
XXVIII the General Assembly of URSI

��� �����	��
������������������������� �"!#�$�%�"&'�$�(�*)��+���,�-!.���

Ayesha Begum1 & Jayaram N. Chengalur1∗

1National Centre for Radio Astrophysics, Post Bag 3, Ganeshkhind, Pune 411 007

e-mail: 1ayesha@ncra.tifr.res.in,1∗ chengalur@ncra.tifr.res.in

Abstract

We present the results of deep, high velocity resolution (∼ 1.6 km s−1)
Giant Metrewave Radio Telescope (GMRT) HI 21 cm observations of ex-
tremely faint (MB>̃−13.5) dwarf irregular galaxies. We find that all of our
sample galaxies show systematic large scale gradients i.e. their velocity
fields are not ”chaotic’. For some of the sample galaxies, the velocity fields
are in fact completely consistent with ordered rotation, though the peak
circular velocities are comparable to the random motions. These are the
faintest known galaxies with such kinematics. We present the (asymmetric
drift corrected) rotation curves, Tully-Fisher diagrams and mass models
(including fits for Isothermal and NFW dark matter halos) for these galax-
ies and discuss the implication for hierarchical models of galaxy formation.
Our sample includes dwarf galaxy NGC 3741, for which GMRT observa-
tions showed that it has a most extended gas disk known. Finally, the
multi-resolution GMRT HI images of our sample galaxies, along with the
Hα data are used to understand the interplay between the neutral ISM
and star formation in the extremely faint dwarf irregular galaxies.

1 Introduction

A sample of extremely faint dwarf irregular galaxies (MB>̃− 13.5 mag) was observed
in HI 21cm emission with the GMRT. The main aims of this work is to use these
observations to (i) determine the density profiles of the dark matter halos of extremely
faint dwarf galaxies and (ii) to understand the interplay between star formation and
neutral ISM in these galaxies. The high velocity resolution(∼1.6 kms−1) and high
sensitivity of our GMRT observations are crucial for this study, since the expected
magnitude of the rotation velocities of such faint galaxies is very small.

2 Results

The high velocity resolution and high sensitivity GMRT observations found large scale
systematic velocity gradients in all of our sample galaxies. This is unlike earlier stud-
ies, done with a coarser velocity resolution (∼ 6.5 kms−1), which found chaotic velocity
fields for such faint dwarfs [6]. For some of our sample galaxies, viz, Camelopardalis



B [1] (MB ∼ −11.8) and DDO 210 [2] (MB ∼ − 11.0), the velocity fields are completely
consistent with ordered rotation, though the peak circular velocities are comparable
to the velocity dispersion. The observed rotational velocities, hence, require a sub-
stantial correction (akin to the “asymmetric drift” correction), before they can be
used to model the density distribution in these galaxies. Fig. 1[A] shows the velocity
field of Camelopardalis B. As can be seen, that inspite of being very faint, this galaxy
shows a very regular kinematics. Camelopardalis B is the faintest known dwarf irreg-
ular galaxy to show such regular kinematics. From mass modeling of the corrected
rotation curves, we find that, in general, the kinematics are well fitted by the tradi-
tionally used “modified isothermal halo” model, whereas theoretically favored cuspy
Navarro-Frenk-White [7] (NFW) halos do not provide a good fit to the data. Fig. 1[D]
shows the mass modelling for Camelopardalis B.

In hierarchical models of galaxy formation, faint dwarf galaxies have the highest
dark matter densities, as they are the earliest ones to form. We searched for such
trends in the dark halo properties of disk galaxies by adding to our sample, published
data for brighter disk galaxies. This compiled sample spans a luminosity range of ∼ 12
magnitudes, but we find at best a weak trend for increasing halo central density with
decreasing galaxy size (Fig. 1[E]-[F]). We have also made a preliminary examination
of the Tully-Fisher (TF) relation using this compiled sample (see Fig. 1[C]). While
the TF relation is generally studied using the inclination corrected 50% profile width
(usually obtained from single dish observations), it is not the best measure to use for
the faintest dwarf galaxies, where, (i) as mentioned above, the rotational velocities
are comparable to the velocity dispersion, and (ii) the disk inclination may be difficult
to determine from the patchy optical emission. HI synthesis observations provide a
way around both these problems. From our examination of the TF relation, we find,
in broad agreement with earlier studies, (which used single dish HI data [8]), that
dwarf galaxies tend to lie below the TF relation defined by brighter galaxies.

