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Resumen

En este trabajo de tesis, se analizaron alrededor de 900 espectros de galaxias cercanas (0.01
< z < 0.05). Estos espectros se obtuvieron del catastro del Sloan Digital Sky Survey (SDSS)
en su versién Data Release 7 (DR7) (Abazajian et al. 2009). Los espectros se obtuvieron a
partir de observar con fibras 6pticas que permiten obtener la informacién de la parte interior
de las galaxias. Estas fibras abarcan 3 segundos de arco en el cielo, por lo que permite analizar
Aireas en el nicleo de las galaxias que van desde 1 y hasta 2 Kpc en didmetro de acuerdo a

la distancia de nuestros objetos.

Con el objetivo de estudiar la incidencia de la actividad AGN en galaxias debido a interac-
ciones gravitacionales y analizar como afecta el ambiente circungaléctico a este fenémeno, se
escogieron tres muestras de galaxias. Dos de estas muestras corresponden a galaxias aisladas

y una a galaxias en pares aislados.

El primer catdlogo de galaxias aisladas de Karachentseva (1973) contiene 1051 galaxias
de las cuales hemos recopilado y analizado los espectros de 413 objetos. En esta muestra
las galaxias son consideradas aisladas cuando no tienen una galaxia vecina de tamano similar
(didmetro > § de la galaxia a considerar aislada) dentro de un radio de 20 veces el didmetro de
la galaxia. El criterio de aislamiento para estas galaxias garantiza que no han experimentado
una fusiéon de masas similares los tltimos 3 Gafios. El segundo catalogo de galaxias aisladas. Es
la muestra de galaxias de disco de Varela (2004) que contiene originalmente 203 objetos, 100
de ellos hemos analizado en este trabajo. El criterio para denotar galaxias aisladas esta basado
en un cociente logaritmico f, entre fuerzas de marea internas y externas que experimentan las
galaxias. Las galaxias con f < -4.5 son consideradas como aisladas ya que no presentan signos
de alguna perturbacién. Se estima que las galaxias en esta muestra no han sido perturbadas
al menos en los dltimos 2 Ganos. El catdlogo de pares de galaxias de Karachentsev se define
con velocidades de recesién menores que 1200 Km/s entre sus componentes, asi como con
separaciones menores que 100 Kpc entre los pares. Hemos separado estos pares en tempranos
(E4+E) considerando elipticas y esferoidales, en mixtos eliptica + espiral (E+S) y en espirales

(S+S) para estudiarlas por tipo morfolégico.



El estudio realizado en esta tesis fue hecho de manera homogénea y auto consistente; esto
quiere decir que el procedimiento para sustraer el espectro estelar de la galaxia anfitriona y
medir sus lineas en emisién fue el mismo para los espectros de galaxias en las tres diferentes
muestras. Esto, con la finalidad de evitar sesgos en la forma de escoger las muestras, ya que
resultados anteriores en la literatura condujeron a conclusiones contradictorias (p.ej. Stauffer
1982a,b y Koulouridis et al. 2006a,b).

Para sustraer la parte del espectro que pertenece a la contribucion estelar de la galaxia
anfitriona, se utiliz6 un programa llamado Principal Component Analysis (PCA, por sus si-
glas en inglés) siguiendo el método de Hao et al. (2005). Esta técnica utiliza una combinacién
lineal de 8 espectros de galaxias con solo lineas de absorcién, un espectro tipico de estrellas
tipo A para tomar en cuenta la emisién de la poblacion estelar joven y una ley de potencia
para ajustar la posible existencia de algiin componente no-térmico de la forma f(\) oc A™12.
Una vez ajustado el espectro de la galaxia anfitriona, éste es restado del espectro original y
se obtiene un espectro con puras lineas en emision donde los componentes en absorcion y el

continuo estelar han sido removidos.

Después de medir el flujo de las lineas en emisién, usamos diagramas de diagnodstico
(Baldwin et al., 1981; Veilleux & Osterbrock, 1987) para separar la actividad AGN de posi-
bles galaxias Starburst o simplemente galaxias con nicleos cuyos cocientes en intensidades de
lineas se asemejan a regiones H II. También, mediante los diagramas de diagnéstico pudimos
diferenciar entre la actividad nuclear Seyfert y LINER (del inglés Low lonization Nuclear

Emission Region).

Nuestros resultados muestran para las galaxias aisladas de Karachentseva y Varela, la ac-
tividad AGN presenta una incidencia del 43 % + 5% y 31 % + 11 % respectivamente. Nuestros
resultados también muestran que la incidencia de la actividad AGN decrece gradualmente ha-
cia tipos morfolégicos tardios pasando de un 70% + 15% de incidencia AGN en galaxias
elipticas hasta un 10 % + 16 % en galaxias tipo Magallanes Sm. Confirmamos que existe una
correlacién muy fuerte entre la morfologia de tipo temprano y la incidencia de AGN. Donde
la mayoria de los objetos son de tipo LINER.

Observamos también que esta correlacion se aplana si se consideran objetos que no tienen
lineas en emisién y que necesariamente deben de contabilizarse como galaxias que no tienen
AGN. EI hecho anterior no ha sido considerado ya que otros autores (Varela et al. (2004);
Corziol et al. (2011); Sabater et al. (2012)) no tuvieron el suficiente nimero de objetos de tipo
temprano para considerar tal efecto. Este aplanamiento se manifiesta dado que alrededor de
la mitad de las galaxias de tipo temprano no presenta lineas en emisién.

Un resultado muy importante es que la actividad nuclear de tipo 1 (AGN con lineas an-



chas) esta casi completamente ausente en las dos muestra de galaxias aisladas. Incluso las
pocas galaxias que presentan lineas anchas, (< 3% £ 2% de las muestras) pueden clasifi-
carse como intermedias de tipo 1.5-1.9. Lo anterior dista mucho de poder explicarse con un
modelo unificado ya que se esperaria que en una muestra de AGN habria alrededor de la
mitad de galaxias con lineas anchas. Incluso si se argumenta que el toro de polvo es grumoso
y/o combado, el hecho de no encontrar una galaxia AGN de tipo 1 entre 175 galaxias proba-

blemente sea indicativo que el medio aislado en donde se encuentran sea un factor a considerar.

En este trabajo encontramos una gran fraccién de galaxias tipo AGN en las muestras
aisladas (43% £+ 5% y 31 % £ 11 %). Dado que la inmensa mayoria de nuestras galaxias son
representativas de los AGN de baja luminosidad, la tasa a la cual el hoyo negro acreta masa
serfa del orden de entre 107°-1073 Mg /aiio (Ho 2003). De lo anterior, es probable que los
procesos de evolucién secular como fusiones menores o perturbaciones gravitacionales de un
potencial asimétrico en las galaxias podrian ser los causantes de la actividad AGN de baja
luminosidad. Si las AGN en ambientes aislados presentan bajas tasas de acrecién, bajas lu-
minosidades y la ausencia casi completa de lineas anchas en sus espectros, es probable que la
region de lineas anchas no sea capaz de formarse en estas circunstancias (Nicastro 2000;Elitzur
& Ho 2009).

Para la muestra de galaxias en pares, se analizaron 385 espectros. La incidencia de la
actividad nuclear es de un 41 % + 6 % muy comparable con la muestra de galaxias aisladas
con numeros de objetos similares en cada tipo morfoldgico. Los tipos tempranos de galaxias
muestran de nuevo esta tendencia de presentar mayor incidencia de AGN en galaxias elipticas
y esferoidales (~ 74 % + 4 %) mostrando una posible correlacién que puede tener la actividad
nuclear con la morfologia galactica.

Al comparar la incidencia de actividad AGN por tipo morfoldgico, solo las galaxias con
de tipo Sb tienen mayor incidencia en la muestra de galaxias en pares mixtos (62% + 9 %)
comparada con la muestra de aisladas de Karachentseva (45 % + 1 %) que podria ser estadisti-
camente significativa. Esto puede ser debido a la interaccion o perturbacién a la cual puede
estar sujeta una galaxia espiral por una eliptica. Las galaxias AGN de tipo 1 de nuevo estan

casi ausentes y parece no poder ser explicado por un modelo AGN unificado.

Con todo esto, la evolucion secular de las galaxias parece ser suficiente para detonar el
fenémeno del AGN aunque se presente de baja luminosidad. El hecho de que el medio de estas
muestras no influya en la incidencia de actividad sino méas bien la morfologia asi lo sugiere.
Otros trabajos han encontrado relacion entre pares de galaxias y una intensa formacién estelar

(Rogers et al. 2009), incluso entre pares y actividad nuclear (Ellison et al. 2010,2011), pero



estos pares tienden a estar muy cercanos entre si (< 30 Kpc) y simulaciones nimericas han
mostrado que la incidencia de la actividad nuclear y/o Starburst se incrementa en diferentes
episodios de choque entre galaxias. Mientras no haya un choque directo entre galaxias, la

evolucion secular puede mantener la actividad AGN considerando la morfologia de la galaxia.



Introduccion General

En la astronomia contemporanea se ha estudiado mucho el fenémeno de nicleo activo de
galaxia o AGN. Uno de los principales retos es llegar a comprender como y por que procesos
se alimenta el hoyo negro supermasivo. A lo largo de muchos afios estos estudios se han
enfocado en investigar el medio ambiente de los AGN basados en muestras conocidas de AGN
vs n0-AGN. Los sesgos introducidos por efectos de seleccién en las muestras habian producido

resultados contradictorios.

En esta tesis, abordamos el estudio de la incidencia de la actividad nuclear en una man-
era complementaria; es decir, primero definimos las muestras de galaxias a comparar y luego
estudiamos la actividad nuclear en ellas. El propdsito es comparar muestras que contengan
galaxias de todos los tipos morfoldgicos con criterios de seleccién equivalentes, tanto en la
muestra de galaxias aisladas como en la de pares aislados. Esto, con el fin de llevar a cabo
un estudio auto consistente y estadisticamente significativo sobre el rol que tienen las inter-

acciones gravitacionales y la morfologia en el proceso de AGN.

Por primera vez en este trabajo, tenemos suficientes objetos en todos los tipos morfolégicos
para hacer un estudio estadistico de la actividad nuclear y comparar entre muestras. Encon-
tramos que la incidencia en la actividad nuclear es mas alta en tipos morfolégicos tempranos
y desciende conforme consideramos tipos morfolégicos tardios. Aunque sin cuantificar esta
tendencia ya se conocia; Sin embargo, vemos por primera vez que si incluimos en las muestras
las galaxias sin lineas de emisién esta relacién entre la incidencia AGN y el tipo morfoldgico

se puede aplanar para galaxias elipticas, esferoidales y espirales tempranas.

También, hemos encontrado que los AGN de tipo 1 o de lineas en emisién anchas permi-
tidas estan casi por completo ausentes en las muestras. Este es un dato significativo que no
favorece al modelo unificado (incluso si se considera un toroide de gas grumoso o distorsion-
ado) dado que las de tipo 1 apenas si representan un 3% + 2 %. En este ~ 3 % consideramos
galaxias con una componente ancha en las lineas y la componente méas prominente corresponde

a una galaxia Seyfert 1.5.

En este trabajo hemos senalado que bajo condiciones de una tasa de acrecién baja resulta
factible pensar que el AGN presenta baja luminosidad y que la regién de lineas anchas no
logra formarse. Estas pueden ser las condiciones prevalecientes en las galaxias aisladas dado

que nosotros hemos encontrado estas caracteristicas en ellas.

En el primer capitulo presento una introduccién basica a los nicleos activos de galaxias,
donde el enfoque reside en describir la estructura de los mismos, sobre todo para dos tipos
particulares de AGN: Las galaxias tipo Seyfert y LINER. En la seccién 1.7 se describe breve-

mente el modelo unificado para las galaxias con nicleo activo, modelo que sera revisado a la



par de nuestros resultados.

Dado que el estudio de esta tesis esta enfocado en los nicleos activos y su medio ambiente,
el segundo capitulo esta dedicado a describir en resumen los posibles detonantes tanto internos
como externos de la actividad nuclear. Uno de los objetivos de este trabajo radica en poder
discernir que procesos (externos y/o internos) son mds importantes para la activacién del
nicleo activo de galaxia.

El capitulo tercero es el primer resultado de este trabajo. Encontrar la incidencia de la
actividad nuclear en galaxias aisladas resulta determinante para tener una muestra de control
donde por lo menos se asegure que la galaxia no ha tenido ningin tipo de interaccién/fusién
en un tiempo considerable. De esta manera los resultados en la incidencia de AGN tenderidn
a ser explicados en forma natural por una evolucién secular en la galaxia misma.

Al tener resultados de una muestra de control en la actividad nuclear de galaxias aisladas,
resulta natural comparar esta muestra con cualquier otra donde las galaxias estén en ambientes
mas densos. Esto lo hacemos en el cuarto capitulo, en el que comparamos la incidencia de la
actividad AGN en una muestra de galaxias en pares aisladas cercanas y de masas similares.
Hemos analizado pares de tres tipos: tempranos (E4+E), mixtos (E+S) y espirales (S+S). Es
importante mencionar que esta comparacién es auto consistente y homogénea puesto que los
métodos de seleccién y reduccién de datos han sido los mismos para las muestras.

En el capitulo quinto se presenta un trabajo sobre cudsares y lineas de absorcién an-
chas. Trabajo que surge de analizar espectros de tipo cudsar obtenidos con una diferencia de

alrededor de 26 anos. El capitulo sexto se presentan las conclusiones generales de este trabajo.



Capitulo 1

Introduccion a los Nucleos Activos

de Galaxias

En el Universo, los denominados Niicleos Activos de Galaxias (NAGs o mas cominmente
AGN por sus siglas en ingles Active Galactic Nuclei) tienen luminosidades bolométricas en
sus galaxias anfitrionas de hasta diez mil veces mayores que las galaxias que no poseen nicleo
activo. La fuente de energia es una de las mas poderosas junto con los estallidos de rayos
gamma (GRB’s del ingles Gamma Ray Bursts) que se observan actualmente en la astronomia

moderna.

La explicacion de la fuente de energia en nicleos activos de galaxias radica en el paradigma
de que un hoyo negro supermasivo (SMBH del ingles Super Massive Black Hole) en el centro
de estas galaxias esta acretando materia y parte de ella se esta convirtiendo en la radiacién
observada. La emisién de estos objetos se explica mediante procesos no térmicos, ya que los
procesos térmicos no son capaces de reproducir la radiacién y/o luminosidades observadas en

todo el espectro electromagnético.

El estudio de los procesos fisicos que se presentan en los AGN, ha tenido sobre todo en los
dltimos anos un gran progreso en la carrera por descubrir, analizar y modelar los diferentes
componentes de los nicleos activos. Aunque atn se dista de tener un modelo auto consistente
y satisfactorio que nos explique todas las facetas de la actividad AGN. El mero proceso de
alimentar el hoyo negro supermasivo de las galaxias y la relacién que juega el AGN con su

galaxia anfitriona esta lejos todavia de ser entendido completamente.
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1.1. El paradigma Hoyo Negro.

La pregunta fundamental acerca de los AGN es: ;Cémo es generada la energia que se
detecta?. En esencia, el problema radica en explicar que procesos producen las luminosidades
detectadas en los AGN (Lyy ~ 102747 erg s71) en una regién significativamente pequena
tanto como un parsec cubico. El paradigma actual consiste en una fuente central que contiene
un disco de acrecién extremadamente caliente alrededor de una hoyo negro supermasivo. La
energia es generada por material que cae en el disco luego en el hoyo negro mediante procesos

que pueden convertir la materia en energia.

Las propiedades basicas de los hoyos negros se pueden expresar usando su radio gravita-

cional (ry) y el radio de Schwarzschild (ry) donde:

GM

F,Ts :27"9. (11)

Ty =
También, se puede definir el momento angular s de un hoyo negro
SNIQ’:MT’Q2§EMT96, (1.2)
donde Q es la velocidad angular y el momento angular especifico (por unidad de masa),
s/M = ryc ~ 5210% Mgem?s ™1, (1.3)

donde My esta dada en unidades de 108 M. Considerando un hoyo negro supermasivo en un
niicleo de galaxia, s/M a una escala galdctica (r=1 kpc, v=300 km s~!) es varios ordenes de
magnitud mayor que r4¢ determinado en trabajos como Shakura & Sunyaev (127). De esta
manera, para hoyos negros que crezcan sustancialmente en tiempos de escala de evolucién
galdctica, debe existir un mecanismo eficiente para deshacerse del exceso de momento angular

del gas acretado y llevarlo hacia el centro.

Las particulas de gas muy cercanas al centro (ry ~ 1000) estédn sujetas a diferentes tipos
de fuerzas, un balance tipicamente entre las fuerzas de gravedad y radiaciéon nos permite hacer
un andlisis mas detallado de los procesos internos en el hoyo negro antes de que el material

caiga dentro del horizonte de eventos y la informacién se pierda.
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1.1.1. La Luminosidad de Eddington

Suponga una fuente central de masa M que emite luz monocromatica L,. La presion de

radiacion que actia sobre las particulas de gas desde una distancia r estaria dada por:

Neor [ Neor
Jraa = 47r7“2c/0 Lydy = 47r7“20L (1.4)

donde L es la luminosidad total integrada, N, es la densidad electrénica y o la seccién

eficaz de Thompson. La fuerza de gravedad esta dada por:

_ GMpmyN,
=5

fq (1.5)

donde ahora p peso molecular promedio (~ 1.17 para un gas solar completamente ion-
izado). Para una acrecién de tipo esférica de este gas f; < frqq. Pero al igualar las fuerzas

fg = fraqa obtenemos la luminosidad de Eddington,

4meG M pmy,

~ 1.5 x 103(M/M)ergs !, (1.6)
or

Lgqs =

la cual representa la méxima luminosidad permitida de una fuente de masa M la cual
es abastecida por acrecion esférica. Aunque esquemas mas realistas pueden considerar gas
parcialmente neutro y por ende mayor opacidad. De esta manera la Lg4; puede ser menor
que el valor presentado en la ecuacién 1.6.

La ecuacién 1.6 también es conocida como el limite de Eddington, y puede ser usada para
establecer una masa minima Mg para una luminosidad en particular. En unidades apropiadas

para un AGN, se puede escribir como:

Mp =8 x 10°Lyy Mo, (1.7)

044

de donde Ly4 es la luminosidad de la fuente central en unidades de 10**ergs—!, la cual es
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caracteristica de un galaxia tipo Seyfert proporcionando una masa minima de Eddington de
~ 10%M, y para un cudsar tipico de L ~ 10*ergs=! de ~ 108 M.

De la definicién de tasa de acrecién M = L/nc?, donde 7 es la eficiencia de convertir la
energia potencial gravitacional en radiacién electromagnética, en ello se pueden definir como

la tasa de acrecién de Eddington Mpgq requerida para producir un Lggg.

‘ LEda n1t I
Mg = =75 =~ BMs [07} Mgaio™, (1.8)

y un tiempo de Eddington tggq como el tiempo tipico asociado a esta tasa de acrecién y

esta dado por

M
trag = — ~ 4 x 108nafio. 1.9
Edd Iv; n ( )

de esta manera se puede expresar la tasa de acrecién relativa (tasa de acrecién por unidad

de masa de hoyo negro) de la siguiente manera:

x 7 (1.10)

ver (111).



1. Introduccion a los Nucleos Activos de Galaxias 11

1.2. Clasificacion de los AGN.

La clasificacién de los nicleos activos de galaxias se ha caracterizado de acuerdo a los
resultados observacionales en las diferentes bandas del espectro electromagnético. Rasgos co-
mo las lineas en los espectros, relativos excesos de emisién en radio, rayos-X, Ultravioleta,
Infrarrojo, y variabilidad en su fuente de emisién, han llevado a considerar todo una gama
de objetos como AGN. Hoy en dia, la astronomia considera como nticleos activos de galaxias
a los cuasares, blazares que se dividen en objetos tipo BL Lacertac y OVV (del inglés Op-
tical Violent Variables), radio galaxias, galaxias IRAS (del InfraRed Astronomical satellite),
galaxias Seyfert y muy probablemente los LINERs.

Diferencias entre tipos de galaxias activas y galaxias normales
Tipo de Galaxia [Nacleo Activo Angnsl:sin pds €l Fz:;:; Rayos-X U\’E - Li?lno-]R Emisién en Radio Jets  |Varabilidad | Radio Fuere
Normal No Deébil No Débil Ninguna Ninguna Ninguna Ninguna No No
Starburst No Si No Algunos No Si Algunos No No No
LINERs 2 5i Si Algunos | Algunos | Algunos No No Si No
Seyfert 1 Si Si Si Algunas Algunas Si No No Si No
Sevfert 2 Si Si No Algunas Algunas Si No Si Si No
Quasar Si Si Si Algunos Si Si Algunos Algunos Si 10%
Blazar Si No Algunos Si Si No Si Si 5i S5i
BL Lac Si No Débiles Si Si No Si Si Si Si
ovVv Si No Mis intensasque BL Lac Si Si No Si Si Si Si
Radio galaxia Si Algunas Alounas Alounas Algunas Si Si Si Si Si

Tabla 1.1: Caracteristicas espectrales de los AGN.

Los AGN comparten una fenomenologia en comiin. Propiedades bésicas como una mayor
luminosidad bolométrica comparada con galaxias “normales”, nicleos muy brillantes que no
se pueden resolver espacialmente, radiaciéon sincrotrén y ademads, lineas anchas en emisién
permitidas con anchos a potencia media ( o FWHM de Full Width High Maximun) de miles

de kms™!, y/o lineas angostas permitidas y prohibidas con cientos de kms=! en sus FWHM.
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1.3. Estructura de los AGN.

Aunque el area del nicleo activo en las galaxias se concentra en una regién central muy
pequena, los procesos del nucleo activo pueden cubrir un intervalo de radio bastante grande
como para tener repercusién en la galaxia entera. En los AGN se observan lineas en emisién
de alta ionizacion que suelen ser producidas por fotoionizaciéon o ionizacién colisonal medi-
ante choques. Esto sugiere que la fuente de energia de los niicleos activos viene de un proceso
no térmico que se presenta como un continuo ionizante que en la radiaciéon ultravioleta sigue

una ley de potencias de la forma f,=Cr~", donde n es el indice espectral con un valor de ~1.2.

A continuacién presentamos algunas estructuras y propiedades de los AGN.

1.3.1. La Region de Lineas Anchas (BLR).

La regién de lineas anchas llamada BLR (Broad Line Region) por sus siglas en inglés. Se
considera una zona con apenas alrededor de entre 0.01-1 pc (L/47r?2~10° ergs™! ecm™2) de ra-
dio desde el mismo centro del hoyo negro. Sus densidades columnares se estiman en ~10%2-24
cm~2 y densidades de gas en nubes de entre 10°-10'" cm™3. Los tiempos dindmicos en estas
nubes se estiman de algunos centenares de anos y tienen factores de cobertura de apenas el
10 %. Se cree que las nubes se encuentran ligadas y que la gravedad domina completamente
sobre la fuerza que ejerce la presién de radiaciéon. Las nubes pueden alcanzar velocidades que
pueden ir desde 1000 hasta 15000 kms™' segin sea el caso del AGN. La velocidad y direc-
cién del gas virializado tiene como resultado un ensanchamiento Doppler con las velocidades
mencionadas anteriormente, produciéndose asi en esta regién lineas anchas.

Las condiciones fisicas en esta regién son tales que el hidrégeno se encuentra en una pro-
porcién de 1072, Con las altas densidades columnares en esta zona, se puede inferir que solo
la superficie iluminada en las nubes esta altamente ionizada y su interior neutro. Aun con lo
anterior, la densidad no suele ser demasiado alta para suprimir lineas semi-prohibidas como C
III] A1909 y O III] A1663. Como se ha dicho, una gran parte de estas nubes debe ser neutra ya
que solo la emisién de rayos-X parece penetrar en esta regién. Estas partes producen fuertes
lineas de H I, Mg II y Fe II. En esta parte del AGN, la densidad electrénica minima es de
alrededor de 10® cm™3 y al observarse lineas de Fe II sugiere que una temperatura inferior a

3500 K ya que para temperaturas mayores deberiamos ver Fe III ionizado colisionalmente.
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1.3.2. La Regién de Lineas Angostas (NLR).

La siguiente zona que consideramos se encuentra situada entre 100 y 1Kpc del centro
(L/4m1?2~10? ergs~! cm~2). Sus densidades columnares se estiman en ~102°~2! cm~2, con
nubes de baja densidad (~10* cm~3) y temperaturas de ~10*K. También se cree que el factor
de cobertura es menor que en la BLR. Las condiciones fisicas en este lugar son considerable-
mente diferentes que aquellas que se presentan la BLR a pesar de que el nivel de ionizacion sea
muy similar. Aqui, debido a la baja densidad que presentan sus nubes, la presién de radiacién
y los perfiles de linea pueden incluir objetos no ligados gravitacionalmente.

En la NLR son emitidas lineas angostas prohibidas y permitidas (velocidades de cientos
de kms™!) por la baja densidad. Los cocientes de lineas para iones distintos suelen propor-

cionar distintas temperaturas y densidades para esta region, por lo cual se infiere un NLR

estratificado.

1.3.3. El Toroide de Polvo.

El toro de polvo se encuentra en una region segin estimaciones de entre 1y 100 pc de radio
a partir del centro de la galaxia anfitriona, localizado alrededor del hoyo negro en forma de

04—6

toroide tiene densidades del orden de 1 cm ™ y densidades columnares extremadamente

04 2 ¢ incluso mayores (ver Figura 1.1).

grandes, 10*° cm™

Dado que esta estructura toroidal es muy grande en radio se espera contenga diversas
zonas estratificadas con diferentes condiciones fisicas. Lejos del centro del AGN, a 10 o in-
cluso 100 pc, el gas es Opticamente grueso con muy bajas temperaturas. Solo los rayos-X
duros pueden penetrar esas regiones. Tales regiones tienen cantidades exorbitantes de polvo
que se ven reflejadas en espectros con emision en el infrarrojo y lineas en absorciéon debidas a

diferentes tipos de polvo como algunos silicatos e hidrocarburos aromaticos policiclicos.

1.3.4. Regiones de Brotes Violentos de Formacién Estelar.

Las regiones de brotes violentos de formacion estelar son conocidas en la literatura como
“Starburst”. Estas regiones son consideradas normalmente como un componente diferente en
los AGN. Radios tipicos de estas regiones pueden alcanzar varios Kpc y densidades de 10973
cm 3. En estas zonas de las galaxias, las estrellas pueden desarrollar vientos largamente

extendidos o envolventes como resultado de la interaccién de sus atmodsferas con el campo
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Clouds in
Broad-Line
Region (BLR)

Thin Hot Accretion Disk

Clouds in
Narrow-Line
Region {NLR)

Figura 1.1: Estructura del AGN. Tomada de www.astro.ufl.edu.

de radiacién externo. Estas estrellas son denominadas “bloated” (hinchadas o expandidas)
y muestran espectros tipicos de BLR y NLR segtn el radio al cual se observe la zona. Por
otra parte, tales vientos suelen tener grandes gradientes en densidad que, lo suficientemente
lejos de las estrellas puede observarse gas altamente ionizado. De esta manera, la presencia de
estas estrellas pueden cerrar la brecha entre varios componentes observados en los AGN con
diferentes densidades (2; 3).

Los rasgos tipicos espectrales de rayos-X en regiones de Starburst muestran lineas en
emision excitadas colisionalmente. En la Figura 1.2 se muestra el espectro en rayos-X de la

galaxia Starburst MS82.

Una zona de starburst lo suficientemente cercana a la fuente central puede tener un
parametro de ionizacién tan alto que puede cambiar el balance de ionizacién y presentar
espectros que pueden diferir de los que se presentan en regiones mas lejanas del campo de

radiacion.
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Figura 1.2: Comparacién entre los espectros en rayos-X para una tipica galaxia Starburst M82
y un galaxia AGN de tipo II (NGC1068) con nebulosidad extendida de rayos-X. Imdgenes de
archivo XMM-Newton.

1.3.5. El Disco de Acrecion.

El disco de acrecién central es un objeto de alta densidad y gran densidad columnar en el
gas entre 10-1000 r; el cual puede estar expuesto a la fuente del continuo ionizante. Uno de los
posibles escenarios involucra tres regiones como se muestran en la Figura 1.3. Dentro de los
primeros 1000 ry desde el centro, la presion de radiacién es mayor que la del gas, resultando
en un disco grueso y caliente. Lo anterior podria explicar el origen de la llamada gran joroba
azul vista asi en los espectros épticos. Hacia 10° r; (~1pc), es un disco delgado soportado por
presion de radiacion que se hace méas grueso conforme aumenta el radio. La superficie céncava
del disco exterior puede ser irradiada tanto por la fuente central como por la porcién de disco
interno resultando en flujos de material hacia al exterior de los discos. Finalmente maés alla de

10° r, el disco exterior puede romperse en numerosas nubes debido al colapso gravitacional.
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En estas condiciones, el espectro del continuo puede mostrar lineas de emisién y/o absor-
cion dependiendo de la geometria y la linea de visién. El disco mismo es considerado como
la fuente emisora de la parte éptica y ultravioleta pero debemos considerar que solo recibe
una proporcién de la radiacion principal. Algunos modelos consideran la posibilidad de que
la emision de rayos-X viene de una corona que se encuentra envolviendo el disco de acrecién.
Luego, al fotoionizar este medio con radiacion UV puede llevar a los fotones a alcanzar en-
ergias tan altas como para emitir en estas longitudes de onda mediante el proceso de efecto

Compton inverso (46).

Jer

Radiation from inner disk o

Black hole

Hot disk

Y

—— 10" R

- ~10° R,

Figura 1.3: Estructura del disco de acrecion (Carroll & Ostlie 1996, Modern Astrophysics.)

Dado que la geometria entre disco y fuente principal es desconocida, y que, ademads, la
viscosidad del disco depende de un pardmetro a muy incierto, el rango de parametros que

pueden aceptarse es grande. De aqui que se pueden visualizar dos escenarios:

1.- Para un estado en el cual se tienen pardametros que denotan baja ionizacién. Las rasgos
espectrales principales seran de lineas de elementos neutros con un fuerte continuo en rayos-X.
Las lineas mas fuertes seran debidas a Fel-XVII, alrededor de 6.4 Kev, por que la combinacién

de abundancia y fluorescencia es producida por tales iones.

2.- Por otro lado. Si se tiene parametros de alta ionizacién, la parte interior del disco
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estard ionizada y sera fuente de alta excitacién y ionizacion para lineas de rayos-X. Se predice
que las lineas mas probables en esta region serdn aquellas de transiciones resonantes. Ademas,
tales lineas se espera que estén ensanchadas por el campo gravitacional y por la velocidad

rotacional del gas, dado que estan lo suficientemente cerca del hoyo negro supermasivo.

1.4. Galaxias Seyfert.

Las galaxias Seyfert (nombradas asi por el astronomo que las descubrié Carl K. Seyfert en
1943), son galaxias en su mayoria espirales que presentan un nticleo tan brillante en apariencia
puntual que da origen a lineas espectrales en emisién de gas altamente ionizado. Estas galaxias
suelen ser los objetos mas cercanos y por ende los mejor estudiados con un ntcleo activo o
AGN como lo hemos venido llamando.

Las galaxias Seyfert se caracterizan basicamente por el ancho e intensidad de sus lineas
en emisién. Por ejemplo, las galaxias denominadas Seyfert de tipo 1, contienen es su espectro
optico lineas en emisién que incluyen tanto lineas permitidas como prohibidas. Las lineas per-
mitidas son anchas con velocidades de varios miles de kms™" en su FWHM. Entre las lineas
que se observan estan HI, Hel, Hell y Fell. Las lineas prohibidas son angostas con anchos
caracteristicos en su FWHM de apenas algunos cientos de kms™!. Aquf se encuentran entre
las lineas mas intensas [O III], [N IIJ, [S II], [O II] y [O I} por mencionar algunas (ver Figura
1.4).

T T T T T T T T | T T T T T T T T T

[Ne V] ada28 Seyfert 1 NGC 5548
10 1} 23727

|Fe VII] 13760 3495 (O 111 500 N 11] L6583
Hp ha8s1
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Hy 230 (O 111] 34363

HE 34101 [Fe VII| L6087
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Figura 1.4: El espectro dptico de la galaxia Seyfert 1 NGC1275. Cortesia de A. V. Filippenko.
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Para las galaxias nombradas como Seyfert tipo 2, ambos conjuntos de lineas (permitidas
y prohibidas) tienen anchos angostos de algunos cientos de kms™! en su FWHM (ver Figure
1.5).
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Figura 1.5: El espectro dptico tipico de una galaxia Seyfert 2. Imagen tomada del SDSS.

En general existen propiedades entre estos dos tipos de galaxias que son un poco diferentes
como por ejemplo la luminosidad en el 6ptico que tiende a ser més intensa en los objetos de
tipo 1. También existen estudios de en otras longitudes de onda donde las galaxias de tipo
1 presentan emisién de rayos-X duros mientras las de tipo 2 no (Elvis et al. 1978). Ambos
tipos presentan exceso de emisién en el infrarrojo (1-10pum) aunque las de tipo 2 presentan
una distribucién espectral de energia (SED del ingles Spectral Energy Distribution) més baja
en la zona de 0.1-1um. Lo cual, se interpreta como la absorcién por parte de el toro de polvo

en esas longitudes de onda.

1.5. La Secuencia de Lick.

Las diferencias encontradas entre las galaxias de tipo 1 y tipo 2 clasificadas asi por los
anchos de sus lineas en emision, pronto no fue suficiente. Algunas galaxias mostraban com-
ponentes anchas menos intensas o muy débiles y muchas de las veces solo algunas lineas

permitidas mostraban ensanchamiento. Entonces fue necesario hacer una clasificacién mas
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Figura 1.6: Compilacion de SED para AGN de tipo 1 y 2 respectivamente (Alonso-Herrero
et al. 2003).

fina a manera de poder incluir estas nuevas galaxias con propiedades distintas. La secuencia
de Lick (nombrada asi por haber sido propuesto por astrénomos del observatorio del mismo
nombre) toma en cuenta tipo intermedios de galaxias en las que se observan lineas permitidas
en emisién que presentan un doble perfil (ancho y angosto). La clasificacién se muestra a

continuacion.

¢ Las galaxias Seyfert 1 son aquellas en las cuales todas sus lineas permitidas muestran

ensanchamientos de varios miles de kms™!.

¢ Las galaxias Seyfert 1.5 son aquellas donde se puede apreciar en sus lineas permitidas

el perfil doble de componentes anchas y angostas.

¢ Las galaxias Seyfert 1.8 las componentes anchas en las lineas permitidas Ha y HS se

muestran debilitadas o tenues comparadas con sus componentes delgadas.

