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1 INTRODUCTION

In the currently popular hierarchical models of galaxy fation,
star formation starts in small objects; these in turn laterga
to form larger galaxies. In such a model, extremely smaltmea

ABSTRACT

We compare the gas distribution, kinematics and the custantformation in a sample
of 10 very faint -13.37 < Mp < —9.55) dwarf galaxies. For 5 of these galaxies we present
fresh, high sensitivity, GMRT HI 21cm observations. We fihdttthe large scale HI distribu-
tionin the galaxies is typically irregular and clumpy, witie peak gas density rarely occurring
at the geometric center. We also find that the velocity fieddsll the galaxies have an ordered
component, although in general, the patterns seen do neafiekpected from a rotating disk.
For all our galaxies we construct maps of the HI column dgratia constant linear resolu-
tion of ~ 300 pc; this forms an excellent data set to check for the presefeethreshold
column density for star formation. We find that while currstatr formation (as traced bydH
emission) is confined to regions with relatively larga{N> (0.4 — 1.7) x 10%! cm=2) HI
column density, the morphology of thenHemission is in general not correlated with that of
the high HI column density gas. Thus, while high column dgngas may be necessary for
star formation, in this sample at least, it is not sufficienehsure that star formation does
in fact occur. We examine the line profiles of the HI emissimut, do not find a simple rela-
tion between regions with complex line profiles and thosé wit-going star formation. Our
sample includes examples of regions where there is on-gargormation, but the profiles
are well fit by a single Gaussian, as well as regions wheretisemo star formation but the
line profiles are complex. Finally, we examine the very fingles¢~ 20 — 100 pc) distribu-
tion of the HI gas, and find that at these scales the emissibibiexa variety of shell like,
clumpy and filamentary features. Thexlemission is sometimes associated with high density
HI clumps, sometimes theddemission lies inside a high density shell, and sometimegthe
is no correspondence between the &mission and the HI clumps. In summary, the interplay
between star formation and gas density in these galaxy ddegam to show the simple large
scale patterns observed in brighter galaxies.
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still growing via the accretion of small companions like Bagit-
tarius dwarf galaxy (see e.g. Majewski et al.(2003)), aiyech@arby
dwarf galaxies have stellar populations that are at leasiteas the
oldest stars in the Milkyway (see Grebel (2005) for a recent r

. . . . . ) view).
galaxies are likely candidate “primeval galaxies”, in tlease that )
they may represent the earliest units of star formation énuthi- In detail, however, the star formation history of nearby dwa
verse. There is some observational support for these mazlein galaxies appears to be extremely varied. At the two extremds,e

in the very local universe, viz. (i) the Milkyway itself aprs tobe  gwarf spheroidals have little gas or ongoing star formatidrile
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the relatively rare dwarf irregulars are gas rich and alstegaly
have measurable ongoing star formation. Their past stardton
histories also appear to have been different — at a givemlasity
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dwarf spheroidals are more metal rich than dwarf irregulacdica-
tive of rapid chemical enrichment in dwarf spheroidals ie gast
(Grebel (2004)). Why is it that dwarf irregulars, despiteihg a
substantial reservoir of gas have resisted convertingtdt stars?
What keeps the gas in dwarf irregulars from collapse? It delyi
believed that the smallest dwarf irregular galaxies haeotib gas
velocity fields (e.g. Lo et al.(1993)), in this case the calicjues-
tion then becomes, what sustains these chaotic gas motions?
this context, it is interesting to note that for galaxies ethhave
been observed with sufficient sensitivity and velocity heson,
the velocity field has invariably turned out to have a medsera
ordered component, (Begum et al.(2003), Young et al.(20B&)
gum & Chengalur (2004)). Does this generally hold for exieem
dwarf irregulars, or do some of them genuinely have no ortere
components in their velocity fields? Irrespective of thecexeture

of the velocity fields, the question of why dwarf irregulamvha
been unable to convert their gas into stars remains. Inlgfax-
ies, the current star formation rate appears to depend orostt m
two parameters (i) the gas surface density and (ii) some umeas
of the dynamical time. In practice, models which depend amy
the gas surface density, such as the Schmidt star formatigror
those which depend on both these parameters, such as theelf®om
instability criterion (Toomre (1964)) appear to provide exqually
good fit to the observations (Kennicutt (1998)). For irreggalax-
ies, Skillman (1987) has proposed that star formation acoaty
above a threshold column density, and that this thresholg lmea
related to a critical amount of dust shielding required faleo-
ular gas formation. Are any of these models extrapolatabtbe
faintest dwarf irregulars?

We present here deep, high velocity resolutierl(6 km s™*)
Giant Metrewave Radio Telescope (GMRT) HI observations, as
well as Hx observations of a sample of faint ¢ — 13.0 mag)
galaxies, aimed at addressing the above issues. The rdst pht
per is divided as follows. The dwarf galaxy sample is preseim
Sect[®, the GMRT observations are detailed in Séct. 3, vithde
results are presented in Sddt. 4 and discussed in[$ect. 5.

2 DWARF GALAXY SAMPLE

The optical properties of our sample of ten galaxies arengive
in Table[. Fresh HI observations for five galaxies in the sam-
ple viz. KDG 52, UGC 4459, CGCG 269-049, UGC 7298 and
KK 230 are presented in this paper. GMRT HI data for KK 44
(Camelopardalis B), GR 8 and DDO 210 were presented in
our previous papers (Begum et al.(2003), Begum & Chengalur
(2003,2004)), although we include here fresh maps and measu
ments at angular scales that are relevant to the issuessséetin

this paper. GR 8 and DDO 210 were also observed with the VLA,
the VLA data for these galaxies are presented in Young 043).
VLA HI data for Sag DIG and Leo A were obtained from the VLA
archive. These observations have been discussed earl¥aunyg

& L0 (1996) (Leo A) and Young et al.(1997) (Sag DIG); once agai
we present here only those maps and measurements thatere rel
vant to this paper.

3 OBSERVATIONS AND ANALYSIS
3.1 Optical observations and data analysis

Ha observations of some of our sample galaxies, viz. KK 44,
KDG 52, CGCG 269-049, UGC 7298 & KK 230 were carried out at

the 6-meter SAO telescope using a 282848 pixel CCD camera.
The scale was 0.36/pixel, and the total area imaged was®.
The Ha + [NII] emission line fluxes were obtained by observing
each galaxy through two filters: a narrow5 ,5\) interference fil-

ter centered on 656, and a middle-width filter X = 60634, A\

= 167,&) to determine the nearby continuum level. The integration
times were X300 sec in the middle-width filter and>2600 sec

in Ha. Because the range of radial velocities was small, we used
the same H filter for all objects. The images were bias subtracted
and flat fielded following standard procedures. After flatdiieg,

the next step was to subtract the sky emission from both ruaumtn
and narrow band filter images. The continumm filter imageswer
then scaled relative to the narrow band images using 5—1#tumns
rated stars, and then subtracted from the narrow band fili@geés.
The continuum-subtractedddimages were flux calibrated using
observations from the same night of two or more of Feige'¢@ho
metric standards. Corrections for the Galactic extinciiene made
assumingA (Ha)= 2.32 E(B-V) using the data from Schlegel et al.
(1998). The star formation rate for these galaxies wereutatied
from the derived K luminosities, using the conversion factor from
Kennicutt (1998a)

SFR=7.9 x 10°* L(Ha) Meyr ' 1)

The calculated SFR for our sample galaxies are given in Ta-
ble[. In case of KDG 52 and KK 230, nodHemission was de-
tected; the derived limits on the SFR for these galaxiesis ladted
in Table[3.

For Leo A, Sag DIG and GR 8, #dimages were downloaded
from NED. Details of these images can be found in Hunter &
Elmegreen (2004). The ddimage of UGC 4459 was kindly pro-
vided by U. Hopp; details can be found in Schulte-Ladbeck §plo
(1998). For DDO 210, van Zee (2000) detected a single source o
Ha emission in the galaxy; however follow up observations sug-
gested that it does not arise in a normal Hll region, but pobba
comes from dense outflowing material from an evolved staallin
the figures of DDO 210 in this paper, we show the location &f thi
emission by a star, but caution the reader that it may notadgtu
represent a star forming region.

