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Sinopsis

El Gran Atractor (GA) es un exceso en densidad de masa dinámicamente importante,

el cuál fue puesto en evidencia por el flujo sistemático a gian escala de galaxias en el

Universo local. Las reconstrucciones teóiicas del campo de densidad de masa, usando

velocidades peculiares, predicen que el pico del GA se ubica detrás de la Vía Láctea,

(/, b, v) ~ (320°, 0o, 4000 km s"1) (Kolatt et al. 1995). La naturaleza y extensión del

GA han sido tema de mucho debate, en buena parte debido a que está obscurecido

por la Vía Láctea. La mayor concentración de masa detectada en la región central

del GA es el cúmulo de Norma (ACÓ 3627). Norma constituye aproximadamente el

10% de la masa predicha para el GA. ¿Es Norma el único cúmulo masivo detrás de

la Galaxia en la región del GA? Hasta ahora, otros cúmulos masivos de galaxias no

han sido identificados en la región central del GA y es posible que una gran parte de

la masa del GA puede estar aún obscurecida por nuestra Galaxia.

Muchos cúmulos ricos de galaxias, como el cúmulo de Norma, son fuertes emisores

de rayos X y exhiben emisión de radio que proviene de su galaxia central, como en

el caso de la radio galaxia PKS 1610-608 en el cúmulo de Norma,, El hecho de que

la segunda fuente de radio más brillante del hemisferio sur (/20cm — 79 Jy> McAdam

1991, y referencias en este trabajo), PKS 1343-601 con {t^v^Aj) ~ (309?7, 1?8,

3872 km s" \ 4.5m) (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 cúmulo rico y masivo de galaxias en el GA.

En esta tesis, se analizan imágenes profundas en la banda I de la vecindad de

la radio galaxia PKS 1343-601. Un campo de 2o x 2° alrededor de PKS 1343-601

fue observado con exposiciones de hasta 600 segundos con un "seeing" de 0..5". Una

búsqueda mediante inspección visual meticulosa de galaxias detectó 49 candidatos en

estas observaciones En esta búsqueda se detectaron galaxias con niveles de extinción

de Aj = 5m5 y con una distribución modulada por el gradiente de extinción en

esta región,. Por lo tanto, la concentración de galaxias alrededor PKS 1343—601 no

era esperada y no es observada., Simulaciones muestran cómo la distribución de las

m
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galaxias del cúmulo de Coma, en la posición y con los mismos niveles de extinción

en PKS 1343—601, es muy semejante a la distribución de galaxias encontradas en la

vecindad de PKS 1343—601 De esta manera, la distribución de galaxias encontradas

alrededor de PKS 1343—601 es consistente con la presencia de un cúmulo rico de

galaxias como el cúmulo de Coma,.
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Capítulo 1

Introducción

1.1 Preámbulo

Las galaxias están distribuidas en el espacio de tal manera que forman estructuras

a gran escala (EGE) como filamentos, grandes paredes, vacíos y cúmulos. Estas

estructuras gigantescas son observadas en casi todo el cielo, excepto en un área muy

específica que coincide con el disco de nuestra Galaxia. Poi nuestra posición en la Vía

Láctea, el disco Galáctico, donde el polvo se encuentra más concentrado, obscurece

una parte del cielo en la cual aparentemente no existen galaxias dado que se observan

muy pocas. La Vía Láctea obscurece aproximadamente hasta el 25% de la emisión

óptica del cielo extragaláctico, creando así un área aparentemente vacía de galaxias

conocida como la "Zona de Obscurecimiento" (ZOA1). Por tal motivo los mapas

de distribución de galaxias se encuentran incompletos limitando así los estudios de

formación de EGE y la dinámica del Universo cercano.

La distribución de la masa del Universo cercano dentro de una distancia de corri-

miento al rojo de 6000 km s"""1 detrás de la ZOA es dinámicamente relevante por su

contribución al movimiento gravitatorio del Grupo Local (GL) de galaxias. Interpola-

ciones basadas en POTENT (Dekel 1994; Kolatt, Dekel & Lahav 1995), ver Capítulo

2, muestran que la dirección del vector de velocidad peculiar del GL puede cambiar

hasta 35° si se incluye la masa conocida dentro de 6 ̂  ±20° (Kolatt et al. 1995).

El estudio de las velocidades peculiares de galaxias en el Universo cercano2 sugiere

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

1 Zone of Avoidance (ZOA, por sus siglas en inglés)
2En temimos de corrimiento al rojo, el Universo cercano se toma hasta 10, 000 kms" 1 . 150 Mpc

(Fairall 1998),

1



Capítulo 1, introducción

que está oculta por la sección de la Vía Láctea 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 poi la ZOA

afectan la estimación de parámetros cosmológicos corno el de la densidad ( Í1O) y del

Mas (b) El pico de densidad de masa del GA se sugiero que está en i = 320°, b = 0o,

y a una velocidad radial de cz = 4500 km s~l (Burstein et al. 1990, Kolatt et al.

1995). Tal concentración de masa no ha sido observada completamente debido a que

una gran parte de la región del GA se encuentra detrás del disco Galáctico.

Búsquedas profundas en el óptico dentio de la región del GA han descubierto que

el cúmulo ACÓ 3627 es la concentración de galaxias más prominente conocida hasta

hoy dia dentro del GA, ACÓ 3627 es un cúmulo rico de galaxias en la región central

del GA. Se cree que la radio fuente PKS 1343-601 en i = 309?7 y b = 1C8; la más

fuerte en radio en el hemisferio sur, posiblemente marca el centro de otro cúmulo rico

de galaxias en la región del GA. Por lo tanto, el propósito científico de este proyecto

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

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

pectiva histórica

La presencia do la Zona de Obscurecimiento (ZOA) fue notada por primera vez por

Proctor (1878) como la "Zona de muy pocas nebulosas'". En una distribución de

nebulosas basada en los datos del ''Catálogo General de Nebulosas" del John Herschel

(1864), Proctor observó una banda libre de nebulosas. Este catálogo de nebulosas

fue publicado en 1864 e incluía todas las 4,630 nebulosas conocidas en aquella época.

Más adelante, John Herschel reconoció por primera vez el Supercúmulo Local (SCL),

al cual describió como un sistema aproximadamente esférico centrado en Virgo. El

también notó que nuestro sistema estelar, la Galaxia, se encuentra lejos de la parte

más densa de este sistema. Su descripción del SCL concuerda sorprendentemente con

las observaciones de hoy en dia. Herschel llegó a este descubrimiento simplemente

contando nebulosas en el cielo. Los primeros diagramas de la distribución 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 años veinte del siglo pasado

cuando se comprobó la teoría de los "Universos Islas"del filósofo Emmanuel Kant
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con las observaciones de Edwin Hubble. Usando el telescopio más poderoso de aquel

tiempo, el reflector Hocker de 100 pulgadas de Mount Wilson en California y las va-

riables Ceíeidas, Hubble comprobó la naturaleza extragaláctica de la nebulosa espiral

de Andromeda. Hubble abrió el estudio do las EGE en el Universo con un muestreo

de 44,000 galaxias,. Este muestreo reveló más claramente la existencia de la "Zona de

Obscurecimiento", asi como la oxitencia de grupos y cúmulos de galaxias. Posterior-

mente, el muestreo National Geographic Palomar Observatory Sky Survey (POSS)

de la decada de los años cincuenta del siglo pasado reveló la existencia de miles de

cúmulos ticos de galaxias. En 1958, Geoige Abell publicó un catálogo de cúmulos

ricos de galaxias basado en las placas fotográficas del POSS.

1.3 La Distribución de Galaxias en Mapas de Todo

el Cielo

Un catálogo de "todo" el cielo se puede construir usando los siguientes tres catálogos

de galaxias existentes: el Uppsala General Catalogue (UGC) para la parte norte que

cubre 5 > -2?5 (Nilson 1973), el ESO Uppsala Catalogue para el sur S < -17°

(Lauberts 1982), y el Morphological Catalogue of Galaxies (MCG) para la región

-17?5 < 6 < -2°5 (Vorontsov-Velyaminov & Archipova 1963-74). El conjunto

de datos de estos tres catálogos puede ser homogenizado aplicando los ajustes de

diámetros de galaxias propuestos por Lahav: D = l.lbDuGCt D — 0.96-D#5o, y

D — 1:29DMCG (Lahav 1987). De esta manera se tiene un catálogo de todo el cielo

completo para galaxias con diámetros más grandes que D — l'.S (Hudson & Lynden-

Bell 1991). La distribución de galaxias como producto de la unión de estos tres

catálogos es mostrada en la Fig. 1.2 de esta tesis en coordenadas Galácticas,,

En la distribución prensentada en la Fig. 1.2 se pueden observar varias estructu-

ras a gran escala., El supercúmulo local se observa como un gran círculo, el Plano

Supcrgaláctico. La Pared de Centauro se ve como una estructura, continua que cruza

la Galaxia en dirección de la posición sugerida para el Gran Atractor, í — 320° and

b = 0o (Kolatt et al. 1995). El cúmulo 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 puedo reconocer es la cadena Perseo-Piscis curveándose hacia la

ZOA entre i = 95° y í - 165°. Otros cúmulos 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 distribución



Chapter 1. Introductíón

En la década pasada se lian conducido varios muéstreos sistemáticos de galaxias en

el óptico, cercano infrarrojo, infrarrojo, HI y rayos X para reducir el ancho de la ZOA.

A pesar de ser fuertemente afectadas por la extinción, las búsquedas en el óptico han

resultado ser más eficientes para revelar la existencia de cúmulos ricos en galaxias E

y SO. Una búsqueda profunda en el óptico descubrió que el cúmulo ACÓ 3627 (el

cúmulo de Norma) en £ — 325°3, h — —7?2 y v — 4844 km s"1 es un cúmulo rico

de galaxias muy obscurecido por la Vía Láctea (Kraan-Korteweg et a l 1996; Woudt

et al. 2000a; 2000b),, El cúmulo de Norma es la concentración más prominente de

galaxias conocida dentro del Gran Atractor.

La existencia de otros cúmulos ricos de galaxias en el GA es altamente probable ya

que ACÓ 3627 contiene sólo una pequeña fracción de la masa sugerida para el GA.

Por ejemplo, la radio fuente PKS 1343—601 es uno de los emisores más fuertes en

radio del hemisferio sur. Esta radio fuente se encuentra dentro de la región central

del GA. Su posición es: í = 309?7 y b = 1?8 con v = 3800 km s"1. Sabiendo que

esta radio fuente tiene una extinción de As = 12m en el óptico y que la ladio galaxia

central de un cúmulo rico de galaxias es frecuentemente un emisor fuerte de radio,

PKS 1343—601 podría ser el centro de otro cúmulo rico de galaxias en la región del

GA. La motivación científica de esta tesis es comprobar la existencia de tal cúmulo

rico de galaxias,,

1.4 Bosquejo de esta Tesis

Esta tesis es presentada en 6 capítulos. Una perspectiva histórica como introducción a

las EGE conocidas en el Universo cercano es presentada en el Capítulo 1, El segundo

capítulo cubre en detalle las búsquedas profundas de galaxias en la "Zona de Vacio"

(ZOA), particularmente en el óptico. El proceso de reducción de 128 imágenes que

corresponden a 16 campos en la banda / del "WFI"es descrito en el Capítulo 3. El

resultado de una. búsqueda meticulosa de candidatos a galaxias en las 128 imágenes

en la banda / es mostrado en el Capítulo 4. El análisis de la distribución de los

candidatos a galaxias encontrados es presentado en el Capítulo 5,. Finalmente, el

Capítulo 6 es dedicado a las conclusiones y al trabajo futuro,,



Capítulo 2

Búsquedas Profundas y Acumula-

ción de Galaxias detrás de la ZOA

2.1 Introducción

Las estrellas y el polvo de la Vía Láctea nos impiden ver aproximadamente el 25%

del cielo extragaláctico en el óptico y 10% del cielo extragaláctico visto por el satélite

IRAS creando así una "Zona de Obscurecimiento" en los mapas de distribución de

galaxias detectadas en el óptico e infrarrojo., Harlow Shapley propuso definir la ZOA

como la región delimitada por "el isopleth de cinco galaxias por grado cuadrado de los

muéstreos de los observatorios Lick y Harvard" (Shapley 1961),, En estos dos mués-

treos, una tasa promedio de 54 galaxias por grado cuadrado se obtuvo para regiones

del cielo fuera del plano Galáctico (Shane & Wú tañen 1967). Por el poco número de

galaxias encontrado en la ZOA, astrónomos interesados en estudios extragalácticos

evitaban observar' esta región del cielo. Sin embargo, ahora es necesario conocer las

estructuras a gran escala que están detrás del disco Galáctico para estudios dinámicos

del Universo, por ejemplo para la determinación de ciertos parámetros cosmológicos,

como Í1G, y para saber el origen del dipolo de radiación cósmica de fondo. Por lo

tanto, la ZOA ha sido explorada en varias longitudes de onda por diversos grupos de

astrónomos interesados en revelar la EGE que existe detrás de la Zona de Obscure-

cimiento. Este capítulo da una visión en general de los resultados de los muéstreos

ópticos más recientes realizados para revelar1 la EGE que existe detrás de la ZOA.
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2.2 Búsquedas Profundas de Galaxias en el Óptico

detrás de la ZOA

Varios grupos de astrónomos han conducido búsquedas sistemáticas profundas en el

óptico para descubrir galaxias obscurecidas en los muéstreos 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 diámetros D> 0 .1 han sido detectadas en estas búsquedas. La búsqueda de

galaxias débiles y con diámetros pequeños se suele hacer a ojo. Dada la cantidad

de estrellas presentes del disco Galáctico, la búsqueda a ojo a latitudes |6| < 15° es

mucho más efectiva que la extracción de galaxias vía procesos automatizados como

COSMOS1 (Drinkwatcr ct al. 1995), APM2 (Lewis et al. 1996) o la aplicación de

Artificial Neural Networks (ANN).

A partir de búsquedas profundas en el óptico de galaxias han encontrado más de

50,000 galaxias nuevas en la ZOA. La Figura 2.1 de esta tesis muestra los diferentes

muéstreos conducidos en la ZOA (Kraan-Kortcweg 2000b). Para detalles y resultados

de estas búsquedas consultar Kraan-Korteweg (2000b). Estas búsquedas sistemáticas

en el óptico cubren toda la Zona de Obscurecimiento definida como el área del cielo

delimitada por el contorno de extinción de frente de AB — l™0 dado por los mapas de

extición de DIRBE (Schlegel et al 1998), ver Capítulo 2. La Fig. 2.2 es un ejemplo

de estas búsquedas sistemáticas de galaxias en el óptico, y muestra la región Di-

D5 donde se cree que está ubicada la región central del GA. Los puntos pequeños

representan nuevas galaxias, mientras que los puntos más grandes corresponden a

galaxias previamente conocidas,, Los tres contornos corresponden a los niveles de

extinción de AB =1^0, 3™0 y 5™0 de acuerdo con los mapas de DIRBE (Schlegel et

al. 1998).

La extinción hace que las galaxias aparezcan más débiles y pequeñas,. La i educción

de diámetros de galaxias por extinción fue investigada poi Cameron (1990). El obtuvo

una relación entre la reducción del diámetro como función de la extinción en la banda

B (óptico). AB:

/(Diam)— 10ül0As para galaxias espirales

/(Diam)— 10013A" para galaxias elípticas y SO

1 COSMOS (por sus siglas en inglés: COordinates, Sizes, Magnitudes, Orientations, and Shapcs)
es una maquina paia escanear placas fotográficas.,

2Automated Píate Measunng Machine (APM, por sus siglas en ingles)..
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Aqui /(Diam) es la proporción por la cual los diámetros son reducidos en función

de la extinción. Aplicando estas conociónos a galaxias obscurecidas se obtiene que

las búsquedas profundas en el óptico son completas para galaxias con diámetros

intrínsecos D° > 1Í0 con niveles de extinción AQ < 3™0.

Los resultados de las búsquedas profundas en el óptico complementan los tres

catálogos UGC, ESO-Uppsala, y MCG para tener un catálogo de "todo" el cielo con

una 2OA reducida. Así se obtiene un catálogo completo para galaxias con diámetros

corregidos por extinción de D° — 1Í3 para niveles de extinción AB < 3™0. Una

proyección Aitoff3 de todo el cielo mejorada con una ZOA reducida es mostrada en

la Fig. 2.3 de esta tesis, para más detalles leer la versión en inglés de esta tesis.

2.3 Acumulación de Galaxias dentro del GA

La naturaleza y la extensión de la sobredensidad de masa, la cual ha sido denominada

corno el Gran Atractoi (GA) por Alan Dressler, ha sido bastante controversiaí debido a

su ubicación detrás del Plano Galáctico (PG). Lynden-Bell et al. (1988) descubrieron

una sobredensidad de masa enorme en el Universo cercano aplicando la relación Fabcr-

Jackson4 a cerca de 400 galaxias elípticas distribuidas sobre todo el cielo. Basados

en este estudio, ellos concluyeron que una enorme concentración de masa en (¿, b) ^

(307°, 9°) y a una distancia de 4.500 km s"1 os la cansa del movimiento peculiar del

Grupo Local (GL) de galaxias, es decir del flujo cósmico del Universo local. Ellos

propusieron un modelo para esta enorme concentración de masa (GA) que explicaría

el origen del flujo cósmico 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 dobc ubicarse a 4,000 km s"1.

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 concentración de masa debería

haber1 sido observada en la dirección del GA, pero no ha sido así.
3Es una pioyección de todo el cielo en una elipse, de áreas iguales, creada poi David Aitoff en

1889.
4La correlación entie la luminosidad de una galaxia elíptica y su dispeisión de velocidades de las

estiellas en su leeión central.
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La confirmación de la existencia del GA tiene importantes implicaciones cos-

mológicas, por ejemplo, para el modelo de "materia obscura fría" (CDM, por sus

siglas en inglés). Una concentración de masa como el GA es excesivamente rara o

ausente en el marco del modelo de CDM. La masa estimada para el GA es del orden

de ~ 5.4 x 1016 masas solares (Lynden-Bell et a l 1988).

Los métodos matemáticos han sido usados como una alternativa estadística para

reconstruir la distribución de galaxias obscurecidas por la Vía Láctea. 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 región (Bertschingor y Dekel 1989).

Kolatt et al. (1995) usaron velocidades peculiares de galaxias en ambos lados de la

ZOA para trazar la disribución de masa detrás de esta región,. Los contornos de fluc-

tuaciones de densidad de masa para "todo" el cielo hasta 4,000 km s"1 obtenidos por

POTENT son mostrados en la Fig. 2.4 de esta tesis. El análisis de los resultados de

POTENT indica que el pico del GA está en (í, b)) ~ (320°; 0
o) a una "distancia" de

4,000 km s"1. La Fig. 2.5 muestra el campo de velocidades y de fluctuaciones de den-

sidad do 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 y ei GA aparece en el lado izquierdo.

