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Abstract

In this thesis, a deep neutral hydrogen (HI) galaxy search for galaxies hidden by the Galactic
Bulge is presented. The HI Parkes deep HY Zone of Avoidance (ZOA) survey has been
extended towards higher latitudes in the Galactic Bulge region. The surveyed region covers
332° < [ < 36° for the region 5° < [b] < 10° and 352° < [ < 24° for the region 10° <
|b] < 15°. Visual inspection of the HI data in the form of three-dimensional data cubes
revealed 158 galaxies. The HI parameters of the galaxies were determined using MBSPECT
task in the MIRIAD (Sault et al., 1995). Of the 158 galaxies only 65 have previously
catalogued multiwavelength counterparts (mostly NIR, optical or HIPASS), the majority
of which matched to a single counterpart. The distribution of the detected galaxies on the
sky and redshift space are analyzed. A closer inspection of the newly detected galaxies allow
identification of new large-scale structures connected with the Great Attractor Wall. These
galaxies also provide an improved outline of the Local Void (Tully & Fisher, 1987). The Local
Void is seen as an underdense region out to cz < 6000 km s~ extending from [ ~ 345° to 45°
and b ~ —30° to +45°, With the newly detected galaxies and previously catalogued galaxies,
a new "second parallel arm” to the Norma supercluster (Woudt et.al, 1997) is identified for
first time in this HI survey. This ”second parallel arm” seems to stretch from the Centaurus
cluster Abell 3526 at (I,b = 32°,4+22°) down to higher longitudes, crossing the Galactic Plane
at [ ~ 345° and cz ~ 4500 km s™'. We also identified a possible connection between the
Norma supercluster and the Ophiuchus cluster (Wakamatsu & Melkan, 1981).
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Chapter 1

Introduction

1.1 The Zone of Avoidance

Optical and near infrared galaxy surveys fail to detect galaxies close to the Galactic Equator
and around the Galactic Bulge because of high extinction and star density. This area of
incompleteness is known as the ” Zone of Avoidance” (ZOA): galaxies seem to avoid this region.
It was first named as such by Richard Proctor in 1878 when referring to the distribution of
"nebulae” in Sir John Herschel’s General Catalog of Nebulae (Herschel, 1864). Edwin Hubble,
however, was the first to correctly explain the ZOA as being caused by the light-absorbing
dust particles that are distributed throughout the plane of the Milky Way (Hubble, 1936).

Our own Galaxy is a major obstacle in probing the extragalactic Universe: it blocks more
than 20% of the optical and about 10% of the infrared sky (see Kraan-Korteweg & Lahav,
2000, for a detailed discussion). The dust in the plane of the Milky Way obscures our view
of the extragalactic sky due to absorption of light. In addition, due to increasing stellar
crowding, foreground stars cause confusion in the identification of background galaxies close
to the plane of the Galaxy. This creates a ZOA which flares up around the Galactic Bulge
from about Galactic latitudes of |b] = 5° up to |b| = 20°. Although deep optical and infrared
surveys partly penetrate this obscured region and allow the identification of some of the
galaxies, high extinction in the optical and stellar concentration in the infrared, make the
surveys increasingly incomplete.

1.2 Importance of Mapping the Hidden Matter in the ZOA

One of the main objectives of galaxy redshift surveys is to map how luminous matter,
observed in the form of galaxies and cluster of galaxies, is distributed in space. Quantifying
the three-dimensional distribution of galaxies is important to understand the evolution of
galaxies and their environment, to determine the fundamental parameters of cosmology
and to understand the past and future histories of the Universe at large scales. Studies
of the large-scale distribution of galaxies before the 1970s were limited in resolving the true
nature of the Universe due to lack of deep systematic surveys. The development of sensitive
detectors and spectrometers at radio, near infrared and optical wavelengths in 1980s made the

deeper three dimensional view of galaxy distribution possible. Since then these deep galaxy
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redshift surveys have revealed the complex web-like structure of the Universe: galaxies are
not distributed randomly in space, but tend to lie in clusters and superclusters linked by
filaments surrounding voids (Fairall, 1998).

Moreover, the Milky Way and its neighbouring galaxies (the Local Group) exhibit a
peculiar motion with respect to the Cosmic Microwave Background radiation (CMB; Kogut
et al., 1993). The irregular distribution of mass surrounding the Local Group (LG) induces
peculiar velocity on the LG which is observed as a dipole effect in the CMB. Searching for
the convergence of the dipole with distance has also been a critical problem. Analysis of this
effect is complicated by a streaming motion toward the ” Great Attractor” (GA)-a huge mass
overdensity in the direction of Norma supercluster. This streaming motion was detected
from the systematic infall pattern of 400 early-type galaxies within 40A~% Mpc (Dressler
et al., 1987). In addition, it has been suggested that this systematic flow pattern might be
influenced by the more distant and massive Shapley Concentration, which is centered on
Abell 3558 (1,b,v = 312°,31°, 14 500 km s~!) (Raychaudhury, 1989; Hundson et al., 2004).

In order to understand these complex dynamics it is essential to quantify the distribution
of galaxies in the local Universe. However, the incompleteness in the distribution of galaxies
close to the Galactic Plane constrains the study of large-scale structures in the nearby
Universe and the determination of the peculiar motion of the LG and in the GA. The ZOA
has hindered our progress in understanding cosmological issues, such as:

e Determining the true size and extent of nearby large-scale structures. This is difficult
because several nearby superclusters are bisected by the Milky Way. For instance, the
Local Supercluster, the Perseus-Pisces chain (Chamaraux et al., 1990), the Centaurus
Wall (Lahav, 1994) and the Hydra-Antlia filament (Kraan-Korteweg et al., 1994a).

e Measurements of the CMB dipole imply a LG velocity of V = 622 km s™! toward the
direction of I = 277°, b = 30° (Kogut et al., 1996; Bennett et al., 2003). Although
this measurement is known to high accuracy, the source of the motion has yet to be
absolutely ascertained. According to linear perturbation theory, the LG’s peculiar
velocity is caused by the surrounding mass inhomogeneities. However, there has been
a debate on whether it is a large-scale bulk flow induced by more distant structures,
or whether the LG is accelerated by nearby massive structures hidden in the ZOA
(Kocevski & Ebeling, 2006).

e A large fraction of the GA lies behind the Milky Way (Woudt, 1998). The precise
mass, position and extent of the observed systematic flow of galaxies in this region still
remain uncertain. Lynden-Bell et al. (1988) originally estimated the mass of the GA
about 5 x 10'® Mg with a central peak around (I,b,v) ~ (307°, +9°, 4350 + 350 km
s71). A later study however placed the center of the GA at (I,b,v) ~ (320°,0°,4500
km s71) (Kolatt et al., 1996). More recently Tonry et al. (2000) determined the core to
be located even closer at (289°, +22°, 3200 + 260 km s™!) with a lower mass of about
8 x 10'®> Mg. Even with the more recent discoveries of clusters in the GA region such
as the Norma cluster (Abell 3627; Kraan-Korteweg et al., 1996) and the Centaurus-
Crux or CIZA J1324.7-5736 clusters (Woudt, 1998; Ebeling et al., 2002), there is still



CHAPTER I INTRODUCTION
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dizapreement between the observed mass density and the mass ovigimally proposed by
Lywdden-Bell ef al. (198%) (Koceveki & Ebeling, 20067 By observing (e distrilyl ion
of sulaxies in this region, hdemental cosmolopical density parameters siueh as {1, can

be constrained (Rraan-Kortewes & Lahav, 200007,

[ order to sobve these problems several groups have initdated varions svstematic observing
programmes gaing dilforent methods to unceover the galavies and their distribution hidden in
the Z0rA . A Diriet peview of | Lisse observational surveys thal Leve been carpied ogt in dilTerend
wavelengl hs will be digrmssed in the next seciion piving more smphasis on HI suevers, the

main interest of this thesls work,

1.3 Multi Wavelengths Surveys of the ZOA

1.3.1 Optical Surveys

[n the lagt two decades systemaric deep optical galaxy smveys in the Z0 1A have nneovered tens
of thousands of galasies that led to identification of various large-scale structures (e.g. Kraan-
Eiarteweg, 2000: Weinhorger ot al,, 1885 Roman ot al., T35 Wakamatsu ot al., 1%84). These
aurvews are nol Biased fowand any partieular morphological type and aciideved g eonsidersble
reciuetion of the Z00A, However, Lhe Gulaxy remaing opagne al low Galactic Talitudes  in
regions where the optical extinetion exceeds 45 magnitudes {Kraan-Kortewes & Woudr,
EE9YY. Figure 11 (taken from Kraan-Korteweg & Lahasw, 20007 shows an Altoff projection of
oplicnlly catalogued gulaxies (3 complats ssmple) m Galactic coordinates. The ZOA 35 seen

48 # broad baod vold of palaxies

Figure 1. 1: Aitolf projection of optical galaxies with extinclion-cortecied dinmeler B° = 173
in Galactic conrdinates, The galaxies are dinmeler coded. DIRBE éxlinelion contours of
Ag < 3™ (Seblegel el ol 1995) 1s superimpaosed on Lhie disioibation. Figure from Koman-
Korteweg & Lahav (2000),



('HAPTELR 1. INTRODUCTRON 4

1.3.2 Far Infrared

Surveys in the Far Infrared (FIR) are hardly affected by dust extinetion. The Infrared
Astronomical Sarellite (IRAS) swrvev has produced a catalog of 250 (00 polur sourees, the
IRAS Poine Source Catalogiue [IRAS PSC, Joint IRAY Sclence Working Qroup L988), The
TRAS I*SC has been used to dentify gadascies behined the Mills: Wy by following striet criteria
baged om the telation of fluxes in the different FIR [RAS bands.  With the adviantage of
nnilorm sky coverage, thoneh domninaled by spital and starburst galosies, redshify follow—wps
lor & well-defined sample of galuxies in the Z0A spotied convections of laree-scals sleuetures
actoss the ZOA (Takata o al., 19987 imcluding most of the stoaciures discoverad by systemal ie
aptical surveys, However, cirrus, high source connes of Calactic objects and confusion with
these suurces made the search incomplete ar low Galactic Tatitudes,

Despite these problems, vorious nesr-allsky (|8 = 5% redshift survevs, complete to given
flux limils, have been carried ool Lo frace lageseale siruciare. For inglance, the TRAS 1.9
T Survey (Stranss ef al, 1992) followed by the laler extension (o a lower, 1.2 Jv Hux limit
(Fisher et ul.,, 1995) snd the desper P50z surver complete down to 0.6 Ty {Strauss et al,,
2000b) are the major ones. The latter survey was extended to lower latitudes "Behind The
Flane' iBTR) survey (lght-gray arca of Fig, 1.2} The PSCz survey with BTF has reduced
che "TRAS Z0A" significantly. Flgure 1.2 {from Sannders op al., 2000a) shows the resulting

shy map: The ealaxy distribiotion s stll incornplote towards the Galactie Centor.

FECC alil DT dalexiz:

Figurec 1.4 The P5Cz and BT IRAS galaxy distribution cemtred on the hlilky Wav,
The PS3Cz and BT incompleteness masks are represented by dark-gray and light-gray
respectively,.  The reduction of incompleteness avomnd the Galactic Equator due wo BTE
is clearly visible, Figure from [from Ssanders et al,, 2000a).
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1.3.34 Near Infrared

survesys in che Near Infrared (NIR] have given us a more complete mage of the exirgaliclic
ska. Tn the NTR, confusion wich Galactic objects iz lower comparad ro the P surveys, IKIIR
smrvieys have been efficiens in revealing galaxies ar exrinesion levels where deap optical searches
Lisenme ncreasinely incomplete. This is becanse the dust excinetion is conaiderably lower in
{he NIIY vham in The optical, wich the 7. J. H and & hand extinetion being 455, 215, 14%,
anel 5% of the oplical B hand (Schroder ot al, 18975 Tn addition, they are sensitive to
parky-type galaxies which wre missed in JRAS

Ty major syatematic NI surveys; the DEap Near Infvared Soulthern Sky Survey {DENTS)
(Epchecin, 1807 and the 2 AMiecron All Sky Survey (2MIANS) [(Tarrsin et al, 2000a.b) have
Lt garrisd out. The 2MASS survey produced the Exvended Sources Caralog [2MASK ) T
romtains 165 million gulasies (exeended sourcest in addition to a Point Source Cataleg (PR
containing about 05 billlon Milky Way stars. Muapping Targe-seude ssructures across the 204
ie now possible with the 22IASX (e Jarrelin, 20047, Even Lhough WIB sirvevs can identify
aulaxios to high extinction levels over 4y 2 1™, Kraan-Kortewss & Jarretd (20051 showe]
Lhat he Crudactic Bulge region, due so high stellar concentration, continues to hide a major
prarl of che exlragalactic sky. the seecalled "NIR Z20A7. They actually found that in this
region oplical sicveys probtie Lhe galisy diseribation decper into the plane chan the 2MASX.
Figure 1.3 (from Jarretl, 2004) shows wn all-sky map of the galaxy distribution ealor-coded
by redshift, (see chis paper Tor a detailed deseription). The lack of salaxies and largescale

structures elose 1o the Galactic Bulpe 1= clearly visibile.

Figure 1.4 An all-sky Aloll peoiection of SMASK sourres with & < 14™ in Galactic coordismtos
ventersd on the Gidactic Bulge. The image also includes stars [ron: 2MASS PSC, Figure from Jarret?
2004



CHAPTER 1. INTRODUCTION 6

1.3.4 X-ray Surveys

Ag this wavelength, dust extinction and stellar confusion are not a problem. The Milky Way
is transparent to the hard X-ray emission, above 0.5-2.0 keV. As rich clusters are strong
X-ray emitters, X-ray surveys provide the best means to search for cluster of galaxies at
low Galactic latitude. The X-ray selected cluster surveys such as, the Brightest Cluster
Sample (BCS; Ebeling et al., 2000) and the ROSAT (Bohringer et al., 2001) covered most of
the extragalactic sky but, both surveys were limited to higher Galactic latitudes, |b] ~ 20°.
The ”Clusters In the Zone of Avoidance” project (CIZA; Ebeling et al., 2002) was the first
systematic X-ray search for galaxy clusters behind the Galactic Plane. This project discovered
several X-ray clusters at low Galactic latitudes. The previously mentioned CIZA J1324.5-
5736, located in the GA region, is among the newly discovered clusters. Despite the fact that
an X-ray search for clusters overcomes the problem posed by optical searches, photoelectric
absorption by the Galactic hydrogen atoms limits detections close to the Galactic Plane,
where the absorbing column density; Ny > 2 x 102! ¢cm™2 (Bohringer et al., 2000).

1.3.5 HI-Surveys

The 21-cm line emission of neutral hydrogen (HI) from galaxies has proven to be the most
powerful method of revealing galaxies in the most obscured region of the ZOA. HI emission
was first detected by Ewen & Purcell (1951). However, Kerr & Hindman (1953) were the
first to detect extragalactic HI. Neutral hydrogen emits a photon at a wavelength of 21-cm or
at a frequency ~ 1.42 GHz. The emission occurs when atomic hydrogen in the ground state
undergoes a hyperfine transition due to the spin-flip transition of proton and electron from
parallel to anti-parallel (anti-parallel is a slightly lower energy state). In fact, the transition
is so infrequent that it takes a single neutral hydrogen atom on average 11 million years
to undergo this transition (Hey, 1971). Nevertheless, the amount of neutral hydrogen in a
galaxy is so immense that the emission can be detected.

The Galaxy is fully transparent to the long wavelength of the 21-cm radiation. These
photons pass without hindrance through interstellar dust. Hl-bearing galaxies can therefore
be found quite easily through the detection of their redshifted 21-cm emission. In addition,
the signal also provides immediate information on the redshift, contrary to other wavebands,
as well as rotational properties of the detected galaxy.

In addition, the HI content of galaxies can give some indication on the morphology of
the detected galaxy. Studies of galaxies in the 21-cm line show that galaxies of different
morphological type have different HI content. Early-type spirals seem to have lower HI mass
than late-type spirals (Shostak, 1978). Moreover, irregular dwarf galaxies are found to be
more HI rich than other dwarfs (Carignan, 1999).

