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Abstract 

This thesis presents high resolution HI synthesis data ofthe nearby (10 Mpc), in­
teracting, low surface brightness galaxy NGC 1512. The galaxy was observed with 
the Australia Telescope Compact Array for a total of 85 hours on source. Similar 
sensitivities for the full range of spatial resolutions was achieved by scaling the 
observation time for the extended antenna configurations appropriately. The HI 
data products are compared with the GALEX Nearby Galaxy Survey (NGS) and 
Spitzer Infrared Nearby Galaxy Survey (SINGS) observations. 

The GALEX imaging shows recent star formation in the extended 100 kpc HI 
disk. The sub-kpc resolution of the datasets allows the use of a pixel-by-pixel 
analysis to probe local conditions for star formation throughout the galaxy. Low 
star formation efficiencies are found in the outer disk, consistent with its low sur­
face brightness nature in optical wavelengths. 

The discovery of a (tidal?) dwarf galaxy is reported as well as low column 
density HI features, the origin of which is likely attributable to the rich group en­
vironment in which NGC 1512 is embedded, as mapped by HIPASS. Furthermore 
a rotation curve and mass model is derived showing the galaxy is dark matter 
dominated, consistent with the properties of giant low surface brightness galaxies. 

III 
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Chapter 1 

Introduction 

1.1 Project Background 

'The HI Nearby Galaxy Survey' (THINGS, Walter et al. 2008) is a high resolu­
tion survey of HI emission in 34 nearby galaxies using the NRA01 Very Large 
Array (VLA). The VLA is Y-configuration radio interferometer with 27 antennas, 
each of 25 metre diameter. The THINGS southern sky extension includes a fur­
ther 6 galaxies using the Australia Telescope Compact Array (ATCA) with very 
similar resolutions. The ATCA is a 6 antenna East-West configuration interfer­
ometer. Each telescope has a diameter of 22 metres. Utilising these two world 
class instruments, THINGS aims to study a representative sample of galaxies of 
varying morphology, star formation rate, HI mass, total luminosity, and metallic­
ity (Walter et aL, 2008). The southern sky extension is needed to enhance this 
representative sample. 

NGC 1512, one of the 6 southern galaxies, is the focus of this study. It is a 
nearby (9.8 Mpc) low surface brightness galaxy (LSB) with Hubble type SB(r)ab. 
Previous single dish radio observations detected a massive (rv 1010 Mev) HI halo 
over the comparatively small, optical component (Hawarden et aL, 1979). The 
HI halo appears to extend ",100 kpc in diameter, significantly larger than the 
estimated 11 kpc Holmberg radius. Hawarden et al. (1979) report a mass-to-light 
ratio, (M / L B) = 31. This massive HI halo is thought to be a quiescent structure, 
much like the Malin 1 galaxy (Bothun et al. (1987). Discovered serendipitously, 
Malin 1 is one of the most HI-massive galaxies known to date (MHI ,....., 1011 Mev, 
Bothun et al. 1987). It is a giant low surface brightness galaxy with a HI mass-to­
light ratio, (MHr/ L) B rv 3 (Impey and Bothun, 1989). Despite its large fuel supply 

lThe National Radio Astronomy Observatory is a facility of the National Science Foundation 
operated under cooperative agreement by Associated Universities, Inc. 

1 
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2 CHAPTER 1. INTRODUCTION 

for star formation, Malin 1 exhibits a low surface brightness stellar disk, below 
the sky noise level. Furthermore, Malin 1 reveals a 'normal' stellar bulge. This 
presents a challenge to galaxy evolution models as to (1) why such a large quantity 
of HI gas has not collapsed to form stars, and (2) how such an extended galactic 
disk could have formed, as shown by the simulations of D'Onghia et al. (2006). 
NGC 1512 displays similar properties to Malin 1, however is approximately 33 
times closer. It therefore presents an opportunity to explore the implications gi­
ant LSB galaxies have on galaxy evolution models in further detail. 

----o 
o -20' 
o 
C\l ......, 

-22' 

-24' . .. 
.. 

-26' .. 
4h04m15s 04mOOs 03m45s 03ffi30s 03m15s 

Right Ascension (J2000) 

Figure 1.1: R band image showing NGC 1512 (classification: SB(r)ab) and its ringed structure. Neighbouring 
galaxy NGC 1510 (dE or BCD) is seen to the south west. The projected distance between the two 
galaxies is '" 14 kpc. 

NGC 1512 has also been observed by the Galaxy Evolution Explorer space tele­
scope (GALEX), which operates at ultraviolet wavelengths. These observations 
formed part of the GALEX Nearby Galaxy Survey (NGS). The survey imaged 
1034 nearby galaxies in two ultraviolet bands to probe the star formation proper­
ties in the local Universe. The NGC 1512 images display strong ultraviolet (UV) 
emission in the spiral arms (see Fig. 3.1), indicating that very recent star formation 
has taken place in the extended HI disk (Gil de paz et al., 2007). This recent star 
formation is inconsistent with the quiescent HI halo described by previous radio 
observations. As a case study, this work aims to address the following question: 
What change in conditions has led to this recent star formation in this hitherto 
quiescent, extended gas reservoir? 
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1.1. PROJECT BACKGROUND 3 

NGC 1512 has an optically disconnected companion galaxy, NGC 1510, seen 
in the south-west of the R band Digitized Sky Survey2 map in Fig. 1.1. The two 
galaxies are separated by an angular scale of 5', corresponding to rv 14 kpc at the 
projected distance of NGC 1512 (9.8 Mpc). The two galaxies have very similar 
recession velocities ('" 900 km s -1). The high resolution HI data will probe the 
effect of this companion on NGC 1512's extended HI disk and perhaps provide 
insight on the cause of the recent star formation activity in both galaxies. 

In the following introductory sections the properties and science objectives of 
THINGS are briefly described, followed by a review on the current understanding 
of low surface brightness galaxies; rotation curve derivation and mass modeling; 
and finally the determination of star formation rates. 

1.1.1 The HI Nearby Galaxy Survey 

The intrinsically low surface brightness of the neutral hydrogen emISSlOn line 
means that high resolution HI imaging requires a great expense in telescope time. 
Early observations using single dish instruments, with spatial resolutions of order 
10' (dish diameter rv 100 metres), only allowed global statements to be made of 
galaxies beyond rv 5 Mpc (Walter et al., 2008). 

The advent of aperture synthesis arrays increased the detail to which the ra­
dio sky can be studied dramatically. Contributing to this were major surveys 
performed by the VLA 3 and Westerbork Synthesis Radio Telescope (WSRT)4 to 
name just two of the new major facilities of the 1970's (see Hogeveen (1990) for a 
discussion on the original science objectives of WSRT, which did not include HI 
imaging as the signal was thought to be too weak.) 

The major trade-off with these interferometric instruments is that of bright­
ness sensitivity and spatial resolution. Using a fixed number of receiving elements 
N, one can increase the brightness sensitivity by using a compact configuration. 
However, spatial resolution is determined by the interferometer's longest baseline 
(distance between two receiving elements) resulting that compact configurations 

2The Digitized Sky Survey was produced at the Space Telescope Science Institute under U.S. 
Government grant NAG W-2166. The images of these surveys are based on photographic data 
obtained using the Oschin Schmidt Telescope on Palomar Mountain and the UK Schmidt Tele­
scope. The plates were processed into the present compressed digital form with the permission 
of these institutions. 

3 http://www. vIa. nrao. edu/ 
4http://www.astron.nljp/WSRT2.htm 
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4 CHAPTER 1. INTRODUCTION 

have lower spatial resolution. Increasing the baseline length decreases the filling 
factor,5 and hence brightness sensitivity, with N receiving elements {Holdaway and 
Helfer, 1999). By doubling the longest baseline of an interferometer, the observa­
tion length must be four-fold to achieve equal sensitivity. This square relationship 
between spatial resolution and brightness sensitivity (Wrobel and Walker, 1999) 
limits sensitive (1(7 < 5 mJy), high resolution « 20") HI observations for a rep­
resentative number of nearby galaxies. 

THINGS aims to address the lack of sub-kiloparsec HI imaging by performing 
homogeneous observations of galaxies in the range 2 < D < 15 Mpc. These high 
resolution data are combined with the Spitzer Infrared Nearby Galaxies Survey 
and the GALEX Nearby Galaxy Survey to probe an array of questions at small 
spatial scales. The main science goals of THINGS are: 

• Star Formation Thresholds 
The multi-wavelength data of comparable, sub-kpc resolution enable a com­
parison of local star formation conditions across a wide range of Hubble type. 
Using star formation recipes and kinematic data products, theoretical pre­
dictions can be compared with observed star formation rates and hence the 
relative importance of local and global conditions quantified (Leroy et al., 
2008; Bigiel et al., 2008). 

• Galaxy Mass Distribution 
The high spatial and spectral resolution kinematic measurements allow the 
derivation of well sampled rotation curves. Combining these with Spitzer 
maps enables a study of the dark matter halo distribution as a function 
of Hubble type, as well as high resolution probe into the highly debated 
'core-cusp' discrepancy at the centre of galaxies, leading to greater insight 
on the validity of the ACDM model (Navarro et al., 1996) on galactic scales 
(de Blok et al., 2008). 

• ISM Energy Budget 
Super-giant HI shells likely resulting from supernovae explosions allow a 
measurement of the associated energy release across a large range in Hubble 
type. Combining this with available multi-wavelength data permits an es­
timation on secondary star formation resulting from supernovae events, the 

5Filling factor is defined as the combined collecting area of all individual receiving elements 
divided by the area of a hypothetical single receiving element that would have a diameter equal 
to the longest baseline 
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1.1. PROJECT BACKGROUND 5 

combination of which allows an approximation on the energy budget of the 
ISM (Bagetakos et al., 2007; Brinks et al., 2007). 

• ISM Composition 
The similar resolutions of THINGS and Spitzer observations will enable a 
comparison of the spatial distributions of gas and dust for the same broad 
range of Hubble types (Walter et al., 2007). 

The data products generated in this thesis will enable an investigation of two 
of the major THINGS science goals: the kinematics and mass modeling of the 
galaxy; followed by a sub-kpc star formation rate surface density analysis. The 
former will dissect the mass composition of this giant low surface brightness galaxy 
candidate; while the latter will probe the cause of the recent star formation evident 
in ultraviolet images. 

1.1.2 Low Surface Brightness Galaxies 

Historical Perspective 

A population of so-called low surface brightness galaxies (LSBs) exists below the 
optical night sky brightness level. The idea that sky brightness level could signif­
icantly influence our view of the extragalactic sky was first proposed by Disney 
(1976). LSBs are galaxies with faint, dispersed stellar disks and a central surface 
brightness that lie below the Freeman central surface brightness. Freeman (1970) 
found this parameter to be constant with low dispersion around the value SBO,B, 
of 21.65 ± 0.30 magarcsec2 , leading to the so-called Freeman's Law (1970). The 
exclusion of such LSBs from early galaxy catalogues was purely a selection effect 
of apparent magnitude limits and isophotal diameter limited galaxy catalogues 
(Bothun et al., 1997), the effect predicted by Disney's 1976 Letter to Nature. This 
paradigm shift sparked major searches for LSB objects shortly thereafter. 

Deep photographic surveys of the nearby Virgo cluster began to show that a 
distinct class of LSB objects existed (Binggeli et al., 1984; Sandage et al., 1985). 
Impey and Bothun extended these surveys in collaboration with David Malin to 
search for even lower surface brightness objects than detected at that point in time. 
To achieve this Malin developed a photographic amplification process known as 
'Malinization' (Bothun et al., 1986). This lead to the discovery of the most famous 
low surface brightness galaxy to date: Malin 1 (Bothun et al., 1987). 

Further innovation by Impey et al. (1996) utilised an Automated Plate Machine 
(APM) to search for LSBs in the UK Schmidt Sky Survey. This resulted in the 
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1.1. PROJECT BACKGROUND 7 

galaxies. The total HI content is not unlike those of HSBs, despite the trend that 
LSB HI surface densities are lower (van der Hulst et al. 1992). However, LSBs 
are observed to be more gas rich than HSBs for a fixed luminosity. This is linked 
the finding that LSBs are considerably dark matter dominated (de Blok and Mc­
Gaugh, 1997a), resulting in the high dynamic stability of the disk. This stability 
allows the low surface densities in the disk, however hinders star formation as it 
is more difficult for gas clouds to collapse. The low star formation rate is further 
accentuated by the lack of chemical enrichment over time, which facilitates gas 
cooling (de Blok and van der Hulst, 1998). 

This moderate chemical enrichment rate is validated in the failure of a number 
of studies to detect CO (both 2-1 and 1-0) in LSB disks (Schombert et al., 1990; 
Knezek, 1993). Despite these severely hampered conditions for star formation, 
the vast majority of the LSB population curiously enough are blue (McGaugh and 
Bothun, 1994). This paradox is explained by considering that LSBs only have 
a faint, old population which is not well-developed due to a low star formation 
history (O'Neil et al., 1997). It follows that LSBs would only need a small number 
of blue stars to affect the galaxy colour (de Blok, 1997). A lack of a correlation 
of surface brightness with colour (McGaugh and Bothun, 1994) rules out the pos­
sibility that LSBs could be 'faded out' HSBs, galaxies where massive, and hence 
highly luminous star formation has ceased, resulting in a low surface brightness 
appearance. 

HI aperture synthesis observations of LSBs have shown the dark matter dom­
inance discussed above to be prevalent at almost all radii (Pickering et al., 1997). 
The mass models derived in these studies suggest that LSB dark matter halos have 
a lower density and greater extent than that of HSBs, as investigated in Zwaan et 
al. (1995). Despite these differences, dark matter halos appear to have equivalent 
dynamical masses (Bothun et al., 1997). 

1.1.2.1 Giant Low Surface Brightness Galaxies 

Combining all the reviewed properties of LSB galaxies strongly suggests that these 
objects are amongst the least evolved objects in the nearby Universe. A subset 
of the LSB population are the so-called giant Low Surface Brightness Galaxies 
(gLSBs). The properties of a sample of these objects are well documented in 
Sprayberry et al. (1995) and Knezek (1999). The most significant differences 
from 'normal' counterparts is that giant LSBs have a gas component of greater 
mass (MHI > 1010 M0 ) and extent. This makes them interesting objects to study 
as case studies for galaxy evolution models. 
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8 CHAPTER 1. INTRODUCTION 

A prime example is the discovery of the previously discussed Malin 1 galaxy 
(Bothun et al., 1987) with an HI mass MHI '" 1011 MG' The galaxy has a central 
surface brightness of 25.5 mag arcsec-2 and scale length of 55 kpc in the B band. 
This presented a challenging problem to galaxy evolution models in that such a 
large reservoir of gas had not collapsed to form a larger quantity of stars. It ap­
peared that 'normal' galaxy formation processes had created a stellar bulge, but 
no stellar disk (Bothun et al., 1987). Subsequent investigation using the Hubble 
Space Telescope revealed a normal stellar disk (Barth, 2006) with an extended HI 
halo likely due to a merger event with a gas rich galaxy. 

The galaxy in the current study, NGC 1512 although not quite as massive, has 
comparable properties to Malin 1. The earlier observations of NGC 1512 (Hawar­
den et al., 1979) reveal a galaxy similar to Malin 1 in its HI/optical morphology. 
However, NGC 1512 has the advantage of being approximately 33 times closer. 
A Schmidt plate with overlaid HI contours is shown in Fig. 1.3 (Hawarden et al., 
1979). The HI contours are heavily affected by the large beam size. The HI ex­
tent of the NHI = 1019 cm-2 column density contour is approximately 100 kpc. 
The comparatively small optical component makes this object intruiging and it 
appears to have the highly unevolved characteristics of giant LSBs, given the HI 
mass measured by Hawarden et al. (1979) of 1.1 x lO lD MG and ratio of HI mass 
to blue luminosity (MHI/ LB ) = 1.4 ± 0.3 (cf. Warmels. 1988, Bothun et al. 1988). 

Cosmological Significance 

Exclusion of such a galaxy population has effects on inferred cosmological param­
eters. Exclusion of LSBs results in a poorer sampling of the large scale structure 
of the Universe and therefore any inferred cosmological models based on the mea­
sured galaxy clustering. This is particularly relevant in light of the findings of the 
Mo et al. (1994) and Bothun et al. (1993) that LSBs are not typically found in 
virialised regions. This leads to significantly less clustering of LSBs on scales < 
3h70 -1 Mpc. O'Neil et al. (1997) find LSBs to be located preferentially near the 
edge of the associated group or cluster, providing independent evidence that these 
are likely to be unevolved objects. LSBs are not normally found in voids (Bothun 
et al., 1992). They appear to follow the HSB large-scale structure distribution, 
with however a slightly weaker correlation (Basilakos et al., 2007). Furthermore, 
LSBs tend to be more isolated from their nearest neighbour (Bothun et aL, 1993). 

The above findings offer the speculative evidence that LSBs form in lower 
density perturbations of the early Universe's energy-density field. This is further 
supported by the characteristics, described in the previous section, that LSB dark 
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10 CHAPTER 1. INTRODUCTION 

This inferred 'missing mass', or dark matter, has subsequently become a fun­
damental component in the collisionless Cold Dark Matter framework (ACDM), 
an extraordinary achievement of modern cosmology describing the large and small 
scale structure of the Universe (Navarro et al., 1996). Problems remain however, in 
that observations and theory do not agree on the dark matter distribution within 
a halo at large and small radii, particularly for dwarf and LSB galaxies (de Blok 
et aI., 2008); as well as the on the much debated 'missing satellite' discrepancy 
(Moore et aL, 1999). 

Current Status 

Rotation curves vary substantially as a function of the stellar and gas content of 
a galaxy (de Blok et al., 2008). High surface brightness galaxies typically show 
steeply rising rotation curves as a result of the high density of stellar material 
in the centre. Low surface brightness galaxies show slowly rising rotation curves, 
indicative of their low stellar density (Rubin et al., 1978). It is for this reason that 
LSBs have been used extensively in rotation curve analyses due to their small stel­
lar component and hence lower associated uncertainty with the final mass model. 
This galaxy population is usually rich in HI gas and their rotation curves derived 
using HI synthesis observations. This is considerably less challenging than an op­
tically derived rotation curve due to the low surface brightness of the stellar disk 
and the limited Ha emission associated with LSBs. 

Despite its resolution limitations, HI appears to be the tracer of choice to 
measure high fidelity rotation curves for a number of reasons: 

- The HI distribution is usually greater in extent than the optical/IR (Broeils 
and Rhee, 1997) enabling the associated dark matter halo to be modelled to 
larger radii. 

- HI emission usually fills the entire extent of the disk with a relatively large 
filling factor, and therefore producing a well sampled velocity field. This 
decreases the sensitivity to non-circular motions when compared with Het 

velocity field determinations (de Blok et aI., 2008). 

- The emission is unobscured by dust (particularly relevant to the core-cusp 
discrepancy in the centre of galaxies). 

- The dynamical centres of galaxies can be determined independently of, and 
compared with the optical centres (de Blok et aI., 2008). 
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1.1. PROJECT BACKGROUND 11 

- Atomic hydrogen retains signatures of its dynamical history for long timescales 
due to its low mass (Morganti et al., 2003). 

