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Sinopsis

El Gran Atractor (GA) es un exceso en densidad de masa dindmicamente importante,
el cudl fue puesto en evidencia por el flujo sistemdtico a gran escala de galaxias en ¢l
Universo local. Las reconstrucciones tedricas del campo de densidad de masa, usando
velocidades peculiares, predicen que el pico del GA se ubica detras de la Via Lictea,
(£,b,v) ~ (320°, 0°, 4000 kin s71) (Kolatt et al 1995). La naturaleza ¥ extension del
GA han sido tema de mucho debate, en buena parte debido a que estd obscurecido
por la Via Lictea. La mayor concentraciéon de masa detectada en la regién central
del GA es el camulo de Norma (ACO 3627). Norma constituye aproximadamente cl
10% de la masa predicha para ¢l GA. ;Es Norma el dnico cimulo masivo detrds de
la Galaxia cu la regidén del GA? Hasta ahora, otros cimulos masivos de galaxias no
han sido identificados en la regidn central del GA y es posible que una gran parte de
la masa del GA puede estar ain obscurecida por nuestra Galaxia.

Muchos ciimulos ricos de galaxias, como el cimulo de Norma, son fuertes emisores
de rayos X y exhiben emisién de radio que proviene de su galaxia central, como en
el caso de la radio galaxia PKS 1610—608 en el ciimulo de Norma. El hecho de que
la segunda fuente de radio mds brillante del hemisferio sur (fage = 79 Jy, McAdam
1991, y referencias en este trabajo}, PKS 1343—601 con (£,b,v, A7) ~ (30927, 138,
3872 km s~1, 4.5™) (West & Tarengi 1989, Woudt 1998, Kraan-Korteweg & Woudt
1999) se ubique cerca del centro del GA, sugiere que esta radio galaxia puede marcar
el centro de otro ctimulo rico y masivo de galaxias en el GA.

En esta tesis, se analizan imagenes profundas en la banda I de la vecindad de
la radio galaxia PKS 1343—601. Un campo de 2°x 2° alrededor de PKS 1343-601
fue observado con exposiciones de hasta 600 scgundos con un “seeing” de 0.5”. Una
bisqueda mediante inspeceidn visual meticulosa de galaxias detectd 49 candidatos en
estas observaciones. En esta busqueda se detectaron galaxias con niveles de extincion
de A; = 575 y con una distribucién modulada por el gradiente de extincién en
csta region. Por lo tanto, la concentracion de galaxias alrededor PKS 1343—601 no

era esperada v no es observada. Simulacidénes muestran cémo la distribucion de las

il
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galaxias del cimulo de Coma, en la posicién y con los mismos niveles de extincidon
en PKS 1343—601, es muy semejante a la distribucién de galaxias encontradas en la
vecindad de PKS 1343—601. De esta manera, la distribucién de galaxias encontradas
alrededor de PKS 1343—601 es consistente con la presencia de un ctmulo rico de

galaxias como el cimulo de Coma.
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Capitulo 1

Introduccion

1.1 Preambulo

Las galaxias estan distribuidas ¢n el espacio de tal manera que forman estructuras
a pran escala (EGE) como filamentos, grandes pavedes, vacios y climulos. Estas
estructuras gigantescas son observadas en cast todo el cielo, excepto en un drea muy
especifica que coincide con el disco de nuestra Galaxia. Por nuestra posicion en la Via
Lactea, el disco Galdctico, donde el polvo se encuentra mas concentrado, obscurece
una parte del cielo en la cual aparentemente no existen galaxias dado que se observan
muy pocas. La Via Lictea obscurcce aproximadamente hasta el 25% de la emisién
dptica del cielo extragalactico, creando asi un 4rea aparentemente vacia de galaxias
conocida como la *Zona de Obscurecimiento” (ZOA!). Por tal motivo los mapas
de distribucidn de galaxias se encuentran incompletos limitando asi los cstudios de
formacién de EGE y la dindmica del Universo cercano.

La distribucion de la masa del Universo cercano dentro de una distancia de corri-
miento al rojo de 6000 km s~ detrds de la ZOA es dindmicamente relevante por su
contribucién al movimiento gravitatorio del Grupo Local {GL) de galaxias. Interpola-
ciones basadas cn POTENT (Dekel 1994; Kolatt, Dekel & Lahav 1995), ver Capitulo
2, muestran que la direccidn del vector de velocidad peculiar del GL puede cambiar
hasta 35° si sc incluye la masa conocida dentro de & ~ £20° (Kolatt et al. 1995).

El estudio de las velocidades peculiares de galaxias en el Universo cercano? sugiere

la existencia de una gran concentracién de masa conocida como el Gran Atractor (GA)

! Zone of Avoidance (ZOA, por sus siglas en inglés)
2En terminos de corrimiento al rojo, el Universo cercano se toma hasta 10, 000 kms~!, 150 Mpc

{Fairall 1998).



2 Capitulo 1. Introduccion

que estd oculta por la seccién de la Via Lactea que es vista desde el hemisferio sur.
El GA parece ser responsable, en parte, del movimiento a gran escala del Universo
cercano, incluyendo al Grupo Local (GL). La masa de las EGE ocultadas por la ZOA
afectan la estimacién de parametros cosmolédgicos como el de la densidad { §2,} y del
bias (b) El pico de densidad de masa del GA se sugiere que estd en £ = 320°, 6 = 0°,
y a una velocidad radial de ez = 4500 km s~! (Burstein et al. 1990, Kolatt et al.
1995). Tal concentracién de masa no ha sido observada completamente debido a que
una gran parte de la regién del GA se encuentra detris del diseo Galactico.
Busquedas profundas en el éptico dentio de la region del GA han descubierto que
el ciimulo ACO 3627 es la concentracion de galaxias mds prominente conocida hasta
hoy dia dentro del GA. ACO 3627 es un ctimulo rico de galaxias en la region central
del GA. Se cree que la radio fuente PKS 1343—601 en £ = 309°7 y b = 1°8, la mas
fuerte en radio en el hemisferio sur, posiblemente matca el cenfro de otro ctimulo rico
de galaxias en la regién del GA. Por lo tanto, cl propdsito cientifico de este proyecto

es investigar si tal ciimulo rico de galaxias existe o no.

1.2 Estructuras a Gran Escala y la ZOA: una pers-

pectiva histérica

La presencia de la Zona de Obscurecimiento (ZOA) fue notada por primera vez por
Proctor {1878} como la “Zona de muy pocas nebulosas”. En una distribucién de
nebulosas basada en los datos del “Catalogo General de Nebulosas”del John Herschel
(1864), Proctor observé una banda libre de nebulosas. Este catdlogo de nebulosas
fuc publicado en 1864 e inclufa todas las 4,630 nebulosas conocidas en aquella época.
M4s adelante, John Herschel reconocié por primera vez el Superedmulo Local (SCL),
al cual describié como un sistema aproximadamente esférico centrado en Virgo. El
también notd que nuestro sistema estelar, la Galaxia, se encuentra lejos de la parte
mas densa de este sistema. Su deseripeidn del SCL concuerda sorprendentemente con
las observaciones de hoy en dia. Herschel llegd a este descubrimiento simplemente
contando nebulosas en el cielo. Los primeros diagramas de la distribucién de nebulosas
en el cielo fueron hechos por Proctor y basados en los datos del “Catalogo General”de
Herschel. La Figura 1.1 de esta tesis muestra uno de los diagramas de Proctor.

En aquel tiempo la naturaleza de las nebulosas era desconocida y fue tema de
debate por mucho tiempo. Fue hasta la década de los afios veinte del siglo pasado
cuando se comprobd la teoria de los “Universos Islas”del filosofo Emmanuel Kant



La Distribucidn de Galaxias en Mapas de Todo ef Cielo 3

con las observaciones de Edwin Hubble. Usando el telescopio mis poderoso de aquel
tiempo, el reflector Hocker de 100 pulgadas de Mount Wilson en California y las va-
riables Cefeidas, Hubble comprobd la naturaleza extragaldctica de la nebulosa espiral
de Andromeda. Hubble abrié el estudio de las EGE en ¢l Universo con un mucstreo
de 44,000 galaxias. Este muestrco reveld més claramente la existencia de la “Zona de
Obscurecimiento”, asi como la exitencia de grupos y cmulos de galaxias. Posterior-
mente, el muestreo National Geographic Palomar Observatory Sky Survey (POSS)
de la década de los afios cincuenta del siglo pasado reveld la existencia de miles de
cumulos ricos de galaxias. En 1958, Geoige Abell publicé un catilogo de cimulos

ricos de galaxias basado en las placas fotogrificas del POSS.

1.3 La Distribucion de (Galaxias en Mapas de Todo
el Cielo

Un catdlogo de “todo” el cielo se puede construir usando los siguientes tres catalogos
de galaxias existentes: el Uppsolo General Catalogue (UGC) para la parte norte que
cubre § > —2°5 (Nilson 1973), el ESO Uppsala Catalogue para el sur § < —17°
(Lauberts 1982), v el Morphological Catalogue of Galozies (MCG) para la regién
—-175 < & < —225 (Vorontsov-Velyaminov & Archipova 1963-74). El conjunto
de daios de estos tres catdlogos puede ser homogenizado aplicando los ajustes de
didmetros de galaxias propuestos por Lahav: D = 1.15Dyqe, D = 0.96Dg50, v
D =1.29D 06 (Lahay 1987). De esta manera se tiene un catdlogo de todo el cielo
completo para galaxias con didmetros mas graudes que 2 = 1'3 {Hudson & Lynden-
Bell 1991). La distribucién de galaxias como producto de la unién de estos tres
catdlogos es mosirada en la Fig. 1.2 de esta tesis en coordenadas Galécticas.

En la distribucién prensentada en la Fig. 1.2 se pueden observar varias estructu-
ras a gran cscala. El supercumulo local se observa como un gran circulo, ¢l Plano
Supergaldctico. La Pared de Centauro se ve como una cstructura continua que cruza
la Galaxia en direccién de la posicién sugerida para cl Gran Atractor, £ = 320° and
b = 0° (Kolatt et al. 1995). El cimulo de Pavo (332°, —24°), Centauro (302°,22°),
e Hydra (270°,27°) se ven como parte de la Pared de Centauro. Otra estructura a
gran escala que se puede reconocer es la cadena Perseo-Piscis curveandose hacia la
ZOA entre £ = 95° y £ = 165°. Otros cimulos visibles son los de Antlia (273°,19°},
Indus y Fornax. En la Fig. 1.2, la ZOA aparece como una banda vacia de galaxias

de aproximadamente 20° de ancho en medio de la distribucién
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En la década pasada se han conducido varios muestreos sisternaticos de galaxias en
el dptico, cercano infrarrojo, infrarrojo, HI y rayos X para reducir el ancho de la ZOA.
A pesar de ser fuertemente afectadas por la extincién, las biisquedas en ¢l éptico han
resultado ser mas eficientes para revelar la existencia de camulos ricos cn galaxias E
v S0. Una biusqueda profunda cn el éptico descubrié que el cimulo ACO 3627 (el
ctimulo de Norma) en £ = 325°3, b = —7°2 v v = 4844 km 5! es un eiimulo rico
de galaxias muy obscurecido por la Via Lictea (Kraan-Korteweg et al. 1996; Woudt
et al. 2000a; 2000b). El cimulo de Norma es la concentracién mas prominente de
galaxias conocida dentro del Gran Atractor.

La existencia de otros ciimulos ricos de galaxias en el GA es altamente probable ya
que ACO 3627 contiene s6lo una pequefia fraccion de la masa sugerida para el GA.
Por ejemplo, la radio fuente PKS 1343—601 es uno de los emisores mas fuertes en
radio del hemisferio sur. Esta radio fucnte se encuentra dentro de la regidn central
del GA. Su posicién es: ¢ = 309°7 v b = 198 con v = 3800 km s~!. Sabicndo que
esta radio fuente tiene una extincidén de Ap = 12™ en ¢l 6ptico vy que la radio galaxia
central de un cimulo rico de galaxias es frecuentemente un emisor fuerte de radio,
PKS 1343—601 podria ser el centro de otro cumulo rico de galaxias en la region del
GA. La motivacion clentifica de esta tesis es comprobar la cxistencia de tal cimulo

rico de galaxias.

1.4 Bosquejo de esta Tesis

Esta tesis es presentada en 6 capitulos. Una perspectiva histdrica como introduccion a
las EGE conocidas en el Universo cercano es presentada en el Capitulo 1. El segundo
capitulo cubre en detalle las busquedas profundas de galaxias en la “Zona de Vacio”
{ZOA), particularmente en el 6ptico. El proceso de reduccién de 128 imdgenes que
corresponden a 16 campos en la banda [ del “WEFI”es descrito en ¢l Capitulo 3. El
resultado de una bisqueda meticulosa de candidatos a galaxias en las 128 imagenes
en la banda I es mostrado en el Capitulo 4 El anilisis de la distribucidén de los
candidatos a galaxias cncontrados es presentado cn el Capitulo 5. Finalmente, el

Capitulo 6 es dedicado a las conclusiones y al trabajo futuro.



Capitulo 2

Bisquedas Profundas y Acumula-
cion de Galaxias detras de la ZOA

2.1 Introduccion

Las estrellas y el polvo de la Via Lictea nos impiden ver aproximadamente el 25%
del cielo extragaldctico en el Gptico y 10% del cielo extragaldctico visto por el satélite
IRAS creando asi una “Zona de Obscurecimiento” en los mapas de distribucién de
galaxias detectadas en el dptico e infrarrojo. Harlow S'hapley propuso definir Ia ZOA
como la regién delimitada por “el isopleth de cinco galaxias por grado cuadrado de los
muestreos de los observatorios Lick y Harvard” (Shapley 1961). En estos dos mues-
treos, una tasa promedio de 54 galaxias por grade cuadrado se obtuvo para regiones
del cielo fuera del plano Galdctico (Shane & Wirtanen 1967). Por el poco nimero de
galaxias encontrado cn la ZOA, astrénomos interesados en estudios extragaldcticos
evitaban observar esta regidn del cielo. Sin embargo, ahora es necesario conocer las
estructuras a gran escala que estan detras del disco Galactico para estudios dindmicos
del Universo, por ejemplo para la determinacién de ciertos pardmetros cosmoldgicos,
como {2, v para saber el origen del dipolo de radiacién coésmica de fondo. Por lo
tanto, la ZOA ha sido explorada en varias longitudes de onda por diversos grupos de
astronomos interesados en revelar la EGE que existe detras de la Zona de Obscure-
cimiento. Este capitulo da una visién cn general de los resultados de los muestreos

dpticos mas recientes realizados para revelar la EGE que existe detrds de la ZOA,
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2.2 Busquedas Profundas de Galaxias en el Optico
detras de la ZOA

Varios grupos de astrénomos han conducido busquedas sistematicas profundas en el
6ptico para descubrir galaxias obscurecidas en los muestreos del Palomar Observa-
tory Sky Surveys (POSS I y POSS II) en el norte y en el ESO-SRC (UK Science
Research Council) Southern Sky Atlas. Miles de galaxias parcialmente obscurecidas
con didmetros D> (.1 han sido detectadas en estas blisquedas. La busqueda de
galaxias débiles y con didmetros pequenos se suele hacer a ojo. Dada la cantidad
de estrellas presentes del disco Galdctico, la bisqueda a ojo a latitudes || < 15° es
mucho mas efectiva que la extraccidn de galaxias via procesos automatizados como
COSMOS? (Drinkwater et al. 1995), APM? (Lewis et al. 1996) o la aplicacién de
Artificial Neural Networks (ANN),

A partir de bisquedas profundas en el dptico de galaxias han encontrado més de
50,000 galaxias nuevas en la ZOA. La Figura 2.1 de esta tesis muestra los diferentes
muestreos conducidos en la ZOA {Kraan-Korteweg 2000b). Para detalles v resultados
de estas buisquedas consultar Kraan-Korteweg {2000b). Estas biisquedas sistematicas
en ¢l optico cubren toda la Zona de Obscurecimiento definida como cl drea del cielo
delimitada por el contorno de extincién de frente de Ag = 10 dado por los mapas de
exticion de DIRBE (Schlegel ct al 1998), ver Capitulo 2. La Fig. 2.2 es un cjemplo
de cstas busquedas sistematicas de galaxias en el 4ptico, y muestra la region Ds-
D5 donde se cree que estd ubicada la regidon central del GA. Los puntos pequenos
representan nucvas galaxias, mientras que los puntos mds grandes corresponden a
galaxias previamente conocidas. Los tres contornos corresponden a los niveles de
extincién de Ap =110, 30 y 5M0 de acucrdo con los mapas de DIRBE (Schlegel et
al. 1998).

La extineidn hace que las galaxias aparezcan mas débiles y pequenas. La reduccién
de didmetros de galaxias por extincién fue investigada por Cameron (1990). El obtuvo
una rclacién entre la reduccidon del didmetro como funcidn de la extincién en la banda
B (6ptico), Ag:

f(Diam)= 10°1045" para galaxias espirales
f(Diam)= 10°1345" para galaxias elipticas y SO

1COSMOS (por sus siglas en inglés; COordinates, Sizes, Magnitudes, Orientations, and Shapes)

es una maquina para escanear placas fotogréaficas.
2 Autornated Plate Measuring Machine (APM, por sus siglas en inglés).
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Aqui f({Diam} es la proporcién por la cual los didmetros son reducidos en funcién
de la extincion. Aplicando estas correcionces a galaxias obscurecidas se obtiene que
las biisquedas profundas en el dptico son completas para galaxias con didmetros
intrinsecos D° > 10 con niveles de extincién Ay < 3™M(0.

Los resultados de las bisquedas profundas en el dptico complementan los tres
catdlogos UGC, ESO-Uppsala, y MCG para tener un catalogo de “todo” el cielo con
una ZOA reducida. Asi se obtiene un catilogo completo para galaxias con didmetros
corregidos por extincidn de D° = 1!3 para niveles de extincién Ap < 370. Una
proyeccidn Aitoff® de todo el cielo mejorada con una ZOA reducida es mostrada en
la Fig. 2.3 de esta tesis, para mas detalles leer la version en inglés de esta tesis.

2.3 Acumulacién de Galaxias dentro del GA

La naturaleza y la extension de la sobredensidad de masa, la cual ha sido denominada
como el Gran Atractor (GA) por Alan Dressler, ha sido bastante controversial debido a
su ubicacion detris del Plano Galactico (PG). Lynden-Bell et al. (1988} descubrieron
una sobredensidad de masa enorme en el Universo cercano aplicando la relacién Faber-
Jackson* a cerca de 400 galaxias elipticas distribuidas sobre todo el cielo. Basados
en este estudio, ellos concliuyeron que una enorme concentracion de masa en (£,0) ~
(307°,9°) v a una distancia de 4,500 km s™! cs la causa del movimiento peculiar del
Grupo Local (GL) de galaxias, es decir del finjo césmico del Universo local. Ellos
propusieron un modelo para esta enorme concentracién de masa (GA) que explicaria
el origen del flujo cdsmico observado (Dressler 1991) con las siguientes predicciones:

1. La existencia de una gran sobredensidad de masa.
2. Su centro en el espacio de corrimientos al rojo debe ubicarse a 4,000 km s,
3. Las velocidades peculiares deben declinar al aproximarse a su centro e inver-

tirse una vez atravesado.

Estas tres predicciones han sido parcialmente confirmadas {Dressler y Faber 1990a,b;
Dressler 1991). Si la luz traza la materia, una gran concentracién de masa dcberia
haber sido observada en la direccion del GA, pero no ha sido asi.

*Es una proyecciéu de todo el cielo en una elipse, de arcas iguales, creada por David Aitoff en

1889.
*La correlacién entre la luminosidad de una galaxia eliptica y su dispersién de velocidades de las

estrellas en su regidn central,
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La confirmacién de la existencia del GA tiene importantes implicaciones cos-
moldgicas, por cjemplo, para ¢l modelo de “materia obscura fria” (CDM, por sus
siglas en inglés). Una concentracion de masa como el GA es excesivamente rara o
ausente en el marco del modelo de CDM. La masa cstimada para el GA es del orden
de ~ 5.4 x 10*® masas solares (Lynden-Bell cf al. 1988).

Los métodos matematicos han sido usados como una alternativa cstadistica para
reconstruir la distribucién de galaxias obscurecidas por la Via Lactea. Uno de estos
métodos es POTENT, el cual reconstruye el campo del potencial a partir de las velo-
cidades peculiares de galaxias disponibles en una region (Bertschinger y Dekel 1989).
Kolatt et al. (1995} usaron velocidades peculiares de galaxias en ambos lados de la
ZOA para trazar la disribucidon de masa detrds de esta regidén. Los contornos de fluc-
tuaciones de densidad de masa para “todo” el ciclo hasta 4,000 km s~* obtenidos por
POTENT son mostrados en la Fig. 2.4 de esta tesis. El analisis de los resultados de
POTENT indica que el pico del GA estd en (£,b)) ~ (320°,0°) a una “distancia” de
4,000 km s 1. La Fig. 2.5 muestra el campo de velocidades v de fluctuaciones de den-
sidad de masa obtenidos con POTENT, usando las velocidades de aproximadamente
3,000 galaxias (Dekel 1994, 1995). En ambos diagramas las principales estructuras
del Universo local son visibles ¥ el GA aparece en el lado izquierdo.

