obtain the following corrected total apparaag-
g - nitudes:B. ~ 136 + 0.1,V = 134 andl; ~ 12.3 mag.
40r T 3. HiRadio Synthesis Data
e L 3.1. Observations and Data Reduction
0 50 100 150 200
Semi-major axis (arcsec) Radio synthesis data of ESO 364-G029 were obtained with four

different configurations of the Australia Telescope Compact
Fig.4. Ellipticity e (top) and position angle PAbottom) profiles Array (ATCA). Full 12 hour syntheses were obtained with the
of ESO 364-G029, derived with the azimuthally-averagedurface 375, 750C and 750E arrays, while shorter observations (3—
brightness profile shown in Figure 3. Due to the irregularphofogy 4 hour on-source) were also obtained twice in the 1.5D ar-
of ESO 364-G029 it was not possible to successfully fit edigest radii ray. Antenna CAO06, providing the longest possible bassline
larger than 83. € and PA are assumed to be constant for radii Iargg\yas not used in the 375, 750C and 750E arrays. Botlirié
than this value. The error bars indicate formal errors. Systematic and continuum data (centered at 1380 MHz) were obtained si-
errors due (o the irregular mor_phology of ESO 364-G029 eobaly multaneously in two polarizations, but only the line datdl wi
much larger. The dotted lines in both panels indicate thtiiity and be di ! X .
position angle at radRys andReo. iscussed here. In the 375,_ 750C and 750E configurations,

512 channels in each polarization were used, essh Km s

wide, for a total bandwidth of 844 kmik In the 1.5D configu-

i , . ration, 256 channels of60 km s width were used in each po-
from 0.85+ 0.08 mag in the inner parts to3+ 0.1 mag in the |51z ation for a total coverage of 1689 kmisThese and other
outer parts, again similar to NGC 4618. relevant observing parameters are listed in Table 2.

Constructing growth curves from the surface brightness the data were reduced using standard procedures in
profiles shown in Figure 3, the extrapolated total appar@®-m ygyps (Sault et al. 1995) and visualized WRARMA (Gooch
nitudes areBr = 138+ 0.1, Vr = 135+ 0.1 andly = 124+ 1995 The strong source PKS 1934-638 (Reynolds 1994) was
0.15 mag, in good agreement with the values listed in the R@Bserved once briefly in each configuration for use as a flux

(Br = 1358+0.21 mag), HyperLEDARr = 1381+0.22mag) cgjiprator. PKS 0614-349, located2B to the South-East of
and The Surface Photometry Catalogue of the ESO-Uppsala

Galaxie_s Br = 136+ Q.l m_ag;_Lauberts & Valentijn 1989). 5 mIRIAD was developed by the Australia Telescope National
Correcting for Galactic extinction following Schlegel et a Facility (ATNF) which is part of the Commonwealth Scientifiad
(1998), but neglecting the inclination-dependent inteat® Industrial Research Organization (CSIRO) of Australia.
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Table 2. Parameters of the ATCA Hobservations. Observations were

obtained in four dierent configurations, and combined ($e8) for " ATCA observations ' ' ]
ana|ysis_ 03 P HIPASS data E
ATCA array Date of obs. Maximum baseline
375 1997 Oct 3—4 459 m = o2k E
750C 1997 Oct 25-26 750 m S ]
750E 1998 May 30 643 m é
1.5D 1997 Mar 8, 10 3000 m o1k E
Property 1.5D array 375, 750C, 750E arrays : {
Primary beam HPBW 33 HPBW= 33 0.0F -
Correlator FULL8.512-128 FULL4.1024-128 L .
Channel width 3B kHz 7.8 kHz 700 T elocity (km €9 850
(6.60 kms?) (1.65 kms?)
Bandwidth 800 MHz 400 MHz Fig. 7. The global H profile of ESO 364-G029sflid line), obtained
. (1689 kms?) (844 kms™) from datacube NH by integrating the individual channel mapsr
Flux callbr.ator PKS 1934-638 PKS 1934-638 the area containing emission. The total Hux is Fy, = 231 +
Phase calibrator PKS 0614-349 PKS 0614-349

. 1.2 Jykms?. The HIPASS global profile summed over 4 %@0 area
Note: Antenna CAO6 was not used with the 375, 750C and 75Q€ overplotted dotted line). For clarity, the error bars for our ATCA
arrays. data are only plotted for each fourth channel.

sion in each channel. The maps were cleaned until the total
ESO 364-G029, was observed roughly every 50 minutes for ugeéaned flux stopped increasing, typically at a depth &f 2
as a complex gain and bandpass calibrator. times the rms noise per channel, which waffisient to re-

The (ATCA-specific) self-interference channels were firshove all sidelobes. The clean components were then restored
removed, after which the line data were transformed to heliand added to the residuals using a Gaussian clean beaneds list
centric rest frame and Hanning smoothed. Bad data, mostly dii Table 3 (and resulting from a fit to the inner parts of theydir
to short duration interference, was then masked out manudleam). Channel maps of datacube UL (with the best spatial res
and the flux density, complex gains, and bandpass were calistion) are shown in Figure 6, where each map displayeatis th
brated. The continuum emission was subtracted iuttidane  average of 5 channels to increase sensitivity.
using a linear fit to line-free channels on each side of ESO 364
G029's emission (excluding bandpagkeated channels), and .
theuv data were then imaged to create dirty cubes. 8.2. Global H Profile