One of the most recent galaxy rotation curve analyses using HI is the work 
of de Blok et al. (2008). Rotation curves have been derived for 19 of the 34 
galaxies included in the THINGS sample. This represents the largest sample of 
high resolution rotation curves for a set of homogeneously observed, reduced and 
analysed galaxies. One of the main aims of de Blok et al. (2008) is to probe the 
core-cusp discrepancy and to enable the investigation of the effect of non-circular 
motions (Oh et al., 2008), triaxiality and galaxy centre determinations (Trachter­
nach et aL, 2008) on galaxy mass modeling and the implication thereof on the 
ACDM framework. 

The current study will study the kinematics of NGC 1512 with the primary 
aim of determining the presence and effect of an interaction with the neighbouring 
galaxy NGC 1510. The mass model will give an approximation of the contribution 
of each mass component (gas, stars, dark matter) towards the total mass budget. 
Both of these results will add significantly to the understanding of the NGC 1512 
system. 

1.1.4 Star Formation 

Star formation lies at the heart of galaxy evolution. It is fueled by gas and thus 
controls the gas content in galaxies. This can be a slow transition with passively 
evolving objects (e.g. LSBs), or rapid as in starburst galaxies where significant 
composition changes can occur on a timescales < 1 Gyr. Star formation converts 
the galaxy's gas reservoir into heavier elements through nuclear fusion and super­
novae explosions. These heavier elements are expelled into the interstellar medium 
through stellar winds, planetary nebulae and supernovae. Through this gas con­
sumption star formation regulates the enrichment of the interstellar medium. This 
enrichment enables more efficient cooling in collapsing gas clouds. This enhances 
subsequent star birth if a sufficient gas reservoir is available. The rate and manner 
in which galaxies evolve is therefore driven by the star formation rate throughout 
their lifetime. 

Star formation rates have been determined in a wide range of wavelength 
regimes, from radio to X-ray. Commonly used indicators include: 

• Radio continuum - the primary contribution in this wavelength regime 
is synchroton emission, originating from particles accelerated by supernovae 
explosions and spiralling in large-scale magnetic fields causing them to radi­
ate. 
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12 CHAPTER 1. INTRODUCTION 

10 CO molecular line emission - giant molecular clouds, which make up a 
large percentage of the interstellar medium, are the immediate precursor to 
star formation. 

10 Thermal infrared emission - starlight absorbed by dust grains (which is 
more efficient at blue and UV wavelengths) and re-radiated in the mid-to-far 
infrared. 

10 Recombination lines - e.g. Balmer, characteristic of HII regions around 
hot stars. 

10 Ultraviolet continuum emission - direct photospheric emission from 0 
and early B type stars peak in the ultraviolet regime. 

The majority of star formation rate indicators trace hot, young massive stars 
(directly or indirectly), a population which by the stellar age-mass relation would 
only be present if significant recent « 100 Myr) star formation has taken place. 
The conversion of this massive SFR to a total SFR requires an assumption of the 
stellar initial mass function (IMF) (Calzetti, 2008). 

This large range of SFR indicators is primarily due to the asynchronous im­
provements of instruments of differing frequency coverage. As these improvements 
open new galaxy population parameter spaces, methods to derive the SFR for 
these are developed and the corresponding uncertainties defined (Calzetti, 2008). 
This suite of different SFR recipes combined with new facilities (e.g., SKA, ALMA, 
JWST, Herschel, LSST, LMT) will lead to SFR determinations of ground-breaking 
sensitivity and spatial resolution for a vast range of the electromagnetic spectrum. 
This allows the cross-calibration of many of the SFR tracers over an extensive red­
shift range, thus measuring the star formation rate for a large number of galaxy 
populations as well as their evolution (Calzetti, 2008). 

Although the aforementioned facilities are a number of years from construction 
and commissioning, there has recently been a dramatic increase in high quality 
data for nearby galaxies. The GALEX Nearby Galaxy Survey (Gil de Paz et al., 
2007), Spitzer SINGS (Kennicutt et al., 2003), BIMA Survey of Nearby Galaxies 
(Helfer et al., 2003) and THINGS (Walter et al., 2008) combine to form an ul­
traviolet, infrared, millimetre and radio view of a representative sample of nearby 
galaxies at comparable sensitivities and spatial resolutions. Sensitive observations 
at sub-kiloparsec scales have been scarce before the above surveys owing partic­
ularly to the expense in telescope time for the HI and CO data (Walter et al., 
2008; Bigiel et al., 2008). These datasets enable the study of star formation on 
'local' scales. 'Local' implies that the galaxy is significantly resolved, unlike the 
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total integrated flux that make up the majority of the literature. 

This study will make use of data from three of these surveys: the ultraviolet, 
infrared and HI observations. The UV and mid-IR are combined to trace direct 
photospheric emission from young 0 and early B type stars, as well as thermal 
emission from dust which has absorbed predominantly UV and B band photons. 
The method is described in Chapter 3. The results are compared with the gas 
distribution in Chapter 5. 

1.2 Project Objectives 

The primary objective of this thesis is the detailed HI study of NGC 1512. This 
includes the complete data reduction of ",85 hours on source with ATCA. The 
high spatial (6") and velocity (3.5 lans- I

) resolution enable a range of HI data 
products of substantial detail which will allow the attempt to answer the questions 
posed about this enigmatic galaxy. These HI data products allow the kinematics 
of the NGC 1512 system to be modeled. This will provide insight into the presence 
(and strength) of an interaction, as well as an estimate on the dark matter dom­
inance - which is critical to the theory of formation and evolution of low surface 
brightness galaxies. 

Combining the relevant data sets from the different wavelength regimes, condi­
tions for star formation as a function of HI surface density will be investigated on 
a suh-kpc scales, as well as its relation to galactocentric radius. This will provide 
clues for the recent star formation in this hitherto quiescent HI disk. 

Ultimately, the aim is to classify NGC 1512 in relation to a 'typical' giant LSB 
galaxy. This will require a synthesis of all the various analyses quoted above. 

1.3 Thesis Outline 

Chapter 2 details the HI synthesis data reduction techniques. It presents the de­
rived data products and puts these into context with both the optical and previous 
single dish radio observations. 

Chapter 3 presents further multi-wavelength data used in this study. It will 
detail the recipe used to generate the star formation rate surface density maps 
as this is a relatively new multi-wavelength technique to trace both obscured and 
unobscured star formation. 
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14 CHAPTER 1. INTRODUCTION 

Chapter 4 discusses the methodology used to derive the observed rotation curve 
from the velocity field, as well as the contributions to this from the total gas and 
stellar content. These observables are used to fit a pseudo isothermal dark matter 
halo distribution which allow a description of the mass components of the system. 

Chapter 5 utilises a multi-wavelength approach to investigate HI conditions for 
star formation in NGC 1512. Local star formation conditions are probed using a 
pixel-by-pixel technique corresponding to spatial scales of 760 pc. Dependencies of 
the star formation rate and efficiency with galactocentric radius are investigated 
by binning the data points into radial annuli. 

Chapter 6 broadens the study by considering the local environment of NGC 
1512 using data from the HI Parkes All Sky Survey (HIPASS). Neighbouring 
galaxy morphologies are discussed in speculation of previous interactions. The 
HIPASS detection ofNGC 1512 (15' resolution) is compared with the 17" THINGS 
observations in search of additional low column density HI features. Furthermore, 
the validity of the Tidal Dwarf Galaxy candidate is explored. 

Chapter 7 presents a summary of all results derived in this case stUdy. It 
outlines future observations and analysis planned to further probe the history of 
this enigmatic galaxy. 



Univ
ers

ity
 of

 C
ap

e T
ow

n

Chapter 2 

HI Synthesis Observations and 
Data Reduction 

As introduced in Chapter I, NGC 1512 is an interesting galaxy due to a number 
of its distinctive properties. Higher resolution HI observations will provide a more 
detailed view of the extended disk morphology and kinematics. This will aid in the 
interpretation of NGC 1512's history and interaction with the companion galaxy 
NGC 1510. 

This chapter will detail the observations and reduction of the HI synthesis data 
obtained with the ATCA. Chapter 3 will present additional multi-wavelength data 
used in the rotation curve and star formation analyses. 

2.1 Observations 

Table 2.1 summarizes the radio observations of NGC 1512. A total of 13 separate 
runs were performed on the Australia Telescope Compact Array (ATCA) between 
September 1996 and July 2007. The array configurations included the 210, 375, 
750A, 1.5A/B, 6B/C arrays providing large range in uv coverage. 

Two of the archival runs were not incorporated (nor included in Table 2.1) 
because of an incorrect observing frequency used for the secondary calibrator and 
leading to an incorrect calibrator flux levels. The latter possibly occurred because 
the observations were performed during maintenance time. Four of the usable 
eleven runs were obtained as part of the THINGS proposal. Three of these are 
in the longest baseline configurations (6 km) possible with the ATCA. To achieve 
comparable sensitivity at both low and high spatial resolutions a great deal of 
observing time was spent in the long baseline configurations (see Table 2.1). 

15 
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TABLE 2.1: ATCA OBSERVATION SUMMARY 

1 2 3 4 5 6 7 8 10 11 12 13 14 
Array Project Date Start End Duration Cal. Flux Dec (J2000) Bandwidth Nchan 4V lIcentre 

hm hm hra o , " 

210 C570 2000-07-06 1716 2309 4.36 0438-436 4.45 040435.28 -43 13 32.6 8.0 512 3.304 1415 
040435.28 -432832.6 
040312.72 -432832.6 
040312.72 -43 1332.6 

375 C570 1996-09-23 1147 2102 6.65 0438-436 4.65 040435.28 -43 1332.6 8.0 512 3.304 1415 
040435.28 -432832.6 
040312.72 -432832.6 
040312.72 -43 13 32.6 

375 C570 1996-09-24 11 51 2248 7.26 0438-436 4.64 040435.28 -43 13 32.6 8.0 512 3.304 1415 
040435.28 -432832.6 
040312.72 -432832.6 
040312.72 -43 13 32.6 

375 C570 1996-12-03 1337 1928 4.20 0438-436 4.74 040435.28 -43 13 32.6 8.0 512 3.304 1415 
040435.28 -432832.6 
0403 12.72 -432832.6 
0403 12.72 -43 1332.6 

750A C570 1996-11-06 0918 2104 7.94 0438-436 4.64 040435.28 -43 13 32.6 8.0 512 3.304 1415 
040435.28 -432832.6 
040312.72 -432832.6 
040312.72 -43 13 32.6 

1.5A C570 1996-10-20 11 03 2247 8.42 0438-436 4.64 040435.28 -431332.6 8.0 512 3.304 1415 
040435.28 -432832.6 
040312.72 -432832.6 
040312.72 -43 1332.6 

1.5B C1629 2006-11-26 0740 1751 8.80 0438-436 4.38 040354.28 -432055.9 8.0 512 3.304 1415 
6B C570 1996-09-14 1214 0014 8.87 0438-436 4.63 040435.28 -43 1332.6 8.0 512 3.304 1415 

040435.28 -432832.6 
040312.72 -432832.6 
040312.72 -431332.6 

6C C1629 2007-07-18 1613 0257 9.07 0438-436 4.43 040354.28 -432055.9 8.0 512 3.304 1415 
6C C1629 2007-07-19 1651 0350 9.65 0438-436 4.46 040354.28 -432055.9 8.0 512 3.304 1415 
6C C1629 2007-07-20 1808 0458 9.40 0438-436 4.47 040354.28 -432055.9 8.0 512 3.304 

Column 1: ATCA array configuration used. Column 2: Project Number(C1629: THINGS, other: archival data). Column 3: Start date observations. Column 
4: Start time (UT). Column 5: End time (UT). Column 6: Time on-source (hours). Column 7: Phase Calibrator Name. Column 8: Calibrated flux of phase 
calibrator. Columns 9 & 10: RA & Dec of pointing centre (J2000). Column 11: Bandwidth (MHz). Column 12: Number of channels. Column 13: Channel 
width. Column 14: Central observing frequency (MHz). 
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2.1 OBSERVATIONS 
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2.2. REDUCTION 19 

cube that is created without continuum subtraction. The 1st order polynomial fit 
to the continuum emission is then subtracted from the visibility dataset. What 
remains is the HI line emission at each frequency interval (channel). 

2.2.4 Transforming into the Image Domain 

Once each observation run has been calibrated and the HI signal isolated, the 
visibility sets are transformed into the image domain using the INVERT task. The 
applied baseline weighting is known as 'super-uniform' weighting. This is a trade­
off between the sensitivity of natural weighting and the minimum sidelobe level 
of uniform weighting. In single pointing observations this is achieved with robust 
weighting (Briggs, 1995). However, an implementation of robust (or uniform) 
weighting reduces to natural weighting when the mosaicked field-of-view is sig­
nificantly larger than the primary beam. Super-uniform weighting solves this 
limitation by de-coupling the weighting from the size of the mosaicked field-of­
view (Sault et al., 1996). The weighting scheme is implemented with a sidelobe 
suppression area set at an angular scale of 42'. This limits the weighting to a 
42'x42' square centred on the respective pointing centre. This value is selected 
to be approximately equal to twice the maximum distance between two pointing 
centres. 

Two cubes of differing resolutions were generated. The high resolution cube 
has a spatial pixel scale of 4" x4" and a velocity resolution of 3.5 km S-l. This 
cube includes visibility measurements from all baselines. The low resolution cube 
has a spatial pixel scale of 40" x40" and a velocity resolution of 25 km S-1. The 
low resolution cube applies a spatial filter by only including baselines < 361 metres. 

Table 2.2 summarizes the mapping parameters and noise statistics of the two 
cubes. 

2 3 4 5 6 7 8 9 
Data Cube Bmaj Bmln BPA Noise Size Pixel Scale Nchan ..::lV 

pixels kms- 1 

High Res. 16.9" 16.4" 175.5° 2 mJy 512x512 4" 120 3.5 

Low Res. 84.9" 72.5" -44.6° 1.7 mJy 256x256 40" 20 25 

Table 2.2: NGC 1512 mapping parameters. Column 1: Data cube, Columns 2 and 3: Major and Minor axis 
of synthesised beam in arcseconds, Column 4: Beam position angle of synthesised beam in degrees, 
Column 5: Noise per channel map in mJy, Column 6: Image size in pixels, Column 7: Pixel scale in 
arcseconds, Column 8: Number of channels in data cube, Column 9: Velocity width of each channel 
in kms-l. 
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20 CHAPTER 2. HI SYNTHESIS OBSERVATIONS AND DATA REDUCTION 

2.2.5 Deconvolution and Restoring 

Deconvolution was performed using the MOSSDI task. This task executes the Steer, 
Dewdney & Ito (1984) CLEAN algorithm on a mosaicked image. Most variants of 
the algorithm can be decomposed into five steps. The algorithm iterates through 
each plane in the data cube to create a new data cube called the clean component 
model. The five steps are: 

1. Search an image plane for the pixel with highest flux level, 
denoted P peak. 

2. Subtract a scaled dirty beam centered on Ppeak from the image. 

3. Add the total subtracted flux in (2) to the clean component model cube, 
retaining positional information. 

4. Repeat steps 1 - 3 until a user specified condition is met 
(e.g. minimum RMS or maximum number of iterations). 

5. Repeat step 4 for each plane in the data cube. 

The high resolution cube is cleaned down to a noise level of 1.5-0' (3 mJy per 
3.5 kms-1 channel). The residual image after deconvolution is a combination of 
noise and faint structure below the noise cutoff level. The resultant clean compo­
nent model is convolved with the clean beam. The clean beam is a Gaussian fit 
to the synthesised (dirty) beam and hence has no sidelobes. This convolution is 
performed with the RESTOR task with a specified FWHM of 16.9" x 16.4" . 

The low resolution cube was cleaned to a 1.80' value of 3 mJy per 25 km S-1 

channel. The clean model was convolved with the clean beam which has a FWHM 
of 84.9" x 72.5" . 

This completes all processing done with the Miriad package. The remainder 
of the post-processing is performed with the GIPSY package as detailed in the 
next section. 

2.2.6 Isolating HI Emission from Noise 

To produce high fidelity maps, HI detected with a high confidence level must be 
separated from the noise present in each channel map. To accomplish this, each 
channel map is spatially smoothed by a Gaussian with major and minor FWHM 
twice that of the clean beam. This enhances lower column density HI, while av­
eraging out the noise. Following this spatial smoothing, a 2.5-0' amplitude cut is 
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applied to the smoothed data cube. Each channel map is inspected by eye using 
the GIPSY task BLOT. Only emission above the 2.5-0' smoothed noise level and 
apparent in three consecutive channels (of width 3.5 km S-1) is included. All pixels 
not meeting these criteria are blanked. 

The resulting smoothed, blanked cube is used as a template to blank the 
original, unsmoothed cube. The output is used to generate the moment maps. 

2.2.7 Generating Moment Maps 

All moment maps are created with the GIPSY task MOMENTS. The HI total in­
tensity map is derived from the input data cube using the equation: 

(2.1) 

where i corresponds to the i-th channel, n is the total number of channels, Si is the 
emission in the i-th channel in units of Jy beam -1, and ~Vi is the channel velocity 
width. The HI map can be converted to column densities using the equation: 

18 (605.7383) ~ 
NHI = 1.835 x 10 bxb

y 
x "7' Si X ~v (2.2) 

where bx and by are the major and minor FWHM of the dirty beam, Si is the 
flux at a particular position on the map in units of Jy beam -1, ~v is the velocity 
resolution in km S-I. 

HI mass is calculated using Equ. 2.3. 

MHI = 2.36 X 105 D2 x E? Si x ~v 
1.13 b",by 

P",Py 

[Md (2.3) 

where MHI is in units of MG , Px,Py are the pixel dimensions in arcsec, and D is 
distance measured in Mpc. 

The same GIPSY task (MOMENTS) calculates the velocity field from the equa­
tion: 

<V> = (2.4) 

which is the intensity weighted mean velocity. 
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The velocity dispersion field is generated using: 

(2.5) 

2.3 Data Products 

The resulting data products of the post-processing discussed above are presented 
in this section. Channel maps and position velocity slices through the galaxy are 
presented in Appendix A. Recall that two sets of the HI synthesis data products 
are generated. They differ in spatial and velocity resolutions as well as the subset 
of antenna baselines used for the measured visibilities. 

- High resolution (spatial rv 17" ; velocity = 3.5 km S-I; all baselines) 

- Low resolution (spatial = 2' ; velocity = 25 kID S-I; baselines < 361 metres) 

This is performed specifically to optimize the analysis of different physical 
characteristics of the maps. 

The high resolution products allow a finer view of the galaxy structure and 
detailed kinematic analysis. The lower resolution products are primarily aimed at 
accentuating any low column density HI that may be associated with the galaxy. 
This low column density HI is put into context of the galaxy's kinematics with 
the low resolution velocity field. 