2.4 ACO 3627: El Cuimulo de Norma

ACO 3627 es un cimulo de galaxias que sc cncuentra dentro de la regidn del Gran
Atractor v es mds masivo y conocido hasta hoy dia dentro de la regién central del
GA (Kraan-Korteweg et al. 1996 v Woudt 1998). ACO 3627 es conocido también
como el cimulo de Norma por estar en la constelacion de Norma. ACO 3627 tienc
las coordenadas Galdcticas (£,b) = (32523, —7°2}, a s6lo 9° de la posicién sugerida
para el centro del GA; este cimulo tiene una velocidad de recesién de 4,882 km s+
(Kraan-Korteweg et al. 1996) situdindolo a la distancia del GA. Tiene una dispersion
de velocidades de 897 km s77, lo cual implica que es muy masivo. Una masa de
aproximadamente 5.1 x 10"%hzy M, se ha determinado para este ciimulo. Esta masa
constituye sélo el 10% de la masa sugerida para el GA, la cual es del orden de ~ 10
masas solares, Los ciimulos ricos de galaxias en general son fuertes emisores en rayos
X v de radio; ademds suelen presentar galaxias tipo ¢D en sus centros. Norma al
igual que Coma estd dominado por dos galaxias ¢D centrales que son [uertes emisores

de radio.
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2.5 Un Cuamulo de Galaxias Cercano, no Catalo-
gado

Los mapas de flujo de velocidades y de fluctuaciones de densidad de masa, como los
mostrados en Fig. 2.4 y 2.5, nos indican que el GA es una concentracién muy grande
v extendida de materia, pero hasta ahora se ha detectado solamente un ciimulo rico
de galaxias (ACO 3627) en esta regidn, con una masa del 10% de la sugerida para el
GA. Por lo tanto, es muy posible que existan otros cumulos ricos de galaxias dentro
de la regidn del GA, los cuales estdn muy probablemente obscurecidos por la Via
Lactea.

Es posible que la segunda fuente extragalictica de radio mds brillante del hemisferio
sur, PKS 1343—601, fopem, = 79 Jy {ver McAdam 1991), sea el centro de otro ctmulo
rico de galaxias. Dado que esta radio galaxia sc cncuentra detras del disco Galactico,
(£,b,v) ~ (30997,138,3872 km s !), csta muy obscurecida con 12 magnitudes dc
extincion en la banda B. La contraparte dptica de PKS 1343—601 es una radio galaxia
gigante con una velocidad de recesién de ¢z = 3,872 ki 57! (West & Tarenghi 1989).
Esta radio galaxia también exhibe gran emision de rayos X (McAdam 1991, Tashiro
et al. 1998).

La extincién es tan severa en la direccién de PKS 1343—601 que las galaxias mas
brillantes de un supuesto eidmulo rico no serian visibles, La Fig. 2.6 muestra un
cimulo rico de galaxias (A3627) y ¢l probable ciimulo centrado en PKS 1343—601,
los dos se encuentran dentro de la region del GA. Esta figura muestra en el lado
izquicrdo la distribucién casi simétrica de las galaxias del cimulo de Norma (Woudt &
Kraan-Korteweg 2001), mientras que en el lado derecho presenta el probable cimulo
exhibiendo un gradiente en la distribucién de galaxias. A mayor extincidén, menos
galaxias son visibles. Observaciones en longitudes de onda donde la extincién es
menos severa son nccesarias para determinar si PKS 1343—601 marca la posicidon de
un camulo no conocido y rico en galaxias. Para comprobar esto, la vecindad de PKS
1343601 fue observada en la banda I con la camara Wide Field Imager (WFT) v el
telescopio de 2.2-m de MPG-ESO del Observatorio de La Silla, Chile.
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Capitulo 3

Las Observaciones y su Reduccion

3.1 Introduccion

En este capitulo se desciiben las observaciones v la reduccidn de los datos, los
cuales consisten de imdgenes de un drca de aproximadamente 2°x 2° centrada en
PKS 1343—601 ( £ = 30977, b = 178). Las imégenes fueron tomadas con la cdmara
Wide Field Imager en €l telescopio de 2.2-m de MPG-ESO en La Silla, Chile. Un
total de 16 campos fueron cubiertos con el WFI tomando 128 imigenes en la ban-
da I Estas imdgenes fueron reducidas usando NOAO PC-IRAF! y la herramienta
para desplegar imdgenes DS9. También se utilizé el Guide Star Catalog (GSC 1.2)
y el Digital Sky Survey (ESQ-DSS2i) para la calibracién de pixeles en coordenadas

ecuatoriales.

3.2 Observatorio, Instrumentos y Observaciones

Las observaciones para esta tesis fueron hechas con la cdmara WFT en el telescopio
2.2-m de Max Planck Gesellschaft (MPG) en el Observatorio de La Silla del ESOZ.
El observatorio de La Silla se encuentra en la parte sur del desierto de Atacama en
Chile y su ubicacién geografica es 70°44 4543 al Oeste, 29°15'15433 al Sur y una
altura de 2,335 metros. Las observaciones fueron hechas durante las noches de Mayo
19-21 de 1999 por el Dr. Patrick Alan Woudt.

La cdmara WFI tiene un campo de observacién de cast 0.8 grados, y el detector del
WFI consiste de un arreglo de 4 x 2 CCD que cubren un drea del cielo de 34" x 33",

Tmage Reduction and Analysis Facility (IRAF)
?European Southern Observatory (ESQ, por sus siglas en inglés).

11
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Con esta camara se tomaron 16 campos que cubren un area de 2°x 2° centrada en
PKS 1343—601. La Fig. 31 muestra la distribucion de los 16 campos v el arreglo
de los 8 detectores CCD se muestra en la Fig. 3.2 Cada CCD consiste de 2k x 4k
pixeles. Las observaciones se adquirieron utilizando el filtro n816 (A, = 815.9 nm).

3.3 El Proceso de Reduccion de las Observaciones

3.3.1 Las Observaciones y su Reduccién

Los datos para esta tesis consisten de la siguientes imdgenes: Seis campos planos
(skyflats) y 16 exposiciones como se muestran en la Fig. 3.1. El campo central {niimero
uno) que incluye a PKS 1343—601 consiste de cinco superposiciones. La Fig. 3.3
muestra los tiempos de exposicion v los offsets para el campo central. De esta manera,
el campo central tiene mayor profundidad para detectar una mayor concentracidn de
galaxias hacia PKS1343—601, si es que marca el centro de un climulo rico de galaxias.
Cada campo de obscrvacién consiste de 8 imdgenes, por lo tanto se obtuvieron un

total de 48 campos planos y 160 iméagenes,

3.3.2 Reduccion de los Campos Planos

Los “campos planos” son usados para normalizar las imagenes tomadas con detectores
CCD. Cada pixel de un CCD tiene diferente respuesta cuintica a la luz; 48 campos
planos fucron reducidos y combinados para obtener un grupo final de 8 campos planos,
uno para cada CDD del WFI. La reduccién de los campos planos fue la siguiente:
primeramente se determiné la seccién no expuesta del CCD, la Fig. 3.4 mucstra un
campo plano y una amplificacidén de una esquina gue muestra la seccion no cxpuesta.
Para cada CCD se selecciond una seccidn no expuesta para determinar un promedio
del niimero de cuentas por pixel que se acumulan en él durante el tiempo sin estar
expuesto, lo cual se conoce como cwverscan. Para los CCDs 1, 2, 3 v 4, se tomd la
seccion [2121:2140, 31:3500], vea Fig. 3.2. La seccién [2:22, 629:4098] se usé para
Jos CCDs 5, 6 y 7, mientras que la seccién [2121:2140, 629:4098] fue usada para el
CCD 8: estas secciones fueron determinadas con la ayuda de tmplot de IRAI ¥ sus
comandos. Se utilizd también colbias de IRAF para ealcular y sustraer cl overscan
y después cortar las sccciones no expuestas de cada CCD. Los campos planos fueron
combinados con flatcombine de IRAF, obteniendo asi un campo plano més uniforme.

Finalmente fueron normalizados con imarith ¢ smstatistics de IRAF obteniendo asi



La Bidsqueda de Galaxias 13

& campos planos normalizados. Estos campos planos fueron usados para aplanar

(fatfielding) las imdgenes.

3.3.3 Proceso de Reducciéon de Imagenes

Con la cimara WFI se tomaron 16 campos que dan un total de 160 imagenes, de las
cuales 32 iméagenes se obtuvieron con las cinco exposiciones del campo central {campo
uno, vea Fig. 3.1). El resto de las 128 imdgenes cortesponden a los otros 15 campos
(campo 2 al 16), 8 para cada uno de ellos. A todas las imdgenes se les substrajo
el “biag” y se les cortaron las drcas no expuestas con colbias de TRAF usando las
secciones determianadas para los campos planos. El siguiente paso fue normalizarlas
usando los 8 campos planos. Para el campo central (campo uno), se combinaron las
32 imagenes de cinco exposiciones para quedar solo 8. Para combinar estas imagencs
se utilizd imalign de IRAF para calcular los offsets y finalmente imcombine de IRAF

para combinarlas. I2] siguicnte paso fue calibrar pixeles en coordenadas ecuatoriales.

3.4 La Busqueda de Galaxias

Una vez terminado el proceso de reduccion de iredgenes, se empezé una bisqueda a
ojo de galaxias. Dado que se observd a través del disco Galdctico, la busqueda de
galaxias a 0jo es la mas efectiva puesto que las imdgenes estdn saturadas de estre-
Has. La Fig. 3.7 muestra una imagen la cual conticne cientos o miles de estrellas.
Para la biisqueda de galaxias se utilizé SAOImage DS9 para desplegar las imdgenes e
imezamine de IRAF para inspeccionar los posibles candidatos a galaxias. SAOImage
DS9 nos permite agrandar y variar cl constraste de imagenes, mientras que con ime-
zamine se puede inspeccionar la distribucidn de luz de objectos. La mayoria de las
galaxias aparecen pequefias v débiles (borrosas) en comparacién a las estrellas mas
brillantes, de aqui que resulta Util agrandar las imagenes para su deteccidon. En la
Fig. 3.5 se muestra la misma imagen dos veces con diferente contraste. En la imagen
de la derecha aparece una mancha angosta y alargada, mientrag que en la imagen de
la izquierda no se observa. La imagen de la derecha muestra objetos de menor brillo
superficial permitiendo asi observar la presencia de una mancha angosta y alargada
con un poco mas de brillo superficial que sus alrededores, posiblemente es una galaxia

espiral vista de canto,
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3.5 Calibracién de Pixeles en Coordenadas Ecua-
toriales

Las imégenes en las cuales se detectaron candidatos a galaxias se calibraron en coor-
denadas ecuatoriales. Para la calibracién de sus posiciones en pixeles a posiciones en
RA y Dec, primero se determinaron los centros para cada una de las 8 imdgenes de
cada campo del WFI. Segundo, con los centros de cada una de las 128 imagenes, se
tomaron iméagenes de aproximadamente del mismo tamafio del Digitized Sky Survey
2-Infrared (ESO DSS2i), las cuales estdn calibradas en coordenadas ccuatoriales y
fueron utilizadas para encontrar estrellas en las imdgenes del WFI que tienen posi-
ciones en el Guide Star Catalog version 1.2 {(GSC 1.2). Las posiciones del GSC 1.2
se usaron para la calibracidén de pixeles en RA v Dec por tener menos incertidumbre.
Con la ayuda de imagenes del ESO DSS52i se escogieron cntre 6 v 10 estrellas para ca-
da imagen del WFI que tienen posiciones en el GSC 1.2; las estrellas se seleccionaron
de tal manera gue estuvieran distribuidas lo mas posible en toda la imagen y sin com-
paficras muy cercanas que interfirieran en la determinacidn de sus centro en pixeles
con smezamine de IRAF. Para cada imagen se determinaron las posiciones cn pixeles
v coordenadas ecuatoriales (tomadas del GSC 1.2) de 6 a 10 estrellas. Estas posicio-
nes (en pixeles y Ra-Dec) las utiliza ccmap de IRAF para hacer la transformacion de
coordenadas en pixeles a RA-Dec para cada imagen del WL

Este fue el proceso a seguir en la reduccidén imdgenes en las cuales sc detectaron
candidatos a galaxias. Las imdgencs, posiciones, didmetros, y posible morfologia de
los candidatos a galaxias encontrados se presentan en el siguiente capitulo.



Capitulo 4

(zalaxias Encontradas en la
Vecindad de PKS 1343—-601

4.1 Introduccion

En este capitulo se presentan y describen los candidatos a galaxias encontrados a
ojo en las imdgenes del WFI reducidas en el capitulo anterior. Se detectaron un
total de 49, mds 6 posibles candidatos a galaxias. Se presentan para estos objetos
sus posiciones en coordenadas galacticas y ecuatoriales; ademas, se sugicre un tipo
morfolégico, un didmetro aparente, asi como una breve descripeién de cstos objctos.

Por 1iltimo, se menciona la deteccion de algunos de ellos en otras longitudes de onda.

4.2 Candidatos a Galaxias Detectados

Los candidatos detectados a galaxias aparecen borrosos, de bajo brillo superficial y
pequeiios, con la excepeldn de algunos de ellos, como por ejemplo la radio galaxia
PKS 1343—601. En las bisquedas a ojo se detectaron 49 candidatos a galaxias y
st posicion, didmetro aparente, asi como su posible morfologia (ver la Tabla 4.1).
Las columnas {2), (3), (4) v (5) de esta tabla contienen posiciones en coordenadas
ecuatoriales (J2000) v Galdcticas respectivamente. El didmetro aparente se da en
la columna (6), mientras que la séptima da el valor de la extincién en la banda-7
(A7) para la posicién de cada galaxia de acuerdo con los mapas de extincién de polvo
de DIRBE. La columna (8) sugiere una posible morfologia para estos objetos. Por

iltimo, en la columna (9) se da una breve descripcién de ellos.
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4.2.1 EFErrores en Posicion

Las posiciones de estos objetos fueron medidas dos veces para hacer un analisis es-
tadistico de los errores (random errors) en la medicidn de las posiciones. El andlisis
estadistico da errorrs aleatorios de (0747 en RA v 0718 en Dec, lo cual da una con-
sistencia interna en la medicidn de posiciones. La gran mayoria de estas galaxias no
han sido previamente detectadas. PPara las que se han detectado cn otras longitudes
de onda, sus posiciones tienen grandes incertidumbres; por lo tanto, no fue posi-
ble hacer una comparacién de posiciones con datos externos para determinar errores

slstematicos.

4.2.2 Determinacion de Diametros

La mayoria de los candidatos a galaxias tiencn didmetros de unos cuantos segundos
de arco, con la excepcidn de algunos de ellos. Por ejemplo, las Galaxias 22 y 29
de la Tabla 4.1 parecen ser grandes espirales con didmetros aparentes de 15" y 207,
respectivamente. Los objetos presentados en la Tabla 4.1 aparecen pequefios y de
bajo brillo superficial debido a la extincidén que tienen. Los diametros dados en la
Tabla 4.1 corresponden al 10% del pico de la curva de brillo superficial.

4.2.3 Clasificacién Morfoldgica

La determinacién del tipo morfoldgico es afectada fuertemente por la extincidén. Sélo
en algunos casos cs mas claro su tipo morfoldgico: Espiral o Eliptico. En la mayoria
de ellos no cs clara su morfologia porque es muy probable que sélo se observen los
bulbos o nicleos de las galaxias debido a la extincién tan alta. Por lo tanto, la
columna 8 de la Tabla 4.1 solamente sugiere un tipo morfoldgico para la mayoria de

cllos.

4.2.4 Imagenes de los Candidatos a Galaxias

La Figura 4.1 presenta las imégenes de los 49 candidatos a galaxias. El tamano de
estas imdgenes es aproximadamente de 36 x 36 segundos de arco. Las imagenes 28 y 34
son cjemplos de espirales vistas de canto, severamente afectadas por la extincién. De
los 49 objetos en Tabla 4.1, 24 de ellos son propuestos como espirales. Las imagenes
30 v 33 son ejemplos de galaxias elipticas con alta extincidén. Para los otros 25 obhjetos

restantes de la Tabla 4.1 se propone una morfologia eliptica.
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4.3 Posibles Candidatos a Galaxias

Seis objetos con bajo brillo superficial que no son estrellas fueron detectados, y su
naturaleza no sc puede determinar en base de estas imagenes. Por lo tanto, no es claro
si son objetos extragalacticos. Observaciones mas profundas en el cercano infrarrojo
son necesarias para revelar su origen. Datos e imdgenes de estos seis objetos se
muestran en la Tabla 4.3 y Fig. 4.2. La Tabla 4.3 tiene las mismas columnas que la
Tabla 4.1. Los datos presentados en esta tabla se obtuvieron de manera semajente a
los de la Tabla 4.1.

4.3.1 Imagenes de los Posibles Candidatos a Galaxias

Las imagenes de cstos seis posibles candidatos a galaxias se presentan en la Fig. 4.2
de esta tesis. Cinco de estos objetos tienen diametros de unos cuantos segundos de
arco, excepto el niimero 2 que parece ser mucho mas extenso pero con muy bajo brillo
superficial. Estas imagenes también tienen una dimensién de aproximadamente 36 x
36 segundos de arco. Observaciones profundas en el cercano infrarrojo son necesarias

para determinar si son de origen extragalactico.

4.4 Identificacion con Objetos Conocidos

Con las posiciones de estos 35 objetos detectados a candidatos de Galaxias, se bus-
caron contrapartes en otras longitudes de onda. Para esta busqueda, se utilizaron las
siguientes bases de datos: La base de datos CATS (http://cats.sao.ru, Verkhodanov et
al. 1997) y NASA /IPAC Extragalactic Database (NED, http:/ /nedwww.ipac.caltech.cdu).
Solamente 14 galaxias de las listadas con las Tablag 4.1 y 4.3 han sido detectadas en
otras longitudes de onda: cercano infrarrojo (DENIS!), lejano infrarrojo (IRAS), ra-
dio y rayos X. Varias de estas tienen posible contraparte en las observaciones del
satélite IRAS. La buisqueda de posibles contrapartes en IRAS fue realizada tomando

en cuenta lo siguiente:

a Las incertidumbres clipticas de posicién en IRAS v la distancia de separacién

entre el candidato a galaxia y la posicién del objeto detectado por IRAS.

b El término de “color” definido con 3 de las 4 bandas de TRAS (12 pm, 25 um,
60 pm v 100 pm)} coly = fio - fas/(feo)? (Yamada et al. 1993), donde coly < 1
indica que el objeto detectado por IRAS puede ser una galaxia

IBiisqueda profunda. en el cercano infrarrojo del cielo del sur (DENIS, por sus siglas en inglés)
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¢ Posibles coincidencias con objetos detectados en el cercano infrarrojo, radio y/o

rayos-X.

En la seccidn 4.4 se presentan lag 14 galaxias que tienen detecciones en otras
longitudes de onda. Sicte de cstos 14 candidatos a galaxias tienen posible deteccién
con IRAS. Cinco tienen identificacién con objctos detectados por DENIS, la nimero
20 por Rousseau et al. (2000) y las galaxias 15, 33, 34 v 40 por Anja Schréder
{comunicacién privada}. Dos (33 y 37) tienen deteccién en rayos X y cuatro en radio.
Las galaxias 3, 15, 20 y 49 tienen posible deteccidn en muestreos profundos de HIL
Una combinacién de imdgenes profundas en las bandas I, J y K del campo central
(campo uno, ver Fig. 3.1), detectd las galaxias 29, 30, 33, 32, 34, 37 y 40 (Nagayama
v Sato, comunicacién privada). Estos resultados han sido proporcionados antes de
su publicacién por Takahiro Nagayama v Shujt Sato de la Universidad de Nagoya.
Nagayama y Sato han detectado cinco galaxias mas en el campo uno que no son
visibles en las imdgenes de la presente tesis porque tienen muy bajo brillo superficial

debido a la alta cxtincién.



Capitulo 5

Analisis de la Distribucién de las

(Galaxias Detectadas

5.1 Introduccion

La distribucién de los candidatos a galaxias presentados en el capitulo 4 es analizada
en ultimo capitulo. También se presenta una simulacidn del camulo de Coma puesto
a la distancia y con los mismo niveles de extincién observados en PKS 1343—-601. Fi-
nalmente se compara la distribucién de Coma sujeta a los mismos niveles de extincidn
de PKS 1343—601 v la distribicidén de los candidatos a galaxias detectados.

5.2 Distribucién de los Candidatos a Galaxias

La distribucion en coordenadas (alacticas de los candidatos a galaxia encontrados
en la vecindad de la radio galaxia PKS 1343—601 se muestra en la Fig. 5.1. Esta
distribucion contiene todos los objetos listados en las Tablas 4.1 v 4.3 del capitulo
4. En csta figura, los circulos representan galaxias que supongo son de morfologia
espiral, mientras que los circulos cruzados corresponden a galaxias con morfologia
cliptica. Los circulos vacios corresponden a los 6 objetos para los cuales no se tienen
suficiente informacién para clasificarlos como candidatos a galaxias. Quiero hacer
notar que los candidatos a galaxias tienen una extincién alta en la banda 7, por lo
tanto sélo se sugiere una clasificacién morfoldgica. Los contornos representan los
siguientes niveles de extincion, determinados con los mapas de extincion de DIRBE
{Schlegel et al. 1998): A; = 2™(amarillo}, 3™, 4™, 5™, 6™, 7.5™ v 10™ (linea negra

H

cortada), de arriba hacia abajo respectivamente. Fl contorno (cuadro negro) de la
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vecindad observada alrededor de PKS 1343—601 se muestra también. La posicién de
PKS 1343—601 en esta distribucién estd marcada por el punto (rojo) mds grande. El
gran circulo (verde) corresponde al 1adio de Abell (Ra') de 202,

Se nota en esta distribucidon que hay mas galaxias espirales en lugares con nive-
les menores de extincién, mientras que a niveles mas altos de extincidén sc detectan
mayormente elipticas. Las galaxias elipticas contienen mayormente en sius centros
estrellas vicjas (rojas) por lo cual son visibles a niveles mds altos de extincién.

La distribucién de galaxias estd modulada por cl gradiente de extincién en esta
regién; por lo tanto, no se observa una concentracién de galaxias uniforme alrededor
de PKS 1343—601, lo cual era esperado para un cimulo muy obscurecido.

