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Chapter 1

Introduction

This thesis presents the results from a deep optieal palasy searel 1o The Vela region within
e Zone of Aveddaace (Ze4). Tho search was undertaken to seduce the oplical ZoA e
Lhereby nprove the vadepsianding of streaming motions due o the mass distribulion in
the loeal Universe, The sxnel cripins of all the moss contribators of the Cosmic Microwaye
Background (ORI dipale still remains onelear, with tle corrent ‘greal aitractors’ unable

to fully aceount for tho Tocal Group's (Tia's) peculiar velocity,

180" B0 = T 70 i
Figure | 1: The igure shows all optically detected galoxivs with dwmelers 0> 1.3° The o]
contour shows ane magnitde of extinction o the blue (Ag = '), which clearly describes
the optical ZoA. This fiziee hos Teon eoprodizeed fronn Kras- Kortewer & Lalay {2000

The onesky distribution of optically detected palaxies with D = U3 (Fig. L1) shows
palaxies clearly formmg recions of logh density ses well ay sparsely populated arcas. These
formations are known as Latoe-Seale Structurse {L85) aad form s labvrioth of sleaciures with
ralavy clusters, ilaments and voids (Foarall §9938), The red eontour in Figo L deseribes one
magnitile of caetinetion in the blue (Ag — 1"}, which cleacly outlines Lhe optical Zod wheeo

there 15 a lack of data. L85z such as the Super Galactic Plane (de Yaucouleas 19587, the
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)

Perceus-Pisces Chain (Chamaraux et al. 1990). the Hydra-Antlia Supercluster (SC) (Kraan-
Korteweg et al. 1995) and the Centaurus SC (Fairall 1998) cross and/or continue into the
ZoA.

Overdensities of galaxies influence the dynamics of their surrounding neighbourhood:
galaxies move towards clusters and filaments. and ~away’ from voids. An all-sky map of the
galaxy distribution is vital to understanding the motion of the LG itself. However the most
prominent feature in Fig. 1.1 is the ZoA . The Milky Way contains vast amounts of dust and
stars. Light from galaxies located behind the Galactic Plane is absorbed and scattered by
dust and obscured by stars of the Milky Way. This creates the Zone of Avoidance (ZoA). a
region where the extragalactic sky is hidden from view.

This thesis forms part of the effort to fill that gap. adding a piece to the puzzle that will
help resolve this question. The following sections present an historic overview of the efforts
to map the LSS in the ZoA, highlighting efforts to map the ZoA in different wavelength
regimes. Special emphasis is placed on the optical searches for galaxies as motivation for

investigating the Vela region which is the focus of this project.

1.1 Historic Review of the Zone of Avoidance

The ZoA was first noticed by Proctor (1887) as a gap in the nebulae distribution in the
Catalogue of Nebulae and Clusters of Stars (Herschel 1864). At this point it was not known
that some ‘nebulac’ where in fact extragalactic objects. In the early 1920's. the so-called
‘Great Debate” took place between Shapley and Curtis about the scale of the Universe.
Shaplev argued that if the spiral nebulae were bevond the Milky Way their distances would
be inconceivably large, and therefore they must reside within the Milky Way. Curtis on the
other hand argued for Kant’s (1755) island universes. and regarded spiral nebulae as objects
external to the Milky Way. One of the sources of confusion in resolving the Great Debate
was the incorrect scale of the Milky Way, which was heavily underestimated because the
impact of dust was not known at the time. In 1925 Hubble resolved the debate by placing
the distances of the nebulae well bevond the dimensions of the AMilky Wav. No connection
had vet been made between the Milky Way and Procter’s Zone of few Nebulae.

In 1930 Trumpler showed that ‘fine cosmic dust” in the plane of the Milky Way causes
the extinction of light, which makes the extragalactic sky appear sparsely populated. The
dust in the Galactic Plane causes galaxies to be fainter and have reduced diameters.

In 1961 Shapley defined the ZoA as the region where he found N < 5 galaxies per square
degree. as opposed to the average of 54 found by Shane & Wirtanen (1967) in non-obscured
regions. A second factor. besides the dust, that complicates looking at galaxies in the ZoA
is confusion and obscuration by star-crowding. especially towards the Galactic bulge.

The extent of the ZoA is wavelength-dependent. Recent survevs find that about 20%
of the optical extragalactic sky is heavily obscured by the Milky Way (Kraan-Korteweg &
Lahav 2000. see Fig.1.1: ). At infrared (IR) wavelengths the percentage of the skv obscured
only amounts to about 10% (e.g. 2MASX the 2MASS Extended Source Catalogue: Jarrett
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el al 20000 Bach wavelenglh bas diderent advaotages and disadvantages tor soarching Lhe

ZoA {dizenssed further in Section 1.3 Kraan-Korlewes & Lahav 2000).

1.2 DMNlotions in The Local Universe

Concentrations of sz bevond our 103 conlribnte to the appearance of o dipole in the
CMDB (Fig. L2) fowards (I fou) ~ (2777307, 682kms 1) (COBEWMALD; Linewsaver ¢l al.
1996, Benuell et ol 2003) Tatumann & Sapdage [1985] determined that the Yicgo Closter
cauld not socount wholly for the O3 dipole. Farly veconstrietiens of the poonliary welocity
flow [elds by Lynden-Tell et gl (1988) usine an all-sky elliptical galaxy sample around the
ZoA jndivated that important aitractors lie hidden by the Milky Wae Tn parlieular the
sipnificance of the Great Attractor region was fisst vecognised by this whole-sloe perciliar
yeloeity sty

The Geeat Allractar and the Shapley Super Concentration base been bhe preatest con-
teneders for Lhe major fraction of the nrigin of the Liv's pecnliar wlocity. Giovanctli | 10599)
snd Courteaw (20000 are proponents of these strucoures being the answer. Pecaliar velociiy
losw studies (2MASXY Frdogdu ot al |, Fodogdu of al 2000k Xorey clusiers, Kocewski &
Fheling 2000) suggesl (he mass hidden behind he Bilky Way could be the kev o solving
this conundrun. Moae recenl bulk Hosr gludies sumpest Lhar the loeal bulk fow 15 senerated
al distances besord 100K pe (Hudsen et sl 2008 Feldman et all 20100 Macaulay et sl
2011) thber survevs oven olahin a signflicant foeresse i1 the dipole wanpiitude up to and
bevond A00 Mpe [Kashlinsky of al. 2008 2000; 2011, Abate & Feldwan 2012), ATl of these
shitedies and survews suppest comvergence towards low Galactic ltitudes in the Southern oA

for the localion of Lhe missing atbractor!=).

Pigoee 1.2 53 Gle DMR shy map of COBM-DMRBE showing the dipale obsereed,
[Linewraver et al, 10G6)

Subtracting the peculiar velocilies of known atlraclors [rom che OMB dipols causes

change in the position of the apes towazds which the LG 3 moving, Furthermaors, as nearby
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attractors arc accounted for. the convergence radius of volume of influence inereases. Gravity
is inversely proportional to the distance squared. A cluster three times more distant must
be nine times more massive to induce the same gravitational acceleration. Therefore an
attractor with equal influence as the GA (~ 65Mpc) bevond 200 Mpe. as suggested by some
studies. must be at least 9.5 times as massive as the GA to produce a similar acceleration
locally. An inhomogeneity this large is a challenge to the current model of cosmology that
advocates homogeneity on scales of ~ 100 Mpe (Jovcee et al. 2005. Hogg et al. 2005).
Attempts at simulating the galaxy distribution in the ZoA by statistical interpolation of
the mass distribution of adjacent regions (Lynden-Bell et al. 1989. Yahil et al. 1991. Lahav
et al. 1991, Loeh & Narayan 2008) have had varied success but more significantly show
how important a role the missing matter playvs. On the other hand. Kolatt et al. (1995),
interpolated the potential field into the ZoA instead of the mass distribution. and found

that the unaccounted for mass is highly relevant for the resulting dipole direction.

1.3 Mapping the ZoA

The ZoA has been investigated by various methods at different wavelengths. They are

described. with special emphasis on the optical since it is relevant to this thesis.

1.3.1 Optical Searches in the ZoA

In the optical part of the spectrum the dust in the Milky Wayv causes extended objects that lie
behind our Galaxy to appear smaller and faiuter. Star-crowding can cause misidentification
of blended stars as an extended object and many galaxies have super-imposed stars on
them. Optical surveys are sensitive to all morphologies. detecting ellipticals. spirals and
nearby dwarfs.

Inspection of photographic plates by eye has proven a successful method of identifying
galaxy candidates in the optical ZoA. Attempts at automated scanning of the plates, as for
example the Co-Ordinates, Sizes, Magnitudes, Orientations and Shapes (COSMOS: Pratt
1977. Drinkwater et al. 1995) machine and automated photographic measuring (APM: Lewis
& Irwin 1996) facility, have been successful in correctly identifving a large sample of galaxies
but misidentify an equally large sample of blended stars as extended objects in the ZoA.
Visual examination by eye remains the most powerful tool in identifving galaxies in areas of
high star densities.

Syvstematic deep optical searches for galaxies hidden by the ZoA. by eve. were started
in the late 1980°s by different research groups. Most of the ZoA has now been surveyed
for |b| < 10°. Following Kraan-Korteweg & Lahav (2000) Fig. 1.3 demarcates the regions
observed in galactic coordinates centred on the bulge. Region A was investigated on POSS
E prints by Pantoja et al. (1997; 1994) to explore the extent of the Perceus-Pisces complex.
Regions B1-B3 where searched on the POSS I and POSS II survey plates by Seeberger &
Saurer (1998). Seeberger et al. (1996: 1994), Lercher et al. (1996). Saurer et al. (1997) (B;).
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in Kraan-Korteweg (2000 and Woudt & Wrane Kortewer (200101, These catalomies have
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facilitated reducing the optical ZoA in this region of the Galactic Plane (GP) to lower
galactic latitudes. from |[b] < 10° to |b| < 5°, and higher levels of extinction. from Ag <1
mag to Ag < 3 mag. Analysis of the GA region. so called because it covers a great fraction
of the GA. led to the discovery of the massive Norma cluster which is comparable in richness
to the Coma cluster and is located at the centre of the GA (Kraan-Korteweg et al. 1996,
Woudt 1998b. Woudt et al. 2008). The Hydra/Antlia region revealed an extension to the
Antlia and Hydra clusters (Kraan-Korteweg et al. 1994. Kraan-Korteweg 2000).

The completed regions were found to be complete to an apparent diameter of 12" which
corresponds to an isophotal magnitude of approximately 24.5 mag/arcsec?. The Scorpius
catalogue is in preparation for publication, but has been used for preliminary analysis and
a redshift survey (Fairall & Kraan-Korteweg 2000).

This thesis covers the optical search of the Vela region. the final part of this series that
spans ~ 90° of the southern ZoA. With the completion of this project the whole optical ZoA

will then have been surveyed.

1.3.2 HI Searches of the ZoA

THe 21-em HI emission is not hampered by the ZoA. The HI Parkes Deep Zone of Avoidance
Survey (HIZOA survey: Henning et al. 2005) and its northern extension (Donley et al.
2005) covered |b| < 5°. Due to dust and stars the Galactic Bulge extension (Shafi 2008) was
extended to |b| < 10°. Over a thousand gas-rich galaxies were revealed in the southern ZOA
out to v < 12000km s~ !, where most observing methods do not penetrate the ZoA. HIZOA
still very sparselv sampled the area revealing only ~ 0.5 gal/[0°.

However. while HI observations are the only survey method that can trace LSS unbiased
across the ZoA. they are biased towards HI rich spiral galaxies. Future surveys such as
WALLABY (Koribalski & Lopez-Sanchez 2009) the ASKAP HI All-Skyv Survey. will probe

much deeper and detect fainter (i.e. more distant and/or less HI massive) galaxies.