Both uniform- and natural-weighted cubes were creatdd maximize the flux recovered, the (masked) NH datacube
and a 33 x 33 box (equal to the primary beam diametenvas used to derive the global profile of ESO 364-G029, which
was imaged. In each case the pixel size was chosen to sanighown in Figure 7. The linewidth (uncorrected for instam
the synthesized beam with 2 to 3 pixels. The four datacultes broadening) at 20% of the peakA¥9cs = 89+ 2 kms'?,
used in our analysis are listed in Table 3, and are hereafigrile that at 50(V<AV§83 = 73+ 2 kms'. We adopt a sys-
abbreviated as NH (naturally-weighted, high-sensitidgt- temic velocity, taken to be the midpoint of the velocities at
acube), UH (uniformly weighted, high-sensitivity dataejb 20% of the peak, o/sys = 784+ 2 kms™!. An intensity-

NL (naturally weighted, low-sensitivity datacube) and Wini- weighted mean of the entire profile giveg = 785+ 2 kms,
formly weighted, low-sensitivity datacube). For datacsibdd consistent with the former value. Longmore et al. (1982) ob-
and NH we merge the 375, 750C and 750E arrays only, whilgined(V) = 790+ 5 kms?! andAVsy = 85+ 10 kms? from

for datacubes UL and NL we combine the data for all arrayBarkes Telescope data (HPBW.5S'). Both values are in good
Note that the low-sensitivity datasets (NL and UL) have a siggreement with our observations, especially considetiag) t
nificantly higher spatial resolution. In the analysis belw& the slightly lower spectral resolution of Longmore et ab§2)
use the the high-sensitivity datasets for global properied may have led to a mild overestimation &¥s,. Huchtmeier et
the high-resolution datasets for the small-scale morghpoloal. (2001) lis(V) = 787+ 3 km s andAVsg = 65 km s from
Table 3 lists the root-mean-square (rms) noise per chamael &#1PASS, also using Parkes.

synthesized beam for each dataset. When considering tse noi After integration over the full profile in Figure 7, we find
levels reached, one should remember that the channel widttotal Hr flux Fy;, = 231 + 1.2 Jykms?®. Longmore et al.
for the 1.5D observations was four times as large as that {0982) obtained 3& 4 Jy kms* but Huchtmeier et al. (2001)
the other arrays, although these observations were regtidéist 13.7 Jy kms?, while Koribalski et al. (2004) and Meyer
onto the narrower .65 kms? channels when combined withet al. (2004) respectively quote 67 2.5 and 172 Jykms?

the shorter arrays. from HIPASS data (the latter HIPASS measurements were ob-

The Clark Clean algorithm (Clark 1980) was used for thained under the assumption that ESO 364-G029 is a point
deconvolution, cleaning an area tightly encompassingrttis-e source). It is thus unclear from those if our synthesis cbser
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Table 3. Properties of the four datacubes used in our analysis. Earihlysis of the detailed morphology of ESO 364-G029 weheséong-
baseline datacubes NL and UL, which have a high spatialutisnl For the derivation of the global structure of ESO 8329 we use the
datacubes NH and UH, which contain only the short baselisemations. The latter datasets are therefore deeperhbdnrimer, but have

lower spatial resolutions.

Datacube Properties Arrays used Pixel Weighting rms noise eanBproperties
size per channel FWHM ¢

(arcsec) (mJy beart)  (arcsec) (deg)
Datacube NH high sensitivity, low resolution 375, 750C aBE 16x 16 natural Y] 132x 70 -1
Datacube UH high sensitivity, low resolution 375, 750C aBF 16x 16  uniform 33 72x 45 0
Datacube NL  low sensitivity, high resolution  All arrays x4 natural 15 58x 38 +8
Datacube UL  low sensitivity, high resolution  All arrays x4 uniform 26 21x10 +30

100l 732.7-741.0kms* | 741.0-7492kms® ] 7492757.5kms’  } 757.5-765.7kms’

S

o et et
g L 774.0-782.2 km s
[S]
P
= .
N—r
+—
Q
(2]
t l
o
0
¢

D100

100} 798.7-807.0 kms™ 1 807.0-815.2kms™ i 8152-8234kms* | 823.4-831.7kms’

) 1] Q
50 ° % 1 @ I Q)b
- 0
or + ' $ Q
-50

-100f 1 1 1 Q
100 50 0 -50-100 100 50 0 -50-100 100 50 0 -50-100 100 50 0 -50-100
RA offset (arcsec)

Fig. 6. H1 channel maps of ESO 364-G029 for datacube UL (see Table 8h Eap is the average of 5 channels to increase the sensitivit
(8.25 km s per map). Contour levels are at 3, 6, 9 and 12 times the rms imosach map (2 mJy beam). The heliocentric velocity range of
each map is indicated in the top-left corner. The synthedimam is 21 x 10” with a position angle of 30 and is indicated in the bottom-right

panel.

vations are missing any short spacing flux or not. We reasis. Simplifications can however be made using the isophotal
alyzed the HIPASS archive observations ourselves, summangs ratio as a measure of the disk inclination (Giovanébile
the data in a 40x 40 box, and we find a total Hflux of 1994). The correction factora(b)®*2, for the disk of ESO 364-
218 + 1.0 Jykms?, still lower than the result of LongmoreG029 is about 1, so this &ect is likely small; we have not
et al. (1982) but consistent with our own ATCA measuremertorrected for H self-absorption above.
This HIPASS global profile is also shown in Figure 7.