5.3 Una Comparacion con el Cimulo de Coma

Para saber si la distribucién de galaxias de la Fig 5.1 es lo que se esperaria para
un cimulo rico de galaxias muy obscurecido, se hizo una simulacién con el ciimulo
de Coma. En esta simulacién se coloca a Coma a la distancia de PKS 1343—601 y
con los mismo niveles de extincidon. El cumulo de Coma es rico en galaxias. Para la
simulacion se utililzo el catalogo de galaxias de Coma de Godwin et al. (1983). Este
catalogo contiene 6,724 galaxias en un campo de 2.63 grados cuadrados con un limite
de magnitud de bygs = 21. Este catdlogo no incluye los tipos morfologicos, por lo
tanto, sc consideraron dos casos en la simulacién: que todas fucran elipticas, o todas
fueran espirales; sc describe el caso para elipticas y solo se presenta el resultado para
espirales al final.

Si Coma se situa en la posicion de PKS 1343—601 y sin extincién, solo 1979 galaxias
de Coma que caen dentro del campo observado en la vecindad de PKS 1343—601. La
Fig. 5.2 presenta la distribucién en coordenadas galdcticas de estas 1979 galaxias.
En csta distribucién se presentan galaxias con magnitudes [ < 175, Las galaxias de
Coma con magnitudes I > 17™5 no se incluyen por que por que €l limite de magnitude
en estas observaciones es de 7 ~ 175, La Fig. 5.2 muestra una concentracion muy
clara de galaxias hacia el centro del cimulo. La Fig. 5.3 muestra la distribucién de
galaxias de Coma presentada cn la Fig. 5.2 bajo los niveles de extincidn en la vecindad
de PKS 1343—601. Una vez que la extincidn se ha incluido en la sitnulacién solamente
quedan 54 galaxias, las demés estan ocultadas por la extincién. La distribucién de

galaxias estd correlacionada con el gradiente de extincién al igual quce en la Fig. 5.1,

IR4 = 1.7"/.2, donde z = vy, /c
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La distribucién de galaxias de Coma, en que se supone inicamente morfologia eliptica,
se mostrada en la Fig. 5 3 v es muy parecida a la distribucion presentada en la Fig. 5.1.
En esta distribucidn se observa que las elipticas prevalecen a niveles altos de extincion
como se observa en la Flig. 5.1, mientras que las espirales se presentan mayormente a
nivels mas bajos. La distribucién de las galaxias de Coma suponiendo sélo morfologia
espiral se presentan en la Fig. 5.4 y es consistente también con la presentada en la
Fig. 5.1. Muy pocas o ninguna espital permanece con niveles altos de extincidn.
La simulacién de Coma a la distancia de PKS 1343—601 y con los mismos niveles
de extincion muestra que la distribucién de galaxias presentada en la Fig. 5.1 cs

consistente con la presencia de un efimulo rico de galaxias muy obscurecido.
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Capitulo 6

Conclusiones y Plan a Futuro

El objetivo de esta tesis fue la bisqueda de galaxias alrededor de la radio galaxia
PKS 1343—601 para determinar si este objeto marca el centro de otro ciimulo rico de
galaxias cn la region central del Gran Atractor. Esta busqueda constistid en inspec-
cionar visualmente 128 imédgenes en la band-/ tomadas con el telescopio de 2.2-m y
la cdmara WFI en el Observatorio de La Silla. En csta bisqueda [ue posible detectar
galaxias hasta el limite de magnitud /7, ~ 17"5. En estas imdagenes, 55 candidatos
a galaxias fueron detectados hasta niveles de extincion A; = 575 de acuerdo con
los mapas de extincién de polvo de DIRBE. La distribucién de estas galaxias fue
comparada con la distribucién del cimulo de Coma puesto a la distancia y bajo las
mismas condiciones en ias que se observd PKS 1343—601. Al situar a Coma en estas
condiciones, solo 54 galaxias serian visibles de sus 6,724 galaxias. La distribucion en
coordenadas Galicticas de estas 35 galaxias de Coma es semcjante a la distribucion
de las 55 galaxias encontradas. En los dos casos se observa que la distribucién de
galaxias estd modulada por el gradiente de extincion en esta region. Estos resultados
son evidencia que la radio galaxia PKS 1343—601 marca el centro de un camulo rico
de galaxias.

Estos resultados son una motivacién para coutinnar con la bisqueda de nuevos
micmbros de este cimulo que no fueron detectados en esta primera bisqueda. Un
mapeo de este cimilo en el cercano infra-rrojo in las bandas J, H v K estd en
progreso. Los resultados preliminares del mapeo del centro de este cimulo confirman
mis detecciones de galaxias en el campo central y detecta 5 nuevos miembros. Estas
iméagenes nuevas en el infra-rrojo cercano prometen revelar nuevas galaxias de este

cimulo obscurecido.
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Conclusiones y Plan a Futuro
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Abstract

The Great Attractor (GA) is a dynamically important mass overdensity, first noticed
through a large-scale systematic flow of galaxies in the local Universe. Theoretical
reconstructions of the mass density field {rom peculiar velocities predict the peak of
the GA overdensity to lie behind the southern Milky Way at (¢,b,v) ~ (320°, 0°,
4,000 kin s71) (Kolatt et al. 1993). The nature and extent of the GA has been
subject of much debate during the past decade, partly due to the fact that it is
heavily obscured by the southern Milky Way. The largest concentration of mass as
yet detected within the GA region is the Norma cluster, also known as ACQ 3627,
which accounts for about 10% of the predicted mass of the GA. Is there another
Norma-type cluster bchind the Milky Way in the GA central region? No further
clusters have been identified in the GA overdensity and large part of it may stiil be
hidden by the Milky Way.

Many rich galaxy clusters (including the Norma cluster) are strong X-ray sources
and show radio emission of its central galaxy, like the radio galaxy PKS 1610—608 in
Norma. The fact that the second brightest extragalactic radio source in the south-
ern sky (faem = 79 Jy, McAdam 1991, and references therein), PKS 1343—601 at
(£,b,v, A;) ~ (3097, 138, 3,872 km s !, 4.5™) (West & Tarengi 1989, Woudt 1998,
Kraan-Korteweg & Woudt 1999) lies within the general region of the GA, suggests
that it may be the central galaxy of another rich cluster at the core of the GA.

In this thesis, I analyze deep I-band images centered on PKS 1343—601. A field
of about 2° x 2° around PKS 1343—601 was imaged in the f-band with 15 different
single exposures of 600 seconds, 5 exposures of 300 seconds (central field) and a
seeing of about 0.5”. A meticulous scarch of galaxies by eye of all fields revealed 49

I

galaxy candidates. These galaxies were detected up to extinction levels of Ay = 55,
The distribution of these galaxies is modulated by the extinction gradient in this
region. Therefore, an actual concentration of galaxies towards PKS 1343—601 was
not observed. However, I show in a simulation that the distribution of the Coma

cluster galaxies at the position and extinction levels of PKS 1343—601 within the



i

observed field of view looks very similar to the distribution of the galaxies found in
the vicinity of PKS 1343—601. Thus, the observed distribution of galaxies around
PKS 1343—601 is consistent with the presence of a rich, Coma-like, cluster of galaxies.



Chapter 1

Introduction

1.1 Preamble

Galaxies are distributed in space forming large-scale structures (I.SS) of filaments,
great walls, voids, and clusters. These gigantic formations of galaxies can be traced
almost everywhere in the sky, except in a speficic area where the dust of our Galaxy
thickens, producing a band devoid of galaxies that closely matches the Galactic disk.
The Milky Way Galaxy acts as a natural barrier in such a way that it obscures as
much as 25% of the optical extragalactic sky creating a gap in the distribution of
galaxics. Such incorpleteness in the maps of the galaxy distribution limits the stud-
ies of large-scale structure formation and dynamics of the nearby Universe. In terms
of redshift, the nearby Universe is taken out to 10, 000 kms™", 150 Mpc (Fairall 1998).

1is known as the local Uni-

A volume-limited sample of galaxies out to 30, 000 kms™
verse, but incompleteness starts as low as 1600 kms™! {not 16, 000 kms™!!) (Fairall
- private comunication). The dust and stars from the Galactic disk obscure extra-
galactic light, making galaxies appear smaller and fainter the closer they lie to the
Galactic Plane (GP). Extinction increases towards the GP rendering diameter- and
magnitude-limited samples of galaxies incomplete, thus creating a “Zone of Avoid-
ance” (ZOA) in the “whole™ sky maps of galaxy distributions.

The incompleteness of optical galaxy catalogues increases towards the Zone of
Avoidance. Our understanding of several key issucs of large-scale structure is limited
by the incompleteness of galaxies in the ZOA. The mass distribution within a redshift
distance of 6000 km s ! behind the ZOA is dynamically relevant due to its contribu-
tion to gravitational motions of the Local Group (LG) for example. Interpolations
based on POTENT (Dckel 1994; Kolatt, Dekel & Lahav 1995), see Chapter 2, show
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that the direction of the peculiar velocity vector of the LG changes as much as 35° if
the known mass within b ~ £20° is accounted for (Kolatt et al. 1993).

The study of peculiar velocities of galaxies suggest the existence of a large con-
centration of mass known as the Great Attractor (GA) behind the southern Milky
Way. Such an overdensity is of great dynamical importance in the nearby Universe.
The GA seems to be 1esponsible in part for the large-scale streaming motion in the
local Universe, including the LG. The mass of large-scale structures hidden behind
the ZOA stiongly affects the estimation of cosmological parameters such as the den-
sity and biasing paramcters, £2,! and #* The mass density peak of the GA region is
predicted to be at £ = 3207, & = 0°, and at a radial velocity of ¢z = 4,500 km
s~! (Burstein et al. 1990, Kolatt et al. 1995). The existence of the GA has been of
much controversy during the past decade becausc of the failure of detecting a large
concentration of galaxies in this region. If light traces mass, a large concentration
of galaxics should be observed in the GA region. However, such a concentration of
galaxies has not been observed so far due to the fact that a major part of the GA lies
behind the southern Milky Way.

Deep optical searches in the southern Milky Way have revealed that ACO 3627
is the most conspicuous concentration of galaxies in the central region of the GA.
ACO 3627 at £ = 32523, b = —7°2 and v = 4,848kms ! is a nearby, rich cluster
of galaxies at the center of the GA (Woudt 1998). The existence of another more
obscured, rich cluster of galaxies in the GA region hidden by the Milky Way is sus-
pected. The strong southern radic source PKS 1343601 at £ = 3097 and b = 198
could mark the center of another rich cluster of galaxies in the GA region. Ience,
the scientific motivation of this project is to investigate whether or not this suspected

rich cluster of galaxies really exists.

1.2 Large Scale Structure and the ZOA: a histori-

cal perspective

The existence of the ZOA was first noticed by Proctor (1878) as the “Zone of Few
Nebulae”. He observed an cmpty band in the distribution of nebulae based on the
data from the “General Catalogue of Nebulae” of Sir John Herschel (1864). John

"The density parameter (at present time) : Qo = po/pe = %Fﬁ% po {Ohanian & Ruflini 1994).

2The galaxy-galaxy correlation function is a biased indicator of the mass correlation function,
in an approximately linear relation: £;, = bZEnss, b is the biasing parameter which needs to be
determined by comparing the theory with observations {Padmanabhan 1993 & Peacock 1999).
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Herschel added 500 nebulae to his father’s list for the north. In order to complete an
all-sky survey, he observed at the Cape of Good Hope and discovered 1,700 ncbulac
in the southern hemisphere. He published his “General Catalogue” in 1864 which is
a compilation of all 4,630 nebulae known at the epoch.

While compiling his “General Catalogue”, John Herschel noticed a prominent con-
centration of ncbulac in Virgo and that the majority of nebulae appeared as being
separated from the Milky Way. He also recognized different types of nebulae. The
nebulae found far from the plane of the Milky Way appeared different from those
detected at low Galactic latitudes which were later identified as “planetary” nebulae.

Sir John Herschel was the first to recognize the Local Supercluster (LSC). He
deseribed it as a roughly spherical system centered on Virgo. He noticed that our
stellar system, the Galaxy, is located far from this dense central region and is one
of its outlying members. He observed that the distribution of galaxies was far from
being uniform. Branches and protuberances come out from the denser central part of
the LSC. In one of these branches and far from the center, our Galaxy is located. This
description of the LSC is in good agreement with today’s observations. His findings

were deduced from the simple counting of nebulae in the sky.

The first plots of the distribution of nebulae were made by Proctor. They were
based on Herschel’s “General Catalogue” and were published in his book The Universe
of Stars (Proctor 1878). Figure 1.1 shows one of the plots included in Proctor’s book,
where he describes in detail the major groups of nebulae observed. Although some
of his interpretations were incorrect, he recognized some of the major large-scale
structures known today. He also recognized the region avoided by the nebulae as the
plane of the Milky Way. At that time the reason for this avoidance, the existence of
dust in the Galactic Plane and its obscuring effects, was not known.

The true nature of the nebulae was subject of much debate until the idea of “is-
land universes” proposed by Immanuel Kant proved correct with the observations of
Edwin Hubble in the 1920°s. Using the most powerful telescope at that time, the
100-inch Hocker reflector at Mount Wilson in California, he identified Cepheid vari-
ables, standard candles, in the spiral nebulae of Andromeda. The so derived distance
to Andromeda proved unambiguously its extragalactic nature. Soon, the extragalac-
tic nature of other nebulae, especially those with known spiral structure, could be
confirmed.

Hubble’s diseovery of the extragalactic naturce of the nebulac was published in The
Realm of the Nebulae (Hubble 1936). It opened the study of large-scale structures,
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Figure 1.1: A plot of the nebulae from Herschel’s General Catalogue drawn by Richard
Proctor and Sidney Waters (From R.A. Proctor, The Universe of Stars).

In his book he presented a survey of 44,000 galaxies. The number of visible galaxies
decreases rapidly close to the GP. This clearly revealed a “Zone of Avoidance” that
was then interpreted to be the consequence of the obscuration produced by the disk
of the Milky Way. Also, the existence of groups and clusters of galaxies became more
evident from this survey.

Ounly about 20 rich clusters of galaxies were known before the National Geographic
Palomar Obscrvatory Sky Survey (POSS) of the 1350’s. The latter revealed the exis-
tence of thousands of rich clusters of galaxies. The Palomar Observatory Sky Survey
was done with a 48-inch Schmidt telescope that produced wide-angle photographs that
cover the entire sky visible from Palomar. George Abell studied all the photographic
plates for his doctoral thesis. In 1958, he published a catalogue containing 2,712 rich
clusters of galaxies found on the photographic plates from the National Geographic
Society-Palomar Observatory Sky Survey {Abell 1958). Large-scale structures and the
Zone of Avoidance became even more evident from the galaxy surveys that followed
the POSS.
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Figure 1.2: Aitofl equal-area projection in Galactic coordinates showing all known
galaxies with D > 1!3 and the extinction contour in the B-band of Ag = 1™0 as
determined by the DIRBE dust extinction maps (figure from Kraan-Korteweg 2000b).
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1.3 The Distribution of Galaxies in All-Sky Maps

A “whole” sky catalogue of galaxies can be achieved by merging three catalogues
of galaxies: the Uppsala General Cataloguc (UGC) for the north that covers § >
—225 {Nilson 1973), the ESO Uppsala Catalogue for the south § £ —17° (Lauberts
1982), and the Morphological Catalogue of Galaxies (MCG) for the region of =175 <
§ < —225 (Vorontsov-Velyaminov & Archipova 1963-74). The data from these three
catalogues is homogenized by applying the galaxies diameters adjustments proposed
by Lahav: D = 1.15Dgga, D = 0.96Dgso, and D = 1.2900¢ (Lahav 1987). This
whole-sky catalogue is complete for galaxies with diameters greater than D = 1!3
(Hudson & Lynden-Bell 1991).

The resulting distribution of the galaxies from the merging of the above three
catalogues is displayed in Fig 1.2 in an equal-area Aitoff projection (from Kraan-
Korteweg 2000b). (Galaxies are displayed in Galactic coordinates with the Galactic
center, £ = 0° and b = 0°, at its origin. The galaxies in Fig 1.2 are diameter-coded.
Small circles correspond to galaxies with diameters 1’3 < D < 2'. Galaxies with
diameters 2° < D < 3" are represented by medium-sized circles and large citcles mark
the positions of galaxies with diameters D > 3.

The clumpy distribution of galaxies is suggestive of large-scale structures in the
nearby Universe. In Fig 1.2, we can identify the Local Supercluster as a great circle
{the Supergalactic Plane) with the Virgo cluster at its center at (£,5) ~ (284°,74°)
and the Centaurus Wall which is seen as a concentrated band of galaxies that crosses
the southern Milky Way at the predicted position of the GA at £ = 320° and b =
0° (Kolatt et al. 19935). The Centaurus Wall is a continuous large-scale structure
that includes the Indus, Pavo, Telescopium, Centaurus and Hydra clusters. The
Centaurus region hosts the GA which is located where the Virgo southern extension
merges with the Centaurus Wall. The GA region is of great dynamical importance
because of the streaming motion of galaxies in the local Universe, including the Local
Group, directed towards it. The Pavo (332°, —24°), Centaurus (302°,22°), and Hydra
(270°,27°) clusters arc seen as part of the Centaurus Wall in Fig. 1.2. The Perscus-
Pisces chain curving into the ZOA between £ = 95° and £ = 165° is another large-scale
structure recognized in Fig 1 2. The Antlia (273°,197), Indus and Fornax clusters are
also visible. The dipole of the Cosmic Microwave Background direction is found at

= 276° and b = 30° and is due to the motion of the LG towards this direction at
a speed of 627 km s~ (Kogut et al. 1993). In this plot the most obvious feature
is a broad band of about 26° width which is almost empty of galaxies, the Zone of
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Avoidance.

The distribution of galaxies behind the Milky Way has to be unveiled in order to
determine the origin of the peculiar velocity of the LG with respect to the CMB and
other velocity flow fields in the local universe such as the streaming motion towards
the GA. The determination of the apex of the LG motion can be improved with
a reduction of the width of the ZOA {Kraan-Korteweg & Lahav 2000). Theoretical
reconstructions of the density field (Kolatt et al. 1995}, based on the mass distribution
out to ~ 6,000kms~!, have shown that the mass distribution within £ 20° of the
ZOA strongly affects the direction of the gravitational acceleration of the LG. The
direction of the acceleration vector of the LG changes as much as = 33° when the
mass distribution within £ 20° ZOA is included (Kolatt et al. 1995).

In the last decade, systematic optical, near-infrared, far-infrared, systematic blind
HI and X-ray galaxy surveys were initiated to reduce the width of the ZOA. Although
hampered by extinction, optical survevs are more effective than HI and far infrared
searches to unveil clusters rich in E and S0 galaxics. BEarly type galaxies normally
trace the mass density pcaks in the Universe. Deep optical searches revealed that
ACO 3627 (the Norma Cluster} is a rich cluster of galaxies hidden by the southern
Milky Way (Woudt 1998). ACO 3627, a nearby and very massive cluster of galaxics
at £ = 325°3 and b = —7°2 with a redshift of v = 4, 844 km s (Kraan-Korteweg et
al. 1996; Woudt et al. 2000a & 2000b), is the most prominent known concentration
of galaxies at the core of the GA region.

There is a large probability for the existence of another rich cluster of galaxies
in the central region of the GA overdensity where the obscuration of background
objcets is higher. Galaxies are optically almost invisible at these extinction levels.
The strong southern radio source PKS 1343—601 at £ = 30977 and & = 128 with a
v = 3,800 km s7! lies in the central region of the GA hidden behind an extinction
layer in the optical of Ag = 12™. The central galaxy in rich clusters is often a strong
radio emitter. PKS 1343—601 could mark the bottom of the potential well of another
rich cluster of galaxies at the core of the GA region supported by extended X-ray
emission.

The scientific motivation for this thesis is to unveil the members of such a rich
cluster of galaxy if it exists. Hence, the surroundings of this strong southern radio
source were imaged in the I-band with WFI and the 2.2-m MPG-ESO telescope (see
section 3.2). Sixteen WFI fields containing 128 images of the surrounding region of
PKS 1343601 were obtained. This project consists in the reduction of these data
to verify whether this suspected rich cluster exists.
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1.4 QOutline of this Thesis

This thesis is presented in 6 chapters. A historical perspective and an introduction to
the known large-scale structures in the nearby Universe was given in this Chapter 1.
The second chapter covers in detail the deep optical scarches of galaxies in the Zone of
Avoidance. The reduction process of 16 I-band WFT fields (128 images) is described
in Chapter 3. The results from meticulous searches by eye for galaxy candidates
on 128 I-band images are presented Chapter 4, while Chapter 5 is dedicated to the
analysis of the distribution of the unveiled galaxies. Finally, the conclution of this

research and the future plans are presented in Chapter 6.



Chapter 2

Deep Optical Searches and Clus-
tering of (Galaxies Behind the
Z0A

2.1 Introduction

Stars and dust in the plane of the Milky Way obscure about 25% of the optical and
10% of the IRAS extragalactic sky creating a “Zone of Avoidance” (ZOA} in the
distribution of optical and infrared visible galaxies. As early as in 1878, the existence
of the ZOA was pointed out by Proctor as the “Zone of the few Nebulae” (Proctor
1878} in the distribution of nebulae made with the “General Catalogue of Nebulae”
data of Sir John Herschel, 1864. Harlow Shapley proposed to define the ZOA as the
region delimited by “the isopleth of five galaxies per square degree from the Lick and
Harvard surveys” (Shapley 1961), while a mean rate of 34 gal./sq.deg. was found in
unobscured regions of the sky (Shane & Wirtanen 1967).

Astronomers interested in extragalactic studies tend to avoid the ZOA due to the
inherent difficulties of finding galaxies and analyzing the few obscured galaxies already
known there. However, revealing the large-scale structures hidden by the Milky Way
is important for our understanding of the dynamics of the local Universe and for
the determination of certain cosmological parameters, such as for example the origin
of the peculiar velocity of the Local Group, the dipole! in the Cosmic Microwave

Background (CMB) radiation and the value of the cosmological density parameter

'"The dipole anisotropy in the CMB is duc to the peculiar mation of the LG relative to the CMB,
vy = 627 kms ! towards £ = 270° and b = 30° (kogut et al. 1993).

9
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{1, on large scales.