2.4 ACÓ 3627: El Cúmulo de Norma

ACÓ 3627 es un cúmulo de galaxias que se encuentra dentro de la región del Gran

Atractor y es más masivo y conocido hasta hoy día dentro de la región central del

GA (Kraan-Korteweg et al. 1996 y Woudt 1998). ACÓ 3627 es conocido también

como el cúmulo de Norma por estar en la constelación de Norma. ACÓ 3627 tiene

las cooidenadas Galácticas (£, f>) = (32o?3,-7°2), a sólo 9o de la posición sugerida

para el centro del GA; este cúmulo tiene una velocidad de recesión de 4,882 km s~2

(Kraan-Koiteweg et al. 1996) situándolo a la distancia del GA, Tiene una dispersión

de velocidades de 897 km s"1, lo cual implica que es muy masivo., Una masa de

aproximadamente 5,1 x 1015/iJ0
1MQ se ha determinado para este cúmulo. Esta masa

constituye sólo el 10% de la masa sugerida para el GA. la cual es del orden de ~ 1016

masas solares, Los cúmulos ricos de galaxias en general son fuertes emisores en rayos

X y de radio; además suelen presentar galaxias tipo cD en sus centros. Norma al

igual que Coma está dominado por dos galaxias cD centrales que son fuertes emisores

de radio.
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2.5 Un Cúmulo 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 concentración muy grande

y extendida de materia, pero hasta ahora se ha detectado solamente un cúmulo rico

de galaxias (ACÓ 3627) en esta región, con una masa del 10% de la sugerida para el

GA. Por lo tanto, es muy posible que existan otros cúmulos ricos de galaxias dentro

de la región del GA, los cuales están muy probablemente obscurecidos por la Vía

Láctea,

Es posible que la segunda fuente extragaláctica de radio más brillante del hemisferio

sur, PKS 1343—601, /20cm — 79 Jy (ver McAdam 1991), sea el centro de otro cúmulo

rico de galaxias. Dado que esta radio galaxia se encuentra detrás del disco Galáctico,

(l.b.v) ~ (309?7,1?8, 3872 km s"1), está muy obscurecida con 12 magnitudes de

extinción en la banda B. La contraparte óptica de PKS 1343—601 es una radio galaxia

gigante con una velocidad de recesión de cz — 3,872 km s"1 (West S¿ Tarenghi 1989).

Esta radio galaxia también exhibe gran emisión de rayos X (McAdam 1991, Tashiro

et al. 1998).

La extinción es tan severa en la dirección de PKS 1343—601 que las galaxias más

brillantes de un supuesto cúmulo rico no serían visibles. La Fig,, 2.6 muestra un

cúmulo rico de galaxias (A3627) y el probable cúmulo centrado en PKS 1343—601.

los dos se encuentran dentro de la región del GA,, Esta figura muestra en el lado

izquierdo la distribución casi simétrica de las galaxias del cúmulo de Norma (Woudt S¿

Kraan-Korteweg 2001), mientras que en el lado derecho presenta el probable cúmulo

exhibiendo un gradiente en la distribución de galaxias. A mayor extinción, menos

galaxias son visibles. Observaciones en longitudes de onda donde la extinción es

menos severa son necesarias para determinar si PKS 1343—601 marca la posición de

un cúmulo no conocido y rico en galaxias. Para comprobar esto, la vecindad de PKS

1343—601 fue observada en la banda I con la cámara Wide Field Imager (WFI) y el

telescopio de 2.2-m de MPG-ESO del Observatorio de La Silla, Chile.
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Capítulo 3

Las Observaciones y su Reducción

3.1 Introducción

En este capítulo se describen las observaciones y la reducción de los datos, los

cuales consisten de imágenes de un área de aproximadamente 2°x 2o centrada en

PKS 1343—601 ( £ — 309?7, b = 1?8). Las imágenes fueron tomadas con la cámara

Wide Field Imager en el telescopio de 2.2-m de MPG-ESO en La Silla, Chile-. Un

total de 16 campos fueron cubiertos con el WFI tomando 128 imágenes en la ban-

da /. Estas imágenes fueron reducidas usando KOAO PC-IRAF1 y la herramienta

para desplegar imágenes DS9. También se utilizó el Gmde Star Catalog (GSC 1.2)

y el Digital Sky Survey (ESO-DSS2i) para la calibración de pixeles en coordenadas

ecuatoriales.

3.2 Observatorio, Instrumentos y Observaciones

Las observaciones para esta tesis fueron hechas con la cámara WFI en el telescopio

2.2-m de Max Planck Gcsellschaft (MPG) en el Observatorio de La Silla del ESO2.

El observatorio de La Silla se encuentra en la parte sur del desierto de Atacama en

Chile y su ubicación geográfica es 70°44'4'.'543 al Oeste, 29°15'l5'.'433 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 cámara WFI tiene un campo de observación de casi 0.8 grados, y el detector del

WFI consiste de un arreglo de 4 x 2 CCD que cubren un área del cielo de 34' x 33'.

1Image Reduction and Analysis Facility (IRAF)
2Euiopean Southein Observatoiy (ESO, poi sus siglas en inglés).

11
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Con esta cámara se tomaron 16 campos que cubren un área de 2°x 2o centrada en

PKS 1343—601. La Fig. 3.1 muestra la distribución de los 16 campos y 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 nitro n.816 (Ac = 815,9 nm).

3.3 El Proceso de Reducción de las Observaciones

3.3.1 Las Observaciones y su Reducción

Los datos para esta tesis consisten de la siguientes imágenes: Seis campos planos

(skyflats) y 16 exposiciones como se muestran en la Fig. 3.1. El campo central (número

uno) que incluye a PKS 1343—601 consiste de cinco superposiciones. La Fig, 3.3

muestra los tiempos de exposición y los offsets para el campo cential. De esta manera.

el campo central tiene mayor profundidad para detectar una mayor concentración de

galaxias hacia PKS1343—601, si es que marca el centro de un cúmulo rico de galaxias.

Cada campo de observación consiste de 8 imágenes, por lo tanto se obtuvieion un

total de 48 campos planos y 160 imágenes,

3.3.2 Reducción de los Campos Planos

Los "campos planos" son usados para normalizar las imágenes tomadas con detectores

CCD. Cada pixel de un CCD tiene diferente respuesta cuántica a la luz; 48 campos

planos fueron reducidos y combinados para obtener un grupo final de 8 campos planos,

uno para cada CDD del WFI. La reducción de los campos planos fue la siguiente:

primeramente se determinó la sección no expuesta del CCD, la Fig. 3.4 muestra un

campo plano y una amplificación de una esquina que muestra la sección no expuesta.

Para cada CCD se seleccionó una sección no expuesta para determinar un promedio

del número de cuentas por pixel que se acumulan en él durante el tiempo sin estar

expuesto, lo cual se conoce como overscan. Para los CCDs 1, 2, 3 y 4, se tomó la

sección [2121:2140, 31:3500], vea Fig. 3.2,, La sección [2:22, 629:4098] se usó para

los CCDs 5, 6 y 7, mientras que la sección [2121:2140, 629:4098] fue usada para el

CCD 8; estas secciones fueron determinadas con la ayuda de implot de IRAF y sus

comandos. Se utilizó también colbias de IRAF para calcular y sustraer el overscan

y después cortar las secciones no expuestas de cada CCD. Los campos planos fueron

combinados con flatcornbine de IRAF. obteniendo así un campo plano más uniforme.

Finalmente fueron normalizados con imanth e imstatistics de IRAF obteniendo así
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8 campos planos normalizados. Estos campos planos fueron usados para aplanar

(flatfielding) las imágenes.

3.3.3 Proceso de Reducción de Imágenes

Con la cámara WFI se tomaron 16 campos que dan un total de 160 imágenes, de las

cuales 32 imágenes se obtuvieron con las cinco exposiciones del campo central (campo

uno, vea Fig. 3.1). El resto de las 128 imágenes corresponden a los otros 15 campos

(campo 2 al 16), 8 para cada uno de ellos. A todas las imágenes so les substrajo

el "bias" y se les cortaron las áreas no expuestas con colínas de IRAF 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 imágenes de cinco exposiciones para quedar solo 8. Para combinar estas imágenes

se utilizó imalign de IRAF para calcular los offsets y finalmente imcombine de IRAF

para combinarlas. El siguiente paso fue calibrar pixeles en coordenadas ecuatoriales.

3.4 La Búsqueda de Galaxias

Una vez terminado el proceso de reducción de imágenes, se empezó una búsqueda a

ojo de galaxias,, Dado que se observó a través del disco Galáctico, la búsqueda de

galaxias a ojo es la más efectiva, puesto que las imágenes están saturadas de estre-

llas. La Fig. 3.7 muestra una imagen la cual contiene cientos o miles de estrellas.

Para la búsqueda de galaxias se utilizó SAOImage DS9 para desplegar las imágenes e

imexamíne de IRAF para inspeccionar los posibles candidatos a galaxias. SAOImage

DS9 nos permite agrandar y variar el constraste de imágenes, mientras que con ime-

xamine se puede inspeccionar la distribución de luz de objectos. La mayoría de las

galaxias aparecen pequeñas y débiles (borrosas) en comparación a las estrellas más

brillantes, de aquí que resulta útil agrandar las imágenes para su detección. 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, mientras que en la imagen de

la izquierda no se observa. La imagen de la derecha muestra objetos de menor brillo

superficial permitiendo así observar la presencia de una mancha angosta y alargada,

con un poco más de brillo superficial que sus alrededores, posiblemente es una galaxia

espiral vista de canto,
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3.5 Calibración de Pixeles en Coordenadas Ecua-

toriales

Las imágenes en las cuales se detectaron candidatos a galaxias se calibraron en coor-

denadas ecuatoriales,. Para la calibración de sus posiciones en pixeles a posiciones en

RA y Dec, primero se determinaron los centros para cada una de las 8 imágenes de

cada campo del WFI. Segundo, con los centros de cada una de las 128 imágenes, se

tomaron imágenes de aproximadamente del mismo tamaño del Dígitized Sky Survey

2-Infmred (ESO DSS2i), las cuales están calibradas en coordenadas ecuatoriales y

fueron utilizadas para encontrar estrellas en las imágenes del WFI que tienen posi-

ciones en el Guide Star Catalog versión 1.2 (GSC 1.2). Las posiciones del GSC 1.2

se usaron para la calibración de pixeles en RA y Dec por tener menos incertidumbre.

Con la ayuda de imágenes del ESO DSS2i se escogieron entre 6 y 10 estrellas para ca-

da imagen del WFI que tienen posiciones en el GSC 1.2; las estrellas se seleccionaron

de tal manera que estuvieran distribuidas lo más posible en toda la imagen y sin com-

pañeras muy cercanas que interfirieran en la determinación do sus centro en pixeles

con imexamine de IRAF. Para cada imagen se determinaron las posiciones en pixeles

y coordenadas ecuatoriales (tomadas del GSC 1.2) de 6 a 10 estrellas. Estas posicio-

nes (en pixeles y Ra-Dec) las utiliza cemap de IRAF para hacer la transformación de

coordenadas en pixeles a RA-Dec para cada imagen del WFI.

Este fue el proceso a seguir en la reducción imágenes en las cuales se detectaron

candidatos a galaxias. Las imágenes, posiciones, diámetros, y posible morfología de

los candidatos a galaxias encontrados se presentan en el siguiente capítulo.



Capítulo 4

Galaxias Encontradas en la

Vecindad de PKS 1343-601

4.1 Introducción

En este capítulo se presentan y describen los candidatos a galaxias encontrados a

ojo en las imágenes del WFI reducidas en el capítulo anterior. Se detectaron un

total de 49, más 6 posibles candidatos a galaxias. Se presentan para estos objetos

sus posiciones en coordenadas galácticas y ecuatoriales; además, se sugiero un tipo

morfológico, un diámetro aparente, asi como una breve descripción de estos objetos,

Por último, se menciona la detección de algunos de ellos en otras longitudes de onda.

4.2 Candidatos a Galaxias Detectados

Los candidatos delectados a galaxias aparecen borrosos, de bajo brillo superficial y

pequeños, con la excepción de algunos de ellos, como por ejemplo la radio galaxia

PKS 1343—601. En las búsquedas a ojo se detectaron 49 candidatos a galaxias y

su posición, diámetro aparente, así como su posible morfología (ver la Tabla 4,,1).

Las columnas (2), (3), (4) y (5) de esta tabla contienen posiciones en coordenadas

ecuatoriales (J2000) y Galácticas respectivamente. El diámetro aparente se da en

la columna (6), mientras que la séptima da el valor de la extinción en la banda-/

(A¡) para la posición de cada galaxia de acuerdo con los mapas de extinción do polvo

de DIRBE. La columna (8) sugiere una posible morfología para estos objetos. Por

último, en la columna (9) se da una breve descripción de ellos.

15
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4.2.1 Errores en Posición

Las posiciones de estos objetos fueron medidas dos veces para hacer un análisis es-

tadístico de los errores (random errors) en la medición de las posiciones. El análisis

estadístico da errorrs aleatorios de (Y/47 en RA y Cf'.lS en Dec, lo cual da una con-

sistencia interna en la medición de posiciones., La gran mayoría de estas galaxias no

han sido previamente detectadas. Para las que se han detectado en otras longitudes

de onda, sus posiciones tienen grandes incertidumbres; por lo tanto, no fue posi-

ble hacer una comparación de posiciones con datos externos para, determinar errores

sistemáticos.

4.2.2 Determinación de Diámetros

La mayoría de los candidatos a galaxias tionc-n diámetros de unos cuantos segundos

de arco, con la excepción de algunos de ellos. Por ejemplo, las Galaxias 22 y 29

de la Tabla 4.1 parecen ser grandes espirales con diámetros aparentes de 15" y 20",

respectivamente. Los objetos presentados en la Tabla 4.1 aparecen pequeños y de

bajo brillo superficial debido a la extinción que tienen. Los diámetros dados en la

Tabla 4.1 corresponden al 10% del pico de la curva de brillo superficial.

4.2.3 Clasificación Morfológica

La determinación del tipo morfológico es afectada fuertemente por la extinción. Sólo

en algunos casos es más claro su tipo morfológico: Espiral o Elíptico. En la mayoría

de ellos no es clara su morfología porque es muy probable que sólo se observen los

bulbos o núcleos de las galaxias debido a la extinción tan alta. Por lo tanto, la

columna 8 de la Tabla 4.1 solamente sugiere un tipo morfológico para la mayoría de

ellos.

4.2.4 Imágenes de los Candidatos a Galaxias

La Figura 4.1 presenta las imágenes de los 49 candidatos a galaxias. El tamaño de

estas imágenes es aproximadamente de 36 x 36 segundos de arco. Las imágenes 28 y 34

son ejemplos de espirales vistas de canto, severamente afectadas por la extinción. De

los 49 objetos en Tabla 4.1, 24 de ellos son propuestos como espirales,. Las imágenes

30 y 33 son ejemplos de galaxias elípticas con alta extinción. Para los otros 25 objetos

restantes de la Tabla 4.1 se propone una morfología elíptica.
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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 se puede determinar en base de estas imágenes. Por lo tanto, no es claro

si son objetos extragalácticos. Observaciones más profundas en el cercano infrarrojo

son necesarias para revelar su origen,, Datos e imágenes 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 Imágenes de los Posibles Candidatos a Galaxias

Las imágenes de estos seis posibles candidatos a galaxias se presentan en la Fig,. 4.2

de esta tesis. Cinco de estos objetos tienen diámetros de unos cuantos segundos de

arco, excepto el número 2 que parece ser mucho más extenso pero con muy bajo brillo

superficial, Estas imágenes también tienen una dimensión de aproximadamente 36 x

36 segundos de arco. Observaciones profundas en el cercano infrarrojo son necesarias

para determinar si son de origen extragaláctico.

4.4 Identificación con Objetos Conocidos

Con las posiciones de estos 55 objetos detectados a candidatos de Galaxias, se bus-

caron contrapartes en otras longitudes de onda., Para esta búsqueda, se utilizaron las

siguientes bases de datos: La base de datos CATS (http://cats.sao.ru, Verkhodanov et

al. 1997) y NASA/IPAC' Extragalactic Datábase (NED, http://nedwww.ipac.caltech.edu).

Solamente 14 galaxias de las listadas en las Tablas 4.1 y 4,3 han sido detectadas en

otras longitudes de onda: cercano infrarrojo (DENIS1), lejano infrarrojo (IRAS), ra-

dio y rayos X. Varias de estas tienen posible contraparte en las observaciones del

satélite IRAS. La búsqueda de posibles contrapartes en IRAS fue realizada tomando

en cuenta lo siguiente:

a Las incertidumbres elípticas de posición en IRAS y la distancia de separación

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

b El término de "color" definido con 3 de las 4 bandas de IRAS (12 ¿¿m, 25

60 jt/m y 100 ¡ira) col\ — fv¿ • f20/(feo)2 (Yamada et al. 1993), donde col\ < 1

indica que el objeto detectado por IRAS puede ser una galaxia
1 Búsqueda profunda en el cercano infrarrojo del cielo del sui (DENIS, por sus siglas en inglés)
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c Posibles coincidencias con objetos detectados en el cercano infiarrojo, radio y/o

rayos-X.

En la sección 4.4 se presentan las 14 galaxias que tienen detecciones en otras

longitudes de onda. Siete de estos 14 candidatos a galaxias tienen posible detección

con IRAS. Cinco tienen identificación con objetos detectados por DENIS, la número

20 por Rousseau et al, (2000) y las galaxias 15, 33, 34 y 40 por Anja Schródcr

(comunicación privada). Dos (33 y 37) tienen detección en rayos X y cuatio en radio.

Las galaxias 3, 15, 20 y 49 tienen posible detección en muéstreos profundos de HI.

Una combinación de imágenes profundas en las bandas I. J y K del campo central

(campo uno, ver Fig. 3.1), detectó las galaxias 29, 30. 33, 32, 34, 37 y 40 (Nagayama

y Sato, comunicación privada). Estos resultados han sido proporcionados antes de

su publicación por Takahiro Nagayama y Slmji Sato de la Universidad de Nagoya.

Nagayama y Sato han detectado cinco galaxias más en c-1 campo uno que no son

visibles en las imágenes de la presente tesis porque tienen muy bajo brillo superficial

debido a la alta extinción.



Capítulo 5

Análisis de la Distribución de las

Galaxias Detectadas

5.1 Introducción

La distribución de- los candidatos a galaxias presentados en el capítulo 4 es analizada

en último capítulo. También se presenta una simulación del cúmulo de Coma puesto

a la distancia y con los mismo niveles de extinción observados en PKS 1343—601. Fi-

nalmente se compara la distribución de Coma sujeta a los mismos niveles de extinción

de PKS 1343-601 y la distribición de los candidatos a galaxias detectados.