2.3.1 High Resolution Maps 

Total Intensity Map 

Figure 2.2 displays the total intensity map. Most striking is the detailed HI spi­
ral arm structure, as well as the extent of the HI disk in which NGC 1510 (a, 8 
= 4h 03m 32.6s, -430 24' 00") is completely embedded. The total HI mass of 
the system is 5 x 109 MG' This is a factor of 2 lower than the mass deter­
mined by Hawarden et al. (1979). Converting to the same cosmology (Ho = 73 
kms-1 Mpc-1

) yields a mass within 2% to that derived here. There is a great deal 
of tidal material in the outer parts of the HI disk. This may be due to the inter­
action with NGC 1510. The end of the southern spiral arm splits into two parts. 
This is also evident in velocity space with a velocity difference of '" 10 kID S-I. 



Univ
ers

ity
 of

 C
ap

e T
ow

n

2.3 DATA PRODUCTS 

All uTlexpected discovery wM thc·1ll choo 21' t') the OUUtl L- "":'t of the centre 
of KeC L'i12, It has a ma", of ~ (i ,e' " l lf:\L Thi, HI ~lo\ld does not "ppm" 
10 be an exten,ic>n of [,he main ""ul.hel'll ,piral a,m, l'he dOl.!" low ma."" i" 
co[I'i,l.enl "id, t [(\'" dwarf gaidA''''' "" 'l'k)1 ",] I>,>" &h III [MIL '" <Il , (1994 i ""d lu"h 
velocity clouds (R\'e) by BlJtz d al. (mY.l) The cloud's uiam~{er (jf ~l.r, kpc" 
,,,,n"inem.hll' '1"all",' I han the [,vpkal vall'" of 25 kl>C '1'k)i ed I.". Bli[,7. ~[, a!. 11\10'1)_ 
The douu i, a p[(jj,"(:t~il ~. n kpc from the l""tre ,A KGC 1·512_ 

• 
, (:\ 

FL.,,," ,_" II;,], , .. ~"",,, ,," . .: ;"'~' ''' ''-'' ">X" <I' '1GC 1.',10. """ I.'''' h~, ",_,",;j,~,,_, "", ~'''' "-(lK . " , 
04' (" -- ,,," H", i."",..) 111 d,,,.; h .. (.,,"<ii, ..... 04h 00", "'l." •• " , ,,"' ".] "_ Tl,. """_ i,,," 
L~.", ~ .,].~." ., n .. L ... tv<" I .. , "., .. , r,"'"'''''''''''''' ~~.,;h' i"" "'" ",'~ 

Optical comparison with HI map 

Fi!':ure 2.:1 Sl:lOW' contour,; of HI column den.'ity sllperimpo""<:l on the 11 I'",nd 
IIldp ofKGC 1.';12, Ti,e lowe,t COIltOur l"rR,,;p(jIld, to a coluIIln ueIl"'ty (jf Nm = 
2.8 x 10'" CIIl-', Tile remaining' two contours reprco<:llt coluIlln deD8iti~"S of NHI = 
1J_7. I anu 1.:-\ x 10" em-"_ The 1 x 1000 cm-' contou,. h •. " a proiecteri extent 
of n ~ GIl kpe,_ Fig_ 2_3 ded,·I.\' r~\'Mb Ih~ r~md""ably nitf~"eul m(j'1JhCKogi"" of 
the III and >Rellar c0llknt III NGC 1512, The galaxy ha, a HI-optical di!lIlleter 
mtio €fILIal to 2.8. Thi" ,e I.he rat.io of the 1.25 x Hi'" em ., HI CoOnl,)11!' 1.0 I he 
n haml 2·5 magdrc,,"-'<:-" iouplwt'" uimllder f(jIlO'",ing, for l"n~"tellcr. the defini­
tion of Broeih i.e Rhee IH)~7). They 1'tlluy the reiatim between optical and HI 
n;"m".er in 11)8 gdlax;"" of \'ar)-"iIl~ mO"p)mlogy dnn fiud "" IIl-[,(j-opl.ieal dimIl~[, er 



Univ
ers

ity
 of

 C
ap

e T
ow

n

24 CHAPTER 2 HI SYNTHESIS OBSERVATIONS AND DATA REDUCTION 

• 

~. 

• • 

08-

"'."~' , .. " ~ 1,.,·" I",,,,. ,-lI'GC "':I .. "I< .",,,.,;,,,~I HI cu",,,,,,,, The"''O '''''0"" '''''''''''''''' to 
column ",,,",i .. ,, '.2 ,,'" 6, 10" cm-'. Tho ""L", '-'ok """ "" .... " ," Ih" """''"'' Ih" '",_ 
.nd ~GC 1010 to tho .outh-.... t of to. innox """. TO. R '''''' im .... C, "" to hi," "",", ... b, 
.... ",om"",-,,,,, .. -tt th. '''' .... don .. oJ. m., in F". H 

lhe earlier Hawarden et aL (1979) map i~ rel>l'odurecl here (Fig. 2.4) for 
C'Oml'~,ri:J<.n 111i~ "ub:ltantj>l.te~ tlw p<·~nt maOc in Sect, 1 1.1 that si.ll~ di"h (jh­
"""-,lImn> me limit.ed t(j llwa~n:rill:'; ~lobal propcIti«; for ~alRXif>S b€):"nd dl"tfl.llCBJ 
of ~,,)..II>". The hlgh ,eroh,tion ,,,al' Rll<""" a tidally rlj~n'l-'tecl JlT di,k, " 'i!\njfi 
C'Jlt Iv dlff~(eJlt vi~w to th"t "'->ell in thl' l(j .... "r rC,(jlution Park...,. llliOp in Hawruden 
d a1 (j!l7!l). Fi~. ~,:{ and Fif':. ~.,I flr~ rou.,;hly to ",,",k 

FL""," '.4. e'n'" FI,.' In H".·;~""" '" ,,1. Il~1\j) """.1,,, HT ""''''. "_"'- _" L .... '"C,·.",,'",· "" .""~ 
0' ~"C "'2'''''''''1,,,,-..01 "",' 'C'rK',"""""" u'., ","'." ,.-""",,-,1 ~lx"',,, ,A...,. TOo w:u"" 
, .. " .. "". "' ... "'~ "'~ I, ,,";1, of 1 II"" ",,-' "oo ,toc ","_'"C''"''', '.~' ''.nY' ",C' on ",,', d .'" ,_1 TIx' 
P,,-... '"Ir ,,,, .... , "".'" w"'~, I"') -, ,Ix-" "" '.he ",I<',~ 'Oo "'"P, 



Univ
ers

ity
 of

 C
ap

e T
ow

n

2.3 DATA PRODUCTS 

Vdocity Fidd 

Figurc 2.5 display" thc high ","olntion velocity fipjd of _'I(;C l,d2, with "np<H'_ 
impt,<;ed iso-vplocity conloar" fhe i'lllPI disk "how" R rel&thdy reg ular ,-el()cit: 
field, "ith 'wiggl"",- in the (;()ntours due to ,,",Tcaming motions ill the 'piral arm" 
Towi<r(\8 the outer parts o£the disk the velocities remain consistent with t.he overRll 
velneit,y profile of the g"IRx\,_ Howt>wr. th€ Co!ltOu"S \x>:;OIllC more el,aotic. This 
is "ugg€:Sti\'e of tidal matcrii<! due to a galaxy inll"racl.ion di't.nrbillg t.he circnlar 
rotation, or the outer di,k being di"rupr,ed by illtPIg&iRCtiC '''''t,eri&i (1(;\1) Rnd 
the docreasing 8igIl"I·tl>-lloise ratio The i""htl,l HI cloud to the south-w'-'8t of 
the mal-' has", ,-elozity that is consi"tent with l\-GC 1;'12_ flJis ,nggeets th&l, it i, 
polellti~lly ... """"iRt e.-l with th,-, gahxy i<wlpwsiLly isob,ted due t<J tidi<l disruptioIl_ 

"'[0 .-
3 \. 3 , -,., 

] 
" 
~ , 

-'" 

-'0 

FIX'"'' ,_" H;," ,,,,,,J<,t,,,. " .. :0";',. '_,"-1 0; )-;GC l"~. I'" n, htor ".:"",&!c ~<th """wd black ",""oun 

,..,~_". 'L'L"""""'''' ..-n;~'>n. T'~ 1 "><' :A.d, I;,," ;"cl;"",., t,," ,,>t,.,.',. '''''''i" (""" km' 'i 
T'~ "" ..... ",.,_.,,",,, ~;u, ",,~1",,1 •.• ,,'" "",j""" "."~ .. ~ .. ,~, " .. "..Jj,,, "",,","n_ '1'1>< ~.'''. """ 
L~",,' "',,"""''' ". _"', Lo- ." ;oi..,-,·.t oJ ~ I 0", ,-' 
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26 CHAPTER 2 HI SYNTHESIS OBSERVATIONS AND DATA ReDUCTION 

Velocity Dispersion Field 

The velocit,y dispersion field of -"iCC F,12 is "hown in fip;. 2.(i "<CC 1:-,10's 
effect on fhe syst~m is y,",ble ;,; t.he sollfh_w'-"'tern P"t't of "IGC' 1:;12'" inner dbk 
{;c .... white C'OlltOIlI'). The gllluxy has a mean di'IX,,>ion wille of ~ II kms- t 

Tilli; ydocity <iispeI"ion is consistPllt wilh that, fOllnd in an analysi" of all the 
THll\CS tahxi'-'" by WaltH ~t al (2008). Thi> "ugt~,t" that the HI ili,k h,,,. Ilot 
l}<.'.·n c'OIllplewly disrupwd by a major imC'raetion, whid, would cause ineIel\fi€d 
non-oircular motions, These non-cirelliar motions wOllld e""Se 'widen",r veloci!,,' 
profile>; ,mel h~Iwe larg",- ili'I)('I,ioll ,-"lue>; deri .... '(\ from Equation 2.4. 

,o·lO' 

F"",,, l.", In,;!, ,,~"u,'= ,-.Iocity rii,,,,,,,,",",,,,, of ""C I,'" Tho N",,~ co",,,,,, "'''_~ d'.,,,,,,,'_ cl 

,,,,Kilo <m,-'- I1~ ... I'k '",,",YO> ~,t ciisp<""", ,~,,. oU,."" ' 
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2.3 DATA PRODUCTS 

2.3.2 Low Resolution 1-1aps 

'I'olal Tnl. .. nsil.y !\[ap 

Fig;u", 2,7 i; th~ equivalent, 01 Fig 2.2. g~Tle'·i<lwl however, frOIll the low rcsolution 
dara culw. COll(Our' of cotal i[ltf[lsit." arc "uperimp'-""C'(l, the lo""m, of which cor­
,·rupoTI<b to NJIj - 3 x 10" cm-', Thi" map wa; g~Mrf\led in ord"" t,o tfare low 
column deru;il}' HI ~mi"sion. JLJing 1·~1,<eliTIe8 <: 361 Illetrl'S aHd a "cloeity re801ution 
ijd} = 2,', km , .. 1 _A.Il amplitud~ cut of 3-G' WWi applic'(\ to gelll'rate the moment 
,RIO map (toeal illkn"ity), TIll' lowest cOCltonr in Fig, 2.7 "'IAAf"'.t" a eO[lll"",tio[l 
hetw""n the HI disk And the tidal material to tlw W&t .:Iote that there i., no low 
u,lunm den,ity C(>rlllE'<'tio[l I!<"(;n*n KGC 1512 and tlw HI dOlld in the ""mh-wf"'.! 
of the Illap i" pre"'-'nt. dcspit~ th~ mnsistRnc,.. e,l the clo",r, ,"<'Iocity with th ~ 
kincmatics of KGC 1512. 

The te,tal mfilSu rfd m m$'< of the "J'btCIll i" ~ 1,5 x liP 1,,10 , Thi; i1; 11l'X l"',,~r 
than tlw derived lna51; Ire'ill the high ff"'.,)lutioll map Thus, exduding ba",,,,lin~' 
> :{fil metre" do,," nor rfMh lhe brighew'\S.' ..emithity levd" of tlw THL,CS 
OIN,n"iltions (NHI .-. I 1010 eIll-'J, 

- 4{]' 

o 
03 m 

Righi A~"fn~ion (.J~880) 

F,,~ '.7, L" .... , .... ,]","" ("j ""I' '" WJC " " (""i~'.k) ~u), ioo-"k""",. ""'G'''' .... _1m""""". 
Tho a.-.!",~ .... """", ]" "'."lU _ " , 10" ,.", ' ,me th, m',", oooW", "","!",,>do '0 
'''Xl _ ., x W' ",,-' (1-.j n,~ k""", ,.,,,,.,, ,,,,,"",t, ",,,",,,,,<0" W <i~ bd.,", mal",',", 

,." ,>00 .. "',~·n ~"' " " .. "'''). 
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28 CHAPTER 2 HI SYNTHESIS OBSERVATIONS AND DATA REDUCTION 

Vdodty Fiold 

Thl' low rl'&liution velocity field di"pl"",ed in Fig_ 2_8 oll~l';j lvlditiollal ",idl'lJl~' 

that tk low column d<n;i[,,: ('onnec,[jon l.e!w",," th~ Wf<Jteru tid"1 llwkri"1 awl 
NGC j ,,12 j, r~~ I TI", r.a~~ for thi" j~ 8tr~llgthl'lJ~'(1 by tk ('Ollm'(-t;oll', con,;,tenc,: 
in velo<'ir-y 8p~r-<,_ Thl' conn",--tiolJ i, llOWl'vcr at a low S,/:< leyel (~:l-Il'). 

-20 

'" 

jU ~llt Ascension (J~OOm 

]>;~"'" ~,", ']1" _"" ,",""boOn v_ x,. tioIe ."th """,'mpc,"", ",,_,'..to.,;t, <'"""_,_ T]'" ""',,- ,,,,-,",', 
.. 'n !';. , ',0. "loo" ',hdo; OOtlW." and h,,,,,,, ''','_~'''' ;",';"'"'0 """~''''''h;'',, .";""',,,,, "",-,,, 
00_"," one d",h "'.,._" ... "P"'",,,, '''''''"''" ""'~"o" 'I' .. 11,'-" L""'" 11,", -"""''''' 11" 
,,,,to"", "ok",',,. :8'" <m. '1 
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Chapter 3 

Multi-wavelength Data 

llavinlS I'n""nkJ th" HI data, the mail! focus of tlli" th",;s, we now turn mten­
tion to the "nite of illluti-w,,",denp;t,h dil.h plOdllrts , ... ailahle fot NCr l'i12. One 
of t,he most. LlIlport",nt. ~riteri" of [,h" THING::> t>l<i>;et "",iedioll wa, thf' o,-erlap 
,,';th Spitzer SINGS aml GALEX ::-<GS samples, True is 1Il orne, to combine the 
[""pcdlv" <luta sete and prot-><: the "'-"once goals listed in See". 1.1.L 

Tlli, chaptl''' prc"'nt" all additiOflal multi-wavelength datu products u""d in 
the ""illy,,;s oftlw l\CC ],",]2 "Y"tem (opti .. ,al, 'in!';Je <i;,ll HI, UV. infr",rKI)_ The 
"dditional HI d~U', Ira,," the RIT'.,\::iS f""tak>f\lLe, i~ alTm\l (.t C'xl'lorill& the ""'tended 
C'mirOlllllent of the galm.."}" The chapter d"""" "irh the description of tlw post­
proc=ing [,crhni'lllOl' 1~ged [,hat. "l1ow t,he rombiual,ioll of the mid- i nn'arfJ(i lind fa, 
nlr,rilviolet mllPs [,0 form a. st ...... forma.''''n ra.[,e den"it.y ma.p utl[,ra.mmeled by dust_ 

3.1 Optical Properties 

The optical propertie~ of NGC 1.'i12 hun' b~,,'n documented pn"<ioll."ly by Hawar­
den et ai, (1979), The gulaxyi' cl=ilied "" II SB(r) ... h Kal ... "y, It has un imer&elinK 
tl€iKhlXlI)r, C'lGC J::i 10, 'epar<l.ted by a pro jI'C[,OO 14 klw The HlLbhle type of the 
neighbouring NGC Vi 10 i, f'Om~'-\Yhat nncertain, The "Ol\l'ee of the "'Illhi~llity lies 
in the c,nrrent m,M formlltion "",ti,ity. ~GC !Cill1 is ei[,he ..... blne eomp""t dw ... rf 
(BCD) or ... d"wi ellil",i~al (dr.) underKoi"g a wave of 8t<lI fo .. mation due to 
newly accretKl m<l.terial from the di.,k of ::-<GC 1512 (Di,ney and Pott",;ch. 1977: 
Kinman, 1975; £ichendorf and l\-ier.o, 1984 J Th<>re me ... nnmher of p""eihle mm­
pholo!';y ,.,enario;; p"'N'''''<l(i in [,he literat",-e, wi[,h ~~npha."is OIl [,h .. ~p=ra of tl"" 
[,I\\> gala"i",,_ F'urther detail On the optical8tudy of l\GC 1·512 und L'i1O ~an be 
found in Hawarden et ul. (1'J79). Proper[jee of the two !';lIlaxiee ure sllmmari"oo 
in -hble 3_1 
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30 CHAPTER 3. MULTI-WAVELENGTH DATA 

Galaxy Right Ascension Declination Velocity Distance mv Mv Morphology 
h ms o , " kms- 1 Mpc mag mag 

NGC 1512 040354.3 -432056 898 9.8±0.7 11.50 -18.45 SB(r)ab 
NGC 1510 040332.6 -432400 913 10.0±0.7 13.02 -16.98 BCD/dE 

Table 3.1: Basic parameters of NGC 1512 and NGC 1510 

3.2 HI Single Dish Data 

The HI Parkes All Sky Survey (HIPASS) was the first systematic HI survey of the 
entire southern sky. The 64 m Parkes radio telescope l has a beam FWHM of B '" 
14.4 arcmin. The HIPASS observations used a velocity resolution of 18 km S-1, 

although the channel separation was set to 13.2 km S-l (at z = 0). HIPASS de­
tected a total of 4315 sources (Meyer et al., 2004). 

Despite their large extent (8°x 80
), four HIPASS cubes were needed to be 

merged because NGC 1512 appears in the south west corner of H114. The selected 
cubes (H078, H079, H113, H114) are centred on NGC 1512 and its companion to 
create one large data cube. Each of these cubes are from the HIPASS calibration 
and reduction pipeline (Barnes et al., 2001). 

There are three primary reasons for including these data in this analysis: 

- Compare the measured flux densities, particularly towards the edges of the 
ATCA pointings 

- Explore the environment for further tidal material outside of the ATCA field 
of view. 

- Put NGC 1512's location in context with its environment. 

The strength in these data lies in the comparison with the high resolution data 
products. They are displayed in Chapter 6 in combination with the interferometric 
map. 

IThe Parkes telescope is part of the Australia Telescope which is funded by the Common­
wealth of Australia for operation as a National Facility managed by CSIRO. 
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3.3. ULTRAVIOLET 31 

3.3 111traviolet 

3.3.1 GALEX 

This study of NGC 1512 will utilise the far and near ultraviolet (FUV and NUV) 
imaging data products from the GALEX Nearby Galaxy Survey (Gil de Paz et al., 
2007). GALEX is a small explorer class mission orbiting at an altitude of 700 km 
above the Earth. Its Ritchey-Chretien telescope has an aperture of 50 em, afford­
ing it a field of view of e tV 1.20

• A dichroic beam splitter allows simultaneous 
FUV and NUV imaging at Aeff = 1516 A and 2267 A respectively. The FUV and 
NUV angular resolutions are !::..e rv 4" and 5.6" respectively. For more detail on 
the instrument see Morrissy et al. (2005). 