The search for galaxies behind the Galactic Plane in the 21-cm line of HI was pioneered
by Kerr & Henning (1987). They used the Green Bank 91m radio-telescope to carry out blind
observations towards about 1900 pointings in the northern ZOA. Sixteen new spiral galaxies
were detected in these observations, a similar detection rate compared to searches in other
regions. The Dwingeloo Obscured Galaxies Survey (Kraan-Korteweg et al., 1994b; Henning
et al., 1998; Rivers, 2000) is the first systematic HI survey in the most obscured region of the
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northern ZOA. It surveyed the northern ZOA (30° <1 < 220°, |b] < 5°.25) for galaxies out
to 4000 km s~! with an rms noise of 40 mJy beam™!. A number of galaxies were detected in
this survey including the nearby galaxy, Dwingeloo 1 (Kraan-Korteweg et al., 1994b). The
survey, however, was limited in both sensitivity and depth.

More sensitive and large-area HI surveys were started in 1997 using the Multibeam receiver
on the Parkes 64-m radio telescope (Kraan-Korteweg et al., 1998; Staveley-Smith et al.,
1998). The Multibeam (MB) receiver, with 13 beams in a focal plane array (Staveley-Smith
1996), was specifically designed to perform rapid and systematic surveys of large areas. Since
then, the various Multibeam HI surveys have uncovered thousands of new galaxies. Leading
systematic surveys are:

e The HI Parkes All Sky Survey (HIPASS): it is a blind HI survey of the southern sky
from declination (§) —90° up to +25°. It is the largest HI survey carried out thus

far. The rms noise of the survey was 13 mJy beam™!

covering the velocity range of
~ —1200 to 12,700 km s™1. In this survey 4315 galaxies were catalogued for § < +2°
(Meyer et al., 2004). In addition, the northern extension of HIPASS (+2° < § < +25°)

produced a catalog of 1002 galaxies (Wong et al., 2006).

# The HI Parkes Deep Zone of Avoidance Survey, with five times longer exposure time
than HIPASS, has an rms noise of 6 mJy beam™!. The survey covered a region of
196° < 1 < 52°,]b] < 5° and the same velocity range of —1200 to 12, 700km s™! (Henning
et al., 2005). The survey has yielded close to a thousand galaxies most of which were
previously unknown. Moreover, the northern extension of this survey, 36° < < 52°
and 196° <1 < 212°,|b] < 5° (Donley et al., 2005) has detected 77 HI galaxies. These
surveys have been effective in filling the most opaque part of the ZOA, |b] < 5°.

1.4 Motivation for the Galactic Bulge Extension to the ZOA
Survey

The success of the Parkes ZOA survey in identifying new galaxies and large-scale structures in
highly obscured regions in addition to the following scientific motivations, led to an extension
of the ZOA towards higher latitudes around the Galactic Bulge.

o Close to the Galactic Bulge the extinction flares up to higher latitudes, |b| o~ 20° (see
Fig.1.4, and Section 1.3.3).

e Dynamically important structures, such as the Local Void (Tully & Fisher, 1987), are
partly hidden by the Galactic Bulge. The Local Void is the nearest void to us. It has
been suggested that the Local Void may be one of the sources of the origin of motion
of the LG with respect to the CMB~ the so-called the Local Velocity Anomaly (Faber
& Burstein, 1988; Tully & Pierce, 1992). Several attempts have been made to find
the actual dimensions of the Local Void (e.g. Nakanishi et al., 1997; Koribalski et al.,
2004). However, the actual size and extent of the Local Void has yet to be well-defined.
Recently Tully (2007) implies that the Local Void is larger and emptier than previously
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thought. Clearly it is crucial to delineate its boundary more precisely to understand
the dynamics of the local Universe. By mapping the galaxy distribution around the
Bulge using HI surveys, the true dimensions of the Local Void may well be addressed
better.

e Another region of interest close to the Galactic Center is the Ophiuchus cluster (Wakamatsu
& Malkan, 1981). Wakamatsu et al. (2000) confirmed the presence of several clusters
and groups of galaxies around the Ophiuchus cluster implying that it can be classified
as a supercluster with & wall connecting the Ophiuchus and Hercules Superclusters. It
is also found to be one of the most luminous X-ray clusters in the nearby Universe
(Watanabe et al., 2001; Ebeling et al., 2002). From its closeness to the position of the
GA, the Ophiuchus Supercluster has also been suggested to play some role in the GA’s
sphere of influence (Wakamatsu et al., 2005). However, since it is located close to the
Galactic Center (I = 0.°56,b = +9.°27), a detailed mapping of the supercluster has
been hampered by the ZOA.

8 Recent HIZOA survey results imply the presence of a wall-like structure parallel to
the Centaurus wall that might be part of the GA overdensity (Kraan-Korteweg, 2005).
Extending the survey to the Bulge might confirm such a suspected structure.

An extension of the ZOA survey towards the Galactic Bulge (hereafter ”the GB extension”)
has been carried out by the ZOA Multibeam working group for a region 332° <! < 36°,5° <
|b] < 10° and 352° <1 < 24°,10° < |b| < 15° in the period 2002 - 2005. Figure 1.5 shows the
survey region with various rectangles and galaxies cataloged in other surveys (preliminary
data from the HI Parkes deep ZOA, HIPASS, and other wavebands for the relevant velocity
range as in LEDA). This thesis consists of a detailed analysis of the resulting data from the
survey and the measurement of HI parameters of the galaxy candidates.
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1.5 Qutline of this Thesis

Chapter 2 of this thesis presents details of the GB extension survey and the search method
used for finding galaxies. The visualization tool and galaxy identification process is described
in Section 2.2, galaxy selection criteria in Section 2.3 and the HI parametrization in Section
2.4.

Chapter 3 presents the results of the survey. The catalog of galaxy candidates is presented
in Section 3.1 and the HI spectra of each candidate can be found in Appendix A. The
accuracy of the measured HI parameters is compared with: a) candidates detected twice in
the overlapping areas of adjacent data cubes in the GB extension survey itself b) galaxies from
HIPASS in the overlapping regions and ¢) independent search made at the time by a second
party for the part of the GB extension survey (Section 3.3). A multi-wavelength counterpart
search done for our detections as well as an ongoing NIR follow-up of HI selected galaxy
sample using the the Japanese Infrared Survey Facility (IRSF) at the Sutherland observing
site of the South African Astronomical Observatory is presented in Section 4.3.

Chapter 4 describes the implications of the GB extension detections for the large-scale
structure of the nearby Universe. The detections of GB extension confirmed a number of
suspected large-scale structures as well as a new feature in the distribution of galaxies.

The final chapter, Chapter 5, summarizes results and describes the ongoing work.



Chapter 2

Observations and Search Method

2.1 Data Acquisition

The observations of the ZOA GB extension survey were carried out at the Parkes 64-m radio
telescope using the Multibeam receiver in much the same setup as for the deep ZOA survey.
The Multibeam receiver consists of 13 beams in a focal plane array, each with a beamwidth
of 14'.3 (7). It has an average system temperature of 20 K. The correlator has a bandwidth of
64 MHz divided into 1024 channels, giving 13.2 kms™! of channel spacing. It covers a range
in redshift space of -1200 kms™! < cz < 12,700 kms™!. The survey parameters are given in
Table 2.1

Table 2.1: The Survey Parameters

Parameter Value

Areal coverage 332° <1<36°5° < |bllel0®

and 352° < [ < 24°,10° < |B] < 15°

Velocity coverage —1200 < ¢z < 12,700 km 57!
Telescope FWHP resolution 14'.3
FWHP resolution in data cube 155

Velocity resolution* 27 kms™!
Integration time 20 min beam™! (on average)
rms noise ~ 6 mJy beam™!

*After Hanning smoothing.

The observations were made by scanning the telescope across the sky at constant Galactic
latitude, in strips of length Al = 8° where each scan was offset by 35 in latitude (see the
scan pattern shown in Figure 2.1). During each scan the rotation angle of the receiver was
15°, with respect to the scan direction, at the midpoint of the scan, to obtain reasonably
uniform coverage of the sky. However, there was a small overlap between the fields to achieve
complete sampling of the survey region. The foot print of the Multibeam receiver on the sky
is ~ 1°.7, so that a single scan maps out 8° long and 1°.7 wide strips of Galactic longitude. A

11
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total of 320 scans were made on 16 fields, 8 above and 8 below the Galactic Plane, between
latitudes, —10° to —5° in the South, +5° to +10° and +5° to +15° in the North for longitude
range of 332° <1 < 36° as shown in 1.5. The survey is slightly less deep with 20 scans on
average compared to the 25 scans of the ZOA and Northern Extension to the ZOA surveys.
The data were bandbpass-corrected, calibrated and Doppler-corrected using the specially
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Figure 2.1: Observation mode for a region (8° x 5°) scanned in Galactic longitude 20 times. Adjacent
regions extend slightly beyond the boundaries and overlap in Galactic longitude.

developed Astronomical Image Processing System (AIPS) ++ LIVEDATA (Barnes et al.,
2001) software tool. The data were then gridded using GRIDZILLA (Barnes et al., 2001)
into slightly overlapping cubes of size 8° x 5° and 8° x 10°, and pixel size of 4’ x 4 and 15'.5
beam size.

Baseline ripples due to strong continuum emission were removed using the “scaled template
method ” (Barnes et al., 2001). However, some residual baseline ripples still remain. Hanning
smoothing is applied to suppress spectral ringing associated with Galactic HI emission. The
Galactic HI emission is strong and containg narrow emission lines which cause ringing in
the spectra that decay as n~!, where n is the number of channels away from the narrow
line (Barnes et al., 2001). This ringing can affect the data over a large velocity range.
Hanning smoothing is a standard procedure used to reduce this effect {see Barnes et al.,
2001, for detail). Figure 2.2 shows an example of strong ringing folowed by the same spectra
after Hanning smoothing. The resulting data are three dimensional cubes (Right Ascension-
Declination, Right Ascension-Velocity and Velocity-Declination).

2.2 Visualization Tool and Galaxy Identification

The three dimensional data cubes were displayed and viewed using KVIS in KARMA (Gooch,
1996), a package for visualization, signal processing and image application. KVIS displays the
data in two dimensions and allows the user to step through the third dimension of the cube.
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slesng Gataclic emission near O km 577 and extragalactic emission arcund 1800 km s=L The hottean
panel shows the same spectrum after appiving Haoning smoothing.
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The search for palasies = done by visoal inspection in the Lhree planes (Iight Ascension-
Dieelination, Rlghl Ascencion-Velocily and Velociry-Dreclination) as shown in Figure 2.3,
Experiment s with automatic galaxy detection algorithms («.0, MuoltiFind; Kilborn, 2001)
indicated chat in the Z0A. with regions of high and variable noise due to continuum sources
anel Galaceic HL the visusl scarch is more cfficient at finding galaxics. A test om the GI3
extension cubes using even improved galaxy-finding algorichm, Duchamp (Whiting, 20017
al=o shows that dithouley of deteeting ealasdes in (hese repion using ad otnatie palasy Goder
alporithm (see Appendi A

The searching of the GB exuension dala cubes was started after gaining expericnec of
milaxy identificavion on previonsly searched 204 dala egbes. Acoording W0ty syvalemalic
procedure, & cube woas mitially displaved in vedooily and declinanion plane, The wext step
wins menling | he indensly seale to 385 (clip the inner 8% of the data value] and the "1Padens
eolor™ to "gravacale 17 sometimes to "heat™  Chosaing the "line” profile mode in the view
eontrol panel, the cube was scarched stepping through Right Ascension dxis aud g list wans
eende of all condidutes paratneters. The cube was chen displayed m Raghl Ascension ard
Dieclination plane and slepped thromgh veloeily axiso A Lhivd independent searcl was also
done in Right Ascension anel velocily, stepping through Beelination, without consulting the
rwa lists made from the other two planes, Finally the three lists wore compared for roliablity
by checking at the correspondmg positions of the possible sources i all three lists. Soueces
which were visible n only one of the threo plines were ot melndead i che lnal lizn A {odal
of 16 data cubes were inspected in thig mamer. The Thres display modes of KVIS are shown

in Fig. 2.3 aloug with examples of gulixy candidates aud their spectrum profiles in Fig 3.4,

2.3 Galaxy Seclection Criteria

In order to obtain a uniforw list of HL deteotions, the sclection of palaxy candidates was
baged on the following criteria. A detection:

o st be elewrly visible abiove the rodse lewvel whick 3w about 4 {imes Lhe cube rny nol=e.
This s trpically ~ 6 mJy beam ™ as measured using the MIRTAD Lask TMSTAT i
vepions [ree from detectable sourees. That mesns. a detection ahonld haee A mininym

peak Hux densily of aboul 25 mly heam !,

o must have a spatial cxtent of three or niore pixels,
o must be visible ovor two or more velocity plancs,

Note that gulaxies that lie in the velocity range of V' < =260 kms™', i.c., within or close to
the Gulactic H1 etnission, arc likcly to be missed as their emission will be overshadowed by the
strong flux of the Galactic HI Moreover, gulaxies that are close to radio comtinnum sourees
wiay not be found beciuse of roesidual bascline ripples. In addition, one possible candidale
wilhin Lhe velocily range, V < +340 kms', is also exeluded in the final eatalog as confusion
with High Velocity Clouds (HV('s; see Puiman e al. 2002) makes galaxy identification
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Figure 2.3: The top-left panel shows & Right Ascension - Declination plane of the cube Z024% in
a single velovity channel with gulaxies visible as hipher ntensity biols, The top righl ponel shows
Velowily - Declination plane sl the gk Ascension of cue of the salaxies visilae i che befl panel. The
Calactic HT is visililo as vertical frature in this plane at ~ 0 ko 3= The lower panck shows the Right
Aseension - Velooioy planc at Declination of ane of the galavics in the top-lott pancl. The galasor has
quite broad weancity wndth
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difficult.

Ag visual inspection may be subjective, the search will be done by three independent
searchers producing an independent list of galaxy candidates (same as for the ZOA and
northern extension surveys). These will then be cross-checked by a neutral person. For the
GB extension cubes a second search by collaborators in the University of Western Australia
was made for half of the data (8 cubes) at the time of this thesis. This independent list of
galaxy candidates (see Section 3.2) will be used for comparison with the list produced in this
thesis work.

2.4 HI Parametrization

2.4.1 Measured HI parameters

The HI parameters of a galaxy signal were determined in a semi-automatic manner. The
first step was to measure preliminary positions and velocities visually by reading them off the
interactive KVIS display window. A script developed by L. Staveley-Smith! (the same script
used for previous Parkes HI ZOA surveys), which uses a modified version of the MBSPECT
task in the MIRIAD software package (Sault et al., 1995), was applied for measuring the
HI parameters, where the fitting programme reads the measured preliminary parameters
from an input file. The central positions were determined by spatially fitting a Gaussian of
interactively specified width to the velocity-integrated plane. These positions were then used
to produce an integrated spectrum (see Appendix A). Care was taken in choosing the width
of the Gaussian to ensure that it is wide enough to not remove the observed noise of the
spectrum artificially. A first-order base line was fitted to each spectral profile. However, for
most of the detections, a first-order fit was unrealistic because of the strong baseline ripples.
In such cases, higher order baseline were used. The velocity widths at 20% and 50% of the
peak flux density were also measured. The heliocentric velocity was taken to be the central
velocity at the 50% of the profile’s peak flux density. Examples illustrating baseline-fitted
spectra with their resulting parameters are shown in Fig. 2.5 and Fig. 2.6.

The extent of the HI emission of most of the detections in the GB extension is less than
15'.5, the angular resolution of the gridded data. This means that they can be treated as
point sources. For these sources a region of size 28 around the source is analyzed. In some
cases, where sources are marginally extended, a region of size 12’ and 20’ was used to remove
the flux contributions from neighbouring sources.

2.4.2 Derived HI parameters

The global HI parameters were obtained in a straightforward way. The distance to a galaxy
candidate was determined from the Hubble law based on the velocity of the galaxy in the

Local Group standard rest frame,
7

p=YLG
Hy

(2.1)

YUniversity of Western Australia
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Figure 2.5: Example spectrum after baseline fitting. The locations of peak flux density, S,, and 50%
and 20% widths, Wys and Wag respectively, are shown. The inner dotted lines indicate the velocity
range over which the candidate profile was measured, whereas the outer dotted lines indicate the
region over which the baseline was fitted.
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Figure 2.6: Example of cases where fitting first-order baseline was unsuccessful. First-order (left)
and third-order (right) fisted baselines. The third-order fitting seem to be more realistic.

where V¢ is the Local Group velocity (in km s™!) corrected for the motion of the Sun in
the Galaxy and the Galaxy in the Local Group. It is derived using the IAU convention:
Vig = Vie + 300sin(l)cos(b), where Vi is the heliocentric velocity, | and b are Galactic
longitude and latitude, Hy is the Hubble constant, All velocities mentioned in this thesis are
in the optical (v = cz) convention and a Hubble constant of Ho= 75 km s~! Mpc ™ is used
throughout.