5.2 Distribución de los Candidatos a Galaxias

La distribución en coordenadas Galácticas de los candidatos a galaxia encontrados

en la vecindad de la radio galaxia PKS 1343—601 se muestra en la Fig. 5.1. Esta

distribución contiene todos los objetos listados en las Tablas 4,1 y 4,3 del capítulo

4. En esta figura, los círculos representan galaxias que supongo son de morfología

espiral, mientras que los círculos cruzados corresponden a galaxias con morfología

elíptica. Los círculos vacíos corresponden a los 6 objetos para los cuales no se tienen

suficiente información para clasificarlos como candidatos a galaxias. Quiero hacer

notar que los candidatos a galaxias tienen una extinción alta en la banda /, por lo

tanto sólo se sugiere una clasificación morfológica., Los contornos representan los

siguientes niveles de extinción, determinados con los mapas de extinción de DIRBE

(Schlegel et al. 1998): ,47 - 2m(amanllo).i 3m , 4m, 5™, 6m, 7.5m y 10m (linea negra

cortada), de arriba hacia abajo respectivamente. El contorno (cuadro negro) de la

19
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vecindad observada alrededor de PKS 1343-601 se muestra también. La posición de

PKS 1343—601 en esta distribución está marcada por el punto (rojo) más grande. El

gran círculo (verde) corresponde al ladio de Abell (RA1) de 2°2,,

Se nota en esta distribución que hay más galaxias espirales en lugares con nive-

les menores de extinción, mientras que a niveles más altos de extinción se detectan

mayormente elípticas. Las galaxias elípticas contienen mayormente en sus centros

estrellas viejas (rojas) por lo cual son visibles a niveles más altos de extinción.

La distribución de galaxias está modulada por el gradiente de extinción en esta

región; por lo tanto, no se observa una concentración de galaxias uniforme alrededor

de PKS 1343—601, lo cual era esperado para un cúmulo muy obscurecido.

5.3 Una Comparación con el Cúmulo de Coma

Para saber si la distribución de galaxias de la Fig 5.1 es lo que se esperaría para

un cúmulo rico de galaxias muy obscurecido, se hizo una simulación con el cúmulo

de Coma. En esta simulación se coloca a Coma a la distancia de PKS 1343—601 y

con los mismo niveles de extinción. El cúmulo de Coma es rico en galaxias. Para la

simulación se utililzó el catálogo de galaxias de Coma de Godwin et al. (1983). Este

catálogo contiene 6,724 galaxias en un campo de 2,.63 grados cuadrados con un límite

de magnitud de Ó2G 5 = 21. Este católogo no incluye los tipos morfológicos, por lo

tanto, se consideraron dos casos en la simulación: que todas fueran elípticas, o todas

fueran espirales; se describe el caso para elípticas y sólo se presenta el resultado para

espirales al final.

Si Coma se sitúa en la posición de PKS 1343-601 y sin extinción, sólo 1979 galaxias

de Coma que caen dentro del campo observado en la vecindad de PKS 1343—601. La

Fig. 5.2 presenta la distribución en coordenadas galácticas de estas 1979 galaxias.

En esta distribución se presentan galaxias con magnitudes / < 17™5. Las galaxias de

Coma con magnitudes I > 17m5 no se incluyen por que por que el límite de magnitude

en estas observaciones es de / ^ 17^5. La Fig. 5.2 muestra una concentración muy

clara de galaxias hacia el centro del cúmulo. La Fig,, 5.3 muestra la distribución de

galaxias de Coma presentada en la Fig., 5,,2 bajo los niveles de extinción en la vecindad

de PKS 1343-601. Una vez que la extinción se ha incluido en la simulación solamente

quedan 54 galaxias, las demás están ocultadas por la extinción. La distribución de

galaxias está correlacionada con el gradiente de extinción al igual que en la Fig,, 5.1.

i o, _RA = 1-7 ¡z, donde z = vñ\!H¡c
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La distribución de galaxias de Coma, en que se supone únicamente morfología elíptica,

se mostrada en la Fig. 5 3 y es muy parecida a la distribución presentada en la Fig. 5.1.

En esta distribución se observa que las elípticas prevalecen a niveles altos de extinción

como se observa en la Fig,, 5.1, mientras que las espirales se presentan mayormente a

nivels mas bajos. La distribución de las galaxias de Coma suponiendo sólo morfología

espiral se presentan en la Fig. 5.4 y es consistente también con la presentada en la

Fig. 5.1. Muy pocas o ninguna espiral permanece con niveles altos de extinción.

La simulación de Coma a la distancia de PKS 1343—601 y con los mismos niveles

de extinción muestra que la distribución de galaxias presentada en la Fig. 5.1 os

consistente con la presencia de un cúmulo rico de galaxias muy obscurecido.,
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Capítulo 6

Conclusiones y Plan a Futuro

El objetivo de esta tesis fue la búsqueda de galaxias alrededor de la radio galaxia

PKS 1343—601 para determinar si este objeto marca el centro de otro cúmulo rico de

galaxias en la región central del Gran Atractor. Esta búsqueda constistió en inspec-

cionar visualmentc 128 imágenes en la band-J tomadas con el telescopio de 2.2-m y

la cámaia WFI en el Observatorio de La Silla. En esta búsqueda fue posible detectar

galaxias hasta el límite de magnitud Iatd ~ ITPb. En estas imágenes, 55 candidatos

a galaxias fueron detectados hasta niveles de extinción Aj = 5m5 de acuerdo con

los mapas de extinción de polvo de DIRBE,. La distribución de estas galaxias fue

comparada con la distribución del cúmulo de Coma puesto a la distancia y bajo las

mismas condiciones en las que se observó PKS 1343—601. Al situar a Coma en estas

condiciones, sólo 54 galaxias serían visibles de sus 6,724 galaxias. La distribución en

coordenadas Galácticas de estas 55 galaxias de Coma es semejante a la distribución

de las 55 galaxias encontradas. En los dos casos se observa que la distribución de

galaxias está modulada por el gradiente de extinción en está región. Estos resultados

son evidencia que la radio galaxia PKS 1343—601 marca el centro de un cúmulo íleo

de galaxias.

Estos resultados son una motivación para continuar con la búsqueda de nuevos

miembros de este cúmulo que no fueron detectados en esta primera búsqueda. Un

mapfio de este cúmulo en el cercano infra-rrojo in las bandas J, H y K está en

progreso., Los resultados preliminares del mapeo del centro de este cúmulo confirman

mis detecciones de galaxias en el campo central y detecta 5 nuevos miembros. Estas

imágenes nuevas en el infra-rrojo cercano prometen revelar nuevas galaxias de este

cúmulo obscurecido.
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Abstract

The Great Attractor (GA) is a dynamically important mass overdensity. first noticod

through a large-scale systematic flow of galaxies in thc local Universe. Theoretical

reconstructions of the mass density field from peculiar vclooities predict the peak of

the GA overdensity to lie behind the southern Milky Way at (£}b,v) ~ (320°, 0o,

4,000 km s"1) (Kolatt et al. 1995),, The nature and extent of the GA has bcen

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 conceritration of mass as

yet detected within the GA región is thc Norma cluster, also known as ACÓ 3627,

which accounts for about 10% of the piedicted mass of the GA., Is there another

Norma-type cluster behind the Milky Way in the GA central región? No further

chiñtcrs have been identified in the GA overdensity and large part of it may still be

hidden by the Milky Way.

Many rich galaxy clusters (including the Norma cluster) are strong X-ray sources

and show radio emíssion of its central galaxy, like the radio galaxy PKS 1610—608 in

Noima. The fact that the second brightest extragalactic ladio source in the south-

ern sky (/2Ucm = 79 Jy. McAdam 1991, and iefeiences therein), PKS 1343-601 at

{¿,b,v,Aj) ~ (309?7, 1?8, 3,872 km s"1, 4.5m) (West & Tarengi 1989, Woudt 1998,

Kraan-Korteweg & Woudt 1999) lies within the general región 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 2o x 2o around PKS 1343-601 was imaged in thc /-band with 15 diíferent

single exposures of 600 seconds, 5 exposures of 300 seconds (central field) and a

seeing of about 0.5". A meticulous search of galaxies by eye of all fields revealed 49

galaxy candidates. Tliese galaxies wcrc detected up to extinction levéis of A/ = 5™5.

The distiibution of these galaxies is modulated by the extinction gradient in this

región. Therefore, an actual concentration of galaxies towards PKS 1343—601 was

not observed. However, I show in a simuíation that the distribution of the Coma

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



VI

observed íield of view looks very similar to thc distribuí;ion of the galaxies found in

the vicinity of PKS 1343-601., Thus, thc observed distribution of gaíaxies around

PKS 1343—601 is consistent with the presence of arich, Coma-like, cluster of gaíaxies.



Chapter 1

Introduction

1.1 Preamble

Galaxies are distributed in space forming largc-scalc structures (LSS) of filaraents,

great walls, voids, and chistéis. Thcso gigantic formations of galaxies can be traced

almost everywhere in the sky, exccpt in a speficic área where the dust of oui 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

galaxias. Such incompleteness in the maps of the galaxy distribution limits the stud-

ies of large-scale structure formation and dynamies of the neai by Universe. In terms

of redshift, the nearby Universe is taken out to 10, 000 km s"1, 150 Mpc (Fairall 1998).

A volume-limited sample of galaxies out to 30, 000 kms"1 is known as the local Uni-

verse, but incompleteness starts as low as 1600 kms"1 (not 16, 000 kms"1 !) (Fairall

- prívate 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 Plañe (GP). Extinction increases towards the GP rendoring diameter- and

magnitude-limited samples of galaxies incomplete, thus creating a "Zone of Avoid-

ance" (ZOA) in the "whole" sky maps of galaxy distiibutions.

The incompleteness of optical galaxy catalogues increases towards the Zone of

Avoidance. Our understanding of several key issuos of large-scale structure is limited

by the incompleteness of galaxies in the ZOA. The rriass distribution within a redshift

distance of 6000 km s"1 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 (Dekel 1994; Kolatt, Dekel & Lahav 1995), see Chapter 2, show

1
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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 accountcd for (Kolatt et al 1995).

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 oveidensity is of great dynamical importance in the nearby Univcrsc.

The GA seems to be íesponsible 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 affeets the estimation of cosmological parameters such as the den-

sity and biasing parameters, Üo1 and b2 The mass density peak of the GA legión is

predicted to be at i — 320°, b = 0o. and at a radial velocity of cz = 4.500 km

s"1 (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 región,, If light traces mass, a large concentration

of galaxies should be observed in the GA región. However, such a concentration of

galaxies has not bcen observed so far due to the fact that a major pait of the GA lies

behind the southern Milky Way.

Deep optical searches in the southern Milky Way nave revealcd that ACÓ 3627

is the most conspicuous concentration of galaxies in the cential región of the GA.

ACÓ 3627 at i = 325?3; b = -7°2 and v - 4,848kms-1 is a nearby, rich cluster

of galaxies at the center of the GA (Woudt 1998),, The existence of another more

obscuied, rich cluster1 of galaxies in the GA región hidden by the Milky Way is sus-

pected, The strong southern ladio sourec PKS 1343-601 at I - 309°7 and 6 = 1?8

could mark the center of another rich cluster of galaxies in the GA región. Henee.

the scientific motivation of this project is to investígate 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 fiíst noticed by Proctor (1878) as the "Zone of Few

Nebulae" „ He observed an empty band in the distribution of nebulae based on the

data from the "General Catalogue of Nebulae" of Sir John Herschel (1864). John

1fThe density paiaineter (at present time) : Ho = po/pc = jgipo (Ohanian & Ruffini 1994).,
2Thc gaíaxy-galaxy conelation f'unction is a biased indicator of the mass corielation function,

in an approximately linear relation: £,gg = b2£„,,„,.?*, b is the biasing parameter which needs to be

determíned by comparing the theoiy with obseivations (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 nebulae

in the southcrn 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-

ccntration of nebulae in Virgo and that the majority of nebulae appeared as being

separated ñora the Milky Way. He also recognized different types of nebulae,. The

nebulae found far from the plañe of the Milky Way appeared different from those

detected at low Galactic latitudes which were later identified as "planetary" nebulae.

Sir John Hcischel was the fiíst to recognize the Local Supercluster (LSC). He

doscribod it as a roughly spherical system centeied on Virgo. He noticed that our

stellai system, the Galaxy, is located far from this dense central región 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 ñndings

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

The ñrst plots of the distribution of nebulae were ruado by Proctor. Thcy 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

structuros known today. He also recognized the región avoided by the nebulae as the

plañe of the Milky Way. At that timo the reason for this avoidance. the existence of

dust iu the Galactic Plañe and its obscuiing effeets, was not known.

The trae natuie of the nebulae was subject of rnucli debate until the idea of "is-

land universes" proposed by Immanuel Kant proved correct with the obseivations 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 den ved distance

to Andromeda proved unambiguously its extragalactic nature. Soon, the extragalac-

tic natuie of othor nebulae. ospooially those with known spiral stiuctuie, could be

confirmad.

Hubble's disc.overy of the extragalactic nature of the nebulae 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 fiom Herschel's General Catalogue drawn by Richard

Proctor and Sidney Waters (From R.A. Proctor, The Umverse of Stars).

In his book he presented a survcy of 44,000 galaxies. The numbei of visible galaxies

decreases rapidly cióse to the GP. This clcarly 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.

Only about 20 rich clusters of galaxies were known before the National Geographic

Palomar Obscrvatory Sky Survey (POSS) of the 1950's. The latter revealed the exis-

tence of thousands of rich clusters of galaxies., The Palomar Obseivatory Sky Survey

was done with a 48-inch Schmidt telescope that produced wide-angle photogiaphs 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 platos from the National Geographic

Society-Palomar Observatory Sky Survey (Abcll 1958). Large-scale structures and the

Zone of Avoidance became even more evident from the galaxy surveys that followed

the POSS.,



Large Scale Structure and the ZOA: a histórica! perspectiva

Figure 1.2: AitofF equal-area projection in Galactic coordinates showing all known

galaxies with D > 1Í3 and the extinction contour in the B-band of ^4^ = 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 Catalogue (UGC) for the north that covers 8 >

-2°5 (Nilson 1973), the ESO Uppsala Catalogue for the south ó < -17° (Lauberts

1982), and the Morphological Catalogue of Galaxies (MCG) for the región of -17?5 <

8 < —2?5 (Vorontsov-Velyamiiiov & Archipova 1963-74). The data from these three

catalogues is homogenized by applying the galaxies diarneters adjustments proposed

by Lahav: D = 1.15DUGC, D = 0.9QDESO, and D = 1.29DMCG (Lahav 1987). This

wholc-sky catalogue is complete for galaxies with diameters greater than D — 1Í3

(Hudson & Lyntlcn-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, í = 0o and b — 0o, at its origin. The galaxies in Fig 1.2 are diameter-coded.

Small circles correspond to galaxies with diameters 1Í3 < D < 2 . Galaxies with

diameters 2 < D < 3' are representad by medium-sized circles and large ciicles 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 Plañe) with the Virgo cluster at its center at (£,b) ~ (284°,74o)

and the Centaurus Wall which is seen as a concentrated band of galaxies tha t crosses

the southern Milky Way at the predicted position of the GA at I — 320° and b —

00 (Kolatt et al. 1995). The Centaurus Wall is a continuous large-scale structure

that includes the Indus, Pavo, Telescopium, Centaurus and Hydra clusters. The

Centaurus región hosts the GA which is located where the Virgo southern extensión

merges with the Centaurus Wall. The GA región 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 Hydia

(270°, 27°) clusters are secn as part of the Centaurus Wall in Fig. 1.2. The Perscus-

Pisces chain curving into the ZOA between í — 95° and I ~ 165° is another large-scale

structure recogniücd in Fig 1.2. The Antlia (273°, 19°), Indus and Fornax clusters are

also visible. The dipole of the Cosmic Microwave Background direction is found at

1 — 276° and b = 30° and is due to the motion of the LG towards this direction at

a speed of 627 km s~l (Kogut et al. 1993). In this plot the most obvious feature

is a broad band of about 20° width which is almost empty of galaxies, the Zone of
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Avoidance.

The distribution of galaxies bchind tho 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 nelds 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 leduction of the width of the ZOA (Kraan-Korteweg S¿ Lahav 2000)., Theoretical

reconstructions of the density field (Kolatt et al. 1995), based on the mass distribution

out to ~ 6,000kms~l. have shown that the mass distribution within ± 20° of the

ZOA strongly afFects the direction of the gravitational acceleration of the LG. The

direetion of the acceleiation vector of the LG changes as much as « 35° when the

mass distribution within ± 20° ZOA is included (Kolatt et al. 1995).

In the last decade, systematic óptica), 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, óptica! surveys are moie effective than HI and far infiared

searches to unveil clusters rich in E and SO galaxies. Early typc galaxies noixnally

trace the mass density peaks in the Universo.. Deep optical searches revealed that

ACÓ 3627 (the Norma Cluster) is a rich cluster of galaxies hidden by the southern

Milky Way (Woudt 1998). ACÓ 3627, a nearby and very massive cluster of galaxies

at i = 325?3 and b = -T.2 with a redshift of v = 4,844 km s"1 (Kraaii-Koiteweg et

al. 1996; Woudt et al, 2000a & 2000b), is the most prominent knowii concentration

of galaxies at the core of the GA región.

There is a iarge probability for the existence of another rich cluster of galaxies

in the central región of the GA overdensity where the obscuration of background

objeets is higher. Galaxies are optically almost invisible at these extinction levéis.

The strong southern radio source PKS 1343-601 at £ = 309? 7 and b = 1?8 with a

v = 3,800 km s"1 lies in the central región of the GA hidden bohind an extinction

laye: in the optical of As = 12ra. The central galaxy in rich clusters is often a strong

ladio emitter. PKS 1343—601 could mark the bottom of the potential well of another

rich cluster of galaxies at the core of the GA región supported by extended X-ray

emission,,

The scientiñe motivation for this thesis is to unveil the members of such a rich

cluster of galaxy if it exists. Henee, 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 región of

PKS 1343—601 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 Outline of this Thesis

This thesis is presented in 6 chapters. A histórica! pcrspcctive and an introduction to

the known large-scale structures in the nearby Uní verse was given in this Chapter 1.

The second chapter covers in detail the deep optical searches of galaxies in the Zone of

Avoidance. The reduction process of 16 I-band WFI fields (128 images) is desciibed

in Chapter 3. The results from meticulous seaiches by oye 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

íesearch and the futuro plans are presented in Chapter 6,,



Chapter 2

Deep Optical Searches and Clus

tering of Galaxies Behind the

ZOA

2.1 Introduction

Stars and dust in the plañe 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 distiibution of nebulae made with the "General Catalogue of Nebulae"

data of Sir John Heischel, 1864,, Hailow Shapley pioposed to define the ZOA as the

región delimited by "the isopleth of five galaxies per square degree from the Lick and

Haivard surveys" (Shapley 1961). while a mean rate of 54 gal./sq.deg. was found in

unobscured regions of the sky (Shane & Wirtanen 1967).

Astronomers inteiested in extragalactic studies tend to avoid the ZOA due to the

inherent difficulties of finding galaxies and analyzing the few obscured galaxies already

known therc. Howevcr, revealing the large-scale structures hidden by the Milky Way

is important for our understanding of the dynamics of the local Universo and for

the determination of certain cosmological pararneters. such as for exarnple the oiigin

of the peculiar vclocity of the Local Group, the dipole1 in the Cosmic Microwave

Background (CMB) radiation and the valué of the cosrnological density parametei

1 The dipole anisotiopy in the CMB is duc to the peculiar motion of the LG lelative to the CMB,
vp = 627 kms"1 towards I = 270° and b = 30° (kogut et al. 1993).