Additional uncertainties in the Hlux include the possibil-
ity of H 1 self-absorption and the existence of dense gas clumps The ATCA global profile shown in Figure 7 appears asym-
associated with the apparentlyffidise Hi gas (Grenier et al. metric, with more H at higher velocities. This behaviour is
2005). Given thatNy, /7 ~ Ts A V), whereNy, is the column common among late-type dwarfs (e.g. Richter & Sancisi 1994;
density,r the opacity,Ts the spin temperature, andandTs Swaters et al. 2002). Schoenmakers et al. (1997) have devel-
are correlated (Dickey & Lockman 1990), it is not easy to cabped a complex algorithm to quantify asymmetry using Faurie
culate a definite upper limit foNy, even from the line analy- techniques. In our analysis, however, we restrict oursetoe
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the standard moment maps, and quantify the importance of the
asymmetry with the parameter

]Iﬁfuwdv—jZJoom4
[ 1wy dv

where I (v) is the flux as a function of frequenoy In the i
expression above, we adopted integration limits of 720 arid o5~
860 kms?, respectively (as for the mean velocity and tota@ I
fluxes above). The global profile asymmetry of ESO 364-G0Z9
is thus mild and the HIPASS data show an even milder asym-
metry.

—33°03'|—

= 1.7%, (1)

asym = -
704' |

on (J2000)

70’?’7

P B B I I
3.3. Hi Moments and Rotation Curve 6h05™55°  50° 45° 40° 357
Right Ascension (J2000)

W
S
w

Moment maps were derived in the standard manner from the
cleaned cubes of the datasets listed in Table 3. Figures 8-10
show the total H map, the velocity field and the velocity dis-
persion field for the high-resolution dataset, both unif@mad
natural-weighted. All significant emission is contiguoasas
mask was derived from the zeroth moments and applied to t
others.

The total Ht maps (Figure 8) show that thertfbughly fol-
lows the optical light, although slightlyftset to the North-East,
and has the same asymmetries. The map from datacube LE_
shows very well that the His concentrated along the main
bar and the one-arm spiral, although there is a third comtone
intermediate between those two in terms of position, length
and mass. While this third component has a stellar counter-  -o7| & .
part where it joins with the bar, this does not appear to be the "611‘;;5‘55‘ "‘51)5‘ = 413 — 4‘0 — 3‘5 = ‘3(;
case over its entire length. The velocity fields (Figure 9) re Right Ascension (J2000)
veal solid-body rotation over the entire optical extentpane
mon feature among dwarf irregular galaxies (e.g. de Blok et &9 8. Total Hr maps of ESO 364-G029 for the low sensitivity (high
1996; Swaters 1999). Interestingly, no kinematic lopsites resolution) datacubeslop: UL isodensity contours overlaid on a

: _ . . . scale representation. The contours represent 1, 2 tinued the
is present and the one-arm spiral has no obvious |nﬂuence:;_:’!gi!ﬁt/est contour of 50 mJy beatrkm s or 2.65x 16%° cm2, Botton:

the k'inematiCS., although this may simply b,e related to thw PXL contours overlaid on a DSS image. The contours represéntlD,
spatial resolution of mo'gt maps. Th'e rotatl'on curve ap.uea. IS5, 20, 25 and 30 times the faintest contour of 80 mJy bém s
flatten at the largest radii and a kink in the kinematic majois o 0.4 x 10?° cr 2. The contours generally increase toward the center

suggests the presence of a warp in the outer parts. The t4eloghd the synthesized beam is indicated in the bottom-lefteraf each
dispersion is 8-16 knT$ over most of the galaxy (Figure 10),map.

the higher values being reached over the optical bar and the

third ﬁomponint. q | | _ | | ESO 364-G029, but is consistent with the values returned by
TheGIPSY® (van der Hulst etal. 1992; Vogelaar & Terloug o1y in our first trials, and is likely a good approximation

2001) implementation oROTCUR (Begeman 1987) was USeQ¢ e trye inclination of ESO 364-G029. For an oblate galaxy
for rotation curve fitting. The target was divided into contee | . semi-major axis and semi-minor axis, the relation be-

tilted rings, each approximately half a beam width wide, ahdtween the intrinsic thicknesg, = c/a and the projected axis
first all six parameters describing each ring were left fthe: ratio q is given by

center coordinates{,yo), Systemic velocitysys, inclinationi,

position angle of the kinematic major-aignd rotation veloc- 2 - ¢ -5

ity Vot After a few trials with the velocity field of the NL dat- cosi = 1— q(Z) (2)

acube, the systemic velocity was fixed\g,s = 784 kms?, o o

and the center coordinates were fixedat={ 6'05"434, 5 = (e.g. Bottinelli et al. 1983?. Fc_)r.an intrinsic thlckne@s:_ 0.2

_33°0431”; J2000). (lembgrg 1946), an |nc'I|nat|on.: 7@5 implies a projected
As the inclination is only loosely constrained by the obse®XiS ratioq = 0.38, consistent with our observations at large

vations, we fixed it at the HyperLEDA value of= 7G:5. This radii (e.g. Figures 4 and 8). In any case, the rotation ve&xi

value for the inclination depends on the assumed thicknes<g" €2sily be scaled for other inclination values. .
With the values of %o, yo), Vsys andi are fixed, we fit for

6 Groningen Image Processing System. the kinematic position anglg¢ and rotation velocity,y: as a
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Fig. 9. Same as Figure 8 but for the velocity fields of ESO 364-G028ig. 10. Same as Figure 8 but for the velocity dispersion fields of
The isovelocity contours increase toward the North-Eadtcawer the ESO 364-G029. The contours generally increase toward titercand
velocity range 750-820 kntkin both panels. The contours are spacetepresent 2 and 6 km’s(top) (unreliable) and 8 and 12 km's(bot-

by 10 km s? (top) and 5 km st (bottom). tom).