Therefore, the ZOA has been subjected to multi-wavelength systematic explo-
rations by various groups of astronomers and include most wavelengths of the elec-
tromagnetic spectrum: X-rays, optical, near (NIR) and far infrared (IRAS) and HI
wavelengths. This chapter focuses on current results from optical surveys that have

been carried out to unveil the large-scale structures that lic behind the Milky Way.

2.2 Deep Optical Searches of Galaxies Behind the
Z0A

Systematic deep optical searches to uncover partially obscured galaxies in the Zone of
Avoidance have been performed by various groups of astronomers using the available
sky surveys such as the Palomar Observatory Sky Surveys (POSS I and POSS II}
in the north and the ESO-SRC (UK Science Research Council) Southern Sky Atlas.
Thousands of faint and partially obscured galaxies with diameters D> 01, not pre-
viously catalogued, have been found by eye in the above scarches. The best available
technique is visual examination as the fields of the ZOA are crowded by stars in the
disk of the Galaxy which complicates the detection of faint and small galaxies. Be-
cause of this difficulty the detection of galaxies by eye for Galactic latitudes |b| < 15°
is more efficient than galaxy extraction by automated measuring machines such as
COSMOS? (Drinkwater et al. 1995), APM?® (Lewis et al. 1996} or the application
of Artificial Neural Networks {ANN). In a pilot project, ANN uncover galaxies with
diameters D> 25" at low Galatic latitudes (Naim 1995), b ~ 5°, but with a relatively
low detection rate of approximately 30—-40% of known galaxies found by eye. There-
fore, the detection of galaxies by eye remains as the most reliable technique to identify
faint and small galaxies in crowded star fields, cven though it is very time-consuming.

In order to unveil new galaxies and clustering behind the ZOA, it is crucial to
have a detailed understanding of the foreground extinction due to the Galactic plane.
Moreaver, it is indispensable to have both a high-resolution, well-calibrated map of
the foreground extinction and understand clearly how Galactic extinction affects the

2COSMOS (COordinates, Sizes, Magnitudes, Orientations, and Shapes) is a plate scanning
machine at the Royal Observatory Edinburgh, www.aao.gov.au/local/www/surveys/cosmos, (An-

denarch 1999).
*The Automated Plate Measuring Mochine {APM) is located at the Institute of Astronomy,

Cambridge UK, www.ast.cam ac uk/~apmcat, (Andenaich 1999},
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180°

Figure 2.1: The different deep optical searches to uncover partially obscured galaxies
in the ZOA. The distribution is centered on ¢ = 0° and b = 0°. The labels in the
figure identify the different searches. See Kraan-Korteweg (2000bh) for details on each
search.
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observed galaxy parameters in order to make corrections for absorption effects. The
extinction maps by Burstein & Heiles (1982) have been the standard, but they do not
include the ZOA (|b] < 10°). The Schlegel et al. (1998) full-sky 100 pzm maps from a
reprocessed composite of the COBE/DIRBE! and IRAS/ISSA® maps (DIRBE maps)
improve the estimated value of the foreground extinction. These full-sky dust maps
from the DIRBE experiment measure directly the dust column density and have a
better angular resolution of 6/1, in comparison to ~ 20—30 for the HI maps, and
twice as reliable than the Burstein-Heiles maps.

Deep optical searches of galaxies in the ZOA have so far uncovered about 50,000
previously unknown galaxies. Figure 2.1 shows the different galaxy surveys carried
out in the ZOA. For details and results on each one of these surveys and the respective
references see Kraan-Korteweg (2000b). These systematic deep optical searches cover
the entire ZOA defined as the area of the sky delimited by the foreground extinction
contour of Ay = 170 according to the DIRBE dust maps (Schlegel et al. 1998). This
can be substantiated by comparing Fig. 2.1 with Fig. 1.2 in Chapter one.

As an example of the results from recent deep optical galaxy searches, the distri-

+The DIRBE experiment (Diffuse Infrared Background Experiment) on board the COBE salel-
lite imaged the full sky in 10 broad photometric bands, from 1 to 240um, with a 0°7 heam

{Schlegel et al. 1998).
5The Infrared Astronomy Satellite (IRAS) mission made the first full-sky maps of the diffuse

background radiation in 4 broadband infrared channels, centered at 12, 25, 60, and 100 pmi with a
bean of ~ 5 (Joint FRAS Science Working Group 1998).
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bution of galaxies found in the searches in the Dy-Dy region are presented in Fig. 2.2.
Small dots represent newly discovered galaxies while large dots corresponds to pre-
viously known galaxies with D > 1!3 (Lauberts 1982). The three contour levels in
this figure represent the extinction levels of Ap =170 (cyan), 370 (magenta) and
520 (black) according to the DIRBE dust maps (Schlegel et al. 1998). From this
distribution it is obvious that galaxies can readily be detected up to an extinction
level of three magnitudes. Few galaxies are still identifiable at the extinction levels
30 < Ap < 5™0. At extinction levels above five magnitudes, only a handful of
galaxies are still recognized.

The deep optical surveys in the ZOA for the Hydra-Antlia (Ds), Crux (Dj), and
Great Attractor (D4) regions are complete to an apparcnt diameter of D= 14" for ex-
tinction levels Ag < 30 (Woudt 1998, Kraan-Korteweg 2000a and Woudt & Kraan-
Korteweg 2001).

Galaxies observed through obscuration layers of dust appcar to be fainter and
smaller as a function of extinction. For a spiral galaxy at a foreground extinction
layer of Ag = 10 only about 80% of its unobscured diameter is visible. A spiral
galaxy seen through an extinction layer of A = 3"0 will be reduced to a diameter
that is 22% of its unobscured apparent size.

The reduction of galaxy diameters by absorption was investigated by Cameron
(1990). He artificially absorbed a sample of spiral and elliptical galaxjes with known
surface photometry in order to establish the relationship between absorption and
diameter reduction. Such a relationship is distinct for spirals when compared fo
ellipticals. As absorption increases, late-type galaxy diamecters are reduced at a faster
rate than that of early-type galaxies. He obtained the following diameter reduction

factor as a function of the extinction in the optical B-band, Ap:

F(Diam)= 10%1945" for gpiral galaxies
f(Diam)= 10%345" for ellipticals and SO galaxies

where f(Diam) is the ratio by which diameters are reduced as a function of absorption.

When applying these diameter corrections to obscured spiral and elliptical galaxies
at the apparent completencss limit of D = 14" their intrinsic optical diameters will be
D?® ~ 60" and 50" respectively for Ag = 3®0. An elliptical galaxy with D° ~ 60" will
have an apparent diameter below the completeness limit for Ag > 370 and therefore
remain undetected Thus, deep optical surveys are complete for galaxies with intrinsic
diameters 1° > 10 to extinction levels of A < 3M0.
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Figure 2.2: Distribution in Galactic coordinates of galaxies. The open circles are
Lauberts galaxies with D > 1!3, shown also in Fig 1.2. The small dots are the
galaxies with £ > 12" detected by deep optical searches in the region £_5 (From
R.C. Kraan-Korteweg 2000b).

The UGC, ESO-Uppsala, and MCG catalogues can now be complemented with
the data obtained from deep optical searches in the ZOA to obtain a “whole” sky
catalogue with a reduced ZOA. It is complete up to extinction-corrected diameters of
D® = 1!3 for extinction levels Ag < 3™0. Figure 2.3 shows the Aitoff projection of the
improved whole-sky distribution of galaxies with a narrowed ZOA (Kraan-Korteweg
2000b). Here, all ESO, UGC and MCG galaxies with extinction-corrected diameters
D° > 173 are plotted as well as the galaxies from the different ZOA optical searches
with D° > 113 and Ag < 320 for which diameters and positions are available. The
contour line in Fig 2.3 is the extinction contour level of Ag = 3V0 given by the
DIRBE dust maps (Schlegel et al. 1998). Regions in the ZOA for which galaxy
diameters and positions are not availabe are marked. Comparing Fig. 2.3 to Fig. 1.2,
one sees that deep optical surveys reduce the ZOA considerably. The large-scale
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structures that seem to continue across the ZOA are mote pronounced, such as for
example: the concentration of galaxies in the Great Attractor (GA) region centered at
(£, b)~ (320°,0°) and the Perseus-Pisces chain crossing the Galactic plane at £ = 165°.
Supplemented whole-sky maps with a reduced ZOA improve our understanding of the
streaming motions in the local Universe, the total gravitational attraction on the Local

Group, and the influence of the GA on the velocity flow ficlds of its surroundings.

2.3 (Galaxy Clustering within the Great Attractor
Region

The interpretation of the nature and the extent of the mass density enhancement
dubbed the Great Attractor (GA) by Alan Dressler has been quite controversial due
to its location behind the Galactic Plane (GT?). A group of astronomers, later known
as the “Seven Samurai” (7S), uncovered an enormous overdensity of mass in the local
Universe (Lynden-Bell et al. 1988) from the Faber-Jackson® relationship for about
400 elliptical galaxies distributed all over the sky. They concluded from this study
that the peculiar motion of the Local Group was shared by galaxies over a much larger
volume of space. They proposed that this cosmic flow was induced by an enormous
concentration of mass in the dircction of (£,8) ~ {307°,9°) at a distance of 4,500 km
57! (Lynden-Bell ot al. 1988, Burstein et al. 1990). They proposcd the GA model
with the following characteristics to explain the observed bulk flow (Dressler 1991):

1. The existence of a large overdensity of mass

2. Its center in redshift space lics at approximately 4,000 km s~!

3. Peculiar velocities should decline when approaching the GA and reverse at the

far side of the GA.
The above three predictions have been partially confirmed (Dressler & Faber 1990a,b;
Dressler 1991). Hence, if light traces mass, a large concentration of galaxies should be
observed in the GA direction, but that was not seen. The existence of a GA therefore
remains controversial.

The confirmation of the GA has important cosmological implications since it chal-
lenges the “cold-dark-matter” (CDM) model. Such a concentration of mass would be
exceedingly rare if not absent in a CDM universe. The concentration of mass in the
GA region is predicted to be ~ 5.4 x 10'% solar masses (Lynden-Bell et al. 1988).

8The correlation between the luminosity of an elliptical g'a,la,xy and the velocity dispersion of the

stars in its central region.
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Figure 2.3: Aitoff equal-area distribution in Galactic coordinates of the ESO, UGC,
and MGC galaxies with extinction-corrected diameters D° > 1!3. This plot includes
also galaxies, with D° > 1!3 for extinction levels Ag < 370, from systematic deep

optical surveys in the ZOA. (From Kraan-Korteweg 2000b). -
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o < 055

Figure 2.4: All-sky density fluctuation contours at 4,000 km s~

, in Galactic coordi-
nates, recovered by POTENT from observed peculiar velocities centered at ¢ = 230°
and b = 0°. Note the GA rcgion, scen as a broad overdense region that runs from
Hydra and Centaurus to PIT. This overdensity has its maximum behind the ZOA.

The bold dots mark the Supergalctic plane (From Kolatt et al. 1995).

As a complementary statistical approach to unveil large-scale structures behind the
Z0OA, mathematical methods are used to veconstruct the galaxy distribution obscured
by the Milky Way. The POTENT analysis can reconstruct the potential field from
available peculiar velocities of galaxies (Bertschinger & Dekel 1989). Observed pecu-
liar velocities of galaxies in quasilincar gravitational instability are used by POTENT
to reconstruct for instance the smoothed mass density field. Kolatt et al (1995) used
peculiar velocities from both sides of the ZOA as probes to trace the distribution of
mass behind the ZOA.

Their mass-density fluctuation ficld at a redshift of 4000 km s™! is displayed in
Fig 2.4. It predicts the peak of the GA overdensity at (£,0)} ~ (320°,0°). Here, the
GA overdensity extends from Hydra and Centaurus to the Pavo-Indus-Telescopium
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Figure 2.5: Velocity and mass-density fluctuations in the super galactic plane as
recovered by POTENT (left panel). A surface plot of the mass-density fluctuation
field is shown in the left panel. (From Dekel 1994, 1995)

(PIT) region. This overdensity is seen as the most pronounced feature in Fig. 2.4
The smoothed potential ficlds are an important tool to predict the existence of mas-
sive superclusters, although they are not able resolve individual clusters within these
superclusters.

Figure 2.5 shows the 3D velocity field and mass-density fluctuation field as re-
covered by POTENT using the Mark III” velocities of approximately 3000 galaxies
and a 12h~"Mpc smoothing (Dekel 1994, 1995). The arrows in the left panel are
projections onto the Supergalactic Plane of the peculiar velocity vectors in the CMB
frame. The right panel shows mass-density contours deduced from the flow pattern
in the left panel if these are due to mass and gravity. In both plots, the position of
the LG is located at the center. The main large-scale structures in the local Universe
arc casily visible in these plots. In both panels, the GA is visible at the left side.
The Perseus-Pisces (PP) supercluster is visible on the right, the Great Wall (GW) of
Coma is at the top. The PP peak dominates the right side extending to Aquarius,
Cetus and the Southern Wall near to the south Galactic pole. A void of galaxies, an
underdense region, is found between the overdense regions of GA and PP. This void

"The Mark Il Catalog of Galaxy Peculiar Velocities comprises five different types of data files
and hag been used as input for POTENT reconstruction of velocity and density fields , as well as
other velocity analyses (Willick et al 1995, 1996 & 1997)
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coincides with the observed galaxy void of Sculptor.

2.4 ACO 3627: The Norma Cluster

ACO 3627 is a cluster of galaxies found near the center of the Great Attractor region.
From deep optical galaxy searches and redshilts, Kraan-Korteweg et al. (1996) and
Woudt (1998) concluded that ACO 3627 is the most massive cluster within the GA
region known to date. ACQO 3627 is located near to the predicted peak of the GA
overdensity. This cluster was listed by Abell et al. (1989) in the all-sky catalogue “A
Catalog of Rich Clusters of Galaxies” as cluster 3627. This all-sky catalog of clusters
contains 4073 rich clusters of galaxies. Each cluster has at least 30 members within
the magnitude range between the third brightest cluster member m3 and mgz + 2.
Abell et al. (1989) defined rich clusters as those clusters with more than 50 members
within the Abell radius Ba = 1.7 [z, where z = U,/ c.

ACO 3627 has been named the Norma Cluster because of its prominence and
location in the Norma constellation. The Norma cluster lies at (£,8) = (325%3, —7°2),
only 9° from the predicted center of the GA. Beecausce it is obscured by the Milky
Way, its prominence was never noted and it attracted little attention. The Norma
cluster has an observed recession velocity of 4,882 km s~ (Kraan-Korteweg et al.
1996) which puts it also in redshift space at the heart of the GA. It has a large galaxy
velocity dispersion of 897 km s~! implying that it is very massive. Kraan-Korteweg
et al. (1996) determined a virial mass of 5.1 x 10'%h5y M, for this cluster. This mass
alone accounts only about 10% for the GA mass which is on the order of ~ 108 solar
masses. However, this massive cluster is one of the most likely clusters that appears
the bottom of the GA’s gravitational potential well.

ACQO 3627 is the only rich cluster listed in the all-sky catalogue of Abcll et al.
(1989) behind the Milky Way. The predominance of early-type galaxies {~ 30%)
at its core confirms its richness. Rich clusters are in general strong X-ray emitters.
Analysis of ROSAT observations with the Position Sensitive Proportional Counter
(PSPPC) determined that the Norma cluster is the sixth brightest cluster in the ROSAT
all-sky survey next to Virgo, Perseus, Coma, Ophiuchus and Centaurus clusters with
a luminosity of 2.2 x 10™ erg s=! in the ROSAT cnergy band of 0.1-2.4 keV. While
all the other X-ray bright clusters were well known, the Norma cluster was missed in
previous X-ray surveys because of confusion with the Galactic X-ray bright binary 1H
1556-605. The ROSAT PSPC observations confirmed in fact that Norma is as massive
as Coma (Béhringer et al. 1996). Similar to Coma, two dominant ¢D galaxies lic at
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the core of ACO 3627. Simulations show that if Coma were located at the position
of ACO 3627, it would look nearly identical to what it is seen for ACO 3627.

2.5 An Uncharted Nearby Cluster of Galaxies

Since the predicted mass of the GA region is about 10 solar masses (Lynden & Bell
et al. 1988), the Norma cluster with a mass of 10'® solar masses accounts only for 10%
of the GA’s mass. Velocity flows and mass-density fluctuations maps such as those
shown in Fig. 2.4 and Fig. 2.5 indicate that the GA is a large extended concentration
of mass. Only one rich cluster (ACO 3627) has been detected in that region. Hence,
there may be more clusters hidden by the Milky Way which may be part of the large
and extended mass concentration of the GA region.

The existence of another uncharted cluster of galaxies, similiar to Norma cluster,
in the central region of the GA would have serious implications on our current under-
standing of the dynamical processes in the local Universe, within redshift distances
of about 6,000 km s=1.

There are strong indications that the second brightest extragalactic radio source
in the southern sky PKS 1343-601, fopem = 79 Jy (McAdam 1991 and refercnces
therein), could mark the bottom of the potential well of another massive cluster in
the GA overdensity. This radio galaxy at (¢,b,v) ~ (309°7,1°8, 3,872 km s™%) lies
behind the Milky Way. It is optically heavily obscured by 12 magnitudes of extinction
in the B-band.

The optical counterpart of PKS 1343—601 resulted to be a heavily reddened E0
galaxy (West & Tarenghi 1989). With a recession velocity of cz = 3,872 km s71
this object scems to be a glant elliptical galaxy. West, & Tarenghi (1989) reported
an ohserved diameter of 28” for this galaxy. Once corrected for extinction according
to Cameron (1990}, the observed diameter corresponds to an extinction-corrected
diameter of 232" at a distance of 73 Mpe.

This radio galaxy also shows significant X-ray emission. A short exposure image of
PKS 1343—-601 from the Finstein X-ray satellite shows two strong point X-ray sources
i its vicinity {(McAdam 1991). Because of the high foreground extinction, the ROSAT
satellite did not detect X-ray cmission in this region. However, diffuse hard X-ray
cmission [rom its radio lobes was detected with the ASCA satellite {Tashiro et al.
1998).

With an optical obscuration of about 12 magnitudes, not cven the brightest galax-

les pertaining to a cluster at that position would be visible. Figure 2.6 shows for
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Figure 2.6: A comparison between the Norma cluster (left panel) with an cxtine-
tion of Ap ~ 175 and the heavily obscured galaxies uncovered in the vicinity of
PKS 1343601 (right panel) with an extinction of Ag ~ 12™.(From Kraan-Korteweg
2000b).

comparison the Norma cluster (left panel), known from deep optical ZOA searches
(Woudt & Kraan-Korteweg 2001), artificially set at the distance and position of
PKS 1343601 (right panel). The inner circles in both distributions mark the re-
spective Abell radius and the distribution of galaxics in the right panel is modulated
by the extinction gradient. It is obvious that optical scarches fail in uncovering
galaxies at high levels of extinction. Observations in the near- and far-infrared where
extinetion cffects are less severe are required to determine whether or not the giant
elliptical radio galaxy PKS 1343—601 lics at the center of a massive cluster of galaxies.

To verify this, the region was imaged within its Abell radius in the /-band with
the Wide Field Imager camera mounted on the MPG-ESO 2.2-m telescope at La
Silla. Observatory. Since extinction cffects are less severe in the I-band (A, = 473),
observations in the 7/-band could unveil early-type galaxies members of this cluster if
it is real. The observations and reductions are discused in the next chapter, beforc

presenting the results in Chapter 4.



Chapter 3

Observations and Reductions

3.1 Introduction

This chapter describes the observations and the data reduction process. The observa-
tions were done within an area of 2° x 2° centered at the radio galaxy PKS 1343—-601
(£ = 3097, b = 1°8) and were taken in the I-band with the Wide Field Imager (WFI)
camera and the MPG-ESO 2.2-m telescope at La Silla Observatory, Chile. A total of
16 WFI fields were taken containing 128 I-band images. These images were reduced
using the NOAQ PC-IRAF! and the astronomical imaging and data visualization
application SAQTmage DS9. In Section 3.5, the Guide Star Catalogue (GSC 1.2)
and the Digital Sky Survey (ESSO-DSSi) are used for the calibration of pixels in

equatorial coordinates.

3.2 Observatory, Instruments and Observations

The observations for this thesis were provided by Dr. Patrick Alan Woudt of the
Department of Astronomy of the University of Cape Town at the European Southern
Observatory (ESQ) La Silla, Chile, where he used the Wide Field Imager {WFT)
mounted on the MPG/ESO 2.2-m telescope. The observations were made during three
nights from May 19 to 21, 1999. The reduction and analysis of these observations are
part of this thesis. The data consist of 16 fields that cover a field of 2° x 2° centered on
a suspected rich cluster of galaxies marked by the strong radio galaxy PKS1343—-601.
Figure 3.1 shows the distribution of the 16 WFT fields taken in Galactic coordinates.
The large circle in this figure corresponds to a circle with an Abell radius of 222 and

mage Reduction and Analysis Facility

21



22 Chapter 3 Observations and Reductions

Table 3.1: The observed fields are shown in this table with the filter used, the exposure
time and the telescope pointing coordinates.