9
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Q,o on largo scalcs.

Therefore, the ZOA has been subjectcd to multi-wavelength systematic explo-

rations by various groups of astronomers and include most wavclengths of the elec-

tromagnetic spectrum: X-rays. optical, near (NIR) and far infrarcd (IRAS) and HI

wavelengths. This chapter focuses on current resulta from optical surveys that have

been cariied out to unveil the large-scale structures that lie behind the Milky Way.

2.2 Deep Optical Searches of Galaxies Behind the

ZOA

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 Obscrvatory 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> 0Í1, not pre-

viously catalogued, have been found by eye in the above searches, The best available

tcchniquc is visual examination as the ñelds 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 |6| < 15°

is more efncient than galaxy extraction by automated measuring machines such as

COSMOS2 (Drinkwater et al. 1995), APM3 (Lewis et al. 1996) oí the application

of Artificial Neural Networks (ANN). In a pilot project, ANN uncover galaxies with

diameters D> 2o" at low Gaíatic latitudes (Naim 1995), b ~ 5°, but with a relatively

low detection rate of approximateíy 30—40% of known galaxies found by eye. Theie-

fore, the detection of galaxies by eye remains as the most reliable technique to identify

faint and small galaxies in crowded star ñelds, even though it is very time-consuming.

In oider 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 plañe.

Moreovcr, it is indispensable to have both a high-rcsolution, well-calibrated map of

the foreground extinction and understand clearly how Galactic extinction affeets the

2COSMOS (COoidinates, Sizes, Magnitudes, Orientations, and Shapes) is a píate acanning
machino at the Royal Obseivatory Edinburgh, www.aao..gov..au/local/www/surveys/cosmos, (An-
denaich 1999),

3The Automated Píate Measuring Machine (APM) is located at the Institute of Astionomy,
Cambridge UK, www.ast.cam ac uk/~apmcat.. (Andenaich 1999),,
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+ 30°

íao 270c 180°

Figure 2.1: The different deep optical searches to uncover partially obscured galaxies

in the ZOA. The distribution is centered on I = 0° and 6 = 0°. The labels in the

figure identtíy the different searches. See Kraan-Korteweg (2000b) for details on each

search.

observed galaxy parameters In order to mako corrcctions for absorption effects. The

extinction maps by Burstein & Heiles (1982) have been the standard, but they do not

ínclude the ZOA (|6| < 10°). The Schlegel et al. (1998) full-sky 100 //m maps from a

reprocessed compositeof the COBE/DIRBE4 and IRAS/ISSA5 maps (DIRBE maps)

improve the estimated valué 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 6Í1, in comparison to ~ 20—30' for the Hl maps, and

twice as reliable than the Burstein-Heiles maps.

Deep optical searches of galaxies in the ZOA have so fax 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 systeraatic deep optical searches cover

the entire ZOA defined as the área of the sky delimited by the foreground extinction

contour of AB = l™0 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-

4The DIRBE experiment {DifFuse Infrared Background Experiment) on board the COBE satel-
lite imaged the full sky in 10 bioad photometric bands, from 1 to 240¿¿m, with a 0?7 beain
(Schlegel et al. 1998).

5The Infrared Astronomy Satellite (IRAS) mission made the fiíst full-sky maps of the diffuse
background radiation in 4 broadband infrared channels, centered at 12, 25, 60, and 100 fimi with a
bean of <- 5' (Joint IRAS Science Working Group 1998).
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bution of galaxies found in the searches in the D1-D5 región are presented in Fig. 2.2.

Srnall dots lepresent newly discovered galaxies while large dots corresponds to pre-

viously knowii galaxies with D > 1Í3 (Lauberts 1982),, The three contour levéis in

this figure represent the extinction levéis of AB =l™0 (cyan), 3m0 (magenta) and

5m0 (black) according to the DIRBE dust maps (Schlcgel 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 levéis

3m0 < AB < 5™0. At extinction levéis above five magnitudes, only a handful of

galaxies are still recognized.

The deep optical surveys in the ZOA foi the Hydia-Antlia (D2), Crux (D3), and

Great Attractor (D4) regions are complete to an apparent diametei of D— 14" for ex-

tinction levéis AB < 3m0 (Woudt 1998, Kraan-Korteweg 2000a and Woudt & Kraan-

Korteweg2001).

Galaxies observed through obscuiation layers of dust appear to be fainter and

smaller as a function of extinction. For a spiral galaxy at a foreground extinction

layer of AB = l™0 only about 80% of its unobsenred diameter is visible. A spiral

galaxy seen through an extinction layer of AB — $"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 Caincron

(1990). He artificially absorbed a sample of spiral and elliptical galaxies with known

surface photometry in order to establish the relationship between absorption and

diameter reduction,, Such a relationship is distinct for spirals when compared to

ellipticals. As absorption increases, late-type galaxy diameters are reduced at a faster

rate than that of eaily-typc galaxies. He obtained the following diameter reduction

factor as a function of the extinction in the optical E-band, AB:

/(Diam)= 100li(M¿ for spiral galaxies

/(Diam)= 100A3AB for ellipticals and SO galaxies

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

When applying these diameter corrections to obscuiod spiral and elliptical galaxies

at the appaient coniplctcncss limit of D = 14", their intiinsic optical diameters will be

D° ~ 60" and 50" respectivcly for AB = 3!.n0. An elliptical galaxy with D° ~ 60" will

have an apparent diametei below the completeness limit for AB > 3™0 and therefoie

remain undetected Thus, deep optical surveys are complete for galaxies with intrinsic

diameters D° > 1Í0 to extinction levéis of AB < 3^0.
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Figure 2.2: Distribution in Galactic coordinates of galaxies. The operi circlcs aro

Lauberts galaxies with D > 1Í3, shown also in Fig 1.2. The small dotLS are the

galaxies with D > 12" detected by deep optical searches in the región Dj-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° = 1Í3 for extinction levéis AB < 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° > 1™3 are plotted as well as the galaxies from the difFerent ZOA optical searches

with D° > 1Í3 and AB < 3r.nÜ for which diameters and positions are available, The

contour line in Fig 2.3 is the extinction contour level of AB = 3^0 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 consíderably. The large-scale
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structures that seem to continué across the ZOA are moie pronounced, such as for

example: the concentration of galaxies in the Great Attractor (GA) región centered at

(£, b)~ (320°, 0°) and the Perseus-Pisces chain crossing the Galactic plañe at í — 165°.,

Supplemcntcd whole-sky maps with a reduced ZOA improve our understanding of the

streaming niotions in the local Universe, the total gravitational attraction on the Local

Group, and the influcncc of the GA on the velocity flow fiolds of its surroundings.

2.3 Galaxy Clustering within the Great Attractor

Región

The interpretation of the nature and the extent of the mass density enhancement

dubbed the Gieat Attractor (GA) by Alan Dressler has been quite contioversial due

to its location behind the Galactic Plañe (GP). 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) frorn the Faber-Jackson6 relationship for about

400 elliptical galaxies distributed all over the sky. They concluded frorn this study

that the peculiar motion of the Local Group was shared by galaxies over a much larger

volume of space. Thcy proposed that this cosmic flow was induced by an enormous

concentration of mass in the direction of (£, b) ~ (307°, 9o) at a distance of 4,500 km

s""1 (Lynden-Bell et al. 1988, Burstein et al. 1990). They proposed the GA model

with the following characteiistics to explain the observed bulk flow (Dressler 1991);

1. The existence of a large overdensity of mass

2. Its center in redshift spacc lies at approximately 4,000 km s~l

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 confiímed (Dressleí & Faber 1990a,b;

Diessler 1991). Henee, if light traces mass, a large concentration of galaxies should be

observed in the GA diiection, but that was not seen. The existence of a GA theicforc

remains controversial.

The confirmation of the GA has important cosmological implications since it chal-

lenges the "cold-dark-mattor" (CDM) model. Such a concentration of mass woiild be

exceedingly rare if not absent in a CDM universe. The concentration of mass in the

GA región is predicted to be ~ 5.4 x 1016 solar masses (Lynden-Bell et al. 1988).

e correlation between the luminosity of an elliptical galaxy and the velocity dispersión oí the
stars in its central región.,
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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° > 1Í3. This plot includes

also galaxies, with D° > 1'3 for extinction levéis AB < 3^0, from systematic deep

optical surveys in the ZOA. (From Kraan-Korteweg 2000b),



16 Chapter 2. Deep Óptica! Searches and Clustering of Gataxies Behind the ZOA

£_,

POTENT
R - 4000

-40°

-50"

-70"

ü < 0 55

Figure 2,4: All-sky dcnsity fluctuation~contours at 4,000 km a ! , in Galactic coordi-

nates, recovered by POTENT from observed peculiar velocities centered at í = 230°

and b — 0o. Note the GA región, scen as a broad overdense región that rims from

Hydra and Centaurus to PIT. This overdensity has its máximum behind the ZOA.

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

As a complementary statistical approacli to unvcil large-scale structures behind the

ZOA, mathematical methods are used to reconstruct the galaxy distiibution obscured

by the Milky Way. The POTENT analysis can leconstruct the potential field from

availablc peculiar velocities of galaxies (Bertschinger & Dekel 1989). Observcd 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 piobes to trace the distribution of

mass behind the ZOA.

Their mass-density fluctuation field at a redshift of 4000 km s"1 is displayed in

Fig 2.4. It prediets the peak of the GA overdensity at {í, b)) ~ (320°, 0o). Here, the

GA overdensity extends from Hydra and Centaurus to the Pavo-Indus-Telescopium



Galaxy Clustering within the Great Attractor Región 17

GY

Figure 2.5: Velocity and mass-density fluctuations in the supeí galactic plañe as

recovered by POTENT (left panel). A surface plot of the mass-density fiuctuation

field is shown in the left panel. (From Dekel 1994, 1995)

(PIT) región. This ovcrdcnsity is seen as the most pronounced feature in Fig. 2.4

Tho smoothcd potcntial ficlds are an important tool to predict the existence of mas-

sive supcrclustcrs, although thcy 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 Maik III7 velocities of approximatcly 3000 galaxies

and a 12/i-1Mpc smoothing (Dekel 1994. 1995). The arrows in the left panel are

projections onto the Supergalactic Plañe of the peculiar velocity vectors in the CMB

frame. The right panel shows mass-density contours deduced from the flow pattem

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 Uní verse

are casily visible in these plots. In both panels, the GA is visible at the left side.

The Perseus-Pisces (PP) superclustei is visible on the right, the Gieat Wall (GW) of

Coma is at the top. The PP peak dominates the right side extending to Aquarius,

Cetus and the Southern Wall neai to the south Galactic pole. A void of galaxies. an

underdense región, is found between the overdense regions of GA and PP. This void

7The Mark III Catalog of Galaxy Peculiar Velocities coinprises five diñérent types of data files

and has been used as input foi POTENT íeconstruction of velocity and density fields , as well as

other velocity analyses (Willick et al. 1995, 1996 &¿ 1997)



18 Chapter 2 Deep Optical Searches and Clustering of Gaiaxies Behind the ZOA

coincides with the observed galaxy void of Sculptor.

2.4 ACÓ 3627: The Norma Cluster

ACÓ 3627 is a cluster of gaiaxies found near the centei1 of the Great Attractor región,,

From deep optical galaxy searches and redshifts, Kraan-Koiteweg et al. (1996) and

Woudt (1998) concludcd that ACÓ 3627 is the most massive cluster within the GA

región known to date. ACÓ 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 Gaiaxies" as clustei1 3627,. This all-sky catalog of clusters

contains 4073 rich clusters of gaiaxies. Each cluster has at least 30 members within

the magnitude range between the third brightest cluster member ni3 and m3 + 2.

Abell et al. (1989) defined rich clusters as those clusters with more than 50 members

within the Abolí radius RA — 1.7 /z, where z — vobs/c.

ACÓ 3627 has been named the Norma Cluster because of its prominence and

location in the Norma constellation. The Norma cluster lies at (¿,b) = (325°3, — 7°2).

only 9o from the predicted center of the GA. Bccausc 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~l (Kiaaii-Kortcweg et al.

1996) which puts it also in redshift space at the heart of the GA. It has a large galaxy

velocity dispersión of 897 km s"1 implying that it is very massive,, Kraan-Korteweg

et al. (1996) determined a virial mass of 5.1 x 10l5h¿MQ for this cluster. This mass

alone accounts only about 10% for the GA mass which is on the orde-r of ~ 1016 solar

masses. However, this massive cluster is one of the most likely clusters that appears

the bottom of the GA's gravitational potential well.

ACÓ 3627 is the only rich cluster listed in the all-sky catalogue of Abolí et al.

(1989) behind the Milky Way. The predominance of early-type gaiaxies (~ 50%)

at its core confirms its richness. Rich clusters are in general strong X-ray emitters.

Analysis of ROSAT observations with the Position Sensitivo Proportional Counter

(PSPC) determined that the Norma cluster is tiro sixth brightest cluster in the ROSAT

all-sky suivey next to Virgo, Perseus, Coma, Ophiuchus and Centaurus clusters with

a luminosity of 2.2 x 1044 erg s"1 in the ROSAT onorgy band of 0.1-2.4 keV. While

all the other X-ray bright clusters were well known, the Norma cluster was missed in

provious X-ray surveys because of confusión with the Galactic X-ray bright binary 1H

1556-605,. The ROSAT PSPC observations confirmed in fact that Norma is as massive

as Coma (Bohringer et al. 1996). Similar to Coma, two dominant cD gaiaxies lie at
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the core of ACÓ 3627,, Simulations show that if Coma were located at the position

of ACÓ 3627, it would look nearly identical to what it is seen for ACÓ 3627.

2.5 An Uncharted Nearby Cluster of Galaxies

Since the piedicted masa of the GA región is about 1016 solar masses (Lynden & Bell

et al. 1988), the Norma cluster with a mass of 1015 solar masses accounts only for 10%

of the GA's mass, Velocity flows and mass-density ñuctuations maps such as those

shown in Fig. 2.4 and Fig. 2.5 indícate that the GA is a large extended concentration

of mass. Only one lich cluster (ACÓ 3627) has been detected in that región. Henee,

there rnay be inoro chistera hidden by the- Milky Way which may be part of the large

and extended mass concentration of the GA región.

The existence of another uncharted cluster of galaxies, similiar to Norma cluster,

in the central región of the GA would have serious implications on our current under-

staiiding of the dynamical processes in the local Universe, within redshift distances

of about 6,000 km s"1.

There are stiong indications that the- second brightest extragalactic radio source

in the southern sky PKS 1343-601, /20cm = 79 Jy (McAda.m 1991 and rcfcrcnccs

therein), could mark the bottom of the potential well of another massive cluster in

the GA overdensity. This radio galaxy at (lb:v) ~ (309°7,1°8, 3,872 km s"1) lies

behind the Milky Way. It is optically heavily obscured by 12 magnitudes of extinction

in the Zí-band.

The optical counterpart of PKS 1343—601 resulted to be a heavily reddened Eü

galaxy (West h Tarenghi 1989),, With a recession velocity of cz — 3,872 km s"1

this objoct scoms to be a giant olliptical galaxy. West & Tarenghi (1989) reported

an observed diameter of 28" for this galaxy. Once corrcctcd for extinction according

to Carnei'on (1990), the observed diametei corresponda to an extinction-corrected

diameter of 232" at a distance of 73 Mpc.

This radio galaxy also shows significant X-ray emission,, A short exposure image of

PKS 1343—601 from the Einstein X-ray satellite shows two strong point X-ray sources

in its vicinity (McAdain 1991)., Bccausc of the high foreground extinction, the ROSAT

satellite did not detect X-ray emission in this región. However, diffuse hard X-ray

emission from its radio lobes was detected with the ASCA satellite (Tashiro et al.

1998).

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

ies pertaimng 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 cxtinc-

tion of AB ~ 1™5 and the heavily obscured galaxies uncoveied in the vicinity of

PKS 1343-601 (right panel) with an extinction of AB ~ 12m.(From Kraan-Korteweg

2ü00b).

compaiison the Norma cluster (left panel), known frorn deep optical ZOA searches

(Woudt h Kraan-Korteweg 2001), artificially set at the distance and position of

PKS 1343—601 (right panel). The inner circles in both distributions mark the re-

spective Abell radius and the distribution of galaxias in the right panel is modulated

by the extinction gradient. It is obvious that optical soarches fail in uncovering

galaxies at high levéis of extinction. Observations in the near- and far-infrared where

extinction cffeets are less seveie are required to determine whether oí1 not the giant

elliptical radio galaxy PKS 1343—601 lies at the center of a massive cluster of galaxies.

To verify this, the región 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 eíTects are less severe in the 7-band (.4/ — 4™5),

observations in the /-band could unveil early-type galaxies members of this cluster if

it is real. The observations and reductions are discused in the next chapter, before

presenting the results in Chapter 4,.
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Observations and Reductions

3.1 Introduction

This chapter describes the observations and the data reduction process. The observa-

tions were done within an área of 2o x 2o centered at the radio galaxy PKS 1343—601

(£ = 309?7, b = 1?8) and were taken in the J-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 wcre takcn containing 128 J-band irnagcs. Thcso images wcrc roduced

using the NOAO PC-IRAF1 and the astronomical imaging and data visualization

application SAOImage DS9. In Section 3.5, the Guide Star Catalogue (GSC 1.2)

and the Digital Sky Suivey (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 (ESO) La Silla, Chile, where he used the Wide Field Imager (WFI)

mounted on the MPG/ESO 2.2-m telescope. The obseivations were made during three

nights fiom May 19 to 21, 1999,. The reduction and analysis of these observations are

part of this thesis.. The data cousist of 16 fields that cover a field of 2o x 2o 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 WFI fields taken in Galactic coordinates.

The large circle in this figure corresponds to a circle with an Abell radius of 2?2 and

1Irriage Reduction and Analysis Facility

21
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Table 3.1: The observed fields are shown in this table with the filter used. the exposure

time and the telescope pointing coordinates.