¢ Las galaxias Seyfert 1.9 muestran solo una componente ancha muy tenue en He, y en

Hp ya no se distingue.

Algunos autores por ejemplo Winkler (1992), han aprovechado esta perspectiva para de-
sarrollar una clasificaciéon cuantitativa de acuerdo a los cocientes de linea de las galaxias
Seyfert. En este trabajo seguimos esta clasificacién para nombrar nuestros propios objetos.
Esta clasificacién se determina de la siguiente manera:

Winkler maneja un término R para denotar el tipo de galaxia Seyfert. El termino R se

define a continuacion:
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_ F(Hp)
~ F([OIITIA5007A)

(1.11)

Esto es, el cociente de los flujos de HS y [O III] y se puede resumir como sigue:
R < 5 Galaxia Seyfert 1.

2 < R < 5 Galaxia Seyfert 1.2

0.33 < R < 2 Galaxia Seyfert 1.5

R < 0.33 Galaxia Seyfert 1.8 (Componentes anchos débiles)

Galaxia Seyfert 1.9 (Componente ancho visible en Ha pero no en Hf)

Galaxia Seyfert 2 (Componentes anchos no visibles)

Como podemos intuir, tal parece que estos objetos vienen de un mismo proceso mediante
el cual, la velocidad y luminosidad desciende conforme llegamos a galaxias con menores ve-
locidades en sus FWHM. Tal pareciese que forman una secuencia (Osterbrock 1984). Algunos
autores han considerado la posibilidad de que la cantidad de gas en la BLR sea la culpable
(Osterbrock 1978). De esta manera si la BLR tiene grandes cantidades de gas, la emisién de
lineas permitidas serian de tipo ancho, lo que darfa lugar a una galaxia AGN de tipo 1, luego,
conforme vaya disminuyendo la cantidad de gas aparecerian los tipos intermedios y si la BLR

no tiene gas, entonces no hay lineas anchas y el resultado es el de una galaxia AGN de tipo 2.

1.6. LINERs.

Los LINERs (acrénimo del ingles Low Ionization Nuclear Emision) son regiones nucleares
de las galaxias que presentan lineas en emisién de baja ionizacién a luminosidades menores
comparadas con las galaxias Seyfert. Estos objetos fueron definidos por primera vez por Heck-
man (1980) y presentan anchos tipicos en sus lineas de entre 200-400 kms~!, menores que en

las galaxias Seyfert y comparables con las velocidades rotacionales de las estrellas en los
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nicleos de las galaxias. Aunque hoy en dia se reconoce que también existen lineas anchas
permitidas y por ende se les clasifica como LINER de tipo 1 y de tipo 2, en analogia con la
clasificacion de galaxias Seyfert.

Los LINERs estan considerados como los nticleos activos de galaxias de baja luminosidad
pero al mismo tiempo son los mas comunes en el Universo conocido. Al menos un 30 % de las
galaxias espirales muestran este fenémeno y la fraccién puede ser incluso mayor considerando
galaxias elipticas.

El nivel de baja ionizacién que presentan los LINERs en sus lineas se ha propuesto con
respecto a la emision de galaxias Seyfert y se define de forma cuantitativa mediante dos condi-

ciones para los cocientes de intensidad de lineas:

1.- [0 IA3727A>[O TIT]A5007A
2.- [0 IJA6300A>0.33[O TIIJA5007A

El cociente tipico [O I[JA3727A /[O TIT]A5007Apara los LINERs es de alrededor de 1, mien-
tras que para las galaxias Seyfert 1 es ~0.5. La linea de [O IJ]A6300A es fuerte en estos objetos

mientras las lineas de alta ionizacién como [Ne V] y [Fe VII] no son observadas (ver Figura
1.7).
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Figura 1.7: Espectro LINER de la regién central de NGC7213 (Filippenko y Halpern 1986).

Entre los LINERs el cociente de lineas [N ITJA6583A/Ha es alto (>0.6) y puesto que
estas lineas yacen en una region muy accesible del espectro 6ptico, ademaés de que son muy

cercanas en longitud de onda, algunos autores han utilizado unicamente este cociente para
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identificar LINERs. La utilizacién de diferentes cocientes para definir LINERs han conducido

a inconsistencias por que no todos los objetos cumplen con la definicién estricta de Heckman.

Hoy en dia, muchos investigadores estan convencidos de que los objetos tipo LINER rep-
resentan el extremo de baja luminosidad de los AGN. Existe evidencia contundente de que
muchos LINER albergan una fuente de radiacién no térmica (es decir, una fuerte emisién de
continuo dominado por una ley de potencias y no por una emisién de cuerpo negro como
sucede en los procesos térmicos) como las observaciones de rayos-X. El problema con los LIN-
ERs es que representan (debido a sus lineas de baja ionizacién y luminosidad) la frontera entre
galaxias AGN y galaxias con gran formacién estelar en sus ntcleos. Como se puede apreciar
en la Figura 1.8, los espectros de LINER y galaxia “normal” son muy semejantes excepto por

una sutil diferencia entre las intensidades de algunas lineas.

RA=194.44870, DEC=36.37071, MJD=53848, Plate=2031, Fiber=514 RA=243.54828, DEC= 6.15103, MID=53884, Plake=1731, Fiber=181
T T T T T T T T T T g T T A
Hoi Hy Ol onm 1 L HSI II IHH G Hg Mg ! Na | NS all
H.H G Mg Nat LRSI all o Has\ I H ol i NG all |

100
T

7 Hs i : Sk o i
Helsll H_’ o i L i all Hgh: Hy Gl ol i %W%m alk

60
T

N (1077 erg em™2 57" 47]
40
T
|

Fy [107" erg em™2 571 &71]
50
T

e 2= 0.0151 /= 0.0002 (}.00), Galaxy—

; : | N = 003934/ = 00002 (|00 Galaxy |

i L L
4000 5000 6000 7000 8000 9000 4000 5000 6000 7000 8000 9000

Wavelength [4] Wavelength [£]

Figura 1.8: Comparacién entre un espectro LINER (izquierda) y una galaxia "nor-
mal” (derecha). Imagenes de tomadas de SDSS, A en A.

Esto ha llevado a que algunos LINERs se puedan explicar por grandes choques de material
ionizado en los centros de las galaxias ( Fosbury et al, 1978, Dultzin-Hacyan & Ruano 1996,
Veilleux et al. 1999). Otros autores creen que pueden ser el resultado de fotoionizacién por
fuentes térmicas (Filippenko & Terlevich 1992, Binette 1994, Cid fernandez 2011 etc.) en el
entendido de que una poblacién estelar muy grande de estrellas post-AGB en el centro de las
galaxias pueden llevar a ionizar lo suficientemente como para alcanzar la intensidad de los

cocientes de lineas requeridos y clasificarlos como LINERs.
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1.7. El Modelo Unificado para los AGN.

Como se puede apreciar en la Tabla 1.1, los diferentes tipos de AGN comparten ciertas
caracteristicas por lo que los procesos fisicos que se invocan para explicar los AGN pueden
conjuntarse y explicar este fenémeno como un proceso evolutivo en las galaxias. De esta
manera la forma de ver los ntcleos activos resulta en diversas manifestaciones de los mismos
procesos fisicos que se diferencia en si por el momento, distancia, luminosidad, orientacién y
medio ambiente en el que los observamos.

Al dia de hoy, se sabe de muchos objetos en los que la clasificacién sugerida ha cambiado
con el paso del tiempo. Esto pone de manifiesto el cardcter evolutivo o al menos cambiante
en los objetos con ntcleo activo. Precisamente en este trabajo hemos encontrado ejemplos de
galaxias que no pueden ser clasificadas como en la literatura astronémica dadas sus nuevas
propiedades en observaciones recientes.

Algunos autores han considerado la posibilidad de que los AGN sean un mismo objeto
visto desde diferentes lineas de visién. Observaciones espectro-polarimétricas han descubierto
que algunas galaxias Seyfert tipo 2 muestran ensanchamiento de lineas con las que se clasif-
ican las Seyfert de tipo 1. Antonucci & Miller en 1985, observaron lineas anchas de Balmer
y Fe II en una galaxia clasificada Seyfert tipo 2 en luz polarizada. Como solo en luz polar-
izada las lineas permitidas se ensanchaban, la dispersién de la luz parecia ser un ingrediente
fundamental para ello, luego entonces esta dispersién podria mostrar la BLR de las galaxias.
Al comparar los vectores de polarizacién con los angulos posicionales de la estructura nuclear
en radio frecuencias, Antonucci en 1993, encontré que la polarizacién tiende a ser paralela en
los nicleos de tipo 1 y perpendicular en los de tipo 2. Este hecho sugiere en si mismo que las
galaxias AGN de tipo 2 tienen también una BLR que solo de puede ver en luz polarizada y
las galaxias Seyfert tipo 1 y tipo 2 son en realidad una misma, vista con diferente orientacién

(ver Figura 1.9 ). Las consideraciones sobre la linea de visién son dos:

1.- Si se observa el niicleo activo paralelamente al eje del toro en direccion perpendicular
al disco de acrecién de la galaxia. Entonces se podra observar directamente la regién de lineas

anchas de la galaxia y por ende se clasificarda como un objeto de tipo 1.

2.- Si por el contrario, la linea de visién con que se observa la galaxia esta perpendicular
al eje del toro o paralelo al disco de acrecion, el toro de polvo del AGN no permitird ver la
regién donde se ensanchan las lineas (BLR) y solo se observan lineas angostas dando como

resultado la clasificacién de una galaxia de tipo 2.

El Modelo Unificado explica entonces el porque de las lineas anchas y angostas mediante
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Figura 1.9: Esquema del Modelo Unificado. (a) Para las galaxias radio calladas y (b) para
las galaxias radio ruidosas.

la orientacién de nuestra linea de visién hacia el nucleo de la galaxia. El problema vino cuando
mediante muchas més observaciones espectro-polarimétricas no todas las galaxias de tipo 2
mostraban lineas anchas (Ver trabajos de Barth, Filippenko & Moran 1999 a, b y Tran 2003a,
b). Esto aunado a que las galaxias huésped presentan diferentes funciones de luminosidad y
la emisién de rayos-X duros solo en las galaxias Seyfert 1 ponen en duda la capacidad del

modelo.

Otros estudios de AGN en cuanto a su medio circundante pone de manifiesto que las
galaxias de tipo 2 estan frecuentemente mas acompanadas por otras galaxias que las de tipo 1
(Dultzin-Hacyan et al. 1999; Krongold et al. 2001, 2002) lo que pareceria no estar de acuerdo

con el modelo unificado. Mas aun, este modelo tampoco explica la ausencia casi total de
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galaxias con lineas anchas en grupos compactos de galaxias (Martinez et al. 2010), de galaxias

pares y aisladas (Hernandez-Ibarra et al. 2011,2013).



Capitulo 2

Detonantes Internos y Externos de

los AGN

La busqueda de una esquema coherente para explicar la actividad nuclear ha sido muy
fructifera en las ultimas décadas. Por mucho tiempo, la idea de que la acrecién de material
en un objeto supermasivo u hoyo negro supermasivo (SMBH > 105 M) puede subministrar
el material para que la actividad nuclear se lleve a cabo se ha venido consolidando. En los
dltimos anos, las evidencias dindmicas sugieren que en la inmensa mayoria de las galaxias
alberga un SMBH. El reto ahora es explicar como es alimentado el SMBH y como evoluciona,
ademads de dilucidar la relacién del hoyo negro con su galaxia anfitriona en los contextos local

y cosmolégico.

Los estudios sobre los nicleos activos de galaxias se han diversificado para entender mejor
este fenémeno. Los posibles detonantes de esta actividad se han dividido en internos y exter-
nos. Los internos se refieren a propiedades intrinsecas de las galaxias anfitrionas como pueden
ser tipo morfolégico, color, potenciales no-axisimétricos etc. Los externos son considerados
como el entorno intergaldctico entre galaxias y sus interacciones. La conexién entre estos dos
factores resulta de vital importancia para entender el proceso evolutivo de las galaxias y por

ende el del Universo mismo.

2.1. La Correlacion SMBH-Bulbo.

Las observaciones de gas en alta resolucién de la dindmica estelar (Kormendy & Richstone
et al. 1995) y observaciones del telescopio espacial Hubble (Harms et al. 1994;Ferrarese et al.
1996; van der Marel & van den Bosch 1998; Ferrarese & Ford 99; Gebhardt et al. 2000) han

26
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provisto evidencia de que algunas decenas de galaxias albergan en su nicleo lo que parece ser
un SMBH. Las mediciones mas confiables de la dindmica son las que logran resolver el radio
de influencia Ry_p;, dentro del cual la fuerza gravitacional del SMBH supera las de estrellas

cercanas con dispersiéon de velocidad o a saber de,

GMbh Mbh o -2
Ly = 2 119 ( ) 2.1
Rg-wn = =23 pe <108M@ 200kms—1 2.1)

Sin embargo, las escalas que estos radios representan estan todavia muy por arriba del
radio de Schwarzschild (10°~¢ R,_;) dado por:

2G My, _ My,
R, = T = 5 x 10 4pc <108M@ (2.2)

Aunque la mayoria de las galaxias donde se ha podido medir estos radios ha sido en galaxias
elipticas y algunas espirales (tipo Sa-Sbc). El hacer este tipo de mediciones en galaxias de tipo
tardio y enanas representa un reto y no existen mediciones confiables para masas de hoyos

negros menores que 106 M.
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Figura 2.1: Izquierda: Masa del hoyo negro vs luminosidad del bulbo. Derecha: Correlacion
entre SMBH-o. Los cuadros denotan galaxias con detecciéon de maseres, triangulos con cin-
ematica de gas y circulos con cinemadtica estelar. Las lineas solida y punteada son los mejores
ajustes (tomado de Gebhardt et al. 2000).
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2.2. Abasteciendo El AGN y El Starbusrt.

2.2.1. Tasas de Acrecion.

Para los disco de acrecién en hoyos negros con una eficiencia de conversion e entre materia

y energia, la luminosidad bolométrica radiada L, esta relacionada con la tasa de acrecién
(Mp,)-

. L o
My, = 0.15Moyr—" (0—61) (%) (2.3)

En la Tabla 2.1 se presentan luminosidades bolométricas y tasas de acrecién para ciertos
cudsares y AGN cercanas. El intervalo completo en Ly, para galaxias Seyferts y LINER fue
tomado de Ho, Filippenko y Sargent 1997a, b, mientras que para los cudsares fueron tomados
como en la literatura; b. La My, (columna 4) tipica es derivada de los valores de la columna

3 suponiendo una eficiencia radiativa de ¢ ~ 0.1.

Lya® Typical Ly Typical 2
Type of AGN (ergs s™1) (ergs s™1) (Mg yr™1)
(1) (2) (3) (4)
QSOs 1030 10¥-10%8 10-100
Seyferts 10210 [ g 103102
LINERs 10771055 10°*-10% 10=><102

Tabla 2.1: My, y Ly tipicos de cudsares y AGN cercanos.

2.2.2. El Problema del Momento Angular.

El problema més importante en suministrar material al hoyo negro es el momento angular
del material mas que el material en si. El momento angular especifico del material en la tltima
orbita estable antes de caer al hoyo negro es 1024 Mgem?s~! donde Mg = 108 M. En contraste,
a un radio de 200 pc del hoyo negro el momento angular es ~ 1000 veces mayor que en la
zona de la ultima orbita estable. Debido a ello, encontrar los mecanismos que puedan reducir
el momento angular en un 99.99 % resulta primordial en la investigacién de los AGN.

Los mecanismos regularmente requeridos para remover el momento angular y llevar el ma-

terial a escalas menores para abastecer ya sea un Starburst u hoyo negro suelen ser: torques
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gravitacionales, friccién dindmica, torques hidrodindmicos (choques) por mencionar algunos.
Estos diferentes procesos en las galaxias suponen una importancia relativa conforme nos en-
contremos a diferentes distancias del centro galactico y en diferentes medios intergalacticos
como fusiones, pares, grupos o galaxias aisladas.

Los torques gravitacionales operan a tiempos de escala (t4.q,) comparables a los tiempos
orbitales y proveen asi, el modo mds eficiente de reducir el momento angular a lo largo de
escalas intermedias (de varios Kpc a cientos de pc). Esto se puede mostrar comparando tgqq
con los tiempos de escala para la friccién dindmica 4 y torques viscosos t,;s para una masa M
(Tabla 2.2). La friccién dindmica de una nube con masa M y velocidad v a un radio R operan
en tiempos de escala < (R? v/M In A), donde In A es el logaritmo de Coulomb (Binney &
tremaine 1987). De esta manera, una nube de gas con 107 M, a un Kpc de radio del centro
de una galaxia espiral, tendra un ¢4 un orden de magnitud mayor que t4.,. Sin embargo, para
cumulos masivos de gas a radios cercanos, la friccion dinamica se torna importante: podria lle-

var una nube de 108 M, de un radio de 200 pc a ~10 pc en pocas decenas de millones de afios.

R (pc) M (Mg) tera (Myr) tar (Myr) tvise (Myr)

(1) (2) 3) (4) (5)
1000 le7 20 1020 1000
200 le7 4 60 -

Tabla 2.2: Escalas de tiempo para torques gravitacionales, friccién dindmica y torques vis-
COS0S.

En una galaxia aislada, los torques gravitacionales son necesariamente provocados por
potenciales no-axisimétricos como barras a diferentes escalas. Mientras barras de gran escala
(de kpc de didmetro) pueden llevar material del disco exterior a un radio de un kpe, para
después apilarse alrededor de unos cientos de pc debido a la resonancia interior de Lindblad. De
aqui, la friccién dindmica puede llevar ese material hacia el centro de la galaxia a unos cuantos
decenas de pc. Finalmente, procesos como el feedback, explosiones de supernova y barras
nucleares pueden remover energia y momento angular de una fraccién del gas circundante.
En escalas de decenas de pc, los torques de marea provocados por el hoyo negro en si, pueden
disolver camulos de gas y estrellas llevandolos hacia el disco de acreciéon. Subsecuentemente,
ya en escalas de pc o sub-pc, los torques viscosos y flujos hidromagnéticos en el AGN pueden
ser importantes para que el material caiga al disco de acreciéon del SMBH.

Las simulaciones sugieren que el ritmo al cual se llevan a cabo estos procesos depende de la
historia de acrecién que hayan tenido las galaxias. En galaxias con fusiones mayores (razones

de masa 1:1) los tiempos de coalescencia son de ~ 1 Gaflo e incluso menores. Esto perturba el
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sistema de tal modo que se detona un periodo de relajacién violenta donde el gas experimenta
fuertes y variantes torques gravitacionales, perdiendo grandes cantidades de momento angular
y llevando material hacia el hoyo negro a una tasa > 1 Mg, afio~! en tiempos realmente cor-
tos. Por otro lado, si las razones de masa entre las fusiones de galaxias son menores (razones
de ~ 1:20) los tiempos de coalescencia son de entre 3 y 5 Ganos, dejando asi a los torques
gravitacionales, friccién dindmica y torques viscosos como los posibles responsables de llevar

material hacia el nicleo galactico.

2.2.3. La Conexidon Starbusrt-AGN

En los ultimos anos en la literatura astrondmica, se ha diferenciado entre los fenémenos
de Starbusrt y AGN. El primero tiene origen en una detonacién de formacién estelar muy
probablemente debido a un tipo de fusién entre galaxias o a alguna perturbaciéon de tamano
considerable dentro del nicleo galactico. El segundo se cree que la radiacién emitida es el
resultado de procesos en un disco de acrecion alrededor de un hoyo negro supermasivo. Sin
embargo, los dos fendmenos presentan caracteristicas similares, ya que ambos procesos son ca-
paces de producir emisién de rayos-X térmicos, radiacion ionizante, emision infrarroja, emisién
no térmica en radio y demas. Por lo tanto, es muy probable que estos dos procesos estén rela-
cionados e incluso en muchos de los casos se puedan confundir.

Uno de los problemas méas emblematicos tratando de discernir entre un proceso y otro
se presenta en las galaxias AGN de baja luminosidad llamados LINER. Algunos autores han
mostrado que un buen ntimero de estrellas POST-AGB pueden ionizar el medio circumnuclear
al grado de obtener cocientes de lineas que califican para una clasificacién de LINER. Esto,
aunado al hecho de que muchos LINER se encuentran en galaxias de tipo eliptico y presentan
una poblacion de estrellas muy evolucionadas. lo anterior ha llevado a considerar lo que ahora
llaman falsos AGN (ver cid Fernandes et al. 2011). A pesar de ello, muchos autores consideran
que son procesos muy diferentes y que el fenémeno del Starbusrt no puede explicar (fuera de
los AGN de baja luminosidad) la actividad nuclear en AGN como Seyfert, radio galaxias y
la familia de cuasares. Por otra parte, hay autores que consideran que algunos de los LINER
si son AGN por que comparten caracteristicas més propias de los nicleos activos que de las
galaxias con un Starbusrt.

Una cosa segura es que, ain si la actividad nuclear no es el resultado directo de un pro-
ceso de Starbusrt o de brotes estelares intensos, estos pueden contribuir a que se desencadene
una AGN. De hecho, la actividad nuclear puede ser el resultado de este proceso en diferentes

magnitudes para los diferentes tipos de AGN. Si regiones de formacioén estelar intensa en el
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centro de las galaxias pueden llegar a mover material hacia los centros galacticos y con ello

alcanzar el disco de acrecién, seria una forma de alimentar el hoyo negro supermasivo.

2.2.4. Actividad Nuclear Inducida por Interaccion Entre Galax-

ias.

A fines de los anos 80 y 90’s. Se habia establecido una correlacién estadisticamente sig-
nificativa entre fuertes interacciones galdcticas y el fenémeno de AGN. Esta correlacién se
reporté solo para sistemas con alta tasa de acrecién (> 10 Mg afio™!) tales como cuasares
muy luminosos, galaxias radio-ruidosas (Hutchings 1987; Yates et al. 1989;Disney et al. 1995;
Bahcall et al. 1997 y Kirhakos et al. 1999). Otros trabajos muestran que la actividad nuclear
se ve inducida por interacciones de marea entre galaxias (Herndndez-Toledo 2000, Ellison et
al. 2010,2011).

Para galaxias Seyfert, LINER e incluso algunos cuasares de moderada luminosidad, la
correlacion mencionada antes no esta presente. Esto simplemente puede deberse a que en
estos objetos las tasas de acrecién son mucho menores que en los cuasares més luminosos.
Una M de baja intensidad (1072-1073) puede estarse llevando a cabo por procesos menos

energéticos en el gas circumnuclear.

Se conoce que un hoyo negro puede consumir entre 1y 10 Mg, por ano. Dado esto, entonces
los tiempos en que un hoyo negro puede estar acretando material estarian dados en funcién de
la cantidad de gas que llegue a consumir. En este sentido, la masa requerida para alimentar el
hoyo negro es muy pequena comparada con la masa del gas presente en el medio interestelar
cercano al centro. Asi, el problema se reduce bésicamente a explicar como llega la materia

hasta el hoyo negro para ser acretada.

Como hemos mencionado anteriormente, se requiere de varios mecanismos a diferentes
escalas para llevar materia hasta el hoyo negro. El reto es llegar hasta aproximadamente 100
veces el radio de Schwarzschild (~ 0.001 pc). Para lograr lo anterior, es necesario remover casi
en su totalidad el momento angular del gas y es posible que un mecanismo como una colisién
entre galaxias de masas similares pueda conseguirlo debido a las violentas fuerzas de marea,
torcas gravitacionales y friccién dindamica que son capaces de remover el momento angular a

diferentes escalas de la galaxia.
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2.2.5. Tipos de Interaccion Galactica

Dado que en las interacciones entre galaxias existen muchos pardmetros (masas de las
galaxias, velocidad, direccién, parametro de impacto, spin, tipo morfolégico, etc) que tenemos
que tomar en cuenta para cuantificar el grado de interaccién. Con el afan de clasificar estas
interacciones de manera que no resulte subjetiva, Dultzin-Hacyan (1997) propuso una clasifi-
cacién de las interacciones en tres tipos principales con base en la distancia entre galaxias y

la perturbacion que se produce en el encuentro.

1.- Interacciones Débiles. Se refiere a galaxias que se encuentran en pares fisicos que
solo llegan a experimentar fuerzas de marea gravitacionales entre ellas. Las fuerzas de marea
pueden llegar a ser importantes al grado de inducir actividad nuclear sobre todo en los sis-

temas pares que se componen de una galaxia eliptica y una espiral con mucho gas.

2.- Interacciones Fuertes. Se presenta cuando hay un colisién directa entre las galax-
ias pero no quedan ligadas, solo existe un traslape y siguen su camino. En esta interaccién
se producen distorsiones dramaticas en la morfologia de ambas galaxias y pueden producir

anillos galacticos.

3.- Fusién Galactica. Este tipo de interaccién es completa. Las galaxias terminan por
fusionarse y llegar a la coalescencia. Este es el fendmeno maés dréstico entre las interacciones y
da como resultado una galaxia eliptica altamente perturbada independientemente de la mor-

fologia que hayan tenido las galaxias anteriormente (si son galaxias de masas comparables).



Capitulo 3

Nuclear Activity In Isolated

Galaxies

En este articulo, presentamos un estudio espectroscépico sobre la incidencia de la actividad
nuclear especificamente en dos muestras de galaxias aisladas. En total, tomamos 513 espectros
disponibles en SDSS (DR7) para estas muestras. Analizamos 413 espectros del catdlogo de
galaxias aisladas de Karachentseva (CIG) y 100 de la muestra de galaxias espirales aisladas de
Varela. En estas muestras, hicimos un anélisis de la clasificacién morfolégica para corroborar
e incluso corregir aquellas galaxias que presentan errores en su clasificacién.

Hemos puesto especial cuidado a la hora de sustraer la contribucién espectral de las estrel-
las de fondo y medir las lineas en emisiéon. Con la medicién de lineas construimos diagramas
BPT que nos permiten discernir entre galaxias con o sin actividad nuclear y el tipo de la
misma. En este trabajo se ha considerado a las llamadas galaxias compuestas o en transicién
como galaxias con nucleo activo o actividad AGN.

Por primera vez se cuenta con una muestra de galaxias aisladas que presenta un nimero
estadisticamente significativo en todos los tipos morfolégicos. La incidencia de actividad nu-
clear en las muestras llega a ser del 43% 4+ 5% y 41% + 5% para galaxias con lineas de
emisién. Ademas, esta incidencia es mayor en galaxias del tipo temprano en comparacion con
las galaxias espirales de tipo tardio.

Al considerar galaxias que no presentan lineas en emisién en las muestras notamos que,
la incidencia AGN decrece en los tipos tempranos y puede equipararse con la incidencia en
galaxias Sa y Sb. Este tltimo resultado se pudo obtener dado la mayor cantidad de galaxias
de tipo temprano en una de las muestras comparada con otras muestras de galaxias aisladas.

Otro resultado importante es la ausencia tan marcada (< 3% + 2%) de la actividad
nuclear de tipo 1 de entre 175 AGN. Esta ausencia no favorece la explicacién mediante la

orientacién y oscurecimiento (modelo unificado) de los tipos 1 y 2 de AGN.
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Dada la alta incidencia de AGN en galaxias aisladas, interpretamos este resultado me-
diante la existencia de una evolucién secular que considera incluso fusiones menores entre

galaxias.

Articulo aceptado en la revista Monthly Notices of the Royal Astronomical Society. Junio

0, 2018.
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ABSTRACT

We present a spectroscopic study of the incidence of AGN nuclear activity in two
samples of isolated galaxies (Karachentseva, V.E. & Varela, J.). Our results show that
the incidence of non-thermal nuclear activity is about 43% and 31% for galaxies with
emission lines and for the total sample 40% and 27% respectively. For the first time
we have a large number of bona-fide isolated galaxies (513 objects), with statistically
significant number of all morphological types. A large fraction (~70%) of elliptical
galaxies or early type spirals have an active galactic nucleus and ~70% of them are
LINERs. We find a larger fraction of AGN in early morphological types, as also found
in the general population of galaxies. Only 3% of the AGN show the presence of broad
lines (not a single one can be classified as type 1 AGN). This is an important result
which is at odds with the unified model even if we consider warped or clumpy tori.
Finally, we interpret the large fraction of AGN in isolated galaxies as the result of

secular accretion.

Key words: galaxies: active - galaxies: evolution - galaxies: interactions

1 INTRODUCTION

Along the last 25 years, many authors have studied the AGN
environment (Stauffer 1982a,b; Dahari 1984, 1985; Kenni-
cutt & Keel 1984; de Mello et al. 1995, 1996; Laurikainen &
Salo 1995; Dultzin-Hacyan et al. 1999; Krongold et al. 2001,
2002; Schmitt 2001; Sorrentino et al. 2006; Koulouridis et al.
2006a,b; Marquez & Masegosa 2008). The incidence of nu-
clear activity in galaxies and their environment has become
a topic of debate because there are different mechanisms
that can possibly trigger nuclear activity depending on the
galaxy’s environment. Interactions between galaxies are well
known to produce enhancement in star formation in galax-
ies (Lonsdale et al. 1984; Kennicutt et al. 1987; Keel 1993;
Krongold et al. 2002; Barton et al. 2000; Woods & Geller
2007; Lin et al. 2007). Others authors also have evidence
for a connection between circumnuclear starburst and AGN
(Storchi-Bergmann 2008, and references therein). There are
also suggestions for a connection between interactions and
nuclear no-thermal activity specifically of type 2 (Dultzin-
Hacyan et al. 1999; Krongold et al. 2001). Other studies have
dealt with the AGN population of compact groups (Martinez
et al. 2010) as well as in larger groups like clusters of galax-
ies (Ruderman & Ebeling 2005; von der Linden et al. 2010;
Pimbblet & Jensen 2012; Pimbblet et al. 2013). The gen-

* E-mail:hibarra@astro.unam.mx
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eral results of these studies show a tendency for AGN to be
hosted in massive galaxies, and towards the center of the
clusters.

In this paper we study the incidence of activity in iso-
lated galaxies. In a forthcoming paper (Herndndez-Ibarra et
al. in preparation 2013) we will present the results of a
survey of AGN in paired galaxies of similar mass.

It is important to study galaxies in a restricted envi-
ronment in order to elucidate what mechanisms could be
determinant to trigger AGN activity. Isolated galaxies can
be defined as those systems that are formed in low galactic
density environments, but that evolved without major in-
teractions with other galaxies of similar mass over the last
3 Gyr. In this context, any non-axisymmetric structures in
these galaxies such as bars, tails, plumes or stripping mate-
rial must be the result of secular evolution.

The study of truly isolated galaxies is thus fundamental
to benchmark the role of interactions in nuclear activity.
Studies of field galaxies (e.g. Ho et al. 1997) cannot provide
this information as these samples may include galaxies that
have undergone or are undergoing an interaction.

This is the first paper of a series involving a self con-
sistent and homogeneous way to study nuclear activity in
galaxies in different environments. In the present work, we
study the incidence of nuclear activity in two samples of
bona-fide isolated galaxies using an efficient way to extract
the stellar contribution (host spectrum). The purpose of this
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work is to have a well defined sample of isolated galaxies with
optical spectroscopic characteristics that allow us to clas-
sify them according to their type of activity. Studying the
incidence of the nuclear activity in isolated galaxies alone
is of great value to establish if AGN is a common and/or
persistent phenomenon even when strong tidal external per-
turbations have not been present during the last few Gyr
of galaxy evolution. This would indicate that AGN activity
can be triggered by secular evolution processes in galaxies.
Our results on this sample will be further used as a bench-
mark to compare the incidence of activity in a sample of
isolated pairs of galaxies (Herndndez-Ibarra et al. in prepa-
ration 2013).

This paper is organized as follows. In §2 we describe our
samples. In §3 we present the data analysis and classifica-
tion. Results are given in §4 and §5 contains the discussion
about the possible mechanisms for developing an AGN in
isolated galaxies.

2 CHARACTERISTICS OF THE SAMPLES

As stated above the so called “field galaxies” cannot be used
as a proper sample in the study of the properties of truly iso-
lated galaxies. Therefore in this study we used two samples
of rigorously defined isolated galaxies: The photometric cat-
alogue of isolated galaxies (CIG) by Karachentseva (1973)
and the northern isolated disk galaxies compiled by Varela
et al. (2004).

We take all available spectra from DR7 of SDSS
(Abazajian et al. 2009) for the two samples. The spectra
have a wavelength coverage from 3800-9200A with a
resolution power of 1800-2200 and a signal-noise (S/N) >4
per pixel at g=20.2. The SDSS spectra were taken through
a fiber aperture of 3 arcsec in diameter (corresponding to
700 pc radius in average for our samples). This means only
that central regions of the galaxies were observed. All the
objects in both samples have magnitudes in r < 17.77.
Thus, according to SDSS spectroscopic limit (r = 17.77),
both samples are complete.

The (CIG) catalogue contains 1051 galaxies. It is one
of the best sources of isolated objects. The isolation crite-
ria are still used as the basis for new catalogues of isolated
galaxies (e.g. Verdes-Montenegro et al. (2005); Karachent-
seva et al. (2010); Herndndez-Toledo et al. (2010); Coziol
et al. (2011); Karachentsev et al. (2011)). These isolation
criteria guarantee that the galaxies have not experienced a
major merger/interaction over the last 3 Gyr.

The catalogue was based on a visual search of northern-
sky galaxies (§ > -3°) with a magnitude limit of mz,, < 15.7
and a range in z from ~ 0.01 to 0.05. Only objects which
have high galactic latitude are considered in order to avoid
galactic extinction' This sample, is reasonably complete (~
90%) in the magnitude range 13.5< mz.,, <15.7 (Herndndez
Toledo et al. 1999). In this catalogue a galaxy is considered
to be isolated when it does not have a neighbor of similar
size (diameter > 7 of the target galaxy) within 20 diameters.

1 We know that our results are insensitive to reddening because
we use line emission ratios which cancel this effect.

This corresponds to a magnitude difference ~ 3 (excluding
any possible AGN luminosity contamination). Considering
a “field” velocity of 150 km/s for a galaxy with diameter
of 25 kpc, it would require ~ 3 Gigayears for a companion
galaxy to abandon the area enclosed in the 20 diameters of
isolation criterion. A similar time would be required to erase
morphological perturbations due to a merger. This means
that these galaxies have been unperturbed on average by at
least that time.

The second sample we examined is that of northern iso-
lated disk galaxies compiled by Varela et al. (2004) wich
originally contains 203 disk galaxies. This sample considers
different criteria for isolation. In particular, it is based on
the logarithmic ratio f, between inner and tidal forces act-
ing upon the candidate galaxy by a possible perturber (see
Varela et al. 2004, equation 3). Only galaxies with low f ra-
tio (f < -4.5) are considered as isolated because they do not
show signatures of any perturbation. They estimated that
the objects in their sample have not been affected by other
galaxies during the last 2 Gyr. It is important to consider
another sample obtained with different criteria in order to
assess the reliability of our results.