Except for KK 230, broadband optical observations of all our
sample galaxies were available in the literature. For KK,28and
I band HST ACS images were used to obtain the total magnittide o
the galaxy. The derived magnitudeliR < 40”) = 15"6+0™"15,
and the integratedV — I) colour inside the same radius (90.
Assuming a typical colo(B — V) = 0.50 for KK 230, we esti-
mated its integrated blue magnitude tolbe= 1770 + 07 25.

3.2 Hl observations and data analysis

HI 21cm observations of KDG 52, UGC 4459, CGCG 269-049,
UGC 7298 and KK 230 were conducted with the GMRT (Swarup
et al. (1991)) between Nov. 2001 and Nov. 2002. KK 44, GR 8 and
DDO 210 were also observed with the GMRT; details can be found
in Begum et al.(2003), Begum & Chengalur (2003,2004). Data f
Sag DIG and Leo A were obtained from the VLA archive. These
observations are also discussed in Young & Lo (1996,199&)eH
we briefly describe only the fresh GMRT observations.

For all galaxies, the observing bandwidth of 1 MHz was di-
vided into 128 spectral channels, yielding a spectral te&wi of
7.81 kHz (velocity resolution of 1.65 kn'$). The setup for the
observations is given in TaH 2. The flux and bandpass ediliior
were done using 3C48, 3C147 and 3C286. The phase calibration
was done once in every 30 min by observing the VLA calibrator



Table 1. Optical parameters of the sample galaxies
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Galaxy RA(J2000) Dec(J2000) M D(Mpc) B-V  Rpuo () iopt(°) references
KK 44 04"53m06.9% +67°05'57” —11.85 3.34 0.8 0.7 65 1,3
KDG 52 0823"56.0° +71°01’46"” —11.49 3.55 0.24 0.65 24 3
UGC 4459 0834m06.5  +66°10'45"  —13.37 3.56 0.45 0.80 30 3,7
Leo A 09°59m26.4  4+30°44’47” —11.36 0.69 0.15 3.5 54 3,4,8
CGCG 269-049 1215m46.7  +52°23/15" —12.46 3.4 - 0.60 77 3
UGC 7298 1216m28.68 +52°13/38" —12.27 4.21 0.29 0.55 58 3,7
GR 8 12:58m40.4  +14°13/03” —12.11 2.10 0.32 0.95 25 2,3
KK 230 1407m10.7 +35°03'37" —9.55 1.9 0.40 0.87 35 3
Sag DIG 1929m59.0¢°  —17°40'41” —11.49 1.1 0.3 1.8 45 3,6
DDO 210 20:46m51.8 —12°50’53" —11.09 1.0 0.24 1.8 62 3,5

Lee & Kim (2000), 7-Makarova (1999), 8-Tolstoy et al. (1998)

Table 2. Parameters of the GMRT observations

References: 1-Begum et al. (2003), 2-de Vaucouleurs & Mb883), 3-Karachentsev et al.(2004), 4- Karachentseva &itshé1988) 5-Lee et al.(1999), 6-

Galaxy Date of Velocity Time on synthesised synthesised sé&loi Continuum Noise3¢)
observations coverage source beam beam " @&2"),3" x 3")
(kms™1) (hours) (arcsed) (pc®) (mJy) (mJy)
KDG 52 21-23, 27, 16- 220 18 42 x 39",26" x 23" 723x671,44%396 1.7,15 0.9,0.42
Jun 2002 16 x 15”,6" x 6" 275x258, 10103 1.3,0.9
UGC 4459 15,23,24, —60 — 130 14 48’ x 38'",29" x 27" 777x656,500<466 1.9,1.6 1.0, 0.45
Nov 2002 18" x 16",3" x 3" 310x276,52x52 14,12
CGCG 269-049 2325, 65— 275 16 42 x 39,28" x 24"  692x642, 46%x396 2.0,1.8 0.5,0.3
Nov 2002 18 x 177,4” x 3" 297 x 280, 66x50 1.7,1.2
UGC 7298 23-25, 65— 275 16 42 x 37,2687 x 24"  857x755,530x490 2.0,1.8 0.5,0.3
Nov 2002 16 x 15”47 x 4" 326 x306, 8282 16,11
KK 230 6Jun, 8 May, —40— 170 18 48 x 45" ,34" x 31" 442x 415,313 286 1.6,1.4 0.4,0.2
26 Nov 2001 26 x 24”47 x 3" 240x221, 3728 1.2,0.8

sources 0831+557 (UGC 4459), 1216+487 (UGC 7298), 1216+487 volved using the AIPS task IMAGR. For the highest resolutiata
(CGCG 269-049), 3C286 (KK 230) and 0834+555 (KDG 52). The cubes in each galaxy, the signal to noise ratio (SNR) wasoteddr
galaxies UGC 7298 and CGCG 269-049 are close in space() CLEAN to work reliably. Despite this, the low SNR of the image
as well as in velocity, hence both were included in a singleRGM implies that the inability to deconvolve does not greatlgrdele the
pointing (the field of view of the GMRTF 24'). dynamic range or fidelity of these images. The morphologyhef t
The data were reduced in the usual way using standard tasksemission in these galaxies should hence be accuratelydtrapart
in classic AIPS. For each run, bad visibility points weretedliout, from an uncertainty in the scaling factor (this essentiatiges be-
after which the data were calibrated. The GMRT does not do on- cause the main effect of deconvolving weak emission at ateut
line doppler tracking — any required doppler shifts haveeap- noise level corresponds to multiplying by a scale factoe ee.
plied during the offline analysis. For UGC 7298 and CGCG 269- Jorsater & van Moorsel (1995), Rupen (1999)).
049, the differential doppler shift over our observing imgd was Continuum images were also made for all the galaxies by av-
much less than the channel width, hence, there was no ne@d to a eraging the line free channels. No extendzsi (x 22") or compact
ply any offline correction. On the other hand, the differahghifts (3" x 3") emission was detected from any of the galaxies. Jthe
for UGC 4459, KK 230 and KDG 52 were significant, hence, for |imits for each galaxy are given in Talilk 2.
each of these galaxies, the calibrated (u,v) data set fdr day Moment maps were made from the data cubes using the AIPS
was shifted in the frequency space to the heliocentric viglaf task MOMNT. Maps of the velocity field and velocity dispersio
the galaxy, using the task CVEL in AIPS. For each galaxy, 8&ta  were also made in GIPSY using single Gaussian fits to the indi-
all the runs were then combined using the AIPS task DBCON.  vidual profiles. The velocity field produced by Gaussianrfitis
The GMRT has a hybrid configuration (Swarup et al. (1991)) in reasonable agreement with that obtained from momenysisal
which simultaneously provides both high angular resofufio 3", The velocity dispersiond,bs), as estimated by fitting single Gaus-
if one uses baselines between the arm antennas) as wellsis sen sian component to the line profiles is given in Tdlle 3. In afles,
tivity to extended emission (from baselines between theraras no measurable variation of velocity dispersion was seethifwihe
in the central array). Data cubes were therefore made usirig v errorbars) across each galaxy. This lack of substanti@ti@n of o
ous (u,v) cutoffs to get the images of HI emission at variqatial across each galaxy is typical of such faint dwarf irrequkslegies
resolutions (see Tabld 2 for details). Except for the highesolu- (e.g. Begum & Chengalur (2004), Begum et al. (2003), Skitirat
tion HI data cubes for each galaxy, all the data cubes werendec  al. (1988)). As discussed in more detail in secfion 5.3,Isi@aus-
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Figure 1. The HI global profile for our sample galaxies derived from oaarsest resolution HI distribution. The channel sepamait 1.65 km s'. The

dotted line shows a Gaussian fit to the line profiles.

sian profiles are not necessarily a good fit throughout thaxgal
there are regions where the emission profile is skewed ohey-ot
wise more complex than a single Gaussian.