The other derived parameter is the HI mass. It is derived from:

My = 2.356 x 105D? / SdvMy, (2.2)

assuming that the galaxy is fully transparent. S is the measured spatially integrated flux in
Jy kms™!, D is the distance to the galaxy candidate in Mpc. The integral is over the velocity
width of the galaxy (in km s™!) and My, is the mass of the Sun.
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3.1 Results

Applying the search method described in the previous chapter, a list of 158 galaxy candidates
has been produced for the final catalog. Because adjacent data cubes slightly overlap in
Galactic longitude, 13 candidates appeared twice in neighboring cubes, Choosing a position
matching limit of 5 arcmin and 25 km s}, double detections were removed from the final
list. The candidate located within a well-defined region of a cube, i.e., within Al = 44° of
the central longitude of the data cube, was chosen for the final catalog (see Table 3.3 for the
HI parameters of double detections).

To generate a consistent list of galaxies, all galaxy candidates should be inspected by an
adjudicator, who will make the final decision whether a candidate is to be included in the final
catalog. This was possible for part of the survey that was independently examined by the
second party, i.e., for 8 cubes over the longitude range of 336° to 0° out of the 16 cubes. P.A.
Henning 2, adjudicator of the ZOA and northern extension cubes, has inspected these cubes.
Of 113 candidates listed in this region, 94 are accepted as a real galaxies. The other part
of the survey has not been searched by an independent party yet. A complete adjudication
will be done in the near future when the other 8 cubes (8° <[ < 32°) are examined by a
second person. Based on my experience and the HI parameters, I regard 59 as real and 5 as
probable galaxies from the remaining 8 cubes.

The 19 candidates in the first 8 cubes that were not accepted by the adjudicator are listed
in Table 3.1. All of them have very low peak flux density. Some were discarded as they could
be the top of a baseline ripple (for example the candidate with HI spectrum shown in the left
panel of Fig. 3.1). Some have been discarded because of wobbly baselines, like the candidate
shown in the right panel of Fig.3.1, and a few have been thrown out as high noise. Although
they are not included in our list, some of them could turn out to be real, yet this can not be
confirmed without further data.

The columns of Table 3.1 contain the following information:

Columns 1 & 2: Equatorial coordinates (J2000) ;
Columns 3 & 4: Galactic coordinates corresponding to the source position;
Column 5: Peak flux density;
Columns 6 & 7: Minimum and maximum velocities of the width of signal respectively.

*fnstitute for Astrophysics, University of New Mexico
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Table 3.1: Discarded galaxy candidates

R.A. Dec. ! b E, View Vhigh
(J2000)  (J2000)
hms deg # 1 deg deg mJybeam™! kms ! kms!
155335 421045 335.30 8.96 30 7093 7572
16 08 38 -41 3845 337.78 7.50 32 7544 7875
16 1845 -37 3429 34205 9.08 32 4419 4850
16 23 50 -28 38 43 349.39  14.50 27 7592 8082
16 27 50 -37 4032 343.24 7.72 34 4407 4682
1628 34 -351234 345.16 9.30 37 3645 3853
16 3302 272342 351.74 13.82 35 4648 4866
1640 41 -352258 346.70 7.34 25 3778 3891
1644 12 345735 347.50 7.07 38 4820 5065
16 46 13 310243 350.80 9.26 25 9275 9670
16 47 46 -29 1844 352.38 10.10 25 5084 6371
165102 -262626 3b5.12 11.33 25 7630 8251
16 52 51 3246 26 350.35 7.08 25 7849 8066
16 53 42 311412 351.67 7.90 27 2956 3189
16 54 564 30 41 58 352.26 8.03 27 6991 75585
16 57 26 -b3 59 43 334.28 -6.84 25 2678 2877
1742 42 494902 341.76¢ -10.35 35 9533 9908
180701 -370901 355.09 -7.97 28 2820 3002
180721 -413705 351.12 -10.11 29 8075 8523
Re: 15% 53™ 35.62 (J2000) Ra: 17" 42™ 4291° (J2000)
Dec: ~42° 08’ 44.83" (J2000) Dec: ~49° 49’ 880" (J2000)
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Figure 3.1: Examples of spectrum profiles of discarded galaxy candidates . Left panel: candidate
at RA=1553m35° and Dec=-42°06'44". Right panel: candidate at RA= 17%49%42% and
Dec=—48°49'08".
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3.2 The Catalog

The HI properties of the 158 galaxies are given in Table 3.2. The entries in the table contain
the following information:

Column 1: Source name, which is given as JXXXX £ YV, where XXXX is the source RA
in hours (h) and minutes (m) and YY is the source Dec in degrees (deg) following standard
nomenclature. The letters (A or B) are added to distinguish close sources with the same
source nae;

Columns 2 & 3: Equatorial coordinates (J2000) of the candidate. This is the Gaussian-fitted
position of the source (see Section 2.4.1);

Columns 4 & 5: Galactic coordinates;

Column 6: Heliocentric velocity. This is the central velocity measured from the 50% of the
profile’s peak flux density;

Column 7 & 8: Velocity width at 50%, and at 20% of the peak flux density (see Section
2.4.1);

Column 9: Integrated HI flux;

Column 10: Velocity corrected to the LG rest frame (as described in Section 2.4.2);
Column 11: Distance to the galaxy candidate derived from equation 2.1 (see Section 2.4.2);
Column 12: Logarithm of the HI mass as determined from equation 2.2 (see Section 2.4.2).

The HI spectra of the candidates are shown in Appendix A. All the detection profiles
show one of the common velocity profiles of a galaxy, i.e, a double horn profile of an edge-on
spiral galaxy, a flat top profile of a face-on spiral galaxy, or a Gaussian profile of an irregular
galaxy.



Table 3.2: HI Parameters

Source RA Dec i b Viel Wso Wao S Vie D log Mgy
name (32000) (32000)

hms deg 7 # deg deg  kms ! kms ! kms! Jykms ! kms !  Mpc (M)
J1538-44 15 38 23.17 -44 26 33.5 331.69 891 3455 144 176 7.80 3708 49.4 9.65
J1539-44 15392020 -4431043 331.80 8.73 3434 224 246 9.13 3649 48.6 2.71
J1546-42 15 46 53.12 -42 21 20.1  334.22 9.61 4637 172 192 3.56 4361 58.2 9.45
J1549-46 15 49 16.21  -46 50 07.6  331.72 5.85 775 38 62 2.10 513 6.8 7.37
J1556-42 15 56 57.62 -42 34 10.8  335.53 8.26 5755 86 120 5.56 5686 75.8 9.88
J1603-43 16 03 30.96 -43 15 40.3 335.98 6.95 5946 159 175 3.04 5986 79.8 9.66
J1604-41 16 04 44.91  -41 43 35.4  337.19 7.94 4743 200 447 12.18 4765 63.5 10.06
J1607-43 16 07 22.93  -43 13 57.3 336.53 6.50 4605 209 235 4.40 4498 59.9 9.57
J1610-38 16 10 31.28  -38 20 26.0 340.34 9.67 4503 142 179 4.83 4251 56.7 9.70
J1616-40 16 16 07.96 -40 02 04.3 339.94 7.70 4438 344 378 15.71 4466 59.5 10.12
J1617-38 16 17 24.03  -38 10 59.7 341.43 8.84 4452 58 146 3.12 4241 56.5 9.37
J1620-39 16 20 3047 -39 36 24.3 340.84 7.41 2380 88 113 7.54 2509 334 9.33
J1621-36 16 21 06.14 -36 08 38.4 343.42 9.75 4447 370 447 42.23 4684 62.4 10.59
J1623-40 16 23 43.37 -40 39 03.4  340.53 6.24 4805 43 75 2.56 5088 67.8 9.44
J1624-42 16 24 52.51 -42 26 43.7 339.39 4.83 2222 165 215 22.58 2225 29. 9.59
J1626-40 16 26 48.12 -40 48 53.6  340.82 5.70 4755 236 253 5.78 5006 66.7 9.78
J1628-29 16 28 05.26 -29 06 23.6 349.69 13.50 4180 426 448 7.53 4033 53.8 9.71
J1629-26 16 29 46.93 -26 45 13.1 351.795 14.79 5143 334 392 7.05 5162 68.8 9.90
J1630-30 16 30 16.37 -30 33 46.2 348.90 12.17 4109 207 291 8.09 4057 54.1 9.75
J1631-28 16 31 46.53 -28 05 53.7 351.02 13.57 4188 243 289 9.68 4067 54.2 9.83
J1632-28 16 32 04.22 -28 05 32.3 351.06 13.52 4104 518 563 14.57 3981 53.1 9.99
J1632-29A 16 32 35.48 -29 30349 35005 1250 4066 55 83 2.42 3775 50.3 9.16
J1632-298B 16 32 46.45 -26 23 08.1 350.17 1255 4827 282 305 6.70 4529 60.4 9.76
J1634-27 16 34 09.00 -27 37048 35174 1349 4231 89 119 3.36 4210 56.1 9.40
J1635-33 16 35 33.26 -33 46 56.5  347.22 9.19 3927 65 87 2.82 3636 48.5 9.19
J1636-26 16 36 10.38  -26 10 22.7 353.17 14.09 4109 239 263 8.12 4124 54.9 9.76
J1637-35 16 37 40.87 -355531.2 345.89 7.45 3719 70 95 3.20 3756 50.1 9.28
J1639-28 16 38 05.99 -28 57 37.5 35143 11.79 6256 238 265 5.92 6166 82.2 9.97
J1639-36 16 39 56.48 -36 22 23.9 345.86 6.81 1813 175 210 4.75 1885 25.1 £.85
J1640-35 16 40 27.03 -35 2006.5 346.71 7.41 3878 84 105 1.69 3994 53.3 9.05
J1641-24 16 41 54.79  -24 55 13.1 35502 13.88 8344 413 513 10.52 8342 111.2 10.49
J1642-29 16 42 01.15 -29 10 38.8 35168 11.16 2578 148 200 5.27 2569 34.2 9.16
J1642-37 16 42 45.70  -37 31 42.3  345.35 5.63 2643 162 192 6.54 2580 34.5 9.26
J1643-29 16 43 03.60 -29 39 30.5  351.45 10.68 6286 185 246 3.69 6323 84.3 9.79
J1643-30 16 43 13.93 -30 56 16.2 35048 9.83 6788 224 270 7.39 7059 94.1 10.19
J1643-54 16 43 23.09 -5402 34.7 33293 -5.28 5206 191 211 4.25 5194 69.2 9.68
J1644-55 16 44 27.04 -55 29 49.7 331.92 -6.35 5114 441 482 23.62 4849 64.6 10.37
J1644-27 16 44 2941 -27 23 26.3 353.44 11.88 8301 157 317 6.38 8533 113.8 10.29
J1648-31 16 48 35.58 -31 55 46.1 350.44 8.31 6691 150 186 6.81 6822 90.9 10.12
J1648-54 16 48 19.55 -54 26 01.8 333.10 -6.09 4654 282 305 5.76 4681 62.0 9.72
J1649-35 16 49 4043 .35 10 08.8  348.07 6.08 3526 189 218 9.70 3704 49.4 9.75
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Table 3.2-Continued

Source RA Dec ! b Vhel Wso Wao s Vi D log Mgy
name (32000) (32000)

hms deg 1 deg deg  kms™ ! kms ! kms ! Jykms ! kms ! Mpe (Mg)
J1650-32 16 50 32.84 -322003.1 350.39 7.74 6948 309 401 7.95 6913 92.2 10.20
J1651-22 16 51 58.03 -22 23 35.0 358.53 13.66 5859 105 151 3.87 5911 78.8 8.75
J1652-28 16 52 09.15 -28 19 27.8 353.78 9.98 7718 351 431 12.52 7478 99.7 10.47
J1652-32 16 52 25.39 .32 50 43.5 350.24 7.11 8206 53 142 1.40 8003 106.7 9.57
J1653-32 16 53 16.70 -32 39 15.5  350.51 7.09 8592 153 188 4.90 8389 111.8 10.16
J1653-24 16 53 44.95 -24 43 14.9 356.89 11.91 8372 108 159 4.13 8146 108.6 10.06
J1653-35 16 53 59.76  -35 30 28.4 348.36 5.19 6364 154 270 11.52 6411 85.5 10.30
J1654-35 16 54 04.36 -35 34 46.5 348.32 513 6365 179 270 11.78 6412 85.5 10.31
J1654-56 16 54 24.189 .56 23 274 332.12 -7.99 4912 149 339 7.50 4943 65.9 9.89
J1657-27 16 57 54.91  -27 27 04.9  3B5.27 9.51 6330 99 125 3.84 6409 85.5 9.82
J1658-21A 16 58 02.90 -21 17 54.0 0.30 13.19 5983 279 357 11.92 6055 80.7 10.26
J1658-21B 16 58 22.28 -21 35 32.1 .11 12.95 5959 233 268 8.92 5988 79.8 10.13
J1658-30 16 58 41.78 -30 38 22.5 352.82 743 2796 165 203 4.48 2897 38.6 9.20
J1658-32 16 58 57.05 -32 40 53.1 351.23 6.13 8418 150 193 7.77 8243 108.9 10.34
J1701-19 17 01 53.69 -19 19 09.0 2.49 13.62 7272 231 263 2.42 7362 98.2 9.74
J1702-52 17 02 2006 -2 B0 557 335.65 -6.73 4445 110 147 5.08 4575 61.0 9.85
J1702-27 17 02 2598 =27 80 11.7  355.57 8.48 4546 107 141 3.78 4641 61.9 9.53
J1703-18 17 03 24.62 -18 55 23.4 3.04 13.56 6134 107 172 3.53 6151 82.0 9.75
J1703-23 17 03 17.75 -23 49 02.3  358.96 10.72 6006 72 89 1.80 5945 79.3 9.43
J1703-26 1703 1201 -26 40 16.5  356.62 9.04 8623 94 179 2.90 8901 1187 9.98
J1704-20 17 04 14.00 -20 23 37.1 1.92 12.55 9779 117 158 2.64 10060 134.1 10.05
J1704-33 17 04 39.17 -33 11214 35155 4.88 6204 169 193 6.61 6189 82.5 10.03
J1705-21 17 05 01.72 .21 55 12.3 0.77 11.51 10213 54 180 3.71 10315 137.5 10.22
J1705-24 17 05 59.16 -24 43 10.5  358.59 9.69 6150 146 202 6.68 6025 80.3 10.01
J1705-27 17 05 32.20 -27 07 BbB.1  356.56 8.35 8247 81 121 2.79 8389 111.8 9.92
J1705-29 17056 3571 -290 41 43.8 35449 6.81 2676 179 200 16.68 2803 374 9.74
J1706-21 17 06 35.27 -21 19 204 1.48 11.56 8005 159 202 5.76 9165 122.2 10.31
J1707-24 17 07 38.59 -24 49 57.1 358.72 9.32 8461 132 171 2.90 8298 110.6 9.92
J1708-22 17 08 15.84 -22 49 32.5 .46 10.37 9841 141 174 3.53 9763 130.2 10.15
J1708-25 17 08 25.54 .25 45 16.2  358.07 8.64 8726 501 550 7.94 8742 116.6 10.41
J1708-31 17 08 37.12  -31 20 33.9 353.54 5.31 7141 216 246 6.69 7308 97.4 10.18
J1708-56 17 08 48.37 .56 34 52.6 333.17 -9.69 4671 101 122 3.42 4624 61.6 9.49
J1711-47 17 11 40.04 -47 35 35.0 340.78 -4.79 2190 232 278 20.51 2214 295 9.62
J1712-25 17 12 01.08  -25 46 44.3 358.52 7.96 6328 352 458 8.64 6316 84.2 10.16
J1712-15 17 12 27.60 -15 06 35.7 7.54 13.93 2937 206 317 4.51 2995 39.9 9.23
J1716-15 17 16 27.88  -15 45 04.0 7.53 12.77 8523 315 396 4.84 8501 117.3 10.20
J1718-27 17 180511  -27 52 10.5  357.58 5.65 6294 61 396 8.85 6166 82.2 10.15
J1719-45 17 19 46.83 -45 52 28.4  343.00 -4.94 5804 254 287 5.62 R768 76.9 9.89
J1719-48 17 19 13.18 -48 47 36.6  340.53 -6.51 4061 112 134 4.09 4337 57.8 9.51
J1720-15 17 20 48.22 -15 40 09.8 8.19 11.94 9266 115 178 3.69 9526 127.0 10.15
J1722-11 17 22 3865 -114956.0 11.95 13.63 4899 308 374 8.10 4793 63.9 9.89
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Table 3.2 ~Continued