WFI Field Date of

Observation

Filter

815.871 nm

Exp,, Time

(sec)

R.A. Dec. Equinox

Skyflat
Skyflat

Skyflat

Skyflat

Skyfíat

Skyflat

PFOl

PFOl

PFOl

PFOl

PFOl

PF02

PF03

PF04

PF05

PF06

PF07

PF08

PF09

PF10

PF11

PF12

PF13

PF14

PF15

PF16

1999-05-20
1999-05-20

1999-05-20

1999-05-20

1999-05-20

1999-05-20

1999-05-19

1999-05-19

1999-05-19

1999-05-19

1999-05-19

1999-05-19

1999-05-20

1999-05-20

1999-05-20

1999-05-20

1999-05-20

1999-05-20

1999-05-20

1999-05-21

1999-05-21

1999-05-21

1999-05-21

1999-05-20

1999-05-20

1999-05-20

118I6
n816

n816

n816

n816

n816

n816

n816

n816

n816

118I6

n816

n816

n816

n816

n816

118I6

n816

n816

n816

n816

n816

n816

n816

n816

n816

1

4

5
7

9

14

300

300

300

300

300

600

600

G00

600

600

600

600

600

600

600

600

600

600

600

600

13

13

13

13

13

13

13

13

13

13

13

13

13

13

13

13

13

13

13

13

43

43

43

43

43

47

43

39

39

39

43

47

47

49

45

41

37

35

35

35

23.1

31.1

19.1

27.1

15.1

23.1

23.1

23.1

23.1

23.1

23.1

23.1

23.1

23.1

23.1

23.1

23.1

23.1

23.1

23,1

-60

-60

-60

-60

-60

-59

-59

-59

-60

-60

-60

-60

-60

-59

-59

-50

-59

-60

-60

09

08

09

10

10

39

39

39

09

39

39

39

09

09

09

09

09

39

09

39

31

31

01

01

31

31

31

31

31

31

31

31

31

31

31

31

31

31

31

31

B1950

B1950

B1950

B1950

B1950

B1950

B1950

B1950

B1950

B1950

B1950

B1950

B1950

B1950

B1950

B1950

B1950

B1950

B1950

B1950

is ccntered at the position of PKS 1343—601. Field one is a supcrposition of five WFI

fixposures to obtain a better resolution at the center. Every WFI field 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 exposuros.
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Figure 3,1: The 16 WFI fields imaged in the J-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 Atacaina

desert in Chile. Its geographical location is at 70°44'4'/543 W, 29°15'l5;/433 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 degrecs. 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

cornpared to other La Silla or VLT ESO instrumenta. 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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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 sensitivity from the atmospheric

UV cut-off to the near IR. The WFI has a pixel scaíe of 0.238 arcsec/pixel. The

observations for the present work were taken with the filter n816 which is centered

at Ac = 815.9 nanometers and a full-width at half-máximum of 20.928 nm. This is a

narrower filter in comparison to the standard I-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 sourec 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.

Henee, 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 applicd to the WFI data. Each WFI FITS-file (or field)

consists of eight individual frames or images. The notation for flats is nf l a t# where

# indicates the frame number, from 1 to 8. Reduced images were named PFN_#, where

P refers to PKS1343-601, and F stands for field. Moreover, N is the field number from
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2 1: Center

3 2: 60" north., 60" east

1 3: 30" north, 30" west

4 4: 30" south, 30" east

5 5: 60" south, 60" west

Figure 3,3: The offsets applied to the 5 exposures of the central field, PF01,

1 to 16 aiid # the frame nurnber 1 to 8. For example, frame number 3 of field twelve is

ealled image PF12_3. Fot images calibrated in equatorial coordinates, RADec precedes

the previous notation. For cxamplc, the image in RA and Dec for frame 3 of field

numbei twelve is RADecPF12_3,, Since all images are FITS files, the image ñames are

followed by the extensión ".fits", for example PF12J3.__ts.

3.3.2 Reduction Process for the Fiat Fields

"Fiat fields" are used for CCD normalization. In a CCD, eaeh pixel has a different

quantum response to light. Therefore, "fíats" are used to normalizo t;hc pixels in

a CCD to the mean of all the pixels. For the six skyflat exposures, 48 fíat fields

liad to be reduced and combined. They were overscan subtiacted and combined to

one common skyflat. The fiíst step in this procedure was the determination of the

overscan-region in eaeh frame. Figure 3.4 shows the WFI fíat frame 3 as an example

of a fíat with its unexposed bordéis. The overscan subtraction for frame number

three was given by a section on the right unexposed región as shown in Fig. 3.4. The

image on the right hand side is an amplified section of the bottom right córner of the

left image and shows part of the unexposed área of the CCD used to compute the

overscan subtraction.

Each WFI fíat field consists of 8 frames (images). The size of eaeh frame is

2142 x 4128 pixels. The overscan legions were determined with IRAF's task im-

plo t. The irnplot commands c, /, e, and r were used to créate column, line, expand,

and reset plots respectively, With these implot commands and column commands
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wJi3060003 fits

wfi3Ü6Q003 fits

4500 50D0 5500 G00Ü

PIXEL:!

eusu 6100

FIXEJL1

Figure 3.4: Frame number 3 of the WFI fíat. The right image is an amplification of

the bottom right córner of the left image (fíat) to show a part of the section used to

compute the overscan subtraction.

like: c N M and I N M the overscan regions for the eight fíat frames were deter-

mined. N and M determine de range of columns or Unes 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 nave their overscan región in [2:22, 629:4098]. An overscan región 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 región 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 fíats were trimmed

including the unexposed áreas from which the overscan subtraction was computed.

The trimming of each frame was determined using the implot task. Similar to the

overscan regions, 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 triniming 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 skyñat 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 imarith, dividing them

by the mean valué calculated with imstatistics. The resulting eight normalized flat

ñames were used to flatficld thc Widc Field Imager data.

3.3.3 Reduction Process for the WFI Images

The WFI 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 fíats.

The images were then divided by the normalized fíats with the IRAF task imarith.

Besidcs the transformation from pixcl to cquatorial coordinates, this was the end of

the reduction process except for the central field images, PF01_l, ... , PF01_8.

For the central field (PF01), five exposures were made with offsets as shown in

Fig. 3.3. To be able to combine the five exposures for each of the eight frames, thc

offset of the five exposures relative to one of them had to be determined. The offsets

were computed with the IRAF task imexamine as follows: four of the five exposuies

for one frame were displayed at the same time in the image display tool SAOImage

DS9. DS9 can display a máximum 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 thc offset of four of them with respect to the fifth one. A star that could

be identified in all five was marked. Then, with imexamine 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 weie determinad. The IRAF

task imalign was used to improve further the offset coordinates. The offsets were

stored in a text file that was then used as input of imalign parameter sh i f t s . Also,

imaügn requires a list of the pixel coordinates of 24 stars as the input for its paiametei

coords. The coordinates of these 24 stars were given to imalign to further improve

the offsets calculated using only one star. The imalign ouput are the improved offset

valúes. A text file containing the improved offsets was used as the input for the IRAF

task imcombine paiameter offsets . The five images for each frame of field one were

finally combined using this IRAF task,. Once all data images were trimmed, fíatfielded

and combined accordingly, one can proceed with the search for galaxies (see section

4).
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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 fíat 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 plañe. Therefore, searching galaxies by eye is more

efficient and simple than using a mathematical extraction algorithm. As an examplc

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. XImtool 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 varying 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 panol. Notice that fainter objeets

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 objeets can be identified.,

Once a galaxy candidate was found, IRAF task imexamine was used substantially

to help with the classification of a candidate as a galaxy. Imexamine has some

very helpful commands to ascertain the morphology of the objeets 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-

els 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 frorn the Guide Star Catalog versión 1,2 (GSC 1.2) and the

IRAF tasks imexamine and cernap, the transformations from pixel to equatonal 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 WFI 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

fields wcrc determined. Figure 3.2 shows the eight CCD setup for each WFI llcld

Although the exact WFI field of view is 0.567° x 0.55°, I worked with a field of view

of 0.54° x 0.54° for1 symmetry reasons and to simplify the calculations as only rough
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Table 3,2: Estiinated centcrs for the data images (Equinox B1950.0)

Subfield

PFOl.l

PF01.2

PF01-3

a

13

13

13

(1950)

45 24.39

44 19.54

43 14,7

5 (1950)

-60 01

-60 01
-60 01

25

25

25

Subfteld

PF09_l

PF09.2

PF09.3

PF09.4

PF09.5

a

13

13

13

13

13

(1950)

49

48

47

46

46

25

20

16

11

10

S (1950)

-60

-60

-60

-60

-60

01

01

01

01

17

25

25

25

25

37

estimates of the image centers are requircd.

Using the pointing coordinates of the telescopc, the size of the observed field and

the knowledge that there are 8 chips with nanow gaps bctween them, the subimage

centers could be calculated. In Table 3.2, the centers for the first three subimages of

the central field (PFül) and for the first five subimages of field PF09 are shown as an

oxamplc. When comparing the DSS-2Í with the data images, I found an offset in the

pointing of the telescope. This offset occuis in both RA and Dec directions. The shiffc

in RA is positive and varios from field to field. It is around 25 aresce ± few aresee,

The offset in Dec is about the same as in RA. Instead of calculating it, I selected DDS-

2i images big enoiigh so that they always covered the whole atea of the data images.

The DSS-2Í images did not necd to match the data images exactly as thcy were only

needed to identifv the stars that were usod for the coordínate transformations.

3.5.2 The ESO Online Digitized Sky Survey (ESO-DSS2Í)

The Science Archive Facility of ESO and the Space Telescope - European Coordinat-

ing Facility (ST-ECF) provides access to the Digitized Sky Surveys phase 2 (DSS-2)

produced by the Space Telescope Science Institute (STScI) through its Catalogs and

Surveys Brarich (CASB). The DSS-2 is the digitized versión 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 versión (DSS-2Í) that had

27% of the sky available in 2001, including the área of the sky where the observations

of PKS 1343-601 were taken. The cstimated central positions in RA and Dec of

the data images as well as theii size in areminutes (Sil x 16Í2) were used to obtain
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images from the DSS-2Í that coxrespond to the part of the sky covcrcd by the data

images. Since the data consist of 16 fields that gives a total of 128 images, the same

number of DSS-2Í images were downloaded. ESO DSS2Í 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 STScI. The

GSC is also based on the sky snrvey platos from Palomar and UK Schmidt, tclo-

scopes,, The first goneration GSC (GSC 1) was constructed by CASB to support the

pointing and target acquisition for the Hubble Space Telescope. The fiíst generation

versión 1.2 of the GSC was used in this thesis to obtain aecurate star positions. The

STScI 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 píate material has eliminated the major systematic eixois that were found in

the previous versión (GSC 1.1). The GSC 1 is an all-sky optical catalog that has the

positions and magnitudes of approximately 19 million stars and other objeets in the

magnitude range from 6m to 15m., The GSC is available on the web at http://www-

gsss.stsci.edu/gsc/GSChome.htm.

3.5.4 SAOImage DS9

DS9 is the astronómica! imaging and data visualization tool that was used to dis-

play and analyze DSS-2Í and data images. DS9 is produced by the íesearch and

development group of the High Eneigy Astrophysics División (HEAD) of the Smith-

sonian Astrophysical Observatory (SAO). It provides support for FITS images and

easy communication with IRAF. Among the many fcaturos that DS9 offers are: múlti-

ple frame buffers, región manipulation, blinking, tiling, geometric markers, colormap

maiiipulation, lotation, scaling (scale algorithms). zooming, pan, and several coor-

dínate systems. DS9 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 cemap

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

from pixel coordinates to right ascensión and declination coordinates. IRAF's task
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imexam is useful to examine images through various typcs of plots and text outputs.

This task has several features of IRAF image display and graphics facilities. The

ccmap 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 paramoters. The parameters determine how the

task operations will be done,,

3.5.6 The Transformation of Pixels to Equatorial Coordi-
nates

The transformations frorn pixel to RA and Dec coordinates weie done for all the

images in which galaxies were found. The first step was to get DSS-2Í images and

GSC 1.2 star positions for the área of the sky covered by all 128 data images. Knowing

the data image centers and their size, 128 DSS-2Í images and lists of star positions

were obtained for the same área of the sky. Since the DSS-2Í images are calibratcd in

equatorial coordinates, thcy wcre 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

f'rom 80 to 150 stars. A samplc 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 bctween 5 to 10 stars

were selected from the GSC 1.2 star list to obtain a low rms (about 0.1") for R.A

and Dec transformations,. The GSC 1.2 star position list has to be prepared for1 the

star selection process. The selection criteria was the foilowing: 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 12.5 < 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 coordínate 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-2Í 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-2Í image which is calibrated in equatorial

coordinates. Once the star was found in the DSS-2Í image, the DSS-2Í was used as
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Guide Star Catalogue (copyright,AURA 1989-1998)
3osition U200Q) : 13 44 38,95 -59 16 27,9
•to.Entries : 148

Box íarcmin);
No,Selected :

Guide
8675
3675
8675
8675
3675
8675
8675
8S75
8£75
8675
8675
8675
8675
8675
8675
8675
8675
8675
8675
8675
8675
8675
8675
8675
8675
8675
8675
8675
8675
8675
8675
3675
8675
8675
8675
8675
8675
8675
8675
8675
8675
8675
8675
8675
8675
8675
8675
SS75
8675
8675
8S75

Star ID
2334
2334
1270
2505
1776
1776
1200
1920
1920
1504
1504
1132
1546
154S
2400
2400
1474
1474
1050
1050
1634
2036
2491
2491
1102
1102
1216
1616
1616
1532
1138
1138
1446
2490
2490

182
182
1948
1162
1452
2439
988
94

3300
3301
757
2130
3198
1808
2330
1314

H M
13 44
13 44
13 45
13 43
13 45
13 45
13 43
13 43
13 43
13 45
13 45
13 44
13 43
13 43
13 45
13 45
13 45
13 45
13 45
13 45
13 44
13 44
13 45
13 45
13 44
13 44
13 43
13 44
13 44
13 43
13 43
13 43
13 43
13 45
13 45
13 44
13 44
13 45
13 45
13 45
13 43
13 45
13 43
13 43
13 44
13 44
13 44
13 43
13 44
13 44
13 44

S
49.89
49*90
0.33

39,95
13.66
13.70
44.93
43.91
44.03
22.28
22.30
0.17

44,36
44.32
35.11
35,12
6.63
6.58

15.63
15.65
38,99
8.08

37.33
37,35
29.08
29.13
58.17
29.18
29.18
57.99
56.76
57.13
39.14 -.
2,59
2.57

57.89
57.88
14.03
20,92
21,55
46.05
22.53
47.92
57.27

1,80
7,40
8,69

47,30
9,70

11,75
13.95

D M
-59 08
-59 08
-59 03
-59 09
-59 09
-59 09
-59 10
-59 10
-59 10
-59 10
-59 10
-59 10
-59 10
-59 10
-59 10
-59 10
-59 10
-59 10
-59 10
-59 10
-59 10
-59 11
-59 11
-59 11
-59 12
-59 12
-59 12
-59 12
-59 12
-59 12
-59 12
-59 12
59 13
•59 13
•59 13
•59 13
•59 13
•59 13
•59 13
•59 13
•59 14
•59 13
•59 14
•59 14
•59 14
•59 14
59 14
59 14
59 14
59 14
59 14

10.1
9.8

33.0
7.4

46,3
46,0

5,4
10,3
11,8
1,5
1,2

12.7
18.8
13.3
4.5
4,1

10.9
11.1
13.0
12.8
37.0
50,7
50.2
50.2
24.0
23.3
32,2
36,9
36
50
59
53
27
21,4
20,6
22,7
21,9
37,1
37,8
50,4
4,7

52.3
5,0
9,9

10,8
12,4
13.8
17.2
14,4
15,0
16.1

0
0
0
0
2
0
0.3
1.2
0.3
0.3
0.3
0.3
0,4
0.3
0.4
0.4

0.4
0.3
0.3
0,6
0.3
0.3
0,3
1,2
0.3
1.2
0.3
0.3
0.4

1.2
.3
.3

0,
0,
0.3
1.2
0.2
0.2
1.2
0.4
1.2
0,8
0,4
0.3

Mag
12,80
12,55
13.75
13.27
10,09
10,46
14,05
13,25
13,13
13,17
12,92
13,42
11,38
11,50
13,34
12,92
13,13
12,84
11,67
11,80
13.46
13.42
13.50
13.03
13.55
13.33
14.57
12.21
11.71
15.08
14.80
14.13
13.52
13.54
13.21
11.38
11.96
14.17
13.77
13.52
14.92
14.84
14.25
6.56
7.77

14,63
14.17
13,23
15.06
15.17
15.13

err
0.40
0.40
0,40
0.40
0.40
0.40
0.40
0,40
0,40
0.40
0.40
0.40
0.40
0.40
0.40
0.40
0.40
0.40
0.40
0.40
0,40
0,40
0,40
0,40
0,40
0,40
0,40
0,40
0,40
0,40
0,40
0,40
0,40
0,40
0,40
0,40
0,40
0,40
0,40
0,40
0,40
0,40
0.40
0,10
0.10
0.40
0.40
0.40
0.40
0,40
0.40

Bp Cl
0 02
0 02
0 30
0 02
0 02
0 02
0 30
0 22
0 22
0 02
0 02
0 30
0 22
0 22
0 01
0 30
0 01
0 30
0 03
0 02
0 02
0 02
0 02
0 30
0 30
0 30
0 30
0 00
0 00
0 30
0 30
0 30
0 02
0 30
0 30
0 02
0 02
0 30
0 30
0 30
0 30
0 30
0 30
4 03
4 03
0 30
0 30
0 00
0 30
0 30

0 30

18.00 x
143

Plt
007L
02EH
02EH
02EH
007L
02EH
02EH
007L
02EW
007L
02EW
02EW
007L
02EW
007L
02EW
007L
02EW
007L
02EH
02EW
02EW
007L
02EW
007L
02EW
02EW
007L
02EW
02EH
007L
C2EW
02EH
007L
02EH
007L
02EH
02EW
02EH
02EH
02EW
02EH
02EW

56
56

02EW
02EH
007L
02EW
02EW
02EW

18.00

n IIPDGBFN
2 FFTFFFTF
2 FFTFFFTF
1 FFTFFFFF
1 FFTFFFFF
2 FFTFFFTF
2 FFTFFFTF
1 FFTFFFFF
2 FFTFFFTF
2 FFTFFFTF
2 FFTFFFTF
2 FFTFFFTF
1 FFTFFFFF
2 FFTFFFTF
2 FFTFFFTF
2 FFTFFFTF
2 FFTFFFTF
2 FFTFFFTF
2 FFTFFFTF
2 FFTFFFTF
2 FFTFFFTF
1 FFTFFFFF
1 FFTFFFFF
2 FFTFFFTF
2 FFTFFFTF
2 FFTFFFTF
2 FFTFFFTF
1 FFTFFFFF
2 FFTFFFTF
2 FFTFFFTF
1 FFTFFFFF
2 FFTFFFTF
2 FFTFFFTF
1 FFTFFFFF
2 FFTFFFTF
2 FFTFFFTF
2 FFTFFFTF
2 FFTFFFTF
1 FFTFFFFF
1 FFTFFFFF
1 FFTFFFFF
1 FFTFFFFF
1 FFTFFFFF
1 FFTFFFFF
1 TFTFFFFT
1 TFTFFFFT
1 FFTFFFFF
1 FFTFFFFF
1 FFTFFFFF
1 FFTFFFFF
1 FFTFFFFF
1 FFTFFFFF

1976.256
1975.497
1975.497
1975.497
1976,256
1975.497
1975.497
1976.256
1975.497
1976.256
1975,497
1975,497
1976,256
1975.497
1976.256
1975,497
1976,256
1975.497
1976.256
1975.497
1975.497
1975.497
1976.256
1975.497
1976.256
1975.497
1975,497
1976,256
1975.497
1975.497
1976.256
1375.437
1975.497
1976.256
1975.497
1976.256
1975.497
1975,437
1975.497
1975.497
1975.437
1975.497
1975.497
2000.000
2000.000
1975.497
1975.497
1976.256
1975,497
1975,497
1975.497

Table 3.3: The first 50 of 140 stars of the GSC 1.2 star positions list for data ímage

PF12_3.
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Guíele Star Catalogue (copyright,GURA 1989-1998)

Position
No.

si

s2

s3

s

N
s4

s5
s6
s7

U2000)
.Entries

• =

Guide
3675
S675
8675
8675
3675
3675
8675
8675
8675
3675
3675
8675
8675
8675
3675
3675
8675
3675
3675
8675
8675
8675
8675
8675
8675
8675
3675
8675
3675

13 44 38,
148

s#I selected star

Star ID
2334
2334
1474
2036
1102
1102
2490
2490
2014
916
1913
1913
916

2321
2585
2533
1214
2044
2044
1466
790
1392
1392
2313
1430
2562
2550
2550
2090

H
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13

H
44
44
45
44
44
44
45
45
44
44
44
44
44
44
44
44
44
44
44
45
44
44
44
44
44
44
45
45
45

S
49.90
49.89
6,58
8.03
29,13
29,08
2.57
2.59
29,89
8.10
9.21
9.26
8.05
9.72
24.98
7.50
11.45
3.69
3.63
0.23
12,87
46,57
46.53
28.35
12.70
4.32
49,43
49,45
34.30

35 -59

s

D
-59
-59
-59
-59
-59
-59
-59
-59
-59
-59
-59
-59
-59
-59
-59
-59
-59
-59
-59
-59
-59
-59
-59
-59
-59
-59
-59
-59
-59

í n

H
08
08
10
11
12
12
13
13
14
14
14
14
14
16
17
18
19
19
19
19
21
21
21
22
22
24
24
24
25

16 27.