A small degree of post processing is performed on the standard output from 
the GALEX reduction and calibration pipeline as documented by Gil de Paz et 
aL (2007). The additional processing is required to transform the data into the 
form required for the star formation analysis. 

3.3.2 Far UV 

The FUV band (1344-1786 A) is primarily sensitive to photospheric emission from 
giant 0 and early B type stars. These short wavelengths are affected by both self­
extinction and Galactic dust attenuation. The latter is corrected for with an 
estimation of the colour excess, E(B - V), from the Schlegel, Finkbeiner & Davis 
(1998) extinction maps. This is converted to the corresponding FUV extinction 
using A FUV = 8.24xE(B - V) following Wyder et al. (2007). A background is 
subtracted, calculated by taking the median value of all pixels with a fiux level < 
3-0'. Foreground stars are subtracted using a UV color cut (NUV /FUV > 10) and 
the blanked regions are replaced with the mean background value. 

The FUV map in Fig. 3.1 shows the strong star formation activity in the spi­
ral arms. The extent of this is striking, extending far beyond the optical radius. 
Fig. 3.1 shows that the FUV emission traces a very similar pattern to the HI 
map. The FUV map reveals strong star formation in the ring which is prominent 
at optical wavelengths. However, the FUV does not reveal the stong bar seen in 
the opticaL It is clear that the two galaxies are interacting. There is a discrete 
fracture in the main eastern spiral arm. The companion galaxy NGC 1510 is a 
strong source at this wavelength. The FUV morphology in the region of NGC 
1510 is suggestive of accretion towards its centre. 
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FIK""" ,." Tlx' [ .. ultu,'o!o< 'mop .""'~ I'",Ul< 1'1.-"",,..·,· ,~:",., f"~,, ,..,,, ,. one '"'''' U typ. """_ 
N,~, tho crt=< """" om;";o" "-.""",,,; ,.';,~ ''''''''' ,.''''~:'''rt''', 

3.3.3 Near UV 

The l\LV m"p is w,-y ,iull]'" in Illmphuiogr t.0 t,he 1't.IV. Tlw 'fll.jOI tlifj'Ml'n~~ 
is a Sl.n:mgf'r ]JI"""n<." of fOrl'gJ.'01111ri Gal"clk stt\r~ ill the NCV map"" l'yickm. 
in Fig_ .3.2. TlJi" difI'-'l'COCl' ill im.ensity of U ... two map'" ~llaLlc", for~grmllld sta.r 
"ubtmcti01111"inj\ l.h~ I-V c-<:>lnur ~ut di,cll>;",-,d in Sect. :,.3.2. 

3.4 Infrared 

3.4.1 Spitzer 

On" of the seler-l.ion crilerh of th~ THI:'<GS ,ample w", the ,-eqlliret"~"l of lh""'" 
g"j~:xi~ 1.0 oVf'Ilap with the Spitz~r SINGS "'ll-Ve,' (r.:em';~utt et aL. 2003j. Thl' 
curr~llt study will incorporate two rbl~ prndw:t~ frOIll Ull' Spitzl'r Leg"cy 1'1'0-
gramme, The :Ui Jim imi'jl;f is u",",1 ill thl' kincm"tic "l,udy 1"J rTlodel (he qellar 
m,,'" wIllI)(JlleHL Thf 24 I'm ima:>c i~ u",-,d to !.race ohlWllred SI,.r fnrrnal,;oll. Thl' 
:1.6IiIll "",124 I'Ill iIlla:>C" fire werver! with 1."'1) differflli. in,tn.llwcnt" onbmu-d the 
Spitz"r "p"cHnft,. The I. ... ,', thl.;) prot\l>Ck arl' dc""'l',i><x\ below. 
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34 INFRARED 

• 

3.4,2 3,G 1,m Emis~ion 

TIll' ;J./:i "m irnu~l' WM (01,1..;",,<1 with th~ illfr&l'...-1 Anal' (, ,,, .,,, , ... (TRAG) on­

boonl SI)ill-l", F:luiH"II a t tlu s ",,,,-.-Jf'Jl,l1;l h i~ ~""~" ........ tll<: uJd "","-liar po~ 
ul"'ll0", It doo.'~ lP,d' ~l. " romti" uti .... " trUII' pvly"ydil' >IIi"ruar. .... I:r<l r')(·a,bo, .. 
IPAHs). ~~, Ih_ " .... 1.h<'O.iM.-d to be" minor r, ..... , Ion of ~Lp. 'vial cm.i.onOD 
in Ih;" l>/I"d iOb .;" Itl.. ;!I~'<I The IlI A(' ''''''"JIll''''" b:lIi ....... .".,hllJ.on of .MJ -
~. at J.6 pili Iro''' I''' ..... ,'e 10 the 1'III:'11GS ,ma'i"u: rum ... lie/,J (01 ,~. of e = 
,',-2' " ':'_2 

fh .. 3.6 I'lL!. lll"P (FlS(, 3_ :;) '''''"".1" Ih~ lJ-al, wbid, i~ abo _m in the optic,,' 
Furthc'nll(\f~, ,b. :16 1'''\ ,nAp cii"phy" it promiOo'nt '1( .. 11111 bulK" a,< well '" it hint 
'IllAA""tir,lI ('I I d ,., rill!!. "'hieb i~ mor .. promjn~nt I" dl~ ('Iptic,"/ band •. Nee L'i](j i" 
fib", l~'O'"i'",,'1t rlt this ""wdcl.lgth iml'l}ill)\ til""" "'l!.1Ilfi~'''lt· uk! ;,u"ll!ll popllhtion 
i, I'I""'-'nt-
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• 

F'S"'" '.3, ";".,_'n',,,,,,,] (' "~"" ;"'''''' "'"",' 1.'" _l '!"" 1~10 ,",'" ll" "',..,.. (S!'!GS) ""'If,,· ON.,.,. 
""my 

3.4.3 24 pm Emission 

The 24 1,m imil.ging wil.s Iwrfot1ned wieh ehe 'IiTuleiJ.,ancl IIll"ging PhotoIllcter for 
Spivet ("Ill'S) in8trumcnt. At Z4 ;t-Ill th~ instrument has il. fidd of vipw of 
·5.4' x kl' m,d a ""atial rc-wlution of 6" The output from the Spitzer calibration 
pipeline it; shown in Fi~', :{.4. The ''eil.det· i" t'~f~""",l CO Iti<'k€ N il.L (20041 aJld 
Gm-don ce ".1 (2004 j fo" fur( her details on tllC' "IlPS instrumcnt ,md the rcduction 
of the 24;tm Scan map;;;. 

The map from the stRud"xcl c"libmtion jlip1in~ is u"",J A ba"kp;fmUld is sub­
lra-dcd using tllC' -Samc procNur" "" for thc ultnw-;old map". Trw smu~ fore~round 
"W.r" :;elpcred from the rv colonr cut ".te "nhtt·il.Cted in eh~ 24 "m mil.]!. The m,>]! 
E,' thfn €xil.millf'(l by eye for "JlY tftnaininp; hdp;hl Seill';;, a.~ w,",n ".-' \I", frf'<.jucnlly 
c",idc-nt artC'iads =n to~m<h the ed~'es of "lIPS :;can.;; (parallel with thp SCil.n 
dirc'Ctionj. Th""" artefaclli ilIe removed llliInnillly, 

The 24 pm map is di."pl"y~d in Fig. :1.4. It ;,hows the rinp; seruclur€ in j'\GC 
1,;-12. Howewt· lhf> hat' Sf'en Itt ll", ·3.6 ;tm map i8 not c-"idc-nt Thcrc arc two 
hint fihmmts "'-"CIt in a Itorth-c-ll.,;tcrly projeL't}on, both inside and outside rh€ 
rin~. The outer filament oo17et;pon<h to the b€ginnin~ of the main ~piml il.,m Sf'en 
in the Fl-V imap;€ (1'ip;. 3.1), sUAA~-"ls a wacli~nl iu eh~ duse "()nl~Itl along \I", 
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~pirfll Mm. f<i mLi'" to th~, _ TI If ' \ jp;;siPO' 81 l\yillrLpr '" 1\1.. 2004). Th€ flux i" 
of highe<t collcerLtration in th~ llud~ and at th~ location where the bill (as '~"'n 
in the (}ptical and NIRJ m<'Cts the rill~ . The peak 1l1lx of :"ICC L-,1II ill th i ~ h"nn 
if< ,wic~ th"" of NGC 1",12. :"Iol~ lh,,[ [ h~ .. illK ,,,muTld KGC F,lO '" aT I irllag[[lK 
Ml~br l SP<' t he S1'lt'O",- )I,llPS handbook' for 1\ Jco;crlption of the point "e:<p(}lL.'<J 
fun~tioll (PRF), The PRF is a convolntion of the point oomce fnnclion (PSF) "nn 
l.he pixpj "c"lp 

I 
I 

F;~n .... . '.4, "", ' ",10', );'" c, ,]0",.,.,. ,· ;';he.;" .h" .] ,,"~,. I"" ""a.<". Th" .~" ""'" In tl,. -'-' ~m ;" .. , " 
'" ,.'" 0] .. """] ,,,.... T •. " '''",,"., ,,' ; "~.",, .", 11>0 hl,,' Ol."~",,, In ",,,,1<_,-,-,,,1,· "," ;.-.~, " ". ' 

10< . 1, ,""<1, "' ''' "'''"'.10> tl . , "",. Tl. , ""t<" ~l,_"" ",,,, .. ,,,,,,,,, 'v ,,~ '""", of '''' ..", p,om' '''''' 
"," "'] """ =" In tl" FUV m,," 

3.5 Star Formation Rate Density TvIaps 

Th~ Fev "T id 24 JlIll maps ar~ corubiTlt'(i w form 1\ >tar fOIIllation ntte suria"" 
<l€II>ity (En'R) map "ith unir.s M,; yt'ar- 1 kpe-', The aim is t o genemr.c " SW,O' 
formation rate density Illap of c()]llp",.,.bl~ re.nllllioll to lh" HI ~}' rLl.h""i.~ oil""r­
\'~liorL~ pres"Iltp<l ill Chapt€r 2. The wIIlbinMi(}n of th~ tW() wavelt'1lgth I<'gime> 
r<'quir€> a wbust tilibnttion, Calz.ctti et aL (2(.)7) and KenniC'utt et ai, (2(lIJ7) 
bod, nprive the eorrclM-inn I*l.""""n 24 pill Pllljf<l'~)[, amI H~ "Xtinclioll d"p to 
nllf«,. Lproy P, "I. (2008) ,,"" then calibrMioo, md th~ relation bet"""n H~ and 

, M tp ;//"c, ,~it2<r. mitech, . au/ "iF'/ dJI/ 
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FUV emission to derive an expression for :ESFR as a function of FUV and 24 p,m 
emission: 

:ESFR = 8.1 X 1O-2IFuv + 3.2 X 1O-3
124J.Lm (3.1) 

where IFuv and 124J.Lm are in units MJy sr- I
. The FUV-24p,m combination has the 

advantage of tracing photospheric emission from young (tv 10 Myr), massive 0 
and early B type stars directly (via the FUV band), as well as indirectly through 
the reprocessing of this starlight into mid-infrared wavelengths. 

Leroyet al. (2008), and references therein, detail the choice of the co-efficients 
in Eq. 3.1. The :ESFR derivation assumes a Kroupa initial mass function (IMF) 
(Kroupa, 2001), and can be converted to the truncated Salpeter IMF (1955) by 
multiplying by a factor of lA. The RMS of the map is tv 1.5 X 10-4 M0 yeaCl kpc-2

, 

with comparable to the maps in Leroy et al. (2008) which are generated using the 
same method. The maps are regridded to the same pixel scale as the HI total in­
tensity map derived in Chapter 2. Chapter 6 compares the global SFR calculated 
from this map with previously determined values. 
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Chapter 4 

Kinematics 

The HI spectral line observations obtained with an interferometer enable the high 
resolution measurement of a galaxy's dynamics. These motions are used to derive 
a rotation curve of the galaxy, assuming a geometric model. Such dynamical stud­
ies allow a derivation of the associated mass via the baryonic Tully-Fisher relation 
(McGaugh et al., 2000); the state of the interstellar medium (Oey, 2002); and the 
size and distribution of the associated dark matter halo (van Albada and Sancisi, 
1986). 

With the HI velocity field presented in Chapter 2, this chapter will describe 
the derivation of the rotation curve model for the inner 55 kpc of NGC 1512, 
i.e. the observed rotation due to the combination of gas, stars and dark matter. 
The rotational velocity contribution from gas and stars is inferred from their re­
spective mass distributions. Removing these contributions from the total observed 
rotation curve allows the mass distribution of the dark matter halo to be modeled. 

The last section of this chapter is dedicated to the extension of the inner 
rotation curve model to the outermost parts. It will model the outer tidal material 
with respect to inclination and rotation velocity. These models of the outer disk 
will be put into context to the larger scale environment of NGC 1512 in Chapter 6. 

4.1 Model of Observed Rotation Velocities 

4.1.1 Method 

Due to the projection of an observed galaxy on the sky, velocities measured in the 
plane of the sky are dependent on 6 parameters: the intrinsic rotation velocities, 
right ascension and declination of the dynamical centre, the inclination, the sys­
temic velocity, and the position angle. The position angle (PA) is defined as the 

37 
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38 CHAPTER 4. KINEMATICS 

angle between the north axis and the semi-major axis of the receding side of the 
galaxy, measured from north to east. The intrinsic rotation velocity is derived by 
solving for the remaining 5 parameters. For brevity, these 5 parameters will be 
referred to as the geometric parameters. 

Internal and external effects influence the motion of matter in a galaxy (e.g. stel­
lar feedback, galaxy interactions, infall of intergalactic material). These effects 
result in non-circular motions, inclination and position angle changes, etc. With 
this in mind, a 'best fit' dynamical model will be derived to describe the global 
kinematics in NGC 1512. 

To arrive at this global model, a two dimensional velocity field must be trans­
formed into a one dimensional plot of rotational velocity as a function of galacto­
centric radius. This is achieved through the division of the 2D velocity field into 
concentric annuli. This is known as a tilted-ring analysis. It allows the derivation 
of a characteristic rotation velocity for each annulus. 

Given the high spatial and velocity resolutions of the HI observations pre­
sented in Chapter 2 and the inclination (rv 40°), NGC 1512 is well suited to a 
tilted-ring analysis. Each ring has its own distinct set of the 6 introduced param­
eters (rotation velocity, inclination, PA, systemic velocity, RAcentre, Deccentre). 
The dependence of the measured velocity in the plane of the sky on the geometric 
parameters and intrinsic rotational velocity is expressed as: 

V(x, y) = Vsys + Vc(R) sin(i) cos(O) (4.1) 

assuming that all material is moving in circular orbits. In this expression, Vsys is 
the systemic velocity; Vc(R) is the rotational velocity; 0 is the position angle with 
respect to the receding major axis measured in the plane of the galaxy. 0 is related 
to the previously defined position angle (PA) in the plane of the sky by: 

cos(O) 
-(x - xo) sin(P A) + (y - Yo) cos(P A) 

R 

-(x - xo) cos(PA) - (y - Yo) sin(PA) 
sin(O) = 

Rcos(i) 

(4.2) 

(4.3) 

where Xo, Yo are the central pixel co-ordinates of the tilted-ring model. x, y are 
also in pixel co-ordinates. 

Interpretation of the above three equations is sensitive to non-circular motions, 
tri-axiality and dynamical centre positional uncertainties. See Oh et al. (2008), 
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4.1. MODEL OF OBSERVED ROTATION VELOCITIES 39 

Trachternach et al. (2008) and de Blok et al. (2008) for in-depth studies on meth­
ods to correct for these uncertainties. 

The GIPSY task ROTCUR is used to perform the tilted-ring analysis and derive 
the rotation curve. The parameters are varied for each ring to obtain an optimal 
fit in a least-squares algorithm 1. The width of each ring is equal to a synthesised 
beam. Therefore all rotation curve data points are independent from one another. 

The first step in modeling the rotation curve of NGC 1512 allows the geometric 
parameters and rotation velocity to run as free variables through the least-squares 
algorithm. The result of this first iteration is plotted in Fig. 4.1. Note that in 
Fig. 4.1 the uncertainties for the geometric parameters represent the formal least 
squares error, whereas the uncertainty illustrated with the rotation velocity (Vrot ) 

plot is the dispersion in individual velocity measurements along each respective 
tilted-ring. The latter is found to be a more conservative error estimate (see 19 
galaxy rotation curves derived in de Blok et al. 2008). 

1 Documented at http://www.astro.rug.nl/rvgipsy/tsk/rotcur.dcl 
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Figure 4.4 displays the results of the 1st iteration (in which all parameters are 
free). This is identical to Fig. 4.1, but excludes the large radii (r > 578"). As 
before, the associated uncertainties for the geometrical parameters are the formal 
least-square algorithm errors, while the rotation curve uncertainties represent the 
total velocity dispersion along each tilted-ring. 

The dynamical centre is a well constrained parameter and can be compared 
with the galaxy centre at other wavelengths. Therefore, Xcentre and Ycentre are 
the first parameters to be fixed. The dynamical centre is assumed to have no de­
pendence on radius and so a oth order polynomial is fit to both parameters. The 
resulting best fit yields (x,y) = (2,-3) in pixel co-ordinates. With a 4" pixel-scale 
this corresponds to a b..R = 14.4" offset from the (x,y) = (0,0) pixel co-ordinate 
which, by coincidence, is the optically determined centre. The offset is most likely 
due to the 'kinks' in both the Xcentre and Ycentre fits at R '" 300 - 400". These 
'kinks' are due to the least squares algorithm attempting to 'compensate' for the 
streaming motions prevalent in spiral arms. Similar 'kinks' are seen in the rest of 
the parameters in Fig. 4.4. Excluding the 'kinks' in the Oth order fit yields a cen­
tral co-ordinate of (x,y) = (0,0) which is consistent with the optically determined 
galaxy centre and is therefore the adopted value. 

The second iteration of ROTCUR is run with fixed central co-ordinates (x,y) = (0,0). 
The result of this iteration is displayed in Fig. 4.5. The fixed central co-ordinates 
are marked by the grey solid line seen in the top left and top right frames of 
Fig. 4.5. This results in marginally smaller ranges in systemic velocity and po­
sition angle profiles. The inclination profile is very similar, however has lower 
uncertainty in the three innermost data points. The rotation velocity has large 
'kinks' in the profile. 

The next parameter to fix in this iterative process is the systemic velocity. 
This has a low uncertainty (b..v rv 1 kms-1

). The best fit systemic velocity can 
be cross-checked with spectroscopic determinations in other wavelength regimes 
(e.g. Ha) Fixing the systemic velocity yields indiscernible changes in the position 
angle and rotation velocity profiles. The outermost radii of the inclination profile 
show differences of (i ,...., 4°). 