4. Distance Determination and Total Fluxes

No precise determination of the distance to ESO 364-G029 is
function of semi-major axis positicmusing datacube NL. The available in the literature (e.g. through Cepheids or theofi
fitted position angle is consistent with= 60° + 5° over the the red-giant branch), but it can be estimated in severabway
whole semi-major axis range. The resulting rotation cusse Adopting Hg = 70 kms! and a Local Group infall toward
shown in Figure 11, overlaid on a position-velocity diagrarthe Virgo cluster of 208 km$, HyperLEDA lists a distance of
taken along the major-axis. As tha Eolumn density decreases3.02 Mpc. For our analysis we adopt the slightly more refined
rapidly at large radiid = 2/3), we obtain our data points atlinear Virgocentric flow model of Schechter (1980). We deriv
these radii from the high-sensitivity datacube NH. Thetiota a distance to ESO 364-G029bf= 10.8+1.4 Mpc (random er-
curve is typical of late-type systems, rising in an almodiiso rors only), adopting a Virgo distance Dfjrgo = 16.1+1.2 Mpc
body manner in the central parts. The maximum rotational viégandom errors only; Kelson et al. 2000), an observed Virgo
locity of Vit sini ~ 40 kms? is reached aa ~ 2 (the optical redshift of Vyigo = 1079 kms?! (Ebeling et al. 1998), a
extent), corresponding to a projected distance.860.8 kpc, Local Group Virgocentric infall velocity of 25% 32 kms?,
and the rotation curve flattens out at larger radii. The dafdaronson et al. 1982) and a Virgocentric density contrast
hint at a decline in the rotational velocity at radiiz 27, 7y = 2 (representative of Abell clusters; Peebles 1976). An an-
though deeper Hobservations are necessary to confirm thigular separation of’then corresponds to a projected distance
One should however remember tR&ITCUR assumes axisym- 3.1 + 0.4 kpc.
metry (like E11lipse for the surface photometry; sge2.2), At this adopted distance, the totaliflux Fy = 231 +
which may not be the case in ESO 364-G029. Our results mhg Jy kms? (see§ 3.1) corresponds to a totalifhassMy, =
thus be systematically biased. (6.4+1.7)x 10° My. ¢, From the corrected total apparent mag-
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latter point. Despite the irregular morphology, howevée t
azimuthally-averaged optical profiles are approximatajyoe
nential up toa ~ 135’, after which they fall & more rapidly
(see Figure 3).

In our total H map of datacube UL, the Hdistribution
has a radial extent of at least8(corresponding to a column
density of 04 x 10?° cm™2; see Figure 8), thus extending to at
least 22 Rys or 1.2 Ryo. This is fairly typical of dwarf irregular
galaxies (e.g. Hunter 1997). Tha i$ also asymmetric, the col-
umn density falling  more steeply to the South-East than the
North-West, and the absolute peak being slightlizet to the
North-East. Both ffects are common in late-type dwarf galax-
ies (see, e.g., Swaters et al. 2002).

The Hr distribution is also slightly fiset compared to the
i optical in all our maps, being shifted toward the North-East