Source RA Dec 1 b Vhet Wso Wao S Vig D log Mgy
name (J2000) (32000)

hms deg 1 1 deg deg kms~! kms™! kms ! Jykms~! kms ! Mpc (Mo)
J1723-45 17 23 25.27 -45 28 31.4 343.69 -5.24 6572 182 219 6.86 6429 85.7 10.07
J1726-14 17 26 28.34 -14 27 37.9 9.98 11.44 8362 147 331 4.25 8294 110.6 10.09
J1727-18A 17 27 18.88 -18 47 14.2 6.38 885 346 107 156 5.98 320 4.3 7.41
J1727-188B 17 27 56.22 -18 57 08.6 6.32 8.73 4181 188 222 4.22 4172 55.6 9.49
J1727-49 17 27 46.40 -49 26 37.3 340.77 -8.04 3940 208 233 9.38 3885 51.8 9.77
J1729-11 17 29 51.99 -11 02 36.6 13.40 12.53 8271 145 165 2.78 8492 113.2 9.92
J1732-43 17 32 21.21 -43 15 28.3 346.43 -5.35 2500 125 215 10.62 2635 35.1 9.49
J1732-156 17 32 25.31 -15 57 42.8 9.46 9.43 8122 162 176 2.33 8132 108.4 9.81
J1733-09 17 33 18.71 -09 33 00.8 15.15 12.58 5502 138 244 3.81 5660 75.5 9.71
J1733-17 17 33 53.03 -17 44 55.8 811 8.19 BGB0 159 200 2.69 8585 114.5 9.92
J1734-44 17 34 03.26 -44 32 45.3 345.51 -6.30 5821 231 261 5.99 5800 77.3 9.93
J1734-16 17 34 23.66 -16 45 21.1 9.03 8.61 1417 65 88 2.29 1338 17.8 8.23
J1734-13 17 34 24.69 -13 36 41.6 11.75 10.25 7817 308 402 7.81 7965 106.2 10.32
J1734-18 17 34 57.69 -18 18 57.1 7.76 7.67 8308 99 139 2.45 8363 111.5 9.86
J1736-44 17 36 15.32 -44 17 12.6 345.94 -6.50 6475 173 203 3.46 6579 87.7 9.80
J1736-47 17 36 46.93 -47 50 36.0 342.94 -8.45 5882 339 365 9.87 5962 79.5 10.17
J1739-51 17 39 28.78 -51 04 02.6 340.36  -10.48 3806 137 161 6.90 3677 49.0 9.59
J1741-08 17 41 21.91 -08 33 23.7 17.06 11.37 10544 253 316 4.68 10438 139.2 10.33
J1744-09 17 44 06.62 -09 21 15.3 16.70 10.38 4245 238 260 5.87 43380 58.5 9.68
J1749-15 17 49 21.58 -15 20 45.8 12.12 6.26 7454 291 426 10.02 7324 97.7 10.35
J1750-11 17 50 50.03 -11 58 16.8 15.24 7.64 4612 206 226 3.47 4640 61.8 9.50
J1753-12 17 53 59.13 -12 50 36.8 14.86 6.54 4249 232 271 6.55 4466 59.5 9.74
J1757-04 17 57 57.12 -04 03 33.2 23.10 9.96 1730 72 106 1.93 1960 26.1 8.49
J1758-04 17 58 58.23 -04 36 28.3 22.73 9.48 6172 99 150 5.24 6374 84.9 9.95
J1759-10 17 59 08.89 -10 03 51.5 17.93 6.81 11939 T4 110 2.79 11734 156.4 10.21
J1800-03 1800 17.92 -03 59 41.1 23.44 9.48 4276 227 348 12.01 4573 60.9 10.02
J1803-03 1803 13.41 -03 01 17.9 24.66 9.30 3616 175 214 8.46 3752 50.0 9.70
J1803-06 1803 54.74 -06 39 59.6 21.50 7.42 8893 256 302 4.49 8953 119.4 10.18
J1804-03 18 04 50.21 -03 20 03.5 24.57 8.79 1785 42 62 2.01 1914 25.5 8.49
J1807-02 18 07 12.40 -02 50 05.9 25.30 8.51 1766 146 173 36.76 1736 23.1 9.67
J1807-42 18 07 16.23 -42 49 30.6 350.03 -10.66 3238 135 161 7.73 3334 44.4 9.56
J1807-06 18 07 18.74 -06 34 21.9 21.99 6.72 3297 134 154 4.03 3298 43.9 9.26
J1807-08 18 07 40.02 -08 36 33.2 20.23 5.67 3491 187 486 28.48 3732 49.8 10.22
J18104-01 18 10 17.75 401 36 11.4 29.64 9.88 1860 74 196 4.51 2124 28.3 8.93
J1810 -01 18 10 36.87 ~0102 256 27.31 8.59 2121 140 166 3.43 1955 26.0 8.74
J1812 06 18 12 45.74 ~06 20 45.3 22.83 5.63 5736 236 310 6.62 5558 74.1 9.93
J1814 -02 18 14 31.40 -02 27 10.6 26.50 7.07 1739 377 417 19.04 1946 25.9 9.48
J1814 -35 18 14 38.80 -35 28 22.8 357.32 -8.56 591 40 71 2.05 733 9.8 7.66
J1815 02 18 15 20.32 -02 51 12.9 26.24 6.70 1790 308 340 11.46 2035 27.1 9.30
J1815 -28 18 15 30.83 -28 01 43.5 4.04 -5.26 8752 349 456 11.24 8630 115.1 10.54
J1816 ~36 18 16 56.30 -36 12 54.9 356.86 -9.31 5541 248 270 5.32 5826 7.7 9.88
J1816-4-04 1816 31.00 40425124 32.91 9.78 2000 317 337 3.85 1719 22.9 8.68
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Table 3.2-Continued

Source RA Dec i b Vhei Wio Wao S Vie D log Mgr
name (J2000) (J2000)

hms deg 7 # deg deg  kms™! kms' kms™! Jylkms~! kms™!  Mpe (M)
J1817 04 18 17 09.62 -4 05 35.9 25.35 5.72 3080 105 146 3.59 3135 41.8 9.17
Ji817 -32 18 17 31.74 -32 08 20.8 0.59 -7.56 953 85 263 3.51 1002 134 8.17
J1817 03 18 17 50.94 0317 07.2 26.15 5.95 1873 86 107 3.38 2114 28.2 8.80
J1819 -01A 18 19 02.93 -01 07 20.8 28.22 6.68 2965 172 196 5.41 2981 39.7 9.30
J1819-+01 18 19 20.68 +01 10 16.8 30.3¢ 7.67 2582 113 141 10.02 253 33.8 9.43
J1819 —01B 18 19 47.87 ~01 38 50.3 27.83 6.28 3051 190 221 7.19 3177 42.4 9.48
J1820407 18 20 33.25 407 55 32.6 36.55 10.45 3704 303 341 21.91 3847 51.3 10.13
Ji822 -35 18 22 38.90 -35 39 19.9 357.9  -10.09 5604 542 575 22.68 5661 75.5 10.48
J18234-03 1823 04.87 40324075 32.74 7.86 8791 63 89 2.50 8790 117.2 9.91
J1823--00 1823 23.65 400 16 30.2 29.97 6.36 2910 130 149 11.10 2613 34.8 9.50
J1824 -34 18 24 25.69 -34 12098 359.38 -9.77 4901 335 360 5.58 4634 61.8 9.70
J1824 -01A 1824 31.71 -01 55 36.9 28.13 5.10 6204 200 226 6.47 6220 82.9 10.062
J1824 -01B 18 24 59.59 -01 27410 28.60 5.21 2865 354 382 27.31 2819 376 9.96
J1826+-03 18 26 37.54  +03 04 25.7 32.85 6.92 2956 80 130 3.70 3195 42.6 9.20
J1826+4-01 18 26 38.55 401 33 33.9 31.49 6.23 2764 143 166 4.03 2786 371 9.12
J1826 -33 18 26 47.59 -33 43 19.7 0.04 -10.01 5900 315 380 11.43 5890 78.5 10.22
J18274-04 18 27 53.34 404 07 140 33.93 7.11 2107 75 172 1.88 2226 29.7 8.59
J1828+-02 18 28 22.36 402 44 01.1 32.74 6.38 6670 48 152 2.92 6959 92.8 9.77
J1828 -33 18 28 27.42 -33 10 44.7 069 -10.08 721 49 87 247 569 7.6 7.53
J1829-+01 18 29 42.86 401 41 26.6 31.96 5.60 10313 99 139 3.25 10434 139.1 10.17
J1830 -27 18 30 37.15 -27 49 219 5.77 -8.13 8114 114 179 5.48 8154 108.7 10.18
J1831 -31 18 31 57.80 -314524.2 2.32  -10.12 5992 426 462 12.65 5823 77.6 10.25
J1833+4-03 18 33 27.36 403 35 14.8 34.08 5.63 5257 244 265 5.98 5366 71.5 9.86
J1834 -30 18 34 19.14 -30 45 42.3 345 -10.15 440 45 74 3.79 508 6.8 7.61
J1836 -20 18 36 14.77 -20 00 19.7 13.39 -5.77 1668 54 73 2.53 1859 24.8 8.56
Ji1839 ~17 18 39 25.42 -17 33 31.5 15.92 -5.34 10791 207 416 7.51 10753 143.4 10.56
J1841 -18 18 41 18.08 -18 59 48.9 14.83 -6.39 1670 159 181 15.16 1899 253 9.36
J1846 -23 18 46 42.93 -23 05 37.9 11.68 -9.32 9147 79 99 2.33 9379 125.1 9.93
J1856 -16 18 56 11.85 -16 36 13.0 18.57 -8.51 8953 172 218 4.82 9003 120.0 10.21
J1859 -10 18 59 10.95 -10 03 13.3 24.82 -6.27 10212 302 376 5.05 10121 134.9 10.34
J1901 -04 19 01 49.81 -04 29215 30.11 -4.35 1525 131 164 17.17 1627 217 9.28
J1909 -05 19 09 40.23 -05 05 48.6 30.45 -6.37 8811 269 337 4.44 8566 114.2 10.13
J1917 00 1917 41.13 —00 39 434 35.34 -6.14 11339 284 333 6.10 11129 1484 10.50
J1922 05 19 22 10.28 -05 31 14.7 31.48 -9.34 9340 426 445 5.24 9320 124.3 10.28
J1923 -01 19 23 33.52 —01 37 576 35.15 -7.89 10095 163 235 4.68 10101 134.7 10.30
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CHAPTER 3. 26

The columns of Table 3.3 contain the following information: Column 1: The name of the
cube where the galaxy is found;
Column 2: Source name;
Columns 3 & 4: Equatorial coordinates (J2000) of the candidate;
Columns 6 & 7: Galactic coordinates;
Column 8: Heliocentric velocity;
Column 9 & 8: Velocity width at 50%, and at 20% of the peak flux density;
Column 10: Integrated HI flux;
Column 11: Velocity corrected to the LG rest frame;
Column 12: Distance to the galaxy candidate;
Column 13: Logarithm of the HI mass.



Table 3.3: Doubly detected GB extension galaxies
Cube Source RA Dec { b Vhet Whso Wao S Vi D log Mgy
name name (J2000) (J2000)

hms deg 1+ n deg deg kms™! kms™ ! kmns! Jykms! kms™! Mpe (Mg)
Z344N_20 J1610-38 16 10 31.28 38 20 26.0 340.33 9.66 4503 142 179 4.83 4251 56.7 9.56
Z336N.20 J1610-38* 16 10 25.00 -38 21 33.3  340.30 9.67 4478 118 191 6.68 4231 56.4 9.70
Z336N_20 J1616-40 16 16 07.96 —400204.3 339.93 7.69 4438 344 378 15.71 4466 59.6 10.12
Z344N_20 J1616-40* 16 16 16.46 4003 59.3 339.93 7.65 4439 337 369 13.40 4475 59.7 10.05
Z344N_20 J1620-39 16 20 30.47 -39 36 24.3 340.84 7.40 2380 88 113 7.54 2510 33.5 9.30
Z336N.20 J1620-39* 16 20 14.19 -39 36 04.7 340.81 7.44 2382 78 102 8.15 2500 333 9.33
Z344N.20 J1624-42 16 24 52.51 -42 26 43.7 339.38 4.83 2222 165 215 22.58 2225 29.7 9.67
Z336N_20 J1624-42* 16 24 48.87 -42 28 05.0  339.36 4.82 2219 166 200 18.97 2221 29.6 9.59
Z344N 20 J1649-35 16 49 40.43 -35 10 08.8 348.06 6.08 3526 189 218 9.70 3704 49.4 9.75
Z352N_20 J1649-35% 16 49 57.16 35 10 25,7  348.09 6.03 3520 1867 210 5.86 3689 49.2 9.52
Z352N_20 J1654-35 16 54 04.36 —35 34 46.5 348.31 5.12 6365 179 270 11.78 6412 85.5 10.31
Z344N_20 J1653-35* 16 53 59.76  —35 30 284  348.36 5.18 6364 154 270 11.52 6412 85.5 10.30
73445820 J1711-47 17 11 40.04 -47 35 35.0 340.78 —-4.79 2190 232 278 20.51 2214 29.5 9.62
Z3365.20 J1711-47* 1711 51.35 4735114 340.80 -4.81 2180 231 256 27.26 2221 29.6 9.75
73448.20 J1727-49 17 27 46.40 49 26 37.3 340.76 -8.04 3940 208 233 9.38 3885 51.8 9.77
73365.20 J1727-49* 17 27 49.03 49 23 55.9  340.80 -8.02 3935 227 291 13.96 3885 51.8 9.95
7.3445.20 J1739-51 17 39 28.78 -51 04 2.6 340.36  -10.48 3806 137 161 6.90 3677 49.0 9.59
7336520 J1739-51* 17 39 25,58 -1 0237.0 340.38 -10.46 3804 118 147 6.80 3670 48.9 9.58
Z024N_20 J1807-08 18 07 35.80 08 37 484 20.20 5.67 3467 228 271 23.16 3707 494 10.12
ZO16N_20 J1807-08" 18 07 40.02 08 36 33.2 20.22 5.66 3491 187 486 28.48 3732 49.8 10.22
Z032N_20 J1813-01A 18 19 02.93 -01 07 20.8 28.22 6.68 2965 172 196 5.41 2981 39.7 9.30
Z024N.20 J1819-01* 18 19 10.19 -01 11 08.8 28.17 6.62 2974 168 202 6.49 3002 40.0 9.39
Z032N.20 J1824-01B 18 24 59.59 01 27 41.0 28.60 5.20 2865 354 382 27.31 2819 376 9.96
Z024N_20 J1825-01* 18 25 05.93 01 26 48.3 28.62 5.18 2867 345 364 31.14 2819 37.6 10.02
Z0085.21 J1846-23 18 46 42.93 23 05 37.9 11.67 -9.32 9147 79 99 2.33 9379 125.1 9.93
Z0165.20 J1846-23* 18 46 48.19 2305 27.6 11.68 ~9.33 9143 89 110 3.38 9373 125.0 10.09

* Galaxies that are found outside of the region, Al = £4° of the data cube.
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CHAPTER 3. 28

3.3 Accuracy of HI Parameters

To evaluate the accuracy of the measured HI parameters: position, velocity and integrated
flux of the GB extension galaxies, comparisons were made with a) the HI parameters of the
GB extension candidates that are detected twice b) corresponding candidates found from the
existing independent search of 8 of the data cubes, and ¢} with the HI parameters of the
galaxies also found in HIPASS.