WFT Field  Date of Fiiter Exp. Time R.A. Dec. Equinox
Observation 815.871 nm (sec) (b m sy (¢ "

Skyflat 1999-05-20 n816 1

Skyfat 1999-05-20 n816 4

Skyflat 1999-05-20 ndif 5

Skyflat 1999-05-20 n816 7

Skyflat 1999-05-20 n816 9

Skyflat 1999-05-20 nd16 14

PFO1 1999-05-19 n816 300 1343 23.1 —60609 31 B1950
PFO1 1999-05-19 nl16 300 1343 31.1 —-6008 31 DBI950
PFO1 1999-05-19 n8l6 300 1343 19.1 —-6009 01 B1950
PFO1 1999-05-19 n&l6H 300 13 43 27.1 —60 1001 B1930
PFO1 1999-05-19 n816 300 13 43 15.1 —60 10 31 B1930
PF0O2 1999-05-19 n&16 600 13 47 23.1 —593%31 B1950
PFG3 1999-05-20 n8&16 600 1343 231 —593931 B1950
PF04 1999-05-20 n816 600 1339231 —-593931 B1950
PFO5 1999-05-20 n&igG 600 13 39 23.1 —6009 31 B1950
PF06 1599-05-20 n&lg 600 1339231 —-603931 B1930
PRFOT 1999-05-20 n816 600 1343 23.1 —60 39 31 131950
P08 1999-05-20 n&lé 600 1347 23.1  —60 39 31 B1Y50
PF09 1999-05-20 n816 600 1347 23.1 —6009 31 B1950
PF10 1999-05-21 n816 600 1349 23.1 59 09 31 B1950
PF11 1999-05-21 n8&l6 600 1345231 —5B9 09 31 131950
PF12 1999-05-21 n&16 600 13 41 23.1 —-5009 31 B1950
PF13 1999-05-21 n816 600 1337231 590931 B1950
PF14 1999-05-20 n316 600 1335 23.1 -593931 DBl1950
PF15 199%-05-20 n816 600 1335231 —-6009 31 B1Y50
PF16 1999-05-20 n&16 600 13 35 23.1 —603931 B1950

is centered at the position of PKS 1343—601. Field one is a supcrposition of five WEI
exposures to obtain a better resolution at the center. Every WIT ficld consists of 8
images, the total amount of images treated in this thesis consists of 48 skyflats and
160 science images where the central field is the sum of five individual exposurcs.



Observatory, Instruments and Observations 23

4’ T T I I- T | T T I T T T
3 —
o - i
1) i -
[ 4
= \ ]
- . ==
7 [ i = e
3L ] Lo
g - &2 e
o1k — i P
o L B EE
g ] B g
i ] —
. =
i 1 L H 1 I 1 i 1 1 ‘ -\ ! I-.l. ‘ 1 1 1 ] [ l |
312 411 310 309 308

Galactic Longitude {degs)

Figure 3.1: The 16 WFT fields imaged in the /-band around PKS 1343—-601

3.2.1 The MPG-ESO Telescope at La Silla

The La Silla Observatory of ESO is located on the southern edge of the Atacama
desert in Chile. Its geographical location is at 70°44'47543 W, 29°15'157433 S and
an altitude of 2335 meters. The 2.2-m telescope is property of the Max Planck
Gesellschaft (MPG) and has been on indefinite loan to ESO since 1984. Its mount
is an equatorial-fork and it has a Ritchey-Chretien optical design. The WFI camera
was the instrument used in this telescope for the observations.

3.2.2 The WFI

The Wide Field Imager (WFI) is a focal reducer-type camera. It is permanently
mounted at the Cassegrain focus of the MPG-ESO 2.2-m telescope. Its field of view
has a diameter of almost 0.8 degrees. Its detector has a coverage of 34’ x 33". With
these characteristics the WFI exceeds the field of view by at least a factor of two
compared to other La Silla or VLT ESO instruments. The WFI consists of a mosaic
of 4 x 2 CCD detectors, each 2142 x 4128 pixels. Therefore, one WFI fits file consists
of 8 individual frames. The arrangement of the 8 chips is shown in Fig. 3.2. Each chip
is about 2k x 4k in size. The gap between the chips is narrow and it yields a filling
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L

Figure 3.2: The CCD setup in the WFI detector at the MPG-ESO 2.2-m telescope.

factor of 95.9%. This instrument offers an excellent scnsitivity from the atmospheric
UV cut-off to the near IR. The WFI has a pixel scale of 0.238 arcsec/pixel. The
observations for the present work were taken with the filter n816 which is centered
at A, = 815.9 nanometers and a full-width at half-maximum of 20.928 nm. This is a
narrower filter in comparison to the standard 7-band filter.

3.3 The WFI Data Reduction Process

3.3.1 The Observational Data

The data consist of the following observations: six WFI skyflats and twenty WFI field
exposures taken around the strong radio source PKS 1343—601. Table 3.1 shows the
filter and the exposure times for each observation. To obtain a full spatial coverage
for the central field (PF01), five exposures were taken with offsets shown in Fig. 3.3.
Hence, the final central field PF01 is a superposition of five fields slightly offset for
improved spatial coverage.

With the five exposures of field PF01, there are 20 exposures for a total of 16
different fields shown in Fig 3.1. One WFI FITS file consists of eight individual frames
{images). The total data amount therefore to 48 skyflats and 160 science images and
the reduced data consists of eight normalized flats and 128 reduced images.

The following notation was applied to the WFI data. Each WFI FITS-file (or field)
congists of eight individual frames or images. The notation for flats is nflat# where
# indicates the frame number, from 1 to 8. Reduced images were named PFN_#, where
P refers to PKS1343-601, and F stands for ficld. Moreover, N is the field number from
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Figure 3.3: The offscts applied to the 5 exposures of the central field, PF01.

1 to 16 and # the frame number 1 to 8. For example, frame number 3 of field twelve is
called image PF12_3. For images calibrated in equatorial coordinates, RADec precedes
the previous notation. For example, the image in RA and Dec for frame 3 of field
number twelve is RADecPF12_3. Since all images are FITS files, the image names are
followed by the extension “.fits”, for example PF12 3.fits.

3.3.2 Reduction Process for the Flat Fields

“Flat fields” are used for CCD normalization. In a CCD, cach pixcl has a different
quantum response to light. Therefore, “flats” are used to normalize the pixels in
a CCD to the mean of all the pixels. For the six skyflat exposures, 48 flat fields
had to be reduced and combined. They were overscan subtracted and combined to
one common skyflat, The first step in this procedure was the determination of the
oversean-region in cach frame. Figure 3.4 shows the WFI flat frame 3 as an example
of a flat with its unexposed borders. The overscan subtraction for frame number
three was given by a section on the right unexposed region as shown in Fig. 3.4. The
image on the right hand side is an amplified section of the bottom right corner of the
left image and shows part of the unexposed area of the CCD used to compute the
overscan subtraction.

Each WFI flat field consists of 8 frames (images). The size of each frame is
2142 x 4128 pixels. The overscan regions were determined with IRAF’s task im-
plot. The implot commands ¢, [, e, and r were used to create column, line, expand,
and reset plots respectively. With these implot commands and column commands
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Figure 3.4: Frame number 3 of the WFI flat. The right image is an amplification of
the bottom right corner of the left image (flat) to show a part of the section used to
compute the overscan subtraction.

like: ¢ N M and { N M the overscan regions for the eight flat frames were deter-
mined. N and M determine de range of columns or lines to be plotted. For frames 1,
2, 3, and 4, the overscan regions are the same: [2121:2140, 31:3500]. Frames 5, 6, and
7 have their overscan region in [2:22, 629:4098]. An overscan region of [2121:2140,
629:4098] was selected for frame 8 because it is upside down with respect to frame
number 1.

In addition to the region used for the overscan susbtraction there were other sec-
tions on the CCD’s that were not exposed, for example the bottom edge of the right
hand side image shown in Fig. 3.4. These unexposed regions of the flats were trimmed
including the unexposed areas from which the overscan subtraction was computed.
The trimming of each {rame was determined using the implot task. Similar to the
overscan regiomns, frames have different trimming sections. For frames 1, 2, 3, and
4, the trimming sections are [51:2094, 31:4128]. A trimming of [49:2092, 1:4098] was
applied to frames 5, 6, and 7, and a trimming of [51:2094, 1:4098] to frame number 8.

The frames were then overscan-subtracted and trimmed using the IRAF task col-
bias. After the overscan-subtraction and trimming, the final image sizes are 2044 x
4098 pixels. The six different skyflat exposures for each frame were combined into
one using the IRAF task flatcombine. The task imstatistics was used to compute the
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mean of each frame. The eight frames were normalized with émarith, dividing them
by the mean value calculated with imstatistics. The resulting eight normalized flat
frames were used to flatficld the Wide Field Imager data.

3.3.3 Reduction Process for the WFI Images

The WFT data consist of 16 fields with a total of 160 images including the images
of five different exposures of the central field, PF01. All frames were bias-subtracted
and trimmed with colbias using the same bias and trimming sections as for the fiats.
The images were then divided by the normalized flats with the TRAF task imarith.
Besides the transformation from pixel to equatorial coordinates, this was the end of
the reduction process except for the central ficld images, PF01_1, ... , PF01.8.

For the central field (PFO1), five exposures were made with offscts as shown in
Fig. 3.3. To be able to combine the five exposures for each of the eight frames, the
offset of the five exposures relative to one of them had to be determined. The offsets
were computed with the IRAF task imezamine as follows: four of the five exposures
for one frame were displayed at the same time in the image display tool SAOImage
DS9. DSO can display a maximum of four images at one time and the fifth image
was displayed as soon as one of the previous ones was not needed anymore. The idea
was to find the offset of four of them with respect to the fifth one. A star that could
be identified in all five was marked. Then, with tmezamine the pixel coordinates
of that star were determined in all five images. With the pixel coordinates for one
star, the offsets of four images with respect to the fifth were determined. The IRAF
task imalign was used to improve further the offset coordinates. The offscts were
stored in a text file that was then used as input of imalign parameter shifts. Also,
imalign requires a list of the pixel coordinates of 24 stars as the input for its parameter
coords. The coordinates of these 24 stars were given to ¢malign to further improve
the offsets calculated using only one star. The smalign ouput are the improved offset
values. A text file containing the improved offsets was used as the input for the IRAF
task smeombine parameter offsets. The five images for each frame of field one were
finally combined using this IRAF task. Once all data images were trimmed, flatfielded
and combined accordingly, one can proceed with the search for galaxies (see section
4).



TESIS CON
PALLA DE ORIGEN

28 Chapter 3. Observations and Reductions

L 59°9'30" ~59°9'30°}

¥4

94!

—toror

Declination {J2000}
Declination {J2000)

- 115 =101

-10'30”

kK . C A
13845m4% 4578 45Ma%  44™56° 447567 137a5™a°  45™E" 4570 ® 44756%

Right Ascension (J2000) Right Ascension (J2000)

Figure 3.5: Both images are the same and are part of field 12 frame 3 image,
RaDecPF12.3. The image on the left side is displayed with a higher cutoff inten-
sity level than the one on the right side. A very flat galaxy, possibly an edge-on
spiral, is observed in the image on the right.

3.4 The Search of Galaxies by Eye

With all the 128 images reduced, the search for galaxies by eye could begin. Most of
the galaxies in the WFI images are fainter and smaller than stars, partly due to the
extinction. Hundreds or thousands of stars are present in each of the images since
we are looking along the Galactic plane. Therefore, searching galaxies by eye is mare
efficient and simple than using a mathematical extraction algorithm. As an example
of the crowding Fig. 3.7 shows the image of PF12_3 in RA and Dec coordinates.
Figure 3.7 clearly illustrates the very high number of stars present in all images.

Using IRAF and the image display tool SAOImage DS9, a meticulous search for
galaxies was done by eye on each of the 128 reduced images. Xlmtool is another
image display tool that can be used instead of DS9. I personally preferred the use
of DS9 since XImtool runs only under 8 bits whereas I was using a PC running Red
Hat Linux OS at 16 bits.

My search for galaxies was conducted as follows: One image at a time was dis-
played using DS9, zooming into the image and continously varying the contrast. In
this way galaxies can be spotted through the difference in the way their size and
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surface brightness change compared to stars. An example of this change in galaxy’s
appearance by varyving the image contrast can be visualized in Fig. 3.5. A very low
surface brightness galaxy, probably an edge-on spiral is recognizable in the right panel
of Fig. 3.5, while it is not visible at all in the left panel. Notice that fainter objects
are visible in the right panel compared to the left panel of Fig. 3.5. By changing the
contrast of a displayed image, the cut-off intensity level of that image can be varied
and fainter objects can be identified.

Once a galaxy candidate was found, IRAF task imezamine was used substantially
to help with the classification of a candidate as a galaxy. JImezamine has some
very helpful commands to ascertain the morphology of the objects as galaxies. These
basically are the following commands: s to make surface plots, r to plot radial profiles

and e for contour plots of possible galaxy candidates.

3.5 Calibration of Pixels in Equatorial Coordinates

To determine the equatorial coordinates RA and Dec of the identified galaxies and
galaxy candidates, it was necessary to transform the image coordinates given in pix-
cls to RA and Dec coordinates. To accomplish this, one first had to determine the
observed central position of every image. Then, with images calibrated in RA and
Dec from the European Southern Observatory online Digitized Sky Survey 2-Infrared
(DSS2i), star positions from the Guide Star Catalog version 1.2 (GSC 1.2) and the
IRAF tasks imerzamine and ccmap, the transformations from pixel to equatorial co-
ordinates for all images could be accomplished. This procedure is explained in more

detail in the following sections.

3.5.1 Determination of the Image Centers

The data consist of 16 WFI exposures. The detector of the WFET has a mosaic of 4x2
CCD detectors, each of which has 2142 columns and 4128 rows. For each of the 16
observed fields there are eight CCD images of 2142 columns by 4128 rows of pixels
before reduction. Using the pointing coordinates of the telescope for the 16 fields as
listed in Table 3.1 and the relative positions of the eight CCD detectors (WFI's field
of view), the coordinates of the centers of all eight subimages of each of the WFI
ficlds were determined. Figure 3.2 shows the cight CCD sctup for each WFI ficld.
Although the exact WFTI field of view is 0.567° x 0.55°, T worked with a field of view

of 0.54% x 0.54° for symmetry reasons and to simplify the calculations as only rough
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Table 3.2: Estimated centers for the data images (Equinox B1950.0)

Subfield @« (1950) 4 (1950) | Subfield « (1950) 4 (1950)

PFO1.1 13452439 -600125| PFO9.1 134925 -600125
PF01.2 134419.54 -6001 25| PF09.2 13 48 20 -60 01 25
PFO1.3 1343147 -6001 25| PF09.3 134716 -6001 25
P09 4 134611 -6001 23
PIF'095 134610 -60 17 37

estimates of the image centers are required.

Using the pointing coordinates of the telescope, the size of the observed field and
the knowledge that there are 8 chips with narrow gaps between them, the subimage
centers could be calculated. In Table 3.2, the centers for the first three subimages of
the central field (PFD1) and for the first five subimages of field PF09 are shown as an
example. When comparing the DSS-2i with the data images, [ found an offset in the
pointing of the telescope. This offset occurs in both RA and Dec directions. The shift
in RA is positive and varics [rom field to field. It is around 25 arcsec + few arcsec.
The offset in Dec is about the same as in RA. Instead of calculating it, I selected DIDS-
21 images big enough so that they always covered the whole area of the data images.
The DSS-2i images did not need to match the data images exactly as they were only
needed to identify the stars that were used for the coordinate transformations.

3.5.2 The ESO Online Digitized Sky Survey (ESO-DSS2i)

The Science Archive Facility of ESO and the Space Telescope - European Coordinat-
ing Facility (ST-ECT) provides access to the Digitized Sky Surveys phase 2 (DSS-2)
produced by the Space Telescope Science Institute (STScl) through its Catalogs and
Surveys Branch (CASB}. The DSS-2 is the digitized version of the photographic sky
surveys plates from the Palomar and UK Schmidt telescopes. The sky coverage for
each of these plates is 6.5 x 6.5 degrees. Since my data images are in the I band,
DDS-2 images were downloaded from the infrared on-line version (IDSS-2i) that had
27% of the sky available in 2001, including the area of the sky where the observations
of PKS 1343601 were taken. The estimated central positions in RA and Dec of
the data images as well as their size in arcminutes (8!1 x 16!2) were used to obtain
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images from the DSS-2i that correspond to the part of the sky covered by the data
images. Since the data consist of 16 fields that gives a total of 128 images, the same
number of DSS-2i images were downloaded. ESO DSS2i can be consulted on the web
at http://archive.eso org/dss/dss.

3.5.3 The Guide Star Catalog

The Guide Star Catalog (GSC) is made available by the CASB of the STScl. The
GSC is also based on the sky survey plates from Palomar and UK Schmidt tele-
scopes. The first generation GSC (GSC 1) was constructed by CASB to support the
pointing and target acquisition for the Hubble Space Telescope. The first generation
version 1.2 of the GSC was used in this thesis to obtain accurate star positions. The
STScl in collaboration with the Astronomisches Rechen-Institut produced a new as-
trometric recalibration of GSC I. This new astrometric reduction, GSC 1.2, of the
GSC plate material has eliminated the major systematic errors that were found in
the previous version (GSC 1.1). The GSC I is an all-sky optical catalog that has the
positions and magnitudes of approximately 19 million stars and other objects in the
magnitude range from 6™ to 15™. The GSC is available on the web at http://www-
gsss.stsci.edu/gsc/GSChome. htm.

3.5.4 SAOTmage DS9

DS9 is the astronomical imaging and data visualization tool that was used to dis-
play and analyze DSS-2i and data images. DS9 is produced by the research and
development group of the High Energy Astrophysics Division (HEAD) of the Smith-
soulan Astrophysical Observatory (SAQ). It provides support for FITS images and
easy communication with IRAF. Among the many featurcs that DS9 offers are: multi-
ple frame buffers, region manipulation, blinking, tiling, geometric markers, colormap
manipulation, rotation, scaling (scale algorithms), zooming, pan, and several coor-
dinate systems. DS8 is a stand-alone application and free distributed software. For
more information about DS9 or to download it, consult its homepage: http://hea-
www. harvard.edu/RD/index.html.

3.5.5 IRAF Tasks: imexam and ccmap

Both IRAF tasks #mezam and cemap were used in the transformation of positions

from pixel coordinates to right ascension and declination coordinates. IRAIs task
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imezam is useful to examine images through various types of plots and text outputs.
This task has several features of IRAF image display and graphics facilities. The
cemap task makes use of a list of matched pixel and equatorial coordinates to compute
the transformation of coordinates for an image. The IRAF tasks have two types of
parameters: required and hidden paramecters. The parameters determine how the

task operations will be done.

3.5.6 The Transformation of Pixels to Equatorial Coordi-

nates

The transformations from pixel to RA and Dec coordinates were donc [or all the
images in which galaxies were found. The first step was to get DSS-2i images and
GSC 1.2 star positions for the area of the sky covered by all 128 data images. Knowing
the data image centers and their size, 128 DSS-2i images and lists of star positions
were obtained for the same area of the sky. Since the DSS-2i images are calibrated in
equatorial coordinates, they were used to identify the stars in data images that have
positions in the GSC 1.2

The number of stars contained in the 128 GSC 1.2 lists for the data images ranges
from 80 to 150 stars. A sample of the first 50 stars in the GSC 1.2 star position list
for the data image PF12_3 is shown in Table 3.3, Generally between 5 to 10 stars
were selected from the GSC 1.2 star list to obtain a low rms (about 0.17) for RA
and Dec transformations. The GSC 1.2 star position list has to be prepared for the
star selection process. The selection criteria was the following: Star positions with
errors larger than 0.4 were deleted from the list. The remaining stars were sorted by
magnitude in order to select stars with magnitudes in the range 125 < m < 15.0.
Stars with magnitudes m < 12.5 are too bright and stars with m > 15.0 are too faint
to obtain good measurements of their centers in pixel coordinates. The list was also
sorted in decreasing Dec to delete from list those stars which were not in the data
image. This procedure led to a final list of stars which were possible candidates to be
used for the coordinate transformations. As an example, the selection of stars from
Table 3.3 is shown in Table 3 4.