4 RESULTS
4.1 Large scale Hl distribution and kinematics

The global HI profiles for our sample galaxies, obtained fitben
coarsest resolution data cubes (see Thble 2) are shown .ifllFig
Column (2-7) in Table[3 lists the parameters derived from the
global HI profiles. Col. (1) gives the galaxy name, (2) thegrated

HI flux along with the errorbars, (3) the velocity width at 5@¥he
peak AVso), along with the errorbars, (4) the central heliocentric
velocity (V) and its errorbars, (5) the HI mass along with its error-
bars, (6) the HI mass-to-light ratio @M/Lzg), (7) the ratio of the
GMRT flux to the single dish flux (FI/Eb). The single dish fluxes
for all the galaxies are taken from the tabulation in Karatbev

et al.(2004). In the case of CGCG 269-049, single dish datatis
available. The parameters measured from the GMRT HI profiles
are in good agreement with those values obtained from tlggesin
dish observations, in particular the HI flux measured at tMRG
agrees with the single dish flux for all the galaxies. Thisaates
that no flux was missed because of the missing short spaaings i
our interferometric observations. Col.(8) shows the \igjodis-
persion, along with error bars, as measured from a single<au

fit to the line profiles, (9) represents the HI radius at a coldan-
sity of 10*° atoms cm2, (10) the inclination as measured from
the HI moment 0 maps, (11) the ratio of the HI diameter to the
Holmberg diameter. For all the galaxies the HI emissionredgeo

~ 2—3times the optical diameter, a typical ratio for dwarf irr&gu
galaxies.

The integrated HI emission of our sample galaxies overlayed
on the optical Digitized Sky Survey (DSS) images are shown in
Fig[3[A]-[AA]. The HI distribution in CGCG 269-049 and KK B3
are dominated by a single clump of high column density, while
the HI in UGC 4459 and UGC 7298 are concentrated in two high-
column-density regions, separated by a low-column densgion
in the center. In the case of KDG 52, the HI is distributed in a
clumpy, incomplete ring.

Inclinations (irr) of our sample galaxies (except for KDG 52)
were estimated from the HI moment 0 maps by fitting elliptaa
nuli to the two lowest resolution images. For KDG 52, onlyline-
est resolution HI distribution is sufficiently smooth to beed for
ellipse fitting. For all other galaxies, the inclination ided from
these two resolution images match within the errorbars. &gt
mated inclination for each galaxy (assuming an intrinsickiess
0o = 0.2) is tabulated in TablEl3. Comparing this value to the op-
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Figure 2. The deprojected gas surface mass density (SMD) distribbutio
for our sample galaxies. For all galaxies (except DDO 21@, SK5 and
Leo A), the SMD was computed for a linear resolution~ef500 pc. For
DDO 210, Sag DIG and Leo A the linear resolutiomis300 pc. The ac-
tual angular resolutions are 29x 27" (UGC 4459), 26 x 24" (UGC
7298), 28 x 24" (CGCG 269-049), 48 x 45" (KK 230), 26’ x 23"
(KDG 52),4Y" x 39" (GR 8), 61’ x 56" (DDO 210), 31’ x 29" (KK 44),
67" x 65" (Sag DIG) and 78 x 72" (Leo A). The gas SMD is obtained
by scaling the HI SMD profile by 1.4 to account for primordiag.H

tical inclination (Tablel), shows that the two inclinatioare in
agreement for UGC 4459 and KDG 52, whereas for the rest of the
sample galaxies the optical inclination is either found ¢ontuch
higher (UGC 7298 and CGCG 269-049) or lower (KK 230) than the
inclinations derived from the HI morphology. Using the ged HI
inclination, the deprojected HI radial surface mass dgnsibfiles
(SMD) for each galaxy were obtained by averaging the HI distr
bution over elliptical annuli in the plane of the galaxy. Tderived
SMD profiles for each galaxy are given in Fig. 2.

We next discuss in detail the large scale HI distribution and
kinematics for the five galaxies for which fresh GMRT obsépres
are presented in the current paper. For similar details erother
galaxies in our sample, the reader is referred to Begum(208ai3),
Begum & Chengalur (2003,2004) and Young & Lo (1996,1997).



Table 3. Results from GMRT observations

Faint dwarf galaxies 5

Galaxy Fl AVso Vo My Mu1/Ls  FI/FIsp Oobs Rur  imr Rur/Ruo
Qykms!)  (msl)  (kmsl)  (10°Mo) kms) () ©)
KK 44 4.6(0.4) 21.4(1.0)  77.5(1.0) 12.2(1.2) 1.4 1.02 7800 16 65 2.3
Leo A 42.040) 188(0.7)  21.7(0.7) 4.7(0.4) 1.02 0.88 2® 80 62 2.3
KDG 52 3.8(0.4) 20.6(1.7)  116.0(1.9)  10.8(1.1) 1.8 085 (B@ 1.8 23 2.7
UGC 4459 215(2.2)  29.6(1.8) 19.2(2.3)  64.2(6.5) 1.4 101 0(196) 22 31 2.8
CGCG 269-049  4.7(0.5) 26.6(2.2) 159.0(3.4)  12.7(1.3) 09 - 9.5(1.0) 1.3 43 2.3
UGC 7298 52(05)  21.4(17) 1740(2.0) 21.6(2.1) 17 106 .5(183) 18 28 3.1
GRS8 9.0(0.9) 26.0(1.2) 217.02.2) 10.38(1.0) 1.02 1.03 (&) 2.1 28 2.3
KK 230 22(02)  17.02.0) 63.3(1.8) 1.9(0.2) 1.9 0.86 750 15 51 3.3
Sag DIG 23.0(1.0)  19.4(0.8) —785(1.0)  5.4(0.2) 1.02 0.92 75(1.7) 21 33 2.3
DDO 210 12.1(1.2)  19.1(1.0) —139.5(2.0) 2.8(0.3) 1.00 1.05 6.5(1.0) 24 27 13
result of beam smearing. To check for this possibility, thaivid-
il ”f |— ual channel maps in the2” x 39" data cube were inspected. In
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Figure 3. [A] The B band optical DSS image of KDG 52 (greyscales) with
the GMRT 26’ x 23’ resolution integrated HI emission map (contours)
overlayed. The contour levels are 0.25, 1.00, 1.75, 2.49,&8.3.67 x 102°
atoms cnT 2. [B] The velocity field of the galaxy a6 x 23" resolution.
The contours are in the steps of 1.0 km'and range from 113.0 knT to
118.0kmst.

4.2 Notes on individual galaxies
421 KDG52

KDG 52 (also called M81DwA) was discovered by Karachent-
seva(1968) and was later detected in HI by Lo & Sargent (1979)
The neutral hydrogen in this galaxy is distributed in a clynio-
ken ring surrounding the optical emission (Fijy. 3[A]). Trentral

HI hole has a diameter of 40" (~ 688 pc); similar central HI
holes are seen in other faint dwarf galaxies (e.g. Sag DIGnyo

& Lo (1997), DDO 88; Simpson et al. (2005)). The HI hole is not
exactly centered on the optical emission; the HI column idgas
the eastern side of the optical emission istNv 4 x 10%° atoms
cm~2, while the rest of the optical emission lies inside the Highol
Prior to this work, there have been two HI interferometricdss

of KDG 52. It was observed with the WSRT by Sargent et al.(1983
with a velocity resolution of- 8 km s™'and later re-observed with
a high velocity resolution in the C array of the VLA (Westpfah

al. (1999)). The overall morphology of the earlier imagespares
well with that of our image.