The next ROTCUR iteration builds up on the previously fixed central co-ordinates 
and systemic velocity. The position angle is better constrained than the inclination 
in this output, when considering the percentage spread in output values. There­
fore, the position angle is fixed next with a 1st order polynomial. The fit has a 
shallow, negative slope. 
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ROTCUR is run once more with central co-ordinates, systemic velocity and po­
sition angle fixed. This results in a larger amplitude (v rv 350 km S-1) 'kink' in 
the rotation velocity seen at R ,....., 350" - 450". The innermost 'kink' at R rv 

40" decreases by approximately ~ v = 50 km s -1. The changes in inclination are 
indiscernible. As in the previous iterations, the inclination shows characteristic 
'wiggles'. These most likely correspond to streaming motions within the galaxy's 
spiral arms. The least squares algorithm in ROTCUR computes a better overall fit 
by varying both the inclination and rotation velocity to model these streaming 
motions, despite it being a less physical model (de Blok et al., 2008). The first 
order fit of the inclination values is made, excluding R < 51" and the 'kink' be­
tween R = 323" - 391". This yields an inclination fit of i = 38.5°. 

A final iteration is run with the ROTCUR task to derive a rotation curve based 
on the iteratively fit and physically motivated galaxy parameters. 

4.1.3 Results 

The procedure outlined in the previous section results in the rotation curve for 
the inner 27.5 kpc (R =578" assuming D = 9.8 Mpc) of NGe 1512 displayed 
in Fig. 4.9. The uncertainties in this plot represent the dispersion of individual 
velocity data points along each tilted-ring. The rotation curve has typically uncer­
tainties of 11 km S-l. This value is consistent with the typical dispersion velocity 
derived by de Blok et al. (2008) for the 19 galaxies studies at similar resolution 
in The HI Nearby Galaxy Survey (THINGS). The resulting rotation curve is rel­
atively smooth and regular given that this is an interacting, asymmetric galaxy. 

4.2 Derived Mass Model 

The observed galaxy rotation is due to the combined mass of gas, stars and dark 
matter. The primary aim of a rotation curve analysis is to disentangle these and 
quantify each component as a function of radius, with emphasis on the dark matter 
distribution. This requires three main inputs: the observed rotation curve derived 
in the previous section, the gas mass density profile and the stellar mass density 
profile. The latter two can be derived from the HI total intensity and Spitzer 
near-infrared (3.6 JLm) maps respectively. This section describes the procedure in 
combining these inputs to derive a galaxy mass model. 
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Figure 4.9: Derived rotation curve of the inner 27.5 kpc of NGC 1512 based on central co-ordinates, systemic 
velocity, position angle and inclination constrained by a least-squares algorithm. The plot shows 
undulations in velocity attributable to the streaming motions in the spiral arms of the galaxy. 
The associated uncertainty is derived from the dispersion of the velocity measurements aiong each 
annulus. 

4.2.1 Method 

Gas Distribution 

The same tilted-ring parameters applied to the HI velocity field are now applied 
to the HI total intensity map using the ELLINT task. This task bins a input map 
into elliptical rings, the orientation of which is derived from the tilted-ring analysis 
described in the previous section. The average HI flux vvithin each concentric ring 
is corrected for inclination and converted into its corresponding surface density. 
The result is scaled by a factor of 1.36 to account for helium and metals. The 
conversion from HI flux to mass is given by Equations 2.2 and 2.3. 

The radial HI surface density distribution is used to calculate corresponding ro­
tational velocities using the task RDTMOD, assuming an infinitely thin disk. RDTMOD 
is a task that converts the radial HI flux profile into rotation velocities result­
ing from the enclosed mass (Casertano, 1983). The output values represent the 
rotational velocity of each ring assuming the gas to be the only mass component. 
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Stellar Distribution 

The conversion of stellar emission to a corresponding stellar mass has a consid­
erably larger associated uncertainty than that of the neutral gas. The stellar 
mass-to-light ratio, (MILL, is a function of parameters including wavelength, 
stellar population age, star formation history, dust extinction, metal content and 
the stellar initial mass function. These uncertainties decline with increasing wave­
length towards the near-IR. This wavelength regime is predominantly sensitive to 
the old stellar population and therefore is a good tracer of the total stellar mass 
contribution (Bell and de Jong, 2001). Both Bell & de Jong (2001) and Verheijen 
(1997) find a small range in the K band mass-to-light ratios ((MIL)* = 0.5±0.2, 
O.7±0.2 respectively). Observations in the near-IR are not strongly affected by 
the young stellar population, dust and metallicity. The near-IR is therefore the 
optimal wavelength range of choice to constrain the total stellar mass component. 

The near-IR imaging data is available from 3.6 /-lm Spitzer SINGS Legacy Pro­
gramme (see Sect. 3.4.2). The foreground Galactic stars were manually removed, 
as well as the emission of NGC 1510. The same tilted-ring elliptical integration 
applied to the HI intensity map is repeated on the star subtracted 3.6 /-lm map, 
resulting in a mean radial distribution of 3.6 /-lm flux in units of MJy steradian-I. 
Following the method adopted in Oh et al. (2008), the (MIL)* is calculated to 
convert the 3.6 /-lm flux profile into a mass distribution profile. Oh et al. (2008) 
derive an empirical relation between the K band and 3.6 /-lm (MILL values. The 
K band (MIL)* is calculated from Eq. 4.4 using (J - K) colours from the 2MASS 
Large Galaxy Atlas (Jarrett et al., 2003). 

log (MIL)*K = 1.43(J - K) - 1.38 (4.4) 

The empirical relation, 

(MIL)\6JJ.m = 0.92(MIL)*K - 0.05 (4.5) 

is adopted from Oh et al. (2008). The radial stellar mass distribution serves as an 
input into the ROTMon task. The stellar distribution is split into two exponential 
components, loosely labeled the 'disk' and the 'bulge'. This is required as the 
stellar radial profile reveals a distinct steep inner component (R < 700 pc) and 
a flatter outer disk (R > 700 pc) typical of LSBs. Therefore, a two-component 
model of the stellar radial profile enables a more accurate determination of the 
total stellar flux. 
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A sech2 vertical distribution is assumed for these two stellar components. The 
vertical scale length is set to Zo = h/5 where h is the exponential radial scale 
length (van der Kruit and Searle, 1981aj van der Kruit and Searle, 1981b). These 
inputs enable the ROTMOD task to compute the rotation velocity attributable to 
the stellar components if they existed in isolation. 

Dark Matter Halo Distribution 

As described previously, the total observed rotation in a galaxy is primarily due 
to three components: 

(4.6) 

where Vob8 is the total rotation curve modeled from the HI velocity field; Vga8 

and Vatellar are the rotation curves of the gas and stellar components, as derived 
from the respective intensity maps. The last term in Equation 4.6, Vdark , is the 
rotational velocity contribution due to the mass of the dark matter halo. It can be 
derived from Equation 4.6 given the measured observables Vobs, Vgas and Vatellar' 

Its distribution is fit to a given halo distribution model. This study assumes a 
pseudo-isothermal dark matter halo of the form: 

(4.7) 

In this equation, Po is the central surface density and Ra, the core radius. The 
rotation velocity of this dark matter halo as a function of radius is expressed as: 

1 

V(R) = (41rGpoRc2 [1 - i arctan (~)]) 2 (4.8) 

Two fits are made within the GIPSY task ROTMAS: the first uses the derived 
(M/ Lt value described in Sect. 4.2.1; the second fit sets (M/ L)* to the maximum 
possible value allowed by the observed rotation curve. The latter is often referred 
to as the maximum disk fit and is a lower limit on the dark matter content of 
the galaxy. ROTMAS is the task that fits the 'residual' rotation velocity, V dark from 
Equation 4.6 to the user defined dark matter halo distribution function, which in 
this study is the pseudo-isothermal halo (Eq. 4.8). 
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4.2.2 Results 

Mass Model Based on the Derived Stellar Mass-to-Light Ratio 

This model adopts a mass-to-light ratio derived from the J - K colour described 
in Oh et al. (2008). The resulting value of (MILt = 0.59 is consistent with 
the mass-to-light ratios determined for the 19 galaxies in the Northern THINGS 
sample, as illustrated in Fig. 4.10. 

5 

4 

E 
::1. 

<.0 3 
C'i 

:=J 
""- 2 6 

* 
0 
0.4 0.6 0.8 1.2 

(J-K) 

Figure 4.10: The stars in this plot represent derived (M/L)* 3.6 J.tm values as a function of J - K colour from 
de Blok et al. (2008). The triangle corresponds to the value derived for NGC 1512 in this analy­
sis. The solid line is the predicated values which assumes constant colour throughout individual 
gaalaxies. The scatter is due the observed colour gradient in the sample. 

The output of the ROTMAS task is a fit to a pseudo isothermal dark matter 
halo. This is plotted in Fig. 4.11 as a thick, black solid line. It is based on the 
value derived in Sect. 4.2.1 of (MI L);.6 j.J.m = 0.59. The observed, gas and stellar 
rotation curves are also plotted. 

The mass model based on this (MIL );.6 J.Lm value finds NGC 1512 to be dark 
matter dominated at 27.5 kpc (MDMIMbaryons = 2.1). De Blok and McGaugh 
(1997b) find 15 of their sample of 23 LSBs to have a larger MDM I Mbaryons value. 
This suggests that while NGC 1512's dark matter content is consistent with LSB 
galaxies, its MDM I Mbaryons value is less than the average found by de Blok and 
McGaugh (1997) of MDM I Mbaryons = 2.6. The relative fraction of dark matter 
to gas and stars will increase if the limiting radius is extended beyond 27.5 kpc. 
The HI rotation curve shows a number of negative values in the inner 9 kpc. This 
results from the conversion of HI mass distribution to velocities in the ROTMan 
task. A negative sign is denoted to velocity values if the associated acceleration is 
a net force away from the centre of the galaxy. 
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Figure 4.11: Mass model of NGC 1512. Circles represent the total mass derived from the HI observations; the 
thick solid line the dark matter with an pseudo iso-thermal sphere distribution; the dotted line the 
gas, the dashed and dot-dashed lines the stellar disk and bulge components respectively, and the 
thin solid line represents the total mass derived as a quadratic sum of these modeled components. 

The mass model is summarised quantitatively by the dynamical mass calcu­
lation, the baryon-dark matter ratio, and mass-to-light ratio (M / L B)' The max­
imum rotation velocity (196.7 km s -1) is found at the largest radius considered, 
R = 27.5 kpc. Equating centripetal and gravitational forces for the mass within 
a given radius implies a dynamical mass M dyn = 2.5 X 1011 M 0 . 

GMm 
r2 r 

(4.9) 

(4.10) 

where V is the rotational velocity of the outermost data point in units of kms-1
; 

R is the radius at which V is measured in kpc; and G is the gravitational constant 
in units of kpc3 kg-2 S-2. 

Roberts & Haynes (1994) studied galaxy properties as a function of morpho­
logical type. Their sample included rv 5000 galaxies which part of the Local 
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Supercluster (v < 3000 lans- I
). They found the mass of Sab galaxies to range 

between 0.4 - 2 x 1011 Me;) (25 and 75 percentiles respectively). The derived dy­
namical mass M = 2.5 X 1011 Me;) of NGC 1512 makes it a high mass galaxy for its 
morphological type, particularly as only mass within R = 27.5 kpc is considered. 
This implies a total mass-to-light ratio of, (M/L)B = 86, based on the apparent 
magnitude, mB = 11.5 (as adopted by Hawarden et al. 1979). 

The ratio of baryons and dark matter in NGC 1512 is calculated using the 
outermost rotation velocity of the observed rotation curve. 

Mbaryons = VH1 + V:tellar 2 

( 
2 2 )" 

MDM Yvts - ViiI - V:~ellar 
(4.11) 

where Vabs, VH1 and "Vstellar are the outermost velocities for the relevant mass 
components. The determined value of M:;r llons is 0.47, assuming the derived 

DM 

(M/L);.6 p.m value in Sect. 4.2.1. Comparison with de Blok and McGaugh (1997) 

finds this M:;rvons value to be larger than 17 of their sample of 23 LSBs. The 
DM 

average baryon-to-DM ratio in their sample is M:;rvons = 0.39. 
DM 

Maximum Disk Mass Model 

The maximum disk fit is plotted in Fig. 4.13. The maximum disk model scales 
the outer stellar disk component to the maximum value allowed by the observed 
rotation curve. The inner stellar component (bulge) is not scaled as it is already 
constrained to its maximum value by the observed rotation curve. Scaling the 
outer stellar component requires scaling the derived (M / L ) ;.6 p.m value by a factor 
of 3.77. While this scenario is inconsistent with stellar population synthesis mod­
els, it is a useful method of deriving a lower limit to the dark matter halo mass. 
Fig. 4.12 is the repeated plot from de Blok et al. (2008) showing all the derived 
(M / L );.6 p.m values for a selection of the THINGS galaxies with star-shaped sym­
bols as before. Two points are overlaid on this plot: (1) the derived (M/L);.6 p.m 

value for NGC 1512 used in Fig. 4.11; and (2) the value required by the maximum 
disk model plotted in Fig. 4.13. It is clear that the maximum disk assumption 
requires a substantial deviation of (M / L ) ;.6 p.m from what is observed for galaxies 
of similar J - K colour. 

The maximum disk fit, shown in Fig. 4.13, reveals NGC 1512 to be dark matter 
dominated at a radius R rv 27.5 kpc. At this radius, the mass of the dark matter 
halo is approximately 4 times greater than the baryonic material (Mass ex V2). 
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warps, lopsidedness). 

With the dynamical centre and systemic velocity in place, the extended ro­
tation curve analysis begins with the above parameters fixed. This is illustrated 
in Fig. 4.15. Immediately apparent in these plots is the increase in uncertainty 
beyond a radius of 1000". The large errors are predominantly due to the low filling 
factor of the outer HI disk. 
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Inspection of the three dimensional HI cube indicates that the gas in the outer 
disk is in a different plane (in position-velocity space) to the galaxy. This could 
be as a result of a tidal history or interaction with the intergalactic medium. Two 
of the range of possible models are investigated in this study: 

Model (a) assumes that the outer disk of NGC 1512 has lost angular mo­
mentum due to the tidal or intergalactic medium interaction, and therefore lost 
rotation velocity. This first model will assume a constant inclination value as 
derived from the inner 27.5 kpc rotation curve model. This will be labeled the 
Bootstrap Model. 

Model (b) assumes a fiat rotation curve, which is observed for the majority 
of galaxies. This model will be referred to as the Inclination Free Model. 

Fig. 4.16 illustrates the case where the central co-ordinates, systemic velocity 
and position angle of the entire HI disk have been modeled and fixed. 

4.3.1 Bootstrap Model 

There are a number of effects that would invalidate applying the same inclina­
tion model to the outer half of the HI disk (e.g. interaction with the intergalac­
tic medium, galaxy interactions), but it does have the advantage of providing a 
'benchmark' to compare the dynamics of the outer and inner halves of the disk. In 
Fig. 4.17, the result of applying such a fixed inclination to the gas in the outer disk 
is displayed. The adopted model is illustrated by the thick, grey line in the bottom 
left panel. The resultant rotation velocities show a sharp decrease at R '" 30 kpc 
to an approximate value of v;.ot "" 140 km S-1. 

This can be interpreted as gas that has experienced a decrease in angular mo­
mentum. A change in angular momentum could likely have resulted from a tidal 
interaction with a neighbouring galaxy (NGC 1510 or others). This scenario is 
explored further in Chapter 6, where the local environment of NGC 1512 is studied 
on a larger scale. 

The total dynamical mass derived from the Bootstrap Model is Mdyn = 2.8 X 

1011 M0 . This value is comparable to the dynamical mass inferred for the inner 
27.5 kpc (Mdyn = 2.5 X 1011 M0)' These are high masses for NGC 1512's 
morphological type, however they are still within a plausible range compared with 
the Sab sample of Roberts & Haynes (1994). 



Univ
ers

ity
 of

 C
ap

e T
ow

n

30 

20 
'"in 
] 10 
:§, 

· -#. .............. JII! •.••••••• 

...;.. J[:'" 
... ·lE 

0 J -10 

-20 

-30 
0 200 400 600 800 1000 1200 1400 1600 1800 

920 

915 

:::<' 910 
I 
III 005 
E • • • I • 

~ 000 ...... ; .. ;;p .... : ....... : ....... ; ........ ; .... 

~ 895 

> 800 

'... . . . ...... ;::-_ .... ";" ....... : ....... : .. _ .... ";" .. -
. . . . 

••••••••••••••••••••••••• \............. .. ••••••• 0; •• 

885 

880 
0 200 400 600 800 1000 1200 1400 1600 1800 

00 
" . , . . . . 

80 •••..• l •••••.•• • •••••••• t ...•... J •••••••• • •••••••• • ••• ••••• l .... · . , , . . . , . , , . . 
70 . . . . . . ~ ...... .. :. " ..... "~ .. " .... ~ ...... .. ; .. ..... , ....... , ..... . 

60 
I:: 50 0 

'';:; 40 tQ 
.!: 30 U 
.!: 20 

10 

0 
0 200 400 600 800 1000 1200 1400 1600 1800 

radius [arcsec] 

30 

20 
'"in 
] 10 
:§, 

0 
E 
~ -10 

~ 
-20 

-30 

-70 
-75 .,. -80 
-85 

GJ -00 
~ -95 
I:: 
tQ -100 
iii -105 0 
Q. -110 

-115 
-120 

350 

300 

:::<' 250 I 
III 

E 200 
~ 

150 

e 100 > 
50 

0 

0 

0 

' ... ~­
: '" 

200 400 600 800 

· . . . 

1000 1200 1400 1600 1800 

• ............. ......... _ • ~ ••••••• 4 •• _ ••• · . . . · . · ..... ~ ...... . -,- ............. ... ~ ..... . · . . . · . . · ............. ....... ............. ~ .... -. · . . . · . . . 
...... : ........ : ........ :.~.: ... ,;,;. 

· ..... ", ...... . '" ....... ~ .... . · . . . . . . 
•••••• " .......................... d ............................ . · . . . , , , 

200 400 600 800 1000 1200 1400 1600 1800 

, , , . . . . , 
, , . . . . . , 

• " , , •• J • ••• " • • D' • •••••• " ~ ••• " ••• I •• •••• •• ' • ••••• " ...... " •••• J " ••• " " •• ' ••••• •• · , , . . . , , · . , . , . . . · . , . . . . , · . , , , . , . " •••• ~" •• " •• '," ••••••• r ••••••• , ••••••• ',' •• • " ..... " ••••• , ~ ••• " •• • '," •••••• · . , , , . , . · . . . . . . , · . . . . . . . rr-....... ~ ....... ~ .. ~~ ........ :~ ........ : ....... : ........ : ...... . 
...... ;::::::::;::::::::;: ...... ; ........ : .... ::::;:::::::\::~: 

0 

· . . , . . . " 
" . . . . . . . 