To identify the selected stars with equatorial positions on the data images, a data
image with its corresponding DSS-2i image was displayed in DS9 in tile mode. From
the sorted star position list, a star was selected. Then, using its coordinates as given in
the GSC, the star was searched on the DSS-2i image which is calibrated in equatorial
coordinates. Once the star was found in the DSS-2i image, the DSS-2i was used as
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Guide Star Catalogue {copyright.AURA 1989-1995:
13 44 38,95 -52 16 27,9 Box {arcmin’: 18,00 x 18,00

lozition {J2000) 3
o.Entries : 148 Mo,Selected : 143
Guice Star I H M S DM 5 T Mag err Be Cl Plt TIFPDGEFN [ :
8675 2334 13 44 49,89 -09 08 10, L3 12,80 0,40 02 Q07L FETFFFTF 1976256
2675 2334 13 dd 49,90 -89 08 9, .3 12,55 0,40 32 02EMW FFTFFFTF 1975,497
8675 1270 13 45 0,33 -53 08 38, L0 13,75 0,40 30 0ZEW FRTFFFFF 1975 ,497
8675 2505 13 43 39,95 -58 09 7, 3 13,27 0,40 02 0ZEMW FETFFFFF 1975.497
26750 1776 13 45 13,66 -58 09 46, 4 10,09 0,40 02 007L EFTFFETF 1976.256
Ba75 1776 13 45 13,70 -52 09 45, L0 10,46 0,40 02 0OZEHW FETEFF TF 1975,497
8675 1200 13 43 44,93 -5%3 10 G, S0 14,06 0,40 30 CZEHW FFTFFFFE 1975.497
8675 1920 13 43 43,91 -55 10 10, A 13,25 0,40 22 007L FFTFFFTE 1975,256
Be75 1920 13 43 44,03 =59 10 11, LA0013.13 0,40 22 OZEMW FFTFFETF 1975497
8575 1004 13 45 22,28 -69 10 1, R 13,17 0,40 02 Q07 FFTFFFTF 1976,256
8675 - 1804 13 45 22,30 -59 10 1, 12.92 0,40 02 OZEMW FFTFFFTF 1975497
g57h 1132 13 44 0,17 -59 10 12, 13,42 0,40 30 OZEH FFTFFFFF 1975,497
BEFS - 1646 13 43 44,36 -59 10 18, 11,38 0,40 22 Q07L FETFFFTF 1975.256
8675 1546 12 43 44,32 -59 10 18, 11,50 0,40 0 22 OZEW FFTFFFTF 1975.497

FETFFETE 1976.256
FETFFFTF 1975,497
FFTFFFTF 1976.256
FFTFFFTF 1975.497
FFTFFFTF 1976.256
FFTFFFTF 1975.497
FETFFFFF 1975,497
FFTFFFFF 1975.497
FFTFFFTF 1976,256
FFTFFFTF 1975,497
FFTFFFTF 1976.256
FFTFFFTF 1975,497
FETFFFFF 1975.497
FETFFFTF 1976.256

8675 2400 13 45 35,11 -59 10
8675 2400 13 45 35,12 -53 10
8675 1474 13 45 6.63 -59 10
8675 1474 12 45 6.58 ~59 10
8675 1050 13 45 15.63 -53 10
8675 1050 13 45 15,65 -59 10
8675 1624 13 44 38,99 -59 10
8575 2036 13 44 38,08 -59 11
8576 . 2491 13 45 37,33 -59 11
85756 2491 13 45 37.35 -59 11
8575 1102 13 44 29,03 -59 12
8575 1102 13 44 29,13 -55 12
8675 1216 13 43 58,17 -59 12
8675 1616 13 44 29,18 -59 12

13,34 040
12,92 0,40
13,43 04U

a1l QO7L
30 O2EW
Q1 0071
30 QZEW
Q3 Q0FL
02 OZERN
Q2 Q2EW
02 0ZEH
02 QO7L
30 OZEW
30 Q07
30 0ZEM.
30 026
02 00FL

: w e 4 4 4 h e
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-

12,03 0,4
15,55 0,40
13,38 0,40
14,57 0,40
12,21 0,40
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8675 1616 13 44 29,18 -59 12 3n, 11,71 0,40 0 Q0 0ZEW 2 FFTFFFTF 1975497
857F - 1632 18 43 57.99 59 12 0.40 0 30 02EM I FETFFFFF 1975,497
B675 - 1138 13 43 58,76 -B9 12 59, 14,80 0,40 030 007L 2 FFIFFFIF 1976.256
8575 1138 13 42 57,13 -B9 12 B3, L3 14,13 6,40 0 30 0PEW 2 EFVIFFTE 1975,497
8575 14di 13 43 39,14 -59 13 27, .2 13,52 0.40 0 02 O2EW T 1975,497
8678 2490 13 485 2,59 -59 13 21, .3 13,84 0,40 0 30 Q07L 1976 256
8575 2490 13 45 2,57 -59 13 20, 3 13,21 0,40 0 30 02EW _ 1975,497
BE75 182.13 44 57,89 -89 13 22, 40 11,88 0,40 002 0071 F 1976 ,256
8675 12 44 57,88 <59 13 21, L3 11,96 0,40 0 02 OPEW 2 FFTEFFTF- 1975,497
8675 12 45 14,08 -59 13 37, .3 14,17 0.40 0 30 O2EW 1 FFIFFFFF 1975,497
BE75 162 13 45 20,92 59 13 37, 22 13,77 0,40 0 30 0ZEW 1 EFTFFFFF 1975,497
B&FD . ..1452 13 45 21,55 -§9 13 50, J30 13,52 0.40 0 30 02FW 1 FETFFFFF 197%,497
BR7E . :.2439 .13 43 4k,05:-59.14 4, L3 14198040 0 30 02EW 1 FFIFFFFF 1975,497
8675 988 1345 29,53 -0d 1353, W3 14,840,440 0 30 02EW 1 FFTFFFFE 1975.497
8675 94 13 43:47.92 ~59 14 . 5, L2 14,250,400 30 02EW 1 FFIFFFFFE 1975,497
8675 13 4% 57 ,27--59 14 - 9, L2 BBE 0,10 403 56 TEIFFFFT 2000000
8675 01.1% 44 1,80 =59 14 10, . 777 0,10 03 56 TETFFFET 2000.,000
2675 712 447 40769 14 12, J2 14,63°0,40 © 30 0ZEW 1 FFIFFFFF 1975,497
8675 13 44 B.69 -59 44 13, .4 14,17 0,40 O 30 02EW 1 FFIFFEFF 1975,497
8675 12 43 47,30 -59 14 17, L2 13,28 0,40 O OC Q0FL 1 FFIFFFFF 1976,256
B&75 13 44 9,70 -59 14 14, .5 15,06 0,40 © 30 0ZEW 1 FFIFFFFF 975,497
8675 13 44 11,75 -59 14 15, .4 15,17 0,40 0 30 026W 1 FFIFFFFF 1975,497
8675 12 44 13.95 -59 14 1¢. J3O15.43 0,40 © 20 02EW % FFIFFFFF 1975.497

Table 3.3: The first 50 of 140 stars of the GSC 1.2 star positions list for data image
PF12.3.
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Figure 3.6: Two stars that have equatorial positions in the GSC 1.2 are marked
in data image PF12_3 (right panel) after they where identified using its respective
DSS-2i image (left panel} calibrated in equatorial coordinates.
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Guide Star Catalogua {copyright ,AURA 1939-1998,
13 44 38795 -59°16 27,9  Box {arcmin): 18;0ﬁ x 18,00

Pozition (JZ20007 1
Mo, Entries Lt 148. No.Selected : 148
s#; selected star s; ng used “H: bad selection _
Guide Star ID H M 5 O H 5 err Mag err Be CL Plt n IIPDGEFM
sl 8675 2334 1344 49,90 53 0B 9.8 0,3 12,50 0,40 O 02 02EW 2 FETFFFTF 1975.457
8675 2334 13 44 49,89 -59 08 10,1 0.3 12,80 040 0 02 607 2 FFTFFFTF 1976.256
8675 1474 13 45 6,58 -59 10-11,1 0.3 12,84 0,40 .-0 30 02EWM 2 FFTFFFTF 1975,497
s2 Bern 2036 1344 8,08 -59 11 50,7 0,3 1342040 002 02EW 1 FFTFFFFF 1975,497
875 1102 13 44 23,13 ~59 12 23,3 0,3 13,38 G40 O 30 O02EW 2 FETFFFTF 1970 .49
87D 1102 13 44 29,08 -59 12 24.0 0,3 13,55 0,40 ¢ 30 007L 2 FFTFFFTF 1976,255
=23 BR/5 2450 13 45 2,67 -59 12 20,6 0,3 13,21 0,40 0 30 02EW 2 FFTFFFTF 1975,497
8675 2490 13 45 2,859 -h9 13 21.4 0,3 13,54 0,40 0 30 Q0L 2 FFTFFFTF 1976.256
Be7S 2014 13 44 29,89 59 14 40,2 0,3 12,17 0,40 0 20 02EW 1 FFTFFFFF 1975.497
g 8675 916 13 44 8,10 59 14 47,7 0,3 13,78 0,40 0 20 QzEM 2 FFTFFFTF 1975,497
8a75 1918 12 44 9,21 -59 4 47,7 0,3 12,51 0,40 0O 03 O2EW. 2 FETEFETE 1975,497
8675 1918 13 44 9,260 -59 14 48,3 0,3 13,54 0,40 0 0C OO7L 2 FFTFFFTF 1976.256
B575 916 13 44 8,05 59 14 48,4 0,3 14,88 0,40 © 20 Q07L 2 FFTFFFTF 1976.256
Bo75. 2321 13 44 9,72 -59 16 33,6 0,3 14,80 0,40 0 30 OZEW 1 FFTFFFFF 1975.497
M 8675 2580 13 44 24,98 -59 17 45,4 0.2 13,71 0,40 0 30 OZEW 1 FFTFFFFF 1575,497
g4 Bbfh 2333 13 44 7,50 -5918 14,0 0,3 13,46 0,40 0 02 OZEW 1 FFTFFFFF 1975,497
ge7h 1214 12 44 11,45 -B9 19 15,1 0,3 13,29 0,40 0O 30 0ZEW 1 FFTFFFFF 1975,497
“BETST 2044 13 44 3,69 -53 19517 0,2 13,17 0,40 O 30 ORFW 2 FFTFFFTF 1975,497
g670 2044 13 44 3,68 -5 19 51,9 0,3 13,29 0,40 0 30 O07FL 2 FETFEFTF 1975.256
sb B578 4Bk 13 45 0,23 ~B9 18 B3.6 0,3 13,50 (.40 0 30 02EW 1 FFTFFFFF 975,497
sb 8679 0 790 13 44 12,87 -h9 21 116 0.3 13,59 0,40 0 00 OZEW - 1. FETFFFRF 1975.4%7
sf Be7S 1282 13 44 45,87 -59 21 27,1 0,3 12,96 0,40 0 02 O2EW .2 FFTFFFTF 1975497
8675 . 1392 13 44 46,53 -59-21 27,4 0,3 13,25 0,40 0 01 0O7L 2 FFTFFFTF 1976,256
Be75 -, . 2313 13 44 23,35 -89 22 24,6 0.3 13,50.0G.40 .0 30 02EW 1 FFTFFFFF 1975.497
8675 - 1430 13.44 12.70°-59 22 43,1 0,3 13,42 040 "0 02 0ZEM 1 FFTFFFFF 1975.497
CBE7S PEER 13 44 4,37 -89 24 43,9 0,3 12,50 0,40 -0 02 OZEW- 2 FFTFFFIF 1975,497
3675 2050 1345 49,43 -59 24 50,8 0,3 12,76 0,37 030 OZEH 2 FFTFRETF 1975.497
CBAYS . 25R0 13 45 49,45 59 24 B1,3 0,3 13,21 9,40 0 30 0071 2 FFTFFFTF 1976,254
8675 2090 13 45 34,30 -59 25 18,3 G,2 13,17 0,37 0 30 02EW -1 FETFFFFF - 1975.497

Table 3.4: Final star position list for image PF12_3 after applying the selection cri-
teria. Seven stars were selected for the transformation of coordinates. These are the

entries marked as sl through s7 in column 1.

a finding chart to search for the star on the data image. If the star was found on
the DSS-2i image but not on the data image, it was discarded. Then, another star
was selected from the GSC list and searched in the D5S5S-2i image. If it was found in
both DSS-2i and in the data images, it was retained. This procedure was repeated
for up to 7 or 9 stars. Two selected stars in the data image PI°12.3 are shown in
Fig. 3.6. The image on the left side is the DSS-2i image and the data image 13 on the
right side. Both show stars 4 and 6 out of 7 stars selected for the transformation of
coordiniates.

In order to achicve a uniform transformation over the entire image, the selected

stars should be distributed uniformly over the entire image. While this was the ideal
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# [1] RaDecPF12_3.fits - _
# COL  LINE  RMAG FLUK SKY N RMOM ELLTP  PA PEAK GFRHM
487.92 3932.55 8,96 2610672,0 497,54 . 50 4.40 0,158 84,4 64875.81 11,02
1838,94 2999.73 10,09 918104.6 224,28 43 3,57 0,070 73,0 59304,53 3,70
75.29 262,42 10,00 998611.5 231,93 51 3,65 0,047 65.4 61517.42 3,79
1849,09 1387.32  9.92 1072015,1 253,64 51  3.64 0,083 66,6 67660,66 3,71
152,66 971.41. 10,42 680579.4 211,73 52 3,67 0,058 64,9 41448,09 3,82
1672.64 641,11 10,41 6335180 219,86 51 3.66 0,040 68,6 41592,21 3,54
8,46 BB1,01  9.36 1798993.0 336,43 49 3.95 C.028 52,0 6947768 5,97

Table 3.5: IRAF's imezam ouput that contains pixel coordinates of seven selected

stars. Pixel coordinates are given in columns 1 and 2.

procedure, the distribution of the usable stars did not always allow this. Another
matter that must he taken into consideration is that a selected star should be isolated.
This could be verified with IRAF task #mezamine. If the selected star did not have
nearby companions, then its pixel coordintes were measured. Imezamime commands
s, and e give surface and contour plots which were used for inspection and could prove
that a selected star does not have stars of similar or brighter magnitude nearby that

will affect the computing of its positions by gaussian fitting.

dg7 .92 3932 .55 13:144:49,90 -53:08:09,8
1838.,94 2999 .73 13:44:08,08 -59:11+50.7

75,29 2AP4 .42 13:45:02 .57 -53:13120.5
1849.,09 1387 ,32 13:44:07,50 -53:18:14.0
152,66 971,41 13:45:00,23 -59:19:53,5
1672 .64 641,11 13:d44:12,87 -59:21:11.6
588,46 581,01 13:d4:46,57 -59:21:27,1

Table 3.6: Input file for the TRAF task cemap containing pixel and equatorial coor-
dinates.

With typically 7 to 10 stars selected, DS9 was switched to single mode to have only
the data image displayed. The crosshair was selected under edit to mark each zoomed

kX

star. Then, the IRAF text output command ”,” was used to mecasure the center of
the star in pixel coordinates. After the centers of all selected stars were measured,
a text file output is obtained. An cxample is shown in Table 3.5. Columns 1 and
2 give pixel coordinates of the selected stars. Imezamine has a hidden parameter
named logfile. The filename assigned to the logfile parameter is the text file in
which imeramine text output is recorded. Table 3.5 is an example. With these pixel

coordinates for the selected stars and their respective equatorial coordinates from the
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gb- The ‘output datshase File:

Tre ‘database-plate solutich nanes
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Table 3.7: TRAF task cemap required and hidden parameters and their inputs for
data image PF12_3.

GSC 1.2 a combined file with both pixel and equatorial coordinates is prepared. An
example is given in Table 3.6. Text files as the one shown in Table 3.6 were part of the
input files needed by the IRAF task ecmap to compute the equation of transformation
of pixel to equatorial coordinates.

The task cemap requires several input files to compute the transformation of co-
ordinates. In Table 3.7, an example of the required and hidden parameters for this
task with its respective values are shown. The input parameter takes the text file
containing the matched pixel and equatorial coordinates. For image PF12_3 that
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RaDecPFlE%B.fits

~59°10'

Declination (J2000)
|
on

13045™05 44™455 44™305 44™155
Right Ascension (J2000)

Figure 3.7: The I-band image of field number 12 and frame number 8. Its exposure
time is 600 seconds.
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file was named xyradec.pf12_3, where xyradec stand for pixel and equatorial co-
ordinates respectively and pf12_3 refers to the image of field number 12 and frame
number 3. The other required parameter database needs as input the name of a text
file in which the computed plate solutions of the transformation are stored. That
textfile was named db.pf12_3, db for database and pf12_3 for image PIF'12_3. For the
parameters images and results, the inputs are the image RADecPF12_3 and a text
file which records a summary of the results of the transformation. The calibrated im-
age PF12_3 was renamed RADecPF12_3. After ccmap is executed, the image header
is modified so that pixel coordinates may be transformed to equatorial coordinates.
There arc more parameters for the comap task and my inputs for them are shown in
Table 3.7.

This was the procedure followed to reduce all the images in which galaxies were
found. The properties such as positions, diameters, possible morphological type as

well as the mages of the uncovered galaxies are presented in the next chapter.
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Chapter 4

Galaxies Unveiled around the
Radio Galaxy PKS 1343-601

4.1 Introduction

In this chapter I present the galaxy candidates found in searches by eye on the 128
WFI I-band images reduced in the previous chapter. I discovered 49 likely galaxies
and 6 uncertain galaxy candidates. Positions in equatorial and Galactic coordinates
as well as apparent diameters were determined for these galaxy candidates. A mor-
phological type and a brief description of each candidate is given. I-band images of
all palaxy candidates and uncertain candidates are shown. Cross-identifications with
possible counterparts known from other wavebands (near and far-infrared, radio, and

X-rays) are made.

4.2 Detected Galaxy Candidates

Galaxy candidates are generally objects that have a fuzzy appearance with, at these
extinction levels, low surface brightness that do not resemble stars and have non-
Gaussian radial profiles. In 128 deep [-band images that were scarched for galaxies
around PKS 1343-601, 49 candidates for galaxies were detected. These 49 candidates
are listed with their properties in Table 4.1 which includes their position in equatorial
and Galactic coordinates, apparent diameter and likely morphology.

Column one of Table 4.1 contains the running number of each galaxy candidate
which arc ordered in Right Ascension (J2000). Column one also includes the name
of the I-band image in which they were found. The image nomenclature was ex-

41
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Table 4.1: Positions, apparent diameters, morphological type and extinction Ay of
the 49 galaxy candidates around the radio galaxy PKS 1343—601.

MO R.A Dec £ b D Ay Morph  Description

Ident. ("™ e ) ¢y (P Type

1 {2 (3] 4 (5) 6y (M (8 9]

1,pfl5.5-2 1335450 —603148 30848 185 26 29 8§ Very faint and small edgze-on spiral

2, pf15.5 1337269 —60 2546 30858 1.94 28 35 &7 Very low surface biightness and small

3, pt14.3 1337291 -600427 30865 229 24 29 R Very small wilth a nearby faint star

4, pl14.3 1335043 594118 30879 2.65 29 34 S Low surface biightness edge-on spiral

5, plla.s 1338510 —-600305 30882 228 24 34 E Very small and perhaps T0

6, pf13 4-3 1339215 =59 1440 ap903  3.06 31 21 8 Faint, very small spiral which mayhe
interacting with galaxy candidate 7

7, ptl3_d 1339216 —591442 30903 3.06 31 21 E Blended with a star and perhaps
interacting with galaxy candidate 6

8, plid 2 1339263 594758 308494 2451 29 32 E Smali and faint, possibly an E2

9, pl13.4-2 1339501 591311 30910 3.07 26 21 8 Faint bulge with with low surface
brightness halo (perhaps the disk)

10, pfi3.3 1310566 —591237 309.24 3.05 2.9 22 B Small and faint, possibly an K2

11, pfl3.3-2 1340570 —59 1122 30925 3.07 31 20 S Latge and very faint halo (disk}
arcund a bright spot. Maybe interac-
ting with a possible nearby galaxy

12, pfld.t 1341031 —-593%411  309.17 2861 34 32 8 Very low suiface brightness and
small edge-on

13, pfl132 1341143 592152 30925 250 24 25 E Small and faint, only its central
part is obgerved, possibly E3

14, pfl3.7 1341 589 592428 30933 283 31 27 E Appears small, possibly B0

15, pf06.6 1342096 610819 309.02 113 24 52 E Very faing, fuzzy object

16, pfi38-2 1342428 502841 30941 275 21 30 S Faint bulge with very dim halo (disk)

17, pfi3.8 1342444 592854 30941 274 a6 30 E Small and faint, possibly EL

18, pf12.5 1343526 —R9 24 57 30957 278 26 26 E Small and faing, mavbe E2

19, pll2.6 13440356 —5929 22 300.5T 270 25 30 E Small and faint, partially covered
by a faint star

20, pf052 1344036 —6019356 30041 188 36 46 El With amall faint nearby star

21, pf123-4 1344230 591317 309.67 296 36 23 E Possibly an L2

22, pf123-5 1344256 591184 30068 298 150 23 S Large and faint apiral with 2 stars
near its buige

23, pfdd_1 1344295 —5949 46 309.56  2.36 87 33 3 Smali, edge-on, very [aint disk and
partially hidden by a star

24, pf12.3-3 1344375 —-590951 309.71 301 30 23 8 Very small and faint, maybe face-on

25, pfi23-2 1344414 —591022 30972 300 26 23 K Small and faint, possibly an I3

26, pft12.36 1344467 591152 309.72 297 29 23 E Only bulge is visible, maybe an E3

27, pfl23-7 13445195 502033 309.70 2.82 26 26 S Small bulge with fuzzy, faint halo

28, pfi2.3 1345018 —-590051 309.76 300 196 22 8 Large late-type cdge-on spiral;
bulge is not well defined

29, pf0lb 1345253 —602915 30954 169 24 51 E Low surface brightness center with
faint halo

30, pfdl14 1345 50.6 —60 09206 309.66 2.01 43 36 EI Large and blended with a bright gtar
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Table 4.1: continued.

MO AL Dec £ b D Ag Morph.  Description

Tdent (hmsy " ) ¢y ) (™) Type

) (2) (3 4) g e { ® (9

31, pf03._4 1346 12.5 -3%5723 30974 219 29 36 S Bright bulge with faint. disk,
only half of the disk is
visildle

32, pf0l3-2 1346203 —602244 30967 177 1.8 53 8 Very small, low surface
brightness

33, pf01.3 1546 491 602429 30972 173 38 55 E0 The giant radio galaxy
PKS 1343-601

34, pfO1.7 1347185 -60 3413 30975 156 297 5§ 9§ Large edge-on spiral
{from Nagayama & Sato)

35, pf11.4 1347247 =59 1055 31006 291 3.1 24 5 Small, very low 5B and
blended with a faint star

36, pl11.42 1347255 —-591228 31005 289 5.8 24 7 Small hright bulge with a
very large extended halo,
possibly a spiral

37, pf01.7-2 1347360 —603703 30977 151 20 a5 R Perhaps the bright bulge
of an EG

38, pf03.7 1347 53.1 —595532 30296 2,17 17 37 8 Small bulge with a laint
halo (disk)

39, plo3.7-2 1348042 5958312 30007 213 12 iz 57 Veory low surface brightness
and tiny

40, pfol.1 1348 27.5 —601147 30997 183 31 16 k 8mall and faint, possibly E0

41, piog4 1349363 604044 31004 138 3.6 149 E Very low surface brightness
and fuzzy

42, pf02.6 13 50 247 —6040539%9 31023 194 3.8 44 EO Blended with a bright star

43, pf1l1-1 1350294 530734 31045 287 2.6 1.7 8 Faing, amali buige with
faint halo

44, pf9_3 1350418 —-6019066 31021 171 3.8 4.5 E Possibly an T53

45, pfl1.1-2 1350469 —592300 31043 2862 4.1 2.8 El Bright bulge and faint halo

46, pt0o_6 1351083 —603922 31019 137 36 47 E Small and very low SB
close
to a bright star

47, pfli6 1352051 —593059 31056 245 34 30 5 Bright bulge with faint digk

48, pf10.3 13 52 154 -391702 31064 268 29 20 S7 Small and very faint

49, pflo_1 1355142 —5%1105 31103 2.68 24 20 S8 TFaint and small bulge with

y very low 5B disk

plained in Chapter 3. Columns 2 and 3 present the galaxy Right Ascension (RA) and
Declination (Dec) for the equinox J2000. Galaxy positions in Galactic coordinates
{£. b) arc recorded in columns 4 and 5 respectively. The sixth column in Table 4.1
contains the measured apparent diameter of galaxies in arcseconds. Column 7 gives
the extinction in the 7-band (Aj) at each galaxy position according to the DIRBE

dust maps (Schlegel ct al. 1998). This is an approximation since the calibration of
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the DIRBE extinction values are not well established for low latitudes. The possible
morphological type is given for each galaxy in column & Finally, the last column

gives a brief description of each galaxy candidate.