1.3.3 The Infrared ZoA

The Infrared (IR) Astronomy Satellite (IRAS: Neugebauer et al. 1984, Soifer et al. 1987)
Sky Survev Atlas (ISSA: Wheclock et al. 1994) was the pioneering all-sky IR survey. IRAS
was carried out in the far-infrared. At low galactic latitudes. and therefore around the ZoA,
IRAS is incomplete due to Galactic sources dominating the signal.

The 2 Micron All Sky Survey (2MASS Skrutskie et al. 2006) revolutionised our view of
the near infrared (NIR) sky. It revealed many uncharted galaxies and probed deeply into
the ZoA. NIR observations are less effected by extinction. bul are hampered where star
density is high. NIR observations are however biased towards ellipticals because they are
dominated by an old stellar population. The recent release of the 20 ASS Redshift Survey
(2MRS: Huchra et al. 2011) will be useful in mapping LSS.

The most recent surveys in the ZoA were carried out using the mid-infrared (MIR) space

telescope SPITZER. One was the Galactic Legacy Infrared Mid-Plane Survev Extraordinaire
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(GLINPSE: Benjamin et al. 2003, Jarrett et al. 2007) and the other the MIPS Galactic Plane
Survey (MIPSGAL: Carey 2008, Marleau et al. 2008). Both revealed a handful of new
galaxies in the limited arca scanned. In the 2011 the Wide-field Infrared Survey Explorer
(WISE) completed its first all-sky scan and covers the whole ZoA (Wright et al. 2010) which

opens another avenue to be explored.

1.3.4 X-ray

X-rays are excellent for revealing galaxy clusters and the Clusters In the Zone of Avoidance
(CIZA) survey looked specifically behind the Milky Way (Ebeling et al. 2005). X-rays
are absorbed by neutral hydrogen and thus the detection of sources is dependent on the
HI column density (Bohringer et al. 2000). The HI column density increases towards the
Galactic Plane thus leaving the X-ray ZoA where ny; < 2 x 102tem™2. which roughly is

within [b] < 5°.

1.4 The Vela Region

The Vela survey area is of interest and needs to be filled in to show how the numerous LSSs
seen in surveys that surround the region extend into or cross the region.

As mentioned in Sec. 1.3.1, the Vela region (245° <1 < 280°. |b] < 10° in Fig. 1.4) is the
last region outstanding in a systematic deep optical survey of the southern ZoA using the
deep ESO/SRC IllaJ plates, mapping galaxies with D > 12", which is considerably deeper
than most whole-sky surveys that have diameter limits of D > 1/3.

Tantalising results from two 6dF ficlds (Sce. 5.1.1) indicated a large overdensity in
the Vela region. Recent bulk flow studies consistently claim that attractor(s) located at
(1) =~ (280°) in the ZoA., bevond 100 Mpc (Hudson et al. 2004. Feldman et al. 2010. Macaulay
et al. 2011) and even 300 Mpc (Kashlinsky et al. 2008; 2010: 2011. Abate & Feldman 2012),
arc contributing significantly to the peculiar velocity of the LG. Inspection of the LSS
surrounding the area indicate stuctures crossing/leading into the Vela region at the redshifts
suggested by these studies.

Confirmation of such a large overdensity in the Vela region. and a measure of its ex-
tent. could contribute significantly towards explaining the discrepency between the observed
dipole (e.g.  Hudson et al. 2004) and the CMB dipole. with the addition ol a significant
accelerator at large distances (~ 180Mpc) and the controversy around radius of influence of
the various bulk flow results. In addition such a large, extended overdensity is not in agree-
ment with the currently favoured Lambda CDM cosmology model. as was shown by Lavaux
et al. (2010) and Bilicki et al. (2011) in their comparisons of LSS to the expected Lambda
CDAMI predictions. They state that if there are massive overdensities on scales greater than
~100 Mpc the agreement becomes unlikely.

The Vela region is surrounded by filamentary structure and clusters at different redshifts.
When looking at the 2MASX photometric redshift slice between 0.06 < z0.07(~ 18000 —
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20000 kms™!, ~ 200 Mpc) there is a filamentary structure that disappears into the Vela
region from above the Galactic Plane (Jarrett 2004). Similarly the 6dFGS displays a similar
filament entering the Vela region from below the plane at that redshift interval, in which
two CIZA clusters are seen.

Figure 1.5 has six panels that depict known galaxy redshifts between |b] < 30° and 240° <
[ < 300°. The redshifts come from the HYPERLEDA database, the 6dF Galaxy Survey
(6dFGS) and 2MRS (Macri L. 2011, priv communication). Note that very few redshifts are
available within 10 degrees of the Galactic Plane. The different velocity intervals, each an
interval of Av =3500 kms™!, were chosen to highlight the LSS present.

In the top left panel (red) we see the interval 0 < v < 3500 kms™!. The Antlia ((1.b) =
(272°9,19°2)) and Hydra clusters ((1,b) = (269°6,26°5)) are clearly visible. The so-called
Vela cluster (Abell S0639; Stein 1996) is located at (1, b, v) = (280°5345, 10°9079, 6326 ks~ !)
in the top right hand panel (magenta; 3500 < v < 7000 kms~™!). The middle left panel
(blue; 7000 < v < 10500 kms™!) shows structure coming into the Vela region at (I,b) ~
(250°, —10°).

The lime dots (14000 < v < 17500 kms ') show an intersection filament-like structure
going through the Hydra-Antlia region. The green dots (14000 < v < 17500 kms™!') show
a structure entering the Hydra-Antlia region at (I, b) ~ (270°, —10°). This is also where the
two CIZA (CIZA J0812.5-5714 and CIZA J0820.9-5704, large cyan stars)) clusters are seen.

Filling in the Vela region will reduce the ZoA between 245° < | < 280° and provide
a catalogue for follow-up investigations in this region. Then the extent and dynamical

importance of hinted structure can be confirmed.

1.5 Overview

The aim of this thesis is to present the deep optical survey galaxy catalogue of the Vela
region in the ZoA (245° < I < 280°,|b| < 10°) and the first follow-up spectroscopy for this
region. This chapter has given the background and motivation for the project.

In Chapter 2 the compilation of the catalogue is discussed in detail. The search of the
photographic plates, the parameter derivation and calibration (Sec. 2.2-2.3) as well as their
quality assessment are included. The Vela region lies in the dust-obscured ZoA and the
parameters of galaxy candidates are extinction corrected (Sec. 2.4). Finally Sec. 2.5 gives
a full description of the catalogue (which is listed in its entirety in Appendix A).

The properties of the galaxy catalogue, which include the magnitude and diameter dis-
tributions (Sec. 3.1.1) and their dependence on foreground extinction (Sec. 3.1.2), and the
completeness of the survey are discussed in Chapter 3. Furthermore, in Sec. 3.2 the on-sky
distributions of the galaxies as a function of extinction-corrected diameters (Sec. 3.2.1).
morphology (Sec. 3.2.2) and extinction-corrected magnitudes (Sec. 3.2.3) are examined for
first indications of structure.

Chapter 4 discusses the data collection, reduction and results from the observing run

at the 1.9m Radcliffe telescope in Sutherland. In addition the preliminary results from two
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6dI” fields taken with the Anglo Australian Telescope (AAT) are shown.

Chapter 5 shows how the 30 new redshifts (from the 1.9-mn Radcliffe telescope) combined
with ~ 300 redshifts from the two 6dIT fields and published redshifts in and surrounding the
Vela region indicate LSS.

The last chapter is a summary of the findings of this thesis and a look towards the future

opportunities opened by the Vela catalogue.



Chapter 2

The Vela Catalogue

~

Korteweg 2000, Fairall & Kraan-Korteweg 2000, Kraan-Korteweg & Lahav 2000. Woudt &

Kraan-Korteweg 2001) surveyed for extended objects in the southern ZoA.

The Vela region (245° < 1 < 280°,|b| < 10°) is the fifth in a series of regions (Kraan-

In this chapter the steps followed to compile the Vela deep optical catalogue are described
in detail. Firstly. in Sec. 2.1, the characteristics of the photographic plates used to survey

the region are presented.

For this thesis a distinction needs to be made between the work done by Chadi Salem
for his Masters thesis (Salem 1996) when he identified the galaxies of the Vela catalogue and
the work that forms part of this dissertation. Salem identified all the galaxy candidates and
measured ‘raw’ parameters for the majority of the objects (~ 88%) from the plates. Section
2.2 discusses how all these ‘raw’ parameters were measured, and as part of this thesis,
calibrated. Furthermore, this section covers how the final positions, diameters. magnitudes

and Hubble types were determined by me.

The subsample of galaxy candidates for which parameters were measured as part of this
thesis is discussed in Sec. 2.3. A thorough analysis of how these galaxies were integrated

into the greater catalogue is carried out.

Section 2.4 shows how extinction corrections were applied to the observed diameters and

magnitudes.
A short description of the final catalogue listed in Appendix A is given in See. 2.5.

The properties of the catalogue galaxies are discussed in Sec. 3.1. First the distribution
of the observed and extinction-corrected magnitudes and diameters are compared to other
regions surveved in the southern ZoA. Secondly the dependence on Galactic extinction is

examined. Finally the completeness of the catalogue is addressed.

At the end of the chapter (See. 3.2) a first look is taken at possible indicators of LSS.

11
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2.1 Survey Plates

Galaxies in the Vela region were detected by examining IllaJ [ilm copies ol the ESO/SRC
all sky survey. The plates are each exposed 6.5 x 6.5° (35cm x 35c¢m). The blue film
was chosen above red film (6300 A- 6900 A)in spite of the high extinction levels in the
region. since it was found that the hypersensitized and fine-grained emulsion of the blue filin
facilitated finding galaxy candidates and more detail could be identified in them than the
red (Kraan-Korteweg 2000). The band, B, has an effective bandpass of 3950 A to 5400 A.

Twenty plates were surveved for the Vela catalogue. They are F209-F210, F258-F263,
F311-F316 and F367-F372 limited by Galactic latitude [b] < 10°. In total, 4566 extended
objects were found on the 20 plates (see Fig. 2.1). Of these galaxy candidates, 3922 have
diameters greater than the 12" completeness limit (blue and green dots in Fig. 2.1) and
388 have diameters less than 12” (red aud cyan dots in Fig. 2.1). Smaller galaxies arc very
difficult to detect and mostly only found in more transparent (low sky-background levels)
regions. Moreover, stars do not have diffraction spikes below 12”. which increases the chance
of miss-identifying stars as potential round galaxy candidates. While obvious galaxies with
D < 12" were recorded, they have not been included in the main catalogue, nor are they used
for the data analysis and LSS identification. The galaxics that fall beneath the diameter
limit were identified by being either extremely inclined (edge-on) or by being clearly diffuse.
Suspected confusion sources (22) such as HII regions or planetary nebula are noted in the
comiments.

The green and cyan dots in Fig. 2.1 indicated extended objects whose galactic nature are
uncertain. It is clear from the figure that most of these are located in the highest extinction
areas where confusion is to be expected, and Galactic objects are more prevalent.

Table 2.1 shows the number of identified galaxy candidates, and a break down of those

numbers with respect to certain attributes.

Table 2.1: Summary of numbers given in relation to the Vela catalogue.

Number Galaxy Candidate Attributes
4566 identified as galaxy candidates
3922 D > 12"

388 D < 12"

279 extragalactic natures are in question
311 DY >173
56 counterparts in the D? > 1/3 diameter limited Lauberts catalogue

2106 counterparts in the 2MASS XSC

2.2 Parameters

The plates are viewed using a modified blinking machine (Fig. 2.2). The light path is

such that it produces a 50 times magnified image; the illuminated part of the plate is
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Declination. and the newly measured positions. They are defined as

ARA = RAv., — RAsuiem (21)
ADec = Decyeg — Decsarem- (2.2)

The sides of the figure display the respective RA and Dec off-sets as histograms. Positions
were measured for 1566 objects. Twenty-seven off-sets are not plotted since they are extreme
outliers where wrong coordinates must have been entered in Salem’s listing (not correspond-
ing to the galaxy numbered on the plate). The apparent stratification in the centre of the
distribution is an indication of the limiting 1" pixel scale of the DSS images. The obtained

offsct and dispersion around the mean arc:

ltra = —170-0"3 (2.3)
apA — 2071 (2.4)
fpee = —173x072 (2.5)
Opee = 16"4. (2.6)

The statistics of the distribution seem consistent with the ~ 20" uncertainty estimation by
Salem (1996).