Our coarsest resolution HI distribution and velocity fieh{
shown) shows faint emission in the center and in the northern
gion of the galaxy, a feature that is not visible at the higlesolu-
tions. One may suspect that this HI emission is not real btitds

the channel maps, the peak of the diffuse emission in thealexst
well as in the northern region in the galaxy occurs at the sagme
liocentric velocity as that of nearby HI clumps, suggestimaf they
may arise due to beam smearing. As a further check, the ctean ¢
ponents from the2” x 39" resolution data cube were convolved
with a smaller restoring beam 80" x 30", to generate a new data
cube. The diffuse emission which was visibled2' x 39" data
cube is not seen in the channel maps in this cube, i.e. no ctean
ponents were found in the region of diffuse emission. Findfie
HI flux measured from a genuiriﬁ)” x 30" resolution data cube
(i.e. made from the visibility data by applying the apprapei UV
range and taper) is the same as that measured fronthe 39"
data cube. All these indicate that the diffuse emissiot2inx 39"

is entirely due to beam smearing.

The velocity field obtained fro6” x 23" resolution data
cube is given in FigI3[B]. The velocity field shows a largelsca
gradient across the galaxy with a magnitude-df.7 km s 'kpc™!.
However the velocity field is clearly not consistent with @uota-
tion. One can still crudely estimate the maximum possibieuei
lar velocity in the following way; the velocity differencedim one
edge of the galaxy to the other 4s 6 km s!, this implies that
the magnitude of any circular velocity component must bétéich
to Viosin(i) < 3 km s71. Puche & Westpfahl (1994) have tried
to model this velocity field, and find that a combination ofatain
(with a magnitude o km s™*) and expansion (with a magnitude
of 5 km s71) provides a reasonable fit. A similar combination of
rotation and expansion was found to provide a good fit to the-ki
matics of another of our sample galaxies, viz. GR 8 (Begum &
Chengalur (2003)).

KDG 52 is a member of M81 group of galaxies. Bureau et
al.(2004), have suggested that this galaxy is probablyzh didarf,
formed through gravitational collapse of the tidal debranf the
previous interactions of Holmberg Il with UGC 4483. In Sedl,5
we estimate the dynamical mass of this galaxy from the vinet
orem; this mass estimate implies that the galaxy has a signtfi
amount of dark matter. This would argue against a tidal dwarf
gin for KDG 52, since tidal dwarfs are generally not expedtelde
dark matter dominated (e.g. Braine et al.(2002)).
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Figure 4. [A] The B band optical DSS image of UGC 4459 (greyscales)
with the GMRT 29 x 27" resolution integrated HI emission map (con-
tours) overlayed. The contour levels are 0.22, 3.33, 6.46,92.67, 15.79,
18.91, 22.00, 24.12, 28.25 and 31.8602° atoms cnv2. [B] The HI ve-
locity field for galaxy at 29 x 27" resolution. The contours are in the steps
of 2.0 km s~ 'and range from 13.0 knts'to 33.0 km s°L.

422 UGC 4459

UGC 4459 is a member of M81 group of galaxies. It is relatively
metal poor, with 12+log(O/Hy 7.62 (Kunth & Ostlin (2000)).
The optical appearance of UGC 4459 is dominated by brigh blu
clumps, which emit copious amounts obHFig. d[A], @ & ).
The two high density peaks seen in the integrated HI map ictEnc
with these star forming regions (FIg. 4[A]).

The velocity field of UGC 4459 (Fi§l4[B]) shows a large scale
gradient (aligned along the line connecting the two stanfog re-
gions) across the galaxy. The magnitude of the average ityeloc
gradient across the whole HI disk4s4.5 km s 'kpc™'. However
we note that the gradient is not uniform across the galaxg.r€h
ceding (southeastern) half of the galaxy shows a rapid @himee-
locity with galacto-centric distance, while the approach{north-
western) half of the galaxy shows a much more gentle gradient
UGC 4459 is a fairly isolated dwarf galaxy with its nearedghe
bor UGC 4483 at a projected distance of36 223 kpc) and at
a velocity difference of 135 km's'. Being a member of the M81
group, it is possible that interaction with intra-group gasld pro-
duce such disturbed kinematics. To check for this possibilie es-
timated the ram pressure required to strip gas from thisgaldhe
threshold condition for ram pressure stripping is given®yrin &
Gott (1972))

pIGMU2 > 2rGE. g

@)

where,pram is the density of the intra-group medium (IGM) and
v is the relative velocity of the galaxy moving through the IGM
3. and X, are stellar and gas surface density respectively. Tak-
ing v ~ 190 km s*, typical for M81 group (Bureau & Carignan
(2002)), and values far.. andX, from the location in the galaxy
where the velocity field begins to look perturbed, we find that
IGM volume density required to strip the ISM from UGC 4459 is
niem > 8 x 107° cm™3. UGC 4459 is located at a projected sepa-
ration of~ 8.4° (520 kpc) to the South-West of M81 (which we can
take to be the center of the M81 group). Thew required for ram
pressure stripping of UGC 4459 is much higher thannexpected

at this location £ 1.4 x 107% cm™; assuming that 1% of the
virial mass of the group is dispersed uniformly in a hot |GMhin

a sphere just enclosing UGC 4459; Bureau & Carignan (2002)).
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Figure 5. [A] The B band optical DSS image of CGCG 269-049
(greyscales) with the GMRT 28x 24" resolution integrated HI emission
map (contours) overlayed. The contour levels are 0.08,, 21B, 3.23,
4.28, 5.33, 6.39, 7.44, 8.49 and 9.5%302° atoms cnt2. [B] The HI ve-
locity field for galaxy at 28 x 24"’ resolution. The contours are in the steps
of 2.0 km s~'and range from 151.0 knTsto 165.0 km s'1.

Hence, it seems unlikely that the peculiar kinematics ofgdlexy
is due to IGM ram pressure.

Given the kinematical asymmetry between the two halves of
the galaxy, it is not surprising that a tilted ring fit does gote
consistent results for the two halves. The difference inpgbak
velocities for the rotation curves derived from the two leahis
~ 15 km s, This difference is significant compared to the peak
value of25 km s 'obtained for the receding half of the galaxy.
One can crudely estimate the maximum possible circularcitglo
in the following way; the velocity difference from one eddettre
galaxy to the other i$8 km s, this implies that the magnitude of
any circular velocity component must be limited t@,\in(i) < 9
kms!.

Pustilnik et al.(2003) found substantial small scale vigyoc
gradients in the H emission along a slit placed parallel to the op-
tical major axis (i.e. also along the direction of maximunioeity
gradient in the HI velocity field), as well as a large scaledgat,
with magnitude somewhat larger than what we observe in the HI

UGC 4459 has the largest star formation rate of all the galax-
ies in our sample. Pustilnik et al.(2003) estimate very gpages
(~ 3 — 8 Myr) for the star forming knots in the galaxy. Since they
find no nearby galaxy that could have triggered this recemt st
burst, they suggest that it could be triggered by tidal atgon
with the M81 group as a whole, or by interaction with the intra
group medium. As we argued above, the ram pressure of the intr
group medium is likely to be small. The velocity field of UGCo¥4
is however qualitatively very similar to that of DDO 26 (Hent
& Wilcots (2002)) and IC 2554 (Koribalski et al.(2003)), hodf
which are suspected to be late stage mergers. It seems Ipossib
therefore that UGC 4459 too represents a recent merger atiilvo
fainter dwarfs.

4.2.3 CGCG 269-049

CGCG 269-049 is an extremely metal poor dwarf galaxy with
12+log(O/H)~ 7.43 (Kniazev et al. (2003)). It is a member of the
Canes Venatici | cloud. The optical emission in CGCG 269-049
shows two components, a central compact component and e@n out
faint extended component; both elongated in the northwiest-d
tion. The HI distribution of the galaxy also shows an eloi@ain

the same direction. However, a misalignmentofl0° is seen be-
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Figure 6. [A] The B band optical DSS image of UGC 7298 (greyscales)
with the GMRT 26’ x 24" resolution integrated HI emission map (con-
tours) overlayed. The contour levels are 0.2, 2.7, 5.39719,10.5, 11.2 and
11.5x1029 atoms cnt2. [B] The HI velocity field for galaxy at 26 x 24"/
resolution. The contours are in the steps of 2.0 krhand range from 166.0
kms 1to 180.0 kms!.

tween the optical and the HI major axis. The HI distributismeg-
ular and shows a slightly off-centered peak; this signaisiraore
prominent in the high resolution HI images.