4.2.1 Accuracy of the Positional Measurements

Galaxy positions in RA and Dec were measured directly from the in equatorial coor-
dinates calibrated images using the following procedure: Data images were displayed
with the astronomical image display tool “SAOImage ds9”. Galaxy candidates were
enlarged (zooming in) to show identifiable details. The centers of each galaxy can-
didate was considered to coincide with the highest surface brightness area (avoiding
superimposed stars}. The center of each galaxy candidate was read out from DS9
by setting the cursor in “crosshair” mode on its pixel of highest suiface brightness.
Galaxy positions were measurcd twice this way in order to determine their random
uncertainties. The statistical analysis of two positional measurements for each of
the 49 galaxy candidates give a mean offset of (70636 and 070742 in RA and Dec
respectively. A dispersion of 074708 in RA and 071756 in Dec was determined. The
statistical analysis of these 49 galaxy positions give a random error of (747 in RA and
0”18 in Dec showing the internal consistency in the positional measurements.

Three of the 49 galaxies listed in Table 4.1 were identified on their common over-
lapping arecas in a second different image. Therefore, they have two measurements
of their positions that come from different images. These arc galaxies 30, 33 and
34. Table 4.2.1 lists the individual determined positions. To confirm the internal
consistency of the positional measurements, the mean and the standard deviation of
the offsets of these three galaxies were determined. The offsets in RA and Dec are
0”78 and 070.01 with a corresponding dispersion of (/68 and 0723.

As most of these galaxies were unknown before, it is not possible to compare the
accuracy of these positions with other external data. Anja Schroder’s search in a
pilot project using the NIR, DENIS' images (/, J and K-band) in this area has 5
galaxies in common with the galaxies detected herc. These are galaxies 15, 20, 33,
34 and 40 of Table 4.1. Howcver, there still are some problems with the astrometry
of DENIS images. Current galaxy positions obtained from DENIS images have a
svstematic deviation of few arcseconds. Some galaxies have also counterparts in
radio (see section 4.4). But galaxy positions derived from radio observations are even
less accurate than those from DENIS images. Therefore, at the moment there are no

'DEep Near Infrazed Survey of the southern sky
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Table 4.2: Equatorial positions (J2000) of three galaxies with independent determi-

nations.

Galaxy R.A. Dec. R.A. Dec.
Candidate (b m e SIS (" ™) S,
30 13:45:50.568 -60:09:05.60 13:45:50.614  -60:09:05.61
33 13 46 46.078 -60 24 29.42 13:46:49 081 -60:24:29.22
34 13 47 18.518 -60 34 12.99 13:47:18.5655 -60:34:13.24

substantial external data available to compare the accuracy of the positions reported
in Table 4.1

4.2.2 Diameter Determination

Most of the galaxy candidates listed in Table 4.1 have apparcnt diameters of a few
arcseconds with the exception of two large ones. Galaxies 22 and 29, which seem to be
iarge spirals, have apparent diameters of 15" and 20” respectively. One should recali
however, that most of the galaxy candidates listed in Table 4.1 are not intrinsically
small and/or faint, they only appear faint and small because they lie behind an
extinction layer of several magnitudes in the [-band. Therefore, we mainly see the
most luminous part of galaxies, i.e. their bulges. The diameters reported in column
6 of Table 4.1 generally correspond to the central region of galaxics where their
surface brightness is higher. The listed major diameters correspond to the size of the
brightness countour of 10% of the peak brightness. The brightness radial profile was
obtained with IRAF imezamine. In most cases it was possible to plot the radial profile
of the emitted light of these galaxies. The radial profile plots were used to determine
the galaxy diameters, except for a few galaxies with very low surface brightness. A
visual estimation of the major diameter was done for those low surface brightness

galaxics.

4.2.3 Morphological Classification

The determination of the morphological type is also severely affected by the fore-
ground extinction mainly caused by our Galaxy. Similar to the diameter determi-
nations, the morphological classification given in column 8 of Table 4.1 is a rough
estimation. Only in some cases the spiral or elliptical nature of these galaxies was
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clear but not always. The distinction between the bulge of a spiral galaxy and an
early-type galaxy remains ambiguous in many cases since they are highly obscured.
Elliptical galaxies show a more compact light distribution in the radial profile plots
than spiral galaxics which display more extended light profiles. The light profile was
thus useful in the assessment of morphology for those galaxies whose morphology was

uncertain from visual inspection.

4.2.4 Images and a Brief Description of the Galaxy Candi-

dates

The images of the 49 proposed galaxy candidates are presented in Figure 4.1. The
size of each image is about 36" x 36" and the location of these galaxies in the images
is indicated by an arrow. Most galaxy candidates are small and have low surface
brightness.

Twenty four of the 49 galaxy candidates listed in Table 4.1 are classified as spiral.
Images 1 and 4 are examples of small and faint spirals. The object in image 4 seems
to be an edge-on spiral. Image 22 shows a very low surface brightness object that
couid be a spiral with some foreground stars. A large edge-on spiral of low surface
brightness with an apparent diameter of about 20" is displayed in image 28. A small
and faint edge-on spiral is shown in image 34. This appears as a large edge-on spiral
in an combination of I, J and K-band images (from Nagayama & Sato before been
published).

Twenty-five galaxy candidates have an elliptical morphology. Some of them appear
as large and bright objects while others are faint and smaller even though they may not
be intrinsically faint and/or small. The object shown in image 33 is the giant clliptical
radio galaxy PKS 1343-601. Image 30 contains another example of a large elliptical
galaxy. Most of the 25 salaxy candidates with proposed clliptical morphology are
fainter and smaller. Image 5 shows a small, faint elliptical candidate. Other examples
of smaller ellipticals are images 17 and 18.

In some of these images, straight vertical lines are bad pixel columns.
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Figure 4.1: I-band images of the 49 galaxy candidates found in the vicinity of the
radio galaxy PKS 1343-601. Every image is about 36 x 36 arcsec. RA is the horizontal

and Dec is the vertical axis. North is up and east is left.
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Figure 4.1: continued.
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Figure 4.1: continued.
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Figure 4.1: continued.
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Figure 4.1: continued.
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Figure 4.1: continued.

4.3 Uncertain Galaxy Candidates

Six low surface hrightness objects have been detected which are not stars, but 1ts
extragalactic nature is not clear. These objects are included here as uncertain galaxy
candidates and their properties are listed in Table 4.3 with the same entries as Ta-
ble 4.1. The galaxics are ordered in increasing Right Ascension (J2000).

The galaxy positions shown in Table 4.3 have the same statistical uncertainties as
the positions in Table 4.1 which arc described in section 2 of this chapter (see section
4.2.1). The images of the six uncertain galaxy candidates are displayed in Figure 4.2,

4.3.1 Description of the Uncertain Galaxy Candidates Im-
ages

Five of the uncertain galaxy candidates appear small and with very low surface bright-
ness except the one shown in image 2 where a fuzsy region of low surface brightness

TESIS CON
FALLA DE ORIGEN
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Table 4.3: The six uncertain galaxy candidates

Label RA Dec £ b D Ar Morph Description
(h m s) (o ! H) (u) (o) (u) (m) Type

{1} {2) {3) {4) (8) (6) (1) (8 ()

1, pfle. 4 1337228 --604008 30853 170 29 31 7 Small, very low 5B, and has
neon-stellar light prolile

2, pll4.5 1337490 600136 30867 232 7 32 7 Fuzziness blended with a bright
bright star

3, pfi2.s 1344 413 —3%1017 30972 300 20 23 7 Maybe a bright star partially
covering a faint galaxy

4, plll 4 1347 144 —591653 31001 282 21 29 8 Very small, faint [uzzy patch

a, pflll 1350247 591725 31041 272 18 25 E? Small and faint spot close to a
very bright star

6, pfi0.1-2 13 54 444 —-591221 310.97 268 1.7 2.0 57 Bright small apot with faint

circular halo. Perhaps a
planetary nebula

of about 10" diameter is scen {sce Fig. 4.2). The origin of this fuzsy patch is un-
certain due to a bright nearby star. It maybe a nearby dwarf spheroidal. Further
obgervationg are needed in order to reveal the nature of thig object.

In image 1 of Fig. 4.2, a fuzzy and faint object is indicated with the arrow. It is
included in the list of uncertain galaxy candidates because it has a non-stellar radial
light profile. Howcver, it could be a blend of two small, faint stars. A tiny and fuzzy
object that seems to be behind a star is indicated by the arrow in image 3. The arrow
points at a star that is partially covering a small, faint object which could be a highly
obscured galaxy. Image 4 displays a fuzzy patch indicated by an arrow which has low
surface brightness and non-stellar radial light profile. Another small, faint and fuzzy
object is seen near to a bright star in image 5. From visnal inspections and its light
radial profile, it seems to be a galaxy candidate but this is not clear since it is so close
to such a hright star.

Image 6 of Figure 4.2 shows an object with an interesting peculiarity. This object
consists of a small bright spot of less than 17 in size at the center of a low surface
brightness halo of 2 in diameter. It has the apperance of a bright star surrounded by
a faint halo. Such an object may be a planetary nebula rather than a galaxy, but the
central bright spot has an extended radial light profile which may be identified more
with a spiral galaxy than with a star. Therefore, the nature of this ohject cannot be
determined with the resolution of this image.

The existing shallow surveys in the [, J and A-bands such as DENIS do not have
enough resolution to detect these small and faint objects. Therefore, deeper NIR
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Figure 4.2: The images of seven uncertain galaxy candidates. Images are about 36"x
36". RA increases horizontally to the left while Dec decreases vertically downwards.

observations are required in order to unveil the nature of these seven ohjects. Deep
observations in the near and far infrared would confiim whether or not they are of

extragalactic origin.

4.4 Cross-Identification with Known Objects

For the search of counterparts I made use of the following two databases: The CATS
database (http://cats.sao.ru, Verkhodanov et al. 1997) and the NASA/IPAC Extra-
galactic Database (NED, http://nedwww.ipac.caltech.edu). Only 14 galaxy candi-
dates of the 55 candidates listed in Tables 4.1 and 4.3 have one counterpart in either
the near infrared (DENIS), far infrared (IRAS), radio and/or X-rays.

The TRAS SSSC and IRAS PSC (Joint JRAS Science Working Group 1998) were
searched for JRAS counterparts of the here discovered galaxies presented in Table 4.1
and Table 4.3. TRAS counterparts were searched for within a radius of 2’ from the
positions as determined from their /-band images. IRAS positions have elliptical un-
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certainties. The semimajor {(smj) and semiminor (smn) axes in arcsec determine the
size of the uncertainty ellipse. IRAS flux densities are given in Jansky for the wave-
lenghts of 12 pm, 25 pm, 60 pm and 100 gm. The possible IRAS counterparts were
investigated individually for a match taking the following criteria into consideration.

a IRAS positional uncertainty ellipses and the positional offset between a candidate
and its possible IRAS counterpart.

b The color defined with the IRAS different wavebands (12 pm, 25 pm, 60 pym and
100 pm) as coly = fig- fas/ (feo)? (Yamada et al. 1993), where coly < 1 indicates
that the IRAS source could be a galaxy.

¢ Paossible coincidences with other astronomical objects detected in the near in-

frared, at radio wavelenghts and/or in X-rays.

Possible concidences with some DENIS galaxies whose positions have not been pub-
lished yet and were provided by Anja Schrider were also investigated for a match.
These unpublished DENIS positions are expected to have uncertainties of few arcsec
due to inaccurate information in the headers of the respective DENIS images (strips).

Galaxy Candidate 9

TRAS PSC: 13367—58b8
RA & Dec : 13%40™0452 —59° 13'58" (J2000)
Uncertainty Ellipse: smj = 48” and smn = 127 at p.a. = 133°
Flux Densities: fi = 0.48, fos < 0.25, feo < 3.36 and fip < 27.75 Jy
Discussion: Galaxy candidate 9 appears as a small, low surface brightness spot
surrounded by a faint, fuzzy halo. It is a candidate for a spiral galaxy visually
determined from its [-band image. Flux densities of the IRAS PSC counterpart
give a color col; < 1 which indicates that IRAS 13367—5858 may be a spiral
galaxy. Galaxy 9 is about 116" away from the TRAS position and hence, outside
of the uncertainty ellipse. This IRAS source could also indicate the existence

of a spiral galaxy ncar to galaxy candidate 9.

TRAS SSSC: X1336—-589
RA & Dec : 13239m475 —39°13'37" (J2000)
Flux Density: fego =5 Jy
Discussion: This IRAS SSSC source is 33" away but I am not sure if it is related
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to galaxy candidate 9. There are no errors or sizes available for IRAS extended

sources.
Galaxy Candidate 15

H-I Blind Survey of HI-Bright Galaxies in the Southern ZOA?: HIZSS 082
RA & Dec: 13742™1450 —61°04'58" {J2000)
Uncertainty Ellipse: smj = 300", smn = 300" at p.a. = 0°
Discugsion: HIZSS 082 is 203" from galaxy candidate 15 and is chatted as a
galaxy. The position of galaxy candidate 15 position is within the uncertainty
ellipse. Despite the large positional offset, it is highly possible that galaxy
candidate 15 could be the optical counterpart of HIZSS 082. Galaxy candidate
15 appears as a spiral in the I-band image of the WFIL

DENIS:
RA & Dec : 1324200977 —60° 08207 (J2000)
Comment: This position has been provided by Anja Schroder. It is only de-
tected in the K-band of DENIS.

Summary: It is high likely that the galaxy candidate 13 is the optical counterpart
of HIZSS 082.

Galaxy Candidate 20

DENIS: P J134403.3-601936
RA & Dec: 13744™03'3 —60°19"36" (J2000) (Rousseau et al. 2000)
Uncertainty: 5” in RA and Dec
Discussion: It is seen in the I, J and K-band of DENIS. It has an I-band
magnitude of 16®87 (provided by Anja Schréder). This DENIS galaxy likely
coincides with galaxy candidate 20, a big elliptical, possibly an E2.

Galaxy Candidate 32

IRAS PSC: 13430-6008
RA & Dec : 13M46™29°55 —60°23'32" (J2000)
Uncertainty Ellipse: smj = 26" and smn = 6" at p.a. 130°
Flux Densities: fi12 = 0.92, fas = 0.56, Fiy < 3.10 and fip0 < 36.64 Jy
Discussion: Galaxy Candidate 32 is seen as a faint, tiny spiral in its [-band
image. A color col; < 1 indicates that 13430—6008 may be a galaxy. This
TRAS point source is at 84" from galaxy candidate 32, thus an unlikely match.

*Henning P. A. et al. 2000
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Galaxy Candidate 33

PKSCATH0%: PKS 1343-601
RA & Dec : 13"46™57°6 —60° 22'59” (J2000)
Flux Densities: figomm: = 79 1y, foroomm, = 29 Jy and fsan. = 27.1 Jy
Comment: PKS 1343-601 was detected for the first time in radio. It is the
second brightest extragalactic radio source in the southern sky (MacAdam 1991
and references therein). This radio galaxy also has an active galactic nucleus
(AGN).

West & Tarenghi (1989): Optical Counterpart of PKS 1343—601
RA & Dec : 13" 46™48795 —60° 24297 (.J2000)
Uncertainty: 4 3" in both RA and Dec
Discussion: Galaxy candidate 33 is .15" in RA and 0.3" in Dec away from the
position given in West & Tarenghi. The optical image of PKS 1343--601 is that
of a typical elliptical galaxy, i.e. EO.

The Einstein Observatory: 2E1343.4—6009
RA & Dec: 132 43m25° —60" 09'26” (31950) or 13" 46™5056 —60° 24'25" (J2000)
Flux Density: 2.5 x 107 W m=? at 0.16-3.5 KeV
Comment: This X-ray point source is within 15 arcsec of the PKS 1343-601
galactic core (McAdam 1991). Hence, it is a certain match.

ASCA*: 2E 1343.4—-6009 or PKS 1343-601
RA & Dec: 132 46™49° —60° 24'46" (J2000)
Uncertainty: Position accuracy determination of 40”
Flux Density: Core emission of f = (6.4 2 0.2) x 107" Wm™? at 2-10 keV or
26 x 107" W m™2 at 0.16-3.5 keV.
Comment: The ASCA satellite detected an X-ray source located at {cx, §) o000 =
(137 4649%, —60° 24'46") which coincides with the position of the radio core of
PKS 13435-601.

DENIS®
RA & Dec Coords: 13"46™49%3 —60°24'31" (J2000)
Comment: It is seen in the I, J, and K-band of DENIS. Its I-band magnitude

SPKSCATY0: The Southern Radio Source Database (Otrupcck & Wiight 1991).
4Tashiro M. et al. 1998.
*Data provided by Anja Schréder.
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s about 16™.

Summary: There is enough evidence to confirm the existence of galaxy candidate
33 as the giant elliptical galaxy (E0) as PKS 1343—601.

Galaxy Candidate 34

IRAS PSC: 13441-6019
RA & Dec: 13847%3351 —60° 34'16" (J2000)
Uncertainty Ellipse: smj = 527 and smn = 9" at # = 131°
Flux Densities: fia = 0.61, fos = 0.30, fe < 5.06, and fig0 < 52.31 Jy
Discussion: Galaxy candidate 34 is scen as a faint, small face-on spiral. Tt could
be interacting with the certain galaxy candidate 5 which seems to be another
gpiral. TRAS PSC 13441-6019 lies 108" from galaxy candidate 39 and has
coly < 1 for its fluxes. Thus 13441—6019 has a color indicative of a galaxy, but
it is far from the galaxy candidate 39.

DENIS
RA & Dec: 13"47™18'9 —60°34'15" (J2000)
Comment: This position has an uncertainty of several arcsec. It is only seen in
the J and K-band of DENIS (from Anja Schrider).

Galaxy Candidate 37

IRAS PSC: 134426022
RA & Dec: 13" 477391 -60°37'21" (J2000)
Uncertainty Ellipse: smj = 21” and smn = 8" at §# = 127°
Flux Densities: fip = 0.36, fo5 = 0.88, fop = 3.70, and figp = 18.17 Jy
Discussion: This IRAS point source is 29”7 from galaxy candidate 37 which is
not within the uncertainty ellipse. Flux densitics give a color coly < 1. With
such fluxes and small offset, this IRAS emission could be associated with galaxy

candidate 37 .

The Einstein Observatory: 2bE 1344.1-6022
RA & Dec: 13%44™11° —60° 22117 (B1950) or 13F 47374 —60° 37'08” {J2000)
Comment: This X-ray source with 182 counts is much stronger than its neigh-
bor galaxy candidate 33 wich has ~ 48 counts. The radio emission detected
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from 2F 1344.1-6022 is less than 3mJy at 843 MHz (McAdam 1991). Galaxy
candidate 37 is likely to be the optical counterpart of 2K 1344.1-6022. In the
I-band image, galaxy candidate 37 appears as a big elliptical galaxy.

ASCAS®: 1H 1338-604, 3A 1344—602, or 4U 134460
RA & Dec: 13%47%37% —60° 37'46"” (J2000)
Uncertainty: An accuracy of 40"
Flux density: A counting rate of 0.20 counts s™! at 0.17-10 keV while its neigh-
bor PKS 1343-601 (galaxy candidate 33) has 0.13 counts s~! (Tashiro ct al.
1998).
Discussion: This X-ray source is 15 to the southeast from PKS 1343-601
(Tashiro et al. 1998} while galaxy candidate 37 is 14" to the southeast from
galaxy candidate 33 (PKS 1343-601) Lying within the positional uncertainty
(40") of ASCA, galaxy candidatc 37 is a possible optical counterpart of this

second X-ray source.
Galaxy Candidate 40

IRAS PSC: 13449—-5956
RA & Dec: 13"48m2457 —60°11'14" (J2000)
Uncertainty Ellipse: smj = 617 and smn = 12" at 6 = 138°
Flux Densities: fio < 0.53, fos < 0.62, foo = 1.82 and fig < 56.63 Jv
Discussion: The galaxy candidate 40 is 34" from this IRAS point source, but
it is not within the uncertainty cllipse. Galaxy candidate 40 is seen as a bright
elliptical galaxy in the I-band. With cof; < 1 and small positional offset, 13449-
2956 is likely to be the IRAS counterpart of galaxy candidate 40.

DENIS
RA & Dec : 13"48™2758 —60° 11'44” (J2000)
Comment: It was also detected in DENIS 1. J and K-band images by Anja
Schréder. Its I-band magnitude is 16™27.

8Tashiro M et al, 1998
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Galaxy Candidate 44

PMN": PMN J1350—6020
RA & Dec: 132 50m40°9 —60°20°42" (J2000)
Uncertainty Ellipse: smj = 78", smn = 66", and # = 90°
Discussion: Galaxy candidate 44 is 96" from the radio source PMN J1350-6020.
Even though the PMN J1350-6020 position has large uncertainties, the position
of galaxy 44 is not within the uncertainty ellipse. The pgalaxy 48 I-band image
scems to be that of an early type galaxy, possibly E2. Galaxy 44 may be the
optical counterpart of this radio source despite the large positional offset.

Galaxy Candidate 47

IRAS S8S5C: X1348-592
RA & Dec : 134527040 —59°32'00” (J2000)
Flux Density: filo =8 v
Discussion: The IRAS SSSC does not list a counterpart for X1348—-592. Galaxy
candidate 47 is 397 away from X1348—592 and appears as a faint spiral in the

I-band. It could be its counterpart since extinction is quite high.
Galaxy Candidate 48

IRAS PSC: 13488-5803
RA & Dec: 13732M19°2 —59°18'03" (J2000)
Uncertainty Ellipse: smj = 25" and smn = 10" at § = 127°
Flux Densities: fio = 0.73, fas = 0.44, feo < 3.35 and fig < 27.61 Jy
Discussion: 13488—35803 could be a galaxy since col; < 1, but it is far (67”) from
galaxy candidate 48 which is visible as a small, low surface brightness spiral in
the I-band. If 13488—5803 is not the IRAS counterpart of galaxy candidate 48,
it could be another galaxy in the vicinity of galaxy candidate 48.