3.3.1 Positional Accuracy

A positional comparison was made between the candidates that were detected twice. Fig.
3.2 shows the comparison between the position of the 13 doubly detected candidates, where
RA; and Decy are the RA and Dec of the candidate found within the well-defined region of a
cube (i.e., within Al = £4° of central longitude), RA, and Decy are the RA and Dec of the
corresponding candidate in the neighbouring cubes (Al > £4°) respectively. The position of
each candidate is found to be almost a perfect match with the corresponding candidate. The
mean offset and corresponding standard deviation for the RA and Dec measurements of the

13 doubly detected candidates are:
ARA= 0.39 arcmin, o = 1.56 arcmin

and
ADec= 0.32 arcmin, ¢ = 2.04 arcmin

The difference between the measured positions of the candidates is quite small, actually

less than the 4’ pixel size of the data cubes.
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Figure 3.2: The offset in RA and Dec for the the 13 doubly detected GB extension candidates.



CHAPTER 3. 29

The positional comparison with the corresponding HI parameters obtained from the
independent search made by P. Buckland while at the University of Western Australia is
shown in Fig. 3.3, where RA ¢ and Decy are the RA and Dec of the candidates obtained
from my search, whereas RAuwa and Decyw, are the RA and Dec of the corresponding
candidate in the list made by the second searcher. Although the comparison was made
only for half of the data, i.e., over the longitude range of 336° to 0°, it will provide a good
indication of the quality of the measurements made for all data cubes. The mean offset and
standard deviation for the RA and Dec measurements of the 91 candidates found in the 8

data cubes searched by both of us are:

ARA =0.16 arcmin, ¢ = 1.12 arcmin
and

ADec = 0.05 arcmin, o = 0.99 arcmin

The results show a very good agreement between the measurements of the two lists. It is
actually better than the previous comparison of double detections, which is understandable
as the latter galaxies always lie outside of the well-defined region of the data cube, hence the

measuremnts have larger uncertainity.
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Figure 3.3: The difference in positions, RA and Dec, for the two independent measurements of
galaxies of the GB extension candidates.

The accuracy in measuring the position of the GB detections was also compared with
values found in the HIPASS Catalog (HICAT) (Meyer et al., 2004) for 29 common detections,
mostly nearby galaxies due to the lower sensitivity of HIPASS. The difference in position
between the HIPASS galaxies and the GB extension detections is shown in Figure 3.4, where

RAgp and Decgp are the RA and Dec of the GB extension candidates, and RAgpags and
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Devipass are the BA and Dee of the TITPASE counterparts for the GT estension candidales
respectively. A sabisBactory dereament Tor Lhe measirements ol the HL position is fond wath

dornean sllset and corresponding standard deviation of

ARA= (1.3] aremin, o = 2.03 arcimin
arrd
A Thee= 061 aremin, ¢ = 222 arcmin

This compares well 1o Lhe HIPASS positional arror of ~3 arcmin (Bames et al,, 20017,
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Figure 3.4: The differenee dn posilious, A and Tee, far the OB exteonsion candidatos and their
HilA8% counterpurts,

3.3.2  Accuracy in Measuring Vi

The comparison hetween the helioeentric velocities of the 13 doubly detected candidates is
miven in Fig, 3.5 where 17, the hellocentric selocity of a cancdidate found within the weell
defined rewion of the cube, is plotted against the difference between V) oand the heliocentric
velority of the ecoreesponding candidate in the neighbenng cube,  The mean ollsel o

stancdard deviation are:

AV =—2Thbkms !, a=118 kin s~

Applving a linear-least square methocl, the following cquation

AV = (0000 £ 6.0002)¥, — (4,30 = 8.45) km 5
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can b fitted to the data, with a standard deviation of 123 ki s, confinming that the twao

voloeitics tateh very well and there seerns to be no significan! trend.
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Figure 3.5 The difference befween the helioeentric velocticeafthe GH extension candidates detectea
m adjacent data cubes. The agroement betwoeen the v measarements is excellont,

lu Fig. 4.4 the difference in heliocentric selocitios of the galaxies identilied by the secoud

searcher s llustraced with mean offset and standard deviagion of

AV =212 kst ande - 269 kms !

A line with cguation

AV = 00016 £ 00014) Ve, — (4.8 £ 7.8) Yan g7

s fikked to the valiles, with a standard deviation of 267 km 57, Mo significant trenpd s

seen. althongh che scaiter is a bit larger compared 0 the previeus comparison of doably

detected palaxies.
The comparisen of the GB galaxices velocitieg with THPASS shows a similar beliaviour despite

the difference in depth of the two surveys. Thiz is shown in Fig. 4.7, The mean offset and

standacd deviaton are:

AV= 41+22kms!, o=288kma!

A line with equation

AV = {0.0006 =+ 0.002)Vap — (4.7 +2.11) kmog !
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Figire 3.6 The differnce betwesn heliocentic velovities of 1he candidates from Lhe bwo indepertdent
searches. The scatter 15 very low compared to veloeity pixel.

was fitted to the data, with o standard deviation of 2003 e s L

3.3.3  Aceuracy in Measuring 55,

Asg a farther chack on the aceuracy of the measured Hl parameters of the OB exlension
walaxies, a comparison was made bietwecen the messured intesrated Aux of doubly detected
vatdidates. Figure 3.8 shows the result of the comparison, where 5 and S ave the integrated
Auxes tor the galaxies Tound i the well delined region of the cube and the rorresponding
integrated Mux of 1he candidaled in the neighhouring eube respectively. The mean offset and
standard deviation are:

ASLe=118 v it v 32y ks b

A linewr regression yields

Sy = [12? = {J‘.lS}Szmg — [?UU L 1?” .]}" Jern w71

This has 4 standard deviation of 285 Jy ki s L The observed larger scatter is because these
gabaxies (with Sy are close or outside the border of the data enbe. Hence, thev have larger
uncertainties. This evident in the higher flux measurements for Sae comparce o S due

tio higher noise in Sanp.

The comparizen of integrated Hux obtained from the two independent searches 19 shown

in Fig. 3.9, The mean ofset and corresponding standard deviation are:
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A8 =08 v ns o=08 y kne?

A straighl line with equation

s = {i}.EJ':l b “.“lﬁ:lS{ﬂtuct. — L L ﬂl':l h" kmn 5!

was fi11ed Lo 1 he values, with a standard deviation of 0.85 Jy ki s L, which s not significantly

dliffevent fram che scaiter and the mean nffsed.
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IPigure 3.9 Integrated fux measured for the GH candidates obtained frows independent searches. A
very poud spreement 15 observed hetwoen the two massaraments,

Lastly Fip. 3.10 isplays the comparison of the inkegratad (lox from che G113 exiension
versng HIPASS. The GDB extengion containg soirces with peal this density lower than HIPASS.
which i3 expected a5 the survey has better sensitivity. The mean offser and standard deviation

of

ASLy =086 Jykms L o=29 lv km g !

The linear regression

SieHIPASS= (080 + 0.08)5,,,68 + (202 + 0.98) Jv kn & !

has o standacd devigtion of 2.9 Jy km s=1 Na trend is observed sxcept a larser scatter due

in higher naoise levels in HII?ASS,
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Figure 3. 140 Tuleprated Bux oo e GB extension and HTFASS sutvess, The ohserved larger seatier
is due to bigher noise evels in HIPASS data.

3.1 Multiwavelength Counterparts
4.1 Connterpart Search

For every GI extension detection, a counterpart search las been made in IITCAT (Mever
et al, 2004 Wong et al, 2006} and NASA's Extragalactic Database (NED). The sescch
usecl both pesition and velaeity dnfarmation Lo wenfy detections within a search rading
of 8 for HI and ~ 4' for epfical and idfrared counterparts, In the optical and infrarced
cages all possible counterparts wore visually inspected for thelr morphology to delermine
the mosl Tikely counterpart. For 6% of our galaxiea, muliwavelength counterpacs hsted
i NED with matching redshifls were found  The majoricy of these calavies matched to a
single rounlerpart. Sixeeen, nptical and infrared, galaxies had a catalogued sgalaxy wichin the
gearch radiusg, but had no redshift information asvailable, Hoswever, boased on their separation
and morphology, they are listed as possible counterparts, In Table 3.5 the results of the
connterpart search is prosented.

It sommmary, 30 of the 158 candidates have T connterparts, 29 TIHPASS (Mever b al,
2004: Wong ef al, 2006) and 1 TITZRS (Tlenming et al.. 20000, Twenty-lwo have 2MARS
connterparts (Jareett el al., 2A000a), 3 have IRAS comnterparts (IRAS PSCIoint IRAS Science
Working Giroup 1988) amd 24 have oprical counterparts, ESO (Lauberts, 1982) and UGO
(Nilsor, 1973).

Thae spatial dislobucion of galaxies with mulviwavelenglh counter pacts Is shown in Fig. 3:12,
where solid trianegle represent galaxios with both optical and infrared counterparts, open
trinngles represent galasies wilth infrarved counterpares only, aned open squares ropresent
galaxies with optical counterparts only. Galaxics with with HT counterparts are shown assolid

circles while galaxies with no connterparts are piven as open cirgles, Fatinetion countoars of
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Figure 3.10: Integrated Qux Drom the GB extension and TITPASS survevs, Fhe abserved larmer sesttor
is due t0 higher noise loyels in HIPASS duta

3.4 NMultiwavelength Counterparts
341 Counterpart Scarch

Fur every GB extension deteetion, a commterpart scarch has been made in HICAT {Mewver
ot al,, 2004; Wone ot al., 2006) and NASA's Extragalactic Database (NED). The scarch
nged bodh position atd veloctly mifotmation to identily detections wilthin a search radins
ol 8 fer HI amd ~ 4' [or optical and inlvared counterparts, [n che optical and mfrared
cases all possible counterparts were visually inspected for their morphology to determine
the most likely connterpurs,  For 65 of our galaxices, mmltisavelenglh comnberparts listed
in NEID with matching redshifts were lound. The majority of these galaxies malched o g
single counterpart. Sixteen, optical and indrared. galaxies had a catalogued galaey within the
search radios bat had go redshilt inlovmation available. However. based on their separation
and merphology, they are listed as pessible connterpurts, 1o Table 3.5 the results of tha
connterpart search is presented.

In surmimary; 30 of the 158 candidates hove HI connterparts, 29 HIPASS (AMowr et al.,
2004: Womg et oal, 2008} dnd 1 HIZSS (Henning: of al, 20000, Twenty-two have 3MASS
courterparts (larrett of ol 20000, 3 have TRAS counterparts (TRAS PSCJoind TRAS Scienee
Working Group 1828) and 24 have oplical counterparis, BESO (Lavberts, 1082) and UGC
(Nilsom, 1973),

The spatial distribution of galaxies with nudtiwaselength connterparts is shown in Fig, 3,12,
where selid triangle represent palaxics with both optical and infrared connterparts, open
triantgles represent galaxies with infrared counterparts only, and open sguares represent
galaxios with optical contterparis only. Galaxies with with TI1 counterparis are shown as salid

rireles while calaxies with no connterparts are given as open circles, Extinction conntonrs of
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Ap = 1™ and 3™%¢ from DIRBE/IRAS data (Schlegel et al., 1998) are superposed on the
plot.

Surprisingly, there were six HIPASS galaxies that were not recovered in this deeper
HI survey (J1652-29, J1704-29, J1756-05, J1802-39, J1809-05, and J1912-03). These were
followed up by a renewed inspection of the position of the galaxies in the relevant GB extension
data cubes as well as on the Online Digitized Sky Survey (DSS2) images. The HI parameters
of these galaxies are given in Table 3.4 as presented in HICAT. Their HI spectra from the
HIPASS Public Data Relase is shown in Fig. 3.11 together with the corresponding spectrum
found in our GB data cubes search. From our close inspection of the spectrum around these

galaxies the following conclusions have been made:

HIPASS J1652-29

o HI Spectrum: a narrow peak is visible in HIPASS. Various negative peaks of equal
strength are also vigible in the spectrum. The HIPASS signal at V = 5784 and AV =~
130 km s~ is not recovered in the GB extension. Moreover, nothing is visible in DSS
except the heavy star crowding in the region.

e Conclusion: "False” detection.
HIPASS J1704-29

e HI Spectrum: shows a narrow peak V ~ 5800 and AV ~ 150 km s~ in both HIPASS
and GB extension. The signal is still too weak in the GB extension for it to be classified
as a likely galaxy candidate. Nothing is seen on D552,

e Conclusion: it could be classified as a probable galaxy.

HIPASS J1756-05

o HI Spectrum: the signal V = 9173 and AV = 250 km s~ ! is not clear except the wiggly
baseline in both cases.

e Conclusion:”False” detection.
HIPASS J1802-39

e HI Spectrum: this V = 552 and AV =~ 220 km s~ is not convincing in HIPASS.
Looking at the spectrum in the GB extension it could be top ripple. Nothing is seen
on DSS2 either, except the heavy star crowding.

o Conclusion:”False” detection.
HIPASS J1809-05

e HI Spectrum: no peak is visible in both cases for the HIPASS galaxy at V = 2933 km

S——l.

e Conclusion:”False” detection.
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HIPASS J1912-03

e HI Spectrum: a narrow peak is visible at V = 5755 and AV = 300 km s~! in HIPASS
which could probably be a galaxy. A weak signal is confirmed by the GB extension
data. Moreover, on DSS2 red, a clear face-on spiral galaxy is visible.

o Conclusion:”Real” detection.

The general conclusion is that, of the six HIPASS galaxies one is "Real” detection, and one
could be possible galaxy. The rest seem to be "false” detections.

Table 3.4: HI parameters of the six HIPASS galaxies

HIPASS RA Dec ! b Vhet Waowm Wagw, S
Name {J2000) (J2000) deg deg (kms™') (kms™!) (kms!) (Jykms?!)

J1652-29 16 52 10.5 -2928 35 352.8645 9.2569 5784 96.5 110.0 2.4 ()
J1704-29 1704 48.3 2949 53 354.2731 6.8673 5794 78.3 129.5 7.6 (p)
J1756-05 17 56 41.2 0512 29 21.9227 9.6913 9173 208.3 283.8 13.1 (£)
J1802-39 18 02 38.1 -393713 3524872 -8.3802 552 129.3 222.9 6.0 {H)
Ji809-05 1809 46.5 055040 22.9254 6.5248 2933 191.6 320.0 6.6 )
J1912-03 1912278 -03 5701 31.7994  -6.4739 5755 230.0 293.8 8.8 (r)

(f) false, (p), possible and (r) real detections.