3 used

S
9.8
10.1
11,1
50,7
23,3
24,0
20,6
21,4
40.2
47.7
47.7
48.3
48,4
33.6
45.4
14.0
13.1
51.7
51.9
53.6
11.6
27.1
27,4
• 24.6
43.1
43.9
50,3
51.3
18,3

9

err
0.3
0.3
0.3
0.3
0,3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0,2
0,3
0.3
0.3
0.3
0.3
0.3
0,3
0,3
0.3
0.3
0.3

Box íarcmin)
No.Selected

*
*

18.00
148

N; bad selection

Mag
12.55
12.80
12,84
13,42
13,38
13,55
13,21
13,54
13,17
13.78
12.51
13.54
14.83
14.88
13,71
13,46
13,29
Í3,17
13,29
13,50
13,59
12.96
13,25
13,50
13,42
12.50
12.76
13,21
13,17

err
0.40
0.40
0.40
0.40
0,40
0,40
0.40
0.40
0.40
0.40
0.40
0.40
0.40
0.40
0.40
0.40
0.40
0.40
0.40
0.40
0.40
0.40
0,40
0.40
0.40
0.40
0.37
0.40
0.37

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

Cl
02
02
30
02
30
30
30
30
30
30
00
00
30
30
30
02
30
30
30
30
00
02
01
30
02
02
30
30
30

Plt
02EW
007L
Q2EW
02EW
02EW
007L
02EW
007L
02EW
02EW
02EW
007L
007L
02EW
02EW
02EN
02EW
02EW
007L
02EH
02EW
G2EH
007L
02EN
02EW
02EH
02EW
007L
02EW

X

n
2
2
2
1
2
2
2
2
1
2
2
2
2
1
1
1
1
2
2
1
1
2
2
1
1
2
2
2
1

18.00

IIPDGBFN
FFTFFFTF
FFTFFFTF
FFTFFFTF
FFTFFFFF
FFTFFFTF
FFTFFFTF
FFTFFFTF
FFTFFFTF
FFTFFFFF
FFTFFFTF
FFTFFFTF
FFTFFFTF
FFTFFFTF
FFTFFFFF
FFTFFFFF
FFTFFFFF
FFTFFFFF
FFTFFFTF
FFTFFFTF
FFTFFFFF
FFTFFFFF
FFTFFFTF
FFTFFFTF
FFTFFFFF
FFTFFFFF
FFTFFFTF
FFTFFFTF
FFTFFFTF
FFTFFFFF

HfH
1975.437
1976,256
1975.497
1975.497
1975,497
1976,256
1975.497
1376.256
1975,497
1975.497
1975,497
1976,256
1976.256
1975.497
1975.497
1975.497
1975.497
1975,497
1976.255
1975,497
1975,497
1975,497
1976,256
1975.497
1975.497
1975,497
1975.497
1976,256
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 si 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-2Í image but not on the data image, it was discarded. Then, another star

was selected from the GSC list and searched in the DSS-2Í image. If it was found in

both DSS-2Í 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 PF12JÍ are shown in

Fig. 3.6,. The image on the left side is the DSS-2Í image and the data image is on the

right sido. Both show stars 4 and 6 out of 7 stars solecte-d for the transformation of

coordiniatcs.

In order to achieve a uniform transformation over the cntirc image, the selected

stais should be distributed uniformly over the entirc image. While this was the ideal
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* [1] RaDecPF12_3.fits -
# COL LINE RMfiG FLUK SKY N RMOM ELLIP PA PEAK GFWHM
487.92.3932.55 8.% 2610672.0 497.54 50 4.40 0,158 84.4 64875.81 11,02
183B.94 2999.73 10.09 918104.6 224.28 49 3.57 0.070 73.0 59304.53 3,70
75.29 2624.42 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 67650.66 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 683518.0 213.86 51 3.66 0.040 68.6 41592.21 3.84
§38,46 581,01 9.36 1738993.0 336.43 49 3.85 0.028 52.0 69477.68 5.97

Tablc 3.5: IRAF's imexarn ouput that contains pixel coordinatcs of seven selected

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

proccdurc, the distribution of the usable stars did not always allow this. Another

matter that rnust be taken into consideration is that a selected star should be isolated.

This could be verificd with IRAF task imexamine, If the selected star did not have

nearby companions, then its pixel coordintes were measured. Imexamime 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 biightcr magnitude nearby that

will affect the coinputing of its positions by gaussian fitting.

487+92 3932,55 13:44:49,90 -59:03:09,3
1333.94 2999+73 13:44:03,03 -59:11:50,7
75+29 2624+42 13:45:02,57 -59:13:20,6

1349.09 1387,32 13:44:07,50 -59:13:14,0
152,66 971,41 13:45:00,23 -59:19:53,6
1672,64 641,11 13;44:12,S7 -59:21:11,6
588,46 581+01 13:44:46,57 -59:21:27,1

Table 3.6: Input ñle for the TRAF task cemap containing pixel and equatoiial 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

star. Then, the IRAF text ouLput command "/ ' was used to mcasure the center of

the star in pixel coordinates. Aftcr 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. Imexamine has a hidden parameter

named logf i l e . The filename assigned to the logf i l e parameter is the text file in

which imexamine text output is recorded. Table 3.5 is an example. With these pixel

coordinates for the selected stars and their respective equatorial coordinates fiom the
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Table 3.7: IRAF task ccmap 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 weie part of the
input files needed by the IRAF task ccmap to compute the equation of transformaron
of pixel to equatorial coordinates.

The task ccmap requires several input files to compute the transformaron of co-
ordinates. In Table 3.7, an example of the required and hidden parameters for this
task with its respective valúes are shown,, The input parametei takes the text file
containing the matched pixel and equatorial coordinates,, Foi image PF12-3 that
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Figure 3.7: The I-band image of field number 12 and frarne number 8. Its exposure

time is 600 seconds,,
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file was named xyradec .pf 12_3, whcro xyradec stand for pixcl and equatorial co-

ordinates respectively and pf 12_3 refers to tlie image of field number 12 and framc

number 3. The othcr rcquircd parameter datábase needs as input tlie ñame of a text

file in which the computed píate solutions of the transformation are stored. That

textfile was named db.pf 12_3, db for datábase and pf 12_3 foi image PF12_3, For the

parameters images and r e su l t s , tlie inputs aic 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 cemap is executed. the image header

is modified so that pixel coordinates may be transformed to equatorial coordinates.

Thcrc are moro parameters for the cemap task and my inputs for them are shown in

Table 3.7.

This was the proceduie followed to reduce all the images in which galaxies were

found. The properties such as positions, diameters, possible morphological type as

well as the images 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

ín this chapter I preserit the galaxy candidates found in searches b}r eye on the 128

WFT 7-band images reduced in the previous chapter. I discovered 49 likely galaxies

and 6 uncertain galaxy candidates. Positions in cquatorial and Galactic coordinates

as well as apparent diameters were detcrmincd for thcse galaxy candidates. A raor-

phological type and a brief description of each candidate is given. /-band images of

all galaxy candidates and uncertain candidates are showii. Cross-identifications with

possible counterparts known from ofchcr wavebands (neai and far-infrared, radio, and

X-rays) are madc.

4.2 Detected Galaxy Candidates

Galaxy candidates are generally objects that have a fuzzy appearance with, at thesc

extinction levéis, low surface brightness that do not íesemblc stars and havc nori-

Gaussian radial profiles. In 128 deep 7-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 cquatorial

and Galactic coordinates, apparent diamctcr and likely morphology.

Column one of Table 4.1 contains the running nurnber of each galaxy candidate

which aro ordo-red in Right Ascensión (J2000). Column one also includes the ñame

of the 7-band iiriage in which they were found. The image nomenclature was ex-

41
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Tablc 4.1: Positions, apparent diameters, morphological typc and extinction Aj oí

the 49 galaxy candidates around the radio ealaxy PKS 1343—601,,
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Very low suiface bíightness and
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Very faint, fuzzy object
Faint bulge with very dim halo (disk)
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by a faint star
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Posnibly an E2
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near its bulge
Small, edge-on, very faint disk and
partially hidden by a stai
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Lar ge late-type edge-on spiíal;
bulge is not well defined
Low surface brightness center with
faint halo
Lar ge and blendcd with a bright star
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Table 4.1: continued,

MO
Idcnt

(1)

R.A.
/hmsl

(2)

Dec

(° ' ")
(3)

i

n(4)

b

n(5)

D

(6)

Ai

n(7)

Morph..

Type

(8)

Desciiption

(9)

31, pfO3_G 13 46 12.5

32, pffllJÍ-2 13 46 20.3

33, p£01_3 13 46 49.1

34, pfOl-7 13 47 18 0

35, pfll-4 13 -17 2-1 1

36, pIll.4-2 13 47 25 5

37,

38 ;

39.

40,

41,

42,

43,

44,

45,

46,

pfDl -7-2

pfO3_7

"103,7-2

pfOl-1

pfO8_4

pfO2_6

pfll_l

Pf09.3

píl l-1-2

píO 9-6

13

13

13

13

13

13

13

13

13

13

47

47

48

48

49

50

50

50

50

51

36

53

04

27.

0

,1

.2

.5

Ó6.3

24.

29.

41

46

08

.7

.4

8

9

3

47, pfl()_6 13 52 05.1

48, pflO_3 13 52 15.4

49, pflO.l 13 55 14..2

-59 57 23 309 74 2 19 2 9 3.6 S

-60 22 44 309,67 1,77 1,8 5,3 S

-60 24 29 309.72 173 3.8 5.5 E0

-60 34 13 309-75 1 56 2.9? 5 5 S

-59 10 55 310.06 2 91 3.1 2/1 S

-59 12 28 310.05 2 89 5.8 2 4 ?

-60 37 03 309.77 1.51 2 0 5 5 E

-59 55 32 309 96 2,17 17 3 7 S

-59 58 13 309 97 2.13 1 2 3,8 S7

-60 11 47 309 97 189 3.1 4.6 E

-60 40 44 310.04 1.38 3.6 4.9 E

-60 05 39 310,23 1.94 3.8 4.4 E0
-59 07 54 310..45 2.87 2..6 1.7 3

-60 19 06 310 21 1 71 3.8 4.5 E
-59 23 09 310,43 2 62 4.1 2.8 El
-60 39 22 310.19 137 3.6 4 7 E

-59 30 59 310.56 2.45 3 4 3 0 S

-59 17 02 310 64 2.68 2 9 2 0 S?

-59 11 05 311 03 2,68 2 4 2 0 S

Bright bulge with faint, disk,
oníy half of the disk is

visible

Vciy small, low surface

biightncss

The giant ladio galaxy

PKS 1343-601
Laige edge-on spiral

(from Nagaya.ma &z Sato)
Small, ver y low SB and

blended with a íaint star

Small biighl bulgc wilh a

ver y large extended halo,

possibly a spiral

Pfiíhaps the biight bulge

of an E0

Small bul^c wiíh a láint

halo (disk)
\Jf\r-\f 1 Q W ci 1T'fítCíi V^T'icrVitti íicc

and tiny

Small and faint, possibíy E0

Very low surface brightness

and fuzzy

Blended with a biight star

Faint, gmali bulge with

faint halo

Possibly an E3

Briftht bulgc and íaint, halo

Small and very low SB

cióse

to a bright star

Bright bulge with faint disk

Small and very faint

Faint and small bulge with

y very low SB disk

plained in Chapter 3, Columns 2 and 3 present the galaxy Right Ascensión (RA) and

Declination (Dec) for the equinox .12000. Galaxy positions in Galactic coordinates

(£. b) are recorded in columna 4 and 5 respcctively. The sixth column in Table 4,1

contains the measured apparent diameter of galaxies in arcseconds. Column 7 gives

the extinction in the J-band (A¡) at each galaxy position according to the DIRBE

dust maps (Sehlcgcl ct al. 1998). This is an approximation since the calibration of
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the DIRBE extinction valúes are not well established for low latitudes. The possible

morphological type is given for each galaxy in column 8. Finally, the last column

gives a brief description of each galaxy candidato.

4.2.1 Accuracy of the Positional Measurements

Galaxy positions in RA and Doc wcre measured directly from the in equatorial coor-

dinates calibrated images using the foliowing procedivre: Data images were displaycd

with the astronomical image display tool "SAOImagc ds9'!. Galaxy candidates weie

enlarged (zooming in) to show identifiable details. The centcrs of each galaxy can-

didato was considered to coincide with the highest surface biightness área (avoiding

suporimposed stais). The center of each galaxy candidate was read out from DS9

by setting the cursor in "crosshair" mode on its pixel of highest suifacc brightness.

Galaxy positions were measured twice this way in order to determine thch random

uncertainties,. The statistical analysis of two positional measurements for each of

the 49 galaxy candidates give a mean offset of (X'0636 and 0V0742 in RA and Dec

respectively. A dispersión of (X'4708 in RA and tf/1756 in Dec was determined. The

statistical analysis of thcsc 49 galaxy positions give a random error of 0?47 in RA and

(y.'18 in Dec showing the interna! consistency in the positional measurements.

Three of the 49 galaxies listod in Table 4.1 were identified on their common over-

lapping áreas in a second different image. Therefore, thcy have two measurements

of their positions that come from different images. These are galaxies 30, 33 and

34. Table 4,2.1 lista the individual determined positions. To confilm 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?8 and tf'0.01 with a corresponding dispersión of tf/68 and 0"23.

As most of these galaxies were unknown beforc, it is not possible to compare the

accuracy of these positions with other externa! data. Anja Schroder's search in a

pilot project using the NIR, DENIS1 images (/, J and /•í-band) in this aiea has 5

galaxies in common with the galaxies detected here. These are galaxies 15, 20, 33,

34 and 40 of Table 4.1. Howcver. there still are some problema with the astrometry

of DENIS images. Cmrent galaxy positions obtained from DENIS images have a

systematic deviation of few areseconds. Some galaxies have also counterparts in

radio (see section 4.4). But galaxy positions derived from radio observations are even

less aecurate than those from DENIS images. Therefore, at the moment, there are no

iDEep Neai Infiaied Survey of the southein sky
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Table 4.2: Equatorial positions (J2000) of three galaxies with independent determi-

nations.

Galaxy

Can didate

30

33

34

13

13

13

R

(h

:45:

46

47

.A.
m s

50.

49.

18.

)

568

078

518

-60

-60

-60

Dec.
(° '

:09;

24

34

")

:05

29

12

.60

.42

,99

R.A.
/h m s

13:45:50,.

13:46:49.

13:47:18.

)

614

081

555

Dec.

(° ' ")

-60:09:05

-60:24:29

-60:34:13

.61

.22

.24

substantial externad data available to compare the aecuracy of the positions reported

iii Table 4.1

4.2.2 Diameter Determination

Most of the galaxy candidates íisted in Table 4.1 have apparent diameters of a few

areseconds with the exception of two large ones. Galaxies 22 and 29, which seem to be

lar ge spirals, have apparent diameters of 15" and 20" respectiveiy. One should recali

however, that most of the galaxy candidates Íisted 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 7-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 región of galaxies wherc their

sur face brightness is higher. The Íisted major diameters correspond to the size of the

brightness countour of 10% of the peak brightness., The brightness radial profile was

obtained with IRAF imexamine, 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

galaxies.

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 obscuied.

Elliptical gaiaxies show a more compact light distribution in the radial profile plots

than spiral gaiaxies which display more extended light profiles. The light piofile was

thus useful in the assessment of morphology for those gaiaxies whose rnorpliology was

uncertain from visual inspection.

4.2.4 Images and a Brief Description of the Galaxy Candi-
dates

The iinages of the 49 proposed galaxy candidates are presented in Figure 4.1. The

size of each image is about 36"x36" and the location of these gaiaxies in the images

is indicated by an arrow. Most galaxy candidates aro srnall 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 spiíals,, The object in image 4 seems

to be an edge-on spiral. Image 22 shows a veiy low surface brightness object that

could be a spiral with somc foreground stars. A iarge 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 Iarge edge-on spiral

in an combination of / . J and K-b&nd images (from Nagayama & Sato before been

published),,

Twenty-ñve galaxy candidates have an elliptical morphology. Some of them appear

as Iarge and bright objeets while others are faint and smaller even though thoy may not

be intrinsically faint and/or small. The object shown in image 33 is the giant elliptical

radio galaxy PKS 1343-601. Image 30 contains another example of a Iarge elliptical

galaxy. Most of the 25 galaxy candidates with proposed elliptical 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: J-band iraages of the 49 galaxy candidatos found in the vicinity of the

radio galaxy PKS 1343-601. Every image is about 36 x 36 aicsec. 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.



52 Chapter 4. Galaxies Unveiled around the Radio Galaxy PKS 1343—601
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Figure 4.1: continued.