Seven palaxy candidates have a possible match with IRAS sources; five of them
(9, 32, 24, 47 and 48) are listed as spiral and two (37 and 40) as elliptical galaxy
in Table 4.1. Another 4 galaxy candidates have cross-identifications with DENIS
positions provided by Anja Schroder and one with a DENIS published position. Two
galaxy candidates (33 and 37) have X-ray counterparts; both are elliptical and one of

"The Parkes-MIT-NRAO (PMN) surveys (Griffith & Wright 1993).



Cross-Identification with Known Objects 61

them is the radio galaxy PKS 1343—601. Four have radio counterparts; the galaxies 3,
15, 20 and 49 have counterparts from deep multibeam HI-survey. An comnination of
I, J and K-band images covering partly the central field PF01 have retrieved galaxies
29, 30, 33, 32, 34, 37 and 40 (provided by Takahiro Nagayama & Shuji Sato from
Nagoya University). Nagayama and Sato detected further 5 galaxies with the central
field PF01 not visible in the images analyzed in this thesis. These galaxies are too
faint to be uncovered in the f-band images reduced in this thesis. No counterparts

were found for the uncertain galaxy candidates.
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Chapter 5

Analysis of the Distribution of the

Unvelled Galaxies

5.1 Introduction

The distribution of the unveiled galaxies shown in chapter 4 is presented and analyzed
in this chapter. Also, the results of a simulation of how the well-known Coma cluster
of galaxies would appear in the I-band if it were located at the redshift and pesition
of PKS 1343—-601 deep in the ZOA. The simulated distribution of the Coma galaxies

is compared to the distribution of the unveiled galaxies.

5.2 The Distribution of the Unveiled Galaxies

The distribution in Galactic coordinates of the galaxy candidates uncovered in the
I-band imaged region of about 2° x 2° around the source PKS 1343—601 presented in
Tables 4.1 and 4.3 of Chapter 4 is shown in Fig. 5.1. The filled circles in Fig. 5.1 corre-
spond to galaxies classified as early type. Crossed circles represent galaxy candidates
with a spiral morphology. The empty circles shown the uncertain galaxy candidates
for which no morphology could be proposed since the nature of these objects is un-
certain. It should be noted that these unveiled galaxies are observed through high
extinction in the f-band. It is therefore very difficult to classify their morphology.
The assigned morphological type is a suggestion only. The contours correspond to the
extinction levels {from top to bottom) in Ay = 2™ (yellow) , 3™, 4™, 5™, 6™, 7.5,
and 10™ (dashed black) according to the DIRBE dust extinction maps (Schlegel et
al. 1998). The outline of the observed field is also shown as a black squared outline.
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Figure 5.1: The distribution in Galactic coordinates of the galaxies unveiled in the
vicinity of the strong southern radio source PKS 1343—601 (big red dot) and presented
in Chapter 4. The large green circle marks the Abell radius (R4 = 2°2 = 3 hgy Mpe)
assuming a rich cluster at the redshift distance of PKS 1343—601 (cz=3872kms™",
West & Tarenghi 1989). The squared outlined region (in black) indicates the area
imaged with the WFI in the I-band (16 fields of 34' x 33’ each) around PKS 1343-601.
The filled circles mark eliptical galaxies (25), the crossed circles represent spirals (24)
and the open circles show the uncertain candidates (6). The contours are equivalent
to the extinetion levels in the I-band of 4; = 2™ (yellow}, 3@, 4™ 5™ ¢™, 7.5™
(solid black line), y 10™ (dashed black line} {Schlegel et al. 1998).

The big red dot marks the position of PKS 1343—-601. The large green circle corre-
sponds to the Abell radius for a rich cluster of galaxies which is 2?2 at the distance
of PKS 1343—-601.

It can be seen that ellipticals are found mainly at higher extinction levels while
at lower extinction levels spirals predominate. The cores of ellipticals and bulges of
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spirals contain mainly red old star population and are expected to be visible up to
higher extinction levels. As expected, late-type spirals galaxies are not detected at
extinction levels higher than A; = 6™.

The distribution of galaxies is modulated by the strong extinction gradient in this
region, see Fig. 5.1. Hence, a concentration of galaxies towards the radio galaxy PKS
1343601 is not observed and this was expected, but this should be modelled in the

next section.

5.3 Completeness of this Optical Search of Galax-
ies

In order to compare the distribution of galaxies presented in Fig 5.1 with the sim-
ulated distribution of the Coma cluster of galaxies located at the PKS 1343—601
position, it is important to have some idea about the magnitude limit to which galax-
ies were detected in this search. To assess the magnitude limit for this search, the
characteristics of the chosen I-band filter have to be taken into account. The selected
filter was a narrow /-band filter (n816) instead of the standard  passband filter. The
n816 filter has a FWHM' of only 20.9nm at a central wavelength of A, = 815.9nm.
With a 30 minutes exposure at the MPG-ESO 2.2-m telescope with the WI'I

2

camera, a surface brightness limit of 7,56 = 23.5 mag arcsec™ with a signal-to-noise

ratio of about 3 was expected (Observation proposal - P. A, Woudt). For the applied
exposures times of 1,500 and 600 seconds, this relates to a surface brightness limit of:

SBrg = 23.4 mag arcsec™? {for 1, 500 sec) (5.1)

$B1,5: = 22.9 mag arcsec™ {for 600 sec) (5.2)

Typically, objects (galaxies) that are 10% brighter than the sky can be detected.
Hence, the surface brightness limit of a galaxy still visible on my images is of the
order of:

SBi, ... (golaxy) = 21.1 mag arcsec™? {for 1,300 sec) {53)

8B, galazy) = 20.6 mag arcsec ~ (for 600 sec) {5.4)

1Full width at half maximum
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The smallest galaxies detected in this survey have semi-major (D) and minor (d)
diameters of 25 x 275, this translates to a magnitude limit of about:

imrd fimit D” dH
1;81; (galazy) = 5B, . (galazy) — 2 dlog{m x 5 X —2—) = 1973 (5.5)

Since the /-band magnitudes of the Coma galaxies calculated in the simulation
correspond to the standard 7-band filter, the above magnitude limit obtained with
the special filter have to be converted to the standard f-band. I estimate that the
I.s16 filter covers approximately a factor of 3 less under the transmission curve than
the standard 7-band filter (I;q). The above limit (eq. 5.5) is equivalent to the [y
filter to a Am = 2.5log{5) = 1™73 brighter magnitude limit. Hence, the magnitude
limit of a standard 7-band would be:

I;;:i: (galoxy) ~ 1725 (3.6)

This is the magnitude limit applied to the plots made from the simulation and pre-

sented in this Chapter.

5.4 A Comparison with the Coma Cluster at the
Position of PKS 1343—-601

In order to know whether the observed distribution of galaxies in Fig 3.1 matches the
expectation of a rich cluster of galaxies at high extinction, I made some simulations
using the well-studied Coma cluster of galaxies as a reference. I simulated how a rich
cluster would appear in the /-band at the distance and position of PKS 1343601,
and under the same extinction. For this I used the deep Coma galaxies catalogue
of Godwin et al. (1983). This catalogue lists 6,724 galaxies in a field of 2.63 square
degrees (6 hyg Mpe radius) to a magnitude limit of by5 = 21. The b-band defined
in this catalogue is standarized to the international Johnson-Morgan B-band filter
without color-dependent transformations (Godwin & Peach 1982} The simulation
program and the program to calculate the I-band cxtinction (A7) at each palaxy
position are presented in the Appendix A,

From this catalogue, the X and Y positions of each of the 6,724 Coma galaxies
relative to the cluster center and their magnitude in b are used for the simulation. In
this simulation the galaxies of Coma are put at the same redshift distance and position
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Figure 3.2: The distribution of 1979 galaxies of the Coma clusters put at the positon
and distance of PKS 1343—601 without extinction.

of the radio galaxy PKS 1343—601, at (I,b,v) = (30927, 1°8, 3,872 km s~ ') (West
& Tarenghi 1989, Woudt 1998, Kraan-Korteweg & Woudt 1999). The velocity used
for the Coma cluster centered on NGC 4874 is v = 6,853 km s™' (Colless & Dunn
1996). By sctting the Coma galaxies at the PKS 1343—601 position and distance,
their X and Y offsets increase by a factor of vooma/Upksizas—s01 = 6853/3872 = 1.77.
Bringing the Coma cluster galaxies closer implies an increase in their brightness of
Am = 1724,

Since the observations presented in this thesis are in the /-band, thus f-band
magnitudes would be ideal for the galaxies of the Coma cluster. As these were not
available, I therefore used the color terms (B-I) = 270 for ellipticals and (B-1) = 175
for spirals to transform the & magnitudes of the Coma galaxies to I-band magnitudes
(Buta & Williams 1995; Buta et al. 1994). Figure 5.2 shows the distribution of
1979 Coma galaxies without extinction that would fall within the I-band imaged
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region around PKS 1343—601 at the distance and position of PKS 1343—601. This
distribution plot contains galaxies with 7-band magnitudes < 1775, since this is the
magnitude limit of my search. The largest (green) dots represent galaxies with 7-band
magnitudes between 1770 < [ < 17"5. Medium size {cyan) dots show galaxies with I
magnitudes in the range 1670 < I < 1720, The small (blue) dot marks galaxies with
magnitudes in the interval 15m0 < 7 < 16™0, while the smallest (black} dots in Fig. 5.2
correspond to galaxies with [ < 1500, Galaxies with I-band magnitudes fainter than
175 are not plotted in Fig. 5.2 because the magnitude limit of my search, see Section
5.3. Hence, they would not be visible in the 7-band images presented here. A distinct
concentration of galaxies towards the cluster center is seen in Fig. 5.2, but note that
the extinction around PKS 1343—601 was not applied. The large green circle again
marks the Abell radius (RA = 272) for a rich cluster at the PKS 1343—601 distance.

For all 1979 galaxies shown in Fig. 5.2, an extinction value Ay was determined
using the DIRBE dust extinction maps (Schlegel et al. 1998) according to their
Galactic coordinates, £ and b. The determined /-band magnitudes are then absorbed
according to the laws of Camcron (1990). The magnitude reduction factors due to
absorption are morphology-dependent. Since the Coma galaxy catalogue of Godwin
ct al. 1983 does not include morphological types, [ assumed two extreme cases. Iirst,
it was asumed that all Coma galaxies are cllipticals or lenticulars. In the second
case, | consider all Coma galaxies as spirals. Since a major fraction of the galaxies in
the central region of a rich cluster are ellipticals, I expect to see mainly the cores of
ellipticals and some bulges of spirals. Therefore, the case for assuming all galaxies as
early type is more realistic.

After the {-band magnitudes of the 1979 Coma galaxies were artificially absorbed,
54 galaxies were left with magnitudes f < 175, The distribution of these remaining
54 Coma, galaxies are displayed in Fig. 5.3. The sizes of the dots correpond to the
magnitude ranges: [ < 15M0, 150 < 7 < 16™0, 1670 < T < 1770, and 170 < I <
175, The largest dots represent galaxies with magnitudes 1770 < [ < 1705 while
the smallest dots correspond to galaxies with magnitudes 7 < 1570, In Fig. 5.3, I
plotted fainter galaxies up to 1725 because this is close the magnitude limit of my
observations. [ am not expecting to see fainter galaxies than 175 in the I-band.
The I-band magnitude for the faintest unveiled galaxy (galaxy 20) is 16™87 (Anja
Schroder, private communication). Based on the size and surface brightness of the
galaxies identified in this thesis, | estimated the faintest galaxy to have a magnitude
of the order of approximately 175 uncorrected for extinction. In my simulation plots
I therefore set the /-band magnitude limit to 1775, The radio galaxy PKS 1343—-601
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Figure 5.3: The distribution of the 54 galaxies of the Coma clusters that remain after
f-band magnitudes were subjected to extinction. The contour levels in Fig. 5.3 are

the same as those in Fig. 5.1.

is shown as a (red) circle with a central dot in these plots. The distribution of Coma
galaxies shown in Fig. 5.3 is very similar to that shown in Fig. 5.1 for the unveiled
galaxies presented in Chapter 4. The distribution in Fig. 5.3 is modulated by the
extinction gradient as in the Fig. 5.1. As expected, at higher extinction levels fewer
galaxies are seen.

In Fig 5.4, I furthermore present the distribution of the Coma galaxies assuming all
galaxies to be spirals and with a magnitude limit 7 = 1775. The dots are magnitude-
coded and represent the same range of /-band magnitudes as in the previous figure.
In Fig 5.4, 1t is observed that spirals are confined to lower extinction regions. Spirals
are lost at higher extinction because of their low surface brightness and narrower
surface brightness profile than early type ones. This distribution is consistent with
the distribution of spirals shown in Fig 5.1. Few or no spirals are expected to be
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Figure 5.4: This plot resulsts if the Coma galaxies are considered as spirals. The
distribution of the 17 galaxies of the Coma cluster that are left if extinction is included
and with a magnitude limit I = 1775.

found in regions of high extinction.

The simulation shows that the distribution of galaxies of the Coma cluster (Fig. 5.3)
within the field of view and at the distance and position of PKS 1343—601 is com-
parable to the distribution presented in Fig. 5.1. Hence, the observed distribution of
the unveiled galaxies around the radio galaxy PKS 1343—601 is consistent with the
presence of a rich cluster of galaxies highly obscured in the 7-band.
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Conclusions and Future Plans

The objective of this thesis has been the search of galaxies around the radio galaxy
PKS 1343—601 to investigate if this object marks the center of another rich cluster
of galaxies in the GA region. To accomplish this, a ficld of about 2° x 2°around
PKS 1343—601 was imaged in the /-band with the MPG-ESO 2.2-m telescope and
the WFI camera at the La Silla Observatory. 128 I-band images of 1,500 and 600
posures were obtained. My search was complete up to an I-band magnitude

sec ex

limit of 7, = 19"3 in the narrow filter chosen for the observations which compares
to [

e = 1775 of the standard /-band filter. On this images, 55 galaxy candidates
were discovered through careful visual examination down to extinction levels of up to
Ay = 505 according to the DIRBE extinction dust maps. The distribution of these
galaxy candidates was compared to the distribution of the well-known Coma cluster
of galaxies as it would appear if centered at the position of the radio galaxy PKS
1343—601. If Coma would lie at distance and low Galactic latitude of PKS 1343601
and would have been observed under same conditions as in our survey, only 54 of
the 6724 galaxics of the Coma catalogue would remain visible. The distribution
in Galactic coordinates of these 54 remaining Coma galaxies is similar to that of
the 553 galaxy candidates actually found. In both distributions, ellipticals (and/or
lenticulars) predominate at extinction levels of 4; > 3™8 while spirals are more
visible at Ay < 378. The distribution of galaxies, in both distributions, is modulated
by the extinction gradient in this region. Based on the above results, there is evidence
that PKS 1343—601 marks the bottom of the gravitational potential well of a rich
cluster of galaxies.

The distributions of galaxies behind the southern Milky Way around the radio
galaxy PKS 1343601 indicates the presence of a rich cluster in the central region
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of the Great Attractor (GA). The existence of another rich cluster of galaxies similar
to the Norma cluster in the inner region of the Great Attractor will help to explain
the observed velocity flow in the local universe. Moreover, the existence of a second
massive cluster at the core of the GA will support the existence of the GA overdensity
and encourage us to continue searching for the rest of the GA mass hidden behind
the southern Milky Way.

The above results were a motivation to continue the research of this prospective
cluster of galaxies with deep near-infrared observations to unveil fainter galaxies that
were not detectable in my search. The mapping of this cluster in the near-infrared
is in progress using the the Japanese-South African Infrared Survey Facility (IRSF).
This survey is conducted with a 1.4-m telescope with a simultaneous 3-channel imager
camera in the infrared J, H and K-band and it is in collaboration with T. Nagayama
and S. Sato. A preliminary imaging of the central field of this cluster has confirmed
all the detections of galaxies in this field presented in this thesis, i.e. the galaxies
(29), (30), (32), (33), (34), (37) and (40). Nagayama and Sato have uncovered on
additional five galaxies that were not detected in the present work because their
survey is decper. This new near-infrared data, still in progress, promise to unveil
more ciuster members to confirm the extent and richness of this obscured cluster.

K-band photometry of the prospective cluster members will be of particular inter-
est because 1t 1s the Jeast affected by extinction. The K-band luminosity function of
the PKS 1343601 cluster can then be compared with the K-band bright cnd of the
luminosity function of the Coma cluster and lead to an estimation of its mass.

Most of these galaxies are invisible in the optical and too faint for optical spec-
troscopy. Observations in HI of the suspected optical cluster members would be more
helpful to determine radial velocities and thus cluster membership. This will give us
an indication of its virial mass from the velocity dispersion of the cluster members.

Finally, deep X-ray obscrvations around PKS 1343—601 could determine if the
X-ray emission from this arca is due to thermal emission from the hot intercluster
gas of this cluster and not to the inverse Compton effect, the scattering of the cosmic
microwave background photons caused by relativistic electrons of the radio galaxy.



Appendix A

The A; and Simulation Programs

A.1 The A; - Program

The program shown in the Fig. A1 was used to calculate the I-band extinction
(A;) at the position of each galaxy candidate. The input data files for this program
arc gpegd.dat and DIRBEpks.dat. The first one contains the positions in Galactic
coordinates of the 49 galaxy candidates. The sccond one has three columns and was
obtained from the DIRBE extinction dust maps (Schlegel et al 1998) where the first
two columns contain the Galactic longitude and latitude (£,5}. The corresponding
color ezcess E(B — V) at this position is given in the third column. The table
DIRBEpks.dat gives the extinction values for 3070 < £ < 31370 and —1°0 < b <
520 in increments of 021 for both coordinates. First, £ goes from £ = 3072000 to
£ = 3132000 by increments of +0°1 while b is fixed starting at b = —1%000, and
subsequentially increases to cover the latitude interval in increments of (©1.

The program determines the f-band extinction at the position of each galaxy
candidate with the following loops. First, the program finds a Galactic latitude
value bh in the file DIRBEpks.dat for the Galactic latitude coordinate b of a galaxy
candidate position with |b—bh| < 0205, Then, the program does the same calculation
for the Galactic longitude coordinate # so that [£ — £h| < 0505, The color excess
E(B — V) for the coordinates (£h, bh) is assigned to the galaxy cadindate’s position
(£, b). The I-band extinction for (¢, b) is obtained [rom the color ezcess according
to Ay=1.86F(B — V) (Cardclli ct al. 1989). For cxample, galaxy candidate 2 has
the coordinates £ = 308258 and b = 1794. For these coordinates, the program finds
fh = 3082600 and bh = 12900 with £(B — V) = 1.87. The [-band extinction at the
position of galaxy 2 is A; = 1.86 x 1"87 = 3™5. The same procedure was used to
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determine the 7-band extinction at the posttions of the uncertain galaxy candidates.

1000

=000
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W00

Figure A.1: The program that calculates the I-band extinction {A;) at the

candidates’ positions.
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A.2 The Simulation Program

The program shown in Fig A.2 was used to compare the Coma cluster of galaxics
when located at the position of PKS 1343—-601 with the actually obtained distribution
presented in Fig. 5.1 of Chapter 5. The basis for this comparison is the catalogue of
6724 galaxies with bog 5 < 210 in a field of 2 63 squared degrees centered on the Coma
cluster (Godwin et al. 1983) and the dust infrared emission maps of DIRBE (Schlegel
et al. 1998). The program makes use of two data files. The file ‘coma.dat’, that has
the data of the 6724 galaxies of the Coma cluster, contains the galaxy position (X
and Y) relative to the center of the cluster (ev =127 573, ¢ = +28° 14/4 {1950.0)), the
b-band magnitude, and other properties. The difference between the photographic (b)
passband and the standard B-band does not exceed = 0705 (Godwin et al. 1983). The
second data file used by this program is the DIRBE extinction grid (DIRBEpks.dat)
mentioned in Section Al

[ basically used this same program (Fig A.2) with some modifications to produce
the plots presented in the Chapter 5. In a first step, the effects for the difference
in distance are determined. The positions and magnitudes are adjusted to the PKS
1343—601 distance at the location £ = 30974 and & = 1773, Since the radio galaxy
PKS 1343—601 is closer than the Coma cluster, the relative galaxy positions X and
Y need to be increased by a factor of voyma/Upksizaz—sm = 6853/3872 = 1.77 and
apparent magnitudes become brighter by Am = 1"24. Then, the /-band magnitudes
are determined using distance corrected magnitudes and the color term (B — 1) = 2.0
for ellipticals and lenticulars (Buta et al. 1994 & 1995) . The data for the plot in
Fig. 5.3 were generated with this program taking all Coma galaxies as ellipticals and
lenticulars. In the simulation all galaxies are treated as carly type galaxics as they are
the most likely ones because of their high surface brightness to be detectable through
the foreground dust layer.

Thirdly, the I-band (A;) extinction is determined for each Coma galaxy as it were
centered on PKS 1343—-601 with the relative position already enlarged by the factor
1.77. Then, the dimming due to the foreground absorption is determined according
to Cameron {1990). Fourth, the extinction is applied to magnitudes using Cameron’s
formulae. Fifth, the Galactic coordinates are transformed to equatorial coordiantes to
determine which galaxies fall within the field of view obsctrved around PKS 1343-601.
Finally, the positions and magnitudes corrected by distance and extinction of those
galaxies than are within the field of view of the observations around PKS 1343601
are recorded. These arc the data used to make the plot presented in Fig. 5.3.
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Figure A.2: The simulation program
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Figure A.2: continued
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