Positional Accuracy

To determine the positional uncertainty of the updated positions of the galaxies measured on
the DSS images. a comparison with counterparts in the 2 Micron All Sky Survey Extended
Source Catalogue (2MASX: Jarrett et al. 2000) was made. There are 2106 2MASX coun-
terparts® in the Vela region. There are a high number of 2MIASX ZoA counterparts because
(a) star crowding is not too severe in the Vela region (compared with the other optical ZoA
surveys closer to the Galactic Bulge), and (b) an infrared catalogue is less affected by dust
than the optical. Counterparts were searched for within a 12 arcsec radius since that is the
diameter cutoff for the extended objects in the Vela catalogue. 2MASX has a positional
accuracy of 0.5” for extended objects (Jarrett et al. 2000). Figure 2.4 shows the positional

difference in right ascension and declination. where

ARA = RAv.. ~RAayasy (2.7)
AD(‘(‘ = D(“(‘v,)],, - DGCQA\[,\S,\’. (28)

On the sides of the figure are histograms that show the distribution of the respective offsets.
Out of the 2106 counter parts only 92(2%) have positional differences greater than 3” and
only 93(2%) between 2" — 3.

3Counterparts are in Appendix A in Table A.3.
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Comparison with Hydra-Antlia Catalogue

Figure 2.5 shows the location of the 19 counterparts in Hydra-Antlia catalogue in the Vela
region (green crosses). Figure 2.7 is the comparison between the diameters of the counter-
parts in the two catalogues. The outlier at approximately (Dy- 1o, Dyyare) & (54”7.74") is
Velad664 (ESO-LV 2630040, RKK1949) and is a verv large galaxy which makes estimating
the diameter. and indeed the magnitude, more difficult by eve.

The least squares {it gives,

Dryara = 1.25(0.02)Dy- 0y — 5.25(0.55) 2.17)

op = 6731, (2.18)

—

For a fixed slope of unity the least squares fit gives.

Diyira = Duea +0.21(0.23) (2.19)
op = G/85. (2.20)

The comparison between the Vela and Hydra diameters is displaved in Fig. 2.7, the
relation has a correlation coefficient of 0.90.

The scatter agrees with what Woudt & Kraan-Korteweg (2001) found when comparing
the Crux region to the Hydra-Antlia region (o ~ 6”).

Concern that the outlier was effecting the fit revealed that excluding it from the data

and allowing the slope to vary gives,

DHydrrz crel outlior - 079(003)D\11(z ercl outlier + 336(072) (221)
oD ercl outlier = 4764 (222)
rp = 0.78 (2.23)

which shows that the large uncertainty of large diameter galaxies does cffect the slope,
because of the small number statistics at the high end.

The one-one trend is expected, but there are two few points to make any interpretations
of the fit. The scatter agrees with the expected combined uncertainty of the Hydra-Antlia
diameters and the measurcments on the sky survey plate. It is worth noting that these
galaxies are located on the edges of the plates where projections starts becoming non-linear,

thus the here determined differences can be seen as an upper limit.

Internal Comparison

Figure 2.5 shows the 170 overlap galaxies in blue "Y" symbols. Figure 2.8 is the comparison
of the diameters of the same galaxies measured on overlapping plates. The correlation

coefficient. r = 0.86. shows lincarity of the data. A least squares fit of a line to the data
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Dy — D+ L2
op = WITT.

The scatter iy consistent with whal was fonnd by (Woudt & Kraan-Wortewes

fr o 671 Tl mowe: Vhan (Rraan- Korteweg 20007 (m o~ 27 for inlernal checks.

(.24}
(2.25)

[2.26]
(2.27)

201
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2.2.3  Magniturdes
How magoitudes are dorived [rom surface density,

The msznituwdes o the salaxies were obibained from the surtaee density (S0 of the emulsion
on tho phodoaraphic plates - Lhe blacker Lhe exposed phologyaphic eomlsion, e higher Che
intensitvor Hiax, On Lhe ewst and norib-wesd edges of the places are T-step wedges thal celate
e surlace density o log nlensity CTable 22210 Their culibration is given in the UK Schinidl
Trlescape Handbook (1983). An eve eslimale was made between Lhe [ner-scaled, 22-step
intensitv-strip beside the wnilk glass serenn (O dn Figo 2027 and the blackoess of the seven
wedges on the easl and norili-weste side of cach plate. The velation between then is shown
in Fig. 29 The top panel (a0 shows the wedge estimates for all the iwdividual plates. the
Lot lorn panel (b)) shows Lhe line fit between the sueface densicy ol the intensity, and also
the aversees betwesn the vost woedges of all che plotes and average between all the north-west
wedses, Farperience s shown Lhad Lhe scatior 35 very hig if magnitude calibration are mide
for each Tndividual plate becanse the steps am qnice rvongh, If the avernge of pointe 1= wsed,
4 more consislent magnilode s oblained (rpan-Korcewss 2000 The advantage of using

Lhe fmer inlensity seale hoside che mille glass i o more sooncate maghitnde, The derived and
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Table 2.2: Intensity related to the 7-step wedges on the edges of the plates.

East  North West
log(1) log(1)

1.49 1.52
1.35 1.35
1.19 1.19
1.00 1.00
0.79 0.78
0.56 0.55
0.36 0.32

henceforth adopted fit between intensity and 21-step surface density scale {bottom panel) is

log(I) = 0.045 SD + 0.437. (2.28)

When galaxies are inspected on the plates. an eye estimate is recorded of the average
surface density (blackness) over the whole extent of the galaxy, as well as the surrounding
background on the scale of the 21-step intensity-strip beside the milk glass screen. This is
straightforward for smaller galaxies whose surface brightness is usually quite smooth and
constant over the extent of the galaxy. Estimating an average surface density for larger
galaxies is more difficult. particularly starforming galaxies which show a lot of substructure,
and therefore results, perhaps counter-intuitively, in a larger uncertainty. The relation (Eq.
2.28) between the logarithm of the intensity and the surface density is used to determine a
flux intensity for the galaxies.

If individually sky-subtracted intensities are required. the following relation is used
108(I1nasky) = 0.045 (SD — SDgy,) + 0.437. (2.29)

The area of the galaxy is given by

D
A=abr = 4 (2.30)

Where a is the semi-major axis of the galaxy, b is the semi-minor axis. D is the major

diameter and d is the minor diameter.

We then use the equation
B = By — 2.5(log(I) + log(A4)) (2.31)

to obtain the magnitude, where By is the zeropoint.

For individually sky-subtracted magnitudes,we use the following calibration

D= BOJ'H(ISky o 2‘5(1031([11:(151\‘.1/) + l()g(‘4)) (232)
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is used. where By j,qsk, 15 the zeropoint.

The zeropoints 3y and By skysu, are derived in the next section.

Calibration with ESO-LV.

For the magnitude calibration I followed the same procedure as Kraan-Korteweg (2000) and
Woudt & Kraan-Korteweg (2001). Calibration of the magnitude estimates. i.e. the determi-
nation of the zeropoints in Eq. 2.31 and 2.32, were done by comparing the Vela magnitudes
to counterparts in the Lauberts catalogue. In Eq. 2.31 an average sky background is as-
sumed and therefore the background subtraction is accounted for in the zeropoint (By). In
Eq. 2.32 the sky background, as measured around each individual galaxy. has been sub-
tracted in the log I term. Both these methods are used to determine magnitudes to compare

how much the small-scale sky background variations influence the outcomes.

The top panel (a) in Fig. 2.10 shows the resulting magnitudes for average sky-corrected
magnitudes. The magnitudes from the two catalogues have a correlation coefficient of rg =
0.80 indicating strong linearity. T'wo least-squares line fits are carried out. one with the
slope left to vary (the dashed red line) and one with a fixed slope of unity (the solid blue

line). The resulting fits are

Beso-Lv = 0.81(0.11) By eja(avesiy) + 3.04(1.83) (2.33)
oy = 073, (2.34)

and

BES()— LV B"’{i[u(Az'(tSky) + 002(013) (235)
op = OWT5, (2.36)

Il

Where Brso_ryv are the magnitudes for the galaxies from the Lauberts catalogue and
By claavesky) are the average sky-corrected magnitudes calculated for galaxies in the Vela
catalogue. The difference between the scatter are insignificant. We therefore use the fit with

a slope of unity which gives the zeropoint By = 26™1.

The bottom panel (b) of Fig. 2.10 is the comparison of the individually sky background
subtracted magnitudes with the Bos ESO-LV manitudes. The results of a least squares line

fit are

Beso-pv = 0.78(0.11) By ja(rnasiy) + 3-54(1.78) (2.37)
op = OW73 (2.38)

*Counterparts are in Appendix A in table A.3.
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and

Beso-rtv = DBvuaindsky) -~ 0.07(0.13) (2.39)
op = 0MT9. (2.40)

Where Bepso—rv are the magnitudes for the galaxies from the Lauberts catalogue and
DByv-ia(indaskyy are the individually sky-corrected magnitudes calculated for galaxies in the
Vela catalogue. The correlation coeflicient of these magnitudes is rg = 0.79. The scatter
of the fits are almost identical i.e. the dashed line and the solid (as in the top pauel of the
figure) have a difference of only 0206. A zeropoint of By 451, = 241 is determined.

The scatter in both the top and bottom panels of Fig. 2.10 are comparable. and fall
within the expected combined uncertainty of the ESO-LV magnitudes. the galaxy areas
measured used to calculate the Vela magnitude estimmates as well as differences of measuring
techniques and instruments.

Even though the Vela region is in the ZoA and hence small-scale background variations
are expected to contribute to the magnitude, the difference between the magnitudes cal-
culated using average and individual sky measurements is smaller than the uncertainty of
the eye estimated magnitudes. We therefore use the average sky-corrected magnitudes for
the catalogue. which also is consistent with the catalogues by Kraan-Korteweg (2000) and
Woudt & Kraan-Korteweg (2001).

Comparison with Hydra-Antlia Catalogue

A comparison has been made between the observed magnitudes of the Hydra-Antlia and Vela
catalogue counterparts (red ‘x” symbols in Fig. 2.5). The correlation coefficient, r = 0.79, of
these magnitudes shows a linear relationship. In Fig. 2.11 a least squares line fit is carried

out. The fit with a varving slope gives

Biyara = 1.02(0.26)By1q — 0.68(0.55) (2.41)
op = O0M75 (2.42)

and for a fit with a fixed slope of one the fit is

BHydrrl - BV(’I(I - 037(023) (243)
op = OmT5. (2.44)

The outliers at the faint magnitudes are due to the magnitudes having been derived from
the areas. and therefore diameters of the galaxies. When the diameters between Hydra-
Antlia and Vela were compared (Fig. 2.7) there were some outliers at small diameters and
therefore the scatter here is expected. The scatter in the magnitudes are comparable to the

scatter seem between he magnitudes of ESO-LV and Vela.
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Flure 211 Hydra-Antlia magnitudes of Velo counterparls. The solid loe 15 a least sgnaee
line fit with & fixed slope of nuity and fhe dashed lesst square boe G0 wath g (eee slope.