Table 3.5 which lists the possible multiwavelength counterparts contains the following
information:
Column 1: Source name;
Column 2 & 3: Equatorial coordinates (J2000) ;
Column 4: Extinction, E(B — V), from DIRBE/IRAS 100 p m extinction maps (Schlegel
et al., 1998);
Column 5: Possible HI counterpart registered in NED;
Column 6,9,12: Offset between the position of the GB candidate and the counterpart;
Column 7,10,13: The difference in velocity, AV= Vgp- Veounterpart;
Column 8: Possible optical counterpart as given in NED;
Column 11: Possible 2MASS counterpart as given in NED;
Column 14: Possible IRAS counterpart as given in NED.
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Figurc 3.11: The HI spectra of the six HIPASS galaxies thal were nol identified in the GB extension
survey. “[he Jell panels shows HI spectrum {rorm HIPASS data, wheress the right pavels present the
corresponcling specirum frnn Lhe OB extension data,
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Table 3.5: Possible Multiwavelength Counterparts

Source RA. Dec. E(B-V) HI Sep. Optical Sep. 2MASX Sep. IRAS Sep.
name (J2000) {J2000) (arcrnin} (arcmin) (arcmin} {arcmin)
J1538-44 15 38 23.17 -44 26 33.5 0.35 ESO 274- G 019 2.3 J15382201-4427568" 14

J1546-42 15 46 53.12  —-42 21 20.1 0.34 BESO 329- G 019 1.8

J1549-46 15 49 16.21 46 50 07.6 0.64 HIPASS J1548-46 4.8 5.3

J1556-42 15 56 57.62 —~42 34 10.8 0.87 HIPASS J1557-42 14 J15565765-4234517* 0.7

J1616-40 16 16 07.96 40 02 04.3 0.99 HIPASS J1616-40 11 J16161676-4003142* 2.0

J1620-39 16 20 30.47 -39 36 24.3 0.84 HIPASS J1620-39 4.7

J1621-36 16 21 06.14 -3608 384 0.65 ESO 380- G 004 0.9

J1624-42 16 24 52.51  -42 26 43.7 1.22 HIPASS J1624-42 2.9

J1628-29 16 28 05.26 -29 06 23.6 0.44 ESO 452- G 003 1.0

J1630-30 16 30 16.37 -3033 46.2 0.36 ESC 452- G 004 2.2 J16300522-3033542 2.4

J1631-28 16 31 46.53 28 05 53.7 0.64 ESO 452- G 005 14 J16313752-2805243* 2.0

J1632-28 16 32 04.22 -2805 323 0.67 ESO 452- G 007 1.7

J1632-29B 16 32 46.45 2923 08.1 0.48 BESO 452- G 008 2.2

J1635-33 16 35 33.26  —-33 46 56.5 0.51 HIPASS J1635-33 1.8

J1636-26 16 36 10.38 26 10 22.7 0.52 ESO 517- G 011 1.9 J16360656-2610126* 0.9

J1639-28 16 39 05.99 -28 57 37.5 0.38 ESO 452- G 010 1.4 J16390239-2901289* 4.2

J1642-37 16 42 4570  -37 31 423 0.86 HIPASS J1642-37 3.5

J1643-30 16 43 13.93 30 56 16.2 0.42 ESO 452- G 014 0.9 4.8

J1644-55 16 44 27.04 -55 29 49.7 0.35 ESO 179- G 012 0.8 J16441750-5529172* 1.4 16406-5525* 2.6
J1649-35 16 49 4043 -35 10 08.8 0.93 HIPASS J1649-35 0.9

J1652-28 16 52 09.15 -28 19278 0.28 ESO 453- G 007 1.6

J1658-21A 16 B8 02.90 -21 17 54.0 0.28 ESO 586- G 006 1.7

J1658-32 16 58 57.05 32 40 53.1 0.47 HIPASS J1658-32 1.7

J1702-27 17 02 25.98 27 50 11.7 0.33 ESO 453- G 015 1.8 J17023181-2750389* 1.4

J1702-52 17 02 20.06 —-52 50 55.7 0.39 HIPASS J1702-52 3.0 WKK 7863° 1.8

J1705-29 17 05 35.71  -29 41 43.8 0.43 HIPASS J1705-29 2.4

J1705-24 17 05 59.16 -24 43 10.5 0.42 J1705573-244055* 2.3

J1706-21 17 06 35.27 -2119 204 0.52 J17063120-2117314 3.6

J1708-25 17 08 25.54 25 45 16.2 0.46 ESO 519- G 003 2.7 J17082540-2543541* 14

J1711-47 17 11 40.04 -47 35 35.0 0.71 HIPASS J1711-47¢ 0.9

J1712-15 1712 27.60 -15 06 35.7 0.39 J17122939-1503328 3.1

J1712-25 17 12 01.08 -25 46 443 0.49 ESO 519- G7009 4.1

J1716-15 17 16 27.88 -15 45 04.0 0.37 J1716205-1542492 2.8

J1720-15 17 20 48.22  -154009.8 0.45 J17205126-1540642 1.0

J1723-45 17 23 25.27 -4528 314 0.48 HIPASS J1723-45 4.0

J1726-14 17 26 28.34 -14 27 37.9 0.53 J17262140-1426537 1.8

J1727-49 17 27 46.40  —49 26 37.3 0.23 ESO 228- G004 0.5

J1729-11 17 29 51.99 -1102 36.6 0.57 J17293946-1105308 4.2
J1732-43 17 32 21.21 43 15283 0.55 HIPASS J1732-43 1.0 . 17289-4313 1.8
J1733-09 1733 18.71 ~09 33 00.8 0.87 J17332166-0929143 3.8




Table 3.5-Continued

Source RA. Dec. EB-V) HI Sep. Optical Sep. 2MASX Sep. IRAS Sep.
name (J2000) (J2000) (arcmin) (arcmin)) (arcmin) (arcmin)
J1739-51 17 39 2878 5104 02.6 0.17  HIPASS J1739-51 3.1

J1744-09 17 44 6.62 —09 21 15.3 0.87 HIPASS J1743-09 2.5 J17440232-0921440" 1.2

J1803-03 1803 1341 -030117.9 1.52 HIPASS J1803-02 4.1 1.4

J1804-03 18 04 50.21 0320035 1.85 HIPASS J1805-03 5.8

J1807-42 18 07 16.23 4249 30.6 0.11 HIPASS J1806-42 6.1

J1807-02 18 07 12.40 02 50 05.9 1.61 J18071027-0249517 0.6

J1807-06 1807 1874 0634219 1.57  HIPASS J1807-06 3.2

J1807-08 18 07 40.02 08 36 33.2 1.36 HIPASS J1807-08 0.3

J1810-+01 18101775 40136114 0.43 UGC 1113 14

J1810-01 18 10 36.87 -01 02 25.6 1.15 HIPASS J1810-01 4.8

J1814-02 18 14 3140 02 27 10.6 2.05 J18142795-0225052 2.3
J1815-02 18 15 20.32 -02 51 12.9 2.20  HIPASS J1815-02 3.6 18128-0254* 3.5
J1817-04 18 1709.62 0405 35.9 1.31 HIPASS J1817-04 1.5

J1819-01A 18190293 0107 20.8 1.12  HIPASS J1819-01 3.7

J18194-01 18 19 20.68 401 10 16.8 0.90 HIPASS J1819401 2.5 2MFGC 143330 0.9

J1822-35 18 22 3890 -35 39 19.9 0.14 ESO 395-G002 2.9

J18234-00 18 23 23.65 400 16 30.2 1.55 HIPASS J1823400 1.9 J182327454+0016314 0.9

J1824-34 18 24 25.69 -34 12 09.8 0.37 ESO 395- G 004 1.3

J1824-01A 18 24 59.59 01 27 41.0 1.48 HIPASS J1824-01 0.6

J1831-31 18 31 57.80 -314524.2 0.15 ESO 457- G 015 2.3

J1841-18 18 41 18.08 --18 59 48.9 0.49 HIPASS J1841-18 3.1

J1846-23 18 46 42.93 2305 37.9 0.43 HIPASS J1847-23 54 CGMW 4-3021¢ 2.9

J1901-04 19 01 49.81 -04 29 21.5 0.72 HIZSS 109 0.7

* There is no enough information to decide whether this really is counterpart.

@ In addition to HIPASS counterpart listed here a HIZSS galaxy, HIZSS 106 is also fond at a separation of 1.0/ and AV = 5 km 571,
b fdentification of the galaxy from The 2MASS-selected Flat Galaxy Catalog (2MFGC; Mitronova et al. (2004)).

¢ Identification of the galaxy in the catalogue of Woudt and Kraan-Korteweg (WKK; 1998).
4 Identification of the galaxy in the Catalog of Galaxies Behind the MIlky Way (CGMW,; Roman et al., 1998). 2 In the 2MASX incremental release (2MASXi).
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Fignre 3.12; Spalial distribution of galaxics with muitdwavelongth connrerparts, Galaxdes wich no
counterparts arve epresentod by open cireles. Solid cincies represont galaxies with BT counterparrs,
silid tricngles ropresenr palaxies with boch apticas and infraved counterparts, open triangles represont
madaxies with infrared counterparts only and open souiires tepresent galiavies with optical conntorparts
only, DIREBE extinetion contours b Ay — 1™ and 37 wre superimposed aon the plot.

3.4.2 NIR Imaging of the Deep HI galaxy Sample

A systemnatic follow up for HL selected gulaxics in the 20A has hegun using the Japaness
Inlvarsd Survey Paciliy (TREF) ot the Sutherland ohserving site of the Soach African Aslronoctiicsl
Observalory, The IREF = a 1.4 m alrasimuih Cassesrain lelescope, The camera used hay

the Sinmitaneous-Jeolor Infralted Imager for Tnbiaged Surveys (SIRITY). The images token

arc in the J (L26um), H (LG3um), and Ke (2 11um) bands wath o fickd of wiew of 77 < 7.7
[Napgavarna ot al, 20038), SIRIUS has an sxrey of three 1024 % 1024 pixel HgCd To detectors
[HAWATI) anaws (Hodapp ot al., [9H.

Motlvation of the NIR Survey

Allogh the HI conlent of our salasies has been stitdied . uo informaticon is available at other
wavehands, A NIR imaging of these galaxies will allow ug o determine their morphology
and luminesity, Studving the characterstics of galaxies located around and in the Local Void

particularly is important in order to verify if there is any relation between their properties
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and 1he sueeownding palaey density.

Inwd dltiom, for suevevs elogo 1o the Galactic Plane the need of checrvations that can probe
decper than current axisting surveys such as 2XASS s invaluable, The SIRIVS camera on
the IRSL has the following advantages over the other NIR surveyvs:

e STRITIS has g paxe] scide of (45 areseconds per pixel compared o the 2 arcsecond per
pixel of {he 2NIARS owr dati 8 more resolved by g factor of ~ 4.5,

* A typical tow minute cxposure in SIRTUS probes to fainter limiting magnitudes Hlan
existing NIH surveys. This makes the TRSF an ideal instrament for surveys elose to the
Oalactic Plane.

3.4.3 Observations

A part of the oupeing MIR Z0A survey, we performed a WIR observation for selected galases
from the GB extension detections from 15 to 24 Apnil 2007, Twerdssfive dithered 24-seconad
exposires were taken on the position of each galasy, resulbing o a total exposure time of
BO cecomds woeach of the 1Twes bands wich w dichenng <ep of 13 acseconds betwaen each
pxpagure. The seeing varied betwesn ~ 078 and 178, In Table 3.6 the HI parameters of the
absarved galacdies with DIRBE extinetion valnes [Schlegel et al., [998] and the secing during
the observation 15 presettsl].

Dicrails of the image processing procedure ane data analyvsis can be found in James Tagp®
theels,

NIR Counterparts

Here we only looked at the rongh color images to look for possible counterparts. Of the
pointed observations towards the 31 HI detected galaxdes, 6 galaxies have been detected,
of which 3 e detected an the NIR fue the ficst time. All of che detected palaxies are
miegIve Spairals excepn one very lowe mass galaxs. Fipgares 3.13. 514 and 315 show the J-
H-K, composite images of the datectad palaxiss with the 1T paameters of the GB possible
counterparts. The entries in Table 3.6 contain the following:

Columm 1: Objcet name;

Colunms 2 & 3: Egquatorial coordinates {J2000) of the abscrved galaxics, Columns 4 & 5
Cralactic conrding es;

Colummn f: Extinction, E(B — V), froon DIRBETRAS 06 4 m extinction maps {Schlegel
ot al, 19981

Columm 73 Heliseentric vilocity:

Column 8% Velocity width at 2008 of the peak fux densite:

Clolumn 9 Inmtecrated HT s

Coliwnn % Logarithm of the HI msss Colivmn 10; Sesing;

Column 11 Flag noting (ned) tor new NIR deotection and (d) previously detected source.

0 Se srudene Do the astesueany deparnest, V00



Table 3.6: NIR observation specification of HI-galaxy candidates

Object R.A. Dec. l b E(B-V) Vhel Wao S log Mgy Seeing Flag
name (32000) (32000)
hms deg ¢ 7 deg deg (kms™!) (kms!) (Jykms1) (Mg) (arcsecond)

J1604 -41 16 04 44.91 -41 43 35.4  337.19 7.94 0.77 4743 447 12.18 10.06 1.04 nd
J1610 -38 16 10 31.28 -38 20 26.0  340.34 9.67 0.73 4503 179 4.83 9.70 1.04
J1620 -39 16 20 30.47 -39 36 24.3  340.84 7.41 0.83 2380 113 7.54 9.33 1.13
J1623 -40 16 23 43.37 —40 39 03.4  340.53 6.24 1.17 4805 75 2.56 9.44 1.13
J1624 -42 16 24 52.51 -42 26 43.7  338.39 4.83 1.06 2222 215 22.80 9.59 1.13
J1629 -26 16 29 46.93 -26 45 13.1  351.75 14.79 0.48 5143 392 7.05 9.90 1.13
J1642 -29 16 42 01.15 -29 10 38.8 351.68 11.16 0.30 2578 200 5.27 8.16 1.31
J1643 -54 16 43 23.09 -54 02 34.7 332.93 -5.28 0.33 5206 211 7.30 9.68 1.71
J1653 -35 16 53 59.76 -35 30 28.4  348.36 5.19 1.01 6364 270 17.60 10.30 1.71
J1658 -30 16 58 41.78 -30 38 22.5 352.82 7.43 0.41 2796 203 4.48 9.20 1.35
J1704 -33 17 04 39.17 -33 11 214 351.55 4.88 0.52 6204 193 7.00 10.03 1.71
J1705 -27 17 05 32.20 —-27 07 58.1  356.56 8.35 0.32 8247 121 2.79 9.92 1.13
J1708 -31 17 08 37.12 -312033.9 353.54 5.31 0.68 7141 246 6.69 10.18 0.99
J1711 -47 17 11 40.04 ~47 35 35.0  340.78 -4.79 1.76 2190 278 17.40 9.62 1.76
J1719 -45 17 19 46.83 —45 52 28.4  343.00 -4.94 0.55 5804 287 5.62 8.89 1.76
J1734 -16 17 34 23.66 -16 45 21.1 9.03 8.61 0.45 1417 88 2.29 8.23 0.81
J1736 -47 17 36 46.93 -47 50 36.0  342.94 -8.45 0.24 5882 365 9.87 10.17 1.49 nd
J1749 -15 17 49 21.58 -15 20 45.8 12.12 6.26 0.66 7454 426 10.02 10.35 0.81
J1757 -04 17 57 57.12 —04 03 33.2 23.10 9.96 1.18 1730 106 1.93 8.49 0.95
J1807 -08 18 07 40.02 -08 36 33.2 20.23 5.67 1.35 3491 486 28.48 10.22 1.35
J1814 -02 18 14 31.40 02 27 10.6 26.50 7.07 2.04 1739 417 19.04 9.48 1.04 d
J1817 -03 18 17 50.94 -03 17 07.2 26.15 5.95 1.94 1873 107 3.38 8.80 0.86
J1817 -32 18 17 31.74 -32 08 20.8 0.59 -7.56 0.25 953 263 3.51 8.17 1.26
J1819 -01A 18 19 02.93 -01 07 20.8 28.22 6.68 1.12 2965 196 5.41 9.30 0.86 nd
J1824 -01B 18 24 31.71 -01 55 36.9 28.13 5.10 1.85 6204 226 6.47 10.02 1.22 nd
J1826+4-01 18 26 38.55 401 33 33.9 31.49 6.23 1.47 2764 166 4.03 9.12 0.90
J1826+-03 18 26 37.54 403 04 25.7 32.85 6.92 0.73 2956 130 3.70 9.20 0.90
J1827-4+04 18 27 53.34 404 07 14.0 33.93 7.11 0.39 2107 172 1.88 8.59 0.99
J1828 -33 18 28 27.42 -33 10 44.7 0.69 -10.08 0.17 721 87 2.47 7.53 1.35 nd
J1836 -20 18 36 14.77 -20 00 19.7 13.39 -5.77 0.39 1668 73 2.53 8.56 1.08
J1901 -04 19 01 49.81 -04 29 21.5 30.11 -4.35 0.80 1525 164 17.17 9.28 1.31

€ HALJVHO
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Chapter 4

Implications for the Nearby

Large-Scale Structure

Although the number of galaxies discovered in this survey is not very high, some large-
scale structures became apparent in our data. The two dynamically important large-scale
structures, the Local Void and the Ophiuchus supercluster could be outlined in further detail.
While the Local Void exposed itself as under-dense region, Ophiuchus at larger distance stood
out as an overdensity with possible connection to the GA and Norma cluster. Moreover, the
presence of a "second arm” to the Norma supercluster parallel to the GA-Wall has been
revealed in this data.

The resulting large-scale structure plots and detailed discussions on the distribution of
our detections are presented in the following sections. Previously catalogued galaxies from
different surveys have sometimes been included for comparison as well as for tracing large-

scale structure adjacent to our survey area.