We analyzed 413 spectra for the CIG catalogue and 100
for Varela’s sample from SDSS DR7. After a meticulous in-
spection of the SLOAN images, we excluded those spectra
which: 1) Do not have the optic fiber in the center of the
galaxy (KIG 479 and KIG 237) or incomplete spectra like in
KIG 702 and KIG 479, 2) Are Blue Compact/H II Galax-
ies (6 galaxies in Varela’s sample, 1 in CIG), 3) Galaxies
showing traces of interaction (tidal tails etc) or present a
companion namely: KIG 349, KIG 439, KIG 468, KIG 634
and KIG 687 (Sulentic et al. 2006; Verley et al. 2007) and
4) Galaxies that did not achieve 3 o detection in all their
line intensities (37 galaxies of CIG sample).

A visual inspection was performed for all galaxies to
confirm the morphological classification according to NED,
SIMBAB and HYPERLEDA. In those few cases where an
obvious misclassification was present, the morphology was
corrected by us. In addition we found that PGC 33255 could
be part of a pair and excluded this galaxy of the sample.
Strangely enough, we found two elliptical galaxies with a
very blue compact core: PGC29177 and PGC43121 that
show typical HII region spectra, and were also excluded from
our analysis. With this into account, our spectroscopic sam-
ple from CIG consists of 367 galaxies while the spectroscopic
sample from Varela consists of 93. Out of these galaxies 18
and 10 respectively do not present emission lines. In Table
1 we show the general statistics for both samples.

We were careful to distinguish between intrinsic no
emission and a problem of detectability related to low S/N.
For this purpose we set a threshold of 10%® erg s™! in Ha lu-
minosity. The galaxies below this threshold are the true no-
emission objects with a probability of being an AGN of less
than 2% and 4% for the CIG and Varela’s samples respec-
tively. The distribution of morphology and Ha luminosity of
our samples are presented in Figure 1.

© 2002 RAS, MNRAS 000, 1-77
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Table 1. General statistics of both Isolated galaxy samples.
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Sample  Total No Emission Excluded Fitted AGN+Comp HII AGN Type 1
CIG 413 18(4%) 47(11%) 348(84%) 150(36%) 198(48%) 12(3%)
VAR 100 10(10%) 7(7%) 83(83%) 26(26%) 57(57%) 1(1%)
TOTAL 513 28(5%) 54(11%) 431(84%) 176(34%) 255(50%) 13(3%)
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Figure 1. Morphological distribution of Hea luminosity for (a) CIG sample and (b) Varela’s sample. Mean values of AGN Ha luminosity
for CIG and Varela’s samples are Lio = 9.2 X 10%9 erg s7' and Lo = 1.8 x 10%° erg s~ respectively which correspond to Low

Luminosity AGN.

3 DATA ANALYSIS AND NUCLEAR
CLASSIFICATION

We examined all of the spectra looking if emis-
sion lines were present. Within the spectral range
covered by the SDSS spectra we searched for Hp,
[OTIT]A5007A,[OT]A6300A, [NIT|AN6548,6584A, Ha and the
two Sulfur ([SITJAN6717,6731A) lines. In many cases the neb-
ular emission is very weak or it can be even diluted in the
strong stellar continuum of the galaxy. Since the integrated
SDSS spectra are collected through 3 arcsecs fibers, they in-
clude not only the nuclear emissions but also the surround-
ing stellar light coming from the host galaxy. This contam-
ination turns out to be more significant at the central parts
of the galaxies and as the spheroidal/bulge component be-
comes more relevant. In fact it can even mask weak emission
lines such as those detected in galaxies with an AGN. There-
fore to obtain a reliable nuclear classification based on the
emission lines it is mandatory to subtract the stellar contri-
bution. We applied the principal component analysis (PCA)
method following Hao et al. (2005) to subtract this contri-
bution. We used their first 8 eigenspectra from their low red-
shift range. These eigenspectra are the resulting eigenvectors
of a PCA analysis applied to a sample of high S/N spectra of
non-emission galaxies. In addition, as they pointed out, we
included two more components, an A star spectrum account-
ing for the possible presence of post-starburst features and
a power-law to take into account of the possible existence
of a non-thermal component. The analysis is performed for
all the spectra of our sample and it consists on a multiple
regression of each spectrum to a linear combination of the 8
eigenspectra plus the two additional components. Previously
to the fit each galaxy spectrum was moved to zero redshift
which is the one of the template library. We also masked
all those regions where emission lines may appear since the

© 2002 RAS, MNRAS 000, 1-77

quality of the fit lies on the matching of the continua. Once
the regression is performed, the direct subtraction of the re-
sulting fit to the original (z=0) spectrum provides us with a
pure emission line spectrum where all the underlying absorp-
tion components and eventually a non thermal component
of the continuum are removed.

Line fluxes were calculated with Sherpa software
(http://cxc.cfa.harvard.edu/sherpa/) (which comes in the
CIAO distribution, http://cxc.harvard.edu/ciao/). Sherpa
reads the data and evaluates a given model on this data
set. Then, it varies the free parameters to minimize a statis-
tical goodness function to obtain the best set of parameters
that fit the data. In our case our model is composed only by
Gaussians.

We evaluated two methods to fit the lines. The first
one consisted in constraining the width and velocity to the
same value in our fits, for two separated groups of lines,
forbidden and permitted. Therefore these fits included four
free parameters in our models: the width and velocity of the
forbidden and the permitted lines. An additional free pa-
rameter for each line in the model was the intensity of each
emission line. The second method we used was to constrain
the width and velocity for all the detected lines (indepen-
dently on whether they were permitted or forbidden) to have
the same value (i.e. only two free parameters to model all
lines) plus an additional free parameter for the intensity of
each line. Our results show that both methods are equiva-
lent without any substantial difference. We decided to fit the
emission lines with the second method since it has less free
parameters. For those objects where a broad component was
required in addition to the narrow one, an individual broad
Gaussian was fitted with fully independent free parameters
(see Figure 2 for fit examples).

We have used the Baldwin, Phillips and Terlevich op-
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Figure 2. Examples of fits in Ha region for galaxies with and without broad line respectively. Black data points denote the spectrum

with the stellar contribution subtracted and the red line shows the fit.

tical diagnostic diagrams (Baldwin et al. 1981; Veilleux &
Osterbrock 1987) to separate star-forming galaxies from ac-
tive galactic nuclei (AGN). Line ratios adopted were ([O
IT1)/HB), (N II]/Ha), ([S 1I]/Ha) and ([0 I)/He). With
these ratios we produced the ([O III]/HS) vs ([N II]/Hea)
diagram (hereafter [N II] diagram), the ([O IIIJ/HB) vs ([S
IT]/He) [S I1] diagram and the ([O III]/HpB) vs ([O I]/Ha) [O
I] diagram. Line ratios with their errors and AGN type are
presented in Tables 6 and 7 for CIG and Varela’s samples re-
spectively (see the complete Tables at the end of this article
version). The last column in these tables gives the nuclear
type. We have used the quantitative definition by Winkler
(1992) to measure the contribution of a broad component
when present, and thus establish the Seyfert type.

We used two demarcations to identify the galaxy type.
The first one is the theoretical division line proposed by
Kewley et al. (2001) (KOl line hereafter) where objects
above this line on the diagrams have nuclear activity. The
second one is the empirical line derived by Kauffmann et al.
(2003) (KO3 line hereafter), this empirical line is based on
the location of star-forming galaxies for the SDSS. Galax-
ies that lie between this two lines are called composite (or
transition) objects. This objects need non-thermal processes
to produce the line ratios (in addition to star forming pro-
cesses). Therefore, we will take these objects as AGN in this
work. Further support comes from the work done by Trouille
et al. (2011) where they found that composite galaxies on
BPT |N II] diagram are X-ray hard sources and have a high
X-ray luminosity to total infrared luminosity.

We have performed the analysis of the CIG catalogue
studying the effects of galactic morphology. Figure 3 shows
a histogram of morphological types for both samples and
Figure 4 shows the mass distribution for both samples. It
is clear from Figure 3 that around 70 % of the galaxies in
the CIG have morphologies between Sb and Sc. This result
is consistent with a work done by Herndndez-Toledo et al.
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Figure 3. Morphological type distribution of the samples con-
sidered in this work. The continuous (red) line corresponds to the
CIG sample and the dashed (green) line to the Varela sample.
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Figure 4. Mass distribution for the two samples. Labels like in
Figure 3.
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Figure 6. Fraction of AGN and HII galaxies as function of stel-
lar mass. AGN are represented by (blue) empty circles and H
IT objects by (black) filled circles. Errors in the y-direction are
the standard deviation per bin and “errors” in x-direction simply
denote the full range of mass in each bin.

(2010) for other isolated galaxy sample. The fraction of AGN
for each morphological type in both samples is shown in
Figure 5. We can see that within the large statistical errors
the comparison is valid.

In Figure 6 we show the mass distribution of galaxies
with AGN and H II activity. Considering that the sample is
reasonably complete (~ 90%) we can clearly see a trend were
the incidence of AGN is higher for more massive galaxies.
Conversely the incidence of strong H II activity is higher for
low mass galaxies. This is for masses < 10'*Mg. From the
above analysis we can confirm the well know tendency for
later type morphology galaxies to be also relatively lower
mass galaxies.

4 RESULTS

Our main results are summarized in Tables 2 to 5, and also
in Figures 5 to 10.

In Table 2 we show numbers and percentages of activ-
ity and morphological classes for the CIG sample. Column 1
presents the morphological type, the total number of galax-
ies is listed in column 2. Columns 3 and 4 list the number of
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galaxies with H II and Composite (hereafter Comp) activ-
ity and their percentages, respectively. Column 5 contains
the number of galaxies in the AGN+Comp region and their
percentages. In column 6 we present the total number of
galaxies including those with no-emission lines. Columns 7,
8 and 9 show the number and percentages for H II, Comp
and AGN+Comp activity respectively. In Table 3 we present
the same data as in Table 2 for Varela’s sample.

In Figure 7 we show the [N II] BPT diagram. All galax-
ies in the composite region are taken as AGN as argued in
§3.

We can clearly see that the incidence of nuclear activ-
ity is statistically higher in early type galaxies and decreases
gradually as we go to late types in this subsample of emis-
sion lines galaxies only. The dependence on morphology is
quite significant: going from 70 % in E galaxies to 10 %
in Sm. The incidence of nuclear starburst activity decreases
in the opposite sense: going from 90 % for Sm to 30 % for
E. Meanwhile, if we consider the total sample (including
galaxies without emission lines) the incidence gives a flatter
distribution from E to Sb and decreases only for late types
(compare columns 5 and 9 in Tables 2 and 3). This is clearly
observed in Figure 5.

In Figure 8, we show the position of our objects in the
BPT [N II] diagram for Varela’s sample. In this sample there
are only 4 ellipticals, whereas the majority (27) are Sc. Con-
sidering that early types have a larger incidence of AGN, this
can explain the fact that we find a total incidence of AGN
of only 31 % as compared to 43 % in the CIG sample.

In Figure 9 we present the [S II] diagnostic diagram for
the CIG sample. This diagram is useful to separate between
Seyferts and LINERs.

In Figure 10. We show yet another diagram [O I]. This
diagram differs only slightly from the one in Figure 9. The
main difference is in the relative proportion of Seyferts and
LINERS except for ellipticals. We point out that the [O I]
line is weaker than the [S II] line and thus the mean error is
large.

In Table 4. We quantify the incidence of AGN activity
and morphology distribution derived from the [S II] and [O
I] diagrams for CIG sample. Columns 1 and 2 are the mor-
phological type and the number of galaxies in each type. In
column 3 we list the number of AGN and the percentage
in parentheses. The number of Seyfert galaxies and the per-
centage are listed in column 4. The number of LINERs is in
column 5. Columns from 6 to 9 contains the same data of
columns of 2 to 5 but this time for the [O I] diagram. Table
5 is the analogous of Table 4 for Varela’s sample.

From these Tables we can confirm the result that the
incidence of AGN activity is higher for early type galaxies
in the sample with emission lines only. When all galaxies
are considered the distribution flattens as found before for
the CIG sample (see Fig.5). Again, the incidence of Seyfert
galaxies is more frequent in morphologies from Sa to Sc, but
specially in Sb.

In Tables 4 and 5 we show the data for the [S II] and [O
I] diagrams. The AGN fractions are different from those in
Tables 2 and 3. The reason is that we do not consider com-
posite nuclei in the [S II] and [O I] diagrams. Unfortunately
models by Kauffmann et al. (2003) for these particular di-
agnostic diagrams ([S II] and [O I]) are not available. In
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Figure 7. The [N II] diagnostic diagrams for CIG sample with different morphologies. This diagram separates between tree different
kind of activity in galaxies like AGN, Composite and H II like region galaxies. The green dashed line (Ke01l) separates galaxies with a
AGN from Composite (AGN+Starburts activity). Continuous red line (Ka03) divides pure star forming galaxies from AGN-starburts
composite objects. Elliptical galaxies are shown as filled gray triangles, lenticular as green crosses, Sa as blue asterisks, Sb as pink empty
squares, Sc as filled cyan squares and Sm as filled yellow pentagons. The cross at the lower right part of the diagram is the mean error
in the line ratios.

T T T T T T T T T T T T T T T R e L L R RARCERaRns
15F @ | 4 15F o o 3 E & E

E AGN ] Seyfert ] -

I Er— i I L T E 3

o ] S | ] E

= o ] A ] E
a o ] - X E LINER]
05 [ ° - os | A @ i . ]

I 4 =
= o ] ] il %F . E
o C ] e " ] E
5 °F 1 °oF e, PSE = .
o E ] * La¥ ] : E
] - B g ' 4 i 3]
05 [ Hil o5 F HI s % - H =

F 1 : A ] LINER ] i E

F ] ] Y [ ] i E

1 Comp‘gsile -I- 1 1F e 5 -I— - F H 3

o i ] : 12°F —+

PP SEETE FETTE FEETE RS N R FETES Py ST PN W R L ST RS ST T RIS TET] IF (1 I I AT
2 15 1 05 0 05 12 15 1 05 0 05 1 -3 25 2 15 -1 05 0 05 1

LOG (N I}/Ha) LOG ([S N}/Ha) LOG ([O IJHa)

Figure 8. (a) The [N II], (b) [S II] and (c) [O I] diagnostic diagrams for Varela’s sample. Labels like in Figure 7. The low incidence of
nuclear activity are present on Sc and Sm types. Filled circles represent objects which cannot be classified.

© 2002 RAS, MNRAS 000, 1-77



3. Nuclear Activity In Isolated Galaxies

41

Nuclear Activity in Isolated Galaxies 7

Table 2. Morphology distribution and incidence of nuclear activity for the CIG sample derived from [N II] BPT diagnostic diagram.

Galaxies with Emission lines

Total sample

M.T.  Total HII Comp AGN+Comp Total HII Comp AGN+Comp
E 14 4(29%) 1(7%) 10(71%) 23 4(17%) 1(4%) 10(43%)
S0 30 9(30%) 5(17%) 21(70%) 38 9(24%) 5(13%) 21(55%)
Sa 38 13(34%) 8(21%) 25(66%) 38 13(34%) 8(21%) 25(66%)
Sb 122 67(55%)  20(16%) 55(45%) 124 67(54%)  20(16%) 55(44%)
Sc 124 87(70%)  22(18%) 37(30%) 124 87(70%)  22(18%) 37(30%)
Sm 20 18(90%)  1(5%) 2(10%) 20 18(90%)  1(5%) 2(10%)
Total 348 198(57%)  57(16%) 150(43%) 367 198(54%)  57(16%) 150(41%)
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[S II] diagnostic diagram for CIG sample. Blue dashed line represents Seyfert/LINER line and others labels like in Figure

Table 3. Morphology distribution and incidence of nuclear activity in Varela’s sample derived from [N II] BPT diagnostic diagram.

Galaxies with Emission lines

Total sample

M.T.  Total HII Comp  AGN+Comp Total HII Comp AGN+Comp
E 4 3(75%) 0(0%) 1(25%) 7 3(43%) 0(0%) 1(14%)
S0 14 8(57%) 1(7%) 6(43%) 20 8(40%) 1(5%) 6(30%)
Sa 11 8(73%) 1(9%) 3(27%) 11 8(73%) 1(9%) 3(27%)
Sb 21 11(52%)  4(19%) 10(48%) 22 11(50%)  4(18%) 10(45%)
Sc 27 22(81%) 3(11%) 5(19%) 27 22(81%)  3(11%) 5(19%)
Sm 4 4(100%)  0(0%) 0(0%) 4 4(100%)  0(0%) 0(0%)
Total 81 56(69%)  9(11%) 25(31%) 91 56(62%)  9(10%) 25(27%)
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Figure 10. The [O I] diagnostic diagram for CIG sample. Labels like on Figure 7.

Table 4. Incidence type of nuclear activity for different morphologies from [S II] and [O I] diagnostic diagrams for CIG sample.

[S I1] Diagram

[O 1] Diagram

M.T.  Total AGN Seyfert LINER Total AGN Seyfert LINER
E 14 11(79%)  3(27%) 8(73%) 13 10(77%) 3(30%) 7(70%)
S0 30 15(50%)  3(20%) 12(80%) 28 16(57%) 12(75%)  4(25%)
Sa 38 15(39%)  3(20%) 12(80%) 36 17(47%) 11(65%)  6(35%)
Sb 122 31(27%) 15(48%)  16(52%) 120 39(33%) 30(77%)  9(23%)
Sc 124 21(17%)  8(38%) 13(62%) 123 22(18%) 11(50%)  11(50%)
Sm 20 6(30%) 1(17%) 5(83%) 20 3(15%) 2(67%) 1(33%)
Total 348 99(28%) 33(33%) 66(67%) 340 107(31%) 69(64%)  38(36%)

Table 5. Incidence type of nuclear activity for different morphologies from [S II] and [O I] diagnostic diagrams for Varela’s sample.

[S II] Diagram

[O 1] Diagram

M.T.  Total AGN Seyfert LINER Total AGN Seyfert LINER
E 4 2(50%) 0(0%)  2(100%) 4 1(25%) 1(100%) 0(0%)
S0 14 6(43%) 2(33%)  4(67%) 14 6(43%) 5(83%) 1(17%)
Sa 11 3(27%) 0(0%)  3(100%) 11 2(18%) 0(0%) 2(100%)
Sb 21 5(24%) 1(20%)  4(80%) 21 6(29%)  6(100%) 0(0%)
Sc 27 5(19%)  3(60%)  2(40%) 27 5(19%) 4(80%) 1(20%)
Sm 4 0(0%) 0(0%) 0(0%) 4 0(0%) 0(0%) 0(0%)
Total 81 21(26%)  6(29%)  15(71%) 81 20(25%) 16(80%)  4(20%)
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consequence we only take into account the AGN activity
with the Kewley limit for self-consistency.

We want to point out to recent models developed by
Stasiriska et al. (2006). These models predict lower values for
the ratios of [N II]/He and [O III]/HS for AGN. In a Figure
analogous to Fig. 7 the models by Stasiiska et al. (2006)
would produce an even larger zone of composite objects.

The most notable result is the absence of type 1 AGN
in both isolated samples. In the CIG sample there are 12
galaxies which show lines with a broad component. Five of
these galaxies (all of them classified as Seyfert nuclei) have
a clear broad component, three are Sy 1.5 (KIG 214, KIG
747, KIG 1008), one is Sy 1.8 (KIG 749) and one is Sy 1.9
(KIG 349). Other three objects (KIG 204, KIG 603 and
KIG 605) are classified as LINERs. For two additional AGN
(KIG 553, KIG 591) a Seyfert/LINER classification was not
possible. The remaining two objects are HII galaxies with
broad components. Broad components in HII regions are
rare but have indeed been found (e.g. Binette et al. 2009).

In Varela’s sample there is only one 1.8 type Seyfert
galaxy (PGC48521). This object was classified as Sy 1 in
SIMBAB and Sy 1.9 in NED. It has been shown that a
few galaxies can vary their type with time (e.g. Shapovalova
et al. 2008, 2012). Whether this is the case, or this object was
misclassified in SIMBAD has little relevance for our general
conclusions.

To be conservative, we consider these 13 galaxies as the
fraction of possible AGN with broad components (including
the two HII galaxies to allow for any possible misclassifica-
tion). These numbers indicate that the fraction of type 1
objects is < 3%.

5 DISCUSSION

The large number of galaxies of all morphological types per-
mits us to quantify the link between morphology and nu-
clear activity. Our results indicate a close link between these
two properties. This implies that any result of the incidence
of activity without this consideration reflects the particular
morphological distribution of the sample and therefore is not
reliable. Our sample includes for the first time a statistically
significant number of isolated early type galaxies (E+S0).

We found that Elliptical and SO galaxies have the high-
est incidence of nuclear activity in isolated environments
when only galaxies with emission lines are considered (a
similar result was found by Varela et al. (2004); Coziol et al.
(2011); Sabater et al. (2012)). However, when the total sam-
ple is taken into account (including galaxies without emis-
sion lines) these apparent excess disappears and all early
types (including Sa and Sb types) have similar fractions (see
Fig. 5). This important difference could be found thanks
to the large number of elliptical and spheroidal galaxies in
our sample. This results are consistent with those found for
“field” galaxies (Heckman 1980; Keel 1983; Kauffmann et al.
2003; Miller et al. 2003). Finding the same trend between
isolated and field galaxies could be expected if we consider
that AGN require SMBHs and black holes are correlated
with bulges. However, the large number of AGN among iso-
lated galaxies is of great importance and indicates that secu-
lar evolution processes can trigger/maintain low luminosity
AGN activity (see below).
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We consider as secular evolution the following mecha-
nisms capable of driving gas into the nuclear region: 1) Mi-
nor mergers (luminosity ratio larger than 10 in our sample);
2) Dark matter accretion; 3)Non-axisymmetric gravitational
perturbations.

With respect to dark matter, Hernandez & Lee (2010)
showed from an analytical treatment of the accretion rate
that, for the largest black hole masses of quasi-stellar objects
(>10° Mg), the runaway regime would be reached on time-
scales wich are shorter than the lifetimes of the halos in
question for central dark matter densities in excess of 250
Mg /pc®. This limit scales inversely with the black hole (BH)
mass.

The most common non-axisymmetric internal potential
is due to the presence of a bar. However in the particular
case of barred galaxies it has been shown that most probably
bars do not enhance nuclear activity (Moles et al. 1995; Ho
et al. 1997c; Lee et al. 2012). The later authors look for the
incidence of AGN activity in barred galaxies. Alonso et al.
(2013) compare only AGN galaxies with and without bars.
They find a trend for higher luminosity in the O [III] line
for barred AGN. This effect is more noticeable for the more
massive and luminous galaxies.

However the samples used in those studies were not
rigorously isolated and thus the effects of the environment
cannot be disentangled from those of the bar. The samples
used in this work provide the opportunity to perform a rig-
orous test of the effect of a bar. This can be achieved due to
both the selection criteria and the quality of the data. A de-
tailed analysis of the bar fraction requires a deep photomet-
ric study. This analysis will be presented in a forthcoming
paper (Herndndez-Toledo et al. in preparation 2013).

We note that although a large fraction of isolated galax-
ies are active, their SMBH has not grown significantly over
the last 3 Gyr. Given that most of our galaxies are represen-
tative of the low luminosity end of AGN, the mass accretion
rate should be in the range of 107° — 107® Mg /yr, and the
radiative efficiency 7 should be significantly smaller than 10
% (Ho 2003, 2009). Such low efficiencies are predicted for low
luminosity AGN (Narayan & McClintock 2008). Assuming
the AGN in our sample have accreted at a constant rate
over the last 3 Gyr the growth of their SMBH ranges be-
tween 10* — 10® M. Then, it is clear that isolated galaxies
in poor environments have failed to accrete enough material
(at least during the last Gyr) to present higher luminosities
and significant black hole growth. Thus, our results support
a hierarchical scenario in which the environment is crucial to
determine properties such as luminosity, mass, and central
SMBH mass, fulfilling the expectations of the downsizing for
SMBH growth (Pérez-Gonzilez et al. 2010).

The spiral isolated galaxies will not migrate from the
blue to the red sequence since feedback is not efficient in
these faint AGN (Krongold et al. 2007). The later result
supports again that secular evolution in these galaxies is
the important mechanism to establish the bulge-black hole
relation. This is in contrast to the case of massive galaxies
transitioning from the blue to the red branch of the color-
color diagram which require a major merger followed by a
substantial feedback in the QSO phase.

On the other hand our isolated ellipticals are already in
the red-branch of galaxies that probably have experienced
a major merger in the distant past. The fact that essen-
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tially all of them are AGN may simply reflect the fact that
it is easier to drive gas to the center of spheroidal systems.
The remanent inter stellar medium (ISM) in these galaxies
is typically in the range (10°-10” Mg). Therefore, they con-
tain enough gas to power their SMBH over the last 3 Gyr.
This does not exclude, however, the possibility of an external
supply of material as suggested by several authors (Bertola
et al. 1992; Caon et al. 2000; Sarzi et al. 2006). The large
fraction of AGN in these galaxies suggests that the presence
of a large bulge facilitates the mass in fall to the center. We
note, however, that a small fraction of this LINERs could be
fake AGN (“retired galaxies”, Cid Fernandes et al. (2011) ).

All these results indicate that the presence of AGN ac-
tivity is a common phenomenon. This is an important result
as traditionally it has been assumed that an external per-
turbation is required to induce nuclear activity. Our results
indicate that a low luminosity AGN phase is a part of the
secular evolution of a large number of galaxies. These find-
ings are consistent with those by Ho et al. (1997a,b); Ho
(2002, and references therein). However, in those studies it
was impossible to disentangle the environmental effects from
those of internal galactic evolution, given that the isolation
history was not known a priory in their samples. Our results
do not deny the possibility that external perturbations may
enhance the frequency of nuclear activity among galaxies,
as has been suggested by previous studies (Dultzin-Hacyan
et al. 1999; Krongold et al. 2002, 2003; Rogers et al. 2009;
Ellison et al. 2010, 2011). The effect of a strong gravitational
interaction will be studied in a forthcoming paper where the
incidence of AGN in a sample of isolated close pairs of sim-
ilar mass galaxies will be analyzed.

We note that the absence of type 1 AGN in these sam-
ples of isolated galaxies is outstanding. There is not a single
type 1.0 AGN among the 175 active galaxies in our sam-
ples. The fraction of types 1.5-1.9 is less than 3 % in both
isolated galaxy samples. There have been indications in the
past for very low fractions of type 1 activity in physical
pairs of galaxies (Dultzin et al. 2008), and in compact groups
(Martinez et al. 2010). These results are at odds with a sim-
ple interpretation of the unified model (UM), and suggest
that an additional evolutionary trend is at work. The ap-
pearance of a type 1 nucleus may be delayed by as much as
1 Gyr, as required by the evolutionary model proposed by
Krongold et al. (2002), where an interaction triggers first a
circumnuclear starburst, and subsequently non-thermal nu-
clear activity. For the brightest end of nuclear activity a
similar evolutionary trend is possible (from ULIRGs to lu-
minous quasars). In this case a major merger would be re-
quired, affecting the overall properties of the host galaxy
and moving it to the blue branch of the color-color diagram.

The evolutionary scheme can explain the lack of Sy 1 in
both interacting and isolated galaxies. In the former there
has not been enough time for the Sy 1 nucleus to appear.
In the latter (where no interactions took place over the last
3 Gyr), either there has never been a Sy 1 phase, or if a
strong interaction occurred in the past, the type 1 activity
has already faded out.

We also note that the lack of high luminosity AGN in
our samples points towards a dependence between environ-
ment /interactions and AGN luminosity. In this scenario, the
extremely low fraction of type 1 AGN can also be under-
stood if a BLR (broad line region) can be formed only at

higher accretion rates/luminosities (Nicastro 2000; Elitzur
& Ho 2009).

If AGN in isolated galaxies have low accretion rates, low
efficiencies, low luminosities and almost a complete absence
of broad lines in their spectra, it is probable that the BLR
under these circumstances is not even able to formed. This
is in accordance with the result by Tran (2003a,b) for the
absence of broad components in polarized light for ~50%
of the galaxies in his sample. Several studies show evidence
that the Sy2s with and without broad lines in polarized lines
(in other words with and without a hidden BLR) are truly
different in other respects as well (e.g. Gu et al. 2001a,b;
Bianchi et al. 2012).
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Object

M.T.*

LOG([OI11]/HB)

LOG(|N II)/Ha

Nuclear Activity in Isolated Galaxies

LOG([S 11]/Ha)

Table 6: Logarithm intensity ratios with their errors and AGN type for
the CIG sample. M.T.- Morphological Type. AGN classification denotes
those galaxies that are AGN according to the [N II] diagrams but not
to the [S II] and/or [O I]. 1 L-S classification means that galaxies fall
in the separation line for Seyfert and LINER according to [S II] and
[O 1] diagrams. * Type with weak broad component in permitted lines.
Seyfert quantitative classification according to Winkler (1992).

LOG([O I]/Ha)

Type

Elliptical

KIG378
KIG393
KIG437
KIG462
KIG555
KIG556
KIG582
KIG595
KIG602
KIG685
KIG705
KIGT735
KIGT768
KIG1029

E
E-SO
E-SO

=
eloRSoloclolclololoio!
=)

0.2831 £+ 0.1763
-0.0234 £+ 0.0074
0.0909 + 0.1939
-0.7172 £+ 0.0384
0.2234 + 0.0401
0.8151 + 0.5101
1.0277 £ 0.6437
-0.0732 £ 0.2877
0.2051 % 0.1068
-0.0750 £ 0.1945
0.6353 + 0.5484
0.6529 + 0.3846
-0.4878 £ 0.0242
0.7769 + 0.2027

0.2970 £ 0.0806
-0.4586 £ 0.0066
0.0919 £ 0.0589
-0.4667 £ 0.0098
-0.8536 £ 0.0429
0.5997 + 0.2621
0.4476 + 0.1483
-0.0465 £ 0.2346
-0.0084 £ 0.0247
0.2877 + 0.2436
0.4970 £ 0.0898
0.0049 + 0.1637
-0.4003 £ 0.0090
0.0280 + 0.0334

0.0332 £ 0.1534
-0.6059 + 0.0091
-0.1233 + 0.1182
-0.5874 + 0.0155
-0.3324 £+ 0.0298
0.8841 + 0.2651
0.3357 £ 0.2130
-0.0569 + 0.3745
-0.1233 + 0.0420
0.1754 £ 0.3742
0.1829 + 0.1587
-0.1656 + 0.3282
-0.5381 + 0.0142
-0.1154 + 0.0598

-0.7559+ 0.3383
-1.941240.0287
-0.8432+ 0.2380
-1.8481+ 0.0740
-1.2193+ 0.0865
-0.0295+ 0.4288
-0.6587+ 0.5464

-0.7662+ 0.0711
-0.7523+ 1.0180
-0.5566+ 0.3031
-0.4449+ 0.3062
-1.6419+ 0.0481
-0.8457+ 0.1231

LINER
HII
LINER
HII
HII
LINER
LINER
LINER
LINER
LINER
LINER
L-St
HII
Sy2

Spheroidal

KIG213
KIG228
KI1G244
KIG272
KIG332
KIG338
KIG349
KIG394
KIG413
KIG441
KIG460
KIG480
KIG483
KIG485
KIG501
KIG504
KIG571
KIG577
KIG586
KIG591
KIG592
KIG614
KIG616
KIG665
KIG678
KIG697
KIG698
KIG893

SOa
S0
S0-a
S0-a
S0
S0
S0-a
S0-a
S0-a
S0-a
S0-a
S0-a
S0
S0
S0-a
S0-a
S0
S0
SO
S0-a
S0
S0
S0-a
S0-a
S0-a
S0
S0-a
S0

0.4819 + 0.1403
-0.3462 + 0.1376
-0.4046 £+ 0.1778
-0.6374 £ 0.0387
0.7437 £ 0.0367
0.6551 + 0.2278
0.3299 + 0.0320
0.1737 £ 0.0405
0.7853 £ 0.5114
-0.1001 £ 0.0430
-0.4401 £+ 0.0373
0.4907 £ 0.0396
0.3258 £+ 0.2015
0.7681 + 0.1890
0.0201 £+ 0.1278
-0.6740 £+ 0.0316
-0.6063 £ 0.3602
0.2411 £+ 0.0122
0.7678 + 1.1443
0.7111 £ 0.0342
-0.4802 £ 0.0135
0.6198 + 0.3960
0.0445 + 0.1190
-0.3872 £+ 0.2416
-0.3386 £ 0.0098
0.6852 + 0.1816
0.8826 + 0.3627
1.4052 £ 0.0713
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0.2505 £+ 0.0532
-0.2004 £ 0.0294
-0.3080 £ 0.0441
-0.4888 £ 0.0104
-0.0622 £ 0.0176
0.0325 £+ 0.0833
-0.1181 £ 0.0072
-0.2196 £+ 0.0171
0.2708 £+ 0.0746
-0.5103 £ 0.0184
-0.4800 £ 0.0120
0.0117 £+ 0.0140
0.2305 + 0.0747
0.3413 + 0.1876
-0.0320 £ 0.0430
-0.4325 £ 0.0086
-0.2589 £ 0.0405
-1.2983 £ 0.0253
0.2291 + 0.0869
-0.2711 £ 0.0097
-0.2864 £ 0.0049
0.2532 £+ 0.0730
-0.0163 £ 0.0317
-0.2928 £ 0.0334
-0.3503 £ 0.0050
0.3973 + 0.1063
0.0618 + 0.1145
0.1830 + 0.0197

-0.0091 + 0.1031
-0.5771 + 0.0894
-0.5467 + 0.1134
-0.5050 % 0.0158
-0.2335 £+ 0.0310
0.0000 + 0.1304
-0.2973 + 0.0126
-0.3860 + 0.0321
0.1349 £ 0.1219
-0.3426 + 0.0245
-0.4691 + 0.0181
-0.0060 %+ 0.0200
0.1035 £ 0.1225
0.3951 + 0.2365
-0.2650 £ 0.0960
-0.5243 + 0.0135
-0.3824 + 0.0783
-0.6328 + 0.0151
0.0838 + 0.1498
-0.4634 £+ 0.0129
-0.5709 + 0.0084
0.2217 £ 0.1040
-0.2263 + 0.0646
-0.3188 £ 0.0597
-0.6172 + 0.0078
0.1287 £ 0.1877
0.1613 £ 0.1473
-0.1051 + 0.0382