Tnternal Comparison
Fipaee 2.12 15 the comparison of the waenitudes of the same galaxies mossated on overla)-

ping plaes. The correlation coetficiens, + — AL, condirms linearite of the data A least

sausres fit of o line to the data gives the result

Ba — 0OR5(0.078 +29001.22) (2.15)
— 5L I__E.'iﬂ_]
(247

for a fit with a varying slope. A least squares it of o line with a fixed slope of uoity gives

Dy — Bp 0.0200.0%) 1248}

on — GT. (2.4

The disvribution is straight (within the scatler) over the whele magnitede range. The
seatter is loss hetwern mapnitudes from ovedapping plates (indernally) than seen betwenn

eomparizony in the previows seclions between Yelp and Hydra-Antlia as well a5 Yela and
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The calibraiion of the Yela magnibndes and Ghe sobsequenl, comparison b the ES0-
LV, Hydra-Aulis and iteenal mapniindes shows linearity over the whole magnitnde vange.
The average seatier of 1the magnitode estimales 9 o~ (8075 with Lhe other catalozues and

nfernally cmly o ~ U™af,

2.2.4  Morphology

Morphology classification 13 complicabed by varying extinction, [hae Lo the extinelion, many
lonw-gorlace beighiness leaturees ave losl. Therelore whal way be classified as an clliptical
could very well be Lhe briphl bulge of an ently spival gnlaoce

The snowpholopy denotiabions are the same as used by Kraan-Korteseg (20000 and Wl
& Bosnan-Woctewes (20000 and follows the BCZ (de Vauconlours of al, TOTH) convention.
With an additicmal code for spival suliypes. Table 2.5 #ives o comoplete deseripiion of the
netatbor and in the catalogoe cach suliyps i3 o e distinet columo e svolding confusion. The
classificatinns are rongl. eefleeting the nneertainly o Lhe determination of the norphology
of palasies where deail hias been obseursd.

'he ratio ol galaxy Lees Bor e Yela region 1s (E-S000 8-1 2 Unelassificd] = (6% TA%
SR This result 15 very sitodlar to that found for the Hasdra-Antlia repion (11% ; GO% -
2000 and] the GeA-Crox regions (1067 @ 73% ¢ 15500

2.3  Sub-samnple Integralion

Chal oof Lhe 3310 paluxies deleelad, 455 (11.3%:) palaxies did oot have parameters measieed
by Balem 'Uhe maliecy catdicates with missing parametors wore locatoed oo (dates 200, 258,
262 311, 314, 3o and 36, These are shown in ved] n Fig, 2013

Brcause the Winking machiog (Fig, 220 has een relocated twioe sines Salem took the
origingl measurewents, the settings of the iMumination are slight e diiferent Toc e oew
measurements. For the sub-saaple ta be properly inteerated inbo the main codalomae, a gew
calibration af the Jutersity seale. dons 0 the ccact shme manner 05 presemod by Sec 223,
wis performed,

Figure 214 showes motap pacel (0] the wedges for the seven individual plates, the bodtom

panel (bl shows Lhe line it betwesn the smeface drosity and the intensity, as well as the
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Figure 2.13: The distribation of che galasy cawdidates wilh paramecers recorded] by Salem
[Bhae) and those wiih parameters determined ol calibrated by me {red),

averapges between the east wedges of all the plates and averape between sl the north-west
wedpes.  The derived and henceforth adopled G0 belwesn Ditetsily and 21-step snrface
density scale [hotlom panel) for the sul-saomple -

logi £] = (L123 513 4+ 1. T30 [2.50])

This relation helwesn intensity and 21-step surfuce densily seale i ditferent from Ba
228, Thizsexpected sibes Uie blinking machine was moved between the first data capturing
and the second, but (Lo be shown) after calibration the twa somples resnde in 2 conglstent
dataset,

In the Bollowing snbscetions T will presco fivsr an inlerngl cherk Lo sesl my owil eonsis-
teney. Secandly, Giediameters are compared to Lhose of the main catalogue. 'Uhe magnitudes
tar the sub-sample are calibrated by compaison to the main catalogue. Far both the com-
parlison of the dwatneters and Lhe mapnitndes, the first ~ 50 galaxies thal bhad paramelers
utt each of the seven plates were remeasurod by we (wich the new setlings],

Althouph the folliwing disenssion reveals that the new parametbers are consisiant with
Salem’s values within vhe qnoted utcertainiies Lhose galaxies with parometers measured by

mie in s thesis are Aageed o rhe fnal calalogoe

2.3.1 Consistency ol parameters

DBefors starting co rocord 1he ndssing pavaeters, T Ast measwred o random sample of 42
ibig and small] galaxics thres times W lesl my own consistency and train my eyve to be as
eonsistent as passible. This was done [or plale 317

The comparison af diarerers are shown o the it ponel of Fig, 2130 A least squares it
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Figire 215 The dillerences in diaelers (lell) and mapnitades {riphl ] messured thees thines

for plate 311 Lo lest consisteney

with a slope of buils 15 rives

e — Dy —7inla) 1201

o — GG t2ad)

riz — {104 PR

o — 43 4 L13HE) [2.54]

a = 66D fFAT)

ria — (L, {2.56]
The resnle b a seattor similar fo the intornal overlap galaxics in See 223

The comparison of imagnitides are sbosen e the righl pauel of Tz 2015, A least squares
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line £l gives

By — QLEATUIE) —0370.17) [2.57]
e — UO3H (2.3
e = AL0 (.59
By — Q0626418 - LTa(0,141) (2.6
e = AEAT (261
vy = .93, (2.62)

Ll seatteor of & - T s good In eomparizson to the seatter of &~ 0067 found in the

mternad comparison of parameters in Bee 223

2.3.2 Diameters

VFigare 216 show the cowparisou af the diamelers. To check lor deviations from plate to
plate Lhese esulvuations were done Jor all plates Dndividuallye PUhe rosales for individaal
plates are showy i Fie, Bl aud B2 o Appendixz By While there is sorwe variation Bom
pure bo plate, | Hud overall sereawent belween Lhe parameters onginally measiare] by Salem
angd those measiregd as part of fhis thesis

T'he digwwters of the two data sels have a correlation cocthvient of ¢ — 088 A lonst

seplare line it (dasbed Hue) gives

Dy — DTN — 3430011 (2.6:3)
o= R, (2.61)

A lesst square ne it with a bxed slope of one (solid Boe) gves

D."i'u.lfe:'rr.'- = D?ﬁ'mr.' - :]'-TQ':_[}-{]ﬁ‘:I r?ﬁﬁ_:l
T —  THAA R

The ope-obie velation describes the tretd very well, Asexpecled, the seatter = comparable
tor that Eonmd on overlapping plates in See 2.2 2 Theorefoee the diametors of the sub-saniple
are pomparable Lo the rost of the caralosue, It 14 worth codterating chat these palaxies are
located on fhe cdges of the plates where greater uneertainey 5 cepected, chus theae diametor

diffreences ean be seen o5 an upper limif,

2.3.3  Magnitudes

The equalicu
A= By - 2.50logiT] + logf A1) P2.670

iz ealilwaned, henee the geropoint decermined by comparison to Salemes magnitndes,
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Figure 2.16: Diameter difference with o Heast square line fit (dashee lne) aned a least square
it with a lxed slope of one [solid line) o Plate 200, 288 262 511, 314, 315 and 316,

Figure 2,77 shaws the compacisatt between observed mapniiudes ealealated i Sec. 2.2
aned the rerneasured mapoitndes with Lhe new settings. As for the dismeters, the magnitudes
witre heched {or all plates dividnally. (Appetdin 13 presents the mannitds differenee atd
least squaze bts to Plate 208, 258 262 and 31| in Fig. B3 Figure B shows the magtitude
dilference and least square fits fo Plate 314, 215 and AL6, as well ss the average fit combining
all the plates.| Again there s sotne variation rom plate to plate, but the overall aereement

Letween maghitudes measyred by Salemn and those measured for this thesis is good.

The magnizudes of the two dala sets have 2 correlation coefficient of r = (81, The least
square line fir (dashed e pives

Bgatem = TR0 By + 183%{0L54) [2H5]
Tg — OMhA [2.69)

A leass square line it with a fixed slope ol one (solid lue) gives

Boiem — Breew + BOLEDOK) (2.70]
i — [HUED (271)
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Figtre 217 Magnitnde diference with & Jeast sguare lines B (daslied hoe) and g less) sguare
it with o fixed slope of one (solid lne) fo Plate 200, 258, 262, 311, 314, 315 and 316

The seatter 15 stal]l and corsksbent with the other optical catalogues. [t 1s often mare
difficull Lo estimate diameters atn] oserage nrightness for lorger galaxics. The displaved

larger nneertmanties for larger palaxies = not unexpecled, I particular, for B, 5 1600

2.4 Extinction corrections

The 2ot has varving deorees of eottinetion. Cherall the extinetion inereases rom the edges
(&~ 107] of the Galactic plane to the centre of the plawe (8 — 07) The distrilation
of dizst s nol hemogeneous nor odally syouncetoe about the Galactie plane. with ewpty
pockets such as the famous Raale's Window (Basde [46) near the Galactic bulge giving
a tantidizing biul of the hidden extvagalactic sky, a8 woell as dark elouds, and small-seale
wrations,

In the Vuls revion opicslly detectiod galaxies are troced down ta Ag — 4™ [sew Fig 210
with only a handlol detects] ar higher extinetions. This is consistent with the previous
survewed Tegions o the Southern Zod, the Hydra-Antlia {Kraon-Forfeweg 2000, GA and
Crux (Wowdt & Krasu-Koulewsg 2HI] reglons.

The majority of the Vela region palaxy camdidates lic between 1™ =2 Ay = 3™ o

correct Che magnitudes derived n Sec. 2003 aw] 2233 for Galactic foreground extinetion we
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use as a first approximation the DIRBE extinction maps by Schlegel et al. (1998). These
have not been calibrated for |b| < 5°, but galaxies in the Vela region are mainly located
between 5° < [b] < 10°. The values for the reddening (E(B —V)) were downloaded from the
NASA/IPAC Extragalactic Database®. The Galactic foreground extinction was determined
following Cardelli et al. (1989),

Ap =4.14- E(B - V). (2.72)

Given that our diameters and magnitudes correspond to isophotal rather than total mag-
nitudes. an additional correction is applied that accounts for flux loss from the low surface-
brightness outer regions of galaxies as derived by Cameron (1990). Extinction causes the
low-surface brightness edges of galaxies to be obscured completely such that the diameters
are reduced. and in turn the magnitudes.

Dust extinction effects early type and late type galaxies differently. Spirals and ellip-
ticals have different surface brightness profiles: ellipticals have surface brightness profiles
that decrease as a function of r'/? and spirals have surface brightness profiles that decrease
exponentially (Sparke & Gallagher 2007). Therelore spirals are more severely eflected than
spirals and therefore need to be treated differently from ellipticals. Galaxies with no mor-
phological designation where assumed to be spirals. since late type galaxies are much more

numerous than early type galaxies.

The reduction factor for observed (obscured) apparent diameters to the extinction-
corrected (unobscured) diameters for extinction in the B-band according to Cameron (1990)
is:

= 1075 (2.73)

Spirals have coeflicients a = 0.10 £ 0.02 and 2 = 1.7 + 0.2. Ellipticals and lenticulars have
the coeflicients « = 0.13 +0.01 and 5 = 1.3 £ 0.1.

AMagnitudes are reduced by a factor of
AA = Ay (2.74)

over and above the value of Ag (Cameron 1990).

The cocflicients for spirals are ¢ = 0.07+0.02 and » = 2.5+0.2. Ellipticals and lenticulars
have the coefficients ¢ = 0.08 £ 0.0 and v = 1.8 +- 0.2.

It must be noted that for galaxies with large extinctions. Ap = 6™0. this reduction factor
grows too rapidly. not only overcompensating but becoming unreliable. Therefore an ad hoc
cut-off for galaxies with extinctions greater than Ag = 6™0 was used for the calculation
of both the extinction-corrected magnitudes and diameters. The galaxy candidates with
Ap > 6™0 are very close to the Plane and mostly have some uncertainty of their galactic

nature (green dots in Fig. 2.1).