4.1 The Distribution of the GB Extension Galaxies

4.1.1 Distribution along Galactic latitude

The distribution of the GB extension galaxies as a function of Galactic latitudes is shown
in Fig. 4.1. Of the 158 detections, 39 lie in the region —~10° < b < —5°, 83 in the region
5° < b £ 10° and 36 in the 10° < b < 15°, with a number density, n =~ 0.12, 0.26 and 0.23
deg™2 respectively. This implies higher densities of galaxies in the regions 5° < b < 10° and
10° < b < 15° compared to the strips below the Galactic Plane (see also Fig. 4.11). The
overdensity at positive latitudes is partly due to the large-scale structures, such as the new
"second arm” of the Norma supercluster and the Ophiuchus cluster (see also Figs. 4.18 and
4.19).

In Fig. 4.2 the distribution along Galactic latitude is combined and compared with the
HI Parkes Deep ZOA Survey (here after HIZOA) preliminary catalog®, and the HIPASS
galaxies(Meyer et al., 2004; Wong et al., 2006) in the same GB extension region. The GB

“Kraan-Korteweg 2008, private communication

48
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extension galaxies are represented by solid histograms while HIZOA and HIPASS galaxies are
represented by dotted and filled histograms respectively. The detection rate of the HIZOA
and GB extension is almost equal except that the GB extension to higher latitudes, 10° <
b < +15°, is done only for the region 352° <1 < 24°, i.e. 4 central cubes out of 8 for the
positive latitudes. A fairly flat distribution is found throughout for HIPASS detection rate.
The GB extension detections clearly outnumber the HIPASS galaxies (as expected since it
has 5 times longer integrations). In these HI surveys, galaxies seem to be detected in the
Galactic Bulge region with hardly dependence on latitude apart from the small dip in the
distribution of the HIZOA detections between | ~ —2° and +1° which is due to high number
of continuum sources in the Galactic Bulge region (Kraan-Korteweg, 2005).

30 T T
ind — A= G4 —— ——AI-SQ'-—‘] —Al=m3R— -
|
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|
i “ i
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20 - B .
. | o 4
m r 7]
2 o
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o LN I S S B 1

GALACTIC LATITUDE

Figure 4.1: Distribution of galaxies and candidates detected in the GB extension survey as a function
of Galactic latitude. The vertical dashed line shows the GB extension towards higher latitudes
performed only for the region 352° < [ < 24°.

4.1.2 Distribution along Galactic longitude

Figure 4.3 shows the distribution of the GB extension galaxies as a function of Galactic
longitude. The solid histogram shows the number density for the latitude strips 5° < |b| < 10°
over the longitude range 332° < | < 36° (—38° < I < 36°). The detection rate at higher
latitude, 10° < b < 15° over the longitude 352° < [ < 24° (—8° < [ < 24°) is shown by the
dashed histogram. A higher number density is found in the region —30° < I < 0° (see Fig.
4.11).

The distribution is compared with the HIZOA (dotted histogram) and HIPASS (filled
histogram) detections in Fig. 4.4, The detections are subdivided in sequence of increasing
latitudes from b = —10° to 15° in steps of Ab = 5° (Note that |[b| < 5° is out of the
GB extension coverage). The effect of the large-scale structures is clearly evident in these
histograms. The underdensity in the lower latitudes is even more conspicuous in the bottom
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Figure 4.2: Distnbution of the GB extenson palaxies (solid histopoom'b as well as galuxies i HIZOA
tlorted histogram) and HIPASS in onr surves avea {Dlled histograim) as foerion of Galactic latide
The OB extension cowards bigher latitudes 15 again showen Ty vorelcal dashedd Tine.

panet of Fig. 4.4, In the region |B = 5° the nimber of gnlacdes increased dramatically with
HTZOA . A higher mumber density sround in the region § ~ —3257 to — 15° (335% — 3457 1% scen
wilh s protninent peak aronwd —20%3407) due to she GA everdensity adjacent to she survey
region. The distribotion of 1he GI exlonsion galaxies 1o the region 3% <2 8 <0 10° (zecond
upper histogram | shows a laege dip o 1he region between [~ 0F and 209° . dividing 1he [iely
uniferm distrabation intel < 0F and { = 207, The relative higher [raciion of detections cn the
loft gide of chis histagram of the HIPASS galaxies indientes that galaxiss found in [~ 207 to
457 are nearby galaxics as HEPASS is shallower, hence more sensitive to nearby galaxies (so0
Figs. 4.5 and 4.12). To she upper panet of this same Fig, 14 the GB extension galaxies stand
out. No HIPASS galaxy is found in the region § < ° in this lagitude range of our survew
regipn. This implies that the distinct peak arcund 0F 1= due to a concentration of galaxics at
larger distance. In general, we see u strong varation in she number of G extension galaxies
in these histograrms which cun be explained by largeeseals struciaes. The overdensity in the
region —30° <0 L= 0% (B30° < 1 < 36(F. gee also Tig. 411 region seam 10 be relulad wilh the
excoss mass found in che ©A region and the Ophiuchus superchister (see Section 4.3.3). On
the swher hand, due to she Loeal Yioid located around the region § - 0% — 40°. the detection
rate in this reglon i3 lower (sce Scetiom 4.3.1 for furcher discussion). The variaticn iz also
vigihle in HIAOA .



CHAPTER 4. IMPLICATIONS 51

15 ; 1 f : [ — , .

10

NUMBER

0 . L L . ] . I
30 o] -30

GALACTIC LONGITUDE

Figure 4.3: Distribution of galaxies detected in the GB extension survey as a function of Galactic
longitude. The number of galaxies found in 5° < jb| < 10° and 332° < { < 60° (—28° <l < 36°) is
shown by the solid histogram and the dashed histogram includes the number of galaxies in the region
10° < b < 15° over the longitude 352° <1 < 24° (—8° <[ < 24°).

4.1.3 HI Velocity Distribution

The heliocentric velocity distribution of the GB extension galaxies is shown in Fig. 4.5 (solid
histogram). The lower filled histogram shows the velocity distribution of the HIPASS galaxies
in our survey region. The detection rate is as expected lower in the shallower HIPASS.
Although the main concentration of the GB extension galaxies (74 %) is in the velocity
range of 2000 to 9000 km s~!, detections are found out to 12,000 km s~1. This upper limit
corresponds to the cut off limit of the deep HI Parkes ZOA surveys. The velocity distribution
of both the HIZOA and NE survey are shown for comparison (see Fig. 4.6 and Fig. 4.1.3).
Again, the effect of the nearby large-scale structures is clearly visible in the histogram with
a strong dip for V < 2000 km s™! and prominent peaks near 4000, 6000 and 8500 km s~ 1.
While the nearby dip is due the Local Void, the GA overdensity (~ 4000 km s™!) and the
Ophiuchus supercluster (~ 8500 km s™!) are responsible for the higher number density in
the corresponding regions. The peak around 6000 km s™! seems to be due to the presence of
a filament crossing the Norma cluster pointing to the Ophiuchus cluster. This is discussed in
further detail on Section 4.3. In Fig. 4.6 the HIZOA (212° <[ < 332°) is used to compare
the velocity distribution. The GB extension histogram shows a much lower density of nearby
galaxies compared to HIZOA due to the influence of the Local Void. Otherwise the velocity
distribution out to V' < 8000 km s~! is quite similar. Above this velocity the above mentioned
peak at ~ 8500 km s™! in the GB extension distribution is new and highly significant.
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Figure 4.7 Velooily disteibtion of galasoaes i NE,

4.1.4 HI Mass Distribution

Figure 4.8 shows the HI mass distribution of the GBE extension deteclions. The galasies range
fram 2.5 % 107 M= to 3.8 x 104" My; in HI mass, with the majority between | = 10¥ Mz and
3 % 10" M. The mean HI mass is 5.8 x 10° M. For comparison, the HI mass distribution
af galaxies detected in HIZOA and NE, are shown in Fig. 4.9and Fig. 410 respectively. The
preliminary HIZOA has a mean HI mass of 3.0 % 107 Ms. The wean HI mass of the NE wis
4.3 % W Mg, (Touley et al.. 20035 The higher mean HI mass of the B exvension iz most
likely die Lo the detection of s many salasdes at lavse distancs:s m combination with the
Ll of nearby salasies doe to the prominence of Lhe Local Void in this arca. For instance, a
Ber deteetion with AWos = 200 km s " a0 8500 ke s ! has abowt 1.8 % 10" H[ mass. This

implics the prescnce of massive galaxics around the Ophiuchus supercluster.

The Lowest hass (Galaxies

Omly five sources in Lhe GB exlension have HI masses below 10° Mg, Of these only onc
was proviously known m HIPASS. The galaxies with the lowess HI masses are JES4-46 (or
HIPASS JLA48-46, Mever o al,, 2004, JIT27T-184 JI814-85 J1H2M-33 and JIH34-0 (e
Section 4.2 for their HI parsmeters).

Thae Highoest Mas: Galaxy

The highest mass galacy detected in the GB extension is J1621-38, having ~ 3.0 = 10" Mg
of HI mass with a velocity of 4447 km s !, It is an HI counterpart of the optical galaxy, ESO
A0-GO [(Lanberts, 19823,
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4.1.5 Distribution in Space

The spatial disteibtion of che T detecied galaxies in fhe GB extension suevey 12 shown in
Fig. 4.11. The survew region is defined by the dashed lines. Civerall a higher density of
deteetlans is found above the Galaetic PPlane Hes 0,21 der™) compated to the detections
below the Galserie Plane (n &= 0,12 dex™ ) Even hipgher concentration of galasies is fotlnd
around 1~ M35 (—157) to " and b = 57 followed by o region devoud of galaxdes around [ ~ (7
ta LOF, The reglon b= —i" Is generally noderdense (see also Fig, 4,10

Figure 4,12 shows the distribusion of galaxies in the GB extension survey in Galactic
courdinates superimposed on previcusly catalogued galaxies from HIPASS (Moeyer ot al.,
2004 Woma ot all, 2008) The GB surver 1egion iz again defined by dashed lines, From this
ot we ean see thatahe wiajority of HIPASS aaluxies arc a8 expected found at lower velacities,
e 3000 ke w1 with sorne indication of structures out to 7000 T s=1. Furthermors, an
extermely vy number of ITTFPASE galavies Lag been devecied o the most opiugue pari of the
ZOA, =57 < b= 455 Howewer, when we look at the distribovion of walaxies in Fia, 413,
where next to the GB extension detections, the galaxies from HIFPASRS and the deep HIZ()A
and NE survevs hawe been displayed, that part of the $0A has been filled by the deep HI
surveys. The lower detgetion rate of HIPASS is also contitmed in our survey tegion. where
only 29 ITIPASE aslaxies are fondd compaced to the 129 GB extension detections.

In oreder to have a complete inave of the spaniad digt eibidion of gulasies arowad our syrvey
region, galaxies in the LEDA® with knewn velocilies in the velocily range of our sirvey, Le.,

1200 = ¢z < 12700 km s =, have been incluled in Fig: 4.14. Several large-scale structures

¢an be seen around [ ~ 3369 — 3607 (-24° to F) [ollowed by an underdense region acennd
f o 3307 407 (-10% to 407}, Details oof the obiserved features m 1his figure are discussed in
Section 4.3,

e 4 Y :
It is pnot a aniiorm saimple over Lo regarded arca



ITAPTEI 4.

IMPLICATIONS 5y
- BES 4w, BTEEC ¥ . e D
m; i T |
- : I I"_"h.:
= I'—r—-'-'-,"l'.'.',"l T by ": e i =
E . :'1,..1_ " ;T ':’ | _
i eI
“ l |
A | ! =
% | I I _
S T — =] ]
- e " 5 4
3 : 3 i 1
.10 A e S T L T .
o0 1 1 | ’ L 1 E
F L] -4
GALACTIC LONGITUDE

Figiwe 4,11 Distribution of galaxies detected in QL extangion o CGalactic eonrdinates colony qoded
aceording to their velocitiee, Blne filed vircles e < 3000; magenti open circles: 3000 < v = HI0:
grean Biled trinnges: BUOO < 1y < TOO evaw opon teinngles: TR < g <5 SO0 Tod crosses)
ey = UOO0 km s 1.

 SADONE, (o £ AN EECD ¢ e, PO ' WCCG vy, & 3I0R
oa d ~ P

& N b e L =
B T .o . ‘-t! -w.;.‘: _:‘I". At
& ] - o oa " o . =
[ Sp— - I '= & - l!,.. e - : P
E 1°‘ ko i -'l :_ j"- o :‘. = 5‘* L] j f r': "‘r'. i :";_
E - 1,_1__':__133_"_"_‘_'___,-',..;..'.E:-E..T_;' T
E 6 St S

w | T

ﬂ' P I s - g i ¥ a

B L - . | b
= I, - L Y O o s L A i . T
L T bt o b MR Rt ?'F Ry
i i . " X wi T, S
e s = R T e e e ek s R

Lo . " = ‘!. e -
= - - DR |
® " . 2 11 3 " 5 '.I' s £

50 - ke 5 f i
a0 a E ]
GALACTIC LOMGITUDE

Figure 4,12: Distribution of OB detecticns {marked by squane) and galaxies from HIPASS in Calactic
coordinates, WBlue [lled civclos: sy < 3000 magents apen circles: 3000 < 1g.; < SUBD; green filled
rriangles; BUINL < oy < TOOIL eyan open trisngies: TOM < whe < 90000 red cneses: vep & WHIH

km w7,



CHAPTER 4 IMPLICATIONS o

SALACTIC LATITUDE
o
T —

=19

Figure 4.14: Distribution of 3B detocsions (marked by squarel, galases from HIFASS, HIZOA and
NE in Galactle coardinates. Blie filled eirales: vy < 3000; nugenta open cireles: JU00 < oy < HI0C:
green Gilled visngles: SOM < wye < TOO0 cvan open triangles: TOO0 < wpg < 9U000; red orosees:
Ungt 2 BODO Jom gL

2 AO000. BT - v, SR SN IUL 5 4, T Muh 4 4 §REEE. DGR < v, FLEOOR

'::::_'-i:..'.-‘: :‘!‘-__g;"-i:.i!
" - Ly i A
e T L ‘j? - hs
sehiker R
[ T VL 5 o et
e g e __‘h"_ =
g ] l'.l g -"
E b o AR,
C R
Dbl -
e T =
3re i) s SSINCPCIYIL L S e 2 B
F 'n:__‘-_'_t__-'__'“:._l._:_'J.__H._.__.!.-.."_ii__o.rn
= It :I.' u » - » 5 # . u i
A8 i-p:.'kr!‘——_—r;—"—ﬂl":l‘ TN i e e o
Prn R . S RN gl 3T
St e S e RIS
RS ik SOOI e T TR e SR
‘m ——'-—"Ih ] -.l"‘ﬂ'-".I i "".'." i, | P s ]
3C 3
SALACTIC LONSITUDE
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4.2 Nearby Galaxies

The five galaxies (J1549-46, J1727-18A, J1814-35, J1828-33 and J1834-30) with the lowest HI
masses have very low heliocentric velocities (cz < 900 km s™1). Of these, four are detected for
the first time. The newly detected galaxy J1727-18A (I,b = 6°.38,8°.95) has a heliocentric
velocity of 346 km s~!, with a velocity width, Wy = 62 km s™1, at a distance of 4.3 Mpc.
This galaxy is the nearest galaxy detected in this search. If it were not for its compactness,
which suggest it is a more likely nearby galaxy rather than a HVC, it could be considered as
HVC. But confirmation is still needed, since it is found in the part of the survey which has
not been searched by an independent group and no optical or NIR counterpart is found.

The second newly detected nearby galaxy is J1834-30 (I,b = 3°.45,-10°.15), with a
heliocentric velocity of 440 km s~! and Wao= 74 km s~! at a distance of 6.8 Mpc. The
other two newly detected nearby galaxies are J1828-33 (I,b = 0°.69, —10°.08) with vpe = 721
kms™! and Way = 87 km 5™, and J1814-35 (I, b = 357°.32, —8°.56), with vje = 591 km s~!
and Wao = 71 km s™! at a distance of 7.6 Mpc and 9.8 Mpc respectively. A NIR counterpart
has been found for the former one during our NIR follow-up observation which was made
using the IRSF (see Section 3.4.3 for the image taken in J, H and K, bands).