4.3 Uncertain Galaxy Candidates

Six low suiface brightncss objects have been detected which are not stars, but its

extragalactic nature is not clcai. These objects are included kcrc as uncertain galaxy

candidates and their propcities are Usted in Table 4,3 with the same entries as Ta-

ble 4.1. The galaxies are ordered in increasing Right Ascensión (J2000),

The galaxy positions shown in Table 4.3 have the same statistical uncertainties as

the positions in Table 4.1 which aro dcscribed 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 srnall and with very low suiface bright-

ness except the one shown in image 2 where a fuzzy región of low surface brightness
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Table 4.3: The six uncertain galaxy candidates

Labcl

00

RA
íh m s\

(2)

Dec

(3)

i

(°)
(4)

&

(°)
(5)

D

(")
(6)

Ai

(m)
(7)

Morph
Typc

(8)

Dcsciiption

(9)

1, pfl6_4 13 37 22.8 -60 40 08 308.53 1.70 2.9 3.1 ? Small, very low SB, and has
iion-stellar lighí, pioíilc

2, píl4_5 13 37 49 0 -60 01 36 308 67 2.32 7 3 2 ? Fuzzincss blcndcd with a bright
bright star

3, pfl2_3 13 44413 -591017 30972 3.00 '20 '23 ? Maybe a bright star partially
t;overing a, fa,int galaxy

4, pill-4 13 47 14,4 -59 16 53 310 01 2.82 2,1 2 9 S Ver y small, fainl fuzzy patch
5, pfli-1 13 50 24,7 -59 17 25 310 41 2,72 18 2 5 E ? Small and faint spot cióse to a

very bright stai
G, pflO-1-2 13 54 44.4 -59 12 21 310,97 2.68 1.7 2,0 S? Bright small spot with faint

ciicular halo. Perhaps a
planetary nébula

of about 10" diamoter is secn (scc Fig. 4.2). The origin of this fuzzy patch is un-

certain due to a bright nearby star. It maybe a nearby dwaif spheroidal., Further

obsei'vations are needed in ordei1 to leveal the riature of this 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 profilo. Howovor, it could be a blond 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 visual inspections and its light

radial profile, it seems to be a galaxy candidate but this is not clear since it is so cióse

to such a bright star.

Image 6 of Figure 4.2 shows an object with an inteiestirig peculiarity, This object

consists of a small bright spot of less than 1" 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 nébula 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 object cannot be

determined with the resolution of this image,.

The existing shallow surveys in the J, J and ÜT-bands such as DENIS do not have

enough resolution to detect these small and faint objeets,, Therefore, deeper NIR
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Figure 4.2: The images of sevon unccrtain galaxy candidates. Images aro about 36"x

36". RA mcreases horizontally to tho lcft while Dec decreases vertkally downwards.

observations are required in order to unvcil the nature of these seven objccts,. Deep

observations in the near and far infraied would confirm whethei or not thoy aie of

cxtragalactic origin.

4.4 Cross-Identification with Known Objects

For the search of counterparts I madc use of the following two databases: The CATS

datábase (http://cats.sao.ru, Verkhodanov et al. 1997) and the NASA/IPAC Extra-

galactic Datábase (KED. http://ncdwww.ipac.caltech..edu). Only 14 galaxy candi-

dates of the 55 candidates listed in Tables 4.1 and 4,3 have one counteipart in either

the ncar infrared (DENIS), far infrared (IRAS), radio and/or X-rays.

The IRAS SSSC and IRAS PSC (Joint IRAS Science Working Group 1998) were

searched for IRAS counterparts of the here discovered galaxies presented in Table 4,1

and Table 4.3. IRAS 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 ¡im, 25 /im, 60 ¿fin and 100 //m. The possible IRAS counterparts were

investigated individually for a match taking the following criteria into consideíation.

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 wavcbands (12 /¿m, 25 /mi, 60 ¡im and

100 /¿m) as col Y — Jv2 • /W(feo)2 (Yamada et al. 1993). where col\ < 1 indicates

that the IRAS source could be a galaxy.

c Possible coincidences with other astronómica! objects detected in the near in-

frared, at radio wavclcnehfcs and/or in X-ravs.

Possible concidences with soine DENIS galaxies whose positions have not been pub-

lished yet and were provided by Anja Schroder were also investigated for a match,.

These unpublished DENIS positions are expected to have uncertainties of few arcsec

due to inaecurate information in the headers of the respective DENIS imanes fstrips).

Galaxy Candidate 9

IRAS PSC: 13367-5858

RA k Dec : 13h40m04*2 -59° 13'58" (J2000)

Uncertainty Ellipse: smj = 48" and smn = 12" at p.a. = 133°

Flux Densities: fí2 = 0.48, /25 < 0.25, /60 < 3.36 and /100 < 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 I-band image. Flux densities of the IRAS PSC counterpart

give a color coU < 1 which indicates that IRAS 13367—5858 may be a spiral

galaxy, Galaxy 9 is about 116" away from the IRAS position and henee, outside

of the uncertainty ellipse. This IRAS source could also indícate the existence

of a spiral galaxy near to galaxy candidate 9.

IRAS SSSC: X1336-589

RA& Dec : 13h39m47s5 -59° 13'37" (J2000)

Flux Density: /«o = 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. Theie are no errors or sizes availablc for IRAS extended

sources.

Galaxy Candidate 15

H-I Blind Survcy of HI-Biight Galaxies in the Southern ZOA2: HIZSS 082

RA& Dcc : 13h42m14?0 -61°04'58" (J2000)

Uncertainty Eílipse: smj = 300", smn = 300" at p.a. = 0o

Discussion: HIZSS 082 is 203" from galaxy candidate 15 and is charted 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 appoars as a spiral in the I-band image of the WFI.

DENIS:

R A & D e c : 13h42m09?7 -60°08'20" (J2000)

Comment: This position has been provided by Anja Schroder. It is only de-

tected in the K-band of DENIS.

S i-i i-yi YY^ 'Jv TTÍ T+- í o l*i í* V» l i li-̂ vl ir + Vi o-f- f l i r t íTf\lo v v />ori/1i/ iotü 1 S ltf 1" n£l /AT\"f" 1/"* O 1 ^A l i n ("Dl'nQV't"Lili 111 l i l i v . _LIJ ID i l l ¿ l i nivc;i y LIICAIJ IJIIV; ^clidi-^-V La-iivj.j.vld«jt; ±O ib ullv: %_?|JuIC*iI í-AJUillítrlpctL L

of HIZSS 082.,

Galaxy Candidate 20

DENIS: P J134403.3-601936

RA& Dec : 13h44m03!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

inagnitudc of 16rn87 (provided by Anja Schróder). This DENIS galaxy likely

coincides with galaxy candidate 20. a big elliptical, possibly an E2.

Galaxy Candidate 32

IRAS PSC: 13430-6008

RA& Dec : 13h46m29!5 -60°23'32" (J2000)

Uncertainty Ellipse: smj = 26" and srnn = 6" at p.a. 130°

Flux Densities: fv¿ = 0.92, /25 - 0.56, FG0 < 3,10 and /100 < 36.64 Jy

Discussion: Galaxy Candidate 32 is seen as a faint, tiny spiral in its I-band

iinago. A color coly < 1 indicates that 13430—6008 may be a galaxy. This

IRAS point sourcc is at 84" from galaxy candidate 32, thus an unlikely match.
3Honning P. A. et al. 2000
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Galaxy Candidate 33

PKSCAT903: PKS 1343-601

RA & Dec : 13h46m57*6 -60°22'59" (J2000)

Flux Densities: ¡UIQMHZ = 79 Jy, Í27OOMHZ = 29 Jy and fhGHz = 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 rcfcrenccs theiein). This radio galaxy also has an active galactic nucleus

(AGN).

West k Tarenghi (1989): Optical Countcrpart of PKS 1343-601

R A & D e c : 13h46ra48*95 -60° 24'29"7 (.72000)

Uncertainty: ± 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. E0.

The Einstein Observatory: 2E1343.4-6009

RA & Dec : 13h 43m25s -60 h 09'26" (B1950) or 13h 46m50?6 -60° 24'2o" (J2000)

Flux Dcnsity: 2.5 x 10"15 W m"2 at 0.16-3.5 KeV

Comment: This X-ray point source is within 15 aresee of the PKS 1343-601

galactic core (McAdam 1991). Henee, it is a certain match.

ASGA4: 2E 1343.4-6009 or PKS 1343-601

RA& Dec : 13h46m49* -60° 24'46" (J2000)

Uncertainty: Position aecuracy determination of 40"

Flux Density: Core emission of / = (6.4 ± 0.2) x 10"" Wnf 2 at 2-10 keV or

2.6 x 10" i4 W m"2 at 0.16-3.5 keV.

Comment: The ASCA satellite detected an X-ray source located at (a, 5) J2000 =

(13h 46m49s, -60° 24'46") which coincides with the position of the radio core of

PKS 1343-601.

DENIS5

RA& DecCoords: 13h46m49!3 -60°24'31" (J2000)

Comment: It is seen in the I, J, and K-band of DENIS. Its I-band magnitude

3PKSCAT90: The Southern Radio Source Datábase (Otiupcck & Wright 1991)..
4Tashiro M. et al. 1998.
5Data provided by Anja Schroder.
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is about 16m.

Summary: There is enough evidence to confirm the cxistence of galaxy candidate

33 as the giant elliptical galaxy (EO) as PKS 1343-601.

Galaxy Candidate 34

IRAS PSC: 13441-6019

RA&Dec: 13h47m33!l -60°34'16" (J2000)

Unccrtainty Ellipse: smj = 52" and smn = 9" at 0 — 131°

Flux Densities: f12 = 0.61, .fe = 0.30, /60 < 5.06, and / i 0 0 < 52.31 Jy

Discussion: Galaxy candidate 34 is sccn as a faint, small face-on spiral. It could

be interacting with the certain galaxy candidate 5 which seems to be aiiothcr

spiral. IRAS PSC 13441-6019 lies 109" from galaxy candidate 39 and has

col] < 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 : 13h47m18*9 -60°34'15" (J2000)

Comment: This position has aii unccrtainty of several arcsec. It is only scen in

the J and K-band of DENIS (from Anja Schróder).

Galaxy Candidate 37

IRAS PSC: 13442-6022

RA&Dec: 13h47m39?l -60° 37'21" (J2000)

Unccrtainty Ellipse: smj = 21" and smn = 8" at 0 = 127°

Flux Densities: fu = 0.36, /25 = 0.88, /60 = 3.70, and /100 = 18-17 Jy

Discussion: This IRAS point source is 29" from galaxy candidate 37 which is

not within the uncertainty ellipse. Flux densities give a color col\ < 1. With

sucli fluxes and small offset, this IRAS emission could be associated with galaxy

candidate 37 .

The Einstein Observatory: 2E 1344.1-6022

RA & Dec : 13h 44 m l l s -60° 22'11" (B1950) or 13h 47m37M -60° 37'08" (.12000)

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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frorn 2E 1344.1-6022 is less than 5mJy at 843 MHz (McAdam 1991),. Galaxy

candidate 37 is likely to be the optical counterpart of 2E 1344.1-6022,, In the

I-band image, galaxy candidate 37 appears as a big elliptical galaxy.

ASCA6: 1H 1338-604, 3A 1344-602, or 4U 1344-60

RA& Dec: 13h47m375 -60°37'46" (J2000)

Uncertainty: An accuracy of 40"

Flux density: A counting rate of 0.20 counts s"1 at 0.17-10 keV while its neigh-

bor PKS 1343-601 (galaxy candidate 33) has 0.13 counts s"1 (Tashiro ot 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 candidato 37 is a possible optical counterpart of this

second X-ray source.

Galaxy Candidate 40

IRAS PSC: 13449-5956

R A & D e c : 13h48m24f7 -6O°11'14" (J2000)

Uncertainty Ellipse: smj = 61" and smn = 12" at 9 = 138°

Flux Densities: fl2 < 0.53, /2ñ < 0.62, fm = 1.82 and fm) < 56.63 Jy

Discussion: The galaxy candidate 40 is 34" from this IRAS point source, but

it is not. within the uncertaintv cllipso, Gaíaxv candidate 40 is seon as a brmht

elliptical galaxy in the I-band. With col\ < 1 and small positional offset, 13449-

5956 is likely to be the IRAS counterpart of galaxy candidate 40.

DENIS

RA& Dec : 13h48m27*8 -60° 11'44" (J2000)

Comment: It was also detected in DENIS I. J and K-band images by Anja

Schroder, Its I-band inagnitude is 16m27.

6Tashiro M et al. 1998
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Galaxy Candidate 44

PMN7: PMN J1350-6020

RA k Dec : 13h50m4O?9 -60° 20'42" (J2000)

Uncertainty Ellipse: smj = 78", smn = 66", and & = 90°

Discussion: Galaxy candidate 44 is 96" from thc 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 galaxy 48 I-band image

sccms to be that of an early type galaxy, possibly E2. Galaxy 44 may be the

optical countcrpart of this radio source despite the large positional offset,

Galaxy Candidate 47

IRAS SSSC: X1348-592

RA & Dec : 13h52m04*0 -59° 32'00" (J2000)

Flux Dcnsity: / i 2 — 8 Jy

Discussion: Thc IRAS SSSC does not list a counterpart for X1348-592. Galaxy

caudidate 47 is 59" away from X1348—592 and appears as a faint spiral in the

I-band. It could be its countorpart since extinction is quite high.

Galaxy Candidate 48

IRAS PSC: 13488-5803

RA & Dec : 13ho2m19?2 -59°18'03" (J2000)

Uncertainty Ellipse: smj = 25" and smn = 10" at 9 = 127°

Flux Densities: f12 = 0.73, /25 - 0.44, /60 < 3.35 and /100 < 27.61 Jy

Discussion: 13488—5803 could be a galaxy since co¡i < 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 thc vicinity of galaxy candidate 48.

Se ven galaxy candidates have a possible match with IRAS sources; five of therri

(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-idontifications with DENIS

positions provided by Anja Schródci and one with a DENIS publishcd position. Two

galaxy candidates (33 and 37) have X-ray counterparts; both are elliptical and one of

7The Parkes-MIT-NRAO (PMN) suiveys (Giiffith & Wiiglit 1993)
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them is the radio galaxy PKS 1343-601., Four have radio counterparts; the galaxies 3,

15, 20 and 49 have counterparts from deep multibeam Hl-survcy. An cornnination of

/, J and /í-band images covering partly the central field PF01 have retrícvcd galaxies

29, 30, 33, 32, 34, 37 and 40 (provided by Takahiro Nagayama k 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 fchesis. These galaxies are too

faint to be uncovered in the 7-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

Unveiled Galaxies

5,1 Introduction

The distribution of the unveiled galaxies shown in chapter 4 is presented and analyzed

in this chapter. Also, the rcsults of a simulation of how the well-known Coma cluster

of galaxies would appear in the /-band if it were located at the redshift and position

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

/-band imaged región of about 2o x 2o 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 áreles 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

foi which no morphology could be proposed since the nature of these objeets is un-

certain. It should be noted that these unveiled galaxies aie observed through high

extinction in the /-band. It is therefore very difficult to classify their morphology.

The assigned morphological type is a suggestion only. The contours correspond to the

extinction levéis (from top to bottom) in A{ = 2m (yellow) , 3m, 4m, 5m, 6m, 7.5m,

and 10m (dashed black) according to the DIRBE dust extinction maps (Schíegel et

al. 1998). The outline of the observed üeld 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 (RA ~ 2?2 = 3 h$¿ Mpc)

assuming a rich cluster at the redshift distance of PKS 1343—601 (cz=3872kms~1,

West & Tarenghi 1989), The squared outlined región (in black) indicates the área

imaged with the WFI in the /-band (16 fields of 34' x 33' each) around PKS 1343-601.

The filled circlea mark eliptical galaxies (25), the crossed circles represent spirals (24)

and the open circles show the uncertain candidatcs (6). The contours are equivalent

to the extinction levéis in the J-band of Aj = 2m (yellow), 3m, 4m, 5m, 6m, 7.5m

(solid black line), y 10m (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 levéis whilc

at lower extinction levéis spirals predomínate. The cores of ellipticals and bulges of
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spirals contain mainly red oíd star population and are expected to be visible up to

higher extinction levéis. As expected, late-type spirals galaxies are not detected at

extinction levéis higher than A¡ = 6m.

The distribution of galaxies is inodulated by the strong extinction gradient in this

legión, see Fig. 5.1. Henee, a concentra-ion of galaxies towards the radio galaxy PKS

1343—601 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 presentad in Fig 5,1 with the sim-

ulated distribution of the Coma cluster of galaxies íocated 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 J-band filter have to be taken into account. The selected

filter was a nairow /-band filter (n816) instead of the standard / passband filter,. The

nS16 filter has a FWHM1 of only 20.9nm at a central wavelength of Ae — 815.9nm.,

With a 30 minutes exposure at the MPG-ESO 2.2-m telescope with the WFI

camera, a surface brightness limit of ic ie = 23.5 mag aresee"2 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:

^•^^nsie ~ 23..4 mag aresce"2 (for 1,500 scc) (5-1)

SBhsi* = 22.9 mag aresee"2 (for 600 sec) (5.2)

Typically, objeets (galaxies) that are 10% brighter than the sky can be detected.

Henee, the surface brightness limit of a galaxy still visible on my images is of the

order of:

SBinSl6(galaxy) = 21.1 mag aresee"2 (foi 1,500 sec) (5 3)

SBjaaiQ(galaxy) = 20..6 mag aresee"2 (for 600 sec) (5.4)

LFull width at half máximum
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The smallest galaxies detected in this survey have scmi-major (D) and minor (d)

diameters of 2'.'o x 2?5, this translates to a magnitude limit of about:

ltmH limit ]jn ¿»
7n8iG (galaxy) = SBÍMñ{galaxy) - 2 ólog(iv x — x ~) - 19™3 (5.5)

Since the /-band magnitudes of the Coma galaxies calculated in the simulation

correspond to the standard /-band filtor, the above magnitude limit obtained with

the special filter have to be converted to the standard J-band. I estímate that the

In8i6 filter covers approximately a factor of 5 less undcr the transmission curve than

the standard /-band filter (/std)- The above limit (eq. 5.5) is equivalcnt to the /std

filter to a Am — 2.0/05(0) = lm75 brightcr magnitude limit. Henee, the magnitude

limit of a standard /-band would be:

CT {galaxy)-IT^o (5.6)

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 5.1 matches the

expectación of a rich cluster of galaxies at high extinction, I made some simulations

using the well-studied Coma cluster of galaxies as a referenec. I simulated how a rich

cluster would appear in the /-band at the distance and position of PKS 1343—601,

and under the same extinction. For this í nscd the deep Coma galaxies catalogue

of Godwin et al. (1983),, This catalogue lists 6,724 galaxies in a field of 2.63 square

degrecs (6 h^1 Mpc radius) to a magnitude limit of 626.5 = 21. The 6-band defined

in this catalogue is standarized to the intcrnational Johnson-Morgan B-band filter

without color-dependent transformations (Godwin k Peach 1982),. The simulation

program and the program to calcúlate the /-band extinction (Ai) at each galaxy

position are presented in the Appendix A.

From this catalogue, the X and Y positions of each of the 6,724 Coma galaxies

rclative 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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•tí 1

I I I I L

312 311 310 309 308
Galactic Longitude (degs)

Figure 5.2: The distribution of 1979 galaxies of the Coma clusters put at the positon

and distancc of PKS 1343—601 without extinctíon.

of the radio galaxy PKS 1343-601, at (l,b,v) = (309?7: 1?8, 3,872 km s"1) (West

& Tarenghi 1989, Woudt 1998, Kraan-Korteweg & Woudt 1999). The vclocity used

for the Coma cluster centered on NGC 4874 is v — 6,853 km s~l (Colless & Dunn

1996). By setting the Coma galaxies at the PKS 1343—601 position and distance,

their X and Y offsets increase by a factor of fcoma/̂ PKSi343~60i — 6853/3872 = 1.77.

Bringing the Coma cluster galaxies closer implies an increase in their brightncss of

Am = 1™24.