3 2 1 0 1 > 3 and the H kinematic center does not correspond to the op-
Angular offset (arcmin) tical center as defined by the surface photometry. The latter
displacement is about 23 corresponding to a projected dis-
Fig.11. The rotation curve of ESO364-G029 as derived from tHi@nce of 12 + 0.2 kpc. This dfect is present in a number
tilted-ring model described in the text, overlaid on a goays of Of Magellanic-type galaxies (e.g. de Vaucouleurs & Freeman
the major-axis position-velocity diagram (datacube NLamesize 1972). In particular, there are strong indications in the@M
58’ x 38’). The data points at radii larger thafB2are obtained from that the kinematic center derived from the {¢.g. Kim et al.
datacube NH (beam size 132 70”), which has a higher sensitivity. 1998) is very diferent from that of the main disk, as traced
The solid curve shows the fit to the whole velocity field, white by the distribution of red giant branch (RGB) and asymptotic
crosses show the fit to the approaching sikt)(and receding side giant branch (AGB) stars (van der Marel 2001) or the kine-
(right) of the galaxy only. Contour levels are overlaid at 7.5, 20, 4 yatics of intermediate-age carbon stars (van der Marel. et al
60 and 80 mJy bearh Rotational velocities areot corrected for the 5555. 5|5en & Massey 2007), while the morphological centers
uncertain inclination. For an inclinatian= 705 (HyperLEDA), the . . .
rotation curve must be scaled up by 6%, derived from th'ose latter .tracers are in roqgh agrgemem wit
each other (Weinberg & Nikolaev 2001). Evidence is also-gath
ering that the LMC is intrinsically elongated (van der Magel
nitudes listed ir§ 2.2 (corrected for Galactic extinction but noCioni 2001; van der Marel 2006), presumably due to the tidal
internal absorption), we derive the following correctesd@b force from the Milky Way (van der Marel 2001; Mastropietro et
lute magnitudesMg = —16.6 + 0.3, My = -16.8+ 0.3 and al. 2005). For a distant galaxy, this would translate ifiedent
M, = —17.9+ 0.3 mag. This is more than a magnitude faintétinematic and photometric major axes. Given the unceresnt
than the absolute magnitude of the LMC listed in HyperLEDM the position angle, however, no significanffeience is seen
(Mg = —17.9 mag). Combining the optical andikineasure- between the photometric and kinematic position angle @fil
ments, we obtain a (distance independent) totalnkass-to- of ESO 364-G029 (Figures 4 and 9).
blue-luminosity ratidVy,/Lg = (0.96+0.14) My/L g, roughly The rotation curve of ESO 364-G029 rises smoothly and
five times larger than that of the LMC based on HyperLEDA¥eaches a value of abouf sini = 40 kms* in the outer parts
entries My:/Lg = 0.18 My/Lge). This is consistent with (Figure 11). In comparison, the rotation of the LMC shows
ESO 364-G029 being of later type than the LMC, although sudden decline after its peak velocify, ~ 63 kms* at
the total Hi flux of the LMC is highly dependent on the are@ = 2.4 kpc (Kim et al. 1998). An inclination of about 40
considered, given the presence of the Magellanic bridge (gs expected if ESO 364-G029 is to have the same rotation as
Putman et al. 1998; Briins et al. 2005). the LMC. This however appears unlikely given the relatively
high apparent ellipticity observed (Figures 4 and 8). Even t
lowest optical ellipticity measured{in = 0.4; see Figure 4)
is inconsistent with such a low inclination, for any intiims
5.1. Structure of ESO 364-G029 and a Comparison to disk thickness (e.g. Bottinelli et al. 1983). As a disk with a
the LMC intrinsically high ellipticity is unlikely, it is almost again that
ESO 364-G029 is less massive than the LMC over the range
Figures 1-2 reveal an irregular but characteristic opticat- of radii probed. Interestingly however, the totak hass of
phology for Magellanic-type dwarf galaxies. Indeed, tharmaESO 364-G029 is about a third higher than that of the LMC
body of ESO 364-G029 exhibits a bar-like morphology, frorfr (4.8 + 0.2) x 10° M,,; Staveley-Smith et al. 2003), result-
which protrudes a one-arm spiral circling the galaxy by #@tg in a significantly larger b mass-to-blue-luminosity ratio
least 90, possibly more. This structure is sharpest in thely,/Lg = (0.96+ 0.14) My/Lg for ESO 364-G029 (seg4).
bluer bands, suggesting that it is associated with relgtive Despite a number of similarities between the optical and H
young stars and possibly ongoing star formation. Narrowentent of ESO 364-G029 and the LMC, one large and surpris-
band Hr imaging would be particularly useful to confirm thisng difference exists. The medium- and large-scalestiuc-

8201
800}
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760}

Heliocentric radial velocity (km s

740}

5. Discussion
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ture of the LMC is very regular, bearing little resemblanage ten associated with a recent or ongoing interaction, arapot
the optical structure and lacking any obvious trace of thenmaarent in the H distribution of ESO 364-G029. The origin of
bar (e.g. Putman et al. 1998; Kim et al. 2003). As stated gbotlee third component identified in Hoetween the optical bar
however, the H distribution of ESO 364-G029 is highly asym-and one-arm spiral also remains unclear. Shell- and hiode-li
metric and roughly follows its optical morphology. In parti structures in the Hdistribution, as observed in ESO 364-G029
ular, and as best shown in therlhap (Figure 8), the His (see§ 5.4), are observed in practically all dwarfs. These struc-
concentrated along the main bar and appears to follow the ohees are commonly thought to be the result of stellar winds
arm spiral to the North-West, in addition to a third interriaéel  and supernova explosions (e.g. Weaver et al. 1977; McCray &
component (also with an optical counterpart, at leastalfyfi Kafatos 1987; Puche et al. 1992; Kim et al. 1999; but see also
We have no explanation for thesefdrences in the Hmor- Rhode et al. 1999; Bureau & Carignan 2002; Dib & Burkert
phology; further observations in ATCAZ3 km configurations 2005).

are needed to characterize the korphology of ESO364-  \\k find no significant dference between the photometric

G029 better. In this respect, it would be interesting to $ee,q kinematic position angle of ESO 364-G029. Hunter et al.
the optical morphology of ESO 364-G029 remains the sar$yn0) find a similar result in their Hstudy of UGC 199. Many

at longer wavelengths or if, like the LMC, the preponderancgy e Mmagellanic dwarfs, however, show a significant disagr

of the bar decreases and the smoothness of the disk incregsgs; petween the morphological and kinematic axes, such as
in the near-infrared (e.g. van der Marel 2001, Meixner et 8¢ 1156 (Hunter et al. 2002) and DDO 26 (Hunter & Wilcots
2006). Also of interest is whether therldifferences arise from 2002). DDO 43 even has a kinematic axis nearly perpendicu-
internal processes (e.g. supernovae feedback) or fromnexte 5. 14 its morphological axis (Simpson et al. 2005). Hunter e

factors (e.g. tidal interactions). The former appears toieo 5. (2002) suggest that such apparent inconsistencies may b
nate the H structure of the LMC on small scales (Kim et a'explained by the presence of an inclined bar.