-0.6965 £ 0.1868
-1.3772 £+ 0.2291
-2.0040 £ 1.2503
-1.6710 £ 0.0644
-0.9269 £ 0.0562
-0.6331 £+ 0.2261
-1.1286 £ 0.0261
-1.4940 £+ 0.1219
-0.3785 £+ 0.1575
-1.2934 £ 0.0697
-1.6159 £ 0.0721
-0.8059 £ 0.0399
-0.8513 £ 0.3551
-0.8834 £+ 1.0911
-0.9375 £+ 0.1773
-1.7358 + 0.0537
-1.4961 £ 0.4203
-1.6963 £ 0.0596
-0.7745 £ 0.3665
-1.2657 £+ 0.0211
-1.7710 £ 0.0342
-0.5475 £ 0.1990
-1.1197 £ 0.1822

-1.9816 £ 0.0325
-1.0169 £ 0.8012
-0.5063 £ 0.2470
-0.6296 £ 0.0517

S-Lt
AGN
HII
HII
Sy2
S-Lt
Sy1.9
AGN
S-Lt
HII
HIT
S-Lt
LINER
S-Lf
LINER
HII
AGN
HII
S-Lt
S-Lt
AGN
LINER
AGN
AGN
HIIT
S-Lt
S-Lt
Sy2
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Object ~ M.T.* LOG([OII/HB) LOG(NIIJ/Ha LOG([SII/Ha) LOG([OI]/Ha)  Type
KIG903 S0 0.4668 + 0.0943 -0.0474 4+ 0.0432 0.0909 + 0.0539  -0.6165 £ 0.0963 LINER
KIG1014 S0-a -0.6140 £+ 0.0522  -0.3787 £ 0.0114  -0.5127 £+ 0.0204 -1.6142 + 0.0813 HII
KIG1032 S0-a 0.1383 + 0.0203  -0.8297 + 0.0181 -0.3772 £ 0.0150 -1.3063 + 0.0422 HII

Sa

KIG60 Sab -0.3866 + 0.0555 -0.4230 £ 0.0172  -0.3848 + 0.0253 -1.6110 £ 0.1263 HIT
KIG223 Sa -0.6819 + 0.1626  -0.4807 £ 0.0272 -0.7504 + 0.0713 -1.5133 £ 0.1730 HII
KIG231 Sab -0.5167 + 0.0964 -0.2686 + 0.0164 -0.4271 + 0.0323  -1.4044 + 0.0995 AGN
KIG236 SBa -0.7215 + 0.0548  -0.4210 £ 0.0119  -0.6344 + 0.0232 -1.8161 + 0.1170 HII
KIG258 SBab  -0.5920 £ 0.0248 -0.3249 4+ 0.0085 -0.4913 £ 0.0129 -1.6713 % 0.0451 HIT
KIG285 SBab 1.0432 + 0.4782 0.3912 + 0.0760 0.2782 + 0.1113  -0.8187 + 0.3631 S-Li
KIG287 SABa -0.6678 £ 0.0682 -0.3596 4+ 0.0102 -0.5863 + 0.0211 -1.8515 4 0.1293 HII
KIG298 SBa -0.0011 + 0.1879 0.2557 + 0.0732  -0.0676 £ 0.1584  -0.8098 =+ 0.3546 LINER
KIG304 SBab  -0.1576 £+ 0.1155 -0.2774 + 0.0276 -0.3806 + 0.0509 -1.4082 + 0.2109 AGN
KIG327 Sab 1.1816 + 1.2340 0.0599 + 0.0641 -0.1092 £ 0.1248 -0.8344 =+ 0.2536 Sy2
KIG334 Sab 0.4732 + 0.2825  -0.2691 + 0.0651 0.0610 + 0.0682  -0.8230 + 0.1900 S-Li
KIG351 Sab 0.1406 + 0.2719  -0.0577 £ 0.0659 -0.1010 4+ 0.1179 -0.9593 + 0.3057 LINER
KIG374 Sab -0.1091 + 0.0600 -0.2005 + 0.0174  -0.4553 + 0.0437 -1.1498 + 0.0908 AGN
KIG456 Sa 0.1581 + 0.1621 0.0700 + 0.0371  -0.1297 + 0.0720 -1.0251 + 0.2010 LINER
KIG475 Sab 0.6911 + 0.5663 0.1942 + 0.0818  -0.0247 + 0.1525 -0.4609 + 0.1821 S-Lt
KIG491 SABa -0.5626 £ 0.0523 -0.3131 4+ 0.0105 -0.5756 £ 0.0218 -1.7119 =+ 0.0938 HIT
KIG500 Sab 0.5456 + 0.2248 0.4682 + 0.0888 0.4216 + 0.1182  -0.4914 + 0.2584 LINER
KIG505 Sab -0.3583 + 0.0419  -0.5140 £ 0.0156  -0.3898 + 0.0199 -1.5789 + 0.0897 HII
KIG539 Sab 0.8060 + 0.3284 0.1381 + 0.0699 0.0253 + 0.1168  -0.9064 + 0.3378 Sy2
KIG544 SBa 0.9565 + 0.0199 0.0818 + 0.0132  -0.1683 + 0.0233 -0.9021 + 0.0433 Sy2
KIG579 Sab 0.6906 + 0.1883 0.1090 + 0.0857 0.1058 + 0.1273  -0.8792 + 0.3909 S-Li
KIG587 Sab -0.0494 + 0.1044 -0.0844 + 0.0513  0.0225 4 0.0683  -1.1843 + 0.3363 LINER
KIG596 Sab 0.5441 + 0.2149 0.3872 + 0.0477 0.2939 + 0.0681 -0.6766 + 0.1792 LINER
KIG605 SBab 0.3735 + 0.0829 0.0719 + 0.0317 0.0704 £ 0.0445 -0.6850 £ 0.0857 LINER*
KIG609 Sab -0.4148 + 0.0592  -0.4391 + 0.0184  -0.3427 £+ 0.0241 -1.6384 + 0.1414 HIT
KIG620 Sa -0.7380 + 0.0371  -0.3948 £ 0.0095 -0.6545 + 0.0177 -1.8541 + 0.0793 HIT
KIG622 SBa -0.4486 + 0.0280 -0.2958 £ 0.0094 -0.4994 + 0.0158 -1.7003 + 0.0676 AGN
KIG633 Sa -0.5798 + 0.0375  -0.4364 £+ 0.0117 -0.4775 + 0.0179 -1.7460 + 0.0978 HII
KIG641 SBa -0.1560 + 0.0356  -0.0700 £ 0.0117  -0.2408 + 0.0209 -0.9847 + 0.0409 LINER
KIG643 Sab 1.2605 + 0.1875 0.3219 + 0.0394  -0.0545 4+ 0.0832 -0.6583 + 0.1328 AGN
KIG669 Sa -0.0118 + 0.0445 -0.1884 + 0.0128 -0.2522 £ 0.0163 -1.2563 £ 0.0363 AGN
KIG689 Sa -0.0512 £+ 0.0503  -0.5467 + 0.0273  -0.2447 + 0.0290 -1.2447 + 0.0911 HII
KIG690 Sa -0.3202 + 0.2628  -0.2693 £ 0.0435 -0.5399 + 0.1168 -1.3068 + 0.2894 AGN
KIG694 Sa 0.3090 + 0.1477 0.3362 + 0.0473 0.2738 + 0.0670  -0.9554 + 0.2908 S-Lt
KIG695 Sa -0.8004 + 0.2952  -0.2958 £ 0.0331  -0.5470 + 0.0828 - HIT
KIG696 Sab 0.7896 + 0.5096 0.1894 + 0.0604 0.1316 + 0.0927  -0.7796 + 0.2419 S-Lt
KIG726 SBa 0.0040 + 0.0216  -0.2250 + 0.0085 -0.5556 4+ 0.0171 -1.6008 + 0.0601 LINER
KIG751 Sa -0.7696 + 0.0622 -0.3224 + 0.0103 -0.6736 + 0.0229 -1.8492 + 0.1155 HII

Sb

KIG56 Sb -0.7559 + 0.0348 -0.3010 £ 0.0085 -0.5817 + 0.0149 -1.7328 + 0.0589 HII
KIG187 SABb  1.6055 + 0.4364 0.3196 + 0.0426 -0.1455 + 0.1105  -0.9294 + 0.2553 Sy2
KIG204 Sbe 0.5674 + 0.1174 0.1586 + 0.0394 0.1695 + 0.0532  -0.5080 £ 0.0865 LINER*
KIG208 Sb -0.3569 + 0.1560 -0.4187 + 0.0289 -0.3145 £ 0.0393 -1.6075 + 0.2612 HII
KIG211 Sb 0.5423 + 0.2881 0.5772 + 0.0972 0.3688 + 0.1446  -1.0157 + 0.8193 S-Li
KIG212 SABb  -0.0853 £ 0.0922 -0.4301 £ 0.0478 -0.2048 £ 0.0532 -1.0000 =+ 0.1272 HII
KIG214 Sb 0.9009 + 0.0800  -0.4887 + 0.0567 -0.4235 4+ 0.0581 -1.2426 + 0.0934 Syl.5
KIG220 Sb 0.4774 + 0.5816 0.0746 + 0.0781  -0.2010 £ 0.1732  -1.1532 4 0.5865 Sy2
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Object ~ M.T.* LOG([OII]/HB) LOG(|NIIJ/He LOG([SIJ/Ha) LOG([OI]/Ha)  Type

KIG222 SABb -0.6667 £ 0.1988  -0.3135 £+ 0.0219  -0.5975 & 0.0542 -2.2160 + 0.8544 HII
KIG226 Sbc 0.8337 & 0.0774  -0.0526 £ 0.0339  -0.2098 + 0.0659 -1.0294 £ 0.1616 Sy2
KIG238 Sb -0.7053 £ 0.0381  -0.3338 £ 0.0089  -0.6206 + 0.0162 -1.8174 £ 0.0707 HII
KIG242 Sb 0.1977 £ 0.0211  -0.7730 £ 0.0188  -0.4173 £ 0.0191  -1.4277 £ 0.0582 HII
KIG249 Sbc  -0.2851 £ 0.0659 -0.5030 £+ 0.0262  -0.2970 £ 0.0348 -1.4178 £ 0.1369 HII
KIG250 SABb  0.2520 £ 0.0252  -0.5367 £+ 0.0152  -0.3095 £ 0.0175 -1.0134 £ 0.0320 HII
KIG252 Sbc  -0.2762 £ 0.1683  -0.2896 £ 0.0270  -0.3764 £ 0.0502 -1.5128 £ 0.2730 AGN
KIG270 Sbc  -0.3287 £ 0.0215  -0.3372 £ 0.0068 -0.5713 & 0.0123 -1.7360 = 0.0485 HII
KIG274 Sbc  -0.3233 £ 0.0227  -0.1458 £ 0.0064 -0.5038 & 0.0115 -1.5038 % 0.0298 AGN
KIG275 Sbc  -0.2095 £ 0.2588  -0.1943 £ 0.0376  -0.5096 + 0.1029 -1.4779 + 0.4432 AGN
KIG278 SBb 0.4472 + 0.0813  -0.1489 £ 0.0624  0.0039 £ 0.0784  -0.9399 £ 0.2305 S-Li
KIG284 Sb -0.6951 £+ 0.0469 -0.5003 £ 0.0133  -0.5432 + 0.0194 -1.6981 £ 0.0839 HII
KIG288 Sbc  -0.7337 £ 0.1083  -0.4823 £+ 0.0206  -0.5405 £ 0.0409 -1.5252 £ 0.1363 HII
KIG311 Sbc  -0.6742 £ 0.0351  -0.4130 £+ 0.0093  -0.5772 £ 0.0162 -1.6907 £ 0.0579 HII
KIG318 Sbc 0.5347 £ 0.7083  -0.1096 £ 0.0622 -0.3835 + 0.1517 -1.1860 £ 0.3973 Sy2
KIG329 SBbc  0.5302 £ 0.2424  0.2064 £+ 0.0702  -0.0162 &+ 0.1327 -0.9224 + 0.3719 S-Li
KIG333 Shc 0.1772 £ 0.3288  -0.1385 + 0.0752  -0.4639 £ 0.2067 -1.2180 % 0.5029 AGN
KIG336 Sbc  -0.3357 £ 0.0250  -0.3257 £ 0.0105 -0.6850 & 0.0208 -1.6651 =+ 0.0658 HIT*
KIG339 SBb  -0.6792 £+ 0.0285 -0.3253 &+ 0.0070  -0.6463 £ 0.0123 -1.7276 £ 0.0545 HII

KIG340 Sb -0.2186 £+ 0.1314  -0.3560 £ 0.0248 -0.4696 + 0.0476  -1.4898 £ 0.1825 HII
KIG344 SBbc  -0.4169 £ 0.1361  -0.3762 £ 0.0350 -0.3059 + 0.0546 -1.4624 £ 0.3040 HII
KIG356 Sb -0.2596 £+ 0.0378  -0.5304 £ 0.0188  -0.3174 £ 0.0230 -1.5083 £ 0.0991 HII
KIG364 Sb -0.5493 £ 0.0279  -0.3674 £ 0.0079  -0.5175 £ 0.0130  -1.7447 £ 0.0538 HII
KIG366 SBb  -0.5647 £+ 0.0526  -0.3177 4+ 0.0100  -0.6205 £ 0.0223 -1.8340 £ 0.1178 HII
KIG372 Sb -0.5201 £+ 0.1946  -0.3069 £ 0.0221  -0.5438 + 0.0483 -1.7394 £ 0.2948 HII
KIG375 Sb 0.7428 £+ 0.7061 0.0497 £ 0.0597  -0.0861 £ 0.1054 -1.0066 £ 0.3168 S-Li

KIG381 Sbc 0.6149 + 0.2660  0.6296 £ 0.1128  0.3971 £+ 0.1658  -0.3771 £ 0.2953  LINER
KIG392 Shc 0.3348 £+ 0.1306 0.3275 £ 0.0466  0.2675 £ 0.0660  -0.4700 £ 0.1158  LINER
KIG401 SBbc  0.3140 £ 0.0744  -0.1632 £ 0.0206  -0.4415 4 0.0486 -1.3965 £ 0.1591 AGN
KIG409 Sbc  -0.4652 £ 0.0483  -0.4932 £ 0.0147  -0.4599 + 0.0216 -1.6408 £ 0.0949 HII
KIG411 Sbc  -0.0965 £ 0.2583  -0.0994 £ 0.0566 -0.3848 + 0.1436 - AGN
KIG414 Sb 0.4089 + 0.0815  -0.2854 + 0.0323  -0.4811 £ 0.0687 -1.1393 & 0.1334 Sy2
KIG416 Sbc  -0.0035 £ 0.0237  -0.6216 £ 0.0137 -0.4171 4+ 0.0161 -1.5132 % 0.0595 HII
KIG417 Sbc  -0.7014 £ 0.3008 -0.3908 £ 0.0365 -0.8276 4 0.1388 -1.5380 % 0.3208 HII
KIG418 Sb -0.4979 £ 0.0525 -0.4424 £ 0.0141  -0.4539 £ 0.0230 -1.4771 £ 0.0745 HII
KIG419 Sb -0.2301 £ 0.0718  -0.2639 £ 0.0207  -0.5163 &+ 0.0468  -1.5582 £ 0.2150 AGN
KIG427 Sbc  -0.2588 £ 0.0969 -0.1719 £ 0.0221  -0.4055 £ 0.0489  -1.1845 £ 0.1088 AGN
KIG430 Sbc  -0.5050 £ 0.0699 -0.2389 £ 0.0148  -0.3164 £ 0.0232 -1.2753 £ 0.0690 AGN
KIG450 Sb -0.5942 £+ 0.0750  -0.4627 £ 0.0172  -0.4417 £ 0.0260 -1.5650 £+ 0.1121 HII
KIG451 Sb -0.5078 £ 0.3730  -0.3353 £ 0.0555  -0.3692 + 0.0997 -1.0835 £ 0.2247 HII
KIG457 Sbc  -0.2455 £ 0.0855  -0.2619 £ 0.0187  -0.2974 £ 0.0299 -1.1537 £ 0.0723 AGN
KIG458 Sbc  -0.6233 £ 0.1419  -0.3485 £ 0.0320  -0.4470 % 0.0553 -1.3634 + 0.1758 HII
KIG459 Sb -0.6314 £ 0.0646  -0.5119 £ 0.0160  -0.4322 £ 0.0231  -1.5847 £ 0.0999 HII
KIG478 SABb  0.9666 £ 0.0553 0.1210 £ 0.0209  -0.1885 £ 0.0411  -0.9420 £ 0.0846 Sy2
KIG482 SABb  -0.6511 £ 0.3409 -0.3357 £ 0.0404 -0.4804 + 0.0872 -1.2983 £ 0.2823 HII
KIG492 Sbc 0.3795 + 0.1389 0.0537 £ 0.0361  -0.0790 £ 0.0629 -0.9022 £ 0.1503 S-Li
KIG493 Sb -0.4810 £ 0.1741  -0.3907 £ 0.0302  -0.6328 + 0.0742 -1.2148 £ 0.1249 HII
KIG497 Sb -0.1938 £ 0.2375  -0.2924 £ 0.0457 -0.3791 £ 0.0916 -1.1761 £ 0.2208 AGN
KIG499 SBb 1.3071 £ 0.0608 0.0680 + 0.0245  0.3363 £ 0.0253  -0.8398 + 0.0850 Sy2
KIG507 Sbc  -0.2549 £ 0.1119  -0.5063 £+ 0.0321  -0.2508 + 0.0385 -1.3137 £ 0.1492 HII
KIG508 SBbc  -0.2771 £ 0.0096  -0.4934 £ 0.0064 -0.6521 4 0.0100 -1.9427 + 0.0348 HII
KIG510 Sbc  -0.3310 £ 0.0878  -0.3774 £ 0.0244 -0.3850 & 0.0427 -1.4373 + 0.1662 HII

KIG515 Sb -0.6491 £ 0.0964  -0.4443 £ 0.0170  -0.5844 £ 0.0342 -1.6011 £ 0.1212 HII
KIG516 Sb -0.4099 £ 0.0935 -0.4174 £ 0.0238 -0.3979 £ 0.0386 -1.3665 £ 0.1224 HII
KIG522 Sb -0.4912 £ 0.0194  -0.2656 £ 0.0070  -0.6237 £ 0.0126  -1.8270 £ 0.0513 AGN

KIG525 SBb  -0.3920 £ 0.0297 -0.2504 £+ 0.0100 -0.4911 +£ 0.0183 -1.5030 £ 0.0568 AGN
KIG532 SBb  -0.4238 £+ 0.0209 -0.5065 4 0.0092 -0.5153 £ 0.0128 -1.7892 £ 0.0529 HII
KIG537 Sb -0.6258 £ 0.0272  -0.2873 £ 0.0070  -0.5099 £ 0.0118 -1.6709 £ 0.0473 HII
KIG541 SABb  -0.5613 £ 0.2814 -0.3372 £+ 0.0313  -0.3167 £ 0.0555  -1.3202 £ 0.1954 HII
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Object ~ M.T.* LOG([OII/HB) LOG(NIIJ/Ha LOG([SII/Ha) LOG([OI]/Ha)  Type
KIG542 Sb -0.7254 & 0.0482 -0.4622 + 0.0106 -0.5439 + 0.0165 -1.7508 & 0.0812 HIT
KIG550 SBbc  0.0492 + 0.1287 0.2926 + 0.0769 0.0666 + 0.1361  -0.9538 + 0.4619 S-Li
KIG552 Sb -0.3372 £ 0.0988  -0.3234 £ 0.0158 -0.6095 + 0.0381 -1.4857 £ 0.1138 HIT
KIG553 SBb -0.6341 + 0.0470  -0.1210 + 0.0103  -0.6719 + 0.0257 -1.7644 + 0.1089 AGN*
KIG554 Sb -0.6433 + 0.2744  -0.3176 £ 0.0274 -0.6375 &+ 0.0755 -1.3360 £ 0.1605 HII
KIG558 Sbc -0.0983 + 0.0804 -0.3517 £ 0.0251  -0.5904 4+ 0.0580 -1.4666 + 0.1748 AGN
KIG561 SBbc  0.9821 + 0.1325 0.0696 4+ 0.0412  -0.1530 £ 0.0829 -0.6976 4 0.1191 LINER
KIG567  SABb -0.8176 + 0.0883 -0.3979 + 0.0156  -0.6844 =+ 0.0368 -1.7377 % 0.1414 HII
KIG575  SABb  0.3158 & 0.0141  -0.2156 + 0.0092 -0.5143 £ 0.0157 -1.1820 & 0.0254  AGN
KIG576 Sb 0.3784 £ 0.1310  -0.0164 & 0.0468 -0.2118 + 0.0982 -1.3500 + 0.4741  S-Li
KIG580 Sbc -0.7180 + 0.0711  -0.4235 £ 0.0132  -0.5683 + 0.0268 -1.7593 £ 0.1270 HIT
KIG589 Sb -0.4432 + 0.0644  -0.3243 £ 0.0151  -0.5893 + 0.0352 -1.6566 + 0.1669 HIT
KIG593 Sbc 0.4926 + 0.0960 0.0763 + 0.0371 0.0106 + 0.0583  -0.7684 + 0.1207 S-Li
KIG601 Sb 0.8555 + 1.9465 0.1053 + 0.1438 0.0279 + 0.2509  -1.2635 + 1.5425 AGN
KIG606 SBbc  -0.2529 + 0.1221  -0.3989 + 0.0285 -0.8009 + 0.0968 -1.5779 + 0.2567 HII
KIG607 Sb -0.1921 + 0.5565  0.0147 4 0.1427 0.0456 + 0.2145 -0.7858 £ 0.5420 LINER
KIG608 Sbe 0.2680 + 0.6143 0.1017 + 0.0924  -0.3117 4+ 0.2570 -0.7202 £+ 0.3178 S-Lt
KIG611 Sb  -0.7421 + 0.1384  -0.4178 4 0.0172  -0.7155 + 0.0461 -1.7411 + 0.1895 HII
KIG612  SBb  0.4939 & 0.0292  0.2430 + 0.0145  0.1860 + 0.0197  -0.5487 + 0.0329  LINER
KIG613 Sbc -0.0437 + 0.3242  -0.2024 £ 0.0552  -0.3327 + 0.1131 -1.2601 + 0.3653 AGN
KIG618 Sb -0.4638 + 0.0265 -0.2434 £ 0.0068 -0.4148 4+ 0.0111  -1.3825 + 0.0306 AGN
KIG619 Sbc -0.2723 + 0.0341  -0.5084 £ 0.0150 -0.3835 &+ 0.0203 -1.4994 + 0.0737 HIT
KICG628 Sbe  -0.4301 4 0.1310  -0.3787 + 0.0274  -0.4404 + 0.0490 -1.9469 + 0.5660 HII
KIG630 Sb -0.2663 + 0.1469 -0.2334 + 0.0291  -0.3971 + 0.0605 -2.2022 + 1.4310 AGN
KIG631 Sb -0.5954 + 0.0440 -0.4219 £ 0.0137  -0.5790 + 0.0242 -1.7948 + 0.1268 HII
KIG635 Sbc -0.0605 + 0.0426  -0.6351 + 0.0247 -0.3359 + 0.0265 -1.2262 + 0.0670 HIT
KIG640 Sbc -0.7829 4+ 0.0424  -0.4855 + 0.0104 -0.6181 + 0.0168 -1.7104 + 0.0603 HIT
KIG645 Sb -1.0284 + 0.0775  -0.5262 + 0.0113  -0.6688 + 0.0190 -1.9445 + 0.1173 HIT
KIG650 Sb -0.4851 + 0.1467 -0.3629 £ 0.0247 -0.6360 + 0.0642 -1.5272 + 0.1993 HII
KIG653 Sb 0.5015 + 0.1314 0.1930 + 0.0415 0.0018 + 0.0741  -0.7381 + 0.1466 S-Lt
KIG667 Sb 1.2609 + 1.3490 0.2107 4+ 0.0908  -0.0127 £ 0.1776  -0.9536 £ 0.5456 Sy2
KIG675  SBb  0.1830 &+ 0.0679  0.0000 + 0.0267  -0.0510 =+ 0.0412  -0.8440 + 0.0877 LINER
KIC676 Sb  0.0938 £ 0.1327  -0.2581 & 0.0388 -0.1549 + 0.0559 -1.0458 + 0.1425  LINER
KIG7T19  SBb  -0.4437 £ 0.0076  -0.6990 + 0.0066 -1.1832 £ 0.0172 -1.8900 + 0.0297  HII*
KIG723 SBb -0.3979 + 0.1915  -0.3445 £+ 0.0376  -0.5461 + 0.0883 -1.6775 + 0.4815 HIT
KIG725 Sb -0.7979 + 0.0363  -0.4168 £+ 0.0091 -0.6624 + 0.0154 -1.7119 + 0.0506 HIT
KIG731 Sb -0.5917 + 0.0991 -0.3672 £ 0.0162 -0.5294 + 0.0313 -1.7035 £ 0.1618 HIT
KIG739 Sbc -0.5110 + 0.0384  -0.4791 £ 0.0121  -0.5153 &+ 0.0195 -1.6923 + 0.0892 HIT
KIG743 Sb -0.4183 + 0.0469 -0.2722 £+ 0.0116  -0.3680 + 0.0186 -1.4667 £ 0.0659 AGN
KIG749 Sbc 0.7515 + 0.0216  -0.0310 £ 0.0124 -0.0610 4 0.0169 -0.7634 + 0.0281 Syl.8
KIGT752 Sb -0.5832 + 0.0921 -0.3512 £ 0.0171  -0.5556 + 0.0323 -1.7687 £ 0.1733 HII
KIG757 Sb  0.6113 £ 0.0429 -0.1168 & 0.0220 -0.4439 + 0.0550 -1.3613 =+ 0.1694 Sy2
KIG762 Sbc  0.8411 £ 0.3795  0.3430 & 0.0535  0.2583 & 0.0781  -0.6873 + 0.1914  S-Li
KIG767 Sb  0.7086 £ 0.5268  0.2822 £ 0.0986  -0.3372 + 0.3500 -0.5859 + 0.3153 Sy2
KIG780 Sb 1.0785 £ 0.2355 0.1658 + 0.0320  -0.3241 £ 0.0877 -1.2505 £ 0.2828 Sy2
KIG795 Sb -0.0775 £ 0.0938  -0.1820 £ 0.0127  -0.3554 4+ 0.0250 -1.3358 £ 0.0877 AGN
KIG807 Sbc -0.7275 + 0.1407  -0.2921 £ 0.0155 -0.5002 + 0.0338 -1.3789 + 0.0926 HIT
KIG884 Sbe -0.0912 + 0.2233  -0.2999 + 0.0316 -0.4766 + 0.0711 -1.4094 + 0.2327 AGN
KIG892 Sbe -0.6198 + 0.2338 -0.3832 £ 0.0255 -0.7560 + 0.0794 -2.3737 £ 1.3022 HII
KIG907 Sbe -0.1022 + 0.0932  -0.5283 £ 0.0413  -0.2481 + 0.0506 -1.1883 + 0.1483 HII
KIG912 Sb  -0.7228 + 0.0731  -0.4308 & 0.0142  -0.5156 + 0.0240 -1.6445 + 0.1000 HII
KI1G923 Sb -0.3809 + 0.0710  -0.3515 4+ 0.0144  -0.4158 + 0.0242 -1.8544 + 0.1882 HII
KIG931 Sbe -0.9289 4+ 0.0778  -0.4692 4+ 0.0102 -0.5506 + 0.0178 -1.7904 + 0.1032 HII
KIG943 Sb -0.6898 + 0.0272  -0.3556 £ 0.0073  -0.6048 + 0.0130 -1.7271 +£ 0.0505 HII

KIG1008 SBb 1.1463 £ 0.0465 0.1739 4+ 0.0240  -0.0825 £ 0.0394 -0.6212 £ 0.0535 Syl.5
Sc
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LOG(|N II)/Ha

Nuclear Activity in Isolated Galaxies

LOG([S 11]/Ha)

LOG([O 1]/Ha)

Type

Object ~ M.T.* LOG([OIII]/HB)
KIG198  SABc -0.3940 + 0.1875
KIG199 Sc  -0.6611 % 0.0956
KIG203  SABc -0.8569 + 0.4712
KIG216 Sc  -0.4758 + 0.2365
KIG217 Sc  -0.9164 + 0.0545
KIG221 Sc  -0.3468 + 0.0891
KIG225 Sc -0.6280 + 0.3485
KIG229 Sc  -0.4510 + 0.1911
KIG241 Sc  -0.3639 + 0.0452
KIG248 Sc  1.0423 + 0.0081
KIG254 Sc  -0.9208 + 0.1033
KIG260 Sc  -0.3859 + 0.1531
KIG263 Sc  0.7272 £ 0.5186
KIG268  SABc -0.3799 + 0.2076
KIG271 Sc  -0.5853 % 0.2039
KIG273 Sc  -0.9066 + 0.0568
KIG282 Sc -0.2090 + 0.1574
KIG289 Sc  0.2165 + 0.1065
KIG291  Sed  -0.3190 = 0.0405
KIG294 Sc  -0.0073 + 0.1698
KIG296 Sc -0.7204 + 0.1316
KIG300 Sc  0.3790 + 0.0177
KIG306 Sc  -0.3548 + 0.0927
KIG307 Sc  0.2462 + 0.2639
KIG308 Sc  -0.0462 + 0.3078
KIG314  SABc -0.2541 + 0.0447
KIG321 Sc  -0.2127 + 0.0666
KIG322 Sc  -0.4786 + 0.0661
KIG323 Sc  -0.3838 % 0.1108
KIG326  SBc  -0.0369 & 0.1847
KIG328  SABc -0.3110 + 0.0915
KIG330 Sc  -0.4832 % 0.1200
KIG337 Sc  0.7518 + 0.2335
KIG343  SBc  -0.8360 =+ 0.0828
KIG348 Sc 0.1154 + 0.0140
KIG353 Sc -0.6722 4 0.0411
KIG360 Sc -0.3699 + 0.0424
KIG362 Sc  0.2775 + 0.0680
KIG365 Sc  -0.5798 + 0.0236
KIG367  SABc -0.5025 + 0.1428
KIG368 Sc -0.9190 + 0.1051
KIG370 Sc  -0.8182 + 0.0797
KIG373 Sc  -0.8433 4 0.1244
KIG384 Sc -0.3252 4 0.1262
KIG386 Sc  -0.4308 + 0.0822
KIG391 Sc  0.2374 =+ 0.0526
KIG395 Sc  0.4926 + 0.0955
KIG398 Sc  -0.4113 4 0.1728
KIG399  SBc  -0.4976 + 0.0659
KIG403 Sc  0.0416 =+ 0.3936
KIG405  SABc -0.7206 =+ 0.0882
KIG406 Sc  -0.6869 + 0.0745
KIGA407 Sc  0.5809 + 0.0136
KIGA408 Sc  -0.5202 + 0.0842
KIG410 Sc  -0.1348 % 0.0090
KIG428  SBc  0.6087 & 0.5510
KIG429 Sc  0.1542 + 0.4310

KIG432 Scd 0.0021 £ 0.1392
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-0.4120 £ 0.0263
-0.4273 £+ 0.0161
-0.3949 £ 0.0360
-0.3753 £ 0.0286
-0.4944 £+ 0.0104
-0.2996 £ 0.0227
-0.2305 £ 0.0479
-0.3274 £ 0.0364
-0.4714 £ 0.0159
-0.0423 £ 0.0050
-0.4021 £ 0.0145
-0.4424 £ 0.0362
0.2105 + 0.0822
-0.4847 £+ 0.0603
-0.3401 £ 0.0302
-0.2990 £ 0.0081
-0.2501 £ 0.0223
-0.1635 & 0.0310
-0.5553 £+ 0.0163
-0.4654 £ 0.0435
-0.3901 £ 0.0229
-1.0948 £ 0.0249
-0.4394 £ 0.0216
-0.0352 £ 0.0545
-0.1372 £ 0.0655
-0.3206 & 0.0214
-0.5433 £ 0.0232
-0.3720 £ 0.0187
-0.3308 £ 0.0206
-0.3616 £ 0.0622
-0.2665 £ 0.0270
-0.37037+ 0.0271
0.0899 =+ 0.0408
-0.4859 £+ 0.0131
-0.6746 £+ 0.0117
-0.5039 £ 0.0108
-0.4564 £ 0.0152
0.1049 + 0.0231
-0.4098 £ 0.0086
-0.4254 £ 0.0280
-0.3950 £+ 0.0134
-0.4485 £+ 0.0113
-0.3724 £ 0.0155
-0.4385 £ 0.0326
-0.2396 £ 0.0165
-0.6375 £ 0.0399
0.4213 + 0.0544
-0.3639 £ 0.0338
-0.4616 £ 0.0154
-0.1835 £ 0.0611
-0.4599 £ 0.0160
-0.4215 £ 0.0140
-1.2032 £ 0.0243
-0.4492 £ 0.0215
-0.4794 £ 0.0057
-0.3683 £ 0.0997
-0.1788 £ 0.0547
0.1091 + 0.1830

-0.7347 £ 0.0794
-0.5352 + 0.0288
-0.4559 + 0.0736
-0.5737 £ 0.0708
-0.6484 £+ 0.0170
-0.5924 + 0.0574
-0.5263 + 0.1293
-0.3878 + 0.0633
-0.4442 + 0.0231
-0.2417 £+ 0.0074
-0.6721 £+ 0.0301
-0.5610 + 0.0756
0.1284 + 0.1218
-0.3298 + 0.0775
-0.5427 + 0.0723
-0.6857 + 0.0166
-0.4277 + 0.0465
-0.4142 + 0.0706
-0.3600 + 0.0188
-0.3224 + 0.0611
-0.4451 + 0.0405
-0.4973 £ 0.0179
-0.3509 + 0.0322
-0.1816 + 0.1061
-0.3954 £+ 0.1609
-0.6235 + 0.0496
-0.3566 + 0.0318
-0.4091 + 0.0296
-0.5184 + 0.0445
-0.0756 + 0.0633
-0.4153 + 0.0560
-0.4190 £ 0.0487
-0.2396 + 0.0924
-0.5192 + 0.0228
-0.4785 + 0.0137
-0.5129 + 0.0168
-0.4383 + 0.0219
0.0840 + 0.0345
-0.5431 + 0.0131
-0.3999 + 0.0475
-0.6971 + 0.0313
-0.7419 £+ 0.0255
-0.5514 + 0.0334
-0.5818 £ 0.0607
-0.3974 £+ 0.0310
-0.2390 + 0.0373
0.1874 + 0.0895
-0.5659 + 0.0761
-0.7162 + 0.0349
-0.3110 + 0.1202
-0.4800 + 0.0264
-0.5105 + 0.0239
-0.6533 £ 0.0175
-0.3755 £ 0.0336
-0.5713 £+ 0.0081
-0.0313 £+ 0.0959
-0.4304 + 0.1336
0.0797 £ 0.2714