Shttp://ned.ipac.caltech.cdu/
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Therefore the corrected magnitudes are given by

B B— A — AAfor A < 6™
B = B-Ap—-AA4 ¢ for A>6™

Il

2.5 Catalogue Description

 The Vela Catalogue 2

The Vela deep optical galaxy catalogue is given in the format shown in Table 2.4. A short

description of each column is provided. The semi-colon ;' after a listed value indicates

uncertainty in a measurement. The remarks in Column 20 are mostly self-explanatory, the

most common abbreviations are listed in Table 2.5.

In Appendix A the catalogue itself is listed. Table A.1 gives the main catalogue for all

galaxies with diameters greater than 12”7 | Table A.2 lists the additional recorded galaxies

with diameters smaller than 12”7 .

Table 2.4: A short description of the entries in the catalogue.(Both Table A.1 and A.2)

Column  Description

—_

o Right Ascension (2000.0)
d Declination (2000.0)
l Galactic longitude
b Galactic latitude
Plate number

CO I O Ct s WY

Flag for subsample N

Large diameter in arcseconds
11 d Small diameter in arcseconds
12 Ap  Extinction in the 3-band

Running number,ordered by RA (J2000)

X X-coordinate in mm as measured from centre of plate
Y Y-coordinate in mm as measured from centre of plate
D

13 DY Extinction corrected large diameter in arcseconds
14 VE] Apparent magnitude

15 B’ Extinction corrected isophotal magnitude

16 Uncertainty of extragalactic nature

17 Hubble Type

18 Hubble Subtype

19 Inclination

20 Number superimposed stars

21 Remarks (detailed in Table 2.5)

2.6 Chapter Conclusion

The Vela catalogue positional accuracy is 172 in Declination and 173 in RA. Comparison

of diamecters of Vela galaxy candidates with identified counterparts in the Lauberts and
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Table 2.5: Explanation of common abbreviations in Column 20

Abbreviation

*or ** star or stars

blg bulge

br. bright

nuc. nucleus

cl.to br.* close to bright star

dbl double

diff. diffuse

dist. distinct

HSB High surface brightness, vHSB for very HSB
LSB Low surface brightness. vLLSB for very LSB
neb? nebula?

PN Planetary Nebula

p.cov.by * partly covered by star

poss.larger possibly larger

struct. structure

Hydra- Antlia catalogues show a scatter of 1577 and 6”.85 respectivelv. An internal analysis
of diameters showed a scatter of 67'8.

Vela magnitude estimates were calibrated by comparing magnitudes with identified coun-
terparts in the Lauberts catalogue. The comparison of magnitude estimates with the
Lauberts and Hydra catalogues both have a scatter of ~ 0™75. Internal analysis shows
a scatter of 0™57.

A sub-sample of 495 galaxy candidates’ parameters were recorded under slightly different
condition and were successfully integrated into the main catalogue.

Extinction corrections for both the diameters and magnitudes were done first by correct-
ing for foreground extinction and then also correcting for loss of outer low surface-brightness

features of galaxies by a reduction factor.
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Chapter 3

Catalogue Discussion

This chapter presents a discussion of the Vela deep optical catalogue. In Sec. 3.1 the prop-
erties of the galaxy candidates are investigated, in particular how magnitudes and diameters
are (a) distributed. (b) dependent on foreground extinction and (c) indicate completeness
of the catalogue.

In Sec. 3.2 an analysis of the 2D distribution of galaxies is carried out in terms ol different,

parameters for a first assessment of clustering and of LSS.

3.1 Properties of the Galaxies

3.1.1 Magnitude and diameter distribution

Figure 3.1 shows the distribution of the observed (top panel) and extinction-corrected (bot-
tom) magnitudes (left) and diameters (right) of the 3922 galaxies with diameters greater
than 12”. The average observed diameter is < D >= 20" and the extinction-corrected
diameters is < D >= 53". The average observed magnitude is < B >= 18™4 and the
extinction-corrected magnitude is < B° >= 16m7.

Table 3.1 shows the Vela properties with three other catalogues of this series i.e. for
similarly detected, identified and measured galaxies, in the Hvdra-Antlia (Kraan-Korteweg
2000). GA and Crux (Woudt & Kraan-Korteweg 2001) regions.

The Vela region on average has smaller diameters (< D >= 20") than the other regions.
The Vela region has a smaller stardensity than the other catalogues since it is further from
the central bulge. Thus even though galaxies in the region have a higher average extinction
< Apg >= 1"48 than e.g. in the Hydra-Antlia catalogue which has an average extinction
of < Ap >= 1Mm24 (Kraan-Korteweg private communication). it is more ‘transparent’.
Therefore more galaxies closer to the limiting extinction level can be identified. It also
contains many more small galaxies. This can be an effect of strong foreground extinction or
an indication of distant overdensities. This is explored further in Sec. 3.2 and Chap. 4.

The average magnitude (< B >= 18™4) is similar the Hvdra-Antlia and Crux regions,

41
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Tahble 3.1: Compariton of the properties of optically detected gubides in the Vela, Hydra-
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= J1

Hr:

Figure 3.2 FSO-LY Do > L3 (blue) wnd Vels 28 = 137 {green).

but fainter thun the GA region. This is exproted for the GA remion where the location of
the nearky (10 ~ 4700km =) Nortma eluster wud GA-wall shifts the apparent magnitude
disteibution townrds brighter magoitwdes,

The average eatinctini-eorpeete] dismeter (< D% 5= 537 = much blgger than the
ather catalogyes ndicaling mere apparently small galaxies at higher extluctlon levels (as
mentioned above), A total of 311 galades have extinetion-correctsd dinmelers greater than
154 (the Lauberts (1982} dismeter Brit). Therefore, in the sbsenee of b ZoA, Lanberts
wonld have deteeted signiticantly more paloxies than the catalompd 56 ESO-LY counter-
parts. These numibers show bow meomphas the Lanberts catalogwe is near that Galsetie
plane as well as the ollectiveness of deep optical survevs o remsedying this otnassion. Tigure
3.2 shows how sy wore galaxies would have bev fouwd by Lauberts had it oot been for
the abscuration by the Milky Way.

3.1.2  Dependence on foreground extinction

Fignre 3.3 shows Lhe observed {top pancl) amd extinerinn-correcied (boftom), magnitudes
{efij amd diamictors (right) of 4310 palaxies ax & function of Galactic extinetion (E(B - V).
I blue points tdieate galaxies with D > 12¥) groon points indicate galasy eandidates (e,
extended objects with uneeriain natures) with 22 > 12 and red podues mdicate galaxies
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I'he

different colewrs dicared gnlaxies than fall within dilferer) Toreground extmotion levels:
black Ap < 4™, green dp < 1) Rlue I < Ap <0 2% ped 8™ < Ap < 3™ amd maprata
- _qB .: LR
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3.2  PFirst indications of structure

The on-sky pesitional (200 distribution of the galaxy candidates in the Yela rogion cnn

roveal first indicuions of LSS, Especially it we lake parameters such ws diameter (Sec. 3221,

worphology [(Sec 3220 wid mwagnilade (Sec, 3.2 into acconnt. Bach of these parimeters

trave LSS in some way and can be gsed as 0 rough st indication of structure [clusters,

volds and approximate distance ranges), which can be weed to plan follow-np observtions.
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3.2.1 Diameter distribution

Figure 3.5 shows the distribution of galaxy candidates with the size of the markers scaled in
terms of relative diameter. Panel (a) shows the relative sizes of observed diameters across
the Vela region with D > 12”. Panel (b) shows the relative sizes of extinction-corrected
diameters for D > 12”. Comparing the top and middle panels it is clear that in higher
extinction regions the intrinsically larger galaxies are observed. The orange contour is the
Ap = 3™ extinction level. Note that galaxies at extinctions higher than the Ap > 3™
contour have been omitted since their diameters are over-corrected. (Some galaxies appear
tobein Ag > 3™, but they are in small pockets of less obscuration.) There is some clumping
of galaxies. For any further structure analysis only galaxies with D > 12" will be regarded.

For completeness, Fig. 3.5 panel (c) highlights that the small galaxies (D < 12") are
prominent mostly at lower extinction levels. As such they are not a complete diameter
sample. They also are more frequent in areas of apparent high density. These galaxies are

not used in further structure analysis.

3.2.2 Morphology distribution

Figure 3.6 shows where the elliptical and spiral galaxies lie within the Vela region, as well
as galaxies with unknown morphologies. Ellipticals are mostly found in high density en-
vironments and can be used for very rough indications of where clustering may occur.
The elliptical galaxies seem strongly clustered in several areas. In particular two small
clumps at (l.b) ~ (273°.8°),(274°,8°), and another one on the opposite side of the Plane at
(1.b) ~ (264°. —8°) stand out. It is also worth noting the quite smooth or “even’ distribution
in the area 245° < [ < 250°, -10° < b < —8° which has a higher density than other areas of
similar extinction (e.g. at higher longitudes and above the Galactic Plane).

The distribution of the more numerous spiral galaxies is evenly spread across the region
though with some clear under-dense regions as well, especially where foreground extinction

increases.

3.2.3 Two dimensional magnitude interval maps

I now investigate the LSS in the Vela region differently by looking at increasing extinetion-
corrected magnitude intervals. If, as a first approximation. we assume that all galaxies
have the same luminosity, then galaxies of the same magnitude will be at the same dis-
tance. hence fainter galaxies will be more distant on average. For example. the same bright
spiral or elliptical galaxy with an absolute magnitude of A5 = -21"™ (Schechter 1976)
will at ~ 20000kms™! have an extinction-corrected magnitude of B® = 16™ whereas at
~ 8000kms™! it would have an extinction-corrected magnitude of B® = 14™,

Figures 3.7 and 3.8 show panels of increasing magnitudes (decreasing brightness) in
intervals of one magnitude. In Fig. 3.7: The galaxies with BY < 15™ ie. the brightest
galaxies in the catalogue are scattered across the whole region. This is expected since the

intrinsically brightest galaxies will, although diminished in magnitude and diameter. still be
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detected at higher extinction levels than their fainter counterparts. There is some apparent
clumping at (I.b) ~ (266°. —9°),(254°. —6°) and (250°. —7°) below the Galactic Plane and
another clump at (1.b) ~ (269°,7°5) above the Plane.

m

The next panel 15™ < BY < 16™ shows clumping in an area around (I.b) ~ (248°, —7°)
hinting at some nearby structure and this coincides with the even distribution of elliptical
galaxies seen in top frame of Fig. 3.6. The galaxies with 16™ < BY < 17™ are spread quite
evenly across the region.

In Fig. 3.8 the fainter magnitude intervals trace increasingly distant structure, but
are hampered by the foreground extinction and thus appear more concentrated at lower
foreground extinction regions. For 17" < BY < 18™ there is apparent clustering at ([,b) ~
(275°.8°) across the Ag = 1™ extinction contour which coincides with the two clumps of
elliptical galaxies in Fig. 3.6. At (l.b) ~ (264°. —8°) a concentration of galaxies coincides
with another elliptical clustering, and can be traced into the next frame where a a gap in
the foreground extinction facilitates detection of the distant galaxies. The areas around
(1.b) ~ (264°.-8°) and (245°,-9°) in the 17" < BY < 18" interval show a very high
density of galaxies for Ag > 1™.

The galaxies with the faintest magnitudes, BY > 18", appear in areas of least extinction
where dim galaxies are less effected by foreground extinction and therefore more and more
distant structures can be traced. The clumping at (I.b) ~ (258°.8°) has a high density of

faint galaxies for Ag > 1™ where the rest of that extinction level is very sparsely populated.

3.3 Chapter Conclusion

The average diameter and magnitude in the Vela catalogue is similar to those of adjacent
optical catalogues (Hydra-Antlia, Crux and GA: Table 3.1) with the greatest discrepancy
being a larger than average extinction corrected average diameter. The distribution of
opticallv detected galaxies in the Vela region follow the Ag = 3™ extinction contour of the
ZoA well. The completeness of the catalogue as a function is comparable to the adjacent
Hyvdra-Antlia catalogue.