1998; Kim et al. 2003) and the latter on large scales (Putman

et al. 1998; Staveley-Smith et al. 2003). However, this ddal The asymmetry we observe in the globak Hrofile of
different for ESO 364-G029. ESO 364-G029 is a common characteristic of Magellanic-type

alaxies, often attributed to a recent or ongoing inteoacti
3ush & Wilcots (2004), for example, analyse the iHorphol-
ogy of the interacting Magellanic spiral galaxies NGC 4618
8nd NGC 4625, particularly in relation to the interaction be
iv%een them. Their H observations show a loop-like struc-

Interestingly, the velocity dispersion maps of ESO 36
G029 and the LMC are also somewhatffelient. In ESO 364-
G029, the highest IHvelocity dispersions are observed alon
the bar and the third component. In the LMC, the\rlocity
dispersion is higher along the Eastern edge of the 30 Dora
region and near the dense molecular clouds extending to
South (Kim et al. 2003). Both regions are turbulent due to tfk])
combined &ects of shocks from ram pressure on the Galac
halo and the very active star formation near 30 Doradus.

& around NGC 4618 (the most massive of the two), indi-

‘f'ing that the outer gas of this galaxy is strongly pertdrbe
the recent interaction. NGC 4625 and the inner part of
C 4618, however, appear ufected by the interaction.

nd 4 Al | 1S- Sidfey find try ratié. = 1.0 for the Hr profile of
formation is probably also at the origin of the high ¥locity NGe():/ iglsagn%iyr:mlzgyfg? ;\IGC 46250rwh2ré\f izrge;f?ngd

dispersions ob_served near the North-West end of the LMC t%%rthe ratio between the areas under th@itdfile at velocities

and Constellation Il (e.g. Efremov & Elmegreen 1998). smaller and greater than the systemic velocity (Haynes.et al
1998). Using the same algorithm, we find an asymmetry ratio

5.2. Comparison to Other Dwarf Irregulars A = 1.1 for ESO 364-G029, which is bracketeq by the val-
ues for NGC 4618 and NGC 4625. However, a similar amount

The optical and H distributions of ESO 364-G029 are typicaPf asymmetry is detected in non-interacting Magellanicadpi

of those of a Magellanic dwarf galaxy: a prominent bar and(#vilcots & Prescott 2004); an asymmetry measurement alone

pronounced single spiral arm in the optical, andistribution cannot confirm or reject the hypothesis of a recent intevacti

extending to about 1.2 Holmberg radii and a kinematic center 5o 364-G029 exhibits solid-body rotation at small radii,

I~

suggest the presence of numerous shells and hole§ €2 40 kms? at a projected distance ef 6.4 kpc from its cen-
The Hi kinematic center of ESO 364-G029 iffset by a ter, and flattens out at large radii. This behaviour is sintita
projected distance of.2 + 0.2 kpc from the optical center (asthat of other Magellanic dwarfs, e.g. IC 18 (35 kms? at
derived from surface photometry). Thigfget is known to be 1 kpc; Wilcots & Miller 1998), DDO 434 30 km st at 2 kpc;
present in other Magellanic-type systems (e.g. de VaucesileSimpson et al. 2005) and NGC 4618 60 kms™* at 5 kpc;
& Freeman 1972) such as NGC 925, which has fisat of~ Bush & Wilcots 2004), though variations in these parameters
1 kpc (Pisano et al. 1998), and the LMC ($e&1). Additional clearly exist. The H velocity dispersion of ESO 364-G029 is
features in the Hdistribution have been detected in Magellani8B—16 km s* over most of the galaxy (Figure 10), which is very
dwarfs, such as loops surrounding the galaxy (NGC 4618; Busimilar to that of other dwarfs. The Magellanic dwarfs men-
& Wilcots 2004), external spurs or blobs (e.g. NGC 516%pned above exhibit a somewhat higher velocity dispersion
Muhle et al. 2005; UGCA 98; Stil et al. 2005) and S-shapesiveral locations (including the bar), indicating recenbin-
distortions in the H velocity field (e.g. NGC 4449; Hunter etgoing star formation. For ESO 364-G029, the largest velocit
al. 1998; DDO 43; Simpson et al. 2005). Such features, afispersion is reached over the optical bar and the third comp
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Table 4. Basic properties of galaxies near ESO 364-G029. This tall®98). Although slightly higher, this is consistent withine er-
lists all galaxies with a projected distancéfeliing by less thanGand rors with our adopted distance for ESO 364-G029, a comfort-
aredshift difering by less than 500 kntsfrom ESO 364-G029. Only ing fact given that our estimate for ESO 364-G029 was itself

galaxies with a known redshift are included. From left tchtighe  higher than other published values ($e#).
columns list the galaxy name, spectral type, total appaBemagni- . .
tude and the angular separation, projected separatiom(ass a dis- The edge-on galaxy NGC 2188 is rather peculiar, both the

tance of 10.8 Mpc), and relative radial velocity from ESO-@Ba29. H1and Hr emission bending away from the disk, leading to
a crescent shape not unlike that expected from ram pressure

Name Type Br A0 AR AVeye stripping (Domgorgen et al. 1996). Ther distribution is also
(mag) (kpc)  (kmst) highly asymmetric with respect to the equatorial plane. Véde

ES0O364-G029 IB(s)m 18 - — — locity field shows many peculiarities, with apparent ratati

AM 0605-341  SBdm 14 702 221 -19 about two axes. Although not bullet-proof evidence for iinte

NGC 2188 SB(s)jm 12 825 259  -37 action, these properties hint at least to a disturbed pagenG