-1.6353 £+ 0.2751
-1.8179 £ 0.1902
-1.1814 £+ 0.1748
-1.5198 £ 0.2344
-1.8422 £+ 0.0775
-1.7947 £ 0.3442
-1.4466 £ 0.4868
-1.1301 £ 0.1601
-1.7636 £ 0.1450
-0.8813 £+ 0.0103
-1.8473 £ 0.1582
-2.1611 £+ 1.1609
-0.8566 £ 0.3604
-1.7922 £+ 0.7811
-1.6380 £ 0.3510
-1.8872 £ 0.0824
-1.3762 £+ 0.1526
-1.6038 £ 0.4342
-1.5727 £ 0.1107
-1.2101 £ 0.1705
-1.6912 £ 0.2496
-1.4475 £+ 0.0537
-1.8250 £ 0.3316
-1.3388 £ 0.5529
-1.6338 £ 1.0450
-2.2972 £+ 0.8334
-1.2098 £ 0.0829
-1.7492 £+ 0.2186
-1.4326 £+ 0.1359
-1.0533 £ 0.2470
-1.4968 £ 0.2389
-1.6139 £ 0.2766
-1.1599 £ 0.2894
-1.8243 £+ 0.1539
-1.4493 £ 0.0346
-1.6810 £ 0.0809
-1.4498 £ 0.0754
-0.7344 £+ 0.0732
-1.9773 £ 0.0759
-1.7043 £ 0.3366
-1.6126 £ 0.0915
-2.1264 £+ 0.2139
-1.6996 £ 0.1577
-1.8999 £ 0.5140
-1.6777 £+ 0.1898
-1.2277 £+ 0.1169
-0.4904 + 0.1469
-2.2222 + 1.2918
-1.6450 £+ 0.1091
-1.0981 £ 0.3055
-1.6434 £ 0.1172
-1.7292 £+ 0.1210
-1.6662 £ 0.0608
-1.4595 £+ 0.1372
-1.7658 £ 0.0233
-0.8327 £ 0.2308

-1.1747 + 1.5783

HIIL
HII
HII
HII
HII
AGN
AGN
HIT
HIT
Sy2
HII
HIIT
S-Li
HII
HII
HII
AGN
AGN
HII
HII
HIT
HIT
HII
S-Lf
AGN
AGN
HII
HII
HII
LINER
AGN
AGN
Sy2
HIIT
HIIL
HII
HII
LINER
HII
HII
HII
HII
HIT
HIT
AGN
HIT
LINER
HII
HII
LINER
HII
HII
HII
HII
HII
S-Lt
AGN
LINER
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Object ~ M.T.* LOG([OII]/HB) LOG(|NIIJ/He  LOG([SIJ/Ha) LOG([OI]/Ha)  Type
KIG436  SBc  -0.6726 + 0.0526 -0.4329 4 0.0128 -0.4914 + 0.0218 -1.6115 & 0.0901  HII
KIG440 Sc 11854 £ 1.3201  0.1239 + 0.0561  -0.5199 + 0.2369 -0.7619 + 0.1950  Sy2
KIG442  SBc  -0.0942 + 0.0620 -0.4464 + 0.0278 -0.1781 & 0.0291 -1.3940 4 0.1487  HII
KIG445 Sc  -0.8403 + 0.2002 -0.4075 + 0.0226  -0.6364 + 0.0525 -1.4098 4+ 0.1257  HII
KIG446  SBc  -0.7051 + 0.1581 -0.4457 & 0.0236  -0.8129 + 0.0745 -2.0652 + 0.5377  HII
KIG448  SABc -0.9581 +0.0194 -0.4005 & 0.0050 -0.7380 = 0.0086 -2.1090 + 0.0423  HII
KIGA453 Sc  -0.1938 + 0.1556  -0.2848 + 0.0285  -0.5543 + 0.0751 -1.5441 +0.2815  AGN
KIG454 Sc  -0.6045 4+ 0.1290  -0.3909 + 0.0235 -0.5985 & 0.0580 -1.4907 4 0.1867  HII
KIG473  SABc -0.2148 + 0.1502 -0.3366 & 0.0414  -0.2623 + 0.0717 -1.0582 + 0.1504  AGN
KIG4T4 Sc -0.0374 + 0.0356  -0.6191 & 0.0199 -0.3771 & 0.0249 -1.4477 4+ 0.0902  HII
KIG476  Scd  0.0824 & 0.0315  -0.7432 4 0.0227 -0.4151 + 0.0232 -1.5135 4+ 0.0979  HII
KIG477 Sc 04178 £ 0.0238  -0.1635 £ 0.0131  -0.4579 + 0.0262 -1.3465 + 0.0689  Sy2
KIGA486 Sc  0.3076 £ 0.0550  -1.0042 + 0.0781 -0.4722 + 0.0546 -1.5040 & 0.2361  HII
KIG487  SBed  0.3345 £ 0.0096  -0.8796 & 0.0098  -0.5919 + 0.0110 -1.6670 & 0.0368  HII
KIG498 Sc  -0.5868 & 0.0204  -0.3058 & 0.0058 -0.4559 & 0.0089 -1.6054 & 0.0298  HII
KIG502  SABc  0.2796 & 0.0177  -0.8653 & 0.0181  -0.5028 = 0.0173 -1.5729 + 0.0772  HII
KIG509  SABc -0.2996 + 0.0674 -0.4489 + 0.0231  -0.3198 =+ 0.0286 -1.5614 + 0.1650  HII
KIG512 Sc  -0.5086 4 0.0938  -0.4669 =+ 0.0221 -0.4237 + 0.0326 -2.0899 + 0.5159  HII
KIG518  SABc -0.8838 + 0.5779  -0.3348 & 0.0326  -0.4637 & 0.0621 -1.7497 & 0.4449  HII
KIG524  Scd  -0.0691 + 0.0266 -0.7193 & 0.0177  -0.3002 =+ 0.0165 -1.2848 + 0.0581  HII
KIG526 Sc  -0.3985 4+ 0.0720 -0.3299 + 0.0145 -0.4979 + 0.0283 -1.4314 + 0.1058  HII
KIG546 Sc  -0.6198 + 0.2869  -0.3236 = 0.0362 -0.5079 + 0.0826 -1.6534 + 0.4771  HII
KIG547  SABc -0.5136 + 0.1139  -0.5091 & 0.0360 -0.2687 & 0.0392 -1.6509 & 0.3420  HII
KIG551  SABc  0.4260 & 0.1333  -0.5306 & 0.0721  -0.1670 + 0.0669 -0.8214 + 0.1310 ~ AGN
KIG560 Sc  0.0687 £ 0.0174  -0.6555 + 0.0133  -0.3778 + 0.0153 -1.3371 + 0.0391  HII
KIG563 Sc -0.4012 4 0.0388  -0.4000 + 0.0138  -0.4471 4 0.0213 -1.6111 & 0.1091  HII
KIG565 Sc  -0.2981 4 0.1312  -0.3181 = 0.0201  -0.4666 + 0.0599 -1.4309 + 0.2196  AGN
KIG566 Sc  0.3478 £ 0.0204  -1.0096 =+ 0.0252  -0.5568 + 0.0215 -1.6160 & 0.0985  HII
KIG568 Sc 0.1594 £ 0.7950  0.2174 + 0.1064  -0.0430 + 0.2185 -0.7412 + 0.4141  LINER
KIG583 Sc  -0.5283 4 0.1807  -0.3930 + 0.0289 -0.5853 + 0.0690 -1.4791 4+ 0.2142  HII
KIG590 Sc -0.2762 £ 0.0154 -0.6464 + 0.0109 -0.4731 + 0.0126 -1.7940 + 0.0546  HII
KIG594 Sc  -0.4446 4 0.0383  -0.4484 + 0.0131  -0.5147 & 0.0204 -1.6548 + 0.0858  HII
KIG598 Sc  -0.3378 £ 0.0838  -0.3797 & 0.0299  -0.6079 & 0.0777 -1.7806 + 0.4383  HII
KIG600  Scd  -0.1721 + 0.1535  -0.4560 & 0.0451  -0.2436 + 0.0567 -1.3257 4 0.2327  HII
KIG603 Sc 01781 £ 0.1156  0.0483 + 0.0230  0.1587 4 0.0296 -0.4901 + 0.0441 LINER*
KIG610  SABc -0.5699 + 0.0431 -0.3919 & 0.0123  -0.5891 =+ 0.0219 -1.6704 + 0.0834  HII
KIG625 Sc  -0.5398 4+ 0.0882 -0.3936 = 0.0160 -0.4439 + 0.0266 -1.5243 + 0.1095  HII
KIG626  SABc -0.4974 +0.0399 -0.4910 & 0.0120  -0.5275 + 0.0179  -1.7206 + 0.0883  HII
KIG639 Sc  -0.4978 4+ 0.1549  -0.3795 & 0.0260 -0.4834 + 0.0523 -1.9841 + 0.5599  HII
KIG648 Sc  -0.5528 £ 0.1171  -0.4117 + 0.0227 -0.6253 + 0.0535 -1.7270 + 0.2531  HII
KIG651  SBc  0.2553 + 0.0128  -0.7991 & 0.0125  -0.4875 + 0.0131  -1.5145 + 0.0377  HII
KIG652 Sc -0.5801 4 0.0536  -0.4092 & 0.0123 -0.4716 & 0.0189 -1.5628 & 0.0685  HII
KIG655 Sc  -0.4754 £ 0.7579  -0.0501 & 0.0851 -0.2672 & 0.1892 -0.9730 + 0.4011  AGN
KIG659 Sc -0.5086 4+ 0.1769  -0.4156 + 0.0355 -0.4631 & 0.0664 -1.2537 & 0.1656  HII
KIG668 Sc  -0.3766 & 0.1273  -0.4480 =+ 0.0238 -0.4281 + 0.0385 -1.4956 4+ 0.1523  HII
KIG672 Sc  0.0713 £ 0.1848  -0.2318 = 0.0400 -0.3023 + 0.0777 -1.4365 + 0.3575  AGN
KIG680 Sc  -0.1041 + 02175  -0.2030 =+ 0.0427 -0.6550 + 0.1577 -1.0325 + 0.1763  AGN
KIG681 Scd  -0.1487 + 0.1917  -0.3696 & 0.0461 -0.4068 + 0.0716 -1.2545 + 0.2159  AGN
KIG683 Sc  -0.5643 £ 0.1252  -0.4190 + 0.0167 -0.6486 + 0.0370 -2.3988 4+ 0.7433  HII
KIG688 Sc  -0.5421 4+ 0.1242  -0.3741 + 0.0209  -0.5427 + 0.0473 -1.5691 4+ 0.1894  HII
KIG691  SBed  -0.3228 + 0.0792  -0.4572 & 0.0199  -0.3316 & 0.0245 -1.7552 &+ 0.2404  HII
KIG693 Sc  -0.7150 4 0.1728  -0.4271 + 0.0252 -0.6320 + 0.0624 -1.7152 4+ 0.3057  HII
KIG700  Scd  -0.1759 + 0.1425 -0.3546 + 0.0480 -0.2215 + 0.0650 -1.3888 + 0.3886  AGN
KIG709 Sc 04863 &+ 1.4057 -0.1015 4 0.0432  -0.4466 4+ 0.1154 -1.2837 4 0.3242  Sy2
KIG716 Sc 02789 4 0.1337  0.2548 + 0.0703  0.1630 + 0.1071  -0.5213 + 0.1833  LINER
KIG717 Sc  -0.5746 + 0.1918 -0.4114 + 0.0233  -0.5526 + 0.0504 -2.2380 + 0.7953  HII
KIG721 Sc  -0.6518 + 0.0890  -0.4415 + 0.0192  -0.6844 + 0.0434 -1.8561 + 0.2447  HII
KIG744 Sc 0.0489 & 0.1837  -0.3825 &+ 0.0435 -0.1585 & 0.0501 -0.9633 + 0.1311  LINER
KIG747 Sc 03158 £ 0.0220 -0.1517 + 0.0113  -0.5229 + 0.0218 -1.2044 + 0.0449  Syl.5
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Object

M.T.*

LOG([OI11]/HB)

LOG(|N II)/Ha

Nuclear Activity in Isolated Galaxies

LOG([S 11]/Ha)

LOG([O 1]/Ha)

Type

KIGT748
KIG754
KIG902
KIG928
KIG980
KIG1030
KIG1041

SBc
Scd
Sc
Sc
Sc
SBc
Sc

0.3615 + 0.0513
-0.5846 £ 0.0988
-0.8253 £+ 0.1299
-0.5977 £ 0.0492
-0.1461 £ 0.0250
-0.1305 £ 0.0487
-0.1243 £ 0.1771

-0.7205 £ 0.0475
-0.4161 £ 0.0227
-0.4449 £ 0.0157
-0.4458 £ 0.0132
-0.5747 £+ 0.0126
-0.6196 £ 0.0234
-0.3244 £ 0.0445

-0.3451 + 0.0416
-0.4729 £ 0.0429
-0.6600 + 0.0335
-0.5908 + 0.0241
-0.4733 £ 0.0173
-0.3989 + 0.0275
-0.1947 £+ 0.0624

-1.4186 £ 0.1837
-1.4281 £ 0.1281
-1.8632 £ 0.1846
-1.7567 £+ 0.1068
-1.5829 £ 0.0594
-1.6204 £+ 0.1619
-1.4422 £+ 0.4265

HII
HII
HII
HII
HII
HII
AGN

Sm

KIG280
KIG283
KIG290
KIG299
KIG313
KIG354
KIG355
KIG439
KIG447
KIG470
KIG536
KIG569
KIG584
KIG585
KIG642
KIG662
KIG674
KIG909
KIG937
KIG990

Sm

SABd
SBm
Sd

Sm

Sdm
Irr
Irr

Sd

Irr
Sd
SABd
SBd
Sm
Sdm
SBd
IAB

-0.1951 £ 0.2746
0.0976 + 0.0322
0.0000 £ 0.0889
0.2350 £ 0.0485
0.0000 + 0.1697
0.0804 + 0.1385
-0.5558 £ 0.0238
-0.1691 £ 0.0500
0.2305 %+ 0.0094
0.2109 + 0.0266
0.4303 £+ 0.0316
0.3600 £+ 0.0102
0.0670 % 0.2626
-0.3652 £ 0.0654
0.0637 £+ 0.0291
0.6521 £+ 0.0102
0.6314 + 0.3125
-0.7043 £ 0.2292
-0.2003 £ 0.2570
0.6726 + 0.0081

-0.3680 £ 0.0673
-0.7516 £ 0.0221
-0.7892 £ 0.0750
-0.8851 £ 0.0514
-0.2189 £ 0.0413
-0.5136 £ 0.0403
-0.4612 £ 0.0083
-0.5207 £ 0.0190
-0.9002 £ 0.0092
-0.9434 £+ 0.0333
-1.0425 £ 0.0533
-1.0040 £ 0.0117
-0.7595 £ 0.2265
-0.5155 £ 0.0180
-0.7332 £+ 0.0219
-1.3676 £ 0.0185
-0.1586 £ 0.0617
-0.4137 £ 0.0259
-0.3921 £ 0.1261
-1.3646 £+ 0.0135

-0.1298 + 0.0855
-0.3673 £ 0.0212
-0.2253 £+ 0.0491
-0.4300 £+ 0.0388
-0.6978 + 0.1489
-0.2366 + 0.0435
-0.4600 + 0.0115
-0.4420 £+ 0.0304
-0.6691 + 0.0103
-0.4939 + 0.0258
-0.5223 £+ 0.0359
-0.6116 + 0.0112
-0.1912 + 0.1350
-0.4048 + 0.0260
-0.4192 £+ 0.0225
-0.8652 £+ 0.0144
-0.4863 + 0.2035
-0.6653 + 0.0651
0.0288 + 0.1193
-0.9131 + 0.0124

-1.7026 £ 1.0415
-1.5913 £+ 0.1111
-1.4944 £+ 0.3311
-1.1289 £ 0.0936
-1.8633 £ 0.8821
-1.3186 + 0.2033
-1.6367 £ 0.0398
-1.5046 £+ 0.1151
-1.8389 £ 0.0306
-1.4647 £+ 0.0958
-1.4192 £ 0.1088
-1.6435 £+ 0.0368
-0.9828 £ 0.3666
-1.4033 £ 0.0786
-1.2843 £ 0.0633
-1.9460 £ 0.0502
-1.0995 £ 0.3442
-1.7201 £ 0.2953
-1.0904 £ 0.5402
-1.9868 £ 0.0420

HII
HII
HIT
HII
AGN
HII
HII
HII
HII
HII
HII
HII
HII
HII
HII
HII
Sy2
HII
HII
HII
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Table 7: Logarithm intensity ratios with their errors and AGN type
for the Varela’s sample. M.T.- Morphological Type. AGN classification
denotes those galaxies that are AGN according to the [N II] diagrams
but not to the [S II] and/or [O I]. T L-S classification means that galaxies
fall in the separation line for Seyfert and LINER according to [S II] and
[O 1] diagrams. * Type with weak broad component in permitted lines.

Seyfert quantitative classification according to Winkler (1992).

Object ~ M.T.® LOG([OII]/HB) LOG(INII/Ha LOG([SII/Ha) LOG([OI]/Ha) Type
Elliptical
PGC29177 E-SO  -0.0385 4+ 0.0075 -0.4953 + 0.0064 -0.6389 4+ 0.0090 -1.9657 + 0.0284 HII
PGC36037 E-SO  0.6757 + 0.2136  -0.0778 + 0.0767 -0.0145 4+ 0.1076  -0.8049 + 0.2415 S-L7
PGC36211 E 0.1761 4+ 0.0310  -0.5803 &£ 0.0225 -0.2478 4+ 0.0225 -1.3349 + 0.0808 HIT
PGC43121 E-SO 0.4754 4+ 0.0048  -0.9475 + 0.0054 -0.8785 4+ 0.0066 -1.9157 + 0.0141 HII
Spheroidal
PGC25467 S0-a -0.4046 + 0.0283 -0.3493 + 0.0119 -0.4011 + 0.0177 -1.5501 + 0.0721 HIT
PGC28259 S0 0.5808 + 0.0168  -0.4437 £ 0.0169 -0.2733 £+ 0.0206 -0.8945 + 0.0330 Sy2
PGC28758 S0-a 0.7331 4+ 0.0062  -1.2866 £ 0.0097 -1.0391 4 0.0110 -2.0580 + 0.0283 HII
PGC31601 S0 0.2531 4+ 0.0109  -0.5715 £ 0.0092 -0.6821 4 0.0158 -1.4981 + 0.0367 HII
PGC31945 S0 0.3114 4+ 0.0078  -0.7400 +£ 0.0077 -0.6240 4 0.0094 -1.7853 + 0.0261 HII
PGC37574 SO 0.5721 + 0.1763 0.1109 + 0.0813 0.3262 + 0.0894  -0.7749 + 0.2968 S-Lt
PGC37795 SO 0.2274 4+ 0.0869 -0.1798 £ 0.0652 -0.0085 4+ 0.0795 -0.6710 £ 0.1398 LINER
PGC38527 S0-a -0.5243 + 0.1138 -0.3784 £ 0.0264 -0.6363 + 0.0662 -1.8257 £ 0.4031 HII
PGC39681 S0-a -0.4022 + 0.0433 -0.5761 + 0.0196 -0.5402 + 0.0273 -1.9586 + 0.2593 HIT
PGC42497 S0 -0.6131 + 0.0237 -0.5466 £ 0.0088 -0.6258 #+ 0.0124 -2.0000 £ 0.0691 HIT
PGC49927 S0-a -0.0588 + 0.0085 -0.5192 + 0.0064 -0.6233 + 0.0088 -2.0442 + 0.0365 HIT
PGC49956 S0-a 0.8751 4+ 0.2953 0.3010 + 0.0670 0.1846 + 0.1030  -0.8093 + 0.3120 S-Ly
PGC58183 S0 0.8329 4+ 0.2360 0.3401 + 0.0796 0.2683 + 0.1140  -0.4705 £ 0.2014 LINER
PGC48521 SO 1.0883 + 0.0117 0.0723 + 0.0076  -0.3273 £ 0.0143 -0.8754 4+ 0.0190 Syl.8

Sa
PGC25985 SBa 0.0186 4+ 0.0498  -0.6120 4+ 0.0328 -0.1932 4+ 0.0294 -1.1732 £+ 0.0948 HIT
PGC26218 Sa -0.0440 #+ 0.0097 -0.6207 £ 0.0068 -0.6754 + 0.0092 -2.0514 + 0.0384 HII
PGC27437 Sa 0.4566 4+ 0.1065 0.2900 + 0.0494 0.0912 + 0.0839  -0.5104 £ 0.1302 LINER
PGC28145 Sa -0.6816 + 0.0373 -0.2678 £ 0.0078 -0.5870 + 0.0139 -1.7602 £ 0.0546 HII
PGC38582 Sab -0.8523 + 0.0308 -0.5166 + 0.0088 -0.5855 + 0.0121 -2.0038 =+ 0.0636 HII
PGC40475 Sa -0.1320 + 0.0143  -0.4863 £ 0.0092 -0.5244 + 0.0128 -1.6922 + 0.0437 HII
PGC42174 SABa -0.1253 4+ 0.0601  0.0771 + 0.0187  -0.1549 + 0.0330 -0.8434 + 0.0603 LINER
PGC50198 Sa -0.5946 + 0.0278 -0.4892 £ 0.0093 -0.5302 + 0.0128 -1.7903 =+ 0.0528 HIT
PGC50745 SBa -0.7138 + 0.0273  -0.2834 £ 0.0088 -0.5423 + 0.0131 -1.7481 £ 0.0518 HIT
PGC51091 SBa -0.4356 + 0.0259 -0.2945 £ 0.0094 -0.4890 + 0.0156 -1.6721 £ 0.0641 AGN
PGC51951 Sa -0.5768 + 0.0359 -0.4364 £+ 0.0117 -0.4763 + 0.0179 -1.5721 £ 0.0673 HII
Sb

PGC26690 SBbc 0.5302 4+ 0.2424 0.2064 + 0.0702 0.0142 + 0.1266  -0.9224 + 0.3719 S-Lt
PGC27311 Sbe 0.4115 4+ 0.0075  -1.0317 4+ 0.0092 -0.6730 4+ 0.0092 -1.8906 + 0.0278 HIT
PGC27518 Sbc -0.7164 + 0.0532  -0.4294 £ 0.0120 -0.6720 & 0.0250 -1.9476 £ 0.1586 HII
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Object M.T.* LOG([OIII]/HB) LOG([NIIJ/Hae LOG([SII]/Ha) LOG(|O IJ/Ha) Type
PGC27796 SBb -0.2766 + 0.1091 -0.1786 £ 0.0197 -0.3907 £ 0.0388 -1.3352 &+ 0.1223 AGN
PGC29347  SBb 0.3436 + 0.0074  -0.8179 £ 0.0075 -0.6724 + 0.0089 -2.0031 4 0.0291 HII
PGC29715 SBb  -0.3502 + 0.0624 -0.3763 + 0.0169 -0.5435 + 0.0324 -1.4794 + 0.0993 HII
PGC30010 Sb -0.4184 4+ 0.0298 -0.1828 + 0.0091 -0.5548 + 0.0181  -1.5933 4+ 0.0621 AGN
PGC35314 Sb 0.4141 4+ 0.0818  0.0241 4+ 0.0312  0.0514 =+ 0.0424  -0.9643 4+ 0.1298 S-Lt
PGC37928 Sb -0.3429 4+ 0.0163  -0.4129 + 0.0083 -0.4976 + 0.0116 -1.8935 + 0.0562 HII
PGC38802 Sb 0.3390 + 0.0651  0.1107 £+ 0.0394  0.0181 + 0.0619  -1.0505 =+ 0.2307 S-Lt
PGC39393 SABb -0.2865 4+ 0.1896 -0.2614 + 0.0361 -0.5564 4 0.0931 -1.7686 =+ 0.5994 AGN
PGC43113 Sb 0.7704 4+ 0.2383  -0.0286 + 0.0427 0.0749 + 0.0548 -0.9961 + 0.1968 S-Lt
PGC45836 SABb  0.3158 &+ 0.0141 -0.2156 £ 0.0092 -0.5143 £ 0.0157 -1.1820 =+ 0.0254 Sy2
PGC47482 SBb -0.6782 + 0.0462 -0.4185 + 0.0123 -0.6252 + 0.0229 -1.6744 + 0.0842 HII
PGC47985 Sb -0.2839 4+ 0.0417 -0.4473 £+ 0.0161 -0.3025 + 0.0196 -1.3910 + 0.0678 HII
PGC50889 Sb -0.2788 4+ 0.0389  -0.1876 + 0.0116 -0.3563 + 0.0194 -1.3643 + 0.0603 AGN
PGC52488 SBb  -0.1362 + 0.0362 -0.4720 + 0.0174 -0.3628 £ 0.0235 -1.4771 + 0.0946 HII
PGC52887 Sb 0.6649 + 0.0417  -0.0303 £ 0.0303 -0.2710 + 0.0628 -0.7351 4 0.0789 Sy2
PGC55419 Sbe -0.5714 4+ 0.0265 -0.4478 £+ 0.0108 -0.5763 + 0.0168 -2.0686 + 0.1290 HII
PGC71699 Sbe -0.5825 4+ 0.0773  -0.3239 £+ 0.0153  -0.4023 + 0.0263 -1.5000 + 0.1227 HII
PGC8165 Sb -0.4385 4+ 0.0686  -0.3378 + 0.0161 -0.5935 + 0.0388 -1.7169 + 0.1955 HIT

Sc
PGC2600 SABc -0.5967 + 0.0427 -0.3670 £ 0.0105 -0.7098 4 0.0245 -1.8781 + 0.1226 HII
PGC27968 SABc 0.2112 + 0.0363  -0.7672 + 0.0285 -0.4197 + 0.0284 -1.3424 + 0.0962 HIT
PGC28485 SABc -0.3216 4 0.2285 -0.2406 £ 0.0381 -0.4330 & 0.0828 -2.3499 + 2.6570 AGN
PGC30197 Sc -0.6006 + 0.0406 -0.3603 £ 0.0091 -0.4818 + 0.0141 -1.8556 =+ 0.0831 HIT
PGC30569 Sc -0.5203 4+ 0.0579  -0.4690 + 0.0151 -0.3830 + 0.0206 -1.5418 + 0.0964 HII
PGC30858 Sc 0.0000 + 0.0367  -0.6320 £ 0.0272 -0.3158 + 0.0273 -1.1761 + 0.0759 HII
PGC31883 Sc 0.2561 4+ 0.1406  0.0722 4+ 0.0617  -0.1450 + 0.1211  -0.9006 + 0.2643 S-Ly
PGC32183 SBec  -0.1205 + 0.0604 -0.4301 + 0.0281 -0.1619 £ 0.0295 -1.3777 + 0.1490 HII
PGC34935 Sc 0.4217 4+ 0.0241  -0.1635 £+ 0.0131  -0.4579 + 0.0262 -1.3465 + 0.0689 Sy2
PGC36930 Sc 0.1207 4+ 0.0143  -0.8679 £ 0.0129 -0.5590 + 0.0128 -1.7928 =+ 0.0527 HII
PGC37352 SABc -0.2688 + 0.0615 -0.4489 + 0.0231 -0.3198 £ 0.0286 -1.4523 + 0.1300 HII
PGC37444 Sc -0.5434 + 0.0918 -0.4669 + 0.0221 -0.3840 £ 0.0304 -2.0899 + 0.5159 HII
PGC37584 Scd -0.3540 + 0.0505 -0.5241 + 0.0154 -0.4119 £ 0.0195 -1.6200 =+ 0.1108 HIT
PGC37838 Sc 0.4091 + 0.0562  -0.8096 + 0.0575 -0.3734 + 0.0452 -1.0314 + 0.0854 HIT
PGC38150 SABc -0.9508 + 0.5681 -0.3415 4+ 0.0329 -0.4637 £ 0.0621 -1.7497 + 0.4449 HII
PGC38277 S? 0.3059 + 0.0169  -0.9774 + 0.0166 -0.5873 + 0.0155 -1.8220 + 0.0733 HII
PGC38286 Sc 0.3501 + 0.0958 -0.8921 + 0.0703 -0.3268 + 0.0437 -1.1139 + 0.1129 HII
PGC44370 Sc 0.1347 4+ 0.0296  -0.6326 + 0.0244 -0.3648 + 0.0275 -1.5586 + 0.1378 HII
PGC44797  SBc  -0.9261 + 0.0190 -0.4801 4+ 0.0060 -0.6909 £ 0.0090 -2.3028 + 0.0668 HII
PGC4T577 Sc -0.2762 4+ 0.0154 -0.6306 + 0.0110 -0.4573 + 0.0127 -1.7782 + 0.0547 HII
PGC48959 SABc -0.5680 + 0.0566 -0.3579 4+ 0.0124 -0.3907 £+ 0.0183 -1.4153 + 0.0603 HII
PGC49112 SABc 0.0130 £ 0.1143  -0.1027 4+ 0.0333  -0.2990 + 0.0666 -1.1916 + 0.2003 S-Lt
PGC52607 Sc -0.9324 + 0.0811 -0.4480 + 0.0138 -0.5572 + 0.0227 -1.9501 + 0.1731 HII
PGC58115 Sc -0.7097 4+ 0.0779  -0.4992 + 0.0163 -0.5993 + 0.0282 -2.1493 + 0.3284 HII
PGC58336 Sc -0.1787 + 0.2136  -0.2606 + 0.0475 -0.2704 + 0.0774 -1.0571 + 0.2865 LINER
PGC32543 Scd 0.3692 + 0.0128  -0.9844 + 0.0184 -0.5072 + 0.0153 -1.6016 + 0.0541 HII
PGC32364 Scd 0.2784 4+ 0.0155  -0.9480 + 0.0204 -0.4698 + 0.0167 -1.5613 + 0.0571 HIT
Sm
PGC27792 Sd -0.1027 4+ 0.0880 -0.4600 + 0.0357 -0.3258 + 0.0469 -1.4637 + 0.2458 HII
PGC34967 Sd 0.1557 + 0.0141  -0.6801 £ 0.0101 -0.4639 + 0.0117 -1.5552 4+ 0.0356 HII
PGC47938 Irr 0.5449 + 0.0121  -1.4242 + 0.0354 -0.7214 + 0.0193 -1.8103 4 0.0771 HII
PGC27157 Irr 0.5783 + 0.0074  -1.2818 £+ 0.0137 -0.7089 + 0.0107 -1.7392 4 0.0311 HII

®© 2002 RAS, MNRAS 000, 1-7?
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Object ~ M.T.* LOG([OI]/HB) LOG(INII/Ha LOG([SII)/Ha) LOG([OI]/Ha)  Type
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Capitulo 4

Induced Nuclear Activity In Galaxy
Pairs with Different Morphologies

(E4+E), (E+S) AND (S+S)

En este capitulo estudiamos la incidencia de la actividad nuclear de galaxias en pares
aislados. Para ello seleccionamos el catilogo de pares aislados de galaxias de Karachentsev
(CPG). Este catédlogo considera solo objetos por arriba de § > -3° y b > 20° (para evitar
extincién galdctica) y la separacién entre pares es < 100 Kpc. Analizamos 385 espectros
obtenidos del SDSS (DR7) que se encuentran en diferentes tipos de pares (E+E), (E+S) y
(S+S). El método para extraer la componente estelar y medir lineas ha sido el mismo que
en el articulo anterior para tener consistencia y homogeneidad al comparar resultados. La
incidencia en la actividad nuclear entre las galaxias pares es de 49 % + 6 % para galaxias con
lineas de emision y del 41% =+ 6 % para la muestra total (comparada con un 43% + 5% y
41% + 5% que posee una muestra de galaxias aisladas respectivamente). No parece haber
una diferencia significativa entre las incidencias de galaxias en pares y aisladas excepto para
un solo caso: el de galaxias Sb en pares mixtos (E+S) comparadas con Sb en aisladas. La
diferencia es de un 17 % que tiene un nivel de significancia de 2.26 o.

Mostramos como se aplana la distribucién de la incidencia AGN cuando se incluyen en la
muestra total de galaxias aquellas que no tienen lineas en emision.

Este trabajo muestra la relacion entre la morfologia y la actividad AGN que en la mayoria
de los casos (salvo las Sb) domina sobre los efectos de marea.

Si consideramos que una evolucién secular puede mantener una actividad nuclear o AGN
para galaxias de baja luminosidad y al mismo tiempo que la diferencia en las incidencias de
AGN entre galaxias pares y aisladas no es del todo significativa, entonces tal vez las fuerzas

de marea gravitacionales entre galaxias no son lo suficientemente importantes comparadas
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con la evolucién secular y solo se tornan significativas para detonar un AGN mas energético
cuando existe un encuentro violento o de tipo merger.

Articulo por enviar a la revista Monthly Notices of the Royal Astronomical Society.
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ABSTRACT

We analyzed 385 galactic spectra from the SDSS (DR7) that belong to the catalog of
isolated pairs of galaxies by Karachentsev. They are all physical pairs as defined by V
< 1200 Km/s and their separation is < 100 Kpc. We search for the incidence of nuclear
activity both thermal (Starburst) and non-thermal (AGN). After a careful extraction
of the nuclear spectra, we plot our measurements in diagnostic diagrams, and find
that: (1) the incidence of AGN activity is 49 % in the paired galaxies with emission
lines and 41% for the total sample (as compared to ~ 43 % and 41% respectively
in a sample of isolated galaxies). When a subsample of Ellipticals and Spheroidal
galaxies are considered in pairs containing those morphologies: (E+E) and (E+S), the
incidence of AGN activity is ~ 75 %. (2) Type 1 galaxies are almost absent from the
AGN sample. This last result is in conflict with the simplest version of the so called
Unified Model, but can be naturaly explained in the context of the evolutionary model
(which may include an obscuration/orientation phase). The role of a bulge is essential

for the tidal triggering of nuclear activity.

Key words: galaxies: active - galaxies: evolution - galaxies: interactions

1 INTRODUCTION

One of the outstanding problems in the understanding of
the Active Galactic Nuclei (AGN) phenomenon is the feed-
ing processes of the central Supermassive Black Hole. The
gas fueling may be driven from extragalactic to galactic, and
further to nuclear scales. The main proposed mechanism to
induce gas inflow to the center of galaxies, on the extra-
galactic scales, consists primarily of interactions with other
galaxies (Barnes & Hernquist 1992). In this paper we address
very direct and specific observational evidence of the role
of gravitational interactions in inducing nuclear activity. In
an attempt to elucidate this question from an observational
point of view in the past 20 years several efforts have focused
in the study of the environment of AGN. Most of the investi-
gations have dealt with samples of Seyfert galaxies, because
these are the closest clearly non-thermal dominated active
nuclei. LINERs are easy to observe, however, the nature of
the dominating emission mechanism is not yet well estab-
lished (Krongold et al. 2003; Gonzélez-Martin et al. 2007).
Starburst phenomena (particularly circumnuclear) have also
been included as a type (and/or part) of activity. The first
authors to propose a Starburst-AGN connection were Perry

* E-mail:hibarra@astro.unam.mx
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& Dyson (1985). An excellent recent review on this topic
can be found in Storchi-Bergmann (2008).