CGCG 269-049 is undergoing a burst of star formation as
indicated by strong emission lines in its spectra. It has=ey-
gested that starbursts in dwarf galaxies could be triggbyetitial
interaction with a companion (Taylor (1997), Walter & Brink
(2001)). While CGCG 269-049 does have a nearby companian (vi
UGC 7298 as discussed in SECE.4.2.4) the HI distributioreither
of these galaxies is suggestive of tidal interaction.

The velocity field of the galaxy shows a large scale gradient,
roughly aligned with the morphological major axis and witimag-
nitude of~ 5.2 km s 'kpc~! (Fig.[[B]). Of all the galaxies in this
subsample, CGCG 269-049 has a velocity field that most rdssmb
that expected from a rotating disk. Substantial deviatfoors sim-
ple rotation can however be seen, and a tilted ring fit to thecity
field does not yield meaningful results. CGCG 269-049 hasoéne
the highest current star formation rates among our samjagigs;
Ha imaging of this galaxy shows a brightaHcore near its center
(see Fig[P &1IP). From Fif]5[B], one can see kinks in the vigjoc
field in the regions near this star forming knot. Hence, iiksly
that the energy input from the on-going star formation inghkaxy
is responsible for at least some of the distortions seereivétoc-
ity field. The maximum velocity difference from one edge o th
galaxy to the other is- 16 km s™*, hence Vosin(i) < 8 km st

424 UGC 7298

UGC 7298 is a member of the Canes Venatici | cloud of galaxies.
The velocity field of UGC 7298 (Fidl16[B]) shows a large scale
gradient roughly aligned with the line joining the two higbaraity

gas clumps. The magnitude of the gradienti8.5 km s 'kpc™?.
The velocity field is broadly similar to that in UGC 4459. The-o
tical properties of the two galaxies are however very digaim
UGC 4459 is currently undergoing a starburst and its optgal
pearance is dominated by bright star forming knots. UGC %298
the other hand has a very small current star formation ratm-a
ferred from very faint K emission in the galaxy (Fif] 9 &12).
The maximum velocity difference from one edge of the galaxy t

the other is~ 16 km s*, implying that Viosin (i) < 8 km s,
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Figure 7. [A] The B band optical DSS image of KK 230 (greyscales)
with the GMRT 48 x 45’ resolution integrated HI emission map (con-
tours) overlayed. The contour levels are 0.09, 0.50, 0.%3,1..75, 2.16,
2.58, 3.00, 3.41 and 3.88102° atoms cnv2. [B] The HI velocity field
for galaxy at 26 x 24" resolution. The contours are in the steps of 1.0
km s~ land range from 61.0 knTs'to 68.0 km s'1.

425 KK 230

KK 230, the faintest dwarf irregular galaxy in our sampleyésan-
other member of the Canes Venatici | cloud of galaxies (Kaeat
sev et al. (2003)). The velocity field (Fifl 7[B]) shows a grad
ent in the east-west direction (i.e. roughly perpendictdahe Hl
and optical major axis) with a magnitude of 6 km s~! kpc™!.
Even apart from this misalignment, the velocity field beditel
similarity from that expected from a rotating axi-symmetisk.
The origin of the velocity gradient in KK 230 is rather purgi
This galaxy has no measurable ongoing star formation, ardono
emission was detected from the galaxy. It also lies at thiplper
ery of the Canes Venatici | cloud group of galaxies; Karatémn
et al. (2004) found its tidal index to be1.0, meaning that it is a
fairly isolated galaxy. This, along with the fairly regulidi distri-
bution make it unlikely that tidal forces are responsibletf@ ob-
served velocity field. The maximum velocity difference freaige
of galaxy to the other is- 10 km s™*, which gives Vsin(4) < 5

kmst.

5 DISCUSSION
5.1 Dynamical mass of our sample galaxies

As discussed above, large scale systematic gradientsaarasmss
all the newly mapped galaxies. In fact, all the 10 galaxiesun
sample have velocity fields with a measurable ordered coemipn
contrary to the general belief (e.g. Lo et al. (1993)) that ve-
locity fields of faint dwarf galaxies are “chaotic”. Some afiro
sample galaxies overlap with those in Lo et al. (1993), anthfr
a comparison of the new and old determinations of the vslocit
fields, it appears that high sensitivity and high velocitgaletion
(~ 1.6 km s~ 'as opposed to the earlier useds km s™1) are cru-
cial to discern systematic kinematical patterns in sucht fgalax-
ies.

The origin of these ordered fields is unclear. One would expec
that in the absence of external forces, or internal enengytirgas
with non zero angular momentum would settle down into a irgat
disk. Tidal forces, and/or energy input from star formatemuld
profoundly disrupt the gas velocity fields. Indeed it hagfbeen
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Table 4.Dynamical mass estimate for our sample galaxies

GalaXy Otrue I'g M. MvyT
(kms1) (10°M@)  (108Mp)
KDG 52 8.5 0.6 3.7 15
UGC 4459 8.0 1.0 457 1.9
CGCG 269-049 9.0 1.0 15.0 1.2
UGC 7298 8.0 0.7 8.8 1.6
KK 230 7.0 1.0 1.0 0.5

suggested that a strong starburst could drive out the ISMicifi s
small galaxies (see e.g. Dekel & Silk (1986), Efstathiau0®0

Ferrara & Tolstoy 2000). For two of the galaxies in our sample
viz. GR 8 (Begum & Chengalur (2003)) and KDG 52 (Puche &

Westpfahl (1994)), detailed modeling shows that the vejdaeld
can be fit by a combination of circular and radial motions @& th

gas. In general though, there does not seem to be any particul

correlation between the current star formation rate (sduelR)
and the distortion of the velocity fields. For example, thioeity
field of CGCG 269-049 (Fifl5[B]) shows relatively mild detitas
from that expected from rotation, as compared to that of UG@87
(Fig.[E[B]), even though both galaxies have comparable hasir

ties and the star formation rate in CGCG 269-049 is more than
an order of magnitude more than that of UGC 7298. Tidal inter-

actions are also not clearly implicated, as several of olaxigs
are relatively isolated, and none of them show morpholotyips
ical of tidal interactions. Interestingly, some compaahhiveloc-
ity clouds (notably M 31 HVC 1, M 31 HVC 16; Westmeier et
al.(2005)) show similar velocity gradients. Westmeier|g2805)
argue against these velocity gradients being due to tideéf and
suggest that they may be indicative of dark matter in thegecth

Given their peculiar kinematics, it is difficult to accurgtde-
termine the total dynamical mass of our sample galaxies.nAe i
stead compute an indicative dynamical mass using the vh&l
orem, assuming that the HI distribution is spherical and dras
isotropic velocity dispersion and negligible rotation. Walize that
these assumptions are unlikely to be rigorously justifiabléhe
current situation, and therefore this mass estimate issttibdica-
tive. Under the assumptions above, the virial mass estimmgéeg.
Hoffman et al. (1996)):
5 Rur x U?me
—a ©)

whereRuy; is the HI radius of the galaxy at a column density
of 10'° atoms cm 2 (from Table[B).01:ue is the HI velocity dis-
persion corrected for the instrumental broadening as wsdbathe
broadening due to the velocity gradient over the finite sizthe
beam. This correction is applied using

Ut2ruc = Uc2>bs - AU2 - %62 (VU0)2'

whereove is the true velocity dispersiord\v is the channel

Myt =

width, b characterizes the beam width (i.e. the beam is assumed to

be of forme*w2/b2) andw, is the observed rotation velocityons
is the observed velocity dispersion in the HI gas given ind@b
Table[3 lists the estimated dynamical mad&{) for our
sample galaxies. The columns in the table are: Col.(1) Thexga
name, Col.(2) The estimategt, .., Col.(3) The stellar mass-to-
light ratio, I'g is obtained from the observed-B/ colour for each
galaxy, using the low metallicity Bruzual & Charlot SPS mbde
for a stellar population with metallicity Z=0.008, a SaketMF
and an exponentially declining star formation rate of agesyes
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Figure 8. [A] Mu1/M~ as a function of My for a sample of dwarf ir-
regular galaxiesNig > —19). M is estimated from the last measured
point of the rotation curve for Verheijen(2001), Swater899) and Cote et
al. (2000) (represented as crosses), whereas for galawiesdur sample
(solid dots) and for LGS-3 and Sag DIG from Young & Lo (199%)-(t
angles), M is estimated from the virial theorerfB] Mt /My, for the
same sample. See text for more details.