NGC 2090 SA(rs)b 1B 2440 768  +137 the large separation between ESO 364-G029 and NGC 2188,

however, any interaction with ESO 364-G029 would have oc-
curred a very long time ago-(1.25 Gyr for a relative velocity
of 200 kms?). The evidence for a recent interaction involving

regions. ESO 364-G029 thus remains marginal.
Doyle et al. (2005) present a search for optical countespart g

of HIPASS sources. Out of the 3618 optical counterpartsdoun
151 are galaxies with morphological type IB(s)m, including. 4. H| Shells and Holes
ESO 364-G029. From their (total) Hluxes andB-band mag-
nitudes we calculated the Hmass-to-blue-luminosity ratio Although the current observations are best suited to stuely t
My, /Lg for each galaxy. Magellanic dwarf irregular galaxieghedium and large-scale structure of the, itudies of the
have a median valueMy,/Lg) = 0.97 My/Lge, With a stan- small-scale structure in the interstellar medium (ISM) @s®
dard deviation of @4 M,/Lge. Thus, ESO 364-G029 (with of interest. In particular, the radiation and mechanicargn
My, /Lg = (0.96+0.14) My /Lg) is a fairly typical Magellanic produced by stellar winds and supernova explosions are gen-
dwarf galaxy in this respect as well. erally thought to give rise to a very dynamic multi-phase ISM
through the interacting and continually evolving cavitee-
. - ated. For recent work on the latter topic, see, e.g., Korpi.et
5.3. Group Membershlp and Origin of the (1999) and de Avillez & Berry (2001). Such shells and holes
Asymmetries have indeed been observed in nearby large spiral galaxis su

Tidal interactions in disk galaxies are known to lead torsgtg @S M31 (e.g. Brinks & Bajaja 1986) and M33 (Deul & den
asymmetric spiral features (e.g. Byrd et al. 1986; Olson [gartog 1990). Dwarf galaxies are however better targets for
Kwan 1990). The structure of M51-like systems, for exanfiudying these phenomena. The low gravitational potewsl
ple, is often explained by tidal interactions with a closgghe ©f dwarf galaxies, the lack of shear due to solid-body rotati
bour (e.g. Howard & Byrd 1990; Howard et al. 1993; Salo &nd the absence of density waves all facilitate the expansio
Laurikainen 2000). While this mechanism need not be uniqlﬁ-ﬂd survival of the shells created. Some of the best exarnmples
it is interesting to question whether the large-scale moiqy ~clude the LMC (SB(s)m; Kim et al. 1998), IC 2574 (SAB(s)m;
of ESO 364-G029 is consistent with a (trans)formation tigrou Walter & Brinks 1999) and Holmberg Il (Im; Puche et al. 1992;
tidal interactions, or whether another mechanism needs to!t see also Rhode et al. 1999; Bureau & Carignan 2002).
invoked. Certainly, the break in ESO 364-G029’s light peofil  The channel maps of datacube UL (Figure 6) and the cor-
seen ak ~ 135’ is consistent with an interaction, since tidatesponding moment maps (Figures 8-10) of ESO 364-G029
features typically have sharp boundaries. reveal much small-scale structure, suggesting that expgnd
Tully (1988) lists ESO 364-G029 as being part of a smadhells or holes may be present in ESO 364-G029. Most ob-
group of 3 galaxies in the Dorado Cloud, which also includesous are the two large Hgaps, the first one between the
NGC 2090 and NGC 2188. Table 4 lists all galaxies with main bar and the so-called third component, centered at (
known redshift within a radius of°50f ESO 364-G029, and 06"05"445, 5§ = —33°04'10”; J2000), and the second one be-
with a relative radial velocity less than 500 kmsas found tween the third component and the one-arm spiral, itsel per
in NED. Only one additional galaxy is found, AM 0605-341haps composed of two smaller holes centered respectively at
although a number of galaxies without redshift are alsognes (o« = 06'05"387, § = —-33°0450”) and @ = 06'05"3%9,
in the 5 region. There are thus a number of candidates for ifi-= —33°0520”). These holes raise the interesting possibil-
teraction with ESO 364-G029. ity that the third component and the one-arm spiral may not
NGC 2090 is the least certain and most distant membss caused by large-scale dynamical processes, but magdnste
of the group containing ESO 364-G029 (among the galaxisisnply represent gas concentrations at the edges of laxie ca
with a measured redshift). Its distance was measured usies, emptied by the supernova explosions and stellar vares
the Hubble Space Telescope (HST) and the Cepheid perisdeiated with past bursts of star formation. Their opticalrc
luminosity relation, yielding a distance of B2 0.9+ 0.9 Mpc terparts would then trace the location of secondary (iig- tr
(random and systematic errors, respectively; Phelps et géred and more recent) star formation.

nent, which also likely indicates recent star formationhiade
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Despite its relatively large distance, ESO 364-G029 is thus The observations presented in this paper provide impor-
a prime target for studies of star formation feedback anid seklnt information on the large-scale optical and $#ructure of
propagating star formation. However, due to the short iisteg ESO 364-G029, and provide a solid foundation for further in-
tions with the 1.5D array and the shallowness of the higkestigation of its small-scale structure, particularlyHm with
resolution maps, it is hard to convincingly argue that amy silonger baseline observations. The ultimate goal is thatiesu
gle structure is surely due to a (centrally-located) lamalien- of individual nearby Magellanic galaxies will yield infoamn
ergetic phenomenon. Better quality maps and longer obserttan on their formation and evolution as a class, but wilbals
tions with 15 km or longer arrays are necessary for a propstrengthen our understanding of the LMC itself.
study of the small-scale structure of the ISM. As mentioned ) )
before, narrow-band #imaging would be useful to see hoWAcknowIedgements. Itis a pleasure to thank Claude Carignan and Ken