The first studies of the extragalactic influence on AGN,
were devoted to investigate the difference in the environment
between active and non-active galaxies, without distinguish-
ing activity type, (Dahari 1984, 1985). But soon it became
clear that it was necessary to distinguish between type 1 and
type 2 AGN (and even Starburst or enhanced Star Forming
activity). More recently, the importance of making a differ-
ence between close and large scale environment, has become
clear. The first studies were affected by the lack of clear defi-
nitions, statistical biases and also biases introduced by sam-
ple selection effects. All these methodological problems have
yielded contradictory results that can be found in the liter-
ature for over more than 20 years from Stauffer (1982b,a) to
Koulouridis et al. (2006a,b). One of the first discussions of
these effects is given in Dultzin-Hacyan et al. (1999) here-
after DH99, and a detailed account of these different results
is reviewed and analyzed recently by Sorrentino et al. (2006).

As more refined studies have been performed, it has be-
come clear that Seyfert 2 galaxies are in interaction with the
same frequency than Star-Forming Galaxies (SFG) (Storchi-
Bergmann 2008; Krongold et al. 2001), while Seyfert 1 galax-
ies are in interaction less frequently. Seyfert 1s are found
with close companions comparably as often as non-active
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Table 1. General statistics on every single galaxy subsample pair.

Sample  Total No Emission Excluded Fitted AGN+Comp HII AGN Type 1
(E+E) 58 31(53%) 3(5%) 25(43%) 19(33%) 6(10%) 2(3%)
(E+S) 103 23(22%) 2(2%) 78(76%) 48(47%) 30(29%) 1(1%)
(S+9) 224 9(4%) 9(4%) 203(91%) 83(37%) 120(54%) 1(0.4%)
TOTAL 385 63(16%) 14(4%) 306(79%) 150(39%) 156(41%) 4(1%)
(E+E) (E+S) (5+S)
le+42 |- - le+d2 |- - 1e+s2 | —
g -
% - %
1e+40 [~ i - e+ |- i - e+ | -
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Figure 1. Morphological distribution of Ha luminosity for: left; (E4+E) sample, middle; (E+S) sample and right; (S+S) sample. Mean
values of AGN Ha luminosity for the three samples are Lo = 2.28 x 100 erg s71, Lo = 2.92 x 10 erg s~' and Lo = 1.44 X

10%° erg s~ respectively.

galaxies (Krongold et al. 2002, DH99). The most recent stud-
ies confirm these findings considering only physical compan-
ions, i.e. not only from statistical considerations but from
actual measurements of radial velocities for the neighboring
galaxies (Koulouridis et al. 2006a,b). From the statistical
point of view, Sorrentino et al. (2006) have made the com-
parison of the environment of AGN, SFG and normal galax-
ies, for a complete sample of 1829 Seyfert Galaxies (725 Syl
and 1104 Sy2) and 6061 SFG from the Fourth Data Release
(DR4) of the SDSS. This study fully confirms the results
found by DH99 and by Koulouridis et al. (2006a,b). The au-
thors state that for close systems (< 100 kpc) they find a a
higher fraction of Sy2 compared to Syl in agreement with
DH99”, moreover, the frequency of Sy2 is similar to that of
SFGs. At large scales however, there is no strong evidence of
a denser environment for AGN compared to “normal” galax-
ies in agreement with Schmitt (2001) and Koulouridis et al.
(2006a). Any difference in the large-scale environment of Sy2
and Syl is more related to the morphological type of the host
rather than to activity (see also Marquez & Masegosa 2008).

In all of the above analysis the environment of well de-
fined samples of active vs. non-active galaxies were com-
pared. In the present paper we adopt a complementary ap-
proach. We study the incidence of nuclear activity in a well
defined sample of interacting galaxies. We focus on the sam-
ple of the Catalogue of Isolated Pairs in the Northern Hemi-
sphere (Karachentsev 1972). We separate in three morpho-
logical pairs; 1) Elliptical plus Elliptical pair (E+E) consid-
ering galaxies with spheroidal morphology S0, 2) Elliptical
plus Spiral pair (E+S) and 3) Spiral plus Spiral pair (S+S)
in order to quantify the incidence of nuclear activity in every
single pair sample.

Recently, galaxies in elliptical pairs (E4+E) have shown

a raised on the level of recent star formation relative to a
control sample of early-type galaxies (Rogers et al. 2009).
The scenario after a first stage of the encounter that triggers
residual star formation seems to be a more efficient inflow
towards the center switching to an AGN phase. The possibil-
ity that external perturbations may enhance the frequency
of nuclear activity among galaxies, as has been suggested
by previous studies (Dultzin-Hacyan et al. 1999; Krongold
et al. 2002, 2003; Rogers et al. 2009; Ellison et al. 2011).

Mixed galaxy pairs (E4+S) are a unique laboratory to
study the effect of tidal forces in triggering nuclear activity
because they are relatively simple systems where a gas rich
galaxy interacts with a gas poor one. In such systems a clean
interpretation of the origin and evolution of the gaseous com-
ponent is possible. Mixed pairs minimize the role of the rela-
tive orientation and pair component spin vectors, in driving
interaction-induced effects (Keel 1993). Since the late-type
spiral component is the primary source of gas in a mixed
pair, it is therefore expected to be the site of all or most
star formation and nuclear activity, although recent results
have shown evidence of star formation and AGN activity
in a non-negligible fraction of the early type components of
the pairs (de Mello et al. 1995, 1996; Domingue et al. 2005,
based on IRAS data). The presence of AGN activity on the
early type components can be directly confirmed by means
of spectroscopic data (Dultzin et al. 2008; Coziol et al. 2011;
Sabater et al. 2012).

Previous studies, based on spiral-spiral pairs (S+S),
have shown that starburst and possibly AGN activity in
galaxies may be triggered by interactions. Kennicutt & Keel
(1984) studied a sample of 56 nearby spirals in pairs vs. a
control sample of 86 non-interacting galaxies, and found that
interactions induce an enhancement of the level of nuclear

© 2002 RAS, MNRAS 000, 1-77
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activity. Furthermore, they also found a significant fraction
of Seyfert or Seyfert-like type nuclei. However, these stud-
ies have searched for activity without distinguishing between
thermal (starburst, hereafter SB) and non-thermal (properly
an AGN) activity. Thus these studies have not addressed the
incidence of type 1 vs. type 2 AGN in pairs of galaxies.

In this work, we study the incidence of nuclear activ-
ity in a well isolated sample of galaxy pairs. Host spectra
galaxy extraction and line emission measurements has been
done with peculiar process in order to make a good quan-
tification of data. We can define the activity type of AGN
and separates between Seyfert and LINERs galaxies.

In the sections below, we present the sample and data
analysis (Section 2), where we make a optical classification
by diagnostic diagrams and present some peculiar features
of morphology on some galaxies. On section 3 we present
result of nuclear activity and find the almost absent of AGN
type 1 for the entire sample. Discussion take place on sec-
tion 4 and according with the results, the possible enhanced
of nuclear activity by environment or morphology on this
pairs is important to elucidate what model of AGN (Unified
or Evolutionary) can be more according to the results. On
section 5 we present the final conclusions of this work.

2 SAMPLE AND DATA ANALYSIS

Our study uses the Catalog of Isolated Pairs of galaxies
(Karachentsev 1972, CPG) that contains around 600 galaxy
pairs. This catalogue was based on a visual search of the
Palomar Sky Survey with § > -3°. The majority of objects
have high galactic latitude b > 20° (in order to avoid galac-
tic extinction) and magnitude limit mz,, < 15.7. Karachent-
sev (1972) used a strong pair-isolation criterion in terms of
the apparent angular separation between pairs (< 100 Kpc).
The criteria used to build the CPG can be resumed by the
following relations:

i Bas
Yo> =t 05a; < a; < 4ay (1)
12 a;

where j = 1,2 correspond to the pair components and ¢ is
the nearest neighbor, a represents the major-axis diameter
and z the apparent separation. The overall completeness of
this catalogue has been estimated in ~ 90 % (Herndndez
Toledo et al. 1999).

We obtain all available spectra from Sloan Digital Sky
Survey Data Release 7 (SDSS-DR7) for this sample (Abaza-
jlan et al. 2009), spectra have a wavelength coverage from
3800-9200A and a resolution of 1800-2200 with a signal-noise
>4 per pixel at g=20.2. According to the SDSS spectro-
scopic limit (r = 17.77) 99% of our objects have a r-magnitud
brigther than this and thus our sample is practically com-
plete.

The SDSS spectra were taken through a fiber aperture
of 3 arcsec in diameter (corresponding to 1.247 kpc at a
redshift of 0.02), this way nuclei of galaxies was observed.
Our sample consist of 385 galaxy spectrum from which 63
present no emission lines, 9 do not have above of 3 o detec-
tion in all their lines, 4 have problems with the host galaxy
spectra and 1 does not have the optic fiber in the galaxy
center (not included in this work). A visual inspection was

© 2002 RAS, MNRAS 000, 1-77
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Figure 2. Morphological distribution of galaxies in elliptical,
mixed and spiral pairs. Continuous red line correspond to (E4+E)
pair sample, green dashed line to (E4S) and black dotted line to
(S+S) pair samples.
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Figure 3. Mass distribution for the three subsample galaxy pairs.
Labels like in Figure 2.

performed for all galaxies to confirm the morphological clas-
sification according to NED, SIMBAB and HYPERLEDA.
In those few cases where an obvious misclassification was
present, the morphology was corrected by us.

We were careful to distinguish between intrinsic no
emission and a problem of detectability related to low S/N.
For this purpose we set a threshold of 10°® erg s™' in Ha
luminosity. The galaxies below this threshold are the true
no-emission objects with a probability of being an AGN of
less than 2%. The distribution of morphology and Ha lumi-
nosity of our samples are presented in Figure 1.

We focus in measuring intensity of strong emission lines
Hp, [O III] A5007, [O I] A6300, Ha, [N II] A6584 and [S II]
AX6717,31 with a signal to noise ration (S/N)> 3. There
are 7 spectra which present less than 3 o detection in their
lines. KPG 303B in HS and [O I] A6300 lines has > 1 o,
KPG 317A with [O I] A6300 > 2 o, KPG 339B has HS with
> 2 o detection and [O I) A6300 > 1 o, KPG 392A with HS
< 1o and [O1I] A6300 > 1 o, KPG 408A has > 2 ¢ and [O I]
A6300 > 1 o, KPG 412B with H3 > 1 o, [O I] A6300 > 2 o
and [O III] A5007 > 2 o and KPG 432A with HE > 2 o, [O
I] A6300 < 1. KPG 058B does not have a good host galaxy
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Figure 4. AGN and H II fraction of galaxies as a function of

stellar mass. AGN are show as blue empty circles and H II ob-

jects by black filled circles. Errors in y-direction are the standard

deviation per bin and the “error bars” in x-direction denote the

range of mass in each bin.

extraction, so, we did not include in the sample. KPG 445A
has only [N II] A6584 and Ha lines above 3 o detection but,
it can be possible make a preliminary classification with only
this two lines as it shows on Figure 6(a).

The collected integrated spectroscopic area of the SDSS
is 3 arcsecs, and this area might include stellar light contam-
ination. This contamination turns out to be more significant
at the central parts of the galaxies as the spheroidal/bulge
component becomes more relevant. Therefore, in order to
obtain a reliable nuclear classification based on the emission
lines it is mandatory to subtract the stellar contribution. We
applied the principal component analysis (PCA) method fol-
lowing Hao et al. (2005) to subtract this contribution. We
used their first 8 eigenspectra from their low redshift range.
These eigenspectra are the resulting eigenvectors of a PCA
analysis applied to a sample of high S/N spectra of non-
emission galaxies. In addition, as they pointed out, we in-
cluded two more components, an A star spectrum account-
ing for the possible presence of poststarburst features and
a power-law to take into account of the possible existence
of a non-thermal component. The analysis is performed for
all the spectra of our sample and it consists on a multiple
regression of each spectrum to a linear combination of the 8
eigenspectra plus the two additional components. Previously
to the fit each galaxy spectrum was moved to zero redshift
which is the one of the template library. We also masked
all those regions where emission lines may appear since the
quality of the fit lies on the matching of the continua. Once
the regression is performed, the direct subtraction of the re-
sulting fit to the original (z=0) spectrum provides us with a
pure emission line spectrum where all the underlying absorp-
tion components and eventually a non thermal component
of the continuum are removed.

Fluxes were calculated with Sherpa software
(http://cxc.cfa.harvard.edu/sherpa/)  which  comes in
the CIAO distribution, http://cxc.harvard.edu/ciao/. This
program fits emission lines with Gaussians, constraining
width and velocity of the Balmer and forbidden lines to
unique value in our fits. This way we can measured the
intensity of each emission line.

We have evaluated two methods to fit the lines: see de-
scription in Herndndez-Ibarra et al. (2013) hereafter (H-113).
We fitted the emission lines with the method which has less
free parameters. For those objects where a broad compo-
nent was required in addition to the narrow one, an individ-
ual broad Gaussian was fitted with fully independent free
parameters.

Figures 2 and 3 show the morphological type and mass
distributions respectively for the galaxies in the three sub-
samples of galaxy pairs. In Figure 4 we show the AGN and
HII activity fraction versus the logarithm of stellar mass per
bin. From this Figure we can see a tendency for higher mass
galaxies to host an AGN, while lower mass emission line
galaxies tend to be H II galaxies.

2.1 Optical classification

We based our optical classification on diagnostic diagrams
(Baldwin et al. 1981; Veilleux & Osterbrock 1987). With
the 7 emission lines that we have measured, we can build
diagnostic diagrams with the four optical line ratios [O
IIT}/HA, [N II]/He, [S II]/Ha and [O I]/Ha. We use two
lines to separate galaxies into AGN, composite galaxies
(whose spectra contain contributions of both AGN and
Starburst features) and H II galaxies (without separated
starburst from star formation galaxies). The first line is a
“maximum starburst line“ (Kewley et al. 2001) hereafter
Ke01 line to separate galaxies with a AGN from starburst,
beside this, one empirical line dividing pure star forming
galaxies from AGN-starburts composite objects (Kauff-
mann et al. 2003) hereafter Ka03.

In Figure 5 we present three diagnostic diagram for the
(E+E) pair sample. (a) The LOG ([N II]/Ha) versus LOG
([O II1]/HP) (hereafter [N II] diagram) diagnostic diagram.
This diagram separates between tree different kind of ac-
tivity in galaxies like AGN, Composite and H II like region
galaxies. The green dashed line (Ke0l) separates galaxies
with a AGN from starburst. Continuous red line (Ka03) di-
vides pure star forming galaxies from AGN-starburts com-
posite objects. If galaxies are between the two classification
lines, they qualify like composites, meaning that they con-
tain metal-rich stellar population and AGN features in their
spectra. Composite galaxies consist of a circumnuclear Star-
burst surrounding a Seyfert or LINER nucleus.

(b) The LOG ([S II]/Ha) versus LOG ([O IIIJ/Hp)
(hereafter [S II] diagram) diagnostic diagram separates be-
tween H IT like region galaxies, Seyfert galaxies and LINERs.
The green line is Ke0l and the dashed blue line (Ke06 line,
see details in Kewley et al. (2006)) separates AGN activity
between Seyfert and LINER . Objects below Ke0l line are
classed like HII like regions and above the line like AGN. On
this diagram objects above Ke01 line can be Seyfert objects
(above Ke06 line) or LINERSs objects (below Ke06 line). (c)
The LOG ([O I]/Ha) versus LOG ([O III]/HB) (hereafter [O
I] diagram) diagnostic diagram separates between H II like
region galaxies, Seyfert galaxies and LINERs with O I/Ha
ratio in the same way that (b) diagram.

Figure 6, shows the [N IIJ, [S II] and [O I] diagrams for
the (E+S) pair sample. Similarly Figures 7, 8 and 9 show
[N II], [S II] and [O I] diagnostic diagrams for the (S+S)
pair sample. We separated by morphological classification

© 2002 RAS, MNRAS 000, 1-77
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Figure 6. The [N II] diagnostic diagram for (E+S) pair sample. Morphological classification is show to every object, elliptical galaxies
can be seen on filled grey triangles, lenticular on green crosses, Sa on blue asterisks, Sb red squares with point, Sc filled cyan squares
and Sm yellow pentagons. Mean error data are represented by the black cross down at right.

the galaxies on Figures 5,6,7,8 and 9 to see distribution of
every kind of galaxy type. Elliptical, Lenticular, Sa with all
minor features like bars, rings and so on and the same for
Sb, Sc and Sm galaxies.

Ambiguous galaxies can be present in borders of lines
separation. Galaxies that can be classified as one type of
activity in one diagram can be other type in another one.
So, ambiguous galaxies can be those that lie in different
regions for diagrams on Figures 5(b)(c), 6(b)(c), 8 and 9
or composite objects that can be classified as H IT or AGN
activity.

In this work, we consider composite galaxies as AGN,
because they could be obscured or low accretion rates AGN
galaxies. This is supported by the fact that composite galax-
ies present a X-ray hard emission, and are considered AGN
in other types of diagnostic diagrams such as the TBT dia-
gram (see Trouille et al. 2011).

© 2002 RAS, MNRAS 000, 1-77

2.2 Morphological classification

KPG 466B is clearly spiral in SLOAN image and could be
part of the S+8S pairs. According to NED KPG 167A is el-
liptical type, but it is evident from the SLOAN image that
it is a spiral. KPG 167B is Sb type according NED again,
but we can see clearly an elliptical. It is possible that mor-
phology has been changed in this pair. KPG 466A presents
in its lines a double component in both the permitted and
forbidden lines. This might be due to a circumgalactic ring
that can be see distinguished in the SLOAN image. We ex-
amined the morphological classification of KPG 419A from a
surface photometry study by Franco-Balderas et al. (2004)
in order to avoid ambiguity between NED, SIMBAD and
HYPERLEDA data.

3 RESULTS

AGN activity is present more frequently in early morpho-
logical types (E,S0) as can be seen in Figure 5 and 6 and

5
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Figure 7. Diagnostic diagram [N II] for galaxies in (S+S) pairs.

Table 2. Morphology distribution and incidence of nuclear activity in (E+E) pair sub-sample derived from [N II] BPT diagnostic

diagram.

Galaxies with Emission lines

Total sample

M.T. Total HII Comp AGN-+Comp Total HII Comp AGN+Comp
E 18 5(28%) 3(17%) 13(72%) 41 5(12%)  3(7%) 13(32%)
SO 7 2(29%)  1(14%) 5(71%) 14 2(14%)  1(7%) 5(36%)
Total 25 7(28%)  4(16%) 18(72%) 55 7(13%)  4(7%) 18(33%)

Table 3. Morphology distribution and incidence of nuclear activity in (E+S) pair sub-sample derived from [N II] BPT diagnostic

diagram.

Galaxies with Emission lines

Total sample

M.T.  Total H II Comp AGN+Comp Total HII Comp AGN+Comp
E 21 5(24%) 0(0%) 16(76%) 33 5(15%) 0(%) 16(48%)
S0 13 3(23%) 3(23%) 10(77%) 19 3(16%) 3(16%) 10(53%)
Sa 10 4(40%) 3(30%) 6(60%) 13 4(31%) 3(23%) 6(46%)
Sb 21 8(38%) 6(29%) 13(62%) 21 8(38%) 6(29%) 13(62%)
Sc 11 8(73%) 3(27%) 3(27%) 11 8(73%) 3(27%) 3(27%)
Sm 2 2(100%) 0(0%) 0(0%) 2 2(100%) 0(0%) 0(0%)
Total 78 30(38%)  15(19%) 48(62%) 99 30(30%)  15(15%) 48(48%)

© 2002 RAS, MNRAS 000, 1-77
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Figure 8. Diagnostic diagram [S II] for galaxies in (S+S) pairs.

Table 4. Morphology distribution and incidence of nuclear activity in (S+S) pair sub-sample derived from [N II] BPT diagnostic diagram.

Galaxies with Emission lines

Total sample

M.T.  Total HII Comp AGN+Comp Total HII Comp AGN+Comp
Sa 60 22(37%) 12(20%) 36(60%) 65 22(34%) 12(18%) 38(58%)
Sb 92 54(59%) 16(17%) 38(41%) 97 54(56%) 16(16%) 38(39%)
Sc 39 33(85%) 6(15%) 6(15%) 40 33(83%) 6(15%) 6(15%)
Sm 12 11(92%)  1(8%) 1(8%) 12 11(92%)  1(8%) 1(8%)
Total 203 120(59%)  35(17%) 83(40%) 214 120(56%)  35(16%) 83(39%)

Tables 2 and 3. This tendency diminishes when we consider
the complete sample including non-emission lines galaxies.
In general our sample of galaxy pairs present a 49 % of
nuclear activity for galaxies with emission lines and for the
total sample a 41%. We can compare this incidence with a
sample of isolated galaxies that present nuclear activity of
~ 43 % in emission lines galaxies and ~40% for the total
sample (H-I13). At first glance, this difference seems statis-
tically insufficient to indicate any effect of tidal triggering of
nuclear activity. This will be analyzed in more detail below.
In diagrams [S II] and [O I] of Figure 6 and Table 6,
show that none of Sc or Sm galaxy has nuclear activity and
that AGN types can be divided by blue dashed line (Ke06).
The Ke01 line provide an upper limit to the galaxies which
spectra present features of H II like region. Galaxies classi-
fied like AGN in Figure 6(a) are mostly in the LINER zone
for diagrams on Figures 6(b) and 6(c) for galaxies with el-

© 2002 RAS, MNRAS 000, 1-7?

liptical and spheroidal morphology, while galaxies classified
as H IT like region in Figure 6(a) are predominantly present
in the same region in this diagram and the others.

In Figures 6 to 9 and Tables 6 and 7, we can see that
a similar previous trend in Sa y Sb galaxies for (E+S)
and (S+S) subsamples. Although, [OI] diagram differs only
slightly from [NII] and [SII] in AGN numbers maybe because
we do not consider composite nuclei objects in [SII] and [OI]
diagrams. A difference in relative proportion of Seyfert and
LINERs galaxies is present between [SII] and [OI] diagnostic
diagrams. We point out that the [OI] line is weaker than the
[SII] and the mean error is larger.

Sc and Sm galaxies show practically only H II like re-
gions. As we can see in Tables 5, 6 and 7 for every galaxy,
the morphological classification according to each BPT di-
agram taking in account the errors in data. COMP-H II
means that galaxy is classified like AGN but can be H II
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Figure 9. Diagnostic diagram [O I] for galaxies in (S+S) pairs.

Table 5. Incidence type of nuclear activity for different morphologies from [S II] and [O I] diagnostic diagrams for (E4+E) sample.

[S II] Diagram

[O 1] Diagram

M.T.  Total AGN Seyfert LINER Total AGN Seyfert LINER
E 18 12(67%) 2(11%) 10(56%) 18 10(56%) 5(50%)  5(50%)
S0 7 5(71%) 0(0%)  5(100%) 7 5(71%) 1(20%)  4(80%)
Total 25 17(68%) 2(12%)  15(88%) 25 15(60%)  6(40%) 9(60%)

by error in measurement, and the same thing for LINER-
Seyfert (L-S), Seyfert-LINER (S-L) or other combination.
(See Tables 8,9 and 10 at the end of this article where we
show logarithm intensities ratios and type classification for
every object in the three subsamples).

In all the 385 revised spectra, only 4 objects present
AGN type 1 activity, which represents ~ 1% of the sample.
This result does not seems to support the unified model at
least in its simpler version.

4 DISCUSSION

We have made a comparison of the incidence of nuclear ac-
tivity in a sample of paired galaxies with the incidence in a
sample of isolated galaxies. All our samples were analyzed
in a homogeneous and consistent way. This comparison has
been done separating according to morphological types.
Our results confirm that there is a link between mor-

phology and nuclear activity. The incidence of AGN activity
in Elliptical and Spheroidal galaxies is particularly signifi-
cant (around ~75 %, almost all LINERs). This incidence
is similar in both isolated and paired galaxies. For spiral
galaxies (both paired and isolated) the incidence of AGN
activity decreases gradually form early to late type galaxies,
in other words, as the size of the bulge decreases. Similar
result has been found by Varela et al. (2004); Coziol et al.
(2011); Sababater et al. (2012); H-I13)). However, if we in-
clude the non-emission line galaxies of the total sample, the
incidence of activity shows a flatter distribution from E to
Sb morphological types in mixed (E+S) pairs.

The comparison between isolated and pair spirals also
yields similar levels of nuclear activity incidence, with one
exception: Sb type galaxies in mixed morphology (E+S)
pairs present a relevant 17% excess in nuclear activity with
respect to isolated Sb galaxies. We calculated that this dif-
ference is statistically significant within a 2.6 o level.

© 2002 RAS, MNRAS 000, 1-77
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Table 6. Incidence type of nuclear activity for different morphologies from [S II] and [O I] diagnostic diagrams for (E+S) sample.

[S IT] Diagram

[O 1] Diagram

M.T.  Total AGN Seyfert LINER Total AGN Seyfert LINER
E 21 16(76%) 5(31%) 11(69%) 21 16(76%)  10(63%) 6(37%)
S0 13 9(69%) 2(22%) 7(78%) 13 8(62%) 5(63%) 3(37%)
Sa 10 4(40%) 1(25%) 3(75%) 10 3(30%) 1(33%) 2(67%)
Sb 21 7(33%) 2(29%) 5(71%) 21 9(43%) 5(56%) 4(44%)
Sc 11 0(0%) 0(0%) 0(0%) 11 0(0%) 0(0%) 0(0%)

Sm 2 0(0%) 0(0%) 0(0%) 2 (0%) 0(0%) 0(0%)

Total 78 36(46%) 10(28%)  26(72%) 78 36(46%) 21(58%) 15(42%)

Table 7. Incidence type of nuclear activity for different morphologies from [S II] and [O I] diagnostic diagrams for (S+S) sample.

[S IT] Diagram [O 1] Diagram
M.T.  Total AGN Seyfert LINER Total AGN Seyfert LINER
Sa 60 20(48%)  7(24%)  22(76%) 60 31(52%) 18(58%)  13(42%)
Sb 92 30(33%)  13(43%)  17(57%) 92 23(25%)  10(43%)  13(57%)
Sc 39 5(13%) 4(80%) 1(20%) 39 2(5%) 2(100%) 0(0%)
Sm 12 1(8%) 1(100%) 0(0%) 12 (0%) 0(0%) 0(0%)
Total 203  69(34%) 29(42%)  40(58%) 203 56(28%)  30(54%)  26(46%)
The above results indicate that this type of relatively ACKNOWLEDGMENTS

weak (i.e. tidal) interaction between low luminosity galax-
ies is not a dominant triggering force of nuclear activity.
Stronger gravitational interactions (mergers) are needed for
gravitational triggering of activity. The particular case of
tidal interaction between a Sb and E galaxy deserves fur-
ther study and simulations. We point out here only that
this is the intermediate case of a so called ”wet/dry“ type
of interaction. With respect to the spiral component in this
case, the Sb type is more prone to react because it has both a
large bulb and a significant disc. With respect to the other
pair component, one can expect an E type galaxy to in-
duce the stronger type of perturbation. On the other hand,
a study of the activity in (E4S) pairs of galaxies carried
out by Dultzin et al. (2008) shows that the distribution of
separations between galaxies with and without an AGN are
different. They differ in the sense that Spirals that harbor
an AGN tend to be closer to their elliptical neighbor.

Another relevant result from this work is the fact that
out of the 150 AGN galaxies in pairs, only 4 have albeit
a small broad component: We find one 1.9 Sy, two 1.8 Sy
and one 1.5 Sy. Not even one type 1 Sy. This result in not
possible to explain with the unified model (UM) (Antonucci
1993), which takes into account orientation and obscuration
effects only, but does not address the environment at all.

An evolutionary model was developed by Krongold
et al. (2002, 2003). This model may include an obscured
phase in the evolution which combined with orientation ef-
fects can hide broad lines. However, one of the main predic-
tions of this model is that most Seyfert galaxies that have a
nearby physical companion of similar mass, should be type
2 Seyfert’s.

®© 2002 RAS, MNRAS 000, 1-7?
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Table 8.

Logarithm intensities ratios and their errors for (E+E) sample.

Object

M.T.?

LOG(|N 11} /Ha)

LOG([O I11)/HB)

LOG([S 11]/Ha)

LOG([O 1]/Ha)

Type

Elliptical

KPG145B
KPG170B
KPG192B
KPG204A
KPG223A
KPG235B
KPG238A
KPG238B
KPG361B
KPG372B
KPG373A
KPG399A
KPG454A
KPG454B
KPG489A
KPG489B
KPG510B
KPG600B

Spheroidal

slclclclolololviviciclcloclolololols!

0.1852 + 0.0233
0.1994 + 0.0698
0.3005 + 0.0333
-0.6887 £ 0.0087
0.3833 £ 0.0353
0.2970 £ 0.0240
-0.0985 £ 0.0713
-0.2778 £ 0.0091
0.1256 + 0.0889
-0.0923 £ 0.0071
0.5639 + 0.0450
0.6728 + 0.0459
-0.7423 £ 0.0065
-0.1145 £+ 0.0110
-0.3270 + 0.2184
-0.0934 4 0.0477
0.1006 £ 0.0070
-0.1817 £ 0.0169

0.1772 + 0.0714
0.0503 £ 0.1249
0.2032 £+ 0.1058
-0.2983 £ 0.0685
-0.0495 £ 0.0947
-0.0619 £ 0.0803
-0.1181 £ 0.1809
0.1318 + 0.0065
0.1128 + 0.2682
-0.4935 £ 0.0085
0.2682 + 0.1039
0.3764 + 0.2281
-0.4240 £ 0.0199
-0.4070 £ 0.0196
0.1827 + 0.2343
-0.0634 £ 0.1344
0.9620 £ 0.0095
-0.4024 £ 0.0415

0.2792 £ 0.0292
0.2482 £ 0.0792
0.2222 £ 0.0445
-0.5590 £ 0.0159
0.1936 £ 0.0389
-0.1959 £ 0.0396
-0.3106 £ 0.1496
-1.0212 £ 0.0210
0.0330 £ 0.1426
-0.3473 £ 0.0071
0.1240 £ 0.0695
0.2738 £ 0.0657
-0.4600 £ 0.0078
-0.3490 £ 0.0133
0.3003 £ 0.2657
-0.0082 £ 0.0654
-0.2733 £ 0.0095
-0.2919 £ 0.0217

-0.7272 £ 0.0758
-0.8132 £ 0.2803
-0.4733 £ 0.0740
-1.6857 £ 0.0682
-0.5300 £ 0.0684
-1.1057 £ 0.1250
-1.3532 £ 0.6396
-1.3708 £ 0.0233
-1.0029 £ 0.5114
-1.6329 £ 0.0191
-0.6585 £ 0.1421
-0.6724 £ 0.1656
-1.8731 £ 0.0401
-1.7599 £ 0.0843
-0.1871 £ 0.3307
-1.5781 £ 0.7487
-1.0261 £ 0.0205
-1.5216 £ 0.1035

LINER
LINER
LINER
HI
LINER
Sy2
AGN
AGN*
S-L
HII
S-L
S-L
HII
HI
LINER
AGN
Syl.8
HIO

KPG184B
KPG208A
KPG208B
KPG277B
KPG359A
KPG431B
KPG492A

S0
S0
S0
SBO
SBO
S0
S0

0.4740 £+ 0.0313
0.4751 4+ 0.0102
-0.1639 £ 0.0068
0.1127 4 0.0388
0.4238 + 0.0893
-0.4124 4+ 0.0725
1.6559 £ 0.0812

0.3984 + 0.1213
-0.3961 £ 0.0124
-0.6217 £ 0.0095
0.2444 £+ 0.1296
-0.2928 £ 0.2166
0.1635 + 0.3280
0.4975 £ -

0.2363 £ 0.0469
-0.1139 £ 0.0107
-0.4434 £+ 0.0073
0.1511 4 0.0584
0.0869 £ 0.0805
0.3248 + 0.0841
0.5138 £ 0.0994

-0.6619 £ 0.1102
-0.5039 £ 0.0093
-1.8897 + 0.0319
-0.8281 £ 0.1667
-0.7440 £ 0.1854
-1.8051 £ 2.5943
-0.3183 £ 0.1803

LINER
Syl.5
HII
LINER

AGN
S-L

2M.T.- Morphological Type.

*AGN classification denotes those galaxies that are AGN according to the [N II] diagrams but not to the [S II] and/or [O I].

TL-S classification means that galaxies fall in the separation line for Seyfert and LINER according to [S I1] and [O I] diagrams.

*Type with weak broad component in permitted lines. Seyfert quiantitative classification according to Winkler (1992).

© 2002 RAS, MNRAS 000, 1-7?
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Table 9. Logarithm intensities ratios and their errors for (E4S) sample.

Object

M.T.?

LOG(|N 11} /Ha)

LOG([O I11)/HB)

LOG([S 11]/Ha)

LOG([O 1]/Ha)

Type

Eliptical

KPGO55A
KPGO089B
KPG091B
KPG144B
KPG155A
KPGI167A
KPG197B
KPG198B
KPG244A
KPG254B
KPG260B
KPG339B
KPG363A
KPG383A
KPG394A
KPG412B
KPG414B
KPG432A
KPG466B
KPG494B
KPG565A

Spheroidal

slclclololoiviviciclclclolololol!