(Bell & de Jong 2001). In absence of any colour information fo
CGCG 269-049, we assunig=1 for it. Col.(4) The stellar mass
obtained from the assumed mass-to-light ratio and Col.t& T
virial mass, as obtained from Edg. 3.

Figure[B[A] is a plot of the ratio of HI mass to the dynami-
cal mass against absolute blue magnitudes for a sample of dwa
irregular galaxies. The references from which the data akert
are listed in the figure caption. For our current sample, the d
namical masses are taken from Tdble 4, Begum et al.(2003), Be
gum & Chengalur (2004) (for KK 44 and DDO 210) and Young
& Lo (1997) (for LGS-3 and Sag DIG). The ratio of /My
for UGC 4459 is found to be-0.34, which is larger than a value
typically seen in dwarf galaxies. Such high value oMMy is
also seen in some blue compact dwarf galaxies (e.g. van Zge et
(1998)). Figur&B[B] shows Mr /M, for the same sample, plot-
ted as a function of M. The luminous mas$\lium is the sum of
the stellar and gas mass. The stellar mass for all galaxissoma-
puted in exactly the same way as for our sample galaxies;ake g
mass is obtained by taking into account the contributiorriofipr-
dial He i.e. Myas = 1.4 X Mur. We note that although Mr /Miym
does not show any correlation withgfor the full sample, there is
atrend of an increase in thesM /M, ratio with the decrease in
Mgz, seen in our sample galaxies. Further, a jump BIVM uym
ratio is seen at the faintest luminositiesgNt —10.0). While this
might be indicative of increased baryon loss from the hafdkese
galaxies (e.g. Gnedin et al. (2002)), we caution that theecensid-
erable uncertainty in the dynamical mass for the galaxiethim
magnitude range, and also that the total number of galagitsoi
small to substantiate such a claim.

5.2 HI column density and star formation

Our sample galaxies have widely different star formatidasdsee
Table[®), and range from having no detectable on-going star f
mation (e.g. KK 230, KDG 52), to having an optical appearance
that is dominated by bright star forming knots (e.g. UGC 4459
CGCG 269-049). As such, this is a well suited sample for rym
determine the connections (if any!) between the HI distidruand
kinematics and star formation.

For spiral galaxies, the star formation rate appears to fie qu
well correlated with the gas column density, though it isleac



Faint dwarf galaxies 9

DDO 210
= [A]

CRELILH -
DN B
DL L

& B T T e W T T =i

f S| W "
- TR UGC 7298
] - N —— ] - = —
L = 1G] ‘e

CACLILOH 2
CRELEASEH L
CECLELLT OH L

IDRCL LI H L |
u

o

wam n

Figure 9. Comparison of integrated HI emission (contours) from thaga galaxies at a linear resolution 800 pc with Hx emission (greyscales). The
angular resolution of the HI images are given in Tdl)le 5. KIO 28d KDG 52 are not shown in the figure as na tas detected in these galaxies. In the
case of DDO 210, the region ofddemission found in the galaxy (van Zee 2000) is show as a siegVer we note that this may not be an Hll region. The
Ha image of UGC 4459 is kindly provided by U. Hopp and is previgymiblished by Schulte-Ladbeck & Hopp (1998)atimages of Leo A, Sag DIG and
GR 8 are obtained from NED. The observations of these galasigescribed in Hunter & Elemgreen (2004). For UGC 7298, G@69-049 and KK 44 the
alignment of the K images and radio images is done by comparing the continuumiitdges with the optical DSS images. In case of Leo A and Sag DIG
in the absence of continuum images, alignment of theitdages and radio images is done using the coordinates oflthredibns from Strobel et al.(1991),
whereas for GR 8 the coordinates of the HIl regions were nbthfrom Hodge et al. (1989)

if the gas column density is the only relevant parametemake served HI column densities for inclination and for primaddHe
Schmidt law, or whether a combination of gas column dengity a  content (which we take to be 10% of HI by number). Note that
the dynamical time are important, (as in the Toomre’s irbtab  the peak gas density need not occur at the center of the galaxy
ity criteria, see Kennicutt (1998)). For dwarf irregulaiaaes, it Col.7) the column density of the HI contour that just enctoaé

has been suggested that star formation occurs only abovie-a cr the HIl emission in the galaxy, Col.8) current star formatiate

ical threshold column density~( 10>! cm~2, when measured at  (for KDG 52 & KK 230 the limits on the star formation rate are

a spatial resolution of~ 500 kpc) and that this may be because listed), Col.9) the metallicity of the galaxy (for some ofr@ample

a critical amount of dust shielding is required before stanmfa- galaxies no measurement of the metallicity exist) and €0).(ef-

tion can commence (Skillman (1987)). Since the observeahtol erences for the star formation rate and the metallicity.

density is resolution dependent and that the distance cdample

galaxies varies from 0.70 Mpc (Leo A) to ,4'2 Mpc (UGC 7298),  \yhich show systematic rotation; the rotation curves of ¢rgedax-

one would require maps at angular resolutions varying bytofa ies have been presented in Begum et al.(2003) (KK 44) and Be-
of ~ 6. This problem is well suited to a telescope like the GMRT, gum & Chengalur (2004) (DDO 210). For these two galaxies we

where because of the hybrid configuration, maps at a range-of a ghaw in Fig.CID, the ratio of the azimuthally averaged gas den

gular resqlutions can be made from a single observing runalFo sity to the threshold density predicted from Toomre's ity

our galaxies, we produced CLEANed HI maps at an angular reso- yiterion. For both of these dwarf galaxies, this ratio isrgwhere

lution corresponding to a linear scale 67300 pc at the distance  gmjjjer than the threshold ratio for star formation in sygjedaxies
to the galaxy. We thgs have a unique da_ta set which spans a W|de(2g/2Crit ~ 0.7; Kennicutt (1989)). A similar result was obtained
range of star formation rates, but for which maps are availab by van Zee et al.(1997), albeit for brighter (and more rotatiom-

a similar linear resolution. The results from a compariséithe inated,V/o > 5 ) dwarfs. While this low ratio of gas density to
HI distribution with the sites of k emission are given in Tabl# 5. ¢ itica) density is interesting, it is unclear whether thure’s in-

Col.(1) shows the galaxy name, Col.2) the absolute blue &l g¢apjjity criteria is relevant in a situation where the tigta speed
(Mg) of the galaxy, Col.3) the resolution of the HI column deysit comparable to the velocity dispersion.

map, Col.4) the corresponding linear resolution in pc, ®dhe
observed HI peak column density, Col.6) the peak gas sudace
sity. The gas surface densities are obtained by correctiagb-

DDO 210 and KK 44 are the only galaxies in our sample

From the Hy overlays, one can see that if there does exist a
threshold HI column density for star formation, it is only time
very loose sense that one can find a (relatively) high HI colum
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Table 5. Comparison of HI and optical emission from the sample gakxi

Galaxy Mg Beam Beam sak Eg"e"‘k & (HIN Log[SFR]  12+log(O/H) References
(arcsec) (pc) (W cm=2?) (10T em™2?) (101 cm2) (Mgyr Y
KK 44 —-11.85 19 307 1.0 0.6 0.4 —3.44 9
Leo A —11.36 78 262 2.1 1.4 0.8 —3.68 7.3 2,8
KDG 52 —11.49 16 275 0.6 0.8 — > —5.1 9
UGC 4459 —13.37 18 310 3.2 3.9 1.6 —2.04 7.52 6
CGCG 269-049 —12.46 18 297 2.4 2.5 1.7 —3.08 7.43 3,9
UGC 7298 —12.27 15 306 1.5 1.9 0.8 —-45 9
GR 8 —-12.11 30 305 1.1 1.4 0.9 —2.46 7.68 4
KK 230 —9.55 33 304 0.5 0.4 - > —5.53 9
Sag DIG —11.49 67 325 0.6 0.7 0.6 —3.56 7.42 1,7
DDO 210 —11.09 61 291 1.07 1.3 1.2 —5.42 7.4 5,8