The previously known nearby galaxy was detected in HIPASS (HIPASS J1548-46; [,b =
331°.72,5°.85). With a heliocentric velocity of 775 km s™! and a distance of 6.8 Mpc, it is
also the lowest mass galaxy detected in this survey (Myy = 2.32 x 107 Mg) . It is interesting
to note that all of these very nearby galaxies lie in or close to the Local Void. Their narrow

velocity width together with their environment suggests they could be nearby dwarf galaxies.

Table 4.1: The 5 nearest galaxies.

Source { b EB-V) Vhet Wao D log Mu; Possible
name deg deg mag kms™! kms™! Mpe (Mg) counterpart
J1549-46 331.72 5.85 0.62 775 62 6.8 7.37 HIPASS J1548-46
J1727-18A 6.38 8.95 0.76 346 156 4.3 7.41
J1814 -35 357.32 -8.56 0.22 591 71 9.8 7.66
J1828 -33 0.69 -10.08 0.19 721 87 7.6 7.53
J1834 -30 3.45 -10.15 0.18 440 74 6.8 7.61

4.3 Large-Scale Structures in the GB Extension Survey

The detections in this survey uncover various large-scale structures that lie behind the
Galactic Bulge. In the following sections, the most prominent features will be discussed
in sequence of increasing velocity.

4.3.1 The Local Void

As mentioned in Chapter 1 (Section 1.4) the Local Void located close to the Galactic Bulge
is the dominant void in the nearby universe. Although several attempts have been made to
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unambigously determine the size and distance of the Local Void, assessing its actual size and
extent has been difficult mainly because the large fraction of the Local Void is located behind
the Milky Way.

Tully & Fisher (1987) claimed that the Local Void extends from [ = 0° to 90° and from
b = —30° to +30° within cz < 3000 km s~! from their study on the sky distribution of
galaxies within cz = 3000 km s™!. Saunders et al. (1991) found the Local Void in the density
field of the distribution of IRAS galaxies around [ = 40°,b = —17°, and cz = 2300 km s~ 1.
Nakanishi et al. (1997) located the centre of the Local Void to be at I = 60°,b = —15°, and
cz ~ 2500 km s~!. Despite the difficulties in assessing the true dimensions of the Local Void,
Fairall (1998) suggested a smaller size locating its centre at [ = 18°,b = 6° and ¢z = 1500
km s™!. However, Koribalski et al. (2004) redefine the dimensions of the Local Void based
on HIPASS data as approximately [ ~ —10° to +20°,b ~ —20° to +20° and cz < 1700 km
s~ showing a more extended appearance of the void up to | = 30° — 40° for b ~ —20° to 0°.
They also pointed out the smaller appearance of the void in HI sky compared to optical.

More recently Tully (2007) claims that the Local Void must be extremely empty and
larger than previously thought to explain the large peculiar motion of the Milky Way away
from the Local Void. This idea is supported by the large peculiar velocity they found for the
Ionely dwarf galaxy ESO 461-36 that sits inside the Local Void. The galaxy is being pushed
out of the void with ~ 230 km s~!. This suggests, according to the authors, a bigger and
emptier void.

The distribution of galaxies detected in the GB extension (marked by squares), HIZOA
and NE, HIPASS as well as galaxies from LEDA with known velocities in our velocity range
is shown in Fig. 4.15 in three consecutive redshift slices of Av = 2000 km s™! from 0-6000
km s~!. Figure 4.16 shows a redshift cone for the same redshift range, i.e., out to 6000
km s~1, of galaxies in the deep HI surveys, GB extension, HIZOA and NE. In the subsequent
Fig. 4.17 the same redshift cone, now also includes HIPASS and LEDA galaxies (with known
velocities in our velocity coverage)in the region —10° < b < 15°.

In Fig. 4.15 we note a lower density of galaxies in the region I ~ 330° to 45°. However, it
is not completely empty of galaxies. This is also seen in the redshift cone shown in Fig. 4.16.
The overall underdensity of galaxies seems to extend up to cz ~ 6000 km s~} supporting the
larger void idea. However, a filamentary feature is visible around 3000 km s™! (see middle
panel of Fig. 4.15, also see Fig. 4.16) which seems to divide the void into two components:
a nearer and distant void above and below the Galactic Plane. Nevertheless, neither of these
two voids seem to be totally empty nor well defined. Six nearby and low mass galaxies and
candidates have been detected within the nearest part (cz < 1500 km s™1) of the Local Void
in the GB extension survey. As shown in both Figs. 4.15 and 4.17 a structure juts out
into the nearer Local Void around 1500 km s™! and (I,b) ~ 30° and 6°. From the galaxy
distribution shown in Figs. 4.15, 4.16 and 4.17 it can be said that the Local Void consists
of a large under-dense region out to cz < 6000 km s~} extending from ! ~ 345° to 45° and
b ~ —30° to +45°. Various sparsely populated filaments seem to be subdivide the Local Void
into smaller spheres. Even the latter are not completely empty. Six very low mass galaxies
(described in 4.2) are found in these regions. A systematic NIR followup of these galaxies
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together with other HI detected galaxies is currently being pursued.
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4.3.2 Structures around the GA

Figure 4.18 shows the distribution of GB extension galaxies(squares) and previously cataloged
galaxies (HIZOA with NE, HIPASS and LEDA, with known velocities) in Galactic coordinates
from 3000 to 7000 km s~! in two interval of widths 2000 km s~!. We see a very populated
region on the right hand side of Fig. 4.18 due to the GA over-density. The massive cluster
in the GA region, the Norma cluster A3627 lies at (I,b,v = 325°, —7°,4848 km s~!; Kraan-
Korteweg et al., 1996). Part of the Centaurus-Wall, a wall of galaxies which cross a large
part of the southern sky (Fairall, 1998), is also prominent as a filament of galaxies stretching
down from the Norma cluster.

The most interesting new feature observed in Fig. 4.18 is the by Kraan-Korteweg (2005)
suspected wall-like structure, parallel to the GA-Wall, running from the Centaurus cluster
Abell 3526 (I,b,= 322,+22) down to the GP towards higher longitudes crossing the GP at
[ ~ 345°. This feature could be a ”second parallel arm” to the Norma supercluster. Erdogdu
et al. (2006) applied a statistical reconstruction method, the Wiener Filter, which is developed
for reconstruction of corrupt or incomplete data (Fisher et al., 1995) on Two MASS Redshift
Survey (2MRS). Amazingly enough, they were able to identify a new overdensity around
(1,b) ~ 345°,10° at 4000 km s~! on their reconstructed density field maps. This density
peak is found exactly where the above mentioned second wall-like structure parallel to the
GA-Wall is seen in our survey. Hence the presence of this new structure is confirmed for the
first time with the GB extension survey.

In addition to these prominent large-scale structures, there seems to exist continuous
filamentary structure that intersects the GA-Wall at the location of the Norma supercluster
and stretches into the distant Microscopium void (Fairall, 1998) at (I,v) ~ 350°,4500 km
s™! and 340°,5000 km s~ towards the Ophiuchus supercluster (it is noticable on Fig. 4.17
as well). This connection is only weakly seen and needs further observations to confirm this
possible connection between the Norma supercluster and the Ophiuchus cluster.

If both these feature are real, i.e., the second parallel wall and the possible connection of the
Norma supercluster and the Ophiuchus cluster, the mass contributing to the GA overdensity
could be much larger than previously assumed based on the Norma supercluster, with .
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Chapter 5

Discussion and Conclusions

5.1 Summary

Because of the heavy extinction around the Galactic Bulge (5° < |b| < 10°), optical galaxy
surveys became quite incomplete. Although NIR surveys have significantly reduced the
optical ZOA, the confusion problem due to the enormous star density close to the Galactic
Bulge is too severe for these surveys to remain succesful. In this region of high obscuration
and confusion only systematic HI surveys have been powereful at identifiying galaxies. The
Parkes Multibeam deep HI ZOA survey has been very effective in tracing large-scale structures
at lower latitudes |b] < 5° (Henning et al., 2005; Donley et al., 2005). Due to the success,
and the fact that various interesting large-scale structures are partly hidden by the Galactic
Bulge, the HI ZOA survey has been extended to the Bulge.

The GB extension survey has a rms of noise of ~ 6 mJy beam™!, and an effective area of

800 deg?. In this thesis, the search and HI parametrization of the galaxies found in this survey
has been presented. The searching was done by visual inspection of the three-dimensional
HI data cubes using the KVIS visualization tool in KARMA (Gooch, 1996), revealing 158
galaxies, 5 of which are classified as probable galaxies. The HI parameters of the galaxies
were determined in a semi-automatic manner using MBSPECT task in the MIRIAD (Sault
et al., 1995). Of the 158 galaxies and candidates detected here, 93 (51%) are new detections,
the rest have catalogued multiwavelength counterparts (see Table 3.5).
The spatial and velocity distribution of the GB extension galaxies have been analyzed in
this thesis. The distribution of these galaxies in combination with previously catalogued HI
and optical galaxies a number of large-scale structures became apparent. The results are
sumnmerized as follows:

& The distribution of the nearby GB extension galaxies in the region { ~ 330° — 45°
provided a broader delineation of the Local Void. The Local Void has been observed
as underdense region extending up to cz ~ 6000 km s™. But a filamentary feature is
found at ~ 3000 km s~! which seems to divide the void into two components. Neither
of these voids are completely empty of galaxies though. Some very low mass galaxies
have been found in these regions.
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o In the distribution of galaxies between 4000 and 6000 km s™!, the GB extension data
revealed for the first time the presence of a new ”second arm” to the Norma supercluster.
This wall-like structure, parallel to the GA-Wall, stretches from the Centaurus cluster
down to higher longitudes crossing the Galactic Plane at [ ~ 345°. This new feature
contribute to the mass of the GA overdensity.

e A filamentary structure that crosses into the GA-Wall at the location of the Norma
supercluster has been identified in this data. This filamentary feature seems to stretch
into the distant Microscopium void at (I,v) ~ 350°,4500 km s~! and 340°, 5000 km s~!
towards the Ophiuchus supercluster. Since this connection is only weakly seen, further
observations are require to confirm this possible connection between the Norma supercluster
and the Ophiuchus cluster.

e At larger distances, between 8000 and 10000 km s~ and I ~ 350° — 10°, b ~ 10° we
observed a high concentration of galaxies around the Ophiuchus supercluster. This

concentration seem to extend out 11000 km s™1.

Based on the GB extension survey and this study, it can be concluded that (1) the Local
Void consists of a large underdense region out to cz < 6000 km s~! extending from [ ~ 345°
to 45° and b ~ —30° to +45° which is larger than previously thought and it is not entirely
empty—few extremely low mass galaxies have been found in the void (2) with the new second
parallel wall and the possible connection of the Norma supercluster and the Ophiuchus cluster,

the mass contributing to the GA overdensity could be much larger than previously assumed.

5.2 Work ongoing

Although the HI content of our galaxies has been studied, no information is available at
other wavebands. A NIR follow up of the characterstics of HI detected galaxies in the ZOA
is currently being pursued. A systematic study of the global properties of these galaxies is
important to determine their morphology and luminosity. The dependence of density on the
surrounding environment can be verified by studying the characterstics of the galaxies found
around and within the Local Void. This work is currently proceeding using IRSF.



Appendix A

Automatic Galaxy Search in the

GB extension Data

As a test of the recently released automatic source finder software, DuCHAMP (Whiting,
2007), galaxy search was done in 4 GB extension data cubes (Z008N, Z016N, Z024N and
Z032N) that have been trimmed to remove edge noise. The algorithm, DUCHAMP, is named
after the cubist and one of the first artists to work with “found objects”, Marcel Duchamp.
DucHAMP is designed to search for relatively small objects found in the region of high noise.

Duchamp detects signal above a certain flux cutoff over two or more connected pixels.

Choosing a peak flux density cut-off 24 Jy beam™!, DUCHAMP was run over the 4 cubes.
The resulting detections were then compared with a search result obtained from visual
inspection of the data cubes. DuUcCHAMP produced a very large number of detections in
each cube. For instance, for cube Z032N the number of detections in DUCHAMP was about
3 times that of the result obtained by human searching. In Fig. A.l examples of DUCHAMP
detections in this cube is shown. Although the number of detections is larger, there were
a number of visual detections that were not picked up by Duchamp. From the detections
shown in Fig. A.l, only J181921+011011 (#004), J182635+01330 (#006), J182459-012106
(#007), J182324+001835 (#009) and J182639+030320 (#010) are considered as real galaxies.

The efficiency of DUCHAMP detecting the GB extension galaxies in the 4 cubes is shown
in Fig. A.2. From this plot we can say that about half of the detections with signal-to-noise,
S/Npmax 2 5, are real detections. The others are spurious noise peaks, or interference. The
latter could be due to the high S/N objects.
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Appendix B

Possible counterparts with no

Measured Velocities

The J-H-K, composite images of galaxies in the 2MASS Extended Source Catalog (2MASX;
Jarrett et.al, 2000a,b) that are found within 4’ radius of the HI position and which have
no redshift measurement are presented in the following Figs. B.2 - B.6. Since insufficient
information was available to decide whether they are real counterparts of the HI detected
galaxies, a rough morphological argument was used to consider them as possible counterparts.
The HI parameters, with extinction E(B — V') (Schlegel et.al, 1998) at the the position, and
profiles of the GB extension galaxis’ are shown for comparison of the galaxies morphology.

Source RA Dec E(B-V) Vel Wag S log Myr
name (J2000) (J2000) (kms ) (kms™') (Jykms™' (Mg)
J1644-55 16 44 27.04 55 29 49.7 0.35 5114 482 23.62 10.37

The 2MASS galaxy, 2MASX J16441750-5529172, is found at a separation, r = 1.4 from
the HI J1644-55 detected galaxy. We see a massive edge-on spiral galaxy on the 2MASS
composite image (upper right panel of Fig. B.1). The HI spectrum profile of J1644-55 (lower
panel of Fig. B.1) shows a double-horn profile of a typical edge-on spiral galaxy. The large
Woo and large HI mass of the galaxy also confirm its extensive mass. An optical counterpart,
ESO 179- G 012, (Lauberts, 1982) with a matching redshift has also been found within the 4’
search radius. The DSS2 red image of this galaxy is shown (upper left panel of Fig. B.1) to
strengthen the morphological type agreement. This morphological type agreement between
the 2MASS galaxy and the HI detected galaxy put the 2MASX J16441750-5529172 as a
possible counterpart.
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The 2BTASS wulaxy, 2ATANY T15565765-4204517. hias been found at r — 007 {rom the HI
poallion ol J1556-42. The J-H-K, compeosite of this galavy and che HI spectrum of profile
of J1556-42 are shown in Fig. B2 2MASX J15565TA5-4234517 has been classificd as Irs
on NED, The Gaussian spectrurm profile of J1I5568-42 shown in Fig. B.2 {bottom right] also
shows o tvpical itregular salaxy spectrum profile. This is very muech in agrecment with the
given morphelogy of 2MASX J155657653-4234517.

Rao 150 BE- 4T (JRO00;
Seor —4E? 33 pRET [TE000;

I I T
ED -
- H o
£k .
£ 40— | _
| = |
T [l [
A1 AL I
E | |
20 I —
3 |
’
L | i
Y X | 1 .
ol-! R i | e PR
- e T
| I
| il | b |
- B =324 +Ednil +EEDD T Ti] +&00n +E200

Velooily (linssy
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JLG16-40 has a possible 2MASS counterpart within a 4° radius of the HI position. Fhe
image of the 2MASS galaxy, 2MASK J161G16T6-1003142 is shown in Fig. B.A {upper). The
HI spectrim profile of JIG16-10 {lower panel of Fig. B3 shows o double-horn preofile of 4
tyvpical cdpe-on spiral gulaxy.
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Figure B.3: Three color mage of 2RASX JIGI616TH-4003142 |0°.6 x 0.6 and the HI profile
of JLG16-40,
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Fiz. T4 [tap rvight} shows the 2RASS galay, 2ATASK T1T023151-2750358Y found ar
r ' 4 fromn the IIT galaxe J1702-27. This galaxy wis classified as Trs on NED. The HOI
specttirn peofile of JITO2-27 15 alsn shown Fig. B4 (bottom left). The Ganssian spectrum
prifile and the narvew velocity wideh of JTL702-2T show that it is a tipeal irvegular galaxy.

Thiz asrees very well with the morpological type of 23 ASK JLITO231851-2750384,

J1T02-27
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