E/SO
E/S0

0.4993 + 0.1027
0.3029 =+ 0.0896
0.4149 £ 0.0881
-0.4333 £ 0.0086
-0.6479 £ 0.0128
0.3963 £ 0.0562
0.1071 £ 0.1254
0.2118 + 0.0666
0.2472 + 0.1071
0.1830 £+ 0.1103
-0.0098 + 0.0491
0.3400 + 0.1271
-0.1500 £ 0.0048
-0.0589 £ 0.0253
-0.5482 + 0.0103
0.0100 =+ 0.0861
-1.0658 £ 0.0064
0.1500 + 0.1628
-0.2432 4+ 0.0054
-0.5027 £ 0.0065
0.0575 + 0.1217

1.0842 + 0.8013
0.7262 £ 0.4881
0.1889 + 0.1558
-0.7456 £ 0.0294
0.0830 + 0.0188
0.2965 + 0.1364
0.5876 1 0.5488
0.4295 + 0.1479
0.9321 + 0.5472
0.7963 £+ 0.6008
0.5369 + 0.1214
0.4900 + 0.2531
0.3900 £ 0.0100
0.1041 £ 0.0549
-0.3162 £ 0.0199
0.3000 + 0.5584
0.5854 £ 0.0050
0.6500 + 0.2518
-0.5659 £ 0.0156
0.0234 + 0.0087
0.3907+ 0.1637

0.4597 + 0.1329
0.0451 + 0.1716
0.3686 £+ 0.1197
-0.5566 £ 0.0130
-0.4416 £ 0.0158
0.2132 4 0.0893
-0.0212 £ 0.2225
0.1489+ 0.0988
0.0682 £ 0.1872
0.1519 £ 0.1599
-0.0516 £ 0.0798
-0.4000 £ 0.5529
-0.2062 £ 0.0053
0.0646 £ 0.0323
-0.4843 £ 0.0135
-0.3400 £ 0.2379
-0.8526 £ 0.0075
-0.0800 £ 0.3282
-0.5076 £ 0.0082
-0.6204 £ 0.0094
0.1120 £ 0.1654

-0.9006 + 0.9222
-0.4415 £+ 0.2174
-1.0699 £ 1.2131
-1.8652 £ 0.0627
-1.3675 £ 0.0876
-0.7086 £ 0.2628
-1.3599 £ 1.8493
-1.0428 £ 0.73956
-0.3952 £ 0.2798
-0.5364 £ 0.3098
-0.7262 £ 0.1743
-0.6500 £ 0.7326
-1.1900 £ 0.0286
-0.6045 £ 0.0432
-1.7759 £ 0.1200
-0.5900 £ 0.1510
-1.9263 £ 0.3964
-0.79 £ 1.3913
-1.4698 £ 0.0223
-1.7156 £ 0.1363
-1.0119 £ 0.6625

S-L
S-L
AGN
HII
HII
LINER
AGN
AGN
S-L
S-L
S-L
S-L
Sy2
LINER
HII
AGN
HII
AGN
AGN
HII
S-L

KPGO06A
KPG062A
KPG162A
KPG231A
KPG243B
KPG269A
KPG275B
KPG304A
KPG317B
KPG345B
KPG374A
KPG392A
KPG402B
KPG408A
KPG436A

Sa

SO
S0/a
S0
S0
S0
S0
S0
S0
S0
S0/a
S0
S0
S0
S0
S0

-0.4195 £ 0.0048
0.2940 £+ 0.0327
0.0361 + 0.0650
-0.1258 4 0.0148
-0.2481 £ 0.0124
-0.3083 £ 0.0240
-0.3729 £ 0.0071
-0.0882 £ 0.0262
-0.1411 + 0.0318
0.1580 =+ 0.0438
0.2022 £ 0.0470
0.2696 + 0.0880
-0.0239 =+ 0.0353
0.0200 + 0.0732
-0.4464 £+ 0.0115

-0.7951 £ 0.0234
0.6557 + 0.1096
0.3679 £ 0.1335
-0.1432 £ 0.0520
-0.2337 £ 0.0358
-0.0619 £ 0.0434
-0.6161 £ 0.0192
0.0342 + 0.1529
-0.0846 £ 0.0741
0.4055 + 0.2242
0.8882 + 0.1197
1.0135 £ 0.6311
0.3299 + 0.0950
0.6000 £ -0.2100
-0.8387 £ 0.0711

-0.6294 £ 0.0084
0.1072 £ 0.0540
0.1669 + 0.0810
-0.3094 £ 0.0275
-0.4167 £ 0.0220
-0.1174 £+ 0.0289
-0.5494 + 0.0106
-0.2112 £+ 0.0514
-0.1459 £ 0.0495
-0.1401 £ 0.0953
0.2350 £ 0.0630
0.1277 + 0.1462
-0.0300 £ 0.0542
-0.2200 £ 0.1651
-0.6157 £+ 0.0222

-1.7974 £ 0.0364
-0.4205 £ 0.0758
-0.5131 £ 0.1451
-1.1732 £ 0.0599
-1.2459 £ 0.0583
-0.6155 £ 0.0305
-1.7735 £ 0.0488
-1.5169 £ 0.3948
-1.1398 £ 0.1709
-1.0692 £ 0.2704
-0.5566 £ 0.2465
-0.6750 £ 0.4153
-1.2199 £ 0.3090
-0.9400 £ 0.4780
-0.9604 £ 0.2130

HII
LINER
LINER

AGN
AGN
LINER
HII
AGN
AGN
S-L
S-L
S-L
AGN
S-L
HII

KPG055B
KPGI188A
KPGI197A
KPG199B
KPG239B
KPG260A
KPG284A
KPG303B
KPG317A
KPG402A
KPG439B
KPG548A
KPG466A

Sb

Sa
Sa
Sa
Sa
Sa
Sa
Sa
Sa
Sab
Sab
Sa
Sa
Sa

-0.4164 £ 0.0355
-0.3864 4 0.0080
0.3868 + 0.1200
-0.3736 + 0.0231
0.2471 £+ 0.0812
0.2989 =+ 0.0445
-0.0451 + 0.0223
0.2100 + 0.1207
0.0313 £ 0.0566
-0.5588 + 0.0195
-0.2339 £ 0.0068
0.1074 £+ 0.0315
-0.6200 £ 0.0098

-0.7504 £ 0.2962
-0.6397 £ 0.0235
0.0900 + 0.1292
-0.4916 £ 0.1184
-0.0440 £ 0.1153
0.2197 £ 0.0947
-0.0490 =+ 0.0966
0.7600 £ -0.6208
0.0050 £ -0.2062
-0.0488 £ 0.0470
-0.3203 £ 0.0247
0.3850 + 0.0636
0.6000 £ -0.2100

-0.8892 £ 0.1335
-0.5991 £ 0.0130
0.3765 £ 0.1596
-0.4074 £ 0.0370
0.1137 £ 0.1344
0.2112 £ 0.0657
-0.2627 £ 0.0448
-0.2500 £ 0.3488
-0.6094 £ 0.2568
-0.3656 £+ 0.0251
-0.5447 £ 0.0126
0.1196 + 0.0437
-0.1500 £ 0.0122

-1.6462 £ 0.3224
-2.0507 £ 0.1187
-0.8110 £ 1.1059
-1.6238 £ 0.2468
-0.6385 £ 0.3831
-0.6162 £ 0.1726
-1.1747 £+ 0.1157
-0.8100 £ 0.6206
-0.8377 £ 0.2280
-1.3444 £ 0.0987
-2.0767 £+ 0.0270
-1.7587 £ 0.0811
-0.6300 £ 0.0300

HII
HII
AGN
HII
LINER
LINER
AGN
Sy2
AGN
HII
AGN
AGN
S-L

KPGO89A
KPG148A
KPG162B
KPG202B
KPG229B

Sb
Sb
Sb
Sb
Sb

-0.4280 £ 0.0063
-0.7930 £ 0.0076
-0.2290 £ 0.0278
0.3768 + 0.0374
-0.4275 £+ 0.0133

-0.3958 £ 0.0129
0.1195 + 0.0094
-0.1913 £ 0.0809
1.0828 £ 0.2444
-0.5682 £ 0.0579

-0.5371 £ 0.0090
-0.6847 £ 0.0094
-0.3094 £ 0.0494
0.2005 £ 0.0582
-0.6502 + 0.0274

-1.7760 £ 0.0579
-1.9934 £ 0.1879
-1.7259 £ 0.4955
-0.5370 £+ 0.1209
-1.7358 £ 0.1053
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Table 9 (cont’d)

Object

M.T.2

LOG(|N 1I}/Ha)

LOG([O I11]/HB)

LOG([S 11]/Ha)

LOG([O 1]/Ha)

Type

KPG243A
KPG248B
KPG254A
KPG269B
KPG339A
KPG345A
KPG374B
KPG392B
KPG408B
KPG416A
KPG419A
KPG432B
KPG436B
KPG484B
KPG494A
KPG497B
KPG558A
KPG565B

Sc

Sb
Sb
Sbab
Sb
Sb
Sbs(dm)
Sbe
Sb
Sb
Sb
SBb
Sb
Sb
Sb
Sbe
Sb
Sb
Sb

-0.2517 £+ 0.0125
-0.0132 £ 0.0176
0.1189 £ 0.0062
-0.5115 £+ 0.0073
-0.5009 + 0.0144
-0.6208 + 0.0266
-0.4636 £ 0.0162
-0.1453 £ 0.0412
-0.5318 £ 0.0276
-0.4165 £ 0.0079
-0.0400 £ 0.0073
-0.5281 £ 0.0183
-0.3351 £ 0.0260
-0.4621 £ 0.0242
-0.2737 £+ 0.0106
0.2149 £ 0.0372
-0.3820 £ 0.0216
-0.5528 £ 0.0163

0.9063 + 0.0179
0.2765 £ 0.0935
1.0848 + 0.0092
-0.3156 £ 0.0140
-0.9664 + 0.1302
-0.1099 =+ 0.0559
-0.6559 £ 0.1089
0.3090 =+ 0.0698
-0.0493 £ 0.0680
-0.7686 + 0.0294
1.0000 + -0.2100
-0.8646 + 0.1123
-0.2282 4 0.1648
-0.5690 + 0.1357
-0.4524 £ 0.0416
0.1282 + 0.1041
-0.5685 + 0.1345
-0.2266 £ 0.0389

-0.3040 £ 0.0191
-0.2094 £ 0.0349
-0.2198 £ 0.0098
-0.5588 £ 0.0101
-0.5756 £ 0.0244
-0.2803 £ 0.0271
-0.5556 + 0.0298
-0.1000 £ 0.0604
-0.2616 £ 0.0306
-0.6609 £ 0.0129
-0.1400 £ 0.0082
-0.5979 £ 0.0308
-0.5081 £ 0.0554
-0.6541 £ 0.0586
-0.4959 £ 0.0207
0.2410 + 0.0495
-0.5350 £ 0.0464
-0.4436 £ 0.0215

-1.2366 £ 0.2450
-1.0981 £ 0.1070
-0.7999 £ 0.0984
-1.7537 £ 0.0710
-1.5262 £ 0.0801
-1.1642 £ 0.1137
-1.6522 £ 0.1230
-0.9476 £ 0.2024
-1.2143 £ 0.1363
-2.0159 £ 0.0828
-0.8800 £ 0.0654
-0.8139 £ 0.6375
-2.3363 £ 0.1890
-1.3153 £ 0.5506
-0.6307 £ 0.1096
-1.9189 £ 0.2746
-1.8762 £ 2.0941
-0.5792 £ 0.1180

Sy2
S-L
Sy2
HII
HII
HII
HII
S-L
HII
HII
Syl1.9
HII
HII
HII
AGN
AGN
HII
HII

KPGO058A
KPG287A
KPG314B
KPG353A
KPG407A
KPG412A
KPG464B

Sm

Sc
Sc
Sc
Sc
Sc
Sc
Sc

-0.2334 £ 0.0200
-0.4494 £ 0.0290
-0.4574 £+ 0.0225
-0.6103 £ 0.0155
-0.1260 £ 0.0093
-0.3194 £ 0.0167
-0.3634 £ 0.0338

-0.3081 £ 0.1289
-0.7093 £ 0.2075
-0.6110 4 0.1444
-0.9310 £ 0.1019
0.1290 + 0.0184
-0.2700 £ 0.0974
-0.6033 £ 0.2548

-0.3386 £ 0.0395
-0.5882 £ 0.0640
-0.2951 £ 0.0290
-0.8004 £ 0.0309
-0.4357 £+ 0.0173
-0.4120 £ 0.0315
-0.6392 £ 0.0926

-1.2968 £ 0.1063
-1.7455 £ 0.4297
-1.2424 £ 0.0949
-2.1018 £ 0.2166
-1.3858 £ 0.0731
-1.3003 £ 0.0892
-1.4960 £ 0.1895

AGN
HII
HII
HII

AGN
HII
HII

KPG198A
KPG414A

Sm
Sm

-0.6659 £ 0.0053
-0.7539 £ 0.0291

0.0858 + 0.0066
0.1398 £ 0.0340

-0.6191 £ 0.0066
-0.3100 £ 0.0247

-1.6593 £ 0.0651
-1.4477 £ 0.2577

HII
HII

2M.T.- Morphological Type.

*AGN classification denotes those galaxies that are AGN according to the [N II] diagrams but not to the [S II] and/or [O I].

1-L—S classification means that galaxies fall in the separation line for Seyfert and LINER according to [S II] and [O I] diagrams.

*Type with weak broad component in permitted lines. Seyfert quiantitative classification according to Winkler (1992).
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Table 10. Logarithm intensities ratios and their errors for (S+S) sample.

Object

M.T.?

LOG(|N 11]/Ha)

LOG([O I11]/HR)

LOG([S 11]/He)

LOG([O I]/He) Type

Sa

KPG052B
KPGI161A
KPG174B
KPG185B
KPG190B
KPG201A
KPG211A
KPG213B
KPG215A
KPG220B
KPG222A
KPG226A
KPG228A
KPG241B
KPG246A
KPG252A
KPG255A
KPG257B
KPG265B
KPG266A
KPG270A
KPG285A
KPG289B
KPG312B
KPG318A
KPG327A
KPG327B
KPG337A
KPG342A
KPG348A
KPG349B
KPG355A
KPG360A
KPG366A
KPG368A
KPG369B
KPG384A
KPG385A
KPG395B
KPG400B
KPG413A
KPG423A
KPG425A
KPG425B
KPG437B
KPG447A
KPG449B
KPG455A
KPG474B
KPG477B
KPG480B
KPG495B
KPG496A
KPGI150A
KPG286B
KPG355B
KPG368B

SBa
Sa
Sab
Sab
Sab
Sa
Sa
Sa
Sab
SBa
Sa
Sa
Sa
Sab
Sa
Sa
Sab
Sab
Sa
Sab
Sab
Sab
Sa
S0
Sa
S0/a
S0/a
SABa
Sa
Sa
SABm
S0/a
Sab
S0/a
Sa
Sab
SABd
Sab
Sa
Sa
Sa
Sab
SBa
S0/a
Sab
Sa
Sab
Sa
Sa
S0
SOa
SBab
SO
Sa
Sa
Sa
Sa

-0.0227 £ 0.0390
-0.5634 £ 0.0375
0.2549 + 0.0612
-0.2759 £ 0.0069
0.1749 + 0.0543
0.4490 + 0.0698
0.4428 + 0.0748
0.3444 + 0.0579
-0.1434 £ 0.0328
-0.1989 £ 0.0099
-0.8551 + 0.0166
-0.3940 + 0.0285
0.6609 + 0.0571
0.2447 + 0.0812
-0.2320 £ 0.0315
-0.3869 £ 0.0086
-0.5744 £ 0.0633
-0.3510 £ 0.0424
-0.5187 £ 0.0063
0.2197 + 0.0233
-0.3889 £ 0.0286
0.1228 + 0.0315
-0.5191 £ 0.0108
0.0515 + 0.0162
-0.0607 £+ 0.0213
0.1601 + 0.0569
-0.3217 £ 0.0079
0.0719 + 0.0000
-0.5285 £ 0.0085
-0.1799 £ 0.0124
-0.2769 £ 0.0287
-0.2799 £ 0.0102
0.1978 + 0.0842
-0.3838 £ 0.0145
-0.0668 £ 0.0168
-0.3745 £ 0.0043
-1.2366 + 0.0395
-0.2753 £ 0.0144
-0.4141 £ 0.0192
-0.4082 £ 0.0112
0.1181 =+ 0.0441
-0.2772 £ 0.0156
-0.4318 £ 0.0080
-0.0411 £ 0.0260
-0.1406 £ 0.0056
-0.3622 £ 0.0120
-0.1371 £+ 0.0189
0.3636 + 0.0750
-0.5031 + 0.0114
0.2623 + 0.0419
0.3424 + 0.0285
-0.3551 £ 0.0309
-0.1891 =+ 0.0222
0.3299 + 0.0499
0.6966 + 0.2316
-0.1845 + 0.0111
-0.2844 + 0.0063

0.3490 £ 0.0996
0.0263 £ 0.0066
0.2078 £ 0.0900
-0.2778 £ 0.0168
0.3164 + 0.1391
1.4683 £ 1.8727
0.7200 £ 0.2252
0.2904 + 0.1466
0.0360 £ 0.1589
-0.2887 £ 0.0302
0.2688 + 0.0138
-0.4566 £ 0.0566
0.9678 £ 0.4890
0.2500 £ 0.1807
-0.1986 £ 0.1405
-0.3767 £ 0.0242
0.0659 £ 0.1759
-0.4617 £ 0.1430
-0.2686 £ 0.0157
0.2318 £ 0.0660
-0.6248 £ 0.1815
0.3531 £ 0.1212
-0.8371 £ 0.0614
-0.0333 £ 0.0438
0.1645 £ 0.0371
0.5441 £+ 0.1769
-0.6363 £ 0.0345
1.3675 £ 1.9245
-0.3034 £ 0.0160
0.0827 £ 0.0168
-0.3732 £ 0.1181
-0.0799 £ 0.0338
0.6304 + 0.1412
-0.5970 £ 0.0743
0.7033 £ 0.0284
0.0370 £ 0.0046
0.4807 £ 0.0155
-0.1326 £ 0.0389
-0.5530 £ 0.1063
-0.7861 £ 0.0539
0.3457 £+ 0.0734
-0.3584 £ 0.0750
-0.5628 £ 0.0166
0.8092 £ 0.0597
0.8404 £ 0.0079
-0.4357 £ 0.0390
-0.1516 £ 0.0570
0.9361 £ 59.0739
-0.7489 £ 0.0666
0.4125 4 0.1388
0.9104 £ 0.1547
-0.9646 £ 0.5063
0.0000 £ 0.0976
0.9581 + 0.1379
0.0401 £ 0.0193
-0.1347 £ 0.0255
0.3010 £ 0.0084

0.1075 + 0.0491
-0.5587 £ 0.0491
0.1152 + 0.0763
-0.5190 £ 0.0130
0.0379 + 0.0914
0.4423 + 0.0912
0.1979 + 0.1218
0.2517 + 0.0891
-0.2980 £ 0.0655
-0.3935 £+ 0.0168
-0.4264 + 0.0146
-0.6650 £ 0.0497
0.5192 + 0.0759
-0.0550 £ 0.1654
-0.3219 =+ 0.0585
-0.4692 £ 0.0130
-0.2047 £+ 0.0573
-0.3507 £ 0.0626
-0.4742 £ 0.0083
0.0383 £+ 0.0383
-0.5075 £ 0.0526
0.0166 + 0.0511
-0.8041 £ 0.0242
-0.3137 £ 0.0367
-0.2907 £ 0.0402
0.0906 + 0.0883
-0.5507 £ 0.0141
-0.3788 £ 0.0559
-0.5119 + 0.0118
-0.1113 £ 0.0146
-0.2745 £ 0.0429
-0.3937 £ 0.0173
0.2513 + 0.1100
-0.5617 £ 0.0291
-0.2514 £ 0.0306
-0.6268 + 0.0061
-0.6179 £ 0.0234
-0.3423 £ 0.0224
-0.5156 £ 0.0351
-0.5737 £+ 0.0192
0.1669 + 0.0605
-0.6121 £ 0.0392
-0.5251 £+ 0.0114
-0.1732 £ 0.0475
-0.5234 £ 0.0099
-0.4910 £ 0.0198
-0.2620 £ 0.0316
0.1912 + 0.1196
-0.6821 £ 0.0237
0.1872 + 0.0615
0.0440 £+ 0.0531
-0.5157 £ 0.0663
-0.4839 £ 0.0572
0.1766 + 0.0791
-0.3559 £ 0.0159
0.0186 + 0.0130
-0.1928 £ 0.0078

-0.7634 £+ 0.1161 LINER
-1.6507 £ 0.0301 HII
-0.8191 £ 0.1435 LINER
-1.6973 £ 0.0616 AGN
-0.7517 £ 0.2010 LINER
-0.3428 £ 0.1627 S-L
-0.5703 £ 0.1677 LINER
-0.4891 £+ 0.1528 LINER
-1.4753 £ 0.3560 LINER
-1.3904 £ 0.0502 AGN
-1.3003 £ 0.0321 HII
-1.7715 £ 0.1479 HII
-0.5400 £ 0.1937 LINER
-0.9701 £ 0.4729 LINER
-1.0657 £ 0.1296 AGN
-1.4058 £ 0.0306 HII
-1.1323 £ 0.2016 HII
-1.3867 £ 0.1455 HII
-1.7040 £ 0.0328 HII
-0.6966 £+ 0.0718 LINER
-1.8829 £ 0.5054 HII
-1.0220 £+ 0.1804 LINER
-1.7303 £ 0.0709 HII
-1.0605 £ 0.0770 AGN
-1.3473 £ 0.1531 S-L
-0.8800 £+ 0.2621 LINER
-1.6678 £ 0.0495 HII
-0.7109 £ 0.0000 Sy2
-1.8031 £ 0.0491 HII
-1.0213 £ 0.0319  AGN*
-1.0415 £ 0.0947 AGN
-1.5822 £ 0.0717 AGN
-0.4534 £ 0.1876 LINER
-1.7457 £ 0.1496 HII
-0.9945 £ 0.0627 Sy2
-1.5678 £ 0.0101 AGN
-1.8310 £ 0.1430 HII
-1.0884 £ 0.0442  AGN*
-1.7811 £ 0.2259 HII
-1.8396 £ 0.1003 HII
-0.7199 £ 0.1441 LINER
-1.4676 £ 0.1124 AGN
-1.8760 £ 0.0501 HII
-1.2296 £ 0.1709 Sy2
-1.3326 £ 0.0184 Sy2
-1.7377 £ 0.0999 HII
-1.1676 £ 0.0897 AGN
-0.7281 £ 0.3089 LINER
-1.6340 £ 0.0783 HII
-0.6152 £ 0.1262 LINER
-0.4339 £ 0.0653 S-L
-1.3328 £ 0.1772 HII
-1.4065 £ 0.1872 AGN
-0.6516 £ 0.1713 LINER
-1.1296 £ 0.0055 AGN
-0.6826 £+ 0.0209 LINER
-0.8456 £ 0.0102 LINER
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Table 10 (cont’d)

Object ~ M.T.® LOG([NII/Ha) LOG([OIIIJ/HB) LOG([ST]/Ha) LOG([OI]/Ha)  Type
KPG378B  SABb  0.2798 + 0.0172  0.4255 + 0.0470  0.1171 + 0.0268  -0.5858 + 0.0457 LINER
KPG388B  Sab  -0.2007 + 0.0049  0.0933 + 0.0058  -0.3396 & 0.0065 -0.9527 + 0.0077  AGN
KPG398A  Sab  -0.4541 + 0.0056  0.9582 + 0.0055  -0.7017 + 0.0102  -0.9831 + 0.0096  Sy2

Sb
KPG022B  Sbb  -0.1212 + 0.0147  -0.1473 &£ 0.0777  -0.3904 & 0.0314 -1.4088 + 0.1171  AGN
KPGO49A  Sb  0.1339 4 0.0282  0.4632 + 0.0831  -0.1497 & 0.0587 -0.8720 + 0.1155  S-L
KPG053B  Sbb  -0.1190 + 0.0520  0.6112 + 0.1749  -0.2358 &+ 0.1017  -1.6885 + 0.9768  Sy?2
KPG146A  Sb  -0.3627 + 0.0189  -0.2041 & 0.0486  -0.5772 + 0.0351 -1.4183 + 0.0865  AGN
KPG150B  Sb  0.2416 + 0.0323  0.2774 + 0.0938  0.1807 & 0.0462  -0.6013 + 0.0887 LINER
KPG159B  Sb  -0.3331 + 0.0310  -0.1897 & 0.0773  -0.3514 & 0.0512 -1.4715 + 0.2742  HII
KPGI163A  Shc  -0.4105 & 0.0292  -0.6588 & 0.2047  -0.5693 = 0.0666 -1.4852 + 0.2231  HII
KPG168B  Sc  -0.6883 + 0.0060 -0.0187 & 0.0075  -0.8003 & 0.0078  -2.2243 + 0.0307  H II
KPG171A  Sbc  -0.7311 £ 0.0115  0.2867 + 0.0141  -0.5201 + 0.0135 -1.4738 + 0.0332  HII
KPGI71B Sb  -0.4419 + 0.0085  -0.3946 & 0.0230  -0.5073 + 0.0125 -1.6458 + 0.0451  HII
KPG174A  Sbc  -0.5573 + 0.0201  -0.3020 & 0.0520  -0.3529 + 0.0257 -1.3068 + 0.0740  H II
KPG178B  Sb  -0.7183 £ 0.0142  0.3040 + 0.0150  -0.4359 & 0.0157 -1.4182 + 0.0422  HII
KPG179B  Sb  -0.0412 + 0.0464  0.2803 + 0.0994  0.0372 £ 0.0623  -0.8445 + 0.1574  S-L
KPG193B  Sb  -0.1522 + 0.0152  0.0000 + 0.0936  -0.3304 4 0.0288 -1.3312 + 0.0911  AGN
KPG200B  Sb  -0.4491 + 0.0052  -0.1530 & 0.0080  -0.5813 + 0.0072 -1.8146 + 0.0219  H II
KPG205B  Sb  -0.3443 + 0.0296  -0.4197 & 0.1369  -0.5707 & 0.0555 -1.5058 + 0.0627  HII
KPG206A  Sb  -0.8756 + 0.0178  0.2553 + 0.0124  -0.4909 + 0.0151  -1.4872 + 0.0417  HII
KPG215B Sb  -0.2622 + 0.0239  0.0711 + 0.0420  -0.5030 + 0.0453  -1.4455 + 0.0635  AGN
KPG216B  Sbc  -0.6998 + 0.0110  0.1614 + 0.0152  -0.4748 + 0.0131  -1.5286 + 0.0489  H II
KPG219B  Sb  -0.3349 + 0.0352  -0.6951 & 0.1467  -0.5481 + 0.0619 -1.6193 + 0.0652  H II
KPG225A  Sb  -0.3561 + 0.0392  -0.4868 & 0.0688  -0.3852 & 0.0491 -1.2769 + 0.0931  HII
KPG225B  Sb  -0.2276 + 0.0130  -0.3010 & 0.0614  -0.4369 + 0.0258 -1.2730 + 0.0656  AGN
KPG226B  Sb  0.2264 4+ 0.0506  0.0969 =+ 0.0844  0.2264 & 0.0690  -0.5540 + 0.1575 LINER
KPG227B  Sb  -0.6104 + 0.0110  -0.0578 & 0.0175  -0.3952 + 0.0128  -1.6618 + 0.0590  H II
KPG240A  Sbc  0.2991 & 0.5267  0.9284 + 0.1415  -0.2885 & 0.0649  -0.5655 + 0.1300  Sy2
KPG242A  Sb  -1.1193 + 0.1114  0.4814 + 0.0118  -0.6282 & 0.0363 -1.5874 + 0.0727  HII
KPG245B  Sb  0.1627 + 0.0400  0.3357 + 0.1047  0.0205 & 0.0660  -1.0810 + 0.2713 LINER
KPG257A  Sb  -0.4876 + 0.0266  -0.2314 & 0.0898  -0.2550 & 0.0296 -1.2567 + 0.1024  H II
KPG261A  Sb  -0.3536 + 0.0225 -0.4393 & 0.0897  -0.4580 & 0.0416 -1.2600 + 0.1160  H II
KPG261B  Sb  -0.4749 + 0.0354  -0.7247 & 0.1746  -0.6270 + 0.0707 -1.5737 + 0.1622  HII
KPG266B  Sb  -0.5208 + 0.0195  -0.2194 & 0.0601  -0.3808 & 0.0269 -1.5672 + 0.1464  H II
KPG270B  Sb  0.2372 +0.0993  0.1943 + 0.1247  0.2138 & 0.1373  -0.4133 + 0.2153 LINER
KPG283B  Sb  -1.1220 + 0.0158  0.5031 + 0.0121  -0.6785 & 0.0139  -1.7420 + 0.0507  HII
KPG289A  Sb  -0.2022 & 0.0161  -0.0746 & 0.0431  -0.3911 =+ 0.0313 -1.3118 + 0.0922  AGN
KPG291A  Sbc  -0.2478 + 0.0183  -0.0911 & 0.0752  -0.3840 + 0.0363  -1.8866 + 0.4021  AGN
KPG293A  Sb  -0.3586 «+ 0.0095 -0.3903 & 0.0327  -0.4269 + 0.0153 -1.5016 + 0.0569  H II
KPG204A  Sb  -0.3972 + 0.0191  -0.2596 & 0.0482  -0.2512 4 0.0235 -1.4523 + 0.1082  HII
KPG296A  SBb  -0.0555 + 0.0299  0.2300 + 0.0682  -0.1711 + 0.0515 -1.0046 + 0.1286 LINER
KPG298A  Sbc  -0.1960 + 0.0399  -0.3293 & 0.1168  -0.4070 =+ 0.0917  -1.4421 + 0.3712  AGN
KPG298B  Sbc  0.1259 & 0.0537  0.8943 + 0.4159  0.0713 & 0.0834  -0.9495 + 0.2633  S-L
KPG299A  Sb  0.3614 4+ 0.0275  0.6642 + 0.0974  0.3055 & 0.0377  -0.5099 + 0.0716 LINER
KPG301A  Sb  -0.4259 + 0.0101  -0.8002 & 0.0459  -0.7081 + 0.0211 -1.6543 + 0.0636  H II
KPG306B  Sb  -0.2486 + 0.0073  -0.8852 & 0.0379  -0.6573 & 0.0147 -2.0341 + 0.0968  HII
KPG307A  Sb  -0.4932 + 0.0064  -0.2756 & 0.0094  -0.6434 & 0.0099 -1.9208 + 0.0341  HII
KPG313A  Sbc  -0.4405 + 0.0205  -0.5497 & 0.0759  -0.3869 + 0.0283  -1.5895 + 0.1532  H II
KPG313B Sb  -0.0556 + 0.0158  0.6717 + 0.0276  -0.3918 & 0.0340  -1.2583 + 0.0855  Sy2
KPG319A  Sb  -0.9226 + 0.0147  0.5866 + 0.0120  -0.6614 & 0.0167 -1.6406 + 0.0467  HII
KPG322B  Sbe  -0.2800 + 0.0038  -0.6701 & 0.0083  -0.6007 & 0.0056 -1.8646 + 0.0157  HII
KPG323A  SBbc  -0.5878 + 0.0179  -0.2800 & 0.0410  -0.3375 4 0.0221 -1.4370 + 0.0741  HII
KPG323B  Sbc  -0.4803 + 0.0239  -0.2004 & 0.0598  -0.3376 & 0.0336  -1.2207 + 0.0834  HII
KPG329B  Sb  -0.3388 + 0.0082  -0.8493 & 0.0334  -0.6378 &+ 0.0147 -1.8235 + 0.1893  HII
KPG337B  Sb  -1.0264 + 0.0152  0.3467 + 0.0126  -0.6109 + 0.0139  -1.7134 + 0.0522  H II
KPG347A  Sbc  -0.5044 + 0.0196  -1.1862 & 0.3571  -0.7406 + 0.0449  -1.9546 + 0.2896  H II
KPG347B  Sbc  -0.3895 + 0.0136  -0.4110 & 0.0496  -0.7557 & 0.0338  -1.9613 + 0.1864  H II
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Table 10 (cont’d)

F. J. Herndndez-Ibarra, D. Dultzin, Y. Krongold, A. Del Olmo, J. Perea, J. Gonzdlez

Object

M.T.2

LOG(|N 1I}/Ha)

LOG([O I11)/HB)

LOG([S 11]/Ha)

LOG([O 1)/Ha)

Type

KPG352A
KPG360B
KPG366B
KPG375A
KPG378A
KPG381B
KPG382A
KPG395A
KPG400A
KPG403B
KPG404B
KPG405A
KPG406A
KPG413B
KPG426B
KPG427B
KPG428A
KPG430B
KPG433A
KPG433B
KPG434A
KPG440B
KPG444A
KPG453A
KPG455B
KPG458A
KPG472A
KPG472B
KPG473A
KPG474A
KPG477A
KPG478A
KPG495A
KPG496B
KPG518A
KPG557A
KPG557B
KPG597B

Sc

SBb
Sb
SBb

SBbc

Sb
Sbe
Sbe
Sbe

Sb

Sb

Sb

Sb

Sb
Sbe

Sb

Sb
SBb
Sbe
Sbe
Sbe

Sb
Sbe
Sbb

Sb
Sbb
Sbe
Sbe
Sbe

Sb

Sb

Sb

Sb

Sb

Sb

Sb
Sba

Sb
Sbc

0.0507 £ 0.0545
-0.2248 + 0.0376
0.3802 + 0.0669
-0.2547 £+ 0.0074
0.0231 + 0.0197
-0.2224 4+ 0.0122
-0.5246 + 0.0182
-0.4479 £ 0.0164
-0.1371 4 0.0348
-0.4262 4+ 0.0124
0.2027 £ 0.0368
-0.5513 £ 0.0106
-0.5073 £ 0.0170
-0.3930 £ 0.0088
-0.3316 £ 0.0105
-0.1189 £ 0.0000
-0.7162 £ 0.0286
-0.6538 £ 0.0130
-0.3162 £ 0.0105
-0.4007 £ 0.0088
-0.1953 £ 0.0084
-0.0786 £ 0.0000
-0.3297 £ 0.0254
-0.5125 4 0.0154
0.2561 + 0.0280
-0.4771 £+ 0.0172
-0.9767 £+ 0.0151
-0.4078 £ 0.0055
0.1025 £ 0.0128
-0.5142 4+ 0.0170
0.4227 + 0.0844
-0.2775 £ 0.0192
-0.0963 £ 0.0343
-0.2829 + 0.0181
-0.8578 £ 0.0156
0.3193 £+ 0.1119
-0.1795 £ 0.0276
-0.3348 + 0.0244

0.2041 + 0.1114
-0.3919 £ 0.1875
0.5819 + 0.1983
-0.4952 £ 0.0257
-0.0637 £ 0.0670
0.2234 + 0.0205
-0.6493 £ 0.0810
-0.7495 £ 0.1079
-0.0136 £ 0.1297
-0.3931 £ 0.0558
0.3643 £+ 0.0746
-0.2386 £ 0.0225
-0.2486 £ 0.0390
-0.8571 £ 0.0582
-0.6744 £ 0.0464
-0.0786 £ 0.0981
0.0823 + 0.0445
0.1317 4+ 0.0136
-0.4688 £ 0.0581
-0.4745 £ 0.0271
-0.1419 £ 0.0182
0.5229 + 0.1657
-0.3689 £ 0.1314
-0.9789 £ 0.1342
0.6353 + 0.1704
-0.2489 £ 0.0535
0.4390 + 0.0128
-0.5936 £ 0.0120
0.6555 + 0.0172
-0.6642 £ 0.0698
0.1440 + 0.1333
-0.3219 £ 0.1062
-0.1120 £ 0.1161
-0.3802 £ 0.0969
0.3108 + 0.0140
0.1060 £ 0.1160
0.1283 + 0.0775
-0.3667 £ 0.0791