The first indication of LSS in the Vela region can be scen particularly well by the elump-
ing of the distribution of early type galaxies. Elliptical galaxies are mostly found in high
deusity environments. Ixamination of extinction corrected magnitude intervals as a first
approximation for distance intervals show promising hints of extended LSS especially the

clustering in the 16™ < B < 17" and 17 < B < 18™ intervals.
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Chapter 4

Redshift Survey

4.1 Introduction

The Vela deep optical galaxy catalogue provides an excellent basis for a redshift survey
to fill in the missing LSS in the ZoA. Although, as seen in the previous chapter, the 2D
distribution and accompanying parameter information can be used as a first indication of
LSS. the best first proxy for distances arce redshift measurements. A 3D-distribution (. b, v)
can be used to map the matter distribution in the Vela region which - with further analysis
- can provide velocity flow maps of the region. In addition. this information can be added
to the larger pool of known redshifts for a more complete all-sky picture of LSS and the
dynamics in the local Universe.

Given that most of the galaxies in the ZOA are heavily obscured and previously un-
charted. very few redshifts are known in this region compared to the rest of the sky. To
trace the structures indicated in the Fig. 3.7 and 3.8. I did a small redshift survey with the
grating spectrograph on the 1.9-m Radcliffe telescope in Sutherland. The aim of these obser-
vations were to complement the 6dF observations (shown in Sec. 5.1.1) which are confined
to a small part of the Vela ZoA survey region. Even though it has a smaller aperture and
a single slit. it is well suited to get good coverage by probing the region uniformly and fol-
lowing up on a few 6dF galaxies to confirm them, albeit being more sparsely sampled. Note
that small aperture and old spectrograph does not allow to probe the faintest (B Z 1715)
and more distant (v 2 10000) galaxies.

After a general overview of spectroscopic observations in Sec.4.2. I will describe the data

reduction and results of the 1.9-m observations in Section 4.3.

4.2 Spectroscopy

A redshift is obtained by observing a spectrum and measuring the shift. A\, in the absorption

and/or emission lines from their known rest wavelengths, Ay, as determined in the laboratory.
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The redshift of a galaxy is defined as,

~:/\ﬁ/\°:.A_/\ (4.1)

where A is the observed wavelength of the absorption/emission line and Aq is the rest wave-
length of the line of the spectrum. The redshift is a measure of how the wavelength of light
has shifted towards the longer, redder wavelengths due to motion of the source away from
the observer or ‘blue shifted’ light for an approaching object. The red and blue shift of
light is often interpreted as analogous to the Doppler effect, observed when sound waves are
contracted or stretched due to the motion of the origin of the sound or observer.

The relationship between redshift and velocity is given by,
v=cz (4.2)

where ¢ is the speed of light.

In 1929 Hubble realized that the recession velocity of a galaxy is correlated to its distance.
He found a linear relationship between distance (r) and velocity (vyr). This relationship,

now called the Hubble law, is given as,
vy = Hyr (4.3)

where Hy is called the Hubble constant. It is now understood that the expansion of the

Universe causes this observed recession velocity.

In addition to the expansion velocity, other factors may contribute to the observed radial
velocity. A component is due to gravitational interaction with neighbouring galaxies. We
observe velocity dispersion in groups (~150kms™!; Abell 1975, Carroll & Ostlie 2007) and
clusters (~800-1000kms™!; Abell 1975, Carroll & Ostliec 2007), as well as large scale flows
due to inhomogeneous mass distribution in the Universe (e.g. Peebles et al. 2001, Watkins
et al. 2009, Feldman et al. 2010). This is called the peculiar velocity. Thus the radial velocity
we observe is,

v=vg 4, (4.4)

where vy is the recession velocity and v, is the peculiar velocity. This is especially important
locally where vy and v, are of the same order of magnitude. v, is usually hard to measure
or correct for, we therefore use redshift space to map LSS. Thus redshift/velocity acts as a

first proxy for distance and provides the third dimension to our on-sky positions of galaxies.

Spectra can be obtained with instruments through which light is dispersed with e.g. a
prism or diffraction grating. The variation in the intensity of the light at different wave-
lengths gives the continuum shape, and the absorption and/or emission lines of a object.
Both the shape of the continuum and spectral line strengths are dependent on the mor-
phology of the galaxy. The location of line features provide redshift information. Typical

absorption and emission lines in optical spectra of galaxies and their rest wavelengths in the
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nearby Universe are listed in Table 4.1 and Table 4.2 (Fairall 1998). Both these tables have

the name of the line in the first column and the rest wavelength in the second column.

Table 4.1: Typical absorption lines in galaxy spectra adopted from Fairall (1998).

Name Ao [A]
[Call] (K)  3933.7
[Call] (H) 3968.5

Ho 4101.7
Cal 4226.7
G band 4304.4
H~ 4340.5
H3 4861.3

Mgl 51754

Nal (D)  5889.9
Hey 6562.8

Table 4.2: Typical emission lines in galaxy spectra adopted from Fairall (1998).

Name Ao [A]
[0l 37273
[Nelll]  3869.7
[NeIll]+He 3970.1
ST 4068.6

[SI1] 1076.2
Hé 1101.7
Hy 1340.5

[OI]  4363.2
Hell 4685.7
H3 1861.3
[OI]  4958.9
o1 5006.8
[N1I] 6548.1

Hev 6562.8
[NTI] 6583.6
[STT] 6717.0
[ST1] 6731.3

4.3 1.9m Radcliffe Telescope

In January 2010. observations were carried out over a period of two weeks with the 1.9-m
Radcliffe telescope! at the South African Astronomical Observatory (SAAO) in Sutherland,
South Africa. The single slit, grating spectrograph with the SITe CCD was used. The slit

has a fixed angle and for maximum light capture a slit width of 300um was used. Grating

thttp://www.saao.ac.za/facilitics/telescopes /19-mm /
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No. 7 was used for high dispersion (2.8A /pixel) and tilted to an angle of 17.2° to cover the
wavelength range of 3000 to 7500 Angstrom. This wide wavelength range was chosen so
that both the H and K lincs, as well as the Hev line can potentially be identified. The SITe
CCD has 266x1798 pixels.

Typical exposure times for galaxies were one to a few times 15 or 20 minutes. This is the
maximum exposure time to avoid excess contamination from cosmic rays and saturation.
Sceing was generally two areseconds but could vary between one and five arescconds. With
2 arcsecond sceing, a galaxy of I3 ~ 16 mag with 2x20 min exposures resulted in a S/N ratio
of ~6-T.

Weather permitting, exposures of standard radial velocity stars were taken twice a night.
Table 4.5 lists the standard stars that have been observed. The selected stars are very bright
(5-8 mag) and their exposure times ranged between three and six seconds.

An arclamp exposure of 60 seconds was taken before and after each galaxy and standard
radial velocity star exposure. Arclamp exposures are critical for wavelength calibration
because of their well measured spectral features over range of 3500A-7500A (see Section
4.3.2). Arclamp exposures were done with a Copper Argon (CuAr) lamp.

Dome flat fields were taken every day (40 x 20sec exposures) to calculate the response
function of the SITe CCD.

Of the two weeks of observing time allocated to this project, 51% of the time yielded
good data. 49% of the time was lost due to bad weather conditions and technical problems.

The majority of clear time was photometric.

4.3.1 Sample Selection

The observing sample was chosen from the Vela optical catalogue presented in Chapter 2.
The aim was to get an uniform spread across the Vela region. Galaxies were selected from
the optical catalogue that have (a) an apparent magnitude below of B < 17m5 and (b)
an extinction-corrected apparent magnitude below B% = 16m5. The apparent magnitude
cut-ofl was made due to the long exposure times required for [ainter galaxies when using the
1.9-m telescope. Therefore only the brightest compact galaxies were chosen. Since spirals
often have LSB disks the sample was dominated by spirals with prominent bulges and early
type (E/S0) galaxies.

The apparent magnitude of a bright spiral or elliptical galaxy with an absolute mag-
nitude of Mj = —21" (Schechter 1976) behind 1™ of extinction in the B-band at ~
20000kms~! would be 17™. The magnitude limits were also chosen with the aim of sam-
pling the brightest galaxies at the distance of the unexpected overdensity found in the 6dF
data, our limit should therefore just allow us to obtain redshifts for these galaxies.

The initial cutoff resulted in 714 candidates. This was reduced to 202 when a extinction-
corrected apparent magnitude limit of BY < 15™ was applied. Galaxies previously observed
in the 6dF fields were omitted from the observing list, except for four galaxies which were

re-observed for comparison purposes.



4.3 1.9m Radcliffe Telescope

The final observed sample comprised of 56 galaxies (Table 1.3). Fignure 1.5 shows the
distribution of observed galaxies across the Vela region. Table 1.4 shows the cross identifi-
cation of the observed galaxies from other catalogues, as well as the 14 published velocities

found in NED?. Galaxies with published velocities provided data to calibrate uncertainties

in the velocity determination.

Table 4.3: Galaxies observed at SAAO.

Vela l b Type B Ap B Exp. Time
ID [deg] [deg] [mag] [mag] [mag] [s]

23 245.17 -9.82 E 16.5 0.62 15.9 2x1200
71 245.18 -9.45 E 15.9 0.60 15.3 2x1200
115 24741 -10.01 S 15.9 1.23 14.6 2x1200
168 246.38 -9.20 S 15.6 0.87 14.7 2x1200
173 256.59 3.23 S 16.1 1.73 14.1 2x1200
175 246.62 -9.30 F 15.3 1.01 14.3 2x1200
178 246.53 -9.25 S 15.9 0.93 14.9 2x1200
181  246.50 -9.22 S 16.3 0.92 15.3 2x1200
189 245.96 -8.93 F 16.4 0.77 15.6 2x1200
235  247.88 -9.58 S 16.3 1.23 14.9 1x1200
276 245.51 -8.10 S 15.5 0.79 14.7 2x1200
284 24741 -9.03 F 16.8 1.52 15.1 2x1200
297  248.52 -9.52 S 14.7 1.26 13.3 1x1200
310 249.38 -9.88 F 15.0 1.46 13.4 2x1200
339 249.33 -9.88 S 15.0 1.51 13.3 1x1200
341 245.57 -7.78 S 14.8 1.03 13.7 1x1200
374 247.39 -8.53 E 16.1 1.10 14.9 2x1200
396 248.24 -8.84 S 14.8 1.76 12.8 1x1200
406 248.77 -9.08 F 15.8 1.71 13.9 1x1200
166 249.55 -9.01 B 16.7 1.62 14.9 2x1200
489 248.17 -8.22 E 16.6 1.24 153 2x1200
670  250.32 -8.31 S 16.7 1.65 14.8 1x1200
676  248.69 -7.44 S 144 1.61 12.6 2x1200
738  250.63 -8.00 S 17.3 1.94 15.0 2x1200
763 249.70 -7.57 E 16.4 1.80 14.4 1x1200
824  249.75 -6.80 S 17.2 2.60 13.9 2x1200
825  249.71 -6.77 S 17.0 2.58 13.7 2x1200
832 25231 -8.11 S 17.3 2.06 14.8 2x1200
869  250.62 -6.85 S 17.5 2.40 14.5 2x1200
909  257.70 -10.14 S 16.3 1.37 14.8 2x1200

2http://ncd.ipac.cal/to(‘h&tdu‘/ V
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Table 4.3 — continued

Vela l b Type B Ap BY Exp. Time
ID [deg] [deg] [mag] [mag] [mag] [s]
921 25230 -7.04 S 17.6 2.87 13.7 2x1200
948  253.06 -7.10 K 16.6 2.73 13.0 2x1200
968  252.20 -6.36 S 18.0 2.72 14.4 2x1200
1001 253.68 -6.89 E 17.4 3.09 13.8 2x1200
1006 253.47  -6.73 S 17.4 2.89 13.5 1x1200
1007 25347  -6.73 S 17.7 2.87 13.9 1x1200
1386 259.53 -6.34 S 16.2 1.90 14.0 2x1200
1463 26597  -9.75 E 16.8 3.19 12.9 2x1200
1635 251.55 2.01 F 15.8 2.64 12.7 1x1200
1636 251.56 2.01 L 17.9 2.60 14.5 2x1200
1803  255.25 5.48 L 16.4 1.57 14.7 2x1200
1823  255.77 5.58 S 16.1 1.50 14.4 2x1200
1836  255.67 5.65 E 13.5 1.58 11.7 1x1200
1860  258.14 4.57 16.9 2.24 14.1 2x1200
1880  257.01 6.12 13.2 1.43 11.6 2x1200
8

1891  257.47
2107 261.82 5.
2429 259.79  10.18
2520  263.35 8.00
2524 263.92 7.52
2609 264.44 8.13

—

16.3 1.62 14.4 1x1200
16.9 1.89 14.6 2x1200
16.0 1.15 14.7 2x1200
13.5 1.03 12.4 1x1200
15.2 1.00 14.1 1x1200
16.4 0.95 15.3 2x1200
2657  264.70 8.29 16.5 1.14 15.3 2x1200
2658  266.57 6.42 15.7 1.44 14.1 2x1200
3376 272.61 8.91 E 17.9 1.18 16.7 1x1200
3520 274.44 7.89 E 18.1 0.88 17.1 1x1200
3650 274.72 8.59 E 16.5 0.64 15.8 1x1200

(W2l
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Table 4.4: Cross-identifications and other published redshifts if available.