• • " ..... " " ••• " " "0" ••••••• ~ " " • " " " " ~". " " " • • "," " ••• " " • #' • " " •••••••• " - • • ",- • - •• - " · . . . . . . . · . . . . . . . 
200 400 600 800 1000 1200 1400 1600 1800 

radius [arcsec] 

Figure 4.17: Iteration 5A: Inclination Fixed. Inclination is fixed to the model determined for the inner 27.5 kpc of the HI disk. Note the resultant rotation 
velocities (bottom right). 
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43. EXTENDED ROTATION CURVE MODELS 

Fi~c ,I.lK rii"piay" th~ ut,'Ud,<:l. version (out to R ~ 76 kpl', eorup1JXol to 
R _ 27.5 kpr.) "f [,I", ml"t.ion vdocili"" "s rieriwd with the J:k,c,tslrap llwdd. If 
" Wllot am iIlcliJLi<t j()]I 18 a;;'''1TI~.J. tl'" i",latwl HI clouJ a I'I'~ars t.n b~ "I a si milar 
l"National velocity- This i,; explor,\! furth,'r III Clnpt,,,, G utilising "illl!,le di,h mdio 
ol_rv"t.ions of Il. HI"ch iarger vol"me IlIounn Nee 1512. 

'. 

J 
l 

4.3.2 Inclination Free 110del 

The Inclination FI"" I..lodel. is bau;:! on the assumption tlMt the rotation curve 
temftins fht. oUl. 10 Ihe out...,most m.dii (Ii ~ gO kp"), Th..,pfore, the outer 
half of Ihe JTl di,k arid 1& ieolat.oo III cloud will have" fixed rot.a,lion v~lo(~ 
ity F = 196.7 kms-'. Such an extend,;:! flat rotation ~urve impli'''' a dynmIliuu 
maRS of Md"" _ 7 X lO" M,-, fl.ll(i Ihe,-,,(ol'e Il. dll.I'k m"t.Wx hAlo mll.'" 2,,~ times 
greater t11m that of the Bootstrap Mod~l (;Ud.", - 2.8 X '10" "[",.). Tl,., infft-rt>ti 
dynamicll.l mass is a factor ~ 3." greater than the ma.;" range 7,~ percentile' for 
Sao Kala";",,, fOUTld by Rob"rls & Jlaytlfll (H19~) Su('h a bl'ge de"ialion mll.v 
imply that the Indination Frec' :-'·[odel is not 0011'li:ltc'nt with the (krived IllM'lc,," 
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64 CHAPTER 4. KINEMATICS 

of galaxies of the same morphological type. However, it must be considered that 
the total mass has been sampled to large radii due to the extended HI distri­
bution of NGC 1512. It therefore appears that dynamical mass may not be the 
most accurate method to make deductions on the geometrical model of the galaxy. 

Figure 4.19 displays the result of fixing this assumed fiat rotation curve allowing 
inclination to be a free parameter. 
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Th~ ... ",ult of t h~ jnrljn~t ",,' '-3">\1,;,,,, for Ii xI'<I rot at ion \'~I(){'it,y i" elisp]"y"'! in 
Fig. 4.20. It revenl, thrl''' ~roul'" of rustind ,tlclitlat""" ,,,lw'S. th~ in]lH ,h,k, the 
ont.-.: disk and" small pOllP of data l'omts at the largest mdii correspoooing to 
th~ ;wlat,,] HI cloud. A di""r~te d:"'lll!';e to lower inclinatiolls of..l.i ~ 11}' is flffn 
ill 27.·5 kpc. !IowI'Vl'r th~ nUc'-] HJ\I~~ \-~"V 111 "r~latlwlY w",,,th f",~lllon b"yt.nd 
thi.' radius. Unrkr the assumption of a flat rotatiou C"UIVe and circular orbits. the 
HI dond app~ar" to be in" pla.ll~ twtwffm thp nmn and. o\ll.m, HI disk 
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Chapter 5 

Star Formation 

This clmpt~r will IDvc.,;tigate the rdation betweeu III and th~ inst~llt~ll"""" ,I"" 
iormatin" r"f.~ i,l l\(;C 1::;12 C()mbm.ill~ l,hi" wit,h the ki~matic fllliI1Y'l> from 
Chapter 4 will ~irl t h,-' UIloenb,llo ing of t he t"l~x.'i" ["",ell!, ,tat lormll.(iorl and tlw 
int['"".ctioll scPlliIrio. The combllk'd ultrmiolet aml mid-mlmred "hr lontlMio" 
""Ie j] ,ciic,,«w" at e int' o<incBd, followed b)' 'lll ovcrv;.-w of the currently ulHlerst'-"-'<\ 
HI SFR C("relHt;oll. The HI_SFll relW,joll in ,\{:C 1512 i" prohed at locM "cal"" 
and using radial bins. Emirumne:utal effect"_ both inlemal and external, will I>€ 
prohe<i "" 'r,h t,ll€ l~'~ (If radi,;] ptOm", (,f th~ "I", lormario[l efficiency. 

5.1 Ultr:wiolet and Infrared Star Formation Rate 
Indicators 

The intt~lSity of cmi"ion fruIIl Y"lUlg, IIla%h" :ltar, peaks i" the uitr"vioiet re!,:ioll 
of the ej"'J_m-ma~llet,ic "poctrllm. Flllx mefllinred in tills haml is an l'Xtelkm in­
dicator of the current nv<~\in' "tM ['onn"!.i(,,, tat€ ill "piraiallo irre!';lliar !':alaxiffi 
(Kennitutt. 1YfJ8: Do",,, ct 0.1.. 1987). H""c'Vl"r, ,hort wa"~klog;th" p, < 7000 AJ 
are incr€asilliSlv aff~ded bv dll"t, attenllatio' L and the ultra,-iolm i" only an opti­
mal twccr (,f nHohl<ture<:i ,t"",- formatio" (Calz€t,ti, 21)()8) 

Regioll" of ,tar fc,rruation are frf<ln€nt,ly (,b:l€rvoo to i)<l hi!,:h ill dust r~)nte~lt, 
Thl"reiore, a ",-'<'Jnd SFR mdicatlJ< Illust he u:;ed to ovcrcome the on:lt attenuation 
01].';1 is h~",t.ro by U V photo"", "lid re-radi"tes this energy in the mid-IR (C'alzetti 
et al., 2007; KClllicutt, 20()8). Spit'Ler ha" a 24 !-!Ill (,i);J€rviniS w(wel~niSIh "imro at 
investi~at'lll~ exwctly this. Combined with the FeV. one tan create star formation 
r"t.e maps (,f a iwbt-id natme that "re sln)"!,:i}, rj)IllI)ieme~lt""y in that they !.race 
both obscurcd a.nd 1.ill<Jb8i:urcd ,tar formation. 

67 
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68 CHAPTER 5. STAR FORMATION 

This was noted by Kennicutt (1998), however has not been implemented until 
recently (Bigiel et al., 2008; Leroy et al., 2008). We will employ this method of 
SFR estimation in this study. This is particularly relevant in the case of NGC 1512 
when considering the extent of the UV emission which is significantly larger than 
in the optical. Furthermore, as NGC 1512 is a LSB galaxy, it is likely to be 
relatively low in dust content, favouring the use of star formation indicators not 
exclusively reliant on the radiation from dust itself. 

5.2 SFR-HI Surface Density Relation 

Schmidt (1959) was the first to derive a relation between gas and star formation. 
He compared the stellar and gas volume density, p, perpendicular to the Galactic 
plane. In his formalism of PSFR ex (pgus)N, Schmidt found N '" 2. 

Kennicutt (1989, 1998) took the work of Schmidt a step further through a 
study of star formation and gas content in 61 nearby 'normal' spiral galaxies and 
36 star burst galaxies. He determined the relation between the disk-averaged total 
gas surface density, I:gus, and star formation rate surface density, I:SFR' The gas 
surface density is comprised of both molecular and atomic hydrogen components 
(I:gus = I:HI + I:m ). For his subsample of 'normal' spiral galaxies, Kennicutt 
found N = 2.47 ± 0.39. 

Since then increasing research has been put into the relation of gas and star 
formation. Approaches can be roughly divided into three groups: those that at­
tempt to relate either I:HIl or I:m , or both (I:gus ) to the ongoing star formation 
activity. 

Results from these studies are varied, with a derived value of N typically in 
the range 1 - 3. The large scatter is likely due to the differing spatial resolutions 
and diverse methodologies adopted in star formation rate estimation which probe 
a range of different physical phenomena. It must be noted, that only a limited 
number of studies have investigated the I:HI/H2/gas - I:SFR relation at high spatial 
resolution « 1 kpc). 

In the following we will investigate the I:HI relation to I:SFR in the NGC 
1512 system. An advantageous aspect of our multi-wavelength data is that all 
data products are of high spatial resolution. This enables local small-scale (760 
pc) comparisons of the star formation rate surface density and HI surface den­
sity. Furthermore, it enables the radial profile to be investigated in relatively fine 
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(760 pc) radial bins. 

While the pixel-by-pixel method probes the HI-SFR surface density relation 
on these small scales, the radial profiles enable these quantities to be put into 
context of their environment. The latter is particularly applicable in the galaxy 
interaction scenario of NGC 1512 with NGC 1510. 

5.2.1 Pixel .. By .. Pixel Analysis 

Section 3.5 described the method for combining the far ultraviolet and mid-IR 
maps of NGC 1512 which will allow the comparison of star formation with the HI 
total intensity map. Fig. 5.1 displays a pixel-by-pixel plot of star formation rate 
surface density, ESFR, as a function of HI surface density, E HI . These points are 
colour-coded into three domains of the galaxy - the core (crosses), the regularly 
rotating outer disk (squares), and the tidal debris (filled circles). The core is de­
fined as all radii within the optical ring (R < 7 kpc). The outer radius of the 
regularly rotating disk is defined as in Sec. 4.1.1. The noise level of the ESFR is 
1 5 10-4 M -2 -1 • X 0PC year . 

Figure 5.1 reveals two distinct ESFR peaks occurring at different HI surface 
densities. The two peaks belong to two regions in the galaxy: the core and the 
regularly rotating HI disk. The peaks are separated by over an order of magni­
tude in EHI . This is likely due to the core being dominated by molecular, not 
atomic, hydrogen (Bigiel et al., 2008; Goldsmith et al., 2007). Bigiel et al. (2008) 
find their sample of 8 spiral galaxies to all be dominated by molecular hydrogen 
inside of 0.4 R25 • If we assume the x-axis in Fig. 5.1 to represent the sum of both 
atomic and molecular hydrogen, Egas , the lower peak may well be shifted closer 
to EHI f"V lO M0 pc-2. Bigiel et al. (2008) derive radial profiles of the HI and H2 
mass surface density for their sample of 13 spiral galaxies. They find their sample 
of 8 spiral galaxies to have a H2/HI ratio of "",10 in the galaxy centre. This is 
roughly consistent with the difference in the EHI peaks seen in Fig. 5.1. 

Figure 5.1 also reveals a sharp HI upper limit at EHI "'" 10 M0 pc2. This value 
most likely coincides with the critical density at which atomic hydrogen converts 
to molecular form. The value is consistent with Bigiel et al. (2008) who find 95% 
of the neutral gas to have a surface density EHI < 9 M0 pc-2 for their sample of 
8 spiral galaxies. Similar results were found at lower spatial resolutions by Wong 
& Blitz (2002) and Martin & Kennicutt (2001). A histogram of the HI surface 
density in each of the three regions is displayed in Fig. 5.2. This illustrates how 
the HI density varies in these regions. The HI surface density has its peak value 
at EHI = 12.7 M0 pc2 • This is significantly larger than that quoted by van der 
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Fiou .. ;,1, "",' [0''''''''0'' "." ",,'''''' ,"""ty ... " .... ,,' '" "",,,.,,,,,.~,,. HI,,",,",,,. R..J "'~'''';''., 
'''P'_'' po;"" 'n to. "". ,,' t.'", ..,u" t]..-, "'I""''" '"''''.'1''''''' '" ,,~ ,,,,,,,,.-1,. ",Wi,,,, liT 
<tio<. and b:,,, ci,,' .. to "''', ~ " ... ,,"""" w ,,. bJ" ",,"""'" 

Hulst c·t a!. {1!J91j wh() im-cstigat.ed the Hl surface densily of K LSBe with t.he 
VLA. He f01md [,),pim) peak vrUllf'B of LHI ~ 4 6 Mr.;I><: ' (log ::Hi~06 -0.i8 in 
log ep<v-.,) Th~y filld this to lw bdow th~ l'nti~al Ucnsity fur star furumtion follow­
illg KCIlIlkutt (1989), awl suggest thi, ", the rc'",on fur the 1o,>; 8urfacc' brightness 
disk. The slighlly higher Lfif ,·"Iu"" ob"ened in ~CC 1::;12 lill>:,' he rille 10; (1) 
TIl<' J~rgH gas d~Ilsity hl"'luCIltly ooo:.'IYod in the spiml arIllS of intlTllc1:ing spirul 
gul",;;"" {c,g. M~L Yun, Ho &: 1,0 EJ!Jl), \l) KCC 1512'8 HI 8urffl.Ce densily is 
not, Ill"t or <l. tvpi(,,1 I.em (ko.::libed in y~u de, Tl"bt {Hl921 n,e biu C<'utrcd :,t 
~111 ~ 4 :-.rc, IXO-' (log ;:;111 = O.G) COflloUn." the grcatc'&t nUlTlber of Uau, HI d,>!a 
points_ 

Figurc 5.1 n'Ye,u.,. no obn01l8 rel,,[,ion on loca l (760 pc~' soJ"" fI.< boll' quan­
Iii.;"" V8J:~: hy ~ 2." oIcl~l'" of ml'gnitlKW_ Thil< is consi.>wnt with the finrl"'"" or 
Digiel d 1'1. (2008;'_ nut, thi.> result i.> in sturk contruot ,,~th tll(' obscnwl global 
correlation of I:,u with 8tar forrmltion deriyed by Kennicull {19!JH), While Ihis 
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global relation bctwc~n total ~"s and total SFR fm galaxies is Iclativd~- well con­
.,tr"ined (CI.<smninf(" ('{)nvpr"i()n fr()m nentml 1.0 I.ot.fll P;"I'). thi." does not _ m 1.0 
hold onlotal ",aks as su;',.!'p;tcd by Fig. ,>.1, 

St,,"S fmm in giant mnl"""I,," cI()ud, (G.\IC,,). The"~fnre_ we ~"I_1. "" ""ti­
('{)'T~hl.inn oetwepn l.:HI "nd l.:spf< if G~IC, "'~ m"nlvp,L H()w~w~'_ t.he ."-,,,Ip ()f 
G').]Cs "' typiUllly ~ ,)(}-lOO pc '''ub'1aIlti<\lly smaller thall 700 pt re:;ulutioll of 
the HI alld SFR mri'al'e density map~, Tarllbmro ct ai, U()Oll) invl'stip;ate the 
di'tmICP hetwep" HI "nd "t"r fn,-matinn mte 1*0.)(" ,,,inf( hip;h m,nlul.inn (0") HI 
maps "Ild the ,;,[Ulle 'tar formation rate map recipe ,,~ the ~urrellt "tudy. They 
find typical off:lCt" of ~ 1O() pc, 
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l'i~llr~ ~.I ma)-' he '11ggr1'rivc of a eoutinuum betwL"u tlw strong rdationship 
of I:", UTJd I:8rB OU global "'301,-,;. a 11(1 the ex p""'tp<1 ,\.mi~c£Jn"!ation on "cal", thllt 
C.'I1C, IIr" resolvd (~0()-100 IX)' 

5.2.2 Radial Uinnillg 

To idfntik pO«'.ih!e tl"nd" of 1::", ""d l::SFR with ",dilli', the UlaP'; ruc divided 
llltO iOO sam~ tilt<"<l_rill~~ a' derived fmm t1", kin~mi\l.ic ru,fLiysis. Fig. ii.:l di'pla," 
a plot of the", hyu mdial profile,. The coullllOrlly ow'rye<! III ("'11iml depre'<'ioll 
i, sr~n in til<' inn~I Iilrlii (II < 3 kIX)' The iu~",a",-,"- l::,"~R of OOIllp"-mOlL gab>};}' 
NGC 1,010 cmo '''' _ TO >\to ~ 14 kpc. The """"nd larg"1't peak in l::SFR is loc"ted 
at II ~ 3 kpc und origrnt\tm frOTt> ib~ ga],\Xy', ring. ",hidl i, ~"ite prominllnt in 
optic",! and ultro.viokt wavelengthi'. 

"r~~~~~==~ ... .. ,,<..,._., 

~ " ' 
" , , 
~'" 
i ,,-., 

o 0 0 'to, -.-., Ro>. Do" ",, 

o . -
• • c , 

j '-'o'O~~~~-~~~~-~"-~+-~+-~*-~~ ; ~, m ~ m M 
H .. ~. :kpc 

"i.e"'" "." !,-".un p<~ ol "" '"'" "HrM '<"", n"" "."n" ~·,'~l'" lO' ,,, ",,,N. _,,, ,',,"" ,,~,. _<>on 01' 11>0· ,",,, ."&.,,. 

l'ignre 'd displays the rdation betwl'en the radial profile" of I:HI aIld I:8FR · 

Thi" i3 the equivalfllt of the pixel-Ly·pix~1 plot in Fig. -0.1, however, all pixeli' 
haVl' OC'Cll avcrage'"- into radial bim, ew:h the width uf the r.mlllt.ion of the Hl 
mo.p. Thi1' averaging clkd IOR'1' the local rnionllMioll, howe",,'r it illcrea_ the 
"i)l,Tlru·to-noi~. p"n.ic"hu·!y tow,.,-d, tl'" olller ",.elii. 
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5.3_ STAR FORMATION EFFICIENCY 

Dinning the pixel" into ,'".<l i"1 ellil"""'" ~ppeflr" 1<) "e"efll " (-Ieere<' pi(-f.Ul'e til"n 
the p~"{d-by-pixd pl(jt (Fig. 5.1), It Suggl':St:l a ,leIe fmIllati(jn thre:llwld "t ~ 2.·') 
M""p,,-~ (log L sn, ~ 11.4)_ it must be reiterated that the core (red erooso:..'S) of~, 

typi(-».I « ~:kd1 "pi,'».1 gai>J.xy ii' lIi,,,».IIY dotnin"I",,:lIl)-' mole<:-ui>J.r hydrnge rL 

_0,' 

-L, 
",_1.1 

! -" 
~ ,. • J _u 

!! -),' 

•• • , . • • 

+ 

+ 
+ 

-t- •• .. ...... .-,-. 