-0.2545 £+ 0.1282
-0.3567 + 0.0812
0.2094 + 0.1066
-0.6052 £ 0.0140
-0.1819 £ 0.0375
-0.3702 £ 0.0187
-0.3999 £ 0.0268
-0.5490 £ 0.0293
-0.5150 £ 0.1049
-0.4494 £ 0.0202
0.0242 £ 0.0627
-0.4504 £ 0.0138
-0.3416 £ 0.0209
-0.6651 £ 0.0175
-0.5643 £ 0.0196
-0.5960 £ 0.1585
-0.2671 £ 0.0247
-0.4513 £ 0.0150
-0.4791 £ 0.0196
-0.6150 £ 0.0158
-0.4085 £ 0.0136
-0.4296 £ 0.0888
-0.3151 £ 0.0416
-0.6406 £ 0.0303
0.0502 £ 0.0480
-0.4462 £ 0.0266
-0.5645 + 0.0143
-0.6977 £ 0.0081
-0.0690 £ 0.0206
-0.7027 £ 0.0356
0.2329 + 0.1339
-0.6253 £ 0.0499
-0.2400 £ 0.0655
-0.4329 £ 0.0346
-0.4839 £ 0.0150
0.3521 £ 0.1453
-0.3771 £ 0.0615
-0.5572 £ 0.0538

-1.7096 + 1.3149
-1.1835 £ 0.1990
-0.4882 £ 0.1790
-1.8573 £ 0.0695
-1.2019 £ 0.1338
-1.1871 £ 0.0390
-1.3977 £+ 0.0793
-1.6905 £ 0.1385
-1.1601 £ 0.1908
-1.7366 + 0.1136
-0.7755 £ 0.1349
-1.6452 £ 0.0503
-1.5003 £ 0.0891
-1.8924 £ 0.0907
-1.7752 £ 0.0979
-1.4024 £ 0.0000
-1.3747 £ 0.0990
-1.4976 £ 0.0461
-1.5846 £ 0.0807
-1.7666 + 0.0749
-1.5190 £ 0.0470
-1.3291 £ 0.0000
-1.2612 £ 0.1253
-2.6157 £ 0.9549
-0.7091 £ 0.0903
-1.3659 £ 0.0793
-1.5243 + 0.0373
-2.1438 £ 0.0372
-0.7704 £ 0.0355
-1.9255 £ 0.2235
-0.3647 £ 0.1966
-1.8999 £ 0.3595
-1.1265 £ 0.1882
-1.3222 £ 0.0984
-1.5081 £ 0.0458
-0.7773 £ 0.4971
-1.7788 £ 0.5191
-1.6819 £ 0.2660

S-L
HI
LINER
AGN
LINER
Sy1.8
HII
HI
AGN
HI
LINER
HI
HI
HII
HI
AGN
HI
HI
HI
HI
AGN
Sy2
HIO
HI
LINER
HI
HIO
HI
S-L
HIO
LINER
AGN
AGN
AGN
HI
LINER
AGN
HI

KPG021B
KPGO052A
KPGI156A
KPG1568B
KPGI159A
KPG168B
KPGI178A
KPG220A
KPG230A
KPG230B
KPG236A
KPG241A
KPG263A
KPG272A
KPG272B
KPG280A
KPG292A
KPG293B
KPG309A

Sc
Sc
Sc
Sbe
Sc
Sc
Sc
Sc
Sc
Sc
Sc
Sc
Sc
Sc
Sc
Sc
Sc

Sc

-0.3770 £ 0.0130
-0.4884 £ 0.0152
-0.4170 £ 0.0086
-0.4136 + 0.0665
-0.6847 £ 0.0131
-0.6883 £ 0.0060
-0.3970 £ 0.0604
-0.4434 £+ 0.0470
-0.9396 £ 0.0135
-0.4175 £ 0.0411
-1.1876 + 0.0107
-0.4165 £ 0.0726
-0.1856 £ 0.0000
-0.5089 £ 0.0189
-0.4911 =+ 0.0085
-0.2986 £ 0.0158
-0.3666 & 0.0051
-0.4792 £ 0.0082
-0.9356 £ 0.0372

-0.3828 £ 0.0452
-0.8899 £ 0.1115
-0.9228 £ 0.0437
-0.1190 £ 0.0420
0.1349 £+ 0.0156
-0.0187 £ 0.0075
-0.6943 £ 0.2973
-0.3413 £ 0.0383
0.3703 + 0.0124
-0.4150 £ 0.0402
0.4876 + 0.0064
-1.4075 £ 2.3641
-0.3118 £ 0.1230
-0.2902 £ 0.0607
-0.6236 £ 0.0293
0.0736 + 0.0430
-0.4466 £ 0.0170
-0.4215 £ 0.0229
0.4175 + 0.0303

-0.5009 + 0.0222
-0.6032 £ 0.0291
-0.6787 £+ 0.0148
-0.3272 £ 0.0417
-0.3835 £ 0.0148
-0.8003 £ 0.0078
-0.5252 £ 0.1315
-0.7012 £ 0.1023
-0.6510 £ 0.0145
-0.4549 £ 0.0633
-0.8385 £ 0.0108
-0.4338 £ 0.1264
-0.4967 £ 0.0895
-0.4501 £ 0.0256
-0.5440 £ 0.0125
-0.3369 £ 0.0252
-0.5041 £ 0.0076
-0.5214 + 0.0126
-0.4406 £ 0.0296

-1.6011 £ 0.0939
-1.6722 £ 0.1132
-1.9553 £+ 0.0733
-1.2446 + 0.0832
-1.3963 £ 0.0397
-2.2243 £ 0.0307
-1.8832 £ 0.5726
-1.8214 £ 0.1622
-1.7235 £ 0.0484
-1.4852 £ 0.0857
-2.0797 £ 0.0350
-1.3555 £ 0.2458
-1.1815 £ 0.0000
-1.6451 + 0.1368
-1.7161 £ 0.0499
-1.1528 £ 0.0542
-1.6306 £ 0.0226
-1.5532 £ 0.0366
-1.3956 £ 0.0995

HII
HII
HII
HII
HII
HII
HII
HII
HII
HII
HII
HII
AGN
HII
HII
AGN
HII
HII
HII
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Induced Nuclear Activity in Galaxy Pairs With Differents Morphologies (E+E), (E+S) and (S+3S).

Table 10 (cont’d)

Object ~ M.T.® LOG([NIIJ/Ha) LOG([O IlJ/HB) LOG([S Il]/Ha) LOG([O I]/Ha) Type
KPG311B Sc -1.1629 4+ 0.0067  0.5032 £ 0.0056  -0.9062 + 0.0075 -2.0387 £+ 0.0170 HII
KPG316A Sc -0.4852 + 0.0133 -0.4773 + 0.0349 -0.4391 + 0.0179  -1.4281 4+ 0.0662 HII
KPG326B Sc -0.8369 + 0.0162 0.2645 + 0.0162 -0.4116 + 0.0164 -1.3800 4 0.0402 HII
KPG332A Sc -0.4636 + 0.0049 -0.7057 + 0.0792 -0.5754 + 0.0290 -1.8044 4+ 0.1368 HII
KPG340A Sc -0.1040 + 0.0138 -0.2199 4+ 0.0327  -0.2439 + 0.0229 -1.1756 + 0.0584 AGN
KPG352B Sc -0.5745 £ 0.0087  -0.2580 + 0.0165 -0.4783 + 0.0111  -1.6564 4+ 0.0344 HII
KPG354B Sc -1.0198 + 0.0111 0.4307 + 0.0095 -0.6488 4+ 0.0111  -1.6017 4+ 0.0251 HII
KPG375B Sc -0.4157 4+ 0.0203  -0.4856 + 0.0949  -0.6585 £ 0.0467 -1.6168 + 0.1686  H II
KPG396A Sc -0.6008 + 0.0120 -0.2880 + 0.0282 -0.4628 + 0.0151 -1.6624 4+ 0.0616 HII
KPG397A Sc -0.8750 + 0.0176 0.3096 + 0.0148 -0.4922 + 0.0159  -1.4277 4+ 0.0493 HII
KPG409A Sc -0.1843 + 0.0350 -0.1009 + 0.1275 -0.3476 + 0.0711  -1.7309 4+ 0.6074 AGN
KPG410A Sc -0.2192 + 0.0430 -0.8206 + 0.7114  -0.4261 + 0.1021  -1.6475 + 0.6513 AGN
KPG415B Sc -0.6773 £ 0.0144  -0.0080 £ 0.0260 -0.4111 4+ 0.0166  -1.4555 £ 0.0563 HII
KPG423B Sc -0.3710 + 0.0097  -0.4824 + 0.0339 -0.6073 + 0.0173  -1.7118 4+ 0.0670 HII
KPG424A Sc -0.3510 £ 0.0058 -0.9426 + 0.0219 -0.7013 + 0.0094 -1.9789 4+ 0.0352 HII
KPG440A Sc -0.4141 £ 0.0307  -0.3505 £ 0.1693 -0.2034 + 0.0349  -1.2652 4+ 0.1371 HII
KPG444B Sc -0.4339 £+ 0.0117  -0.4837 £ 0.0294  -0.4150 £+ 0.0167 -1.5429 &+ 0.0592 HII
KPG461A Sc -0.9182 + 0.0144 0.4357 + 0.0122 -0.5501 4+ 0.0147  -1.5747 4+ 0.0404 HII
KPG511A Sc -0.2486 + 0.0162 -0.5187 + 0.1321 -0.3983 4+ 0.0318  -1.8039 4+ 0.2530 AGN
KPG330B SBc -0.8000 + 0.1290 0.1277 + 0.0126 1.5051 £ 0.1180 0.3939 + 0.1383 HII

Sm
KPG212A Sd -1.9482 4+ 0.0085  0.8194 + 0.0041  -1.3579 £ 0.0076  -2.1572 £+ 0.0113 HII
KPG217A Sd -1.2775 £ 0.0541 0.5761 + 0.0167 -0.7283 + 0.0422  -1.7440 4+ 0.0463 HII
KPG249B SBm -0.5904 + 0.0164 0.2123 + 0.0144 -0.5536 + 0.0210 -1.5194 4+ 0.0351 HII
KPG288B SBm  -0.3851 %+ 0.0048 -0.0627 4+ 0.0060  -0.4600 + 0.0064 -1.2651 + 0.0089 AGN
KPG294B SBm  -1.2259 4+ 0.0155 0.4646 + 0.0088 -0.6840 + 0.0126  -1.7147 4+ 0.0333 HII
KPG330A Sd -1.0493 + 0.0083 0.3708 + 0.0073 -0.9699 + 0.0106  -2.2974 4+ 0.0525 HII
KPG344A Sd -1.0957 £ 0.0093 0.2902 + 0.0080 -0.9707 + 0.0112  -2.4805 4+ 0.0869 HII
KPG349A SBm  -0.7375 %+ 0.0095 0.1800 + 0.0082 -0.5429 + 0.0109 -1.6739 4+ 0.0325 HII
KPG406B Irr -0.8857 + 0.0257 0.3590 + 0.0253 -0.4545 4+ 0.0224  -1.3702 4+ 0.0635 HII
KPG430A Irr -0.4817 £ 0.0124  -0.1523 +£ 0.0265 -0.4120 + 0.0159  -1.5648 4+ 0.0612 HII
KPG438B Sd -0.9974 + 0.0162 0.4950 + 0.0129 -0.6597 + 0.0161 -1.6763 4 0.0507 HII
KPG511B Sd -0.5686 + 0.0141 -0.1076 + 0.0275 -0.3915 + 0.0182  -1.3732 4 0.0548 HII

2M.T.- Morphological Type.

‘AGN classification denotes those galaxies that are AGN according to the [N II] diagrams but not to the [S II] and/or [O

1.

TL-S classification means that galaxies fall in the separation line for Seyfert and LINER according to [S II] and [O I]

diagrams.

*Type with weak broad component in permitted lines. Seyfert quiantitative classification according to Winkler (1992).
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Capitulo 5

The Transition from “Normal” to

“Broad Absorption Line Quasar” of
TON 34

Estuve involucrado en buscar relaciones entre lineas de emision e inflecciones en el ajuste
espectral para longitudes de onda del ultravioleta. Al compararse los espectros de un objeto
en particular (TON 34) con diferencia de alrededor de 26 anos, se observo que una linea en
absorcién estaba predominantemente méas intensa en el espectro del SLOAN de 2006 que en

el de las campanas y el observatorio de palomar en 1981.

El cuasar TON 34 a z x1.928, representa uno de los casos més extremos en cuanto al
quiebre o inflexién que presentan los cudsares alrededor de los 1100 A. Si el continuo en el
lejano UV de estos cuasares puede ajustarse con una ley de potencia del tipo F;, x v%, para
TON 34, a = -5.3 en el quiebre o inflexién que es considerablemente mas pronunciado que el
promedio de o = -1.76 en otros cuasares.

La linea en absorcién se extiende desde 5000 hasta 25,000 kms™! y es considerada como
una linea de absorcién ancha tipica de cuasares (BALQSOs).

La posible explicacion radica en un denominado “outflow” que es un viento atravesando
nuestra linea de visién hacia la fuente del AGN como la principal explicacién después de con-

siderar otros escenarios.

Articulo publicado en a la revista The Astrophisical Journal Letters, 724:L203-L206, Iro.
de Diciembre 2010.

76



5. The Transition from “Normal” to “Broad Absorption Line Quasar” of

TON 34

7

THE ASTROPHYSICAL JOURNAL LETTERS, 724:1.203-L.206, 2010 December 1
© 2010. The American Astronomical Society. All rights reserved. Printed in the U.S.A.

doi:10.1088/2041-8205/724/2/1.203

THE TRANSITION FROM “NORMAL” TO “BROAD ABSORPTION LINE QUASAR” OF TON 34

Y. KRONGOLD, L. BINETTE, AND F. HERNANDEZ-IBARRA
Instituto de Astronomia, Universidad Nacional Autonoma de Mexico, Apartado Postal 70-264, 04510 Mexico DF, Mexico
Received 2010 September 14; accepted 2010 October 18; published 2010 November 10

ABSTRACT

We report the emergence of a high-velocity, broad absorption line outflow in the luminous quasar Ton 34, at z, =
1.928. The outflow is detected through an ultraviolet C 1v broad absorption line, in a spectrum obtained in 2006
January by the Sloan Digital Sky Survey. No absorption trough was present in two different spectra acquired in
1981 at Las Campanas and Palomar observatories, indicating the emergence of the outflow in less than ~8 yr (rest
frame). The absorption line spans a velocity range from ~5000 to 25,000 km s~!, and resembles typical troughs
found in broad absorption line quasars (BALQSOs). We measure a balnicity index 22600 (though this value might
be an underestimation due to a conservative placing of the continuum). The absorption trough is likely saturated,
with the absorbing gas covering ~25% of the emitting region. We explore different scenarios for the emergence of
this outflow, and find an existing wind moving across our line of sight to the source as the most likely explanation.
This indicates that high-velocity outflows (producing broad absorption troughs in BALQSOs) might be ubiquitous
in quasars, yet only become observable when the wind accidentally crosses our line of vision to the central source.

Key words: quasars: absorption lines — quasars: individual (Ton 34)

Online-only material: color figures

1. INTRODUCTION

More than 50% of active galaxies and quasars display clear
signatures of outflows, easily identified in the form of absorption
lines (e.g., Crenshaw et al. 2003; Ganguly & Brotherton 2008).
These lines appear in active galactic nuclei (AGNs) spectra
in different forms, either as broad absorption lines (BALs;
FWHM ~ 10,000 km s~!), narrow absorption lines (NALSs;
FWHM ~ 100 km s~!), or intermediate mini-BALs.

Understanding these winds is essential to understanding the
structure and dynamics of quasars (Elvis 2000). Since they carry
mass and kinetic energy outside the central region of the host
galaxy, it has been suggested that they may also be essential for
galaxy evolution, being responsible for the relation between the
mass of the supermassive black hole in the center of galaxies
and their bulge velocity dispersion (Scannapieco & Oh 2004;
Hopkins et al. 2005; King 2010; Ostriker et al. 2010). They
may also pollute the intergalactic medium with metals and heat,
stopping structure formation. However, before these outflows
can be used as cosmic probes, it is imperative to understand
their nature. Unfortunately, there is little understanding so far
on their origin, geometry and physical properties. In addition, we
still do not know the relation among the systems with different
FWHMs in their absorption lines, the exact relation between the
UV and X-ray absorbers, and any possible connection between
the absorbing and emitting gas in the central regions of AGNs.

It has been suggested that the different UV and X-ray
absorption lines with different FWHMs correspond to a single
phenomenon, viewed at different angles, and that the same gas
may be responsible for absorption and emission (e.g., Elvis
2000; Krongold et al. 2007; Andrade-Velazquez et al. 2010).
Other ideas suggest that mini-BALs and BALs may represent
the same outflow but at different evolutionary stages (Hamann
& Sabra 2004). These ideas are not opposed to each other, as
they describe different parts of the global picture.

Given that absorption lines provide information on the mate-
rial located only in our line of sight to the source, and that the
presence of outflowing material is not always evident in emis-
sion lines, one must rely on a different diagnostic to understand
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the true nature of these winds. Line variability has proven to
be an effective method for the study of AGN of winds. How-
ever, the variations can be produced by different effects, such as
changing in the ionization state of the gas, changes in column
density, or changes in covering factor, and these effects are not
always straightforward to differentiate. Line variations in broad
absorption line quasars (BALQSOs) are generally small, indi-
cating that BAL winds are long-lived stable flows (Barlow 1994;
Lundgren etal. 2007; Gibson et al. 2008). However, in two cases,
strong variations have been found, showing the emergence of
BAL (or BAL-like) outflows. Leighly et al. (2009) reported the
appearance of BAL troughs in the narrow-line Seyfert 1 galaxy
WYVPS 007, an object where a BAL outflow is not expected given
its intrinsic low luminosity. Hamann et al. (2008) reported the
appearance of broad absorption lines in the spectra of quasar
J105400.40+034801.2. The lines, though typical of BALQSOs,
presented a velocity shift of 26,300 km s~!, which resulted in a
balnicity index of zero,! excluding them from the standard BAL
definition (Weymann et al. 1991).

In this Letter, we report the emergence of a BAL outflow
in the luminous quasar Ton 34 (PG 1017+280). Ton 34, at
z¢ = 1.928, represents an extreme case of the continuum decline
(or UV-break) that takes place in quasar spectra shortward of
~1100 A (Telfer et al. 2002, hereafter TZ02), contrasted by a
“normal” spectrum redward of this break. If the far UV decline
is fitted by a power law (F,, o v*%), the index value in Ton 34
is ¢ = —5.3, remarkably steeper than the “average” spectral
energy distribution (SED) derived by TZ02, which behaves as
v~176 (in fact, among the 77 far UV indices measured by TZ02,
only in 3 objects was there an ionizing continuum steeper than
v~?). Binette & Krongold (2008a) suggested that the extreme

! The balnicity index (which is to be applied to C 1v) measures the equivalent
width of strong absorption features (expressed in km s~1), but requires that
each absorption feature contributing to the index spans at least 2000 km s~
(to exclude intervening systems) and only includes in the calculation
absorption regions dipping 10% or more below the normalized continuum. In
addition, the first 3000 km s~ ! blueward of the emission peak are excluded to
distinguish “associated absorption” from broad absorption. For further details
see Appendix A in Weymann et al. (1991).
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Figure 1. Full band rest-frame SDSS spectrum of quasar Ton 34. The red
line corresponds to the continuum plus emission lines (in the blue part of the
spectrum) adopted in this Letter.

(A color version of this figure is available in the online journal.)

UV flux might undergo a recovery shortward of 450 A (as
hinted by International Ultraviolet Explorer data), and studied
the possibility that the particular shape of the SED could be the
result of carbon crystalline dust absorption (Binette et al. 2005;
Haro-Corzo et al. 2007). They found that moderate columns of
dust could indeed reproduce the UV-break. However, due to the
observational limits on atomic gas absorption, they hypothesized
the possibility that the dust was part of an ionized high-velocity
flow in this system. Given the lack of UV ionizing photons
in the SED of Ton 34, Binette & Krongold (2008b) further
analyzed the emission line spectrum of this quasar. They find
evidence of an unusual strength (relative to Lya) of low to
intermediate excitation lines (such as O 11 + O 11 AA835, N1 +
O AA686-703, and N 111 + N1v AL765), which could not be
explained by photoionization processes in the emitting gas, but
rather by shock excitation.

2. MULTI-TIME SPECTRA OF THE QUASAR TON 34

The Sloan Digital Sky Survey (SDSS) carried spectroscopic
observations of the quasar Ton 34 on 2006 January 30. The fully
reduced spectrum was retrieved from the SDSS data release
7 (Abazajian et al. 2009). The spectrum covers the spectral
range between 3808 and 9215 A (1335 to 3147 A in the rest
frame of Ton 34), with a resolving power ~2000 (130 km s~ ).
According to the SDSS data release, an uncertainty of less than
3% is expected in the flux calibration. The signal-to-noise ratio
(S/N) ranges from 45 in the blue end to 39 in the red one. A
detailed analysis of the full range spectrum will be presented in
a forth coming paper (L. Binette et al. 2011, in preparation).
To study the spectral variability in Ton 34, we refer to the
published optical spectrum obtained by Sargent et al. (1988).
Only for illustrative purposes, we present here the digitized data
presented by Binette & Krongold (2008a, 2008b). Briefly, we
describe the properties of the data, as reported by Sargent et al.
(1988). The spectrum was taken at the Palomar 5.08 m Hale
Telescope (we focus on the red arm spectrum, covering the C 1v
region of interest), between 1981 November 19-21. The total

S/N is ~75 in the region between the Lyx and C1v emission
lines. The data was acquired with the sole purpose of detecting
broad and narrow absorption lines, and thus, only a relative flux
calibration was carried out.

The spectra was corrected for Galactic reddening assuming
the Cardelli et al. (1989) extinction curve corresponding to Ry =
3.1 and Ez_y = 0.13. The latter value corresponds to the mean
extinction inferred from the 100 maps of Schlegel et al. (1998)
near Ton 34. We note however, that this correction has no effect
on the results presented here. Throughout this paper we assume
a cosmology consisting of H, =71 km s~ Mpc™!, Q) = 0.27,
and Q; = 0.73.

3. THE EMERGENCE OF A BAL FLOW

Figure 1 presents the full band SDSS rest-frame spectrum of
Ton 34. A visual inspection hints at the presence of a strong
broad absorption line blueward of the C1vA1549 emission line
region. However, given the numerous emission features present
in the region covered by the spectrum redward of this emission
line (including strong blends of Fe1r transitions), a full band
continuum determination is not straightforward (for a detailed
analysis of the full band spectrum see L. Binette et al. 2011,
in preparation). Since our goal is to test the presence of a
C1v BAL trough, we defined the most conservative continuum
level, as shown in Figure 1. To define this continuum, we fit
a simple power law to the “line free regions” in the full band
spectrum, particularly, we forced this simple power law to fit the
regions around 3000-3100 A (assumed to be a “good continuum
representation” given the lack of Fe1r emission) and the line
free regions between 1320 and 1380 A (so that in the continuum
determination we are assuming no absorption by Si1v). This
simple fit also provides a good continuum description of the
two line free regions close to 1600 A and 1700 A. We note that
other representations of the continuum (including local fits to the
C1v=Si1v region or broken power laws) are possible, though all
of them would place the continuum at higher flux levels, making
the absorption trough stronger. The emission lines in the blue
part of the spectrum were fit using up to two different Gaussian
components. These lines are reported in Table 1.

Figure 2 presents the same fit on the 1300-1600 A spectral
region, along with the normalized spectra (in velocity space).
The spectral fit to the SDSS spectrum clearly shows the presence
of a strong broad absorption line consistent with absorption by
C1vA 1549 with velocities ranging from ~5000 to 25,000 km s~
with respect to the rest frame of the source. This feature was
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Figure 2. Left: 2006 SDSS spectrum of Ton 34 in the 1300-1600 A range (rest frame). The red line represents the (full range) continuum plus emission lines fit. For
illustrative purposes, the 1981 Palomar digitized spectrum (Sargent et al. 1988) is also shown, along with the best continuum plus lines fit (blue line). The spectra is
presented in arbitrary flux units. Right: normalized SDSS and Palomar spectra in velocity space. The emergence of a C1v BAL is evident in the data.

(A color version of this figure is available in the online journal.)

not present during the Palomar observation ~24.2 years before
(~8.3 years in the rest frame). We note, however, that other
narrow absorption features present in the Palomar spectrum
(probably intervening systems from the inter-galactic medium)
are also present in the SDSS spectrum. It should be stressed
that the Palomar data was obtained with the sole purpose of
discovering absorption lines (both narrow and broad) in the
spectrum of Ton 34. Yet, no BAL line was reported by Sargent
et al (1988). Additional confirmation of the lack of the BAL
comes from a former spectrum taken at Las Campanas (100 inch
telescope) in 1981 March 11 (Young et al. 1982), obtained also
with the sole purpose of detecting absorption lines.

To further illustrate the emergence of the BAL, we present
in Figure 2 the earlier Palomar spectrum, digitized. This plot
also shows the Palomar normalized spectrum, after performing
a continuum plus emission line fit, similar to the one applied to
the SDSS data.

4. DISCUSSION

The absorption feature present in the SDSS spectrum of Ton
34 resembles typical C1v troughs found in BALQSOs. This
feature spans velocities ranging from ~5000 to 25,000 km s~',
with an FWHM ~ 9000 km s~!. Following the standard BAL
definition (Weymann et al., 1991), we calculate a balnicity
index 2600, but note that this index strongly depends on the
continuum determination, thus, it could easily be much larger.
Given our continuum determination, no absorption by Si1v was
detected, although the possible presence of this line is strongly
dependent on the actual continuum level. We note however,
that Si1v absorption is not always observed in the spectra of
BALQSOs.

The spectral shape of the absorption feature cannot be
adjusted with two Gaussians, shifted by ~300 km s~! to account
for the C1vAr1548, 1550 doublet. Rather, a velocity structure is
evident (suggesting a velocity-dependent covering factor), with
the absorption becoming more prominent between 18,000 and

20,000 km s~!. We estimate the column density directly from
the normalized data using Equation (9) by Savage & Sembach
(1991). We integrate the column density over the line profile
assuming the 2:1 ratio in the oscillator strengths of the C1v
doublet, i.e., we assume that the line is optically thin. Doing this
we measure a C1v column density >2 x 10> cm™2. However,
we consider this a very uncertain lower limit given that the lines
might be highly saturated and the covering fraction might be
much smaller than one. We have no means to measure the
saturation level of the lines with the current data, however,
saturation and partial covering have been observed in other UV
outflows (e.g., Arav et al. 2001; Hamann & Sabra 2004; Gabel
etal. 2005). If the line was indeed highly saturated (optical depth
7, > 3 in the center of the line), then the C1v column density
would be larger than 10'® cm™2, and from the residual flux in
the core of the line the covering factor would be ~25%.
Following Hamann et al. (2008) we can compare different
time-scales relevant to the system to the timescale in which the
outflow appeared in the spectrum of Ton 34 (<8.3 years, rest
frame of the source), to test different processes responsible for
the emergence of the flow. Assuming that the wind originates
in the accretion disk, then a characteristic time-scale for the
flow is simply #yind ~ Rwind/Vwind> Where Rying 1S the distance
from the wind to the central source, and vy,ing the wind velocity.
For accretion-disk winds Ryng is expected to lie just beyond
the C1v emission line region (e.g., Everett 2005; Proga 2007).
Using Equation (3) from Kaspi et al. (2007), and the 1350 A
luminosity of Ton 34, we estimate Ry ~ 2 x 10'® cm, which
along with vying ~ 19,000 km 57! yields a flow timescale tying ~
33 yr. This is a factor >4 larger than the elapsed time between the
observations, making the hypothesis of an arising flow unlikely.
On the other hand, the crossing time of absorbing clouds
through the continuum source is generally smaller than the flow
time. A typical crossing timescale can be obtained from the
ratio between the size of the emitting region and the transverse
velocity of the clouds, fross ~ Rem/Vir- Assuming vy is similar
to the rotational speed in the BLR, we can estimate this quantity
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from the width of the C 1v emission line, thus v, ~ 2500 km s~ !.
Since the size of the emitting region is constrained by the
variability timescale of the source, from variability studies we
can estimate R (1500 A) ~ few x 10'° (e.g., Kaspi et al. 2007).
Thus 7055 ~ 4 yr, making the possibility that an existing flow
got into our line of sight consistent with the observations.

We further consider the hypothesis that changes in ionization
state may have produced the appearance of the absorption line.
We only consider the possibility of a decrease in ionization as
no broad absorption by H1 was observed in the Palomar spectra
(Sargent et al. 1988). Thus, if the wind was already present dur-
ing the earlier observation, its ionization level would have to be
much larger than during the SDSS one. We do not have accurate
physical properties (i.e., ionization parameter and temperature)
of the absorbing gas to calculate the photoionization equilibrium
timescale (e.g., Krongold et al. 2005, 2007). However, we can
calculate the recombination time (defined as the inverse of the
recombination coefficient times the electron density of the gas)
for C v, which is an upper limit to this timescale (Nicastro et al.
1999). We draw the recombination coefficient from Shull & Van
Steenberg (1982) and assume a temperature of few x 10* K.
In order for the gas to recombine and the trough to emerge
in the spectrum of Ton 34 in the 8.3 yr interval between the
observations, the number density of the absorber need to be
>100 cm™3. Thus, the possibility of a decrease in ionization
state is also consistent with the observations. Nevertheless, we
consider this alternate possibility less likely, given that a large
change in the ionizing flux would be required to produce such
a large change in the ionization state of the gas, which is not
typically observed in quasars. On the other hand, the unusual
SED of Ton 34 and the lack of recent extreme UV observations
prevents us from ruling out this idea.

Finally, we stress that the extreme far UV break observed
in the spectrum of Ton 34 is difficult to explain in terms of
accretion disk models. This break can be explained (see review
by Binette et al. 2008c) in terms of atomic absorption by an
ionized, nearly relativistic outflow (Eastman et al. 1983), or in
terms of absorption by an intervening carbon crystalline dust
component close to the quasar. In the case of Ton 34, Binette
& Krongold (2008a) concluded that the dust component should
be part of an ionized medium, and hypothesized that it could be
part of a (moderate velocity) outflow. If the emission line region
is located closer to the ionization source than this outflow, this
would also bring the required SED by photoionization models
to a much better agreement with the intrinsic SED of the central
source. In the case of three AGNs, namely quasar Ton 34,
NLSyl galaxy WVPS 007 (Leighly et al. 2009), and quasar
J105400.40+034801.2 (Hamann et al. 2008), the emergence
of a BAL outflow has been reported. For the two quasars
the most likely explanation is that the outflow was already
present and simply intersected our line of sight (also possible for
WVPS 007). This may imply that such outflows are ubiquitous
in quasars, yet only become observable when the absorbing
material accidentally crosses our line of vision to the central
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source. In the case of Ton 34, a subject that deserves further
attention is the fact that an outflow emerged in a quasar with
such an extreme SED.

‘We thank the anonymous referee for constructive comments
that helped to improve the paper. This work was supported by the
UNAM PAPIIT grant IN104009. The results presented in this
Letter include observations from the SDSS facilities (obtained
from the data archive at the Web site http://www.sdss.org/).
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Capitulo 6
Conclusiones Generales

Durante el trabajo realizado en esta tesis doctoral hemos estudiado y analizado como
se relaciona la actividad nuclear AGN con el medio ambiente circumgalactico de la galaxia
anfitriona. Uno de los resultados més importantes es que la actividad nuclear o AGN esta
presente con la misma incidencia entre galaxias aisladas y galaxias pares para muestras com-
parables en nimero total y por tipo morfolégico. De lo cual se desprende que la evolucién
secular en galaxias puede detonar un AGN sin necesidad de una colisién o fusién de galaxias
en por lo menos los dltimos 3 Gafos. Las caracteristicas que sobresalen en nuestras galaxias
con actividad nuclear de baja luminosidad son tasas de acrecién bajas y ausencia o inexisten-

cia de lineas anchas.

La relacion entre AGN y el tipo morfoldgico es una realidad que ya se conoce y que nosotros
en este trabajo confirmamos para galaxias aisladas y pares. El hecho de que la actividad AGN
sea mucho mas incidente entre las galaxias con bulbo y espirales tempranas nos muestra que
los posibles mecanismos para llevar material al hoyo negro pueden ser més eficientes a medida
que las galaxias posean bulbos mas grandes. Esta relacion puede verse afectada cuando se
incluyen las galaxias con no emisiones entre las tempranas. La incidencia se aplana cuando
consideramos la muestra completa entre galaxias elipticas y esferoidales. Esto puede deberse
al hecho de que en estos sistemas en particular se clasifican como de tipo LINER y estan en
el extremo de baja luminosidad de los AGN. Si la galaxia es de tipo temprano se le atribuye
poco gas y estrellas evolucionadas, algunos autores han propuesto que la emision de sus lineas
no es debido a la acrecién del hoyo negro sino a grandes cantidades de estrellas post-AGB
junto con enanas blancas las que pueden ionizar el medio y provocar lo que denominan como

“falsos” AGN.

La ausencia de la actividad nuclear de tipo 1 en nuestras muestras no parece estar rela-
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cionada con la explicacién de un modelo unificado de galaxias inicamente. Mas bien parece
que se debe tomar en cuenta los factores de llenado, tasas de acrecién y la historia de fusién
que haya tenido una galaxia para completar un esquema mas general. Todo esto con la final-

idad de explicar a fondo el fenémeno de la actividad nuclear o AGN.

A lo largo de este trabajo hemos sido testigos de que simulaciones ntmericas entre fu-
siones de galaxias con diferentes razones de masa pueden cerrar la brecha en cuanto a la
explicacion de la evolucion galactica. La relacion encontrada entre la separacion de galaxias y
los nticleos activos de galaxias que han presentado algunos autores puede verse como episodios
de colisiones directas entre galaxias que detonan un Starburst o AGN.

Considerando todos los ingredientes que forman parte de la actividad AGN. La historia
de evolucién galactica estaria realmente asociada a los eventos de fusiones entre ellas. Las
galaxias con una historia rica en fusiones tienden a ser mas grandes, mas energéticas, con una
incidencia alta de AGN. Por otro lado, las galaxias con un historial pobre de fusiones tienden
a ser de tipo espiral, menos masivas, menos energéticas, con menor incidencia de AGN y con
colores més azules dado la gran cantidad de gas para formar poblacién estelar joven y seguir

produciendo estrellas.
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