Vela { b Cross 1D Velocity Reference
1D [deg] [deg] [kim/s)

23 24517 -0.82  2MASX JO7153155-3303471

71 245.18 -9.45  2MASX JO7170726-3254197

115 24741 10.01

168 246.38 -9.20  NVSS J072045-335008

173 256.59 3.23  FAIRALL 1146 9467 £ 75 Fairall (1988)

175 246.62 -9.30  PKS 0718-34 8500 £ 15  Collobert et al. (2006)
178  246.53 -9.25  2MASX J07204877-3400418

181  246.50 -9.22  2MASX J07205431-3358308

189  245.96 -8.93  2MASX J07205902-3321421

235  247.88 -9.58 ESO 367- G 020

276 245.51 -8.10  ESO 367- G 021

284 24711 -9.03

297 248.52 -9.52  ESO 367- G 023

310 249.38 -9.88  2MASX J0O7241276-3648420

339 249.33 -9.88  ESO 367- G 024 3116 Crook et al. (2008)
341 245.57 -7.78  ESO 428- G 031 1915 £ 4 Theurcau et al. (1998)
374 247.39 -8.53  2MASX J07251650-3426426

396 248.24 -8.81  ESO 368- G 001 2861 £ 7 Theurcau et al. (1998)
106 248.77 -9.08  2MASX J07262635-3554214 8815 £ 20 Yamada ct al. (1994)
466 249.55 -9.00  2MASX J07282923-3633334

489 248.17 -8.21  2MASX J07285196-3159058

670 250.32 -8.31  2MASX J07331844-3654533

676 248.70 -7.414  ESO 368- G 005

738 250.63 -7.99  2MASX J07352639-3702267

~adoosaray, oppeY We'T €

continued on next page. ..
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Table 4.4 - continued

Vela { b Cross ID Velocity Reference
1D [deg] [deg] [km/s]

763 249.70 -7.57  2MASX J07350805-3601496

824  249.75 -6.80 2MASX J07383700-3541587 8287 Crook ct al. (2008)
825  249.71 -6.77  2MASX J07383791-3539137

832 25231 -8.11  2MASX J07385499-3833501

869  250.62 -6.85

909  257.70 -10.14

921  252.30 -7.04

948  253.06 -7.10  2MASX J07451544-3843199

968  252.20  -6.35 2MASX J07462675-3736461 5773 Crook ct al. (2008)
1001  253.68  -6.80 2MASX J07474884-3909277

1006  253.47  -6.73

1007 253.47  -6.73

1386 259.53  -6.34 2MASX J0O8061128-4352169

1463  265.97  -9.75 2MASX J08085396-5105056

1635 251.55 2.01

1636  251.56 2.01

1803 255.26 548 ESO 371- G 008

1823  255.77 5.59 2MASX J08451082-3354402

1836  255.67 5.65 NGC 2663 2102 £ 26 dc Vaucouleurs ot al. (1991)
1860 258.14 4.57  2MASX J08482835-3623084

1880  257.01 6.12 ESO 371- G 020 2368 £ 4  Theurcau ct al. (1998)
1891  257.47 5.81 ESO 371- G 021

2107 261.82 5.65 2MASX J09043331-3829221 4805 = 5  Fisher ot al. (1995)
2429  259.78 10.18 ESO 372- G 010 2260 £ 45  Jones ct al. (2009)
2520 263.35 8.00 NGC 2845 2530 £ 6  Bottinelli et al. (1993)

continued on next page. ..
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Table 4.4 continued

Vela ! b Cross 1D Velocity Reference
D [deg] [deg] [kin /5|

2524 263.92 7.52  ESO 314- G 011

2609 264.44 8.13  ESO 315- G 002

2657  264.70 8.29  HIPASS J0924-38 4814 £ 9 Meyer ct al. (2004)

2658  266.57 6.42  ESO 315- G 007

3376 272.61 891 2MASX J09574119-4330074

3520 274.44 7.89  2MASX J10021129-4524581

3650 274.72 8.59 IRAS 10038-4446

adodsafa], ePtppey W'l €°F
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4.3.2 Data Reduction and Single St Analysis
IRAF reducticn

The reduction of the raw daly ey cueried oot using the fmage Reduetion and Analysis
Facility (IHATY®. The reduction steps from the raw CC1Y fmage to a two dimensional,

wavitength calibwated spectenm are ontlined in detall in Appendiz O

—_—

Figure 4.1 The rawe COD image of galasy Yolal236, The STTe COTY has 200> 1798 pixels,

[ brief the row CCD imape (Fig 4.1) was first corrected for the OO bins and the
CCD response, Uhe rows confaining the salaxy spectrnum a2 well o a few cows of Lhe sky
backgrmind spectrum were extractod. Onee hackground sublracled, 4le o spoctnumn | Fie
4.2 was waed bo wavelength calibrate the specirion. Aler which cosimic rays were redoved,
and tor Lhose oliecls willy tmalliple exposures. Lhe spect ra were stacked,

Individus! spectra are plotted in Appendic 13

KOAD/IRAF V2141 Losmadkcsma=laptap Won 14:29:03 12-0cl-2000
identify oe2H000436L - Ap 1

ARE ted
4 I T T a 1
N
000 — i
5
20000 |— % 5 —
E i
. ’ il
SR (i
Lo R ¥ Vit E ol
=ri
_.-.i.,,.J..l,..J_I:LI_l.J..J_LJ.,LL_LLLU J'LJ';n.Llil-';.,J.bu'l!.\Jﬂ[l |IJ i fi‘{l""‘:! -L?Lm_,__
0 5l
| : ; s I s ; |

i 204 oo Tad 1044 12510 Than 1750
pixel

Figure 4.2: An example of 2 are lamp spectenm nged o melate plzel mimber (oo wavelength,

MRAF is disteilautesd by the Nationa) Optice. Aslovnems Ohsorvatories, which are operated by the As-
gacialicn of Lniversitios foor Hesisirch ir Anlrosiny, Toes, upder coupamitin precment wilth the Mationa.
Scienre Foundation.
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Cross-corrclation for absorption line galaxies

The redshifts of the zalaxies with absorplion lines were doetermined Ty cross-coreclation.
With cross-covrelations vou compare posilions of absorplion aml/or emission [ealures in
two spectra, of which aoe ol the spectra has a koown radial veloeicy, The dilference leads 1o
the velocity of the objoct with the noknown velocity, For the abserption galaxies ohserved,
cross-corrclation is done by using the standard radial velogity stars observed s templates.
These stars have well doterminod raddial velocities amdd clear speciral absorplion line featuros.
A pvpical raddial star spectrum s peesented in Figo L3 The standard radial stars obsorved

are listed 1 Table 4.5

Takle 1.5 Stamdard Hadial Stars olserved.

HI1» RA ko Spoctral
s [dmg Type
24331 3 EOLT 425157 K2RV
48381 G 42 6 38 25 49 KHY
Al12ed Ao 3R -14 328 K2/K3TIL
B35l6 Was I -35 Ta GELY

HD&3516_n3
S ———— i : i : )i ; SRR,
4000 ' |
3000 - ; e
[l
T
g
U X
2000 ; 1
3
1000 - . ]
! ©
|.
1] < i i i i 1
3506 4000 4500 SG0C 5300 6000 6500 /00C /300

A LAl

Figure 4% The spectrum of the velocily stamdard star HDSI516 chserved on night 3.

The TRAF task xezao within the package rvsas (Kurle & Mink 1995) was used o
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calculate the recession velocities and their uncertainties of the galaxies.

Over the 2 week observing run two standard radial velocity stars were observed every
night (when clear). The stellar spectra were used as templates for cross-correlation with the
galaxy spectra.

To select the most reliable stellar spectra to use as templates. the following procedure

was implemented. For N observed standard radial velocity stars. with known velocities, v;

1. Each of the N stars were cross-correlated with the other .V — 1. Star / would then have

N — 1 velocities. veqr.j. The difference. vg,ps ;. between v; and the average velocity,

1
Vared = N1 Z CVeale.j+ (45)

i#]
was calculated for each star.

2. Step 1 was repeated for the M stars with the lowest vg,75,. The vy, (Af) for this

smaller sample was averaged and the standard deviation. oy;. was calculated.
3. Yor the final template sample, 10 of the 19 stars with vg4;y; within 1.50; were chosen.

All the galaxies were cross-correlated with the ten templates. Thirteen spectra were
either very weak detections (S/N < 4) or so low S/N that they were discarded. Two galaxy

spectra were contaminated with light from a nearby star.

Fit for emission line galaxies

The redshifts from emission lines were measured using the task emsao in the package rvsao
of IRAF. emsao identifies individual line and gives their velocity, When the lines were
too broad and overlapped at their bases, I used the splot task in the noao package to fit
Gaussian curves to the peaks. Heliocentric correction were made. 1 then took the average

of all the line velocities to calculate the galaxy’s redshift.

Uncertainty analysis

The redshifts obtained by cross-correlation have a contrast factor. R (Tonry & Davis 1979).
Woudt (1998a) shows how the velocity uncertainties obtained at the 1.9m Radcliffe relate
to the R parameter. This curve is reproduced in Figure 4.4. It traces the upper limit to the
veloeity uncertainty for any given value of R. The red circles represent the difference between
the newly determined and literature redshifts for six previously observed galaxies. Note that
except for one outlier, they are all constrained to lie below the curve. The outlier is the
elliptical galaxy Vela0l78 which has been cross-identified with PKS 0718-34. The redshift
was determined with a wide-beam radio telescope and the emission more likely originates
from an adjacent spiral seen in the optical image.

The uncertainties of redshifts obtained from emniission lines were calculated depending on
the number of lines identified. An uncertainty of 100 km/s was assumed for a single line and

if the number of emission lines was N the uncertainty was reduced by a factor of 1/v/N.
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Error [kims]

HEY
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Fignre 4.4 Relation betweenn B oand velocily aocervainly lor che 18-m Radeliffe as deler-
mined by Winaelt (19952 The verl dots indicale the difference botween the SAAC) redshifrs
arwl previously published redshifts determined by abzorption fealres.