"iOll" •.• , St .. ""m.ton .. '0 ,y,f..,. """"',- ... "me.'","" """_'" 111 , ,,,u,oc d,,",',,'. P'x,,", "om 
;,, ' , ,., no """ocd yp in ",o'oJ &nnyli ",,'<1." 17". 'n~ 'hIe< "'",0"' af ,'" 1o,,,,.,<On "'" d"noted 
,,"" , ... '''u. '>"'''''' .. in", ',1. '1oto LSFR """". ~.,,"_ .. "' i""....., .. ~"I ~ ,_, "'-e .C' 
("'< ~5Fn--.-a"I;· 

5.3 Star :For rnation Efficiency 

Tll€ m" r rOt'Inat ion """I\';,i., i., exp"nde<1 rurt,her hy "egal'di fig tllf .,tM form" tion ef· 
ficiency paJCaIIlder (SF E). TIll!; is defirKu as the percentage of prescutly available 
~~" conWrtf!(1 into .<1M., per )'",n_ 1t is "" lc-llIMed witil tile "XP,'p.;;" ion: 

(:i_I) 

where ESFIl h"-, "niM _\10"""" 'pc' "n,1 EHI h"~ l,niT.' .'II"pc" Following 
Leroy et al (2008). the errOr" me defined as: 

(TRMS 
(5.2) 
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where ~}U'6' " the RMS ",-,,,tter witl!in c'ocl! tilted ring, N,>u.n", is che numbcr of 
pixds in th~ lill!,;, and ,0,""""''''' is ch~ nnmb", of pixds p~r r .... olntion d~llli'''t, 

1'i1~ 'We formatiun ~f!ici(;Jll'Y 15 F Ej ,how, " "kur dcpc'llilcn,,<-' on mdim, The 
SPE d~HC'\FU' om tu a radius of L! X R"" IR = 1·,2 kp"), Th~rp is a distillrc 
1"",J ~nf..::-t i" II ... vicillitv of -.GCL5Hl ;<I 11- 14 kpc The SFE inct'~<\.*" by 
upproxiIIlatcly un order of Ilwg:nitude for u ~ 1,3 kV bUlld, 

The 8FF. i" Ih~ middle di,k pCi-2:J klK) is 10," whe" fomp"-,'Hllu SFE valu,,", 
r~'Portcd in Leroy ct ai, I,ZOO8), The SFE at 1.2 R1f; is ~ 1.2 X 111-" yeax- l , Thi" 
is a iaeJor of c":o Iowpr t-hilll than ill>:>' of t-h~ ~ spir.u ";aIAxi",, st"dioo by ik~'oy "" 
al. (2008::" (-onsiSlenl wilh" low 3urrU(-e brillhtut\';" ,11,1. 

Figure' ".') "nrprisingly ,hUl'" a pooici,-" gradiem in th~ st,Hr format-ion effici~nc,' 
rrum 2.'J - 50 kpc. I'his (\)ul<ll", all ~l1vit'oTl]jje:n\UI ~n'ed I,et' Owpter 6 wlH"'re till., 
is im.""igatoo further), Leroy ~'t uL (~1~18) found COll1't!lllt, SFE in H, dmninatoo 
r,¥ions ,,' tlw';'" SAAlpl~ of g "piral ";,uAxi",, How~"et'. i" HI dmni"al.ed t'~,,;iOll' 

Ilw,' Ii "d 8FT:; 1·0 ,\H:t'e:I'l:Jt' wi,h 3"1"-CI.oce:ulric m<liu" They uloo finJ t-he SFE in 
Ill-dominated region., to be mure ""nsitiv" to ell\ironmcntal effert-s. Th,' incre,,-,*, 
ill 8FT:; _n i" Ihe o"let' <lisk orNGC 1512 !'V"IJ we:ll b~ ,uch 'w ~uYit'onmt11I,~ 
fffe<.:t iu the form uf 1.,Jul inkrmtion wit-I! KGC 1310 allil/or other llC'igl!buuriug 
,,;alaxi,'s, This imHpretat-ion ma"t I", tr~atf'd with c"mion ~i\·~n t-lw IAr;l;~ ~nor­
bAr,_ 

)ICC 1,)12's i",<'necion wit-h n~i,,;hbomin;l; KCC 15111 has d~nIly init-iatoo rl"­
eelll· ,I"r rOrllM,iull ", ,t'ucK! by Ihe: GALEX FCV UllJ Spilxfr MIPS 24",,,m 
IlWI-"', The",' "Pv'urs to be a weak Ill-SFR corrclation at ""l!lIl-"""k1<, I!o"."vcr 
t-here is an appnIC'nt star format-ion t-hr<1'hold if ch~ pixels ax~ "Y<'IA~<'(1 into HdiAI 
bl11,_ Th~ I ",'re"", i" 31 A t' r",'ma,iu" ,"nci~,l{'y in I h~ uul-H' radii CO" IJ I·~"'AI ivdy 
b~ inl.et'pt'~le<l u, " la"gt'l inlewCl-ioll 'ft'IlC«io_ An unul"" , of Ihe lo"ul ~ll\'iron­
ment- i" the th,'me of Chapter 0_ 
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Chapter 6 

The Tidal Dwarf Galaxy and 
Local Environment 

.8nviIonmcntal "fled" haw" strong inf!um"" on 1\ ;-;a1llxy's lllOIphology, kinemat-­
ic~ , .. ud ,tar fOTmat.io" hi"tory_ Thi5 i< seen through'" gMa:<y', inter"Ction with 
the inteIgl\bcti~ m('(linlll (IC,,!), strong radiation fields, and "ith other g."hLxics 
(Jon", and FNmiul 1990; Hicholl_ 1999; FM~t<,i ~fld Venr.uri, 2002) I'hi'< chapter 
inv,,,tig,,,tL'" the environment of :'<GC 1512, beg:inning with" more detailed ,,,ual­
y"is of the newly rlisrf)VNCO HI dono (lifi('llSS<'<i in Ch~ptcr 2. Additionally. the 
HI Park"s }J) Sky Survey (HIPASS) det~dion of ::<GC 1·512 is C'OIIlpllTCd to ',h~ 
ATCA HI map. The,,, HIl'ASS observations enable a larger arm '-'-""'rage of the 
::<GC 1·512 ,y"t~m, how~""r with much low",. "P"";".I tl'f'(llution (~1,,-)_ Tlw go,,) 
of ifl('luding HTPA&<; ob""r\"1\1.;0"8 in thi~ study i" 1.0 ~",.<:h fo'- ~dditio,,~1 diffu~ 

HI erni""ioll ou[_"ide the !idJ-of-Yi~w of th~ ATCA ol""'lsatio"~. 1"""<"g"IN·tic HI 
j, ob""ved to IIace galro.:y intcraetion" (<"g. the :'>,,!H1 group: Yun, Ho Ilnd 1,0 

1~~4) =0 low column density fc~t1lIrn rn";lC provide dlles to <.II<' history of th~ 
!\GC 1512 )(roup, 

6.1 Tidal Dwarf Galaxy? 

6. 1.1 HI Dat a 

Chctpl"N 2 '~poruJ [,& di",overy of an isob[.ff) HI cloud &;;3<)(·i,,[.ff) wi[,h th~ 

NeC 1512 'Tstem. The cloud 1" at 1\ proje<:t'.'<i di"w'IK'e of 72 kpc ""ulh-WL-,;t 
of Ih" cmt.rl' !\GC L';12 and hi" Ill! Rima" of M," = 6.5 X W, (D/!),8 "'pc')' 
\1",. h.s "n;l;u)",- ~},:t"'m. of .:lEi ~ (j'x4 co,-respond" <0" ph}oice) extent of .lH = 
1.1 X 1. 7 kl-'~ (in the plane of tIll' >l<y). TI,e cloud "1-'1ll!S ..l1J ~ 21 krn ~ _1 in velocity 

77 
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Chapter 6 

The Tidal Dwarf Galaxy and 
Local Environment 

Environmental effects have a strong influence on a galaxy's morphology, kinemat­
ics and star formation history. This is seen through a galaxy's interaction with 
the intergalactic medium (IGM), strong radiation fields, and with other galaxies 
(Jones and Forman, 1990; Hickson, 1999; Feretti and Venturi, 2002). This chapter 
investigates the environment of NGC 1512, beginning with a more detailed anal­
ysis of the newly discovered HI cloud discussed in Chapter 2. Additionally, the 
HI Parkes All Sky Survey (HIPASS) detection of NGC 1512 is compared to the 
ATCA HI map. These HIPASS observations enable a larger area coverage of the 
NGC 1512 system, however with much lower spatial resolution ("-'15'). The goal 
of including HIP ASS observations in this study is to search for additional diffuse 
HI emission outside the field-of-view of the ATCA observations. Intergalactic HI 
is observed to trace galaxy interactions (e.g. the M81 group; Yun, Ho and Lo 
1994) and low column density features may provide clues to the history of the 
NGC 1512 group. 

6.1 Tidal Dwarf Galaxy? 

6.1.1 HI Data 

Chapter 2 reported the discovery of an isolated HI cloud associated with the 
NGC 1512 system. The cloud is at a projected distance of 72 kpc south-west 
of the centre NGC 1512 and has an HI mass of Mm = 6.5 x 107 {D/9.8 Mpc)2 
M0 . Its angular extent of b..O "-' 6'x4' corresponds to a physical extent of b..R = 
1.1x1.7 kpc (in the plane of the sky). The cloud spans b..v,....., 21 kms-1 in velocity 

77 
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78 CHAPTER 6 THE TIDAL DWARf GALAXY AND LOCAL ENVIRONMENT 

'P"'-", 
Figlll'~ G.l d"l)h., the ATe ,-\ TIT TTl,'1' of the dow iTI J.7"}C;CNl'. Supcrilllp",,~,j 

~\I:e "O!IWU", of l!l eolulliTI e!em,ity. The [ll~ showl' two HI Pl'>Jk" both of which 
h,"-e column dcn.'iw SHT ~ W" em _., Th" clolld "PI"'""" to hp quit.e fm.gm~nt.~<1. 
a, e!pllnpe! by tilt' I 7 x lo"\.lll 2 C\lIlt·Ollr which i" ~, ~ 5-" t'OTdidfHt'e If".'l for 
\hi\! l'e!\i()Tl of th" [ll,'p. III in irrcg;ular gulaxiu; lS OOOo:.~·VN to bi' 'dmnpy', as 
"'porkd in a catalogue of HI ~"-'lllplpxes wit.hin t.hp L •. q>;e ~"'SfII",'''' \]0,,<1 (h:im 
d ~L 2(07). 

• 

F;,;mo 6,1, HI m.p" 'oalo<o<I HI ";,,,"01,,,,,,'" 'n ,eo,.", ... ,,'" "",.",,,,,,-, =16<," ," HT e,'""," d"~;I,. 
~h"'h "',," ''D'n .v", - 1 7 M,d 0.' " lO'" em ' ,od '''''''''''' '" "','" ,j as" , 1., x lO" "" ' 
n., 'Te,' m't"'~''''' I",,,,," ~ >;I.,..." m ,ho \>ot,,,,,,.l-ft 

If th~ d"t~ i8 t.~kPll ;It j'''''e valUf, tlwr~ ;lr~ rollJ-,hlv l'ight 'dd""hcd', D > IT' 
(7611 pc) HI complex", "nrrnllne!ing the HI cloue! in hi>;, (i.], "" ddillN h)-' t.he 
Li X lIl~cm ., cont.onr. The m~''''''' of ,'~ch of th""" HI compl"",,,,, Me compar",1 
to Lhe 195 ill t.he LMC c"truo:,\ue genemtt'tl by Kim ~t "I (2007) in Fig. 6.2. Rt'<;L­
augular bar" reprc"','nt a lJist{)gmIll of thc Ill""" of L:'.!C Hl wmplc'Xes. Ead:t star 
(*) ""presents onc of the eii>;ht j()()f;f'jy defined HI complexp<, <'_, in Fig. (U, The 
M~r' ~r~ pl~c",1 in the <'Orresponding IIl"*' bin. Thf t'OIllp<lnbUll illustratto< that 
tlll' !II WIIlpleXl"; ddl'(;\.l,j around the- HI cloud arc toward.> thc high mas." end of 
the di"tribmion of the LMC, A""llmin~ the Hl complex llU'I,," di't.rilmtion of t.he 
L\IC j, 'imibr 1.0 thi\!. of the iWlatt'ti HI cloud, then it apl*a..-,; v;e a..--e observillg 
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6.1 TIDAL DWARF GALAXY? 

the hi["h Ina;;, end of th"", .. wmplexl'l<, Tin, '" as we "uuld expect ,,'th il low 
"il';nal-to-noi"" rati" and i" ijju';!.ral,ed in Fil';. (; 2. FnrtheInllJre. the HI 0,mpkxes 
ate ~ ll (00ltlparahl ~ to the .ysth""i,",,1 be~", (bott011l left of FiK 6.2i 

It i, not the int~ntion t" compare th~ i""lat~~1 HI dond wIth the Llo.[C The 
a im is t" p lll the Hl complexffi int" contm::1 with ar~nably th~ m",l, wpjj--i\tudied 
irreGular galaxy in HI. 

'. l 
" 

"',,"'" •.• , '."01'"'''' of tho m ... oj !II com ...... m ... '~"" in tM L .... M • .,.J .. "" (",xl '" "'m" aJ 
1=), 8"" (,,,htl oip,;fy m_ of III ,om","x .. '" tho Joolot"" III ,''''"' fro", Fi<. ". 1 

6.1.2 'l\Iulti-'Vavelength Data 

T Il<' HI dond has no optical oonnt.~;rpart in (hp H and Ii band l)i~il,i7,pd Sky S1lIVPY 
(DSS·:, field" T herp d(>ffl howf\w appear to be a faint f~r uitrav;oloot Ct)mponent. 
Figw-l' {},3 di~pby.; the GALEX FUV l1llip of thl' cloud in gmy""ale '\lith 8uper­
impo""d Cont01lIR or HI colnmn density. Th" map r~v€ais I'U\-" embsion in the 
("Iltre of the cI<JUd, bl'tM'I'" the two HI column dellsit)' peaks, The l>eilk FCV 
pixel; ilre at 3-" ab oyc the noi~., levd, No trace~ of as,.-,ciawd FCV emISSIon arc 
;;e<>n for the rest or th~ I,idal m,u.f';rial in I\(;C 1::;12. 

TIw cloudli~" outside the field-of-view of thl' Spit""r lRAe i,ostrumeIlt obc"'r­
mtiollS of NGC 1512. Howeve!, the 24 11m and 71l /1m ""an.~ of I\GC 1::;12 "~th 
till' SpitMr )"-11pS instrumeIlt did owriap with the pooition of the HI cloud. TIlt> 
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-,~ 

• , -,"',"" , 

• " 
" 

-,~'" 

• , 
40" 

--<''"'''' 

" 
'. " eo ·' '. . . , .' 

' ~ ' o~ " 

.. 
. .' 

' . . , 

, . , . . "' . . ' . 

0 , ",. '.: . " ... , 
. .' -

'·""ur. G." <.oon,;n ,n i_ tod III do,," ... , ul".vi_ ""p ol"""" i . ... ,,..,.., "';th >Up";"'''' ..... ] ,,, .. ,," " 
,'j' III io< ,,><it.}'. C,~",'"' v.L"," >c. NHl _ U ,n" ... , , 10"" ''''-, 

2·jl'm map, scru;itivc to dust hcate<i by ,tar formation, reveals no MtflCtion. The 
711 I,m emi>«ion trares cold dust in th~=lA: eqnilibrium, with A blA"khodv t.,mper­
alure 01·10 - 60 K (Dale el ~,l.. 2007), The 70 I'III map [C'vru18 a 2-cr pmk whim 
is C<.>-"patial with the southern peak in the HI cloud. Clrurly. d'-'Cl'er observation" 
are rKI"ired a.< no ded"ctions ("aJl he made IruIII ch~ daU, cmr~ncly ~,,~,ihbl~, 

T~lllatiwl". the dalA (·an he inlerl'retAkd a.< re<:'ellc Scar lormation (~1O-
100 :\jyr) occminf!; ill the (~ntre of the cloud, Thi, tinK""'ale is ba.><Xi the otdl"" 
ag~~ma>« relation and rontinuum UV flllX evolUlion (Kemlirun, 1~)H; Salim et A1.. 
2()07) NGC 1,',12 hl\.'la cidally ,Iis""pl ed eli", And U", ieolaleri H T cloud i~ 1 he likely 
producl of ~m mtwo.ctiun. TIl~ iwhted HI cloud is th~rcfore a Tidal D""drf Gah,,· 
~andidate (TDGc). Fntur~ obstTvur,iom t.o probe this ranelidacv are rmtliood in 
Chap!., .. 7. 
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6.2. COMPARISON OF HIPASS AND ATCA MAPS OF NGC 1512 

6.2 Comparison of HIPASS and ATCA Maps 
ofNGC 1512 

81 

The spatial resolution of the HIPASS and ATCA maps differ by a factor of ",50. 
The reason for the comparison of these two maps is to probe emission outside the 
ATCA field-of-view. Furthermore, interferometers are only sensitive to a limit­
ing spatial scale dependent on the intrument's configuration and geometry. This 
is because an interferometer is a spatial filter that is only sensitive to emission 
on scales smaller than the angle b.()max' This angle is inversely proportional to 
the shortest baseline in the array, lmin, and is calculated to first order with the 
equation: 

A() _ A008 
U max -

lmin 
[radians] (6.1) 

where Aobs is the wavelength observed. The ATCA HI observations presented in 
Sect. 2.3.1 have a shortest baseline lmin = 31 m (in the 210 array), correspond­
ing to a maximum angular scale of ()max = 23.3' (66.4 kpc at a distance of 9.8 
Mpc). Single dish radio telescopes do not have an upper limit to the spatial scales 
to which they are sensitive. This is one of the reasons single dish observations 
frequently measure higher flux levels than interferometers (Wrobel and Walker, 
1999; Thompson, 1999). 

This phenomenon, combined with the extent of the HIPASS observations, make 
it complementary to compare the interferometric and single dish HI maps. Fig. 6.2 
shows the ATCA map in grayscale. Superimposed are contours of HI column den­
sity from a HIPASS total intensity map. The HIPASS map (contours) is made 
from the summation of 40 velocity channels (b.v = 528 kms- I

) centred on the 
systemic velocity of NGC 1512, vsys = 898 km S-1. 

The lowest contour in Fig. 6.2 suggests HI column densities beyond the isolated 
HI cloud to the south-west. The column density of this lowest contour is > 3-0- of 
the channel noise level (Nchan = 12.5 mJybeam-1

). 

The HIPASS catalogue lists a total mass MHI = 5.5 X 109 M0 for this galaxy, 
with a quoted uncertainty of 5% (Koribalski et al., 2004). This mass estimate is 
10% larger than the mass determined from the ATCA observations (MHI = 5 X 109 M0)' 
Although this mass discrepancy is not significant, two contributing factors may 
be: (a) ATCA's lack of sensitivity to emission of angular scale b.() > 23.3'; and (b) 
the tenable presence of low column density tidal debris outside of the field-of-view 
of the ATCA observations. 
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82 CHAPTER 6 THE TIDAL DWARF GALAXY AND LOCAL ENVIRONMENT 

" , 
~ _."..:>J 

~ 

_H"OO 

----~" 

Fi. u .. ".~ •. n;;A HT " ~I' "",""·,,,~I". C~,',"''' ,i kM! HI in"'"'''' Imm HE'"" mop "" ..... !,,,',m ,,," ~ "u_ 

mobn 0; 10 , ,,,-,,,,,, oJ,,,,,_ "',, _ ',11\ 'm.-'). (\"",,,w, """" f,,",, ,v" ~ H 23 X 10'" cm-' 
0"" i""' .... in ... .". 01 t.Nlll _ 4 x 1l>'" "m ,_ T1., ,uok,", ]",,,,, C::",'"tc· ''''''",,''0 !U ."""",,, 
1"..""", ,"" '"""Ie,, HI d-"", loo","-,,-,. ll . ~ ...... p<imu,' t,.'m~;,'" i. ,',..,1,-,,,,,1 " , ,," 00'''-"'' 

"' 

Of rOlw'e, the t\Ix~'t' two rC"''''-'Il' tIIC "pc,_"latiw Rlld further obse'vation;; a,'e 
rf'quirl'd to probl' their validity. The..e future ob""I'vlt\~)n" al'e di,.--\\,"",I ill Clmp­
tcr 7. 