References: 1-Hunter & EImegreen(2004), 2-James et 84)23-Kniazev et al.(2003), 4-Legrand et al.(2001), 5-@6a1998), 6-Pustilnik et al.(2003),
7-Skillman et al.(1989), 8-Taylor et al.(1998), 9-This pap
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Figure 10. The ratio between the gas surface density and the Toomee’s in
stability threshold density for our sample galaxies DDO 2b@d KK 44,
which show systematic rotation. The HI distribution usedderiving the
SMD profiles are 61 x 56" (DDO 210) and 3% x 29" (KK 44).

density contour that just encloses all the star formingamsg)i The
actual value of the column density delineating the star fogme-
gions varies by more than a factor of 4 between differentxieda
in our sample. Further, the morphologies of thea Eimission and
the high column density HI is quite dissimilar in severalesae.qg.
UGC 7298, GR 8, KK 44). Thus, while high HI column density
may be necessary for star formation, it clearly is not, is g@mple
at least, a sufficient criteria for star formation. From Ebbne can
also see that there is no particular correlation betweeftltinesh-
old” column density and the metallicity. The metallicityafr sam-
ple galaxies is somewhat lower than that in the original darap
Skillman (1987). In that sample the galaxies, with one etioap
(Sextans A, withl2 4 log(O/H) = 7.49 (Kunth & O%tlin (2000)),
havel2 + log(O/H) between~ 8 and8.34. For the galaxies in
our sample for which measurements exist, the metallicityps-
cally 1 dex lower, while the star formation “threshold” dapss

similar to that noted by Skillman (1987). It has also beergssted
that the threshold density for star formation is more relatethe
presence of a cold phase; in this case, the value of thishiblicbs
does not change much with metallicity (Schaye (2004)).

To further explore the connection between the amount of high
column density gas in the galaxy and the star formation, veg/sh
in Fig.[MA[A] and Fig[ILL[B], the star formation rate as a ftioi
of the total HI mass as well as the star formation rate as a func
tion of the mass of HI which has a column density greater than t
“threshold” density defined in Tallé 5. The SFR rate actuzilye-
lates slightly better with the total HI mass of the galaxyr(etation
coefficient~ 0.34, excluding those galaxies where naldmission
was detected) as compared to the mass of the gas at high HI col-
umn density (correlation coefficient 0.25). Clearly, the efficiency
with which gas is converted into stars in these dwarf gatais@ot
a function of the amount of high column density of the gas @lon
The strongest correlation between the gas distributioniradida-
tors of current or past star formation that we find in our sanipl
that between the peak gas density (recall that this needceat at
the center of the galaxy) and the absolute magnitude [EJ§]1.1
The reason for the existence of such a correlation is uncléer
most straight forward interpretation is that bigger gadaxare more
able to support high column density gas; this in turn madetton
the average, more efficient at converting their gas intesst@an
the other hand, as noted above, the current star formattentra
self does not correlate particularly strongly with the looalumn
density. One way to reconcile this would be if in such smalihga
ies, feedback processes rapidly destroy the correlatitmdes the
local gas column density and the local star formation rate.

If feedback from star formation is important, one might extpe
to see the strongest evidence for this on small scales. Weehen
compare the highest resolution HI images of our sample gedax
with the sites of active star formation i.eatémission. Our highest
resolution images have beam sizess”” — 4", which corresponds
to linear scales between 19 pc and 100 pc for our sample galaxi
At this high resolution, the emission could not be CLEANed-m
ment maps were instead made from the dirty cubes. As disgusse
earlier, this leads to a scaling uncertainty, which meansavmot
translate the observed flux distributions into correspogdil col-
umn densities. We can however, still use our maps to search fo
correspondences between the morphologies of thatitl the high
column density HI. The overlays are shown in figl 12; for a# t
galaxies in our sample, the HI emission shows substantakfiale
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Figure 11. [A] Log of HI mass as a function of SFR for our sample galaxieshéncase of KDG 52, KK 230 and DDO 210, the limits on the SFR aoeveh
[B]HI mass of the dense gas i.e mass of HI gas which has a colunsitydgreater than the “threshold” density, defined in Téblasba function of SFR for
the same sampl¢C] The peak surface gas density as a function of absolute blgeitnde.

structure, with shell like, filamentary as well as discrdtenp like
morphologies being visible. The few other dwarf galaxied thave
been imaged at similar linear scales, e.g. IC10 (20 pc; Wigco
Miller (1998)), SMC (28 pc; Staveley-Smith et al. (1997)MC
(15 pc; Kim et al. (2003)) also show a similar wealth of smedle
structure. At these scales, theslemission is sometimes seen coin-
cident with high HI column densities (e.g. the northern §vam-

ing region in UGC 4459, north-eastern region in KK 44, the H
knot in CGC 269-049), sometimes the high HI column density ga
forms a shell around the ddemission (e.g. the south-western star
forming region in KK 44, the high density HI clumps in GR 8)
and sometimes there seems to be no connection at all betiveen t
high density HI gas and theddemission (e.g. UGC 7298). In gen-
eral, while high HI column density gas is in general preserihe
vicinity (as measured on linear scakesl 00 pc) of current star for-
mation, there does not seem to be a simple, universal retitip
between the H emitting gas and the high column density neutral
gas.

5.3 Hlline profiles and star formation

Young and collaborators have found that in faint dwarfs, iHé |
profiles in regions of active star formation differ subsialfhyt from

a simple Gaussian shape ( Leo A, Young & Lo 1996; Sag DIG,
Young & Lo 1997; UGCA 292 Young et al. 2003). Young et
al.(2003) used both a two Gaussian fit as well as a fit using $aus
Hermite polynomials to parametrize the line profiles. Tdlfde
easy comparison, we fit the line profiles to our sample gataxse

ing the same two models. Apart from Leo A and Sag DIG (where
we use essentially the same VLA data as used by Young et al.) ou
sample has two galaxies, viz. DDO 210 and GR 8, in common with
the earlier sample. We include these two galaxies in theyaisal
that we do in this section, and compare the results obtairged f
the GMRT data with those obtained earlier with the VLA.

Ideally one would like to fit profiles to data cubes which cor-
respond to the same linear resolution at the distance toalaeng
However fitting to the line profile requires a good signal taiseo
ratio, and for the fainter galaxies, the signal to noiseoratiade-
guate only in the lowest resolution images. The linear regm
of the data cubes used for profile fitting is given in Tdlle 6. Fo
all the sample galaxies, the line profiles at each locatioreiest

fitted with a single Gaussian component and the residuals imer
spected. HI profiles in some cases were found to deviate measu
ably from a simple Gaussian in such cases the profiles were of-
ten either asymmetric or symmetric, but with narrower pead a
broader wings than a Gaussian.

The profiles were then fit with a double Gaussian and also
separately with a Gauss-Hermite polynomial. The Gaussniter
polynomial used for the profile fitting is given as:

— gV B 5_ fa
p(x) = aeT ¥ 1+ \/6(2\/57; 3\/§y)+\/§4

where y= @ Parameters a, b, ¢ are equal to the ampli-
tude, mean and dispersion respectively for a Gaussian (iohwh
the Eqn.(H) reduces to, when parameteyandh, are zero). Pa-
rameterhs is related to the skewness of the line profile i.e. in the
case of an asymmetric line profite # 0. If hy #0, the line pro-
files either have a more pointed top with broader wings & 0)
or have a flatter topis < 0) than a Gaussian.