Since the observations presentad in this thesis are in the J-band, thus /-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) = 2™0 for ellipticals and (B-I) = 1™5

for spirals to transform the b magnitudes of the Coma galaxies to J-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 J-band imaged



Chapter 5 Analysis of the Distribution of the Unveiled Galaxies

región around PKS 1343-601 at the distance and position of PKS 1343-601. This

distribution plot contains galaxies with /-band magnitudes < 17^5, since this is the

magnitude limit of my search. The largest (green) dots represent galaxies with J-band

magnitudes between 17^0 < / < 17^5. Médium size (cyan) dots show galaxies with I

magnitudes in the range 16™0 < / < 17^0. The small (blue) dot marks galaxies with

magnitudes in the interval ÍS^O < I < 16™0, while the smallest (black) dots in Fig. 5.2

correspond to galaxies with I < 15^0. Galaxies with /-band magnitudes fainter than

17m5 are not plotted in Fig. 5.2 because the magnitude limit of my search, see Section

5.3. Henee, they would not be visible in the /-band images piescnted here. A distinct

concentration of galaxies towards the cluster center is seen in Fig. 5.2, but note that

the extinction aiound PKS 1343-601 was not applied,, The laige green circle again

marks the Abell radius (RA = 2?2) for a rich cluster at the PKS 1343-601 distance.

Foi all 1979 galaxies shown in Fig., 5.2. an extinction valué Aj was determined

using the DIRBE dust extinction maps (Schlegel et al. 1998) according to their

Galactic cooidinates, í and b. The determined /-band magnitudes are then absorbed

accoiding to the laws of Camarón (1990). The magnitude ieduction factors due to

absorption are morphology-dependent. Since the Coma galaxy catalogue of Godwin

el; al. 1983 does not include morphological types. 1 assumed two extreme cases. First,

it was asumed that all Coma galaxies are ollipticals or lenticulars. In the second

case, I consider all Coma galaxies as spiíals. Since a major fraction of the galaxies in

the central región 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 werc artificially absorbed,

54 galaxies were left with magnitudes / < 17^5. The distribution of these remaining

54 Coma galaxies are displayed in Fig. 5.3. The sizes of the dots correpond to the

magnitude ranges: / < 15ra0, 15m0 < I < 16m0, 16^0 < / < 17m0, and 17m0 <I <

1?."5. The largest dots represent galaxies with magnitudes 17^0 < I < 17I.n5 while

the smallest dots correspond to galaxies with magnitudes / < 15VH). In Fig,. 5.3, I

plotted fainter galaxies up to 17™5 because this is elose the magnitude limit of my

observations. I ain not expecting to see fainter galaxies than 17.n5 in the /-band.

The /-band magnitude for the faintest unveiled galaxy (galaxy 20) is 16^87 (Anja

Schróder, prívate communication) „ Based on the size and surface brightness of the

galaxies identified in this thesis, I estimated the faintest galaxy to nave a magnitude

of the order of approximately 17?L5 unconected for extinction. In my simulation plots

I therefore set the /-band magnitude limit to 17m5. 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

7-band magnitudes were subjected to extinction. The contour levéis 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 levéis fewer

galaxies are seen.

In Fig 5.4,1 furthermore present the distribution of the Coma galaxies assuming all

galaxies to be spirals and with a magnitude limit / = 17^5. The dots are magnitude-

coded and represent the same range of /-band magnitudes as in the previous figure.

In Fig 5.4, it is obseived 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 = IT^b.

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. Henee, 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 investígate if this object marks the center of another rich clustcr

of galaxies in the GA región. To accomplish this, a ficld of about 2o 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 7-band images of 1,500 and 600

sec exposures were obtained. My search was complete up to an /-band magnitudc

limit of /n816 — 19^3 in the narrow filter choscn for the observations which compares

to / ~ 17.n5 of the standard /-band filter. On this images, 55 galaxy candidates

were discovered through careful visual examination down to extinction levéis of up to

A} — 5m5 according to the DíRBE 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 latitudc of PKS 1343-601

and would have been observed under same conditions as in our survey, only 54 of

the 6724 galaxies of the Coma catalogue would lemain visible. The distribution

in Galactic coordinates of these 54 remaining Coma galaxies is similar to that of

the 55 galaxy candidates actually found. ín both distributions, ellipticals (and/or

lenticulars) predomínate at extinction levéis of Ai > 3™8 while spirals are more

visible at Aj < 3m8. The distribution of galaxies, in both distributions, is modulated

by the extinction gradient in this región. Based on the abo ve results, therc is evidence

that PKS 1343—601 marks the bottom of the gravitational potcntial well of a lich

cluster of galaxies.

The distributions of galaxies behind the southern Milky Way around the radio

galaxy PKS 1343—601 indicates the presence of a rich cluster in the central región
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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 región of the Gieat Attractor will help to c-xplain

the obseived 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 overdcnsity

and encourage us to continué searching for the rest of the GA mass hidden behind

the southern Milky Way.

The above results were a motivation to continué the research of this prospective

cluster of galaxies with deep near-infrared observations to unveil faintcr 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 Suivey Facility (IRSF).

This survey is conducted with a 1.4-m telescope with a simultaneous 3-ciianncl imager

camera in the infrared J, H and if-band and it is in collaboration with T. Nagayama

and S. Sato. A preliminaiy irnaging of the central field of this cluster has conflrmed

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 theii

survey is deeper. This new near-infrared data, still in progress, promise to unveil

more clnstor members to confirm the extent and richness of this obscured cluster.

if-band photometry of the prospective cluster members will be of particular inter-

est because it is the least affected by cxünction. The iif-band luminosity ñmetion of

the PKS 1343—601 cluster can then be compared with the i-T-band bright end of the

luminosity function of the Coma clustei and load to an estimation of its mass,,

Most of these galaxies are invisible in the optical and too faint for optical spec-

troscopy. Observations in Hl of the suspected optical cluster members would be more

helpful to determine radial velocities and thus clustei membership. This will give us

an indication of its virial mass from the velocity dispersión of the cluster members.

Finally, deep X-ray observations around PKS 1343-601 could determine if the

X-ray emission from this aroa is due to thermal emission from the hot inteicluster

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 Aj and Simulation Programs

A.l The A¡ - Program

The program shown in the Fig. A.l was used to calcúlate the /-band extinction

(A¡) at the position of each galaxy candidate. The input data files for this program

are gpcgd.dat and DIRBEpks.dat. The first one contains the positions in Galactic

coordinates of the 49 galaxy candidatos. 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 (£,b). The corresponding

color excess E(B — V) at this position is given in the third column. The table

DIRBEpks,.dat gives the extinction valúes for 307?0 < í < 313?0 and - l a 0 < b <

5?0 in incremento of 0?l for both coordinates. First, £ goes from i — 307?000 to

í = 313?000 by increments of +0?l while b is fixed starting at b = -l?000, and

subscqucntially incrcases t;o cover the latitude interval in increments of 0°l.

The program determines the /-band extinction at the position of each galaxy

candidate with the following loops. First, the program finds a Galactic latitude

valué bh in the file DIRBEpks.dat for the Galactic latitude coordinate b of a galaxy

candidate position with \b — bh\ < 0°05. Then, the program does the same calculation

for the Galactic longitude coordinate í so that \í — £h\ < 0?05, The color exceas

E(B — V) for the coordinates (£h} bh) is assigned to the galaxy cadindate's position

(¿, b). The /-band extinction for (£, b) is obtained from the color excess according

to Aj=1.86E(B — V) (Cardclli et al. 1989). For example, galaxy candidate 2 has

the coordinates £ — 308°58 and b — 1?94. For these coordinates, the program finds

£h - 308?600 and bh - l?900 with E(B - V) - 1.87. The /-band extinction at the

position of galaxy 2 is Ai — 1.86 x T.n87 = 3™5. The same procedure was used to
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determine the I-band extinction at the positions of the uncertain galaxy candidates.

c Determinación of A_I Valúes at. Each Galana Candidate Posit-ion

•¡•PC:'.'~ ü-JJBLL f!=:Ei:iSl:::iíñ--Z>
Cwm-"'.? line*4fc

ÜP£HÍ1O,FILE- 1/coíiia_3/th^SLs/EÑOchoa/a_i.-''datd/gpe'2didat',
H STPTLS---rold1,EPP-^90CC>
OPEN(11,F_LE- /Corfa_3.''-,h93Ís.''ni0GhoG/e_i''d=it-..=í/IITF;3Epks.-Jat ,

^ GTPTLS^'oid ,ERR 9 ICO
0PEH<12,F;LE- ai.cot ,3THTJS oíd ' r£RR 3200)

c Set Line Number Eoual to Zs'r-o

ln - 0

c Read Gaiact-ic Coorciinst.es of Galeery Csndidates

5C

c print*, i,.b

<z — Line Hunber
ln ln i

c — - Det ernunatiüii of E(B-V) fron DIRBE Bata

rewind i i
?0'i -rjn-.i.-TJí

read {li,300,end-9<100> lh.bh,EBV
300 f ornad. < ',-.'' . i , !--, : ' : .>í. ..f'S.'j)

difb-dabs(b-bh)
."ídifb.-^i _.O51dO> --c -c 200
difl~L-labs(l lh)
- í d iF l ••-! .ObldD) •*-.- -...• 200

c -••-- Deterniination of fl_B arel H_I

350 -r.r-J-i.r.

o — Write on the Scr-een the Vsluesí l n , 1 , b, EtB-V), ñ_B. fi_I
c PRINT*. ln,l.b,etoy,ab,ai

o Write data to f i l e ai .dót

WRITE<12.500) ln,l,b,EBV,fiB,fiI

S 0 0 F O R M A t < • • ' ; r L - . , 2 i - ' - : . " ) , " - , • • , - • , • ' : . - : , - • , - ; / ' )

c Go to Get the Next GaLaxy Candldats 1 & b Valúes

- : - •<•: 5 0

1000 rr^TINJE.
CLOSE {10,STflTLIS--;'KE£P'>
CLOSE íl l^TñTUS^'KEEP1}
CLCSE ÍIS.STATUS^'KEEP'Í

c Stop the Progrtan i f i t Wovks!
-TfF

3000 ••'•\Vr- 'ERROR IM ^ErtDIHG ZP^O,Q^.
•̂ 100 " í!'! 'ERROR I-) ^EQDING BIRBFpk? ,,-i^t
9200 -Trr TPRUP I-S : Í |R I " ING a i . c r .
?400 Fi- i rr . - , l,fa

rTT.r- 'ERROR : -M ,=>;t,:.nctitr .,e,iue -ound i - trp^F.r^.^.cliit f ü
^ t^is ahnve ! are b'

Figure A.l: The program that calculates the 7-band extinction (Aj) at the galaxy
candidates' positions.



The Simulation Program 75

A.2 The Simulation Program

The program shown in Fig A.2 was used to compare the Coma cluatcr 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 b2§ 5 < 21m0 in a field of 2 63 squared degrees centered on the Coma

clustor (Godwin et al. 1983) and the duat infrared emission rnaps of DIRBE (Schlcgcl

et al. 1998). The program rnakes use of two data files., The file 'corna.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 (a =12h 57m3, ó = +28° 14'4 (1950.0)). the

&-band magnitude, and other properties, The difference between the photographic (b)

passband and the standard _5-band does not exceed % 0^05 (Godwin et al, 1983). The

second data file used by this program is the DIRBE extinction grid (DIRBEpks.dat)

incntioned in Section A.l.

I 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 locaLion I — 309?74 and o = 1?75. Since the; radio galaxy

PKS 1343—601 is closer than the Coma cluster, the relative galaxy positions X and

Y necd to be increased by a factor of w__ina/̂ PKS__43-6oi — 6853/3872 = 1.77 and

apparent magnitudes become brighter by Am = 1™24. Then, the i-band magnitudes

aro determined using distance corrected magnitudes and the color term (B — I) = 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 surfacc brightncss to be detectable through

the foreground dust layei.

Thirdly, the i-band {A¡) extinction is determined for each Coma galaxy as it were

ceiitered 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 appliod 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 observed 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 1343—601

are recorded. These are the data used to make the plot presented in Fig. 5.3.,
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c The Simulation Program íE l l i p t i ca l Case)

STATUS-'GLD'.ERR^9QO0)

STATUS^'oíd',ERR=910Ü)
0=EN(unit~12,FILE~ 'ecosna.daí..' ,STfiTUS- 'oíd',ERR^320Q)

N;jnber oF entr ies. f o r B-mag ínb) and R-niag nonzero (nr)
nr---0
nb-0

rsuim-O.DO

c Read data Froro cosía,dat. Coma data frotü Goduin et a l , 1983
50 REñDÍ 10,1.00,EHD-1000) id,gx,gy,mB,dB,rnR,dR,colar
100 FDRWfiTíi^,I4,' ' ' ,I5, . . ^ I B / ^ ^ ^ Í . Í , ^ ' - , : . i,1-. ,;•': :',\r-,f-- :, ;•,••'•• :¿}

c Correctians for nagnitude, posit ions and diarneters due to distance
c Distance m x and y posit ions centsred at PKS 1343 pos i t ion :
c F=ffi53/3872=1,77 -> dn<Msgnitude>=1.2<t.
c TransFormation of the B and R magnitudes to the I-band magnitudej
c The colGi-tei-rasi B-I=2+0 and R-I=O,S haue been adopted for e l l i p t i c a l s
c and Lsnticulars
c NOTE: tuR is incornpletei ! ! Therefore, only rnB is used to make the p l o t s .
c Hatat ion;
c l i , b i - Gsiactic coordinates
c «IB - I mag deteTioincd frotn the B~band
c wIR -• I mag deter-ímned fron the R-band
c dBc - Distance correct.ed diameter determinad frora B
c dRc - Distance orrected diameter detennined f'rom R
c PRINT*, gx.gy

li-íl.77DO*g>;/3bO0,LiO) ••- 309,7400
bi={1.77BQ*z\i<3SO0.J)C> !-,75DC
mIE" ÜÍB -I »2iD0-2 .ODC1

mlR^O
.•;-"(rnR.«L,O,DO) mIR-mR 1.24D0- O.ÓDf-

c Deter-mination of E(E-V) from DIRBE data
reuind 11

200 i;ont inuo
readí11,300,end-3400) ih,bh,EEV

i-(difb,^¡..,051dO) ¿-o .;r 200
i lh>
í ..OSidO) ¿'.-: -.'- 200

350 .~~.>-.r. .w:

c Print valúes so fsr calculated
c print*, id,li,bi.difl,difb.EEV

c Deterrnination of I-band e>;tinction íñ_I> for 1 and b positions
flI-1.96dO*EBV

:,f íftl.QT.É.DOf ftI---£4D0

c Determination oF reduction factars due to extinction {Gañeron 1590)
c HDTE: Only Ef and Edelta are used for the plots since the valúes
c adopted for B-I and R-I are for e l l i p t i ca l s and lent iculars,

Bf -- 10JD0—ODO'íflr'4.,7D0))
Sdelta- ,07C0--(flI-"2»5D0J
Ef " 10 .DO"1 <.13DO<flI~-1.3D0>>
Edelta-

Detersúnation of diameters and magnitudes with extinction for
for spirals and e l l i p t i ca l s ÍCataeron 1950)^
N0TP7IQN;
SdEc - Extinction applied dianeter dstsr-raíned front B for spiraj.
SmIE - Extinction applied I rnag, deterrained from the E-band for sp i ra l
EdBc - Extinction applied dianeter determined from B for e l l i p t i c a l

Figure A.2: The simulation program
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EralB - Extinction applied I n¡ag, determinad from the B-band for e l l ip t i>
SdBc - (dBc*Sf)
SdRc ~ ídRc^Sf)
EdBc .= ídBoEf)
EdRc - ídRc*Ef5

SnvIE r rnlE - fil + Sdelt.a
SnIR •- 0.D0

•f <»IR,.--.0TDO) SnIR - rnlR - fil - Sdelta
EnlB • ralB fll - Edelta
EnlR - O.DO

i ,0 + D0) EmlR = inIR -•• fil - Edelta

-- Determination of Rft and Dec (for negative dec only)
Pi - 3.141592É536D0

c-ípi/iSO,005*52,600
cl-DSINÍc)

Declination
dec • DRSIHÍcl^DIiOSÍbJ-Dsiníl-íípi-1180^00)*"-33+ DO)) - c2-"vDSIM<bí í
ddec DHGDÍ ílf30.T)0 .p i ) -dec,360,DO)

Right Ascensión
c3~(pi.-iS0, DO >-* (282,25110)
c4-(Pi,i80.D0>»<33tD0>
c5 - < DCDS(b)-<-DCÜS(l-c4> ) < DCOS(dec)
ra - DñCOStcS) - c3
TEST - <C2*DC0Síb>*DSIN(l-t>4> Cl''DSINÍb>> ' DCOSÍdec)

!.f ÍTEST.L."! ,0+D0> ra " 2,LXJ*PI -1 2,D0-C3 • rd>
dra - DH0D(<180,D0'pi) ra,360.C0)

c To test i f i t l i es m Vfl Fields and ur i t t ing: the outputs
A {.ara u .207.9SdC.,*•••.! dra *-;•,.. 203. S9dO.,3! -,.,

Í ddec. i,,-58 iS7dO..;iri; ,ddec.(¿.c . ~59,37dO) >-c CT 499
i í íd ra , i t .207+5ÓdC,-j;v-j,dra <t 203.3SdO .,.dr¡d .

I ddec ÍL,-5g,37dC.^r:r::.ddec.e:;i,™59,92d0> ao -n 499

I ddec Jt,-59.92dO rf->n .ddec,s;- -60.92dO) v¡- • r- 499
so ce 50

c The outjout of th is prograns íwith ex t inc t ion) :
c id - Cona galaxy number
c l i and b i galaxy Galactic coordinates
,-. OT - r,+ w ^ i H n « ,p * L1S T-u-=f-"-1 rf-i¡f- T1TRBr

c EÍHIB, ErüIR I-band mag* for e i l i p t i c a l s det-srinined frosi B and R-band
c EdBc, EdRc diansters for a l l i p t i c a l s dsterrained from B and R-band
c Siffiaiiar notation for sp i ra l - - - - - - - - - - — •—----- - -- -—— ^
¿99 writeí12,500) id,li,bi,fil,

I EnIB,EdBc,EmIR,EdRc
c * S HÍIE, SdBc, Sm IR, SdRc

c Go to get the next entry ígaiaxy)
ir, í..o 50

1000 vOirTMíí:.
p n r t > , i d , H,bi,fiI,EmIB,EdBc,Ei>iIR,EdRc,SmIB,SdBc,S[nIR,SdRc
CLQE-E
•:LÜ5E
GLOSE <UNIT=12,5TñTUS-='KEEP1>

c End the program
st op

c -—-— i f ths re are s r ro r s - - - - - - - - - - - - - -_--_—
3000 ~T0F- 'ERROR IH REñDTNG COMñ^Bfl"'
?100 íTC'P 'ERROR IN ¡SEPlQING DIRBE.dat1

9200 "T'T' TRR0R IN JPITING COMñ STM.dat
9400 P « i n i - , n , i , b

í r r ¡ r 'ERROR ; nr; extirx:.L..ir•(> vnJj_e f u r j f i j LM n ¡.exf. j . i ao for-

END

Figure A.2: continued
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