The uneertainfics tor redshifie abdadned rom emlssion hoes ace penerally owet (a0, ~
BOkms ') than uneerbainties Jor redshifls obtaine] from absorplion lnes (o, ~ 150kms=1).
This is dure 1o emission lines by nubare being sharper and clearer whersas absorplion lines

for galaxies are penerally broadened and less prononneed.

1.3.3 BResults

Table 16 lisls the olbtained redshifis. The worphology and magnitude of each galave is
also indicated, as well as whethor coission v absorplion lines were ased Gir the cedshill
calenlation.  Figure 4.5 shows the distribation of the 56 palascies observed, The spectra

resnlied ino 41 vedslifts (eireles), 2 star contaminated spectoa (stars) and 13 non-detections
[CTIRANS ).

Table 4.7 lists e two galaxies with star contaminated spectra. Table 4.8 lists the

galaxies observed thal did naol hayve suBieient S5/N e show any spectral hoe featires.

A comparison bebweswy Lhe redehifls obtained durine this observing min and those in the
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Table 4.6: Redshift results from SAAO observations.

Vela  Absorption Emission Literature
ID [km/s] [km/s] [km/s]
23 10432 = 58
71 2321 = 38
168 8745 £ 163
173 9524 = 33 Od67 £ 75
175 8715 £ 100 8500 £ 15
178 9236 + 173 9278 = 100
181 8827 + 116
189 8612 £ 197
235 8417 £ 216 8365 = 71
276 8691 + 81
297 8715 £ 153
310 2812 1+ 120
341 1976 = 50 1915+ 41
374 9864 £ 123
396 2888 — 45 2861 £ 7
406 8907 = 33 8815 £ 20
466 9329 + 223
489 1077 £ 163
670 7096 + 112
676 8379 + 134
763 1499 = 50
948 2932 + 156
1001 5882 + 181
1386 11365 = 35
1463 8400 + 244 8258 = 71
1803 2387 £+ 114
1823 2117 + 138
1836 2043 £ 114 2102 £ 26
1860 10973 = 58
1880 2400 + 183 2368 £ 4
1891 1965 + 133
2107 4804 = 38 1805 £ 5
2429 2250 £ 97 2260 £ 45
2520 2483 + 122 2530 £ 6
2524 5078 £ 116
2609 4817 £ 98
2657 4767 £ 143 4814 £ 9
2658 4963 + 147
3376 11279 + 178
3520 19709 £ 154
3650 4001 = 141

‘Redshift Survey 4
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Figure 4.5 The fgre shows the distrilnzion of galadies obaerved at SAAG. The rod cireles
tlicale observations Lt resnlied in confirmee redshifts, the crosses indicate non-detoctinns
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Table 4.7: Gulaxies that have star contaminited specto

Warla TTD l ba
LE35 2513 21
Liz56 251G 2l

4.3.1  Special (Cases

(16
(4.7
(48]

Sevepal of the splral galasies display charactoristics of baving active onelel, in partienlar

those of Sevlerd sulaxies, Seviort galaxics are active galaxdes and are characterieed by Lhe

presence of sbrong emmssion lines originating from innsasd hydvosen, helive, oitrogen and

ceeypen, Two dypes sre rocopiized. Type 1 have beoad hvdeegen, belinm and oidnoesn lnes

and narrow forbidden lines such as oxyzen. Type 2 Sevfert galaxios exhibit only narrow

lines (Carrol] & {etlie 2007) Figures 46 and 4.7 show the fwa cxamples of the (non-flas

calibrated ) spectra of Seviert | eandidate palasies.
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Figure 4,60 Spectrum of o Sevler galaxy candidace, VelaGdn.
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Figure .70 Spectrom of & Sevlert palaxy candidate, Yelall 73,

4.3.5 Galaxy velocity distribution

Fipure 1.8 shows the mumber density of satexies per volocity bin, It appears chat there i
# concentration at ~ 8500kms L Figure 1.9 shows the distribution of the redshifts aeross

1

the Vela region anid clearly Indicates Lhe msjority of sabiodes at ~ B3 kms"" e aroum)

b= (2477, 7% The fgplications of such o overdensily are discussed i Chaprer 5,

4.4 Chapter Conclusion

I obscrved a sample of galasies for the pilot vedshift sivvey for Lhe ¥ela vegion with the
L8-ro Thadelille telescope tn Sntherland. The vaw spectra were redweed wiong ITEAL. Thirty
new recshifts wore obtained. Tt was fomul that this telescope is most sensitive for survesying
galaxies with velocities below 100 kms—". In the next chapter these now redshifts are

added to other knowa redshifls i and surrounding the Vet cepton to cxplore the TES.
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Chapter 5

Large Scale Structure

Discussion

In this chapter the newly derived redshift distribution is discussed. The velocities available
in the literature from the HYPERLEDA! database (Paturel et al. 2003). 6dFGS (Jones et al.
2009) and 2)MRS (Macri et al., priv. comm.; Huchra et al. 2011) are combined with the two
6dF fields observed in the Vela region (Kraan-Kortweg, in prep.). unpublished data taken
with OPTUPUS in the Hydra-Antlia region (Kraan-Korteweg, priv. comm.) and the new
SAAO observations presented in Sec. 4.3.

The redshifts are discussed in connection to structure adjacent to the Milky Way as
well as the on-sky 2D distribution of galaxies given in Figs. 3.7 and 3.8. Different figures
presenting the 3D distribution in velocity space are shown to highlight the LSS in the region.

These include histograms, redshift slices and wedges.

5.1 Histograms

5.1.1 Results from two ZoA 6dF fields

Data was obtained in the Vela region in two six-degree ficlds with the 6dI7 instrument
mounted on the Anglo Australian Telescope (AAT) ? during commissioning time (blue circles
in Tig. 1.5). The first analyvsis of the spectra was done by R.C. Kraan-Korteweg and leads
to the radial velocity histogram displayed in Fig. 5.1.

Here I compare the resulting velocity histogram with that of the redshift galaxy distri-
bution of the 6dF Galaxy Survey (6dFGS). As part of 6dFGS. Jones et al. (2009) observed
136 304 galaxies in the southern sky (]b] > 10°). They derived the galaxy number distri-
bution as a function of redshift for their sample of galaxies complete to K < 12!65. Since

the two ZoA fields were observed with the same instrument as that used for the 6dFGS

'We acknowledge the usage of the HyperLeda database (http://leda.univ-lyonl.fr)
Zhttp://www.aao.gov.au/AAO /ukst /6dF_instrument.html
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this relation s a pood mmdicstor of the expected disteitation for s nmformly [lled volume
of galaxies. The expecied palaxy redshift disteibotion = therefore over-ploltad on the his-
tograin (in red. sealed to the counts in the histogram ). Mote that the histogram does not
ronfortm o the expeeted galaxy distribotion: at © ~ I300kkm s~ there is an nnexpected
highly signifieant peak of ~ [ times the expected viomber. This indicates prominent LSS at
quite o bigh redshift {also vigible o the bottom vight panel of Fig. G4

IF cne were (o ignore Lhe galasies Lot 8o clearly lie above the expected (red) corve, the
galaccy mmber distribution would be substantially (- 305 lower, The resulting expected
number of galavies as s Mnction of redshift (ereeu) i3 shown Jo Fig, 5.1 swd brings into
relicf the siznificanee of the overdensity indicated between 350kns"" < o < 9000km s,

This peak corresponds to the peak seon in the SAAQ redshifts,
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Figure 5.1 Hislogram of the veloeitios obtaimed from the two felds observed o the Vela
repion with the GdF instoument, Over-plotted (o red s the redshift galaxy distribution found
by Jones et al, [204) for the Gdl'GS pormelised for the number of Yela redshifis. This same
relation bt normalized 10 the nunber of Vela redshifts exchuding the overdensily is shown
in green.

5.1.2 Combining all the redshifts

Fignre 5.2 shows the normalised velocity histograms of the Galactie longinudes 2600 < 1 <
3007 amd Galaciic Tatitudes 107 < 5 < 30Y (top panel), —10% < & < 1 [middle panel).

3F < b o< 10" (bottom ponel). The top and bottoin pagels are the redshilis from
BAFCS. These do ot cover the Zod (|6 < 10Y] therefore 1 added all available redshifis to
the widdle panel. The histogram o the middle pavel (blue) represents veloeities from the
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HYPERLEDA database, OPTOPUS data, ZoA 2MRS, the new SAAQ redshifts. and two
ZoA 6dF fields observed in the Vela region. The contribution of velocities from the two 6dF
fields observed in the Vela region arce shown in red. whereas the green histogram shows the
contribution of velocities from the SAAO observations.

From below the Plane (bottom panel) a peak at ~11000kms™! suggests a filament
crossing the Plane. where a similar peak, at a slightly lower velocity, ~10000kms~! is
seen. The SAAO obscrvations are still sensitive for this velocity range (see also Fig. 4.8)
though it is at the limit for this spectrograph.

Of note are the peaks at ~18000kms~! in both the top and middle panels, as well as
a hint of a marginal continuation in the bottom panel, which indicates a structure entering
the ZOA from above the Plane. The red histogram in the middle panel illustrates the
contribution of the two 6dF ficlds and the prominent peak at 18000kms™! in this region.

These structures are further explored in Sec. 5.2 and 5.3.

5.2 Velocity grids

Figure 5.3 shows the SAAQ observations in an on-sky distribution. colour-coded by velocity.
The velocities from the HYPERLEDA database. OPTOPUS. the two 6dF ZoA fields. ZoA
2MRS and 2MRS for the region have been added as smaller points. These galaxies would
not have been observed with the SAAO 1.9-m redshift programme since they already have
redshifts. This figure highlights how the galaxies in green. ie. around v ~ 8000kms™!,
were sampled in both the SAAQO observing run and the two 6dF ZoA fields.

Figure 5.4 then subdivides the distributions of galaxies between 240° < [ < 300° and
—~30° < b < 30° in velocity intervals of Av =3500kms™! for v < 21000kms ! to study
the various LSS and their connections with known structures in further detail. The lon-
gitudinal range of the panels covers both the Hydra-Antlia and Vela regions (outlined in
grev). In the interval Okms™! < v < 3500kms~! (top left panel) the Hydra and Antlia
clusters can be clearly identified at (1, b) = (269°6,26°5) and (1. b) = (272°9.19°2). The next
velocity interval from 3500kms~' to 7000kms™! (top right panel) shows an interesting
branching of three structures ‘behind’ the Antlia cluster into the ZoA. the left structure
connecting up with the Vela cluster (Stein 1996). In the velocity interval 7000kms™! < v <
10500kms™ ! (middle left panel) a distinct filament can be traced into the Vela region at
(I.b) = (245°. —10°). this feature can clearly be seen in the bottom panel of the histogram
presented with Fig. 5.2. At (I,b) = (248°, —11°) there is a known galaxy cluster. CIZA
J0717.1-3621. at a redshift of v = 9593kms~!.

In the velocity interval 10500kms™! < v < 14000kms~! (middle right panel) a filament
appears to disappear into the ZoA at (I,b) = (270°. —10%) below the Plane. In the velocity
interval 14 000kms™! < v < 17500kms~! (bottom left panel) there appears to be a void
between 262° < [ < 282° above and into the Plane with an increased galaxy population
surrounding it. A clear filamentary structure crosses the Hydra-Antlia region at this velocity.

In the next panel (17500kms ! < v < 21000kms~': bottom right panel) the overall
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Figure 5% Velocily histagram af ke Galactic lungiindes 260° < [ < 3007 and (alactic
latitwdes 107 2 B -2 309 [top panel), 107 < 0 < 1P (middle panel),  30° < L < 107
(bottom panel). The top and boltom panels are the vedshills froan GAFGS. The middle pane]
Llue represents all welocities from the HYPERLEDA databuse, OPTOPUS data, SAAD
redshitts wnd teo BAl fields observed o Lhe Velo region. The welocilies [rom the two Gdl?
fields observed in the Veln resion are shown in red, whereas the sreen histosraim shows Lhe
SAALD redshifts.


















































































