. . _ Freeman for their support in the initial phase of the workorégd
current and recent sites of star formation relate to theridr here. TK was supported by NWO under project number 614.061.0

phology and kinematics. and by PPARC under grant number/PB0203¢1. MB acknowl-
edges support from NASA through Hubble Fellowship grant H&F
01136.01 awarded by Space Telescope Science Institutehghdp-
6. Summary and Conclusions erated by the Association of Universities for Research itrgkomy,
Inc., for NASA, under contract NAS 5-26555, during much of
We presented the analysis of optical imaging observatiods ahis work. MB also acknowledges support from the Astropbgfsi
H1 radio synthesis observations of the dwarf irregular galaResearch Center for the Structure and Evolution of the Cesmo
ESO 364-G029. The opticdBVI imaging data reveal a mor- (ARCSEC) at Sejong University while this manuscript waspared.
phology characteristic of Magellanic-type spirals anégu- The NASAIPAC Extragalactic Database (NED) is operated by the
lars, with a large dominant bar and a one-sided spiral ot tid¥t Propulsion Laboratory, California Institute of Teclugy, under
arm, although the absolute magnitude of ESO 364-G029 (foi:(a'ntract with the National Aeronautlc§ and Spape Admiatsin.
distanceD = 10.8+ 1.4 Mpc) is more than a magnitude fainter /'S ésearch made use of HyperLEDA: htfieda.univ-lyonl.fr. The
than that of the LMC. While poorly-defined, the azimuthallyl-Dlgjltlzed Sky Surveys were produced at the Space Telescopace

. : nstitute under U.S. Government grant NAG W-2166. The irsage
averaged surface brightness profiles show an exponenglal dj; o surveys are based on photographic data obtaineg e

with a possible break at large radii and colors typical ofdat oschin Schmidt Telescope on Palomar Mountain and the UK &tthm
type disk galaxies. Telescope.

The radio synthesis observations reveal ardisk extend-
ing well outside of the optical extent. The totah Hhass is
My, = (6.4 + 1.7) x 10° My, yielding a (distance indepen-
dent) Hi mass-to-blue-luminosity ratiddy,;/Lg = (0.96 =+ Aaronson, M., Huchra, J., Mould, J., Schechter, P. L., &ull
0.14) Mg/L g, significantly more H-rich than the LMC. The R. B. 1982, ApJ, 258, 64
latter value is at the high end of the distribution for lagpe de Avillez, M. A., & Berry, D. L. 2001, MNRAS, 328, 708
spirals (Sc—Sd), but is typical of late-type dwarfs (Rob&t Barnes, D. G., & de Blok, W. J. G. 2001, AJ, 122, 825
Haynes 1994; Swaters et al. 2002; Doyle et al. 2005). TBegeman, K. 1987, Ph.D. Thesis, Rijksuniversiteit Groaimg
large-scale H distribution is also asymmetric and roughly folBekki, K., & Chiba, M. 2006, astro-pA603812
lows the optical light distribution, although slightlyfeet from Bessell, M. S. 1995, PASP, 107, 672
it. The Hi distribution thus appears consistent with that exde Blok, W. J. G., McGaugh, S. S., & van der Hulst, J. M. 1996,
pected from tidal interactions, but most evidence for a past MNRAS, 283, 18
counter is circumstantial. Our highest spatial resolutitaps Bottinelli, L., Gouguenheim, L., Paturel, G., & de Vaucaulg,
show that the highest column densities and velocity dispess  G. 1983, A&A, 118, 4
are reached over the central bar, the one-arm spiral, andaov8rinks, E., & Bajaja, E. 1986, A&A, 169, 14
third component which also has an optical counterpart éatle Briins, C., et al. 2005, A&A, 432, 45
partially). Despite a similar optical morphology, this ispm- Bureau, M., & Carignan, C. 2002, AJ, 123, 1316
site to what is observed in the LMC, where the distribution Bureau, M., Walter, F., van Gorkom, J., & Carignan, C. 2004,
bears little resemblance to that of the stars. The two gadaxi 1AU Symposium, 217, 452
may thus have formed filerently, or may simply be in a dif- Bush, S. J., & Wilcots, E. M. 2004, AJ, 128, 2789
ferent evolutionary stage. The rotation curve of ESO 362950Byrd, G., Saarinen, S., & Valtonen, M. 1986, MNRAS, 220,
is solid-body over the optical extent but flattens out atdéarg 619
radii, reachingVietSini ~ 40 kms™. The inclination remains Chiu, W. A., Gnedin, N. Y., & Ostriker, J. P. 2001, ApJ, 563,
poorly constrained by observations, but is consistent #ith 21
HyperLEDA valuei ~ 7G5. Our high-resolution observationsClark, B. G. 1980, A&A, 89, 377
also hint at a complex Hstructure, reminiscent of that ex-Cole, S., Aragon-Salamanca, A., Frenk, C. S., Navarro, & F.
pected from stellar winds and supernova explosions. DeepeZepf, S. E. 1994, MNRAS, 271, 781
and higher-resolution optical anditbbservations, as well asDekel, A., & Silk, J. 1986, ApJ, 303, 39
Ha observations, are however necessary to properly charBeul, E. R., & den Hartog, R. H. 1990, A&A, 229, 362
terize the small-scale Hmorphology and kinematics, and toDib, S., & Burkert, A. 2005, ApJ, 630, 238
establish any relationship to star formation. Dickey, J. M., & Lockman, F. J. 1990, ARA&A, 28, 215
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