6.3 Speculation on PrcviOllS Interactions 

Chapter 2 showed 11>", (~)IIll-'~tliOIl g~b..",- NGC 1510 to be PJllbf'Cld..-l ;n the ~I'" 
disk of NGC Vil2 Thl' HI \pjocity field and ul\I'aviol"" IlWI-'" illu"lrtJ.te thi" 
gal""-",, interaction mc",t dead.' The bal'yollir !IW"," ratio of thl' two gala.-xies i" 
;\fNl",/M"mo ~ lOO_ A, notcd ulread:, by HaWRl'<ipn et a1 (1))79), the "elaUve 
Ill~"' of' l'oIIlp~nion ~alaxv :'<CC F,l() may he itNJrric-ienl f()I' I.he ob"'rwd tidtl! 
effect of sllch an p"",,.ende<:1 HI disk. If C<>ITf'<-t. ,hl' l'OIIlpRrlion g&la:{y NCC 1::;10 
may ,j(), be I he 1'(.li\",,)-, mU:;e of :'<GC 1511's dicruptf'C1 disk. To explore thi~ f"f_ 
tl:>f'r Wl' iIlH_"tigtJ.tc the nci~hbollrin~ gala.-xies around '1GC 1512 

A ~5° X T HIPASfl IIUI' of the p"",,,etlded eln'jmll!Ilenl or :'\GC' 1512 i, di><-
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6,3 SPECULATION ON PREVIOUS INTERACTIONS 83 

play",,1 HI FilS_ 6,,'5 (gr,w,,(;;M), This JS TtLad~ froTtL the fOUl cornJ,lI\f'(1 mPASS 
L11bcs dcserilxxl in &",t, :L1 The [!lap ill Fl~, 6.~ results from the summatIOn 
of I\~ wlodt" channel,_ lea.dini\ to a tm.fll --"".' = 117r, kms ',to inrl"d ~ the full 
wlocity wid\.h of th~ ""11\;<,, ~roup . 1'1", TtLap '" (,<,uuN 0(\ 111}S km" ' in v~k,,'" 
ity spacc, \Vbitc contour" from the ATCA HI illap mc superimposed. The map 
ind"d"" n~i.o;hh()nrin.o; i\"Ia.xies 1\(-:;(: 1.J.~7, :-;C:C 14\),-" J::SO 24$1- (; ()26 "wi AILS 
DlJl;;J4_J.-441J5(ll (s~ hLeb), All t h~ ga Il\JO;ie, art' within an aTU,u IJr (h~TtLPI~T e ~. 
If)(j" which corresponds to 1fi5 kp<' at a distallf>' of lOUpc_ 

The contI""\. of the illap i" saturate," in order to show the extent of eIlll:;:,i(}1l 
b~yond the 1\(;(; 1::; 12 'y"t~m, Th~ m"p is SlIgi\ffitive of int.erl(ala.ctic Hi ~mi",ion_ 
pmticultIJ-)y ill the proximity of -:\GC 1,'512. ilo,wwr, th~ r~,llity of tili" ~mi:;:,ioll 
's WlN-'nain, The intergalactic cllll>l<ion ",-",n m FIg. (;,5 illay wcll be llIl artifact 
Brl, cont.immm l'il'pl~ a.nd/or .,,-,I"r int~rfel"<'n""_ H~r~ we ~,xpIOl'~ th~ interl(ala.rtic 
~]jj,%iou ill rd~t,ioll to the llei)l;hhouriu)I; galt\Xi~,_ 

i 
" ....... '''';'J 

, 
i 

" .. "'"'' '00;" 

• 

"i.!:uro """, J![~A", m.op oj' ""C "" <,""p weth .,rut. ' ''p''';m"",.e ",,"""'. of ~, .. .! ;""",'". ~om AreA 
,,,-,,,,_ ,',>;0 """V,. Tho "'d __ p,;m.,.,. to"m;, ",_,pl.},""" 1.0. Lx"""" ""'_ s.. 1>."'" !'", 
,.., .. , """,;I1<",;'x, _, .""".-.i.< ,,",,,",it,,. 
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84 CHAPTER 6. THE TIDAL DWARF GALAXY AND LOCAL ENVIRONMENT 

There appears to be emission to the south-west of NGC 1512, in a continuation 
of the Tidal Dwarf Galaxy candidate. This is suggestive of additional tidal mate­
rial in the direction of NGC 1495, a galaxy of morphological type Sc? sp. There 
is also a continuation of the tidal material north-west of NGC 1512. This appears 
to extend in the rough direction of NGC 1487, a disrupted Peculiar galaxy with 
an HI mass Mm = 1.1 x 109 M0 (Koribalski et al., 2004). 

NGC 1487 is the most well-studied of the neighbouring galaxies in Fig. 6.5. The 
angular separation between the centres of NGC 1512 and NGC 1487 is b..fJ = 107'. 
This corresponds to physical separation of 300 kpc at the distance of NGC 1487, 
D = 9.5 Mpc (Aguero and Paolantonio, 1997). NGC 1487 is a blue galaxy, B-V = 

0.11 - 0.38, suggestive of ongoing star formation (Aguero and Paolantonio, 1997). 
This is confirmed by strong far ultraviolet emission as mapped by GALEX (see 
Fig. 6.7). Three nuclei are observed in the optical which lead Aguero & Paolanto­
nio (1997) to the conclusion that it is the product of a merger of at least two late 
type galaxies. Mengel et al. (2008) find the age of these 'nuclei' to be ",-,10 Myr. 
The small velocity difference between NGC 1512 and NGC 1487 (b.. V = 50 km S-l) 
does not advocate a likely interaction between the galaxies. However, the plane 
of interaction may be approximately perpendicular to the line-of-sight. The kine­
matic models of NGC 1512's full disk favoured lower inclinations than the adopted 
i = 38.5° towards the outer radii (see Figs. 4.1, 4.15 and 4.16). This would be 
consistent with an interaction scenario between NGC 1512 and NGC 1487 close 
to the plane of the sky. 

Figure 6.3 displays the English and Freeman (2001) map of NGC 1487. The 
optical is shown in grayscale with superimposed contours of HI column density. 
The HI morphology suggests tidal disruption, with two isolated HI clouds in the 
direction of the 'debris' seen to the north-west of NGC 1512. Note that the lowest 
HI column density contour corresponds to 2 x 1020 cm-2 and so a more extended 
HI morphology is expected with deeper observations. The far ultraviolet map 
of NGC 1487 reveals strong emission and therefore recent star formation in the 
nucleus and short spiral arms (see Fig. 6.7). The ultraviolet morphology is that 
of perturbed galaxy with short spiral arms - contrary to the optical (grayscale) 
morphology seen in Fig. 6.3. The HI map was not originally published with a 
co-ordinate system, however the spatial the size of the map is estimated to be 
roughly to scale with the GALEX FUV map. 

The remainder of NGC 1512's neighbouring galaxies are significantly less stud­
ied. Table 6.3 summarises some of their properties. 

The galaxies in the proximity of NGC 1512 are clearly part of a rich group. 
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6,3 SPECULATION ON PREVIOUS INT ERACTIONS 

• 

JJ 

• 

• • 
26 • 

F;~"". n.r" C,>!>, ofl'"'' ""' '''''P rH'," ",""",J, ,,,,I Fn.,"'''' (~);)') Ie.,,,"") R b,,, l m,. {.,,,,,,,,,",) w,"h 
.u",,<imp'_d ""tic III room" dmoit,. co"","" ']'k"", 1«,,," . co ,_ <, 0, , , LO'" c<"-' 'lhc 
",,,",,,.,,1 ,",,,,,,,,>.n map i. """,h.d on .lJ* R.and m.op 1-'>,- " ;znin.& b<i.L~ "''''i in "'''''' to 
,,;"w tl .. ,,""iol ,,"c. 

The morphology, g"S distribution, "tar frll'ma\ion !lI't-ivi ty of Mme of ,bf'Sf' .o;alax;ffi, 
rombinoo with too in\"".o;f\Jar,tlc HI ~llli~ioll sUAA"""",j by ,h~ ll!PASS map Me 
inilirati'" of ill\~t'!l.(;t.j()II", 110\ Ilete>&lrily "ith -:\GC 1512, These are speculatioI18 
llOw<cver ""ne! will be t""ted "ith deeper OOSf'.f\""tiorL~ a" ontlin<XI in too dosin.o; 
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Chapter 7 

Discussion and onclusions 

7.1 Summary of Results 

The high resolution, multi-wavelength observations provide a substantially im­
proved insight into the properties of NGC 1512. The ATCA HI map reveals a 
tidally disrupted, 100 kpc disk with detailed spiral structure far beyond the op­
tical extent. The morphology is significantly different from that revealed by the 
single dish observations of Hawarden et al. (1979). The HI mass derived for 
the system is MHI = 5 X 109 M0 • This is comparable (within errorbars) to the 
Hawarden et al. calculation, adopting the Spergel et al. (2007) value of Ho = 73 
kms- I

. This HI mass is typical for a Sab galaxy (Roberts and Haynes, 1994), 
which perhaps confutes the view that this galaxy is part of the so-called class of 
giant LSBs. The adjusted Hawarden HI mass estimate is also close to the recent 
HIPASS measurement of 5.5 x 109 M0 . 

The kinematic models show NGC 1512 has two distinct regions: a 'regularly 
rotating' inner disk and a tidally disrupted outer disk - consistent with the ap­
pearance of the HI map. The inner, regularly rotating disk has a dynamical mass 
of Mdyn = 2.5 X lOll M0 , a value consistent, but at the high mass end of typical 
Sab galaxies (Roberts and Haynes, 1994). This implies a dynamical mass-to-light 
ratio (M/ LB ) = 86 and a HI mass-to-light ratio (MHI/ LB ) = 1.7. Both of these 
values lie at the very high end of their respective distributions compared with both 
'normal' and giant LSB galaxies (O'Neil et al., 2004). The galaxy was found to 
be dark matter dominated at a radius of 27.5 kpc (Mdark / Mbaryans = 2.1). This 
is lower than average when compared to 23 LSBs DM-to-baryon (Mdark / Mbaryans) 

values determined by de Blok and McGaugh (1997b). Because of the degeneracy 
between the inclination and rotation velocity of the outermost radii, two models 
were derived. One assumes a fiat rotation curve out to radii R = 75 kpc; the 
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88 CHAPTER 7. DISCUSSION AND CONCLUSIONS 

other assumes constant inclination throughout the disk and applied the i = 38.5° 
value derived for the inner disk. Both these models find the isolated HI disk to 
be roughly consistent in inclination and rotation velocity with the outer HI disk 
(±10° and ±25 kms-1 respectively). This assumes that the HI cloud is in a cir­
cular orbit with NGC 1512. 

The GALEX FUV map of NGC 1512 displays regions of massive star forma­
tion throughout the HI disk. The Spitzer 24 pm emission reveals a bright inner 
ring, however no obvious emission beyond the optical/near-infrared extent. This 
implies low dust content in the outer disk, consistent with the general properties 
of LSBs. The combination of the FUV and 24 pm provides a map optimised to 
trace star formation rate surface density in both dust obscured and dust free re­
gions. The similar spatial resolutions of the FUV, 24 pm and HI maps enables 
the SFR-HI relation to be probed at sub-kpc (760 pc) scales - such analyses have 
only recently become possible thanks to the significant increase in high resolution, 
high quality data for nearby galaxies. 

The comparison of the SFR surface density with HI surface density reveals 
two peaks in the L,SFR, separated by an order of magnitude in HI surface den­
sity. This is likely due to the core of NGC 1512 being dominated by molecular 
hydrogen. Besides these two peaks, there appears to be no obvious correlation be­
tween SFR and HI on local scales. Binning the pixels up into radial annuli reveals 
a significantly different view. A clear SFR threshold is seen at L,HI I"V 2.5 Me:> pc-2 . 

There is a clear dependence of star formation efficiency with radius. A de­
creasing trend is seen from the nucleus to a galaxy radius of 1.2xR25 • The Star 
Formation Efficiency in the proximity of the R25 radius is found to be SF E rv 

1.2 X 10-11 year-1• This is a lower value than that derived for 8 spiral galaxies 
in a similar study by Leroy et al. (2008) and therefore appears consistent with 
the expectation for a low surface brightness disk. The SF E shows an increase 
towards the outermost radii. This is suggestive of external effects having a signifi­
cant impact at these outer radii, given that the SF E is expected to decrease with 
the decrease in metallicity observed in the outer radii of galaxies (Searle, 1971). 

One possibility for this increase in SFE may be previous galaxy interactions, 
certainly - but likely not only -with NGC 1510 whose relatively small local effect 
on SFE is seen at a radius of 14 kpc. A HIPASS map of the region illustrates 
that NGC 1512 is embedded in a rich galaxy group. The HI map suggests the 
existence of intergalactic gas, which could be the signatures of past interactions. 
This intergalactic emission is at a very low level and may well be a spurious data 
artifact. 
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7.2. FUTURE PROSPECTS 89 

An HI cloud of mass MHI = 6.5 X 107 Me!) was discovered at a projected dis­
tance of 72 kpc from NGC 1512's centre. The cloud has no obvious optical/infrared 
counterpart. Low level far ultraviolet emission in the centre of the cloud, combined 
with a rough consistency in rotation velocity and inclination suggest that it may 
be of tidal origin. 

The notion that NGC 1512 is a giant LSB is not supported by the HI mass 
determination from this study (Mm = 5 x 109 Me!)). This is lower than the aver­
age HI mass (MHI = 6.1 X 109 Me!)) determined for a sample of 80 'normal' LSBs 
by O'Neil et al. (2004). NGC 1512 is more likely a 'normal' LSB with a giant 
LSB morphology due to its minor interaction with NGC 1510 (other interactions 
cannot be considered at this point due to a lack of evidence). 

This study supports current idea that giant LSBs are transient phenomena due 
to minor mergers and not quiescently evolving galaxies. Furthermore, the study 
indicates that a giant LSB morphology can be observed without the requirement 
that the galaxy need be substantially massive in HI. 

The current evidence suggests that a minor merger with NGC 1510 has had a 
substantial influence on the morphology, star formation rate, and hence evolution 
of NGC 1512. This advocates current theories that minor interactions are of 
great importance through their role in the initiation of inside-out galaxy evolution 
(Thilker et al., 2007). 

7.2 Future Prospects 

The 12 month timescale of this project did not allow for a full analysis of all the 
high quality data products available for NGC 1512. There is a substantial scope 
for future research on this galaxy in a large range of wavelengths. 

A wealth of high quality Spitzer infrared data of NGC 1512 is available from 
the SINGS Legacy programme. This includes imaging in the 3.6, 4.5, 5.8, 8.0, 24, 
70, 160 f-£m wavelengths. Studies in the infrared enable the derivation of the dust 
mass and hence dust-to-gas ratio and its radial profile. The spatial distribution of 
the cold dust, which is in thermal equilibrium with the system (Dale et al., 2007), 
may provide further clues to the interaction scenario. This will enable a compari­
son with a study of the infrared properties of a sample of 3 giant LSBs (including 
Malin 1) also observed with the Spitzer Space Telescope (Rahman et al., 2007). 
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Deep near-infrared observations of the Tidal Dwarf Galaxy candidate have 
been made with the Infrared Survey Facility (IRSF)l in Sutherland, South Africa. 
The observations are as yet unprocessed due to corrupt file headers. The obser­
vations are aimed to search for a the presence of an old stellar component in the 
Tidal Dwarf Galaxy candidate. Further efforts will be made to reduce the data 
reliably, however, if this is unsuccessful the observations will be repeated. 

The star formation analysis can be enhanced through high resolution H2 mea­
surements in the core of NGC 1512. Carbon Monoxide CO (1-+0) observations 
trace molecular hydrogen (H2) which dominates over HI in the central parts of 
the majority of galaxies. A CO map of comparable resolution would enable an 
investigation of the relationship between star formation and the density of both 
neutral and molecular hydrogen, allowing a more complete view of the galaxy in 
both HI and H2 dominated regimes. This is particularly relevant as the strongest 
star formation occurs within the central core of NGC 1512, which is likely to be H2 
dominated. Comparable spatial resolutions (0 ,....., 24" at Vobs = 115.27 GHz) can 
be attained with the Mopra2 millimetre telescope near Coonabarabran, Australia. 
A proposal will be submitted for such an observation in the 2009 winter season 
for favourable atmospheric conditions. 

Perhaps the most promising method to probe the Tidal Dwarf Galaxy candi­
dacy is to search for a low column density HI connection between the TDGc and 
NGC 1512. This connection cannot be probed by any single dish radio telescopes 
due to insufficient spatial resolution. Therefore, a proposal has been submitted 
to the ATCA for 12 hours in a compact configuration (H214). This will attain 
a sensitivity of ,,-,3.5 x 1017 cm-2 per 3.5 kms-1 channel. A connection at this 
level will make a strong case that the HI cloud is indeed a Tidal Dwarf Galaxy, 
particularly if coupled with the ground-based near-infrared observations. 

Finally, the HIPASS map of NGC 1512's extended environment reveals a rich 
galaxy group and includes suggestive low level intergalactic HI emission. Deeper 
single dish observations of the field will probe the fidelity of these intergalactic 
detections and perhaps bring new insight into previous interactions in this dense 
group of galaxies. A proposal has been submitted to investigate this in the Octo­
ber 2008 semester. Twenty five hours with the Parkes Radio Telescope in mapping 
mode will achieve a column density sensitivity of "",5 x 1016 per 1.6 km S-1 channel 
in the field shown in Fig. 6.5. 

lhttp://www.z.phys.nagoya-u.ac.jp/rvtelescop/index.html 
2http://www.narrabri.atnf·csiro.au/moprn/ 
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7.2. FUTURE PROSPECTS 91 

These future multi-wavelength observations may provide a view on the history 
of NGC 1512 and the dense group within which it is embedded. A more detailed 
study of this group could be a prime example of the role of minor interactions on 
galaxy morphology, star formation and hence evolution. 
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Appendix A 

Channel Maps 

Channel maps of NGC 1512 at 16.9" resolution. Emission is masked based on 
criteria outlined in Sect. 2.2. The channels are averaged into 17.5 km S-l bins. 
The central velocity of each of these bins is displayed at the top left of each 
channel map. HI column density contours are drawn at Nm = 1, 3, 4, 5, 6, 7, 8, 
10 X 1020 cm-2 
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