In the case of Gauss-Hermite fits, the profiles for which both
hs and hy parameters were less than 3 times the uncertainty in
these parameters, were rejected as bad fits. Similarlyeircéise
of double Gaussian fit, the profiles for which the width of the fi
ted narrow component was less than the velocity resolutidnc®
km s~ (within the errorbars) were rejected. Following Young & Lo
(1996), we use the F-test to distinguish between profildsiesad-
equately fit by a single Gaussian and those which are nottionsa
where the null hypothesis (viz. that a single Gaussian ges/an
equally good description of the line profile as compared toubte
Gaussian or Gauss-Hermite polynomial) was rejected at @& 9
or higher confidence level were compared with the locatidrmme
going star formation.

The results of the line profile fitting are given in Talfle 6.
Col.(1) gives the galaxy name, Col.(2) shows the resolutictine
HI distribution used for the profile fitting, Col.(3) the lineesolu-
tion in pc, Col.(4) the minimum gas surface density (the oles®
HI column density corrected for inclination and He contemt}los-
ing the regions with non Gaussian HI profiles, Col.f5)and h4
parameters of the best fit Gauss-Hermite polynomial, Calaiége
of the velocity dispersion of the narrow component in thetdeu
Gauss fit and Col.(7) range of the velocity dispersion of tread
component in the double Gauss fit. In case of UGC 4459 and GR 8,

(4y* —12y°+3)](4)
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Figure 12. The GMRT integrated high resolution HI images of our sampllexges (greyscales) overlayed omlinages (contours). In case of KK 230 and
KDG 52, as no k emission was detected, contours represent the opticadl lmaad emission. The angular resolutions of the GMRT HI irsage 3 x 3"
(UGC 4459), 4 x 4" (KK 44), 4" x 3" (CCG 269-049), 8 x 6" (KDG 52), 4’ x 4" (UGC 7298), 4 x 3" (DDO 210), 4’ x 3" (GR 8) and & x 3"
(KK 230). The source of & emission found in DDO 210 (van Zee 2000) is show as a star.

results of the line profile fitting from separate regions (asked in

the Fig[IB), are described separately in the TBble 6. For KRG
the two separate regions showing deviation from the Gangséear

the eastern and western clump, gave similar results.

The regions in our sample galaxies where the double Gaus-

sian gave a better fit to the line profiles than a single Ganssia
marked as crosses on the HI column density distributiong{E3.

The regions where the Gauss-Hermite polynomial gave arlfétte
than the single Gaussian are almost similar to the regiorsenthe
double Gaussian gave a good fit, hence are not shown separatel
We note that for most galaxies (with the exception of DDO 210)
the extent of these regions is comparable to our spatialutiso.

To allow easy cross comparison with regions having on-getag
formation, the K emitting regions are represented as greyscales
in Fig.[T3. The line profiles for KK 44 and KK 230 throughout the
galaxy are found to be well described by a single Gaussiapoem
nent, hence are not shown.

As seen in FiglZlI3, no particular correlation is seen between
the location of Hv emission and the deviation of HI line profiles
from single Gaussians. Not all star forming regions in oungla
galaxies show deviation of the line profiles e.g. UGC 7298, 44K
and eastern clump in GR 8. Conversely, not all regions wHickvs
deviations of line profiles are associated with the star fogme-
gions e.g. KDG 52, DDO 210 and UGC 7298. In this sample at
least, the correlation found by Young et al.(2003) from tlagialy-
sis of 3 dwarf irregular galaxies does not seem to hold. We dds
not find any correlation between the presence of asymmatoic p
files and the global star formation activity.

The dwarf galaxies DDO 210 and GR 8 are common between
our sample and that of Young et al.(2003). The results derie

Young et al.(2003) for DDO 210 are similar to our results. Ga t
other hand, for GR 8, Young et al.(2003) found few line prdfile
with hs # 0 in the southern clump, (albeit with a very small mag-
nitude ofh3), and almost none in the eastern clump, while we found
all the profiles associated with the southern and eastenmechave
hs = 0, (within the 3r uncertainty of the parameter). However, this
difference is not pronounced, and one should also note atg’
et al.(2003) used 14x 14" and 18 x 18" resolution data cubes,
whereas we have used &'30 30" resolution data cube. In general
hence, there is relatively good agreement between the fiténeaial
with the GMRT and VLA data.

SUMMARY

We compare the HI distribution, kinematics and currentfetana-
tion in a sample of 10 extremely faint nearby dwarf galaxies.5

of these galaxies, fresh GMRT HI data are presented in thpsmpa
The large scale gas distribution in the galaxies is genechimpy,
and the peak HI column density is often well removed from the
geometric center. For all galaxies we find a large scale ediee-
locity field, although the patterns are mostly not recorddavith
that expected from a rotating disk. From a simplistic vitf@orem
based estimate of the dynamical mass, we find very tentative e
idence that the faintest dwarf irregulars have a somewhatlem
baryon fraction than brighter galaxies.We compare theoregpf
ongoing star formation with regions of high HI column depsit
with the column density being measured at a uniform lineaftesc
(~ 300 pc) for all galaxies in our sample. We find that while the H
emission is confined to regions with relatively high colunemsity,
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Figure 13. GMRT integrated HI column density distribution for our sdegalaxies (contours) overlayed on the:ldmission (greyscale) from the galaxies.
The regions where the line profile deviated from the singlessan are marked as crosses. In the case of DDO 210, thegitthrthe galaxy is marked as
stars. In case of KDG 52, noddemission was detected in the galaxy. The resolution of theisftibution are 29 x 27" (UGC 4459), 42 x 39" (CGCG

269-049), 28 x 24" (UGC 7298), 60 x 58" (DDO 210), 3¢ x 30” (GR 8) and 42 x 39" (KDG 52).

Table 6. Results of the profile fitting to our sample galaxies

Galaxy Beam Linear resolution 3 as Gauss-Hermite fit  Narrow component  Broad component
(arcsec) (pc) 102! cm—2) (kms~1) (kms—1)
KK 44 40 647 — - — —
KDG 52 42 723 0.2 h3 =0 hs >0 2.0-45 8-14
UGC 4459 (A) 26 450 1.0 h3 <0 hsy =0 3.5-7.0 6-17
UGC 4459 (B) 26 450 2.0 h3 =0 hs >0 6.0 10-17
UGC 4459 (C) 26 450 1.0 h3 =0 hs >0 4.5-6.0 10-16
CGCG 269-049 42 692 0.4 h3 <0 hy =0 2-5 7-13
UGC 7298 26 529 1.0 h3 =0 hs >0 2.5-4 9.5-11
GR 8 (A) 30 305 0.7 h3 <0 hgs >0 2—6 7-13
GR 8 (B) 30 305 0.9 h3 =0 hs >0 2-3 8-9.5
KK 230 48 489 — — — -
DDO 210 60 291 0.4 h3 =0 hs >0 3-6 8-14
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in general the morphology of thedmission is not correlated with
that of the high column density HI gas. Thus, while high gds co
umn density may be a necessary condition for star formaitias,
not, in this sample at least, a sufficient condition. We alsn@ne

the line profiles of the HI emission, and check if deviatiorenf

a simple Gaussian profile is correlated with star formatictivy.

We do not find any such correlation in our sample — there are re-
gions with on-going star formation but with simple Gausdiae
profiles, as well as regions with complex line profiles but ng@

ing star formation. Finally, we look at the distribution of gias at
linear scales~ 20 — 100 pc. All our sample galaxies show sub-
stantial small scale structures with shell like, filamentas well

as clumpy features being identifiable in the images. éitting
regions are sometimes associated with clumpy feature tioes

the Hx emission lies inside a shell like feature in the HI, and some-
times there is no particular HI column density enhancemeahs
near the K emission. The interplay between star formation and gas
density and kinematics in these galaxies hence appearsverpe
varied, and the general unifying patterns seen in largegitdars
and spiral galaxies seem to be absent. Star formation adbdek

are complex processes, and perhaps it is the presence desimp
large scale correlations in big galaxies that should sseprs more
than the absence of such correlations in small galaxies.
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