Fig 1[A] shows the integrated HI emission from one of our sample galaxies viz.
NGC 3741 (MB ∼ −13.13), overlayed on the digitised sky survey image. As can be
seen, the HI distribution of NGC 3741 is regular and extends to ∼ 13.8′ in diameter,
at a level of ∼ 1 × 1019 cm−2. The Holmberg diameter of NGC 3741 measured from
the B band surface brightness profile is ∼ 100′′[5] − the HI disk is hence ∼ 8.3
times the Holmberg diameter. This makes it probably the most extended HI disk
known. We derived the rotation curve (which is flat in the outer regions) upto ∼

38 disk scale length (for further reference see [4]). NGC 3741 is one of the faintest
known dwarf galaxies to show a clear flattening of the rotation curve. At the last
measured point of the rotation curve, the dynamical mass to light ratio for NGC 3741
is MD/LB = 107 ± 16.4; NGC 3741 is hence one of the “darkest” irregular galaxies
known.

2.1 Star formation in faint dwarf galaxies

It has been suggested that star formation in dwarf galaxies occurs only above a
threshold HI column density (e.g. [10]), although it is unclear whether this threshold
is a consequence of disk dynamics (e.g. related to Toomre’s instability criterion [9])



or is a consequence of some other physical process (e.g. self shielding). In this
context, our sample of galaxies is particularly interesting, since they have systematic
rotation which is at best of comparable magnitude to the velocity dispersion. Since the
observed column density is resolution dependent, a comparison of HI column densities
at the same linear resolution is important for such studies. The GMRT observations
are particularly well suited to this problem since, from a single observation, one
can make maps with angular resolutions varying from, ∼ 40 arc-seconds to a few
arc-seconds. We find that (at a linear resolution of ∼ 300 pc), star formation in
extremely faint dwarfs occurs only above a threshold density of ∼ 1021 cm−2. This is
comparable to the thresholds found in much brighter dwarfs [11]. Interestingly, the
average metallicity of our sample galaxies is quite low (12+log[O/H]∼7.45), indicating
that the star formation threshold is not much affected by metallicity. We also find
that this threshold density is applicable only when one smooths over relatively large
spatial scales; when looked at with sufficiently high spatial resolution (∼ 50−100 pc)
many of the star forming regions in our sample galaxies do not in fact coincide with
peaks in the HI distribution. Finally, it has been suggested that the shapes of the HI
line profiles could be used as a tracer of star formation activity in dwarf galaxies [12].
In particular, it has been suggested that asymmetric profiles and/or profiles which
contain a narrow (“cold”) component are found in regions of ongoing star formation.
We carried out a detailed analysis of the HI line profile shapes across the disks of all
the sample galaxies. However, no particular correlation is found between asymmetric
profiles and star formation activity in our sample.
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Figure 1: [A]The HI velocity field of Cam B at 24
′′

× 22
′′

resolution. The contours are in steps of
1 kms−1 and range from 70.0 kms−1 to 84.0 kms−1. [B] The B band optical image of NGC 3741
(greyscales) with the GMRT 52

′′

× 49
′′

resolution integrated HI emission map (contours) overlayed.
The contour levels are 0.1, 1.3, 2.6, 3.8, 5.0, 6.5, 7.8, 9.6, 11.3, 14.4, 17.0, 20.5 ×1020 atoms cm−2.
[C] I magnitude Tully-Fisher diagram. For sample details see [3]. Filled squares are from galaxies
in our sample. Solid line shows TF relation for bright galaxies (MB < −17.0). [D]Mass models for
Cam B using the ”asymmetric drift” corrected rotation curve. The points are the observed data.
The total mass of gaseous disk (dashed line) is 6.6 × 106M�.The stellar disk (short dash dot line)
has ΥV = 0.2, giving a stellar mass of 0.7×106M�. The best fit total rotation curve for the constant
density halo model is shown as a solid line, while the contribution of the halo itself is shown as a
long dash dot line (the halo density is ρ0 = 13.7× 10−3M� pc−3). The best fit total rotation curve
for an NFW type halo (for c = 1.0 and ΥV = 0.0) is shown as a dotted line. [E-F]Scatter plots of
the central halo density against the circular velocity and the absolute blue magnitude. For sample
details see [1]. The filled squares are the medians of the binned data, and the straight lines are the
best fits to the data.


